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An attempt to correlate the in vivo with the in vitro release of the in- 
domethacin proved to be unsatisfactory because of the wide variance in 
the results from three in vivo treatments and three dissolution methods. 
However, the dialyzing tubing method gave the best correlation with the 
in vivo data in three suppository bases, whereas the USP dissolution 
method gave the best correlation only with the use of fatty suppository 
bases (esterified fatty acids (Clo-Cla) and theobroma oil). Attempts to 
use a sequential order correlation between the three dissolution methods 
and the in uivo results show that the best correlation was found during 
the first 45 min of the experiment. 
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Abstract 0 A rapid and sensitive method for determining the anticho- 
linergic agent, proglumide, in plasma by high-performance liquid chro- 
matography is described. Samples were acidified with hydrochloric acid 
and extracted with chloroform. The dried extract was resolved in &lo- 
roform and chromatographed on an adsorption chromatographic column 
using a mobile phase of chloroform-methanol (24:1) on a high-perfor- 
mance liquid chromatograph equipped with a UV absorbance detector 


(240 nm). The detection limit for proglumide was 0.05 pg/ml. 


Keyphrases 0 Produmide-high-per formance liquid chromatographic 
determination in Plasma 0 High-performance liquid chromatogra- 
PhY-analYsis, proglumide in plasma 0 Anticholinergic agent-pro- 
glumide, high-performance liquid chromatographic determination in 
plasma 


Proglumide (xylamide, ~L-4-benzamido-N,N-dipro- 
pylglutaramic acid) is a derivative of the amino acid that 
was developed as an anticholinergic agent (1-7). The GLC 
methods have been reported for the assay of proglumide 


in plasma (8-10). Proglumide has been assayed for its 
methyl derivative (8,9), and its trimethylsilyl derivative 
determined (10). 


The present report describes a rapid, precise, and sen- 
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Figure 1-High-performance liquid chromatograms of human control 
plasma (A) and human plasma extracts following addition of proglu- 
mide at 0.5 pglml (B). The conditions were: column (25-cm X 6.2-mm 
id . ) ;  mobile phase, chloroform-metha.nol(24:l); flow rate, 1.5 mllmin; 
and UV detector, 240 nm (room temperature). 


sitive high-performance liquid chromatographic (HPLC) 
method using an adsorption chromatographic column for 
determination of proglumide in plasma. 


EXPERIMENTAL 


Materials-Proglumide' was used as received. Chloroform and 
methanol were liquid chromatographic grade2, and the other chemicals2 
were analytical reagent grade. 


HPLC Conditions-The high-performance liquid chromatograph3 
was equipped with a high-pressure injection valve4 and a variable- 
wavelength (240 nm) UV absorbance detector5. 


An adsorption chromatographic column6 (25-cm X 6.2-mm i.d.) was 
used for the separation and maintained at room temperature. The mobile 
phase was chloroform-methanol (24:l) a t  a flow rate of 1.5 ml/min. A 
gradienter" was used for controlling the mobile phase concentration. A 
computer systeme was employed for quantitative calculations. 


Analytical Procedure-Blood samples were collected in heparinized 
containers and centrifuged to separate the plasma. 


A sample of 1.0 ml of plasma was diluted to 2.0 ml with distilled water, 
adjusted to pH 3.0 with 1 N HCl, and then shaken vigorously with 20 ml 
of chloroform at  room temperature for 10 min. This extraction was re- 
peated once. The combined chloroform layer was evaporated to a suitable 
volume under reduced pressure at  water temperature, then transferred 
to a test tube (5-ml capacity) by washing with chloroform, and dried 
under nitrogen. The residue was dissolved in 100 p1 of chloroform, and 
30-p1 portions of this solution were injected into the liquid chromatograph 
with a 100-pl syringeg. 


Calibration curve for the determination of proglumide by HPLC was 
prepared by plotting the peak area against the concentration of this 
compound. This calibration curve was linear. 


RESULTS AND DISCUSSION 
The HPLC separation of proglumide extracted from plasma was first 


examined using a reversed-phase columnlo. When a linear gradient sys- 


Rotta Research Laboratorium S.p.A., Monza, Italy. 
Wako Pure Chemicals Co., Osaka, Japan. 
Model LC-3, Shimadzu, Kyoto, Japan. 
Model SIL-lA, Shimadzu. 
Model SPD-3, Shimadzu. 


Model GRE-3, Shimadzu. 


Model 1WA-RP-GP, Scientific Glass Engineering Ltd., North Melbourne, 


6 Zorbax SIL (Du Pont), Shimadzu. 


* Chromatopac C-R1A. Shimadzu. 


lo p-Bondapak Cia. Waters Associates, Milford, Mass. 
Australia. 


Figure 2-Comparison of plasma leuels of proglumide determined by 
HPLC (0)  and GLC (0) methods after a single oral dose of 400 mg of 
proglumide t o  a healthy human. 


tem with methanol-5 mM KH2P04 ( O - l W o  methanol, 6%/min) was used 
as the mobile phase, proglumide was well separated from plasma con- 
stituents. 


An adsorption chromatographic column6 was used next for the sepa- 
ration of proglumide extracted from plasma. A mixture of a nonpolar 
solvent (e.g., chloroform, methylene chloride, or ethylene chloride), 
containing 4 4 %  alcohol (e.g., methanol or ethanol) as the mobile phase, 
gave a good separation of proglumide from plasma components. Of these 
columns and mobile phases tested, a column6 and chloroform-methanol 
(24:l) as the mobile phase showed the most suitable chromatographic 
separation and analysis time and was chosen for the present experi- 
ments. 


The HPLC separation pattern of proglumide extracted from human 
plasma following addition of 0.5 pg/ml of this compound and that of a 
control plasma extract are shown in Fig. 1. The retention time of pro- 
glumide was 6.0 min, and the time required for the assay was 15 min. The 
detection limit for proglumide under the present HPLC condition was 
0.05 pg/ml of plasma. The present method had a precision of f2.8% and 
good reproducibility. 


Known amounts (0.1,0.5,1.0,5.0, and 10.0 pg/ml) of proglumide were 
added to human plasma (1.0 ml) and the recovery of proglumide was 
examined five times at  each concentration. The overall recovery of pro- 
glumide was 93.1 f 3.2%. 


A 4Wmg dose of proglumide was administered orally to a healthy male, 
and the time course of change in concentration of proglumide in plasma 
was measured by the present HPLC method. The results were compared 
with those by the GLC method (8,9). As shown in Fig. 2, the overall dif- 
ference between the value obtained by the two methods was f 3.7%. 


The present HPLC method is simple and rapid since it does not require 
the preparation of derivatives and has high accuracy and sensitivity. 
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DISCUSSION 


Circular dichroic spectropolarimetry is a modified form of UV ab- 
sorption spectrophotometry applicable to  compounds which are both 
optically active and absorb light (2). All of the accepted procedures for 
UV absorption apply equally well to circular dichroism, and the data obey 
the simple Beer’s Law dependence. Adjusting instrument parameters 
is not a problem as it is with GC, high-pressure liquid chromatography, 
or mass spectrometry (8) which reduces the routine analysis time. The 
time is reduced even further where separation is not a prerequisite to 
identification. 


The detection limit for tetracycline in urine is 1.8 pg/ml. This value 
easily could be improved with a more modern instrument equipped with 
computer data handling accessories. A lower limit of detection is also 
possible if tetracycline is first separated from other species which absorb 
in the UV because of an improved signal-noise ratio. Based upon known 
[O]  values for other drugs such as morphine (5), codeine (5), cocaine (6), 
and lysergide (7), and comparing these to  the value for tetracycline, cal- 
culations show that these drugs also can be quantitated, hut only at  
overdose levels with the ~pectropolarimeter~. 


In general terms the most difficult analytical problem will arise when 
a mixture of optically active drugs are present (7); then separation will 
again be necessary. Dissolved sugars or proteins and glucuronide deriv- 


atives of extracted metabolites do not absorb for the most part, and they 
are not interfering. 
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Abstract Acetamides derived from ethylene glycol were synthesized 
and evaluated as repellents for the brown dog tick Rhipicephalus san- 
guineus. Several of these compounds showed repellency equal to the 
standard repellents, N,N-diethyl-m-toluamide and butopyranoxyl. 


Keyphrases Tick repellents-ethylene glycol acetamides, synthesized 
Acetamides-ethylene glycol, synthesized, tick repellents 0 Ethylene 


glycol-synthesized acetamides, tick repellents 


A previous study of insect repellents showed that alkyl 
triethylene glycol monoethers had good mosquito repel- 
lency, being superior to N,N-diethyl-m-toluamide in 
certain tests against Aedes aegypti mosquitoes (1). Amides 
in general are known to be repellent to mosquitoes and 
other insects, the most widely used amide repellent being 
N,N-diethyl-m-toluamide. 


During World War 11, an extensive repellent screening 
program took place a t  the USDA Laboratories in Orlando, 
Florida. Compounds were screened for repellency both to 
yellow fever and malaria mosquitoes, and against fleas and 
ticks (2,3). The ticks used for that program were the lone 
star tick, and about one thousand compounds were eval- 
uated as tick repellents. 


Since that time, major emphasis has been on mosquito 
repellents, largely supported by the U S .  Army Medical 
Research and Development Command. However, recently 
more emphasis has developed with regard to other mili- 
tarily important insects: sand flies and ticks. 


A previous study (3) evaluated a series of amides against 
ticks (Amblyomma americanum) and found that the di- 
n-butyl toluamides were best. Another study (4) found 
that certain amides and esters were effective against hard 
and soft ticks (Ixodes persulcatus P. Sch., Dermacentor 


pecitus Herm., D. marginatus Salz., Hyalomma asiaticum 
P. Sch., and Alectorobius tholozan papillipas Birula). 
Evaluated were butylacetanilide, tetrahydroquinoline, a 
mixture of ethyleneoxide-carbon dioxide (1:9)l, dibutyl 
adipate, dimethyl phthalate, N,N-diethyl-m-toluamide 
benzimide, isoamyl acetamide, and benzoyl piperidine. 


In the present study, a combination of the amide func- 
tion with the ethylene glycol moiety were examined for 
repellent activity against ticks. 


EXPERIMENTALz 


2-(Hydroxyethyoxy)acetamides-2-(2-Hydroxyethoxy) - N, N - 
diisopropylacetamide was prepared as follows: Sodium (1.4 g, 0.006 mole) 
was dissolved in 13 ml(0.24 mole) of ethylene glycol. After cooling to room 
temperature, 12 g (0.0676 mole) of N,N-diisopropyl-chloroacetamide 
(prepared from chloroacetylchloride and diisopropylamine) was added. 
The mixture was stirred at  90° for 1 hr. The ethylene glycol was distilled 
under reduced pressure and the residue taken up in ether, filtered to 
remove the sodium chloride, evaporated in uacuo, and distilled3 to give 
10.6 g of product, 125’ air bath temperature/0.8 mm Hg. 
2,2‘-Ethylenedioxy-bis(iV,iV - dialky1acetamides)-2,2’- Ethyl- 


enedioxy-bis(N,N-diisopropylacetamide) was prepared as follows: A 
150-ml three-necked flask was fitted with a stirrer, a reflux condenser, 
and a dropping funnel. Sodium (0.78 g, 0.034 mole) was suspended by 
vigorous stirring in 20 ml of boiling xylene. Ethylene glycol (1.05 g, 0.017 
mole) was dropped slowly into the sodium suspension at  reflux temper- 
ature, the suspension stirred and refluxed for an additional 7 hr, and then 
6 g (0.034 mole) of N,N-diisopropyl-chloroacetamide in 15 ml of xylene 
was dropped into the stirred suspension at  reflux temperature during 1 
hr. The reaction mixture was refluxed and stirred for an additional hour. 


Carboxide. 
Elemental analyses were performed by the Microanalytical Laboratory, De- 


Distilled with a Kugelrohr. 
partment of Chemistry, Stanford University, Stanford, Calif. 
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Table 1-2-(2-Hydroxyethoxy)acetamides a 


Boiling point, 
Compound R 0.5 mm Hg Yield, % IR, cm-' Formula Calc. Found 


1-1 CZH5, CZH5 135' 46 OH, 3400 CsHi7N03 C 54.84 54.80 
Amide, 1650 H 9.78 9.99 


N 7.99 7.80 
1-2 CH3, H 136' 47 OH, 3300 C5HiiN03 C 45.10 44.95 


mp 47 Amide I, 1650 H 8.33 8.08 
Amide 11, 1550 N 10.52 10.27 


1-3 CH(CWz, 130' 86 OH, 3300 CioHziN03 C 59.09 58.97 
CH(CH3)z Amide, 1650 H 10.41 10.55 


N 6.89 6.70 
1-4 Cyclohexyl, 170' 77 OH, 3300 CitiHzgN03 C 67.81 67.87 


Cyclohexyl mp 65 Amide, 1650 H 10.31 10.67 
N 4.94 4.76 


HO-CHZCH~OCHZCONR~. 


Table II-2,2'-Ethylenedioxy- bis-( N, N-dialkylacetamides) 


Boiling point, 
Compound R 0.5 mm Hg Yield, % IR, cm-' Formula Calc. Found 


11-1 CZH5 160' 42 Amide, 1650 Ci4HzsNz04 C 58.31 58.44 
H 9.79 9.91 
N 9.71 9.79 


11-2 CH(CH3)z 160' 56 Amide, 1650 CisH36Nz04 C 62.76 62.81 
H 10.53 10.61 
N 8.13 7.81 


R~N-COCH~OCHZCH~OCH~CONR~. 


Table 111- N,N-Dialkyl-2(2-alkyloxyethoxy)acetamides a 


Boiling Point, 
Compound R R' 0.5 mm Hg Yield, ?6 IR, cm-l Formula Calc. Found 


111-1 


111-2 


111-3 Cyclo- 
hexvl 


135' 


118' 


142' 


55 


59 


95 


Amide, 1650 


Amide, 1650 


Amide, 1650 


C 66.86 
H 11.57 
N 4.87 
C 64.83 ~ ~ ~ . .  


H 11.72 
N 5.40 
C 68.65 
H 10.51 


67.04 
11.72 
4.87 


64.84 
10.98 
5.38 


68.68 
10.49 


N 4.71 4.84 


112O 
N 6.05 5.96 


62 Amide, 1650 Ci4H3iN03 C 64.83 64.77 
H 11.27 11.26 
N 5.40 5.32 


0 R-O-CH2CH20CH2CONR2. 


Table IV-N,N,N',N'-Tetraalkyl-2,2'-oxydiacetamides 


Boiling point, 
Compound R 0.5 mm Hg Yield, 9% IR, cm-' Formula Calc. Found 


145O 91 Amide, 1650 C12H24N203 C 58.99 59.00 
H 9.90 10.04 


IV-1 CZH5 


N 11.47 11.29 
IV-2 C3H7 155' 


IV-3 C4H9 175' 


91 Amide, 1650 Ci1jH3zNz03 C 63.96 64.17 
H 10.74 10.90 
N 9.32 9.40 


96 Amide, 1650 CzoH4oNz03 C 67.37 67.61 
H 11.31 11.48 
N 7.86 7.80 


RzNCOCH~OCH~CONR~. 


After cooling to room temperature and filtering off the sodium chloride, 
the xylene was removed under reduced pressure. The residue was distilled 
with a spin evaporator to give 3.3 g of product, 160' air bath tempera- 
ture/0.8 mm Hg. 
N, N-Dialkyl-2(2-alkyloxyethoxy)acetamides-~,N-Diethyl-2- 


(2-hexyloxyethoxy)acetamide was prepared by dropping 2-hexyloxy- 
ethanol (6 g, 0.041 mole) into a stirred suspension of 0.945 g (0.041 mole) 
of sodium in 20 ml of xylene. After refluxing for 1 hr, 6.14 g (0.041 mole) 


of N,N-diethylchloroacetamide was dropped into the alcoholate sus- 
pension. After refluxing for an additional 3 hr, the xylene was removed 
under reduced pressure. The residue was distilled with a spin evaporator 
to give 7.4 g of liquid, 125' air bath temperature/0.8 mm Hg. A second 
distillation gave 6.3 g of pure product, bp 134'h.l mm Hg. 
N, N,N' , N' -Tet raalkyl-2,2'-oxydiacetamides-N, N , N  ,N'- Tet - 


rapropyl-2,2'-oxydiacetamide was prepared by dropping diglycoloyl 
chloride (15 g, 0.0877 mole) in 10 ml of methylene chloride into a stirred 
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Table V-Tick Repellency Mean Percent Repellency at Test 
Level, rndcrn2 a 


Compound 1.0 0.66 0.44 0.29 
- - - 1-1 15 


1-2 17 
1-3 40 
1-4 30 


11-1 
11-2 45 


- - - 
- - - 
- - - 


- 5 
15 


111-1 85 40 10 
111-2 90 30 
111-3 100 75 45 5 
111-4 13 
111-5 50 20 
111-6 100 45 15 
IV-1 15 
IV-2 40 
IV-3 45 


N,N-Diethyl-rn-toluamide 80 58 30 17 
Butopyranoxyl 95 
Solvent Control 15 
Nontreated Control 12 


- - 
- - 
- 


- - 


- - - 
- - 


- 
- - - 
- - - 
- - - 


- 30 - 
- - - 
- - - 


Average of three separate tests. 


solution of 48 ml (0.35 mole) of dipropylamine in 100 ml of methylene 
chloride at -40' during 30 min. The mixture was stirred at room tem- 
perature for an additional 10 hr. The methylene chloride was evaporated 
and the residue taken up in 300 ml of ether and filtered to remove the 
hydrochloride salt of the dipropylamine. The filtrate was extracted with 
concentrated potassium hydroxide solution. After drying with anhydrous 
magnesium sulfate and removal of ether in uacuo, the residue was dis- 
tilled with a spin evaporator to yield 24 g of product, 165' air bath tem- 
peratureA.0 mm Hg. 


Biological Testing-Rhipicephahs sanguineus, the brown dog tick, 
was the test arthropod. The assay was designed to take advantage of the 
natural inclination of unfed ticks to climb upward. 


Test materials were weighed, dissolved in 95% ethanol, and 0.15 ml of 
the solution was applied to a disk. The disks were cut from filter papef 
and were 2.9 cm in diameter. One disk was used per compound per 
treatment level. Treated disks were kept under a hood and allowed to dry 
for 24 hr before use. 


Disks were then inserted in drilled-out vial caps so that the treated 
sides faced down when the caps were placed on the test chamber. The test 
chamber was a polystyrene vial (25 X 52 mm) with an untreated disk 
glued on the drilled out bottom. Fifteen holes were punched in both disks 
on the chamber with a 23-gauge needle. 


Twenty unfed adult brown dog ticks (10 male and 10 female) sorted 
24 hr before use, were placed in each test chamber. The chambers were 
held with the treated end upright under a hood and were slightly elevated 
on tongue depressors. After four hours, when the ticks had ceased wan- 
dering, the chamber was observed and the number of ticks that settled 
on the treated surface were counted. The results were expressed in the 


Number 3 Whatman. 


percentage of ticks repelled from the treated surface. The maximum test 
level was 1.0 mg/cm2 and the dose increments were 0.18 log intervals. 
Nontreated, standard-treated, and solvent-treated disks were included 
in each test. 


The minimum concentration for the standard N,N-diethyl-m-tolu- 
amide that gave consistent significant (>go%) repellency was found to 
be 1.0 mg/cm2. Test materials active at levels lower than 1.0 mg/cm2 were 
considered to be more repellent than N,N-diethyl-rn-toluamide. 


RESULTS AND DISCUSSION 


For this study, it was necessary to develop a suitable tick repellency 
assay, and the brown dog tick, R. sanguineus, was chosen as the test 
species. A common behavior of ticks is to crawl upward and this was taken 
advantage of in the assay used. The apparatus used consisted of a plastic 
vial with a filter paper impregnated with the test substance in the top. 
A measurement was made of the number of ticks climbing upward after 
a set period of time, with varying concentrations of the test chemical on 
the filter paper. 


Chemical data on the compounds synthesized are presented in Tables 
I-IV. 


Repellency data are presented in Table V. With the tick assay used 
here, N,N-diethyl-rn-toluamide and butopyranoxyl both exhibited good 
repellency at  1 mg/cm2 concentration. Since it was the purpose of this 
study to determine whether these new compounds were better repellents 
than these standards, they were tested initially a t  l-mg/cm2 concentration 
except for Compound 11-1. 


Compounds described in Table I having a free hydroxy group were poor 
repellents, as were the compounds from Table 11. The volatility of the 
bis-compounds in Table I1 probably was too low (bp = 160'/0.5 mm Hg). 
Also, two of the compounds in Table I were solids. 


Compounds from Table 111 were more repellent, some of them being 
equivalent to N,N-diethyl-m-toluamide and butopyranoxyl at 1 mg/cm2 
concentrations. Compound 111-3 seems the best of all, with a repellency 
of 45% at 0.44-mg/cm2 concentration, compared to 30% for N,N-di- 
ethyl-rn-toluamide and butopyranoxyl at that concentration. 


Compounds described in Table IV were not very repellent, probably 
due to their higher boiling points and reduced volatility. 
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Abstract 0 The kinetics and mechanism of hydrolysis of N-(4-hy- 
droxy-3,5-dimethylbenzyl)pyridiniu1n bromide and similar quaternary 
derivatives of niacinamide, N,N-dimethylaniline, and trimethylamine 
were investigated. pH-Rate profiles at 25' for formation of tertiary amine 
and 4-hydroxymethyl-2,6-dimethylphenol indicated that the zwitterionic 
quaternary phenoxide was the reactive species in alkaline solution. The 
apparent rate of hydrolysis was strongly inhibited by addition of small 
amounts of product tertiary amine, which is consistent with the presence 
of an intermediate in the reaction pathway. A mechanism was proposed 
for the hydrolysis and methanolysis of these compounds involving the 
reversible formation of the quinone methide, 4-methylene-2,6-di- 
methyl-2,5-cyclohexadien-l-one, followed by a trapping reaction with 
solvent or nucleophiles. Replacement of the phenolic hydrogen with 
methyl or acetyl groups greatly stabilized the molecule which is in 
agreement with the proposed mechanism. For the ester, the rate of amine 
release was limited by specific base catalyzed hydrolysis of the ester 
group. Compounds of this type may be useful in prodrug design for ter- 
tiary amines. The possibility of quinone methine intermediates in the 
degradation of structurally similar drugs, such as epinephrine, was dis- 
cussed. 


Keyphrases 0 Hydrolysis-labile quaternary ammonium derivatives, 
tertiary amines 0 Amines-tertiary, kinetics, mechanism of hydrolysis, 
labile quaternary ammonium derivatives 0 Kinetics-labile quaternary 
ammonium derivatives, mechanism of hydrolysis, tertiary amines 


In recent years a number of approaches have been in- 
vestigated for preparation of prodrugs (1, 2). Tertiary 
amines are unusual in that derivatization forms quaternary 
ammonium compounds. Quaternary salts resulting from 
simple alkylation, however, are generally chemically stable 
and therefore are not useful as prodrugs. A class of labile 
quaternary ammonium salts of the following general type 
have been investigated previously (3-6): 


R 


In this salt R and R1 are hydrogen, alkyl, or aryl; X is 
oxygen or sulfur; and Y is a halogen. These compounds 


hydrolyze to form tertiary m i n e  (N-), aldehyde (RCHO), 


carboxylic acid (RlCOXH), and HY. Applications of this 
approach have included the preparation of soft quaternary 
germicides, anticholinergic agents, and antitumor 
agents. 


In the present report, the kinetics and mechanism of 
hydrolysis of a different type of labile quaternary salt were 
studied. The general structure is: 


I 
I 


where R is H, CH3, or CH3CO and Y- is Br-. Simple ter- 
tiary amines were used as model compounds, although the 
results should be useful in the design of prodrugs. The 
4-hydroxybenzyl structure of the quaternizing agent was 
chosen, since it is known to be a major factor in the insta- 
bility of drugs such as epinephrine (7, 8). An unstable 
quinone methide was found to be an intermediate in the 
hydrolysis of the quaternary salts, and it is likely that the 
degradation of drugs such as epinephrine proceeds by an 
analogous mechanism. 


EXPERIMENTAL 


The following general sequence was used to prepare the quaternary 
salts N-(4-hydroxy-3,5-dimethylbenzyl)pyridinium bromide (I), N -  
(4-hydroxy-3,5-dimethylbenzyl)-3'-carbamoylpyridinium bromide (II), 
and N-(4-hydroxy-3,5-dimethylbenzyl)phenyldimethylammonium 
bromide (VIII): Formaldehyde and base were used to hydroxymethylate 
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2,6-dimethylphenol. The benzyl bromide was then prepared using hy- 
drobromic acid-acetic acid. This compound was reacted with the corre- 
sponding tertiary amine to form the quaternary salt. Satisfactory ele- 
mental analyses were obtained on all stable compounds. NMR and IR 
spectra were run on commercial instruments1,2. Melting points were 
uncorrected. 
4-Hydroxymethyl-2,6-dimethylphenol (111)-Equimolar amounts 


of 2,6-dimethylphen~l~, formaldehyde, and aqueous potassium hydroxide 
solution were reacted for 24 hr at  5' (9). The product precipitated upon 
neutralization and was recrystallized from chloroform, mp 101-102° [lit. 
(9) 105'1. UV (H2O) 270, 220 nm max; IR (KBr): 3340 em-'; NMR 
[(CD3)2SO]: 67.98 (9, lH),  6.80 (9, 2H), 4.90 (s, lH),  and 2.17 (s, 6H) 
PPm. 
4-Bromomethyl-2,6-dimethylphenol-A solution containing 0.5 g 


of 111, 1 ml of 48% hydrobromic acid, and 10 ml of acetic acid was stirred 
for 0.5 hr at  6O. Cold chloroform (40 ml) and ice water (25 ml) were added, 
the organic layer was dried with calcium sulfate and rotary evaporated 
a t  room temperature. The unstable pink crystals could not be further 
characterized and were used immediately. 
N-(4-hydroxy-3,5-dimethylbenzyl)pyridinium bromide (1)- 


Immediately upon addition of pyridine to a solution of 4-bromo- 
methyl-2,6-dimethylphenol in chloroform the quaternary compound 
precipitated, mp 190' dec. UV max (H20) 258 nm; IR (KBr): 3360 cm-'; 
NMR [(CD3)zSO]:6 9.25(d,2H),8.35 (m,4H),7.24 (~,2H),5.77(s,2H), 
and 2.17 (s, 6H) ppm. 


N - (4-hydroxy-3,5-dimethylbenzyl)-3'-carbamoylpyridinium 
bromide (11)-The product precipitated from a solution of 1.6 g of nia- 
cinamide and 4-bromomethyl-2,6-dimethylphenol (prepared from 2 g 
of 111) in 3 ml of dry dimethylformamide, mp 202'. NMR [(CD3)2SO]: 
6 9.66 (s, IH), 9.16 (m, 2H), 8.60 (s, 2H), 8.27 (t, lH),  7.30 (s,2H), 5.84 (5, 
2H),3.3 (s , lH),and 2.22 (s,6H)ppm. 


N - (4-hydroxy-3,5-dimethylbenzyl)phenyldimethylammonium 
bromide (VII1)-The procedure for I was followed with the substitution 
of N,N-dimethylaniline, mp 131-132'. IR (KBr): 3350 cm-'; NMR 
[(CD&SO]: 6 7.67 (rn, 5H), 6.50 (s, 2H),4.84 (s, 2H),3.50 (s,7H),and 2.03 
(s, 6H) ppm. 
N-(4-acetoxy-3,5-dimethylbenzyl)pyridinium bromide (1V)-A 


0.5-g portion of I was acetylated with 1 ml of acetic anhydride in 3 ml of 
warm pyridine. The product crystallized upon cooling, mp 258'. UV max 
(H20)258nm;NMR[(CD3)2SO]:89.25 (d,2H),8.33 (m,3H),7.33 (s,2H), 
5.80 (s,2H), 2.33 (s, 3H), and 2.10 (s,6H) ppm. 
4-Dimethylaminomethyl-2,6-dimethylphenol-Mannich con- 


densation of equimolar amounts of 2,6-dimethylphenol, formaldehyde, 
and dimethylamine in aqueous solution yielded the product (10). Re- 
crystallization from benzene or ethanol-water gave long needles, mp 
112O [lit. (10) 120-122O]. NMR (acetone-d6): 6 6.83 (s, 2H), 3.22 (s, 2H), 
2.19 (s, 6H), and 2.12 (s, 6H) ppm. 
4-Hydroxy-3,5-dimethylbenzyltrimethylammonium Iodide 


(1X)-A literature procedure (10) for the reaction of 4-dimethylami- 
nomethy1-2,6-dimethylphenol with methyl iodide in ether gave significant 
quantities of two byproducts (11). The water-soluble fraction containing 
IX and tetramethylammonium iodide was used. NMR (D2O): 6 7.17 (s, 
2H), 4.33 (s, 2H), [3.22 (s, (CH3)4N+)], 3.07 (s, 9H), and 2.28 (s, 6H) 
PPm. 
4-Hydroxymethyl-2,6-dimethylanisole-Two milliliters of di- 


methylsulfate was slowly added to 30 ml of a cold alkaline aqueous so- 
lution containing 1.0 g of 111. The reaction mixture (two layers) was kept 
alkaline with 10% aqueous potassium hydroxide. After stirring 2 hr, the 
mixture was warmed gently and allowed to stand for 1 hr. The product 
was obtained as a yellow oil by ether extraction and solvent evaporation. 
NMR (CC4): 6 6.80 (s, 2H),4.30 (s,2H), 3.90(s, lH),  3.58 (~,3H),and 2.17 
(s, 6H) ppm. 
4-Bromomethyl-2,6-dimethylanisole-A 0.5-g sample of 4-hy- 


droxymethyl-2,6-dimethylanisole was converted to the bromide in 25 ml 
of 48% hydrobromic acid containing 1 ml of sulfuric acid. The product 
was extracted into 60 ml of chloroform, washed with 5% sodium bicar- 
bonate solution, and dried with calcium sulfate. Evaporation of solvent 
gave a yellow oil. NMR (CC14): 6 6.91 (s, 2H), 4.28 (s, 2H), 3.65 (s, 3H), 
and 2.24 (s, 6H) ppm. 
N-(4-methoxy-3,5-dimethylbenzyl)pyridinium bromide (VII) 


-One milliliter of 4-bromomethyl-2,6-dimethylanisole was reacted with 
an equal volume of dry pyridine at  60'. Upon cooling, an oil separated 
which subsequently crystallized. Recrystallization from acetone afforded 


the pure product, mp 173-174'. UV max (H20) 257 nm; NMR (D2OF3 
8.67 (m, 5Hh 7.27 (8, 2H), 5.80 (9, 2H), 3.80 (s, 3H), and 2.34 
(s,6H) ppm. 


Rate Studies-Reaction rates were measured in the thermostated cell 
compartment of a spectro~hotometer~. Inorganic salts and nucleophiles 
were reagent grade and water was redistilled from an all-glass apparatus. 
Pseudo first-order rate constants were calculated5 from the slopes of 
lnJA, - Atl  versus time plots using the least-squares method. Corre- 
lation coefficients were consistently >0.998 and infinity values were taken 
after 10 half-lives. The pH of all solutions was measured6 before and after 
the reactions and the change was <0.04. The reaction was initiated by 
injection of a concentrated stock solution into the buffer in the spectro- 
photometer cell. Wavelengths for the kinetic measurements were: I, 260 
nm; XI, 265 nm; IV, 250 and 285 nm; VIII, 250 nm; IX, 260 nm. 


Reactions with half-lives <10 sec were followed using a stopped-flow 
spectroph~tometer~. Transmittance-time data were converted to ab- 
sorbance and then analyzed as before. 


A high-performance liquid chromatograph (HPLC) with 254 nm de- 
tector was useds. The mobile phase consisting of pH 9.1,5 mM borax 
buffer was pumped through the strong anion exchange column at 1.0 
ml/min resulting in retention times of 3.5 (HI) and 8.3 min (VI). Reaction 
solutions containing 111 and VI were extracted with 15 ml each of chlo- 
roform-ether-chloroform; the combined extracts were evaporated to 
dryness and reconstituted with 5 ml of methanol. The methanol solution 
was injected on the HPLC. The relative peak areas for I11 and VI were 
measured planimetrically. The aqueous phase from the extraction con- 
tained negligible amounts of the two compounds. 


RESULTS 


pH-Rate Profiles for Hydrolysis of I, 11, and IV-In neutral to al- 
kaline aqueous solutions, the quaternary ammonium salts of pyridine 
(I) and niacinamide (XI) rapidly cleave to form the corresponding tertiary 
amine and 111, as shown in Scheme I. The products were identified by UV, 
NMR, and TLC analyses. Repetitive UV scanning did not indicate the 
presence of an intermediate during the reaction. The rate was pH-de- 


+ l . O  


0 


1; 
.y 
m - 


-1.0 


-2.0 


I I I I I I 


8.0 9.0 10.0 11.0 12.0 13.0 


PH 
Figure I-Log k,b,9-pHprofiles for I, 11, and I V a t  25", 1.1 = 1.0 (KC1). 
Parameters for the solid lines are: I ,  (0) k,,, = 0.450 min-I, K, = 2.82 
X 10-loand koH = 0.250 M-' rnin-*;II, (A) k,,, = 15.6 min-' and K, 
= 3.55 X 10-lo;IV (a) k,, = 6.60 M-' min-I. 
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\ ,R 


I : R = H  
11: R = CONH, 


I11 
Scheme I 


pendent and the spectrophotometrically determined log kob-pH profiles 
a t  25O are shown in Fig. 1. 


The reaction rates were increased by buffers and the buffer data are 
shown in Tables I and 11. All data in Fig. 1 were extrapolated to zero buffer 
concentration. The lines for I and I1 in Fig. 1 were calculated according 
to: 


(Eq. 1) 


where kobs is the pseudo first-order rate constant a t  zero buffer concen- 
tration, k,,, is the rate constant in the plateau region, Kb is the disso- 
ciation constant of the reactant, koH is the apparent second-order rate 
constant for the effect of hydroxide on the conjugate base of I or 11, K, 
is the ion product of water, and QH is the hydrogen ion activity. The rate 
of hydrolysis of I1 a t  high pH could not be accurately determined using 
the stopped-flow technique,'and thus, kOH could not be determined. 


For the hydrolysis of I under conditions of pH < pK; and [I] N 10-4 
M, the apparent rate constant became smaller during the reaction. This 
rate-retarding effect was due to the pyridine produced upon hydrolysis 
of I, according to the Law of Mass Action. The rate constants reported 
for this pH region were for the initial portion of the reaction where 
first-order conditions were well approximated or were obtained with more 
dilute solutions of I in longer path length U V  cells. A study of this effect 
is reported in the next section, 


Also shown in Fig. 1 is the effect of pH on the hydrolysis of IV, the ac- 
etate ester of I. As shown in Scheme 11, this compound decomposed by 
consecutive kinetics: 


0 .  


' Br- 
IV 


CH,COO- + I - III -t- Pyridine 
Scheme II 


After hydrolysis of equal concentrations of I and IV at pH 12.5, the U V  
spectra of the products were identical. In the pH region studied, the rate 
of decomposition of I was three- to ten-fold faster than the hydrolysis of 
the ester. This allowed the rate constant for ester hydrolysis to be de- 
termined as the terminal slope of In IAt - A ,  1 uersus time plots. 


The second-order rate constant for ester hydrolysis, k,,, was calculated 
from the slope of a plot of kobs versus K,/aH according to: 


hobs = k e s K w / a ~  (Eq. 2) 


Table I-Reaction Conditions and Buffer Data for  the 
Hydrolysis of In 


Buffer Conc. Number Number 
PH Species Range, M of Concs. of kobs 


~ ~~ ~~~~~~~ 


8.25 Borate 0.14-0.24 2 4 
8.58 Borate 0.14-0.24 2 3 
9.00 Borate 0.15-0.20 2 4 
9.34 Carbonate 0.1-0.6 5 11 
9.77 Carbonate 0.1-0.4 4 8 
10.26 Carbonate 0.1-0.4 3 7 
11.54-13.72 Hydroxide - - - 


At 25", II = 1.0. 


Table 11-Reaction Conditions a n d  Buffer Data for the  
Hydrolysis of 11" 


Buffer Conc. Number Number 
PH Species Range, hf of Concs. of kobs 


7.85 Imidazole 0.05-1.0 4 8 
8.45 Tromethamine 0.04-0.8 5 11 
9.02 Borate 0.12-0.24 2 5 
9.76 Carbonate 0.025-0.25 4 9 
10.91 Butylamine 0.05-0.42 4 8 


6 11.43 Phosphate 0.025-0.1 3 
12.05-12.5 Hvdroxide - - - 


~~~~~ 


0 At 25", = 1.0. 


This reaction was first order in hydroxide ion, as indicated by the slope 
of 1.1 in Fig. 1. At pH 12.75 the rates of decomposition of I and IV were 
equal, i.e., k,,, = k,pW/aH. 


Effect of Added Pyridine on the Hydrolysis of I-In the pH-in- 
dependent region for hydrolysis, addition of small amounts of pyridine 
at constant pH greatly decreased the observed rate constants. Figure 2 
shows the kinetic effect of added pyridine a t  three pH values. The rate- 
retarding effect of pyridine decreased as pH increased, in the region where 
the hydrolysis reaction (Fig. 1) was strictly pH-independent. This mass 
law effect of pyridine was analogous to the common ion effect observed 
in many s N 1  reactions (12). A possible explanation for these data was a 
mechanism involving reversible dissociation of I to pyridine plus an in- 
termediate (V). As shown in Scheme 111, the intermediate can either react 
with pyridine to form starting material or with solvent irreversibly to form 
111: 


+ 111 
I++!&* & v kHz0  + k'0HIOH-1 


k-1 + + 
H+ Pyridine 


Scheme III 


By applying the steady-state assumption to the intermediate, the rate 
law for loss of I may be expressed as shown in Eq. 3 where [I]T = [I+] + 
[I*] and [PI is the pyridine concentration: 


The observed rate constant is defined as: 


kiKh 
k-i[Pl 


[kn,o + kbHKw/aH 


(Eq. 4) kobs = 


I) (Kh + a H )  1 + 
In the absence of added pyridine, k-1 [P) << (kH20 + kbHKw/aH) and the 
rate constant is given by Eq. 1 with k,,, = kl in the pH region where the 
k o H  term is negligible. Inversion and rearrangement of Eq. 4 gives: 


1 k - i  [PI 1 aH 
kobs d i  (kHz0 + kbHKw/aH) k,) ( K,)  


+-  1 + -  (Eq.5)  -= 


0.3 0.4iL 
0.1 


I I 1 I I 


0.02 0.04 0.06 0.08 0.1 
IPYRIDINE], M, added 


Figure 2-Effect of added pyridine on the rate constant for hydrolysis 
of I at three pH ualues. Key: (A) pH 12.15, (0) p H  12.45, ( 0 )  p H  
12.74. 
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Table 111-Effect of Variations in Salt and Solvent 
Concentrations on the Hydrolysis of I 


I 


0.02 0.04 0.06 0.08 
[PYRIDINE], M, added 


Figure 3-Inverse rate constant for hydrolysis of I as a function of 
added pyridine concentration according to Eq. 5. Key: (A) p H  12.15, 
(0) pH12.45, (0) p H  12.74. 


Equation 5 predicts a linear pH-dependent relationship between l/kobs 
and pyridine concentration, with slope = k-l/[kl(kHno + k&K,/a~)] 
and intercept UkI. Figure 3 is an inverse plot according to Eq. 5 for the 
data in Fig. 2. Division of the intercept in Eq. 5 by the slope allows 
elimination of kl  giving a hydroxide-dependent ratio, R: 


(Eq. 6 )  


Figure 4 is a plot off? uersus K,/aH with slope equal to kbH/k-l = 0.29 
and zero intercept. Thus, the reaction of the intermediate with water 
(kH*) was negligible compared to k-1. The slope of Fig. 3 indicates that 
the intermediate is 3.4-fold more reactive with pyridine than with hy- 
droxide ion. 


Effect of Added Substances on the Hydrolysis of I-The hydrolysis 
of I exhibited significant salt and solvent effects (Table 111). The rate of 
hydrolysis a t  pH 12.8 decreased by one-half as ionic strength increased 
from 0.08 to 1.0. Identical rates of hydrolysis were obtained when po- 
tassium chloride-potassium iodide mixtures were used as electrolyte even 
though iodide is a stronger nucleophile in most displacement reactions. 
Addition of the polar nonelectrolytes, acetonitrile and dimethylform- 
amide, at  -4 and 7% (v/v), respectively, strongly increased the observed 
rate a t  constant ionic strength. 


Table 1V contains apparent second-order rate constants and experi- 
mental conditions for the effect of several nucleophilic substances on the 
hydrolysis of I. A Brdnsted plot of this data (log k2"Pp versus pKb) showed 
a slope of 4 . 1  indicating that the reaction was essentially insensitive to 
changes in basicity. The effect of imidazole was pH-dependent. As pH 
increased the apparent catalytic constant for imidazole decreased. In Fig. 
5a, the apparent second-order rate constants for imidazole have been 
plotted against K,/uH. If the rate effect of imidazole anion was negligible 
compared to the neutral molecule, a description of the kinetic data 
gives: 


kHao + kbHKwhH 
k-i 


R =  


0.02 L 


0.015 - 


0.02 0.04 0.06 0.0.8 


0.005 


0.02 0.04 0.06 0.0.8 


K,lau, M 


Figure &-Dependence of the ratio, R, on hydroxide ion concentration 
according to Eq. 6. 


h 
Conditions" Ionic Strength kobs, min-l k,,, 


0.92 M KCl 
0.08 M KOH 
0.4 M KI 
0.8 M KI 


1.02 M N,N-  dimethylformamide 
1.15 M CH3CN 


1.0 
0.08 
1.0 
1.0 
1.0 
1 .o 


0.415 
0.800 
0.414 
0.410 
0.611 
1.243 


1 
i.9 
1.0 
0.99 
1.5 
3.0 - ~ ~~~~ 


(I All solutions contained 0.08 M KOH. 


where ko is the second-order rate constant for the effect of neutral im- 
idazole on the hydrolysis of I, and Kh is the apparent dissociation constant 
for imidazole as an acid. Inversion and rearrangement gives: 


(Eq. 8) 


Equation 8 predicts a linear relationship between reciprocal rate constant 
and K,/aH as shown in Fig. 5b. The second-order rate constant for im- 
idazole in Table IV was calculated from the intercept of Fig. 5b. 


Upon hydrolysis of a concentrated solution of I in the presence of im- 
idazole, N-(4-hydroxy-3,5-dimethylbenzyl) imidazole (VI) crystallized 
and was isolated as a product. 


VI 


The effect of added imidazole on the product composition for the hy- 
drolysis of I at pH 12.70 was determined by HPLC. Figure 6 shows the 
effect of imidazole on the molar ratio of imidazole- and hydroxide-sub- 
stituted products, [VI]/[IIIJ,, a t  the end of the reaction. The kinetic effect 
of added imidazole a t  pH 12.70, k p P  = 0.22 M-' min-l, can be inter- 
polated from Fig. 5a. Therefore, the ratio of rate constants for the effects 
of imidazole and hydroxide a t  this pH was k2aPPIkmax = 0.5 M-l. Com- 
parison of this value with the slope of Fig. 6,14 M-l, indicates that 28-fold 
more imidazole was appearing in the product than could be accounted 
for by the apparent second-order rate dependency. 


The potent nucleophile cyanide ion had no effect on the rate of hy- 
drolysis of I at pH 12.47 (Table IV). The low standard deviation for du- 
plicate runs a t  each concentration of cyanide ion (0.446 f 0.010 min-1) 
indicated the absence of any effect other than that attributable to salt 
composition. 


Stability of the 0-methyl Quaternary Salts-No change in ab- 
sorption spectrum was detectable when N-(4-methoxy-3,5-dimethyl- 
benzy1)pyridinium bromide(VI1) was dissolved in water, 1.0 M KOH, or 
1.0 M NaCN and scanned with time over a 1-hr period. Replacement of 
the phenolic hydrogen by a methyl ether completely eliminated the in- 
stability of I in solution. 


VII 


When the NMR spectrum of VII in alkaline deuterium oxide (pD 13.1) 
was scanned over a 6-day period a t  room temperature, the benzylic pro- 
tons (position 7 )  and the 2' and 6' protons of the pyridine ring were 
completely exchanged. Under these conditions, no decomposition of VII 
could be detected. Similar exchange has been reported for 1 -methyl and 
1-nxypyridinium ions (15). The analogous quaternary derivative of nia- 
cinamide was also stable in base but formed an apparent cyanide adduct 
with characteristic absorption maximum a t  340 nm (16). 


Hydrolysis of Aliphatic Quaternary Compounds-Analogous 
quaternary derivatives of N,N-dimethylaniline (VIII) and trimethyl- 
amine (IX) hydrolyzed similarly to I and I1 except that  rate inhibition 
by the product amine was a more serious problem: 
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Table IV-Apparent Second-Order Rate Constants for the Effect of Nucleophiles on the Hydrolysis of I" 


Conc. Range, 
Species PKh k p p ,  M-l min-' PH M 


Iodide 
Azide 
Acetate 
Acetate 
Methox lamine 
Imidazole 
Morpholine 
Cyanide 
Glycinate 
Glycinate 
n-Butylamine 
Hydroxide 


At 25'. p = 1.0. Reference 


- 0 12.75 0.4-0.8 
4.0b 0 . 1 1 C  12.75 (0.8) 


4.73d 0.23' 
7.21 0.45= 


4.61 0.168 12.61 0.08-0.94 
- 0.152 12.14 0.1-0.6 


12.19 (0.4, 1.0) 
- 0.05-1.0 


8.87bb 0.36 12.81 0.08-0.88 


9.76b 0.206 12.45 0.08-0.8 
0.210 12.90 0.08-0.8 


10Tf 


9.3 0 12.47 0.1-0.8 


0.68 12.88 0.07-0.7 
- - 15.74 0.25 


13. (ha - k o ) / [ N ] .  Reference 14. pH independent. pK, = pH - log[a,/(l-a,)], where a, is the fraction of nonionized amine. 


VIII: R = phenyl, Y = Br 
IX: R = CH,, Y = I 


Initial rate data for VIII a t  neutral pH and the highest practicable dilu- 
tion allowed estimation of k,,, as shown in Table V. Stopped-flow 
measurements were not possible due to the instability of VIII in all sol- 
vents in which it was soluble. Hydrolysis of the trimethylammonium salt 
(IX) was studied using 10-cm UV cells in which first-order kinetics were 
obtained. Constant values of k,, were measured at  pH 12.5 and 12.9. 


Table V summarizes the hydrolysis data for I, 11, VIII, and IX as a 
function of the pK, of the tertiary amine leaving group. When these data 
are plotted as log k,, uersus pKh, heterocyclic and aliphatic ammonium 
compounds appear to fall on separate lines with slope ~0.8, according 
to the limited data available. The aliphatic quaternary ammonium 
compounds are -250 times more reactive than the pyridinium com- 
pounds. More data would be necessary to determine the existence of any 
possible structure-reactivity relationships. 


Reactions in Methanol-The quaternary salts react in methanol to 
form amine and 4-methoxymethyl-2,6-dimethylphenol, which was 
identified by TLC comparison with a synthesized sample. In this solvent 
VIII exhibited unexpectedly high absorptivity, a different A,, (285 nm), 
and a monoexponential decline in absorbance with t l / 2  = 17 sec. An 
identical rate constant and Amax were reported previously (18) for the 
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Figure 5-Apparent rate constant f o r  the  effect o f  irnidazole as a 
func t ion  of hydroxide ion concentration ( a ) ;  data plotted according t o  
Eq. 8 ( b ) .  


reaction of the quinone methide, 4-methylene-2,6-dimethyl-2,5-cyclo- 
hexadien-1-one (V), with methanol: 


+H2 


V 


Apparently VIII completely dissociated to amine and V by the time the 
spectrophotometric data were obtained. The reaction of I and I1 was 
biexponential and showed a broad rise and fall in absorbance with time. 
An added complication was that the rates of both steps were sensitive 
to small amounts of water in the methanol. Due to this problem and the 
kinetic complexity of A + B - C systems, reactions in methanol were 
not studied further. 


When the quaternary compounds were dissolved in polar aprotic sol- 
vents, e.g., acetonitrile, dimethylformamide, or dimethyl sulfoxide, the 
dissociation equilibrium was again rapidly established. Since the reaction 
of V with these solvents was not possible, condensation reactions occurred 
to form dimeric products (19). 


DISCUSSION 


Mechanism of Hydrolysis-The intermediate in the aqueous reaction 
of these quaternary compounds was probably the quinone methide (V). 
A generalized form of Scheme 111 involving unimolecular dissociation 
of phenoxide zwitterion to V and tertiary amine, followed by trapping 
of the intermediate with solvent or nucleophiles, is consistent with the 
data. A kinetically indistinguishable pathway is possible, involving re- 
action of hydroxide with the protonated form of the quaternary com- 
pounds. If this mechanism were operative, compounds with the phenolic 
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Figure 6-Ratio of irnidazole to hydroxide substitution in the product 
as a function of irnidazole concentration for  hydrolysis of I at pH 12.70, 
2 5 O ,  p =1.0 (KC1). 
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Tab le  V-Effect of Leaving Group Basicity on the Rates of 
Hydrolysis for  I, 11, VIII, and IX 


Compound PKha k,,,, min-I 


I 
I1 
VIII 
IX 


5.526 
3.556 
5 . 1 5 C  
9.75C 


0.45 
15.6 
103 f 101 
0.039 


a PK, of the conjugate acid of the amine leaving group. Reference 13. c Ref- 
erence 17. 


hydrogen replaced by a methyl group should exhibit comparable rates 
of hydrolysis to the phenolic derivatives. The complete stability of the 
methoxy compounds under conditions where their phenolic derivatives 
were quite unstable rules out a mechanism involving nucleophilic attack 
of hydroxide ion. 


Although the proposed quinone methide intermediate (V) was too 
unstable in water to be observed spectrophotometrically, its presence 
was essential in explaining the kinetic data. Moreover, spectrophoto- 
metric detection of this compound upon methanolysis of the quaternary 
derivatives strongly suggested that the same intermediate occurred in 
water. 


The mass law effect of added pyridine in the hydrolysis of I supports 
the proposed unimolecular mechanism. In the absence of added pyridine, 
the rate of reaction of V with solvent was faster than its reaction with 
pyridine. The rate-determining step under these conditions was the loss 
of reactant (k 1) and pH-independent kinetics were observed. Addition 
of small amounts of pyridine greatly increased the rate of reversion of 
V to starting material and caused the observed rate constant to exhibit 
an inverse dependence on pyridine concentration. The approximation 
that the rate of reaction of quinone methide with hydroxide was much 
faster than its reaction with pyridine was no longer valid. In this manner 
addition of pyridine transformed an apparently pH-independent reaction 
into one which was first-order in hydroxide. 


The maximum rate of hydrolysis of the quaternary compounds of this 
study was quite sensitive to the structure and basicity of the tertiary 
amine leaving group (Table V). The rate increased with decreasing ba- 
sicity of the leaving group for structurally similar compounds. Structural 
influence is demonstrated by the quaternary compounds of dimethyl- 
aniline and pyridine reacting a t  quite different rates, even though the 
amine leaving groups had similar pKbvalues. The large rate difference 
between the two structural classes is due to resonance stabilization of the 
pyridinium derivatives, as opposed to the instability of the aliphatic and 
aryl-aliphatic amines (20): 


Charge delocalization of this type is not possible with salts of aliphatic 
or aryl-aliphatic amines. 


Effect of Additives on the Ra te  of Hydrolysis-The effect of me- 
dium on reaction rates in solution is described by the Bransted equa- 
tion: 


YAYB 
Y* 


k = k o -  (Eq. 9) 


where k is the observed reaction rate constant, k o  is the limiting value 
of the rate constant a t  zero concentrations of all solutes, and the 7 ’ s  are 
the activity coefficients of the reactants and transition state (12). For the 
unimolecular reactions of the present report, this equation can be ex- 
pressed as: 


Yz k = k o -  
7s 


(Eq. 10) 


with yz defined as the activity coefficient of the zwitterionic reactant. 
The hydrolysis of I involved a negative salt effect, i.e., the compound 


was more stable as ionic strength increased. This phenomenon was due 
to stabilization of the zwitterionic reactant by added salt (a decrease in 
y z )  more than the nonpolar transition state. Usually, a unimolecular 
reaction of an electrically neutral species is insensitive to variations in 
ionic strength (12). The highly polarized zwitterion of I, however, would 
be expected to be affected greatly by changes in ionic strength of the 
medium. 


The addition of nonionic solutes a t  constant ionic strength caused a 
rate effect opposite to that of added salt. Acetonitrile or dimethylform- 
amide stabilized the nonpolar transition state causing an increase in rate. 


This effect was exhibited more dramatically by the several thousand-fold 
increase in rate of decomposition in methanol compared to water. In 
addition, the reactant in methanol was presumably the nonionized phenol 
which was essentially unreactive in water. 


The presence of several inorganic and organic nucleophilic species 
increased the rate of hydrolysis of I (Table IV). A Br$nsted slope of 4 . 1  
was found for this data. Charged nucleophiles, e.g., acetate, azide, im- 
idazole anion, glycinate, and hydroxide, exhibited negative deviations 
compared to neutral substances of similar pKb values. The less polar 
amines, morpholine, and butylamine showed greater than first-order rate 
dependencies (11) while cyanide of similar basicity had no effect. These 
data suggest that  the nucleophilic substances affect the activity coeffi- 
cients rather than participating in a general acid-base or nucleophilic 
reaction with I. 


The apparent Brqhsted correlation of rate with basicity was probably 
a kinetic artifact arising from the effects of added solutes on the activity 
coefficients. The pH dependency of the effect of imidazole on the hy- 
drolysis of I was in accord with this hypothesis. Imidazole anion is gen- 
erally a much stronger nucleophile than the neutral form, although it was 
less effective in causing hydrolysis of I. This behavior is consistent with 
the expected effect of a charged species on the activity coefficients. The 
lack of kinetic dependency on cyanide ion is also in agreement with this 
hypothesis. Added sodium cyanide a t  constant ionic strength should have 
very little effect on the activity coefficient, although this compound is 
a strong nucleophile. The k o ~  term observed in the hydrolysis of I was 
thought to be due to medium effects of hydroxide ion rather than a 
nucleophilic or base-catalyzed reaction. 


Hydrolysis of the Ester (1V)-When the phenolic group of I was 
acetylated, the slow step in the overall rate of hydrolysis <pH 12.5 was 
the hydrolysis of the ester. The rapid hydrolysis of the quaternary com- 
pounds can, therefore, be moderated by the choice of a suitable ester 
function. The second-order rate constant for hydrolysis of IV is -10-fold 
smaller than that for hydrolysis of phenyl acetate (13). This value is 
reasonable considering the rate-retarding steric and electronic effects 
of the two ortho methyl groups (21) and the accelerating effect of the 
ammonium group. 


The results of this preliminary report indicate that quaternization and 
hydrolysis uia quinone methides is a possible method for forming useful 
prodrug derivatives of tertiary amines. The simple amines studied rep- 
resent a wide range of basicity and structure. Although actual drug 
molecules were not employed, the results are expected to be easily ex- 
trapolated to more complex molecules. Esterification yields a quaternary 
salt for which the release of the parent drug is controlled by ester hy- 
drolysis. This is desirable since structure-reactivity relationships of esters 
are well known and the compounds should be substrates for enzymatic 
cleavage in uiuo. 


Possible Quinone Methide Intermediates i n  Drug  Degrada- 
tion-The abnormally high reactivity of drugs containing the 0- or p -  
hydroxybenzyl alcohol structure has been recognized and studied pre- 
viously (8). In a survey of reactions of several pharmaceuticals with hi- 
sulfite, an 0- or p-hydroxyl or amino group was essential for reaction. 
meta-Substituted isomers as well as 0- or p-methoxy derivatives were 
unreactive with sulfite under the experimental conditions. Substituted 
benzyl sulfonic acids were determined to be the products in several of the 
reactions. An explanation for these data would be reversible dehydration 
to form the quinone methide followed by a rapid reaction with bisulfite 
to form the sulfonate product,. 


The reaction of epinephrine with bisulfite also suggests the inter- 
mediacy of a quinone methide (7). Below pH 5 the rate of degradation 
was zero-order in bisulfite concentration indicating a unimolecular 
mechanism. Additional evidence for a quinone methide intermediate is 
the specific acid catalyzed racemization of epinephrine observed in the 
absence of bisulfite (22). The planar intermediate formed by dehydration 
could react with solvent to form optically inactive epinephrine. 
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Abstract The rate of disappearance of fluorouracil from peritoneal 
fluid has been experimentally measured and mathematically modeled. 
The experimental data were obtained following the instillation of 50 ml 
of dialysis fluid which contained an initial fluorouracil concentration 
ranging from 24 ph4 to 12 mM. The rate of disappearance was strongly 
dependent upon concentration. A distributed model has been formulated 
which incorporates concepts of diffusion with saturable metabolism and 
nonsaturable capillary uptake in the tissue surrounding the peritoneal 
fluid. This model successfully describes the experimental observations 
and also suggests that the effective penetration depth into tissue is highly 
dependent upon concentration. 


Keyphrases Fluorouracil-concentration-dependent disappearance 
from peritoneal fluids, rats 0 Pharmacokinetics-concentration-de- 
pendent disappearance of fluorouracil from peritoneal fluid, rats 
Peritoneal fluid-concentration-dependent disappearance of fluo- 
rouracil, rats 


~~~~~~~~~~~~~ 


Although intraperitoneal injections are extensively used 
for the administration of drugs to rodents, there are few 
studies which examine the kinetic features of this route (1, 
2). When drugs are administered in a small volume, it is 
usually assumed that absorption occurs through pathways 
which lead to the portal vein. For larger volumes, as used 
in peritoneal dialysis, nonportal pathways such as the 
ventral abdominal wall, diaphragm, and retroperitoneal 
tissues may have a significant role. Lymphatic uptake, 
although largely unexplored, is assumed to be quantita- 
tively unimportant for substances with small molecular 
weights. 


The rate of disappearance of drugs from peritoneal fluid 
is primarily a consequence of the concentration gradient 


established between peritoneal fluid and surrounding 
tissue. As drug molecules diffuse into this tissue, they can 
be carried away by capillary blood, metabolized by en- 
zymes in the tissue, or be bound to tissue constituents. 
Removal by capillary blood is kinetically a first-order 
process, while metabolism and tissue uptake or binding are 
potentially saturable since these processes depend upon 
a finite number of sites. 


The intraperitoneal administration of the pyrimidine 
analog, fluorouracil, is currently undergoing clinical 
evaluation for the treatment of several cancers which are 
initially confined to the abdomen (2 ,3) .  Since the clinical 
range of intraperitoneal fluorouracil concentration is re- 
stricted by therapeutic considerations, a previously de- 
veloped rat model was used for these peritoneal disap- 
pearance studies. The metabolism of fluorouracil is satu- 
rable (4), and at  least some tissues surrounding the peri- 
toneal cavity are sites for this metabolism (5). No tissue 
binding has been reported. 


Data have been collected on the rate of peritoneal dis- 
appearance over a wide range of initial concentrations in 
order to observe metabolism in both linear and nonlinear 
regions. A distributed model has been formulated which 
incorporates concepts of diffusion with chemical reaction 
and capillary uptake in the surrounding tissue. The non- 
linear partial differential equation was solved numerically 
with the appropriate initial and boundary conditions. The 
solution suggests that the effective penetration depth into 
the tissue and the rate of removal from the peritoneal 
cavity are concentration dependent. 
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Table I1 shows the dissolution rates for the batches representing var- 
ious manufacturers. The batch results are not corrected for aspirin hy- 
drolysis. Only three of the seven batches showed significant amounts of 
dissolution in the 3 4  hr period. A physical inspection of the residues from 
batches C1, D1, Dz, and DS revealed that the tablets were still firm and 
90% intact. Batch DB, which gave one of the lowest percentage rates, was 
analyzed again a t  a paddle speed of 100 rpm. There was no increase in 
dissolution. The percentages were almost identical to the results obtained 
at 50 rpm. No sample showed signs of dissolution in the 1-hr pretreatment 
with gastric fluid. 


Both batch A, and D1 gave similar salicylate blood level concentra- 
tions12. Therefore, this dissolution test, in i ts  present form, is not satis- 
factory for predicting bioavailability. 


Suppository Validation Test-Portions of a composite prepared from 
a commercial 324-mg suppository were analyzed by the USP XX and the 
dilute-and-read procedures. The result for the USP procedure was 102.5% 
of declared and 104.9% for the proposed procedure. The UV curves ob- 
tained from the standard and sample solutions were nearly identical and 
showed very little background interference from the suppository excip- 
ients. The results obtained for the content uniformity determination of 
aspirin and the salicylic acid concentrations in suppositories are given 
in Table 111. Three batches from Manufacturer E exceeded the USP XX 
limit for aalicylic acid. 


Salicylic Acid Limit Test Validation by TLC-A linear calibration 


12 R. D. Kirchhoefer, unpublished data. 


NOTES 


curve was obtained for salicylic acid when concentrations from 0 to 800 
nglpl were spotted. The fluorescent readings were made by scanning the 
chromatogram with the spectrcdensitometer in the reflectance mode a t  
a fluorescence excitation wavelength of 310 nm and an emission wave- 
length of 410 nm. Table IV shows the data obtained by the TLC and USP 
XX ( 5 )  procedures on commercial samples. Salicylic acid has a relative 
Rf  value of 1.7 compared to aspirin. In addition, five batches of enteric 
coated tablets (Al, Az, B1, CI, and Dz) were analyzed for aspirin-related 
impurities by the HPLC method described previously (3). Table V shows 
the amounts of impurities found in these batches. Suppository samples 
were not tested for impurities. 
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Abstract  0 A series of new 3-hydroxy-3-substituted oxindoles were 
prepared and screened for anticonvulsant activity. A number of these 
3-hydroxyoxindoles had activity in the maximal electroshock seizure 
test. 


Keyphraees Anticonvulsants-condensation of isatin, benzoylacetone, 
isopropyl methyl ketone 0 Isatin-anticonvulsants, condensation, 
benzoylacetone, isopropyl methyl ketone 0 Benzoylacetone-anticon- 
vulsants, condensation of isatin, isopropyl methyl ketone 0 Isopropyl 
methyl ketone-anticonvulsants, condensation of isatin, benzoylace- 
tone 


The anticonvulsant activity' of 3-hydroxy-3-phenacyl- 
oxindole (I) (1) and 3-hydroxy-3-acetonyloxindole (11) has 
been reported previously. In a study of analogs of I and I1 
(2) it was found in initial screening that 111, derived from 
isatin and benzoylacetone and having features of both I 
and 11, was inactive at  600 mg/kg in the maximal electro- 
shock seizure test (MEW1 but was active at 100 mgkg  in 
the pentylenetetrazol seizure threshold test (Met)'. 
Compound IV related to I1 and derived from isatin and 
isopropyl methyl ketone, was active at  100 mg/kg in the 
MES test and inactive in the Met test. This report de- 


1 Anticonvulsant screenin was carried out throu h the Antiepileptic Drug De- 
velopment hogram, Nationaf Institutes of Health. d e  standard screening protocol 
of that group was followed. 
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Table I-Reaction of Isatins with Isopropyl Methyl Ketone 
0 
II 


CHF-C-CHCHJ), R a S o  H 


Anticonvulsant 
Melting Analysis Activity, mg/kg 


R Pointa Formula Calc. Found MES Met 


- - 100" NAC 
59.29 300 600 


Hb i 2 a i  300 C13H15N03 
4-Cl-7-CH3 149- 150 C14Hi6C1N03 C 59.68 


4-Cl-7-OCH3 139-1 40 Ci4Hi6ClN04 C 56.48 56.74 NA' 600 


H 5.72 5.62 
N 4.97 4.87 


H 5.42 5.38 
N 4.71 4.62 


H 6.55 6.51 
N 4.33 4.27 


H 5.07 4.97 


H 4.53 4.29 


I - C ~ H ~ C H Z  155-156f CzoHziN03 C 74.28 74.38 NA' 300 


5-NO2 261-263 Ci3Hi4N205 C 56.11 56.00 NA' NAC 


5-Br 240-241 C13H14BrN03 C 50.14 49.95 NAe 600 
~~~ ~ 


0 Recrystallized from ethanol unless otherwise noted, melting point uncorrected, spectral data consistent with structure. * Described in Reference 2. Additional screening 
indicated an EDm of 151.8 in the MES test, an EDm of 242.9 in the Met test, and a TDm of 843.6. * Recrystallized from chloroform. Not active at  600 mg/kg. 
from ethyl acetate. 


Table 11-Reactions of Isatins with Benzoylacetone 


H 
~~ ~ 


Anticonvulsant 
Melting Analvsis Activity, mgkg 


R Pointn Formula Calc. Found MES Met 


Hb 184-185 CisHi5N04 - - NA" 100 
1-CH3 i 5 a i 5 9  C19Hi7NO4 C 70.57 70.52 NAc NAc 


H 5.30 5.19 
N 4.33 4.40 


H 5.26 5.33 
N 3.51 3.58 


H 3.64 3.37 
N 3.61 3.81 


l-CsHs-CH2 136-137 Cz5HziN04 C 75.20 75.43 NAc NAC 


5-Br 187- 189 ClsH~BrN04 C 55.68 55.38 NA" 100 


5-C1 


5-CH3 


5-NO2 


6-C1 


190-192 


173-174 


C 62.89 62.81 NAc 600 
H 4.10 4.16 
N 4.08 4.01 
C 70.57 70.16 NA NAc 
H 5.30 5.71 
N 4.33 4.06 


2 15-2 17 CisHi4N206 C 61.01 60.92 NA" NA" 


200-201 CisHi4CIN04 C 62.89 62.52 NAC 300 


H 3.98 3.97 
N 7.91 7.95 


H 4.10 4.11 
N 4.08 3.80 


H 4.51 4.63 
N 3.91 3.86 


H 4.32 4.39 
N 3.75 3.73 


4-Cl-7-CH3 200-201 CigHi6ClN04 C 63.78 63.74 NA" 300 


4-Cl-7-OCH3 190-191 CigHi&1N05 C 61.05 61.24 NAc NA" 


Recrystallized from ethanol, mp uncorrected, spectral data consistent with struc 


scribes the synthesis and anticonvulsant activity of analogs 
of I11 and IV and related compounds. 


RESULTS AND DISCUSSION 


A number of substituted isatins were condensed with isopropyl methyl 
ketone to give the analogs of IV shown in Table I. None of these com- 
pounds were as active as 11. Benzoylacetone was also condensed with a 
number of substituted isatins to give the analogs of 111 shown in Table 
11. None of these compounds were active in the MES test and only the 
5-bromo analog of 111 was as active as 111 in the Met test. Subsequent 


:ture. * Reference 2. Not active at  600 mgkg. 


screening of IV has shown an ED50 of 151.8 in the MES test, 242.9 in the 
Met test, and 211.8 in the subcutaneous picrotoxin test with a TDm of 
843.6. This compound gave a maximum protection of 62.5% at 200 mg/kg 
in the subcutaneous bicuculline test. 


Dehydration of analogs of 111 derived from 5-bromoisatin and from 
4-chloro-7-methoxyisatin gave compounds (V) inactive at  600 mg/kg in 
both the MES and Met screens. 


Anticonvulsant screening results of a number of related compounds 
are included in Table I11 and further screening results on analogs of I1 
(2) are included in Table IV. 


In the 3-hydroxyoxindoles studied to date, I1 has the best activity and 
protective index in the MES test. None of the compounds in this report 
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Table III-3-Subtituted-3-Hydroxyoxindoles 


Anticonvulsant 
Melting Analysis Faun Agctiy, m&tf 


R R R" Point' Formula Calc. 


CfiHs H 197-198 * C ~ H i g N 0 3  C 77.29 77.38 NAC NA' 
H 5.36 5.43 


1-(N-morpho1ino)CHz CH3 


H 
H 


6-Cl-7-CH3 


H 


(cycle) 
-HI rn 


O H  
H OC2Hs 
H 2-Acetylcyclo- 


hexanones 


H 


H 


H 


C6H5 
C6H5 


H 


H 


. ~. 


N 3.92 4.00 
162-163 CisHi7N03 C 73.20 73.07 NAC 600 


H 5.80 5.70 


163-165 


16a-169 


156-158d 
163-164 


14b150e 


N 4.74 c 55.54 
H 4.40 
N 7.20 
C 63.14 
H 6.62 
N 9.21 


C 77.29 
H 5.36 
N 3.92 
C 63.45 
H 6.26 


- 


N 4.35 
221-223 CmHi6Nz06 C 63.15 


H 4.24 
N 7.37 


4.81 
55.40 


4.21 
7.31 


63.20 
6.64 
9.11 


77.06 
5.31 
3.87 


63.31 
6.28 
4.33 


62.96 
4.25 
7.32 


66.38 
5.05 
6.51 


- 


- 


NAC 


300 


NAC 
NAC 


600 


NA' 


NA' 
600 


NA ' 


NA' 


600 
NA' 


600 


NA' 


NA 
NA 


a Recrystallized from ethanol unless otherwise noted. * Recrystallized from n-butanol. Not active at  600 mgkg. Reported (5) mp 156158O. Recrystallized from 
benzene. Reported (6) mp 1 5 6 1 5 8 O .  8 Condensation with 2 moles of isatin. 


have outstanding activity in the Met test. The effect of structure to ac- 
tivity in the 3-hydroxyoxindoles is still not clear, although it appears that 
substituents on the oxindole portion of the molecule do not enhance and 
generally decrease the activity. The study of the effect of substituents 
in the 3-position is being continued. 


EXPERIMENTALz 


Condensation of Isatins with Ketones-The compounds in Tables 
I, 11, and 111 were prepared, as previously described (1-3). by heating a 
solution of isatin and the appropriate ketone in absolute ethanol con- 
taining a few drops of diethylamine on a steam bath. 


Dehydration of 3-Hydroxyoxindotes.-Following the procedure 
of Braude and Lindwall (4) the product from 5-bromoisatin and ben- 
zoylacetone was heated on a steam bath in acetic acid containing a small 
amount of hydrochloric acid to give V (R = 5-Br), mp 232-234' (eth- 
anol). 


Anal.-Calc. for ClsH1zBrN03: C, 58.40; H, 3.27; N, 3.78. Found: C, 
58.22; H, 3.55; N, 3.64. 


In a similar manner V (R = 4-C1-7-OCH3), mp 225-226' (ethanol), was 
obtained. 


Anal.-Calc. for C19HlrCINO4: C, 64.14; H, 3.97; N, 3.94. Found: C, 
64.18; H, 4.03; N, 3.86. 


2 All compounds exhibited 1R spectra consistent with the structures shown and 
with those previously reported (1-3). Melting points are uncorrected, and analyses 
were carried out by the Spang Microanalytical Laboratory. 


Table IV-Analogs of 11' 


OH ! 


H 
6321 337.5 
7-Cl 64.4 
4-Cl-7-OCHa 802.4 


279.2 585.2 
131.8 297.9 
404.8 > 1500 


4-Cl-7-CH3 90.2 211.5 615.4 
4,7-c12 127.8 242.8 -00 


0 Reference 2. 
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Abstract 0 A stability-indicating high-pressure liquid chromatographic 
(HPLC) method for the assay of erythromycin in enteric film-coated 
tablets was developed. The method used a reversed-phase column at 70” 
with a mobile phase of acetonitrile-methanol-0.2 M ammonium ace- 
tate-water (45:101035) a t  pH 7.0. The column effluent was monitored 
a t  215 nm. Several reversed-phase columns were evaluated for the anal- 
ysis of erythromycin. The HPLC method was also applicable for the 
analysis of salts and esters of erythromycin. The linearity and precision 
of the HPLC assay method for erythromycin in the solid dosage form were 
examined by spiking erythromycin into a tablet placebo a t  60-120% of 
the label. The recovery of erythromycin was 99.9% with a relative stan- 
dard deviation of <1% The correction factors to express the results of 
HPLC in terms of antimicrobial bioequivalency against Staphylococcus 
aureus ATCC 6538P for erythromycins A, B, and C were determined to 
he 1.0,0.92, and 0.48, respectively. Eight lots of tablets were assayed by 
t,he HPLC method, and the results, expressed in terms of erythromycin 
bioequivalency, showed no statistically significant difference from those 
of the microbiological assay method. 


Keyphrases  0 High-pressure liquid chromatography-improved 
method for the analysis of erythromycin in solid dosage forms 0 Dosage 
forms-improved high-pressure liquid chromatographic method for the 
analysis of erythromycin 0 Erythromycin-solid dosage forms, improved 
high-pressure liquid chromatographic method for analysis 


Erythromycin, a macrolide antibiotic, is normally ad- 
ministered orally and is marketed in several forms. These 
include the free base, salts such as the stearate, and esters 
such as ethyl succinate and 2’-O-propionyl. Erythromycin 
free base is formulated as an enteric coated tablet to pro- 
tect erythromycin from acid degradation and to allow 
absorption in the intestinal tract. 


High-pressure liquid chromatographic (HPLC) methods 
for the determination of erythromycin free base and an 
ester of erythromycin, erythromycin ethyl succinate, have 
been reported (1-4). The HPLC assay method for eryth- 
romycin ethyl succinate uses an elevated column tem- 
perature at 70’ to minimize peak tailing and to improve 


peak resolution (4). This HPLC method was adopted for 
monitoring the clinical blood level of erythromycin and 
erythromycin ethyl succinate by use of a postcolumn ex- 
traction and derivatization technique for fluorimetric 
detection (5). 


Since the HPLC method reported for the assay of 
erythromycin uses ambient column temperature (l), 
considerable peak tailing and lack of peak resolution have 
been experienced. The method reported in this paper uses 
elevated column temperature for optimum peak resolution 
and minimum peak tailing for the assay of erythromycin 
in a solid dosage form. 


EXPERIMENTAL 
Apparatus-A modular liquid chromatograph equipped with a vari- 


able wavelength detector at  215 nm’, a high-pressure pump2, and a 1oO-pl 
fixed loop injector? were used. A reversed-phase HPLC column4 was 
water jacketed and maintained at  70’ with a circulating water bath5. The 
peak area was electronically determined by use of an electronic inte- 
gratorfi. 


Reagent-All the solvents used were distilled in glass and were UV 
gradei. Ammonium acetate used was analytical reagent grade. The mobile 
phase composed of acetonitrile-methanol-0.2 M ammonium acetate- 
water (45101035) was filtered through a membrane filterx. The flow rate 
of the mobile phase was -1.0 ml/min. 


The 0.2 M ammonium acetate was prepared by weighing 15.5 g of 
ammonium acetateg into a 1-liter graduated cylinder and adding water 
to volume. 


’ Model 1201 Spectromonitor 1, Laboratory Data Control, Riviera Bearh, 


- Model 196-0066-05 High-Pressure Mini Pump, Laboratory Data Control. :’ Model 50-10 Loop Injector, Rheodyne, Berkeley, Calif. 


Fla; 


18-5A. LiChrosorh RP-18, Brownlee Labs, Santa Clara, Calif. 
Lauda K-2/R controlled-temperature rirculating water bath, Brinkmann, 


‘ Chromatopac-ElA, Shimadzu Seisakusho, Ltd., Kyoto, Japan. 
Burdick and Jackson Labs. Muskegon, Mich. 
Catalog No. FHLP04700 Fluoropore Filter. Millipore Corp., Bedford. Mass. 
Mallinckrodt, Inc., Paris, Ky. 


Lauda, GFR West Germany. 


1160 I Journal of Pharmaceutical Sciences 
Vol. 77, No. 70, October 7982 


0022-35491 821 0 7000- 7 160$0 7.001 0 
@ 7982, American Pharmaceutical Association 







Reference Standard Solution-USP erythromycin reference stan- 
dard was dried at  60' for 3 hr under <5-mm Hg pressure. The dried bottle 
was capped and placed in a desiccator to cool. Approximately 10 mg of 
the reference standard was weighed accurately using an electronic bal- 
ancelo and placed in a 10-ml volumetric flask. The standard was dissolved 
and diluted to volume with the internal standard solution. 


Internal  Standard Solution-A sufficient quantity of megestrol 
acetate was dissolved in the mobile phase to give a final concentration 
of -0.025 mg/ml. 


Sample Preparation-Approximately 10 mg of erythromycin powder 
was accurately weighed into a 10-ml volumetric flask. The powder was 
dissolved and diluted to volume with the internal standard solution. 


T o  assay solid dosage forms, 10 tablets were accurately weighed to 
compute an average tablet weight. Tablets were ground to a fine powder 
using a laboratory millL1 with a 40-mesh screen. Approximately 18 mg 
of the ground tablet, or an equivalent quantity of the powder to contain 
-10 mg of erythromycin, was accurately weighed using an electronic 
balancelo into a 10-ml volumetric flask. The internal standard solution 
was added to the flask, sonicated for -1 min, and shaken briefly to fa- 
cilitate dissolution. The suspension was then centrifuged a t  2000 rpm 
for -2 min to remove tablet excipients. 


Calculation-The erythromycin content in a tablet was calculated 
using: 


Erythromycin (mghablet) 


where Pa is the peak area of erythromycin A of the sample; Pb is the peak 
area of erythromycin B of the sample; Pc is the peak area of erythromycin 
C of the sample; Ta is the peak area of erythromycin A of the reference 
standard; Tb is the peak area of erythromycin B of the reference standard; 
Tc is the peak area of erythromycin C of the reference standard; Wt is 
the weight of the reference standard in milligrams per milliliter; It  is the 
peak area of the internal standard in the reference standard; I, is the peak 
area of the internal standard of the sample; W, is the weight of the sample 
in milligrams per milliliter; F l  is an average tablet weight in milligrams 
per tablet; F2 is the assigned potency of the reference standard in mi- 
crograms per milligram; and 1000 is a factor to convert the potency of the 
reference standard to a fraction. 


Microbiological Assay Method-The turbidimetric assay method 
using Staphylococcus aureus ATCC 6538P as the test microorganism 
as described in the Code of Federal Regulations (6) was used to assay 
erythromycin. 


RESULTS AND DISCUSSION 


Chromatographic Conditions-The effect of mobile phase compo- 
sition and pH on the chromatographic behavior of erythromycins A, B, 
and C have been reported (1). Increasing the concentration of acetonitrile 
or methanol or decreasing the pH of the mobile phase was found to reduce 
the retention times of erythromycins A, B, and C. The selection of pH 
for the mobile phase was determined by the type of sample under in- 
vestigation, with pH 6.2 for the bulk drug and pH 7.8 for biological ex- 
tracts. 


Increase in the column temperature was found to significantly improve 
column performance for the assay of erythromycin. The effects of column 
temperature on the height equivalent to theoretical plate (HETP) for 
LiChrosorb RP-1a4 and p-Bondapak Clel* columns are presented in Fig. 
1. The HETP for the p-Bondapak CIS column was significantly smaller 
than that of the LiChrosorb RP-18 a t  a column temperature <50°. 
However, lines of two-column performance intersected a t  -70'. The 
HETP for the LiChrosorb RP-18 was slightly smaller than that of 
p-Bondapak CIS a t  the column temperature of 80'. Although column 
performances increased up to 80'. 70" was selected for the assay of 
erythromycin. The 70" temperature represents a compromise between 
column performance and column stability. Most column manufacturers 
recommend that the column not exceed 70'. The HPLC column was 
stable for more than 1 month when operated a t  70" if the mobile phase 
was saturated with silica. 


Increase in temperature has been shown to increase the rate of mass 
transfer or diffusion of the solute to the stationary phase (7). This most 
likely has resulted in improved column efficiency. 


10 Cahn 21 Automatic Electrobalance, Ventron Corp., Cerritos, Calif. 
11 Wiley Mill model 3383, A. H. Thomas, Philadelphia, Pa. 
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Figure 1-Effect of column temperature on HETP. Key: (0) LiChro- 
sorb RP-18; (A) p-Bondapak Cle. 


Selection of Column-Several HPLC columns were evaluated for 
analysis of erythromycin using the mobile phase composed of acetoni- 
trile-methanol-0.2 M ammonium acetate-water (45:10:1035) a t  pH 7.0. 
This pH was selected as a compromise between shorter retention times 
and better resolution. The following HPLC columns were evaluated: 
LiChrosorb RP-1S4, p-Bondapak Clel2, Spherisorb RP-1813, Partisil 
ODS14, Partisil ODS-314, and Zorbax ODSI5. Erythromycin A eluted in 
8-10 min from LiChrosorb RP-18, Partisil ODS, and Partisil ODS-3 
columns. However, it was found necessary to increase the acetonitrile 
concentration to 60% to obtain comparative retention time 'for the 
erythromycin A peak from Spherisorb RP-18 and Zorbax ODS columns. 
These latter columns are packed with spherical particles. 


The columns were evaluated on the basis of HETP,  tailing factor for 
the erythromycin A peak, and the peak resolution between erythromycins 
A and C. The data are presented in Table I. The LiChrosorb RP-18 and 
p-Bondapak CIS columns were judged to give goodoverall performance 
for the analysis of erythromycin. A typical chromatogram of erythromycin 
powder using the LiChrosorb RP-18 column is shown in Fig. 2. 


The relative retentions of erythromycins A, B, and C, as well as various 
impurities and degradation products on the LiChrosorb RP-18 column, 
are listed in Table 11. Although the relative retentions of these compounds 
were slightly different from those reported previously using a p-Bondapak 
CIS column a t  room temperature (11, the order of elution was not af- 
fected. 


A peak which frequently appears on GLC chromatograms using an 


12 Waters Associates, Milford, Mass. 
Brownlee Labs. 


l4 Whatman Ltd., Clifton, N.J. 
l5 DuPont Instrument Co., Wilmington, Del. 
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Table I-Evaluation of Various Reversed-Phase HPLC Columns 
for the Analysis of Erythromycin 


Column Parameters 
Column a t  70' HETP, mm Tailing Factor0 Resolution6 


I 


LiChrosorb RP-18 0.182 2.0 2.5 
p-Bondapak Cla 0.198 2.0 2.5 
Spherisorb RP-18 0.221 2.1 1.9 
Partisil ODS 0.244 2.1 1.6 
Partisil ODs-3 0.303 2.0 1.9 
Zorbax ODS 0.530 2.8 1.7 


For erythromycin A peak. * Between peaks of erythromycins A and C. 


Table 11-Relative Retention of Various Erythromycins 


Compound Relative Retention 


Erythronolide B 0.73 
Erythromycin C 0.78 


Er  ythralosamine 1.32 
Anhydroerythromycin A 1.38 
Er  thromycin I3 1.46 


ydroerythromycin A 1.74 
2.20 


Dig 
8,9-Anhydro-6,9-hemiketal erythromycin 


nium acetate-water (45:1010:35), pH 7.0. 


Erythromycin A 1.00 
8-Epi- 10,l l  -anhydroerythromycin A 1.22 


0 LiChrosorb RP-18 at  70"; mobile phase: acetonitrile-methanol-0.2 M ammo- 


OV-225 column and tentatively reported as an acid hydrolyzed eryth- 
romycin (8) was identified as 8,9-anhydro-6,9-hemiketal erythromycin 
(9). Although this compound is often inherently present in erythromycin 
powder, additional amounts can easily be formed from erythromycin 
under the silylation conditions employed for the GLC assay method. This 
was not a problem for this HPLC method. 


Megestrol acetate, selected as the internal standard for the LiChrosorb 
RP-18 column, eluted between erythromycin B and 8,9-anhydro-6,9- 
hemiketal erythromycin peaks (Fig. 3). Calusterone, which elutes im- 
mediately after the erythromycin peak, would be suitable as an internal 
standard when a p-Bondapak Cla column is used (Fig. 4). 


Antimicrobial Activity-Since erythromycins A, B, and C differ in 


2 


I I 1 I I I 
0 4 8 12 16 20 24 
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Figure 2-Reversed-phase HPLC chromatogram of erythromycin U S P  
on p-Bondapak CIS at 70'. Mobile phase: acetonitrile-methanol-0.2 
M ammonium acetate-water (45:10:10:35) p H  7.0. Peak identification: 
1, erythromycin C; 2, erythromycin A; 3, erythromycin B; 4,8,9-anhy- 
dr0-6,g-hemiketal erythromycin. 


I I I 1 1 I 
0 4 8 12 16 20 


MINUTES 


Figure 3-Reversed-phase HPLC chromatogram of erythromycin U S P  
with internal standard on LiChrosorb RP-I8 at 70'. Mobile phase: ac- 
etonitrile-methanol-0.2 M ammonium acetate-water (45:10:10:35) at 
p H  7.0. Peak identification: 1, erythromycin C; 2, erythromycin A; 3, 
erythromycin B; 4, megestrol acetate. 


both peak response and antimicrobial activity, correction factors must 
be applied to each of these biologically active compounds so that the total 
antimicrobial potency of a sample as determined by HPLC correlates 
with that of the microbiological assay method. The correction factors for 


2 
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Figure 4-Reversed-phase HPLC chromatogram of erythromycin U S P  
with calusterone internal standard on p-Bondapak Cla at 70'. Mobile 
phase: acetonitrile-methanol-0.2 M ammonium acetate-water (45: 
10:10:35) at pH 7.0. Peak identification: I ,  erythromycin C; 2, erythro- 
mycin A; 3, calusterone; 4, erythromycin B. 
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Table 111-Correction Factors in the Determination of 
Erythromycin Bioequivalency 


Relative Responsea, Potencya, Correction 
arealweight pg/mg Factor 


Erythromycin A* 1.00 1000 1.00 
Erythromycin B 0.86 787 0.92 
Eryythromycin C 1.02 487 0.48 


a Values obtained against S. aureus A'rCC 6538P were corrected for purity de- 
termined by HPLC. Unidentified impurities were assumed to have an equal peak 
response. * USP Reference Standard Issue H-1. 


Table IV-Relative Retention of Erythromycin Ethyl Succinate 
and Impurit ies a 


ComDound Relative Retention 


Erythromycin A 
Anhydroerythromycin A 
Erythromycin C ethyl succinate 
8,9-Anhydro-6,9-hemiketal 


Erythromycin A ethyl succinate 
Erythromycin B ethyl succinate 
Anhydroerythromycin ethyl succinate 
8,9-Anhydro-6,9-hemiketal erythromycin 


erythromycin A 


ethvl succinate 


0.45 
0.56 
0.69 


0.78 
1.0 
1.4 
1.7 


2.2 


LiChrosorb RP-18 a t  70'; mobile phase: acetonitrile-0.2 M ammonium ace- 
tate-water (601030). pH 7.4. 


erythromycins A, B, and C are 1.0, 0.92, and 0.48, respectively, when 
tested turbidimetrically using S. aureus ATCC 6538P (6) (Table 111). 
These values were obtained by comparison of the relative chromato- 
graphic area responses and antimicrobial activities of erythromycins B 
and C with the erythromycin A reference standard. The relative response 
factors for erythromycins A, B, and C of 1.0, 0.5, and 0.4, respectively, 
reported previously were obtained by use of less pure samples of eryth- 
romycins B and C and a different test microorganism, S. aureus ATCC 
9144 (8). Differences in the strain of S.  aureus could account for the 
difference in the relative responses of erythromycin B and erythromycin 
A. 


Assay of Erythromycins-Versatility of the HPLC method for the 
analysis of esters agd salts of erythromycin has been demonstrated. 
HPLC chromatograms of erythromycin estolate, erythromycin ethyl- 


I 
0 4 8 12 16 20 


MINUTES 


Figure  5-HPLC chromatogram of erythromycin estolate on 
p-Bondapak at 70". Mobile phase: acetonitrile-0.2 M ammcnium 
acetate-water (60:10:30) at pH 7.0. 


0 4 8 12 16 


MINUTES 
Figure 6-HPLC chromatogram of erythromycin ethyl carbonate on 
g-Bondapak CIS at 70". Mobile phase: acetonitrile-0.2 M ammonium 
acetate-water (60:10:30) at pH 7.0. 


carbonate, and erythromycin propionate are shown in Figs. 5-7. Chro- 
matograms were obtained with a p-Bondapak column a t  70° with 
mobile phase of acetonitrile-0.2 M ammonium acetate-water (601030) 
at pH 7.0. The data shown in Table IV indicate the capability of HPLC 


Table  V-Precision of HPLC Assay for Erythromycin 


Erythro- Peak Area Ratio, Peak Area Ratio/ 
mycin, Erythromycin/Internal Erythromycin 
mg/ml Standard Concentration 


0.9256 
0.8907 
0.9126 
0.8981 
0.9042 


1.039 
i.oi3 
1.030 
1.011 
1.015 


1.123 
1.137 
1.129 
1.126 
1.123 


0.9150 1.016 1.110 
RSD: 0.8% 


Tab le  VI-Linearity of Recovery of Erythromycin from Tablet  
Placebo 


Erythromycin Added, Erythromycin Recovered, 
mg mg Recovery, % 


6.242 
7.928 
9.969 
11.949 
13.993 


6.273 
7.841 
10.069 


100.5 
98.9 
101.0 


11.830 99.0 
14.035 100.3 


Mean: TR§% 
RSD: 0.9% 


Correlation Coefficient: 0.9996 
y = 0.9999~ - 0.0058 


Table VII-Precision of Recovery of Erythromycin from Tablet  
Placebo 


Recovered, Erythromycin Erythromycin 
Added, mg Recovered, mg 70 


9.969 
9.974 
10.123 
10.359 
9.984 
10.276 


10.069 
9.884 
9.981 
10.266 
10.014 
10.297 


101.0 
99.1 
98.6 
99.1 
100.3 
100.2 


M e a n m  
RSD: 0.9% 
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Figure 7-HPLC chromatogram of erythromycin propionate on 
pBondapak C I S  at 70°. Mobile phase: acetonitrile-0.2 M ammonium 
acetate-water (60:10:30) at pH 7.0. 


to differentiate an ester of erythromycin, erythromycin ethyl succinate, 
from its impurities. The peaks, EES-Cl and EES-C2, reported previously 
(2) have been identified as erythromycin C ethyl succinate and 8,9- 
anhydr0-6,g-hemiketal erythromycin A. For quantification of erythro- 
mycin, the HPLC response was linear over a concentration range of 
0.5-1.3 mg of erythromycin/ml with a correlation coefficient of 0.9999. 
Six individually weighed and prepared samples were analyzed at  an 
erythromycin concentration of 0.9 mg/ml. The relative standard deviation 
(RSD) of the assay was 0.8% (Table V). 


Enteric film coated tablets were then examined for erythromycin 
content by HPLC. No interference from placebo was experienced. Lin- 
earity of recovery was studied by spiking erythromycin into placebo a t  


Table VIII-Comparison of HPLC and Microbiological Assay 
Methods for the Determination of Erythromycin in Enteric Film 
Coated Tablets 


Erythromycin Content, mghablet 
Lot Number HPLC (bioequivalency) Microbiology (potency) 


A 263 257 
B 261 250 
C 267 250 
D 262 260 
E 251 25 1 
F 263 246 
G 335 347 
H 328 347 


-60-120% of label. The average recovery was 99.9% (RSD 0.9%). The 
correlation coefficient for linearity was 0.9996 with the slope of 0.9999 
(Table VI). The precision of the HPLC assay for tablets was determined 
by analyzing six replicate samples prepared at  100% of the label re- 
quirements. The average recovery was 99.7% (RSD 0.9%) (Table VII). 


Eight lots of tablets were assayed. The results of HPLC were expressed 
in terms of bioequivalency using the correction factors described earlier. 
The results of the HPLC and the microbiological assay methods are 
shown in Table VIII. No statistically significant difference was noted 
between the HPLC and the microbiological assay methods. 


REFERENCES 


(1) K. Tsuji and J. F. Goetz, J. Chromatogr., 147,359 (1978). 
(2) Ibid., 157,185 (1978). 
(3) K. Tsuji and J. F. Goetz, J .  Antibiot.,  31,302 (1978). 
(4) K. Tsuji, in “GLC and HPLC Determination of Therapeutic 


Agents,” part 2, K. Tsuji, Ed., Dekker, New York, N.Y., 1978, pp. 759- 
764. 


(5) K. Tsuji, J .  Chromatogr., 158,337 (1978). 
(6) Code of Federal Regulations, Title 21, Food and Drug Adminis- 


(7) J. A. Schmidt, R. A. Henry, R. C. Williams, and J. F. Diekman, J. 


(8) K. Tsuji and J. H. Robertson, Anal. Chem., 43,818 (1971). 
(9) P. Kurath, P. H. Jones, R. S. Tegan, and T. J. Perum, Experientia, 


tration, U.S. Government Printing Office, Washington, D.C., 1980. 


Chromatogr. Sci., 9,645 (1971). 


27,362 (1971). 


ACKNOWLEDGMENTS 


The authors thank Abbott Laboratories for providing erythromycins 
B and C impurity standards. 


1164 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 10, October 1982 












teration in the pharmacokinetics of I through a combination of effects 
including decreased microsomal metabolism and decreased volume of 
distribution. Furthermore, this study shows that nonmicrosomal hepatic 
metabolism, such as acetylation, is relatively resistant to pathological 
insults such as bile duct ligation. 
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Abstract  u The relative bioavailability of tolazamide was determined, 
in healthy male volunteers, from four different tablet formulations 
manufactured by direct compaction or granulation processes and the 
results were compared with in uitro disintegration and dissolution values. 
Serum tolazamide levels were determined by a high-pressure liquid 
chromatographic method developed in this laboratory. Serum tolazamide 
levels from the formulation that gave rise to rapid absorption were de- 
scribed by one-compartment model kinetics with a mean absorption 
half-time of 1.0 hr and an elimination half-life of 4.6 hr. Peak serum levels 
occurred a t  3.3 hr after drug administration. Marked differences were 
observed in drug bioavailability from the four tablets, and the mean cu- 
mulative relative fraction of dose absorbed was 1.0,0.42,0.75, and 0.91 
from Formulations A, B, C, and D, respectively. The hypoglycemic effect 
was closely related to serum tolazamide levels. Disintegration times did 
not predict in uiuo tolazamide bioavailability. Dissolution rates provided 
an approximate rank order correlation with in uiuo absorption but failed 
to be predictive among formulations. Currently available in uitro tests 
do not accurately predict tolazamide in uiuo bioavailability characteristics 
among different formulations and manufacturing processes but may be 
useful to ensure lot-to-lot uniformity in bioavailability for a given for- 
mulation and specific method of manufacture. 


Keyphrases 0 Bioavailability-tolazamide from tablets, comparison 
of in uitro and in uiuo results, humans o Tolazamide-bioavailability 
from tablets, comparison of in uitro and in uiuo results, humans 0 
High-pressure liquid chromatography-determination of tolazamide 
bioavailability from tablets, comparison of in uitro and in uiuo results, 
humans 


The hypoglycemic effect of oral sulfonylureas is related 
to the size of the dose and to the bioavailability of admin- 
istered drug to the systemic circulation (1, 2). Large dif- 
ferences in circulating levels of chlorpropamide (3,4) and 
tolbutamide (5) have been reported from different generic 
brands, and the in uiuo bioavailability of tolbutamide did 
not correlate well with in uitro dissolution rates (6). 


Although the sulfonylurea tolazamide has been used 


clinically since 1965, there appears to be little or no in- 
formation on its pharmacokinetic or bioavailability char- 
acteristics. Therefore, this study was designed to investi- 
gate the pharmacokinetics of tolazamide after adminis- 
tration of oral tablets to healthy volunteers and to compare 
relative in uiuo bioavailability of different tablets with 
their in uitro disintegration and dissolution rates. 


EXPERIMENTAL 


Tolazamide Formulations-The four tolazamide tablet formulations 


A: Tolazamide 250-mg tablets, marketed Formulation’ 
B: Tolazamide 250-mg tablets, experimental Formulation l2 
C: Tolazamide 250-mg tablets, experimental Formulation 2” 
D: Tolazamide 250-mg tablets, experimental Formulation 34 
Formulation A was the commercial brand of tolazamide. Formulations 


B, C, and D were experimental tablets containing similar excipients as 
Formulation A but in different quantities to produce different in uitro 
dissolution characteristics. Tablets A and D were wet granulation for- 
mulations; B and C were direct compression formulations. 


In Vitro Studies-Disintegration times were determined by the of- 
ficial USP XX method for uncoated tablets (7). 


Tablet dissolution rates were determined by a rotating paddle proce- 
dure. The apparatus5 consisted of a 1000-ml flask containing 900 ml of 
0.05 M tris(hydroxymethy1)aminomethane aqueous buffer (pH 7.6) and 
a paddle stirring rate of 75 rpm. Drug dissolution was monitored by 
continuously pumping the dissolution medium through a 0.5-mm path- 
length flow cell6 and measuring UV absorbance a t  224 nm. 
In Vivo Studies-Subjects-Subjects7 were 20 healthy male volun- 


selected for study were: 


1 Tolinase tablets, Lot No. 901HK, The Upjohn Co., Kalamazoo, Mich. 
2 No. 19356, The  Upjohn Co., Kalamazoo, Mich. 
3 No. 19357, The Upjohn Co., Kalamazoo, Mich. 
4 No. 19358, The Upjohn Co., Kalamazoo, Mich. 
5 SPADRA. The Upjohn Co., Kalamazoo, Mich. 
6 Kintrac VII, Beckman Instruments, Fullerton, Calif. 
7 Technical and administrative staff and graduate students. 


0022-35491821 1100-1259$01.0010 
@ 1982, American Pharmaceutical Association 
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Table I-Disintegration Times and Dissolution Rates of 
Tolazamide Tablets" 


Mean Disintegration Time*, Percent Dissolved in 
Tablet min (range) 30 minC (range) 


A 3.8 (3.0-4.0) 103.9 (100.5-106.3) .. 


B 
C 
D 


2.2 ii.8-2.5j 
2.3 (2.0-2.5) 


26.5 (22.5-30.5) 


10.9 (9.3-13.5) 
Si.6 (26.4-37.2) 
29.7 (20.8-38.4) 


0 n = 6. b By the method of USP XX (Ref. 7). Dissolution rates in pH 7.6 
buffer. 


teers between 18 and 38 years of age (mean 26) and weighing between 61.4 
and 95.5 kg (mean 74.5). Two subjects were classified as heavy frame, 14 
as medium, and four as small (8). Sixteen subjects were nonsmokers, and 
four were moderate smokers. 


Before participation in the study, subjects were shown to be healthy 
by physical examination, including complete blood and urine biochem- 
istry. All values were within the normal range. 


Any individual with peptic ulcer, psychosis, who had ever had a myo- 
cardial infarction, or who had a history of drug allergy or diabetes was 
automatically excluded. Subjects were instructed to take no enzyme- 
inducing agents for 1 month prior to and no drugs other than the required 
doses of tolazamide during the study. 


Subjects were advised to ingest an adequate diet of -2500 cal/day, high 
in carbohydrate (minimum 300 g) for 3 days before each dose of tolaza- 
mide. 


Protocol-The 20 subjects were randomly assigned to four groups of 
five each, and the four treatments were administered according to a 4 X 
4 Latin square design. Each subject received the four treatments a t  1- 
week intervals. 


A t  10 pm on the day before a tolazamide dose, subjects received a snack 
of two cupcakes and 240 ml(8 02) of whole milk. Following an overnight 
fast, subjects reported to the clinic a t  6:45 am. At 7 am 500 mg of tolaza- 
mide was administered with 180 ml of water. No food or further water 
were permitted until 5 hr postdose when a standard meal, consisting of 
one cheese sandwich, one packet of potato chips, and a small carton of 
milk, was provided. Food and liquid intake was unrestricted after that  
time. 


Blood samples (10 ml) were taken from a forearm vein into evacuated 
glass tubes8 (containing no anticoagulant) immediately before and then 
at  1,2,3,4,5,6,8,12,16, and 24 hr following tolazamide administration. 
Blood was allowed to clot and serum was separated by centrifugation. 
Serum was divided into two portions. One portion was assayed for glucose 
by utilizing the potassium ferricyanide-ferrocyanide oxidation reduction 
reactiong (9). The other portion was assayed for tolazamide by the 
high-pressure liquid chromatographic (HPLC) method described below. 
All samples were stored a t  -20" until assayed. Assays were done within 
4 weeks of sampling. Assay of selected serum samples immediately after 
sampling and during storage showed that both tolazamide and glucose 
were stable a t  -20' for 4 weeks. 


Side Effects-Subjects were monitored for drug-related side effects 
following each dose of tolazamide. Subjects were requested to classify 
each side effect as mild, moderate, or severe. Classification was subjective 
and no attempt was made to assess any effect quantitatively. 


Assay for Tolazamide in Serum-Concentrations of tolazamide in 
serum were determined by an HPLC procedure developed in this labo- 
ratory. T o  0.5 ml of serum was added 0.5 ml of internal standard, 5-(p- 
methylphenyl)-5-phenylhydantoin10 in c h l ~ r o f o r m ~ ~ ,  0.5 ml of aqueous 
sodium acetate buffer (pH 4.5), and 5 ml of methylene chloridell. After 
shaking for 5 min on a horizontal shaker and centrifuging a t  3000Xg for 
3 min, the aqueous layer was discarded and the organic layer was trans- 
ferred to a clean tube and evaporated to dryness under nitrogen at  room 
temperature. The residue was reconstituted in 80 p1 of methanol by 
vortexing, and 20 pl was injected onto the chromatograph. 


The HPLC system consisted of a solvent pump12, a fixed-volume (20 
PI) sample injection valveI3, a 10-pm particle size reversed-phase octa- 
decyl column'4 (25 cm X 4.6 mm), and a 254-nm fixed wavelength de- 


8 Vacutainer, Becton-Dickinson, Rutherford, N.J. 
9 Technicon Auto Analyzer method No. N-2b, Glucose, Technicon Instruments, 


Tarrytown, N.Y. 
l o  Analytical grade, Aldrich Chemical Co., Milwaukee, Wis. 
l 1  Analytical grade, Burdick and Jackson, Muskegon, Mlch. 


l 4  Lichrosorb C-18, Altex Scientific, Berkeley, Calif. 


Model 110, Altex Scientjfic, Berkeley, Calif. 
Model 210, Altex Scientific, Berkeley, Calif. 


A 


b 
0 1  


8 


a 


b 


L- Llll 
0 3 6 9 0 3 6 9  


MINUTES 


Figure I-Chromatograms obtained from HPLC analysis of serum 
containing (A) no added compounds and ( R )  25 pglml  tolazamide (a) 
and internal standard (b). 


tectorls. All chromatograms were recorded a t  a chart speed of 20 cml 
hr. 


The mobile phase was 52.3% methanol in pH 5.6 acetate buffer. The 
flow rate was 2 mllmin a t  a pump pressure of -1000 psi. Concentrations 
of tolazamide were determined by the method of peak height ratios. 
T o l a ~ a r n i d e ' ~  for assay standardization was reference standard 
quality. 


Analysis of the Data-Individual serum tolazamide profiles from 
Formulation A were analyzed according to a single-compartment kinetic 
model with first-order drug appearance and elimination and an absorp- 
tion lag time (10). Nonlinear regression analysis of the data was done 
using the program NONLIN (11) on a digital computer17. 


Estimates of the cumulative relative fraction of drug absorbed (CRFA) 
during 16 hr following each tolazamide dose were calculated by means 
of Eq. 1, which was derived from a previously described method for 
generating percent absorbed uersus time plots (12): 


(Eq. 1) 


l5 Model 153, Altex Scientific, Berkeley, Cali!. 
lf i  The Upjohn Co., Kalamazoo, Mich. 
l7  IBM System/3033, IBM, White Plains, N.Y 
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Table 11-Mean Tolazamide Concentrations" in Serum 


Time, Treatment, pg/ml 
hr A B C D Statisticb 


0 10.8 f 7.4 1.3 f 1.4 1.8 f 1.9 3.5 f 2.6 A D C B  
1 20.5 f 7.3 2.8 f 2.8 5.4 f 4.8 13.5 f 6.6 - ADCB 
3 23.9 f 5.3 4.4 f 4.3 9.8 f 5.6 20.0 f 6.4 U C B  
4 25.4 f 5.2 5.7 f 4.1 13.6 f 5.3 22.0 f 5.4 @ C B  


A D C B  15.1 f 4.7 22.6 f 5.0 - 5 24.1 f 6.3 6.6 f 4.0 


8 15.2 f 5.5 6.6 f 3.2 14.6 f 4.2 A D C B  12.8 f 4.1 
8.5 f 4.1 C A D B  12 8.8 f 4.8 5.5 f 3.2 9.1 f 4.0 


24 


6 19.9 f 5.9 6.8 f 3.4 14.3 f 3.9 19.7 f 4.7 A D C B  


16 5.6 f 3.8 4.6 f 3.3 6.4 f 3.9 5.4 f 3.1 C A D B  
2.7 f 2.4 3.1 f 2.6 3.1 f 3.3 2.4 f 1.8 CBAD - 


Crnax', p d m l  21.8 f 5.3 7.7 f 4.1 16.4 f 4.4 24.0 f 4.5 A D C B  
B C n  Trnaxdv hr 3.3 f 0.9 7.0 f 2.2 5.4 f 2.0 4.0 f 0.9 


A U c 0 - 2 4 ~ ~  pg hr/ml 260 f 81 112 f 63 193 f 70 231 f 67 A D C B  


0-24-hr serum tolazamide concentration curve calculated by trapezoidal rule. 


- 


Concentrations fl SD, n = 20. * For explanation see text. c Maximum concentration of tolazamide in serum. d Time of maximum concentration. Area under the 


where Table  111-Tolazamide Pharmacokinetic Parameter  Values" 


Ct is the concentration of tolazamide in serum at time t ,  (AUC)&t is the 
area under the tolazamide concentration versus time curve to time t 
calculated by trapezoidal rule, and CT is the tolazamide concentration 
in serum a t  the last sampling time T .  The values kelA,  ( A U C ) ( ~ T ~ ,  and 
( A U C ) G - ~  are the first-order rate constants for loss of tolazamide from 
serum, the area under the tolazamide concentration curve to time T ,  and 
the area to infinite time, respectively, following Formulation A. This 
method permits the cumulative absorption of drug from each treatment 
to be calculated in individual subjects, relative to that from Formulation 
A. 


Serum tolazamide and glucose levels from the four treatments were 
examined by analysis of variance for crossover design. When significant 
treatment effects were obtained, differences between individual products 
were examined by Tukey's significant difference test (13). In the statistics 
columns of Tables I1 and IV, the various values obtained from the dif- 
ferent treatments are given in descending order of magnitude. All values 
under a common bar are statistically indistinguishable ( p  > 0.05); 
whereas, all values not under a common bar are statistically different ( p  
5 0.05). 


RESULTS 


In Vitro Studies-The disintegration times and dissolution rates of 
the four tablets are shown in Table I. While Formulations A, B, and C 
disintegrated within 4 min, Formulation D disintegrated more slowly with 
a mean time of 26.5 min. In the dissolution system used, Formulation A 
dissolved completely within 30 min. Formulations C and D exhibited 
similar dissolution characteristics to each other, with both tablets dis- 
solving -30%. Formulation B dissolved slowly, releasing only 10.9% of 
the drug during the 30-min period. 


0 2 4 6 8  12 16 24 
HOURS 


Figure 2-Mean serum tolazamide levels as a function of time. Key: 
(0) Treatment A; (0)  Treatment B; (A) Treatment C; (A) Treatment 
D. 


Parameter Value 


1.2 f 1.3 
1.0 f 0.7 


0.18 f 0.08 
4.6 f 1.9 


0.75 f 0.49 
43 f 14 


0.99 f 0.02 


a Values fl SD,  n = 20.6 First-order rate constant for absorption of tolazamide 
in serum. c Absorption half-life (In 2/k,,). d First-order rate constant for loss of 
tolazamide from serum. Elimination half-life (In 2/k,l). Lag time hetween dosing 
and appearance of drug in serum. Fraction of dose absorbed expressed as a con- 
centration in the body distribution volume. h Coefficient of determination from 
nonlinear regression analysis [rz = (Zobs2 - Zdev2)/Zobs2]. 


Assay for  Tolazamide in Serum-Typical chromatograms from 
serum containing both tolazamide and internal standard and from serum 
containing neither compound are shown in Fig. 1. Retention times for 
tolazamide and internal standard were 5.5 and 7.5 min, respectively. The 
procedure was highly specific and reproducible. Chromatographic re- 
sponse was linear for serum tolazamide concentrations between 1 and 
100 pg/ml, and assay reproducibility from multiple replicates ( n  N 20) 
done throughout the analytical procedures was within f 3 %  SD a t  the 
highest concentration and within 612% a t  the lowest. 


Drug-Related Side EffectsxSide effects were noted following 41 
of the 80 tolazamide doses. In each case the effect was judged by the 
subject as mild. Ontno occasion was supplementary medication or glucose 
considered to be necessary by the attending physician. 


Side-effects were noted primarily 1-4 hr postdose and were generally 
typical manifestations of transient, mild hypoglycemia. In all there were 
21 reports of lightheadedness or dizziness, 14 of excess perspiration, 12 
of headache, 12 of tremor, 7 of weakness, 2 of dry mouth, 2 of drowsiness, 
1 of constipation, and 1 of blurred vision. 


The number of subjects reporting side effects was independent of the 


I I I I I I I 
0 2 4 6 8  12 16 


HOURS 


Figure 3-Mean cumulative relative fractions of tolazamide absorbed 
as a function of  time. Key: (0) Treatment A; (0)  Treatment B; (A) 
Treatment C; (A) Treatment D. 
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Table IV-Parameter Values" for Glucose Response Following Four  Tolazamide Treatments  


Treatment 
Value A B C D Statistic 


Cmmbv mg/dl 54.6 f 8.5 70.1 f 6.2 66.0 f 5.0 
Tm,n', hr 1.7 f 0.9 2.8 f 1.0 2.6 f 1.3 
G,jrrd, mg/dl 41.2 f 12.5 22.1 f 10.2 29.2 f 8.1 
AliCo-5, mg hr/dl 136 f 41 71 f 42 99 f 32 


59.2 f 6.5 
2.3 f 1.1 


R C D  A 
B C D A  


34.8 f 6.8 - A D C H  
116 f 24 A m H  


a Values f l  SD, n = 20. * Minimum serum glucose level. c Time of minimum serum glucose level. d Maximum decrease in serum glucose level. Area under serum 
glucose reduction curve during 5 hr following tolazamide administration calculated by trapezoidal rule. 


study phase but was dependent on treatment. Seventeen individuals 
reported side effects following Treatment A compared to 13 following 
Treatment D, 7 following Treatment C, and 4 following Treatment B. 


Serum Tolazamide Levels-The mean concentrations of tolazamide 
in serum a t  each sampling time, maximum values, times of maximum 
values, and areas under serum tolazamide concentration curves from 0 
to 24 hr, are shown in Table 11. The mean data are summarized in Fig. 
2. 


Formulations A and D yielded serum drug profiles that  were statisti- 
cally indistinguishable ( p  > 0.05) a t  all times except 1 and 2 hr. Both 
treatments yielded mean peak drug levels >20 pg/ml a t  3-4 hr. A t  24 hr, 
drug levels had decreased to -2.5 pg/ml. Serum tolazamide levels from 
Formulation C were lower than from A and D, the difference being sig- 
nificant ( p  < 0.05) a t  most sampling times. Formulation B yielded lower 
serum drug profiles than all other treatments, and the mean peak drug 
level of 7.7 pg/ml was not achieved from this tablet until 7 hr after drug 
administration. 


The value of C,,, increased in the treatment order B < C < D < A, and 
differences between all treatments were significant. The values of Tmax 
and AUCo.24 were similar for Formulations A and D but were signifi- 
cantly different among all other pairs of treatments. 


Pharmacokinetic Analysis-Analysis of individual data from 
Treatment A in terms of the pharmacokinetic one-compartment model 
yielded the values in Table 111. From this product serum tolazamide levels 
are characterized by a mean lag time of 45 min, an absorption half-time 
of 1 hr, and an elimination half-life of 4.6 hr. The high coefficient of de- 
termination attests to the accuracy of the kinetic model employed. 
Pharmacokinetic analysis of data resulting from the other treatments 
is not presented, since delayed or prolonged tolazamide absorption pre- 
vented accurate determination of drug elimination parameters in some 
individuals receiving these products. 


Estimates of CRFA values for each sampling time to 16 hr postdose 
from all four treatments are summarized in Fig. 3. The values confirm 
that tolazamide was absorbed a t  a similar rate and with similar overall 
efficiency from Formulations A and D. Absorption from the other two 
tablets was slower and less efficient, with Formulations B and C yielding 
CRFA values 42 and 75%, respectivelv, of Formulation A. 


Serum Glucose Levels-The mean serum glucose levels during the 
initial 5-hr period following the four treatments are shown in Fig. 4. 


The effects by the treatment on glucose levels are related to circulating 


5 
3 50- 
[r: 
UI 
v) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 


I I I I I I 1 I 1 I I 
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Figure 4-Mean serum glucose concentrations as a function of time. 
Key: (0) Treatment A; (0 )  Treatment H ;  (A) Treatment C; (A) 
Treatment D. 


drug levels. Formulations A and D caused rapid and marked reductions 
in serum glucose. Minimum values were observed at  1-2 hr. The reduction 
following Formulation C was less than from A and D and occurred a t  a 
slower rate. Formulation B had the least effect on serum glucose, and 
minimum levels were not achieved until 3 hr postdose. 


Comparison of glucose levels a t  each sampling time indicates differ- 
ences in glucose response between Treatments A and B and between H 
and D. Significant differences between Treatments A and C were ob- 
served a t  two sampling times and between Treatments C and D a t  one 
sampling time. 


Some parameters defining the overall decrease in serum glucose are 
summarized in Table 1V. The differences in minimum glucose levels and 
the maximum reduction in glucose levels were significant between all 
treatments. The area under the glucose response curve during the initial 
5 hr following tolazamide administration was similar from Treatments 
A and D and from Treatments D and C but was different among all other 
treatment pairs. While a similar trend was observed in the 0-24-hr area, 
differences between treatments did not reach the 95% confidence 
level. 


DISCUSSION 


Increasing interest in the use of in uitro disintegration and dissolution 
testing procedures is reflected in the proliferation of such tests in national 
compendia (7). The use of such tests to determine drug product bio- 
availability or bioequivalence has been emphasized by the US. Food and 
Drug Administration (14). 


The data obtained in this study have shown that different formulations 
of tolazamide may give rise to marked variations in drug bioavailability 
and in hypoglycemic response. The ability of in uitro tests to predict 
product-related in uiuo bioavailability changes is less clear. The official 
disintegration test (7) yielded similar disintegration times for Formula- 
tions A, €3, and C but a more prolonged time for D. These results are a t  
variance with the relative in uiuo bioavailability of the four products. The 
dissolution test yielded rapid dissolution for Formulation A, slow dis- 
solution for B, and intermediate values for C and D, which were indis- 
tinguishable from each other. Although this test provided a reasonable 
rank-order correlation with in uiuo bioavailability, there were some im- 
portant discrepancies. 


Formulations C and D yielded almost identical dissolution rates to each 
other, which were significantly slower than A, yet Formulation D yielded 
serum tolazamide levels similar to those from A, and significantly higher 
than those from C. Thus, while the dissolution test suggests that For- 
mulations C and D are bioequivalent to each other and that hoth are 
bioinequivalent to A, the in uiuo results show that Formulations A and 
D are bioequivalent, while C is not. The two formulations giving rise to 
superior in uiuo bioavailability, A and D, were prepared by wet granu- 
lation; whereas Tablets B and C were prepared by direct compression. 
The absolute bioavailability of tolazamide could not be determined from 
any treatment in this study. 


Although serum glucose reduction and resulting drug-related side ef- 
fects (transient, mild hypoglycemia) were less well defined between 
treatments than drug levels, a similar product-related trend was observed. 
This was particularly evident a t  early sampling times before food was 
ingested. 


These results indicate that bioavailability of tolazamide from oral 
tablets is dissolution-rate controlled, but in Llitro methods currently 
available do not predict in uiuo drug absorption and hypoglycemic re- 
sponse among formulations and manufacturing processes with acceptable 
accuracy. For a specific formulation and manufacturing process, in uitro 
tests may be useful to assure lot-to-lot uniformity in bioavailability. 
However, human trials may be necessary to demonstrate that bioavail- 
ability remains reasonably constant within a given range of dissolution 
rates and/or disintegration times. 
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Abstract  The diterpene esters, genkwadaphnin and yuanhuacine, 
have been shown to possess significant antileukemic activity in the P-388 
screen. The major metabolic effects of the diterpene esters were on DNA 
and protein synthesis. The effects on DNA synthesis in uitro were evoked 
a t  a lower concentration than that required for protein synthesis inhi- 
bition. The sites in DNA synthesis which were inhibited were DNA 
polymerase and purine synthesis. In the latter pathway the enzyme ac- 
tivities inhibited were phosphoribosyl aminotransferase, inosinic acid 
dehydrogenase, and dihydrofolate reductase. I n  uiuo administration of 
the diterpene esters a t  0.8 mg/kg afforded identical types of effects on 
purine and DNA synthesis and in addition suppressed histone phos- 
phorylation and reduced the number of surviving tumor cells. The in uiuo 
effects on purine and DNA synthesis were evident as early as 6 and 24 
hr after administration of a single dose of the diterpene esters. 


Keyphrases Antitumor agents-nucleic acid synthesis by genk- 
wadapbnin and yuanhuacine of P-388 lymphocytic leukemia cells, di- 
terpene esters Genkwadaphnin-antitumor agents, nucleic acid syn- 
thesis by yuanhuacine of P-388 lymphocytic leukemia cells, diterpene 
esters 0 Yuanhuacine-antitumor agents, nucleic acid synthesis by 
genkwadaphnin of P-388 lymphocytic leukemia cells, diterpene esters 


Genkwadaphnin (I) and yuanhuacine (11) are two ortho 
esters bearing daphnane type diterpenes which possess an 
isopropylene side chain at  C13. Compounds belonging to 
the daphnane diterpene esters have previously been shown 
to have antileukemic activity as opposed to tigliane di- 
terpene esters, e.g., phorbol esters, which are known to be 
carcinogenic promoting agents (1). Compound I1 (odoracin 
or gnidilatidin) has previously been isolated from Daphne 
genkwa, Daphne odorata, Gnidia latifolia, and Gnidia 
glaucus Fres, and like other diterpene esters, such as 
12-hydroxydaphnetoxin, gnidimacrin, gnidimacrin-20- 
palmitate, gnidilatidin-20-palmitate, gnididin, gniditrin, 
and gnidicin, has been demonstrated to have antileukemic 
activity in the 20- to lOO-pg/kg dose range in rodents (2-6). 
The isolation and chemical characterization of a new di- 


0-c-0 Q 


OH 2 0 Y O H  


I : R =  -(03 
I 


11: R = -CH=CH--CH=CH-(CH,),-CH, 


terpene ester (I) has recently been reported (7) which also 
has demonstrated antileukemic activity. The effects of 
daphnane diterpene esters on nucleic acid and protein 
synthesis in P-388 lymphocytic leukemia is now reported 
to establish a mode of action in P-388 lymphocytic leuke- 
mia cells to explain their in uiuo antileukemic activity. 


EXPERIMENTAL 


The air-dried flowers of Daphne genkwa’ (9 kg) (known as Ydn-Hug  
in Chinese folklore; Thymelaeaceae) were extracted with methanol. 
Guided by the i n  uiuo P-388 lymphocytic leukemia rodent screen as 
conducted by the NCI protocol (6), the resulting active residue was dis- 


The plant material utilized in this investigation was identified as Daphne 
genkwa Sieb and Zucc (Thymelaeaceae) by H. C. Huang (7). A voucher sample (No. 
HCH-DG-771022) representing material collected for this investigation is available 
for inspection a t  the Herbarium of the School of Pharmacy, Kaohsiung Medical 
College, Kaohsiung, Taiwan, Republic of China. 
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Arterial and Venous Blood Sampling in Pharmacokinetic 
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Abstract  0 The pharmacokinet.ics of griseofulvin were evaluated si- 
multaneously using both arterial and venous plasma in three dogs and 
one rabbit after a rapid bolus intravenous dosing. Initial arterial-venous 
ratios 20 sec after injection were the highest and ranged from 15- to 
752-fold for dogs; the ratio was 3240-fold for the rabbit. Both curves de- 
cayed paralleling each other a t  the terminal phase with the venous levels 
higher than arterial levels by 14-43 and 8.4% for the dogs and the rabbit, 
respectively. The use of the instantaneous input principle was found to 
overestimate the total area under the plasma level-time curve by as much 
as 166%. An exponential term with a negative coefficient was used to 
account for the short and steep rising phase of plasma levels after injec- 
tion. Detailed analyses showed significant differences in various calcu- 
lated pharmacokinetic parameters based on arterial or venous data. The 
present study exemplifies the need for careful assessment and interpre- 
tation of classical pharmacokinetic parameters. I t  appeared that short 
intravenous infusion rather than the instantaneous or rapid bolus in- 
travenous injection should be preferred for routine pharmacokinetic 
studies. 


Keyphrases 0 Griseofulvin-pharmacokinetics, arterial and venous 
blood sampling 0 Pharmacokinetics-arterial and venous blood sam- 
pling, griseofulvin 0 Blood sampling-arterial and venous pharmaco- 
kinetics of griseofulvin 


Preliminary results showing marked and persistent ar- 
terial-venous (A-V) plasma concentration differences of 
six drugs (propranolol, lidocaine, procainamide, furo- 
semide, theophylline, and griseofulvin), following intra- 


venous administration to dogs or rabbits, were recently 
reported from this laboratory (1). The pharmacokinetic 
consequences of data analysis by using arterial or venous 
data on propranolol also has been described (2). 


The present report describes in detail arterial and ve- 
nous plasma level profiles of griseofulvin in three dogs and 
one rabbit and discusses the resulting effects on phar- 
macokinetic analysis. 


EXPERIMENTAL 


Bolus Injection Studies-Griseofulvin’ (40 mg/ml) in polyethylene 
glycol 40O2 (1,3) was injected as a bolus over 20 sec to the cephalic vein 
in three male mongrel dogs and to the ear vein in one male New Zealand 
white rabbit. Dogs 1 and 2 were conscious while dog 3 and rabbit 1 were 
anesthetized with nitrous oxide during the study. The doses administered 
to each animal are summarized in Table I. The midpoint of the injection 
was timed zero. Femoral arterial and venous blood samples were with- 
drawn simultaneously from permanent cannulas in the dogs and a spe- 
cially designed T-loop in the rabbit. The preparation of the cannulas and 
the surgical procedure were described elsewhere (2).  Heparinized normal 
saline (10 U/ml) was used for flushing of the cannula during the study. 
The sampling times, also midpoints of collection, were usually at  0.33, 
0.66, 1, 1.33,1.66,2,3,6,9, 15,30,60,80, 100,120,140, 160,and 180min 


Si ma Chemical Co., St. Louis. Mo. 
J.%. Baker Chemical Co.. Phillipsburg, N.J.  
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Table I-Comparison of Arterial-Venous Plasma Difference of 
Griseofulvin a f t e r  Intravenous Bolus Administration to Dogs 
and Rabbit  


Dog1 Dog2 Dog3 Rabbit 


Body weight, kg 21.3 19.2 20 3.7 
Dose, mg 60 60 60  14 
A-V ratio a t  0.33 rnin 176 15 752 3240 
Time of intersection, min 4 2 15 45 
Percent difference during 30.0 43.0 14.7 8.4 


Terminal half-life, rnin 64.8 37.5 73.7 277 
terminal phase 


in the dog studies, while the collection schedule extended to 300 min in 
the rabbit. The blood samples were centrifuged immediately to avoid the 
potential storage effect in the plasma concentration determination (4, 
5), and 0.1 ml of plasma was collected in duplicate and frozen until as- 
sayed by a fluorometric HPLC method developed earlier in this labora- 
tory (6). 


Pharmacokinetic Analysis-The total areas under the plasma 
level-time curve from time zero to infinity (AUC) were estimated by the 
following three methods: 


Method I-The linear trapezoidal rule was used from time zero to the 
last sampling point followed by the extrapolation method (i .e. ,  the last 
point concentration divided by the terminal rate constant). 


Method II-The logarithmic trapezoidal rule (7) was used from the 
first to the last sampling point followed by the extrapolation method. The 
linear trapezoidal rule was used between time zero to the first sampling 
point. The method was previously employed in a propranolol study 
(2). 


The plasma concentration a t  time zero in Methods I and I1 was as- 
sumed to be zero (8). 


Method III-A NONLIN (9) computer program was employed for the 
determination of conventional (8) polyexponential equations (BA, e-Xit)  
based on the postpeak plasma data. For the prepeak plasma data, a linear 
least-squares feathering method was used to obtain another exponential 
rate constant, m ,  using a programmable calculator3. 


Since the plasma concentration a t  time zero was assumed to be zero, 
the coefficient of this exponential term, M, was set to equal the sum of 
the positive exponential coefficients, i .e.,  ZA, .  The following integration 
equation was used: 


Ai M AUC = x-- - 
Xi m (Eq. 1) 


Standard methods were used to determine the total body clearance, 
C1; initial volume of distribution, V1; apparent volume of distribution 
a t  the pseudodistribution equilibrium (lo), V steady-state volume of 
distribution (2, ll), V,; mean residence time (12), MRT; and the fraction 
of dose remaining in the body after bolus injection (2, 13): 


Cl = dose/AUC (Eq. 2) 


V1 = dose/C,,O (Eq. 3) 


(Eq. 4) 


(Eq. 5) 


MRT = AUMCIAUC (Eq.6) 


V = dose/(AUC X A,) 


V,, = (dose X Jw AUCl-,dt)/AUC2 


Fraction remaining in the body = AUC,-,/AUC (Eq. 7) 


where Cpo is the extrapolated plasma concentration a t  time zero based 
on the conventional method (8); A, is the rate constant of the terminal 
phase; AUMC is the area under the first moment of the plasma curve, 
and AUC,+, is the total plasma area from time t to infinity. The AUC 
values for the calculation of these pharmacokinetic parameters were 
obtained from Method 11. 


RESULTS AND DISCUSSION 


The arterial and venous plasma concentration profiles of griseofulvin 
are shown in Figs. 1 and 2. The arterial levels shortly after injection were 
all much higher than the venous levels indicating an extensive and rapid 
uptake of griseofulvin by the sampling tissues during a single passage in 


Hewlett-Packard, Corvallis, Oreg. 


the leg (1 ,2 ,11,13) .  The maximum A-V ratio for each study occurred a t  
0.33 min; this ranged from 15 for dog 2 to 3240 for the rabbit (Table I). 
These ratios decreased to unity a t  -2 rnin for dog 2 and 45 min for the 
rabbit (Table I) when the net uptake by the sampling tissue was zero (i.e.,  
when the sampling tissue concentration was the maximum). Thereafter, 
the venous levels were higher than the arterial levels due to the release 
of griseofulvin from the leg tissues to the venous blood (1, 2, 11, 13). 
During the apparently parallel arterial and venous terminal phases (Figs. 
1 and 2), the venous plasma levels were higher than arterial levels by -30, 
43,14.7, and 8.4% for dogs 1 , 2 , 3 ,  and the rabbit, respectively. The ter- 
minal half-life in the three dogs studied ranged from 37.5 to 73.7 min, and 
that for the rabbit was estimated to be 277 min (Table I). A longer sam- 
pling time in the rabbit study might be preferred in view of its long ter- 
minal half-life. 


Various factors affecting the A-V difference during the terminal phase 
were discussed previously from a theoretical point of view (14). The 
smaller A-V difference observed in the rabbit study as compared with 
the dog studies was consistent with the hypothesis (14) that the longer 
the half-life the smaller the A-V difference in the terminal phase. This 
is because the rate of release of drug from the sampling tissue to the ve- 
nous blood would be slower if the half-life were longer (assuming other 
factors were the same). I t  should be noted that the terminal arterial or 
venous plasma half-lives should be theoretically identical (14) as shown 
in five other drugs in animals (1 ,2)  and insulin in humans (15). 


Unlike the conventional concept of instantaneous input to the central 
or plasma compartment (1, 2, 14,16) ,  the venous griseofulvin concen- 
trations after bolus dosing were found to increase from the first 0.33 min 
and to peak a t  1 min in the three dogs and a t  2 min in the rabbit (Figs. 
1 and 2). For dogs 1 and 2, the arterial plasma levels both peaked a t  0.66 
min (Fig. 1). These data resembled a rapid absorption plasma level profile 
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Figure 1-The arterial (0) and venous (0) plasma level profiles after 
bolus injection of 60 mg of griseofulvin to dog 1 (upper curve) and dog 
2 (lower curve). Solid lines are computer-generated, best-fitted curves. 
Inserts show the plasma level profiles in the first 16 min. 
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Figure 2-The arterial (0) and venous (0) plosmo level profiles after 
bolus injection of 60 mg of griseofulvin to dog 3 (upper curve) and I4 mg 
to the rabbit (lower curve). 


(2, 16). T o  account for this rising phase, a negative exponential term 
(Me-mt) was used in curve fittings. The goodness of fit is judged by the 
closeness between the actual and computer-generated values as shown 
in Figs. 1 and 2, together with similar AUC measurements by the three 
methods (Table 11). Furthermore, the r2 value for all the fittings was 
>0.998. In the dog 3 and rabbit studies, the arterial plasma levels were 
found to peak a t  0.33 min, which was the first blood sample; hence, their 
negative exponential term could not be ascertained. 


The importance of recognizing that the plasma level should theoreti- 
cally be zero a t  time zero following a bolus injection (8) is best illustrated 
in dogs 1 and 2. The total arterial plasma areas under the negative ex- 
ponential curve could be calculated to account for 35 and 166% of the 
AUC for dogs 1 and 2, respectively (100 MImIAUC where AUC was es- 
timated based on Method 11). Failure to consider this factor would result 
in a large overestimation of the arterial AUC in these two dogs if the 
conventional concept of the instantaneous mixing or polyexponential 
decay was applied. This effect apparently was minimal for dog 3 as the 
arterial AUC calculated by the conventional method was close to those 
calculated by the other two methods, assuming zero concentration a t  time 
zero (Table 11). The effect on the venous AUC calculation in most of the 
studies was also relatively insignificant (Table 11). This was in contrast 
with the furosemide studies in the dogs where the true venous A UC values 
could be overestimated by up to 20% if factors of initial transport lag time 
(8) and uptake of sampling tissues were not considered (16). The above 
analysis, together with findings from previous studies (1,2,8,16) indicate 
the complexity and difficulty in accurately describing the unit-impulse 
disposition function of drugs (8,171 in the body. It should be emphasized 
that an accurate determination of the AUC from the instantaneous dosing 
is important, since the value obtained is often used to calculate other 
pharmacokinetic parameters. In this regard, it appears that a short-term, 
intravenous infusion rather than a bolus or instantaneous injection might 
be preferred. Furthermore, the AUC from the infusion study can be more 
simply estimated by the linear-logarithmic trapezoidal rule-extrapola- 
tion method (7) as employed in Method I1 of the present study. 


Theoretically, the arterial AUC should equal the venous AUC if a drug 
is not metabolized in the sampling tissues (2,9, 14, 18). This was con- 
firmed in the dog studies (Table 11). In the rabbit study, however, the 
arterial AUC was higher than the venous AUC by -16%. Similar results 
were found in other drug studies. The reason for such inequality remains 
to be explored. 


Except for the rabbit, the C1 and V values estimated from arterial and 
venous plasma data in the three dogs were, as expected, essentially the 
same (Table 111). However, the physiological significance of these values 
may be different (2,19,20). The calculated values for V1 were found to 


Table 11-Polyexponential Disposition Function and the Area under Plasma Level-Time Curve of Griseofulvin in Dog and Rabbit 
Studies 


Dog 1 Dog 2 Dog 3 Rabbit 
Parameter A V A V A V A V 


48.33 8.0 698.27 11.33 - 38.14 - 2.19 
45.48 5.92 692.47 6.85 49.21 34.73 291.20 1.58 
2.15 1.18 4.81 3.07 3.11 3.41 3.59 0.61 
0.70 0.90 0.99 1.41 2.98 - 0.56 - 
4.52 1.76 5.04 2.62 - 3.47 - 0.50 
1.16 0.53 4.81 1.26 1.90 1.48 3.12 0.02 


As, min-1 
AIJC", min pg/ml 
AUCb, min pg/ml 
AIJC', min pg/ml 
Percent contribution of 59.98 76.68 63.18 73.73 82.18 90.76 44.62 62.47 


terminal phase plasma 
area to A UC 


0.09 0.04 0.25 0.17 0.16 0.01 0.04 0.003 o.oi 0.01 0.02 0.02 0.01 - 0.003 - 
14.12 118.78 89.13 97.37 353.76 374.83 388.30 334.82 
11.94 117.64 86.53 95.95 357.94 371.14 383.35 328.46 
16.70 117.37 78.35 95.62 362.60 375.73 418.35 325.49 


0 Calculated by Method I in Experimental. Calculated by Method I1 in Experimental. c Calculated by Method 111 in Experimental 


Table 111-Summarv of Pharmacokinetic Parameters Calculated Based on Arterial or Venous Plasma Data 


wug 1 uug L UUL; J 


A v A V A V A V 


Cl, ml/min/kg 25.16 23.94 36.11 32.57 8.38 8.09 9.86 11.51 
VI, liter/ke. 0.058 0.352 (6.07)" 0.005 0.276 (55.2)" 0.053 0.079 (1.49)" 0.013 1.73 (133)" 
V-'liter/k 2.35 2.23 1.95 1.76 0.89 0.86 3.95 4.61 
v:~, l i terhg 1.42 1.72 1.24 1.45 0.79 0.84 2.36 3.61 
AUMC, ?in2 pg/ml 6323.6 8457.2 2969.4 4270.6 33731.8 38730.8 91816.5 102901.3 
MRT, min 56.5 71.9 34.3 44.5 94.2 104.4 239.5 313.3 


Values in parentheses are V-A ratios. 
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Figure 3-Calculated fractions of griseofulvin dose remaining in the 
body after bolus injection of 60 mg of griseofulvin to dog 1 (upper curve) 
and 14 mg to the rabbit (lower curve). Key: arterial (0) and venous (0) 
plasma levels. 


vary considerably in the same animal, depending solely on the source of 
plasma data used (Table 111). The venous V1 values were 6.1, 55.2,1.5, 
and 133 times greater than the arterial V1 values for dogs 1,2,3, and the 
rabbit, respectively. The marked differences primarily were attributed 
to the initial uptake of griseofulvin by the sampling tissues. Thus, the 
A-V difference is another factor affecting the calculated V1 (2.21). Its 
implication in the dosing regimen calculation or pharmacodynamic 
evaluation may have to be considered. 


The results of AUMC and MRT calculations are summarized in Table 
111. For AUMC, those values calculated from the venous data were 33.7, 
43.8,15.8, and 12.1% higher than the arterial data for dogs 1,2,3, and the 
rabbit, respectively. For MRT, the corresponding venous data were 27.3, 
29.7,10.8, and 30.8% higher. The effect of the source of blood sampling 
on the calculated fraction of dose remaining in the body as a function of 
time in dog 1 and the rabbit is depicted in Fig. 3;  the difference was pro- 
nounced. For example, at  1 hr the fractions remaining were 53 and 73%, 
respectively, based on the arterial and venous data for the rabbit. A more 
marked effect was found for propranolol in dogs and rabbits (2). 


Significant and persistent A-V differences were also obseri ed for 
griseofulvin following intravenous infusion to one unanesthetized dog 
(1). The A-V plasma levels were found to differ by 20% during the ter- 
minal phase. This preliminary study also showed that a similar trend of 
A-V difference existed when the whole blood was analyzed. The above 
analyses and discussion suggest that  it may be important to investigate 
the possible A-V difference and its consequences (1,2,11,14,18,19) in 
pharmacokinetic or pharmacodynamic studies of drugs in general. 
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Abstract  0 Dissolution rates of 10 commercial microsize griseofulvin 
tablets and one ultramicrosize griseofulvin tablet were preliminarily 
determined in 18 liters of pH 7.2 phosphate buffer and in 900 ml of 40% 
dimethylformamide as test media. Addition of dimethylformamide af- 
fected the dissolution behavior of the formulations. The products, three 
microsize and one ultramicrosize, were selected for further studies on the 
bioavailability in humans and dissolution. Significant differences among 
the formulations were found in serum levels, C,,,, and AUC47.5 hr, but 
not in AIJC, and t,,,. The maximum difference of CmaX was -40%. The 
ultramicrosize product showed lower C,,, and serum levels a t  earlier 
sampling times than two microsize products. The dissolution rates de- 
termined under sink and nonsink conditions without pretreatment sig- 
nificantly correlated with the serum level a t  1 hr but not with the other 
in uivo parameters. Only the dissolution rate determined by the sink 
method with pretreatment with a small quantity of water (1.0 ml) and 
plastic beads significantly correlated with serum levels a t  3 and 5 hr, C,,, 
and AuC47.5 h? 


Keyphrases 0 Bioavailability-griseofulvin from tablets in humans, 
correlation with dissolution rate 0 Dissolution, rates-correlation with 
bioavailability of griseofulvin from tablets in humans 0 Griseofulvin- 
bioavailability from tablets in humans, correlation with dissolution 
rate 


The absorption of a poorly water soluble drug is con- 
sidered to be dissolution rate limited. Griseofulvin used 
as an antifungal agent is a practically insoluble compound. 
The in uivo availability is enhanced by increasing the 
dissolution rate by means of reduction of particle size of' 
the crystals (1-6). A good correlation between the bio- 
availability and dissolution rate was found for griseofulvin 
tablets (7,8). However, fine particles may not necessarily 
produce the expected dissolution rate and bioavailability 
due to their aggregation and agglomeration (4,9). A mi- 
crosize griseofulvin powder has been widely used in com- 
mercial tablets, and now a new formulation, an ultrami- 
crosize griseofulvin tablet, can be obtained, which has been 
formulated with the drug dispersed in polyethylene glycol 
6000 (10-12) and has been shown to have better bioavail- 
ability than microsize products (11,12). However, recently 
lower absorption of the drug from an ultramicrosize than 
from a microsize formulation was shown (13). 


The present investigation was undertaken to study the 
dissolution rate and bioavailability in humans for com- 
mercial microsize griseofulvin tablets and an ultrami- 
crosize griseofulvin tablet, and to clarify the relation be- 
tween the in uitro and in vivo findings. 


EXPERIMENTAL 


Formulation-Ten commercial microsize griseofulvin tablets avail- 
able in Japan and one ultramicrosize griseofulvin tablet' were used for 
the preliminary dissolution test. Each tablet contained 125 mg of 
griseofulvin. Based on preliminary dissolution data, four formulations, 


Dorsey Laboratories, Division of Sandoz Inc. 


Table  I-tso fo r  Griseofulvin Tablets a 


Method 
Tablet Beakerb PaddleC 


1 (A) 
2 
3 


13.8 
25.4 


102.6 


8.3 
24.7 
9.1 


4 80.3 10.6 
8.1 


73.9 
85.0 


211.0 
107.8 
86.8 
66.0 


11.0 
37.0 
6.0 


38.8 
9.0 


29.5 
- 


0 Time (tm) in minutes. * 18 liters of pH 7.2 phosphate buffer. 40% Dirnethyl- 
formamide (900 ml). 


including an ultramicrosize formulation, were selected to provide a broad 
range of dissolution rates with the expectation that those formulations 
would show a wide variation in their bioavailabilities. 


Solubility-The solubility of griseofulvin in water [pH 7.2 sodium 
phosphate buffer (0.01 M) and 40% dimethylformamide] was determined 
a t  37' spectrophotometrically after  filtration of the equilibrated solution 
of griseofulvin through a l.O-Fm membrane filter. 


Disintegration Time-Disintegration times of the griseofulvin for- 
mulations were determined with six tablets in pH 7.2 sodium phosphate 
buffer (0.01 M) according to Japanese Pharmacopeia IX specifications 
(30 strokedmin, 37'). The time when there were no particles of tablets 
or only a trace amount of soft residue on the screen was selected as the 
disintegration time. 


Dissolution Rate-The dissolution rate of the drug from each dosage 
form was determined at 37' in pH 7.2 sodium phosphate buffer (0.01 M )  
unless otherwise specified. Hydrochloric acid solution (pH 1.2) and 40% 
dimethylformamide were also used as solvents. The amount of the drug 
dissolved was monitored spectrophotometrically by passing the solution 
through a glass filter stick (porosity G-3) to a flow cell and was expressed 
as a percentage of the labeled amount. An average dissolution rate was 
obtained after three dissolution runs. The dissolution rate was repre- 
sented as t 5 ,  t30,  and t 50 ,  which indicate, respectively, the time required 
for 5,30, and 50% of the drug to be dissolved. Polysorbate 802 and diastase 
(Japanese Pharmacopeia IX grade) were used to investigate their effects 
on the dissolution. 


100 200 
MINUTES 


Figure 1-Dissolution curves of  griseofulvin tablets with the beaker 
method at p H  7.2. Key (0) Tablet A; (0) Tablet B; (A) Tablet C; (0) 
Tablet D; (- - -) dissolution curves of the other tablets. 


*Tween 80, Wako Pure Chemical Industries Ltd., Osaka, Japan. 
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Table 11-Dissolution Rates of Griseofulvin from Four  Different Tablets with Sink Methods 


In Vitro Test t30, min t50,  min 


Beaker - 8.7 4.8 32.8 63.3 14.1 6.5 80.6 157.5 
0.1% Polysorbate 80 9.1 4.8 27.4 44.3 13.6 6.6 70.2 105.3 
0.014% Diastase 8.0 4.8 34.0 31.5 14.5 6.3 76.0 71.7 


6.5 4.1 28.7 48.0 9.5 5.6 65.3 119.0 848 rpm 
3.0 31.5 85.0 10.0 pH 1.2 


pH 1.2,0.1% Polysorbate 80 7.5 3.5 16.0 30.0 
Basket - 6.5 5.0 26.0 21.5 9.0 7.0 75.0 57.0 
Method I - 3.1 1.7 8.3 2.7 6.1 2.5 26.7 4.6 
Method I1 - 1.8 1.9 6.6 3.3 2.7 3.2 17.3 6.4 


Method Condition A B C D A B C D 


- - - - 
- - - - 


Sink Method-Nonpretreatment Method-The beaker method 
consisted of agitating the solution with a three-bladed screw-type impeller 
(5.0-cm i.d., stirring rate: 512 rpm) in the middle of the solvent (18 liters) 
in a 20-liter flat-bottom beaker (29.0-cm i.d.). 


The basket method consisted of placing a tablet in a cylindrical basket 
(1.7-cm i.d. X 2.3 cm) of 80-mesh stainless steel cloth. This basket was 
placed in a basket (Apparatus 1) as used in USP XX. The basket was held 
-10 cm below the surface of the solvent and rotated a t  400 rpm, -7 cm 
from the wall of the beaker. The dissolution medium was agitated with 
a three-bladed impeller as described for the 18-liter beaker method. 


With the paddle method (USP XX), 900 ml Of 40% dimethylformamide 
was used as a solvent and was stirred a t  120 rpm. 


Pretreatment Method-Method I: A tablet was put into a 100-ml 
round bottle containing 1.0 ml of water and was gently shaken for 1 min. 
After standing for 5 min, 20 g of plastic beads (8-mm i.dJ3 was added to 
the bottle. The bottle was fixed a t  an angle of 5" and was rotated a t  3.8 
rpm in a water bath (37') for 15 min. The contents then were poured into 
18 liters of the solvent with 100 ml of water for washing through a sieve 
to remove the plastic beads. Then the dissolution rate was determined 
according to the 18-liter beaker method procedure. 


Method 11: A tablet was gently shaken in 20 ml of water contained in 
a 50-ml round bottle for 5 min, and then 27 g of the plastic beads used in 
Method I was added. The subsequent procedure was the same as method 
I. 


Nonsink Method-A 900 ml volume of the solvent was used in each 
experiment. The following procedures were used: 


1. Rotating basket method (USP XX): The basket was rotated at  120 
rpm. 


2. Paddle method (USP XX): The stirring rate was 120 rpm. 
3. Beaker method: A three-bladed screw-type impeller (5.0-cm i.d.) 


used as a stirring device was rotated a t  2.5 cm from the bottom of the 
beaker which was used for the paddle method a t  120 rpm. 


Bioavailability-Twelve healthy male volunteers who participated 
in a Latin square crossover study were randomly assigned to one of four 
groups of equal size. The subjects ranged in age from 22 to 51 years (22, 
22,22,22,23,24,30,32,37,37,50, and 51; mean 31), in height from 160 
to 180 cm (mean 170), and in weight from 53 to 69 kg (mean 60). Before 
the studies the participants were given a clinical examination to ensure 
they were healthy. All of the subjects were prohibited from taking med- 
icines and alcoholic beverges from 3 days before the drug administration 
to the end of the test. Each subject took a test tablet orally with 200 ml 
of water a t  900 am after fasting overnight. No foods or liquids were al- 


m z 


62.5 125 62.5 126 
DOSE, mg DOSE, mg 


Figure %--Relations of griseofuloin dose with AUC, and peak con- 
centration ofter oral administration of the drug. Key: (- - -) responses 
of the indioidual subjects; (-) the average response. 


lowed until 4 hr after ingestion of the tablet. Blood samples (5 ml) were 
obtained at  1,3,5,8,23.5,33, and 47.5 hr after administration of a tablet 
and the serum samples were kept frozen a t  -15" until assayed. The ex- 
periments were repeated every 2 weeks according to the dosage schedule. 
The following parameters were statistically subjected to ANOVA, and 
the differences among the treatments were examined by Tukey's test: 


1. Serum levels a t  each sampling time. 
2. Peak serum level (Cmax). 
3. Time to reach peak serum level (tmal). 
4. Area under serum concentration-time curves from zero to the time 


The AUC,  was calculated by the method of Wagner (14). 
Dose-Bioavailability Relation-A single tablet and one-half tablet 


of Formulation B, corresponding to 125 and 62.5 mg of griseofulvin, re- 
spectively, were given orally to three subjects according to a crossover 
design. The sampling times were the same as described in the bioavail- 
ability study. 


Assay-The serum griseofulvin concentration was determined by the 
GLC method described previously (15). To a 0.5-ml aliquot of serum were 
added 0.5 ml of saturated sodium chloride solution and 5 ml of ether. 
After shaking for 10 min, a 4-ml aliquot of the ether phase was taken and 
evaporated to dryness in uacuo. The residue was dissolved with 0.4 ml 
of benzene containing 1.1 pg of clothiapine as internal standard, and 5 
p1 of the solution was taken for the GLC assay. GLC conditions: column, 
glass column (3-mm i.d. X 70 cm) packed with 5% OV-17 on 60-80 mesh 
Chromosorb W; injection temperature, 260'; detector temperature, 
260'. 


t (AUCI) calculated by the trapezoidal rule 


RESULTS 


Dissolution Rate-The solubilities of griseofulvin a t  37' in water, 
pH 7.2 buffer, and 40% dimethylformamide were 31.8, 32.2, and 482.1 
pg/ml, respectively; therefore, the preliminary dissolution tests were 
carried out with 18 liters of the aqueous medium (18-liter beaker method) 
and 900 ml of 40% dimethylformamide (paddle method) in order to get 
a sink condition. Figure 1 shows the dissolution profiles with the 18-liter 
beaker method. Relatively large differences were observed among the 
microsize griseofulvin formulations. The ultramicrosize formulation (A) 
showed rapid dissolution. Table I lists t50 in 18 liters of aqueous solvent 
and in 40% dimethylformamide. Addition of the organic solvent to 
aqueous medium altered the dissolution behavior of griseofulvin; how- 
ever, the use of a partially alcoholic medium was described for the dis- 
solution test of water insoluble drugs (16). On the basis of the in oitro 
data, four formulations (A, B, C, D), including an ultramicrosize formu- 
lation, were selected for further investigations concerning their dissolu- 
tion rates and bioavailabilities. 


Table I1 lists the dissolution rates (t30 and t50) of these formulations 
determined under the sink condition. With the 18-liter beaker method 


Table  111-Dissolution Rate  of Griseofulvin from Tablets with 
Nonsink Methods8 


t5, min 
Method Polysorbate 80 A B C D 


Rotating 0 6.4 5.0 21.0 24.0 
hnsknt 


Paddle 
0.1% 2.7 3.0 15.0 18.5 
0 4.5 4.7 9.9 18.6 


9.0 11.0 0.1% 4.2 4.0 
Beaker 0 3.4 3.6 6.5 14.8 


0.1% 3.0 2.8 4.6 8.2 


At pH 7.2. 3 Sartorius-Membranfilter GmbH 
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Table IV-Serum Levels, C,,,, t,,,, and  A UC After Oral  Administration of 125-mg Griseofulvin Tablets 


0.7' 


0 .6-  . m a 
Lu 


-I 0.4- 
5 
3 
U 
u * 0.3- 


j 0 . 5 -  


2 


I n  Vivo Parameter Time, hr 


Serum levels, pg/ml 1.0 
3.0 
5.0 
8.0 


23.5 
33.0 
47.5 


Cmam p d m l  
tmax, hr 


AUC, pg hr/ml 
AUC47.5, pg hdml 


A 
Formulation4 


B C 
Tukey'sc 


D ANOVAb Test 


0.250 f 0.058 
0.446 f 0.065 
0.408 f 0.036 
0.326 f 0.035 
0.234 f 0.021 
0.152 f 0.018 
0.071 f 0.011 
0.502 f 0.049 


5.3 f 1.7 
10.57 f 0.86 
11.83 f 0.95 


0.331 f 0.048 
0.593 f 0.052 
0.576 f 0.045 
0.462 f 0.039 
0.199 f 0.022 
0.109 f 0.015 
0.046 f 0.006 
0.660 f 0.046 


3.6 f 0.3 
11.53 f 0.76 
12.30 f 0.86 


0.154 f 0.025 
0.340 f 0.041 
0.365 f 0.038 
0.320 f 0.035 
0.192 f 0.019 
0.146 f 0.020 
0.072 f 0.010 
0.395 f 0.036 


6.0 f 1.7 
9.46 f 0.73 


11.27 f 0.91 


0.126 f 0.023 
0.462 f 0.074 
0.486 f 0.063 
0.439 f 0.041 
0.243 f 0.025 
0.133 f 0.024 
0.062 f 0.01 1 
0.546 f 0.070 


7.9 f 2.1 


p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.05 
p < 0.05 
p < 0.01 
NS 


B > A > C > D - 
B>D>A>C 
B>D>A>C 
B>D>A>C 
D > m  
A>C>D>B 
C>A>D>B 
B > D > A > C -- - 


11.47 f 0.67 p < 0.01 B>D>A>C 
NS 12.76 f 0.81 


- 
~ ~ 


The figures indicate means f standard errors. NS: not significant. Formulations underlined by a common line did not differ significantly; p < 0.05. 


I T  


L 
10 20 30 40 


HOURS 
Figure 3-Mean serum griseofulvin concentration after oral admin- 
istration of 125-mggriseofulvin tablets t o  humans. Key: fa) Tablet A; 
(0) Tablet B; (A) Tablet C; (0) Tablet D. T h e  vertical lines indicate 
standard errors. 


at either pH 7.2 or 1.2 without additives, the drug rapidly dissolved from 
Formulations A and B due to their rapid disintegration into fine particles. 
I t  slowly dissolved, however, from Formulations C and D due to the large 
particles resulting from disintegration. Polysorbate 80 and diastase, which 
was used to investigate the digestive action on the starch widely employed 
in tablets as the disintegrant or excipient, enhanced the dissolution from 
Formulation D, and in the presence of diastase its dissolution rate was 
faster than that from Formulation C. This can be attributed to a wetting 
action of the surfactant and a digestive one of the diastase. The dissolu- 
tion rates were not enhanced by an increase of agitation intensity, but 
the dissolution from Formulation D was specifically facilitated with the 
basket method in which its deaggregation into fine particles seemed to 
be promoted due to being rubbed against the sieve wall of the basket as 
it was rotated. This suggests that  deaggregation, especially for Formu- 
lation D, must be more accelerated by mechanical forces than by the flow 
of the dissolution medium. This was further ascertained by the pre- 
treatment methods in which the dissolution of the drug, especially from 
Formulation D, was greatly enhanced. This is probably due to the strong 
deaggregation effects of the plastic beads. 


The volume of water used in the pretreatment affected the dissolution, 
especially from the ultramicrosize formulation (A). It formed a pastelike 


Table  V-Power Analvsis with a = 0.05 and B = 0.2 


Minimum 
Subjects for Detectable 


Parameter Time, hr 20% difference Difference, % 


Serum level 1 
3 
5 
8 


23.5 
33 
47.5 


76 
28 
24 
20 
20 
44 
60 
20 


216 
12 
16 


53 
30 
28 
26 
25 
39 
47 
24 
90 
17 
21 


I .  


50 100 5 10 


t,, rnin 
Figure 4-Log-log plots of  serum level of  griseofulvin at 1 hr against 
t30 determined by the beaker method at pH 7.2 without an  additive (0) 
and in  the presence of polysorbate 80 (a), 


agglomerate and showed slower dissolution when a small quantity of 
water (1.0 ml) was used (Method I) than when 20 rnl of water was em- 
ployed. In the latter case the formulation rapidly disintegrated into fine 
particles. 


The initial dissolution rates ( t 5 )  determined under the nonsink con- 
dition are shown in Table 111. The results were similar to those deter- 
mined with nonpretreatment methods under the sink condition, which 
suggests that by using the initial dissolution rates, the dissolution under 
the sink condition can be predicted. 


Disintegration Time-The mean disintegration times of Formula- 
tions A, B, C, and D were 9.3,12.5,0.4, and 2.4 min, respectively. Contrary 
to the disintegration findings, the slow dissolution of the drug from 
Formulations C and D led to the conclusion that the resultant particulate 
state after disintegration is more important for the dissolution of 
griseofulvin than the disintegration time. 


Bioavailability-The relations of griseofulvin dose with AUC, and 
C,,, are shown in Fig. 2. The nearly linear relationships of dose-AUC, 
( r  = 0.829) and dose-C,., ( r  = 0.944) indicate that linear pharmacoki- 
netics can be applied to the serum level of griseofulvin within the dose 
ranges studied. 


Figure 3 shows the mean serum concentration-time curves of griseo- 
fulvin in humans after oral administration of four formulations. Table 
IV lists the mean values of each parameter for these formulations. The 
rank order of serum level at 1 hr was B>A>C>D, but the serum levels 
during 3-8 hr, C,,, and AUC47.5, were B>D>A>C. The lowest peak 


1 , , J 9 =  
2 4 6 8  


t , ,  min 


Figure 5-Log-log plots of  serum level at 3 hr (O), C,,, (a), and 
AUC47.5 (M) against t30 determined by Method I .  


Journal of Pharmaceutical Sciences I 1167 
Vol. 71, No. 70, October 1982 







Table VI-Correlation Coefficients Between In Vivo Parameters (X) and t30 (Y) Determined by Sink Methods 


x - Y-1 log (XI - log (Y) 
In Vitro Test Serum Level Serum Level 


Method Condition 1 hr 3 h r  5 hr C,,, AUC47.5 1 hr 3 hr 5 hr Cmax AUC47.5 
Beaker - 


Polysorbate 80 
Diastase 
848 rpm 
pH 1.2 
pH 1.2 Polysorbate 80 


Basket - 
Method I - 
Method I1 - 


0.995" 
0.990" 
0.990n 
0.998" 
0.942 
0.976b 
0.978 
0.719 
0.814 


0.809 0.655 0.727 0.430 -0.998" -0.608 
0.820 0.679 0.471 0.441 -0.999" -0.650 
0.840 0.680 0.763 0.489 -0.975b -0.771 
0.792 0.617 0.708 0.420 -0.995" -0.624 
0.848 0.765 0.782 0.482 -0.991" -0.611 
0.813 0.696 0.736 0.423 -0.992" -0.613 
0.796 0.598 0.716 0.466 -0.951 -0.769 
0.998" 0.965' 0.997" 0.896 -0.559 -0.982b 
0.742 0.513 0.686 0.570 -0.742 -0.824 


-0.399 
-0.453 
-0.564 
-0.403 
-0.442 
-0.442 
-0.545 
-0.917 
-0.601 


-0.508 
-0.554 
-0.689 
-0.526 
-0.514 
-0.516 
-0.690 
-0.987 
-0.780 


-0.229 
-0.276 
-0.460 
-0.259 
-0.217 
-0.220 
-0.483 
-0.953 
-0.697 


p < 0.01. * p < 0.05. 


Table VII-Correlation Coefficients Between In Vivo Parameters (X) and t 5  (Y) Determined by Nonsink Methods 


x - Y - 1  log (X) - log (Y) 
In Vitro Test Serum Level Serum Level v A ditive 1 hr 3 hr 5 h r  Cmax AUC47.5 1 hr 3 hr 5 hr Cmax AUC4i5 


Rotating none 0.986" 0.758 0.554 0.670 0.402 -0.954" -0.627 -0.387 -0.527 -0.260 
basket 


Polysorbate 80 0.895 0.591 0.329 0.498 0.380 -0.947 -0.591 -0.325 -0.494 -0.269 


Polysorbate 80 0.954" 0.641 0.402 0.544 0.282 -0.974" -0.584 -0.335 -0.484 -0.235 


Polysorbate 80 0.937 0.492 0.262 0.378 0.553 -0.934 -0.345 -0.119 -0.229 0.068 


Paddle none 0.912 0.503 0.245 0.394 0.120 -0.939 -0.387 -0.135 -0.274 0.002 


Beaker none 0.892 0.428 0.170 0.313 0.220 -0.907 -0.287 -0.044 -0.169 0.118 


a p < 0.05 


concentration (Formulation C) was only 60% of the highest one (For- 
mulation B). Significant differences were found among the formulations; 
however, there were no significant differences in AUC,, which suggests 
that  the four formulations were equivalent in the extent of bioavail- 
ability. 


The mean peak times did not show significant differences, though the 
maximum difference (3.6-7.9 hr) was relatively large. This can be at- 
tributed to the large variations in the parameter which will be due in some 
degree to a few peak times of 23.5 hr, which occurred with all formulations 
except B. I t  may have been artificially caused by the long interval of the 
sampling time from 8 to 23.5 hr. The power analysis was employed to 
estimate the minimum detectable difference between the formulations 
which would be statistically significant (a = 0.05, (3 = 0.2) or the number 
of subjects required for a 20% difference to be significant (Table V). The 
results of this analysis indicate considerably low detectability of t,,, 
compared with the other parameters; only 90% of the minimum difference 
could be detected in this study, and >200 subjects would have been re- 
quired for a 20% difference to be significant. The parameters of AUC47.5 
and AUC, provided better detectabilities, which must be due to the small 
variabilities in the parameters. 


The ultramicrosize formulation (A) did not show good bioavailability, 
which is coincident with previous results (13), though absorption of the 
drug from the formulation was reported to be approximately twice that 
from microsize formulations (11, 12). 


Correlation Between Dissolution Rate and Bioavailability-The 
correlation coefficients between the in uiuo and in uitro parameters ( t 3 0  
and t 5 determined by sink and nonsink methods, respectively) are shown 
in Tables VI and VII. The t30 determined by sink methods without pre- 
treatment correlated significantly with the serum level a t  1 hr in nor- 
mal-reciprocal and log-log regressions but not with the other in uiuo 
parameters. Similar relations were found between t5 determined by 
nonsink methods and the in uiuo parameters. The t 30  determined by 
Method I with pretreatment with 1.0 ml of water was significantly cor- 
related with serum levels a t  3-5 hr and Cmax in normal-reciprocal re- 
gression and even with AUC47.5 in log-log regression. Those determined 
by Method I1 using 20 ml of water, however, did not correlate significantly 
with any of the in uiuo parameters. Figures 4 and 5 illustrate the log-log 
regression lines that were significantly correlated between in uiuo and 
in uitro findings. 


DISCUSSION 


The in uiuo and in uitro findings for griseofulvin formulations suggest 
the complex dissolution behavior of the drug from its dosage forms in the 
GI tract in humans. The serum levels 1 hr after administration of the 
formulation correlated well with the dissolution rates determined under 


sink and nonsink conditions without pretreatment, which leads to the 
conclusion that initial absorption is mainly controlled by relatively simple 
dissolution behavior as shown artificially in the dissolution tests without 
pretreatment. However, the serum levels during 3-5 hr and C,,, did not 
correlate well with these dissolution rates, which is probably due to the 
unexpectedly low values for Formulation A and high values for D for the 
in uiuo parameters. I t  may be considered that for a drug having as low 
solubility in water or biological fluids as griseofulvin, the in uiuo disin- 
tegration and dissolution must be affected more by physiological factors 
in the GI tract than those of a drug having high solubility, because the 
former drug must stay in the GI tract longer. The in uitro pretreatment, 
which decreases the sizes of aggregates or particles available from dis- 
solution with plastic beads, markedly increased the dissolution, especially 
from Formulation D. The resulting dissolution rates highly correlated 
with the serum levels a t  3 and 5 hr, C,,,, and AUC47.5. These findings 
suggest a strong deaggregation action on the aggregates and/or particles 
while the drug having low solubility stays in the GI tract. 


A previous report on sugar-coated tablets of chloramphenicol also 
suggested the violent destructive force on the formulations in uiuo (17). 
Therefore, the absorption of a drug having low solubility from its dosage 
forms seems to be correlated more with the dissolution rates determined 
under the conditions of vigorous agitation and destructive intensities than 
under mild conditions, though the absorption of a drug having high sol- 
ubility such as aspirin may be correlated more with the dissolution rates 
determined under the latter conditions (18,19). 


Formulation A showed rapid dissolution under sink and nonsink 
conditions without pretreatment, which is probably due to the original 
ultramicrosize particulate state of the drug. But the rapid dissolution did 
not contribute to the in uiuo absorption. Formulation A formed a 
pastelike agglomerate when treated with a small quantity of water (1.0 
ml). Such an agglomerate may be also produced in the GI tract after rapid 
gastric emptying and rapid absorption of water coadministered with the 
formulation and may be responsible for slower dissolution and the re- 
sulting lower absorption of the drug. 
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Abstract 0 The bioavailability of four griseofulvin tablets in beagle dogs, 
including an ultramicrosize tablet used previously in a human bioavail- 
ability study, was investigated on the basis of the plasma 6-demethyl- 
griseofulvin concentration. The relations with the in uiuo findings in 
humans and the in uitro dissolution rates also were examined. Contrary 
to the lower bioavailability of the ultramicrosize formulation in humans, 
it provided the best bioavailability in beagles. The microsize griseofulvin 
formulations showed similar in uiuo results to those in humans. Poor 
correlation of in uiuo parameters between humans and beagles was at- 
tributed to the discrepancy of the availability of the ultramicrosize for- 
mulation between the two species. The dissolution rates determined by 
the pretreatment method using plastic beads were correlated more with 
the in uiuo findings than those determined by the other methods. Beagles 
were a useful animal model for bioavailability studies of certain griseof- 
ulvin formulations but not ultramicrosize ones. 


Keyphrases 0 Bioavailability-griseofulvin from tablets in beagle dogs, 
correlation with dissolution rate and bioavailability in humans 0 Dis- 
solution rates-bioavailability of griseofulvin from tablets in beagle dogs, 
bioavailability in humans c] Griseofulvin-bioavailability from tablets 
in beagle dogs, dissolution rate and bioavailability in humans 


The bioavailabilities for four lots of griseofulvin tablets 
in humans have been reported previously, and the relations 
with in uitro dissolution rates have been discussed (1). 


Beagle dogs are often used as an animal model for bio- 
availability studies, but their suitability has not been 
clarified sufficiently. A good relation of penicillin bio- 
availability between humans and dogs was reported (2). 
Previous studies on bioavailability of diazepam formula- 
tions in humans and beagles revealed no good relations 
between the results from both species. The discrepancy 
was considered to be due to the differences of physiological 
states of the GI tract, especially of gastric emptying rate 
and GI transition time (3). 


In the present study the bioavailability of griseofulvin 


from tablets in beagles was studied, and the relations with 
in uiuo results in humans and in uitro dissolution rates 
were investigated. 


EXPERIMENTAL 


Formulations-Four lots of tablets containing 125 mg of griseofulvin 
employed in the human bioavailability study (1) were used. One formu- 


.) 


DOSE, mg 


Figure 1-Relation between griseofulvin dose and AUC, of 6-dem- 
ethylgriseofuluin. Key: (- - -) responses of the individual dogs; (-) 
average response. 
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GC Analysis of Imidazopyrazole in Plasma Using Nitrogen- 
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Abstract A sensitive, specific GC assay for imidazopyrazole in plasma 
was developed using nitrogen-specific detection. The samples are ex- 
tracted with methylene chloride containing 7-bromo-imidazopyrazole 
as the internal standard and the extract derivatized with pentaflouro- 
benzoyl chloride prior to isothermal chromatography on an OV-17 col- 
umn. Peak-height ratio measurements produced linear standard curves 
over the concentration range of 0.045-40 pg/ml. The practical limit of 
sensitivity was 50 ng/ml and typical between-run variability for replicate 
analysis of a control specimen produced a coefficient of variation of 5.1%. 
This method is applicable to the study of the pharmacokinetics of im- 
idazopyrazole following therapeutic doses and was used to support such 
studies in parallel with Phase I clinical studies in children. 


Keyphrases 0 Imidazopyrazole-GC analysis, plasma, nitrogen-specific 
detection Plasma-GC analysis of imidazopyrazole, nitrogen-specific 
detection Nitrogen-specific detection-GC analysis of imidazopyrazole, 
plasma GC analysis-imidazopyrazole in plasma 


Imidazopyrazolel (2,3-dihydro-l-H-imidazo[1,2,-6]- 
pyrazole2, I j is an investigational antineoplastic agent 
which selectively inhibits DNA synthesis (1). Preclinical 
studies have shown I to have significant antitumor activity 
especially against L-1210 leukemia cells, including those 
variants resistant to similar chemotherapeutic agents (2). 
The suggested mechanism of action is inhibition of ribo- 
nucleotide reductase, and in mice the drug showed the 
capacity to synchronize tumor, bone marrow, and duodenal 
crypt cells in the S-phase of the cell cycle (3). Phase I 


A 


II 


6 


I I I 


0 3 6 9 12 0 3 6 9 12 
MINUTES 


Figure 1-Gas-liquid chromatographic tracing of (A) a blank serum 
sample and (B) a serum sample to which was added 2.37 Fg/ml of1 and 
internal standard at an attenuation of 16 X lo-". 


* National Cancer * NSC 51143. 
Institute, Bethesda, Md. 


clinical trials of this novel agent have been initiated in 
children and adults with initial doses of 150 mg/m3 body 
surface area (4), and an obvious need to collect early 
pharmacologic disposition data exists. 


A limited number of methods for determining I in bio- 
logical media have been preliminarily reported including 
liquid scintillation of radiolabeled drug (5), radioimmu- 
noassay (6), and electron-capture GC (7). The former two 
methods require reagents not readily available and lack 
evidence of specificity, while the latter suffers from the lack 
of ruggedness generally associated with electron-capture 
detection when applied to analysis of biological specimens. 
The present method was developed to allow nitrogen- 
specific detection and still maintain adequate sensitivity 
to  support Phase I clinical and pharmacokinetic studies 
in children being treated for cancer. 


EXPERIMENTAL 


Chemicals and Reagents-Compound I and 7-bromoimidazopyra- 
zole3 (7-bromo,2,3-dihydro-l-H-imidazo[l,2-6]pyrazole, 11) were used 
directly. Pentafluorobenzoyl chloride4 was used as received and stored 
under dry nitrogen at -20' in 1-ml ampules to protect from moisture. 
A 1.0 M, pH 10.5 carbonate buffer was prepared using reagent grade so- 
dium carbonate5 and sodium bicarbonate5. Methanol and methylene 
chloride were both HPLC grade6; all other chemicals and solvents were 
reagent grade. All glassware was acid washed then treated with 5% di- 
chloromethylsilane in toluene5 and rinsed successively with toluene and 


H H 


I ZI 


m 
3 Dr. Louis Malspeis, Ohio State University, Columbus, Ohio. 
4 Aldrich Chemical Co., Milwaukee, Wis. 


Matheson, Coleman and Bell, Norwood, Ohio. 
Fisher Scientific, Fairlawn, N.J. 
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Table I-Recovery of I Added to Human Serum 


I 
I Found, pg/ml 


Added, pglml n (mean f SE) 


0.048 
0.48 
1.91 
4.93 
9.85 


10 0.054 f 0.003 
9 0.47 f 0.011 


10 
4 
4 


2.03 f 0.069 
4.71 f 0.32 


10.27 f 0.30 
19.70 4 18.59 f 0.56 
39.40 4 40.37 f 0.92 


methanol and then oven dried. Deionized water was prepared using a 
filter reverse osmosis system7. 


Instrumentation-A gas chromatographs equipped with a nitrogen 
phosphorous thermionic detector and 1-mV recorder was used. Chro- 
matography was performed on a U-shaped glass column (1.8 m X 2 mm 
i.d.) packed with 3% OV-17 on 100/120 meshs, which was conditioned 
overnight at 250' and pretreated with several injections (10-25 p1)lo. 
Nitrogen at a flow rate of 30 ml/min was used as the carrier gas, and air 
and hydrogen flows were optimized for maximum detector response. 
Operating temperatures were: oven, 195'; injector, 235'; and detector, 
250'. Mass spectral data were obtained using a GC-MS&computer sys- 
tem". Chromatography was performed using a coiled glass column (1.2 
m X 2-mm i.d.) packed with 3% OV-101 on 100/120 meshs operated iso- 
thermally at 170' with an injector temperature of 250'. The instrument 
was equipped with a jet separator and used 70 V as the ionization en- 


Standard Curves-Stock standards were prepared by dissolving 1 
mg of I in 10 ml of water and 1 mg of I1 in 10 ml of methylene chloride. 
These were diluted to produce working standards of 10 pg/ml and stored 
at  4' where they were stable for a t  least 2 weeks. Appropriate aliquots 
were added to human serum12 to produce either a low-concentration 
series of 0.05,0.1,0.5,1.0, and 2.0 pglml of I (1 pg of II), or a high-con- 
centration series of 1,5,10,20,30, and 40 pglml of I (28 pg of 11). Cali- 
bration curves were constructed from peak-height ratio measurement 
of 1/11. 


Analytical Procedure-Seven milliliters of methylene chloride, 50 
p l (5  pg) of internal standard (11) solution, 2 g of sodium chloride, and 
1 ml of carbonate buffer (1.0 M, pH 10.5) were added to 1.0 ml of a patient 


ergy. 


F 
mlz 167 I 


-mlz 81 


m Ir ' 303 
Figure 2-Proposed mass fragmentation of 111. See t e x t  for condi- 
tions. 


7 Millipore Corp., Bedford, Mass. 
8 Varian Aerograph Model 2100, Varian Assoc., Palo Alto, Calif. 


Aoolied Science Laboratories. state CoUeee. Pa. 
10 A'quasil Pierce Chemical Co., Rockford, I d  ' 
l1 Hewlett-Packard Model 5992B/9825A, Hewlett-Packard, Santa Clara, 


Calif. 
l2 Irvine Scientific, Santa Ana, Calif. 


Table 11-Zn Vitro Stability of I a 


Concentration of I, pg/ml 
pH 7.4 Phosphate 5% Serum 


Hours Buffer, 0.1 M Human Serum Albumin 


0 1.04 
1 1.03 
2 1.10 
4 1.06 
8 1.03 


24 1.01 
48 - 


~ ~ ~~ 


0.95 1.01 
0.77 0.88 
0.79 0.92 
0.69 0.79 
0.67 0.81 
0.62 0.73 
0.62 - 


Solutions originally spiked with 1.0 pg/rnl of I and stored under refrigera- 
tion. 


plasma or spiked serum sample in a 15-ml centrifuge tube. The tube was 
then mechanically shaken for 30 min, centrifuged at 2000 rpm for 10 min, 
and the lower (organic) layer filtered into a clean tube containing 1 g of 
sodium sulfate. This was vortexed for 1 min and allowed to stand for 10 
min. The organic phase was transferred to a clean tube to which was 
added 5 pl of pentafluorobenzoyl chloride. This was incubated for 30 min 
in a 50' water bath, and 0.5 ml of methanol was added. The tube was 
reincubated for 15 min and then evaporated to dryness under a stream 
of dry air a t  room temperature. The residue was redissolved in 2 ml of 
methylene chloride, shaken with 5 ml of carbonate buffer for 20 min, 
centrifuged for 10 min, and the lower (organic) layer transferred to a 5 
ml conical centrifuge tube. This was evaporated to dryness under air and 
redissolved in 50 pl of methanol prior to injection of 1-2 pl into the gas 
chromatograph. 


Clinical Study-Human plasma samples were obtained from pediatric 
oncology patients receiving I under an approved Phase I study protocol 
of the Childrens Cancer Study Group. Doses were administered by rapid 
intravenous infusion over 30-60 min, and blood samples of 1-3 ml were 
collected prior to dosing and at  0.25,0.5,1.0,2.0,6.0,12.0, and 24.0 hr 
postdose. Blood samples were immediately centrifuged and the plasma 
separated and stored at -80' until analyzed. 
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Figure 3-Patient plasma-time profile of I following an intravenous 
bolus infusion of 450 mg. 
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RESULTS AND DISCUSSION 


Typical chromatograms from the analysis of a human serum blank and 
a spiked serum standard are shown in Fig. 1. Under the analytical con- 
ditions described, the retention times of derivatized I and I1 were 4.0 and 
8.7 min, respectively. Standard curves prepared from a series of duplicate 
serum standards were linear over two concentration ranges typically 
encountered in pharmacokinetic monitoring. Linear regression for a series 
of low concentration standard (0.05-2.0 pglml) curves produced a slope 
of 1.642 f 0.068, an intercept of -0.043 f 0.063 with a mean correlation 
coefficient of 0.992. Corresponding results for the high-concentration 
range (1-40 pglml) produced a slope of 0.106 f 0.002, an intercept of 
-0.0119 f 0.031, and a mean ( r )  of 0.998. This reflects excellent be- 
tween-run reproducibility, which is further supported by the recovery 
data over a wide concentration range shown in Table I. Replicate analysis 
of two spiked serum control specimens resulted in between-run coeffi- 
cients of variation of 6.3% (5 = 0.107 pg/ml) and 3.8% (a = 4.54 pglrnl). 
The practical lower limit of sensitivity for this procedure, for which a 
signal-baseline noise ratio of 3:l can be seen, was 50 ng/ml. This is the 
same as that reported using a GC-electron-capture detection procedure 
(7). The entire procedure requires -4 hr and allows analysis of -20 
specimens/analyst/working day. 


The identity of the derivatized I GC peak was confirmed by comparing 
its mass spectrum to that of authentic, synthesized pentafluorobenzoyl 
imidazopyrazole (111). These were identical and demonstrated a parent 
peak at m/z 303 and a base peak at  mlz 195, which corresponded to the 
pentafiuorobenzoyl fragment. Other characteristic peaks occurred at mlz 
167, 108, and 81 as seen in the proposed fragmentation pattern in Fig. 
2. 


The pharmacokinetic behavior of I was followed in four pediatric pa- 
tients receiving intravenous bolus doses in a Phase I clinical trial. The 
plasma time course for one patient who received 450 mg is shown in Fig. 
3. The mean terminal phase half-life and volume of distribution for all 
patients was 4.4 hr and 1.5 litedkg, respectively. These values were in 
reasonable agreement with those reported for adult patients (6) ( t l l2  = 
3-10 hr, Vd = 5-15 liters), although other widely divergent values using 
less specific radioactivity detection methods have also been reported (8). 
No other data in pediatric patients have been reported to date. 


In the course of studying the reproducibility of the assay, it was ob- 
served that significant decreases in measured concentrations of I occurred 
if the spiked serum sample was allowed to sit unfrozen over a few hours. 
This had not been reported in the previous literature and appears to have 


serious implications for I measurements in biological media. A limited 
stability study was performed of I in pH 7.4 buffer, human serum, and 
5% purified serum albumin. The results are summarized in Table I1 and 
indicate a relatively rapid decline in I in the presence of protein, which 
appears to stabilize a t  a level of 65-70% of the initial level over time. 


A preliminary experiment examining the possibility of rapid irre- 
versible protein binding suggested that this did not explain the relatively 
rapid decline observed. Although this problem can be circumvented by 
either immediate analysis of samples or quick freezing in methanol-dry 
ice, the mechanism of this apparent instability merits further study. Lack 
of recognition of this problem could lead to altered serum concentrations 
and errors in pharmacokinetic analysis in vivo. 


The method reported appears sufficiently sensitive, reproducible, and 
rapid to support extended pharmacokinetic studies of I in humans or 
animals provided caution is used in rapidly handling samples to avoid 
an apparent instability in biological specimens. 
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Abstract 0 Concentrated aqueous solutions of pralidoxime chloride 
degrade more rapidly than dilute solutions. The rate and degree of deg- 
radation is dependent on the initial and final pH as well as the container 
in which the solution is stored. The effects of glass, metal, plastic, and 
rubber stoppers on the stability of concentrated and dilute solutions are 
discussed. The stability and shelf lives of 50% aqueous concentrates at 
different temperatures were determined. 


Keyphrases Pralidoxime chloride-stability of concentrated aqueous 
solutions, kinetics 0 Stability-concentrated aqueous solutions of 
pralidoxime chloride, kinetics Kinetics-comparison of stability in 
concentrated aqueous solutions of pralidoxime chloride 


Pyridinium oximes in combination with atropine pro- 
vide effective therapy in poisoning by many organophos- 
phorus cholinesterase inhibitors (1). More clinical data are 
available for pralidoxime salts than other pyridinium ox- 


imes, as this oxime is in wider use. Pralidoxime also re- 
portedly produces few undesirable side effects (2,3).  It is 
generally accepted that, for therapeutic efficacy, prali- 
doxime plasma concentrations should be at  least 4 pg/ml 
(4). A 600-mg im dose is required to produce this level. A 
dilute solution would require an injection of an impractical 
volume. Since pralidoxime chloride is very water soluble, 
30-50% concentrates can be used to provide a 4-pg/ml 
plasma level (5,6). The purpose of this study was to de- 
termine stabilities and the effect of containers on the shelf 
life of aqueous concentrates of pralidoxime chloride1. 


1 The opinions or aasertions contained herein are the private views of the author 
and not to be construed as reflecting the views of the Department of the Army or 
the Department of Defense. 
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Abstract The rate of disappearance of fluorouracil from peritoneal 
fluid has been experimentally measured and mathematically modeled. 
The experimental data were obtained following the instillation of 50 ml 
of dialysis fluid which contained an initial fluorouracil concentration 
ranging from 24 ph4 to 12 mM. The rate of disappearance was strongly 
dependent upon concentration. A distributed model has been formulated 
which incorporates concepts of diffusion with saturable metabolism and 
nonsaturable capillary uptake in the tissue surrounding the peritoneal 
fluid. This model successfully describes the experimental observations 
and also suggests that the effective penetration depth into tissue is highly 
dependent upon concentration. 


Keyphrases Fluorouracil-concentration-dependent disappearance 
from peritoneal fluids, rats 0 Pharmacokinetics-concentration-de- 
pendent disappearance of fluorouracil from peritoneal fluid, rats 
Peritoneal fluid-concentration-dependent disappearance of fluo- 
rouracil, rats 


~~~~~~~~~~~~~ 


Although intraperitoneal injections are extensively used 
for the administration of drugs to rodents, there are few 
studies which examine the kinetic features of this route (1, 
2). When drugs are administered in a small volume, it is 
usually assumed that absorption occurs through pathways 
which lead to the portal vein. For larger volumes, as used 
in peritoneal dialysis, nonportal pathways such as the 
ventral abdominal wall, diaphragm, and retroperitoneal 
tissues may have a significant role. Lymphatic uptake, 
although largely unexplored, is assumed to be quantita- 
tively unimportant for substances with small molecular 
weights. 


The rate of disappearance of drugs from peritoneal fluid 
is primarily a consequence of the concentration gradient 


established between peritoneal fluid and surrounding 
tissue. As drug molecules diffuse into this tissue, they can 
be carried away by capillary blood, metabolized by en- 
zymes in the tissue, or be bound to tissue constituents. 
Removal by capillary blood is kinetically a first-order 
process, while metabolism and tissue uptake or binding are 
potentially saturable since these processes depend upon 
a finite number of sites. 


The intraperitoneal administration of the pyrimidine 
analog, fluorouracil, is currently undergoing clinical 
evaluation for the treatment of several cancers which are 
initially confined to the abdomen (2 ,3) .  Since the clinical 
range of intraperitoneal fluorouracil concentration is re- 
stricted by therapeutic considerations, a previously de- 
veloped rat model was used for these peritoneal disap- 
pearance studies. The metabolism of fluorouracil is satu- 
rable (4), and at  least some tissues surrounding the peri- 
toneal cavity are sites for this metabolism (5). No tissue 
binding has been reported. 


Data have been collected on the rate of peritoneal dis- 
appearance over a wide range of initial concentrations in 
order to observe metabolism in both linear and nonlinear 
regions. A distributed model has been formulated which 
incorporates concepts of diffusion with chemical reaction 
and capillary uptake in the surrounding tissue. The non- 
linear partial differential equation was solved numerically 
with the appropriate initial and boundary conditions. The 
solution suggests that the effective penetration depth into 
the tissue and the rate of removal from the peritoneal 
cavity are concentration dependent. 
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EXPERIMENTAL 


Separation of Fluorouracil from Its Metabolites-Fluorouracil 
is extensively metabolized by both anabolic and catabolic enzymes. The 
goal of this separation procedure was to isolate the parent compound, 
fluorouracil, but not necessarily to identify individual metabolites. A 
10-25-pl sample of peritoneal fluid was applied to 250 pm of silica gel G 
TLC plates'. Each plate included a [ '4C]fluorouraci12 standard. The 
plates were developed for 10 cm by the upper phase of the solvent system 
of Koechlin et al. (6): ethyl acetate (6070, v/v), formic acid (5% v/v), and 
water (35%, v/v). Samples were counted in a liquid scintillation counter 
with automatic external standardization. In this system, 97% of [ W ] -  
fluorouracil radioactivity was located above R 0.45, while all metabolites 
were below Rf 0.45 ([14C]floxuridine2, 98% [14C]urea3, 99%; [l4]fluoro- 
ureido-propionic acid, 99%). Since dihydrofluorouracil is unstable in this 
system, it was measured as fluoro-ureido-propionic acid or urea (6). 
[ 14C]Fluoro-ureido-propionic acid was isolated by the procedure of 
Chauduri et al. (7) from the urine of rats given [14C]fluorouracil. Urine 
was placed on anion exchange resin4 (10 X 1 cm) and eluted with 50 ml 
of water, 80 ml of 0.05 M formic acid, 150 ml of 1.5 M formic acid, and 
finally 50 ml of 0.5 M HCl. [~4C]Fluoro-ureido-propionic acid was found 
in the third fraction. [14C]Fluorouracil standard eluted in the second 
fraction, as validated by TLC. 


Experimental Procedures-Female Sprague-Dawley rats5 (220-240 
g) were anesthetized with 50 mgkg ip pentobarbital. Supplemental doses 
of 15 mg/kg im were given as required. Fluorouraci12 was dissolved in 
peritoneal dialysis solution6 (major components: 1.5% dextrose; 132 mEq 
Na; 3.5 mEq Ca; 1.5 mEq Mg; 99 mEq C1; 35 mEq lactate), and the solu- 
tion was warmed to 37O. [14C]Fluorouracil was added to yield total fluo- 
rouracil concentrations ranging from 24 pM to 12 mM. Fifty milliliters 
of drug solution was injected into the peritoneal space through an 18-G 
needle. Periodic 100-pl samples were obtained by transcutaneous 
puncture with a 23-G needle. Rectal temperature was maintained at  37 
f 0.2O by means of a heat lamp and temperature controller7. 


Simulations-Although an analytical solution is not feasible for the 
model presented in the Appendix, Eqs. 1 and 2 can be integrated nu- 
merically, using Eqs. 3a, 36, and 3c as initial and boundary conditions. 
The simulations presented in this paper were computed by means of the 
implicit form of the finite difference method, based on the algorithm of 
Carnahan et al. (8). 


RESULTS 


Measurements of fluorouracil disappearance from peritoneal fluid are 
plotted in Fig. 1. Initial fluorouracil concentrations in the peritoneal fluid 
ranged from 24 pM to 12 mM. There is a very strong dependence of dis- 
appearance rate on concentration. The rate of disappearance at  low 
concentration is 10-fold greater than at  high concentration. 


The simulated disappearance curves shown in Fig. 1 were obtained by 
numerical integration of Eqs. 1-3 from Appendix I. The model parame- 
ters are discussed in Appendix 11. The a priori parameters associated with 
the simulations in Fig. 1 provide an adequate representation of the data 
over the five orders of magnitude that drug concentration was measured. 
Although a statistical best fit was not attempted*, an example of the 
ability of the distributed model to match more closely the experimental 
data is presented in Fig. 2. For these simulations, V,,, was arbitrarily 
adjusted to 36 nmole/min/g and KM to 5 p M ,  while the other parameters 
were unchanged. 


Solution of Eqs. 1-3 also yields information about the concentration 
profile of drug in tissue. There are no experimental data for comparison, 
and these calculations are highly dependent on assumptions about model 
geometry. Nonetheless, there are some important predictions worthy of 
consideration. Figure 3 shows that the tissue concentration profile re- 
quires 15 min to become fully developed for an initial peritoneal con- 
centration of 12 mM. In contrast, Fig. 4 shows that only 1 min is required 
for profile development when the initial peritoneal concentration is 24 
p M .  At high concentrations, >600 pm are needed for the tissue concen- 


Analtech, Newark. Del. 
Obtained from the Developmental Therapeutics Program, National Cancer 


New England Nuclear, Boston, Mass. 
Dowex-I anion exchange resin, BioRad, Richmond, Cal. 


Inpersol, Abbott Labs, North Chica 0, Ill. 
Yellow Springs Instrument Co., Yelfow Springs, Ohio. 
Such calculations would have limited usefulness in the absence of experimental 


data for tissue concentration profiles. These calculations would also be extremely 
expensive. 


Institute. 


5 Taconic Farms, Germantown, N.Y. 
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Figure 1-Disappearance of fluorouracil from peritoneal fluid. Key: 
experimental data (0) plus simulations (-). Simulation parameters 
presented in Appendix IZ. 


tration to drop to 5% of the tissue fluid interfacial value, while <200 pm 
are required for the same percentage drop at  low concentration. Also, 
there are qualitative differences in the shape of the profiles. A t  low con- 
centrations, the fully developed profile is log-linear, since metabolism 
dominates and is essentially linear in this concentration range. At high 
concentration, the profile is convex downward as a result of changes in 
the extent of saturation of metabolism. 


DISCUSSION 


The strong concentration-dependence of fluorouracil disappearance 
from peritoneal fluid is a novel observation and a challenge for phar- 
macokinetic modeling. It is likely that the peritoneal disappearance is 
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Figure 2-Disappearance of fluorouracil from peritoneal fluid. Key: 
experimental data (0) plus simulations (-). Simulation parameters 
are the same as in Fig. I, except that KM = 5 pM and V,,, = 36 
nmole lminlg. 
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Figure 3-Simulated time course for development of concentration 
profile in tissue. Initial concentration at interface is 12 mM. Key: (- - -) 
30 seconds after dialysis fluid is added; (-) 1 min after; (- -) 5 min; 
(- -) 15 min; and (- - -) 30 min. 


a consequence of diffusion of drug into the surrounding tissue, where 
removal of fluorouracil by blood and metabolism by tissue enzymes are 
competing parallel processes. Although the drug is stable in peritoneal 
fluid itself, it is quite plausible that cells in the peritoneal membrane, and 
especially in the surrounding tissues, have sufficient enzyme capacity 
to account for the observed increase in fluorouracil disappearance a t  low 
concentrations. Both catabolic and anabolic enzymes for fluorouracil 
metabolism are widespread in body tissues, including abdominal organs 
(7,9). 


The selection of a modeling approach must be justified by the nature 
of the information obtained from the model. In the analysis of fluorouracil 
peritoneal disappearance data, there are two major items of interest: the 
depth to which the drug can penetrate into tissue and the relative role 
of removal by blood flow compared with metabolic elimination. Com- 
partmental analysis is the major tool used in pharmacokinetic analysis. 
This approach consolidates areas of the body into regions in which the 
concentation is a function of time but not of anatomic position. Com- 
partmental analysis cannot provide assistance for the two items outlined 
previously. Therefore, the next level of pharmacokinetic modeling has 
been utilized for the analysis of peritoneal uptake data, namely, direct 
consideration of positional variations in concentration. 


Penetration distance is the crucial parameter for two major clinical 
questions which need to be answered regarding intraperitoneal therapy: 
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Figure  4-Simulated time course for development of concentration 
profile in tissue. Initial concentration a t  interface is 24 pM. Key: (- - -) 
30 sec; (-) I min; (- -) 5 min after dialysis fluid is added. 


(a) How large a tumor will be exposed to drug levels which are in excess 
of those which can be achieved with systemic therapy. (b) Since GI mu- 
cosal cells are a major site for drug toxicity, what concentration can be 
administered safely, i .e. ,  does not cause penetration of high drug levels 
to these cells. 


For comparative purposes, a penetration depth may be defined as the 
distance a t  which the tissue concentration has declined to some per- 
centage of the interfacial concentration. As noted previously, the 5% 
penetration depth is a strong function of concentration: <200 pm for an 
interfacial concentration of 24 pM and >600 pm for 12 mM. Thus, not 
only are tissues exposed to higher concentrations as peritoneal fluid 
concentration is raised, but progressively deeper tissues are exposed. 
When referred to a typical cell diameter of 10 pm, these penetration 
distances are equivalent to a depth of 20-60 cells. 


The second major question about peritoneal uptake concerns the rel- 
ative roles for blood and metabolic removal. Fortunately, this question 
can be addressed without the specification of a particular geometry for 
tissue uptake. As long as the ratio of blood removal capacity to metabolic 
capacity is independent of position, some conclusions can be reached 
about their relative roles, regardless of the exact three-dimensional lo- 
cation of these processes in tissue. The dominant process is simply de- 
termined by a comparison of the removal terms in Eq. 2, V,,,/(KM + C) 
versus PSIV. For the parameters given in Appendix 11, the two removal 
processes are equally effective when C = 2.4 mM. At the highest con- 
centration used in this study, 12 mM, blood flow removal is 5-fold greater 
than metabolic removal. However, as fluorouracil penetrates the tissue, 
its concentration is reduced until the dominant role is shifted to metab- 
olism. In the linear range of metabolism (KM << C) the rate of metabolism 
is 79 times as great as the rate of removal by flowing blood. The specific 
shape of the tissue concentration profile is dependent on model geometry, 
but the trends illustrated in Figs. 2 and 3 are generalized properties of 
distributed modeling. 


Distributed models can be very useful in pharmacokinetics in special 
circumstances such as when there is a need for understanding the posi- 
tional variation of concentration. Construction of distributed models 
requires information about kinetic properties as a function of position, 
and verification of distributed models requires experimental determi- 
nation of concentration profiles in tissue. This combination of experi- 
mental data and distributed modeling is very rare. One excellent study 
describes the penetration of several anticancer drugs into brain tissue 
(10). However, there is no study in which a metabolized substance has 
been quantified. Indeed, the technology for exposing tissue to a rapidly 
metabolized drug and then quenching the metabolism and assaying for 
spatial variation in the concentration of the parent within -200 pm 
probably does not exist. 


Since the profile data are not available for fluorouracil, all quantitative 
aspects of the proposed model cannot be validated. The principal goal 
of this modeling effort has been to  demonstrate the plausibility of a dis- 
tributed model for the analysis of pharmacokinetic data. The model 
structure has been shown to be consistent with the peritoneal disap- 
pearance data, hut no attempt has been made to choose the best model 
parameters based on statistical criteria. Despite its limitations, the dis- 
tributed modeling process has given insight into the mechanisms of 
disappearance for fluorouracil and has suggested a strong dependence 
of penetration depth on peritoneal fluid concentration. Further experi- 
mental design could be guided by these results. 


APPENDIX I 


Distributed Model for  Peritoneal Disappearance-The rate of 
disappearance of fluorouracil from peritoneal fluid can be governed by 
a variety of resistances to mass transport. The model which is described 
in this section is based on diffusion of fluorouracil through the extracel- 
lular space of peritoneal tissue. As will be discussed, there is no tran- 
scellular pathway, but intracellular drug is in equilibrium with extra- 
cellular concentration. 


For a constant peritoneal fluid volume (V& the rate of change of drug 
concentration in the peritoneal fluid (C',,,) depends on the diffusivity of 
the drug in surrounding tissue (D), the area available for transport (A ), 
and the concentration gradient in the tissue a t  the tissue-fluid interface. 
The concentration in the surrounding tissue (C, extracellular or diffusible 
concentration) depends on both anatomic position and time. The diffu- 
sion problem has been represented by a one-dimensional model in which 
constant kinetic properties are assumed throughout the tissue; i . e . ,  dif- 
fusivity, capillary permeability (PSIV),  maximum metabolic capacity 
(V,,,), and half-saturating concentration ( K M ) .  R is the ratio of intra- 
cellular to extracellular drug mass. 
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(Eq. 1) 


The term PSIV should be interpreted as effective capillary permeability, 
since tissue perfusion rate may also limit the rate of capillary removal. 
Metabolism is referred to extracellular fluorouracil concentration, since 
that was the basis in the hepatocyte parameter estimation (11). 


Initially, the tissue concentration is zero throughout, and there is al- 
ways some point ( x  = x ’ )  where the gradient has vanished. As will be 
discussed, resistance to mass transfer posed by the peritoneal fluid is 
assumed to be negligible. Thus, the initial and boundary conditions 
are: 


CiJO) = C(0,O) = co (Eq. 3a) 


C(X,  0) = 0 (Eq. 36) 


Resistance Within Peritoneal Fluid-The peritoneal fluid drug 
concentration, which is measured experimentally, is the bulk fluid con- 
centration. The concentration a t  the interface between peritoneal fluid 
and tissue will be less than the bulk fluid concentration if the rate of drug 
transport in fluid is not much faster than the rate capacity of the tissue 
to take up drug. Resistance to drug transfer in the bulk fluid might be 
visualized as a stagnant layer adjacent to the tissue. Calculations for in- 
traperitoneal fluorouracil based on stagnant layer thickness reported 
previously (12) suggest that this resistance is negligible at  high concen- 
trations and has a mild influence at  low concentrations. 


Diffusion Pathways-Drug diffusion through tissue may involve 
transcellular pathways in addition to extracellular movement. Several 
possibilities exist: (a) extracellular drug movement and very little, if any, 
intracellular uptake; (b)  very rapid transcellular movement so that drug 
effectively moves through both pathways; and (c) moderate transcellular 
movement so that drug moves only extracellularly hut equilibrates with 
intracellular space. The third option was selected based on a comparison 
of transfer rates through extracellular space, across cells, and across 
capillaries. A half-time for cellular uptake of fluorouracil of 40 sec or less 
can be calculated from reports for hepatoma cells (131, Ehrlich ascites 
cells (14), and L 1210 cells (15). Since the transcapillary exchange half- 
time of 140 sec, calculated from PSIV, is substantially slower, there is 
sufficient time for intracellular exchange and option (a)  can be elimi- 
nated. The characteristic time ( x 2 / D )  for extracellular diffusion is only 
0.2 sec, based on a half-cell diffusion distance (5 pm) and a fluorouracil 
diffusivity of 1.2 X cm2/sec. Therefore, option (b) was eliminated 
since extracellular movement is very rapid compared to transcellular 
movement. 


APPENDIX I1 


Parameter Selection-There are seven parameters in Eqs. 1 and 2. 
Since Vi, was experimentally set to 50 ml, six parameter values must be 
estimated: 


1. Michaelis constant ( K M )  was fixed at  30 p M .  This value has been 
reported for fluorouracil metabolism in rat liver cells (11). 


2. Maximum metabolic capacity per cubic centimeter of tissue (VmaX) 
was fixed at  71 nmole/min/cm3, a value which has been reported for rat 
liver tissue (11). Values of V,,, or K M  for other tissues have not been 
reported. 


3. Area of tissue available for flux ( A )  was set at  125 cm2. If the mea- 
surements of Esperanca and Collins (16) of peritoneal surface area in 
human infants and adults are extrapolated using the 0.7 power of body 
weight to a 200-g rat, -125 cm2 is obtained. 


4. Diffusivity ( D )  in tissue was estimated by the method of Schultz 
and Armstrong (12). First, aqueous diffusivity was estimated to be 10 x 
lod6 cm2/sec, based upon its molecular weight (17). Then the aqueous 
diffusivity was corrected for extracellular fluid fraction (0.3) and tortu- 
osity (2.5) to yield a value of 1.2 X 10+ cm2/sec. 


5. Capillary removal rate (PSIV) is the product of capillary perme- 
ability ( P ,  cmhec) and capillary surface per volume of tissue (SIV,  
cm2/cm3). Reported values of PSIV range from 0.004 sec-l for the gastric 
wall of dogs for a hexose (18) to 7.6 X lod4 sec-’ for glucose in muscle 
capillaries (19). Since 0.001 sec-’ is a reported value for tissue perfusion 
in rat muscle (20), the effective value for PSIV is limited by perfusion. 
A value of 5 X sec-l is consistent with these observations and pro- 
vides reasonable agreement between the simulations and the data in the 
high-concentration concentration region where PSIV dominates. 


6. The ratio ( R )  of intracellular to extracellular fluorouracil amount 
is calculated from the apparent distribution volume for fluorouracil and 
the extracellular fluid fraction of tissue. Based on a whole body distri- 
bution volume of 60% of body weight (4) and an extracellular fluid frac- 
tion of 0.3 (see item 4), an equal amount of drug is in the two spaces: R 
= 1. 
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Abstract  0 The stereospecificity of the metabolic reduction of arylal- 
kylketones was investigated. The ketones, propiophenone (I), phenyl- 
acetone (III), and l-phenyl-1,2-propanedione (V) were reduced in uitro 
and in uiuo in rats and rabbits to the corresponding alcohols, l-phenyl- 
I-propanol (II), I-phenyl-2-propanol (IV), and I-phenyl-1,2-propanediol 
(VIII), respectively. For the analysis, a capillary GLC method employing 
chiral derivatizing reagents for the resolution of these optically active 
alcohols was utilized. This study revealed that the metabolic reduction 
of each ketone produced the corresponding alcohol as a mixture of its 
enantiomers. With one exception, the mixtures obtained from all in uiuo 
and in uitro reactions were shown to contain at least 70% of one isomer 
[S(-)-II, S(+)-IV, and erythro-VIII, respectively], with in uitro reduction 
showing the highest degree of stereospecificity (90-98%). The in uiuo 
reduction of I by the rat was exceptional in that both optical isomers of 
I1 were recovered in equal proportions. 


Keyphrases Ketones-stereospecific metabolic reduction, arylal- 
kylketones, rats and rabbits 0 Stereospecificity-metabolic reduction of 
arylalkylketones, rats and rabbits 0 Metabolism-reduction of arylal- 
kylketones, stereospecificity, rats and rabbits 


Various studies on the biotransformation of xenobiotic 
ketones have established that ketone reduction is an im- 
portant metabolic pathway in mammalian tissue (1-12). 
It has also been shown that when ketones are reduced 
metabolically, a significant product stereoselectively can 
be demonstrated to occur upon creation of the chiral al- 
cohol (11-16). To determine the degree of stereoselectivity, 
a reliable method is required for the resolution of the ste- 
reoisomers. In many metabolic studies, the amount of 
product available for stereochemical analysis is often very 
small, making isolation and, hence, resolution procedures 
difficult. 


As a continuation of earlier studies (2, lo), the metabolic 
reduction of three arylalkylketones and the efficient sep- 
aration of the recovered stereoisomeric alcohols are de- 
scribed. Separation was accomplished by reacting the 
metabolites with optically active derivatizing reagents and 
resolving the resulting diastereoisomers by GLC. In uiuo 
and in uitro metabolic reduction was studied in two species 
(the rat and the rabbit), and a comparison of the extent to 
which stereoselectivity occurs is provided. 


EXPERIMENTAL 


Compounds-Propiophenone (I), phenylacetone (III), and l-phe- 
nyl-1,2-propanedione (V) were obtained commercially' and used as re- 
ceived. RS- I-Phenyl-1-propanol(I1) and RS-I-phenyl-2-propanol (IV) 
were prepared by the asymmetric reduction of the corresponding 
arylalkylketone with the chiral sodium L-prolinate borane complex 
prepared according to a previously described procedure (17). Reduction 
of I gave a 72:28 ratio of the enantiomers of I1 [S(-)/R(t) ,  respectively] 
as determined by polarimetric analysis'. Reduction of 111 gave a 60:40 
ratio of the enantiomers of IV [S(t)/R(-),  respectively]. The erythro 
and threo diastereoisomers of I-phenyl-1,2-propanediol (VIII) were 
synthesized as previously reported (2). 


~~ 


1 Pfaltz and Bauer, Inc., Stamford. Conn. 
2 Optical rotatlon measurements were made using a Carl Zeiss Circular Polar- 


imeter 0.01' equipped with a sodium D lamp (589.3 nm). 


Reagents-Trifluoroacetic anhydride (IXI3 and S( t)-a-methylbenzyl 
isocyanate (X)4 were used without further purification. The third deri- 
vatizing reagent R(-)menthy1 chloroformate (XI) was prepared ac- 
cording to a previously described method (18). All solvents were reagent 
grade, redistilled prior to use. 


Metabolic Studies and Extractions-The in vivo study involved 
the oral administration of each substrate (I ,  111, or V) to male Wistar rats 
(250 g) and male New Zealand white rabbits (2 kg). The animals were kept 
in metabolic cages, and urine was collected over 48 hr and stored a t  4' 
until examined. Bulked urine samples from each group of treated animals 
were divided into three equal portions. One portion was adjusted to pH 
7.5 with solid sodium bicarbonate and extracted three times with equal 
volumes of a diethyl ether-methylene chloride mixture (3:2). A second 
portion was buffered to pH 7.0 with phosphate buffer and hydrolyzed 
for 36 hr at  37' after the addition of P-glucur~nidase~ (15,000 U/ml). The 
sample then was extracted as described above after adjusting the pH to 
7.5 with sodium bicarbonate. The third portion was acidified to < pH 1 
with concentrated hydrochloric acid and autoclaved a t  125' and 15 psi 
for 45 min. After hydrolysis was complete, the pH was readjusted to 7.5 
with 10% NaOH and the resulting solution was extracted as described 
above for portion 1. 


For the in oitro studies, each substrate (I, 111, or V) was incubated a t  
37' with 12,OOOXg liver homogenate supernatant (rat or rabbit) to which 
was added either a nicotinamide adenine dinucleotide phosphate- 
(NADPH) or a nicotinamide adenine dinucleotide (NADH)-generating 
system (glucose-6-phosphate6, magnesium chloride, and NADP7 or 
NADs). Extraction of metabolic products was carried out as with portion 
1 of the in vivo study. 


All extracts were concentrated and yielded yellowish oils, small aliquots 
of which were used for analysis by derivatization. 


Derivatization-The R(-)menthyloxycarbonyl derivatives were 
prepared as follows: 100 pl of a standard XI solution (50 pmole/ml of 
toluene) was added to a small portion of the concentrated extract (20 pl) 
dissolved in 100 pl of pyridine. The mixture was allowed to react a t  room 
temperature for 30 min. After washing with water (1 ml), the organic 
phase was removed, dried over sodium sulfate, and concentrated under 
nitrogen to 5 pl, of which 0.2 pl was used for GLC. 
N-(1-Phenylethy1)urethanes were prepared by adding 50 pl of a X 


solution (30 pmolelml of toluene) to a portion (20 pl) of the concentrated 
extract dissolved in 100 pl of toluene. The mixture was tightly sealed9 
under a nitrogen atmosphere and kept a t  120' for 2 hr. The reaction 
mixture was concentrated to 5 pl under a nitrogen stream, and a suitable 
portion was used for GLC. 


Trifluoroacetyl derivatives of the metabolically produced alcohols were 
prepared by dissolving a small portion (20 pl) of the concentrated extract 
in 30 p1 of et,hyl acetate, to which 70 p1 of IX was added. The reaction was 
allowed to proceed for 30 min a t  room temperature. The reaction mixture 
was evaporated under nitrogen and the residue obtained redissolved in 
10 p1 of cyclohexane, of which a 0 .2-4 aliquot was injected. 


The derivatized alcohol metabolites were identified by comparing their 
GLC retention times and mass spectra with those of authentic samples 
containing one optical enantiomer (or diastereoisomer) in known excess. 
Analyses were performed with a gas chromatograph10 equipped with a 
flame ionization detector. The GLC conditions were: capillary column11 


3 Sigma Chemical Co., St. Louis, Mo. 
4 Aldrich Chemical Co., Inc., Milwaukee, Wis. 
5 Sigma Type H - l ,  Sigma Chemical Co., St. Louis. Mo. 


D-glucose-6-phosphate (Sigma grade, disodium salt) Sigma Chemical Co., St. 


Nicotinamide adenine dinurleotide phosphate, oxidized form (Sigma grade, 


P-Nicotinamide adenine dinucleotide, oxidized form (Grade 111) Sigma 


Louis, Mo. 


monosodium salt), Sigma Chemical Co.. St. Louis, Mo. 


Chemical Co., St. Louis, Mo. 
9 Reacti-vial (0.2 ml), Pierce Chemical Co.. Rockford, Ill .  


Model 5710A, Hewlett-Packard. 
11 SE-30 (S.C.O.T.), Scientific Glass Engineering Pty, Ltd., (S.G.E. Inc.), Austin, 


Tex. 
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X XI 
I 


X XI 


RETENTION TIME, min 
Figure I-Chromatograms (obtained by capillary CLC) o f  the diastereoisorneric pairs formed after reaction o f  alcohols with chiral deriuatizing 
reagent. Key: alcohols: 111) 1 -phenyl-I-propanol and ( I  V )  1-phenyl-2-propanol; reagents: ( X )  R(-)menthy1 chloroformate and ( X I )  S(+)- 
n-methyibenzyl isocyanate. 


(52 m) with temperature programming from 150 to 250" (4"/min). The 
injection port and detector temperatures were 250 and 3W0, respectively. 
The flow rate of the carrier gas, helium, was 3 ml/min (17 psi). Mass 
spectrometer'z conditions were separator and ionization source tem- 
peratures, 180° and ionization energy, 70 eV. The GLC column and op- 
erating conditions were as described above. 


RESULTS 


In  uiuo and in uitro metabolism of I by the rat and and rabbit produced 
various metabolites ( 2 , l l )  including the racemate alcohol, RS-11. Simi- 
larly, racemic HS- IV was metabolically produced, together with other 
metabolites from 111 (1,2, 1 0 , l l ) .  In this study the relative amounts of 
the enantiomeric alcohols were determined by reaction with the chiral 
derivatizing reagents, X or XI, and resolving the resulting diastereoiso- 
meric derivatives by GLC. 


Initially it was necessary to determine the CLC elution sequence of 
the mixture of diastereoisomers formed by the reaction of the racemate 
alcohols (11 and IV) with the chiral reagents (X and XI). To accomplish 
this, authentic samples of I1 and IV were synthesized by a procedure 
which was known to produce mixtures of alcohols enriched in one of the 
enantiomers (17). Compound I1 was prepared by the asymmetric re- 
duction of I with a sodium 1.-prolinate borane complex to yield a mixture 
of the enantiomers in which the S(-)-isomer predominated (see Ex- 
perimental). A comparison of the magnitude of the optical rotation of 
the mixture with that of a pure sample of S(-)-1-phenyl-I-propanol 
permitted the calculation of the amounts of S(-)-II and R(+) - I I  in the 
synthetic product (Table I).  Compound IV was prepared from 111 in a 
similar manner. The mixture of stereoisomers was strongly dextrorota- 
tory, indicative of S (  +)-IV being in enantiomeric excess. The calculated 
ratio of S(+)-IV/R(-)-IV is illustrated in Table I. 


The mixture of stereoisomers (I1 and IV) were then reacted with the 
chiral reagents (X  and XI) and the products analyzed by GLC (Fig. 1). 
The inability to detect any unreacted alcohols ensured complete deri- 
vatization. Peak areas were integrated and the ratio of isomers calculated. 


Hewlett-l'ackard model 5710gas chromatograph coupled to a Hewlett-Packard 
quadrupole mass spectrometer model 59HIA and a 5934A data system. 


The values obtained were in close agreement with those obtained from 
polarimetric data (Table I), thus permitting peak identification. 


The efficiency of peak resolution varied. A greater separation between 
R- and S-1-phenyl-2-propanol (IV) was obtained after derivatizetion with 
X then with XI (Fig. l) ,  which resulted in a more precise determination 
of optical purity (Table I). With R -  and S-I-phenyl-1-propano1 ( [ I ) ,  
better separation was obtained following derivatization with XI than with 
X. However, isomer ratios calculated from both chromatograms were 
virtually identical and in good agreement with those obtained polarim- 
etrically (Table I). 


Having demonstrated that the enantiomers of the racemate alcohols 
(I1 and IV) could be efficiently separated and quantitated as the corre- 
sponding diastereoisomers, it was possible to determine the extent to 
which stereoselectivity occurred during the metabolic reduction of 
arylalkylketones ( I  and 111) and to assign absolute configuration to the 
metabolites. 


When I was reduced i n  uitro (12,OOOxg liver homogenate) in rats or 
rabbits, 93-97% of the product alcohol (11) occurred as the S(-)-isomer, 
the remainder being the R ( + )  form (Table 11). Species differences were 
minimal and nicotinamide adenine dinucleotide phosphate or nicotin- 
amide adenine dinucleotide-generating systems were equally efficient. 
A structurally related alcohol, 1 -phenyl-I-ethanol, produced by the re- 
duction of acetophenone by an aromatic ketone reductase isolated from 
rabbit kidney, was similarly found to be predominantly (76%) in the S ( - )  


Table I-Stereochemical Analysis of Alcohols Obtained by 
Chemical Reduction of Arylalkylketoneso 


Method of Analysis 
Alcohols b 


I1 IV 


Polarimetry ~ 2 a =  60/40d 
DerivatizatiodGLC 


R(-)-menthy1 chloroformate 71/29 65/35 
S(+)-a-methylbenzyl isocyanate 72/28 58/42 


A cornparison of enantiomers detected by different analytical procedures. 
RBtio of enantiomers: 1-phenyl-1-propanol (II), S(-) /R(+);  1-phenyl-2-propanol 


Based on [m]" -32.50" (c S.1, ethanol). R. H. Pickard end J .  
Based on [o]o f16.10" (c5.6. ethanol). 


(IV), S ( + ) / R ( - ) .  
Kenyon. J .  Chem. Soc., 105.1115 (1914). 
Ihid.  


Journal of Pharmaceutical Sciences f 139 1 
Vol. 71, No. 12, December 1982 







Table 11-Stereochemical Analysis of Alcohols Obtained from the Metabolic Reduction of Arylalkylketones 


Ratio of Enantiomers . 


Methodology of Metabolic Alcohols' 
Metabolic Species 


Substrate System Cofactorn Pretreatment Alcohol Rat Rabbit 


I In uitro 


In uiuo 


NADPH 
NADH 
- 
- 
- 


N/P 
N/P 
N/P 


Enzyme 
Acid 


I1 98/4 93/7 - -. 91/i 9416 
51/43 9119 
52/48 8911 1 
42/58 65/35 


111 In  uitro NADPH N/P IV 9119 9416 
NADH N/P 90/10 9218 


In uiuo - N/P 81/19 87/13 


- Acid 72/28 19/21 
- Enzyme 80120 88/12 


a Generating system glucose-6-phosphate, magnesium chloride, and NADP+ or NAD+. * Hydrolytic pretreatment of biological sample: N/P, no pretreatment; enzyme, 
Ratio of enantiomers (as diastereoisomeric derivatives); /3-glucuronidase (15,060 U/ml, incubated 36 hr at 37O); acid, pH < 1 (autoclaved 40 min at 125' and 15 psi). 


1-pbenyl-1-propanol [S(-)/R(+)-II] as R(-)menthy1 chloroformate derivative, 1-phenyl-&propano1 (S(+)/R(-)-IV] as S(+)-a-methylbenzyl isocyanate derivative. 


form (12). In uitro reduction of phenylacetone (111) in rats and rabbits 
paralleled what was observed with the substrate I. The alcohol, IV, was 
recovered mainly as the S (  +)-enantiomer (90-94%), regardless of the 
species and cofactor (Table 11). 


In  uiuo reduction of I by rabbits gave results comparable to those ob- 
served in in uitro studies. Approximately 90% of the alcohol recovered 
from urine was determined to be S(-)-1-phenyl-1-propanol [S(-1-11]. 
An earlier study has shown that after administration of propiophenone 
to rabbits, I1 was recovered entirely as the S(-bglucuronide conjugate 
(11). In contrast to what occurred in rabbits in uiuo, reduction of I in rats 
resulted in the recovery of a markedly higher proportion of the R-alcohol 
[R(+)-111. In this instance, stereoselective reduction was less evident 
(Table 11). Both enzymatic and acidic hydrolysis of the urine collected 
in the in uiuo studies resulted in an increase in the relative amounts of 
R(+)-I1 isolated. 


In uiuo reduction of I11 to its corresponding alcohol (IV) resulted in 
the Dreferential formation of the S(+)-IV isomer, regardless of species 
(Table 11). The ratio of enantiomers [S(+)/R(-)] formed by rat  and 
rabbit were 81:19 and 87:13, respectively, corresponding to approximately 
twice the amount of R(-)-IV observed in uitro. In contrast, an earlier 
study (11) reported that when I11 was reduced in the rabbit, no trace of 
R(-)-l-phenyl-2-propanol was found. The S(+)-IV/R(-)-IV ratio was 
again influenced by the method used to hydrolyze urine (Table 11). 


In uiuo and in uitro metabolism of V was also investigated in rats and 
rabbits. Reduction yielded three metabolites of major interest for this 
study: 1-hydroxy-1-phenyl-2-propanone (VI), 2-hydroxy-l-phenyl-l- 
propanone (VII), and l-phenyl-1,2-propanediol (VIII), which was ob- 
tained as a mixture of its diastereoisomers (erythro- and threo-VIII) 
(Scheme I). Neither of the intermediate ketol metabolites (VI or VII) 
could be completely derivatized with either chiral reagent (X or XI) and, 
therefore, the optical purities of these metabolites could not be estab- 
lished. Similarly, the four-component mixture of optical isomers of the 
diol, VIII (1S2R- and lR2S-erythro,IS2S- and 1R2R-threo) could not 
be separated using the chiral reagents, but it was possible to separate the 
diastereoisomers as their trifluoroacetyl derivatives. 


QH 


0 


R 4fj 0 vI '.$ OH 


w 
R = C6H6- 


Scheme I 


As observed with ketones I and 111, in uitro reduction of V resulted in 
the formation of one predominant isomer of the diol metabolite (VIII) 
(Table 111). Between 94 and 98% of VIII was recovered as the erytho- 
diastereoisomer. Only marginal variation in the measured erythro-threo 
ratio of VIII was observed, regardless of the source of the liver preparation 
or the nature of the cofactor utilized. 


I n  uiuo reduction of V similarly produced erythro-VIII as the major 
diastereoisomer, regardless of species. Ratios of the isomers isolated 
(erythro-threo-VIII) were 75:25 and 86:14, recovered from rats and 
rabbits, respectively. Hydrolysis of urine with either P-glucuronidase or 
acid caused no change in the ratio (Table 111). 


DISCUSSION 


Conventional methods for determining the optical purity of metabo- 
lites have generally relied on isolating sufficient quantities of product 
for polarimetric analysis (11,19-22). This presents a problem when the 
amount of product available is too small for accurate measurement of 
optical rotation. The use of chiral reagents and subsequent analysis of 
diastereoisomeric products by GLC (23-27) offers a sensitive alternative 
for the quantification of stereoisomeric metabolites. This analytical 
procedure provided the data summarized in Table 11, which reveal that  
the metabolic reduction of I and 111 demonstrates a high degree of product 
stereoselectivity. The metabolites, I1 and IV, respectively, were recovered 
predominately as S-isomers in all studies with one exception: In  uiuo 
reduction of I by rats provided anomalous data. 


In quantitative terms, the in uitro reduction of arylalkylketones has 
been reported to be significantly dependent on both the species and co- 
factor (2-4,6-8,10,12), but the present study indicates that enantiose- 
lective preference is virtually unaffected by these variables. 


The ratios of isomers isolated from the in uiuo studies did vary, how- 
ever, depending on the nature of the hydrolytic treatment of the urine 
samples prior to extraction and derivatization of the alcohol metabolites. 
A noticeable increase in the amount of R(+)-I1 recovered, relative to that 
of S(-)-11, was observed in both species after enzymatic hydrolysis (Table 
11). Since it has already been demonstrated that both enantiomers of I1 
undergo glucuronide conjugation in rabbits ( l l ) ,  this observation suggests 


Table  111-Stereochemical Analysis of 1 -Phenyl- 1,Z-propanediol 
Obtained from the Metabolic Reduction of 1-Phenyl-12- 
propanedione 


Ratio of 
Diastereoisomers 


of VIII' 
Methodology Species 


Svstem Cofactorn Pretreatment 6 Rat Rabbit 


In  uitro NADPH NIP 9713 9713 
NADH NIP 9416 9812 


I n  uiuo - NIP 15/25 86/14 
- Enzyme 74/26 87/13 
- Acid 72/28 85/15 


0 Generating system; glucose-6-phosphate, magnesium chloride, and NADP+ 
or NAD+. b Hydrolytic pretreatment of biological sample: N/P, no pretreatment; 
enzyme, @-glucuronidase (15,000 U/ml, incubated 36 hr at 37'); acid, pH < 1 (au- 
toclaved 40 min at 125' and 15 psi). Ratio of diastereoisomers, erythro-threo-l- 
phenyl-1,2-propanediol (VIII) as the trifluoroacetylated derivative. 
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that a greater proportion of theR(t)-isomer is conjugated relative to the 
S ( - )  form. Only minor changes were detected in the S(t) /R(-)  ratio of 
1-phenyl-2-propanol (IV) after hydrolysis with fl-glucuronidase, when 
compared with the ratio observed with no pretreatment of the urine 
samples. 


The much higher levels of bothR(+)-I1 and R(-)-IV measured after 
acidic hydrolysis possibly could be due to a more efficient cleavage of the 
conjugate with acid treatment than with 0-glucuronidase. However, a 
more plausible explanation is that  racemization of isomers occurred 
during the harsh treatment created by conditions of low pH and elevated 
temperature (19). This would account for the difficulty in obtaining re- 
producible results after acidic hydrolysis. 


The absence of any noticeable change in the ratio of diastereoisomers 
of VIII suggest that both the erythro and threo isomers are conjugated 
to the same extent. However, it is perhaps more likely that because of the 
high polarity of the diols, neither compound (erythro-VIII nor threo- 
VIII) undergoes conjugation before being excreted in the urine. 


A strong correlation between in uiuo and in uitro results in the rabbit 
has been demonstrated in the present study with both substrates (Table 
11). A similar correlation was observed between in uiuo and in uitro re- 
duction of I11 in the rat, but not when I was the substrate (Table 11). In 
the latter instance, enantioselectivity was clearly demonstrated in in uitro 
studies, but in uiuo reduction of I appeared to be nonstereoselective. This 
anomalous situation may be the result of further preferential metabolism 
of S(-)-1-phenyl-1-propanol in uiuo in the rat. Related studies support 
this suggestion. It has been established (28) that when 1-phenyl-1-ethanol 
was administered to rats as the R(+)-isomer, it underwent extensive 
conjugation and was excreted largely as the glucuronide, whereas the 
S(-)-isomer was further oxidized to S(-)-mandelic acid. If the metab- 
olite, 11, behaved similarly in uiuo in the rat, it would account for the lower 
percentage recovery of S(-)-II compared with that obtained with the 
in uitro study. In addition, the increased recovery of R(+)-I1 after en- 
zymatic treatment of the urine sample could be rationalized by liberation 
of the R(t)-isomer from the glucuronide conjugate. 


The enantioselectivity of the reduction of the arylalkylketones (I and 
111) can be rationalized, based on a formula established previously (29) 
and confirmed by others (22,30-33). This formula essentially states that 
if the ketone is positioned so the large substituent is placed to the left, 
reduction mainly occurs such that the resultant hydroxyl group rises 
above the plane of the molecule. Compounds I and 111, therefore, could 
be predicted to be preferentially reduced to alcohols with the S-config- 
uration (Scheme 11: L, large substituent; S, small substituent). By 
applying Prelog’s rule, it is possible to predict the stereochemistry of the 
diol (VIII), assuming that reduction proceeded uia the ketoalcohol in- 
termediates (VI and VII) and that the pattern of preferred stereoselec- 
tivity remains constant. Consequently, VIII should occur predominantly 
as the 1R2S-diastereoisomer. Although it was not possible to resolve the 
1R2S- and 1S2R-erythro isomers, this prediction was accurate in as much 
as VIII recovered from the reduction of the diketone in uitro by both rat 
and rabbit was mainly (94-98%) the erythro form, the remainder being 
threo-VIII (Table 111). Compound VIII recovered from in uiuo studies 


111 IV 


Scheme I I  


was also predominantly the erythro diastereoisomer, although a great.er 
amount of the threo-compound was present compared to what was ob- 
tained from in uitro studies (Table 111). However, caution should be ex- 
ercised when attempting to explain this apparent decrease in stereose- 
lectivity, since additional factors such as further metabolism and dif- 
ferences in distribution and elimination may contribute to the overall 
variation in recovery of diastereoisomers. In this instance there is the 
additional possibility that racemization resulting from interconversion 
of the ketol intermediates (VI e VII) could have also occurred (2,23). 
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Abstract  The diterpene esters, genkwadaphnin and yuanhuacine, 
have been shown to possess significant antileukemic activity in the P-388 
screen. The major metabolic effects of the diterpene esters were on DNA 
and protein synthesis. The effects on DNA synthesis in uitro were evoked 
a t  a lower concentration than that required for protein synthesis inhi- 
bition. The sites in DNA synthesis which were inhibited were DNA 
polymerase and purine synthesis. In the latter pathway the enzyme ac- 
tivities inhibited were phosphoribosyl aminotransferase, inosinic acid 
dehydrogenase, and dihydrofolate reductase. I n  uiuo administration of 
the diterpene esters a t  0.8 mg/kg afforded identical types of effects on 
purine and DNA synthesis and in addition suppressed histone phos- 
phorylation and reduced the number of surviving tumor cells. The in uiuo 
effects on purine and DNA synthesis were evident as early as 6 and 24 
hr after administration of a single dose of the diterpene esters. 


Keyphrases Antitumor agents-nucleic acid synthesis by genk- 
wadapbnin and yuanhuacine of P-388 lymphocytic leukemia cells, di- 
terpene esters Genkwadaphnin-antitumor agents, nucleic acid syn- 
thesis by yuanhuacine of P-388 lymphocytic leukemia cells, diterpene 
esters 0 Yuanhuacine-antitumor agents, nucleic acid synthesis by 
genkwadaphnin of P-388 lymphocytic leukemia cells, diterpene esters 


Genkwadaphnin (I) and yuanhuacine (11) are two ortho 
esters bearing daphnane type diterpenes which possess an 
isopropylene side chain at  C13. Compounds belonging to 
the daphnane diterpene esters have previously been shown 
to have antileukemic activity as opposed to tigliane di- 
terpene esters, e.g., phorbol esters, which are known to be 
carcinogenic promoting agents (1). Compound I1 (odoracin 
or gnidilatidin) has previously been isolated from Daphne 
genkwa, Daphne odorata, Gnidia latifolia, and Gnidia 
glaucus Fres, and like other diterpene esters, such as 
12-hydroxydaphnetoxin, gnidimacrin, gnidimacrin-20- 
palmitate, gnidilatidin-20-palmitate, gnididin, gniditrin, 
and gnidicin, has been demonstrated to have antileukemic 
activity in the 20- to lOO-pg/kg dose range in rodents (2-6). 
The isolation and chemical characterization of a new di- 


0-c-0 Q 


OH 2 0 Y O H  


I : R =  -(03 
I 


11: R = -CH=CH--CH=CH-(CH,),-CH, 


terpene ester (I) has recently been reported (7) which also 
has demonstrated antileukemic activity. The effects of 
daphnane diterpene esters on nucleic acid and protein 
synthesis in P-388 lymphocytic leukemia is now reported 
to establish a mode of action in P-388 lymphocytic leuke- 
mia cells to explain their in uiuo antileukemic activity. 


EXPERIMENTAL 


The air-dried flowers of Daphne genkwa’ (9 kg) (known as Ydn-Hug  
in Chinese folklore; Thymelaeaceae) were extracted with methanol. 
Guided by the i n  uiuo P-388 lymphocytic leukemia rodent screen as 
conducted by the NCI protocol (6), the resulting active residue was dis- 


The plant material utilized in this investigation was identified as Daphne 
genkwa Sieb and Zucc (Thymelaeaceae) by H. C. Huang (7). A voucher sample (No. 
HCH-DG-771022) representing material collected for this investigation is available 
for inspection a t  the Herbarium of the School of Pharmacy, Kaohsiung Medical 
College, Kaohsiung, Taiwan, Republic of China. 


0022-35491 821 1 100- 1263$0 1.001 0 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1263 
Vol. 71, No. 11,  November 1982 







Table I-The Antineoplastic Activity of Genkwadaphnin and  
Yuanhuacine in the P-388 Lymphocytic Leukemia Screen in  
BDFl Male Mice 


Average 
Dose, Survival 


Compound (n = 6) mg/kg/day Days, (T/C) T/C %a 


0.05% Polysorbate 80 1 1.0/11 .o 100 
Genkwadaphnin 0.4 15.5/11.0 141 


0.8 19.0/11.0 173 
Y uanhuacine 


5-Fluorouracil 


0.4 16.0/11.0 145 
0.8 


12.5 
16.6h1.0 i 5 i  
19.6/11.0 178 


the 
(Number of days survived by the treated group/numher of days survived by 
control group) X 100. 


solved in a methanol-water mixture (1:l) and then partitioned into n- 
hexane and ether successively. Column chromatography of the active 
ethereal extract (55 g) on silica gel2 (500 g) in chloroform afforded two 
fractions (fraction A, 540 mg and fraction B, 820 mg), which possessed 
P-388 antileukemic activity. Subsequent purification of fraction B by 
preparative TLC led to the isolation of the new antileukemic principle 
I, as reported previously (7). 


Column chromatography of fraction A (540 mg) on modified dextran 
beads3 (3 g) in chloroform afforded a fraction (420 mg), which was further 
purified by preparative TLC4 eluted with n-hexane-2-propanol (101) 
and then ether-n-hexane (5:l) to yield compound I1 (132.5 mg). Final 
purification of I1 was achieved by high-performance liquid chromatog- 
raphy (HPLC)5 to give 82.3 mg of pure 11: [a]g + 62.4 (c = 0.242, CHCl3) 
[previously reported: [e]g + 34.3" (c = 0.184, CHC13) for odoracin (8), 
[a]g t 28' (c = 0.16, CHC13) for gnidilatidin (2). and [ a ]g  + 61.7' (c = 
1.07, CHC13) for yuanhuacine (9)]; UV,,, (ethanol) 227 nm (t, 44,300) 
[previously reported Amax (ethanol) 232 nm (c 36,000) and A,,, 232 nm 
( t  52,706); MS m/z 648.2939 (M+, Calc. for C37H44010: 648.2935 (9)]. 


The IR, 'H-NMR, and I3C-NMR spectra of I1 were identical to those 
of odoracin (8). Since the structure of odoracin is also identical to that 
of gnidilatidin (2) or yuanhuacine (9), yuanhuacine is thereby used as the 
name of 11, since the work dealing with the isolation and structural de- 
termination of I1 was submitted for publication earlier than odoracin or 
gnidilatidin. 


The P-388 lymphocytic leukemia tumor line was maintained in DBA/2 
male mice (-20 g) and the antineoplastic activity was established by using 
the NCI protocol (6). For the in uitro studies, P-388 cells were harvested 
from the peritoneal cavity 10 days after administering lo6 P-388 ip 
lymphocytic leukemia cells into BDFl male mice (-20 g) on day 0 
(10). 


In the in ULUO studies, BDFl male mice were inoculated on clay 0 with 
lo6 P-388 cells ip, and on days 7,8, and 9 the mice were administered 0.8 
mg/kg, the optimum dose for antineoplastic activity, of I or I1 intra- 
peritoneally. The biochemical studies were performed on cells harvested 
from the peritoneal cavity on day 10. Alternately, mice were injscted with 
a single dose of drug at  0.8 mg/kg, the optimum dose for antineoplastic 
activity, on day 7 and sacrificed either 6 or 24 hr later. 


The in uitro incorporation studies were conducted using 1 pCi of 
thymidine (6-", 21.8 Ci/mmole), uridine (6-3H, 22.4 Ci/mmole), or L- 
leucine (4.5-3H(N), 56.5 Ci/mmole) with lo6 P-388 whole cells or ho- 
mogenized cells in minimum essential growth medium6, pH 7.2, in a tqtal 
volume of 1 ml, incubated for 60 min at  37O. Thymidine incorporation 
into DNA was terminated with perchloric acid containing pyrophosphate, 
which was filtered on glass fiber paper (GF/F) by vacuum suction. RNA 
and protein assays were terminated with trichloroacetic acid and collected 
on nitrocellulose membranes by vacuum suction. The acid-insoluble 
nucleic acid or protein precipitated on the filter papers was placed in 
scintillation vials and counted7. The control value for in uitro DNA 
synthesis for 10-day P-388 cells was 31,777 dpm/mg of DNA, for RNA 
38,615 dpm/mg, and for protein 76,518 dpm/mg (11). I n  uioo thymidine 
incorporation into DNA was determined by injecting into the animal 1 
hr before sacrifice 10 pCi ip of [3H](methyl)thymidine (21.5 Ci/mmole). 


. 


* SilicAR, CC-7 


.I Silica Gel GF, 1000 pm, 6 plates. 
Sephadex LH-20. 


Waters Associates model ALC/GPC 244 Liquid Chromatograph using a 
Whatman Partisil M9 (500 X 12.8 mm) column and a mixture of n-hexane-iso- 
propanol(5:l) in a recycle mode with a flow rate of 4 m l h i n .  


Eagle MEM X 1 supplemented with 10% fetal calf serum, penicillin, and 
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Figure 1-The in vitro effects of genkwadaphnin (I) and yuanhuacine 
(11) on nucleic acid and protein synthesis of P-388 lymphocytic leukemia 
cells (60-min incubation) Cn = 5). Key: [3H]uridine into RNA, (A) 
yuanhuacine, (0)  genkwadaphnin; [3H]leucine into protein, (0)  
yuanhuacine, (m) genkwadaphnin; [3HJthymidine into DNA, (A) 
yuanhuacine, (0) genkwadaphnin; (1) standard deviation. 


The DNA was isolated (12), and the tritium content determined in 
scintillation fluid7 and corrected for quenching. The DNA concentration 
was determined by the diphenylamine reaction using calf thymus DNA 
as the standard. The results were expressed as disintegrations per minute 
per milliliter of DNA isolated. Uridine incorporation into RNA was de- 
termined in an analogous manner with 10 pCi of 6-[3H]uridine (22.4 Ci/ 
mmole) and the RNA extracted (13). Leucine incorporation into protein 
was determined by a previous method (14) with 10 pCi [3H]4,5(N)-~- 
leucine (52.0 Ci/mmole). The control values for DNA incorporation were 
202,098 dpm/mg DNA, for RNA incorporation 356,926 d p r n h g  RNA, 
and for leucine incorporation 319,300 dpm/mg of protein isolated. 


After in viuo administration of the drug, on day 10, the number of 
tumor cells per milliliter and the 0.4% trypan blue uptake were deter- 
mi,ned with a hemocytometer (15). The in uitro UV binding studies were 
conducted with diterpene esters (5 Fg/ml) incubated with DNA (38 
pg/ml) in 0.1 M phosphate buffer, pH 7.2 from 0-24 hr and measured over 
the range of 200-340 nm (15). 


The in uitro enzymatic studies were conducted with diterpene esters 
present in a final concentration of 12 pMs,  The in uitro and in uiuo en- 
zymatic assays have been described previously (10). Briefly, nuclear DNA 
polymerase activity was determined on isolated P-388 cell nuclei (16) 
using a previous incubation medium (17), except that [3H]methyldeox- 
yribothymidine triphosphate (82.4 Ci/mmole) was used. The insoluble 
nucleic acids were collected on glass fiber papers (GF/F). The control 
value was 24,568 dpm/mg of nuclear protein. Messenger, ribosomal, and 
transfer RNA polymerase enzymes were isolated using different con- 
centrations of ammonium sulfate (18), namely, 0.3 M, 0.04 M, and 0.00 
M, respectively, and the individual polymerase activities were measured 
using 5-[3H]~ridine-5-triphosphate (23.2 Ci/mmole). 


Insoluble RNAs were collected on nitrocellulose filters (18,19). Control 
values for messenger, ribosomal, and transfer RNA polymerase activities 
were, respectively, 21,434; 25,408; and 2,082 dpm/mg of nucleic protein. 
Ribonucleotide reductase activity was measured by a previous method 
(20) using 5-[3H]cytidine-5'-diphosphate (21.5 Ci/mmole). The deoxy- 
ribonucleotides were separated from ribonucleotides by poly(ethy1ene- 
imine)cellulose TLC. The control value for the reductase was 577,720 
dpm/mg of protein. Deoxythymidine kinase, deoxythymidylate mono- 
phosphate kinase, and deoxythymidylate diphosphate kinase activities 
were measured by spectrophotometric assay (21) based on the disap- 
pearance of nicotinamide dinucleotide a t  340 nm. Control values using 
a postnuclear supernatant fraction (SOOXg, 10 min) were a change in 
absorbance of 0.385,0.386, and 0.378 optical density units/20 min/mg 
of protein, respectively. Thymidine incorporation into the nucleotides 
was evaluated by using a previous medium (21). The reaction was ex- 
tracted with ether and the aqueous layer plated on poly(ethy1ene)imine 
cellulose F plates eluted with 0.5 N formic acid-lithium chloride (1:l). 


streptomycin. 
7 Fisher Scintiverse. 


(I Concentration of drug was selected because the micromolar range would be 
between ID50 values required to inhihil DNA and protein synthesis. 
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Table 11-The In Vitro Effects of Genkwadaphnin and  Yuanhuacine (12 pM) on P-388 Lymphocytic Leukemia Cell Metabolism 


Biochemical Parameter ( n  = 6) 


3H Thymidine incorporation into DNA 
3H Uridine incorporation into RNA 
3H Leucine incorporation into protein / I  14C]Formate into purines 


DNA polymerase 
tRNA polymerase 
rRNA polymerase 
mRNA polymerase 
Carbamyl phosphate synthetase 
Aspart,ate transcarbamylase 
Orotidine monophosphate decarboxylase 
Thymidylate synthetase 
Thymidine kinase 
Thymidylate monophosphate kinase 
Thymidylate diphosphate kinase 
Phosphoribosyl aminotransferase 
Inosinic acid dehydrogenase 
Dihydrofolate reductase 
Ribonucleotide reductase 
Nonhistone phosphorylation 


Control 


100 f 8  
100 f 1 0  
100 f 9  
100 f 6  
100 f 6  
100 f 5  
100 f 6  
100 f 6  
100 f 9  
100 f 7  
100 f 8  
100 f 3  
100 f7 
100 f 6  
100 f4 
100 f 7  
100 i5 
100 f 1 2  
100 f 7  
100 f 6  


Percent Control 
Genkwadaphnin Y uanhuacine 


23 f 4 a  
84 f 8  
66 f 7 a  
51 f8a  
71 f 9 "  
92 f 6  
81 f3a  


109 f 8  
114 f 8  
113 f 4  
89 f 5  
95 f 4  
98 f 5  
99 f 7  
97 f 4  
68 f 7 "  
66 f8" 
55 f8a  
96 f 5  


100 f 4  


33 f 5 "  
92 f 5  
70 f 8 
76 f g R  
84 f 4 "  
95 f 3  


106 f 4  
126 f 5 
110 f l l  
89 f 9 
96 f 6  
99 f 2  


102 f 6  
110 f 8  
93 f 6  
74 f 90 
67 f6" 
61 I S .  


114 f 7  
88 f 6  


a p 5 0,001. 


Table 111-The In  Vivo Effects of Genkwadaphnin a n d  Yuanhuacine on p-388 Lymphocytic Leukemia Cell Metabolism After 3 Days 
of Dosing at 0.8 mg/kg/day 


Biochemical Parameter ( n  = 6) 


3H Thymidine incorporation into DNA 
3H Uridine incorporation into RNA 
3H Leucine incorporation into protein I '  14C]Formate into purines 


DNA polymerase 
tRNA polymerase 
rRNA polymerase 
mRNA polymerase 
Carbamyl phosphate synthetase 
Aspartate transcarbamylase 
Orotidine monophosphate decarboxylase 
Thymidylate synthetase 
Thymidine kinase 
Thymidylate monophosphate kinase 
Thymidylate diphosphate kinase 
Phosphoribosyl aminotransferase 
Inosinic acid dehydrogenase 
Dihydrofolate reductase 
Ribonucleotide reductase 
Histone phosphorylation 
Number of cells oer milliliter 


Control 


100 f 6  
100 f l l  
100 f 8  
100 f 9  
100 f 6  
100 f 8  
100 f 4  
100 f 8  
100 f 7  
100 f 1 2  
100 f 6  
100 f 7  
100 *8 
100 f 8  
100 f 7  
100 f 8  
100 f 8  
100 f 7  
100 f 8  
100 f l l  
100 f 3  


Percent Control, Day 10 
Genkwadaphnin Yuanhuacine 


14 f 3 a  
23 f 5 "  
40 f 5 "  
60 f 6 "  
43 f 6 a  


118 f 6  
86 +8" 


115 f 1 0  
91 f8 
84 f 6  
99 f 5  
91 f 1 0  


118 f g R  
125 f 9 "  
109 f 1 0  
70 f 7 "  
58 f 5 "  
35 f 4 "  


108 f 1 6  
65 f 4 "  
16 f 2 a  


19 f 4 "  
68 f 8 u  
51 f 5 "  
66 f 4 O  


40 f 5 "  


81 f 5 =  
81 f9O 
94 f 8  
78 f 1 3  


117 f 1 7  
98 f 5  


105 f 6  


93 f 8  
69 f l l R  
51 f 5 O  
51 f 6 R  
94 510 
51 f 5 "  
27 f 5 R  


111 f 9  


98 f a  


p IO.001. 


Areas that correlated with R f  values of thymidine monophosphate, di- 
phosphate, and triphosphate standards were scraped and countedg. 
Enzymes of the pyrimidine synthetic pathway were also measured. 
Carbamyl phosphate synthetase activity was determined by a previous 
method (22). The colorimetric determination of citrulline was performed 
according to another method (23), resulting in 3.26 mg of citrulline 
formed/hr/pg of protein. 


Aspartate carbamyl transferase activity was carried out in the presence 
of aspartate transcarbamylase (22), and the colorimetric determination 
of the carbamyl aspartate formed was according to a previous method 
(24), resulting in 0.301 pmole formed/hr/mg of protein. Orotidine mo- 
nophosphate decarboxylase activity was measured using a (16,3OOXg, 
20 min) supernatant fraction by a previous technique (25) using [14C]- 
(carboxy1)orotidine monophosphate (34.9 mCi/mmole). The control value 
was 41,760 dpm/mg of protein. Thymidylate synthetase activity was 
determined by a previous method (26), utilizing a postmitochondrial 
(9OOOXg, 10 min) supernatant fraction with 5 pCi of 5-[3H]deoxyuridine 
monophosphate (14 Ci/mmole), affording a control value of 14,500 
dpm/hr/mg of protein. 


Dihydrofolate reductase activity was determined using a (SOOXg, 10 
min) supernatant fraction by a spectrophotometric method (27) based 
on the disappearance of reduced nicotinamide adenine dinucleotide re- 


g Packard Scintillation Counter in Fisher scintillation fluid and corrected for 
quenching. 


sulting in a value of 0.761 optical density U/hr/mg of protein for 10-day 
P-388 cells. [WIFormate incorporation into purines was measured by 
a method used previously (281, using 0.5 pCi of [14C]formic acid (52.0 
mCi/mmole). Purine separation was achieved by silica gel TLC eluting 
with n-butanol-acetic acid-water (4:1:5). Using the standards, guanine 
and adenine, the appropriate spots were scraped and the radioactivity 
determined. The control value for purine synthesis was 23,682 dpm/mg 
of protein. Phosphoribosyl pyrophosphate aminotransferase activity was 
determined by a previous spectrophotometric method (29) a t  340 nm 
using a (600Xg, 10 min) supernatant fraction resulting in a control value 
of 0.806 optical density U/hr/mg of protein. Inosinic acid dehydrogenase 
activity was determined by a previous method (30) using 8-[I4C]inos- 
ine-5'-monophosphate (61 mCi/mmole). The control value was 5745 
dpm/mg of protein, 


Histone phosphorylation was determined by injecting 10 pCi ip of 
y-[32P]adenosine triphosphate (27 Ci/mmole). The nuclei were isolated 
1 hr later, and the histone chromatin protein was extracted by a method 
used previously (31). Nonhistone chromatin phosphorylation by nucleic 
acid kinase was determined on isolated nuclei (16) utilizing 2 nmoles of 
y-[32P]adenosine triphosphate. Chromatin protein was collected on ni- 
trocellulose membrane filters (32). The control value for histone phos- 
phorylation was 2612 dpm/mg of chromatin protein isolated. Nonhistone 
phosphorylation was 18,616 dpm/mg of protein. Protein was determined 
by a previous method (33). 


Data are expressed in the tables as percent of control with standard 
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Table IV-The In  Vivo Effects of Genkwadaphnin and Yuanhuacine on P-388 Lymphocytic Leukemia Cell Metabolism 24 h r  After a 
Single Dose at 0.8 mg/kg 


Biochemical Parameter (n = 6) Control 
Percent Control, Day 8 


Genkwadaphnin Y uanhuacine 


3H Thymidine incorporation into DNA 
3H Uridine incorporation into RNA 
3H Leucine incorporation into protein / I  l4CC)Formate incorporation into purines 


DNA polymerase 
tRNA polymerase 
rRNA polymerase 
mRNA polymerase 
Orotidine monophosphate decarboxylase 
Phosphoribosyl aminotransferase 
Inosinic acid dehydrogenase 
Dihydrofolate reductase 
Ribonucleotide reductase 


100 f 7  
100 f 1 2  
100 f 9  
100 f 7  
100 f 5  
100 f 6  
100 f 7  
100 f 8  
100 f 7  
100 f 8  
100 f 7  
100 f 7  
100 f 9  


17 f 4 "  
82 f 9  
80 f8" 
69 f5"  
75 f5"  
95 f 5  
95 f 6  


111 f 1 0  
99 f8 
48 f 9 0  
58 f80 
54 f50  


126 f 1 0 O  


16 f5'  
84 f 8  


103 f8 
7 5  f 6 "  
70 f 6 a  
84 4 7 "  
63 f 9 "  
96 f 8  


117 f 9  
46 f l l"  
53 f8"  
53 f 5 "  
91 f8 


0 p 5 0.001. 


Table V-The In Vivo Effects of Genkwadaphnin and  Yuanhuacine on P-388 Lymphocytic Leukemia Cell Metabolism 6 hr After a 
Single Dose at 0.8 mg/kg 


Percent Control, Day 7 
Biochemical Parameter (n = 6) Control Genkwadaphnin Y uanhuacine 


~ 


3H]Thymidine incorporation into DNA 100 f8 13 f.5" 35 f8"  
14C]Formate incorporation into purines 100 f 7  67 f 6 "  7 3  f 7 0  


DNA polymerase 100 f 7  71 f 6 a  69 f 7 a  
100 f 9  47 *5= 80 f 7 "  Phosphoribosyl aminotransferase 


Inosinic acid dehydrogenase 100 f8 50 f 6 "  49 f 7 a  
Dihydrofolate reductase 100 f 6  77 f50  68 f 4 a  


I 


a p 5 0.001. 


deviation. The number of animals per group is represented by n. The 
probable ( p )  significant differences were determined by Student's t test. 


RESULTS 


Genkwadaphnin (I) and yuanhuacine (11) both demonstrated signifi- 
cant antineoplastic activity against the growth of P-388 lymphocytic 
leukemia. Compound I at 0.8 mg/kg/day afforded a T/C %value of 173, 
whereas I1 afforded a T/C % value of 151 (Table I). The antileukemic 
activity of the diterpene esters was comparable to the standard, 5-fluo- 
rouracil (T/C = 178% a t  12.5 mgkg) in their ability to inhibit P-388 tumor 
growth. 


The in uitro studies involving whole cells and homogenized cells 
showed pellucidly that the major effect of the diterpene esters was on 
DNA synthesis, with I producing a 77% suppression and I1 producing a 
67% suppression at  12 pM concentrations (Fig. 1). The effects of diterpene 
esters on DNA synthesis were identical in the studies on whole cells and 
homogenized cells, indicating that the effects of diterpene esters were 
not on the membrane transport of the radiolabeled precursor, but rather 
on cellular synthesis. The IDSO for the inhibition of DNA was 5.62 pM 
for I and 7.11 pM for 11. The studies demonstrated that the diterpene 
esters inhibited in uitro protein synthesis a t  a higher concentration, 
compared with the concentration required to inhibit DNA synthesis, 
affording an ID50 of -14.8 pM for I and an ID50 of 18.5 p M  for 11. 


Further in uitro studies (Table 11) showed that the principal pathway 
in nucleic acid synthesis which was suppressed by the diterpene esters 
was the purine pathway. Formate incorporation into purines was reduced 
49% by I and 24% by 11. A number of enzyme sites in purine synthesis 
appeared to be blocked by the diterpene esters. Phosphoribosyl amino- 
transferase activity was reduced 32% by I and 26% by 11. Inosinic acid 
dehydrogenase activity was reduced 34% by I and 33% by 11. Dihydrofo- 
late reductase activity was suppressed 45% by I and 39% by 11 in uitro. 
Marginal inhibition of DNA polymerase activity was observed with 29% 
reduction by I and 16% by 11. In uitro the diterpene esters had little effect 
on the enzymatic activities of the pyrimidine pathway, on the thymidylate 
kinases, or on the RNA polymerases. 


In the in uiuo studies, after dosing for 3 days a t  0.8 mg/kg/day ip, I 
reduced the number of cells per milliliter from 206 to 33 X lo6, and I1 
reduced this number from 206 to 56 X lo6 (Table 111). The diterpene 
esters, in uiuo, suppressed DNA synthesis significantly, with I causing 
an 86% reduction and I1 producing an 81% reduction after 3 days of 
dosing. Inhibition of RNA synthesis was observed in uiuo with I causing 
a 77% reduction and I1 causing a 32% reduction. Likewise, protein syn- 
thesis was also reduced in uiuo with I administration resulting in a 60% 


reduction and I1 a 49% reduction. In uiuo purine synthesis was suppressed 
40% by I and 34% by 11. As observed in the in uitro studies, key enzymes 
of the purine pathway were blocked by the diterpene esters. Phosphori- 
bosyl aminotransferase activity was reduced 30% by I and 31% by I1 after 
3 days of administration. Inosinic acid dehydrogenase activity was sup- 
pressed in oiuo 42% by I and 49% by 11. Dihydrofolate reductase activity 
was inhibited 65% by I and 49% by I1 therapy. DNA polymerase activity 
in uiuo was suppressed 57% by I and 60% by I1 administration. Phos- 
phorylation of the chromatin basic histones was reduced by the admin- 
istration of the diterpene esters, such that I caused 35% suppression and 
I1 caused 49% reduction. In uiuo administration of the diterpene esters 
had little effect on the pyrimidine synthetic pathway or on the RNA 
polymerase activities. 


Examination of the studies (Table IV) 24 hr after a single dose of the 
agents showed that DNA synthesis was inhibited significantly, with I 
resulting in 83% inhibition and I1 resulting in 84% inhibition. However, 
RNA synthesis and protein synthesis produced <20% inhibition 24 hr 
after a single dose of the diterpene esters. Formate incorporation into 
purines was reduced 31% by I and 25% by I1 administration. Phosphori- 
bosyl aminotransferase activity was inhibited 52% by I and 54% by I1 
therapy. Similarly, inosinic acid dehydrogenase activity was reduced 42% 
by I and 47% by I1 and dihydrofolate reductase activity was inhibited 46% 
by I and 47% by I1 after a single dose. DNA polymerase activity was in- 
hibited 25% by I and 30% by I1 administration. 
In uiuo administration of a single dose of daphnane diterpene esters 


(Table V) with sacrifice of the mice 6 hr later demonstrated that DNA 
synthesis was suppressed 87% by I and 65% by 11. Formate incorporation 
into purines after 6 hr demonstrated that I caused 33% reduction and I1 
caused 27% reduction. Phosphoribosyl aminotransferase activity was 
reduced 53% by I and 20% by I1 administration. Inosinic acid dehydro- 
genase activity was reduced -50% by a single dose of the diterpene esters. 
Dihydrofolate reductase activity was reduced 23% by I and reduced 32% 
by 11 therapy. DNA polymerase activity was reduced -30% by the di- 
terpene esters using a single dose. 


The in uitro UV studies with DNA indicated that there were no hy- 
perchromic effects or shift of absorbance to a higher wavelength. These 
studies indicate the diterpene esters did not bind to DNA or interfere with 
template activity for nucleic acid synthesis. 


DISCUSSION 


The diterpene esters, I and 11, had significant effects on cellular me- 
tabolism which would explain their antineoplastic activity in the P-388 
screen. The major effect is the suppression of DNA synthesis of P-388 
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lymphocytic leukemia cells. The observed inhibition of key regulatory 
steps of the purine pathway are of a sufficient magnitude to account for 
the reductions observed in DNA synthesis. In addition, other sites of 
inhibition by the diterpenes were DNA polymerase and dihydrofolate 
reductase activity. The inhibition DNA synthesis occurs within 6 hr, 
suggesting that it is not directly related to the abilities of the agents to 
suppress protein synthesis. 


The effects on P-388 cellular metabolism induced by the daphnane 
diterpene esters are in direct contrast to the reported cellular effects of 
the tigliane diterpenes, croton oil, and 12-0-tetradecanoyl-phorbol- 
13-acetate. These esters are hyperplasia-inducing agents (34) and induce 
cell proliferation (35, 36) augmenting carcinogenesis. I t  has been sug- 
gested that they act on cellular or intercellular membranes causing irri- 
tation and inflammation (37). Both crude extracts and esters have been 
observed to stimulate DNA and RNA synthesis, which was positively 
related to their ability to induce tumors (38). Stimulation of protein 
synthesis also occurs after the increase in RNA synthesis but before 
stimulation of DNA synthesis (38,39). Stimulation of phosphorylation 
of histones by the croton esters (40) has been observed. Increased histone 
phosphorylation is related to the ability of the croton oil esters to promote 
tumors and stimulate nucleic acid synthesis. Further studies have indi- 
cated that the croton oil esters inhibit the DNA repair enzyme system 
(41). 


Plants of the Euphorbiaceae family are known for their toxic effects 
on cells (42). However, these plants historically were used in herbal 
medicine to treat human cancer and warts (42). An antileukemic phorbol 
ester has been isolated from Croton tiglium and an antileukemic ingenol 
ester has been isolated from Euphorbia eoula (43). Two of the more po- 
tent diterpene esters are the macrocyclic diterpenoid gnidimacrin and 
its ‘2-20 palmitate (44). It has been suggested that the C-20 and C-12 ester 
groups are necessary for antileukemic activity and that these groups 
enable the agent to pass through the cellular membrane (2,44), thus fa- 
cilitating its antineoplastic effect on cell metabolism. Compounds I and 
I1 have an ester in the C-12 position but not the C-20 which contains a 
hydroxy group. 


Studies on structural requirements for the antileukemic activity such 
as the effect of the cyclopentenone ring, 6,7-epoxide group, the ortho 
esters and the configuration of A/B rings of the daphnane nucleus are 
currently in progress. 
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Abstract High-performance liquid chromatographic separations are 
described for the analysis of hyoscyamine-atropine and scopolamine in 
combination pharmaceutical dosage forms containing phenobarbital. 
A mobile phase containing 0.034 M tetramethylammonium phosphate 
in water-methanol (21:10, pH 2.0) separated hyoscyamine or atropine 
from scopolamine on an octadecylsilane column in <9 min. Monitoring 
of the column effluent a t  220 nm gave a detection limit of 0.02 pg for each 
alkaloid. Hyoscyamine sulfate and/or atropine sulfate were determined 
as total equivalent hyoscyamine sulfate, and scopolamine hydrobromide 
was determined as a separate entity. Data from the application of the 
method to commercial pharmaceutical products are also presented. 


Keyphrases 0 High-performance liquid chromatography-belladonna 
alkaloids and phenobarbital combination pharmaceuticals, determination 
of hyoscyamine-atropine and scopolamine 0 Combination drugs-bel- 
ladonna alkaloids, high-performance liquid chromatographic determi- 
nation of hyoscyamine-atropine and scopolamine 0 Alkaloids-bella- 
donna, combination pharmaceuticals, high-performance liquid chro- 
matographic determination of hyoscyamine-atropine and scopola- 
mine 


Microgram quantities of the belladonna alkaloids, 
hyoscyamine, atropine, and scopolamine, are widely used 
in combination with phenobarbital in pharmaceutical 
dosage forms for antispasmodic, anticholinergic, and 
sedative effects, especially in the treatment of functional 
GI disorders. Methodology was developed in this labora- 
tory which would allow for the analysis of the belladonna 
alkaloids and for phenobarbital in such products. The 
present report presents the method, procedures, and data 
obtained on the determination of hyoscyamine-atropine 
and scopolamine. 


The detection and quantitation of individual tablet 
levels of belladonna alkaloids in the common combination 
dosage forms is difficult for the following reasons: (a )  low 
concentrations, ( b )  low UV absorptivity, ( c )  instability to 
the heat and pH ranges normally encountered in suitable 
sample analysis extraction procedures, and ( d )  interfer- 
ence from the large concentration and high UV absorp- 
tivity of phenobarbital. Currently available methodology 
for detection and quantitation of belladonna alkaloids 
includes colorimetry (l), fluorometry (2), GC (3-4, and 
HPLC (6,7). The colorimetric procedure uses an ion-pair 
extraction with bromothymol blue at  pH 5.6 for a total 
alkaloid determination and an ion-pair extraction with 
bromocresol purple a t  pH 6.6 for a hyoscyamine-atropine 
determination; scopolamine is estimated by the difference 
between the two assays (1). The fluorometric procedure 
consists of an extraction followed by ion-pair reaction with 
eosine yellow and determines only hyoscyamine and at- 
ropine (2). The simultaneous analysis of scopolamine and 
hyoscyamine-atropine can be achieved with GC but re- 
quires extensive column preparation and conditioning 
(3-5). Adsorption effects hamper especially the quanti- 


tation of scopolamine due to its low concentration in dos- 
age forms as well as the peak broadening, which occurs due 
to its longer GC retention time. Loss of the alkaloids by 
adsorption on the sodium sulfate used to dry solvent ex- 
tracts prior to GLC injection has also been noted ( 5 ) .  Due 
to the instability of the alkaloids' free bases, sample solu- 
tions must be injected on the day of extraction. The two 
HPLC (6,7) procedures utilize reversed-phase ion-pairing 
chromatography with UV detection at 254 and 230 nm, 
respectively, to quantitate atropine and/or scopolamine. 
However, because of excessive background absorbance of 
the mobile phase, these methods lack sufficient sensitivity 
to quantitate the alkaloids a t  the microgram levels present 
in the common combination dosage forms. 


Improved HPLC procedures are reported for the anal- 
ysis of hyoscyamine, atropine, and scopolamine in com- 
bination pharmaceutical dosage forms containing phe- 
nobarbital. The method is applicable to a wide range of 
elixirs, tablets, and capsules for individual tablet assays 
(content uniformity test), as well as composite assays. In 
addition, the analysis of 22 commercial products using the 
described HPLC methods is presented. 


EXPERIMENTAL 


Apparatus-A liquid chromatograph' equipped with a 2 0 4  loop 
injector2, a variable wavelength UV detector3, and a recorder-integrator* 
were used. A 25 cm X 4-mm stainless steel column containing octade- 
cylsilane chemically bonded to 5 pm silica5 was employed. 


Reagents-Methylene chloride6 was passed through a 10 X 3-cm glass 
column containing 75 g of basic aluminum oxide7 and stored over basic 
aluminum oxide (25 g/4 liters of solvent) in a light resistant glass con- 
tainer. 


A carbonate buffer (pH 9.4) was prepared by mixing 5.3 g of anhydrous 
sodium carbonate and 4.2 g of sodium bicarbonate in 100 ml of distilled 
water. 


A solution containing 1% concentrated HCI in methanol was prepared 
fresh daily. 


A 0.05 M tetramethylammonium phosphate buffer was prepared by 
mixing 23 ml of 20% tetramethylammonium hydroxide in methanol8 and 
10 ml of concentrated phosphoric acid in 500 ml of distilled water, ad- 
justing to pH 2.0 with concentrated phosphoric acid, and diluting to 1 
liter with distilled water. 


Preparation of Internal Standard Solutions-An internal standard 
solution was prepared for use in the drug standard solution by dissolving 
anhydrous theophyllineg in methanol (300 pg/ml). The theophylline 


Constametric I Pump, Laboratory Data Control, Riviera Beach, Fla. * Chromatography Accessory Module Injector, 20-pl loop, Laboratory Data 


Spectromonitor I1 Variable Wavelength UV-Visible Detector, Laboratory Data 


H P  3380A Integrator, Hewlett-Packard, Palo Alto, Calif. 
Spherisorb octadecylsilane, 5 pm. Prepacked column purchased from Labo- 


Burdick and Jackson Laboratories, Muskegon, Mich. 
Brockmann Activity Grade 1, J. T. Baker, Phillipsburg, N.J. 
Aldrich Chemical Co., Milwaukee, Wis. 
K&K Laboratories, Plainview, N.Y. 


Control, Riviera Beach, Fla. 


Control, Riviera Beach, Fla. 


ratory Data Control, Riviera Beach, Fla. 
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Table I-Recovery Data for Spiked Sample Determinations of Commercial Formulations a 


Elixirs Tablets and Capsules 
Recovery, % Recovery, % 


Formulation Hvoscvamine Sulfate Scooolamine Hvdrobromide Formulation Hvoscvamine Sulfate ScoDolamine Hvdrobromide 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
- 
- 


97.2 
101.1 
101.0 
100.6 
102.7 
105.1 
94.7 
95.6 
97.3 


103.1 


93.7 
94.3 
98.0 


106.1 
93.f 


93.; 


b 


96.5 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


99.1 
94.8 


102.7 
101.0,99.3c 
94.4 
98.3 
99.0 


102.2 
99.8 
99.3 
98.2, 98.3c 


103.0 


b - 
99.6 
94.3 
95.7,97.4c 
93.6 


106.1 
104.4 
105.2 
100.4 
95.6 


102.8, 101.2c 
b - 


Mean Recovery 99.8 96.4 99.3 99.8 
SD 3.46 4.65 2.75 4.74 
RSD f3.47 f4.82 12.77 f4.75 
Range 94.7-105.1 93.0-106.1 94.4-103.0 93.6-105.2 


0 Portions of sample spiked with standard solution containing hyoscyamine sulfate and scopolamine hydrobromide and analyzed according to procedure. * Product 
did not contain scopolamine hydrobromide. Value obtained by second analyst. Value not included in statistics. 


solution was then diluted with methylene chloride (2.25 pg/ml) for use 
in the assay procedure. 


Preparation of Drug Standard Solutions-A standard solution of 
scopolamine hydrobromide’O in distilled water (500 pg/ml) was prepared 
and stored in low-actinic glassware. 


A mixed standard solution was prepared by weighing hyoscyamine 
sulfate” (16 mg) into a 50-ml low-actinic volumetric flask, adding 3.0 ml 
of the methanolic theophylline internal standard solution (300 pg/ml) 
and 2.0 ml of scopolamine hydrobromide standard solution, and diluting 
to -40 ml with distilled water. 


Preparation of Mobile Phase-The mobile phase was prepared by 
mixing 525 ml of 0.05 M tetramethylammonium phosphate buffer with 
250 ml of methanol. 


HPLC Conditions-A flow rate of 0.8 ml/min was used with UV de- 
tection set at 220 nm and the sensitivity set a t  0.02 aufs. 


5 


4 


3 1 
4 


3 


” 
1 -  


0 3 6 9 0  3 6 9 12 
MINUTES 


Figure 1-Typical chromatograms of HPLC separations of A, the 
standard solution and B, the tablet sample. Key: 1 ,  solvent; 2, scopola- 
mine; 3, theophylline (internal standard); 4, hyoscyamine-atropine; 
5, phenobarbital. Attenuation change of 4 X  after each scopolamine peak 
at the arrow. 


lo USP Reference Standard. 
I’ NF Reference Standard. 


Assay for Tablets and Capsules-Twenty tablets were weighed and 
finely powdered, or the contents of 20 capsules were weighed and com- 
posited. A sample portion equivalent to 4 . 6  mg of combined hyoscy- 
amine sulfate-atropine sulfate was accurately weighed and quantitatively 
transferred to a 50-ml centrifuge tube; 25 ml of 0.05 N sulfuric acid then 
was added and the tube shaken for 15 min. The mixture was then cen- 
trifuged for 5 min at  3000 rpm. A 5.0-ml aliquot of the supernate was 
pipeted into a 125-ml separatory funnel where it was extracted with two 
30-ml portions of methylene chloride. The organic phase was then dis- 
carded. Two milliliters of carbonate buffer (pH 9.4) was added to the 
aqueous phase remaining in the separatory funnel and the mixture was 
extracted with four 30-ml portions of methylene chloride. Each extract 
was filtered through a methylene chloride-rinsed glass wool plug into a 
flash evaporator1* fitted with a concentrator tubeI3. Exactly 3 ml of 
theophylline internal standard solution (2.25 pg/ml) and 9-10/50 grit 
boiling chips14 were added to the concentrator. A distilling column’5 was 
added to the concentrator and the methylene chloride evaporated on a 
steam bath to -10 ml. The distilling column was then rinsed with 1-2 ml 
of methylene chloride and the solvent evaporated to 0.5-1 ml. The dis- 
tilling column was removed and the column-concentrator junction rinsed 
with -1 ml of methylene chloride into the concentrator tube. The con- 
centrator tube was placed in a beaker of warm water (40 f 5O) and the 
solvent evaporated to -1 ml with the aid of a current of dry air. Next, 0.1 
ml of acidic methanol was added, mixed, and the solution evaporated to 
dryness using the conditions described previously. The sides of the 
concentrator tube were rinsed with 0.5 ml of methanol and the solution 
again evaporated to dryness. The extract was then dissolved in 300 pl of 
distilled water and a 20-4 sample was injected onto a liquid chromato- 
graph. 


Content Uniformity Test-One tablet or the contents of one capsule 
were transferred to a 125-ml separatory funnel and 7 ml of 0.05 N sulfuric 
acid added. The funnel was shaken until the tablet disintegrated and then 
shaken for an additional 5 min. Thereafter, the “Assay for Tablets and 
Capsules” was followed beginning with, “ . . . it was extracted with two 
30,ml portions of methylene chloride. . ..” 


Assay for Elixirs-A sample equivalent to -0.6 mg of combined 
hyoscyamine sulfate-atropine sulfate was pipeted into a 150-ml beaker. 
The solution was warmed in a 40 f 5” water bath with a current of air for 
30 min to remove alcohol. After cooling to room temperature, the sample 
was quantitatively transferred to a 25-ml volumetric flask and adjusted 
to volume with distilled water. Exactly 5 ml of this solution was pipeted 
into a 125-ml separatory funnel, 2 ml of 0.2 N sulfuric acid added, and 
the “Assay for Tablets and Capsules” was followed thereafter beginning 
with, “ . . . it was extracted with two 30-ml portions of methylene chloride 


Calculations-After obtaining the chromatograms, each peak re- 
sponse was determined by measurement of peak height or peak area. The 
quantity, in milligrams, of hyoscyamine sulfate-atropine sulfate and 
scopolamine hydrobromide in the portion of sample taken was calculated 


,* . . .. 


l2 Kuderna-Danish Concentrator, Kontes Glass Co., Vineland, N.J. 
l3 Mills Tube, Kontes Glass Co., Vineland, N.J. 
l4 Carborundum. 


Snyder Distilling Column, Kontes Glass Co., Vineland, N.J. 
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Table 11-HPLC Analysis Results fo r  Commercial Formulations 


Percent of Label Claim 
Hyoscyamine 


Sulfaten- Scopolamine 
Formulation Form Atropine Sulfate Hydrobromide 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Capsule 
Cansule 


89.3 
106.6 
90.2 


101.1 
93.2 


105.1 
91.8 
95.3 
32.1 


106.4 
93.6. (95.2)d 


93.2 
88.6 


105.5 
100.7 
81.7 


C 


c 


81.4 
88.2 


C 


C 


93.2; i94.7j 
91.9, (92.5) 
99.4, 93.1e, (98.1) 
83.7. (85.2) 
95.8; ( 9 6 4  


101.1, (97.7) 
95.5, (91.7) 
90.5, (89.3) 
91.6, (94.8) 
98.2, 96.2e, (100.9) 
11.7, (10.8) 


83.2, (87.4) 
99.2, (99.4) 


103.4, (97.1) 
55.5, (50.5) 
88.9, (98.0) 
90.0, 98.3e, (104.6) 


C 


Label claim range from 0.12050.217 mg/unit dose. * Label claim range from 
0.006(M.0284 mghnit dose; 0.00&4.0075 most common. Product did not contain 
scopolamine hydrobromide. d Values in parentheses are the average of 10 individual 
tablet assays (content uniformity). 


by the formula 0.3C X (RulRs). The values Ru and Rs are the ratios of 
the hyoscyamine sulfate (or scopolamine hydrobromide) response to the 
internal standard response for sample (u)  and standard (s), respectively, 
and C is the concentration of hyoscyamine sulfate (or scopolamine hy- 
drobromide) (milligrams per milliliter) in the standard solution. 


Value obtained by second analyst. 


RESULTS AND DISCUSSION 


Mobile Phase Selection-The presence of tetramethylammonium 
ions a t  pH 2 in the methanol-water mobile phase was found to minimize 
column adsorption of the alkaloids resulting in decreased retention time. 
Their presence also provided a high resolution separation of scopolamine 
and hyoscyamine-atropine, as shown in Fig. 1. The mobile phase was 
sufficiently UV-transparent for the detector to be set a t  220 nm where 
alkaloid absorptivity is considerably higher. Three octadecylsilane col- 
umns were used, and the separation of component peaks on each column 
was as good as or better than that shown. 


Even though the pH of the mobile phase buffer was a t  the lower ex- 
treme of the range normally considered advisable for column stability, 
the columns maintained separation and reproducibility for 5 months with 
daily use. At the end of each day’s use, the column was rinsed with water 
and then methanol and stored in methanol overnight to avoid column 
deterioration from prolonged contact with the low pH buffer in the mobile 
phase. 


Interferences-Considerable interference in the area of the hyo- 
scyamine-atropine peak was encountered when first testing the proce- 
dure. Upon checking the reagent blank, the interference was attributed 
to impurities in commercially available methylene chloride. Passing the 
methylene chloride through basic alumina eliminated the interference. 
Each commercial product analyzed was carried through the procedure 
without addition of internal standard to check for interference of ex- 
cipients in the area of the internal standard peak. A synthetic preparation 
of excipients representative of those encountered in the commercial 
products analyzed was also prepared and carried through the procedure 
to test for interference in the areas of the scopolamine peak and hyo- 
scyamine-atropine peak. No significant interferences were detected. 


Phenobarbital was not entirely removed by the extraction procedure but 
did not interfere with the HPLC determination because it was well sep- 
arated from the peaks of interest, as shown in Fig. 1. 


Stability of Standard Preparat ion and  Sample Solutions-A 
standard solution was prepared and its peak areas checked each day 
against a freshly prepared standard solution for 1 week. No deterioration 
in standard peak responses was noted. A sample solution was treated in 
a similar manner and sample peak responses also did not deteriorate. 
When standards or samples were dissolved in 0.05 N sulfuric acid or 
mobile phase instead of water, peak responses deteriorated. 


Validation Tests-Twenty microliters of each of a series of five 
standard solutions containing 0-0.5 mg of hyoscyamine sulfate/ml and 
0-0.032 mg of scopolamine hydrobromide/ml were injected onto the 
HPLC. Linear responses were obtained for each drug in its respective 
range by both peak height and peak area. Six replicate injections of the 
procedural standard solution gave a coefficient of variation of 1.4% for 
scopolamine hydrobromide and 0.5% for hyoscyamine sulfate. 


Precautions in  Sample Extraction-To minimize decomposition 
of the alkaloids due to heat, acids, and bases, the sample was carried 
through the entire extraction procedure to final dilution without stopping. 
The evaporation of solvent was found to be the most critical step. Since 
the alkaloid free bases decompose above 4 5 O ,  methylene chloride (bp 38’) 
was chosen as the extracting solvent. Use of the flash evaporator allowed 
for rapid evaporation without bumping and splattering of the solvent. 
During the evaporation, the sample was not allowed to go to dryness 
before addition of methanolic hydrochloric acid to prevent possible loss 
of the alkaloids’ free bases. The final methanol rinse was added to drive 
off residual hydrochloric acid which would decompose scopolamine salt. 
Because the alkaloid concentrations are in the microgram range, and thus 
subject to minute interferences, all glassware was thoroughly rinsed with 
distilled water and methylene chloride to ensure cleanliness. 


Recovery of Standards-An aliquot of each commercial formulation 
assay composite was spiked with a standard solution of scopolamine 
hydrobromide and hyoscyamine sulfate, extracted and assayed according 
to the procedure, and the percentage of standard recovered calculated. 
Recovery of alkaloid standards was also checked by a second analyst for 
Formulations 14 and 21. The recovery results for each product and the 
statistical evaluation of the recovery data are summarized in Table 1. 


Analysis of Commercial Formulations-Twenty-two commercial 
formulations consisting of elixirs, tablets, and capsules were assayed. 
Tablets and capsules were also analyzed for content uniformity. Results 
of the analyses are summarized in Table 11. The average content uni- 
formity values generally agreed with the assay values, but individual 
tablet values often varied f10% of the average value. This variation 
coupled with the low concentration of alkaloids caused difficulty in 
preparing a uniform assay composite for tablets and capsules. Assays on 
Formulations 14 and 21 were checked by a second analyst, and the results 
compared favorably with those of the first analyst. 
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Abstract  A surgical procedure for the chronic catheterization of 
mongrel dogs was presented with a detailed account of the use and 
maintenance of these catheters. The methodology allowed for a direct 
determination of the capacity of the liver to the intact animal to metab- 
olize drugs. The technique permitted the investigator to study the oxi- 
dation of drugs by the liver in a specific concentration range and assess- 
ment of the first-pass effect of the liver when many drugs are adminis- 
tered om the oral route. The dogs were prepared and used in the drug 
pharmacokinetic studies for periods up to 24 days. 


Keyphrases Catheterization-hepatic-portal, peripheral circulations, 
maintenance, pharmacokinetics 0 Pharmacokinetics-maintenance of 
surgical catheterization, hepatic-portal peripheral circulations 0 Me- 
tabolism-determination of liver capacity in intact dogs, pharmacoki- 
netics, surgical catheterization of hepatic-portal and peripheral circu- 
lations and maintenance 


Previous investigators (1-17) have reported that fol- 
lowing either oral or intravenous administration of ethyl 
alcohol to humans or animals, there were differences in 
alcohol distribution in the vascular system. Most authors 
(1-13) concluded that arterio-venous equilibrium, as de- 


’* * r- 
, 


A TD 


Figure 1-Diagramatic representation of catheter placements, (Figures 
from Ref. 18.) 


fined by zero arterial-venous concentration differences, 
was attained rapidly in humans. However, previous (14) 
and more recent studies (15-17) reported distributional 
trends not seen in the previous work. These results showed, 
by interpolation, that at only one point in time were equal 
arterial and venous concentrations attained, and that this 
time varied with each subject. Increased assay sensitivity 
and/or longer sampling time perhaps holds the key to the 
variance in observations. 


This methodology permits the direct determination of 
the capacity of the liver in the intact animal to metabolize 
drugs. By infusing the liver directly, the blood alcohol 
concentration entering the liver can be controlled and the 
oxidation of ethanol in the liver of an intact animal in a 
specific concentration range under in viuo testing condi- 
tions can be studied. This technique is useful in assessing 
the first-pass effect on the liver, observed when many drugs 
are administered uia the oral route. 


EXPERIMENTAL 
Criteria for  Dog Selection-Healthy, full-grown male mongrel dogs 


(15-31 kg) were selected. The following initial laboratory check-up was 
performed on each of the dogs: complete blood count (red blood cell 
count), white blood cell count, differential, hemoglobin, hematocrit, mean 
corpuscular volume, mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, red blood cell morphology, sedimentation rate, 
fecal flotation rate (coccidiosis), creatinine clearance, SGOT, Knott’s Test 
(heartworm), and Brucellosis Screen’. Dogs were wormed and vaccinated 
against rabies2 and distemper3. 


Dogs selected for the study were quarantined for 1 month and main- 
tained on an adequate diet of regular canine laboratory c h o d .  Prior to 
their release from quarantine, a similar laboratory check-up, as just de- 
scribed, was performed on each dog to detect any clinical changes and 
to determine the fitness of each dog for surgery. 


Surgical Procedure-Indwelling venous catheters were secured 
surgically in the hepatic artery, portal vein, hepatic vein, and the femoral 
artery. An additional catheter was implanted within the saphenous 
vein. 


Prior to surgery, the dogs were fasted (including water) for 6 hr. An 
enema5 was administered to each dog 60 min prior to surgery. Acepro- 
mazine maIeate6 (0.55-1.10 mg/kg of body weight) was administered 
intramuscularly as a preanesthetic and/or tranquilizer, and an intrave- 
nous injection of sodium pentotha17 was administered (22 mg/kg of body 
weight) for induction of anesthesia prior to intubation. With sedation, 
a 10-mm endotracheal tube8 was fitted in the dog’s throat to facilitate 
the administration of the anesthetic, methoxyflurane (2,e-dichloro- 
1,l-difluoroethyl methyl etherg) during surgery. A catheterlo (20 gauge, 


1 Pitman-Moore, Inc., Washington Crossing, N.J. * Trimune Rabies Vaccine, Rolynn Laboratories, Lenexa, Kan. 
Delcine HL, Dellen Laboratories, Omaha, Neb. 
Ralston Purina Co., St. Louis, Mo. 


5 C. B. Fleet Co., Murray Hill, N.J. 
Ayerst Laboratories, Rouses Point, N.Y. 
Abbott Laboratories, North Chicago, Ill. 


sportex, Hythe, Kent, England. 
Metofane, Pitman-Moore, Washington Crossing, N.J. 


10 Jelco Laboratories, Raritan, N.J. 
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15 mm) was inserted in the cephalic vein so that 5% dextrose in Ringer's 
Irrigation Solution11 could be infused by intravenous drip during the 
entire surgical procedure (3-4 hr) and for 1 hr postoperation to prevent 
fluid loss through dehydration. 


Aseptic technique was observed at all times within the surgical bay. 
Anesthetic intake, temperature, pulse, heart rate, respiratory rate, fluid 
intake, as well as urine and blood loss were monitored throughout the 
surgical procedure. 


The dog was placed on its back and a catheter'* was introduced into 
the urinary bladder. A 12-cm vertical abdominal midline incision was 
made. Skin, fascia, and muscle were spread laterally until the liver and 
the greater omentum were exposed. Capillary bleeding was arrested by 
electrocautery. The liver was deep red in color, firm in consistency, and 
friable. 


Implantation of the first catheter into the hepatic artery required lo- 
cation of the right gastric artery. The right gastric artery leaves the 
common hepatic artery at nearly a right angle, runs into the lesser 
omentum at the pylorus, and continues to the lesser curvature of the 
stomach. The point a t  which the right gastric artery leaves the common 
hepatic artery was exposed, and the connective tissue surrounding it and 
on its surface was removed (Fig. 1A). A 1-mm longitudinal incision was 
made, and a 60-cm venous cathete9 was fitted in the artery and ad- 
vanced into the commen hepatic artery. It was secured in the artery by 
suturing with nonabsorbable silk (000)'* using a square knot stitch. The 
catheter was flushed using a 10-U heparin ~ o d i u m / m l ~ ~  solution via a 3-ml 
plastic syringeI6 attached to the sampling barrel of the catheter, and 
testing for patency by drawing back until bright red arterial blood ap- 
peared in the syringe. The catheter was kept patent by the maintenance 
of the 10-U heparin sodium/ml solution within the catheter throughout 
the surgical period. A similar procedure was followed for maintaining 
patency with the implantation of the three other catheters. 


Following the insertion of the hepatic artery catheter, an indwelling 
catheter was placed in the portal vein. A 90-cm catheter" was advanced 
cranially into the portal vein through one of the mesenteric veins. 


A mesenteric vein was isolated by the separation of connective tissue 
from its surface. With isolation, a 1-mm longitudinal cut was made and 
the catheter inserted and secured with nonabsorbable surgical silk (OOO), 
flushed, and kept patent (Fig. 1B). 


With the hepatic artery and portal vein secured and patent, the peri- 
toneum, fascia, and muscle were sutured by a horizontal mattress stitch 
using surgical chromic gut's leaving the skin to be sutured later. The two 
catheters were set aside for further placement. 


A 6-cm cutdown was then made on the left pelvic limb, exposing the 
femoral artery and femoral vein. A 90-cm indwelling venous catheter was 
implanted into one of the numerous branches of the femoral vein and fed 
into the postcava with eventual placement in the hepatic sinus. This 
served as a site for sampling hepatic vein blood alcohol concentrations. 
The catheter was flushed and kept patent with heparin. 


Nonabsorbable surgical silk (000) was again used for securing the 
catheter. To ensure proper placement, the distance from the femoral vein 
to the hepatic sinus was measured and marked on the catheter. When 
the catheter was secured with the silk, its position within the hepatic sinus 
was verified by feeling for its tip within the sinus through the wall of the 
vena cava (Figs. 1C and D). In addition, when the study was complete, 
a necropsy was performed on each dog revealing the proper position of 
all catheters. 


A fourth catheter was then placed in one of the many branches of the 
femoral artery. A 1-mm longitudinal cut was made and the indwelling 
catheter fitted within the femoral artery and secured using nonabsorbable 
surgical silk (000) (Fig. 1E) and maintained with heparin. 


The femoral fascia was sutured with surgical chromic gut and the 
catheters passed between the medial femoral fascia and the skin to the 
location of two abdominal catheters. This was done by using a sterile 
1Opm endotracheal tube. The tube was inserted between the fascia and 
the skin after they had been separated by blunt forceps. The syringes were 
removed from the barrel of each catheter and the catheters advanced 
through the tube. Once the passage was complete and the endotracheal 
tube removed over the exposed ends of the catheters, heparin solution 
was again flushed through each of the catheters. 


l1 Travenol Laboratories, Deerfield, Ill. 
l2 Model No. 1730, C.R. Bard, Inc., Murray Hill, N.J. 
l3 Style No. 1914, C. R. Bard, Inc., Murray Hill, N.J. 
l4 Ethicon, Summerville, N.J. - 
l6 Organon, Inc., North Orange, N.J. 


l* Deknatel, Queens Village, N.Y. 


Becton, Dickenson and Co., Rutherford, N.J. 
Style No. 1936, C. R. Bard, Inc., Murray Hill, N.J. 
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Figure 2-Typical results of study conducted following surgery. Mean 
blood-ethyl alcohol concentrations following the 10-min intravenous 
infusion of 0.26glkg of ethyl alcohol via the cephalic vein to three dogs. 
Key: A: (*) femoral artery; (0) fernoral vein; B: (S) hepatic artery, (A) 
hepatic vein, (a) portal vein. 


The four catheters were placed under the skin to a location behind the 
dog's neck. This was accomplished by laterally separating (by blunt 
forceps) the skin and fascia so that the endotracheal tube could be placed 
between the tissues. A 2-cm incision was made in the dog's skin for the 
exit of the catheters from the tube. After the tube was positioned, the 
syringes were removed from the previously labeled catheter barrels and 
the catheters advanced through the tube. The tube was then removed 
and a polytef 3-way ~topcock'~ was attached to the barrel of each catheter. 
Each catheter was checked for patency, flushed with 3-ml of the 10-U 
heparin sodium/ml solution, and the attached stopcock closed off. 


The skin at  the midline incision and the femoral triangle was then 
closed using surgical silk (OOO)20. Penicillin G benzathine and penicillin 


Model No. K-75, Pharmaseal, Inc., Toa Alta, P.R. 
2o Davis & Geck, Division of American Cyanamid Co., Stamford, Conn. 
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G procaine21 (20,000 U/kg, respectively) was administered intravenously 
to prevent infection. 


Following the surgical implantation, there was a need to protect the 
externalized vascular catheters from the trauma of biting and rubbing. 
A dog jacket22, made of durable nylon net, afforded maximal protection 
and allowed the wound to heal. The jacket was adjustable, so as to fit a 
range of sizes, and contained two pockets, one on either side of the dog, 
enabling the housing and protection of the indwelling venous catheters. 
Clove oil was used as a chewing deterrent. Clove oil was found to be ef- 
fective and long lasting without ill-effects. In addition, routing the 
catheters under the skin and through the dermis into an area covered by 
the jacket’s pockets failed to attract the dog’s attention and a deterrent 
from biting was accomplished and proved effective. 


Postsurgical Procedure-The dogs were allowed to  stabilize post- 
surgically for a period of 2-3 days. It was found that the heavier dogs 
required a shorter recovery time. They were permitted their normal diet 
ad libitum. Prior to each animal study the dogs were fasted and water 
withheld overnight. The four catheters were checked for patency and 
flushed daily with a 100-U heparin sodium/ml solution in physiological 
saline. 


RESULTS AND DISCUSSION 


The experimental design (19,20), for which the above surgical proce- 
dure was developed, entailed the administration of several different doses 
of ethyl alcohol (8-10% v/v solutions in saline) uia either the hepatic ar- 
tery indwelling catheter or a 20-cm catheter23 inserted a t  the time of each 
study into a cephalic vein. Studies were conducted a t  2- or 3-day intervals 
to allow a sufficient wash-out period for the ethyl alcohol. Figures 2A and 
B show typical results from one such study in which 0.26 g of ethyl alco- 
hol/kg of body weight was administered over 10 min uia the cephalic vein. 
Blood samples from all four surgically placed catheters and a fifth cath- 
eter (20 cm) inserted a t  the time of study in the saphenous vein (a branch 
of the femoral vein) could be collected within a 15-20-sec time period. 
Thus, simultaneous blood collection at several locations in the vascular 
system is possible. Simultaneous sampling is essential in order to obtain 
accurate concentration gradients with time across the liver and within 
the peripheral circulation. Using the above surgical techniques, mongrel 
dogs were maintained with patent catheters up to 24 days (postsurgery). 
The catheters were patent a t  this time and could have been maintained 
longer. In this length of time, numerous studies could be conducted. 


While the surgical procedure described was for a specific study with 
ethyl alcohol, it has utility for the study of any drug suspected of liver 
first-pass metabolism. With appropriate maintenance the catheters could 
remain patent for extended periods with minimal discomfort to the 
dog. 
~~ ~ 


Longocil, Fort Dodge Laboratories, Fort Dodge, Ia. 
22 Alice King Chatham Medical Arts, Los Angeles, Calif. 
23 Style No. 1617 C. R. Bard, Inc., Murray Hill, N.J. 
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Abstract A high-performance liquid chromatographic separation is 
described for the analysis of phenobarbital in combination pharmaceu- 
tical dosage forms containing belladonna alkaloids. A mobile phase of 
0.003 M tetramethylammonium chloride in water-methanol (32 ,  pH 7.4) 
was used to separate Phenobarbital from belladonna alkaloids on an oc- 
tadecylsilane column in <7 min. The column effluent was monitored at 
240 nm, which resulted in a detection limit of 6 ng of phenobarbital. The 
method is applicable to elixirs, tablets, and capsules with no preliminary 
extraction procedure. Data from the application of the method to com- 
mercial products is also presented. 


Keyphrases 0 High-performance liquid chromatography-belladonna 
alkaloids and phenobarbital combination pharmaceuticals, determination 
of phenobarbital Phenobarbital-belladonna alkaloids, combination 
pharmaceuticals, high-performance liquid chromatographic determi- 
nation Combination drugs-belladonna alkaloids, high-performance 
liquid chromatographic determination of phenobarbital 


Phenobarbital is present in elixirs, tablets, and capsules 
with belladonna alkaloids for its sedative effects. I t  has 
been previously analyzed by such procedures as extraction 
with UV detection (l), partition chromatography with UV 
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Figure 1-Typical HPLC chromatograms showing separations of A, 
the standard solution and B, the sample solution. Key: 1, phenobarbital; 
2, guaifenesin (internal standard). 


detection (2), derivative formation with gas chromatog- 
raphy (3-5), normal-phase high-performance liquid 
chromatography (HPLC) (6,7), and reversed-phase HPLC 
(8-10). Since an assay was desired which would work as 
rapidly and as effectively with elixirs as with tablets and 
capsules with minimum sample preparation, reversed- 
phase HPLC was investigated. 


The HPLC retention properties of phenobarbital at 
different pH values of the mobile phase using ammonium 
phosphate and ammonium carbonate buffers was inves- 
tigated previously (8). It was found that phenobarbital 
could not be resolved from the solvent front on 37-40-pm 
commercially packed reversed-phase columns, and that 
the phenobarbital peak resolution was not improved by 
variations in either pH or the methanol-water ratio. 
Others, also investigating the reversed-phase retention 
properties of phenobarbital at different pH values of the 
mobile phase (9) found, using sodium phosphate buffers, 
that retention volumes would change with the pH of the 
mobile phase on a 10-pm commercially packed reversed- 
phase column. However, no optimization of analytical 
conditions was attempted. Reversed-phase HPLC was 
used also for the analysis of phenobarbital in animal feeds 
with an unbuffered methanol-water mobile phase (10). 
However, the mobile phase was selected to minimize ani- 
mal feed interferences. 


A reversed-phase HPLC procedure was developed in 
this laboratory which is rapid, specific, and stability in- 
dicating for the analysis of phenobarbital in the presence 
of belladonna alkaloids in commercial elixirs, tablets, and 
capsules. Analytical data for selected commercial products 
using the proposed method are reported. 


EXPERIMENTAL 


Apparatus-A liquid chromatograph’, equipped with a 20-4 loop 
injector’, a variable wavelength UV detector3, and a recorder-integrator4, 
was used. A 25 cm X 4-mm i.d. stainless steel column containing octa- 
decylsilane chemically bonded to 5-pm silica5 was employed. 


Reagents-A 0.01 M tetramethylammonium chloride solution was 
prepared by mixing 1.1 g of tetramethylammonium chloridefi in 1 liter 
of distilled water. A 0.02 M phosphate buffer (pH 7.4) was prepared by 
dissolving 6.80 g of monobasic potassium phosphate in -250 ml of dis- 
tilled water, adjusting to pH 7.4 with -39 ml of 1 N NaOH, and diluting 
to 1 liter. 


Preparat ion of Internal Standard Solution-A guaifenesin7 in- 
ternal standard solution in methanol (3.2 mg/ml) was prepared (Fig. 
1). 


Constametric I Pump, Laboratory Data Control, Riviera Beach, Fla. * Chromatoaraohv Accessory Module Iniector, 20-u1 1000. Laboratorv Data 
Control, RiviGa Beach, Fla. 


Spectromonitor I1 Variable Wavelength UV-Visible Detector, Laboratory Data 
Control, Riviera Beach, Fla. 


Spherisorb octadecylsilane, 5 Fm. Prepacked column purchased from Labo- 
ratory Data Control, Riviera Beach, Fla. 


K&K Laboratories, Plainview, N.Y. 


* HP 3380A Integrator, Hewlett-Packard, Palo Alto, Calif. 


6 Aldrich Chemical Co., Milwaukee, Wis. 
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Table I-Recovery Data  for Spiked Sample Determinations of 
Commercial Formulations for  Phenobarbital  


Elixirs Tablets and Capsules 
Percent Percent 


Formulation Recovery Formulation Recovery 


2 100.0 
5 98.0 
9 99.9 


10 99.2 
15 101.4 
19 101.8 
20 100.8 


Mean Recovery 99.3 
SD 1.1 
RSD fl.1 
Ranee 98.0-100.0 


100.8 
1.1 


421.1 
99.2-101.8 


Portion of sample spiked with standard solution containing phenoharhital and 
Numbering corresponds to formulations in Table analyzed according to prtredure. 


11. 


Preparation of Drug  Standard Solution-A phenobarbitald stan- 
dard solution was prepared in absolute methanol (260 pglrnl). Five mil- 
liliters of this solution was added to 4.0 ml of guaifcnesin internal stan- 
dard solution and 30 mlol'0.02 M phosphate buffer (pH 7.4), cooled to  
room temperature, and the volume adjusted to 50.0 ml with ahsolute 
methanol. 


Preparation of Mobile Phase-A mobile phase was prepared hy 
mixing 150 rnl of 0.02 M phosphate buffer (pH 7.41, 150 ml of 0.01 M 
tetramethylammonium chloride solution, and 200 ml ol'absolute meth- 
anol. 


HPLC Conditions-A flow rate of 1.0 ml/min was used with the U V  
detector set at 240 nm and the detector sensitivity set at 0.04 aufs. 


Assay for Phenobarbital in Elixirs-A quantity olelixir equivalent 
to -16 mg of phenobarbital was pipeted into a 60-ml volumetric flask. 
Thirty milliliters of methanol was added to the flask, the contents shaken 
for 4 min, and made to volume with methanol. About 6 ml of the solution 
was passed through a 0.5-pm filter. Aliquots of 2.0 ml of the filtrate and 
2.0 ml of guaifenesin internal standard solution were combined with 15 
ml of 0.02 M phosphate buffer (pH 7.4) into a 25-ml volumetric flask. The 
solution was mixed and made to volume with methanol. A 2O-pl portion 
of the solution was injected into a liquid chromatograph. The peak re- 
sponse was compared with the peak response by peak height or peak area 
of 20 pl of phenobarbital standard solution. The quantity of phenobar- 
bital in the portion of sample taken was calculated by the formula (Ru/ 
R s )  X C in which Hu and Rs were the ratios of phenobarbital to guai- 
fenesin peak response for sample ( u )  and standard ( 5 ) .  respectively, and 
C was the concentration of phenobarbital i n  the standard solution. 


Assay for Phenobarbital in Tablets and Capsules--Twenty tablets 
or the contents of 20 capsules were weighed and l'inely powdered. A 
portion of sample composite equivalent to  -16 mg of phenobarbital was 
accurately weighed and transferred to a 50-ml volumetric flask. Five 
milliliters of distilled water was added and the contents of the tlask 
shaken for 1 min. The procedure for "Assay for Phenobarbital in Elixirs" 
was then followed beginning with, "Thirty milliliters of methanol was 
added . . .." 


Content Uniformity in Tablets and Capsules-A tablet or the 
contents of one capsule were quantitatively transferred to a volumetric 
tlask which would yield a concentration of 4 . 3 2  mg/ml of phenobarbital. 
Five milliliters oldistilled water was added and the contents of the flask 
were mixed for 1 min. The "Assay for Phenobarbital in Elixirs" was then 
followed beginning with, "Thirty milliliters of methanol was added 


RESULTS AND DISCUSSION 


A slightly basic mobile phase (pH 7.4) was used to increase the UV 
absorptivity of phenobarbital, while avoiding the considerable column 
degradation normally observed with a mobile phase a t  a more basic pH. 
The addition of tetramethylammonium cations to the mobile phase re- 
sulted in selective increased retention of anionic compounds (i.e.,  phe- 
nobarbital) through the formation of a tetramethylammonium ion-pair 
(11). Increased peak broadening with a resulting loss in peak resolution 
occurred when samples or standards were dissolved in methanol instead 
of in the mobile phase. 


No intefering peaks were detected with 20 min of injection in any of 
the commercial products analyzed. The belladonna alkaloids did not 


8 USP reference standard. 


Table 11-HPLC Analysis Results for Commercial Formulations 


Formulation Dosage Form Percent of Label Claimn 


5 
6 
0 


;1 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 ~. 


19 
20 


Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir 
Elixir ~~~~~~~ 


Elixir 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 
Tablet 


101.9 
102.2 
102.5 
98.8 
99.7 
98.1 


108.6 
101.2 
95.6 
99.0, (100.0) * 


104.7, (104.7) 
92.4, (96.9) 


104.6, (102.2) 
100.6, (100.6) 
104.4, (102.1) 
97.5. 100.6'. (101.2) 


104.9; 101.9~; iioo.oj 
96.9, (100.6) 


100.4, 101.2', (101.2) 
Capsule 106.8. 106.8'. (109.2) 


21 Capsule 105.0'( 101.9)' 


0 Label claim range 15-32 mghnit  dose. b Values in parentheses are the average 
Value obtained by second of 10 individual tablet assays (content-uniformity). 


analyst. 


interfere because of their separate retention times, lower absorptivities, 
and smaller sample concentrations. The column was found to be stable 
with daily usage for more than 1 month with no apparent loss in resolution 
of phenobarbital and guaifenesin internal standard. 


Six replicate injections of a standard solution containing 0.026 mg/ml 
of phenobarbital gave a coefficient of variation of 0.5% for the ratio of the 
peak response of phenobarbital to that  of internal standard. Linear re- 
sponse was obtained in the 0-0.055 mg/ml range for a series of five phe- 
nobarbital standards. 


Seven commercial formulations were each spiked with a standard so- 
lution of phenobarbital, extracted and assayed, and the percentage of 
standard recovery calculated. The recovery results and the statistical 
evaluation of the recovery data are summarized in Table I. 


Twenty-one commercial formulations consisting of elixirs, tablets, and 
capsules were assayed. Tablets and capsules were also analyzed for con- 
tent uniformity. Results of the content uniformity analyses are sum- 
marized in Table 11. The average content uniformity values agreed with 
the composite assay values. Composite assays on Formulations 16, 17, 
19, and 20, listed in Table 11, were performed by another analyst. These 
results compared favorably with the original findings. 
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J. BARBE *x, A.-M. GALY *, R. FAURE $, A. MAHAMOUD $, and 
J.-P. GALY * 
Received February 26,1981, from the *Service de Chimie minbrale, Facultb de Pharmacie, 27 Boulevard Jean-Moulin, 13385 Marseille Cedex 
5, France, and the *Service de Chimie organique physique, Faculte' des Sciences, rue Henri-Poincarg, 13397 Marseille Cedex 4 ,  
France. Accepted for publication October 27,1981. 


Abstract Experimental dipole moments of some disubstituted 9- 
acridanones were compared to the vectorially and theoretically calculated 
values using CNDO/2 method. Results supported the existence of a 
presumed folding of these compounds with the prevalence of a quasi- 
equatorial conformation. 


Keyphrases Acridanones-disubstituted, dipole moments, confor- 
mation as solutes, Conformations-disubstituted acridanones as so- 
lutes, dipole moments Dipole moments-acridanones, disubstituted, 
conformation as solutes 


The special position of acridanone compounds has fre- 
quently been mentioned. Their structure has to be situated 
between those of acridine and acridane (l), since the for- 
mer is aromatic while the latter is equivalent to a bridged 
diphenylamine structure. Acridanone derivatives were 
identified as metabolites of the acridinic drugs (2-4) as well 
as metabolites of some dibenzoazepine-like antiepileptic 
drugs such as carbamazepine (5-7). 


These molecular transformations can modify the bio- 
logical response if it stems from electronic distribution, and 
they can also induce side effects due to the new geometrical 
structures which could eventually carry out stereospecific 
actions. 


Crystallographic data presently are the sole source of 
information about the acridanones structure (8). Because 
of this, it becomes worthwhile to define the conformation 
of acridanones as solutes and molecules isolated theoret- 
ically. 


In this report the dipole moments of some disubstituted 
9-acridanones were measured. They were calculated either 
by means of incremental vectorial addition or by the 
CND0/2 method. Calculations and experimental results 
were compared to portray the molecular structure of the 
compounds studied. 


EXPERIMENTAL 


Materials-The following compounds were studied: 1,lO-dimethyl- 
9-acridanone (I); 2JO-dimethy1-9-acridanone (11); 4,10-dimethyl-9- 
acridanone (111); 1-methyl-10-benzyl-9-acridanone (IV); 2-methyl-10- 
benzyl-9-acridanone (V); 2-methoxy-10-methy1-9-acridanone (VI); 2- 
methoxy-10-benzyl-9-acridanone (VII); 4-nitro-10-methyl-9-acridanone 
(VIII). 


These compounds were prepared using phase transfer catalysis ac- 
cording to the process previously worked out with other acridine (9) or 


0 
81 I 


R 
Figure 1-Molecular geometry of the disubstituted acridanones 
studied. 


acridanone (10) derivatives. The purity of the samples studied was 
checked by HPLC1. 


Methods-The dipole moments of the compounds as solutes in an- 
hydrous benzene were measured a t  25.00 i 0.05'. The permittivity2 and 
refractive index3 of the solutions were extrapolated to infinite dilution 
according to previous reports (11,12). The quantity (€12 - n:2) - (€1 - 
n:) was plotted versus the molar concentrations, C ,  of the solute. The 
slope of the curve at  C = 0 was then used to calculate the dipole moment, 
P: 


where k is the Boltzmann's constant, N is Avogadro's number, T is the 
absolute temperature, and ti and nj are the permittivities and refraction 
indexes, respectively, of the solutes (Index 1) and of the solutions (Index 
12). 


RESULTS AND DISCUSSION 


Experimental dipole moments and the theoretical moments, calculated 
using vectorial incremental addition, are given in Table I. For these cal- 
culations, the following molecular increments were used: anisole, 1.25 
D diphenylamine, 1.08 D; nitrobenzene, 3.98 D; toluene, 0.40 D (13); and 
4-pyridone, 5.30 D (14). 


Molecules were examined as being planar. Nitrogen hybridization was 
successively considered as sp2 and sp3, and in each case a possible con- 
jugation of the nitrogen lone-pair was taken into account. It must be kept 
in mind that conjugation modifies the value of dipolar increments because 
of the alteration of the electronic density at  the level concerned. The 
values used are those previously given (15). 


The molecules were assumed to be folded, which occurs along a ficti- 
tious N-0 axis. Calculations were performed for different values of the 
angle, a, between each benzo ring of the heterocycle. The folding involves 
two limit-conformers known as R extra (quasi-axial) or R intra (quasi- 
equatorial) in accordance with the spatial orientation of the N-R bond. 
The conjugation concerns only the intra structure, because of the elec- 
tronic hindrances in the extra structure. Four limit structures also were 
studied in the methoxy substituent: in structures M-1 or M-2, the methyl 
group is in the benzo plane, while in structures M-3 or M-4 it is out of the 


X 
t 


X 
cH3\ t 


M-1 z M-2 ZCH, 


rJ. 
M -3 M -4 


Pump, M 6000 A, Waters Associates; column, 25-cm pBonda ack C-18 Waters 
Associates; detector, variable wavelength UV spectrometer Cecil 8E 212. Detection 
was operated at  254 nm. The mobile phase flow rate (methanol RP) WBS 3 ml/min-', 
c.e., -2000 psi. * W.T.W. DM 01 dipolmeter with a DFL 1 cell. 


O.P.L. Abbe-type refractometer. 
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Table I-Experimental and Calculated Dipole Moments a 


p Vectorial Calculationb 
Folded Structure 


Planar Structure R intra R extra 
Compounds uexp. ulit. uCND0/2  Nsp2 Nsp3 a =  170' 160' 150' 140' 170' 160' 150' 140' 


N-methyl 
acridanone 
I 


I1 


111 


IV B-1 


IV B-2 


V B-1 


V B-2 


VI M-1 


VI M-2 


VI M-3 


VI M-4 


VI M-5 


VII 


VII 


VII 


VII 


VII 


VII 


VII 


VII 


VII 


B-1, M-1 


B-1, M-2 


B-1, M-3 


B-1, M-4 
B-I, M-5 


B-2, M-1 


B-2, M-2 


B-2, M-3 


B-2, M-4 


B-2, M-5 
VII 


VIII 


5.20 


4.85 


5.37 


5.34 


5.28 


5.28 


5.32 


5.32 


4.66 


4.66 


4.66 


4.66 


4.66 


4.60 


4.60 


4.60 


4.60 


4.60 


4.60 


4.60 


4.60 


4.60 


4.60 


2.55 


4.90 


4.95 


5.14 


5.14 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


4.44 


0.72; 
10.06 


5.90 


5.50 


5.71 


6.30 


5.38 


5.38 


5.52 


5.52 


7.15 


5.49 


6.33 


6.33 


7.02 


5.41 


6.34 


6.20 


6.53 


1.91 


5.57 
4.82 
5.19 
4.43 
5.32 
4.64 
5.97 
5.22 
4.89 
4.11 
5.34 
4.61 
5.10 
4.32 
5.54 
4.82 
6.81 
6.06 
5.23 
4.51 
5.88 
5.23 
6.26 
5.44 
6.23 
5.56 
6.50 
5.74 
4.94 
4.18 
5.53 
4.87 
6.01 
5.17 
5.90 
5.21 
7.13 
6.41 
5.54 
4.81 
6.23 
5.61 
6.54 
5.73 
6.58 
5.92 


5.85 
4.99 
5.47 
4.61 
5.68 
4.82 
6.22 
5.38 
5.25 
4.42 
5.25 
4.37 
5.46 
4.63 
5.44 
4.59 
7.05 
6.22 
5.51 
4.67 
6.65 
5.77 
5.95 
5.19 
6.41 
5.62 
6.86 
6.05 
5.30 
4.48 
6.40 
5.53 
5.82 
5.09 
6.25 
5.50 
6.79 
5.95 
5.29 
4.44 
6.46 
5.57 
5.66 
4.87 
6.13 
5.32 
2.40 
1.54 


6.09 
5.19 
5.72 
4.82 
5.94 
5.05 
6.45 
5.56 
5.51 
4.62 
5.58 
4.64 
5.73 
4.84 
5.79 
4.90 
7.24 
6.36 
5.71 
4.84 
6.95 
6.07 
6.02 
5.16 
6.56 
5.70 
7.06 
6.19 
5.51 
4.64 
6.72 
5.83 
5.88 
5.05 
6.41 
5.57 
7.06 
6.17 
5.57 
4.70 
6.84 
5.95 
5.79 
4.93 
6.55 
5.48 
2.91 
2.17 


6.32 
5.44 
5.98 
5.10 
6.21 
5.33 
6.67 
5.76 
5.78 
4.89 
5.93 
5.16 
6.01 
5.13 
6.16 
5.30 
7.43 
6.54 
5.94 
5.09 
7.26 
6.40 
6.06 
5.17 
6.70 
5.81 
7.27 
6.38 
5.75 
4.89 
7.05 
6.17 
5.95 
5.06 
6.57 
5.68 
7.34 
6.45 
5.89 
5.05 
7.23 
6.38 
5.93 
5.04 
6.58 
5.69 
3.48 
2.90 


6.48 
5.65 
6.15 
5.34 
6.40 
5.59 
6.81 
5.97 
5.96 
5.13 
6.03 
5.24 
6.21 
5.38 
6.27 
5.48 
7.54 
6.68 
6.09 
5.29 
7.44 
6.63 
6.07 
5.19 
6.78 
5.91 
7.40 
6.52 
5.91 
5.09 
7.24 
6.42 
5.96 
5.07 
6.66 
5.78 
7.36 
6.51 
5.96 
5.18 
7.31 
6.53 
5.86 
4.99 
6.58 
5.72 
3.92 
3.51 


4.70 


4.30 


4.52 


5.10 


3.93 


4.53 


4.14 


4.73 


5.95 


4.37 


5.30 


5.14 


5.49 


5.58 


4.01 


4.91 


4.80 


5.15 


6.16 


4.58 


5.57 


5.27 


5.66 


0.74 


4.63 


4.24 


4.43 


5.02 


3.84 


4.55 


4.03 


4.74 


5.85 


4.28 


5.40 


4.83 


5.30 


5.45 


3.90 


5.00 


4.45 


4.91 


6.15 


4.59 


5.74 


5.08 


5.56 


1.12 


4.62 


4.26 


4.42 


4.99 


3.88 


4.63 


4.04 


4.79 


5.79 


4.27 


5.52 


4.54 


5.14 


5.40 


3.91 


5.16 


4.14 


4.74 


6.14 


4.63 


5.90 


4.86 


5.47 


1.85 


4.68 


4.35 


4.48 


5.03 


4.03 


4.76 


4.15 


4.87 


5.78 


4.34 


5.65 


4.36 


5.06 


5.43 


4.04 


5.34 


3.99 


4.69 


6.18 


4.73 


6.05 


4.73 


5.44 


2.54 ~~ 


In Debye units, D. For each compound, there are the dipole moments calculated with (first line) and without (second line) conjugation. Nitrogen dioxide and benzo 
plane are perpendicular. Nitrogen dioxide and benzo ring-carriers are in the same plane. 


benzo plane. Free rotation M-5 was also studied for this group. Con- 
versely, free rotation was inconceivahle for the benzyl substituent. So, 
only structure B-1 or B-2 was considered. 


The molecular geometry was used for the CND0/2 calculations (Fig. 
1). Substituenta are located along the bisector axis. 


Bond length and angles are those drawn from the literature (16). Cal- 
culations were performed for a planar structure only. Dipole moments 
are given in Table I while bond indexes of some compounds are collated 
in Table 11. These indexes can be compared to those corresponding to 
acridine derivatives (17). Average values of bond indexes in each case are 
summarized in Fig. 2. Comparison shows that the aromatic character of 
benzo rings is greater in acridanones than in acridines, unlike the aromatic 


character of the central ring which is lower in acridanones than in acri- 
dines. Consequently, the acridanone heterocycle can be assumed to be 
folded. Moreover, this statement agrees with the result of the comparison 
between experimental dipole moments and the vectorially calculated 
ones. There is also an agreement with UV spectra (18). 


But, added to this, according to the latter comparison, a particular 
orientation of the methyl group of the methoxy substituent is involved: 
lone pairs of the extracyclic oxygen should be conjugated with the a cloud 
of the ring-carrier. Similarly, the most probable structure for the benzyl 
substituent seems to be the previously noted structure, B-1. This is in 
close agreement with the NMR spectra4 presented in Table 111. Indeed, 
structure B-1 is consistent with the deshielding of the benzylic protons, 
CH2, (5.52 < 6 < 5.57 ppm) referring to those of the (p-CH2-NR2 like 
compounds (3.30 < 6 < 3.96 ppm) (19). 


Figure 2-Acridines and acridanones: diagrams with the averaged a 
bond indexes. 


4 Varian XL 100 Spectrometer. 
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Table 11-Bond Indexes of Some Compounds Studied 


Compounds 
Bonds I I1 111 V VI VII 


0.6616 
0.6499 
0.6758 
0.6190 
0.3784 
0.3747 
0.6184 
0.6819 
0.6423 
0.6851 
0.6152 
0.5842 
0.3668 
0.8090 
0.3832 
0.5800 
0.5954 


0.6710 
0.6293 
0.6846 
0.6186 
0.3690 
0.3767 
0.6179 
0.6822 
0.6418 
0.6855 
0.6144 
0.5831 
0.3683 
0.8168 
0.3667 
0.5832 
0.6182 


0.6849 
0.6441 
0.6695 
0.6037 


0.3767 
0.6178 
0.6825 
0.6415 
0.6858 
0.6141 
0.5832 
0.3686 
0.8165 
0.3671 
0.5879 
0.6119 


0.3769. 


0.6709 
0.6293 
0.6845 
0.6180 
0.3713 
0.3791 
0.6045 
0.6890 
0.6347 
0.6908 
0.6076 
0.5874 
0.3697 
0.8163 
0.3668 
0.5828 
0.6182 


0.6692 
0.6256 
0.6849 


0.6692 
0.6256 
0.6849 


0.6187 0.6181 
0.3621 0.3643 


0.6173 0.6040 
0.6826 0.6894 


0.3784 0.3808 


0.6413 0.6342 ~ ~. 


0.6860 0.6913 
0.6138 0.6069 
0.5826 0.5868 
0.3691 0.3705 
0.8172 0.8166 .~ ~ 


0.3659 
0.5877 


0.3660 
0.5873 


0.6139 0.6140 
~ ~~~ ~~ ~ 


Table 111-Chemical Shifts and Assignment of Protons 


Compounds Aromatics -CH2-- 2-OCH3 N-CH3 v-CH3 
I 8.5-7.0(rn, 7H) 


I1 8.0-7.2h 7H) 
3.90(s, 3H) 
3.80(s. 3Hl 3.10 2.45(~. (s,3H) 3Hl 


111 8.5-7.2irn; 7H) 3.85i~j 3Hj 2.70iS: 3Hj 
IV 8.5-6.9(rn, 12H) 5.45(s, 2H) 3.00(s, 3H) 
V 8.6-7.1(m, 12H) 5.55(s, 2H) 2.45(s, 3H) 
VI 8.7-7.2(m, 7H) 3.95(s, 3H) 3.85(s, 3H) 


VIII 8.7-7.1(m, 7H) 3.60(s, 3H) 
VII 8.5-7.2(m, 12H) 5.55(s, 2H) 3.90(s, 3H) 


(I Solvent, dimethyl sulfoxide; internal standard, tetramethylsilane; temperature, ambient; multiplicity: m, multiplet; s, singlet. 


No information is available, however, about the nitro group from the 
vectorial pattern, because of the supposed free rotation of this substit- 
uent. But, inclination of the latter upon the ring-carrier plane is close to 
70°, according to the CNDOI2 calculations. 


The agreement found between quantum mechanics calculations and 
incremental vectorial addition must be emphasized. Similar results were 
previously noted with some other acridine derivatives (17). 


As for acridanones, they are presumably slightly folded, the angle of 
folding being close to 170’. Moreover, the prevailing structure should be 
the intrastructure. 
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Abstract A highly potent cardiotonic substance, calcium isocitrate, 
was isolated from Aloe saponaria, using solvent partition, nonionic po- 
rous resin, and gel permeation chromatographies. Cardiac stimulant 
activity of synthesized stereoisomers of calcium isocitrate was demon- 
strated in isolated guinea pig atria. 


Keyphrases Aloe Saponaria-cardiac stimulation activity of various 
constituents, calcium isocitrate 0 Calcium isocitrate-isolated from Aloe 
saponaria, cardiac stimulation of rabbit and rat, and guinea pig atria 
Stereoisomers-synthesis of calcium isocitrate stereoisomers, cardiac 
stimulation activity, rats, rabbits, guinea pigs 


Aloe is a group of succulent plants native to dry areas, 
especially southern Africa. The leaves of Aloe saponaria 
have been used widely as folk medicine for various external 
and internal diseases such as burns, cuts, ulcers, and 
stomach disorders, etc. Aloin has been isolated from the 
plants as the major component (1) and is used as a purga- 
tive. While examining the antibacterial and antitumor 
activities of Aloe extracts (21, the cardioexcitatory effect 
of the extracts on the isolated atria was recently identified. 
The present experiments were undertaken to isolate the 
cardiotonic substances from A. saponaria and to evaluate 
their positive inotropic effects on isolated cardiac mus- 
cles. 


EXPERIMENTAL 


Materials1-Nonionic porous resin2, anion exchange resin3, dextran 
gel4, dextran gel possessing both hydrophilic and lipophilic propertiesb, 
and thin layer chromatography (TLC) aluminum sheets of silica gel6 were 
purchased from suppliers. TLC was performed using butanol-ethanol- 
chloroform-28% ammonium hydroxide (4:52:8) and ethyl acetate-bu- 
tanol-acetic acid-water (6:85:8) as solvent systems. Anisaldehyde-sul- 
furic acid and iodine were used as spraying reagents. 


Chromatography-The flow rate for a column of resin2 (4 X 6 cm) was 
-20 mlhr  and for resin3 (1.5 X 15 cm) was -20 mlhr. The gel filtration 
through dextran gel4 (2.5 X 36 cm) and gel5 (1.5 X 40 cm) was performed 
at room temperature at a flow rate of 21 m l h .  The chromatography with 
silica gel6 was performed through a column (2 X 22 cm). 


Bioassay-Bioassay of compounds was performed on isolated atria 
of rat, rabbit, and guinea pig hearts. The atrium was separated from the 
rest of the heart and suspended in a 50-ml tissue bath containing 
Krebs-Ringer bicarbonate solution of the following composition (mM): 
sodium chloride, 120.3; potassium chloride, 4.8; calcium chloride, 1.2; 
magnesium sulfate, 1.3; potassium biphosphate, 1.2; sodium bicarbonate, 
25.2; and glucose 5.5. The solution was continuously bubbled with a gas 
mixture of 95% oxygen and 5% carbon dioxide and maintained at 30°, pH 
7.4. Tension was recorded isometrically through a force displacement 


IR, PMR (tetramethylsilane as the internal standard), CMR (tetramethylsilane 
as the internal standard) and mass spectra were recorded using KOKEN DS-301, 
JEOL PS-100, JEOL FX-100, and JMS D-300, respectively. In the PMR descrip- 
tions, s = singlet, d = doublet, d,d = doublet of doublets, t = triplet, q = quartet, 
sex = sextet, and m = multiplet. Optical rotations were obtained on a JASCO DIP-4 
and melting points were determined on a Yanagimoto melting point apparatus and 
are uncorrected. 


Amberlite XAD-2, Rohm and Hass Co. Ltd. 
B Amberlite IRA-400 (OH-), Rohm and Hass, Co. Ltd. * Sephadex G-50, Pharmacia Fine Chemicals. 


Sephadex LH-20, Pharmacia Fine Chemicals. 
Merck 60. 


transducer' and displayed on a polygraphs. In some experiments, spon- 
taneously beating right atria were used; in other cases, the left atria were 
driven by an electrical stimulatofl at a frequency of 1.0 Hz with square 
wave pulses of 5 msec at  100% above threshold voltage. The atria were 
allowed to equilibrate under 0.5-g tension for 60 min prior to beginning 
the experiment. The changes in contractile force and rate produced by 
the test agents are expressed as a percentage variation. 


Extraction-The fresh leaves of Aloe saponarialo were harvested 
from the greenhouse of the herbal garden of Kyushu University. Fresh 
leaves (20 kg) were cut in half and colorless gelatinous pulp was separated 
carefully by scraping the green cortical layer which contained yellow 
phenolics. The homogenized pulp (6 kg) was extracted with distilled 
water, filtered, and the filtrate centrifuged at  10,OOO rpm for 30 min. The 
supernate was dialyzed by dialysis membrane l1 against distilled water 
for 48 hr. The dialysate was flash evaporated at  550' to dryness (50 


Chromatography on Nonionic Porous Resin-The dialysate (4.4 
g) suspended in methanol was chromatographed on a column of resin2 
(150 ml). After the methanolic eluate containing sugar moiety was ex- 
cluded, the cardiac stimulant fraction was eluted with methanol-water 
(1:5) and water and evaporated to dryness. 


Gel Permeation Chromatography-The crude extract dissolved 
in a small amount of water was reprecipitated by adding methanol to yield 
a colorless powder A. The colorless powder A (1  g) was chromatographed 
ovef,dextran ~gel4.(400m!)~-~~n~- 3 &of water as a solvent, and frac- 
tionated to fraction A (tube numbers 1 4 )  and Fraction B (tube numbers 
5-10). Each fraction was flash evaporated to dryness and monitored by 
TLC. Fraction B (0.8 g) was further chromatographed over dextran gel4 
(400 ml), using 3 ml of water as a solvent, and fractionated to Fraction 
C (tube numbers 5-9,0.3 g), and Fraction D (tube numbers 10-15,O.Z 
9). Each fraction was flash evaporated to dryness and monitored by 
TLC. 


Characterization of Compound I-Fraction C was reprecipitated 
from methanol to give a colorless powder, compound I, mp >290°, which 
had a strong absorption band due to carboxylate ion on IR spectrum, and 
presented a positive reaction to calcium ion (calcium oxalate). Compound 
I (I  g), dissolved in water (10 ml), was put on an anion exchange resin3 
column (20 ml) and eluted with water. The elution was continued until 
no residue was obtained in the flash evaporation. Then, 10% formic acid 
was passed through the column and the effluent was evaporated to dry- 
ness in uacuo. The residue (0.6 g) was chromatographed over dextran gel5 
using methanol as a solvent to give a colorless powder, compound I (free 
form). PMR (deuterium oxide) b: 2.72(2H; d; d; J,,, = 16; J = 6,lO Hz; 
-CH2-CHz-), 3.36(1H, m, -CHz-CH-), 4.40(1H, d, J = 4 Hz, 
-CHOH-CH-1. CMR (deuterium oxide) 6: 34.8(t, -CH2-), 47.5(d, 
-CH-),72.8(d, -CHOH-), 176.0, 179.0(s, COOH X 3). Compound 
I (free form, 40 mg) dissolved in methanol (10 ml) was methylated with 
diazomethane under ice cooling for 1 hr, and the reaction mixture was 
evaporated to dryness to yield a yellow oil (47 mg). The product was 
chromatographed over silica gel7 using the solvent, ethyl acetate-chlo- 
roform (1:99), to give a colorless oil of the methyl ester (40 mg). [a]h9 + 
4.8O(c, 2.0 in chloroform). PMR (deuterochloroform) 6: 2.62(1H, d, d, Jgem 


-CH?CH-), 3.24(1H, d, J = 6 Hz, -CHOH-), 3.48(1H; sex; J = 


q; J = 6, 3 Hz; -CHOH-CH-). CMR (deuterium oxide) 6: 32.11(t, 


g). 


= 18, J = 8 Hz, -CH2-CH-), 2.90(1H, d, d, Jgem = 18, J = 8 Hz, 


8, 3 Hz; -CH-CH-CH2-), 3.64, 3.66, 3.78(COOCH3 X 3),4.32(1H; 


-CHz-), 44.88(d, -CH-), 51.85,52.15,52.73(q, COOCHs), 70.47(d, 
~~ 


Grass model FT-03. 
*Grass polygraph. 


lo A voucher specimen is available 
Garden, Nagoya, Japan. 


l2 Dowex 50W4, Dow Chemical Co. 


Grass SD-5. 


Visking Co. 


for inspection at Higashiyama Botanical 
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Table I-Positive Inotropic Effect of Fractions of Aloe Extracts 
on Isolated Atria 


Table 11-Positive Inotropic Effect of Various Synthesized 
Isocitrates on Guinea Pig Atria" 


Increase, % Concentration, 
Fraction mean, (n = 2-3) mg/ml Animal 


Dialysate 35.8 0.5 rabbit 
Nonionic porous resin2 


methanol-water (1:5) 550 1.0 rabbit 
water 570 1.0 rabbit 


Powder A 350 1.0 rat 
Fraction AC 220 1.0 rat 
Fraction C a , d  243 3.0 rat 
Fraction D",' 88 3.0 rat 
Isoproterenol 320 5 X 10-sM rabbit 
Isoproterenol 250 5 x 10-sM rat 


Tissues were beating 
spontaneously. Similar results were also observed on the electrically driven atria 
$1.0 Hz). Fraction A: Mixture of calcium isocitrate, malate, succinate, etc. 


Fraction C and D increased the heart rate 23.0-55.3%. 


Fraction C: Calcium isocitrate. e Fraction D: Calcium malate. 


-CHOH-), 170.9, 171.8, 172.9(s, COOCH3). Mass spectrum m/z:  
235(M+ + I), 175(M+ - 60). 143(M+ - 59, -32), 115(M+ -60, -60). The' 
methyl ester was identified with methyl isocitrate (3,4) by direct com- 
parison (IR and TLC). 


Characterization of Compound 11-Fraction D(0.4 g) was repreci- 
pitated from methanol to give a colorless powder, compound 11, mp 
>290', which had a strong absorption band due to a carboxylate ion on 
IR spectrum and presented a positive reaction to calcium ion (calcium 
oxalate). Compound I1 (1 g) dissolved in water (10 ml) was put on an anion 
exchange resin3 column (20 ml) and eluted with water. The elution was 
continued until no residue was obtained in flash evaporation. Then, 10% 
formic acid was passed through the column and the effluent was evapo- 
rated to dryness in vacuo. The residue (170 mg) was chromatographed 
over dextran gel5 (20 ml) using acetone as a solvent to give a colorless 
powder, compound I1 (free form, 50 mg) together with a small amount 
of Compound 111 and IV (free form). Compound I1 (free form) mp 
101-102' (ethyl acetate), [a]$-6.Oo (C, 0.4 in acetone). IR (potassium 
bromide) cm-': 2800-2600 (hydroxyl), 1700 (carboxylic acid). PMR 
(deuteroacetone) b: 2.74(2H; d; q, Jgem = 16 Hz; J = 8,4 Hz; -CH2- 


Compound I1 (free form, 10 mg) dissolved in methanol (10 ml) was 
methylated with diazomethane under ice cooling for 1 hr, and the reaction 
product (12 mg) was chromatographed over silica gel6 using the solvent, 
n-hexane-chloroform (1:l) to yield a colorless oil of methyl ester (10 mg). 
[a]:: -2.5' ( C ,  0.4 in chloroform). IR (liquid film) cm-l: 3350 (hydroxyl), 
1730(ester), 1440(methylene), 1100. PMR (deuterochloroform) 6: 
2.66(1H3, d, d, Jgem = 16, J = 5 Hz, -CH2-), 3.25(1H, OH), 3.71, 3.81 
(COOCH3 X 2), 4.50(1H; d; d; J = 5 , 5  Hz; -CHOH--CH2--). CMR 
(deuterochloroform) 6: 38.38(-CHz-), 51.91, 52.68(COOCH3 X 2), 
67.09(CHOH), 170.56, 173.32(COOH X 2). Mass spectrum m/z: 163(M+ 
+ l), 103(M+ - 59). The methyl ester was identified with methyl malate 
by direct comparison (IR and TLC). 


Characterization of Compound 111-Compound 111 (free form) was 
obtained from Fraction D, which showed a positive reaction to calcium 
ion (calcium oxalate) by the following procedure for the isolation of 
Compound I (free form): mp 185" (acetone), IR (potassium bromide) 
cm-': 2800-2600(hydroxyl), 1700(carboxylic acid). PMR (deutero- 
methanol) 6: 2.56(2H, s, -CH2-). CMR (deuteromethanol) 6: 
29.77(-CHp), 175.78(COOH). Compound 111 (free form) was identified 
with succinic acid by direct comparison (IR and mixed melting point). 


Characterization of Compound IV-Compound IV (free form) was 
obtained from the Fraction D, which showed a positive reaction to cal- 
cium ion (calcium oxalate) by the following procedure for the isolation 
of compound I (free form): mp 74-75' (ethyl acetate), [al8-6.8' (C, 6.6 
in acetone), IR (potassium bromide) cm-l: 2800-2600(hydroxyl), 
1725(ester), 1440(methylene). PMR (deuterochloroform) 6: 2.86(2H; d; 


q; J = 8,6 Hz; -CH2-CH-), 6.34(br, s, OH). CMR (deuteromethanol) 


174.60(COOH). Mass spectrum m/z: 149(M+ - 17),103(M+ - 45),89(M+ 
- 59). Based on the comparative study of CMR spectra the structure of 
compound IV (free form) was determined to be (-)-2-hydroxybutandiolic 
acid 4-methyl ester. 


Syntheses of (f), (+) or (-)-Calcium Isocitrate and of (f)-Cal- 
cium Alloisocitrate-The following compounds were synthesized ac- 
cording to the literature (3): 


CH-), 4.50(1H; d; d; J = 8,4 Hz; -CH-CHz-), 7-8(3H, OH, COOH). 


d; Jgem = 16; J = 8,6 Hz; -CH2 -CH-), 2.80(3H, COOCHs), 4.52(1H; 


6: 38.32(-CH2-), 52.80(COOCH3), 66.97(CHOH), 173.37(COOCH3), 


ComDound 
Concentration, 


Increase. 70' mdml 


(+)-Calcium isocitrate 30 f 4 5 x 10-2 
129 f 16 10-1 


(&)-Calcium isocitrate 90 f 8 5 x 10-2 
171 f 18 10-1 


(%)-Calcium alloisocitrate 115 f 15 5 x 10-2 
10-1 148 f 8 


(+)-Calcium isocitrated 132 f 10 10-1 
Isoproterenol 330 f 35 5 x 10-8 M 


Four atria from different animals were used for each experiment, mean *SE. * All compounds caused no apparent change in heart rate. c Increase of norepi- 
nephrine, mg/ml, 92%. Isolated from Aloe saponaria. 


( f ) - l s o c i t r i c  Acid Lactone-mp 156-1580 (ethyl acetate), PMR 
(deuterodimethyl sulfoxide) 6: 2.76(2H, d, J = 8 Hz), 3.70(1H; sex; J = 
7.5,8 Hz), 5.11(1H, d , J  = 7.5 Hz), 10.5(2H, br). 


(+)-lsocitric Acid Lactone-mp 152-153' (ethyl acetate), [a]$ +59.4' 
(C, 1.3 in water). 


(-)-lsocitric Acid Lactone-mp 151-153' (ethyl acetate), [a]g -53.0' 
(c, 1.1 in water). 


(f)-Alloisocitric Acid Lactone-mp 155-157' (ethyl acetate), PMR 
(deuterodimethyl sulfoxide) 6: 2.75(2H, d, J = 7.5 Hz), 3.45118, m), 
5.05(1H, d, J = 4.0 Hz), 9.70(2H, br). 


(f)-Isocitric acid lactone (2.0 g) dissolved in 2 N NaOH (20 ml) was 
hydrolyzed at  90' for 3 hr and the reaction mixture was passed through 
cation exchange resin12 (70 ml). Saturated calcium hydroxide solution 
was added to acidic eluate and the pH of the solution was made up to 9.0. 
After the filtration, the filtrate (200 ml) was concentrated to a 20 ml 
volume, and from the precipitate (*)-calcium isocitrate (2.78 g) was 
obtained. IR (potassium bromide) cm-': 3400,1635, 1600, 1570, 1400, 
1310, 1110, 1070. PMR (deuterium oxide-deuterium chloric acid) 6: 
2.79(2H, d, J = 6.5 Hz), 3.46(1H3, m), 4.50(1H,d,J = 3.9Hz). Quantitative 
analysis of calcium ion for (C6H&)&a~5H20: Calc. 20.43%. Found: 
20.54%. In the same way as the formation of (&)-calcium isocitrate, 
(+),(-)-calcium isocitrate and (*)-calcium alloisocitrate were synthe- 
sized. 


RESULTS AND DISCUSSION 


Table I summarizes the cardiac stimulatory action (inotropic) of each 
fraction of Aloe saponaria extract after dialysis and chromatography 
using resin2 and dextran gel4. The dialysate caused a positive inotropic 
action on isolated rabbit atria without any change in the diastolic tension. 
Pretreatment of atria with propranolol M, a P-adrenoreceptor 
blocking agent) or phentolamine M ,  an a-adrenoreceptor blocking 
agent) had no effect on the inotropic response to the dialysate. Thus, it 
is apparent that the cardiac stimulatory action of the dialysate and other 
extracts are not mediated through the stimulation of adrenergic recep- 
tors. 


In the preliminary examinations on cellulose and silica gel chromato- 
graphs, using hutanol-acetic acid-water (4:1:5) and butanol-ethanol- 
chloroform-28% ammonium hydroxide (452:8) as solvents, the inotropic 
substance in the dialysate was demonstrated to be a hydrophilic sub- 
stance which is considerably stable for acid, alkaline, and heat treatments. 
Since the methanol eluate on resin' column chromatography failed to 
cause any inotropic effect, the fraction was completely excluded from 
active substances. Active components were obtained from the effluent 
of methanol-water (1:5) and water. Then, the gel filtration using dextran 
gel4 was performed to give fractions of A, C, and D. From these fractions 
compounds I-IV were obtained. Each compound showed a single spot 
on TLC-2 and was determined to he a calcium salt of organic acid by the 
positive reaction to calcium ion. On the treatment with anion exchange 
resin3, compound I or I1 provided an organic acid in the free form which 
did not cause any cardiac stimulation on the isolated rat atria. Thus, it 
is suggested that compounds I and I1 have cardiac stimulation action only 
in the form of calcium salts. The chemical and spectral examinations led 
to the conclusion that compounds I-IV are calcium salts of (+)-isocitric 
(3, 4), L-(-)-malic, succinic, and of (-)-2-hydroxybutandiolic acid 4- 
methyl ester, respectively. Calcium salts of the stereoisomers of isocitric 
acid were synthesized according to the literature (3) and the cardiotonic 
effect of these synthetic isomers and compound I on isolated atria were 
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carried out. As shown in Table 11, calcium salts of (+), (f)-isocitric acid 
and (f )-alloisocitric acid caused a positive inotropic effect on isolated 
guinea pig atria to the same degree as compound I a t  a con- 
centration of g/ml, while no toxic effect such as arrhythmia was 
observed. 
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Abstract Daphnoretin, a dicoumaryl ether, has been shown to inhibit 
growth of Ehrlich ascites carcinoma cells. Dosing for three days a t  6 
mg/kg/day reduced the cell number per milliliter by 60%. In uitro DNA 
and protein synthesis studies demonstrated an ID50 z 0.194 mM and ID50 
z 0.340 mM, respectively, for daphnoretin. Subsequently i t  has been 
shown that in uiuo nucleic acid and protein synthesis were inhibited. 
Major sites in the DNA synthetic pathway inhibited significantly by 
daphnoretin were dihydrofolate reductase, orotidine monophosphate 
decarboxylase, thymidylate monophosphate kinase, and ribonucleotide 
reductase. Reduction of in uitro oxidative phosphorylation processes and 
acid hydrolytic enzymes were also inhibited in the presence of daphno- 
retin. 


Keyphrases Daphnoretin-effects on nucleic acid and protein syn- 
thesis of Ehrlich ascites tumor cells, antitumor agent 0 DNA-effects 
of daphnoretin, protein synthesis, Ehrlich ascites tumor cells Protein 
synthesis-effects of daphnoretin, DNA, Ehrlich ascites tumor cells 
Antitumor agents-the effects of daphnoretin on nucleic acid and protein 
synthesis of Ehrlich ascites tumor cells 


Daphnoretin has been isolated from the whole plant of 
Wilzstroernia indica C. A. Mey (Thymelaeaceae) (l), which 
is known as “Nan-Ling-Jao-Hua” or “Po-Lun” in Chinese 
folklore as a herbal remedy for the treatment of human 
syphilis, arthritis, whooping cough (2), and cancer (3). 
Daphnoretin was shown to have significant inhibitory 
activity in uiuo against the Ehrlich ascites carcinoma 
growth in mice but did not demonstrate any activity 
against P-388 lymphocytic leukemia growth (4). A detailed 
examination of the effects of daphnoretin on nucleic acid 
and protein synthesis of Ehrlich ascites carcinoma cells is 
presented. 


c H 3 0 ~ ) Q 3 0  HO 


Daphnore t in 


EXPERIMENTAL 


CFI male mice (-30 g) were implanted with 2 X lo6 Ehrlich ascites 
tumor cells intraperitoneally on day 0. Daphnoretin was suspended by 


homogenization in 0.05% polysorbate 80-water and 3-12 mg/kg ip was 
administered for 9 days to determine the inhibition of tumor growth. Mice 
were sacrificed on day 10, and the ascites fluid was collected from the 
peritoneal cavity. The volume and ascrit were determined for each animal 
and the inhibition of tumor growth was calculated (5). For the metabolic 
studies, mice were treated on days 7-9 with 6 mg/kg ip of daphnoretin. 
The animal was sacrificed on day 10 and the ascites fluid was harvested. 
The in uitro metabolic studies were performed a t  0.340 mM. 


In uitro incorporation of [3H]thymidine, I3H]uridine, or [3H]leucine 
was determined using lo6 Ehrlich ascites cells, 1 pCi labeled precursor, 
minimum essential medium, and varying final concentrations of drug 
from 0.035 to 0.35 mM. The tubes were incubated at  37” for 60 min and 
inactivated by trichloroacetic acid. The acid insoluble-labeled DNA was 
collected on glass filter discs‘, and RNA and protein were precipitated 
on nitrocellulose filters by vacuum suction (6). Results are expressed as 
disintegrations per minute of incorporated precursor per hour per lo6 
ascites cells. 


For in uiuo studies, incorporation of thymidine into DNA was deter- 
mined by the method of Chae et al. (7). One hour prior to the animal 
sacrifice on day 10,lO pCi of [6-3H]thymidine (21.5 Ci/mmole, ip) were 
injected. The DNA was isolated and the tritium content was determined 
in a toluene based scintillation fluid2. The DNA concentration was de- 
.termined by the diphenylamine reaction using calf thymus DNA as a 
standard. Uridine incorporation into RNA was determined using 10 pCi 
of [5,6-3H]uridine (22.4 Ci/mmole). RNA was extracted by the method 
of Wilson et al. (8). Using yeast RNA as a standard, the RNA content was 
assayed by the orcinol reaction. Leucine incorporation into protein was 
determined hy the method of Sartorelli (9) using 10 pCi of [4,5-3H]leucine 
(52.2 Ci/mmole). Protein content was determined by the Lowry procedure 
using bovine serum albumin as a standard. 


In uitro and in uiuo nuclear DNA polymerase activity was determined 
on isolated Ehrlich ascites cell nuclei (10). The incubation was that de- 
scribed previously (111, except that [methyl-3H]deoxythymidine tri- 
phosphate (82.4 Ci/mmole) was used. The acid insoluble nucleic acid was 
collected on filters and counted. Nuclear RNA polymerase activities were 
determined on enzymes isolated from nuclei. Messenger, ribosomal, and 
transfer RNA polymerase enzymes were isolated using 0.3,0.04, and 0.0 
M concentrations, respectively, of ammonium sulfate in magnesium 
chloride. The incubation medium was [3H]uridine triphosphate (23.2 
Ci/mmole) (12). The acid insoluble RNA was collected on nitrocellulose 
filters and counted. 


Deoxythymidine, deoxythymidylate monophosphate, and diphosphate 
kinase activities were measured spectrophotometrically at  340 nm at 20 


GF/F glass filter discs 
2 Fisher Scintiverse. 
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RESULTS AND DISCUSSION 


Typical chromatograms from the analysis of a human serum blank and 
a spiked serum standard are shown in Fig. 1. Under the analytical con- 
ditions described, the retention times of derivatized I and I1 were 4.0 and 
8.7 min, respectively. Standard curves prepared from a series of duplicate 
serum standards were linear over two concentration ranges typically 
encountered in pharmacokinetic monitoring. Linear regression for a series 
of low concentration standard (0.05-2.0 pglml) curves produced a slope 
of 1.642 f 0.068, an intercept of -0.043 f 0.063 with a mean correlation 
coefficient of 0.992. Corresponding results for the high-concentration 
range (1-40 pglml) produced a slope of 0.106 f 0.002, an intercept of 
-0.0119 f 0.031, and a mean ( r )  of 0.998. This reflects excellent be- 
tween-run reproducibility, which is further supported by the recovery 
data over a wide concentration range shown in Table I. Replicate analysis 
of two spiked serum control specimens resulted in between-run coeffi- 
cients of variation of 6.3% (5 = 0.107 pg/ml) and 3.8% (a = 4.54 pglrnl). 
The practical lower limit of sensitivity for this procedure, for which a 
signal-baseline noise ratio of 3:l can be seen, was 50 ng/ml. This is the 
same as that reported using a GC-electron-capture detection procedure 
(7). The entire procedure requires -4 hr and allows analysis of -20 
specimens/analyst/working day. 


The identity of the derivatized I GC peak was confirmed by comparing 
its mass spectrum to that of authentic, synthesized pentafluorobenzoyl 
imidazopyrazole (111). These were identical and demonstrated a parent 
peak at m/z 303 and a base peak at  mlz 195, which corresponded to the 
pentafiuorobenzoyl fragment. Other characteristic peaks occurred at mlz 
167, 108, and 81 as seen in the proposed fragmentation pattern in Fig. 
2. 


The pharmacokinetic behavior of I was followed in four pediatric pa- 
tients receiving intravenous bolus doses in a Phase I clinical trial. The 
plasma time course for one patient who received 450 mg is shown in Fig. 
3. The mean terminal phase half-life and volume of distribution for all 
patients was 4.4 hr and 1.5 litedkg, respectively. These values were in 
reasonable agreement with those reported for adult patients (6) ( t l l2  = 
3-10 hr, Vd = 5-15 liters), although other widely divergent values using 
less specific radioactivity detection methods have also been reported (8). 
No other data in pediatric patients have been reported to date. 


In the course of studying the reproducibility of the assay, it was ob- 
served that significant decreases in measured concentrations of I occurred 
if the spiked serum sample was allowed to sit unfrozen over a few hours. 
This had not been reported in the previous literature and appears to have 


serious implications for I measurements in biological media. A limited 
stability study was performed of I in pH 7.4 buffer, human serum, and 
5% purified serum albumin. The results are summarized in Table I1 and 
indicate a relatively rapid decline in I in the presence of protein, which 
appears to stabilize a t  a level of 65-70% of the initial level over time. 


A preliminary experiment examining the possibility of rapid irre- 
versible protein binding suggested that this did not explain the relatively 
rapid decline observed. Although this problem can be circumvented by 
either immediate analysis of samples or quick freezing in methanol-dry 
ice, the mechanism of this apparent instability merits further study. Lack 
of recognition of this problem could lead to altered serum concentrations 
and errors in pharmacokinetic analysis in vivo. 


The method reported appears sufficiently sensitive, reproducible, and 
rapid to support extended pharmacokinetic studies of I in humans or 
animals provided caution is used in rapidly handling samples to avoid 
an apparent instability in biological specimens. 


REFERENCES 


(1) H. L. Ennis, L. H. Moller, J. J. Wang, and 0. S. Selawry, Biochem. 
Pharmacol., 20,2639 (1971). 


(2) R. W. Brockman, S. C. Shaddix, J. W. Carpenter, N. F. DuBois, 
and R. F. Struck, Proc. Am. Assoc. Cancer Res., Abstract 81, 19 
(1978). 


(3) A. Krishran and R. Ganapathi, Cancer Res., 40,1103 (1980). 
(4) B. Yap, W. Murphy, M. A. Burgess, M. Valdivieso, and G. P. Bodey, 


(5) L. M. Allen, Proc. Am. Assoc. Cancer Res., Abstract 433, 107 


(6) K. L. L. Fong, D. H. W. Ho, G. P. Bodey, B. S. Yap, R. S. Benjamin, 


(7) L. Malspeis, J. J. V. DeSousa, A. E. Staubus, and H. B. Bhat, ibid., 


(8) L. M. Allen, M. Feely, and J. Denefrio, J.  Clin. Pharmacol., 20,34, 


Cancer Treat. Rep.,  63,1849 (1979). 


(1979). 


N. S. Brown, and E. J. Freireich, ibid., Abstract 826,204, (1979). 


Abstract 617,153 (1979). 


(1980). 


ACKNOWLEDGMENTS 


The participation of Dr. Denise Jamin and the late Gussie Higgins in 
Phase I clinical study collaboration at Childrens Hospital of Los Angeles 
is gratefully acknowledged. 


Stability of Concentrated Aqueous Solutions of 
Pralidoxime Chloride 


ROBERT I. ELLIN 
Received August 18,1981, from the US. Army Medical Research Institute of Chemical Defense, Aberdeen Proving Ground, MD 
21010. Accepted for publication November 20,1981. 


Abstract 0 Concentrated aqueous solutions of pralidoxime chloride 
degrade more rapidly than dilute solutions. The rate and degree of deg- 
radation is dependent on the initial and final pH as well as the container 
in which the solution is stored. The effects of glass, metal, plastic, and 
rubber stoppers on the stability of concentrated and dilute solutions are 
discussed. The stability and shelf lives of 50% aqueous concentrates at 
different temperatures were determined. 


Keyphrases Pralidoxime chloride-stability of concentrated aqueous 
solutions, kinetics 0 Stability-concentrated aqueous solutions of 
pralidoxime chloride, kinetics Kinetics-comparison of stability in 
concentrated aqueous solutions of pralidoxime chloride 


Pyridinium oximes in combination with atropine pro- 
vide effective therapy in poisoning by many organophos- 
phorus cholinesterase inhibitors (1). More clinical data are 
available for pralidoxime salts than other pyridinium ox- 


imes, as this oxime is in wider use. Pralidoxime also re- 
portedly produces few undesirable side effects (2,3).  It is 
generally accepted that, for therapeutic efficacy, prali- 
doxime plasma concentrations should be at  least 4 pg/ml 
(4). A 600-mg im dose is required to produce this level. A 
dilute solution would require an injection of an impractical 
volume. Since pralidoxime chloride is very water soluble, 
30-50% concentrates can be used to provide a 4-pg/ml 
plasma level (5,6). The purpose of this study was to de- 
termine stabilities and the effect of containers on the shelf 
life of aqueous concentrates of pralidoxime chloride1. 


1 The opinions or aasertions contained herein are the private views of the author 
and not to be construed as reflecting the views of the Department of the Army or 
the Department of Defense. 
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5*0 1 Table I-Calculated Shelf Lives for  50% Aqueous Solutions of 
Pralidoxime Chloride in Glass Ampuls 


I 
2.8 


I 


2.9 


1ITX lo3 


I 
3.0 


Figure 1-Temperature Dependency of the Degradation of 50% 
Aqueous Solution of Pralidorime in Glass Ampuls. 


EXPERIMENTAL 
Twenty-five grams of pralidoxime chloride were transferred into a 


50-ml volumetric flask and brought to volume with triple distilled water. 
Approximately 1.0-ml volumes were added to 2-ml glass ampuls which 
had been acid washed (0.01 N HCl), water-rinsed, and dried in an oven 
at 110'. The amputs were sealed with an oxygen torch, then placed in hot 
air ovens at 60,70, and 81'. Ampuls were removed at  selected time pe- 
riods. An aliquot was diluted with distilled water (0.2-500), then rediluted 
with 0.05 N NaOH (3.&100) to obtain a final concentration of 4 pg/ml. 
Samples were assayed by UV analysis a t  336 nm (7). 


Approximately 1.0-ml volumes were also added to glass, metal, stainless 
steel, and plastic (polypropylene) cylinders which were sealed at one end 
with a neoprene rubber stopper. After filling, the cylinder was closed with 
another neoprene rubber stopper, then weighed on a balance. Cylinders 
were placed in a holding device which consisted of a plastic base, 1.91-cm 
thick, containing holes slightly wider than the diameter of the glass cyl- 
inders. A plastic cap was placed over the top of each filled cylinder and 
a metal plate placed over the filled cylinders. The cylinders were secured 
by two screws. The holder containing the cylinders was placed in the oven, 
and the cylinders were removed as needed. Prior to analysis, cylinders 
were reweighed to determine pwible l w e s  due to evaporation or leakage. 
Pralidoxime chloride concentrations were determined as described 
above. 


RESULTS 
Stability of 50% Aqueous Solutions of Pralidoxime in Glass 


Ampuls-The rate of degradation of concentrates of pralidoxime at  60, 
70, and 81" conforms to a first-order equation. As a 50% solution of 
pralidoxime at initial pH 3.65 is hypertonic, buffer was not added to 
maintain a constant pH. The rate constants a t  60,70, and 81" were 4.27 
X 1.22 X and 4.68 X hr-I, respectively. The logarithm 
of velocity constants was plotted against the reciprocal of the absolute 
temperatures (Fig. 1). A linear relationship indicated the mechanism 
responsible for oxime decay is not altered by changes in temperature. The 
relationship is shown by the Arrhenius equation: 


k = Ae-En/RT (Eq. 1) 


where Ea, the energy of activation, was 26,755 cal/mole; A was 4.08 X 1Olo 
min-I; R was the molar gas constant; and T the absolute temperature. 


2 Unpublished data. 


Temperature' 
Shelf LifeR 


10% 25% 


10 ~. 


15 
20 
25 
30 
35 
40 
45 
50 


37.0 y 
16.0 y 
7.3 y 
3.4 y 
1.6 y 


286.0 d 
142.0 d 
72.0 d 
38.0 d 


101.0 y 
44.0 y 
20.0 y 
9.3 y 
4.4 v 
2.1; 
1.1 y 


198.0 d 
103.0 d 


y = years; d = days. 


Degradation of Concentrated Aqueous Solution of Pralidox- 
ime-Glass ampuls and glass, metal, and plastic cylinders sealed with 
neoprene and butyl rubber stoppers were used. The degradation rates 
of 50% aqueous solutions of pralidoxime chloride were similar in plastic 
and glass cylinders sealed with neoprene stoppers and more rapid in metal 
cylinders when determined at  40'. The pH dropped with time, 3.6-3.2 
after 40 days in glass and plastic, but increased in metal 3.6-4.2. When 
performed at  45 and 60" in glass with 30% solutions of pralidoxime 
chloride in cylinders stoppered with either neoprene or butyl rubber, the 
pH fell more rapidly in the butyl rubber than in the neoprene-stoppered 
containersz. 


DISCUSSION 


The stability of 50% concentrates of pralidoxime chloride in unbuffered 
aqueous solutions in glass ampuls was studied under accelerated tem- 
peratures. Calculated 10 and 25% shelf lives are shown in Table I. At 25", 
10 and 25% shelf lives were found to be 3.4 and 9.3 years, respectively. The 
report also indicates the importance of considering the effects of mate- 
rial(s) in the container in which a formulation is packaged. 


When results of the report are compared with the results of related 
investigations (5,8), discrepancies in reported stabilities of pralidoxime 
might be assumed by the reader. However, on examination of data, one 
finds this is not so. Stability studies on 16% (w/v) solutions of pralidoxime 
methanesulfonate in sealed glass ampuls buffered at  pH values 2.0-3.5 
have been reported (5). Stability efforts on unbuffered solutions of 
10-33% (w/v) pralidoxime chloride in glass ampuls and also glass vials 
sealed with butyl rubber stoppers have also been performed (8). Acid was 
added to obtain initial pH values of 1.3-2.0. In this study the stabilities 
of unbuffered, pH-unadjusted 50% solutions of pralidoxime chloride (w/v) 
in glass ampuls were investigated. In preliminary studies3 with concen- 
trates of pralidoxime chloride in cylinders made of glass, plastic, and 
metal sealed with rubber enclosures, significant variations in stability 
were found. Consequently, when comparing stability data, the reader 
must take into consideration different oxime salts, oxime concentrations, 
initial pH values, formulations, and storage containers. Fortunately, there 
are data where direct comparisons can be made. Stabilities for prali- 
doxime concentrates in sealed glass ampuls a t  25 and 45" have been re- 
ported (5,8). 


Previous studies (9) on solutions (0.1%) of pralidoxime chloride showed 
that pralidoxime solutions possess maximum stability at pH 4.3 with a 
shelf life to 10 years at 25'. Here equilibria a t  pH 1-3 were noted but not 
considered in the shelf life estimations. If equilibria data had been in- 
cluded, the predicted shelf lives at these pHs would have been signifi- 
cantly greater. In later efforts 30% concentrated solutions were found to 
be less stable than 0.1% solutions, in that concentrated solutions of 
pralidoxime chloride degraded 2.5 times more rapidly than the dilute 
solutionz. 


On examination of all data, one finds that: ( a )  oxime loss in a 50% so- 
lution of pralidoxime chloride and a 16% buffered solution of pralidoxime 
methanesulfonate, both stored in glass ampuls a t  45", are similar (a 16% 
solution of pralidoxime methanesulfonate is equivalent in oxime content 
to a 12% solution of pralidoxime chloride), ( b )  lowering of the initial pH 
in unbuffered concentrates results in greater stability (8). (c) use of buffer 
a t  pH 2.5 in 16% solutions of pralidoxime methanesulfonate decreased 
stability drastically when compared with 30% unbuffered solutions, ( d )  
rubber closures affect the pH and stability of pralidoxime chloride con- 
centrates stored in glass, plastic, and metal  cylinder^^^^. The drop in pH 


J. R. May, U.S. Chemical Research and Development Laboratories, Aberdeen 
Proving Ground, MD 21010,1965. 
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was greater in the glass and plastic containers than in metal. When butyl 
rubber was used, a lower pH resulted than when neoprene rubber was 
tested. A lower pH is desirable because of the unique occurrence of 
equilibria. 


The reason(s) that high concentrations of pralidoxime chloride degrade 
more rapidly than dilute concentrations is not known. To resolve this 
problem, studies should be carried out to determine and quantitate 
degradation products and their rate of formation. By establishing the 
proper mechanism(s) one should be able to design stable formulations 
of concentrated solutions of drugs. 
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Abstract Conditions are given for the growth of calcium oxalate di- 
hydrate crystals (weddellite) in aqueous solution. The crystals obtained 
were characterized by scanning electron microscopic, spectroscopic, and 
thermal methods. The dissolution kinetics and electrophoretic mobility 
were determined; the thermodynamically unstable calcium oxalate di- 
hydrate had a higher dissolution rate and a lower zeta potential than the 
monohydrate and underwent a phase transformation into the more stable 
calcium oxalate monohydrate. The results obtained on the chemical 
stability and the surface charge of calcium oxalate dihydrate offered 
additional information for assessing the current theories on the formation 
of calcium oxalate renal stones. 


Keyphrases n Crystals-calcium oxalate dihydrate, growth and char- 
acterization Dissolution, kinetics-determination, calcium oxalate 
dihydrate crystals, growth and characterization Electrophoretic mo- 
bility-determination, calcium oxalate dihydrate crystals, growth and 
characterization 


In recent years there has been much discussion on the 
role of different hydrated calcium oxalate crystals in the 
formation of calcium oxalate stones ( 1 4 ) .  Chemically, two 
varieties of calcium oxalate crystals occur in renal calculi: 
calcium oxalate monohydrate (whewellite) and calcium 
oxalate dihydrate (weddellite). The variable amount of 
water of crystallization is a direct consequence of the urine 
composition. The formation of these phases and the pos- 
sible transformation between them is important from the 
urinary calcification standpoint. 


The growth of calcium oxalate dihydrate in natural 
urine, synthetic urine, and in a mixture of both has been 
a subject of a number of investigations (5-7). In a recent 
study from this laboratory, it has been noticed that the 
calcium oxalate dihydrate was formed in the rat kidney 
after the injection of 4-hydroxy-~-proline. These crystals 
transformed gradually into the more stable calcium oxalate 
monohydrate (8). Previously it was reported that it is 
possible to grow calcium oxalate dihydrate crystals from 
a medium consisting of natural and synthetic urine (9). 
The chemical reaction between the sodium oxalate (0.005 
M) and calcium chloride (1 M )  a t  37” in the previously 


described medium produced the octahedral dipyramidal 
calcium oxalate dihydrate. The crystals obtained were 
mixed with -5% monohydrate. This work is intended to 
describe an improved technique for the growth of calcium 
oxalate dihydrate in aqueous solution and to study the 
dissolution kinetics and electrophoretic mobility of this 
form. Some aspects of the structure-dependent properties 
of both whewellite and weddellite crystals will be dis- 
cussed. 


EXPERIMENTAL 


Materials-The following materials were used: synthetic urine [an 
aqueous medium containing various electrolytes present in normal urine 
which has been described previously (5,9)], calcium chloride dihydrate’, 
sodium oxalate’, and calcium oxalate monohydrate’ (high purity reagent 
grade), and freshly bidistilled water. 


Figure 1-Scanning electron micrograph of calcium oxalate dihydrate 
(2000 X) . 


Fisher Scientific Co., Fair Lawn, N.J. 
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Abstract 0 The bioavailability of four griseofulvin tablets in beagle dogs, 
including an ultramicrosize tablet used previously in a human bioavail- 
ability study, was investigated on the basis of the plasma 6-demethyl- 
griseofulvin concentration. The relations with the in uiuo findings in 
humans and the in uitro dissolution rates also were examined. Contrary 
to the lower bioavailability of the ultramicrosize formulation in humans, 
it provided the best bioavailability in beagles. The microsize griseofulvin 
formulations showed similar in uiuo results to those in humans. Poor 
correlation of in uiuo parameters between humans and beagles was at- 
tributed to the discrepancy of the availability of the ultramicrosize for- 
mulation between the two species. The dissolution rates determined by 
the pretreatment method using plastic beads were correlated more with 
the in uiuo findings than those determined by the other methods. Beagles 
were a useful animal model for bioavailability studies of certain griseof- 
ulvin formulations but not ultramicrosize ones. 


Keyphrases 0 Bioavailability-griseofulvin from tablets in beagle dogs, 
correlation with dissolution rate and bioavailability in humans 0 Dis- 
solution rates-bioavailability of griseofulvin from tablets in beagle dogs, 
bioavailability in humans c] Griseofulvin-bioavailability from tablets 
in beagle dogs, dissolution rate and bioavailability in humans 


The bioavailabilities for four lots of griseofulvin tablets 
in humans have been reported previously, and the relations 
with in uitro dissolution rates have been discussed (1). 


Beagle dogs are often used as an animal model for bio- 
availability studies, but their suitability has not been 
clarified sufficiently. A good relation of penicillin bio- 
availability between humans and dogs was reported (2). 
Previous studies on bioavailability of diazepam formula- 
tions in humans and beagles revealed no good relations 
between the results from both species. The discrepancy 
was considered to be due to the differences of physiological 
states of the GI tract, especially of gastric emptying rate 
and GI transition time (3). 


In the present study the bioavailability of griseofulvin 


from tablets in beagles was studied, and the relations with 
in uiuo results in humans and in uitro dissolution rates 
were investigated. 


EXPERIMENTAL 


Formulations-Four lots of tablets containing 125 mg of griseofulvin 
employed in the human bioavailability study (1) were used. One formu- 


.) 


DOSE, mg 


Figure 1-Relation between griseofulvin dose and AUC, of 6-dem- 
ethylgriseofuluin. Key: (- - -) responses of the individual dogs; (-) 
average response. 
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Table I-Plasma Concentrations of Griseofulvin and  6-Demethylgriseofulvin Following Oral  Administration of Formulation A to  12 
Beagles 


I n  Vivo 
Parameter 


Griseofulvin 6-Demethylgriseofulvin 
Coefficient Coefficient 


of Variation, of Variation, 
Means f SD % Means f SD % 


Plasma Concentration Fg/ml 0.5 hr 
1 


3 
4 
6 
8 
10 
24 


0.209 f 0.202 
0.494 f 0.481 
0.429 f 0.298 
0.327 f 0.196 
0.203 f 0.116 
0.103 f 0.036 
0.065 f 0.033 
0.050 f 0.036 
0.003 f 0.010 
0.626 f 0.458 


97 
97 
70 
60 
57 
35 
51 
73 


333 
73 


1.559 f 1.128 
2.562 f 1.264 
2.059 f 1.138 
1.519 f 0.763 
1.092 f 0.468 
0.843 f 0.259 
0.753 f 0.298 
0.544 f 0.289 
0.127 f 0.199 
3.083 f 1.114 


72 
49 
55 
50 
43 
31 
40 
53 


157 
36 


Table 11-Plasma Levels, C,,., tm.., and  A UC2, of 6-Demethylgriseofulvin Following Oral  Administration of Four  Lots of 125-mg 
Griseofulvin Tablets to Beagles 


Resultb 
Formulation" of Tukey'sc 


I n  Vivo Parameter A B C D ANOVA Test 


1.559 f 0.325 


2.562 f 0.365 
2.059 f 0.329 
1.519 f 0.220 
1.092 f 0.135 
0.843 f 0.075 
0.753 f 0.086 
0.544 f 0.083 
0.127 f 0.057 
3.083 f 0.321 
1.5 f 0.2 


16.34 f 1.38 


1.265 f 0.290 


1.857 f 0.342 
1.482 f 0.314 
1.170 f 0.256 
0.924 f 0.199 
0.714 f 0.135 
0.584 f 0.110 
0.463 f 0.102 
0.071 f 0.017 
2.340 f 0.322 
1.3 f 0.2 


12.86 f 2.77 


0.640 f 0.123 


0.925 f 0.112 
0.977 f 0.135 
0.850 f 0.138 
0.845 f 0.202 
0.540 f 0.101 
0.434 f 0.086 
0.282 f 0.040 
0.077 f 0.029 
1.369 f 0.156 
1.9 f 0.5 
8.86 f 1.05 


0.699 f 0.229 


1.222 f 0.272 
1.234 f 0.105 
0.951 f 0.093 
0.813 f 0.136 
0.540 f 0.098 
0.483 f 0.081 
0.442 f 0.102 
0.053 f 0.015 
1.749 f 0.190 
1.7 f 0.3 


10.62 f 1.48 


p < 0.05 


p < 0.01 
p < 0.01 
p < 0.05 
NS 
NS 
NS 
NS 
NS 
p < 0.01 
NS 
< 0.01 


A > B > D > C  


A > B > D > C  
A > B > D > C  
A > B > D > C  


-- A > B > D > C  - 


A > B > D > C  


The figures indicate means f standard error. * NS: not significant. Formulations underlined by a common line did not differ significantly ( p  < 0.05). 


lation was an ultramicrosize griseofulvin tablet (A); the others were 
commercial microsize griseofulvin tablets (B, C, D). 


Dissolution Rate-The methods to determine the dissolution rates 
were carried out as reported previously (I). Sink methods included 
nonpretreatment (18-liter beaker method and basket method) and pre- 
treatment (Methods I and 11). The dissolution rate was expressed as t30 
the time taken for 30% of the drug to dissolve. 


Bioavailability-Twelve beagles (12.0-14.0 kg; mean 12.9) were 
randomly divided into four groups according to a Latin square crossover 
design. The beagles, having fasted for 20 hr, were given a test tablet and 
then forced to take 30 ml of water. The beagles were not given any food 
until 10 hr after drug administration. Blood samples were taken a t  0.5, 
1,2,3,4,6,8,10, and 24 hr after administration, and the plasma samples 
were frozen and stored until assay. The experiments were repeated every 
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Figure 2-Mean plasma 6-demethylgriseofuluin concentration after 
oral administration of 125-mg griseofulvin formulations to  beagles. Key: 
(0)  Tablet A; (0) Tablet B; (A) Tablet C; (0) Tablet D. T h e  vertical 
lines show standard errors. 


week according to the dosage schedule. The bioavailability for each for- 
mulation was evaluated from the plasma concentrations of 6-demethyl- 
griseofulvin, a metabolite of griseofulvin, a t  each sampling time, peak 
plasma concentration (Cma), time to C,,, (t,,,), and area under plasma 
concentration-time curves from 0 to the sampling time t (AUCt) .  The 
value for AUC, was calculated by the method of Wagner (4). 
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Figure 3-Correlation of C,,, values after oral administration of four 
griseofulvin formulations between humans  and beagles. 
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Table 111-C,,,, t,,,. and AUC24 of 6-Demethylgriseofulvin 
Following Oral Administration of Three  Griseofulvin 
Formulations 


4 .  


2 -  


24 . 
231 


. . - . 
t L R "  a .  .... - Y te, .w . 


W w Y 'p - .. ---- 


. 
Formu- Volume of Water Paired 


Parameter lation 30 ml 200 ml t test 


Cmax,  d m l  A 3.038 f 0.287" 2.608 f 0.167 NS 
B 2.290 f 0.490 2.067 f 0.160 NS 
D 1.787 f 0.270 1.388 f 0.381 NS 
A 1.6 & 0.2 1.8 f 0.2 NS 


1.7 f 0.4 NS 
3.6 f 1.0 NS 


-. 1 .  Y 17.59 f 0.88 NS 
B 11.13 f 2.56 14.46 f 1.79 NS 
D 11.68 f 2.10 11.50 f 1.96 NS 


4 With 30 and 200 ml of water. b NS: not significant. Mean f standard 


Dose-A UC, Relation-Three beagles were fasted overnight and 
given one and two tablets of Formulation C, corresponding to 125 and 
250 mg of griseofulvin, respectively. The other procedures were the same 
as described for the bioavailability test. 


Effects of Volume of Water Coadministered-Three formulations, 
including the ultramicrosize formulation, were used. Eight beagles were 
given a tablet with 30 and 200 ml of water in a crossover design. The other 
procedures were the same as described for the bioavailability test. 


Assay-Griseofulvin and 6-demethylgriseofulvin in plasma were de- 
termined by GC (5). 


error. 


RESULTS 


Plasma Levels of Griseofulvin and  6-Demethylgriseofulvin- 
Table I shows the mean plasma griseofulvin and 6-demethylgriseofulvin 
concentrations after oral administration of Formulation A. The plasma 
griseofulvin concentrations were below one-fifth of those of 6-demeth- 
ylgriseofulvin, and only a trace of griseofulvin was detected at  24 hr after 
administration of the drug. This can be attributed to the greater clearance 
of griseofulvin in dogs than in humans (6,7),  and hence, a considerable 
fraction of the dose administered orally will be converted to 6-demeth- 
ylgriseofulvin by first-pass metabolism before reaching the blood circu- 
lation (8). The great clearance of griseofulvin probably leads to the greater 
coefficients of variation found in the plasma levels of griseofulvin than 
those of 6-demethylgriseofulvin. Considering the findings, the bioavail- 
ability of griseofulvin in beagles was estimated on the basis of the plasma 
level of 6-demethylgriseofulvin. 


Bioavailability-The relation of the griseofulvin dose and the A UC,  
of 6-demethylgriseofulvin is shown in Fig. 1. Large differences in the 
AUC, values among the beagles were found. With the high dose, the 
unabsorbed fraction of the drug may increase by being not fully dissolved 
in the GI tract. 


Figure 2 shows the mean plasma level-time curves of 6-demethyl- 
griseofulvin following oral administration of four formulations. Table 
I1 lists their mean values for in uiuo parameters. The plasma levels of 
6-demethylgriseofulvin at  24 hr were very low, so the AUC24 can be 
considered as AUC,. Although the ultramicrosize formulation (A) 
showed relatively low bioavailability in humans ( l ) ,  this formulation 
showed the highest values in the plasma concentrations, C,, and AUC24, 
in beagles. The ratios of C,,, and AUC24 of the ultramicrosize formu- 
lation to those of Formulation B, which showed the highest availability 
of all microsize formulations, were 132 and 127%, respectively. Significant 
differences were found between Formulation A and two microsize for- 
mulations (C and D) in the plasma levels a t  earlier sampling times, C,,, 
and A UC24. 


t 
0 


. 


DISCUSSION 


The in uiuo findings in beagles did not correlate well with those in 
humans. The ultramicrosize formulation provided the best availability 


Table IV-Correlation Coefficients Between In Vivo Parameters  (X) and t30 (Y) Determined by Sink Methods 


x - Y-' log x - log Y 
In Vitro Test Serum Level Serum Level 


Method Condition 1 hr 3 hr 5 hr Cmnx AUCz4 1 hr 3 hr 5 hr Cmax AUCx 


Beaker - 0.747 0.631 0.514 0.613 0.579 -0.872 -0.760 -0.655 -0.731 
Polysorbate 80 0.714 0.595 0.474 0.577 0.541 -0.859 -0.748 -0.638 -0.719 
Diastase 0.776 0.672 0.562 0.658 0.625 -0.916 -0.846 -0.751 -0.824 
848 rpm 0.803 0.697 0.587 0.680 0.648 -0.903 -0.802 -0.704 -0.775 
pH 1.2 0.556 0.423 0.292 0.405 0.366 -0.788 -0.656 -0.535 -0.623 


Basket - 0.872 0.790 0.695 0.777 0.749 -0.948 -0.896 -0.815 -0.878 
Method1 - 0.472 0.422 0.341 0.429 0.404 -0.589 -0.636 -0.575 -0.635 
Method I1 - 0.943 0.932 0.889 0.933 0.903 -0.910 -0.945 -0.910 -0.943 


pH 1.2 Polysorbate 80 0.641 0.510 0.382 0.491 0.453 -0.793 -0.663 -0.542 -0.630 


-0.701 
-0.686 
-0.793 
-0.747 
-0.587 
-0.594 
-0.851 
-0.602 
-0.927 
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Table V-Correlation Coefficients of Bioavailability Parameters  
Between Humans and Beagles 


Beagle Human r 


c0.5’ c1 c7 
0.789 
0.505 


C1 c, 0.678 
c3 0.448 


Cmax Cmax 0.388 
tmax 0.711 2E2* A uc47.5 0.306 


Ct shows the plasma or serum concentration at time t .  


in beagles contrary to its lower absorption in humans. Considering the 
insignificant effects of the volume of water on the bioavailability, the 
ultramicrosize formulation discrepancy may be attributed to the physi- 
ological differences in the GI tract. None of the in uitro dissolution 
methods indicated such a superiority of the ultramicrosize formulation 
in beagles. These findings suggest that this formulation may disintegrate 
into the original ultramicrosize particulate state of the drug and allow 
rapid dissolution in the GI tract in beagles beyond the expectation from 
the in uitro dissolution findings. 


The’t,,,, values in beagles for different formulations were smaller than 
those in humans (Fig. 4). This suggests rapid transition of the drug to the 
absorption site, namely, fast gastric emptying of the drug in beagles. The 
good bioavailability of the ultramicrosize formulation may be related to 
the rapid gastric emptying of the drug which leads to dissolution of the 
drug in the small intestinal tract. 


Formulation D provided higher Cmax and plasma levels a t  earlier 
sampling times than Formulation C as observed in the human test. The 
in uitro dissolution rate of the drug from Formulation D was enhanced 
over that from Formulation C by pretreatment with plastic beads. These 


findings suggest that  in beagles and humans there is a strong intensive 
deaggregation action on the particles or aggregates of the drug during 
their transition into the GI tract. 


Although there was no significant difference in AUC, values among 
the formulations in humans, the AUC24 (considered as AUC,) of For- 
mulations C and D were significantly lower than that of Formulation A 
in beagles. This suggests their incomplete dissolution during passage 
through the GI tract and also suggests the short absorption site and/or 
fast transition of the drug in the GI tract in beagles as previously shown 
for the bioavailability of diazepam in beagles (3). 


Although the in uiuo findings of the ultramicrosize formulation in 
beagles did not agree with those in humans, the bioavailabilities of the 
microsize formulations showed good agreement. Considering this, beagles 
may serve as a useful animal model for bioavailability studies of certain 
griseofulvin tablet formulations, but not ultramicrosize ones. 
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Antibradykinin Active Material in Aloe saponaria 
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Abstract HA material having antibradykinin activity on isolated guinea 
pig ileum was partially purified from the nondialysate of the pulp of Aloe 
saponaria by repetition of gel chromatography using a hydrophilic 
polyvinyl gel and dextran gels. From the results of amino acid and car- 
bohydrate analyses, the antibradykinin-active material was estimated 
to be a glycoprotein. It was found that this material catalyzes the hy- 
drolysis of bradykinin a t  pH 7.4. The results of peptide analysis using 
reversed-phase high-performance liquid chromatography coupled with 
amino acid analysis indicate that this glycoprotein cleaves the Gly4-Phe5 
and Pro7-Phe8 bonds of the bradykinin molecule. 


Keyphrases mAntibradykinin-active material in Aloe saponaria, 
guinea pig ileum, glycoprotein, high-performance liquid chromatography 


Glycoprotein-antibradykinin active material in Aloe saponaria, 
high-performance liquid chromatography, guinea pig ileum 01 Aloe sa- 
ponaria-antibradykinin active material, glycoprotein, high-performance 
liquid chromatography, guinea pig ileum 


Cardiac stimulant action of the constituents in the di- 
alysate of the pulp from Aloe sapmarial  on isolated car- 


Aloe saponaria is also known as white spotted aloe or soap aloe 


diac muscles has been reported (1). Antibradykinin ac- 
tivity of the nondialysate of the pulp has been examined 
here to obtain pharmacological evidence for its anti-in- 
flammatory action (2). In this report, the results of partial 
purification of material having antibradykinin activity 
from A. saponaria on isolated guinea pig ileum and its 
proteolytic property against bradykinin are presented. 


EXPERIMENTAL 


Materials-The following materials were purchased from suppliers: 
dextran ge12,3, hydrophilic polyvinyl gel4, dialysis membrane5, synthetic 
bradykinin6, and bromelain7. The gel filtrations were performed at  room 
temperature a t  a flow rate of 21 m l h r  using a microtube pump*. 


Methods of Analysis-Protein and carbohydrate contents in samples 


* Sephadex G-100, Pharmacia Fine Chemicals, Uppsala, Sweden. 
3 Sephadex G-25, Pharmacia Fine Chemicals, Uppsala, Sweden. 
4 Toyopearl HW 40, Toyo Soda Mfg., Co. Ltd., Tokyo, Japan. 


Visking tube, Visking Co., Union Carbide Corp. 
The Protein Research Foundation, Osaka, Japan. 
Nakarai Chemical Co., Ltd., Kyoto, Japan. 


8Tokyo Riakkikai Co., Ltd., Tokyo, Japan. 
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Isolated Perfused Rabbit Lung As a Model for 
Intravascular and Intrabronchial Administration of 
Bronchodilator Drugs I: Isoproterenol 
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January 29, 1982. 
"he Upjohn Co., Kalamazoo, MI 49001. 


Accepted for publication 
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Abstract The absorption, uptake, and metabolism of isoproterenol 
was studied following intravascular, intrabronchial, and aerosol admin- 
istration of the drug to the isolated perfused rabbit lung. Capacity-limited 
metabolism of isoproterenol was observed following the addition of five 
doses, ranging from to moles, directly into the circulation of 
the lung system. A physiologically based perfusion model was developed 
to describe the disposition of the drug and metabolite in the isolated lung 
preparation. This model was also used to analyze data collected following 
intrabronchial and aerosol administration of isoproterenol. 
Keyphrases 0 Isoproterenol-intravascular and intrabronchial ad- 
ministration, isolated perfused rabbit lung Bronchodilators-isopro- 
terenol, intravascular and intrabronchial administration, isolated per- 
fused rabbit lung 0 Pharmacokinetics-isolated perfused rabbit lung 
as a model for intravascular and intrabronchial administration of iso- 
proterenol 


Isoproterenol is often administered directly into the 
lungs by aerosol inhalation in the treatment of bronchial 
asthma. Little of the inhaled dose actually reaches the 
airways (l), but that which does is responsible-for the 
bronchodilating effect. Little is known of the fate of the 
small fraction which reaches the airways and of the role of 
the lung in the disposition of the drug. The objective of this 
study was to evaluate the absorption, uptake, and me- 
tabolism of isoproterenol in the isolated perfused rabbit 
lung following intravascular, intrabronchial, and aerosol 
administration. 


Figure 1-Diagram of the isolated perfused rabbit lung apparatus. Key: 
/ A )  lung chamber; (B)  upper reseruoir; (C) loioer reservoir; (0) pulmo- 
narji artery cannula; ( E )  tracheal cannula; ( F )  pulmonary venous 
cannula; (G) perfusion pump; (H)  animal respirator; ( I )  pressure 
gauges; ( J )  pH meter; IK) pH electrode; (L) level-sensing probes. 


The isolated perfused rabbit lung preparation offers an 
ideal experimental system for studying the disposition of 
drugs by the lung, as it allows the lung to be studied inde- 
pendent of the rest of the body. The design of the system 
facilitates rapid and convenient sample withdrawal and 
complete recovery of the lung tissue and perfusate. Via- 
bility of the isolated perfused rabbit lung preparation has 
been documented by physiological, hematological, histo- 
logical, and biochemical methods for periods up to 4 hr 
(2-5). Similar preparations have been used in the past to 
study the uptake and metabolism of various pharmaco- 
logical agents. Little has been done, however, to apply 
pharmacokinetic concepts to the analysis of the data 
generated from these studies. 


Previous experiments dealing with the disposition of 
isoproterenol in isolated lung preparations indicate that 
the drug is not taken up extensively by the lung (6) and 
that 3-0-methylisoproterenol is the only metabolite 
formed by the lung (7). The drug appears to be well-ab- 


I I  
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I 


b I I I I 1 
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Figure 2-Sample chromatogram of a diethylhexylphosphoric acid 
perfusate extract containing (1) isoproterenol, (11) isoproterenone, and 
( I I I )  3-0-methylisoproterenol separated on a strong cation exchange 
column with a phosphate buffer-methanol mobile phase. 
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Figure 3-Semilogarithmic plots of,concentration versus time for (0) isoproterenol and (e) 3- 0-methylisoproterenol, comparing observed ualucs 
with those predicted by compartmental model fits for five intravascular doses of isoproterenol hydrochloride administered to the isolated perfused 
rabbit lung 


sorbed when administered directly into the airways, and 
a 30% first-pass 0-methylation during absorption has been 
reported (7). 


EXPERIMENTAL 


Isolated Perfused Rabbit Lung-The isolated perfused rabbit lung 
system has been described previously (2,3). A schematic drawing of the 
apparatus is shown in Fig. 1. Male New Zealand rabbits (3-5 kg) were 
anesthetized with sodium pentobarbital and treated with heparin. The 
animals were exsanguinated via cardiac puncture; the heart, lungs, and 
trachea were removed; and the trachea, pulmonary artery, and left atrium 
were cannulated. The lung preparation was suspended in a cylindrical 
thorax' and connected to an upper reservoir such that perfusion medium 
could flow from the reservoir through the pulmonary vasculature and exit 
uia a cannula inserted in the left atrium. The pooling perfusate was 
pumped back to the reservoir by a perfusion pump2, providing constant 
circulation through the lung system. The lungs were ventilated with warm 
humidified air containing carbon dioxide by operating a small animal 
respirator' to create an alternating negative pressure within the lung 
chamber. This resulted in expansion and contraction of the lung and 
inspiration and expiration much like that in the intact animal. The thorax 
and the reservoir were water-jacketed to regulate the temperature at  37' 
Once the system was in operation, it was allowed to equilibrate 15-20 min 
prior to drug administration. Sampling (1-ml specimens) was from the 


Fabricated by Thomas Burcar, Cincinnati, Ohio 
Harvard Apparatus, So. Natuck, Mass. 


upper reservoir. For each perfusion, Krebs-Ringer bicarbonate solution 
(150 ml) containing 4.5% bovine serum albumin and the following in 
grams per liter was used: NaCI, 6.57; KCl, 0.355; CaCle, 0.28; KH2P04, 
0.16; MgSO4,0.145; NaHC03,2.1; and glucose, 0.18. The pH was adjusted 
to 7.4 with sodium hydroxide. 


D r u g  Administration-Isoproterenol hydrochloride was adminis- 
tered to the isolated lung system by intravascular, intrabronchial, and 
aerosol administration. One milliliter aliquots of aqueous isoproterenol 
hydrochloride solutions containing 5 X lo+, lo+, 5 x and 


moles/ml were added to the upper reservoir for intravenous ad- 
ministration. For intrabronchial dosing, 25O-pl aliquots containing lop5 
and lov6 moles of drug were delivered to the airways as a bolus uta a small 
bore plastic tubing inserted through the tracheal cannula. For aerosol 
administration, a 50-mg/ml aqueous solution of isoproterenol hydro- 
chloride was nebulized? and delivered to the airways through a plastic 
tubing attached to the tracheal cannula for a 1-min dosing period. During 
drug administration, the respirator controls were changed from the 
normal settings of 30-1111 stroke volume and 50% inspiration to 50-ml 
stroke volume and 70% inspiration. This maximized the flow of aerosol- 
ized drug into the lung by causing deep inspirations. 


Chromatography-The perfusate concentrations of isoproterenol 
and 3-O-methylisoproterenoI4 were determined by high-pressure liquid 
chromatography (HPLC). The compounds were separated on a strong 
cation exchange column5 and detected with a variable wavelength UV 


Model 36B Ultrasonic Nebulizer, DeVilbiss Cn., Somerset, Pa. 


PXS l0R.5 SCX, Whatman, Inc., Clifton, N.J. 
4 Provided by C. H. Boehringer Sohn, Postfach 200, Germany. 
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Table I-Parameter Estimates Generated by a Composite Fit of the Intravascular Isoproterenol Data  to  the Compartmental  Model 


C3 - 


C6 


~~ ~~ ~ ~~ 


Dose, Vm Km, V I ,  V P ,  s s o  r2 ss r2 
moles pg/ml min pg/ml ml ml Isoproterenol Isoproterenol 3-0-Methylisoproterenol 3-0-Methylisoproterenol 


UPPER RESERVOIR Cl 
(ISOPROTERENOL) ' ~ 


C 1  ,VUR 


UPPER RESERVOIR C4 


10-5 0.021 1.95 206 199 146.0 0.997 
5 x 10-6 0.021 1.95 200 262 39.6 0.992 


10-6 0.021 1.95 177 198 1.98 0.995 
5 x  10-7 0.021 1.95 209 345 0.362 0.984 


10-7 0.021 1.95 250 247 0.013 0.387 


0.084 
0.025 
0.012 
0.0011 
0.0002 


0.997 
0.996 
0.992 
0.985 
0.943 


a Sum of' squared deviations. 


detectorfi. Due to the column-to-column variability and the tendency of 
the columns to lose efficiency during use, various mobile phases were 
utilized during the study. Potassium phosphate buffers (0.003-0.03 M )  
containing 5-3070 methanol (pH 3.0) were used a t  a flow rate of 2 ml/min. 
The compounds were detected a t  either 278 or 220 nm. The higher 
wavelength was used when large concentrations of isoproterenol were 
present and isoproterenone hydrochloride7 was used as an internal 
standard. A sample chromatogram is shown in Fig. 2. Detection a t  220 
nm afforded greater sensitivity, but the chromatographic conditions 
needed to separate isoproterenol and 3-0-methylisoproterenol from in- 
terfering extraneous peaks precluded the use of isoproterenone as the 
internal standard; morphine hydrochloride was used as the standard in 
this case. 


Extraction of Perfusate Samples-All procedures were performed 
under yellow light to protect isoproterenol against photodecomposition. 
To each sample was added 1 ml of 0.1 N acetate buffer (pH 4.0) con- 
taining internal standard (isoproterenone hydrochloride or morphine 
hydrochloride) and 3 ml of 5% (v/v) diethylhexylphosphoric acid in 
freshly distilled diethyl ether. This was vortexed 1 min and centrifuged, 
and the ethereal layer was decanted into a conical centrifuge tube. To 
this was added 25-100 pl of 1 N HCI with 1% ascorbic acid, and the 
mixture was vortexed 1 min and centrifuged. An aliquot of the aqueous 
phase was injected into the chromatographic system. 


Standard curves were prepared for each experiment by spiking 1-ml 
blank perfusate samples with 100 pl of 1% ascorbic acid and varying 
concentrations of isoproterenol and 3-0-methylisoproterenol. These 
standards were extracted and analyzed in the same manner as experi- 
mental samples. 


Preparat ion of Lung Homogenate Samples-The lungs were 
thawed and blotted dry. Extraneous tissue was removed and the lung was 
weighed. The tissue was cut into small slices, diluted with 40 or 60 ml of 
normal saline containing 1% ascorbic acid, and homogenized8. A 1-ml 
aliquot of the homogenate was then extracted in the same manner as the 
perfusate samples previously described. Standard curves were prepared 


I I + +  
I I -- 


LOWER RESERVOIR C2IPCIl I 
(ISOPROTERENOL) 


C3.VLR A 


:I) 


Figure 4-Perfusion model used to describe the disposition of isopro- 
terenol and 3-0-methylisoproterenol by the isolated perfused rabbit 
lung. 


6 Varl-Chrom, Varian Assoclates, Palo Alto, Calit. 
7 Synthesized in this laboratory. 
8 Model SDT-182 Tissumizer, Tekmar Co., Cincinnati, Oh. 


by adding varying amounts of isoproterenol and 3-0-methylisoproterenol 
to blank homogenate samples and analyzing these along with the un- 
known samples. 


RESULTS 


Intravascular  Administration-Five doses of isoproterenol hy- 
drochloride ranging from to moles were administered directly 
into the circulating perfusion medium, and samples were withdrawn for 
180 min and analyzed for isoproterenol and 3-0-methylisoproterenol. 
In each experiment, isoproterenol concentrations appeared to decline 
monoexponentially with a corresponding increase in metabolite levels. 
The apparent half-life for drug elimination from the perfusate decreased 
with decreasing dose as the fraction of the dose appearing as 3-0-  
methylisoproterenol increased. This suggested a capacity-limited process 
for metabolism of isoproterenol. To investigate this possibility, data were 
analyzed pharmacokinetically using both a compartmental and perfusion 
model. 


Compartmental  Analysis-Each set of isoproterenol and 3-0- 
methylisoproterenol perfusate concentration-time data were fitted to 
a simple one-compartment model with the metabolism of isoproterenol 
to 3-0-methylisoproterenol being described by the Michaelis-Menten 
equation. The rates of change of drug and metabolic concentrations were 
described by the differential equations: 


where 


C1 = perfusate concentration of isoproterenol (Fg/ml); 
C2 = perfusate concentration of 3-0-methylisoproterenol (fig/ 


ml); 
V m  = theoretical maximum metabolic rate (pg ml-lmin-l); 
K m  = Michaelis constant (pg/ml); 


VI = apparent volume of distribution of isoproterenol (ml); 
V2 = apparent volume of distribution of 3-0-methylisoproterenol 


The isoproterenol and 3-0-methylisoproterenol perfusate concen- 
tration-time data from the intravascular studies were fitted to the dif- 
ferential equations using the NONLIN (8) digital computer program for 
nonlinear least-squares regression. The entire set of data (i.e., isoprote- 
renol and 3-0-methylisoproterenol from all five experiments) were fitted 
to this model resulting in unique estimates of V m  and Km describing the 
metabolism over the entire range of doses, whereas, V1 and V2 were al- 
lowed to vary for each dose independent of the others. Table I shows the 
parameter estimates obtained from these fits. Semilogarithmic plots 
comparing the observed data to that predicted from the composite fit are 
shown in Fig. 3. 


Perfusion Model-A perfusion model was developed to describe the 
isolated perfused rabbit lung system and to assist in the analysis and 
interpretation of the observed data. 


Figure 4 depicts the isolated perfused lung model as used to describe 
the concentration-time course for isoproterenol and 3-0-methyliso- 
proterenol following intravascular administration of isoproterenol. This 
model is based on the following assumptions: ( a )  the concentration of 
isoproterenol and 3-0-methylisoproterenol entering the lung vasculature 
is the same as that in the upper reservoir; ( b )  the concentration of the two 
compounds in the lung tissue is in equilibrium with that in the perfusion 
medium leaving the lung and entering the lower reservoir; (c) the con- 
centration entering the upper reservoir is the same as that leaving the 
lower reservoir; ( d )  the metabolism of isoproterenol to 3-0-methyliso- 
proterenol occurs in the lung tissue by a capacity-limited process de- 
scribed by the Michaelis-Menten equation. 


(ml). 
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of concentration versus time for (0) isoproterenol and (@I 3-0-methylisoproterenol comparing observed values 
on model simulations for  f ive intravascular doses of isoproterenol administered to the  isolated perfused rabbit 


The following differential equations describe the rate of change of 
isoproterenol and 3-0-methylisoproterenol concentrations in the lung 
tissue and in the reservoir compartments following introduction of a bolus 
of isoproterenol into the upper reservoir: 


(Eq. 3)  


(Eq. 8) 


where 


C I  = Concentration of isoproterenol in the upper reservoir 
(pmoles/ml); 


CZ = concentration of isoproterenol in the lung tissue (pmoles/ 


Cn = concentration of isoproterenol in the lower reservoir 


C4 = concentration of 3-0-methylisoproterenol in the upper 


CS = concentration of 3-0-methylisoproterenol in the lung 


Ce = concentration of 3-0-methylisoproterenol in the lower 


ml); 


(pmoles/ml); 


reservoir (pmoles/ml); 


(jimoles/ml); 


reservoir (pmoles/ml); 
VUR = volume of the upper reservoir (ml); 


V1,R = volume of the lower reservoir (ml); 
PCI = apparent partition coefficient for isoproterenol between the 


lung tissue and the emergent perfusion medium; 
PCo = apparent partition coefficient for 3-0-methylisoproterenol 


between the lung tissue and the emergent perfusate; 
V m  = maximum rate of metabolism of isoproterenol to 3-0 -  


methylisoproterenol in the lung tissue (pmoles 
ml-lmin-I); 


V L  = volume of the lung (ml); 


K m  = Michaelis constant (pmoles/ml); 
Qb = rate of flow of perfusion medium (ml/min). 


The parameters used to describe this model were derived from actual 
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Figure 6-Semilogarithimic plot of concentration versus time for (0) 
isoproterenol and (a) 3-0-methylisoproterenol following intrabronchial 
administration of moles of isoproterenol assuming (- --) 100% and 
(-) 904, absorption. 


experimental conditions associated with the isolated lung system. The 
values for V U R ,  VLR,  PC,, PCo, V m ,  K m ,  and Q b  were the same for all 
simulations. Only the dose and VL were varied. The volumes of the upper 
and lower reservoirs were measured as 62 and 88 ml, respectively. The 
flow rate was constant a t  150 ml/min. The partition coefficients for iso- 
proterenol and 3-0-methylisoproterenol were determined experimentally 
from several experiments and an average value for each was used (1.5 for 
isoproterenol and 3.8 for 3-0-methylisoproterenol). Michaelis-Menten 
constants were estimated from those obtained with the compartmental 
model fi ts  and were adjusted to represent metabolism occurring from the 
lung tissue. The following conversions were used to determine these 
constants from those reported in Table I: 


V m  X V1 
M W  x VL 


Vm* = 


K m  X PCI 
MW 


Km* = 


where 


V m  and K m  = Michaelis-Menten constant generated from the 
composite compartmental fit assuming metabolism 
from the central compartment (perfusate); 


Vm* and Km* = Michaelis-Menten constants representing metabo- 
lism from the lung tissue; 


V1 = volume of the central compartment of the compart- 
mental model; 


V L  = volume of the lung; 
M W  = molecular weight of isoproterenol; 
PCl = apparent partition coefficient for isoproterenol. 


The V m  obtained from this conversion was 0.001 pmoles ml-lmin-' while 
the K m  was 0.014 pmoles/ml. The weight of each lung was used as the 
lung volume. 
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Figure 7-Semilogarithmic plot of concentration versus time for (0) 
isoproterenol and (a) 3- 0-methylisoproterenol following intrabronchial 
administration of  moles of isoproterenol hydrochloride. Perfusion 
model predictions for isoproterenol assuming (- . - . - .) 100% and (-) 
60";, absorption are shown along with predicted 3-0-methylisoprot- 
crenol profiles assuming (- - - -) 40% , (.....) 2.5!0, and (-) no first-pass 
metabolism. 
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Figure 8-Semilogarithmic plot of concentration versus time for (0) 
isoproterenol and (a) 3-0-methylisoproterenol following aerosol ad- 
ministration of isoproterenol hydrochloride. Perfusion model predic- 
tions for theabsorption of 2.75 X moles of (-) isoproterenol are 
shown along with predicted 3-0-methylisoproterenol concentrations 
with (-) and without (- - - -) 20% first-pass metabolism. 


These equations and parameter estimates were used to produce sim- 
ulations of the isoproterenol and 3-0-methylisoproterenol concentra- 
tion-time profile in the upper reservoir of the isolated lung system fol- 
lowing administration of isoproterenol into the upper reservoir. These 
simulations were compared to the observed data to determine how the 
model actually described that which was occurring. These comparisons 
are shown in Fig. 5. There was good agreement for the isoproterenol data, 
whereas, slight deviations from the observed metabolite data are observed 
in some cases. 


Intrabronchial  Studies-The absorption and subsequent metabo- 
lism of isoproterenol was studied following endotracheal instillation of 
aqueous solutions containing and 10+ moles of isoproterenol hy- 
drochloride. In both cases the absorption was relatively slow with peak 
drug levels occurring a t  60-80 min. Comparison of isoproterenol and 
3-0-methylisoproterenol concentrations to those observed following 
equivalent intravascular doses suggest that less drug and metabolite 
appeared in the circulation following intrabronchial administration. 
Determining the fraction of the dose absorbed by the usual method of 
comparing areas under the curves was not possible, because an accurate 
estimate of the area under the curve could not he obtained due to non- 
linear pharmacokinetics. 


The perfusion model was used to assist in the interpretation of the data. 
The only modification from the previous model was the addition of a 
first-order pathway for the absorption of isoproterenol from the airways 
into the lung tissue. In this case the dose was entered into the absorption 
site rather than the upper reservoir. All other parameters and estimates 
were identical to those used in the previous flow model. 


mole dose (Fig. 6) but predicted higher isoproterenol concentrations than 
actually observed for the mole dose (Fig. 7). The intravascular data 
suggested that if first-pass metabolism were occurring, it would most 
likely he due to conversion of isoproterenol to 3-0-methylisoproterenol 
as the drug was being absorbed. This preabsorptive first-pass metabolism 
was incorporated into the model as the absorption of a fraction of the dose 
as the metabolite (with the same rate of absorption as isoproterenol). 
Simulations involving various fractions of the dose being absorbed as 
intact isoproterenol and as 3-0-methylisoproterenol were compared to 
the observed data to determine if the first-pass model could describe the 
data. 


mole dose are 
shown in Fig. 6. An absorption rate constant of 0.056 min-' was used in 
these simulations. Comparing the simulations to the observed data shows 
that the model with 60% of the dose being absorbed intact and 2.5% as 
the metabolite best agrees with the data. This suggests that the intra- 
bronchial dose was not totally absorbed hut does not indicate an extensive 
first-pass effect. Similar simulations were produced fur the 10+ mole 
dose. The best agreement with the observed data was achieved with a 
model assuming that 90% of the dose was absorbed as isoproterenol with 
no first-pass effect occurring (Fig. 6). An absorption rate constant of 0.025 
min-' was used in these simulations. 


Aerosol Studies-Isoproterenol hydrochloride was administered to 
the lung as a nebulized aqueous solution and the resulting concentrations 
of drug and metabolite were determined. Absorption following aerosol 
administration was faster than that with intrahronchial administration 


The simulations produced by this model adequately matched the 


The results of some of these simulations for the 
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Figure 9-Semilogarithmic plot of concentration versus time for  (0) 
isoproterenol and (0) 3-0-methylisoproterenol following aerosol ad- 
ministration of isoproterenol hydrochloride. Perfusion model predic- 
tions for  the absorption of 1.3 X lO+ moles of f-) isoproterenol are 
shown along with predicted 3-0-methylisoproterenol concentrations 
with (-) and without (- - - -) 16% first-pass metabolism. 


(Figs. 8 and 9). The 0-methyl metabolite also appeared a t  a faster rate 
than that following intrabronchial administration. Data were analyzed 
in the same manner as were the intrabronchial data. The dose delivered 
to the lung by the nebulizer was not known and was estimated by the 
simulations. Simulations representing absorption of various fractions 
of the dose as the metabolite were generated and compared to the ob- 
served data. Figure 8 shows observed isoproterenol and 3-0-methyliso- 
proterenol concentrations compared to that predicted for the absorption 
of 2.75 X moles of aerosolized isoproterenol with and without a 
simulated 20% first-pass effect represented as absorption of the metab- 
olite. An absorption rate constant of 0.12 min-1 was employed for both 
drug and metabolite. In Fig. 9, the simulated amount of drug absorbed 
was 1.3 X 10-6 moles while that  of 3-0-methylisoproterenol was 2.5 X 
10-7 moles (16% of the dose). The absorption rate constant for both was 
0.08 min-I. In both cases the incorporation of the first-pass phenomenon 
into the model provided simulations which matched the observed data 
much better than that seen when the phenomenon was not included in 
the model. Although this in itself is not sufficient documentation for 
concluding that first-pass metabolism was occurring, it does support 
similar findings by other investigators (7). 


Lung Uptake-Lungs were homogenized and analyzed for isoprote- 
rend and 3-0-methylisoproterenol. Partition coefficients were calculated 
for isoproterenol and the metabolite by dividing the lung concentration 
by the concentration in the final perfusate sample. The mean partition 
coefficient for isoproterenol was 1.49 f 0.56 ( n  = 5), while that for the 
0-methyl metabolite was 3.79 f 0.66 (n  = 7). A plot of the amount of drug 
in the lung as a function of perfusate concentration for the two (Figs. 10 
and 11) shows that uptake was linear over a 100-fold range of concen- 
trations for both drug and metabolite. 


MINUTES 


DISCUSSION 


The results of these studies suggest that  pulmonary disposition is of 
little significance in the overall systemic clearance of isoproterenol when 
the drug is administered orally or parenterally. When administered uia 
the airways, however, isoproterenol may be subject to first-pass metab- 
olism, and the lung may play a significant role in the overall disposition 
of the drug. 


Isoproterenol was metabolized in the lung tissue to 3-0-methyliso- 
proterenol. The rate and extent of metabolism was dependent on the 
amount of drug administered to the lung system, and the kinetics of this 
process could be described by the Michaelis-Menten equation. The 
pulmonary clearance of the drug following intravascular administration 
of the lowest dose moles) was -2 ml/min. Lower doses would not 
be expected to be cleared much faster. Accumulation of the drug by the 
lung was limited, with concentrations in the lung tissue -1.5 times those 
in the perfusion medium. The perfusate concentration profiles following 
intravascular administration displayed no discernible distribution phase, 
suggesting rapid equilibration of drug between the perfusate and lung 
tissue. 


Interpretation of the data following intrabronchial and aerosol ad- 
ministration was complicated by the capacity-limited metabolism of 
isoproterenol. Reports in the literature have suggested a 30% first-pass 
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Figure 10-Uptake of isoproterenol by the lung 


metabolism of isoproterenol to its 0-methyl metabolite following ad- 
ministration of the drug oia the airways (7). Usual methods for evaluating 
first-pass metabolism (i.e., AUC comparisons) were not applicable, as 
accurate estimates of infinity AlJC values could not be obtained. As an 
alternative for interpreting the data, a mathematical model similar to 
the perfusion model described previously (9) was developed, based upon 
mass balance and the flow of perfusion medium through the various 
compartments of the isolated perfused lung system. The model described 
the drug and metabolite data following intravascular administrat ion of 
isoproterenol. 


Before the perfusion model could he modified to simulate first-pass 
metabolism, the nature of the first-pass effect had to be established. Two 
possible mechanisms for first-pass metabolism were discussed previously 
in a review of presystemic drug elimination (10). Postabsorptive first-pass 
metabolism occurs when a drug is absorbed into an eliminating organ; 
the fraction eliminated presystemically is equivalent to the organ ex- 
traction ratio ( c l /Bb)  following systemic administration (where c1 is the 
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Figure 1 1-Uptake of 3-0-methylisoproterenul by the lung 
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organ clearance of the drug following systemic administration, and 
is the flow rate through the organ). In this case the fraction of the ab- 
sorbed dose reaching the circulation intact ( F )  is given as: 


F = 1 - Cl/Qb (Eq. 11) 


Preabsorptive first-pass metabolism involves metabolism of a drug as 
it is absorbed into the circulation from the site of administration. In this 
case the fraction eliminated presystemically is not equal to the systemic 
extraction ratio. 


The maximum pulmonary clearance of isoproterenol following systemic 
administration to the rabbit lung was -2 mlhnin, representing an ex- 
traction ratio of -0.01. If only postabsorptive first-pass metabolism were 
occurring, this would predict that 99% of an intrabronchial or aerosol dose 
of isoproterenol should reach the circulation intact. If >1% first-pass 
metabolism occurs, as has been reported (7), preabsorptive first-pass 
metabolism must be involved. The preabsorptive metabolism would be 
observed experimentally as absorption of the metabolite into the circu- 
lation along with the parent drug. This was incorporated into the per- 
fusion model as first-order absorption of both drug and metabolite, and 
various simulations with this model were compared to the experimental 
results following intrabronchial and aerosol administration of isoprote- 
renol. These comparisons indicate little or no first-pass metabolism of 
isoproterenol following intrabronchial instillation of an aqueous solution 
of isoproterenol but suggest the possibility of a substantial first-pass effect 
when the drug was inhaled as an aerosol. The drug was also more rapidly 
absorbed following aerosol administration; it may be that this route of 
administration delivers the drug over a larger surface area in the airways 
than is achieved with intrabronchial administration. This may result in 
greater exposure of the drug to the epithelial cells of the bronchi and small 


airways, leading to more rapid absorption and avoiding local saturation 
of metabolizing capacity during absorption. This would hinder extrap- 
olation of data following intrabronchial administration to situations in- 
volving aerosol inhalation of a drug and suggests that intrabronchial or 
endotracheal administration may be an inappropriate technique for 
studying drugs which are intended for aerosol administration. 
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Abstract The pulmonary disposition of two diester prodrugs of iso- first pass through the lung. . .  


proterenol (di-p-toluoylisoproterenol and dipivaloylisoproterenol) was 
studied in the isolated perfused rabbit lung preparation. High-pressure 
liquid chromatographic methods were developed to measure diester, 
monoester, isoproterenol, and 3-0-methylisoproterenol from a single 1-ml 
perfusate sample. The prodrugs were administered directly into the 
circulating perfusion medium and by endotracheal instillation. Perfusate 
concentrations of diester, monoester, isoproterenol, and 3-0-methyli- 
soproterenol were measured for 180 min. The diesters were rapidly 
eliminated from the perfusate with a subsequent increase in monoester 
concentrations. Isoproterenol levels were observed within minutes of 
prodrug administration, peaked a t  60-80 min, and declined slowly 
thereaft,er. The prodrugs were rapidly absorbed following endotracheal 
administration with 30-5070 of the diester being metabolized during the 


Keyphrases Isoproterenol prodrugs-isolated rabbit lung as model 
for intravascular and intrabronchial administration of bronchodilator 
drugs, high-pressure liquid chromatography 0 Prodrugs-isoproterenol, 
isolated rabbit lung as model for intravascular and intrabronchial ad- 
ministration of bronchodilator drugs, perfusion, high-pressure liquid 
chromatography Perfusion-isolated rabbit lung as model for intra- 
vascular and intrabronchial administration of bronchodilator drugs, 
high-pressure liquid chromatography High-pressure liquid chroma- 
tography-isolated rabbit lung as model for intravascular and intra- 
bronchial administration of bronchodilator drugs, prodrugs, perfusion, 
isoproterenol 


Isoproterenol is a /3-adrenergic agonist which is often 
employed in the treatment of bronchial asthma. The drug 
has limited oral activity because of the extensive first-pass 
metabolism which occurs during absorption of the drug 
from the GI tract (1, 2). Aerosol inhalation is the most 
commonly used route of administration and offers the 
advantages of a rapid onset of activity and delivery of the 
drug directly to the airways (3). The duration of action 
following inhalation is short, however, and frequent dosing 
is often required to maintain the desired effect. This can 


result in side effects such as cardiac stimulation, which can 
hinder effective therapy with the drug. Increasing the 
duration of action of isoproterenol would offer a significant 
improvement in the clinical use of the drug for the treat- 
ment of asthma. 


Prodrugs have been used in the past to improve the 
delivery of pharmacological agents, and this approach 
seems feasible with isoproterenol. An inactive derivative 
of isoproterenol, which itself possesses more favorable 
physicochemical and pharmacokinetic properties than the 
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Abstract  First-order rate constants ( k L )  for hydrolysis of p-nitro- 
phenyl acetate, cationic cyclocytidine, and anionic indomethacin in the 
presence of buffered liposomal suspensions of positive, negative, and 
neutral charge were compared to those determined in the corresponding 
buffers ( k R )  using the ratio, R k  = k L / k s .  Association between the reac- 
tants and the liposornes was evaluated by comparing assays for concen- 
tration in the filtrates ( C F )  with the total concentration in the liposomal 
suspension ( C T )  using Rc = CF/CT.  Liposomes did not influence cyclo- 
cytidine hydrolysis rates and no association was observed ( R k  N Rc N 


1). In contrast, indomethacin showed -80% reduction in hydrolysis rate 
and -80% liposome association value ( R k  N 0.2 N Rc).  In neutral and 
negatively charged liposomal suspensions, p-nitrophenyl acetate dis- 
played -30% decrease in k B  (Rk N 0.7) together with -90% liposomal 
association (Rc N 0.1). However, hydrolysis was greatly accelerated in 
positively charged liposomal suspensions. Loss was described by a 
biexpontwtial equation where N is the fast and f i  is the slow pre-expo- 
nential coefficient and nlPlke = 39:6:1. The observed relationships be- 
tween hydrolysis rates and reactant-liposome associations are reconciled 
in terms of the hydrophilicity of the reactants and the potential influence 
of the liposomes on the expected transition states for the hydrolysis re- 
actions. 


Keyphrases Indomethacin-hydrolysis, stability in liposomal sus- 
pensions, cyclocytidine, p-nitrophenyl acetate Stability-liposomal 
suspensions, hydrolysis of indomethacin, cyclocytidine, p-nitrophenyl 
acetate Hydrolysis-indomethacin, cyclocytidine, p-nitrophenyl 
acetate, stability in liposomal suspensions 0 Liposomes, suspensions- 
drug stability, hydrolysis of indomethacin, cyclocytidine, p-nitrophenyl 
acetate 


Interest in liposomes as potential drug delivery systems 
has prompted these investigations into the influence of 
liposomes on drug stability. This report compares the 
hydrolysis of a cation, an anion, and a neutral reactant in 
aqueous buffered solutions to that in buffered liposomal 
suspensions of positive, negative, and neutral charge. 


BACKGROUND 


The potential for changes in hydrolysis rates in micellar systems (1) 
and the implications to drug stabilization (2) are well documented and 
have been applied to aspirin (3-5) and indomethacin ( 6 ) .  Little has been 
reported on drug stability in liposomal suspensions although they are 
somewhat analogous to micellar systems. The rate of procaine hydrolysis 
was reduced in neutral liposomal suspensions relative to that in aqueous 
buffers, whereas 2-diethylaminoethyl-p-nitrobenzoate hydrolysis was 
accelerated a t  pH < 7.8 and retarded at pH > 7.8 (7). The degradation 
rate of p-nitrophenol acetate was accelerated by increasing liposomal 
lecithin concentration (8). These studies measured the total amount of 
drug in the suspension. 


EXPERIMENTAL 


Preparation of Liposomes--C:holestero11~2 (-7.4 mg) was placed in 
a 50-ml round bottom-stoppered flask together with either -21 mg of 
dicetyl phosphate' (for negatively charged liposomes) or -10.4 mg of 
stearylamine' (for positively charged liposomes). n-Tocopherol' (1 ml 


1 Sigma Chemical Co., St. Louis, Mo. 
P-I, Biochemicals, Milwaukee, Wis. 


of 1.5 X M )  in chloroform (9, 10) was added, followed by 7 ml of 
chloroform and 1 ml of 1% lecithin in methanol-chloroform, 1:9l. The 
resulting solution was concentrated under vacuum for 3 min under a 
rotary evaporator a t  42O (f2O). Evaporation was then continued a t  am- 
bient temperature with the final traces of chloroform being removed by 
flushing with nitrogen. 


Sixteen milliliters of buffer was added, and the mixture was agitated 
on a vortex mixer until the material from the sides of the flask formed 
a suspension of large liposomes. The flask was placed in a cup-horn 
sonicator3 and cooled for 2 min using circulating water kept a t  2". The 
mixture was sonicated for 4 min a t  60% power (maximum power = 20 
kHz) using one-half second pulses per second. During the sonication the 
cooling water was kept circulating around the flask. Throughout the 
procedure the head space of the flask was periodically flushed with ni- 
trogen to minimize oxidation. The size and shape of the liposomes were 
monitored using a microscope with an eye-piece micrometer together with 
particle size analysis (see Kinetics of Hydrolysis) 


Analytical Methods-Stability-indicating spectrophotometric assays 
for indomethacin4, p-nitrophenyl acetate, and cyclocytidine in buffered 
aqueous solutions, in total liposomal suspensions and in their filtrates 
are described below. The chromophoric hydrolysis products of cyclocy- 
tidine' (cytarabine') and p-nitrophenol acetate5 (p-nitropheno16) were 
also measured. The products of indomethacin hydrolysis were non- 
chromophoric a t  330 nm, which is near the 323-nm indomethacin ab- 
sorption maximum. 


T o  quench the hydrolysis of either indomethacin or p-nitrophenyl 
acetate in the total liposomal suspension, 1 ml of suspension was added 
to 4 ml of cold 0.5 M formic acid in water-methanol (2:8). The mixture 
was shaken and stored in a refrigerator. Prior to analysis it was warmed 
to room temperature and centrifuged a t  3200 rpm for 30 min to remove 
hosomal material. Four milliliters of the supernatant solution was mixed 
with 4 ml of methanol and the resulting solution was centrifuged for 10 
min. The UV absorbance of the resulting clear solution was determined 
a t  the appropriate wavelengths in a spectr~photometer~, against a blank 
prepared in a similar manner omitting the reactant. The procedure for 
cyclocytidine was identical but employed 0.2 M HC1 in water-methanol 
(1:9) to stabilize cytarabine, and the first centrifugation was 40 min. 


Molar absorptivities (c) were determined from the slopes of Beer's law 
plots using solutions in the buffers. The apparent molar absorptivities 
(t') representing the procedure for assaying liposomal suspensions in the 
same buffers were similarly determined. Comparison of the values of c' 
with those of c indicated that the recovery was 93-100% as shown in Table 
I. 


Since degradation products did not absorb at 330 nm, total indo- 
methacin concentration, C,, in the liposomal suspension was calculated 
from: 


C, = D ( A 3 3 0 ) / ( e 1 3 3 0 )  (Eq. 1) 


where the dilution factor D is lO,c'330 is the apparent molar absorptivity 
a t  330 nm, and ,4330 is the absorbance of the final dilution a t  330 nm. 


Since the UV spectra of cyclocytidine and p-nitrophenyl acetate ov- 
erlapped with those of their respective degradation products, the total 
absorbance of a mixture in the final dilution a t  a given wavelength, Ax, 
is defined as: 


(Eq. 2) 


~ 


3 Model W-375, Heat Systems-Ultrasonics, Plainview, N.Y. 


5 Eastman Kodak Co., Rochester, N.Y. 


7 Model 250, Gilford Instruments, Oberlin, Ohio. 


Merck, Sharp and Dohme Research Laboratories, We'st Point, Pa. 


p-Nitrophenol was obtained hy total hydrolysis of the ester in 0.1 N NaOH, 
40°, for 5 hr. 
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Table I-Apparent Molar Absorptivities of Reference Standards Recovered from Liposomal Suspensions 


Mnm) Recoveryb, 
X Y Compound no 10-3cfnX 10-3t',, % 


330 ~ Indomethacin 1 6.40 - -100 
272 317 p-Nitrophenyl acetate 1 9.08 1.22 93 


p-Nitrophenol 2 3.20 11.60 94 
260 285 Cyclocytidine 1 10.30 3.13 -100 


Cytarabine 2 4.70 14.00 -100 


n = 1 Designates reactant and n = 2 its hydrolysis product. * Average values from ffnX and elny where percent recovery = 100 e' /e .  


Table 11-Apparent First-Order R a t e  Constants fo r  Hydrolysis in Buffers (ke) and  in Liposomal Suspensions ( k ~ , , k ~ ) ,  at 40°, and t h e  
Mean Diameters of Liposomes before (do) and a f t e r  ( d )  Hydrolysis 


Liposomal 
Reactantn Charge 


Cyclocytidine Positive 
Negative 
Neutral 
Negative 
Positive 
Negative 
Neutral 
Negative 


Indomethacin 


p-Nitrophenyl- 
acetate 


Neutral 


Positive 


k in hr-' 
ks kL k F  


0.865 0.858 0.786 
0.865b 0.789 0.756 
0.865 
0.121" 
0.346d 
0.346d 
0.346d 
0.362" 


0.843 0.774 
0.109 - 
0.054 - 


0.110 0.106 
0.0783 - 
0.249 0.300 


0.362" 0.268 0.300 


0.362" B - - N 


14.0 2.05 


P 
Rr  dn d 


1.12 
1.18 
1.16 


-0.10' 
0.28 


-0.20' 
0.086 


0.144 


0.508f 


- 


2.38 
2.21 
2.43 


2.10 
2.17 
2.38 
2.10 


2.14 


2.14 


- 


2.30 
2.26 
2.52 


2.26 
2.17 
2.52 
2.34 


2.38 


2.21 


- 


0 CO Y 9 X 10-4 M .  * Borate buffer: 0.320 M H3B03; 0.140 M NaHZB03; 0.350 M NaCI; pH 8.31. 
M NaCI; pH 7.51. d Carbonate buffer: 0.135 M NaHC03; 0.065 A4 Na2C03; 0.075 M NaCI; pH 0.37. 
estimates. f Average value during the beta phase. 


Phosphate buffer: 0.0140 M NaHzPO4; 0.100 M NaZHPOI; 0.086 
Filtrates were not concentrated enough to obtain more accurate 


where D = 10, CI and Cz are the total concentrations of reactants and 
products, respectively, in the liposomal suspensions, and c'1 and c'p are 
their apparent molar absorptivities at  wavelength A. The total absorbance 
determined a t  each of two wavelengths, A, and A,, then results in two 
simultaneous equations which may be solved to yield: 


CI = D[Ai,(A,)  - Aiy(A,)] (Eq. 3) 


Cz = D [ Azx (A, - Azy (A,)]  (Eq. 4) 


where A,, = t'pY/(c'lxt'2, - e ' l , t ' ~ ~ ) ,  AI, = e '2r / (c '~xc'2y  - c'1,c'2~) ,  Az, 
= t'iy/(c'zxc'l, - c'ixt'zy), A2, = t'ix/(t'2rt'iy - t ' i x c ' ~ , ) ,  c'ix and t'i, 
are the apparent molar absorptivities of the reactants, and t'z, and c'p, 
are those of the products, a t  wavelengths x and y,  respectively (Table 
I). 


For the analysis of filtrates, 2-ml aliquots of reactions in the presence 
of liposomal suspensions were gently filtered using disposable cartridgesE 
and a syringe. In the case of indomethacin and p-nitrophenyl acetate, 
0.5 ml of the filtrate was mixed with 2 ml of cold 0.5 M formic acid in 
water-methanol (2%). The procedure for cyclocytidine was identical, 
except that 0.2 M HC1 in water-methanol (1:9) was employed instead of 
0.5 M formic acid. Absorbances were measured in microcuvetes and the 
concentrations were determined using the t values in Table I in Eqs. 1, 
3, and 4 with D = 5. Total particle countsg which were 4 X 106/ml in the 
liposomal suspensions were reduced to background (<2000/ml) in the 
filtrate by this procedure. 


Kinetics of Hydrolysis in Buffers and in Buffered Liposomal 
Suspensions-Rates of hydrolysis of cyclocytidine, indomethacin, and 
p-nitrophenyl acetate were studied a t  40" in the aqueous buffers de- 
scribed in Table 11. Aliquots were removed as a function of time and 
analyzed for concentrations. 


Liposomal suspensions (Table 11) were prepared as described and 
heated a t  40' for 12  hr with constant agitationln. An aliquot of a stock 
solution of the reactant was then added to 12 ml of the liposomal sus- 
pension, which was maintained a t  40" with continued agitation. At ap- 
propriate intervals aliquots of the mixture were removed, the reaction 
head-space flushed with nitrogen, and the samples were analyzed for total 
concentration in the liposomal suspension and also in the filtrate. Before, 
and after the reaction, 6.~1 aliquots of the liposomal suspension were 


diluted with 10 ml of the same buffer in which they were prepared. One 
milliliter of this dilution was further diluted with 10 ml of buffer, and the 
particle size of the liposomes in this suspension was determinedg. 


Hydrolysis rates in filtrates in the absence of liposomes were shown 
to he the same as those in their corresponding buffered solutions by using 
the following procedure. Sixteen milliliters of positively charged liposomal 
suspension was prepared using carbonate buffer and heated a t  40' for 
12 hr with constant agitation10. The suspension was centrifuged a t  2600 
rpm for 50 min, and the bulk of the liposomes that concentrated a t  the 
top of the mixture were removed". Five milliliters of the remaining 
suspension was filtered through several disposable filter cartridges8. The 
filtrate was used to study the hydrolysis of indomethacin as described 
previously for aqueous buffers a t  40". This procedure was also employed 
to study the hydrolysis of p-nitrophenyl acetate in the filtrate obtained 
from positively charged liposomes prepared with phosphate buffer. No 
difference was observed between the rate constants in buffer and in the 
corresponding filtrate. These two reactions were chosen because they had 
shown the greatest change in rate constants in the presence of lipo- 
somes. 


To estimate the maximum volume occupied by the liposomes in a 
suspension, 10 ml of a negatively charged suspension prepared in car- 
bonate buffer was heated a t  40" for 12 hr with constant agitation. The 
suspension was then heated for an additional 24 hr with no agitation. The 
liposomes that concentrated a t  the top were removed, and the volume 
of the remaining mixture was determined to he 9.2 ml. 


RESULTS 


Apparent First-Order Hydrolysis-Except for the loss of p-nitro- 
phenyl acetate in the presence of positive liposomes (to he discussed), 
all kinetic data were adequately described by the first-order equation, 


In Ct = In Co - kobst  (Eq. 5) 


where t is time, Co and Ct are the reactant concentrations initially and 
a t  time t ,  and k o b s  is the observed first-order rate constant. 


Cyclocytidine-The sum of the cyclocytidine and cytarabine con- 
centrations as a function of time equaled the initial concentration of 
cyclocytidine. If the ratio of the rate constant in the presence of liposome 


~~ ~~~~~~~ ~ 


8 Millex-GS 0.22 pm Filter unit, Millipore Corp., Bedford, Mass. 
9 Elzone Model 80 XY, Particle Data Inc., Elmhurst, Ill. 


10 Submersion Rotator, Scientific Industries, Inc., Queens Village, N.Y. 
l1 In these concentrated buffers, liposomes ascended on centrifugation. The di- 


rection was reversed if buffers were diluted tenfold before centrifuging. 
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0.1- 
0 5 10 15 


HOURS 


Figure 1-First-order plot for fraction of indomethacin remaining in 
carbonate buffer, pH 9.37, (0) and in the presence of liposomes of 
negative (A), neutral (A), or positive (0) charge a t  40'. 


( k L )  to that in buffered solution ( k B )  is defined as: 


Rk = k L / k B  (Eq. 6) 


it is apparent that  Rk N 1 (Table 11). 
The filtrate concentration (CF) can he compared with the corre- 


sponding concentration in the total liposomal suspension (CT) using the 
ratio, Rc where: 


R C  = [cF/cT]t0.5 (Eq. 7) 


Although the differences between CF and CT are small, the filtrate con- 
centrations were consistently higher than the liposomal concentrations 
giving Rc values >I (Table 11). This may be due to a small decrease in 
volume by removal of the liposomes. 


Indomethacin-The reduced rates of indomethacin hydrolysis in 
various liposomal suspensions as compared with that in liposome-free 
buffer are shown in Fig. 1. This reduction is reflected in the Rk values 
which are 0.156,0.318, and 0.226 in positively charged, negatively charged, 
and neutral liposomal suspensions, respectively. 


In negatively charged liposomes Rc = 0.28, and the first-order rate 
constant obtained from the filtrate data was k F  = 0.106 hr-' (Fig. 2) 
which agrees with its corresponding k L  value. In filtrates from the neutral 
and positively charged liposomal suspensions, the low concentrations 
of indomethacin (relative to assay sensitivity) prevented the accurate 
estimation of first-order rate constants, k F .  However, average values for 
Rc could be estimated from the ratios of measured CF to calculated CT 
values. Since each ratio is comprised of a small numerator (CF) and a large 
denominator (CT), the variability in Rc is minimized (Fig. 3, Table 
11). 


0.11 I I I I 1 1  
0 2 4 6 8 1 0  


HOURS 


Figure 2-Comparison of first-order plots for total indomethacin in 
a negatively charged liposomal suspension (A) to the fraction in the 
filtrates (B) a t  40" in carbonate buffer, pH 9.37. 


0.0- 
0 5 10 


HOURS 
Figure 3-Calculated Rc values for indomethacin as a function of time 
and their corresponding first-order plots in neutral (A) and positively 
charged (0) liposomal suspensions a t  40' in carbonate buffer, pH 
9.37. 


p-Nitrophenyl Acetate-The sum of p-nitrophenyl acetate and 
p-nitrophenol concentrations as a function of time equaled the initial 
concentration of p-nitrophenyl acetate. The rate of loss of p-nitrophenyl 
acetate in phosphate buffer was decreased in neutral and negatively 
charged liposomal suspensions. This reduction is reflected in the Rk 
values of 0.740 and 0.688, respectively. The values of Rc are 0.144 and 
0.086 for neutral and negatively charged liposomal suspensions respec- 
tively, and the first-order rate constants in the filtrates ( k F )  are close to 
their respective k L  values (Table 11). 


Semilogarithmic plots of the concentration of p-nitrophenyl acetate 
in positively charged liposomal suspensions as a function of time showed 
a rapid initial decrease followed by a much slower loss. The biphasic 
curves were analyzed by the following equation: 


F = Ae-at + Be-Pt (Eq. 8) 


where F = Ct/Co, and a > p (Fig. 4). Nonlinear regression analyses pro- 
vided average values of A = 0.406, B = 0.595, a = 0.233 min-', and p = 
0.0341 min-'. Experimental CF values and calculated CT values deter- 
mined during the beta phase were used to calculate an average Rc value, 
of 0.508. 


DISCUSSION 


Cyclocytidine, indomethacin, or p-nitrophenyl acetate, in liposomal 
suspensions can hydrolyze in the bulk aqueous solution or in the liposo- 
ma1 phase. The association of reactant with the liposomal phase might 
occur in several ways. Those interactions that bring the compounds into 
the proximity of an organic environment can cause a change in the hy- 
drolysis rate in accordance with the expected solvent effects (Fig. 5). 


U 
z -  
I- 


U 
LL 


c 
20.2 - 


0.1 
0 10 20 30 40 


MINUTES 


Figure 4-Semilogarithmic plot for fraction of p-nitrophenyl acetate 
remaining as a function of time in positively charged liposomal sus- 
pension a t  40" in phosphate buffer pH 7.51. Curve is drawn from non- 
linear regression analysis based on Eq. 8. 
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Figure 5-Possible locations of a compound, D, in a liposomal sus- 
pension; D1 is in the external aqueous phase; Dz and D’z are associated 
with the outer and inner walls; D3 is associated with the hydrocarbon 
portion of the lipid bilayers; Dq is dissolved in the aqueous portions of 
the liposome; and Dg and D’5 are solubilized in the hydrocarbon portion 
of the lipid bilayer with portions protruding into the aqueous environ- 
ments. 


Media with low ion-solvating power will inhibit the creation or concen- 
tration of charges while accelerating charge destruction (11). A change 
in rate would, therefore, depend on the reaction mechanism and the 
species involved. 


The hydrolysis of cyclocytidine was not affected by the presence of 
liposomes as evidenced by the similarity between the values of the 
first-order hydrolysis rate constants determined in aqueous buffer (kB), 
in liposomal suspensions (kL), and using the data representing the filtered 
samples obtained from the reactions in suspensions (kF, Table 11). Assay 
of the filtrates accounted for the total drug in the liposomal suspensions. 
Cyclocytidine, a highly polar, water soluble, positively charged compound, 
probably resists association due to its hydrophilicity. This, in itself, would 
not preclude surface participation in the reaction rate. Positive and 
negative liposomal surfaces could affect reaction intermediates andlor 
transition states, in that positively charged liposomes would he expected 
to stabilize negatively charged species and vice-uersa. Since hydroxyl 
anion attack on the cyclocytidine cation produces a neutral transition 
state, no sensitivity to surface charge would be anticipated. 


In contrast, indomethacin in the presence of positively charged, neg- 
atively charged, and neutral liposomes, and p-nitrophenyl acetate in 
negatively charged and neutral liposomal suspensions all provide hy- 
drolysis rate constants (kL) that are slower than those in aqueous buffer 
( k s ) .  Since this loss can he described by the first-order equation: 


(Eq. 9) 


where (DT) is the total amount of drug in the liposomal suspension a t  
time t ,  and k L  is the apparent first-order rate constant for loss of drug, 
the simplest kinetic scheme (Scheme I) that  can represent this data is: 


Fast 
DF 7 DL 


I kB 
t + 


Scheme I 


where (DF) is the drug in the bulk aqueous phase, ( D L )  is the drug as- 
sociated with the liposomes and, k s  and h A  are the rate constants for the 
loss of drug from the bulk aqueous and liposomal phases, respectively. 
It is obvious that: 


kL(DT) = kB(DF) + ka(DL) (Eq. 10) 


and, therefore, the rate constant kL can be described: 


kL = ksfe + kAkL (Eq. 11) 


where f e  = (DF)/(DT), and j L  = (DL)/(DT). A similar expression has 
been applied to the hydrolysis of a number of compounds in the presence 


of micelles (1). Since the volume occupied by the liposomes in these 
suspensions was found to be <lo%, the ratio Rc = [ C F ] / [ C T ]  is ap- 
proximately equal tofB = (DF)/(DT). SettingfL = (1 - f ~ )  and substi- 
tuting Rc for j B  in Eq. 11 results in: 


kL = ~ B ( R c )  + ka(1 - Rc) (Eq. 12) 


The rate constants for the hydrolysis of indomethacin in positively 
charged, negatively charged, and neutral liposomes (kL) are 15.6, 31.8, 
and 22.6% of k B .  Indomethacin is associated with the liposomes to the 
extent of 90,72, and 80% in positively charged, negatively charged, and 
neutral liposomes, respectively (Rc  values, Table 11). The extent of this 
association could be a function of electrostatic attraction. The negatively 
charged indomethacin molecules would be attracted to the positively 
charged liposomes to the greatest extent followed by the neutral lipo- 
somes, while the carboxylate anion would he repelled by the negatively 
charged liposomes. At the reaction pH, indomethacin is made up of a 
hydrophilic carboxylate anion and the remaining hydrophobic moiety. 
Thus, if indomethacin associates with the liposomes, it could he posi- 
tioned a t  the interface of the aqueous hulk and the hydrocarbon portion 
of the lipid bilayer as shown in Fig. 5. 


A similar effect has been reported for the hydrolysis of the sodium salt 
of mono-p-nitrophenyl dodecanedioate in micellar aggregates (12). By 
analogy to that study, the carboxylate anion of indomethacin could be 
in an aqueous environment, while the hydrophobic part containing the 
amide linkage could be stabilized in the hydrocarbon environment of the 
liposomes. In addition, the hydrolysis of indomethacin involves the attack 
of a hydroxide ion on the negatively charged molecule, thus causing the 
collection of similar charges in the transition state. This process would 
be inhibited by the bilipid layer. 


The first-order rate constants for hydrolysis of p-nitrophenyl acetate 
in the presence of negatively charged and neutral liposomes are 68.8% 
and 74.0%, respectively, of that  in the aqueous buffer. p-Nitrophenyl 
acetate is -90% associated (Table 11). Unlike indomethacin, p-nitro- 
phenyl acetate does not have a formal charge. If p-nitrophenyl acetate 
associates with the liposomes, i t  would not selectively shield the ester 
linkage away from the aqueous environment. I t  has been shown in mi- 
cellar phases, that  compounds having a slight polar nature (such as ni- 
trobenzene) are solubilized a t  the surface of a micelle rather than in the 
hydrocarbon interior (13, 14). Consequently, p-nitrophenyl acetate could 
be largely exposed to the aqueous environments both within the lipo- 
somes and a t  the bulk aqueous interface. This could account for the fact 
that -90% association resulted in only an -30% reduction in rate con- 
stant. Since hydroxide attack on p-nitrophenyl acetate would provide 
a negative transition state, electrostatic depression in hydrolysis rate 
would apply. 


The decrease of p-nitrophenyl acetate concentration in the presence 
of positively charged liposomes is described by a biexponential equation 
in which the exponential coefficients, (Y and 6, are 38.6 and 5.65 times 
faster, respectively, than kB. This acceleration and biexponential hy- 
drolysis rate might be attributed to elecrostatic stabilization of the neg- 
atively charged transition state by the positive charges on the surface of 
the liposomes in accordance with the following kinetic scheme (Scheme 
11): 


Fast k n  


Scheme II 


Table 111-Percent Comparisons for Hydrolysis in Liposomal 
Suspension Relative to the Buffer (100 k d k ~ ) ,  Hydrolysis of 
Associated Reactant  Relative to Free (100 kA/kB),  Percentage of 
Reaction in the  Associated Fraction (100 k ~ f ~ / k ~ ) ,  and  the  
Percent  Associated (100 DLIDT) 


Liposomal % = (100) NumeratorIDenominator 
Reactant Charge kLlke kAlke  knfLlkL DLIDT 


Cyclocytidine (+ - 0 )  95 f 4 0 0 0 
Indomethacin (+) 16 6 36 90 


(-1 32 5 12 72 
(0) 23 3 12 80 


p -Nitrophenyl (-) 69 66 88 91 
acetate 


(0)  74 70 81 86 
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Surface catalysis has been suggested for the enhanced rate of hydrolysis 
of p-nitrophenyl hexanoate in solutions containing cationic micelles (15). 
Here, ( D F )  is in rapid pseudo equilibrium with (DS),  the ester associated 
with the exterior surface (Fig. 4), (DL’) represents liposome-ester asso- 
ciation by the remaining mechanisms, k,,, is the rate constant for hy- 
drolysis of p-nitrophenyl acetate catalyzed by the positively charged li- 
posomal surface, and k ,  and k d  are the rate constants for the association 
and dissociation of ( D S )  with (DL’). Since the ratio c u / P / k B  is 39:61 and 
Rc (beta phase) is -0.5, it follows that kcat >> k B  > ka and the simplest 
representation would be to set (Dz) = (DF + D S )  and k i -  = ( k B  + k,,J 
allowing (Scheme 111): 


ka 


I kd  
Dz t-- DL’ 


Scheme 111 
kz 1 


where k A  is considered insignificant relative to k z .  This is analogous to 
those cases discussed under Scheme I wherein liposome-associated 
reactant was stabilized relative to that in liposome-free buffer. Biexpo- 
nential equations and the calculations for their individual rate constants 
in models described by Scheme 111 have been published (16). The fraction 
remaining, F = (DT)/(DT)o,  is given by: 


which describes data of the shape shown in Fig. 4. Under these conditions, 
k z  = A a  + BP = 6.9 hr-l, k d  = a P / k Z  = 4.2 hr-l, and k ,  = (Y + - k z  
- k d  = 5.0 hr-. The phase ratio, (DL’) / (Dz)  may be calculated from 
k , / ( k d  - 6) = 2.3 (17) which can be used to estimate Rc = CF/CT N 0.3. 
Although Scheme I11 is an oversimplification, the estimated rate con- 
stants are reasonable, the shape of Fig. 4 is consistent with Eq. 8, and the 
calculated Rc approaches that observed (Rc = 0.5, Table 11). 


Comparisons-While the net influence of liposomes on reaction rates 
is reflected by the k L / k B  ratio (Rk, Eq. 6), an overall assessment requires 
concomitant examination of several aspects. The reactivity in the asso- 
ciated phase (DL)  relative to that in the bulk aqueous phase ( D F )  is given 
by k A / k B ,  but the percentage contribution of each phase to the reaction 
( k L )  is 100 k , j L / k L  and 100 k B / B / k L  rather than the percent of liposomal 
association (100 DLIDT)  or the rate constants themselves. It is the 
competition between k h f L  and k B / B  that  controls the degree to which 
the overall process occurs in each phase. Collectively, the four parameters 
listed in Table 111 provide an aggregate interpretation of the total kinetic 
behavior, whereas any one of the components taken alone would be in- 
adequate. 


Although differences in pH preclude absolute comparisons of the three 
reactants, some outstanding contrasts can be noted (Table 111). Liposomal 
association of cyclocytidine was not detected, and its hydrolysis rate 
constants in all four suspensions are approximately equal to that in the 
buffer. Both reactant distribution and hydrolysis appear limited to the 
aqueous bulk. In contrast, p-nitrophenyl acetate (in the presence of 
negative and neutral liposomes) shows 81-88% of the reaction occurring 
in the DI, phase. This is the consequence of the percentage values being 
k L / k B  TZ: k A / k B  = 70% with 90% association. Rate constants for hydrolysis 
in the liposomal phases ( k a  values in hr-I calculated from Eq. 12) are 
0.252 in neutral and 0.238 negatively charged liposomal suspensions. 
Thus, k B  = 1.4ka, but only 10% remains in the DF phase. Hydrolysis 
occurs primarily in the DL phase a t  a slightly reduced rate. This is con- 


sistent with the hypothesis that  the associated ester remains largely ac- 
cessible to the aqueous environment in the liposome. 


Indomethacin is also highly associated (72-go%), but the values of k A  
were -0.02, 0.018, and -0.01 hr-1 in positively charged, negatively 
charged, and neutral liposomes, respectively. In this case the percent of 
k L / k B  = 24% since k A / k B  TZ: 5%. The high degree of association subjects 
most of the reactant to a greatly reduced rate constant. Only 12-36% of 
the process occurs in the DL phase. This provides a significant depression 
in the overall hydrolysis rate constant, but the reaction occurs primarily 
in the aqueous bulk. This reduced reactivity in the DL phase implies 
protection of the reactive center by liposomal association. 


Thus, Table I11 provides examples of three different situations. In one 
case, cyclocytidine is limited to the aqueous buffer and no liposomal in- 
fluence is observed. The remaining two cases are predominantly associ- 
ated in roughly equivalent percentages but with differing consequences. 
Indomethacin reactivity is greatly reduced with only a minor contribution 
to the reaction occurring in the associated phase. p-Nitrophenyl acetate 
reactivity is slightly reduced occurring primarily in the associated phase 
where the’rate constant is 70% of the constant for the aqueous bulk. The 
exception in this study is p-nitrophenyl acetate in positively charged li- 
posomal suspensions which serve as catalysts to the ester hydrolysis as 
discussed in the previous section. 
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Abstract  0 A stability-indicating ion-pair high-performance liquid 
chromatographic (HPLC) assay that is rapid and specific for epinephrine, 
isoproterenol, dopamine, norepinephrine, methyldopate, or terbutaline 
in intravenous solutions with aminophylline has been developed using 
a spectrofluorometric detector. A HPLC method for the analysis of ter- 
butaline and methyldopate is introduced, and the superiority of fluoro- 
metric over UV detection of terbutaline and the catecholamines is il- 
lustrated. 


Keyphrases 0 High-performance liquid chromatography-ion-pair, 
terbutaline and catecholamines with aminophylline in intravenous so- 
lutions o Fluorescence detector-high-performance liquid chromato- 
graphic analysis of catecholamines in presence of aminophylline 0 Cat- 
echolamines-ion-pair high-performance liquid chromatography with 
aminophylline in intravenous solutions 


Dopamine (I), epinephrine (11), isoprotefenol (111), 
methyldopate (IV), norepinephrine (V), or terbutaline (VI) 
may be combined with aminophylline (VII) in intravenous 
admixtures prior to patient administration. Catechol- 
amines and other phenolic sympathomimetic amines are 
reportedly more unstable in an alkaline media and can 
undergo rapid autoxidation to biologically inactive quinoid 
products (1). Thus, the therapeutic efficacy of these 
sympathomimetic amines is directly related to their sta- 
bility in an alkaline aminophylline solution (pH 8.6-9.0) 
for injection. Little information has appeared regarding 
the stability of these sympathomimetic amines (I-VI) 


Table I-Conditions fo r  the High-Performance Liquid 
Chromatographic Assay of Terbutaline and  Five 
Catecholamines in 5 %  Dextrose in Water  Injection in t h e  
Absence and Presence of Aminophylline 


Drug 


Dopamine 
Hydrochloride 
(1) 


Epinephrine 
Hydrochloride 
(11) 


Isoproterenol 
Hydrochloride 
(111) 


Methyldopate 
Hydrochloride 
(IV) 


Norepinephrine 
Bitartrate 
(V) 


Terbutaline 
Sulfate 
(VI) 


Aminophylline 


Methanol Volume 
in Eluant, Fluorometer Injected, 


% (v/v) Sensitivitya rC.1 


25 2 X 0.3 20 


25 4 x 3  20 


35 4 x 10 20 


35 4 x 1  15 


15 4 x 10 15 


35 4 x 10 40 


Fluorescence detector P.M. gain X sensltlvity range. Maximum sensitivity = 
4 x 10. 


when combined with aminophylline solutions. This may 
be due in part to the lack of a rapid, specific, stability- 
indicating assay for I-VI in the presence of their degra- 
dation products and theophylline. 


Over the years, catecholamines (I-V) have been assayed 
using UV or spectrofluorometric methods. However, the 
poor specificity of these commonly employed methods for 
I-V in the presence of quinone degradation products raises 
doubts about their validity. 


One significant advantage of chromatographic assays 
is that they are stability-indicating (2, 3). This is of im- 
portance when determining the rate and extent of degra- 
dation of potent, potentially lifesaving pharmacologic 
agents such as sympathomimetic drugs which are diluted 
in parenteral solutions for clinical administration, some- 
times in combination with other drugs. 


Several HPLC procedures for the assay of catechol- 
amines and related drugs or metabolites have employed 
UV detection (4-7), fluorescence detection with precolumn 
derivatization (8), or electrochemical detection (9-11). 
Finally, other less expedient chromatographic procedures 
have been applied to the analysis of some of these drugs 
(12, 13). Apparently, neither the HPLC assay for terbu- 
taline and methyldopate, nor the use of fluorometric de- 
tection requiring no derivatization has been reported for 
the HPLC analysis of VI or the catecholamines (I-V) in 
solutions intended clinically for injection. The present 
report describes a rapid, sensitive, and stability-indicating 
method for I-VI in the presence of aminophylline and the 
superiority of fluorometric over UV detection. 


EXPERIMENTAL 


Apparatus-A high-pressure liquid chromatograph’ equipped with 
a septumless injector2 and a variable wavelength spectrofluor~metric~ 
or a variable wavelength UV detector4 was employed in conjunction with 
a microparticulate Cl8 column5 for separation. 


Reagents-All chemicals and reagents were analytical grade unless 
otherwise indicated. Dopamine hydrochloride6, epinephrine hydro- 
chloride7, isoproterenol hydrochloride8, methyldopate hydrochlorides, 
norepinephrine bitartrate7s8, terbutaline sulfatelo, amin~phyll ine~,  and 
glass-distilled HPLC grade methanol” were used without further puri- 
fication. Sodium heptanesulfonate” was recrystallized from an ace- 
tone-water mixture. 


~~~~~ ~~ ~~ ~ ~~ 


1 M-6000A solvent delivery system, Waters Associates, Milford, Mass. 
2 U6K injector, Waters Associates, Milford, Mass. 
3 Model 204A Spectrofluorometer, Perkin-Elmer, Norwalk, Conn. 
4 Model LC-55 Spectrophotometer, Perkin-Elmer, Norwalk, Conn. 
5 Catalog No. 27324, Waters Associates, Milford, Mass. 
6 Amar-Stone, McGaw Park, Ill. 
7 Sigma Chemical, St. Louis, Mo. 
8 Sterling-Winthrop. Rensselaer, N.Y. 
9 Merck, Sharp and Dohme, West Point, Pa. 
10 Ciba-Geigy, Summit, N.J. 
11 Fisher Scientific Co., Fairlawn, N.J. 
12 Eastman Chemicals, Rochester, N.Y. 
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Table 11-Retention Time and Analysis of the  Catecholamines and  Terbutaline in  Known Mixtures 


tRa tR, min4 Concentration, mghiter Error, 
Drug min aminophylline Added Found f CLb % 


111 (0.2-2.4)' 4.33 3.17 2.0 2.02 f 0.06 1.0 


VI (0.4-4.2)' 5.33 2.75 4.0 3.96 f 0.05 1 .o 


I (80-900)' 4.08 NDd 800.0 802.53 f 7.09 0.32 
I1 (0.442)' 4.13 3.50 4.0 3.98 f 0.02 0.50 


IV (120-1100)C 4.50 2.75 1Ooo.o 996.92 f 5.30 0.31 
V (0.8-8.5)c 4.75 5.33 8.0 8.05 f 0.09 0.63 


0 Flow rate = 1.6 ml/min. t R  for aminophylline is for theophylline. 95% confidence limits. Concentration range (pglml) used for preparing standard curves. Not 
detected, sensitivity too low. 


Analytical Procedure-Standard solutions (Table I) of each drug 
were freshly prepared by diluting a stock solution with 5% dextrose in 
water for injection, USP13. The mobile phase was 0.35 M acetic acid and 
0.005 M sodium heptanesulfonate in different concentrations of methanol 
(Table 11). The flow rate waa 1.62.0 mumin at ambient temperature. The 
injection volumes for the standard or sample solution are reported in 
Table 11. The catecholamines (I-V) were detected using an excitation 
wavelength (L.) of 285 nm and an emission wavelength (Lm) of 315 nm. 
The values of A.. and Lm for terbutaline were 280 and 310 nm, respec- 


I I11 


1 
VI 


0 2 4 6 8  
A 


MINUTES 


P .- c .- 
IJ 


r 
0 2 4 6  


B 


Figure 1-(A) Chromatogram of isoproterenol hydrochloride ( I I I ) ,  2 
pglml and aminophylline (VII), 500 pglml. LWdetector = 280 nm, flow 
rate = 1.6 mllmin, 0.005 M I-heptanesulfonate sodium and 0.35 M 
acetic acid in 20% (vlv) methanol. The recorder was set at 1 mV; de- 
tector response = 0.004 aufs, and injection volume = 20 p l .  (B) Chro- 
matogram of isoproterenol hydrochloride (III), 2 pglml and amino- 
phylline (VII), 500 pglml. Fluorometric detector (Aex = 285 nm, A,, = 
315 nm), flow rate = 1.6 mllmin, 0.005 M 1-heptanesulfonate sodium 
and 0.35 M acetic acid in 35% (vlv) methanol. The recorder was set at 
10 mV, and a chart speed of 0.5 cmlmin; detector sensitivity and in- 
jection volume are given in Table I .  


13 Abbott Laboratories, North Chicago, Ill. 


tively. The UV detector was operated a t  280 nm. The concentrations of 
I-VI were determined from their respective peak areas by comparison 
to a standard curve. Peak areas were calculated from the product of peak 
height times half-height peak widths. Good reproducibility was obtained 
without the use of an internal standard. 


RESULTS 


The chromatogram peaks attributed to aminophylline actually rep- 
resent theophylline, because a t  pH 2.4-3.0 of the mobile phase, amino- 
phylline dissociates into theophylline and the ethylenediammonium ion. 
The high concentration and strong UV absorbance of theophylline makes 
the accurate HPLC analysis for dilute solutions of 11,111, V, and VI dif- 
ficult and poorly reproducible with a UV detector. Increasing the injection 
volume andlor retention time produced unsatisfactory results. The ad- 
vantage of fluorescence detection in this study was to provide decreased 
response to theophylline concurrently with increased sensitivity and 
selectivity towards 11,111, V, and VI without pre- or postcolumn deriva- 
tization. A typical chromatogram illustrating the advantage of using 
fluorescence detection is shown for I11 in Fig. 1. For I and IV, fluorescence 
detection offered no advantage over U V  detection because of their much 
higher concentrations, relative to 11, 111, V, and VI (Table 111). Theo- 
phylline may not be detectable when using the fluorescence detector at 
i t s  lower sensitivity, which was the case for dopamine. The sensitivity 
of the fluorescent method permits quantitation of 11,111, V, and VI to <0.1 
pglml. The methanol concentration in the mobile phase needed to achieve 
the desired separation for I-VI from aminophylline is given in Table 1, 
and their respective retention times, which are the mean of four replicate 
determinations, are reported in Table 11. Standard curves of eight drug 
concentrations versus their peak height areas were constructed from 
triplicate injections for each drug in Table I. The linear plots showed that 
the peak height area of each drug was directly related to its concentration. 


1 
1 2 3 4 5 


MINUTES 


Figure %-Chromatogram of isoproterenol hydrochloride ( I I I ) ,  2 pglml 
and aminophylline (VII), 500 pglml, after 17 hr of exposure to fluo- 
rescent light. Fluorometric detector (Aex = 285 nm, A,, = 315 nm), flow 
rate 1.6 mllmin 0.00.5 M 1-heptanesulfonate sodium and 0.35 M acetic 
acid in 35 % (vlv) methanol. The recorder was set at 10 m V and a chart 
speed of 4 cmlmin; detector sensitivity and injection volume are given 
in Table I .  Peaks 1 and 3 are degradation products, and Peak 2 is un- 
identified. 
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The correlation coefficient for the standard curves over the concentration 
range used in this study was >0.997 ( n  = 22 or 25). The analysis of the 
concentrations of I-VI in the experimental samples compared favorably 
with the theoretical values of the drug formulations (Table 11) with <I% 
error. 


The described HPLC assay has been successfully applied as a stabil- 
ity-indicating method for determining the rate and percentage of aut- 
oxidation of commercially supplied injectable solutions of I-VI which 
had been diluted in 5% dextrose in water injection, with and without 
aminophylline (500 pg/ml) (14). The chromatographic separation of I-VI 
from their autoxidation products is illustrated in Fig. 2, with 111, which 
has undergone 70% decomposition after being exposed to 17 hr of fluo- 
rescent light. Peak 1 represents the principal degradation product and 
Peak 3 a minor product. The unidentified Peak 2 is present in unexposed 
samples and does not appear to change after exposure to light. Similarly, 
the degradation products of I, 11, and IV-VI elude within 2-3 min fol- 
lowing injection. Figure 1B represents 111 before exposure to fluorescent 
light and decomposition has already commenced. This method has 
demonstrated the capability of separating degradation products from 
the analysis of pure I-VI. 


The application of ion-pair HPLC for the analysis of formulations 
containing VI or IV has not been previously described. This reported 
method is applicable for the accurate determination of these drugs, using 
either UV or fluorescence detectors. 


DISCUSSION 


Various analytical methods have been used in stability studies for 
catecholamines but suffered from their inability to quantitate or separate 
degradation products from the parent substance. The combination of 
fluorescence detection with reversed-phase ion-pair HPLC yields a rapid 
and selective method for the quantitative separation and determination 
of I-VI in the presence of their autoxidation products and pharmaceutical 
adjuvants. The lowest concentration a t  which the sympathomimetic 
amines used in this study could be detected was 0.1 pg/ml. 


The described method is applicable for the content uniformity and 
quality control of products containing V1 and IV. 


Despite the widespread use of UV detection in HPLC assays, the 
sensitive fluorescence measurement for low concentrations of sympa- 
thomimetic amines in pharmaceutical preparations has not been ex- 
tensively reported except for their clinical analysis in biological fluids. 
The sensitive measurement of I-VI will allow studies of the purity of 


dosage forms and investigation of their degradation kinetics and phar- 
macokinetics. Without the use of a fluorescence detector, 11,111, V, or VI 
could not be quantitatively measured in the presence of aminophylline. 
Also, the presence of pharmaceutical adjuvants should not interfere, 
because of their poor fluorescent properties. 
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Abstract The encapsulation of a quaternary ammonium compound 
by multilamellar liposomes was enhanced by formation of ion-pairs with 
a counterion. Thus, [14C]methantheline bromide was synthesized and 
paired with a 25 M excess of trichloroacetate. Under these conditions, the 
amount of radioactivity entrapped by phosphatidylcholine liposomes 
was three times greater than when no trichloroacetate was present. The 
increased liposomal loading was probably due to the solubilization of the 
ion-pair in the lipid membrane of the liposome. 


Keyphrases Liposomes-quaternary ammonium compound, en- 
trapment, ion pairing Ion-pairing+uaternary ammonium compound, 
entrapment, liposomes 0 Ammonium-quaternary compound, entrap- 
ment in liposomes, ion-pairing 


Liposomes are microscopic lipid vesicles originally used 
to study the structure and function of biological mem- 
branes (1). In recent years, liposomes have demonstrated 


potential as carriers and transporters of biologically active 
compounds (2). A wide variety of compounds have been 
encapsulated in liposomes, ranging from RNA (3) and in- 
sulin (4) to small molecules like histamine (5). Liposomes 
have been administered intravenously and orally (6), and 
a recent report describes the delivery of drugs via lipo- 
somes by the topical route (7). Liposomes elicit no im- 
munological or toxicological responses and are completely 
biodegradable. For these reasons, liposomes have been 
viewed as an attractive mechanism for drug delivery, 
especially for biologically unstable compounds, but not 
without certain drawbacks. Special techniques have been 
developed in an attempt to direct liposomes to specific 
targets or organ systems by immunological methods (8) 
and by producing pH-sensitive liposomes (9). Polymerized 
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COMMUNICA TION 


Cattle and Sheep Skin Permeability: 
A Comparison of Frozen and Reconstituted 
Skin with that of Fresh Skin 


~~~ 


Keyphrases Permeability-cattle and sheep skin, comparison of 
frozen and reconstituted skin with fresh skin Skin-permeability in 
cattle and sheep, comparison of frozen and reconstituted skin with fresh 
skin Topical drug delivery-cattle and sheep skin permeability, 
comparison of frozen and reconstituted skin with fresh skin 


To the Editor: 
It is known that freezing and reconstituting (i.e., 


thawing) excised human skin does not significantly change 
the barrier properties it presents to the passive diffusion 
of drug molecules (1). This knowledge has led to substan- 
tial advances in the development of topical drug delivery 
systems for humans, because potentially useful systems 
can be identified from the results of in uitro screens using 
frozen and reconstituted human skin (2). 


This communication presents data to establish that 
freezing and reconstituting cattle and sheep skin does not 
significantly alter their permeability. 


It has previously been established (3) that the outer 1 
mm of frozen and reconstituted cattle skin (i.e.,  the stra- 
tum corneum, the viable epidermis, the papillary region 
of the dermis, and a portion of the reticular region of the 
dermis) acts as an homogeneous barrier to diffusing le- 
vamisole molecules. A corollary to this finding is that, for 
skin samples with thicknesses up to 1 mm, the product of 
the permeability constant ( k ,  in centimeters per minute) 
and the skin thickness (r in centimeters) (i.e.,  k,r) is a 
constant. A similar relationship has been observed for 
penetration of levamisole through the skins of Merino 
sheep (4). 


To establish the relative permeabilities of fresh and 
reconstituted cattle and sheep skins, the following exper- 
iments were conducted. 


Skin was harvested from an 8-9-month Shorthorn- 
Hereford cross calf in early spring and from a 12-18-month 
Merino cross ewe in mid-winter. The sheep was shorn and 
then finely clipped1 and the calf finely clipped1 immedi- 
ately before skin samples were removed with a dermatome2 
set at  1.1 mm. 


The permeability of fresh skin and skin that had been 
stored at -30’ for 5-7 days and then thawed to levamisole 
from a 0.85% solution in an aqueous pH 8.9 buffer was 
determined using methods identical to those described 
previously (3). 


Values of k,r for levamisole penetrating through fresh 
and reconstituted skins are given in Table I. 


There was no significant difference (at the 1 or 5% levels) 


Andis R400 Oster A5 Clippers. 
Brown Electro Dermatome, model 902. 


Table I-Permeability of Cattle and Sheep Skins to Levamisole” 


Skin 
Thickness, lo6 k,r, 


Animal cm cm2 min-1 


Sheep 


Sheep 


Calf 


Calf 


Fresh 
0.055 
0.066 
0.070 
0.071 


0.077 
0.077 
0.077 


0.069 
0.071 
0.076 


Frozen 


Fresh 


0.092 
0.093 
Frozen 


0.065 
0.069 
0.071 
0.082 


6.0 
7.7 


10.7 
9.2 


7.2 
6.5 
8.4 


27.1 
26.8 
30.9 
33.7 
31.7 


26.5 
25.6 
29.3 
29.5 


0.086 30.2 
0.091 33.4 


a From a 0.85% solution in an aqueous pH 8.9 buffer and water-bath temperature 
of 37’. 


between the values of k,r for fresh and reconstituted cattle 
or sheep skin. 


Although no relationship has been established between 
in uitro and in uiuo permeability for cattle and sheep skins, 
it seems unlikely that live skin, with its blood supply and 
sweat and sebum secretions, would be appreciably less 
permeable than excised skin, unless the latter was dam- 
aged by the receptor solution. 


Consequently, it is concluded that screens for cattle and 
sheep skin permeability that employ reconstituted skin 
(5-7) and utilize normal saline as a receptor phase have the 
potential to provide useful information to developers of 
veterinary topical dosage forms. 


(1) R. B. Stoughton, in “Progress in the Biological Sciences in Relation 
to Dermatology,” vol. 2, A. Rook and R. H. Champion, Eds., Cambridge 
University Press, Cambridge, England, 1964. 


(2) R. J. Scheuplein, J. Invest. Dermatol., 67,31 (1976). 
( 3 )  I. H. Pitman and S. J. Rostas, J. Pharm. Sci., 71,427 (1982). 
(4) I. H. Pitman, S. J. Rostas, and L. M. Downes, in press. 
(5) I. H. Pitman, S. J. Rostas, and L. M. Downes, in press. 
(6) I. H. Pitman and S. J. Rostas, J. Pharm. Sci., 70,1181 (1981). 
(7) L. M. Ponting and I. H. Pitman, Aust. J .  Pharm. Sci., 8, 15 
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carried out. As shown in Table 11, calcium salts of (+), (f)-isocitric acid 
and (f )-alloisocitric acid caused a positive inotropic effect on isolated 
guinea pig atria to the same degree as compound I a t  a con- 
centration of g/ml, while no toxic effect such as arrhythmia was 
observed. 
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Abstract Daphnoretin, a dicoumaryl ether, has been shown to inhibit 
growth of Ehrlich ascites carcinoma cells. Dosing for three days a t  6 
mg/kg/day reduced the cell number per milliliter by 60%. In uitro DNA 
and protein synthesis studies demonstrated an ID50 z 0.194 mM and ID50 
z 0.340 mM, respectively, for daphnoretin. Subsequently i t  has been 
shown that in uiuo nucleic acid and protein synthesis were inhibited. 
Major sites in the DNA synthetic pathway inhibited significantly by 
daphnoretin were dihydrofolate reductase, orotidine monophosphate 
decarboxylase, thymidylate monophosphate kinase, and ribonucleotide 
reductase. Reduction of in uitro oxidative phosphorylation processes and 
acid hydrolytic enzymes were also inhibited in the presence of daphno- 
retin. 


Keyphrases Daphnoretin-effects on nucleic acid and protein syn- 
thesis of Ehrlich ascites tumor cells, antitumor agent 0 DNA-effects 
of daphnoretin, protein synthesis, Ehrlich ascites tumor cells Protein 
synthesis-effects of daphnoretin, DNA, Ehrlich ascites tumor cells 
Antitumor agents-the effects of daphnoretin on nucleic acid and protein 
synthesis of Ehrlich ascites tumor cells 


Daphnoretin has been isolated from the whole plant of 
Wilzstroernia indica C. A. Mey (Thymelaeaceae) (l), which 
is known as “Nan-Ling-Jao-Hua” or “Po-Lun” in Chinese 
folklore as a herbal remedy for the treatment of human 
syphilis, arthritis, whooping cough (2), and cancer (3). 
Daphnoretin was shown to have significant inhibitory 
activity in uiuo against the Ehrlich ascites carcinoma 
growth in mice but did not demonstrate any activity 
against P-388 lymphocytic leukemia growth (4). A detailed 
examination of the effects of daphnoretin on nucleic acid 
and protein synthesis of Ehrlich ascites carcinoma cells is 
presented. 


c H 3 0 ~ ) Q 3 0  HO 


Daphnore t in 


EXPERIMENTAL 


CFI male mice (-30 g) were implanted with 2 X lo6 Ehrlich ascites 
tumor cells intraperitoneally on day 0. Daphnoretin was suspended by 


homogenization in 0.05% polysorbate 80-water and 3-12 mg/kg ip was 
administered for 9 days to determine the inhibition of tumor growth. Mice 
were sacrificed on day 10, and the ascites fluid was collected from the 
peritoneal cavity. The volume and ascrit were determined for each animal 
and the inhibition of tumor growth was calculated (5). For the metabolic 
studies, mice were treated on days 7-9 with 6 mg/kg ip of daphnoretin. 
The animal was sacrificed on day 10 and the ascites fluid was harvested. 
The in uitro metabolic studies were performed a t  0.340 mM. 


In uitro incorporation of [3H]thymidine, I3H]uridine, or [3H]leucine 
was determined using lo6 Ehrlich ascites cells, 1 pCi labeled precursor, 
minimum essential medium, and varying final concentrations of drug 
from 0.035 to 0.35 mM. The tubes were incubated at  37” for 60 min and 
inactivated by trichloroacetic acid. The acid insoluble-labeled DNA was 
collected on glass filter discs‘, and RNA and protein were precipitated 
on nitrocellulose filters by vacuum suction (6). Results are expressed as 
disintegrations per minute of incorporated precursor per hour per lo6 
ascites cells. 


For in uiuo studies, incorporation of thymidine into DNA was deter- 
mined by the method of Chae et al. (7). One hour prior to the animal 
sacrifice on day 10,lO pCi of [6-3H]thymidine (21.5 Ci/mmole, ip) were 
injected. The DNA was isolated and the tritium content was determined 
in a toluene based scintillation fluid2. The DNA concentration was de- 
.termined by the diphenylamine reaction using calf thymus DNA as a 
standard. Uridine incorporation into RNA was determined using 10 pCi 
of [5,6-3H]uridine (22.4 Ci/mmole). RNA was extracted by the method 
of Wilson et al. (8). Using yeast RNA as a standard, the RNA content was 
assayed by the orcinol reaction. Leucine incorporation into protein was 
determined hy the method of Sartorelli (9) using 10 pCi of [4,5-3H]leucine 
(52.2 Ci/mmole). Protein content was determined by the Lowry procedure 
using bovine serum albumin as a standard. 


In uitro and in uiuo nuclear DNA polymerase activity was determined 
on isolated Ehrlich ascites cell nuclei (10). The incubation was that de- 
scribed previously (111, except that [methyl-3H]deoxythymidine tri- 
phosphate (82.4 Ci/mmole) was used. The acid insoluble nucleic acid was 
collected on filters and counted. Nuclear RNA polymerase activities were 
determined on enzymes isolated from nuclei. Messenger, ribosomal, and 
transfer RNA polymerase enzymes were isolated using 0.3,0.04, and 0.0 
M concentrations, respectively, of ammonium sulfate in magnesium 
chloride. The incubation medium was [3H]uridine triphosphate (23.2 
Ci/mmole) (12). The acid insoluble RNA was collected on nitrocellulose 
filters and counted. 


Deoxythymidine, deoxythymidylate monophosphate, and diphosphate 
kinase activities were measured spectrophotometrically at  340 nm at 20 


GF/F glass filter discs 
2 Fisher Scintiverse. 
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Figure 1-The in vitro effects of daphnoretin on Ehrlich ascites nucleic 
acid and protein synthesis. Key:  (a), [3H]thymidine - DNA; (A), 
r3H]uridine - RNA; (m), [3H]/eucine - Protein. 


rnin using reduced nadide (0.1 pmole) (13). [6-3H]Thymidine incorpo- 
ration (21.5 Ci/mmole) into nucleotides was measured using the medium 
of Maley and Ochoa (13). The reaction medium was extracted with ether 
and the aqueous layer plated on polyethyleneiminecellulose plates and 
eluted with 0.5 N formic acid-0.6 M LiCl(1:l). Areas that correlated with 
the R( values of thymidylate monophosphate, diphosphate, and tri- 
phosphate standards were scraped and counted. 


Carbamyl phosphate synthetase activity was determined using the 
reaction medium of Kalman et al. (14) in the presence of ornithine and 
ornithine transcarbamylase. Citrulline formed from ornithine was 
measured at 490 nm by the method of Archibald (15). Aspartate trans- 
carbamylase activity was assayed using the incubation medium of Kal- 
man et al. (14). Colorimetric determination of carhamyl aspartate was 
conducted by the procedure of Koritz and Cohen (16). Orotidine mono- 
phosphate decarboxylase activity was assayed by the method of Appel 
(17) using 0.1 pCi of [‘*C]orotidine monophosphate (34.9 mCi/mmole). 
The [14C]carbon dioxide generated in 15 min was trapped in 1M KOH3 
and counted. Thymidylate synthetase activity was determined using a 
postmitochondrial supernate (9OOOXg for 10 min) and 5 pCi of [5-3H]- 
deoxyuridine monophosphate (14 Ci/mmole) according to the method 
of Kampf et al. (18). [14C]Formate incorporation into purines was de- 
termined by the method of Spassova et al. (19) using 0.5 pCi of [l*C]- 
formic acid (52.0 mCi/mmole). Purines were separated on silica gel TLC 
plates eluted with n-butanol-acetic acid-water (4:1:5). 


After identifying R/ values consistent with the standards, adenine and 
guanine, the plates were scraped and the radioactive content determined. 
Phosphoribosyl- 1-pyrophosphate amidotransferase activity was deter- 
mined on a supernatant fraction (600Xg for 10 min) measuring the re- 
duction of 0.6 pmole of nadide a t  340 nm for 30 min (20). Inosinic acid 
dehydrogenase activity was determined spectrophotometrically a t  340 
nm for 30 rnin using a supernatant fraction (600Xg for 10 rnin). The assay 
medium was that of Magasanik, (2l), which contained nadide. Dihy- 
drofolate reductase activity was determined a t  340 nm for 30 min as the 
oxidation of reduced nadide phosphate (22). Ribonucleotide reductase 
activity was determined by the method of Moore and Hurlbert (23) using 
[5-3H]cytidine-5’-diphosphate (25 Ci/mmole). Ribose and deoxyribose 
nucleotide were separated on polyethyleneiminecellulose plastic pre- 
coated TLC plates eluted with 4% boric acid-4M LiCl(4:3) and scraped 
a t  the Rf  values consistent with the standard deoxycytidine diphos- 
phate. 


In  uiuo phosphorylation of histones was determined by injecting 10 
pCi of [y-32P]ATP (30.0 Ci/mmole) into mice 1 hr prior to sacrifice. The 
nuclei were isolated (10) and the histone chromatin protein was extracted 
by the method of Raineri et a/. (24). In uitro nonhistone protein phos- 
phorylation dependent on nuclear protein kinase was determined using 
2.0 nmoles of [y-32P]ATP (30.0 Ci/mmole) and isolated nuclei chromatin 


Hyamine hydroxide. 


Table I-Antineoplastic Activity of Daphnoretin Against 
Ehrl ich Ascites Tumor Growth 


Inhibition, 
N Volume Ascrit % 


Control 6 4.25 37.5 - 
Daphnoretin 


3 mg/kg/day 6 0.08 59.5 97 
6 mg/kg/day 6 0.16 35.0 96 


12 mg/kg/day 6 0.45 36.2 90 
6-Mercaptopurine 6 0.10 2.5 99 


protein was collected on nitrocellulose filters (25). Cyclic 3’,5’-adenosine 
monophosphate levels were determined by the radioimmunoassay 
method of Gilman (26) using a commercial kit. 


In uitro oxidative phosphorylation studies (27) were conducted on 
Ehrlich ascites cells using the substrates, a-ketoglutarate or succinate. 
Basal oxygen consumption (State 4) was determined with an oxygen 
electrode connected to an oxygraph. The adenosine diphosphate was 
added to obtain State 3, or stimulated respiration. The number of mi- 
croliters of oxygen consumed per hour per milligram of protein for States 
3 and 4 were calculated. Deoxyribonuclease activity was measured a t  pH 
5.0 by a modification of the de Duve method (28). Ribonuclease activity 
and acid cathepsin activity were determined a t  pH 5.0 by the method of 
Cho-Chung and Gullino (29). Protein content for the enzymatic assays 
was determined by the Lowry technique (30). UV studies between 210 
and 340 nm for the binding of daphnoretin (20 pg/ml) to DNA (38 pglml) 
were performed in 0.1 M phosphate buffer, pH 7.2 (31) for 24 hr a t  room 
temperature. 


RESULTS 


Daphnoretin successfully inhibited Ehrlich ascites growth a t  3 mg/ 
kg/day by 97%, a t  6 mg/kg/day by 96%, and a t  12 mg/kg/day by 90%. The 
normal number of Ehrlich ascites cells per milliliter on day 10 was 226 
X lo6. Daphnoretin treatment on days 7,8, and 9 reduced the cell count 
by 60% (Table I). 


Preliminary whole cell in uitro incorporation studies demonstrated 
that for DNA synthesis, the IDSO = 0.194 mM and for protein synthesis 
the IDSO I 0.340 mM. RNA synthesis was suppressed only marginally 
by daphnoretin in uitro demonstrating only 15% inhibition a t  340 pmole 
(Fig. 1). Results from in uitro studies can be found in Table 11, and results 
from in uiuo studies can be found in Table 111. 


For the in uiuo incorporation studies, the control values for 10-day 
Ehrlich ascites celle for thymidine incorporation into DNA were 107,533 
dpm/mg of isolated DNA, 51,193 dpm/mg of isolated RNA for uridine 
incorporation, and 19,181 dpm/mg of isolated protein for leucine incor- 
poration. After 3 days of dosing with daphnoretin a t  6 mg/kg, DNA 
synthesis was reduced by 46%, RNA synthesis was suppressed by 42%, 
and protein synthesis was inhibited by 77%. 


Nuclear DNA polymerase activity for the control was 76,528 dpm/ 
hr/mg of nucleoprotein which was essentially unaffected by daphnoretin 
in uitro and was reduced by only 16% by in uiuo administration of drug. 
Nuclear mRNA polymerase activity for the control was 4867 dpm/hr/mg 
of nucleoprotein, rRNA polymerase activity was 8751 dpm/hr/mg of 
protein, and tRNA polymerase activity was 10,792 dpm/mg of protein. 
Messenger RNA polymerase activity was suppressed by 10% in uitro and 
17% in uiuo, rRNA polymerase activity was elevated by 81% in uitro and 
94% in uiuo, and tRNA polymerase activity was reduced by 14% in uitro 
and 10% in uiuo. 


Rihonucleotide reductase activity for the control was 153,791 dpm/mg 
of protein which was suppressed by 31% in uitro and 39% in uiuo. [‘*C]- 
Formate incorporation into purines for the 10-day control was 28,786 
dpm/mg of protein. Purine synthesis in uitro was inhibited by 32% and 
after drug administration for 3 days was suppressed by 30%. Phospho- 
ribosyl pyrophosphate amidotransferase activity for the control was 0.544 
optical density unit/hr/mg of protein. In uifro presence of drug resulted 
in a 3970 reduction of enzymatic activity and in uiuo administration of 
drug caused 31% suppression. Inosinic acid dehydrogenase activity for 
the control was 0.358 optical density unit/hr/mg of protein, reduced 19% 
by in uiuo administration of drug. Dihydrofolate reductase activity for 
10-day Ehrlich ascites cells was 0.514 optical density unit/hr/mg of pro- 
tein which was inhibited by 53% in uitro and 59% in uiuo by daphno- 
retin. 


Carbamyl phosphate synthetase activity was 0.128 mg of carbamyl 
phosphate formed/hr/mg of protein for the control. Aspartate carhamyl 
transferase activity for 10-day Ehrlich ascites cells was 7.526 mg of car- 
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Table 11-The In Vitro Effects of Daphnoretin at 340 pM Concentration on Ehrl ich Ascites Cell Metabolism 


Percent Control 
Control Treated 


Biochemical Parameter or Enzyme (n=6) T f S D  K f S D  


100 f 1 4  107 f 9 
9 0 f  8 


DNA polymerase 
100 f 13 


181 f 10" 
mRNA polymerase 


100f  6 
8 6 f  7 


rRNA polymerase 


1 0 0 f  8 6 9 f  4" 
6 8 f  9" 


Ribonucleotide reductase 
100f  7 


Phosphoribosyl pyrophosp hate amido transferase 100 f 11 6 1 f  6" 
Inosinic acid dehydrogenase 100% 6 1 0 7 f  7 


Carbamyl phosphate synthetase 100 f 10 9 9 f  8 


Orotidine monophosphate decarboxylase 100f 9 6 4 f  5" 
Thymidylate synthetase 100 f 13 1 0 5 f  7 
Thymidine kinase 100f  9 7 5 f  6" 
Thymidylate monophosphate kinase 1 O O f  8 2 6 f  8" 
Thymidylate diphosphate kinase 100 f 10 8 3 f  7 
Acid deoxyribonuclease 100 f 14 71 f 13" 
Acid ribonuclease 100 f 19 73 f 16 
Acid cathepsin 100 f 26 64 f 22 
[3zP]Phosphorylation of nonhistone proteins 100 f 12 1 3 5 f  8" 
Oxidative phosphorylation processes 
Substrates: 


Succinate: State 4 respiration 1 0 0 f  4 6 5 f  6" 
Succinate: State 3 respiration 1 0 0 f  4 64% 4" 
a-Ketoglutarate: State 4 respiration 1 0 0 f  5 6 2 f  7" 


a p  5 0.001. 


tRNA polymerase 100 f 10 


[14C]Formic acid incorporation into purines 


Dihydrofolate reductase 100f  9 47 f 7" 


Aspartate transcarbamylase 100 f 12 100 f 10 


a-Ketoglutarate: State 3 respiration 1 0 0 f  6 7 3 f  5" 


bamyl aspartate formed/hr/mg of protein. Neither of these enzyme ac- 
tivities was affected by daphnoretin i n  uitro or i n  uiuo. Orotidine mo- 
nophosphate decarboxylase activity for the control was 10,775 dpm of 
14CO~ generated in 15 min/mg of protein. In the i n  uitro studies, decar- 
boxylase activity was inhibited by 36%, and after drug administration 
i n  uiuo the activity was reduced by 31%. Thymidylate synthetase activity 
for the control was 103,328 dpm/mg of protein which was unaffected by 
drug treatment. Thymidine kinase activity for the control was 0.531 
optical density units/hr/mg of protein which was suppressed by 25% in 
uitro and 53% i n  uiuo. Thymidylate monophosphate kinase activity for 
the control was 0.305 optical density units/hr/mg of protein inhibited by 
74% in uitro and by 87% in uiuo. Thymidylate diphosphate kinase activity 
for 10-day Ehrlich ascites cells was 0.238 optical density units/hr/mg of 
protein which was suppressed 17% i n  uitro, but daphnoretin had no effect 
i n  uiuo. Thymidine incorporation studies into nucleotide showed that 


daphnoretin reduced the thymidylate monophosphate pools by 16%, 
thymidylate diphosphate pools by 53%, and thymidylate triphosphate 
levels by 45%. Deoxyribonuclease hydrolytic activity for day 10 Ehrlich 
ascites cells was 247 pg of DNA hydrolyzed/hr/mg of protein which was 
inhibited 29% i n  uitro by daphnoretin. Ribonuclease hydrolytic activity 
for control tumor cells was 43 pg of RNA hydrolyzed/hr/mg of protein 
which was suppressed 27% in the presence of drug. Cathepsin activity 
for the control was 869 pg of protein hydrolyzed/hr/mg of protein which 
was reduced 36% in the presence of daphnoretin. 


The basal respiration (State 4) of day 10 Ehrlich ascites tumor cells 
with succinate as substrate was 5.273 pl of oxygen consumed/hr/mg of 
protein. Daphnoretin inhibited i n  uit ro State 4 respiration 35% a t  0.340 
mM. Adenosine diphosphate stimulated (State 3) respiration was 8.752 
p1 of oxygen consumed/hr/mg of protein which was reduced 36% in the 
presence of daphnoretin. Using a-ketoglutarate as substrate resulted in 


Table 111-The In Vivo Effects of Daphnoretin at 6 mg/kg/day on Ehrlich Ascites Cell Metabolism 


Percent Control 
Control Daphnoretin 
0.05% 6 mg/kg/day 


Polysorbate 80 on Day 7,8, and 9 
Biochemical Parameters or Enzymes (n  =6) i f S D  Y f S D  


3H Thymidine incorporation into DNA 100f  8 6 3 f  6" 
3H Uridine incorporation into RNA 100 f 12 5 8 f  4" 


Number cells X 106/ml ascites fluid 100 f 10 4 0 f  6" 
DNA polymerase 1 0 0 f  6 8 4 4  5" 


100 f 12 8 3 f  8b mRNA polymerase 
rRNA polymerase 100f  8 1 9 4 f  9" 


90 f 10" 
Ri bonucleotide reductase 100f  8 61 f 7" 
[14C]Formic acid incorporation into purines 100 f 12 7 0 f  8" 
Phosphoribosyl pyrophosphate amido transferase 100% 9 7 8 f  3" 
Inosinic acid dehydrogenase 100 f 10 81 f 9" 
Dihydrofolate reductase 100 f 12 41 f 9" 
Carbamyl phosphate synthetase 100 f 10 104 f 11 
Aspartate transcarbamylase 1 0 0 f  9 9 8 f  8" 
Orotidine monophosphate decarboxylase 100 f 10 6 9 f  7" 


112 f 110 
Thymidine kinase 1 0 0 f  9 4 6 f  8" 
Thymidylate monophosphate kinase 1 0 0 f  9 1 3 4  4" 
Thymidylate diphosphate kinase 100% 7 1 0 3 f  9" 
szP Phosphorylation of histones 100 f 15 6 4 f  8" 
32P Phosphorylation of nonhistones 100 f 13 206 f 11" 


Cyclic adenosine monophosphate levels 


3H Leucine incorporation into protein 100 f 13 23 f 3" / I  
tRNA polymerase 1 0 0 f  9 


Thymidylate synthetase 1 0 0 f  9 


100 f 10 1 1 7 f  8 
I 1  


p 5 0.001. * p 5 0.005. 
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a State 4 respiration of 3.569 pl of oxygen consumed/hr/mg of protein and 
in State 3 respiration of 5.156 pl of oxygen consumed/hr/mg of protein. 
In the presence of daphnoretin, State 4 respiration was reduced by 38% 
and State 3 was reduced by 27%. Histone phosphorylation of chromatin 
proteins for the control was a t  the rate of 3650 dpm/mg of isolated 
chromatin protein which was inhibited 36% after in uiuo administration 
of daphnoretin. Nonhistone phosphorylation of chromatin proteins for 
the control was 28,593 dpm/mg of chromatin protein isolated, which was 
elevated 35% in uitro and 106% in uiuo. Cyclic adenosine monophosphate 
levels for 10-day Ehrlich ascites cells was 3.65 pmoles/106 cells which was 
elevated 17% after daphnoretin administration for 3 days. The in uitro 
UV studies demonstrated that the spectrum of DNA and daphnoretin 
when present together caused a hyperchromic shift of DNA. However, 
there were no new peaks nor any shift to a higher wavelength, which 
probably suggests nonspecific binding of daphnoretin to DNA. 


DISCUSSION 


Daphnoretin significantly inhibited Ehrlich ascites tumor growth in 
CF1 mice. DNA synthesis was inhibited at  a low dose of daphnoretin, 
whereas protein synthesis was inhibited a t  a higher concentration. 
However, protein synthesis was inhibited to a greater degree than DNA 
synthesis after in uiuo drug administration. The major enzymatic sites 
of inhibition by daphnoretin which could reduce DNA synthesis were 
thymidine kinase, thymidylate monophosphate kinase, ribonucleotide 
reductase, and dihydrofolate reductase. The reduction in enzymatic ac- 
tivity a t  any of these biochemical sites would be of sufficient magnitude 
to account for the degree of suppression of total DNA synthesis. Other 
minor sites of enzyme reduction are orotidine monophosphate decar- 
boxylase, phosphoribosyl amidotransferase, and inosinic acid dehydro- 
genase as well as the incorporation of formic acid into purines and 
phosphorylation of histones. The magnitude of inhibition of the regula- 
tory enzyme phosphoribosyl amido transferase of the purine pathway 
is of the same magnitude of reduction observed in the formate incorpo- 
ration. 


Daphnoretin also suppressed oxidative phosphorylation processes a t  
0.340 mM. Using the substrate succinate, which is a flavine adenine di- 
nucleotide-linked dehydrogenase, daphnoretin suppressed basal and 
adenosine diphosphate stimulated respiration. The same was also true 
when using a-ketoglutarate, a nadide-linked dehydrogenase. Loss of 
energy from oxidative phosphorylation processes could account for the 
reduction of kinase activity of tumor cells since kinase reactions require 
ATP. 


Daphnoretin reduced the catalytic enzyme activities responsible for 
the hydrolysis of nucleic acids and proteins. Elevation of the activities 
of these acid hydrolytic enzymes by the drug could account for the re- 
duction of incorporation of radiolabeled precursors into nucleic acid or 
proteins. However, no elevation was observed with daphnoretin. 


High cellular proliferation is associated with an increase in histone 
phosphorylation. As can be seen, daphnoretin reduced phosphorylation 
of chromatin histones (32). Although daphnoretin caused only a slight 
increase in cyclic adenosine monophosphate levels, elevated levels are 
associated with cessation of cellular division and reversal of tumor mor- 
phology to a normal state (33). A detailed study on the mechanism of 
protein synthesis inhibition has been reported (30). 
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was greater in the glass and plastic containers than in metal. When butyl 
rubber was used, a lower pH resulted than when neoprene rubber was 
tested. A lower pH is desirable because of the unique occurrence of 
equilibria. 


The reason(s) that high concentrations of pralidoxime chloride degrade 
more rapidly than dilute concentrations is not known. To resolve this 
problem, studies should be carried out to determine and quantitate 
degradation products and their rate of formation. By establishing the 
proper mechanism(s) one should be able to design stable formulations 
of concentrated solutions of drugs. 
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Abstract Conditions are given for the growth of calcium oxalate di- 
hydrate crystals (weddellite) in aqueous solution. The crystals obtained 
were characterized by scanning electron microscopic, spectroscopic, and 
thermal methods. The dissolution kinetics and electrophoretic mobility 
were determined; the thermodynamically unstable calcium oxalate di- 
hydrate had a higher dissolution rate and a lower zeta potential than the 
monohydrate and underwent a phase transformation into the more stable 
calcium oxalate monohydrate. The results obtained on the chemical 
stability and the surface charge of calcium oxalate dihydrate offered 
additional information for assessing the current theories on the formation 
of calcium oxalate renal stones. 


Keyphrases n Crystals-calcium oxalate dihydrate, growth and char- 
acterization Dissolution, kinetics-determination, calcium oxalate 
dihydrate crystals, growth and characterization Electrophoretic mo- 
bility-determination, calcium oxalate dihydrate crystals, growth and 
characterization 


In recent years there has been much discussion on the 
role of different hydrated calcium oxalate crystals in the 
formation of calcium oxalate stones ( 1 4 ) .  Chemically, two 
varieties of calcium oxalate crystals occur in renal calculi: 
calcium oxalate monohydrate (whewellite) and calcium 
oxalate dihydrate (weddellite). The variable amount of 
water of crystallization is a direct consequence of the urine 
composition. The formation of these phases and the pos- 
sible transformation between them is important from the 
urinary calcification standpoint. 


The growth of calcium oxalate dihydrate in natural 
urine, synthetic urine, and in a mixture of both has been 
a subject of a number of investigations (5-7). In a recent 
study from this laboratory, it has been noticed that the 
calcium oxalate dihydrate was formed in the rat kidney 
after the injection of 4-hydroxy-~-proline. These crystals 
transformed gradually into the more stable calcium oxalate 
monohydrate (8). Previously it was reported that it is 
possible to grow calcium oxalate dihydrate crystals from 
a medium consisting of natural and synthetic urine (9). 
The chemical reaction between the sodium oxalate (0.005 
M) and calcium chloride (1 M )  a t  37” in the previously 


described medium produced the octahedral dipyramidal 
calcium oxalate dihydrate. The crystals obtained were 
mixed with -5% monohydrate. This work is intended to 
describe an improved technique for the growth of calcium 
oxalate dihydrate in aqueous solution and to study the 
dissolution kinetics and electrophoretic mobility of this 
form. Some aspects of the structure-dependent properties 
of both whewellite and weddellite crystals will be dis- 
cussed. 


EXPERIMENTAL 


Materials-The following materials were used: synthetic urine [an 
aqueous medium containing various electrolytes present in normal urine 
which has been described previously (5,9)], calcium chloride dihydrate’, 
sodium oxalate’, and calcium oxalate monohydrate’ (high purity reagent 
grade), and freshly bidistilled water. 


Figure 1-Scanning electron micrograph of calcium oxalate dihydrate 
(2000 X) . 


Fisher Scientific Co., Fair Lawn, N.J. 
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Table I-Powder Diffraction Patterns of Calcium Oxalate Monohydrate and Calcium Oxalate Dihydrate" 


Calcium Oxalate Monohydrate Weddellite Calcium Oxalate Dihydrate 
d-Spacing, Intensity, d-Spacing, Intensity, d-Spacing, Intensity, 


Whewellite 
d-Spacing, Intensity, 


A I l l0  A 1/10 A 1/10 A Ill0 


5.93 
5.79 
4.77 
4.52 
3.78 
3.65 
3.41 
3.12 
3.11 


2.97 
2.92 
2.90 


2.52 
2.49 
2.45 
2.42 
2.38 
2.36 
2.35 
2.30 
2.26 
2.25 
2.21 
2.13 
2.09 
2.08 
2.00 
1.98 
1.96 
1.95 
1.93 


100 
30 


2 
4 
6 


70 
2 
2 


10 


45 
10 
8 


4 
18 
4 
6 
4 


30 
12 
2 
8 
6 
6 
2 
2 


14 
2 


10 
2 


10 
8 


5.94 
5.79 
4.77 
4.52 
3.78 
3.64 
3.39 
3.30 
3.09 
3.01 
2.96 


2.90 
2.83 


2.49 
2.44 
2.41 


2.35 


2.25 
2.20 
2.12 


2.07 
1.99 
1.97 


1.95 
1.92 


100 
32 
2.1 
7.2 


12.3 


3.1 
3.1 
4.6 


17 
67.7 


23.6 
18 


39 


100 


7.2 
8.2 


67.2 


26.7 
10.3 
5.1 


25.1 
5.1 


19.5 


19.5 
21.5 


8.73 
6.32 
6.18 


4.42 
4.37 
3.91 
3.68 
3.59 
3.39 
3.16 
3.12 
3.09 


2.82 
2.78 
2.76 
2.68 


2.42 
2.41 
2.37 
2.34 
2.28 
2.24 
2.21 
2.19 
2.12 
2.02 
2.00 
1.96 


1.90 
1.84 


4 
6 


100 


30 
2 
8 


12 
2 
4 
4 
2 


10 


14 
65 
4 
2 


8 
16 
2 
4 
2 


25 
6 
2 
8 
6 
4 


10 


16 
10 


8.70 


6.18 
5.94 
4.41 


3.91 
3.66 


3.39 
3.16 


3.09 
2.96 
2.81 
2.77 


2.68 
2.49 


2.40 


2.34 
2.27 
2.24 
2.20 


2.12 
2.02 
1.99 
1.95 


1.89 
1.83 


3.3 


48.4 
2.8 


29.1 


9.8 
19.7 


4.1 
5.7 


13.6 
4.9 


21.4 
100 


2.1 
2.5 


27.5 


12.3 
3.3 


45.5 
10.7 


13.5 
9.0 
5.5 


18.9 


20.5 
19.7 


0 Diffraction patterns compared with those of the mineral whewellite (calcium oxalate monohydrate) and weddellite (calcium oxalate dihydrate) from powder diffraction 
File 20-231 and File 17-540, Joint Committee Powder Diffraction Standards. 


Table 11-Summary of the Structure-Dependent Properties of Calcium Oxalate Monohydrate and Calcium Oxalate Dihydrate 


Crystal 
Morphology 


Solubility 
a t  37" in 


Normal Saline, Dissolution Stability 
Density (12), mg of Ca2C20.d rate Constant, Zeta Potential, a t  37" in 


g/cm3 liter g'/3/sec f SE, mV Normal Saline 


Calcium Oxalate Prisms Tabular 2.23 24.37 5.67 x 10-5 -32.67 Stable 
Monohydrate f 0.49 


Calcium Oxalate Bipyramidal Octahedral 1.99 38.74 11.3 x 10-5 -29.46 Transformed to Mono- 
Dihydrate f 0.13 hydrate after 24 hr 


Crystal Growth-The precise conditions necessary for the growth 
of uncontaminated calcium oxalate dihydrate are as follows: 24 ml of 
sodium oxalate in bidistilled water (0.005 M) at  room temperature was 
added to 40 ml of calcium chloride solution in bidistilled water (1 M) at  
4" in glass tubes (2-cm diameter, 20-cm height). The sodium oxalate 
solution was added to the center of the air-liquid interface of the calcium 
chloride solution using a pipet. The mixture was left without agitation 
for 24 hr at 4". The calcium oxalate dihydrate crystals deposited were 
separated by filtration2. The crystals obtained were characterized by 
scanning electron microscopy3, IR spectra4, X-ray powder diffraction5, 
and differential thermal analysis6. The results of the diffractometer scan, 
the d-spacing, and the intensities matched those listed for the mineral 
weddellite in powder diffraction file7. Those of the standard calcium 
oxalate monohydrate used in this study matched the data for the mineral 
whewellite8 (Table I). The differential thermal analysis and the IR spectra 
of calcium oxalate dihydrate grown in this study and calcium oxalate 


2 Millipore, 0.22 pm. 
3 Cambridge S-4. Cambridge, England. 


Perkin-Elmer 257. 
Phillips model PN 1130 diffractometer. 
Mettler T-WG-68. 


7 Powder diffraction, file 17-541, for calcium oxalate (whewellite); Joint Com- 


8 Powder diffraction, file 20-231, for calcium oxalate dihydrate (weddellite): Joint 
mittee on Powder Diffraction Standards. 


Committee on Powder Diffraction Standards. 


monohydrate used as the standard agree with previously reported data 
(9,101. 


Dissolution Rates Studies-The dissolution rate of calcium oxalate 
dihydrate was determined in normal saline at 37" (under sink conditions). 
Calcium oxalate dihydrate (5 mg) was added to 500 ml of normal saline 
and agitated by a mechanical stirrer at 150 rpm. Samples were taken from 
the dissolution media at  different time periods, filtered9, and analyzed 
for calcium by a complexometric method using a calcium autoanalyzer'O 
(11). The solubility of both calcium oxalate dihydrate and monohydrate 
were also determined in normal saline at  37" (Table 11). 


Electrophoretic Mobility Studies-The electrophoretic mobility 
of calcium oxalate dihydrate was measured by a zeta-meter" in a syn- 
thetic urine at  pH 7.5. The zeta potential was determined by tracking 150 
particles of the calcium oxalate crystals. The technique of measuring the 
zeta potential is described elsewhere (13,14). 


Phase Transformation-The conversion of calcium oxalate dihydrate 
to calcium oxalate monohydrate was studied at  37" in normal saline. 
Calcium oxalate dihydrate (50 mg) was suspended in 100 ml of normal 
saline and the concentration of calcium was determined as a function of 
time using a calcium autoanalyzer. A drop in the concentration of calcium 
oxalate from 38.43 mghter (solubility of calcium oxalate dihydrate) to 


9 Millipore, 0.22 pm. 
lo Corning calcium autoanalyser 940. 
'1 Zeta-Meter Inc., New York, N.Y. 
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Figure 2-X-Ray diffraction spectra of calcium oxalate monohydrate (A) and dihydrate (B); differential thermal analysis of calcium oxalate 
monohydrate (- - -) and calcium oxalate dihydrate (-.--); temperature: 10'Imin (C); and IR spectra (0) of calcium oxalate monohydrate and dihydrate 
crystals, which were grown by the method described in the text. Calcium oxalate monohydrate crystals are the standard crystals described in the 
text. 


24.37 mgfliter (solubility of calcium oxalate monohydrate) was observed 
after 24 hr suggesting phase transformation. This transformation was 
confirmed by optical and spectroscopic examination of the oxalate 
crystals. 


RESULTS AND DISCUSSION 


Figure 1 shows the characteristic octahedral bipyramidal calcium ox- 
alate dihydrate crystals grown by the described method. These crystals 
have different IR and X-ray powder diffraction spectra and differential 
thermal analysis from the standard calcium oxalate monohydrate crystals 


(Fig. 2). Table I shows powder diffraction patterns of the two calcium 
oxalate crystals compared with the phase of the minerals whewellite and 
weddelli te. 


The dissolution data of calcium oxalate dihydrate is given in Fig. 3. The 
results were presented according to the cube root law (15): Kt = Wo1/3 
- W1I3, where Wo is the weight of crystals a t  the start or when time t = 
0, W is the weight of the crystals a t  time t ,  and K is the dissolution rate 
constant (Fig. 4). Figure 4 shows that the calcium oxalate dihydrate 
dissolves faster than the calcium oxalate monohydrate. The higher dis- 
solution rate of the dihydrate cannot be attributed to surface area effect, 
because the size distribution analysis indicated that calcium oxalate 
monohydrate crystals are smaller in size than calcium oxalate dihydrate 


10 20 30 
MINUTES 


Figure 3--Dissolution curues of calcium oxalate dihydrate prepared 
by the method described in the text (D) and  calcium oxalate monohy- 
drate standard (A) under sink conditions a t  37'. 


I I 


10 20 30 
MINUTES 


Figure 4-Cube root plot of the dissolution data of calcium oxalate 
monohydrate (0) and calcium oxalate dihydrate (D). 
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Figure 5-Crystal size distribution of calcium oxalate dihydrate (A) 
and calcium oxalate monohydrate (B) used for the dissolution rate 
studies. 


[determined by automated particle counter’2 (Fig. 5)]. Table I1 sum- 
marizes the structure-dependent properties of calcium oxalate mono- 
hydrate and dihydrate. The dihydrate has a higher solubility and disso- 
lution rate and a lower zeta potential than the monohydrate. The dihy- 
drate crystals are stable in air a t  4’ for 2 weeks; however, when these 
crystals are kept in normal saline a t  37O, they are stable for only 24 hr. 
After 24 hr, gradual conversion to monohydrate occurs. 


The observation that calcium oxalate dihydrate has a higher solubility, 
higher dissolution rate, and undergoes gradual dissolution-recrystalli- 
zation to calcium oxalate monohydrate is consistent with recent results 
reported on the crystallization of calcium oxalate in the rat kidney (8). 
It offers the most probable explanation for the gradual transformation 
of calcium oxalate dihydrate to calcium oxalate monohydrate in rat 
kidney following the administration of 4-hydroxy-~-proline. Detailed 
study of the difference in the zeta potential between the monohydrate 
and the dihydrate could lead to a better understanding of the role of 
crystal aggregation in stone formation. 


l 2  Coulter Counter model TA 11. 
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Abstract Three analogs of thyroliberin (I) were prepared. These 
compounds, N-rn-chloroacetylbenzoyl-phenylalanyl-prolineamide (VIa ), 
N-p-chloroacetylbenzoyl-phenylalanyl-prolineamide (VIb) and N -  
chloroacetyl-alanyl-phenylalanyl-prolineamide (IX), were designed as 
potential I antagonist affinity labels. However, no significant antagonist 
activity was observed. Compounds VIa and IX were found to have weak 
agonist activity. Cyclo (Phe-Pro) an analog of the I metabolite, cyclo 
(His-Pro), was found, however, to have significant I antagonist activity, 
but no agonist activity. 


Keyphrases 0 Thyroliberin-potential affinity labels, chloroacetyl 
substituted phenylalanyl prolineamides 0 Hormones-peptide, thyro- 
liberin affinity labels, chloroacetyl substituted phenylalanyl pro- 
lineamides Receptor-hormone interactions-affinity label analogs, 
characterization, thyroliberin 


Thyroliberin (I) is a peptide hormone from the hypo- 
thalamus that can release thyrotropin (1) and prolactin (2) 
from the anterior pituitary both in uiuo and in uitro. Af- 


I 


finity label analogs of I that irreversibly bind to the I re- 
ceptor could aid in the characterization of the I receptor 
and the study of receptor-hormone interactions. The use 
of a naltrexamine affinity label to isolate a complex with 
an opiate receptor, which was recently reported (3) while 
these studies were in progress, is a similar approach. 


Initial attempts to develop analogs of I as potential af- 
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Table V-Correlation Coefficients of Bioavailability Parameters  
Between Humans and Beagles 


Beagle Human r 


c0.5’ c1 c7 
0.789 
0.505 


C1 c, 0.678 
c3 0.448 


Cmax Cmax 0.388 
tmax 0.711 2E2* A uc47.5 0.306 


Ct shows the plasma or serum concentration at time t .  


in beagles contrary to its lower absorption in humans. Considering the 
insignificant effects of the volume of water on the bioavailability, the 
ultramicrosize formulation discrepancy may be attributed to the physi- 
ological differences in the GI tract. None of the in uitro dissolution 
methods indicated such a superiority of the ultramicrosize formulation 
in beagles. These findings suggest that this formulation may disintegrate 
into the original ultramicrosize particulate state of the drug and allow 
rapid dissolution in the GI tract in beagles beyond the expectation from 
the in uitro dissolution findings. 


The’t,,,, values in beagles for different formulations were smaller than 
those in humans (Fig. 4). This suggests rapid transition of the drug to the 
absorption site, namely, fast gastric emptying of the drug in beagles. The 
good bioavailability of the ultramicrosize formulation may be related to 
the rapid gastric emptying of the drug which leads to dissolution of the 
drug in the small intestinal tract. 


Formulation D provided higher Cmax and plasma levels a t  earlier 
sampling times than Formulation C as observed in the human test. The 
in uitro dissolution rate of the drug from Formulation D was enhanced 
over that from Formulation C by pretreatment with plastic beads. These 


findings suggest that  in beagles and humans there is a strong intensive 
deaggregation action on the particles or aggregates of the drug during 
their transition into the GI tract. 


Although there was no significant difference in AUC, values among 
the formulations in humans, the AUC24 (considered as AUC,) of For- 
mulations C and D were significantly lower than that of Formulation A 
in beagles. This suggests their incomplete dissolution during passage 
through the GI tract and also suggests the short absorption site and/or 
fast transition of the drug in the GI tract in beagles as previously shown 
for the bioavailability of diazepam in beagles (3). 


Although the in uiuo findings of the ultramicrosize formulation in 
beagles did not agree with those in humans, the bioavailabilities of the 
microsize formulations showed good agreement. Considering this, beagles 
may serve as a useful animal model for bioavailability studies of certain 
griseofulvin tablet formulations, but not ultramicrosize ones. 
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Antibradykinin Active Material in Aloe saponaria 
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Abstract HA material having antibradykinin activity on isolated guinea 
pig ileum was partially purified from the nondialysate of the pulp of Aloe 
saponaria by repetition of gel chromatography using a hydrophilic 
polyvinyl gel and dextran gels. From the results of amino acid and car- 
bohydrate analyses, the antibradykinin-active material was estimated 
to be a glycoprotein. It was found that this material catalyzes the hy- 
drolysis of bradykinin a t  pH 7.4. The results of peptide analysis using 
reversed-phase high-performance liquid chromatography coupled with 
amino acid analysis indicate that this glycoprotein cleaves the Gly4-Phe5 
and Pro7-Phe8 bonds of the bradykinin molecule. 


Keyphrases mAntibradykinin-active material in Aloe saponaria, 
guinea pig ileum, glycoprotein, high-performance liquid chromatography 


Glycoprotein-antibradykinin active material in Aloe saponaria, 
high-performance liquid chromatography, guinea pig ileum 01 Aloe sa- 
ponaria-antibradykinin active material, glycoprotein, high-performance 
liquid chromatography, guinea pig ileum 


Cardiac stimulant action of the constituents in the di- 
alysate of the pulp from Aloe sapmarial  on isolated car- 


Aloe saponaria is also known as white spotted aloe or soap aloe 


diac muscles has been reported (1). Antibradykinin ac- 
tivity of the nondialysate of the pulp has been examined 
here to obtain pharmacological evidence for its anti-in- 
flammatory action (2). In this report, the results of partial 
purification of material having antibradykinin activity 
from A. saponaria on isolated guinea pig ileum and its 
proteolytic property against bradykinin are presented. 


EXPERIMENTAL 


Materials-The following materials were purchased from suppliers: 
dextran ge12,3, hydrophilic polyvinyl gel4, dialysis membrane5, synthetic 
bradykinin6, and bromelain7. The gel filtrations were performed at  room 
temperature a t  a flow rate of 21 m l h r  using a microtube pump*. 


Methods of Analysis-Protein and carbohydrate contents in samples 


* Sephadex G-100, Pharmacia Fine Chemicals, Uppsala, Sweden. 
3 Sephadex G-25, Pharmacia Fine Chemicals, Uppsala, Sweden. 
4 Toyopearl HW 40, Toyo Soda Mfg., Co. Ltd., Tokyo, Japan. 


Visking tube, Visking Co., Union Carbide Corp. 
The Protein Research Foundation, Osaka, Japan. 
Nakarai Chemical Co., Ltd., Kyoto, Japan. 


8Tokyo Riakkikai Co., Ltd., Tokyo, Japan. 


1172 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 10, October 1982 


0022-3549/82/0 1000-1 172$01.00/0 
@ 1982, American Pharmaceutical Association 







were determined colorimetrically by a previously reported method (3) 
and the phenol-sulfuric acid method (4), respectively. Elution of mate- 
rials through gel filtration was monitored by absorbance of effluents a t  
260 nm9. Paper electrophoresis1° was carried out with a buffer solution 
of pyridine-acetic acid-water (1:10:489, pH 3.5) a t  600 V for 2 hr. Paper 
chromatography was performed by developing the paper'O with the sol- 
vent of butanol-pyridine-water (6:4:3). Peptide separation was accom- 
plished by reversed-phase" high-performance liquid chromatography 
(HPLC)12. Peptides were applied to a column (4 X 250 mm), and the 
column was eluted with a linear gradient of ethanol concentration from 
1% (40 ml) to 50% (40 ml), both containing 0.1% concentrated HCI a t  a 
flow rate of 0.4 ml/min (5). Peptide elution was monitored by absorbances 
of effluents at  210 and 260 nm13. The elution volume of bradykinin was 
48 ml. For amino acid analysis the sample was hydrolyzed in 6 N HC1 a t  
110" for 20 hr in evacuated sealed tubes. At the end, the hydrolysates were 
evaporated to dryness, dissolved in 0.02 N HCl, and analyzed with an 
amino acid analyzer14. Ultracentrifugation was performed on an ana- 
lytical ultracentrifuge with an optical system15 in a single sector a t  20" 
and 56,000 rpm. 


Assay Method for  Antibradykinin-Antibradykinin activity was 
estimated by the biological assay on the guinea pig ileum by a previously 
described method (6). Briefly, a strip from 2 to 3 cm of guinea pig ileum 
was suspended in 10 ml of magnesium ion-free Tyrode solution which 
was oxygenated with oxygen-carbon dioxide (95:5) in an organ bath a t  
30". The contractile responses of various concentrations of bradykinin 
were measured with a mechanoelectric transducerl'j equipped with a 
r e ~ o r d e r ' ~  for 45 sec after injection. At the beginning of the assay, re- 
sponses to a series of four doses of bradykinin (usually 25,50,75, and 100 
ng dissolved in 1 ml of 10 mM phosphate buffer at  pH 7.4) were checked, 
and each of them was repeated two or three times to obtain a standard 
dose-response curve. For measurement of anti-bradykinin activity, 0.2 
ml of bradykinin solution (1 lg/ml) was incubated with 0.2 ml of a sample 
for 5 min a t  30°, and the contractile response by 0.2 ml of this mixture 
(100 ng bradykinin equivalent) was measured. When the activity of a 
sample was so potent that  >70% of bradykinin was inactivated, the 
sample was diluted with the same buffer to give a t  least 30 ng of brady- 
kinin remaining after 5 min of incubation. 


Extraction and Purification of Antibradykinin Active Material  
from A. saponaria-Water Extraction-The fresh leaves of A. sapo- 
narial* were harvested from the green house of the herbal garden of 
Kyushu University in September or December, 1979. The leaves (7 kg) 
were cut in half and colorless gelatinous pulp was separated carefully by 
scraping the green cortical layer containing yellow phenolics. The ho- 
mogenized pulp (3 kg) was centrifuged a t  10,000 rpm for 30 min. The 
supernatant was dialyzed with cellulose tubing5 against distilled water 
for 48 hr. The nondialyzable fraction was lyophilized to yield colorless, 
soft crude Extract A (obtained from the leaves harvested in September, 
5.8 g) or B (obtained from the leaves harvested in December, 7.0 g). No 
considerable difference between crude Extracts A and B in antibradyk- 
inin activity was observed (Table I). 


Ammonium Sulfate Precipitation-Ammonium sulfate was added 
to a solution of crude Extract A (5.8 g) in distilled water (200 ml) to make 
35% saturation, and after standing overnight it was centrifuged a t  10,000 
rpm for 30 min. The precipitate was dissolved in distilled water, dialyzed 
against distilled water for 48 hr, and then lyophilized to yield ammonium 
sulfate fraction (1.2 8). 


Gel Filtration on Hydrophilic Polyvinyl Gel and Dextran Gels -  
Ammonium sulfate fraction (0.1 g) dissolved in 0.3 M NaCl (6 ml) was 
applied to a column of hydrophilic polyvinyl gel4 (20 X 690 mm), and the 
column was eluted with the same solution. The eluate (108 ml) was di- 
alyzed against distilled water followed by lyophilization to give polyvinyl 
gel fraction (50 mg). The fraction (50 mg) was subjected to filtration 
through a column of dextran gel2 (20 X 790 mm) using 0.3 M NaCl as a 
solvent, and the eluate from the column was fractionated to three por- 
tions. Each portion was dialyzed against distilled water followed by ly- 
ophilization to yield gel filtration Fractions A (20 mg), B (10 mg), and C 
(negligible amount). Fraction B (120 mg) was further chromatographed 


Hitachi 200-10 spectrophotometer. 
lo Toyo filter paper No 50, Toyo Roshi, Co. Ltd., Tokyo, Japan. 
l 1  Lichrosorb RP-8,5 pm, Merck, Darmstadt, West Germany. 
l2 Hitachi 635A liquid chromatograph. 
l3  Hitachi 635M liquid chromatograph detector. 
l 4  Hitachi 835 amino acid analyzer. 
l5 Schlieren, Spinco Model E, Beckman Instrument Inc. 
16 FD-Pick up SB-L-TH, Nihon Koden, Tokyo, .Japan. 
17 VP-651B, National Co., Ltd., Tokyo, Japan. 


A voucher specimen is available for inspection a t  Higashiyama Botanical 
Garden, Nagoya, Japan. 


Table I-Antibradykinin Activity of Fractions on Isolated 
Guinea Pig Ileum 


Protein, Carbohydrate, 
Sample % % Unit/ga Ratio 


~ ~ ~~~~ 


Crude Extract A 1.7 66 6.34 1.00 
Crude Extract B 1.9 63 8.94 1.41 
Ammonium sulfate 2.4 68 27.9 4.40 


Gel filtration - 72 6.0 0.94 


Gel filtration 7.2 63 85.4 13.47 


Bromelain 1114.0 175.70 


precipitate 


Fraction A 


Fraction B 


a One kininase unit was defined as the amount of enzyme preparation that could 
degrade 1 pg of bradykinin for 1 min a t  30°, pH 7.4. For statistical purposes 3-5 
guinea pigs were used for each assay. The measured content of carbohydrate and 
protein does not account for 100% of the material. This may reflect the presence 
of water, since a polymer is extremely hygroscopic. 


through a column of dextran gel3 (16 X 880 mm) using distilled water as 
a solvent followed by lyophilization to give Fraction D (26.3 mg). 


RESULTS AND DISCUSSION 


Extraction and Concentration of Antibradykinin Active Material 
from A. saponaria-The pulp of A. saponaria leaves was extracted with 
water and the extract was dialyzed against distilled water. The non- 
dialyzable fraction (crude extract) showed antibradykinin activity when 
assayed on the inhibition of the contractile response on isolated guinea 
pig ileum. As can be seen in Table I, no considerable difference in anti- 
bradykinin activity was observed between crude Extracts A and B, which 
were obtained from the leaves harvested in September and December, 
respectively. Crude Extract A was precipitated with ammonium sulfate 
at 35% saturation. The precipitate gained 4.4 times the increased specific 
activity compared with crude Extract A (Table I). Several attempts to 
increase the specific activity by means of dextran gel chromatographies 
were unsuccessful, because the material was too viscous to obtain a 
practical flow rate. Thus, the chromatography over hydrophilic polyvinyl 
gel4 was performed first to remove viscous material from the antibra- 
dykinin active material, which was then chromatographed on dextran 
gel2 to give three fractions (A-C). As shown in Table I, Fraction A having 
low specific activity is composed of only carbohydrate, while Fraction 
B with 13.5 times higher specific activity than crude Extract A is com- 
posed of carbohydrate and a low content of protein. Fraction C was not 
analyzed because of its low yield. To remove contaminated salts com- 
pletely, Fraction B was chromatographed over dextran gel3 using distilled 
water as an eluting solvent to yield Fraction D. Further purification was 
not continued because of shortage of the sample (total yield, 0.003%). As 
a positive control, bromelain containing -2% carbohydrate was employed 
for the assay and extremely potent antibradykinin activity was observed 
(7). 


Characterization of Antibradykinin Active Material-To clarify 
the nature of the antibradykinin active material, the pH-dependency of 
antibradykinin activity and the thermal stability were studied using crude 
Extract A. Each solution of crude Extract A (10 mg) in 0.067 M phosphate 
buffer (1.0 ml) at  various pH values (4.5,5.0,6.0,7.0,8.0, and 8.5) was kept 
standing a t  30" for 1 hr. 


After the dialysis, followed by lyophilization, antibradykinin activity 
of crude Extract A a t  each pH was estimated and expressed as percent 
of the activity a t  pH 7.4. The results showed that crude Extract A is 
comparably active a t  pH 5.0-7.0, but <20% of antibradykinin activity 
was observed at  pH 4.5,8.0, or 8.5. Antibradykinin activity was completely 
lost when crude Extract A was treated a t  90" for 10 min. These results 
suggest that  the antibradykinin active material may be a protein or a 
glycoprotein having enzymatic activity rather than a small molecule such 
as norepinephrine (8). 


To ascertain this speculation, the purest material obtained here, 
Fraction D, was subjected to an ultracentrifugation experiment, uv 
spectral absorption measurement, amino acid analysis, and carbohydrate 
analysis. Fraction D in 0.3 M NaCl was analyzed by ultracentrifugation 
with an optical systemI5 for determination of the sedimentation coeffi- 
cient. Since Fraction D (10 mg/ml of 0.3 M NaC1) indicated a single peak 
having S ~ O , ~  = 0.79 S, it appeared to be homogeneous in size. The UV 
absorption spectrum of Fraction D in 0.3 M NaCl indicated the presence 
of an absorption band with a maximum a t  260 nm. On acid hydrolysis 
of Fraction D, only D-mannose was observed as sugar moiety on paper 
chromatography, and Asp, Thr, Ser, Glu, Gly, Ala, Val, Ile, Leu, Phe, Lys, 


Journal of Pharmaceutical Sciences I 1173 
Vol. 71, No. 10, October 1982 







Arg, and Pro as amino acid moieties were observed on amino acid analysis. 
All of these results support the theory that the antibradykinin active 
material is a protein or a glycoprotein. 


Action of the  Antibradykinin Active Material  Against Bradyki- 
nin Molecule-Bradykinin (0.5 mg) in 10 mM phosphate buffer (0.7 ml, 
pH 7.4) was incubated with 1.0 mg of Fraction D at  30' for 2 hr. The ly- 
ophilized mixture was subjected to paper electrophoresis with acetate- 
pyridine buffer (pH 3.5) to afford two ninhydrin positive spots of fast and 
slow moving ones compared with that of bradykinin which migrates 
towards the cathode. These two spots were not observed in the blank 
experiments without bradykinin or Fraction D. 


The fast moving spot was eluted from unstained paper strips and the 
extract was subjected to amino acid analysis. The fast moving spot was 
confirmed to be a peptide composed of Arg, Pro, and Gly in the ratio of 
1:2:1, which was consistent with the residues 1-4 (Argl-Pro2-Pro3-Gly4) 
of bradykinin, indicating that Fraction D cleaved the bond between G l 9  
and Phe5 in bradykinin and, therefore, had a kininase activity. The slow 
moving spot, however, was not clearly separated from the spot due to 
bradykinin on paper electrophoresis. 


The incubation mixture after lyophilization was subjected to HPLC 
on a reversed-phase column. Three major peaks were observed at  an 
elution volume of 6,38, or 48 ml in HPLC, and each peak was collected 
and subjected to amino acid analysis to afford the following amino acid 
composition, respectively: Arg, Pro, Gly (1:2:1); Arg, Pro, Gly, Phe, Ser 
(1:3:1:1:1); and Arg, Pro, Gly, Phe, Ser (2:3:1:2:1). 


Each composition was consistent with the structures Argl-Pro2- 
Pro3-Gly4, Arg1-Pro2-Pro3-Gly4-Phe5-Ser6-Pro7, and Argl-Pro2-Pro3- 
G19'-Phe5-Ser6-Pro7-Phes-Arg9 (bradykinin), respectively. All of these 
results indicate that the antibradykinin active material in A. saponaria 
has a kininase activity and cleaves the peptide bonds a t  N-terminuses 
of two phenylalanine residues in bradykinin. 


As a kininase from plant origin, bromelain, papain, and ficin are known 
to cleave Gly4-Phe5 and Phe5-Ser6 bonds of the bradykinin molecule, 
while both shimejikininase (9) from mushroom, Tricholoma congluo- 
batum, and kinonase A1 (10) from microbes, Streptomyces species, cleave 
Gly4-Phe5 and Pro7-Phe8 bonds of the bradykinin molecule. Thus, the 


action of the glycoprotein obtained here is similar to that of shimejikin- 
inase and kinonase AI. 


As one of the pharmacological evidences for anti-inflammatory activity 
of A. saponaria, the presence of an antibradykinin active glycoprotein 
was confirmed here. Further study on the anti-inflammation effect is in 
progress. 


REFERENCES 


(1) A. Yagi, S. Shibata, I. Nishioka, S. Iwadare, and Y. Ishida, J .  


(2) R. H. Cheney, Quart. J .  Crude Res., 10,1523 (1970) and references 


(3) 0. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, J .  


(4) M. Dubois, K. A. Gilles, J. K. Hamilton, P. A. Rebers, and F. 


(5) T. Imoto and K. Okazaki, J. Biochem., 89,437 (1981). 
(6) K. Fujita, R. Teradaira, and T. Nagatsu, Biochem. Pharmacol., 


25,205 (1976). 
(7) T. Murachi, H. Yasui, and Y. Yasuda, Biochemistry, 3, 48 


(1964). 
(8) M. Ikekita, H. Moriya, C. Moriwaki, and T. Rurikawa, Yakugaku 


Zasshi, 99,607 (1979). 
(9) K. Kizuki, C. Moriwaki, Y. Hojima, and H. Moriya, Chem. Pharm. 


Bull., 24,1742 (1976). 
(10) S. Nakamura, Y. Marumoto, H. Yamaki, T. Nishimura, N. Ta- 


naka, M. Hamada, M. Ishizuka, T. Takeuchi, and H. Umezawa, ibid., 17, 
714 (1969). 


ACKNOWLEDGMENTS 


Pharm. Sci., 71,739 (1982). 


cited therein. 


Biol. Chem., 193,265 (1951). 


Smith, Anal. Chem., 28,350 (1956). 


The authors wish to thank Professor T. Imoto of this faculty for giving 
us the opportunity for using many instruments. They also express deep 
thanks to Miss Nagai for her technical assistance and to Dr. T. Fukamizo, 
Faculty of Agricultural Sciences, Kyushu University, for measurement 
of sedimentation coefficient. 


Cardiotonic Principles of Ginger 
(Zingiber officinale Roscoe) 


N. SHOJI *, A. IWASA *, T. TAKEMOTO *, Y. ISHIDA * 
and Y. OHIZUMI*" 
Received May 12,1981, from the *Faculty of Pharmacy, Tokushima-Bunri University, Tokushima-shi, Tokushima 770, J apan  and 
IMitsubishi-Kasei Znstitute of Life Sciences, Machida-shi, Tokyo 194, Japan. Accepted for publication December 9,1981. 


Abstract 0 Crude methanol extracts of the rhizome of ginger (Zingiber 
officinale Roscoe) showed potent, positive inotropic effects on the guinea 
pig isolated left atria. The extract of this rhizome has been fractionated, 
monitored by the cardiotonic activity, to yield gingerols as active prin- 
ciples. 


Keyphrases 0 Ginger (Zingiber officinale Roscoe)-cardiotonic prin- 
ciples, gingerols, 0 Cardiotonic principles-ginger (Zingiber officinale 
Roscoe), gingerols 0 Gingerols-cardiotonic principles of ginger (Zingiber 
officinale Roscoe) 


The rhizome of ginger (Zingiber officinale Roscoe) has 
been used not only as a seasoning spice but also as an im- 
portant medicine in Japan and China. It is considered to 
possess stomachic, carminative, stimulant, diuretic, bechic, 
and antiemetic properties (1). Chemical studies on the 
pungent principles of ginger have been carried out by a 
number of investigators (2-8). Recently, gingerols have 
been isolated from ginger as pungent substances (3). 


It was found that the crude methanol extract of ginger 


had a powerful positive inotropic effect on the guinea pig 
isolated atria. The present report describes the isolation 
of cardiotonic principles from ginger and determination 
of their chemical structures. 


EXPERIMENTAL' 


Isolation-The dried rhizome (580 g) of ginger (Z. officinale Roscoe), 
zingiberis rhizoma, was crushed mechanically and soaked in methanol 
a t  room temperature. The mixture was filtered and the filtrate was 
evaporated in uacuo. The residue (106 g) was partitioned between water 
and ethyl acetate. The ethyl acetate layer was evaporated in uacuo and 
the residue (30 g) was dissolved in methanol and extracted with n-hexane. 
The pharmacologically active methanol fraction was again evaporated 
in uacuo. The residue (25.4 g) was dissolved in a small amount of benzene, 


* Melting points were obtained on a Yanagimoto micro melting point apparatus 
and are uncorrected. Optical rotation was recorded on a Jasco ORD/UV-5 spec- 
trometer with a circular dichroism attachment. UV spectra were obtained with a 
Hitachi 200-20 spectrophotometer. IR spectra were obtained on a Shimadzu 
LKB-9000B. PMR spectra were recorded on a Varian XL-100A spectrometer. CMR 
spectra were recorded on a Hitachi R-22 spectrometer. 
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organ clearance of the drug following systemic administration, and 
is the flow rate through the organ). In this case the fraction of the ab- 
sorbed dose reaching the circulation intact ( F )  is given as: 


F = 1 - Cl/Qb (Eq. 11) 


Preabsorptive first-pass metabolism involves metabolism of a drug as 
it is absorbed into the circulation from the site of administration. In this 
case the fraction eliminated presystemically is not equal to the systemic 
extraction ratio. 


The maximum pulmonary clearance of isoproterenol following systemic 
administration to the rabbit lung was -2 mlhnin, representing an ex- 
traction ratio of -0.01. If only postabsorptive first-pass metabolism were 
occurring, this would predict that 99% of an intrabronchial or aerosol dose 
of isoproterenol should reach the circulation intact. If >1% first-pass 
metabolism occurs, as has been reported (7), preabsorptive first-pass 
metabolism must be involved. The preabsorptive metabolism would be 
observed experimentally as absorption of the metabolite into the circu- 
lation along with the parent drug. This was incorporated into the per- 
fusion model as first-order absorption of both drug and metabolite, and 
various simulations with this model were compared to the experimental 
results following intrabronchial and aerosol administration of isoprote- 
renol. These comparisons indicate little or no first-pass metabolism of 
isoproterenol following intrabronchial instillation of an aqueous solution 
of isoproterenol but suggest the possibility of a substantial first-pass effect 
when the drug was inhaled as an aerosol. The drug was also more rapidly 
absorbed following aerosol administration; it may be that this route of 
administration delivers the drug over a larger surface area in the airways 
than is achieved with intrabronchial administration. This may result in 
greater exposure of the drug to the epithelial cells of the bronchi and small 


airways, leading to more rapid absorption and avoiding local saturation 
of metabolizing capacity during absorption. This would hinder extrap- 
olation of data following intrabronchial administration to situations in- 
volving aerosol inhalation of a drug and suggests that intrabronchial or 
endotracheal administration may be an inappropriate technique for 
studying drugs which are intended for aerosol administration. 
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Abstract The pulmonary disposition of two diester prodrugs of iso- first pass through the lung. . .  


proterenol (di-p-toluoylisoproterenol and dipivaloylisoproterenol) was 
studied in the isolated perfused rabbit lung preparation. High-pressure 
liquid chromatographic methods were developed to measure diester, 
monoester, isoproterenol, and 3-0-methylisoproterenol from a single 1-ml 
perfusate sample. The prodrugs were administered directly into the 
circulating perfusion medium and by endotracheal instillation. Perfusate 
concentrations of diester, monoester, isoproterenol, and 3-0-methyli- 
soproterenol were measured for 180 min. The diesters were rapidly 
eliminated from the perfusate with a subsequent increase in monoester 
concentrations. Isoproterenol levels were observed within minutes of 
prodrug administration, peaked a t  60-80 min, and declined slowly 
thereaft,er. The prodrugs were rapidly absorbed following endotracheal 
administration with 30-5070 of the diester being metabolized during the 


Keyphrases Isoproterenol prodrugs-isolated rabbit lung as model 
for intravascular and intrabronchial administration of bronchodilator 
drugs, high-pressure liquid chromatography 0 Prodrugs-isoproterenol, 
isolated rabbit lung as model for intravascular and intrabronchial ad- 
ministration of bronchodilator drugs, perfusion, high-pressure liquid 
chromatography Perfusion-isolated rabbit lung as model for intra- 
vascular and intrabronchial administration of bronchodilator drugs, 
high-pressure liquid chromatography High-pressure liquid chroma- 
tography-isolated rabbit lung as model for intravascular and intra- 
bronchial administration of bronchodilator drugs, prodrugs, perfusion, 
isoproterenol 


Isoproterenol is a /3-adrenergic agonist which is often 
employed in the treatment of bronchial asthma. The drug 
has limited oral activity because of the extensive first-pass 
metabolism which occurs during absorption of the drug 
from the GI tract (1, 2). Aerosol inhalation is the most 
commonly used route of administration and offers the 
advantages of a rapid onset of activity and delivery of the 
drug directly to the airways (3). The duration of action 
following inhalation is short, however, and frequent dosing 
is often required to maintain the desired effect. This can 


result in side effects such as cardiac stimulation, which can 
hinder effective therapy with the drug. Increasing the 
duration of action of isoproterenol would offer a significant 
improvement in the clinical use of the drug for the treat- 
ment of asthma. 


Prodrugs have been used in the past to improve the 
delivery of pharmacological agents, and this approach 
seems feasible with isoproterenol. An inactive derivative 
of isoproterenol, which itself possesses more favorable 
physicochemical and pharmacokinetic properties than the 
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Scheme I-Synthesis of di- ptoluoylisoproterenol 


parent drug, and which would be converted to the active 
compound in the body, could provide a mechanism for 
improving the efficacy of the drug while eliminating some 
of its problems. Esterifying the phenolic hydroxyl groups 
of isoproterenol is a practical approach as these func- 
tionalities are involved in the metabolism and chemical 
degradation of the drug. Esterases capable of hydrolyzing 
these esters are distributed throughout the body and have 
been demonstrated in the lung tissue itself (4-6). The rate 
of hydrolysis of the ester could be controlled somewhat by 
the choice of the ester moiety (7-9); a slowly hydrolyzed 
hydrophobic ester might be taken up extensively by the 
lung tissue with subsequent slow release of the parent 
compound, resulting in a prolonged bronchodilating ef- 
fect. 


The present report details the preliminary evaluation 
of two prodrugs of isoproterenol, di-p-toluoylisoproterenol 
and dipivaloylisoproterenol. The absorption, uptake, and 
metabolism of these two drugs by the isolated perfused 
rabbit lung system were evaluated following their ad- 
ministration into the circulation of the system and into the 
airways of the lung. Disposition of isoproterenol in the 
isolated perfused rabbit lung has been discussed previously 
(10). The drug was converted to its 0-methyl metabolite 
in the lung by a dose-dependent process. Uptake of the 


drug by the lung tissue, however, was linear over a 100-fold 
concentration range. A physiological pharmacokinetic 
perfusion model was developed to describe the disposition 
of isoproterenol and 3-0-methylisoproterenol by the iso- 
lated lung system, and a similar model is used in the 
evaluation of the data from this investigation. 


EXPERIMENTAL 


Di-p-toluoylisoproterenol-Synthetic procedures were modeled 
after published methods for preparation of esters of isoproterenol(7) and 
N-tert-  butylarterenol (9). The overall reaction scheme is shown in 
Scheme I. 
3,4-Dihydroxy-a-(isopropylamino)acetophenone Hydrochlo- 


ride-A mixture of 37.5 g (0.2 mole) a-chloro-3’,4’-dihydroxyacetophe- 
none1 (I), 125 ml of isopropyl alcohol, and 60 ml of isopropylamine was 
slowly heated to 75‘ and maintained a t  that temperature for 5 min. While 
cooling, the mixture was acidified with hydrochloric acid. The hydro- 
chloride salt was precipitated by the addition of 400 rnl of acetone and 
overnight refrigeration. The filtered product (11) was slurried with 100 
ml of acetone, filtered, and dried to yield 21.2 g (43’10) of 11, mp 239- 
242’. 
3,4-Di-p-toluoyl-a-(isopropylamino)acetophenone Hydrochlo- 


ride-Twenty grams of I1 was suspended in 60 rnl of trifluoroacetic acid, 
and 35 rnl of p-toluoyl chloride was added slowly, with stirring, over a 
period of 20 rnin. The mixture was heated slowly to 80’ and held at  that 


1 Aldrich Chemical Co., Milwaukee, Wis. 
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Figure 1-(A) Separation of ( I )  isoproterenol. ( I I )  3-O-methylisoproterenol, ( I I I )  mono-p-toluoylisoproterenol, ( IV)  morphine, (V) di-p-toluoy- 
lisoproterenol, and (VI)  codeine on a strong cation exchange column with 0.03 M KHzPO4-25% acetonitrile (pH 3.0) flowing a t  2.5 mllrnin. (E) 
Blank methylene chloride perfusate extract. (C) Blank diethylhexyl phosphoric acid perfusate extract. 


temperature for 75 min. Most of the solvent was evaporated in U ~ C U O  and 
the residue stirred with 400 ml of ether and refrigerated. Filtration yielded 
40 g of 111. Compound 111 was partitioned between ether and water and 
made basic with sodium hydroxide. The ether layer was removed and 40 
ml of 20% HCI was added slowly with constant stirring. The crystalline 
product that precipitated was filtered, dried, and recrystallized from 
isopropyl acetate-methanol (9:l) to yield 20 g of IV, mp 198-202O. 
Di-p-toluoylisoproterenol (V)-A cold solution of 0.5 g of sodium 


borohydride in methanol was added to 5 g of IV in 25 ml of methanol over 
a 1-hr period in an ice bath. Most of the solvent was evaporated in UQCUO 
and the residue was suspended in 20 ml of isopropyl acetate. This mixture 
was rapidly stirred and 25 ml of 10% sodium bicarbonate (pH 10.5) was 
slowly added. The organic layer was separated and dried over magnesium 
sulfate. The solution was partially concentrated in U ~ C U O  and refrigerated. 
The precipitated product was filtered and dried to yield 2 g (40%) of di- 
p-toluoyl isoproterenol (V), mp 110-111O. 
cipitated product was filtered and dried to yield 2 g (40%) of di-p-toluoyl 


V 


IV 


isoproterenol (V), mp 110-11lo. 
Anal.-Calc. for C27HzgN05: C, 72.48; H, 6.48; N, 3.13; 0, 17.89. Found: 


C, 72.49; H, 6.4; N, 3.12; 0, 17.6. NMR (CD3COCD3): 6 6.9-8.3 (m, 11, 
aromatic); 6 4.5-4.9 ( s ,  1, -CHOH); 6 2.5-3.2 (m, 5, -CH2-NH- 
CHz-); 6 2.2-2.5 (s, 6, p-methyl); 6 0.9-1.2 [d, 6, -CH-(CH3)2]. The 
UV spectrum displayed a maximum of 245 nm with a molar absorptivity 
of 3.4 x 10-4 liters/mole/cm. 


Isolated Perfused Rabbit Lung-Details of the perfusion technique 
have been described in detail in previous reports (10-12). Krebs-Ringer 
bicarbonate solution with 4.5% bovine serum albumin was used as the 
perfusion medium. Di-p-toluoylisoproterenol and dipivaloylisoproterenol 
were administered to the system by intravascular and intrabronchial 
administration. Doses of moles of the two drugs were 
administered intravascularly as aqueous solutions added to the perfusion 
medium in the upper reservoir of the lung system. Intrabronchial ad- 
ministration of 5 X and loW5 moles of di-p-toluoylisoproterenol and 


moles of dipivaloylisoproterenol was accomplished by delivering 


and 5 X 
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Figure 2-fA) Separation of ( I )  isoproterenol, f I I )  3-O-methylisoproterenol, ( I I I )  monopiualoylisoproterenol, (IV) dipiualoylisoproterenol, and 
(V)  codeine on a strong cation exchange column with 0.01 KH2P04-10% methanol (pH 3.0) flowing a t  2.5 mllmin. (B)  Blank methylene chloride 
perfusate extract. (C) Blank diethylhexyl phosphoric acid perfusate extract. 
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Figure 3-Perfusate concentrations following the administration of5 X moles of di-p-toluoylisoproterenol into the circulation 
of the isolated perfused rabbit lung. Key: (0) di-p-toluoylisoproterenol; (0) mono-p-toluoylisoproterenol; (0 )  isoproterenol; (A) 3-0-methyliso- 
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Figure 4-Perfusate concentrations following 5 X 1 0 - 5  and 
perfused rabbit lung. Key: (0) dipivaloylisoproterenol; (m) monopiualoylisoproterenol; (0) isoproterenol; (A) 3- 0-methylisoproterenol. 


moles of dipiualoylisoproterenol administered t o  thp circulation of the isolated 


250-p1 aliquots of drug solution into the airways uia a small polytef tube 
attached to a 1-ml syringe. Dipivaloylisoproterenol was dissolved in 
isotonic saline while di-p-toluoylisoproterenol was dissolved in saline 
which had been adjusted to pH 4.0 with hydrochloric acid. 


Analysis-The perfusate concentrations of diester (di-p-toluoyli- 
soproterenol or dipivaloylisoproterenoP), the corresponding monoester, 
isoproterenol, and 3-O-methylisoprotereno13 were measured by high- 
pressure liquid chromatography (HPLC). The compounds were separated 
on a strong cation exchange column4 and detected with a variable- 
wavelength UV detectors. Differences in physicochemical properties 
prevented the extraction of the four compounds with one procedure, and 
a double extraction technique was developed. 


The same extraction procedure was used for both prodrugs. Samples 
were thawed to room temperature and 10 ml of methylene chloride con- 


Provided by the INTERx Corp.. Lawrence, KS. 
Provided by C. H. Boehringer Sohn, Postfach 200, Germany. 


4 PXS 10/25 5CX, Whatman, Inc., Clifton, N.J. 
5 Vari-Chrom, Varian Associates, Palo Alto, Calif. 


taining codeine phosphate (internal standard) was added; this was vor- 
texed for 1 min and centrifuged. The aqueous layer (750 11) was trans- 
ferred to a 15-ml culture tube and 100 pl of 1% ascorbic acid was added. 
This was stored a t  -20" and later analyzed for isoproterenol. The organic 
phase was evaporated under nitrogen, the residue reconstituted with 100 
pl of methanol, and an aliquot was injected onto the HPLC system to 
measure the concentrations of the diester along with the monoester and 
3-0-methylisoproterenol. 


The 750-pl aqueous aliquot was thawed and 1 ml of 0.1 N acetate buffer 
(pH 4.0) containing morphine hydrochloride (internal standard) was 
added followed by 3 ml of 5% diethylhexyl phosphoric acid in ether. This 
was vortexed and centrifuged and the ether layer was transferred to a 
centrifuge tube; 100 pl of 1 N HCl containing 1% ascorbic acid was added, 
the mixture was vortexed and centrifuged, and a 10-50-pl aliquot was 
injected onto the HPLC system to measure isoproterenol. 


Separation of di-p-toluoylisoproterenol, the monotoluoyl ester, iso- 
proterenol, 3-0-methylisoproterenol, and codeine and morphine (internal 
standards) was accomplished with a strong cation exchange column and 
a mobile phase of 0.03 M KHzP04 with 25% methanol and a final pH of 
3.0. Flow rate was 2.5 ml/min and detection was a t  220 nm. Aliquots 
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Figure 5-Flow model used to describe the disposition of isoproterenol 
and 3-0-methylisoproterenol by the isolated perfused rabbit lung fol- 
lowing administration of the diester prodrugs. 


(10-50 pl) from the methylene chloride extractions were injected onto 
this system to quantitate the diester, monoester, and 3-0-methyliso- 
proterenol while aliquots (10-50 pl) from the diethylhexyl phosphoric 
acid extractions were injected to measure isoproterenol. This procedure 
provided adequate sensitivity for the monoester, isoproterenol, and 3- 
0-methylisoproterenol but was not capable of measuring diester con- 
centrations <O. 1 pg/ml. When diester concentrations below this limit 
were encountered, the methylene chloride extraction aliquots were also 
analyzed with an alternate chromatographic system utilizing a mobile 
phase of 0.04 M KHzP04 with 20% acetonitrile and a final pH of 3.0 
pumped through the cation exchange column at 3.0 rnl/min with 250-nm 
detection. This provided sensitivity for the diester down to 0.01 pg/ml. 
Sample chromatograms are shown in Fig. 1. 


A similar procedure was used for measuring dipivaloylisoproterenol. 
A cation exchange column was used; the mobile phase consisted of 0.01 
M KHzP04 with 10% methanol (pH 3.0) pumped at  2.5 ml/min with 
220-nm detection. This system was used for measuring the monoester, 
isoproterenol, 3-0-methylisoproterenol, and concentrations of dipi- 
valoylisoproterenol exceeding 0.5 pg/ml. The alternate system used to 
measure dipivalylisoproterenol concentrations <0.5 pg/ml also employed 
the cation exchange column with 0.045 M KH2P04 with 20% methanol 
(pH 3.0) at  a flow rate of 2.5 ml/min and 220-nm detection. Sample 
chromatograms are presented in Fig. 2. 


For standard curves, the monoesters of di-p-toluoylisoproterenol and 
dipivaloylisoproterenol were produced by hydrolysis of the diesters in 
deoxygenated 1 N HCI containing 5% ascorbic acid as an antioxidant. 
Hydrolysis was relatively slow under these conditions and appreciable 
amounts of monoester could be produced while maintaining measurable 
amounts of the diester and isoproterenol by heating the solutions for 
12-24 hr protected from light and air. These solutions were injected onto 
one of the previously described HPLC systems, and the concentrations 
of the diester and isoproterenol were determined by comparing their 
response to calibration curves prepared for the two compounds. Using 
the amounts of these two compounds and the diester initially added, the 
amount of monoester present in the solutions was determined using mass 
balance calculations. 


Aliquots of these solutions were added to fresh blank perfusate samples 
along with equivalent volumes of 1 N NaOH such that the final perfusate 
sample volume was 1 ml. To each sample, 100 p1 of 1 M phosphate buffer 
(pH 7.4) with 1% ascorbic acid was added. These samples were assayed 
in the manner described for the unknown samples. Standard curves for 
the diester, isoproterenol, and 3-0-methylisoproterenol were also gen- 
erated. Peak heights were measured manually and the concentration 
versus peak height ratio of each compound to internal standard were 
fitted to a linear regression line. Correlation coefficients 20.98 were ob- 
tained using these methods. Standard curves for all compounds were 
produced on each day that samples were analyzed. 


Care was taken in the storage, processing, and analysis of samples to 
minimize hydrolysis of the esters during this time. Small amounts of 
monoester and isoproterenol were observed in some diester standard 
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Figure 6-Comparisons of observed concentrations to those predicted 
by the flow model for the intrauascular administration of moles 
of di-p-toluoylisoproteronol and dipivaloylisoproterenol (upper) and 
5 X moles of di- p-toluoylisoproterenol and dipiualvylisoproterenol 
(lower). Open symbols represent data from di-p-toluoylisoproterenol 
experiments, while closed symbols represent data from dipiualyliso- 
proterenol experiments. Key: (O,.) isoproterenol; (A,A) 3-0-meth- 
ylisoproterenol. 


RESULTS AND DISCUSSION 


Initial Studies-Preliminary studies involved administration of 
10-5-mole doses of dipivaloylisoproterenol and di-p-toluoylisoproterenol 
into the circulation of the isolated lung system. I n  each experiment, 
samples were withdrawn periodically from the upper reservoir and as- 
sayed for the prodrug, isoproterenol, and 3-0-methylisoprot.erenol. Both 
prodrugs were rapidly cleared from the perfusion medium, and in both 
cases isoproterenol appeared within 4-6 min. Following administration 
of each diester, an unidentified chromatographic peak was observed on 
the early sample chromatograms which eluted between 3-0-niethyliso- 
proterenol and the diester. 


The peak height ratio versus time profile of this unknown component 
was suggestive of a monoester intermediate formed during the hydrolysis 
of t,he diester. The chromatographic behavior of this component under 
various conditions was identical to a similar component observed in 
partially hydrolyzed aqueous solutions of the corresponding diester. 
Earlier spectral kinetic studies with dipivaloylisoproterenol in diluted 
serum solutions had suggested the possibility of an intermediate in the 
hydrolysis of the diester6. 


These analytical comparisons help substantiate the presence of the 
monoester in the lung perfusate after administration of the prodrug, and 
chromatographic procedures were developed to separate and quantitate 
this compound in the perfusate samples. 


Intravascular Administration-Dipivaloylisoproterenol and di- 


perfusate samples processed in the same manner as the unknown samples, 
but these amounts never exceeded 5%. Unpublished data. 
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MINUTES 


Figure 'I-Comparison of observed concentrations to those predicted 
by the flow model of the intravascularadministration of moles of 
di-p-toluoylisoproterenol to the isolated perfused rabbit lung. Key: (0) 
isoproterenol; (A) 3-0-methylisoproterenol. 


p-toluoylisoproterenol were administered to the circulation of the isolated 
lung system at and 5 X 10-5-mole doses. Perfusate concentrations 
of diester, monoester, isoproterenol, and 3-0-methylisoproterenol were 
measured periodically for 180 min. A 10-6-mole dose was also adminis- 
tered, but only isoproterenol and 3-0-methylisoproterenol were mea- 
sured. The perfusate concentration-time profiles generated from these 
experiments are presented in Figs. 3 and 4. 


Both diesters were rapidly cleared from the perfusion medium fol- 
lowing their administration directly into the circulation. At  the two 
lO-5-mole doses, the clearance of di-p-toluoylisoproterenol was 92 and 
106 ml/min, while that for dipivaloylisoproterenol was 59 and 89 ml/min. 
The diester perfusate concentration-time data were fitted best with a 
triexponential equation. The two initial rapid phases were barely dis- 
tinguished from one another, but a slow terminal phase was observed for 
both diesters at very low concentrations. Detectable concentrations of 
the monoester intermediates were observed within 2-4 min of drug ad- 
ministration, indicating rapid uptake and hydrolysis of the diesters. Peak 
monoester concentrations occurred at 6-8 min. Isoproterenol appeared 
in the circulation within 6 min of prodrug administration but its elimi- 
nation was very slow, as was the appearance of 3-0-methylisoproterenol. 
The perfusate concentration-time profiles of the four compounds of in- 
terest from the intravascular studies were initially fitted with complex 
compartmental pharmacokinetic models; the concentration-time profiles 
predicted from the curve fitting are represented by the solid lines in Figs. 
3 and 4. 


These models were successful in describing the data but provided little 
useful information about the disposition of these prodrugs. The limited 
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number of experiments performed minimized the amount of phar- 
macokinetic information obtained, but the use of a physiologically based 
flow model provides some basic information concerning the disposition 
of isoproterenol following prodrug administration. 


Perfusion Model Analysis-The perfusion model had been devel- 
oped previously to describe the disposition of isoproterenol and 3-0-  
methylisoproterenol in the isolated perfused rabbit lung and was dis- 
cussed previously (10). A similar model was used to evaluate the isopro- 
terenol and 3-0-methylisoproterenol data resulting from the prodrug 
administrations (Fig. 5). Appearance of isoproterenol in the circulation 
of the lung system was modeled as a first-order release of the drug (from 
the prodrug) into the lung tissue with instantaneous partitioning into 
the perfusion medium. The parameters utilized to describe the model 
were, for the most part, identical to those described previously (10). An 
average lung volume of 11.7 ml and a rate constant for the appearance 
of isoproterenol of 0.05 min-' were employed. The isoproterenol and 
3-0-methylisoproterenol perfusate concentration-time profiles predicted 
by the perfusion model simulations are shown in Fig. 6 (5 X and 
10-5-mole doses) and Fig. 7 (10-6-mole dose) along with the observed 
data. 


These comparisons illustrate consistent disagreement between the 
observed and predicted data; the observed isoproterenol concentrations 
were lower than the predicted values, whereas the observed 3-0- 
methylisoproterenol concentrations were higher than those predicted 
by the model. This suggests that the disposition of isoproterenol is altered 
when the drug is delivered into the tissue via a prodrur;. This might result 
from penetration of the more lipophilic prodrug into tissues to which 
isoproterenol does not penetrate. 


Intrabronchial Administration-Solutions of the prodrugs in saline 
were instilled into the airways of the isolated lung; the upper reservoir 
was sampled periodically and perfusate concentrations of the diester, 
monoester, isoproterenol, and 3-0-methylisoproterenol were measured. 
Di-p-toluoylisoproterenol was administered at doses of 
moles while dipivaloylisoproterenol was given at  10-5-mole doses. In some 
studies, samples were initially collected at 15-sec intervals to characterize 
the absorption of the diester. The perfusate concentration-time profiles 
from these experiments are presented in Figs. 8 and 9. 


Absorption of both prodrugs from the airways was quite rapid, with 
maximum concentrations of the intact diesters observed at -2 min. 
Feathering the diester perfusate concentration-time curves yielded ab- 
sorption rate constants of 1.4 min-I and 0.9 min-' for dipivaloylisopro- 
terenol and di-p-toluoylisoproterenol, respectively, suggesting that ab- 
sorption is virtually complete within 5 min. The subsequent metabolic 
profiles were quite similar to those following intravascular administration, 
except that the diester concentrations following intrabronchial admin- 
istration were somewhat lower. Isoproterenol and 3-0-methylisoprot- 
erenol concentrations, however, were comparable to those following in- 
travascular administration, and mass balance calculations suggest that 
most of the administered dose was absorbed. 


A comparison of the apparent clearances of the diesters following in- 
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Figure 8-Perfusate concentrations following the endotracheal instillation of lob5 moles of di-p-toluoylisoproterenol (A) and 5 X moles 
of di-p-toluoylisoproterenol (B). Key: (0) di-p-toluoylisoproterenol; (0) mono-p-toluoylisoproterenol; (0) isoproterenol; (A) 3-0-methyliso- 
protrenol. 
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Figure 9-Perfusate concentrations following the endotracheal instillation of two 10-5-mole doses of dipivaloylisoproterenol. Key: (0) dipi- 
valoylisoproterenol; (0) monopivalylisoproterenol; (0) isoproterenol; (A) 3- 0-methylisoproterenol. 


trabronchial administration (172-203 ml/min for di-p-toluoylisoprot- 
erenol and 96-102 ml/min for dipivaloylisoproterenol) with those fol- 
lowing intravascular administration (92-106 ml/min for di-p-toluoyli- 
soproterenol and 59-89 ml/min for dipivaloylisoproterenol) suggests that 
a substantial portion of the intrabronchial dose does not reach the cir- 
culation as intact diester. From the data it appears that only-50% of the 
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Figure 10-Cornparisom of observed concentrations to those predicted 
by the flow model /or the intrabronchial administration of moles 
of di-p-toluoylisoproterenol and dipivaloylisoproterenol (upper) and 
5 X lo-= moles of di-p-toluoylisoproterenol (lower). Key: ( o , ~ )  iso- 
proterenol; (A, A) 3- 0-methylisoproterenol. 


di-p -toluoylisoproterenol and 75% of the dipivaloylisoproterenol reached 
the circulation intact after intrabronchial administration. This suggests 
that first-pass metabolism of the diesters following intrabronchial ad- 
ministration likely involves hydrolysis of the diester to the corresponding 
monoester (or isoproterenol) during the passage of the diester from the 
site of absorption to the systemic circulation. This possibility is consistent 
with the diester perfusate concentration data following intravascular 
administration to the lung from which an extraction ratio of 0.67 for di- 
p-toluoylisoproterenol and 0.5 for dipivaloylisoproterenol was calcu- 
lated. 


The isoproterenol and 3-0-methylisoproterenol perfusate concen- 
tration data from the intrabronchial experiments were compared with 
perfusion model predictions in the same manner as the intravascular data. 
These comparisons are presented in Fig. 10 and exhibit a pattern very 
similar to that seen with intravascular data. Isoproterenol concentrations 
were lower than predicted, whereas 3-0-methylisoproterenol concen- 
trations were higher, again suggesting that the disposition of isoproterenol 
by the lung was altered when the drug was administered as a prodrug. 


Diester prodrugs of sympathomimetic amines have been suggested to 
increase the potency and duration of action of these drugs. Bitolterol, the 
di-p-toluate ester of N-tert-butylarterenol, has been studied rather ex- 
tensively (13-15). This compound is very similar in structure to di-p- 
toluoylisoproterenol, and the disposition of the two might be expected 
to be similar. When administered to humans by aerosol inhalation, bi- 
tolterol displayed a 5-hr duration of activity compared with 1 hr for the 
parent compound (15). This has been attributed to uptake of the intact 
diester by the lung followed by slow release and subsequent hydrolysis 
to N-tert- butylarterenol, an active pz adrenoceptor agonist (14). Studies 
with dipivaloylisoproterenol and di-p-toluoylisoproterenol were designed 
to determine if these prodrugs exhibited a similar pattern. 


These results suggest that the isoproterenol prodrugs do not accu- 
mulate to a great extent in the lung tissue and do not support the as- 
sumption that the prolonged activity of similar prodrugs is related to 
accumulation in the lung. Both dipivalylisoproterenol and di-p-toluoy- 
lisoproterenol were rapidly taken up by the lung but were quickly hy- 
drolyzed, first to monoesters and then to active drug. The monoesters 
appeared in the circulation in appreciable concentrations and under 
normal conditions, i.e., in the whole body, most of this intermediate would 
be swept away into the general circulation. These results do not explain 
the prolonged activity displayed by bitolterol and suggest the need for 
further studies in this area. 
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Abstract  A high-pressure liquid chromatographic method for the 
analysis of secobarbital in serum was developed. Secobarbital was ex- 
tracted from buffered serum (pH 5.5) with a solvent mix of hexane- 
ether-n-propanol. 5-(4-Methylphenyl)-5-phenylhydantoin was added 
as an internal standard. Separation of secobarbital and internal standard 
from serum constituents and other drugs was achieved on a 5-pm C-18 
reversed-phase column using an acetonitrile-phosphate buffer (pH 4.4) 
mobile phase. The eluent was monitored a t  195 nm. The sensitivity limit 
of the assay was -0.02 pg/ml with 0.5 ml of serum sample. The application 
of this method to pharmacokinetic studies in pediatric patients was 
demonstrated. 


Keyphrases 0 Secobarbital-high-pressure liquid chromatographic 
assay in human serum, anticonvulsants, pharmacokinetics High- 
pressure liquid chromatography-secobarbital, anticonvulsant, phar- 
macokinetics, human serum 0 Anticonvulsants-secobarbital, high- 
pressure liquid chromatographic assay in human serum, pharmacoki- 
netics Pharmacokinetics-secobarbital, high-pressure liquid chro- 
matographic assay in human serum, anticonvulsant 


Secobarbital is used primarily as a hypnotic agent. Like 
many other barbiturates, when administered in anesthetic 
doses it is an effective anticonvulsant (1). Rectal seco- 
barbital is prescribed for the emergency home treatment 
of prolonged seizures in poorly controlled epileptic children 
(2).  In an attempt to study the bioavailability of rectally 
administered secobarbital in pediatric patients, a sensitive 
method for quantitating the drug in serum was re- 
quired. 


A number of analytical procedures for determining 
secobarbital in serum have been described in the literature. 
These include spectrophotometry (3),  gas-liquid chro- 
matography (GLC) (4-81, and high-pressure liquid chro- 
matography (HPLC) (9,101. However, many of these ex- 
isting procedures are aimed at  detecting high concentra- 
tions (>5  pg/ml) of secobarbital for screening purposes 


related to drug abuse. The more sensitive methods such 
as GLC with electron capture detection require tedious 
sample clean up and derivatization procedure prior to 
analysis. Also, with many of these methods, the problem 
of interference from other drugs and their metabolites in 
serum has not been evaluated. This report describes an 
improved HPLC method that permits the determination 
of submicrogram quantities of secobarbital in small vol- 
umes of serum in the presence of various antiepileptic 
drugs. 


EXPERIMENTAL 


Reagents a n d  Chemicals-Secobarbital’ and 5-(4-methylphenyl)- 
5-phenylhydantoin2 (internal standard) were used as supplied. The 
solvents used for extraction and chromatography were all of HPLC 
grade3s4. All chemicals were of analytical reagent grade. 


A stock solution of sodium secobarbital(120 pg/ml) and the internal 
standard (7 pg/ml) were prepared in water. The phosphate buffer com- 
ponent of the mobile phase was prepared by adding 300 pl of 1.0 M 
KHzP04 and 50 p1 of 0.9 M HsP04 to 1800 ml of water (pH 4.4). For the 
extraction procedure, a pH 5.5 acetate buffer consisting of 0.01 M sodium 
acetate-0.01 M acetic acid (88.5:11.5, v/v) was prepared. 


Apparatus and Operating Conditions-The liquid chromatograph 
consisted of a constant flow pumps, a variable volume sampling valve6, 
and a variable wavelength detector7. A 4.6-mm X 25-cm column packed 
with 5 pm of microporous silica chemically bonded with octadecylsilane 
was obtained from a commercial source8. The mobile phase consisting 
of 28% acetonitrile and 72% pH 4.4 phosphate buffer (v/v) was filtered9 
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Abstract A simplified mathematical model for dissolution-controlled 
transport from dispersed matrixes is presented. Analytical solutions have 
been obtained previously when solute diffusion totally controls the 
transport process. However, when solute dissolution offers the limiting 
resistance to mass transport, the solution reduces to a form where the 
mass released varies directly with time. Experimental release rates of a 
drug from a dispersed polymeric matrix into water were measured for 
a range of drug particle sizes in order to test the applicability of the 
proposed model; the agreement between theory and experimental is 
good. 


Keyphrases Dissolution-transport from dispersed matrixes 0 
Matrixes-dispersed, dissolution-controlled transport 0 Models, dis- 
solution-dissolution-controlled transport from dispersed matrixes 


The theory of diffusional release of a solute or thera- 
peutic agent from a polymer matrix where the initial 
loading of solute is greater than the solubility limit was 
initially proposed by Higuchi (1). Several assumptions 
were made in this model: ( a )  the suspended solute is 
present as particles of diameter much smaller than the 
thickness of the matrix; ( b )  the receptor medium is im- 
miscible with the matrix and serves as a perfect sink for the 
released solute; and ( c )  a pseudo steady-state condition 
exists during the transport process. More recently the 
pseudo steady-state assumption in Higuchi’s model was 
reexamined (2) and it was concluded that an exact analysis 
offered some advantages under conditions of low solute 
loadings but became virtually identical with Higuchi’s 
analysis for large solute loadings. 


The Higuchi model has been applied extensively in the 
literature with favorable results ( 2 4 ) .  However, there have 
been several cases in which the drug release-rate kinetics 
from drug-dispersed matrixes are not adequately described 
by this model. The in uitro release rate of steroids from 
silicone elastomeric matrixes was studied (7), and it was 
found that their results were inconsistent with the Higuchi 
model. Based on the effect of concentration and particle 
size on the duration of drug release, a dissolution rather 
than diffusion-controlled mechanism was suggested. It was 
determined (8) that the release rate of salicylic acid from 
ointment bases did not follow the Higuchi model, and the 
discrepancy was related to an inadequate dissolution rate 
of the suspended particles. The release of benzocaine from 
ointment bases was determined (9) and it was found that 
the release rate was not proportional to the square root of 
drug concentration. 


Several theories have been put forth for dissolution- 
controlled transport mechanisms. The area of drug release 
rate processes in biopharmaceutics was reviewed (lo), in 
which dissolution mechanisms are considered as a heter- 
ogeneous reaction with mass transfer occurring through 
the movement of solute molecules from solid surfaces. The 
thermodynamics of drug release from polymeric matrixes 
was studied (1 1) and the process was depicted to involve 


three energy-activated steps: (a )  dissociation of drug 
molecules from a crystal lattice, ( b )  solubilization of drug 
molecules in the polymer matrix, and (c) diffusion of drug 
molecules in the matrix. More recently a good mathe- 
matical model for drug release from suspensions was de- 
veloped (12,13), which is relatively complex and requires 
numerical techniques to obtain general solutions. In that 
study the dissolution rate of a drug in a vehicle and diffu- 
sion through the vehicle was related to drug distribution 
and cummulative drug uptake by a receptor phase. When 
dissolution is essentially nonexistent, it was found that the 
suspension behaved as a solution with respect to drug re- 
lease, whereas when dissolution is slower than diffusion, 
the rate of dissolution markedly influenced the rate of drug 
release. 


The purpose of the present study was to develop a sim- 
plified model for dissolution-controlled transport from 
dispersed matrixes. Analytical solutions to the complicated 
phenomenon of combined dissolution and diffusion 
mechanisms have been derived, and the results are related 
to experimental measurements. 


THEORETICAL 


A combined dissolution and diffusion-controlled transport system is 
shown in Fig. 1. As an approximation, the controlled release system is 
depicted in one dimension as a semi-infinite medium. The kinetics of 
dissolution is assumed to be given by an expression which is proportional 
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Figure 1-Drug concentration profiles within the matrix 
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to the difference between the solubility of the solute in the matrix and 
the actual concentration of the solute in the matrix a t  the point in space. 
Under these conditions, the equation incorporation of both dissolution 
and diffusion in the mass transport process can he given to a first ap- 
proximation by (12, 14): 


(Eq. 1) 


where D is the solute diffusivity in the matrix, C is the concentration, C, 
is the solute solubility, and K is the solute dissolution rate constant. The 
appropriate boundary conditions for dissolved solute with respect to time 
and distance are: 


( a )  C = 0 a t  x = 0 for all t ;  
( b )  C = C, a t  t = 0 for all x. 


Defining if: 
c = c , - c  (Eq. 2) 


F4uation 1 can be transformed to read: 


with boundary conditions: 
( a )  ZS=C,atx =OforaII t ;  
( b )  C = O a t t  =OforaIIx.  
The analytical solution of Eq. 3 is given by (14): 


(Eq. 3) 


+ '/2 e x p ( x m )  erfc - + fi) (Eq. 4) 
( 2 k t  


and 


M ,  = C , m  [ ( K t  + 112) e r f a  + 
where M ,  is the mass released per unit area a t  time t .  


The total mass of solute per unit area is given by: 


exp - K t ]  (Eq. 5) 
7r 


(Eq. 6) co 1 M ,  =- 


where CO is the total solute loading and 1 is the thickness of the finite slab. 
The model assumptions will not be met when 1 is very small. 


The fractional amount of solute released a t  any time t is now given 
by: 


2 


The ratio M J M ,  can take values >1 for long enough time periods, since 
M, is unbounded because of the semi-infinite medium assumption. The 
solution is only applicable when there is undissolved solute at  every point. 
Thus, Eq. 7 is only valid for: 


C,Kt 5 Co (Eq. 8) 


Under conditions when Kt  assumes large values and solute dissolution 
is offering the limiting control to the transport process, Eq. 7 reduces to 
(12. 14): 


In this case, the mass, M r .  varies linearly with time. However, under 
conditions when Kt assumes small values and solute diffusion is con- 
trolling mass transport totally, Eq. 7 reduces to: 


(Eq. 10) 


which is roughly similar to the solution originally obtained by Higuchi 
(1). 


The release rate of solute for small times is given by: 


Similarly, under conditions when K t  assumes large values and solute 
dissolution is offering the limiting control to the overall transport process, 
Eq. 11 reduces to: 


(Eq. 12) 
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Figure 2-Variation of MJM, with Kt (a = 2C,/Co m). 


However, when Kt assumes small values and solute diffusion is control- 
ling mass transport, Eq. 11 reduces to: 


(Eq. 13) 


The implications of Eqs. 7 and 11 can be seen in Figs. 2 and 3, where 
the cummulative mass released and the release rate are plotted as a 
function of K t .  The release rate is strongly dependent upon K t  in the 
region where K t  < 0.3, after which the release rate becomes almost in- 
dependent of K t .  


EXPERIMENTAL 


Preparation of Monolithic Systems-Solute-dispersed monolithic 
matrixes were prepared by a solvent casting procedure (15). Polyisobu- 
tylene and mineral oil were dissolved in heptane a t  room temperature 
and to this solution was added a drug of varied particle size so as to obtain 
a total solids content in the solution of-25% by weight. At this concen- 
tration, the solution had a suitable viscosity to facilitate casting on a 
polyester substrate using a gardner knife set-up (15). The cast films were 
allowed to set a t  room temperature and subsequently oven dried a t  50" 
to remove the residual traces of heptane. The residual solvent levels were 
always <lo0 ppm. 


The thickness of the dried films were measured using a thickness gauge 
and were found to be relatively uniform (50 f 5 pm).  The drug content 
in the films was determined by dissolving the dried films in heptane 
followed by extraction into dilute sulfuric acid and suhsequent analysis 
using liquid chromatography. The average particle size of the drug was 
obtained by specific surface area analysis using a gas absorption (Bru- 
nayer, Emmett, and Teller) technique (16). 


Release Rate Determinations-The drug release rates as a function 
of time were determined using a special thermostated holder and bath 
assembly. The monolithic systems were attached to a suitable sample 
holder and suspended from a vertically reciprocating shaker such that 
each system was continuously immersed in a test tube containing 15 ml 


6 r  
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Figure 3-Variation of dM,/M,/dt with  K t  ( B  = 2CIJCo m). 
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Figure 4-Drug release rate versus time profiles. Key: (m) 2.5 pm; (0 )  
7.8 p m ;  (A) 9.9 pm. 


of water equilibrated a t  32.0 f 0.3”. Agitation was a t  a frequency of 0.5 
cyclehec with an amplitude of 20-25 mm. At each time interval the sys- 
tems were transferred to fresh tubes containing 15 ml of water pre- 
equilibrated to 32.0 f 0.3’. Drug concentrations in the solutions were 
determined using liquid chromatography. 


RESULTS 


The in uitro drug release rate uersus time profiles for the various mo- 
nolithic systems are shown in Fig. 4. Three different average particle sizes 
were used: 2.5,7.8, and 9.9 pm. The release-rate profile is dependent on 
particle size, increasing with decreasing particle size; however, the relative 
flatness of the pseudo steady-state portion of the curve improves mark- 
edly with increasing particle size. These results were analyzed using the 
typical Higuchi model, and assuming that drug diffusion is the controlling 
mechanism. The apparent drug diffusivity was computed utilizing (1): 


(Eq. 14) 


where Co is the initial drug loading in the matrix. 
The normalized flux, DC,, as a function of drug particle size, is shown 


in Fig. 5. A t  the same drug loading, the value of DC, decreases with in- 
creasing particle size, suggesting the presence of a secondary mechanism 
affecting drug diffusion. As infinite sink conditions were maintained 
during the release-rate measurements and boundary layer affects were 
held to a minimum by adequate stirring, drug particle dissolution was 
considered to he the secondary mechanism. 


The apparent drug dissolution rate constant was computed following 
the procedure outlined in Theoretical, together with the normalization 
of drug diffusivity to zero particle size, i .e. ,  totally dissolved state. These 
results are presented in Fig. 6, where the dissolution rate constant is 
plotted as a function of drug particle size. I t  is apparent that the disso- 
lution rate constant decreases with increasing particle size with a limiting 
value of -35 X 10-7 sec-1 for an infinitely small particle size. Also shown 
in Fig. 6 is the limiting S h e r w d  Number (SH = k d / D )  relationship 
normalized to 10 pm (17). The separation between the two lines is 
probably indicative of the deviation from infinite sink conditions main- 
tained within the matrix. 
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Figure 5-Effect of particle size on normalized flux. 


CONCLUSIONS 


A simplified model for dissolution-controlled transport from dispersed 
matrixes has been presented. Analytical solutions to the combined 
phenomenon of dissolution and diffusion mechanisms have been derived. 
At the limit when diffusion totally controls the mass transport, the so- 
lution reduces to a form with the mass released having a square-root 
dependency with time. However, when solute dissolution offers the 
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Figure 6-Effect of particle size on dissolution rate constant. 
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limiting resistance to mass transport, the solution reduces to form where 
the mass released varies directly with time. Under these conditions, the 
release rate of a dispersed solute would become time independent. 


The simplified model can be viewed as an extension of the familiar 
Higuchi model (1) for drug release from ointments and suspensions. In 
the region of small time, the conclusions presented here are in agreement 
with previous studies (12,13). However, the application of this model is 
considerably simplified compared to the system presented previously 
(12, 13), which is more complex and results in equations that do not 
predict a simple relationship between the various parameters. 


Experimental release-rate measurements have been conducted with 
monolithic systems where the particle size of the dispersed solute has been 
varied. The results can be adequately analyzed using the proposed 
mathematical model and indicate that the mass transport resistance 
offered by particle dissolution increases with increasing particle size. 
However, the release rate approaches a pseudo steady-state and becomes 
time independent with this increasing resistance offered to the mass 
transport process by particle dissolution. This information can be utilized 
in the design and development of controlled-release formulations. 
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Abstract A simple and specific method has been developed for de- 
termination of enviroxime in biological samples. Enviroxime, a substi- 
tuted benzimidazole, its coisomer zinviroxime, and the internal standard 
hexestrol were extracted from the samples with benzene. The benzene 
layer was evaporated and the residue was reconstituted and injected onto 
a liquid chromatograph. Reversed-phase chromatography on an octyl- 
silane column with a 65% methanol-35% 0.14 M sodium acetate mobile 
phase separated the components. The compounds were detected elec- 
trochemically using a glassy carbon electrode held a t  +0.85 V. The assay 
could detect as little as 4 ng of enviroxime/ml of plasma, 15 ng/ml of nasal 
wash, and 20 ng/ml of urine or tissue homogenate. For plasma assays, the 
procedure was >97% accurate and had a relative standard deviation of 
<4%. This method has proven to be applicable and reliable for the de- 
termination of enviroxime in many types of biological samples. Several 
problems encountered during the routine use of electrochemical detection 
were explored and minimized. 


Keyphrases 0 Enviroxime-determination in a variety of biological 
matrixes by liquid chromatography with electrochemical detection 0 
Electrochemical detection-determination of enviroxime in a variety 
of biological matrixes by liquid chromatography 0 Liquid chromatog- 
raphy-determination of enviroxime in a variety of biological matrixes 
with electrochemical detection 


Enviroxime, anti-6- [(hydroxyimino)phenyl]methyl- 
1 -( 1 -methylethyl)sulfony1-lH-benzimidazole-2-amine (i), 
has been shown to be a highly specific inhibitor of the 
multiplication of rhinovirus in tissue cultures (1,2): 


\ S02CH(CH& 
HO 


N 


r n $ N H 2  N 


I 


Compound I has undergone extensive metabolic and tox- 
icological studies in dogs and rats (3, 4) and is currently 
being evaluated as a treatment for the common cold (5). 


In early work with I in dogs and mice, blood levels were 
determined using a plaque reduction assay. Plaque assays 
are nonspecific, since they are capable only of determining 
antiviral activity. To determine levels of I in the presence 
of the less active syn-oxime isomer, zinviroxime (II), it was 
necessary to develop a chemical assay. Initial experiments 
aimed at  developing a GC assay for I and I1 indicated that 
such an approach was undesirable. Derivatization of the 
oxime group was required to make I and I1 volatile enough. 
However, such a derivatization eliminated the hydrogen 
bonding capability of this group and, thus, made the sep- 
aration of I and I1 quite difficult. Recently, a method was 
reported which used high-performance liquid chroma- 
tography (HPLC) with UV detection for the determination 
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The correlation coefficient for the standard curves over the concentration 
range used in this study was >0.997 ( n  = 22 or 25). The analysis of the 
concentrations of I-VI in the experimental samples compared favorably 
with the theoretical values of the drug formulations (Table 11) with <I% 
error. 


The described HPLC assay has been successfully applied as a stabil- 
ity-indicating method for determining the rate and percentage of aut- 
oxidation of commercially supplied injectable solutions of I-VI which 
had been diluted in 5% dextrose in water injection, with and without 
aminophylline (500 pg/ml) (14). The chromatographic separation of I-VI 
from their autoxidation products is illustrated in Fig. 2, with 111, which 
has undergone 70% decomposition after being exposed to 17 hr of fluo- 
rescent light. Peak 1 represents the principal degradation product and 
Peak 3 a minor product. The unidentified Peak 2 is present in unexposed 
samples and does not appear to change after exposure to light. Similarly, 
the degradation products of I, 11, and IV-VI elude within 2-3 min fol- 
lowing injection. Figure 1B represents 111 before exposure to fluorescent 
light and decomposition has already commenced. This method has 
demonstrated the capability of separating degradation products from 
the analysis of pure I-VI. 


The application of ion-pair HPLC for the analysis of formulations 
containing VI or IV has not been previously described. This reported 
method is applicable for the accurate determination of these drugs, using 
either UV or fluorescence detectors. 


DISCUSSION 


Various analytical methods have been used in stability studies for 
catecholamines but suffered from their inability to quantitate or separate 
degradation products from the parent substance. The combination of 
fluorescence detection with reversed-phase ion-pair HPLC yields a rapid 
and selective method for the quantitative separation and determination 
of I-VI in the presence of their autoxidation products and pharmaceutical 
adjuvants. The lowest concentration a t  which the sympathomimetic 
amines used in this study could be detected was 0.1 pg/ml. 


The described method is applicable for the content uniformity and 
quality control of products containing V1 and IV. 


Despite the widespread use of UV detection in HPLC assays, the 
sensitive fluorescence measurement for low concentrations of sympa- 
thomimetic amines in pharmaceutical preparations has not been ex- 
tensively reported except for their clinical analysis in biological fluids. 
The sensitive measurement of I-VI will allow studies of the purity of 


dosage forms and investigation of their degradation kinetics and phar- 
macokinetics. Without the use of a fluorescence detector, 11,111, V, or VI 
could not be quantitatively measured in the presence of aminophylline. 
Also, the presence of pharmaceutical adjuvants should not interfere, 
because of their poor fluorescent properties. 


REFERENCES 


(1) A. Lund, Acta Pharmacol. Toxicol., 5,75 (1949). 
(2) J. B. Johnson and V. S. Venturella, Bull. Parenter. Drug Assoc., 


(3) L. Chafetz, J .  I’harm. Sci., 60,335 (1971). 
(4) A. G .  Ghanekar and V. D. Gupta, ibid., 67,1247 (1978). 
( 5 )  K. E. Rasmussen, F. Tonnesen, and S. N. Rasmussen, Medd. Nor. 


Farm. Selsk., 39,128 (1977). 
(6) G. A. Scratchley, A. N. Mosaud, S. J .  Stohs, and D. W. Wingard, 


J .  Chromatogr., 169,313 (1979). 
(7) B. A. Persson and R. I>. Karger, J. Chromatogr. Sci.,  12, 521 


(1974). 
(8) T. P. Davis, C. W. Gehrke, C. W. Gehrke, Jr., T. D. Cunningham, 


K. C. Kuo, K. 0. Gerhardt, H. D. Johnson, and C. H. Williams, Clin. 
Chem.,  24,1317 (1978). 


(9) G. M. Kochak and W. D. Mason, J .  Pharm. Sci . ,  69, 897 
(1980). 


25.239 (1971). 


(10) T. P. Moyer and N. S. Jiang, J .  Chromatogr., 153,365 (1978). 
(11) T. M. Kenyhercz and P. T. Kissinger, J. Pharm. Sci.,  67, 112 


(12) J .  R. Watson and R. C. Lawrence, ibid., 66,560 (1977). 
(13) F. N. Minard and D. S. Grant, Biochem. Med. ,  6,46 (1972). 
(14) D. W. Newton, E. Y. Y. Fung, and D. A. Williams, Am. J .  Hosp. 


(1978). 


Pharm., 38, 1314 (1981). 


ACKNOWLEDGMENTS 


Abstracted in part from a thesis submitted by Esther Yin Yee Fung 
to the Graduate Council of the Massachusetts College of Pharmacy and 
Allied Health Sciences in partial fulfillment of the M.S. degree require- 
ments. 


The authors thank Arnar-Stone Laboratories, Ciba Pharmaceutical, 
Merck, Sharp and Dohme, and Sterling-Winthrop for their donation of 
analytical quality drug samples, and Mrs. Gail Williams for typing the 
manuscript. 


Enhanced Entrapment of a Quaternary Ammonium 
Compound in Liposomes by Ion-Pairing 


MICHAEL JAY and GEORGE A. DIGENIS 
Received September 9,1981, from the Division o/ Medicinal Chemistry and Pharmacognosy, College o/ Pharmacy, Uniuersity o/ Kentucky,  
Lexington, K Y  40536. Accepted for publication November 10,1981. 


~ ~~ 


Abstract The encapsulation of a quaternary ammonium compound 
by multilamellar liposomes was enhanced by formation of ion-pairs with 
a counterion. Thus, [14C]methantheline bromide was synthesized and 
paired with a 25 M excess of trichloroacetate. Under these conditions, the 
amount of radioactivity entrapped by phosphatidylcholine liposomes 
was three times greater than when no trichloroacetate was present. The 
increased liposomal loading was probably due to the solubilization of the 
ion-pair in the lipid membrane of the liposome. 


Keyphrases Liposomes-quaternary ammonium compound, en- 
trapment, ion pairing Ion-pairing+uaternary ammonium compound, 
entrapment, liposomes 0 Ammonium-quaternary compound, entrap- 
ment in liposomes, ion-pairing 


Liposomes are microscopic lipid vesicles originally used 
to study the structure and function of biological mem- 
branes (1). In recent years, liposomes have demonstrated 


potential as carriers and transporters of biologically active 
compounds (2). A wide variety of compounds have been 
encapsulated in liposomes, ranging from RNA (3) and in- 
sulin (4) to small molecules like histamine (5). Liposomes 
have been administered intravenously and orally (6), and 
a recent report describes the delivery of drugs via lipo- 
somes by the topical route (7). Liposomes elicit no im- 
munological or toxicological responses and are completely 
biodegradable. For these reasons, liposomes have been 
viewed as an attractive mechanism for drug delivery, 
especially for biologically unstable compounds, but not 
without certain drawbacks. Special techniques have been 
developed in an attempt to direct liposomes to specific 
targets or organ systems by immunological methods (8) 
and by producing pH-sensitive liposomes (9). Polymerized 
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vesicles have been produced to increase their stability (lo), 
but one major problem still exists, i.e., many drugs are very 
poorly encapsulated by lipsomes, especially water-soluble 
compounds ( 11). 


Some progress in this case has been reported. The degree 
of encapsulation of the chemotherapeutic agents 6-mer- 
captopurine and 8-azaguanine in single compartment li- 
posomes has been improved by the formation of charge- 
transfer complexes with chloranil (2,3,5,6-tetrachloro- 
p-benzoquinone) and cyanocobalamin (12, 13). In this 
report, the enhanced entrapment of a quaternary ammo- 
nium compound in multilamellar liposomes by the for- 
mation of ion-pairs is described. More specifically the 
entrapment of the antimuscarinic drug, methantheline 
bromide, in the presence and absence of trichloroacetate 
was compared. A relatively simple procedure for the syn- 
thesis of [14C]methantheline bromide, based on the 
method of Cusic and Robinson (14) is reported. This dif- 
fers from the product synthesized in a previous study in 
the position of the carbon 14 label (15). 


EXPERIMENTAL' 


N,N-Diethylaminoethyl Xanthene-9-carboxylate (II)-2-Di- 
ethylaminoethyl chloride hydrochloride2 (3.0 g, 0.017 mole) was added 
to 30 ml of 1.0 N NaOH and extracted three times with 30 ml of ether. 
The combined ether extracts were dried over sodium sulfate, filtered, and 
evaporated under reduced pressure yielding a viscous oil. To this oil was 
added 4.0 g (0.019 mole) of xanthene-9-carboxylic acid3 (I) in 15 ml of 
isopropyl alcohol and the mixture was refluxed overnight. After filtering, 
the solvent was evaporated, yielding an oily residue which crystallized 
upon further drying. Recrystallization from ethyl acetate afforded 4.277 


g (0.012 mole) of analytically pure material which melted a t  145-147' 
[lit. (15) 143-145'1, IR (KBr): 1735 (C=O) cm-', with a 68% yield. 


[14C]Methantheline Bromide (N,N-Diethylaminoethyl xan- 
thene-9-carboxylate['4C]methobromide) (111)-A 0.3-g aliquot of 
I1 was made alkaline and extracted into ether as described previously. 
After drying, the solvent was evaporated and the resultant oily residue 
was dissolved in 4 ml of absolute ethanol. The solution was transferred 
to a vial containing 0.25 mCi (4.75 mg) of ['4C]methyl bromide4 (5 mCi/ 
mmole) which was cooled to 0-4' in an ice bath. The vial was sealed and 
allowed to stand for 48 hr a t  room temperature. The addition of dry ether 
to the ethanolic solution resulted in the formation of a precipitate which, 
upon recrystallization from benzene, gave 12.1 mg (0.029 mmole, 0.144 
mCi) of fine, white needles (5870 yield). The product had an IR spectrum 
identical to the authentic material5 and melted a t  173-175' in close 
agreement with the literature value of 175' (6). A radiochromatogram 
of the product [(silica gel) ethanol-water-acetic acid (3:21), R f  = 0.561 
verified its radiochemical purity. 


For the experiments with liposome entrapment of 111, unlabeled 
methantheline bromide was added to 111 resulting in a final specific ac- 
tivity of 1 pCi/pmole. 


Preparation of Multilamellar Liposomes-Unsonicated multila- 
mellar liposomes were prepared according to the method of Maghew et 
al. (16). Phosphatidylcholine6 (10 pmoles) and cholesterol6 (3 pmoles) 
were dissolved in 2 ml of chloroform and placed in a cylindrical test tube. 
The chloroform was evaporated leaving a thin film in the bottom of the 
tube. To this was added the aqueous phase which consisted of 1 pmole 
of 111 (1 pCi in 2 ml of phosphate buffer at pH 7.4). In the ion-pairing 
experiments, 25 @moles of tr ichl~roacetate~ was added as well. The 
mixture was mechanically agitated for 10 min after which time the lipo- 
some-entrapped radioactivity (arising from 111) was separated from the 
free radioactivity (i.e.,  nonliposome-bound activity) by molecular sievess. 
The extent of entranment bv lioosomes of I11 in the Dresence and absence 


,R 
Br- 


~~ 


1 Infrared spectra (KBr) were recorded on a Perkin-Elmer 567 spectrophoto- 
meter. Melting points were determined using a Thomas-Hoover capillary apparatus 
and are uncorrected. Radiochemical purity was determined with a Packard 7201 
radiochromatogram scanner. Radioactive samples were counted in a Packard 3375 
Tri-Carb Liquid Scintillation Spectrometer. ACS (Amersham) was the cocktail 
used for radioactive samples. 


2 Aldrich Chemical Co., Milwaukee, Wis. 
3 K and K Laboratories, Plainview, N.Y. 


of trichloroacetate' was caicuiated by comparing t h e  total number of 
counts arising from liposome-bound radioactivity with the free radio- 
activity. 


RESULTS AND DISCUSSION 


The partitioning of charged species into a nonaqueous medium results 
from the masking of the hydrophilic site by a counterion. Some coun- 
terions are more effective than others in increasing the lipophilicity of 
the charged species. The use of ion-pairing techniques has been utilized 
to enhance the lipid solubility of certain ionic compounds (17) and, in 
this connection, has improved the GI absorption of large cationic drugs 
(18). The chloroform-water partition coefficient of methantheline bro- 
mide was shown to increase over 200-fold when ion-paired with a 25 M 
excess of trichloroacetate (19). Higher concentrations of trichloroacetate 
did not improve the partitioning of methantheline into the chloroform 
layer (20). The entrapment of this drug by multilamellar liposomes would 
presumably be enhanced by the formation of ion-pairs with trichloro- 
acetate, which would allow methantheline to be solubilized in the lipid 
membrane of the liposome. Multilamellar liposomes have a high lipid 
content relative to the aqueous phase compared to sonicated unilamellar 
liposomes. As a result, the effects of ion pairing on increasing lipid solu- 
bility should be most pronounced in the multilamellar liposomes. Solu- 
bilization of methantheline in the liposomal membrane should signifi- 
cantly increase the total amount of drug carried by the liposome. In the 
absence of trichloroacetate, the drug would only be carried in the small 
aqueous core of the liposome and the thin aqueous layers between the 
lipid bilayers of the multilamellar liposome. In the presence of trichlo- 
roacetate, the drug would be carried in these aqueous compartments as 
well as in the membrane itself. 


The addition of a 25 M excess of trichloroacetate (with respect to 111) 
in the aqueous phase during liposome production resulted in a threefold 
increase in the amount of radioactivity, which was entrapped by the 
multilamellar liposomes (1005-3027 dpm). Varying the cholesterol 
content of the liposomal membrane from 0 to 5 pmoles per 10 pmoles of 
phosphatidylcholine, did not significantly alter the entrapment of 111. 
The increase of entrapped radioactivity arising from [ 14C]methantheline 
from 0.44-1.2% by ion-pairing could be increased further by utilizing 
phospholipid membranes with physical properties differing from phos- 


4 New England Nuclear, Boston, Mass. 
5 Searle and Co., San Juan, P.R. 
6 Sigma Chemical Co., St. Louis, Mo. 
7 Sodium trichloroacetate, Fisher Scientific Co., Pittsburg, Pa. 
8 Sephadex G-50, Pharmacia Fine Chemicals, Piscataway, N.J. 
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phatidylcholine. The use of a charged membrane as well as the addition 
of other membrane adjuvants may affect the entrapment of meth- 
antheline and other compounds by liposomes. 


These ion-pairing techniques can be used to increase liposomal loading 
of a large number of ionic compounds. The liposome-entrapped com- 
pounds can be used to overcome some traditional problems in the oral 
administration of drugs such as acid lability, inadequate intestinal ab- 
sorption, and poor palatability. 


The administration of methantheline bromide uia liposomes is par- 
ticularly desirable considering the poor absorption observed for qua- 
ternary ammonium compounds. In addition, ion-pairing of quaternary 
ammonium compounds increases the loading of these poorly entrapped 
drugs in liposomal membranes. 
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Abstract 0 Microcapsules were designed for a sustained drug release, 
where the external medium controls the rate of release of the drug. As 
a model, secretin was encapsulated in acryloyl chloride-lysine capsules, 
and the conditions of formation are described. The scanning electron 
micrographs show the formation of good spherical microcapsules in the 
size range of 5-10 pm. The release of secretin was studied in four media 
having different pH. Polymer dissolution was pH sensitive, and the 
capsules placed in different media eroded a t  a constant rate, depending 
on the pH of the medium. Dissolution of the microcapsules was limited 
to the polymer buffer media and the drug was released by zero-order 
kinetics. The possible use of such a system is in the treatment of duodenal 
ulcers and the diagnosis of pancreatic diseases. 


Keyphrases Microcapsules-pH sensitive, drug release Drug re- 
lease-pH sensitive microcapsules, polymerization Polymeriza- 
tion-pH sensitive microcapsules for drug release 0 Dosage forms- 
pH-sensitive microcapsules for drug release 


Microencapsulation is a process by which individual 
entities of a solid, liquid, or gas are discretely enclosed in 
a shell of inert polymeric materials. These inert shells may 
be designed to release their ingredients at a specific rate 
andlor under a specific set of conditions. Microencapsu- 
lation of a material may permit the alteration of its phys- 
ical properties so that the desired availability is achieved 
and at  the same time the encapsulated material is pro- 
tected from its environment. Release of drug may be 
achieved via erosion, dissociation, or diffusion. Dosage 
forms have become more complex and now include such 
forms as sustained release, prolonged action, and repeat 
action. The technique of microencapsulation is one of the 


newer methods for sustained delivery which is receiving 
increasing attention (1 ,2) .  


Precisely controlled sustained delivery does not always 
correspond to the optimum therapeutic regimen, however. 
In many applications a better delivery system is the one 
that delivers the active agent only when needed. In the 
present study secretin was microencapsulated in acryloyl 
chloride-lysine microcapsules, and the rate of release was 
studied in different media of varying pH. 


BACKGROUND 


Secretin (3), a small polypeptide (molecular weight -3400), is present 
in the mucosa of the upper small intestine in the inactive form of prose- 
cretin. When chyme enters the intestine, i t  causes the release and acti- 
vation of secretin, which is subsequently absorbed into the blood. The 
constituent that causes greatest secretin release is hydrochloric acid, 
although almost any type of food will cause at least some release. Secretin 
is released any time the pH of the duodenal contents falls below -4.0. 
This immediately causes large quantities of pancreatic juice containing 
abundant amounts of sodium bicarbonate to be secreted. Carbonic acid 
is formed by reaction of sodium bicarbonate with hydrogen chloride. The 
carbonic acid is immediately dissociated into carbon dioxide and water, 
and the carbon dioxide is absorbed into the body fluids, thus, leaving a 
neutral solution of sodium chloride in the duodenum. In this way, the acid 
contents emptied into the duodenum from the stomach become neu- 
tralized and the peptic activity of the gastric juices is immediately 
blocked. Since the mucosa of the small intestine cannot withstand the 
intense digestive properties of gastric juice, this is a highly important 
protective mechanism against the development of duodenal ulcers (4). 
A second function of hydrolytic secretin by the pancreas is to provide an 
appropriate pH for action of pancreatic enzymes. All such enzymes 
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Antitumor Agents LIV: The Effects of Daphnoretin on 
In Vitro Protein Synthesis of Ehrlich Ascites 
Carcinoma Cells and Other Tissues 
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Abstract Daphnoretin has been shown to suppress Ehrlich ascites 
carcinoma growth in mice. One of the modes of action of the drug is to 
block protein synthesis; however, the inhibition of protein synthesis re- 
quires a higher concentration of drug than the inhibition of DNA syn- 
thesis. The inhibition of protein synthesis appears to occur during the 
elongation step with the drug preferentially binding to free ribosomes 
not engaged in active protein synthesis. 


Keyphrases 0 Daphnoretin-effects on in uitro protein synthesis of 
Ehrlich ascites carcinoma cells Antitumor agents-daphnoretin, effects 
on in uitro protein synthesis of Ehrlich ascites carcinoma cells 0 Protein 
synthesis-effects of daphnoretin on in uitro protein synthesis of Ehrlich 
ascites carcinoma cells 


Daphnoretin dicoumaryl ether, has been isolated from 
Daphne mezereum and Wikstroemia indica (Thyme- 
laeaceae) (1-4). Daphnoretin, 3 to 12 mg/kg, has been 
demonstrated to significantly inhibit Ehrlich ascites car- 
cinoma growth. Daphnoretin inhibited leucine incorpo- 
ration into protein by 77% after administration of the drug 
at 6 mg/kg/day for 3 days. In uitro studies of leucine in- 
corporation into protein of Ehrlich ascites cells demon- 
strated an ID50 = 0.340 mM (5). A more detailed study of 
the mechanism of protein synthesis inhibition is reported 
at this time. 


Daphnoretin 


EXPERIMENTAL 


The Ehrlich ascites tumor cell line was maintained in CF1 male mice 
(-30 9). The tumor cells were harvested from mice on Day 10, which were 
inoculated on Day 0 with 2 X lo6 Ehrlich ascites cells. The Ehrlich ascites 
lysates were prepared by an analogous method as outlined by Kruh et 
al. (6). The following were isolated from Ehrlich ascites lysates by liter- 
ature techniques: runoff ribosomes (7), pH 5.0 enzymes (6), and un- 
charged transfer RNA (8). The Ehrlich ascites carcinoma initiation fac- 
tors for protein synthesis were prepared as described by Majumdar et 
al. (9). The [3H]methionyl tRNA was prepared from Ehrlich ascites cell 
tRNA according to the method of Takeishi et al. (10). 


The effects of daphnoretin on endogenous protein synthesis of Ehrlich 
ascites cells (11) was carried out in a reaction medium (0.5 ml) containing 
10 mM tromethamine (pH 7.6), 76 mM KCI, 1 mM ATP, 0.2 mM gua- 
nosine triphosphate, 15 mM creatine phosphate, 2 mM MgC12, 1 mM 
dithiothreitol, 0.1 mM of each of the 19 essential amino acids, 0.9 mg/ml 
of creatine phosphokinase, and 20 pCi of [3H]leucine (56.6 Ci/mmole). 
An aliquot of the reaction mixture was incubated at 30°. After 5 rnin of 
incubation, test drugs or the standards, pyrocatechol violet or emetine, 
were added with a final concentration of 50,100, and 500 pM. At 1-min 
intervals, 50-pl aliquots were removed from the reaction tubes and 
spotted on filter papers', which were treated for 10 min in boiling 5% 


Whatman No. 3. 


trichloroacetic acid, followed by 10 min in cold 5% trichloroacetic acid 
and washed with cold 5% trichloroacetic acid, ether-ethanol (l:l), and 
finally, ether. The filter papers were dried and counted in scintillation 
fluid2. 


The effects of daphnoretin, pyrocatechol violet, cycloheximide, and 
emetine on the ribosome profile and leucine incorporation (11) of Ehrlich 
ascites cell lysates were assayed using a reaction medium (500 pl) de- 
scribed previously. Following drug addition with a 100 pM final con- 
centration, the reaction was incubated for 4 min at  37O. The reaction was 
terminated by placing the tubes in ice and gradient buffer (1 ml of tro- 
methamine, pH 7.6; 10 mM KCl; and 1.5 mM MgC12-6H20) was added. 
The mixture was layered over 36 ml of 10-25% linear sucrose gradient 
(ll), prepared in gradient buffer, and centrifuged for 165 min at  25,000 
rpm3 at 4'. The absorbance profile at 260 nm was determined using a flow 
cell (light path of 0.2 cm) attached to a spectrophotomete+. Each gradient 
was fractionated into 1-ml aliquots. The protein was precipitated by 
trichloroacetic acid and counted. 


The reaction medium for the polyuridine directed polyphenylalanine 
synthesis (12) contained 50 mM tromethamine (pH 7.6), 12.5 mM mag- 
nesium acetate, 80 mM KCl, 5 mM creatine phosphate, 0.05 mg/ml of 
creatine phosphokinase, 0.36 mg/ml of polyuridine5 ( A ~ w / A ~ M )  = 0.34), 
0.5 pCi of [14C]phenylalanine (536 mCi/mmole), 75 pg of uncharged 
Ehrlich ascites cell tRNA, 70 pg of Ehrlich ascites pH 5 enzyme prepa- 
ration, and 0.9 A260 of Ehrlich ascites cell runoff ribosomes. Daphnoretin 
was present from 0.038-0.570 mmole final concentrations. Incubations 
were for 20 min at  30° after which a 35-pl aliquot was spotted on filter 
paper' and processed as indicated previously. 


The reaction medium (200 pl) used to measure the formation of the 
80s initiation complex and the methionyl puromycin reaction (13) con- 
tained 15 mM tromethamine (pH 7.6), 80 mM KC1,l mM ATP, 0.5 mM 
guanosine triphosphate, 20 m M  creatine phosphate, 0.2 mg/ml of creatine 
phosphokinase, 3 mM magnesium acetate, 0.1 mM edetic acid, 1 mM 
dithiothreitol, 0.1 mM of each of the 19 essential amino acids, 3 mg of 
Ehrlich ascites cell lysates, 100 pg/ml of chlortetracycline6, 3 X lo5 cpm 


- 
40 80 120 160 200 240 280 


DAPHNORETIN CONCENTRATION, f l  
Figure 1-In vitro effect of daphnoretin on whole cells of Ehrlich ascites 
protein synthesis. Key: (O), 60-min incubation; (A), 90-min incuba- 
tion. 


Scintiverse, Fisher Scientific Co. 
Beckman SW27 rotor. 
Gilford. 


5 Miles Laboratory, Inc. 
6 Sigma Chemical Co. 
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Table I-Effects of Daphnoretin on Ternary and 80s 
Complex Formation 


Complex 
Concentra- Formation, Control, 
tion,pM pmoles 70 


Ternary Complex Formation 
Control 0.84 100 + Aurintricarboxylic Acid 100 0.04 5 + Emetine 100 0.74 89 + Pyrocatechol Violet 100 0.10 12 + Daphnoretin 280 0.78 94 + Daphnoretin 560 0.76 90 


Control - 0.44 100 + Aurintricarboxylic Acid 100 .05 11 + Emetine 100 .44 100 + Pyrocatechol Violet 100 .15 35 + Daphnoretin 280 -42 96 + Daphnoretin 560 .41 94 


80s Initiation Complex Formation 


of methionine tRNA and 20 pg/ml of polyadenosine-uridine-guanosine 
and dapbnoretin (560 pmole). The incubation was carried out at 23' and 
after 2 min, aliquots were withdrawn to analyze for the 80s complex 
formation. Puromycin (10 pg/ml) then was added to the reaction medium. 
The incubation was continued for another 6 min, and aliquots were 
withdrawn to analyze for the reaction of the 80s complex with puromycin. 
All aliquots (50 pl) were diluted to 250 pl of buffer (20 mM tromethamine, 
pH 7.6; 80 mM KC1; 3 mM magnesium acetate; 1 mM dithiothreitol; and 
1 mM edetic acid), layered on 11.8 ml of 15-30% linear sucrose gradient 
and centrifuged for 3 hr at 36,000 rpm7. Fractions (0.4 ml) were collected 
and precipitated with 10% trichloroacetic acid on filter papers and 
counted. 


The reaction mixtures (75 pl) for the ternary complex formation (14) 
contained 21.4 mM tromethamine (pH 8.0), 80 mM KC1,0.26 mM gua- 
nosine triphosphate, 2.14 mM dithiothreitol, 10 pg of bovine serum al- 
bumin, 5 pmoles of Ehrlich ascites cell [3H]methionyl-tRNA (met- 
tRNA,) (1 X lo4 cpm), 100 Azdml of crude Ehrlich ascites cell initiation 
factors, and 560 pM of drug or standards. The incubation was conducted 
for 5 min at 37O and terminated by the addition of 3 ml of cold buffer (21.4 
mM tromethamine, pH 8.0,80 mM KCl, 2.14 mM dithiothreitol). The 
samples were filtered through 0.45-pm nitrocellulose filters, washed twice 
in buffer, and counted. 


The reaction mixture (75 pl) for the 80s initiation complex formation 
(14) contained, in addition to the components necessary for the ternary 
complex formation reaction, 1.9 mM magnesium acetate, 5 Azw/ml 
polyadenosine-uridine-guanosine and 100 A d m l  of 80s Ehrlich ascites 
ribosomes. Incubations were conducted for 10 min at  37" and were then 
cooled to 4" and titrated to 5 mM with magnesium acetate. After 5 rnin 
at 4O, the samples were diluted with cold buffer (21.4 mM tromethamine, 
pH 8.0, 80 mM KC1, and 5 mM magnesium acetate and 2.14 mM di- 
thiothreitol), and filtered as indicated for the ternary complex formation 
experiment. 


Amino acid-tRNA activation steps were determined by the method 
of Moldave (15). The reaction medium contained 0.1 mM tromethamine 
(pH 7.4), 0.2 mM ATP, 0.3 mg/ml of pH 5 enzyme from Ehrlich ascites 
cells, and 2.5 pCi of [14C]phenylalanine (536 mCi/mmole), I3H]leucine 
(56.5 Ci/mmole) or I3H]methionine (80.0 Ci/mmole) in a total volume 
of 1 ml. After incubation at  37" for 20 min, 2 ml of ice cold 10% trichlo- 
roacetic acid was added and the activated amino acid-tRNA were col- 
lected on nitrocellulose filters by suction. 


P-388 lymphocytic leukemia cells and L-1210 lymphocytic lymphoma 
cells were obtained from DBA/2 male mice donors (-30 9). B-16 mela- 
noma and Lewis lung tumor cells were obtained from C57B116 male mice 
donors (-30 9). Antineoplastic tumor screens were conducted according 
to National Institutes of Health protocols (16). The Ehrlich ascites car- 
cinoma tumor was maintained in CFI male mice. 


Normal tissues (i.e., liver, lung, brain, and kidney) were excised from 
CF1 male mice (-30 g) and homogenized in 0.25 M sucrose and 0.001 M 
edetic acid. 


[6-3H]Thymidine (21.5 Ci/mmole) or (4,5-3H]leucine (52.2 Ci/mmole) 
was incorporated in uitro into normal tissues and tumors using 1 pCi of 
labeled precursor and minimum essential medium with 10% fetal calf 
serum with drug concentrations varying from 0.042-0.340 mM. The tubes 
were incubated for 60 min at  37" (11). The acid insoluble DNA was col- 


7- 100 pM 
A l O 0 O f l  
* 100pM 


Y 21. // 
4 -.L-/ 


- J V  
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Figure 2-Effect of pyrocatechol uiolet, emetine, and daphnoretin on 
the protein synthesis of Ehrlich ascites homogenates using endogenous 
messenger RNA. Key: (0) control; (m) pyrocatechol violet; (A) daph- 
noretin; (0) emetine. 


lected on glass filter discs8 and protein was collected on nitrocellulose 
filters by vacuum suction. Results are expressed as disintegrations per 
minute of incorporated precursors per hour per lo6 cells or 10 mg of wet 
tissue. 


INCUBATION, min I 


RESULTS 


The Ehrlich ascites whole-cell incubation studies demonstrated that 
daphnoretin, after 60 min of incubation, caused 50% inhibition at 240 p M  
and, after 90 min of incubation, 50% inhibition was achieved at  182 pM 
(Fig. 1). Twenty-eight percent suppression could be achieved at 560 p M  
concentration after 90-min incubation. The effect of daphnoretin on 
protein synthesis was compared to known inhibitors of protein synthesis 
(pyrocatechol violet is an initiation inhibitor that allows completion of 
the ongoing round of protein synthesis and causes accumulation of free 
80s ribosomes, whereas emetine and cycloheximide are elongation in- 
hibitors which freeze the ribosomes of the mRNA). When daphnoretin 
,(50-500 p M )  is added to the Ehrlich ascites lysate actively engaged in 
protein synthesis, there is a slight lag before inhibition of protein syn- 
thesis is effected (Fig. 2). Pyrocatechol violet demonstrated an even longer 
lag time, whereas emetine caused immediate inhibition of protein syn- 
thesis. The effect of daphnoretin, pyrocatechol violet, and cycloheximide 
on the ribosome profile and leucine incorporation can be seen in Fig. 3. 
Emetine induces the breakdown of the 80s polysome similar to the 
control, whereas pyrocatechol violet and daphnoretin allow the accu- 
mulation of the 80s ribosomal peak. Daphnoretin at 100 p M  after 4-min 
incubation of lysate caused the release of radioactive peptides from the 
ribosomes similar to pyrocatechol violet. The results suggest that 
daphnoretin allows completion of the ongoing chain elongation steps and 
then causes the release of polypeptides from polyribosomes before it 
inhibits protein synthesis. 


The effect of daphnoretin on the initiation steps of protein synthesis 
was examined using a fractionated Ehrlich ascites system. Table I shows 
daphnoretin had little or no effect on either the ternary complex9 or the 
80s initiation complex formationlo. These studies indicated that daph- 
noretin was not an initiation inhibitor. 


Further studies were performed to determine if daphnoretin was an 
elongation inhibitor. As can be easily seen in Fig. 4, daphnoretin inhibits 
polyuridine directed polyphenylalanine synthesis of purified runoff ri- 
bosomes from Ehrlich ascites tumor cells. Polyuridine-directed poly- 
phenylalanine synthesis does not require the normal initiation and ter- 
mination reactions; thus, agents that block this step are exclusively 
elongation type inhibitors. 


In an additional study, the formation of the 80s initiation complex10 
and peptide bond formation was examined by treating Ehrlich ascites 
lysates with the elongation inhibitor, chlortetracycline, which specifically 
inhibits binding of the aminoacyl tRNA to the ribosome A site but does 
not inhibit the peptidyl transferase reaction. Thus, when [3H]methio- 
nine-tRNA (met-tRNAf) is added to the s:;stem, most of the radioactivity 


8 P-Pm 


7 Beckman SW 40 rotor. 


..&I 1. 


eIF.GTP(3HImethionyl-tRNA. 
I0 BOSadenosine-uridine-guanosine-eIF-GTP 13H] methionyl-transfer RNA. 
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Figure 3-Fate of nascent protein 
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of protein synthesis in Ehrlich ascites tumor lysate. Key: (@) leucine incorporated; 


is found associated with the 80s initiation complex. Addition of poly- 
adenosine-uridine-guanosine to the chlortetracycline-treated lysate 
allows formation of an 80s initiation complex (Fig. 5A), which then reacts 
with puromycin followed by the puromycin-induced release of [3H]- 
methionine from the 80s complex (Fig. 5B). Daphnoretin (560 p M )  does 
not appear to inhibit the formation of the 80s initiation complex but did 
inhibit puromycin release of methionine, indicating that daphnoretin 
inhibits peptide bond formation in Ehrlich ascites ribosomes. Exami- 
nation (Table 11) of the formation of aminoacyl tRNA with phenylalanine, 
leucine, or methionine indicated that daphnoretin had no effect on the 


ribosomal profile. 


activation of amino acids for incorporation into polypeptides. 
Examination of the in uitro leucine incorporation into protein for 


normal tissues of CF1 male mice demonstrated that daphnoretin at  
0.042-0.340 mM had no effect on protein synthesis by brain, kidney, or 
lung but suppressed in uitro protein synthesis by liver at  low doses (Table 
111). Concentrations a t  0.044 mM daphnoretin caused 53% inhibition, 
a t  0.085 mM 34% inhibition, 0.177 mM 23% inhibition, arid 0.340 mM 
16% inhibition of leucine incorporation into liver proteins. Further- 
more, daphnoretin did not suppress the protein synthesis of P-388 
lymphocytic leukemia cells, L-1210 lymphocytic lymphomas, B-16 
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Table 11-Effects of Daphnoretin on Amino Acid tRNA Activation in Ehrlich Ascites Cells 


Amino Acid 
Transfer RNA 


Concentra- Forma- 
Inhibitor tion, pM tion, pmoles Control, % 


[14C]Phenylalanine tRNA 
Control 0.209 100 + Daphnoretin 10.2 0.205 98 + Daphnoretin 102 0.201 96 + Daphnoretin 1020 0.200 95 


Control 0.893 100 + Daphnoretin 10.2 0.848 95 + Daphnoretin 102 0.830 93 + Daphnoretin 1020 0.795 89 


Control 0.757 100 


+ Daphnoretin 102 0.719 95 


[3H]Leucyl tRNA 


[3H]Methionyl tRNA 


+ Daphnoretin 10.2 0.741 98 


+ Daphnoretin 1020 0.696 92 


a 16. 


" * 12-  


a 


2 
a 14- 
LT 


& 9  
x 10- 


Table 111-Zn Vitro Protein Synthesis of Normal Tissues 


z 00 40- 


Dsphnoretin Concentration 
Control, % 


CF1 Male Mouse ( n  = 6) Control 0.044 pM 0.088 pM 0.177 pM 
Liver 100 f 8 47 f 4" 66 f 6" 77 f 9" 
(12,202 dpm/hr/lO mg) 
Kidney 100 f 6 112 f 8 6  116 f 6" 135 f 7" 
(8751 dpm/hr/lO mg) 
Lung 100 f 5 113 f 7a 129 f 8" 124 k 5a 
(6564 dpm/hr/lO mg) 
Brain 100 f 6 156 f 9" 146 f 8" 189 f 6" 
(6757 dpm/hr/lO mg) 


\ 


' p  5 0.001. * p  2 0.010. 


melanoma and Lewis lung carcinoma as it did Ehrlich ascites carcinoma. 
Concomitantly, daphnoretin did not possess any antitumor activity in 
the P-388, L-1210, B-16, or Lewis screen. 


Daphnoretin inhibited thymidine incorporation into nucleic acid re- 
sulting in an ID50 z 0.194 mM. However, daphnoretin did not suppress 
in uitro DNA synthesis in P-388, L-1210, B-16, and Lewis lung tumor 
cells. Similarly, daphnoretin had no effect on the in uitro thymidine in- 
corporation with DNA of CF1 mouse liver, lung, kidney, or brain. 


DISCUSSION 


Daphnoretin has been shown to be an elongation inhibitor of protein 
synthesis which allows the completion of ongoing polypeptide synthesis 
and releases the 80s ribosome. These observations suggest that  daph- 
noretin binds to free ribosomes rather than the polyribosomes actively 
engaged in protein synthesis and similarly to other elongation inhibitors 
e.g. bruceantin, brusatol (17), T-2-toxin (la), verucarin (19), harring- 


j d 6  
2 2  


~m 


z 
I 0  
0, 


G Z  4 


L 2  
8 16 24 30 - 


FRACTION NUMBER (linear sucrose gradient centrifugation)' 


Figure 5A-The formation of the 80s initiation complex of Ehrlich 
ascites tumor lysate system. Key: (0) control; (A) daphnoretin (560 
WM). 


1 
2o t 


1 11 1 


0 ' 80 160 240 320 400 480 560 
DAPHNORETIN CONCENTRATION, jtM 


Figure 4-Effect of daphnoretin on polyuridine-directed poly["T]- 
phenylalanine synthesis in Ehrlich ascites tumor cell system. Key: (0) 
control; (0)  daphnoretin; (A) emetine. 
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Figure 5B-The formation of the methionyl puromycin reaction of 
Ehrlich ascites tumor lysate system. Key: (0) control and puromycin; 
(A) daphnoretin (560 pM) and puromycin. 
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tonine (20), and fusarenon-X (13). One explanation for this is that pep- 
tidy1 tRNA or methionyl tRNA lowers affinity binding of drug to ribo- 
some (21). Daphnoretin effectively blocked peptidyl transferase activity 
of the elongation process. The magnitude of inhibition of protein syn- 
thesis is of a sufficient degree to account for the cessation of cell growth. 
It has been reported previously that daphnoretin suppresses DNA syn- 
thesis with an IDm = 0.194 mM (5). The present studies show that 
daphnoretin only suppresses protein and DNA synthesis in the Ehrlich 
ascites carcinoma cells, the only tumor screen in which daphnoretin 
demonstrated antineoplastic activity at  3-12 mg/kg/day. Protein and 
DNA synthesis of whole cells was not suppressed in normal mouse tissue, 
e.g., brain, kidney, and lung; but there was a moderate reduction of 
protein synthesis in the liver. Daphnoretin was isolated from Wikstroe- 
mia indica C .  A. Mey (Thymelaeaceae), which has been used as a herbal 
remedy to treat human cancer, arthritis, syphilis, and whooping cough 
(22,23). This study of the mode of action of daphnoretin may explain 
some of the pharmacological properties of the plant. 
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Abstract One of the conditions of derivation of the Higuchi square 
root law is that A h  > S/2 where A is drug content per cubic centimeter 
of matrix tablet, z is the porosity, and S is the solubility of the drug in the 
dissolution medium. In actuality, A/c should be larger than S. It is shown 
in this work that a similar square root equation can be derived when A/c 
< S. Experimental data are presented supporting the equation Q = 
A(Dt)’/*,  where Q is the amount of drug released per square centimeter 
at  time t and D is the diffusion coefficient. 


Keyphrases 0 Matrix formulations-square root of time dependence, 
with low drug content Dissolution-square root of time dependence 
of matrix formulations with low drug content 0 Release rate-square 
root of time dependence of matrix formulations with low drug content 


Many sustained-release products are designed around 
the principle of imbedding the drug in a porous matrix. 
Liquid will penetrate and dissolve the drug, which will then 
diffuse out into the exterior liquid (Fig. 1). In general, for 
the purpose of derivation, a slab is considered which has 
a unit cross-section, is infinite to the left (Fig. l), has a 
porosity 8, contains A grams of drug (of density p )  per 


cubic centimeter of matrix, and allows penetration and 
diffusion through the unit surface only. At time t a depth 
of h is penetrated. 


BACKGROUND 


Higuchi (1.2) was the first to derive the following expression for the 
amount of material released (Q) through the unit surface. He cautions 
that “the equation would be essentially valid for systems in which A is 
greater than the solubility S or CS by a factor of three or four. Of course, 


POROSITY = 6’ POROSITY = 6 


A g k m 3  


WETTED 
x = -h x = o  


Figure 1-Schematic of penetration of liquid into a solid matrix. The 
distance is denoted x (cm) and is zero at the surface and -h at the 
border of penetration. 
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Figure 5-Crystal size distribution of calcium oxalate dihydrate (A) 
and calcium oxalate monohydrate (B) used for the dissolution rate 
studies. 


[determined by automated particle counter’2 (Fig. 5)]. Table I1 sum- 
marizes the structure-dependent properties of calcium oxalate mono- 
hydrate and dihydrate. The dihydrate has a higher solubility and disso- 
lution rate and a lower zeta potential than the monohydrate. The dihy- 
drate crystals are stable in air a t  4’ for 2 weeks; however, when these 
crystals are kept in normal saline a t  37O, they are stable for only 24 hr. 
After 24 hr, gradual conversion to monohydrate occurs. 


The observation that calcium oxalate dihydrate has a higher solubility, 
higher dissolution rate, and undergoes gradual dissolution-recrystalli- 
zation to calcium oxalate monohydrate is consistent with recent results 
reported on the crystallization of calcium oxalate in the rat kidney (8). 
It offers the most probable explanation for the gradual transformation 
of calcium oxalate dihydrate to calcium oxalate monohydrate in rat 
kidney following the administration of 4-hydroxy-~-proline. Detailed 
study of the difference in the zeta potential between the monohydrate 
and the dihydrate could lead to a better understanding of the role of 
crystal aggregation in stone formation. 


l 2  Coulter Counter model TA 11. 
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Abstract Three analogs of thyroliberin (I) were prepared. These 
compounds, N-rn-chloroacetylbenzoyl-phenylalanyl-prolineamide (VIa ), 
N-p-chloroacetylbenzoyl-phenylalanyl-prolineamide (VIb) and N -  
chloroacetyl-alanyl-phenylalanyl-prolineamide (IX), were designed as 
potential I antagonist affinity labels. However, no significant antagonist 
activity was observed. Compounds VIa and IX were found to have weak 
agonist activity. Cyclo (Phe-Pro) an analog of the I metabolite, cyclo 
(His-Pro), was found, however, to have significant I antagonist activity, 
but no agonist activity. 


Keyphrases 0 Thyroliberin-potential affinity labels, chloroacetyl 
substituted phenylalanyl prolineamides 0 Hormones-peptide, thyro- 
liberin affinity labels, chloroacetyl substituted phenylalanyl pro- 
lineamides Receptor-hormone interactions-affinity label analogs, 
characterization, thyroliberin 


Thyroliberin (I) is a peptide hormone from the hypo- 
thalamus that can release thyrotropin (1) and prolactin (2) 
from the anterior pituitary both in uiuo and in uitro. Af- 


I 


finity label analogs of I that irreversibly bind to the I re- 
ceptor could aid in the characterization of the I receptor 
and the study of receptor-hormone interactions. The use 
of a naltrexamine affinity label to isolate a complex with 
an opiate receptor, which was recently reported (3) while 
these studies were in progress, is a similar approach. 


Initial attempts to develop analogs of I as potential af- 
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finity labels were based on previously reported struc- 
ture-activity relationships and were expected to result in 
compounds that were antagonists of I. These compounds, 
with general structure N-chloroacetyl [ ]Phe-Pyrr, were 
found, however, to be only weak agonists (4). 


In an effort to improve receptor binding affinity, the 
prolineamide moiety was included in the present com- 
pounds. The resulting analogs were expected to have im- 
proved agonist potency based on previously reported 
structure-activity relationships (5). Therefore, compounds 
of general structure, N-chloroacetyl[ ]Phe-Pro-NHz, 
were synthesized. Cyclo (Phe-Pro) was also synthesized 
as an analog of cyclo (His-Pro), a metabolite of I (6,7). 


EXPERIMENTAL 


Melting points' reported are uncorrected. All amino acid derivatives 
used were of the L configuration. Thin-layer chromatography was per- 
formed on 250 pm silica gel G plates with fluorescent indicator2. The 
following solvent systems were used: (A) chloroform-methanol (391); 
(€3) chloroform-methanol (19: 1); (C) chloroform-methanolxoncentrated 
ammonium hydroxide (18:1:1), lower phase; (D) chloroform- 
methanol-concentrated ammonium hydroxide (17:2:1), lower phase. 
Methods of detection are indicated with the data. Proton magnetic res- 
onance3 spectra were recorded a t  60 MHz in the solvent indicated for each 
compound and the data are reported in parts per million (6) downfield 
from internal tetramethylsilane. Optical rotations were determined with 
a digital readout polarimeter4, and the solvent used is indicated with the 
data. Elemental analyses are reported for new compounds5. 


L-Phe-L-Pro-NHz Hydrochloride (111)-N-Carbobenzoxy-L-Phe 
(1.5 g, 5.02 mmoles) was dissolved in dry ethyl acetate (60 ml) with stirring 
and cooled to -40'. N-methylmorpholine (0.61 ml, 5.55 mmoles) was 
added followed immediately with isobutyl chloroformate (8) (0.62 ml, 
4.78 mmoles). After 8 min, L - P ~ o - N H ~  hydrochloride (0.72 g, 4.78 
mmoles) was added followed by additional N-methylmorpholine (0.53 
ml). The reaction mixture was allowed to warm to room temperature and 
stirred overnight. The mixture was washed with 5% N a H C q  (2 X 25 ml), 
1 N HCl(2 X 25 ml), water (2 X 25 ml), dried over anhydrous magnesium 
sulfate, and evaporated to dryness (3.95 g). 


Chromatographic purification on a silica gel column (90 g. 2.5 X 51.5 
cm) and elution with chloroform (450 ml) and 5% methanol in chloroform 
(600 ml) yielded 3.05 g of N-carbobenzoxy-L-Phe-L-Pro-NHz (11) as a 
sticky foam from fractions (4 ml) 205 through 230; one spot on TLC, 
Solvent B, UV and chlorine-tolidine positive, ninhydrin negative; with 
a confirming PMR spectrum. 


A solution of I1 (3.05 g) in methanol (55 ml) containing gaseous hy- 
drogen chloride (0.16 g) was hydrogenolyzed for 1 hr a t  10 psi and room 
temperature over 5% palladium on charcoal. Removal of the catalyst and 
concentration in UQCUO provided I11 as a hygroscopic solid which could 
be used directly in subsequent reactions. Further purification was not 
possible due to conversion into cyclo (L-Phe-L-Pro) (IV) during crys- 
tallization attempts. The PMR spectrum confirmed the assigned struc- 
ture; one spot on TLC, Solvent D, UV, ninhydrin and chlorine-tolidine 
positive. 


Cyclo (L-Phe-L-Pro) (1V)-Hydrogenolysis of I1 (2.75 g) in methanol 
(20 ml) and glacial acetic acid (0.5 ml) a t  10 psi over 5% palladium on 
charcoal for 2 hr, removal of the catalyst, and evaporation to dryness gave 
a residue. This residue was refluxed for 1 hr in benzene (20 ml), filtered 
hot, and crystals of IV obtained upon addition of petroleum ether, 0.28 
g, mp 126-128' [lit. (9) mp 125-127'1, one spot on TLC, Solvent A, UV 
and iodine positive, ninhydrin negative. 
3-Chloroacetylbenzoyl-~-Phe-~-Pro-NH2 (Via)-To a solution 


of 111 (0.40 g, 1.34 mmoles), in dry dimethylformamide (4 ml). methylene 
chloride (6 ml), and N-methylmorpholine (0.14 ml), was added 0.21 gof 
3-chloroacetylbenzoy1 chloride (Va) (4) in methylene chloride (4 ml) 
followed by additional N-methylmorpholine (0.11 ml). The reaction 
mixture was stirred for 3 hr a t  room temperature. 


H 


N 


VIa: = rn-CICHnCO- 
VIb: = p-CICHZCC+ 


Methylene chloride (25 ml) was added, and the mixture was washed 
with 5% NaHC03 (35 ml), 1 N HCI (25 ml), and water (25 ml). The or- 
ganic layer waa dried over magnesium sulfate, evaporated to dryness, and 
crystalline VIa obtained from ethyl acetate-petroleum ether; yield 0.1 1 
g (25%); mp 152-154'; one spot on TLC Solvent B, UV and chlorine- 
tolidine positive, ninhydrin negative; (a]k = -52.4' (C = 0.867, chloro- 
form). The NMR spectrum supported the assigned structure. 


Anal.-Calc. for C23H24CIN304: C, 62.51; H, 5.47; C1, 8.02; N, 9.51. 
Found: C, 62.49; H, 5.54; C1,8.22; N, 9.44. 
4-ChloroacetylbenzoyI-~-Phe-~-Pro-NH~ (VI b)-A solution of 


111 (0.40 g, 1.34 mmoles), in dimethylformamide (4 ml), methylene 
chloride (6 ml), and N-methylmorpholine (0.14 ml), was treated with 0.25 
g of 4-chloroacetylbenzoyl chloride (Vb) (4) in methylene chloride (4 ml) 
followed by additional N-methylmorpholine (0.11 ml). The reaction was 
stirred for 3 hr a t  room temperature. Workup was similar to that for 
VIa. 


Crude VIb (0.44 g) required column purification on a chloroform 
packed silica gel column (35 g, 2.5 X 28 cm) eluted with chloroform (200 
ml), 30% ethyl acetate in chloroform (200 ml), 60% ethyl acetate in 
chloroform (200 ml), and ethyl acetate (600 ml). Fractions (4 ml) 235 
through 285 contained VIb which was crystallized from ethyl acetate- 
petroleum ether. Purified VIb crystallized with 0.5 mole of ethyl acetate, 
which was confirmed in the PMR spectrum; yield 0.17 g (35%); mp 
103-107'; one spot on TLC, Solvent B, UV and chlorine-tolidine positive, 
ninhydrin negative; [a]'# = -32.4' (C = 1.125, chloroform). 


Ad.-Calc. for C~H24CIN30~4.5 C4He02: C, 61.79; H, 5.81; C1,7.29; 
N, 8.65. Found: C, 61.77; H, 5.72; C1,7.11; N, 8.74. 
N-Chloroacetyl-L-Ala-L-Phe-L-Pro-NRz (1X)-A solution of 


N-carbobenzoxy-L-Ala (0.95 g, 4.26 mmoles) in dry tetrahydrofuran (80 
ml) was cooled to -40°, N-methylmorpholine (0.52 ml, 4.73 mmoles) was 
added, followed by isobutyl chloroformate (0.53 ml, 4.09 mmoles). After 
15 sec, I11 (1.25 g, 4.20 mmoles) was added followed by additional N -  
methylmorpholine (0.46 ml, 4.18 mmoles). The reaction was warmed to 
room temperature, stirred overnight, and then evaporated to dryness. 


The residue was dissolved in methylene chloride (100 ml) and washed 
with bicarbonate, acid, and water similar to the procedure used for 11. 
The organic layer was dried over magnesium sulfate and taken to dryness. 
The  residue was applied to a chloroform packed silica gel column (35 g, 
28 X 2.5 cm) which was eluted with chloroform (250 ml), 1% methanol 
in chloroform (300 ml), and 1.5% methanol in chloroform (400 ml). The 
desired product was collected in fractions (4 ml) 167 to 202 that were 
concentrated to a residue (0.80 g), one spot on TLC, Solvent B, UV and 


Determined on a Mel-Temp block; values are uncorrected. 
*Obtained from E. Merck. 
3 Determined with a Varian Associates T-60A instrument equipped with a Niculet 


' Determined with a Perkin-Elmer model 241. 
Instrument Corp. TT-7 Fourier Transform Accessory. 


Performed by Micro-Tech Laboratories, Skokie, 111. IX 


Journal of Pharmaceutical Sciences I 1083 
Vol. 71, No. 9, September 1982 







Table I-Relative Agonist Activity 


Peptide Relative Activity, 90 


I 
IV 


VIa 
VIb 
IX 


loo0 
Noneb 
O.OOO6 
None* 
0.002 


Compound I dose of 0.6 ng. * At a dose up to 30 pg. 


chlorine-tolidine positive, ninhydrin negative. The PMR spectrum in- 
dicated the expected product, N-carbobenzoxy-Ala-Phe-Pro-NH2 (VII) 
which could be used directly in the next step. 


A solution of VII (1.04 g) in methanol (40 ml) containing gaseous hy- 
drogen chloride (0.10 g) and 5% palladium on charcoal (0.35 g) was hy- 
drogenolyzed for 1 hr a t  10 psi and room temperature. Removal of the 
catalyst by filtration, concentration in vacuo, and coevaporation with 
benzene gave Ala-Phe-Pro-NHZ hydrochloride (VIII) (0.82 g) as a glass 
which gave the appropriate PMR spectrum, and was one spot on TLC, 
Solvent C, UV, chlorine-tolidine, and ninhydrin positive. 


Chloroacetic anhydride (0.20 g, 1.17 nmoles) was added to a solution 
of VIII (0.47 g, 1.27 mmoles) in dimethylformamide (3 ml) a d  methylene 
chloride (7 ml) followed by N-methylmorpholine (0.14 ml, 1.27 mmoles). 
The reaction was stirred for 6 hr, methylene chloride (10 ml) was added, 
and the mixture was washed with 5% NaHC03 (2 X 10 ml), 1 N HCl(2 
X 10 ml), and water (2 X 10 ml). The organic layer was dried over mag- 
nesium sulfate and concentrated to dryness to yield 0.27 g of IX. 


The crude product was applied to a silica gel column (35 g, 28 x 2.5 cm) 
packed in chloroform and eluted with chloroform (200 ml), 10% acetone 
in chloroform (200 ml), 20% acetone in chloroform (200 ml), and acetone 
(200 ml). The desired product was collected in fractions (4 ml) 265 to 280. 
Pure IX was obtained by crystallization from ethyl acetate-petroleum 
ether; yield 0.02 g (4%); one spot on TLC, Solvent B, UV and chlorine- 
tolidine positive, ninhydrin negative; mp 19g202’; [4b= -68.0’ (C = 
0.883, chloroform); PMR spectrum in deuterochloroform: 6 1.31 [d, J N 


7 Hz, 3H(&-CHa of Ala)], 1.75 [m, 2H(6-CH2 of P~O-NH~) ] ,  2.06 [m, 
4H(j3 and y-CHz of Pro-NHz)], 3.00 [m, 2H(&CH2 of Phe)], 4.01 Is. 
2H (-COCH2C1)], 4.53-5.25 [m. 3H(overlapping a-CH)], 7.23 [s, 5H 
(aromatic H of Phe)]. 


Anal.-Calc. for C19H&1N404: C, 55.81; H, 6.16; C1, 8.67; N, 13.71. 
Found: C, 55.52; H, 6.17; C1.8.62; N, 13.43. 


Biological Assay-The initial evaluation of the thyroliberin agonist 
and antagonist activity of these compounds was by the in vitro method 
of Bowers et al. (10). Freshly excised whole pituitaries from 20-day-old 
female rats were incubated in Krebs-Ringer bicarbonate for six 1-hr 
periods. The incubation medium was replaced after each hour. Test 
samples were added during the third through the sixth hours (I&), and 
the resultant thyrotropin concentration in the incubation media was 
measured by radioimmunoassay and compared with the second hour (Pz). 
Agonist activity was measured by the effects of the analogs alone on the 
pituitaries. Antagonist activity was measured by the net effect of the 
analog in combination with synthetic thyroliberin. The bioassay results 
are summarized in Table I. 


RESULTS AND DISCUSSION 


As shown in Table I, the agonist potency is weak and is on the same 
order as that reported previously (4) for the pyrrolidine analogs. The 
incorporation of prolineamide into thyroliberin analogs has usually re- 
sulted in a significant increase in the agonist potency of the resulting 
peptides relative to the corresponding pyrrolidine derivatives. However, 
this was not the case for the reported analogs. 


The case of IX is striking. Chloroacetylalanyl can be considered to be 


an open ring analog of pyroglutamyl. Thus, there is only a minor change 
in structure from the relatively potent analog, p-Glu-Phe-Pro-NHn (11). 
Compound IX, however, had only 0.0002% of the agonist potency of 
thyroliberin. No significant antagonist activity was found for VIa, VIb, 
or IX. 


The synthesis of IV has been previously reported (9) in conjunction 
with some spectrcecopic studies. The evaluation of the endocrine activity 
of IV was of interest because of the importance of cyclo (His-Pro) as a 
metabolite (6,7) of thyroliberin and the observation that cyclo (His-Pro) 
could inhibit the thyroliberin-stimulated release of prolactin both in uitro 
(12, 13) and in’uioo (12). An uncharacterized pineal substance that can 
inhibit thyroliberin-stimulated thyrotropin release has also been recently 
reported (14). 


Cyclo (Phe-Pro) had no significant agonist activity up to a 30-pg dose; 
however, antagonist activity was apparent. Thyroliberin (0.6 ng) alone 
caused the release of 17.3 pg of thyrotropin. In the presence of IV (3 pg 
and 30 pg), the thyrotropin release was 11.0 pg (p < 0.01) and 13.1 pg (p 
< 0.05), respectively. This is of interest because cyclo (His-Pro) has not 
been reported to have thyroliberin antagonist activity. 
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Arg, and Pro as amino acid moieties were observed on amino acid analysis. 
All of these results support the theory that the antibradykinin active 
material is a protein or a glycoprotein. 


Action of the  Antibradykinin Active Material  Against Bradyki- 
nin Molecule-Bradykinin (0.5 mg) in 10 mM phosphate buffer (0.7 ml, 
pH 7.4) was incubated with 1.0 mg of Fraction D at  30' for 2 hr. The ly- 
ophilized mixture was subjected to paper electrophoresis with acetate- 
pyridine buffer (pH 3.5) to afford two ninhydrin positive spots of fast and 
slow moving ones compared with that of bradykinin which migrates 
towards the cathode. These two spots were not observed in the blank 
experiments without bradykinin or Fraction D. 


The fast moving spot was eluted from unstained paper strips and the 
extract was subjected to amino acid analysis. The fast moving spot was 
confirmed to be a peptide composed of Arg, Pro, and Gly in the ratio of 
1:2:1, which was consistent with the residues 1-4 (Argl-Pro2-Pro3-Gly4) 
of bradykinin, indicating that Fraction D cleaved the bond between G l 9  
and Phe5 in bradykinin and, therefore, had a kininase activity. The slow 
moving spot, however, was not clearly separated from the spot due to 
bradykinin on paper electrophoresis. 


The incubation mixture after lyophilization was subjected to HPLC 
on a reversed-phase column. Three major peaks were observed at  an 
elution volume of 6,38, or 48 ml in HPLC, and each peak was collected 
and subjected to amino acid analysis to afford the following amino acid 
composition, respectively: Arg, Pro, Gly (1:2:1); Arg, Pro, Gly, Phe, Ser 
(1:3:1:1:1); and Arg, Pro, Gly, Phe, Ser (2:3:1:2:1). 


Each composition was consistent with the structures Argl-Pro2- 
Pro3-Gly4, Arg1-Pro2-Pro3-Gly4-Phe5-Ser6-Pro7, and Argl-Pro2-Pro3- 
G19'-Phe5-Ser6-Pro7-Phes-Arg9 (bradykinin), respectively. All of these 
results indicate that the antibradykinin active material in A. saponaria 
has a kininase activity and cleaves the peptide bonds a t  N-terminuses 
of two phenylalanine residues in bradykinin. 


As a kininase from plant origin, bromelain, papain, and ficin are known 
to cleave Gly4-Phe5 and Phe5-Ser6 bonds of the bradykinin molecule, 
while both shimejikininase (9) from mushroom, Tricholoma congluo- 
batum, and kinonase A1 (10) from microbes, Streptomyces species, cleave 
Gly4-Phe5 and Pro7-Phe8 bonds of the bradykinin molecule. Thus, the 


action of the glycoprotein obtained here is similar to that of shimejikin- 
inase and kinonase AI. 


As one of the pharmacological evidences for anti-inflammatory activity 
of A. saponaria, the presence of an antibradykinin active glycoprotein 
was confirmed here. Further study on the anti-inflammation effect is in 
progress. 
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Abstract 0 Crude methanol extracts of the rhizome of ginger (Zingiber 
officinale Roscoe) showed potent, positive inotropic effects on the guinea 
pig isolated left atria. The extract of this rhizome has been fractionated, 
monitored by the cardiotonic activity, to yield gingerols as active prin- 
ciples. 


Keyphrases 0 Ginger (Zingiber officinale Roscoe)-cardiotonic prin- 
ciples, gingerols, 0 Cardiotonic principles-ginger (Zingiber officinale 
Roscoe), gingerols 0 Gingerols-cardiotonic principles of ginger (Zingiber 
officinale Roscoe) 


The rhizome of ginger (Zingiber officinale Roscoe) has 
been used not only as a seasoning spice but also as an im- 
portant medicine in Japan and China. It is considered to 
possess stomachic, carminative, stimulant, diuretic, bechic, 
and antiemetic properties (1). Chemical studies on the 
pungent principles of ginger have been carried out by a 
number of investigators (2-8). Recently, gingerols have 
been isolated from ginger as pungent substances (3). 


It was found that the crude methanol extract of ginger 


had a powerful positive inotropic effect on the guinea pig 
isolated atria. The present report describes the isolation 
of cardiotonic principles from ginger and determination 
of their chemical structures. 


EXPERIMENTAL' 


Isolation-The dried rhizome (580 g) of ginger (Z. officinale Roscoe), 
zingiberis rhizoma, was crushed mechanically and soaked in methanol 
a t  room temperature. The mixture was filtered and the filtrate was 
evaporated in uacuo. The residue (106 g) was partitioned between water 
and ethyl acetate. The ethyl acetate layer was evaporated in uacuo and 
the residue (30 g) was dissolved in methanol and extracted with n-hexane. 
The pharmacologically active methanol fraction was again evaporated 
in uacuo. The residue (25.4 g) was dissolved in a small amount of benzene, 


* Melting points were obtained on a Yanagimoto micro melting point apparatus 
and are uncorrected. Optical rotation was recorded on a Jasco ORD/UV-5 spec- 
trometer with a circular dichroism attachment. UV spectra were obtained with a 
Hitachi 200-20 spectrophotometer. IR spectra were obtained on a Shimadzu 
LKB-9000B. PMR spectra were recorded on a Varian XL-100A spectrometer. CMR 
spectra were recorded on a Hitachi R-22 spectrometer. 
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put on a silica gel2 column packed with benzene, and eluted with a mix- 
ture of benzene-ethyl acetate (9:l). Each fraction was monitored using 
TLC3 with a mixture of benzene-acetonitrile (91)  as a developing solu- 
tion. Fractions showing the bioactivity were combined and rechro- 
matographed five times on silica gel to afford three active substances, 
1-111: 


Compound I-Cl~H2604, mp 30-32", [ a ] ~  = t27.8' ( C ,  1.0 chloro- 
form); UV (ethanol): 284 nm ( 6  2700); IR (neat): 1700 cm-l (C=O); mass 
spectrum: m / z  294 (M+, 61.8%), 137 (loo), PMR (deuterochloroform): 
6 0.88 (3H, broad t, J = 7 Hz, -(CH2)4-CH:J, 1.06-1.62 [SH, m, 
-(CH2)4--CHa], 2.42-2.61 (2H, m, -CO-CHZ-CHOH-), 2.61-2.95 
(4H, m, -CH2-CH2-CO-), 3.07 ( lH,  broad s, -OH),  3.84 (3H, s, 
-OCHS), 3.86-4.16 ( lH ,  m, -CHz-CHOH-), 5.82 ( lH ,  broad s, 
-OH), 6.544.86 (3H, m, aromatic H); CMR (deuterochloroform): 6 14.02 
(q), 22.61 (t) ,  25.19 (t), 29.31 (t) ,  31.78 (t), 36.59 (0, 45.45 (t),49.50 (t) ,  
55.89 (q), 67.83 (d), 111.29 (d), 114.72 (d), 120.85 (d), 132.75 (s), 144.23 
(s), 146177 (s), 211.50 (s). 


Compound II-C19H3001, mp 28-30', [O]D = +26.2" (c, 1.0 chloro- 
form); UV (ethanol): 284 nm ( 6  2700); IR (KBr): 1700 cm-l (C=O); mass 
spectrum: m/z 322 (M+, 13.9%), 137 (100); PMR (deuterochloroform): 
6 0.88 [3H, broad t, J = 7 Hz, -(CH2)6-CH3], 1.06-1.55 [12H, m, 
-(CH2)6-CHn],2.43-2.62 (2H,m,-CO-CH2-CHOH-),2.62-2.92 
(4H, m, -CH2-CH2-CO-), 2.89 ( lH,  broad s. -OH),  3.86 (3H, s, 
-oCH3), 3.88-4.16 ( lH,  m, -CH2-CHOH-), 5.71 ( lH ,  s, -OH), 
6.56-6.88 (3H, m, aromatic H); CMR (deuterochloroform): 6 14.06 (q), 
22.65 (t), 25.50 (t), 29.27 (t) X 2, 29.54 (t), 31.82 (t), 36.63 (t) ,  45.41 (t) ,  
49.46 (t), 55.85 (q ) ,  67.83 (d), 111.33 (d), 114.76 (d), 120.81 (d), 132.71 (s), 
144.23 (s), 146.81 (s), 211.46 (s). 


Compound III-CzlH3404, mp 42-43', [(Y]D = f19.8 (C, 1.0 chloro- 
form); UV (ethanol): 284 nm ( 6  3100); IR (KBr): 1700 cm-' (C=O); mass 
spectrum: m / z  350 (M+, 13.4%), 137 (100); PMR (deuterochloroform): 
6 0.80 (3H, broad t, J = 7 Hz, -(CHz)s-CH3), 1.20 (16H, broad s, 
-(CHz)s-CH3), 2.39-2.54 (2H, m,-CO-CH2-CHOH-), 2.54-2.84 
(4H, m, -CH+~HF), 2.91 (IH, broad s, -OH), 3.78 (3H, s, -oCH3), 
3.82-4.08 ( lH ,  m, -CH2-CHOH-), 5.63 ( lH ,  broad s, -OH),  6.48- 
6.82 (3H, m, aromatic H); CMR (deuterochloroform): 6 14.09 (q), 22.69 
(t), 25.50 (t), 29.35 (t) X 4, 29.62 (t), 31.93 (t), 36.63 (t), 45.45 (t), 49.46 
(t), 55.89 (q),  67.83 (d), 111.25 (d), 114.68 (d), 120.85 (d), 132.75 (s), 144.19 
(s), 146.73 (s), 211.50 (s). 


Guinea Pig Isolated Left Atria-Bioassay of the fraction being 
tested was performed on the isolated left atria of guinea pigs. Guinea pigs 
(300-400 g) were sacrificed by cervical dislocation. The atrium was sep- 
arated from the rest of the heart and mounted vertically in 50 ml of tissue 
bath containing Krebs-Ringer bicarbonate solution of the following 
Rhizhome of inger (580 g) 


Methanol extract (106 g)(+) 


Ethyl acetate soluble portion (30 g)(+) 


I extractegwith methanol 


I partitioned with ethyl acetate and water 


Water soluble portion 
(76 g)(-) 


n-Hexane soluble portion 
(4.4 g)(-) 


partitioned with n-hexane and methanol 


Methanol soluble portion (25.4 g)(+) 


chromatographed over silica gel I eluted with benzene-ethvl acetate (9:l) 


chromatographed five times over silica gel 
eluted with benzene-ethyl acetate (9:l) 


I I 1 
Substance I Substance I1 Substance I11 
(4.14 g),(+) (0.62 g)(+)  (1.08 g)(+) 


Scheme I-Procedure of the isolation of the  cardiotonic principles f r o m  
ginger (Z. officinale Roscoe); (+) actiue, (-) inactiue. 


* Silica gel 60, Merck. 
3 TLC plates silica gel 60 Fzs4, Merck. 


Crude extract 


0 


10-4 Qlml 
. . .  
3 7 20 


x 10-6 g/  mi 


1 2 7  1 2 1  


x 1 0 - 6 q / m l  x 1 0-6 g / ml 
Figure 1-The inotropic e f fect  o f  t h e  crude methanol extract ojginger 
(Z. officinale Roscoe) and gingerols o n  the  guinea pig isolated left atria. 
Crude extract and  gingerols were cumulat ively  added a t  (0). (I) [6]- 
gingerol; ( I I )  [a]-gingerol; ( I I I )  [lo]-gingerol. 
composition (in millimoles): sodium chloride, 120; potassium chloride, 
4.8; calcium chloride, 1.2: magnesium sulfate, 1.3; potassium dihydro- 
genphosphate, 1.2; sodium hydrogen carbonate, 25.2; and glucose, 5.8; 
pH 7.4. The solution was bubbled with a gas mixture of oxygen-carbon 
dioxide (955) and maintained at 30'. A resting tension of 800 mg was 
applied to each strip. Tissues were driven by an electrical stimulator' at 
a frequency of 2 Hz with square-wave pulses of 5 msec at  4 5  V. Isometric 
contractions were measured by the force-displacement transducer and 
recorded on a polygraph. Four preparations from different animals were 
used for one sample being tested. 


RESULTS AND DISCUSSION 


g/ml) of rhizome of ginger 
caused a dose-dependent positive inotropic effect on the guinea pig iso- 
lated atria. A representative pattern of a positive inotropic effect of the 
methanol extract g/ml) is shown in Fig. 1. In order to isolate the 
cardiotonic principles from ginger, fractionation of the methanol extract 
of ginger was performed, being monitored by the positive inotropic action 
as shown in Scheme I. Active fractions, 37-117, eluted with benzene+thyl 
acetate (9:l) from the silica gel column, contained three components. The 
mixture was chromatographed five times over silica gel to give three active 
substances, 1-111. Their yields were 0.71,0.11, and 0.19%, respectively. 
Each substance tasted pungent, suggesting that they might be known 
pungent principles of ginger. Their physicochemical properties confirm 
that substances 1-111 are IS]-, [a]-, and [lo]-gingerol, respectively, which 
had been isolated previously as pungent constituents (9). 


As shown in Fig. 1, treatment with 161-, [8]-, and [lo]- gingerol of the 
atria induced a dose-dependent positive inotropic action. The minimum 
effective doses were and 3 X lo-$ g/ml for [6]-, (a]-, and 
[ 101-gingerol, respectively. The activity appears to be in the decreasing 
order: [8] -ginger01 > [ lO]-gingerol> [6]-gingerol. 


On the basis of the present results, it is concluded that ginger has a 
powerful positive inotropic effect on the guinea pig isolated atria and that 
cardiotonic principles of ginger were identified as [6]-, [a]-, and (101- 
gingerol. 
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Abstract  A high-pressure liquid chromatographic method for the 
analysis of secobarbital in serum was developed. Secobarbital was ex- 
tracted from buffered serum (pH 5.5) with a solvent mix of hexane- 
ether-n-propanol. 5-(4-Methylphenyl)-5-phenylhydantoin was added 
as an internal standard. Separation of secobarbital and internal standard 
from serum constituents and other drugs was achieved on a 5-pm C-18 
reversed-phase column using an acetonitrile-phosphate buffer (pH 4.4) 
mobile phase. The eluent was monitored a t  195 nm. The sensitivity limit 
of the assay was -0.02 pg/ml with 0.5 ml of serum sample. The application 
of this method to pharmacokinetic studies in pediatric patients was 
demonstrated. 


Keyphrases 0 Secobarbital-high-pressure liquid chromatographic 
assay in human serum, anticonvulsants, pharmacokinetics High- 
pressure liquid chromatography-secobarbital, anticonvulsant, phar- 
macokinetics, human serum 0 Anticonvulsants-secobarbital, high- 
pressure liquid chromatographic assay in human serum, pharmacoki- 
netics Pharmacokinetics-secobarbital, high-pressure liquid chro- 
matographic assay in human serum, anticonvulsant 


Secobarbital is used primarily as a hypnotic agent. Like 
many other barbiturates, when administered in anesthetic 
doses it is an effective anticonvulsant (1). Rectal seco- 
barbital is prescribed for the emergency home treatment 
of prolonged seizures in poorly controlled epileptic children 
(2).  In an attempt to study the bioavailability of rectally 
administered secobarbital in pediatric patients, a sensitive 
method for quantitating the drug in serum was re- 
quired. 


A number of analytical procedures for determining 
secobarbital in serum have been described in the literature. 
These include spectrophotometry (3),  gas-liquid chro- 
matography (GLC) (4-81, and high-pressure liquid chro- 
matography (HPLC) (9,101. However, many of these ex- 
isting procedures are aimed at  detecting high concentra- 
tions (>5  pg/ml) of secobarbital for screening purposes 


related to drug abuse. The more sensitive methods such 
as GLC with electron capture detection require tedious 
sample clean up and derivatization procedure prior to 
analysis. Also, with many of these methods, the problem 
of interference from other drugs and their metabolites in 
serum has not been evaluated. This report describes an 
improved HPLC method that permits the determination 
of submicrogram quantities of secobarbital in small vol- 
umes of serum in the presence of various antiepileptic 
drugs. 


EXPERIMENTAL 


Reagents a n d  Chemicals-Secobarbital’ and 5-(4-methylphenyl)- 
5-phenylhydantoin2 (internal standard) were used as supplied. The 
solvents used for extraction and chromatography were all of HPLC 
grade3s4. All chemicals were of analytical reagent grade. 


A stock solution of sodium secobarbital(120 pg/ml) and the internal 
standard (7 pg/ml) were prepared in water. The phosphate buffer com- 
ponent of the mobile phase was prepared by adding 300 pl of 1.0 M 
KHzP04 and 50 p1 of 0.9 M HsP04 to 1800 ml of water (pH 4.4). For the 
extraction procedure, a pH 5.5 acetate buffer consisting of 0.01 M sodium 
acetate-0.01 M acetic acid (88.5:11.5, v/v) was prepared. 


Apparatus and Operating Conditions-The liquid chromatograph 
consisted of a constant flow pumps, a variable volume sampling valve6, 
and a variable wavelength detector7. A 4.6-mm X 25-cm column packed 
with 5 pm of microporous silica chemically bonded with octadecylsilane 
was obtained from a commercial source8. The mobile phase consisting 
of 28% acetonitrile and 72% pH 4.4 phosphate buffer (v/v) was filtered9 


~ ~~ 


Eli Lilly and Co., Indiana olis, Ind. 
Aldrich Chemical Co., Mikaukee, Wis. 
Fisher Scientific Co., Rochester, NY. 
J. T. Baker Chemical Co., Rochester, NY. 
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0.5 pm FH type filter, Millipore, Bedford, Mass. 
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Table I-Calibration Curve Linearity and Precision for the 
Concentration Range of 0.022-4.4 pg/ml (n = 8) 


Mean 
Normalized 


Day PHR", pg/ml SD,  pglml cv, 90 


o z  


1 1.067 
2 1.110 
3 1.058 
4 1.134 
5 1.191 


X 


cn 
0 
I + 
W 


0.022 2.1 
0.078 7.0 
0.061 5.8 
0.062 5.2 
0.062 5.2 


6 LL96 - 3.6 
4.7 


m 
0.053 Mean 1.124 


0 Normalized peak hei ht ratio defined as the peak height ratio of each seco- 
barbital standard dividef by the corresponding concentration. 


Table 11-Day-to-Day Precision Data Pooled From Six Separate 
Days of Analysis 


Mean 
Normalized 


Concentration, pg/ml PHR", pg/ml SD, pg/ml CV,  % 


4.4 
2.2 
1.1 
0.55 
0.275 . ~ .  


0.11 
0.055 
0.022 
Mean 


1.150 
1.093 
1.132 


0.004 0.3 
0.044 4.0 
0.071 6.3 


1.138 0.100 8.8 
1.127 0.107 9.5 
i.091 0.047 4.3 
1.128 0.109 9.7 m w - 5.0 


6.0 1.125 0.067 
Normalized peak hei ht ratio defined as the peak height ratio of each seco- 


barbital standard dividef by the corresponding concentration. 


and degassed before use. The column was heated to 50" and the eluting 
solvent was pumped through the column at a flow rate of 2.8 ml/min with 
precolumn pressure of -2800 psi. The column effluent was monitored 
a t  195 nm. 


Extraction-Extraction of serum samples was carried out in 15 glass 
centrifuge tubes sealed with polytef-lined screw caps. One milliliter of 
the acetate buffer and 50 pl of internal standard solution were added to 
0.5 ml of serum. The mixture was agitated in a vortex mixer for 10 sec, 
followed by gentle shaking with 5 ml of hexane-ether-n-propanol(49: 
492, v/v/v) for 20 min. The organic and aqueous phases were separated 
by centrifugation at  lOOOXg for 5 min. The upper organic layer was 
transferred to a 1.5-ml polypropylene microcentrifuge tubelo. The 
aqueous layer was reextracted with another 5-ml aliquot of the hexane- 
ether-n-propanol mixture. The second organic phase aliquot was pooled 
with the first and evaporated to dryness under nitrogen in a water bath 
a t  50". The residue was reconstituted in 300 p1 of mobile phase and 
50-100 pl was injected onto the column. 


Standard Curves-Standardization samples were prepared by spiking 
blank serum (0.5 ml) with 50-pl aliquots of various dilutions of secobar- 
bital stock solution to yield a concentration range between 0.022 and 4.4 
pg/ml. Standard curves were constructed by plotting peak height ratios 
(secobarbital-internal standard) against the corresponding secobarbital 
concentration. 


RESULTS AND DISCUSSION 


Figure 1 shows typical chromatograms of serum samples from a pedi- 
atric patient before and after a single 5-mg/kg rectal dose of secobarbital. 
The drug and its internal standard were eluted at  8.5 f 0.5 and 11.5 f 
0.7 min, respectively, under the described chromatographic conditions. 
Extraction recovery was evaluated by analyzing spiked serum samples. 
In these experiments, internal standard was added after transfer of or- 
ganic phases to reduce error due to injection and chromatography. The 
extraction yield from serum was nearly complete and reasonably con- 
sistent (85-9570) over the chosen concentration range (0-4.4 pg/ml). 


The detection limit with a 0.5-ml sample was 4.02 pg/ml. This limit 
corresponded to a serum concentration that yields a peak height with a 
signal to noise ratio of at  least 4. 


Linear calibration curves were observed over the 0-4.4 pg/ml range. 
Calibration data obtained on six separate days are summarized in Table 
I. Precision was assessed by estimating the variations on normalized peak 


lo Walter Sarstedt Co., Princeton, N.J. 


Table 111-Retention Times of Anticonvulsants Detectable in 
the  Present ChromatoaraDhic System a 


Drugs Retention Time. min 


Ethosuximide 
Primidone 
Phenobarbital 
Carbamazepine-10,ll-epoxide 
Paramethadione 
Mephobarbital 
CarbamazeDine 
Phenytoin 
Secobarbital 
5-(4-methylphenyl)-5-phenylhydantoin 


1.8 
2.0 
2.6 
3.4 
3.8 
7.4 
7.8 
7.8 
8.5 
11.4 


a Anticonvulsants that are either not detectable or not extracted include valproic 
acid, clonazepam, diazepam, chlorazepate, and Lhioridazine. * Internal stan- 
dard. 


height ratios (i.e., peak height ratios of each standard divided by the 
corresponding secobarbital concentration) (11). The coefficient of vari- 
ation varied from 2.1 to 7.0%. Within-day reproducibility was also eval- 
uated by replicate analysis of a 1.1-pg/ml serum standard. The coefficient 
of variation was 4.2% (n  = 9). The day-to-day precision data are shown 
in Table 11. The range of coefficient of variation for the eight concen- 
trations was 0.3-9.770. 


Interference from endogenous materials and other drugs posed a major 
problem during the development of this assay. To attain good sensitivity, 
the loss of drug during sample preparation must be minimized. Precipi- 
tation of serum proteins with acetonitrile followed by direct injection of 


I II 


I I I I I I I  
0 2 4 6 8 1 0 1 2  0 2 4 6 8 1 0 1 2  


MINUTES 


~ I I I I ~ ~  


Figure 1-Chromatogram of 0.5-ml serum extracts from a patient im-  
mediately before (I) and 90 min  after (11) rectal administration of a 
120-mg dose of secobarbital. The  extract was reconstituted in 300 pl of 
eluting solvent; 50 pl was injected. The  patient was a 7-year-old boy 
weighing 23 kg. T h e  serum concentration of secobarbital was 0.447 
pg/ml. The  patient was also receiving phenytoin, ethosuximide, and 
clonazepam at  the time of study. The  observed peaks for ethosuximide 
and phenytoin represent serum drug concentrations of 20 and 21 pg/ml, 
respectively. Note the baseline separation between the secobarbital and 
phenytoin peaks. 
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Figure 2-Serum concentration-time course of secobarbital following 
separate rectal administration of a solution (0) and a suppository (0) 
to two 5-year-old female epileptic children with respective body weights 
of 17and 19kg. 


supernatant on the column as suggested previously (9) did produce a high 
recovery yield, but interference from serum constituents was observed 
on the chromatograms of blank samples from some patients. The problem 
was readily overcome by solvent extraction with hexane-ether-n-pro- 
pranol, which provided good recovery with no interference seen in serum 
blanks. The extraction procedure is relatively simple, and up to 40 sam- 
ples can be processed in -1 hr. 


Reversed-phase chromatography was chosen because of its versatility 
in separating compounds over a wide spectrum of polarity. A 10-pm re- 
versed-phase octadecylsilane columnll was used. Both phenytoin and 
carbamazepine, which coextracted with secobarbital, were eluted suffi- 
ciently close to secobarbital to hamper detection a t  low concentration 
limits. Although carbamazepine as a base can be eliminated by acid wash 
or back extraction, these procedures would not remove phenytoin. Also, 
multiple extractions reduced the recovery of secobarbital. Separation 
of secobarbital was achieved from both phenytoin and carbamazepine 
by an addition of a small quantity of tetrahydrofuran (1-2%) to the mobile 
phase (12). Unfortunately, this also resulted in an unstable baseline a t  
the highest sensitivity setting (i.e., 0.01 aufs) on a detector. This is 
probably due to the high absorptivity of tetrahydrofuran at  195 nm. 


11 pBondapak C-18, Waters Associates, Milford, Mass. 


Complete resolution of secobarbital from the interfering drugs was 
achieved when a high-efficiency 5-pm C-18 reversed-phase column was 
employed. The chromatograms, as shown in Fig. 1, are taken from a pa- 
tient receiving high doses of phenytoin (serum phenytoin concentration 
of 21 pg/ml). The phenytoin and secobarbital peaks were clearly sepa- 
rated. 


Table I11 compares the retention times of secobarbital to those anti- 
convulsants that are detectable in our chromatographic system. 


As an illustration of the applicability of our assay procedure to a sin- 
gle-dose pharmacokinetic study, the serum concentration-time course 
after rectal administration of a 5-mg/kg dose 0: sodium secobarbital in 
solution12 and by suppository13 in two age and weight matched epileptic 
children is shown in Fig. 2. The rate of absorption of secobarbital from 
the fatty base suppository was much slower as compared with that from 
the solution. Peak serum concentration was not reached until 3 4  hr after 
administration of the suppository, whereas peak serum concentration 
was achieved within 30 min with the solution preparation. The serum 
half-life of secobarbital in these two patients, being 6.0 and 4.9 hr, are 
shorter than estimates reported for adults (13). 


In summary, a rapid procedure for analyzing nanogram quantities of 
secobarbital in serum is described. Sample preparation is minimal, and 
there is no interference from many other anticonvulsants. 
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limiting resistance to mass transport, the solution reduces to form where 
the mass released varies directly with time. Under these conditions, the 
release rate of a dispersed solute would become time independent. 


The simplified model can be viewed as an extension of the familiar 
Higuchi model (1) for drug release from ointments and suspensions. In 
the region of small time, the conclusions presented here are in agreement 
with previous studies (12,13). However, the application of this model is 
considerably simplified compared to the system presented previously 
(12, 13), which is more complex and results in equations that do not 
predict a simple relationship between the various parameters. 


Experimental release-rate measurements have been conducted with 
monolithic systems where the particle size of the dispersed solute has been 
varied. The results can be adequately analyzed using the proposed 
mathematical model and indicate that the mass transport resistance 
offered by particle dissolution increases with increasing particle size. 
However, the release rate approaches a pseudo steady-state and becomes 
time independent with this increasing resistance offered to the mass 
transport process by particle dissolution. This information can be utilized 
in the design and development of controlled-release formulations. 
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Abstract A simple and specific method has been developed for de- 
termination of enviroxime in biological samples. Enviroxime, a substi- 
tuted benzimidazole, its coisomer zinviroxime, and the internal standard 
hexestrol were extracted from the samples with benzene. The benzene 
layer was evaporated and the residue was reconstituted and injected onto 
a liquid chromatograph. Reversed-phase chromatography on an octyl- 
silane column with a 65% methanol-35% 0.14 M sodium acetate mobile 
phase separated the components. The compounds were detected elec- 
trochemically using a glassy carbon electrode held a t  +0.85 V. The assay 
could detect as little as 4 ng of enviroxime/ml of plasma, 15 ng/ml of nasal 
wash, and 20 ng/ml of urine or tissue homogenate. For plasma assays, the 
procedure was >97% accurate and had a relative standard deviation of 
<4%. This method has proven to be applicable and reliable for the de- 
termination of enviroxime in many types of biological samples. Several 
problems encountered during the routine use of electrochemical detection 
were explored and minimized. 


Keyphrases 0 Enviroxime-determination in a variety of biological 
matrixes by liquid chromatography with electrochemical detection 0 
Electrochemical detection-determination of enviroxime in a variety 
of biological matrixes by liquid chromatography 0 Liquid chromatog- 
raphy-determination of enviroxime in a variety of biological matrixes 
with electrochemical detection 


Enviroxime, anti-6- [(hydroxyimino)phenyl]methyl- 
1 -( 1 -methylethyl)sulfony1-lH-benzimidazole-2-amine (i), 
has been shown to be a highly specific inhibitor of the 
multiplication of rhinovirus in tissue cultures (1,2): 


\ S02CH(CH& 
HO 


N 


r n $ N H 2  N 


I 


Compound I has undergone extensive metabolic and tox- 
icological studies in dogs and rats (3, 4) and is currently 
being evaluated as a treatment for the common cold (5). 


In early work with I in dogs and mice, blood levels were 
determined using a plaque reduction assay. Plaque assays 
are nonspecific, since they are capable only of determining 
antiviral activity. To determine levels of I in the presence 
of the less active syn-oxime isomer, zinviroxime (II), it was 
necessary to develop a chemical assay. Initial experiments 
aimed at  developing a GC assay for I and I1 indicated that 
such an approach was undesirable. Derivatization of the 
oxime group was required to make I and I1 volatile enough. 
However, such a derivatization eliminated the hydrogen 
bonding capability of this group and, thus, made the sep- 
aration of I and I1 quite difficult. Recently, a method was 
reported which used high-performance liquid chroma- 
tography (HPLC) with UV detection for the determination 
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of several benzimidazoles in body fluids (6). However, UV 
detection did not have the necessary sensitivity or speci- 
ficity for the determination of I at nanogram levels in bi- 
ological media. 


This paper describes a sensitive and selective determi- 
nation of I and I1 in biological fluids and tissues which is 
based upon HPLC with electrochemical detection. This 
method has proven to be extremely versatile and reliable 
during several years of use. 


EXPERIMENTAL 


Reagents-Enviroxime, anti-6-[(hydroxyimino)phenyl]methyl-l- 
(l-methylethyl)sulfonyl-lH-benzimidazole-2-amine (I), zinviroxime, 
syn-6-[(hydroxyimino)phenyl]methyl-l- (l-methylethyl)sulfonyl-1ff- 
benzimidazole-2-amine (II), and hexestrol (1111, were used as received'. 
All organic solvents were distilled in glass2. Distilled deionized water was 
used for preparation of the mobile phases. Blank plasma was separated 
from fresh heparinized blood of animals or human volunteers. The plasma 
samples were stored a t  4" and used within 1 month. All other reagents 
were analytical grade. A stock solution of I and I1 was prepared fresh 
daily. One milligram of each isomer was weighed into a 10-ml volumetric 
flask and diluted to volume with methanol. These solutions were then 
diluted 1:lOO with methanol-water (50:50) to give final concentrations 
of 1 pg/ml. 


Equipment-The HPLC system consisted of a solvent delivery pump3, 
an autoinjector3, a guard column3 packed with pellicular packing4, a 250 
X 4.6-mm column packed with 6-pm octylsilane reversed-phase material5, 
a column temperature controller6, and an electrochemical detector6. 
Detector response was recorded on a strip chart recorder and monitored 
by a central chromatographic data acquisition computer system. The 
detector potential was maintained a t  +0.85 V uersus an Ag-AgC1-3 M 
NaCl reference electrode. The mobile phase consisted of methanol and 
0.14 M sodium acetate (65:35) with 3 mg of disodium edetate added per 
liter. This mixture was filtered through a 0.2-pm pore nylon membrane 
fdter7 and deaerated by sonicating under vacuum. The flow rate was set 
a t  0.9 ml/min, and the column temperature was maintained a t  2 8 O .  


Some determinations required the addition of column-switching 
equipment. For this purpose a pneumatically actuated switching valves, 
which had a high-performance 3-cm reversed-phase precolumns instead 
of a sample loop, was interposed between the automatic injector and the 
guard/analytical column. A second HPLC pumpg was connected to this 
valve. Connections were made so that with the valve in one position the 
precolumn was in line with the main HPLC system, and in the other 
position it was connected to the auxiliary pump and to waste. The posi- 
tion of this valve was controlled by a digital timerlo and a conventional 
electric solenoid. The timing was set so that the precolumn was in line 
for 40 sec, and then was out of line for the remainder of a chromatogram. 
During the latter time the auxiliary pump was turned on so that the 
mobile phase backflushed the precolumn at 2 ml/min. 


Sample Preparation-A 1.0-ml or smaller sample of each plasma, 
urine, nasal washing, bile, or tissue homogenate was transferred into an 
individual tube. If necessary the pH was adjusted to -7.5 by addition of 
dibasic potassium phosphate. Eleven and a half milliliters of benzene was 
added and the tubes were capped and rotated a t  60 rpm for 40 min. After 
briefly centrifuging, as much as possible of the benzene was transferred 
to a second tube. The benzene layer was washed with 0.5 ml of 1 M po- 
tassium phosphate, pH 11.5. Ten milliliters of benzene was removed to 
a third tube, 0.1 ml of a 500-ng hexestrol/ml of chloroform solution was 
added, and the benzene was evaporated a t  37" under nitrogen. The res- 
idue was reconstituted over a 15-min period with 200 pl of mobile phase. 
A 110-pl sample was injected onto the HPLC using injection vials 


Synthesized by Lilly Research Laboratories, Indianapolis, Ind. 
Burdick and Jackson, Muskegon, Mich. 
Model 6000A, WISP 710B, and Guard Column, Waters Associates, Milford, 


COPELL ODS, Whatman Co., Clifton. N.J. 
Mass. 


Zorbax C-8, DuPont Instruments, Wilmington, Del. 
Models LC-22/23 and LC-4 with a TL-5 (glassy carbon) or TL-5A detector cell, 


Bioanalytical Systems, W. Lafavette, Ind. 
Rainin Inst. Co., Woburn, Mass. 


Model 396, Laboratory Data Control, Riviera Beach, Fla. 


8 Models 7010 and 7001, and Brownlee guard column (C2-GU), Rheodyne, Co- 


lo LC-24, Bioanalytical Systems, W. Lafayette, Ind. 


tati, Calif. 


Table I-Recoveries of Drugs a f t e r  Benzene Extraction 


?h Recovery as Compared with Nonextracted Standards 


Compound 200 ng/ml 20 ng/ml 200 ng/ml 20 ng/ml 
Water* Plasmab 


I 92 91 89 84 
I1 93 90 89 87 


111 97 94 80 70 


" N  = 5. * N  = 10. 


equipped with microsample inserts1'. For relatively interference free 
samples (plasma and nasal washings), the internal standard was added 
a t  the beginning and the pH 11.5 wash step was omitted. Conjugates of 
I and I1 were determined indirectly by overnight incubation of the sam- 
ples at pH 4.0 and 37' with 10 p1 of a glucuronidase-sulfatase prepara- 
tion12. 


The concentration of the drugs in the samples was calculated by 
comparison with calibration curves which were prepared by adding 
known amounts of drug to the appropriate blank media. Standards were 
extracted and chromatographed together with the samples. Typical 
calibration curves for plasma consisted of 5 points over the 20-100 ng/ml 
range. A linear least-squares analysis of the concentration uersus peak 
height ratio (compound-internal standard) data was used to calculate 
the amount of I and I1 in the unknowns. 


Electrochemistry-Cyclic voltammetry was performed using a 
conventional cell and  electronic^'^ with a glassy carbon working electrode. 
Chromatographically assisted hydrodynamic voltammetry was done as 
previously described (7). 


RESULTS AND DISCUSSION 


Choice of Assay Parameters-A variety of solvents were evaluated 
for their ability to efficiently extract I from water and plasma. Butyl 
chloride and hexane provided clean plasma extracts but did not extract 
the drug well. Ether and methylene chloride extracted I nearly quanti- 
tatively, but they also extracted a large number of endogenous compo- 
nents which interfered with subsequent chromatographic determination 
of I and 11. Benzene and chloroform extracts of plasma were relatively 
clean, and the recovery of I and I1 was good. Benzene was chosen as the 
solvent for extractions since it is less dense than water, which eased sol- 
vent transfer, and because it extracted less of a late-eluting interference 
than did chloroform. It was found that toluene might be substituted for 
benzene, but lower recoveries are obtained and evaporation of solvent 
extracts requires twice as much time. 


Extractions of I, 11, and 111 from water into benzene were carried out 
over a wide pH range. Little or no effect of pH was noted in the 3-11.5 
range. Extraction efficiency of all three compounds decreased signifi- 
cantly a t  >pH 11.5, as did the efficiency of extraction of I and 11 a t  <pH 
2.0. A pH of 7.5 was used for convenience and to minimize coextraction 
of acidic or basic endogenous species from biological samples. The re- 
covery of I, 11, and 111 from both water and plasma a t  pH 7.5 is given in 
Table I. No difference in extraction efficiency was observed for I and I1 
a t  20 ng/ml versus 200 ng/ml. In contrast, the extraction efficiency of the 
internal standard (111) from plasma was lower a t  the lower concentration. 
T o  minimize the contribution of I11 to assay variability, 250 ng was used 
in this assay. Not surprisingly, the recovery of I and I1 from plasma was 
slightly lower than from water. 


The good recovery obtained with a single extraction of I and I1 from 
biological matrixes allowed the addition of a backwash step to the pro- 
cedure for urine and tissue extracts. Washing with pH 11.5 buffer pre- 
sumably removed phenolic compounds which are coextracted a t  pH 7.5 
and which generally are electrochemically active at the oxidation po- 
tential used. This removal of interferences more than compensates for 
any loss of drug during the backwash. Since the extraction efficiency for 
the internal standard (111) was less than for I and 11, when the backwash 
was included, 111 was added after the backwash step. 


The electrochemistry of I and I1 was explored initially by cyclic vol- 
tammetry. The cyclic voltammogram for I in mobile phase (Fig. 1) showed 
a nonreversible oxidation with a maximum occurring a t  - +0.8 V. The 
voltammogram for I1 was very similar to that for I. When reexamined in 
67% 2-propanol-33% 0.3 M HClOI, where wave definition is generally 


I1 Kew Scientific, Columbus, Ohio. 
l2 Glusulase, Endo Laboratories, Garden City, N.Y. 
l3 CV-5, Bioanalytical Systems, W. Lafayette, Ind. 
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Figure 1-Cyclic voltammogram of enuiroxime. Conditions: 1 mM en- 
uiroxime in 33% 0.1 M sodium acetate-67% methanol, 3 mm diameter 
glassy carbon electrode, 50 mV/sec., E versus (Ag-AgC1-3 M NaCl), scan 
initiated positive from 0.0 V. 
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Figure 2-Hydrodynamic voltammograms under assay conditions. 
Auxiliary electrode was across the channel from the working electrode. 
Key: (6) ratio of peak height a t  a given potential to peak height obtained 
a t  greatest potential. 


better, both I and I1 showed several oxidation waves. The initial oxidation 
is thought to involve loss of two electrons from the extended conjugated 
system consisting of the oxime, benzimidazole, and the 2-amine group. 
The analog of I lacking the 2-amine group was not oxidizable, and the 
initial oxidation of the analog with a ketone instead of the oxime was 280 
mV higher. 


The voltammetry of I, 11, and 111 under actual chromatographic con- 
ditions is depicted in Fig. 2. These curves were obtained with the auxiliary 
electrode positioned across the thin layer channel from the working 
electrode. This configuration minimizes uncompensated resistance be- 
tween the two electrodes as well as potential gradients across the working 
electrode and thus allows accurate potential control under conditions 
of high background current. For all other work described in this paper, 
the auxiliary electrode was located downstream in the reference com- 
partment. With such a configuration the hydrodynamic voltammograms 
began to drop off around +1.0 V. It can be seen from Fig. 2 that  the vol- 
tammetric properties of 111 are reasonably similar to those of I and 11, 
which is a desirable property for an internal standard. The potential used 
in this assay (+0.85 V) was chosen as a compromise between the desire 
for increased response to I and 11, and the desire for low noise and a 
minimum of interferences from the biological matrixes. 


The influence of chromatographic flow rate on the peak height of I is 
shown in Fig. 3. Peak heights normally increase as the flow rate is in- 
creased, due to decreased bandspreading. This is more than offset here 
by the decreasing efficiency of electrochemical conversion of I a t  higher 
flow rates. The flow rate chosen for use in this assay (0.9 mlfmin) is a 
compromise between the demands of sensitivity and the need for rea- 
sonable retention times. 
Assay Characteristics-The method described here was successfully 


applied to many different types of biological samples. Typical chro- 
matograms from the assay of plasma, urine, and nasal turbinates are 
shown in Fig. 4. Compounds I and I1 (tR - 8 and 9 min, respectively) were 
well resolved from each other and from major coextracted interferences. 


The small peak observed in the blank plasma chromatogram has a re- 
tention time close to but not identical to that of 11. The chromatogram 
depicted represents a worse case situation, this peak not always being 
observed. Chromatograms of different blank tissue homogenates or urine 
looked different from each other and from blank plasma, so that A may 
not be compared against C or D. Although 111 elutes relatively late ( t R  - 18 min), an alternative internal standard was not sought, because the 
region between 10 and 18 min occasionally contained interfering 
peaks. 
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Figure 3-Effect of flow rate on response to enuiroxime. Chromato- 
graphic conditions as in text. 
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Figure 4-Chromatograms of extracts of biological samples. Key: (A) 
predose dog plasma (without I I I  added); (B) 80-min postdose plasma 
from dog administered 8 mg of Ifkg orally, represents 43 ng of Ifml and 
9 ng of IIIml; (C) homogenate of nasal tissue from dog administered 80 
mg of IIIkg for 90 days, represents 144 ng of I /g  and 72 ng of IIfg; (0) 0-2 
hr  urine of patient administered 25 mg of I orally, represents 1.6 pg of 
conjugated Ifml and 1.7 pg of conjugated IIfml. 
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Table 11-Precision and Accuracy of the  Determination of 
Enviroxime in Human Plasma 


Nanograms of Enviroxime Plasma Spiked with Enviroxime" 
oer milliliter 25 50 100 


Dav 1 
x', ng/ml 
HSI), % 


Day 2 
X, ng/mI 
HSD. % 


Dav 3 
i, ng/m~ 
HSD, % 


Overall Accuracy 
?, ng/ml 
n 


Relative Error 
Overall Precision 


Between-day RSD, % 
Within-day HSD, % 
Total RSD. 70 


25.1 
1.8 


25.1 
2.6 


24.8 
5.6 


25.0 
23.0 
0.0 


- 
3.6 
3.6 


50.4 99.8 
2.0 1.1 


48.2 95.9 
3.1 1.5 


48.7 95.4 
0.6 0.6 


49.1 97.1 
24.0 23.0 
-1.8% -2.9% 


1.6 1.9 
1.5 0.8 
3.1 2.7 


" N = 8 .  


The assay was found to be linear over the 5400 ng range of I and I1 per 
mililiter of sample. The nonlinearity observed a t  >800 ng/ml was prob- 
ably due to uncompensated resistance in the detector cell, a situation that 
occurs when large amounts of analyte are injected and/or when mobile 
phases of low conductivity are used. Alternative cell configurations could 
alleviate this problem (8). Instead, smaller volumes (<1 ml) of sample 
were used. This simple change kept all samples within a single sensitivity 
range (20nA/V), minimized electrode coating, and preserved samples. 


The precision and accuracy of the determination of I in human plasma 
are summarized in Table 11. Plasma samples spiked with 25,50, and 100 
ng of I and I1 per milliliter were prepared and eight aliquots were assayed 
on each of 3 days. The results in Table I1 show the precision and accuracy 
of the determination of I to be excellent, with both within-day and be- 
tween-day variability contributing approximately equally to the overall 
precision. The determination of I1 was about one half as precise, with the 
largest variation observed being 7.4% RSD for the 25-ng/ml samples. 
Roughly 75% of the total RSD for I1 was attributable to hetween-day 
variability. Calibration curves were normally prepared with equal 
amounts of I and 11, as in this characterization. However, when curves 
were prepared for each isomer individually, no significant interconversion 
of I and I1 was noted during the assay. 


The precision of the determination of conjugated I and 11 in urine, 
which involves enzymatic cleavage of the conjugates, was estimated by 
assaying four aliquots of each of six urine samples on each of 3 days. The 
mean concentrations of total I and I1 ranged from 200 to 3600 ng/ml. The 
overall precision, as measured by the average of the RSDs of the indi- 
vidual samples was 9% for 1 and 11% for 11. The proportion of the vari- 
ability accounted for by between-day variation ranged from 68-96% for 
I and 50-90% for 11. The reason for this day-to-day variation could not 
he determined, but the overall precision is quite reasonable. 


The maximum sensitivity attainable with this method was not limited 
by detector noise. Trace levels of interferences defined detection limits 
in all of the many media studied. As little as 4 ng of I per milliliter of 
plasma, 15 ng/ml of nasal wash or 20 ng/ml of urine or tissue homogenate 
could be determined. Detection limits for I1 were always slightly higher 
than for I due to the lower response of the electrochemical detector to I1 
(Fig. 2). 


Improved Reliability of Electrochemical Detection-During the 
initial development of this assay, the background current a t  the glassy 
carbon working electrode oscillated erratically and on the whole increased 
continually. Some of the oscillations appeared to be very late-eluting 
peaks, but their locations could not he correlated with the timing of in- 
jections. Because disodium edetate is frequently used to stabilize easily 
oxidized species, such as penicillamine and catecholamines, it was added 
to the mobile phase used for I and 11. Subsequently, the background 
current became quite stable. The mechanism of this phenomenon is as 
yet unknown. As a result of long experience with this method, several 
additional problems were encountered which could be traced to the 
electrochemical detector. 


When samples containing high concentrations of I and I1 were assayed, 
it was noted that the peak height of 111, which should remain essentially 
constant, decreased during the chromatography of a single set of samples. 


Further investigation revealed that the sensitivity of detection of I and 
I1 decreased also. Sensitivity could be regained only by repolishing the 
electrode, indicating that coating or fouling was involved. Phenols are 
known to polymerize at  electrode surfaces (9), and indeed the problem 
was traced to the use of higher concentrations of internal standard, 111, 
with these samples. In a separate experiment, it was found that when 1 
pg of I and 111 was repeatedly injected, the peak height of I decreased by 
14% per injection. When I alone was injected, its peak height decreased 
by only 0.4% per 1 pg of injection. Thus, the coating is predominantly due 
to the biphenolic internal standard. With a much lower amount of 1,11, 
and 111 (40 ng each), the observed decrease in peak height of I and I1 was 
0.1% per injection. T o  minimize this coating, the amount of 111 injected 
onto the column was subsequently kept a t  or below this level. 


Impurities present in the mobile phase can also contribute to electrode 
coating. Using reagent grade methanol14, ,WO of the sensitivity of a freshly 
repolished electrode was lost after several days. A grade of methanol 
described as having been distilled in glassIs was better but still caused 
decreased sensitivity when compared with the methanol actually used. 
This assay is probably particularly sensitive to coating effects because 
of the high potential required for oxidation of I and 11, and because even 
a t  +0.85 V, peak heights of I and I1 are still increasing with increasing 
potential (Fig. 2). Nonetheless, caution in the preparation of mobile 
phases for use with electrochemical detection is indicated. 


When overnight automated runs were made, the peak heights of I, 11, 
and 111 in spiked samples were observed to decrease by &15% during the 
late evening and then return to normal the following day. Since this be- 
havior paralleled the cycle of ambient temperature, it was assumed to 
be due to changes in chromatographic retention time. Thermcatating the 
column eliminated changes in retention and decreased but did not 
eliminate changes in peak height. The majority of this remaining vari- 
ability in I and half that of 11 was compensated for by corresponding 
changes in 111. A thorough description of subsequent investigations of 
the origins and minimization of temperature-induced variability in 
electrochemical detection is the subject of a separate report (10). 


Late-eluting peaks are strongly retained components from one injec- 
tion, which elute during subsequent chromatograms. When samples are 
injected by hand, the time between injections varies and the source and 
effect of late-eluting peaks are not always obvious. However, when an 
autosampler is used, the time between injections is reproducible and the 
position of late-eluting peaks becomes constant, thus making them easier 
to identify. Determination of I and 11 in several of the biological media 
assayed resulted in problems with late-eluting peaks. Dog and rabbit liver 
homogenates and rabbit lung homogenates were particularly trouble- 
some. 


In some simpler cases it is possible, with the proper timing, to cause 
a late-eluting peak to elute with the solvent front or at  some other non- 
critical time in a subsequent chromatogram. In more complex cases, one 
may simply delay the next injection until the late-eluting peaks are off 
the column, but this approach prolongs chromatographic time unduly. 
A slug or gradient of organic eluent can speed up their elution, but extra 
time is then required for re-equilibration of the column and the de- 
tector. 


An alternative approach to removing late-eluting peaks is to use column 
switching (11). For the determination of I a 3-cm reversed-phase preco- 
lumn was positioned between the injector and the analytical column. The 
precolumn was in line for 40 sec after injection, which is the time required 
for I, 11, and 111 to traverse the precolumn and enter the main column. 
The precolumn was then switched out of line for the remaining assay time. 
While out of line, the mobile phase was pumped through it at  2.0 ml/min 
to wash strongly retained components to waste. This technique produced 
cleaner chromatograms, which improved quantitation, and increased 
sample throughput as compared with the other approaches discussed 
above. Interestingly, when column switching was used with other rela- 
tively clean matrixes, e.g., dog plasma and nasal washings, fewer trace 
level substances interfering with I and I1 were seen. The resulting im- 
provement in detection limits was unexpected, since the interference 
peaks that were eliminated had been so small that  they could not be 
distinguished as being late-eluting peaks. 


Assay Applications-The method described above has been used to 
determine I and I1 in numerous biological samples arising from toxicology, 
pharmacology, metabolism, formulation, dose ranging, and clinical 
studies. One of the many types of results generated is depicted in Fig. 5. 
In this typical concentration-time profile for I in dog plasma, I was de- 


Reagent Grade ACS., MCH Manufacturin Chemists, Cincinnati, Ohio. 
l 5  HPLC Grade, Tedia Company, Fairfield, Ahio. 
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The proven versatility of the methodology here points out the power 
of the coupling of liquid chromatography with electrochemical detection 
for determining oxidizable drugs in biological matrixes. 


0 40 80 120 160 200 240 300 
MINUTES 


Figure 5-Enuiroxime concentration i n  dog plasma (nglml)  after oral 
administration of a n  8-rnglkg dose. 


terminable as early as 10 min after oral dosing to as long as 5-8 hr post- 
dose. A second example illustrates the value of a chemical assay, as 
compared with the original plaque reduction assay. The amount of I1 
found in the plasma of dogs following oral dosing with I was usually very 
small, between 5 and 10% of I. However, when I1 was administered orally 
to dogs, I was still the major peak found in plasma. Thus, either by me- 
tabolism or by acid-catalyzed isomerization in the GI tract, the two iso- 
mers tend to form an equilibrium mixture in the plasma, in which I pre- 
dominates. 


NOTES 
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Antihypertensive Agents: Pyridazino( 4,5- b)indole 
Derivatives 
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Abstract 0 A series of 4-hydrazino-5H-pyridazino(4,5-b)indoles (VIII) 
and their potential metabolites (3,4-dihydro-4-oxo-5H-pyrid- 
azino(4,S-b)indoles (V) and llH-1,2,4-triazolo(4,3-b)pyridazino- 
(4,5-b)indoles (IX) were investigated for antihypertensive activity in 
spontaneously hypertensive rats. All compounds showed antihyperten- 
sive activity at  25 mg/kg ip. Compound VIII was the most active, and the 
most toxic. 


Keyphrases 0 Antihypertensive agents-synthesis of pyridazino- 
(4,5-b)indole derivatives, rats, metabolites 0 Metabolites-synthesis 
of antihypertensive agents, pyridazino(4,5-b)indole derivatives, rats 0 
Pyridazino(4,5-b)indole-derivatives, synthesis of antihypertensive 
agents, hypertensive rats 


In connection with work related to the preparation and 
study of new products as potential antihypertensive 
agents, a series of pyridazino(4,5-b)indole derivatives (1-3) 


related to the well-known antihypertensive agent hy- 
dralazinel (I), as well as its metabolites (4, 5) were syn- 
thesized. The metabolism of these compounds takes place 
essentially (5,6) through N2-acylation (formyl, acetyl) of 
the hydrazino group and further cyclization to triazole 
derivatives (11), as well as the hydrolysis of the hydrazino 
to give the 0x0 derivatives (111). 


The results of a preliminary evaluation in spontaneously 
hypertensive rats of Compounds V, VIII, and IX (see 
Scheme) are reported. All of these compounds are struc- 
turally related to hydralazine (I)’ and its metabolites. 


Some preliminary data for Compound VIIa in normo- 
tensive and hypertensive (renal fistula), anesthetized 


1 Apresoline (1-hydrazinophtalazine). 
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Lipid-Soluble Inhibitors of Dihydrofolate Reductase 
111: Quantitative Thin-Layer and High-Performance 
Liquid Chromatographic Methods for Measuring Plasma 
Concentrations of the Antifolate, 2,4-Diamino-6- (2,5- 
dimethoxybenzyl) -5-methylpyrido-[ 2,3 -d]pyrimidine 


ROBERT G. FOSS and CARL W. SIGELX 
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Abstract 0 Specific methods using high-performance liquid chroma- 
tography (HPLC) and thin-layer chromatography (TLC) for the analysis 
of the potent antifolate, 2,4-diamino-6-(2,5-dimethoxybenzyl)-5- 
methylpyrido-[2,3-d]pyrimidine ( I )  in plasma were developed. The 
HPLC system employed paired-ion chromatography using a mobile phase 
of water-acetonitrile (65:35, v/v) in conjunction with a reversed-phase 
C-1 column and detection by UV absorbance measurement. The TLC 
system utilized a scanning densitometer operating in the reflectance mode 
with detection of I by fluorescence measurement. The lower limits of 
detection for the HPLC and TLC methods were -0.005 pg/ml. The 
coefficients of variation for the measurement of drug concentrations over 
the range of 0.04-1.0 pg/ml of plasma were 5 and 6%, respectively. 


Keyphrases 0 Dihydrofolate reductase-quantitative thin-layer 
chromatographic and high-performance liquid chromatographic methods 
for measuring plasma concentrations of antifolate 0 Antifolate-thin- 
layer chromatographic and high-performance liquid chromatographic 
methods for measuring concentrations of plasma, lipid-soluble inhibitors 
of dihydrofolate reductase 0 High-performance liquid chromatography- 
method for measuring concentrations of an antifolate, lipid-soluble in- 
hibitors of dihydrofolate reductase 


2,4-Diamino-6-( 2,5-dimethoxybenzyl)-5-methylpyrido- 
[2,3-d]pyrimidine (I)I is a new lipid-soluble folate antag- 
onist for the treatment of neoplastic diseases (1, 2). 
Methods using high-performance liquid chromatography 
(HPLC) and quantitative TLC for assaying this drug in 
plasma were developed and compared. For the measure- 
ment of I by HPLC, a reversed-phase C-1 column coupled 
with UV detection a t  254 nm was employed; the TLC 
method fluorescence was measured after chromatography 
on conventional Bilica gel plates. Chromatographic analyses 
were facilitated by the use of a microcomputer-based 
system for the acquisition and reduction of data (3). 


BACKGROUND 


In contrast to some other antifolate drugs, I exhibits activity compa- 
rable to methotrexate against mammalian dihydrofolate reductase, while 
minimally inhibiting the catabolism of histamine uia histamine-N- 
methyltransferase (2, 4) .  The moderate lipophilicity [log P (octanol- 
water) = 1.731 of I facilitates cellular entry of the drug by diffusion, thus 
avoiding the dependence on the reduced folate facilitated transport 
system (2,5).  The short half-life of the drug (0.38 hr in the rat) and its 
response to calcium leucovorin rescue alleviate the problems of cumu- 
lative toxicity to normal cells (2,6). Studies in uioo of the effect of I on 
solid W256 carcinoma in the rat resulted in reductions in mean tumor 
volumes of 70-9070, relative to tumorous control animals (1,2).  


The encouraging properties of I prompted development of specific 
analytical methods that could be used for measuring I in biological 
samples for chemotherapy, disposition, and toxicological studies. HPLC 
and TLC methods were evaluated and found to be comparable with re- 
spect to the analytical precision and net recovery of I. 


~~~~~~~~~ ~~ ~ ~ 


Wellcome Research Laboratories, Research Triangle Park, N.C. 


EXPERIMENTAL 


Reagents-Acetonitrile2, chloroform2, methylene chloride2, metha- 
noI2, 2-propano12, ammonium hydroxide3, sodium bicarbonate3, and 
sodium hydroxide3 were reagent grade. The ion-pairing reagent4 was used 
as received. Distilled water was filtered through a 0.45-fim membrane 
filter5 prior to use. 


Apparatus-A liquid chromatograph6 equipped with a valve-loop 
injector7, strip-chart recorder8, and a microcomputer-based data system 
was used with a commercially packed 25 cm X 4.6-mm i.d. columng con- 
taining 6-pm C-1 reversed-phase packing. A precolumn1° filled with C-18 
pellicular packing” was also used. 


A motor-driven multispotter12 was used to spot 20 X 20-cm nonfluo- 
rescing 0.25-mm layer thickness silica gel 60 TLC plates13. The plates 
were quantified using a scanning densitometer’4 interfaced with a mi- 
crocomputer. 


Standard Solutions-A stock solution of I was prepared in methanol 
that was diluted with either methanol or chloroform-methanol (9010, 
v/v) to produce standard solutions for liquid and thin-layer chromatog- 
raphy, respectively. 


Reference solutions of I for HPLC analyses were prepared a t  concen- 
trations of 0.25,1.0, and 4.0 ng/pl; those for TLC analyses were prepared 
at  concentrations of 1.0 and 5.0 ng/pI. No apparent degradation of stock 


A 0 


r 
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Figure I-Typical HPLC chromatograms of extracts from plasma (1 
ml) (A )  containing 0.040 pg of I and from blank plasma (1 ml) (B). 


“Distilled in Glass,” Burdick ((r Jackson, Muskegon, Mich. 
Analytical Reagent, Mallinckrodt, Inc. Paris, Ky. 
PIC B-8, Waters Associates, Milford, Mass. 
Millipore, Bedford, Mass. 
Series ALC 200, Waters Associates, Milford, Mass. 
Model U6K, Waters Associates, Milford, Mass. * Omniscribe, Houston Instruments, Austin, Tex. 
ZORBAX TMS, E. 1. Dupont de Nemours & Co., Wilmington, Del. 


lo Guard Column, Waters Associates, Milford, Mass. 
I I  Permaphase ODS, E. I. Dupont de Nemours & Co., Wilmington, Del. 
l 2  AIS, Libertyville, 111. 
l3 No. 5763, E. Merck Laboratories, Elmsford, N.Y 
l4 Model SD3000, Schoeffel Instrument Carp., Westhrook, N.J. 
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Figure 2-Typical TLC chromatogram of extracts from plasma (I ml) 
and I. Peaks corresponding to known amounts of I are as follows: 1,O.oRO 
pg; 2,0.050 fig; 3,0.050 fig; 4, 0.030 lg; 5, 0.020 fig; 16, 0.020 pg; I 7,0.030 
pg; 18, 0.050 pg. Peaks 6-11 are the extracts from replicate plasma (I 
ml) samples. each containing 0.040 pg of I. Peaks 12-15 are 20% of the 
extracts from replicate plasma (1 ml) samples, each containing 0.20 pg 
of I. 


or standard solutions was observed over a period of 6 months, when stored 
at  -15O. 


Sample Preparation-To a 12-ml culture tubeI5, fitted with a poly- 
tefI6-lined screw cap, was added 1.0 ml of plasma. The pH of the plasma 
was adjusted with 1.0 ml of pH 10 bicarbonate buffer and vortex mixed17 
for 5 sec. The basified plasma was extracted by addition of 4.0 ml of 
methylene chloride and rotary mixing18 for 10 min. The organic phase 
was transferred and retained. A second 4.0-ml portion of methylene 
chloride was used to extract the aqueous phase, as above, and the organic 
extracts were combined and concentrated a t  -40' to 1.0 ml using a gentle 
stream of dry nitrogen. Extraneous material was separated from I by 
passing the concentrated extract through a disposable silica gel car- 
tridgeIg that was preeluted sequentially with 25 ml of methanol and 15 
ml of methylene chloride. Ten milliliters of methylene chloride was passed 
through the silica cartridge and discarded. A 6.5-ml eluate of methanol 
was collected and evaporated a t  -55" with nitrogen. The residue was 
reconstituted, using methanol for HPIL! analysis or chloroform-meth- 
anol (90:10, v/v) for TLC analysis, to a final volume dependent on the 
expected concentration of I in the plasma. For both analyses, if low levels 
(5-200 ng) of I were anticipated, sample tubes were washed with two 4O-pl 
portions of the appropriate solvent, which were drawn into a 100-pl sy- 
ringe; for higher levels, residues were dissolved in 250-1000 fil of solvent 
and a suitable volume (10-100 f i t )  was drawn into a syringe. 


Analytical Procedure fo r  HPLC-The mobile phase, filtered dis- 
tilled water containing 0.005 M 1-octane sulfonic acid-acetonitrile (65:35, 
v/v), was degassed by agitation under reduced pressure. The C-1 column 
was operated isocratically with an eluent flow rate of 1.5 ml/min and a 
column inlet pressure of 2500 psi. The retention time for I was -11 min. 
Volumes of reference solution (20-100 pi )  were injected to bracket ex- 
pected amounts of I in the samples. The column effluent was monitored 
by UV absorbance measurement a t  254 nm. Chromatograms were ob- 
tained in an analog form using a recorder with a chart speed of 0.5 cm/min 
and in a digital form using a microcomputerz0 with a data sampling rate 
of 1 point/sec. The use of a microcomputer in this laboratory as an adjunct 
to the acquisition and reduction of chromatographic data has been de- 
scribed previously (3). 


Analytical Procedure fo r  TLC-A motor-driven multispotter was 
used to spot gradually the extracts and reference solutions onto a non- 
fluorescing silica gel plate. Volumes of reference solution (10-100 jd), 
containing a sufficient quantity of I to bracket expected amounts in the 
sample residues, were drawn into 100-pl syringes for deposit on the TLC 
plate. Warm air from a 460-watt hair dryer2' was blown across the plate 
to hasten evaporation of the solvent and to minimize spot diffusion. Plates 
were developed to 10 cm with chloroform-2-propanol-concentrated 
ammonium hydroxide (25:2001, v/v). The plate was air dried in a hood 
for 30 min, then the fluorescence of I was measured using a scanning 
densitometer operated in the single-heam reflectance mode a t  340 nm 
excitation wavelength with a 400-nrn cutoff interference filter. Plates that 
were spotted with quantities of I at  the low end of the concentration range 


l 5  KIMAX, Owens-Illinois, Inc., Toledo, Ohio. 
l6 TEFLON, E. I. Dupont de Nemours & Co., Wilmington, Del. 
l 7  Vortex-Genie. Scientific Industries, Inc., Bohemia, N.Y. 


l9 SEP-Pak, Waters Associates, Milford, Mass. 
2o Lilliputer. Digital Specialities, Carrboro. N.C. 
21 Model 202, Oster Corp., Milwaukee, Wis. 


Multi-Purpose Rotator, Scientific Industries, Inc., Bohemia, N.Y. 


Table I-Recovery of I f rom Spiked Plasma 


Compound I, HPLC TLC 
p g h l  N Recovery,% CV N Recovery,% CV 


0.040 4 84 6 10 95 7 
0.200 4 80 0 10 89 5 
1 .oo 4 86 5 10 93 5 
ComDosite 12 84 5 30 92 6 


~~~~~ 


were stored overnight and scanned the next day after the intensity of the 
fluorescence of I had increased. 


Identification and  Quantification of I in Plasma-Programmable 
microcomputers were interfaced with the HPLC and TLC equipment 
to provide for ready assessment of chromatograms (3). The microcom- 
puters monitored either the output of the HPLC absorbance detector 
or the output of the TLC scanning densitometer. 


The chromatographic peak corresponding to I in samples was identified 
by comparison of retention time or R/ value with those for reference so- 
lutions containing I. Quantification was achieved by calculating the ratio 
of the peak area of I in the sample to the peak areas of varying amounts 
of external reference I as determined by least-squares regression fit. Al- 
though peak heights were also available, calculations based on peak areas 
were found to provide more reliable results (3). 


RESULTS 


High-Performance Liquid Chromatography-Typical chro- 
matograms of the entire extracts from 1.0 ml of control (blank) plasma 
and 1.0 ml of plasma to which was added 0.040 pg of I are presented in 
Fig. 1. At a capacity factor (k') of 6, the linear calibration range for I was 
0.010-0.320 pg. A correlation coefficient of 0.999 was obtained for a typical 
regression analysis, y = 0.2134~ - 0.0008, where y is the peak area and 
x is the peak amount in micrograms. A t  a signal-to-noise ratio of 2.5, the 
HPLC limit of detection for I in plasma was 0.005 pg/ml. The mean re- 
covery of I in plasma over the range of 0.04-1.0 pglml was 84% with a 
coefficient of variation (CV) of 5% (n = 12) (Table I). 


Thin-Layer Chromatography-Using the chromatographic condi- 
tions indicated, I had an Rf of 0.35. A microcomputer-generated plot of 
peaks obtained for I by scanning an entire TLC plate is presented in Fig. 
2. No peaks corresponding to the drug were found in control samples. A 
typical TLC calibration curve was linear over the range of 0.004-0.300 
pg with a correlation coefficient of 0.997 for the line y = 1.167~ + 0.0128, 
where y is the peak area and x is the peak amount in micrograms. The 
limit of detection for plasma extracts, a t  a signal-to-noise ratio of 2.5, was 
0.004 pg/ml. The mean recovery of I over the range of 0.040-1.0 fig/ml 
of plasma was 92% with a CV of 6% (n = 30) (Table I). 


DISCUSSION 


Concentration-dependent variations in the extraction efficiency of BW 
301U were observed over the measured range when a one-step methylene 
chloride extraction procedure was utilized; consequently, a two-step 
extraction procedure was investigated. Although this refinement did 
decrease the variability to an acceptable level, an excessive amount of 
endogenous material was extracted also. The coextractives resulted in 
considerable streaking from the origin to the solvent front of TLC silica 
gel plates, deforming the spots of compound I. Silica gel cartridges were 
used to remove these relatively nonpolar materials. Prior to use, the 
cartridges were eluted with methanol to reduce plate streaking and to 
remove a contaminant, Rf of -0.85, that fluoresced when exposed to long 
wavelength (366 nm) UV radiation. Once the sample extract was loaded, 
the cartridge was eluted with methylene chloride to remove the sample 
components responsible for the streaking. Compound I, strongly retained 
on silica gel, was not eluted until methanol was passed through the car- 
tridge. 


Immediately after removal of the TLC plate from the developing 
chamber the fluorescence of I was most intense, but it diminished 
markedly to a minimum within 20 min. Plates could be analyzed a t  that 
time; however, for increased sensitivity, plates were retained for 24 hr 
before scanning to permit the fluorescence of I to increase to an intensity 
that was comparable to that observed initially. The change in fluorescence 
intensity did not require the presence of light. Following this initial in- 
terval, the enhanced fluorescence was stable for at  least 1 month. 


The substances responsible for the streaking of TLC silica gel plates 
initially did not appear to adversely affect HPLC chromatograms; how- 
ever, the silica gel cartridges and a C-18 guard column were used to 
maximize column longevity, providing a useful column life in excess of 
several months. 
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The tendency of I to exhibit fluorescence in solution is potentially 
useful for analysis by HPLC. However, this fluorescence is readily 
quenched in aqueous solutions, thereby hindering its use in many re- 
versed-phase liquid chromatographic systems. Normal-phase liquid 
chromatography does not appear promising due to the strong affinity of 
I for silica gel columns, resulting in asymmetric peak shapes and excessive 
capacity factors. Thus, paired-ion reversed-phase chromatography in 
conjunction with detection by UV absorbance is used for the analysis of 
I by HPLC. The parameters chosen provided good peak shape, a mod- 
erate retention time, and analytical sensitivity comparable to that ob- 
tained by fluorescence detection. 


The selection of one procedure in preference to the other for the 
analysis of plasma samples from clinical studies is a matter of available 
equipment and efficiency. TLC is used preferentially to HPLC in this 
laboratory for the rapid analysis of limited numbers of samples (typically 
1-20). Larger numbers of samples may be analyzed more efficiently by 
HPLC using an auto-injector to provide for unattended operation. The 
chromatographic equipment is interfaced with microcomputers to fa- 
cilitate quantification, thereby achieving high levels of precision and 
accuracy. 
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Abstract An NMR spectroscopic method for the determination of 
isosorbide dinitrate, alone or together with alprenolol or propranolol, is 
described. Spectra are determined in dimethyl sulfoxide-ds containing 
maleic acid or 1,4-dinitrobenzene as internal standards. Both synthetic 
mixtures and commercial formulations were assayed, and the results were 
compared using compendia1 procedures. 


Keyphrases 0 Isosorbide dinitrate-NMR determination, P-adrenergic 
blocking agents in tablets 0 @-Adrenergic blocking agents-NMR de- 
termination of isosorbide dinitrate, tablets NMR spectroscopy- 
determination of isosorbide dinitrate and @-adrenergic blocking agents 
in tablets 


Isosorbide dinitrate (I) is a member of the group of va- 
sodilator drugs, having a nitrite or nitrate function, that 
are used particularly in the treatment of angina pectoris 
and ischemia of skeletal muscle (1). It is used alone or to- 
gether with /3-adrenergic blocking agents such as pro- 
pranoIol(I1) (2) or alprenolol (111) (3). 


Several methods for the analysis of I, 11, and I11 have 
been described. The official compendia describe a po- 


IA 


9 8 7 6 5 4 3 2 1  


Figure I-NMR spectrum ofa  typical I and I I  mixture analysis in di- 
methyl sulfoxide-ds. Key: (A) methyl protons of I I ;  (B) soluent impurity; 
(C)  protons on Cz and C g  of I; (0) single signal of IV. 


larographic titration (4) or a colorimetric reaction with 
p-phenolsulfonic acid (5) for isosorbide dinitrate and a 
spectrophotometric assay for alprenolol(6) and propran- 
0101 (7). However, their application for the quantitative 
determination of I in tablets is laborious and time con- 
suming. The present report describes a new quantitative 
method for the determination of I alone or together with 
I1 or I11 by ‘H-NMR spectroscopy. Furthermore, it allows 
the simultaneous analysis of I1 or 111. 


EXPERIMENTAL’ 


Materials-Standard isosorbide dinitrate (I), propranolol hydro- 
chloride (II), and alprenolol hydrochloride (111) were purified by re- 
crystallization from ethanol-water, n-propanol, and ethyl acetate, re- 
spectively. 


Maleic acid (IV) was used as internal standard after recrystallization 
from water, mp 130-131’; 1,4-dinitrobenzene (V) (8), also used as internal 
standard, was purified by sublimation, mp 173-174’. Dimethyl sulfox- 
ide-ds (VI) was used as the solvent and tetramethylsilane was the internal 
standard. 


Samples-Tablets from two batches of each brand locally obtained 
were used. 


Isosorbide Dinitrate Tablets-Twenty tablets were weighed and 
a sample equivalent to 50 mg of I was dissolved in 10 ml of 2% sodium 
bicarbonate solution and extracted from methylene chloride (3 X 7 ml). 
The solution was evaporated in a Craig tube, and 75 mg of IV was added. 
The mixture was dissolved in 1.0 ml of VI, and -0.4 ml of the solution 
was transferred to an NMR tube where the spectrum was obtained (Table 
1). 


Isosorbide Dinitrate and  Propranolol Hydrochloride Tablets- 
The same procedure as just described was used with a sample equivalent 


~ ~~~~ 


A Perkin-Elmer R12 NMR spectrometer, 60 MHz was used. All spectra were 
scanned at a probe temperature of 35’. 
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phatidylcholine. The use of a charged membrane as well as the addition 
of other membrane adjuvants may affect the entrapment of meth- 
antheline and other compounds by liposomes. 


These ion-pairing techniques can be used to increase liposomal loading 
of a large number of ionic compounds. The liposome-entrapped com- 
pounds can be used to overcome some traditional problems in the oral 
administration of drugs such as acid lability, inadequate intestinal ab- 
sorption, and poor palatability. 


The administration of methantheline bromide uia liposomes is par- 
ticularly desirable considering the poor absorption observed for qua- 
ternary ammonium compounds. In addition, ion-pairing of quaternary 
ammonium compounds increases the loading of these poorly entrapped 
drugs in liposomal membranes. 
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Abstract 0 Microcapsules were designed for a sustained drug release, 
where the external medium controls the rate of release of the drug. As 
a model, secretin was encapsulated in acryloyl chloride-lysine capsules, 
and the conditions of formation are described. The scanning electron 
micrographs show the formation of good spherical microcapsules in the 
size range of 5-10 pm. The release of secretin was studied in four media 
having different pH. Polymer dissolution was pH sensitive, and the 
capsules placed in different media eroded a t  a constant rate, depending 
on the pH of the medium. Dissolution of the microcapsules was limited 
to the polymer buffer media and the drug was released by zero-order 
kinetics. The possible use of such a system is in the treatment of duodenal 
ulcers and the diagnosis of pancreatic diseases. 


Keyphrases Microcapsules-pH sensitive, drug release Drug re- 
lease-pH sensitive microcapsules, polymerization Polymeriza- 
tion-pH sensitive microcapsules for drug release 0 Dosage forms- 
pH-sensitive microcapsules for drug release 


Microencapsulation is a process by which individual 
entities of a solid, liquid, or gas are discretely enclosed in 
a shell of inert polymeric materials. These inert shells may 
be designed to release their ingredients at a specific rate 
andlor under a specific set of conditions. Microencapsu- 
lation of a material may permit the alteration of its phys- 
ical properties so that the desired availability is achieved 
and at  the same time the encapsulated material is pro- 
tected from its environment. Release of drug may be 
achieved via erosion, dissociation, or diffusion. Dosage 
forms have become more complex and now include such 
forms as sustained release, prolonged action, and repeat 
action. The technique of microencapsulation is one of the 


newer methods for sustained delivery which is receiving 
increasing attention (1 ,2) .  


Precisely controlled sustained delivery does not always 
correspond to the optimum therapeutic regimen, however. 
In many applications a better delivery system is the one 
that delivers the active agent only when needed. In the 
present study secretin was microencapsulated in acryloyl 
chloride-lysine microcapsules, and the rate of release was 
studied in different media of varying pH. 


BACKGROUND 


Secretin (3), a small polypeptide (molecular weight -3400), is present 
in the mucosa of the upper small intestine in the inactive form of prose- 
cretin. When chyme enters the intestine, i t  causes the release and acti- 
vation of secretin, which is subsequently absorbed into the blood. The 
constituent that causes greatest secretin release is hydrochloric acid, 
although almost any type of food will cause at least some release. Secretin 
is released any time the pH of the duodenal contents falls below -4.0. 
This immediately causes large quantities of pancreatic juice containing 
abundant amounts of sodium bicarbonate to be secreted. Carbonic acid 
is formed by reaction of sodium bicarbonate with hydrogen chloride. The 
carbonic acid is immediately dissociated into carbon dioxide and water, 
and the carbon dioxide is absorbed into the body fluids, thus, leaving a 
neutral solution of sodium chloride in the duodenum. In this way, the acid 
contents emptied into the duodenum from the stomach become neu- 
tralized and the peptic activity of the gastric juices is immediately 
blocked. Since the mucosa of the small intestine cannot withstand the 
intense digestive properties of gastric juice, this is a highly important 
protective mechanism against the development of duodenal ulcers (4). 
A second function of hydrolytic secretin by the pancreas is to provide an 
appropriate pH for action of pancreatic enzymes. All such enzymes 
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Table I-Cumulative Release of Secretin at Different pH 


Figure 1-Scanning electron micrograph of polyacryloyl chloride- 
lysine microcapsules containing secretin (5000X). 


function optimally in a slightly alkaline or neutral medium. The pH of 
the hydrolytic secretion averages 8.0. 


Secretin release in uiuo is pH-sensitive. To simulate this system, it was 
proposed to design a secretin microcapsule that would become more 
permeable at low pH. The acryloyl chloride-lysine encapsulation system 
was chosen as the wall material, since it was anticipated that the presence 
of unreacted amino groups in the capsule wall would likely cause the 
erodibility of the polymer to become pH dependent. 


EXPERIMENTAL 


Microcapsules were prepared by interfacial polymerization as described 
previously (5). Acrylic acid distilled under reduced pressure was poly- 
merized under vacuum by gamma radiation from a cobalt 60 source. The 
polyacrylic acid was dissolved in distilled 1,6-dioxane and then converted 
into the acid chloride with thionyl chloride. The polyacryloyl chloride 
that precipitated out was dissolved in dimethylformamide. 


Figure 2-Scanning electron micrograph of polyacryloyl chloride- 
lysine microcapsules containing secretin (5000X 2.5). 


I I1 I11 
pH 2 PH 4 PH 7 


Time, Amount, Secretin, Amount, Secretin, Amount, Secretin, 
days mg % mg % mg % 


1 10.0 
2 21.0 
3 29.0 
4 40.0 
5 44.0 
6 47.0 
1 -  
8 -  
9 -  


10 - 
12 - 
14 - 
16 - 
18 - 
20 - 
22 - 


~~ 


5.0 10 
10.0 20 
15.0 30 
20.0 40 
25.0 50 
31.0 62 
35.0 70 
40.0 80 
42.5 85 
44.0 88 
47.0 94 - - 


2.5 
5.0 
7.0 
9.5 


12.0 
15.0 
18.0 
20.0 
22.5 
26.0 
30.0 
35.0 
40.0 
44.0 
47.0 
48.0 


5 
10 
14 
19 
24 
30 
36 
40 
45 
52 
60 
70 
80 
88 
94 
96 


Secretin (50 mg) was mixed with an equal volume of 0.8 M lysine dis- 
solved in a tromethamine buffer (pH 7.4), containing 2 ml of 0.45 M so- 
dium bicarbonate solution. This mixture was freshly prepared and stirred 
in a 100-ml beaker at room temperature. The organic phase [a 15-ml 
mixture of chloroform-cyclohexane (1:4)] was added with stirring to the 
beaker. Stirring was continued for 45-60 sec at  the maximum speed to 
disperse the aqueous droplets and to reduce their size, and polyacryloyl 
chloride solution in dimethylformamide was added. The amount of 
polyacryloyl chloride used was approximately equivalent to lysine. In this 
way polyacryloyl chloride-lysine microcapsules containing secretin were 
prepared. 


The microcapsules were separated from the organic phase by centri- 
fugation and transferred to the aqueous phase with the aid of polyoxy- 
ethylene sorbitol washed repeatedly with saline solution and dispersed 
in isotonic buffer. Scanning electron micrographs of the capsules were 
taken'. Release of encapsulated drug was studied by following its elution 
in buffer solutions of different pH. For a typical experiment the micro- 
capsules were equilibrated with 15 ml of buffer fos 24 hr. The supernate 
was separated by centrifugation and its optical density was determined 
a t  245 nm. A fresh buffer (5 ml) was equilibrated until no more elution 
of the drug occurred. 


RESULTS AND DISCUSSION 


To check the reproducibility of the method of encapsulation and re- 
lease, three sets of samples (labeled I, 11, and 111) were prepared under 
the same conditions just described. The electron micrograph of each 
sample was taken separately. In all cases, the capsules were 5-10 pn in 
diameter (Figs. 1 and 2). 


The release rates of secretin a t  different pH values are given in Table 
I. Figure 3 shows the cumulative release of secretin as a function of time 
for all samples. In all cases, at least up to 80% of the drug was released by 
a zero-order mechanism; however, the rate of release was fastest a t  pH 


120r 


2 4 6 8 10 12 14 16 18 20 
DAYS - 


Figure 3-Cumulative percentage of secretin released from acryloyl 
chloride-lysine microcapsules. Key: (0) pH 2, (0) pH 4,  (A) pH 7. 


1 Micrographs taken by a Cambridge Steroscan Sd-10 instrument. 
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2, and was prolonged for up to 6 days. At  pH 4, the release sustained for 
up to 12 days, and on increasing the pH to 7, the duration of the release 
increased to 22 days. Thus, it was also observed that as the pH increased, 
the solubility of the wall material decreased and the quantity of drug 
released per day decreased. When the pH was raised to 10, no dissolution 
of the polymer wall occurred and no release of secretin was observed for 
several days. 


The data indicated that the drug was perhaps released by polymer 
dissolution at  the polymer-water interface by a mechanism similar to 
that discussed previously (6, 7). Detailed study of this polymer will be 
necessary before the complete mechanism for erosion can be understood; 
the mechanism of release is the subject of further study. However, in the 
present study the interest was more on controlled release of the drug at  
low pH, which has been achieved. The above type of capsules would be 
suitable for sustained drug release at  low pH. Further, since the polymer 
was erodible up to pH 8, it can form a suitable biosoluble wall material 
for encapsulating other drugs. The biocompatibility of this material is 
being studied. 


Notable features of the microcapsules described in this report are: their 
ability to undergo surface erosion and, hence, release of the core material 
by zero-order kinetics, and sensitivity of the erosion rate to the sur- 
rounding aqueous environment (pH). A pH environment has a major 


effect on the erosion rate and, thus, controls the drug release which is 
increased by decreasing the pH. 
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Abstract A compound of low water solubility, consisting of pheno- 
barbital-diphenhydramine in a 1:l ratio and mp 109.5-110.5° was iso- 
lated from a prescription which had been dispensed as a clear solution 
and later returned with a white sediment. The information obtained 
suggested that it was either an easily dissociated complex or a salt. 


Keyphrases 0 Phenobarbital-reaction with diphenhydramine, com- 
plexation, salts Diphenhydramine-reaction with phenobarbital, 
complexation, salts 0 Complexation-phenobarbital and diphenhy- 
dramine, salts 


A number of salts, complexes, or addition compounds 
formed by barbiturates, particularly by phenobarbital, 
have been recorded previously (1-6). Similarly, there are 
recorded complexes and salts for diphenhydramine, the 
best known being dimenhydrinate, USP (7). The products 
formed by heating diphenhydramine and barbital or al- 
lobarbital in alcohol at 100-120’ are reported to be 1:l salts 
melting at  86 and 102-103O, respectively (8). 


Literature pertaining to intravenous admixtures refers 
to diphenhydramine hydrochloride as being incompatible 
with phenobarbital sodium (9-11) as well as several other 
barbiturate salts; forming particulate matter (12, 13), 
forming a precipitate (14), or as not remaining clear for 24 
hr after mixing (15). The only explanation provided is that 
solutions of sodium barbiturates and sodium diphenyl- 
hydantoin are alkaline and may lead to the formation of 
precipitates from solutions of acid salts. A previous study 
(16) pointed out that aqueous solutions of diphenhydra- 
mine hydrochloride and phenobarbital sodium will form 
a precipitate when mixed in low concentrations, even at 
pH values at which phenobarbital would be soluble. It was 
assumed that the precipitate was an undissociated, less 


soluble diphenhydramine-phenobarbital complex. No 
characteristics for this substance were reported. 


The reported compound was first obtained from the 
crystalline settlement in a compounded prescription 
consisting of 250 ml of diphenhydramine hydrochloride 
elixir in which 750 mg of phenobarbital sodium had been 
dissolved in accordance with physician’s instructions. 
When prepared, the mixture slowly became cloudy and 
then deposited crystals over several days. Upon filtration 
and recrystallization of the solid from -75% alcohol, the 
hard, colorless crystals melted at  109.5-110.5° (uncor- 
rected). The product was found to be composed of phe- 
nobarbital-diphenhydramine (1:l). 


The formation of the crystals could be avoided by dis- 
solving the equivalent amount of phenobarbital in 10 ml 
of alcohol and mixing it into the elixir. Such a sample was 
still free of crystals after 1 year. Since the crystals are very 
soluble in alcohol, somewhat soluble in water, and the pH 
of the elixir results in only a low concentration of di- 
phenhydramine base, the product probably does not form 
in an amount sufficient to exceed its solubility in the hy- 
droalcoholic medium. 


EXPERIMENTAL 


Diphenhydramine hydrochloride elixir1, diphenhydramine’, di- 
phenhydramine hydrochloride’, phenobarbital2, and phenobarbital so- 
dium2 were obtained as indicated. The various solvents were USP or 
reagent grade. 


~~~ ~~~ 


Elixir Benadryl, Parke-Davis & Co.; the diphenhydramine and its hydrochloride 


Merck & Co., Rahway, N.J., commercial packages. 
were provided by Parke-Davis & Co. 
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tonine (20), and fusarenon-X (13). One explanation for this is that pep- 
tidy1 tRNA or methionyl tRNA lowers affinity binding of drug to ribo- 
some (21). Daphnoretin effectively blocked peptidyl transferase activity 
of the elongation process. The magnitude of inhibition of protein syn- 
thesis is of a sufficient degree to account for the cessation of cell growth. 
It has been reported previously that daphnoretin suppresses DNA syn- 
thesis with an IDm = 0.194 mM (5). The present studies show that 
daphnoretin only suppresses protein and DNA synthesis in the Ehrlich 
ascites carcinoma cells, the only tumor screen in which daphnoretin 
demonstrated antineoplastic activity at  3-12 mg/kg/day. Protein and 
DNA synthesis of whole cells was not suppressed in normal mouse tissue, 
e.g., brain, kidney, and lung; but there was a moderate reduction of 
protein synthesis in the liver. Daphnoretin was isolated from Wikstroe- 
mia indica C .  A. Mey (Thymelaeaceae), which has been used as a herbal 
remedy to treat human cancer, arthritis, syphilis, and whooping cough 
(22,23). This study of the mode of action of daphnoretin may explain 
some of the pharmacological properties of the plant. 


REFERENCES 


(1) K. H. Lee, K. Tagahara, H. Suzuki, R. Y. Wu, M. Haruna, I. H. 
Hall, H.-C. Huang, K. Ito, T. Iida, and J.-S. Lai, J.  Nat.  Prod., 44,530 
(1981). 


(2) T. Tschesche, U. Schacht, and G. Legler, Ann. Chem.. 662,113 
(1963). 


(3) A. Kato, Y. Hashimoto, and M. Kidokoro,J. Nat .  Prod., 42,159 
(1979). 


(4) S. J. Torrance, J. J. Hoffman, and J. R. Cole, J. Pharm. Sci.,  68, 
664 (1979). 


(5) I. H. Hall and K. H. Lee, J. Pharm. Sci., 71,741 (1982). 
(6) J. Kruh, L. Grossman, and K. Moldave, Methods Enzymol, XIIb, 


(7) M. H. Schreier and T. Staehelin, J .  Mol. Biol., 73,329 (1973). 
(8) J. M. Ravel, R. D. Mosteller, and B. Hardesty, Proc. Natl. Acad. 


732 (1968). 


Sci. USA,  56,701 (1966). 


(9) A. Majumdar, S. Reynolds, and N. K. Gupta, Riochem. Riophys. 


(10) K. Takeishi, T. Ukita, and S. Nishimura, J.  Biol. Chem., 243,5761 


(11) L. L. Liao, S. M. Kupchan, and S. B. Horwitz, Mol. Pharrnacol., 


Res. Commun., 67,689 (1975). 


(1968). 


12.167 (1976). , ~- ,-- -I ~~ 


(12) J. Jimenez, L. Sanchez, and D. Vasquez, Biochim. Riophys. Acta, 
383.4271 (1975). 


(13) J. Carter and M. Cannon, Eur. J. Riochem., 84,103 (1978). 
(14) S. H. Reynolds, A. Majumdar, A. Das Gupta, S. Palmieri, and N. 


(15) K. Moldave, Methods Enzymol., 6,757 (1963). 
(16) R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. Schu- 


(17) I. H. Hall, Y. F. Liou, M. Okano, and K. H. Lee, J .  Pharm. Sci., 


(18) M. Cannon, A. Jimenez, and D. Vasquez, Biochem. J . ,  160,137 


(19) E. Cundliffe, M. Cannon, and J.  Davis, Proc. Natl. Acad. Sci. 


(20) M. Fresno, A. Jimenez, and D. Vasquez, Eur. J. Biochem., 72,323 


(21) M. Fresno, A. Gonzales, D. Vasquez, and A. Jimenez, Biochem. 


(22) W. S. Ken, “Pharmaceutical Botany,” National Research Insti- 


(23) M. Sugi and Y. Nagashio, in “Cancer Therapy in Modern China,” 


K. Gupta, Arch. Biochem. Biophys., 184,324 (1977). 


macher, and B. J. Abbott, Cancer Chemother. Rep . ,  3,9 (1972). 


71,345 (1982). 


(1976). 


USA,  71,30 (1974). 


(1977). 


Biophys. Acta, 518,104 (1978). 


tute of Chinese Medicine, Taiwan, Republic of China, 1969, p. 391. 


K. Kondo, Ed., Shizen Sha, Japan, 1977, p. 256. 


ACKNOWLEDGMENTS 


Supported by American Cancer Society Grant CH-19 (K. H. Lee and 
I. H. Hall) and National Cancer Institute Grant CA-17625 (in part) (K. 
H. Lee). 


Square Root of Time Dependence of Matrix 
Formulations with Low Drug Content 


HATEM FESSI, J.-P. MARTY, F. PUISIEUX, and 
J. T. CARSTENSEN *= 
Received July 30,1980 from the Facult6 de Pharmacie, Universit6 de Paris-Sud, Chbtenay-Malabry, 92290 France and the +School of 
Pharmacy, University of Wisconsin, Madison, WI 53706. Accepted for publication September 25,1981. 


~ 


Abstract One of the conditions of derivation of the Higuchi square 
root law is that A h  > S/2 where A is drug content per cubic centimeter 
of matrix tablet, z is the porosity, and S is the solubility of the drug in the 
dissolution medium. In actuality, A/c should be larger than S. It is shown 
in this work that a similar square root equation can be derived when A/c 
< S. Experimental data are presented supporting the equation Q = 
A(Dt)’/*,  where Q is the amount of drug released per square centimeter 
at  time t and D is the diffusion coefficient. 


Keyphrases 0 Matrix formulations-square root of time dependence, 
with low drug content Dissolution-square root of time dependence 
of matrix formulations with low drug content 0 Release rate-square 
root of time dependence of matrix formulations with low drug content 


Many sustained-release products are designed around 
the principle of imbedding the drug in a porous matrix. 
Liquid will penetrate and dissolve the drug, which will then 
diffuse out into the exterior liquid (Fig. 1). In general, for 
the purpose of derivation, a slab is considered which has 
a unit cross-section, is infinite to the left (Fig. l), has a 
porosity 8, contains A grams of drug (of density p )  per 


cubic centimeter of matrix, and allows penetration and 
diffusion through the unit surface only. At time t a depth 
of h is penetrated. 


BACKGROUND 


Higuchi (1.2) was the first to derive the following expression for the 
amount of material released (Q) through the unit surface. He cautions 
that “the equation would be essentially valid for systems in which A is 
greater than the solubility S or CS by a factor of three or four. Of course, 


POROSITY = 6’ POROSITY = 6 


A g k m 3  


WETTED 
x = -h x = o  


Figure 1-Schematic of penetration of liquid into a solid matrix. The 
distance is denoted x (cm) and is zero at the surface and -h at the 
border of penetration. 
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Table I-Compositions of Formulations Tested 


DISTANCE, X FROM SURFACE, cm 
Figure 2-Assumed concentration profile in the penetrating liquid for 
the situation in Fig. 1. 


if A < S or tS, the drug would no longer be present as a solid and a dif- 
ferent equation would apply.” 


Q = [2DSt(A - 0.5Sc)]’/2t’/2 (Eq. 1) 


The tortuosity term has been omitted since it does not apply in the fol- 
lowing; e is the porosity of the part of the matrix already penetrated by 
liquid, and S is the solubility (in gram per cubic centimeter) of the drug 
in the penetrating liquid. The point that  A should be greater than S by 
a factor of three or four has been emphasized previously (3-5). In cases 
where the above is not the case, ie.,  when 


S > A / €  (Eq. 2) 


derivations are nevertheless possible. The following sequence follows 
closely that described previously (1 ,2 ,5 ) ,  and the following assumptions 
are made: 


(a )  sink conditions exist ( i . e . ,  C - 0 )  in the exterior liquid, where C 
is concentration of drug; 


( b )  the concentration gradient in the liquid in the penetrated space 
is linear; 


( c )  the diffusion coefficient is concentration independent; 
( d )  the drug content, A ,  is less than St; 
( e )  the rate of dissolution is governed by the liquid penetration rate, 


not the dissolution rate. 
The case where both dissolution and penetration rates play a part has 


been treated elsewhere (6,7). Because of ( d )  and ( e ) ,  the drug will, in fact, 
dissolve immediately when reached by liquid and form an unsaturated 
solution of concentration A / €  (<S).  It is emphasized here that c is the 
actual porosity in the penetrated space, i .e.,  the original porosity, c’, and 
that created by dissolution of drug, A/p (presuming that an ideal solution 
forms). In the following, t will be referred to as actual and e’ as measured 
porosity. I t  follows that: 


t = 6’ + ( A l p )  (Eq. 3) 
The concentration profile shown in Fig. 2 will therefore apply. The 


loot 


Formulation Number” 
I I1 I11 IV 


Diphenhydramine HClb 5 10 15 20 
50 50 Polyvinyl acetate-polyvinyl 50 50 


Povidone 1.5 1.5 1.5 1.5 
Magnesium stearate 3 3 3 3 
Calcium phosphate, tribasic -a sufficient auantitv to 500 ma- 


chloride copolymer 


Percent by weight. * The measured porosities of the formulations were 0.17,0.16,0.16,0.17, and 0.13, 
respectively, giving drug concentrations on a volume basis of 0.067,0.142,0.200, 
and 0.260, respectively. 


amount dissolved a t  time t is Q grams per square centimeter of surface 
and is given by: 


Q = Ah - 0.5(A/ t )h t  = 0.5Ah (Eq. 4) 


Ah is the amount present in the matrix in the h-cm thick layer before 
dissolution started. After penetration to a depth of h,  there are t cubic 
centimeters of liquid per cubic centimeter of matrix and the average 
concentration is 0.5(A/c) ,  so that the total amount not liberated to the 
exterior liquid is hc(0.5Alt) = hA/2. 


Differentiation of Eq. 4 with respect to time gives: 


dQ/dt = (A/Z)dh/dt (Eq. 5)  


Flux = -D X Gradient (Eq. 6) 


The flux is the amount of material passing through a unit cross-section 
per unit of time ( d t ) .  The cross-sectional area available for liquid is t in 
square centimeters, and the amount of material passing through i t  is 
dQ/dt ,  so that the left hand side of Eq. 6 may be written: 


Flux = ( I / c ) (dQ/d t )  (Eq. 7) 


The gradient (dC/dx) is assumed to be constant [condition ( b ) ]  and drops 
from C = A / €  a t  x = -h (Fig. 2 )  to zero a t  x = 0 [condition (a) ] .  Hence 
the gradient term in the right hand side of Eq. 6 is: 


Gradient = dC/dx = [0 - ( A / c ) ] / h  = -A/ (hc)  (Eq. 8)  


The diffusion of the drug takes place uia Fick’s law: 


so that inserting Eqs. 7 and 8 in Eq. 6 gives: 


( l /c )dQ/dt  = - D l - [ A / ( h t ) ] J  


or 


dQldt = DAlh 


10 20 


J;J JZ 
Figure 3-Release data for Formula II, Table I .  


A,  glcm ’ 
Figure 4-Slopes of data as shown in Fig. 3 (diuided by surface area) 
as a function of A, the drug content (Eq. 13) (data from Table III). 
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Table 11-Release Rate  Data from Matrix Tablets of Four Drug Substances, Using Formula I V  from Table I 


Experi- Adjusted 
Tablet Tablet mental Slope, 
Area, Volume, A ,  Porosity, Slope, lo" Q, 


Compound S, g/cm3 cm2 cm3 ghm3 €' mg min-0.5 g s ~ c - O . ~  1 O ' O  Q2/S  


DiDhenhvdramine HC1 0.83 3.54 0.384 0.26 0.13 7.58 
AcktamiGophen 
Dy phylline" 
Theophylline 


0.02 3.58 0.4 0.25 0.21 3.60 . .- . .. 


0.17 3.48 0.37 0.27 03 
0.010 3.48 0.37 C.27 0.16 


~~ 


5.26 
2.56 


27.6 918 
13 8450 
19.5 2237 
9.4 8836 


Density, Molecular 
Compound g/cm3 6' + ( A / p )  A /€  Weight 


Diphenhydramine HC1 1.20 0.35 0.74 255 
Acetaminophen 1.28 0.40 0.63 151 
Dyphylline 1.18 0.39 0.69 254 
Theophylline 1.28 0.37 0.73 180 


7-(2,3-dihydroxypropyl)-l,3-dimethylxanthine, C10H14N404. 


Combining Eqs. 4 and 9 yields: 


(AI2)dhldt = AD/h (Eq. 10) 


or 


hdh = 2Ddt (Eq. 11) 


which integrates (with the initial condition that h = 0 a t  t = 0) to: 


h 2  = 4Dt (Eq. 12) 


Inserting Eq. 12 into Eq. 4 gives: 


Q = A(Dt)O (Eq. 13) 


Equation 13 predicts that Q ,  the amount released per square centimeter 
of tablet surface, is proportional to the square root of time, and that the 
slope of such a plot is independent of porosity and solubility and is di- 
rectly proportional to the drug content (per cubic centimeter) of the 
matrix. 


As mentioned earlier, the case of (d), i.e., of Eq. 2, is the exception 
rather than the rule. Only one case was reported in literature with drug 
concentrations where A may approach a low value close to S (8). These 
data fit fairly well to Eq. 13, but are difficult to analyze, because due to 
the lack of porosity data, the independence of Eq. 13 of the porosity 
cannot be tested in that specific case. 


EXPERIMENTAL 


Matrix tablets of the composition shown in Table I were produced as 
described in earlier publications (9-11). The matrix is sufficiently in- 
soluble to consider it as completely insoluble (albeit the 1.5% povidone 
does dissolve to some extent). 


Four drugs were tested (Table 11) that have solubilities above and below 
the solubilities dictated by the Higuchi equation (Eqs. 1 and 2). The 
solubilities were tested by equilibrating excess of drug substance with 
water a t  37 f 0.2' in a rotating bottle in a waterbath. The concentrations 
in the supernate were determined spectrophotometrically at  the peaks 


- I  \ 


$ \ 
:4  ' t  X 


\ 
\ 


a 
" V Y  


0.1 0.2 0.8 
SOLUBILITY, S, g/cm3 


Figure 5-Data from Table I1 plotted according t o  Eq. 18. 


of the respective adsorption spectra. Densities were determined pyc- 
nometrically. 


The tablets made were produced at  various, controlled compression 
forces on an instrumented single punch machine (11). The porosities were 
measured using a mercury intrusion porosimeter'. The surface areas and 
volumes of the tablets were obtained from their dimensions. The disso- 
lution rates were determined using a flow cell as described previously (6, 
799). 


RESULTS AND DISCUSSION 


Figure 3 shows an example of dissolution of diphenhydramine hy- 
drochloride from formulas as shown in Table I. It is seen that the amount 
released is linear in the square root of time up to the critical time (9,lO) 
when the tablet is completely penetrated by liquid. There is also a slight 
lag time, also explained in previous publications (9,101. Slopes from four 
concentrations of drug are shown in Table 111. The data in the last column 
are obtained by converting the slopes from plots like Fig. 3 to g sec-1 
cm-2, by multiplying by 1 0 - 3 / m  and dividing by the surface area of 
the tablet. This latter, in the case cited, is 3.54 cm2, as it is in most of the 
tablets in question. An exception to this is the data leading to the Heckel 
plot mentioned at  a later point2. Data of the type in Table I11 are plotted 
in Fig. 4, where the specific release rates (in grams per square centimeter 
S ~ C - O . ~ )  are plotted as a function of A. According to Eq. 13 this should be 
a straight proportionality, which is borne out by the graph. The least 
squares fit line is: 


y = 1.13 x 10-331 -2 x 10-6 (Eq. 14) 


where y = Qt-0.5 (g cm-2 sec-1/2) and x = A (g ~ m - ~ ) .  The intercept does 
not differ significantly from zero ( p  = 0.001) as predicted by Eq. 13. If 
this latter case is correct, then the slope of the plot in Fig. 4 should equal 


i.e., = 1.13 X cm s ~ c - O . ~  or D z cm2 sec-l, which is 


- 1 1  


-2  L Q L  


200 400 600 


APPLIED PRESSURE MN, m-' 


Figure 6-Data from Table IVplotted as a Heckel function. 


J. T. Carstensen and M. A. Zoglio, J. Pharrn Sci. ,  Submitted for publication. 
The low porosity points in Table IV have slightly larger surface areas per tablet, 


due to a larger thickness. 
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Table 111-Data for Diphenhydramine HCI Square Root Dissolution Rate Constants in a Series of Compositions” 


Tablet Drug, c’ 
Volume, g/500-mg Experi- Slope x 105, 


cm3 Tablet A, g/cm3 mental c = t’ + (A/p) g cm-2 sec-1/2 


0.375 
0.351 
0.375 


0.025 
0.050 
0.075 


0.067 
0.142 
0.20 


0.173 
0.163 
0.164 


0.23 
0.28 
0.33 


5.82 
14.4 
20.8 


0.384 0.100 0.26 0.13 0.38 27.6 
Porosity has been kept constant. 


Table IV-Release Data of Diphenhydramine HCl as a Function 
of Porosity 


Compression 
Force, Q x 105 
MPa g cm-2 s~c-O.~ t’ 6 In ( 8 -  0.1) 


98 43 0.302 0.48 -1.600 
147 39 0.260 0.45 -1.900 
196 27 0.207 0.42 -2.235 . ~~ - ~.~ ~ ~~ _. . 


234 25 0.169 0.39 -2.674 
490 24 0.123 0.35 -3.772 
588 24.3 0.111 0.34 -4.510 


the right order of magnitude. The formulations listed in Table I all adhere 
to the inequality in Eq. 2, and they demonstrate the utility of the modi- 
fication of the Higuchi equation in low concentration regions. 


To further test the correctness of the developments described, it is 
noted that Eq. 1 may be written: 


Q2 = aS - bS2 (Eq. 15) 


where 


a = 2DcA (Eq. 16) 


b = Dc2 (Eq. 17) 


and 


This solubility dependence of the Higuchi equation has been checked 
and verified with three drug substances, the latter three listed in Table 
11. It is noted from the table that the A-values have been kept constant. 
If D is the same for the three substances, then a plot of Q 2 / S  uersus S 
should give a straight line: 


Q2/S = a - bS (Eq. 18) 
The slope and intercept should give the same value for D. It should be 
noted that according to the Stokes-Einstein equation: 


D = k T / ( 6 ~ q r )  (Eq. 19) 


where 9 is viscosity, k is Boltzmann’s constant, T is absolute temperature, 
and r is the molecular radius. The value r should be proportional 
(roughly) to the cube root of the molar volume, so that the D-values 
should vary at the most by a factor of (254/151)’13 = 1.19, i .e.,  -20%. It 
is assumed that the D-values of the three compounds are identical. 


The data from the last three entries in Table I1 have been plotted ac- 
cording to Eq. 18, and are shown in Fig. 5; it can be seen that a straight 
line ensues. The least-squares fit equation is 


101”Q2/S = -42,000 S + 9300 (Eq. 20) 


(Eq. 21) 


Hence, from the slope: 


b = Dc2 = 0.42 X 


so that setting c = 0.38 (Table 111) gives D = 3 X 
intercept: 


cm2/sec. From the 


a = 9.3 X = 2DcA 0%. 22) 


so that setting t = 0.38 (Table 111) gives D = cm2/sec. This demon- 
strates that substances adhering to the Higuchi requirements, in the 
system tested and using the test methods described, adhere to the Higuchi 
equation and give reasonable parameter values. 


From the point of view of the present study, the most important point 
is that diphenhydramine has a Q2/S value out of line with the remaining 
compounds. 


An important difference between Eqs. 1 and 13 is that the latter is 
independent of the porosity, c. This point is difficult to investigate, as 
shown below. Preparations were made at different preparative porosities, 
c’. This was accomplished by varying the applied compression force at 
which the tablets were made. 


The data are tabulated in Table IV. The force uersus porosity data are 
consistent as demonstrated in the Heckel plot in Fig. 6. Of the prepara- 
tions, the three made at the low pressures disintegrated, and hence, from 
a point of view of release, do not fall into the described models. The last 
three entries in Table IV, however, show that Q is not drastically a 
function of c: Q is 24-25 g crn+ sec-o.6 over a range of initial porosity 
values of c’ = 0.11-0.17 (i .e. ,  a 60% spread). However, due to the A-con- 
tribution to the porosity t, the overall porosity, is 0.34-0.39, which is only 
at  best a 20% variation. It would appear that a 20% variation in actual 
porosity, t, causes a change of <4% in the slope (Q)  of the square root plot, 
so that the effect of c is small. Experimentally, it would have been de- 
sirable to have a wider spread of e-values, but the disintegration is a 
problem at  the lower end and the A-values a problem at the upper 
end. 


It has been shown that when A < Sc the release rate for a matrix should 
be Q = AD0.5t0.5. Release plots of drug in situations where A < St have 
been shown to follow a square root law with slopes that are proportional 
to A. The proportionality constant gives a reasonable value of D (2 X 
cm2/sec). Evidence is presented that the proportionality constant is in- 
dependent of solubility, S ,  and porosity, c. 
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EDITORIAL 


The NIH and Political Pressures 


The N.ational Institutes of Health have been in the news 
even more than usual in recent months. This has been due 
to a number of factors, including the vacancy in the office 
of the Director of the overall NIH, the long search for a new 
director, and the protracted formal approval and ap- 
pointment process relating to Dr. James B. Wyngaarden 
once he had been selected. The news interest also has been 
due to the present vacancy of five of the individual Insti- 
tute directorships and a sixth that will open up in the next 
few weeks. 


Such “power vacuums” are natural stimuli for gossip and 
news media speculation-especially when they occur in the 
political hot-bed that is Washington, D.C. 


But lately, the NIH has also been frequently in the news 
for another reason; namely, the current Congressional ef- 
forts to cut federal spending and to reduce the budgetary 
deficit. Without quoting statistics, it can be simply said 
that the NIH has not escaped major surgery with respect 
to its budgetary requests and perceived monetary 
needs. 


All of this serves to remind us of the strong advocacy on 
the part of many pharmaceutical scientists about 10 to 15 
years ago for the creation of a new, separate Institute to be 
devoted specifically to the pharmaceutical sciences. Pre- 
sumably, such a new body would concentrate its research 
efforts and its extramural research funding on such 
subjects as improved drug delivery systems, pharmaco- 
kinetics, bioavailability, and related matters. However, the 
proposal never “caught fire,” and eventually it fell by the 
wayside. 


In retrospect, that may have been fortunate, although 
no one felt so at  the time. 


When the separate Institute proposal was first made and 
championed, federal support for health research generally 
and for the NIH in particular was flowing like the pro- 
verbial waters of Niagara. Today, however, the climate has 
changed dramatically. 


The overall NIH budget and the budgets of the indi- 
vidual Institutes are presently undergoing fierce assaults. 
The only reason that deeply severe, or perhaps even mor- 
tal, fiscal surgery has not occurred is due to the strong 
support of powerful friends in Congress. When an influ- 
ential Congressional Committee Chairman takes on a 
self-appointed and self-assumed role as protector and 
advocate of one or another of the respective Institutes, it 
can be safely predicted that the body will fare reasonably 
well. 


And with the various pet diseases of individual Con- 
gressional leaders, it is not surprising that the Cancer In- 
stitute, or the Heart Institute, or the Aging Institute, or 
whichever, has managed to avoid wholesale cut-backs. 
Right or wrong, a fact of life in Washington is that no 
project, program, cause, or activity will go far or last very 
long unless it is the beneficiary of a strong lobbying force 
and potent Congressional allies. 


Given the reality that any National Institute of Phar- 
maceutical Sciences could not begin to command such 
political support, its budget would immediately become 
fair game in the fiscal maneuvering. In turn, such ax- 
wielding would mean that pharmaceutical research and 
pharmaceutical scientists would take the brunt of elimi- 
nated research projects and terminations in employ- 
ment. 


Moreover, given the hindsight of historical experience, 
it is probably unfortunate that the present individual In- 
stitutes were ever created. Less interagency rivalry, less 
duplication of administrative management, less petty 
jockeying for resources and publicity, and less wastage in 
many other areas, would have resulted if there were only 
a single “National Institute of Health.” Experience has 
shown that independence and strong individual identity 
among these multiple components are not always condu- 
cive to the most efficient and effective operation of our 
nation’s major health research program. 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 


Washington, DC 20037 
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COMMUNICA TIONS 


Fast Atom Bombardment Mass Spectra of 
Azthreonam and Its Salts 


Keyphrases Fast atom bombardment-mass spectra of azthreonam 
and its salts Azthreonam-biologically active azetidinesulfonic acids, 
monobactams, fast atom bombardment mass spectra 0 Mass spec- 
trometry-fast atom bombardment of azthreonam and its salts 0 Mo- 
nobactams-biologically active azetidinesulfonic acids, azthreonam, fast 
atom bombardment mass spectra 


To the Editor: 


Recently, Cimarusti et al. (1) reported the synthesis of 
a new class of biologically active azetidinesulfonic acids, 
termed monobactams. One of these monobactams, az- 
threonaml, is highly selective against aerobic Gram-neg- 
ative bacteria (2), including Pseudomonas aeruginosa 
(3). 


This communication reports the results of the mass 
spectra of the named compound and its monosodium and 
dipotassium salts by the fast atom bombardment tech- 
nique pioneered by Barber et al. (4) and applied by various 
investigators in the analysis of vexatious polar compounds 
(5-12). 


Mass spectra were obtained on a double-focusing mag- 
netic sector instrument2 equipped with a fast atom bom- 
bardment source using 4-8 kV xenon neutral atoms. Az- 
threonam (I) gave a very prominent [M-HI- ion (base 
peak) in the negative-ion detection mode3 (Table I) and 
a significant MH+ ion in the positive-ion detection mode 
(Table 11). Weak, but perceptible, dimeric ions were also 
observed. Based upon the expected losses, the fragmen- 
tation patterns in each ion detection mode yielded diag- 
nostic information. 


N oL’\SOj [R’]’ \ F H 3  
O-F-C02- [ R”]’ 


CH3 


R’ R” M W  MH’ [M*H1- - 
I Azthreonam H H 435 436 434 


I1 Na H 457 458 456 
I11 K K 51 1 51 2 510 


In the negative ion spectrum, the ions resulting from the 
direct N-0 bond cleavage yields the [mlz 3321- ion and 
its [mlz 1031- ion complement (Table I). The principal 
high mass fragment ion in the positive-ion mass spectrum 
results from the loss of sulfur trioxide from the MH+ ion 
(Table 11). Cleavage of the monobactam ring of I gives rise 


~2S-[2~,3~(Z)~)-3([2-amino-4-thiazolyl-[(l-carboxy-l-methyl-ethoxy)imino]- 
acetyl)-amino]-2-methyl-4-oxo-l-azetidinesulfonic acid; CAS 78110-38-0, SQ 
2 6,7 7 6. 


Model ZAB lF,  VG Analytical Ltd., Altrincham, U.K. 
3 A similar negative-ion mass spectrum of I was obtained on the Kratos MS 50 


mass spectrometer, with xenon gas, a t  the Middle Atlantic Mass Spectrometry 
(MAMS) Laboratory, Baltimore, Md. 


Table I-Negative-Ion Fast Atom Bombardment Mass 
Spectra ~ J J  


I1 
Negative-Ion I R’ = Na, I11 


R’ = R” = H R” = H R’ = R” = K Compound 
Assignment [masdcharge (Relative Intensity)] 


2M-R’ 
M+R’-2H 


869(1) - 
- 891(8) 983(2) 
- 478(4) 548(3) 


M-H 434(100) 456(76) 510(20) 
M-R’ 434(100) 434(76) 472(39) 
M-R’’O&c3H60 332(16) 354(11) 370(24) 
M-R’OZCC~H~O 332(16) 332(13) 370(24) 
HO?SNC&LNCO 205 (16) 205(65) 205I100) 
OQSNCO and/or 122(58) 1221100) 122(80) 


103( 10) 103(18) 103(59) 
96(26) 96(39) 96(20) 
80(48) 80(87) 80(85) 


Xenon neutral gas. * Glycerin matrix. 


Table 11-Positive-Ion Fast Atom Bombardment Mass 
Spectra 8.b 


I1 
Positive-Ion I R‘ = Na, I11 
Compound 
Assignment [masdcharge (Relative Intensity)] 


R’ = R” = H R” = H R’ = R” = K 


2M+2R’-H 
2M+R‘ 
2M+H 
M+2R’-H 
M+R’ 
MH 
M+R’-SO3 
MH-SO3 
M-H--SO? 


- 959(9) 1099(1) 
871(1) 937(24) 1061(4) 


1023(2) 


356(44) 378(?) - 
354(3) 377(83) - 


MH-H03$NC0 and/or 313i65) 335(22) 389(11) 


MH-OZCC~H~O 334(4) 356(5) 410( 13) 
CAH~N?S 126(100) 126(93) - 


MH-HO~SNCZH~ 


Xenon neutral gas. * Glycerin matrix. 


to the [mlz 313]+ ion in the positive-ion detection mode 
and its [mlz 1221- complement in the negative-ion de- 
tection mode. 


Because polar acids are often isolated as alkali salts, the 
fast atom bombardment spectra of the monosodium (11) 
and dipotassium (111) salts (13) were compared to the 
spectra of azthreonam (I). The negative-ion spectra pro- 
duced readily assignable [M-HI- and [M-R’]- ions 
(Table I). The positive-ion spectra yielded complimentary 
information, although ions generated from mono- and 
dicationization were more intense than the MH+ ions. 
Consequently, care should be taken to introduce as mini- 
mum extraneous inorganic salts, or, if unavoidable, only 
a single species of cation. Fast atom bombardment mass 
spectrometry has been used in the characterization of re- 
lated naturally occurring monobactams, synthetic inter- 
mediates for azthreonam, and impurities. 


(1) C. M. Cimarusti, H. Breuer, T. Denzel, D. K. Kronenthal, U. D. 
Treuner, D. P. Bonner, and R. B. Sykes, Abstract 487,21st Interscience 
Conference on Antimicrobial Agents and Chemotherapy, Chicago, Ill., 
November 4-6,1981. 
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Effect of Initial Conditions and 
Drug-Protein Binding on the  Time t o  
Equilibrium in Dialysis Systems 


Keyphrases 0 Drug-protein binding-effect of initial conditions on 
the time to equilibrium in dialysis systems Equilibrium dialysis-effect 
of initial conditions and drug-protein binding 


T o  The  Editor: 


A major disadvantage of using equilibrium dialysis 
methods for determining in vitro plasma protein binding 
of drugs is the time needed to reach equilibrium. Recently, 
Oie and Guentert (1) mathematically showed that equili- 
bration is more rapid when the drug is initially added to 
the plasma side as opposed to the buffer side. The ap- 
proach to equilibrium was described by integrated equa- 
tions for the concentration of drug on the buffer side as a 
function of time. The relative time to equilibrium for the 
two initial configurations was found to be: 


In a tg In 6 + In a R = - =  = 1 + -  
tP In 6 In 6 (Eq. 1) 


where t B  and t p  are the times to reach some fraction (6) 


from the equilibrium concentration when the drug is ini- 
tially added to the buffer or plasma side, respectively, and 
a is the unbound fraction in plasma which is assumed to 
be constant during the dialysis. For example, a 6 value of 
0.05 indicates a deviation of 5% from the true equilibrium 
value. 


The authors indicated that the closer to the true equi- 
librium value one wants to be, the closer the ratio is to 
unity. Furthermore, a smaller a (stronger binding) or a 
larger 6 increases the advantage of spiking the plasma side. 
While we are in complete agreement with these conclu- 
sions, some interesting and practical information may be 
lost if the examination of this system is limited only to the 
ratio of the times to equilibrium. In this communication 
the concept of approach to equilibrium in dialysis systems 
will be further developed and factors affecting comparative 
equilibration times will be discussed. 


When drug is initially added to the plasma side, the 
concentration on the buffer side (C,) at  any time ( t )  is: 


where CO is the initial concentration, and KT is the rate 
constant governing the transfer of drug across the mem- 
brane (1). 


When drug is initially placed in the buffer side, a similar 
equation is obtained: 


(Eq. 3) 


Although the actual concentration on the buffer side is 
the variable of interest, a more useful relationship for ex- 
amining the influence of a on equilibrium times would be 
an expression of CB in relative terms. A fraction away from 
the equilibrium concentration in the buffer side (6) is de- 
fined as: 


Absolute Value ( C i  - C B )  
6 =  (Eq. 4) 


where Cg is the concentration of CB as t - 00 and C i  = 
Coa/(l + a)  for both cases (buffer or plasma spiked). 


In a form analogous to Eq. 2, the time course of this 
fraction when drug is initially on the plasma side is then 
described by: 


(Eq. 5) 
When drug is initially placed on the buffer side, the time 


6 - --KT(l+ol)t  P - e  


course of 6 is described by: 
,--KT(l+ol)t 


6B = (Eq. 6) 
Ly 


A hypothetical semilog plot for the time course of these 
fractions from equilibrium concentration is shown in Fig. 
1. As dictated by Eqs. 5 and 6, the 6 values decline expo- 
nentially with time. For a given value of a,  In 6 p  and In 6~ 
decrease at  the same rate with slope = -KT(I + a).  As a - 0, the slopes become -KT and as a - 1, the slopes be- 
come - ~ K T .  At t = 0, 6 p  = 1, whereas the 6~ = l/a. Thus, 
dp values are always 51 whereas 6~ has no limit. Although 
the actual rate constants for approach to equilibrium are 
the same for both buffer and plasma spiked systems, the 
buffer spiked system requires more time to reach compa- 
rable 6 values, because a greater amount of drug must be 
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Differential Pulse Polarography of Some Degradation 
Products of Tetracycline 
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N Y  11201. Accepted for publication January 19,1982. 


Abstract  0 In an attempt to develop a more rapid, convenient, and 
precise method for the direct detection and analysis of the degradation 
products of tetracycline, a study of those products utilizing differential 
pulse polarography was initiated. The investigation was concentrated 
on the subject of the kinetics of the epimerization of anhydrotetracycline 
to 4-epianhydrotetracycline in acetate buffer. The reaction was followed 
a t  25 and 50". Duplicate experiments were run at each temperature. The 
apparent rate constants obtained were 4.17 f 0.13 X lO-l/hr (25') and 
6.97 f 1.00 X 10-2/hr (50'). 


Keyphrases 0 Tetracycline-differential pulse polarography, degra- 
dation products, kinetics, epimerization Kinetics-differential pulse 
polarography, degradation products of tetracycline, epimerization 0 
Epimerization-differential pulse polarography of degradation products 
of tetracycline, kinetics 0 Degradation-differential pulse polarography, 
products of tetracycline, epimerization, kinetics 


A unique method is reported for the determination of 
degradation products of tetracycline. It is well known that 
tetracycline undergoes spontaneous degradation to an 
epimer, 4-epitetracycline and dehydration to anhydrote- 


~ 


0.2 @A 


C 


POTENTIAL versus SCE, V 


Figure 1-(A) Differential pulse polarogram of a mixture o f  anhy-  
drotetracycline and epianhydrotetracycline; (B) differential pulse 
polarogram of anhydrotetracycline; (C) differential pulse polarogram 
of epianhydrotetracycline. 


tracycline. In addition, both of the latter compounds un- 
dergo further transformation to produce 4-epianhydro- 
tetracycline (1-3). There has been much concern over the 
kinetics and mechanisms (4-6) of these reactions and 
methods for determining the various products (7-15). The 
application of differential pulse polarography to the de- 
tection of tetracycline and a number of its derivatives has 
been described previously (16). This report describes the 
use of differential pulse polarography for detecting 
anhydrotetracycline in the presence of epianhydrotetra- 
cycline and for following the conversion of the former 
compound to the latter. 


EXPERIMENTAL 


Apparatus-The apparatus and technique used in this work have been 
described previously (17). 


Materials-Anhydrotetracycline and 4-epianhydrotetracycline ref- 
erence gradel, were used as received. Acetate buffer (pH 4.31) was freshly 
prepared from reagent grade acetic acid and sodium acetate2. 


Procedure-Known amounts of anhydrotetracycline hydrochloride 
and/or 4-epianhydrotetracycline hydrochloride were added to a 250-ml 
volumetric flask. The materials were dissolved and brought to volume 
with acetate buffer solution. A fixed volume (25 ml) of each solution was 
withdrawn, deaerated, and assayed polarographically. Polarograms were 
recorded between -0.9 and -1.5 V. 


In the rate studies, four different concentrations of anhydrotetracycline 
hydrochloride (5.0-8.0 X M )  in acetate buffer solution (pH 4.31) 
were followed as a function of time a t  the desired temperature. Polar- 
ograms of each sample were run immediately upon preparing the solution. 
Each solution was transferred into two separate 56.8-ml prescription 
bottles. The bottles were sealed with plastic covers and immediately 
placed in a thermostated shaker bath. 


At appropriate time intervals, each sample bottle was withdrawn and 
immersed in ice to reduce the possibility of further reaction. The samples 
were analyzed by differential pulse polarography as described. Duplicate 
kinetic experiments were run a t  25 and 50'. 


RESULTS AND DISCUSSION 
Figure 1A is a typical polarogram of a mixture of anhydrotetracycline 


and epianhydrotetracycline showing separate peaks attributable to the 
two compounds. The polarograms demonstrate clearly diverse curves 
a t  a peak potential of -1.09 V (Figs. 1B and 1C). A linear relationship 
between current and concentration exists a t  the peak potential a t  which 
these currents were measured. This is the major reduction potential in 
the polarographic spectrum for the compound. 


At appropriate time intervals, solutions of anhydrotetracycline kept 
at various temperatures and concentrations were analyzed polaro- 
graphically by the measurement of peak currents of the polarograms a t  
the peak potential of -1.09 V. 


The epimerization was observed to follow first-order kinetics as re- 
ported previously (18). The rate constants obtained from semilogarithmic 
plots are 0.0417 f 0.0013 a t  25' and 0.0697 f 0.0100 a t  50'. The values 
obtained in this study are somewhat lower than those reported (18) for 
the same reaction in phosphate buffer a t  pH 1.5. I t  is suspected that acid 
catalysis plays a role in the conversion. 


Estimation of the activation energy for this reaction based on the two 


Lot Ph  Eur 1, European Pharmacopoeia. 
2 Scientific Products, Inc. Edison, N.J. 
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temperatures studied leads to a low apparent value. It may be speculated 
that the reaction involves a low-energy bond rotation. However, it is not 
the intent of this report to provide a detailed mechanistic evaluation of 
the process. Such studies are to be conducted. 


The technique of differential pulse polarography has been applied to 
the detection of anhydrotetracycline in the presence of epianhydrote- 
tracycline and used to study the rate of conversion of anhydrotetracycline 
to its epimer. The authors feel this is a unique application of this tech- 
nique. It is also felt that this work proves that this method, which is 
somewhat simpler to utilize than most commonly employed analytical 
procedures, might be useful in studying the reactions of other tetracycline 
derivatives. 
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Abstract A multiple linear regression method, known as the extended 
Hansen solubility approach, was used to estimate the partial solubility 
parameters, bd, b,, and bh for crystalline solutes. The method is useful, 
since organic compounds may decompose near their melting points, and 
it is not possible to determine solubility parameters for these solid 
compounds by the methods used for liquid solvents. The method gives 
good partial and total solubility parameters for naphthalene; with related 
compounds, less satisfactory results were obtained. At least three con- 
ditions, pertaining to the regression equation and the solvent systems, 
must be met in order to obtain reasonable solute solubility parameters. 
In addition to providing partial solubility parameters, the regression 
equations afford a calculation of solute solubility in both polar and 
nonpolar solvents. 


Keyphrases 0 Solubility, partial-extended Hansen approach, pa- 
rameters of solid solutes, naphthalene, decomposition 0 Naphtha- 
lene-extended Hansen approach, partial solubility parameters of solid 
solutes, decomposition Decomposition-extended Hansen approach, 
partial solubility parameters of solid solutes, naphthalene 


A multiple regression method using Hansen partial 
solubility parameters, 6 d ,  6,, and dh, was reported (1) for 
calculating the solubility of naphthalene in pure polar and 
nonpolar solvents. 


THEORETICAL 


The method, called the extended Hansen solubility approach, uses a 
regression equation of three terms involving solvent and solute solubility 
parameters: 


where X p  and Xpi are the mole fraction solubility and mole fraction ideal 
solubility, and A is a term from regular solution theory: 


(Eq. 2) 


where V2 is the molar volume of the solute in the supercooled liquid state, 
91 is the volume fraction of solvent, R is the gas constant, and T is the 
absolute temperature. 


The partial solubility parameters for dispersion, bd, dipolar interaction 
forces, b,, and hydrogen bonding and other Lewis acid-base interactions, 
bh, are found in Eq. 1 for solvent (subscript 1) and solute (subscript 2). 
The coefficients CO, C1, Cz, and Cs are provided in the computer output 
resulting from the least-squares analysis. 


The equation obtained for naphthalene in 24 solvents by the extended 
Hansen solubility approach was (I): 


XZ' 
xz log (Y2 = log - = 1.0488A(bid - 62d)2 - 0.31484(61p - &,)* 


-t 0.2252A(bih - 62h)* + 0.0451 (Eq. 3) 


This equation provided solubilities of naphthalene in polar and nonpolar 
solvents at  40° with <30% error (except for tert-butanol, 53% error); for 
-50% of the cases results were obtained within <5% error. The method 
allowed the calculation of the solubility of naphthalene in solvents not 
included in the series under investigation. The extended Hansen solu- 
bility approach was tested against the UNIFAC method (2) and the ex- 
tended Hildebrand solubility approach (3), two alternate methods 
undergoing recent development. 


RESULTS AND DISCUSSION 


The partial solubility parameters of Hansen and Beerbower (4) are 
available for a large number of liquids, but the values for only a few solids 
(represented as supercooled liquids) are found in the literature. A table 
was prepared of group contributions for calculating partial solubility 


0022-3549/82/1100- 1285$01.00/0 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1285 
Vol. 71, No. 11, November 1982 












The proven versatility of the methodology here points out the power 
of the coupling of liquid chromatography with electrochemical detection 
for determining oxidizable drugs in biological matrixes. 


0 40 80 120 160 200 240 300 
MINUTES 


Figure 5-Enuiroxime concentration i n  dog plasma (nglml)  after oral 
administration of a n  8-rnglkg dose. 


terminable as early as 10 min after oral dosing to as long as 5-8 hr post- 
dose. A second example illustrates the value of a chemical assay, as 
compared with the original plaque reduction assay. The amount of I1 
found in the plasma of dogs following oral dosing with I was usually very 
small, between 5 and 10% of I. However, when I1 was administered orally 
to dogs, I was still the major peak found in plasma. Thus, either by me- 
tabolism or by acid-catalyzed isomerization in the GI tract, the two iso- 
mers tend to form an equilibrium mixture in the plasma, in which I pre- 
dominates. 


NOTES 
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Abstract 0 A series of 4-hydrazino-5H-pyridazino(4,5-b)indoles (VIII) 
and their potential metabolites (3,4-dihydro-4-oxo-5H-pyrid- 
azino(4,S-b)indoles (V) and llH-1,2,4-triazolo(4,3-b)pyridazino- 
(4,5-b)indoles (IX) were investigated for antihypertensive activity in 
spontaneously hypertensive rats. All compounds showed antihyperten- 
sive activity at  25 mg/kg ip. Compound VIII was the most active, and the 
most toxic. 


Keyphrases 0 Antihypertensive agents-synthesis of pyridazino- 
(4,5-b)indole derivatives, rats, metabolites 0 Metabolites-synthesis 
of antihypertensive agents, pyridazino(4,5-b)indole derivatives, rats 0 
Pyridazino(4,5-b)indole-derivatives, synthesis of antihypertensive 
agents, hypertensive rats 


In connection with work related to the preparation and 
study of new products as potential antihypertensive 
agents, a series of pyridazino(4,5-b)indole derivatives (1-3) 


related to the well-known antihypertensive agent hy- 
dralazinel (I), as well as its metabolites (4, 5) were syn- 
thesized. The metabolism of these compounds takes place 
essentially (5,6) through N2-acylation (formyl, acetyl) of 
the hydrazino group and further cyclization to triazole 
derivatives (11), as well as the hydrolysis of the hydrazino 
to give the 0x0 derivatives (111). 


The results of a preliminary evaluation in spontaneously 
hypertensive rats of Compounds V, VIII, and IX (see 
Scheme) are reported. All of these compounds are struc- 
turally related to hydralazine (I)’ and its metabolites. 


Some preliminary data for Compound VIIa in normo- 
tensive and hypertensive (renal fistula), anesthetized 


1 Apresoline (1-hydrazinophtalazine). 
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Table I-Antihypertensive Activity in Spontaneously Hypertensive Rats  fo r  Pyridazino (4,5-b)indole Derivatives V, VIII, and IX 


V Compounds VIII Compounds IX Compounds 
Fallsd Fallsd Fallsd 


Compounds Dose LD50 3 hr 5 hr 25hr Dose LDm 3 hr 5 hr 25 hr Dose LD50 3 hr 5 hr 25 hr 


a 
a 
a 
a 
a 
a 
a 


b 
b 
b 
b 
c 
d 


e 


U 


25" 1000 16 19 - 5" 225 
2,5" 
1,O" 
0,5" 
56 


2,5b 
5' 


2,5' 


2,5' 
5" 


2,5" 


25" 224 
196 


10" 1000 1 19 15 10" 970 


25" 100 18 20 6 5= 105 


25" 758 28 30 19 


92 84 32 25" 794 1 -  - 
66 61 36 
47 44 38 
48 3 
50 92 
33 28 


~~ 


1 
65 


4 
80 60 20 
61 30 10 
21 16 8 25" 200 14 4 1  
19 16 8 
22 17 9 
14 10 6 


67 44 15 25" 1000 8 13 2 
16 12 3 
12 31 1 10" 1000 3 18 4 


Dose, mg/kg, ip (spontaneously hypertensive). * Dose; mg/kg, oral (spontaneously hypertensive). C Dose, mg/kg, ip (desoxycorticost,erone-saline rats). d Falls in 
systolic blood pressure at the indicated times after the indicated doses (average for four rats 190 f 5 mmHg). 


(thiobarbital), and nonanesthetized dogs have been re- 
ported (3). 


EXPERIMENTAL 


Chemistry*-Compounds V-IX have been prepared according to 
Scheme I. The following compounds have been previously reported: Va 
and VIIIa (3); Vb (mp 283-285', and erroneously reported mp 218') and 
Ve (7); IXa and IXb (2); Vc (8,9) and Vd; VIIId and IXd (9). Compounds 
VIIIb, VIIIe, and IXe were prepared by methods similar t o  those previ- 
ously reported (2, 3, 9) but these compounds had not been reported 
previously. 
4-Hydrazino-5-methyl-5H-pyridazino(4,5-b)indole (VII1b)- 


Compound VIIIb was prepared from Compound Vb (7) in a similar way 
to that reported previously (3) for Compound VIIIa. Yield: 90%; mp = 
178-180'; (ethanol), white crystals IR (potassium bromide): u (cm-1) = 
3200 (bs, NH); 1625 (s, C=N); 765 (s, 1,2-aromatic disubstituted) 'H- 
NMR (dimethyl sulfoxide-d6): b = 3.40 (sb, 2H, NH2); 4.25 (s, 3H, CHa); 
7.10-7.90 (m, 3H, H6-8); 7.85-8.30 (dd, Hg); 8.50 (sb, l H ,  NH); 9.95 (s, 
HI). 


And-Calc. for C10H12Ns: C, 61.7; H, 5.62; N, 32.7. Found: C, 61.9; 
H, 5.61; N, 32.7. 
4-Hydrazino-8-benzyloxy-5H-pyridazino(4,5-b)indole (VIIIe) 


-Compound VIIIe was prepared from Compound Ve (7) in a similar way 
to that reported previously (3) for Compound VIIIa. Yield: 80% mp 340' 
(N,N-dimethylformamide-water). Light brown crystals formed. IR 
(potassium bromide): u (cm-l) = 3000-3200 (m) and 3280-3399 (m) 
(NH); 1645 (s, C=N); 830 (m, 1,2,4-aromatic trisubstituted); 700 (s, ar- 
omatic monosubstituted) 'H-NMR (dimethyl sulfoxide-ds): b = 5.30 (s, 
2H, CH2-O); 6.00-7.00 (bs, 3H, NH2-NH-); 7.20-7.65 (m, 7H, 


Anal.-Calc. for C17H15NSO: C, 66.9; H, 4.91; N, 22.9. Found: C, 66.5; 
H, 4.75; N, 22.5. 


1 l-H-l,2,4-Triazolo(4,3- b)pyridazino(4,5-b)-8-benzyloxyindole 
(1Xe)-Compound IXe was synthesized from Compound VIIIe in a 
similar way to that previously reported (2,9) for Compounds IXa,b,d. 
Yield: 90%; mp 340' (N,N-dimethylformamide). White crystals formed. 
IR (potassium bromide) u (cm-l) = 3080-3120 (m, NH), 1640 (s) and 1625 
(s) (C=N): 820 (s, 1,2,4-aromatic trisubstituted) 'H-NMR (dimethyl 
sulfoxide-d,j): 6 = 3.20 (s, 3H, CH,); 5.40 (s, 2H, CH2-0); 7.40-7.55 (m, 


Anal.-Calc. for ClgH15N50: C, 69.3; H, 4.59; N, 21.3. Found: C, 69.5; 
H, 4.82; N, 21.4. 


Pharmacology-Compounds were evaluated for antihypertensive 
activity in unanesthetized spontaneously hypertensive, 8-week-old male 


HG-~C&,-); 7.85 (dd, Hg); 9.20 (s, HI). 


7H, HB-&&); 7.85 (dd, Hs); 9.60 (s, HI).  


All melting points were determined in a Gallenkamp apparatus in glass capillary 
tubes and were uncorrected. Analysis included microanalysis of samples dried in 
vacuum on phosphorus pentoxide (2-3 hr, 60-70'). Where a molecular formula is 
given, analytical results are within 0.4% of the theoretical values. IR spectra were 
recorded in a Perkin-Elmer model 681 apparatus. The 'H-NMR spectra were re- 
corded in a Perkin-Elmer model R-32 spectrometer (90 MHz) at room temperature, 
with tetramethylsilane as an internal reference: s, d, t, for singlet, doublet, triplet; 
bs = broad signal; dd = deformed doublet. 


B R 


VI \ VII 


B \ 


IX VIII 


R R' R" 
IV-IX: a) . . . . . . H H H 
IV-IX: b )  . . .  . . .  H CH, H 
IV-V: C) . . . . . .  OH H H 
IV-IX: d )  . . . . . .C1 H H 
IV-IX: e )  . . . . . . H H CgHS--CHZ-O- 


rats (spontaneously hypertensive)", of the Okamoto strain weighing 
300-350 g and with systolic blood pressure levels >180 mmHg. Changes 
in the arterial pressure were measured by mechanical transduction4 and 
registered on paper. A dose was given to each of four animals and blood 
pressures were measured a t  3 , 5 ,  and 24 hr. The tested compounds were 
administered (2.5 mlhg ip) either dissolved or suspended in normal saline 
containing 0.2% carboxymethylcellulose and 1% polysorbate 80. 


The initial dose was 25 mg/kg. The more active compounds were tested 
a t  lower concentrations, as shown in Table I. The most active compound 


Navarra University Farms 
WtW,  BP Recorder 8005. 
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(VIIIa) was also similarly tested in desoxycorticosterone-saline rats 
(intraperitoneally) (10). 


Acute toxicities were determined in male mice weighing 20 f 2  g. A dose 
was given orally to each of five animals and mortalities were recorded 1 
week later. The LDso was calculated according to a previous procedure 
(11). 


RESULTS AND DISCUSSION 


Table I summarizes the results of the pharmacological assays. All the 
compounds studied showed appreciable activity in the spontaneously 
hypertensive rat assay. In decreasing order of activity they are: VIIIa > 
VIIId > VIIIe > VIIIb > Vc > Va > Vb > Ve > IXe > IXb > IXd > 
IXa . 


The hydrazino group is not essential for activity although i t  does 
considerably increase antihypertensive activity and toxicity. Group VIII 
compounds are thus the most active and the most toxic. Furthermore, 
the antihypertensive activity of V compounds may be related to that of 
other non hydrazine antihypertensive compounds (12,13). I t  seems that 
this is the first report of antihypertensive activity in the 0x0 and triazole 
metabolites of pyridazino-hydrazine antihypertensives. 
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Abstract  Two techniques are described for the treatment of dissolu- 
tion rates to estimate the percent disintegrated-time data for tablets and 
capsules. The first is an extension of an equation derived previously with 
the assumption of first-order disintegration and dissolution processes; 
whereas, the second involves the determination of the rate constant from 
the terminal segment of the curve and the use of numerical derivatives 
according to a disintegration kinetics-independent approach. The dis- 
solution data of six commercial tablet and capsule formulations were 
treated according to the described techniques. Good agreement was found 
between the percent disintegrated-time data estimated by the second 
approach for an acetaminophen tablet and those obtained by a well- 
established model where a Weibull function was employed. 


Keyphrases Dissolution-tablets, simple methods for estimating 
percent disintegrated-time data Disintegration-tablets, simple 
methods for estimating percent disintegrated-time data, dissolution 


There are few methods available for utilizing dissolution 
rate data to estimate the fraction disintegrated as a func- 
tion of time for tablets (1,2). These techniques, however, 
lack simplicity and require computer programs which may 
not be available. 


A simple method was described recently for the disin- 
tegration-dissolution analysis of percent dissolved-time 
data (3). The technique is based on a biexponential 
equation with the assumption of first-order disintegration 
and dissolution according to a simple dissolution model. 


The present report describes two approachs that can be 
used to estimate the percent disintegrated-time data for 
tablets and capsules. The first is an extension to the above 
report (3), whereas the other is based on disintegration 
kinetics-independent approach. Both techniques are 
simple and rapid and allow computations to be carried out 
manually. 


THEORETICAL 


Estimation of Percent Disintegrated-Time Data  (Approach I) 
-Assuming first-order disintegration and dissolution processes, if A ,  
A,, and A, represent the amounts of drug in dosage form, small particles, 
and solution, respectively, a t  any given time, and it is assumed that the 
disintegration and dissolution are first-order processes whose apparent 
rate constants are kd and k,, respectively, or: 


k d  ka 
A * A p - - - - - - - - - - L A ,  


first-order disintegration first-order dissolution 


Scheme I 


the following equation can be derived (3): 


where fa is the cumulative percent dissolved a t  time t .  
Based on Scheme I, the following also can be derived: 
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The tendency of I to exhibit fluorescence in solution is potentially 
useful for analysis by HPLC. However, this fluorescence is readily 
quenched in aqueous solutions, thereby hindering its use in many re- 
versed-phase liquid chromatographic systems. Normal-phase liquid 
chromatography does not appear promising due to the strong affinity of 
I for silica gel columns, resulting in asymmetric peak shapes and excessive 
capacity factors. Thus, paired-ion reversed-phase chromatography in 
conjunction with detection by UV absorbance is used for the analysis of 
I by HPLC. The parameters chosen provided good peak shape, a mod- 
erate retention time, and analytical sensitivity comparable to that ob- 
tained by fluorescence detection. 


The selection of one procedure in preference to the other for the 
analysis of plasma samples from clinical studies is a matter of available 
equipment and efficiency. TLC is used preferentially to HPLC in this 
laboratory for the rapid analysis of limited numbers of samples (typically 
1-20). Larger numbers of samples may be analyzed more efficiently by 
HPLC using an auto-injector to provide for unattended operation. The 
chromatographic equipment is interfaced with microcomputers to fa- 
cilitate quantification, thereby achieving high levels of precision and 
accuracy. 
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Abstract An NMR spectroscopic method for the determination of 
isosorbide dinitrate, alone or together with alprenolol or propranolol, is 
described. Spectra are determined in dimethyl sulfoxide-ds containing 
maleic acid or 1,4-dinitrobenzene as internal standards. Both synthetic 
mixtures and commercial formulations were assayed, and the results were 
compared using compendia1 procedures. 


Keyphrases 0 Isosorbide dinitrate-NMR determination, P-adrenergic 
blocking agents in tablets 0 @-Adrenergic blocking agents-NMR de- 
termination of isosorbide dinitrate, tablets NMR spectroscopy- 
determination of isosorbide dinitrate and @-adrenergic blocking agents 
in tablets 


Isosorbide dinitrate (I) is a member of the group of va- 
sodilator drugs, having a nitrite or nitrate function, that 
are used particularly in the treatment of angina pectoris 
and ischemia of skeletal muscle (1). It is used alone or to- 
gether with /3-adrenergic blocking agents such as pro- 
pranoIol(I1) (2) or alprenolol (111) (3). 


Several methods for the analysis of I, 11, and I11 have 
been described. The official compendia describe a po- 


IA 


9 8 7 6 5 4 3 2 1  


Figure I-NMR spectrum ofa  typical I and I I  mixture analysis in di- 
methyl sulfoxide-ds. Key: (A) methyl protons of I I ;  (B) soluent impurity; 
(C)  protons on Cz and C g  of I; (0) single signal of IV. 


larographic titration (4) or a colorimetric reaction with 
p-phenolsulfonic acid (5) for isosorbide dinitrate and a 
spectrophotometric assay for alprenolol(6) and propran- 
0101 (7). However, their application for the quantitative 
determination of I in tablets is laborious and time con- 
suming. The present report describes a new quantitative 
method for the determination of I alone or together with 
I1 or I11 by ‘H-NMR spectroscopy. Furthermore, it allows 
the simultaneous analysis of I1 or 111. 


EXPERIMENTAL’ 


Materials-Standard isosorbide dinitrate (I), propranolol hydro- 
chloride (II), and alprenolol hydrochloride (111) were purified by re- 
crystallization from ethanol-water, n-propanol, and ethyl acetate, re- 
spectively. 


Maleic acid (IV) was used as internal standard after recrystallization 
from water, mp 130-131’; 1,4-dinitrobenzene (V) (8), also used as internal 
standard, was purified by sublimation, mp 173-174’. Dimethyl sulfox- 
ide-ds (VI) was used as the solvent and tetramethylsilane was the internal 
standard. 


Samples-Tablets from two batches of each brand locally obtained 
were used. 


Isosorbide Dinitrate Tablets-Twenty tablets were weighed and 
a sample equivalent to 50 mg of I was dissolved in 10 ml of 2% sodium 
bicarbonate solution and extracted from methylene chloride (3 X 7 ml). 
The solution was evaporated in a Craig tube, and 75 mg of IV was added. 
The mixture was dissolved in 1.0 ml of VI, and -0.4 ml of the solution 
was transferred to an NMR tube where the spectrum was obtained (Table 
1). 


Isosorbide Dinitrate and  Propranolol Hydrochloride Tablets- 
The same procedure as just described was used with a sample equivalent 


~ ~~~~ 


A Perkin-Elmer R12 NMR spectrometer, 60 MHz was used. All spectra were 
scanned at a probe temperature of 35’. 
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Table I-Analysis of Isosorbide Dinitrate ( I )  Tablets 


Declared NMR USP XX" FA VIb 
Sample dosage, mg mg Percent mg Percent mg Percent 


A 
B 
C 


20.0 
20.0 
20.0 


19.6 
19.3 
20.0 


98.0 
96.4 


100.0 


20.1 
19.6 
20.4 


100.5 
98.0 


102.0 


20.3 101.4 
19.9 99.5 
20.6 103.2 


D 20.0 19.7 98.6 20.3 101.5 20.4 102.1 


a See Ref. 4. * Forrnacopea Naconial Argentina (see Ref. 5 ) .  


Table 11-Analysis of Tablets of Isosorbide Dinitrate (I) and  Propranolol Hydrochloride (11) 
~ ~ ~~~ ~ 


Propranolol Hydrochloride Isosorbide Dinitrate 
Declared Declared 
dosage, NMR BP" dosage, NMR USP XXb 


Tablets mg mg Percent mg Percent mg mg Percent mg Percent 


A 40.0 39.9 99.7 40.7 101.8 10.0 10.5 105.3 9.8 97.8 
B 40.0 39.7 99.2 39.9 97.5 10.0 10.2 102.2 10.1 100.9 
C 40.0 41.2 102.9 41.2 103.0 10.0 10.2 101.9 9.8 98.5 
D 40.0 40.0 100.0 39.4 98.4 10.0 9.9 98.7 9.9 99.4 


a British Pharmacopoeia (see Ref. 7). See Ref. 4. 


Table 111-Analysis of Tablets of Isosorbide Dinitrate ( I )  and Alprenolol Hydrochloride (111) 


Alprenolol Hydrochloride Isosorbide Dinitrate 
Declared Declared 
dosage, NMR BPa dosage, NMR USP XXb 


Tablets mg mg Percent mg Percent mg mg Percent mg Percent 


A 50.0 51.6 103.2 51.1 102.2 10.0 10.5 104.9 10.2 102.5 
R 6o.n 60.7 101.4 49.9 99.8 10.0 10.3 102.7 10.1 101.1 - 
C 50.0 51.3 102.6 51.4 102.9 10.0 10.3 102.6 9.8 99.7 
D 50.0 46.4 92.8 47.6 95.2 10.0 10.3 102.8 10.2 102.0 


a British Pharmacopoeia (see Ref. 6). See Ref. 7. 


Table  IV-Analysis of Standard Mixtures of lsosorbide Dinitrate ( I )  and Propranolol Hydrochloride 


Internal Propranolol Hydrochloride Isosorbide Dinitrak 
Found, Recovery, Standard Standard, Added, Found, Recovery, Added, 


Mixture mg mg mg % mg mg % 


75.5 
63.2 
70.7 
73.2 
77.0 
75.0 
78.0 
74.5 


188.7 187.0 
204.3 206.8 


99.1 40.3 39.2 
101.2 46.9 47.8 
97.5 50.0 47.2 
99.9 47.0 


100.3 55.5 
96.9 41.7 


47.2 
53.1 
39.7 


98.3 49.8 50.2 


97.2 
101.8 
94.3 


100.5 
95.6 
95.2 


100.7 
202.2 206.0 101.9 51.5 50.5 98.0 


Mean = 97.9 
%SD = f2.90 


Mean = 99.4 
9% SD = f1.80 


to 50 mg of I and 200 mg of I1 using 75 mg of IV as the internal standard 
(Table 11). 


Isosorbide Dinitrate and Alprenolol Hydrochloride Tablets-The 
same procedure as described for isosorbide dinitrate was used, with a 
sample equivalent to 20 mg of I and 100 mg of I11 using 60 mg of V as the 
internal standard (Table 111). 


Calculations-The amount of I was calculated as follows: 


Where EWI is the molecular weight of I divided by the number of protons 
in the signal chosen, EWST is the molecular weight of the internal stan- 
dard divided by the number of protons in i t s  signal, A1 is the integral value 
of the signal representing I, AST is the integral value of the signal repre- 
senting the internal standard, Ws is the weight of the sample in milli- 
grams, and ATW is the average tablet weight. 


The amount of I1 and 111 was calculated by a similar procedure. 


RESULTS AND DlSCUSSION 


All the drugs and internal standards were soluble in dimethyl sulfoxide. 
Its impurity appeared a t  2.5 ppm and it did not interfere with the signals 
chosen. The stability of the drugs in this solvent during testing was en- 


sured by running the spectra twice. 
Maleic acid was selected as the internal standard because it provides 


a signal a t  6.2 ppm, which is near the signal chosen for the analysis; 
therefore, the error due to drift is small. Furthermore, it has an equivalent 
of 58, larger than the equivalent of most internal standards. For the 
analysis of 111, V was used due to the overlapping of the signals of 111 and 
IV. 


91 
g S i B k d 9 i i  


Figure 2-NMR spectrum of a typical I and I11 mixture analysis in 
dimethyl sulfoxide-d6. Key:  (A)  methyl protons ofI11; (B) solvent im- 
purity; (C) protons on CZ and CS of I ;  (0) single signal of V. 
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Table V-Analysis of Standard Mixtures of Isosorbide Dinitrate and Alprenolol Hydrochloride 


Internal Alprenolol Hydrochloride Isosorbide Dinitrate 
Standard Standard, Added, Found, Recovery, Added, Found, Recovery, 
Mixture mg mg mg % mg mg % 


1 101.7 253.0 252.5 
2 102.7 250.7 261.0 
3 
4 
5 


114.0 
97.7 
94.5 


258.2 252.2 
260.5 256.5 
251.0 256.5 


6 94.8 252.0 258.0 


99.7 53.2 53.5 
104.1 53.5 53.5 
101.5 52.5 
98.5 57.5 


102.2 57.0 


54.2 
56.5 
56.0 


102.4 57.0 58.5 


100.6 
100.0 
103.3 
98.3 
98.2 


102.6 
7 91.2 249.5 254.0 101.8 52.5 49.0 93.3 
8 91.5 258.5 266.0 102.9 62.0 63.0 101.6 


Mean = 99.7 
%SD = f3.18 


Mean = 101.6 
%SD = f1.78 


The signal chosen for the analysis of I was the multiplet at 5.5 ppm due 
to the protons on C:! and Cs. The presence of this signal at low fields is 
due to the electronegativity of the nitrate ester group as in 1,43,6-di- 
anhydro-D-glucital. In this compound both diacetoxy and dimesyloxy 
derivatives have their CZ and Cb protons shifted to lower fields (9). 


The doublet a t  1.25 ppm due to both methyl groups was chosen for 11. 
The signal given by the same group in 111, a doublet at 1.30 ppm, was 
selected for 111. The singlets a t  6.2 ppm for IV and 8 ppm for V were used 
for the internal standards. 


The results of the analysis of a group of known standard mixtures of 
I and I1 and I and I11 are summarized in Tables IV and V (Figs. 1 and 2). 
The method is accurate and precise, with an SD f 3.06 for I. The standard 
deviation is f1.80 and f1.78 for I1 and 111, respectively, for the standard 
mixtures. 


This procedure was also applied to commercial lots of tablets from 
three companies containing I and its mixtures with I1 and 111. 


The results obtained are in agreement with those obtained using the 
official USP procedure for I (4) and the B P  procedures for I1 (6) and 111 
(7). 
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Abstract  0 The binding of copper to bovine, human, rabbit, rat, and 
porcine albumin has been studied using a cupric ion-specific electrode. 
The results were analyzed in terms of Scatchard expression assuming two 
classes of independent binding sites. The high-affinity constants for 
copper binding to the albumin show the same trend as the first association 
constants for nickel binding, namely, rabbit > human > rat > pig. Despite 
the similarity in the primary amino acid sequence for human and bovine 
serum albumin, the former has only one high-affinity site for copper, 
while the latter has more than three sites. 


Keyphrases Binding-copper to serum albumin, ion-specific electrode 
study, bovine, human, rabbit, rat, porcine Serum albumin-bovine, 
human, rabbit, rat, porcine, ion-specific electrode study, copper binding 


Ion-specific electrode-copper binding to serum albumin, bovine, 
rabbit, human, rat, porcine 


Serum copper levels play a dual role in several patho- 
logical conditions, both in humans and experimental ani- 
mals (1, 2). Anti-inflammatory properties are associated 
with several salts and chelates of copper (3-9). On the other 
hand, increased copper levels have been observed in several 
diseases such as tuberculosis and pneumonia (lo), rheu- 


matoid arthritis (11,12), and ankylosing spondilitis (13). 
In serum the weakly bound form of copper is associated 
with the transport protein, albumin. Sequence analysis 
studies have shown that the first three amino acids a t  the 
N-terminal constitute a high-affinity copper binding site 
in bovine (14-16), human, and rat albumin (17). Nickel, 
which has been implicated as a carcinogen in humans and 
experimental animals (18), also binds to this N-terminal 
site. 


There have been several previous attempts to measure 
the binding of copper to serum albumins from different 
animal species. In an early study (19) the thermodynamics 
of copper binding to bovine serum albumin using absorp- 
tion spectroscopy were examined. However, the insensi- 
tivity of the spectroscopic method necessitated the use of 
high protein concentrations, which precluded the deter- 
mination of the high-affinity binding constants. A later 
study (20) estimated the number of copper binding sites 
on bovine and human albumin but the relative affinity 
constants were not determined. A more recent study (21) 
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2, and was prolonged for up to 6 days. At  pH 4, the release sustained for 
up to 12 days, and on increasing the pH to 7, the duration of the release 
increased to 22 days. Thus, it was also observed that as the pH increased, 
the solubility of the wall material decreased and the quantity of drug 
released per day decreased. When the pH was raised to 10, no dissolution 
of the polymer wall occurred and no release of secretin was observed for 
several days. 


The data indicated that the drug was perhaps released by polymer 
dissolution at  the polymer-water interface by a mechanism similar to 
that discussed previously (6, 7). Detailed study of this polymer will be 
necessary before the complete mechanism for erosion can be understood; 
the mechanism of release is the subject of further study. However, in the 
present study the interest was more on controlled release of the drug at  
low pH, which has been achieved. The above type of capsules would be 
suitable for sustained drug release at  low pH. Further, since the polymer 
was erodible up to pH 8, it can form a suitable biosoluble wall material 
for encapsulating other drugs. The biocompatibility of this material is 
being studied. 


Notable features of the microcapsules described in this report are: their 
ability to undergo surface erosion and, hence, release of the core material 
by zero-order kinetics, and sensitivity of the erosion rate to the sur- 
rounding aqueous environment (pH). A pH environment has a major 


effect on the erosion rate and, thus, controls the drug release which is 
increased by decreasing the pH. 
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Abstract A compound of low water solubility, consisting of pheno- 
barbital-diphenhydramine in a 1:l ratio and mp 109.5-110.5° was iso- 
lated from a prescription which had been dispensed as a clear solution 
and later returned with a white sediment. The information obtained 
suggested that it was either an easily dissociated complex or a salt. 


Keyphrases 0 Phenobarbital-reaction with diphenhydramine, com- 
plexation, salts Diphenhydramine-reaction with phenobarbital, 
complexation, salts 0 Complexation-phenobarbital and diphenhy- 
dramine, salts 


A number of salts, complexes, or addition compounds 
formed by barbiturates, particularly by phenobarbital, 
have been recorded previously (1-6). Similarly, there are 
recorded complexes and salts for diphenhydramine, the 
best known being dimenhydrinate, USP (7). The products 
formed by heating diphenhydramine and barbital or al- 
lobarbital in alcohol at 100-120’ are reported to be 1:l salts 
melting at  86 and 102-103O, respectively (8). 


Literature pertaining to intravenous admixtures refers 
to diphenhydramine hydrochloride as being incompatible 
with phenobarbital sodium (9-11) as well as several other 
barbiturate salts; forming particulate matter (12, 13), 
forming a precipitate (14), or as not remaining clear for 24 
hr after mixing (15). The only explanation provided is that 
solutions of sodium barbiturates and sodium diphenyl- 
hydantoin are alkaline and may lead to the formation of 
precipitates from solutions of acid salts. A previous study 
(16) pointed out that aqueous solutions of diphenhydra- 
mine hydrochloride and phenobarbital sodium will form 
a precipitate when mixed in low concentrations, even at 
pH values at which phenobarbital would be soluble. It was 
assumed that the precipitate was an undissociated, less 


soluble diphenhydramine-phenobarbital complex. No 
characteristics for this substance were reported. 


The reported compound was first obtained from the 
crystalline settlement in a compounded prescription 
consisting of 250 ml of diphenhydramine hydrochloride 
elixir in which 750 mg of phenobarbital sodium had been 
dissolved in accordance with physician’s instructions. 
When prepared, the mixture slowly became cloudy and 
then deposited crystals over several days. Upon filtration 
and recrystallization of the solid from -75% alcohol, the 
hard, colorless crystals melted at  109.5-110.5° (uncor- 
rected). The product was found to be composed of phe- 
nobarbital-diphenhydramine (1:l). 


The formation of the crystals could be avoided by dis- 
solving the equivalent amount of phenobarbital in 10 ml 
of alcohol and mixing it into the elixir. Such a sample was 
still free of crystals after 1 year. Since the crystals are very 
soluble in alcohol, somewhat soluble in water, and the pH 
of the elixir results in only a low concentration of di- 
phenhydramine base, the product probably does not form 
in an amount sufficient to exceed its solubility in the hy- 
droalcoholic medium. 


EXPERIMENTAL 


Diphenhydramine hydrochloride elixir1, diphenhydramine’, di- 
phenhydramine hydrochloride’, phenobarbital2, and phenobarbital so- 
dium2 were obtained as indicated. The various solvents were USP or 
reagent grade. 


~~~ ~~~ 


Elixir Benadryl, Parke-Davis & Co.; the diphenhydramine and its hydrochloride 


Merck & Co., Rahway, N.J., commercial packages. 
were provided by Parke-Davis & Co. 
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The sample of diphenhydramine hydrochloride elixir had a pH of 6.8, 
which changed to 8.35 when 750 mg of phenobarbital sodium was dis- 
solved in 250 ml of the sample. The mixture slowly became turbid, cleared 
as some oily droplets formed, and eventually crystallized over a period 
of several days. A crop of 833 mg of slightly pink crystals was collected. 
After treatment with charcoal and several crystallizations from -30% 
alcohol, long, colorless needles, mp 109.5-110.5" (un~orrected)~,  were 
obtained. From 75-95% alcohol, clear, dense prisms of the same melting 
point were obtained. The crystals were dried in U ~ C U O  over phosphorus 
pentoxide at  80'. 


Anal.-Calc. for CZsH33N304: C, 71.45; H, 6.82; N, 8.62. Found4: C, 
71.22; H, 6.77; N, 8.73. 


After removal of the first crop of crystals, the filtrate was concentrated 
on a steam bath and then allowed to stand in open air. Large crystals 
formed (probably some sucrose since the elixir contains considerable 
syrup) and the mixture was extracted with three portions of ether. After 
removal of the ether the residue was taken up in 95% alcohol, treated with 
charcoal, and filtered. An additional 168 mg (mp 108-110' and giving 
no depression of melting point with previous crystals) of clear prisms was 
obtained, representing an overall yield of 95.9% based on the diphenhy- 
dramine hydrochloride present. 


RESULTS AND DISCUSSION 


The crystalline product from diphenhydramine hydrochloride elixir 
is easily soluble in 95% alcohol and is soluble in ether, acetone, chloroform, 
hot benzene, and somewhat soluble in water. 


The same crystalline product could be obtained by dissolving pheno- 
barbital in diphenhydramine with warming, followed by solution of the 
clear viscous material in alcohol. On cooling, prisms formed with mp 
lOL%109'. 


When a solution of 714 mg of phenobarbital in 10 ml of 95% alcohol was 
added to 240 ml of diphenhydramine hydrochloride elixir, the mixture 
remained clear and free of crystals for 1 year. There was no change in pH 
when the solution of phenobarbital was mixed with the elixir. I t  is 
probable that the small increase in alcohol concentration coupled with 
the low dissociation of the diphenhydramine hydrochloride in acid me- 
dium may not allow enough compound to form to exceed the solu- 
bility. 


A solution of 300 mg of diphenhydramine hydrochloride in 30 ml of 
water had a pH of 5.5. When 261 mg of phenobarbital sodium was added 
with stirring, the mixture immediately became turbid. Droplets settled 
out, which quickly crystallized, and the pH changed to 7.5. After chilling, 
filtrating, washing, and drying, a crop of 425 mg (84.8%) of white crystals 
was obtained. The product melted sharply a t  108-109' and gave no de- 
pression of melting point when mixed with material obtained from the 
prescription. 


The UV spectra of phenobarbital, its sodium salt, diphenhydramine, 


5 The melting points were obtained on a Hoover Melting Point Apparatus in open 
capillaries and are uncorrected. UV spectra were determined in 95% ethanol on a 
Beckman model DK-2A recording spectrophotometer. IR spectra were recorded 
either as potassium bromide pellets on a Beckman model 8 Infrared Spectrometer 
or in chloroform solution on Beckman model IR-33 Spectrometer. NMR spectra 
were recorded in deuterochloroform in a Varian model EM-360 Spectrometer using 
1% tetramethylsilane as an internal reference standard. 


4 Spang Microanalytical Laboratory, Ann Arbor, Mich. 


its hydrochloride, and the product were compared, but no characteristics 
allowing distinction between a salt or a simple mixture could be observed. 
This agrees with observations reported for the phenobarbital-quinine 
complex (17). 


A comparison of the IR spectra of potassium bromide pellets of phe- 
nobarbital, its sodium salt, diphenhydramine hydrochloride, and of the 
product indicated that the typical tertiary amine salt absorption a t  
2400-2700 cm-' had disappeared in the product and the typical enoli- 
zation band of phenobarbital (1620 cm-') is weak and shifted to -1670 
cm-'. When the IR spectra of the product and of an equimolar mixture 
of phenobarbital and diphenydramine in chloroform were compared, no 
differences could be observed. 


The NMR spectra of the product and an equimolar mixture of phe- 
nobarbital and diphenhydramine were run in deuterochloroform and 
compared. Most peaks were identical and could be assigned easily by 
comparison with spectra of the individual components. The only ex- 
ception was a downfield signal (broad singlet accounting for two protons) 
which appeared at 10.9 ppm in the spectrum of the product and shifted 
upfield to 10.4 ppm in the spectrum of the mixture. 


The sharp melting point of the product and the broad melting of 
mixtures [(102-147') mixed with diphenhydramine hydrochloride and 
(106-155') when mixed with phenobarbital] suggest that a new substance 
exists in the crystalline state. The evidence from the spectral measure- 
ments in solution indicates extensive dissociation. 
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Abstract Invertase was incorporated into polyamide microcapsules. 
The following parameters were studied pH of the aqueous phase during 
interfacial polymerization; duration of the polymerization; surfactant 
concentration; stirring rate; improvements in the isolation procedure; 
effect of lyophilization. The inactivation of the encapsulated enzyme by 
pepsin was shown to be related to the acidic incubation medium and 
prompted incorporation of protective proteins in the microcapsules. This 
process allowed relative protection of the enzyme. In a second set of ex- 
periments, an emulsification-reticulation method was developed, which 
encapsulated invertase in a cross-linked protein. Various proteins and 
bifunctional acylating agents were tested. Microcapsules of immobilized 
invertase were prepared through cross-linking of the enzyme protein it- 
self. 


Keyphrases 0 Microencapsulation-preparation of invertase micro- 
capsules 0 Invertase-preparation of microcapsules Emulsification- 
reticulation-preparation of invertase microcapsules 


Invertase (P-D-fructofuranoside-fructohydrolase') is 
lacking in the intestinal mucosa of some patients with 
constitutional intolerance to sucrose (1-4). 


Accumulation of sucrose in the lumen prompts intense 
diarrhea, amplified further by microbial fermentation. The 
palliative treatment consists of adding large doses (-1 g) 
of yeast invertase to the food. As the excessive amount of 
the supplemented enzyme is probably related to its partial 
hydrolysis in the digestive tract, it was decided to mi- 
croencapsulate invertase. Invertase microencapsulation 


4 I 


50 100 150 200 250 


DIAMETER, Mrn 


Figure 1-Effect ofthe surfactant concentration on the size ofmicro- 
capsules. Key: (O),  sorbitan trioleate, 2%; (A), sorbitan trioleate, 
1 % .  


E.C. No. 3.2.1.2.6. 


with a 40% retention of enzymatic activity was recently 
reported (5). 


This report deals with the preparation of such micro- 
capsules through two different procedures (6-8). While in 
the well-known interfacial polymerization procedure (9), 
the capsule wall is made of an interfacially prepared 
polyamide, in the emulsion-reticulation procedure, it is 
made up of an interfacially prepared cross-linked protein. 
This second technique was progressively devised, and is 
reported herein. 


Although much research has been devoted to the 
cross-linking of proteins, only a few authors have used this 
reaction in the preparation of microcapsules: Chang (9, lo), 
and more recently Miyawaki (ll), reported on the chemical 
interactions between a protein and the acylating agent 
used in interfacial polymerization. Apparently, only Chang 
(12) attempted preparation of microcapsules walled in 
cross-linked proteins. However, he encountered serious 
difficulties in obtaining stable preparations. 


In the cross-linking experiments, the aim was no longer 
to prepare therapeutically useful invertase microcapsules, 
but rather to test the feasability and limits of the method, 
with invertase used as a tracer. 


EXPERIMENTAL 


Reagents-Invertase from baker's yeast2, exhibiting 34 U of activ- 
ity/mg was used as a suspension (5%, w/v) in distilled water. 


A buffer was adjusted to pH 9.8 by adding hydrochloric acid to a 0.45 
M solution of NaZC03. It  was used to prepare a 6.67 g% (w/v) solution of 
alcalisoluble casein3 and a 1.2 M solution of 1,6-he~amethylenediamine~ 
(13.95%. w/v). 


The organic solvent was a chloroform-cyclohexane mixture (1:4, v/v), 
which was used to prepare solutions of seba~oylchloride~ (1:250, v/v), 
terephthal~ylchloride~ (0.04 M and 0.12 M ) ,  succinyl chloride5 (0.04 M), 
toluene diisocyanate6 (0.14 M), and piperazine6 (1.2 M ) .  


The surfactants were sorbitan trioleate7 (1% solution v/v in the organic 
solvent) and polysorbate7 (50% solution v/v in distilled water). 


The dye for the permeability studies was erioglaucine As. 
The proteolytic enzymes used were pepsing, pancreatinlO, and pro- 


nase". 
Materials-Stirring was performed with a motor1* and a 3-bladed 


screw (each blade was 16 mm long). An homogeni~er '~ was used in one 
experiment. Lyophilization was performed with a freeze dryer14. 


Evaluation of Enzymatic Activity-A qualitative test was made 
using reactive strips15. Quantitative determinations were performed 
through the automated method of Goldstein and Lampen (13). The ac- 


* Grade V, Sigma Chemical Co. 
Merck Darmstadt. 
Aldrich Chemical Co. 
Fluka. 
Eastman Kodak. 
Seppic Montanoir. 
Bleu Patent6 5, Prolabo. 
From porcine stomach mucosa, Sigma Chemical Co. 


lo From porcine pancreas, Sigma Chemical Co. 
l1 Calbiochem. 
l2 Heidolph: stirring motor type RZRII-adaptation system type RK6 
I 3  Potter's homogenizer, Braun. 
l4 Leybold. 
l5 Clinistix, Ames. 


0022-35491 821 0700-0753$0 1.001 0 
@ 1982, American Fhrmaceutical Association 


Journal of Pharmaceutical Sciences I 753 
Vol. 71, No. 7, July 1982 







Table I-Effect of the Polymerization pH on the Enzymatic 
Activity of Invertase Microcapsules 


Aqueous Enzymatic 
Buffer Phase Activity, U/mg 


9.8 10.8 19.5 
8.4 9.8 6.8 
1.2 8.8 6.5 


Table 11-Effect of the Polymerization Duration on the 
Enzymatic Activity of Invertase MicrocaDsules 


Duration of the Enzymatic Activity, 
Polymerization Step, min U/mg 


2 
3 
5 


10 
20 


11.4 
19.5 
19.5 
13 


11.5 


tivity of the microcapsules was calculated relative to 1 mg of invertase 
used in each experiment. 


Microencapsulation Procedures-A standard emulsion-polymer- 
ization procedure is as follows: In a 100-ml beaker cooled in an ice bath, 
the casein solution (1.5 ml), the invertase suspension (1 ml, i.e., 50 mg 
of invertase), the hexamethylene diamine solution (0.5 ml), and the 1% 
solution of sorbitan trioleate (15 ml) were mixed. The stirrer was set a t  
650 rpm, and the sebacoyl chloride solution (15 ml) was added. 


After a 3-min agitation, the suspension was diluted with the organic 
solvent (30 ml) and centrifuged (350Xg, 30 sec). 


The sediment was dispersed in 40 ml of the polysorbate solution and 
then transferred to a 500-ml beaker. Dispersion of the microcapsules was 
achieved by stirring with a glass rod (30 sec) and then by mechanical 
stirring (650 rpm, 2 min). Water (120 ml) was added, the suspension was 
agitated (300 rpm, 3 rnin), and then diluted further with 300 ml of water. 
A prolonged sedimentation then allowed isolation of the microcapsules, 
which were again suspended in distilled water. 


Variations were introduced in the pH of the aqueous phase, in the 
duration of the polymerization steps, surfactant concentration, stirring 
rate, method of isolation of microcapsules, nature of the polyamide, and 
nature of the protective protein. 


In the emulsion-reticulation experiments, no diamine was used in the 
emulsification step, while a protein (100-800 mg) was reacted with a bi- 
functional reagent. Cross-linking of invertase itself was performed with 
terephthaloylchloride with no diamine and no protein added. 


Membrane Permeability Test-The typical emulsion-polymer- 
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Figure 2-Effect of the stirring rate on the size of microcapsules. Key: 
(m), 450 rpm; (A), 650 rpm; (0), 900 rpm; (@), 1200 rpm. 
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Figure 3-Effect of proteases on the enzymatic activity of free and 
encapsulated invertase. Key: (O), free invertase; ( O ) ,  encapsulated 
invertase. 


ization procedure was performed with 3 mg of erioglaucine A (MW 1159) 
added during the emulsification step. Blue microcapsules were obtained 
and one could microscopically observe their progressive discoloration 
through washing with water. 


RESULTS AND DISCUSSION 


Interfacial Polymerization-When prepared through the standard 
procedure, the microcapsules were spherical, with their sizes ranging from 
50 to 150 pm. A thin membrane, including insoluble particles of invertase, 
was to be seen. The permeability test was positive. When washed with 
water, the capsules became clear; the blue color passed into the sur- 
rounding liquid. Their enzymatic activity was 19.5 U/mg used in their 
preparation, i.e., 57% of the activity (34 U) of free invertase. 


Crushing of the microcapsules with an homogenizer13 resulted only 
in a slight increase of activity: 22.2 U, i.e., 61% of the activity (36.4 U) of 
crushed, free invertase. It was then concluded that invertase was lost or 
inactivated (to an extent of -40%) during the microencapsulation pro- 
cess. 


Lowering the pH of the aqueous phase during polymerization resulted 
in a loss of activity (Table I). Although the diamine solution increased 
the pH value, a rather basic medium was necessary for membrane for- 
mation. 


The optimal duration of the polymerization step was shown (Table 11) 
to be 3-5 min. Shorter time gave unstable capsules; longer time yielded 
thick membranes and eventually denatured the enzyme. With no sur- 
factant used, no microcapsules were formed. 


Increasing the concentration of the surfactant solution from 1 to 2% 


I - 
7 i 
1 2  3 4 5 6 7 8 9 10 


PH 


Figure 4-Remaining activity of invertase (free and microencapsu- 
lated) after a 15-min incubation at  different p H  values. Key: (O), free 
invertase; ( O ) ,  microencapsulated invertase. 
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Table 111-Activity (U/mg, percent versus Free Invertase) of the Microcapsules Prepared from Various Diamines and Bifunctional 
Agentsa 


Bifunctional 
Agent Diamine 


Hexamethylene Diamine, Piperazine, 
52 mg, 1.2 M 70 mg, 1.2 M 


Sebacoyl chloride (67 mg): 0.018 M 26 U (76%) - 


chloride.. (375 mg): 0.12 M 21 U (62%) - 
Terephthaloyl (120 mg): 0.04 M 11.5 U (34%) 25.3 U (74%) 


Toluene diisocyanate (375 mg): 0.14 M 27 U (79%) 25.3 U (74%) 
~~ ~ ~~~ 


a Quantities in milligrams of the reagents used for 50 ml of invertase. 


Table IV-Enzymatic Acfivity of Invertase Microcapsules after Incubation in Protease-Containing Media 


Polymer 


Initial 
Activity, Remaining Activity After Incubation, 


U/mg U/mg (Percent Initial Activity) 
(Percent Pancreatin, 


versus Free Pepsin, pH 1.4 pH 7.5 Pronase, pH 8 
Invertase) 5min 15min 30min 5min 30min 5min 30min ~~ 


None: free invertase 34(100) 15.5(48) 8(25) 2(6) 33.3(98) 31.7(93) 33.4(98) 31.4(92) 
Hexamethylene diamine-Sebacoyl chloride 26(76) 12.9(50) 6.8(26) 1.8(7) 24.9(96) 25(96) 26.5(102) 26(100) 
Hexamethylenediamine-Terephthaloylchloride, 11.5(34) 9.2(80) 6.3(55) 2.6(23) 13.3(121) 18.2(166) 15.1(137) 19.2(175) 


Hexamethylene diamine-Terephthaloylchloride, 21(62) 15.8(75) 8.2(39) 2.7(13) 23.6(112) 25(119) 24( 114) 25.3(120) 
120 mg 


37.5 rnp 
Hexame:hylene diamine-Toluene diisocyanate 27(79) 12.4(46) 6.2(23) 1.6(6) 26.5(98) 26.5(98) 26.8(99) 27(100) 


(Fig. 1) had little effect on the average size (87-73 pm) but resulted in 
a more homogeneous repartition of the diameters. With a 5% solution, 
however, the membranes were altered and a large amount of invertase 
escaped microencapsulation. 


When the stirring speed was raised from 450 to 1200 rpm, the size of 
the capsules decreased regularly, while the distribution of their diameter 
became more and more homogeneous (Fig. 2). Simultaneously, the en- 
zymatic activity rose to a maximum of 21.3 U/mg (63% retention). 


Stirring became more efficient when the 3-bladed screw was replaced 
by a 5-bladed screw (each blade was 20 mm long, 9 mm wide). 


The separation and washing of the microcapsules from the reaction 
medium is the most time-consuming step in the process. Several attempts 
were unsuccessful (replacement of polysorbate by other surfactants and 
washing with organic solvents: ethanol, dioxane, and acetone inactivated 
the enzyme). Another technique afforded an improvement. The sediment 
from the first centrifugation was suspended in a mixture of glycerin- 
polysorbate (3:1, v/v, 5-10 ml) and 50 ml of distilled water was added. 


80 - 
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Figure 5-Remaining activity of different invertase microcapsules after 
incubation at  pH 1.5. Key: (@), hexamethylene diamine, 
terephthaloylchloride, 120 mg; (a), hexamethylene diamine, tere- 
phthaloylchloride, 375 mg; (m), hexamethylene diamine, toluene di- 
isocyanate; (A), hexamethylene diamine, sebacoylchloride; (O) ,  free 
invertase; ( O ) ,  piperatine, terephthaloylchloride; (v), piperatine, 
toluene diisocyanate. 


After agitation and centrifugation (350Xg, 5 min) the sediment was 
washed several times with water. 


After lyophilization, observation of the dried microcapsules (optical 
versus electron scattering microscopy) showed the integrity of the 
membranes; they rehydrated instantaneously with no modification of 
the shape. When held at +4O for 50 days, the aqueous suspension lost 15% 
of its initial activity, while the lyophilizate completely retained the en- 
zymatic activity. 


Evaluation of the Protection of the Enzyme-The protecting effect 
of the microcapsule wall was evaluated toward proteolytic enzymes. 
Figure 3 shows that no noticeable differences were observed regarding 
the protection of the free versus microencapsulated invertase toward 
pancreatin and pepsin. The same result was obtained with pronase since 
the activity curve was similar to the curve established with pan- 
creatin. 


This unsatisfying result was readily explained when the activity of 
invertase was tested after a short incubation time at  different pH values, 
with no other enzyme added (Fig. 4). 


In agreement with literature data (14), invertase (either free or mi- 
croencapsulated) was irreversibly denatured by standing in acidic me- 
dium <pH 3. 


Changes in the nature of the wall were studied according to Table 
111. 


Q 
5 15 30 


4 1  


INCUBATION TIME, rnin 
Figure 6-Remaining activity of invertase microcapsules with nylon 
6-10 membrane after incubation a t  pH 1.55. Protective effect of added 
proteins. Key: (O), gelatin; (A), casein, 100 mg; (v), hemoglobin, 100 
mg; (O), free invertase; (a), ovalbumin, 100 mg; (+), albumin, 100 
w. 
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Table V-Properties of Invertase Microcapsules with Nylon 6-10 Membranes Containing Different Proteins 


Invertase 
Activity, Effect of Incubation at pH 


Batch Protein Diameter, Free In- U/mg (% Initial Activity) 
Associated Mean U/mg (9% versus 1.55 on the Invertase Activity, 


Number (Weight) Pm vertase) 5 min 15 rnin 30 min 


0 Free Invertase - 34(100) 23.8(70) 19(56) 14.6(43) 
12.5(48) 1 Casein (100 m ) 50 26(76) 18.5(71) 15.6(60) 


Casein (50 mgf 45 25.7(75) 17.2(67) 13.6(53) 11.1(43) 
11.1(48) 


2 
17.2(74) 14.2(61) Casein (200 mg) 60 3 


4 Protamin (100 m ) 
5 Albumin (100 mg? 50 25.3(74) 16.7(66) 12.7(50) 9.6(38) 


Ovalbumin (100 mg) 50 26.3(77) 17.9(68) 13.9(53) 10.5(40) 
12(59) 


6 
Gelatin (100 mg) 40 20.4(60) 15.7(77) 14.3(70) 


7.8(37) 
7 


Hemoglobin (50 mg) 50 21.1(62) 13.7(65) 10.3(49) 
9.6(46) 


8 
Hemoglobin (100 mg) 45 20.8(61) 14.6(70) 12.3(59) 


10.4(48) 
9 
10 Hemoglobin (200 mg) 50 21.6(64) 15.6(72) 13.2(61) 
11 Hemoglobin (400 mg) 65 19.9(59) 13.7(69) 11.1(56) 9.6(48) 


-a -a -8 
23.2(68) 
4 - 


8 Isolation of microcapsules very difficult. 


Table VI-Feasability of Microcapsules with Cross-Linked Protein Membrane 


Protein-Acylating Agent Feasability of Microcapsules 


Casein-Sebacoyl chloride Very unstable microcapsules 
Casein-Tere hthaloylchloride Unstable but isolable 
Albumin-Seiacoyl chloride 
Albumin- Albumin = 200 mg Unstable but isolable 


Terephthalo lchloride Albumin = 400 mg Stable microca sules 
Ovalbumin-Segacoylchlor ide 
Ovalbumin-Tereph- Ovalbumin = 200 mg Unstable but isolable 


thaloylchloride Ovalbumin = 400 mg Stable microcapsules 
Gelatin-Terephthaloylchloride Unstable but isolable 
Gelatin-Toluene diisocyanate Stable microcapsules 
Gelatin-Hexamethylene diisocyanate Unstable but isolable 
Gelatin-Succinyldichloride 
Hemoglobin-Sebacoyl chloride Stable microcapsules 
Hem0 lobin-Tere- Hemoglobin = 400 mg Very unstable microcapsules 


phtialo ylc hloride Hemoglobin = 600 mg Stable microcapsules 
Hemoglobin-Succinyldichloride Stable microcapsules 
Hemoglobin- Very unstable microcapsules 


Hexamethylene diisocyanate 


No microcapsules (after 3 min) 


NO microcapsuPes (after 3 min) 


Immediate coagulation after addition of succinyldichloride 


25- 


20 - 
.. E" 
' 15- >' 
k 
L 
a 


10- 


5 -  


Stirring was effected by means of a 5-bladed screw at a speed of 1200 
rpm. 


The surfactant solution was 2% sorbitan trioleate. Isolation and 
washing of the microcapsules were performed through the glycerin- 
polysorhate method. 


Formation of the microcapsules was satisfactory in every case except 
for the polymerization of piperazine with 0.04 M terephthaloylchloride. 
The mean size was 50 pm. 


According to the improvements in the process, the activity of the mi- 
crocapsules made from hexamethylene diamine and sebacoyl chloride 
reached 26 U/mg. 


3 5 15 30 60 90 


INCUBATION TIME, rnin 
Figure 7-Inuertase microcapsules containing gelatin (nylon 6-10 
membrane). Remaining activity after incubation at pH 1.55 as compared 
with free inuertase. Key: (O), microcapsules withgelatin; (a), free in- 
vertase. 


These microcapsules were incubated at pH 1.5 for 5-30 min. The re- 
sults of the activity measurements are plotted in Fig. 5: no radical im- 
provement in the protection of invertase could be noticed. Moreover, the 
capsules made from hexamethylene diamine and terephthaloylchloride 
were destroyed by pancreatin, while an increase in the invertase activity 
was observed (Table IV). 


Table VII-Microcapsules with Cross-Linked Protein 
Membrane: Mean Particle Size 


Batch Number 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


Protein and Acylating 
Agent Nature and 


Weight, mg 


Casein, 200- 
Terephthaloylchloride, 375 


Albumin, 400- 
Terephthaloylchloride, 750 


Albumin, 600- 
Terephthaloylchloride, 750 


Ovalbumin, 200- 
Terephthaloylchloride, 375 


Ovalbumin. 400- 
Terephthaloylchloride, 375 


Gelatin, 100- 
Terephthaloylchloride, 375 


Gelatin, 100- 
Toluene diisocvanate. 750 


Hem0 lobh, 600- 
Tere hthafoy lchloride, 375 


hem0 lobin, 800- 
Terephthafoy lchloride, 375 


Hem0 lobin 400- 
Sebacoyfchlor!lde, 670 


Hem0 lobin 600- 
Sebacoyf chlohde, 670 


Hemoglobin, 400- 
Succinvldichloride, 100 


Mean Diameter, pm 


50-100 


40-80 


40-70 


50-90 


20-100 


40-70 


20-40 


70-100 


120-150 


30-70 


40-80 


10-45 
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Table VIII-Microcapsules with Cross-Linked Protein Membrane: Effect of a n  Acidic Medium 


Activity, U/mg 
(Percent of Ac- Remaining Activity after Incubation 


Batch Protein and Acylating Agent; tivity of a t  pH 1.5, U/mg (Percent of Initial Activity) 
Number Nature and Weight, mg Invertase Used) 5 min 15 min 30 min 


90 - 
80 


8 
>'70-  


> 
iZ 60-  
u 


0 5 0 -  


I= 


a 


z z 
2 40- 
w 
30- 


Free Invertase 
1 Nylon6-10 


14 Casein, 200-Terephthaloylchloride, 375 
15 Albumin, 400-Terephthaloylchloride, 750 
16 Albumin, 600-Terephthaloylchloride, 750 
17 Ovalbumin, 200-Terephthaloylchloride, 375 
18 Ovalbumin, 400-Terephthaloylchloride, 375 
19 Gelatin, 100-Terephthaloylchloride, 375 
20 Gelatin, 100-Toluene diisocyanate, 750 
21 Hemoglobin, 600-Terephthaloylchloride, 375 
22 Hemoglobin, 800-Terephthaloylchloride, 375 
23 Hemoglobin, 400-Sebacoyl chloride, 670 
24 Hemoglobin, 600-Sebacoyl chloride, 670 
25 Hemoglobin, 400-Sucinyldichloride, 100 


34(100) 21.6(64) 16.3(48) 10.5(31) 
26(76) 18.5(71) 13(50) 8.5(33) 
25(74) 14.5(58) lO(40) 6(24) 
30ia8j 21.6(72) 
32(94) 24.3(76) 
26(76) 16.3(61) 
29.5(87) 15.1(51) 


16.5(55) 11 :4( 38) 
18.6(58) 12.8(40) 
11.5(44) 6.2(24) 
lO(34) 5.3(18) 


10.4(311 3.6(34) 2.7(26\ 1.8117) 
15(44) 6.6(44) 4.4(29) 3(20) 
32(94) 28.8(90) 23.4(73) 15.7(49) 
30(88) 27.6(92) 23.7(79) 18.9(63) 
32(94) 24(75) 18.6(58) 14.1(44) 
33(97) 27.7(84) 20.8(63) 15.5(47) 
26(76) 21(81) 17.9(69) 15(58) 


Table IX-Microcapsules of Cross-Linked Invertase 
(Terephthaloylchloride) Enzymatic Activity 


Tereph- %Activity 
Inver- thaloyl- Activ- of the Total Activity, U 
tase, chlo- ity Invertase Calcu- Mea- Differ- 
mg ride, mg U/mg Used lated sured ence 


100 375 7.5 22 3400 750 -2650 
200 375 16.3 48 6,800 3250 -3550 
400 375 25.2 74 13,600 10,050 -3550 


Changes in the Nature  of t he  Protective Protein-To protect the 
microencapsulated invertase from the effect of lower pH values, changes 
were introduced in the nature and concentration of the accompanying 
protein (i.e., alcalisoluble casein in the standard procedure). The fol- 
lowing proteins were checked: protamine16, human serum albumin, egg 
albumin, gelatin, human hemoglobin. These proteins were incorporated 
as 4% (w/v) solutions in the buffer, pH 9.8. The membrane was made from 
hexamethylene diamine and sebacoyl chloride (nylon 6-10) as before. 


Protamine failed to give well-constituted microcapsules, as a reaction 
between protamine and the diacylchloride occurred. This observation 


5 15 30 
INCUBATION TIME, min 


Figure 8-Inuertase microcapsules with cross-linked protein mem- 
brane: remaining activity after incubation at pH I.Fi. Key: (O), batch 
16 (Albumin, 600 mg-Terephthaloylchloride, 750 mg); (a), batch 15 
(Albumin, 400 mg-Terephthaloylchloride, 750 mg); (A), batch 1 (Nylon 
6-10); (+), free inuertase; (a), batch I?  (ovalbumin, 200 mg-tere- 
phthaloylchloride, 375 mg); (v), batch 14 (casein, 200 mg-tere- 
phthaloylchloride, 375 mg); (8),  batch 18 (ovalbumin, 400 mg-tere- 
phthaloylchloride, 375 mg); ( O ) ,  batch 20 (gelatin, 100 mg-toluene di- 
isocyanate, 750 mg); (V), batch 19 (gelatin, 100 mg-terephthaloyl- 
chloride, 375 mg). 


16 Choay. 


prompted the development of the reticulation method. The results of 
successive assays are summarized in Table V. 


The initial activity of all microcapsules prepared was in the 20-26 U/mg 
range. The slight decrease of activity observed with the higher concen- 
trations in proteins may be due to a slowing down of the diffusion rate 
inside the capsules. 


Figure 6 plots for six assays the effect of incubation at pH 1.55 on the 
enzymatic activity as a percentage of the initial activity of each batch. 
The good performance of gelatin is better illustrated in Fig. 7, where the 
invertase activity is now plotted as a percentage of the activity of the 
invertase used in the preparation. The slopes of the curves indicate that 
after -1 hr, the microcapsules retain more enzymatic activity than does 
an equal amount of free invertase. However, only 6 U/mg (18% of activity) 
is still available. 


Emulsification-Reticulation Procedure-While protamine actually 
afforded well-defined capsules, this protein rapidly was shown not to be 
an ideal material. With sebacoyl chloride (whatever the protamine con- 
centration), the reticulation period necessary for gaining solid capsules 
had to be raised to 30 min. However, the membranes were very thin and 
vanished in water after 24 hr a t  +40. With terephthaloylchloride, the 
results were somewhat better but the initial activity was low: with 200 
mg of protamine and 750 mg of terephthaloylchloride (batch 12), it was 
8.5 U (25%); with 400 mg of protamine (batch 13) i t  was 11 U (32%). 


Using other cross-linked proteins gave better results. Table VI reports 


'"1 
5 15 30 


r, 
INCUBATION TIME, rnin 


Figure 9-Inuertase microcapsules with cross-linked hemoglobin 
membrane: remaining activity after incubation at p H  1.5. Key: (a), 
batch 22 (hemoglobin, 800 mg-terephthaloylchloride, 375 mg);-(o),  
batch 21 (hemoglobin, 600 mg-terephthaloylchloride, 375 mg); (o), 
batch 24 (hemoglobin, 600 mg-sebacoylchloride, 670 mg); (m), batch 25 
(hemoglobin, 400 mg-succinyldichloride, 100 mg); (A), batch 23 (he- 
moglobin, 400 mg-sebacoylchloride, 670 mg); (A), batch 1 (Nylon 6-10); 
(+), /ree inuertase. 
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Figure 10-Invertase microcapsules with acylated protein membrane: 
remaining activity after incubation with pepsin at pH 1.4. Key: (01, 
batch 25 (hemoglobin, 400 mg-succinyldichloride, 100 mg); ( m ) ,  batch 
22 (hemoglobin, 800 mg-terephthaloylchloride, 375 mg); (A), batch 16 
(albumin, 600 mg-terephthaloylchloride, 750 mg); (13, batch I7  
(ovalbumin, 200 mg-terephthaloylchloride, 375 mg); (A), batch 1 
(nylon 6-10); (+), free invertase; (V), batch 14 (casein, 200 mg-tere- 
phthaloylchloride, 375 mg); ( O ) ,  batch 20 (gelatin, 100 mg-toluene di- 
isocyanate, 750 mg). 


on the feasability of various microcapsules while Tables VII and VIII 
summarize the results on batches 14-25. 


The high retention of activity obtained with hemoglobin (94-97%), 
serum albumin (88-94%), and egg albumin (87%) is of interest. 


Batches 15 and 16 (Fig. 8),  and especially the microcapsules prepared 
from hemoglobin (batches 21-25, Fig. 9), were more resistant than the 
free enzyme toward inactivation caused by standing at  pH 1.5. 


The membrane was digested by the proteases. The microcapsules were 
destroyed within 5 (hemoglobin)-15 min (ovalbumin) in pepsin, pan- 
creatin, or pronase. However, in some cases, and especially with hemo- 
globin (Fig. lo), a significant retention of activity was observed, even after 
the membrane was no longer visible. 


Immobilized Invertase-An attempt was made to acylate invertase 
with no protein added. The reticulation agent was terephthaloylchloride. 
The amount of invertase admixed to 375 mg of terephthaloylchloride 


(2.5% solution (w/v) in the organic solvent) varied from 50 to 400 mg. 
Though somewhat unstable, spherical microcapsules were obtained. 


Washing and transfer to water were only possible with the 100-400-mg 
capsules. The membranes did not survive a 3-4 day stay in water a t  
+ 4 O .  


When evaluated immediately after the preparation, the enzymatic 
activity was as reported in Table IX. The loss of activity due to acylation 
tends to be a constant value. Terephthaloylchloride (375 mg) stoichio- 
metrically combines with invertase so as to inhibit 3550 U of activity. 


While invertase encapsulated in nylon membranes was irreversibly 
denatured by incubation in acidic medium, incorporation of various 
pjoteins in the capsules allowed relative protection. However, an inter- 
action between the proteins and the bifunctional acylating agent was 
suspected and prompted the preparation of invertase encapsulated in 
cross-linked proteins. Invertase itself could be used both as the contents 
and as the cross-linked membrane. Application of this microencapsula- 
tion process to various proteins and polyhydroxylated substrates is under 
current investigation. 
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Abstract 0 The log linear solubility equation, log S = log S,  + af, was 
studied in relationship to the extended Hildebrand solubility approach. 
It is shown that the log linear form may be derived beginning with the 
extended Hildebrand approach. The log linear expression gives a good 
linear fit for semipolar drugs in a number of water-cosolvent mixtures. 
It is particularly successful when the solubility parameter, 61, of the co- 
solvent is 3 or more solubility parameter units larger than the solubility 
parameter, 62, of the drug. When the cosolvent tends to solvate the drug 
strongly, the log linear function may even hold where the solubility pa- 
rameters of the drug and cosolvent are similar. It appears, however, not 
to be applicable to nonpolar cosolvent systems. An interfacial model for 
the solubility of drugs in polar mixed solvents is based on s, a parameter 
that also figures prominently in the log linear solubility equation. When 
used to describe mixed solvent systems, the interfacial model applies in 
the region of the solubility profile (solubility uersus solvent composition) 
where the log linear relationships hold. The extended Hildebrand solu- 
bility approach is applicable over a wide range of cosolvent composition 
in mixed systems from nonpolar organic solvents to water. 


Keyphrases 0 Solubility-extended Hildebrand approach, log linear 
equation 0 Hildebrand equation-extended solubility approach, log 
linear solubility Log linear solubility equation-relationship to the 
extended Hildebrand solubility approach 


Yalkowsky et al. (l), introduced a log linear equation: 


(Eq. 1) log s = log s, + af 


which describes the solubility of some drugs in binary 
aqueous systems, where S is the solute solubility in moles 
per liter in a solvent consisting of water and a nonaqueous 
cosolvent, S ,  is the drug's solubility in water, f is the vol- 
ume fraction of the cosolvent, and is a parameter repre- 
senting the solubilizing power of the cosolvent for the drug 
and depends on the polarity of the drug and the cosolvent. 
Equation 1 was found to be applicable to systems where 
the polarity of the drug was significantly less than either 
of the solvents in the binary mixture. 


A study (2) on the solubility of p-aminoacetophenone 
in propylene glycol-water mixtures, found it necessary to 
expand Eq. 1 into a fifth degree polynomial off to account 
for nonlinearity across the range of cosolvent (propylene 
glycol) composition. The linear dependence of logarithmic 
solubility on volume fraction of the cosolvent (Eq. 1) ap- 
plied when the Hildebrand solubility parameters of both 
solvent components were much larger than the solubility 
parameter of the drug. 


THEORETICAL 


In the present report, it is shown that the linear relationship of Eq. 1 
may be considered in terms of the extended Hildebrand solubility ap- 
proach (3-5); a model in which the solubility parameter of the solute may 
be larger or smaller than that of either solvent or lie between the solubility 
parameters of the two solvents. When the range of solubility parameters 
of the solvent pair approaches the solubility parameter of the solute, the 
curve may bow sufficiently that a log linear expression of X z  on f no longer 
fits the data satisfactorily. A quadratic or higher polynomial off  must 
then be used as required by the extended Hildebrand method. 


The following derivation shows the relationship of the log linear 
equation to the extended Hildebrand solubility approach. For the solu- 
bility of a drug in pure water: 


log x, = log xi - log a, (Eq. 2) 


where Xu and Xi are the mole fraction solubility in water and the ideal 
solubility of the solute, respectively. Log a, is the logarithm of the solute 
activity coefficient in water. A general expression for the solubility of a 
drug in a binary mixture, consisting of water and an organic cosolvent, 
is: 


log xz = log X' - log a2 (Eq. 3) 


where X p  and a2 are the mole fraction solubility and activity coefficient, 
respectively, for the solute in the solvent mixture. Subtracting Eq. 2 from 
Eq. 3 results in: 


log xz = log x, + log a, - log CYZ (Eq. 4) 
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DIOXANE IN WATER 


Figure 1-Solubility of caffeine in dioxane-water mixtures at 25'. The 
curves were calculated using the extended Hildebrand solubility ap- 
proach (4, 5).  Key:(.) log molarity, Curve A; (a) log mole fraction, 
Curve B. 


The logarithmic solubility of a drug in water and the drug's log a, are 
constants a t  a definite temperature. For caffeine in water at  25' (4), log 
X ,  = -2.64111 and log a,  = 1.4764; therefore, log X '  = -1.1647. 


According to the extended Hildebrand approach (3-5), the activity 
coefficient of the drug in a mixed solvent is expressed as: 


log a 2  = A(6i2 t 622 - 2W) (Eq. 5) 


where 612 and 6z2 are the cohesive energy densities of the solvent and 
solute, respectively, and W is the interaction energy density of solute and 
solvent. The term A is obtained from regular solution theory (6): 


(Eq. 6) 


where Vz is the solute's liquid molar volume, 61 is the volume fraction 
of the pure or binary solvent (total volume fraction of the two solvents 
in the solution), R is the molar gas constant, and T is the absolute tem- 
perature. 


Either W or log a2IA may be regressed in a polynomial on 61 to obtain 
calculated values of log a2 and mole fraction solubility, X z  (Eq. 3). Log 
a2/Acalc may also be obtained by a regression of log azIA on f,, where f i  
is the volume fraction of either solvent in a binary mixture (4), for ex- 
ample, water or its cosolvent. For dioxane, D, as the cosolvent: 


log ( Y Z / & ] ~  = co t C i f D  t C 2 f ~ '  t c 3 f D 3  t . . . t c, f~"  (Eq. 7) 


For caffeine in dioxane and water a t  25O, the extended Hildebrand 
equation may be expressed as a fourth degree power series in conformity 
with Eqs. 4 and 7: 


log Xzd, = log x, t log a, - CoA - ClAfo - CzAfD2 
- - c 4 A f ~ ~  (Eq. 8) 


where CO is a constant of regression. C1, Cz, C3, and C4 are the coefficients 
resulting from the regression analysis and remain constant over the range 
of binary solvent composition for a particular drug at  a definite tem- 
perature. The value of A varies, although slightly, between 0.093 and 0.103 
across the composition of water and dioxane in the caffeine system a t  
25'. 


EXPERIMENTAL 


The solubility data in mixed solvents employed in this paper were re- 
ported previously (4,7-9). The drug was brought to equilibrium with the 


t h 0.45 
2 ' 
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J o  10 


2 6,,SOLUBlLlTYPARAMETER t n I I a I 


%. . 1.0 0.8 0.6 0.4 0.2 0 
fp, VOLUME FRACTION, 


PROPYLENE GLYCOL I N  WATER 


Figure 2-Mole fraction of ethyl p-aminobenzoate in pure and binary 
solvents (9). A, regular solution curve at 25'; B, extended Hildebrand 
curve for ethyl p-aminobentoate in propylene glycol-water mixture at 
37'; Xi = 0.2404 at 25'. Key: (@) solubility in individual solvents at 25'; 
1 ,  hexane; 2, dimethylformamide; 3, ethanol; 4 ,  methanol; 5, methyl- 
formamide; 6, ethylene glycol; 7, glycerin; 8, formamide; 9, propylene 
glycol (37'); 10, water(37'); (+j solubility in propylene glycol-water 
mixtures at  37', use of Eq. 186. 


mixed solvent in a constant temperature shaker bath and the drug con- 
centration was determined by spectrophotometric or other convenient 
analytic procedures. Densities were determined in glass pycnometers 
under controlled conditions. By obtaining the density of each solution, 
i t  was possible to express solubilities in units of molar, molal, or mole 
fraction concentration. 


For calculations involving the extended Hildebrand solubility ap- 
proach, regression analysis was conducted' using multiple linear re- 
gression programs (10). 


RESULTS AND DISCUSSION 


Caffeine in Water-Dioxane Mixtures-Introducing the coefficients 
of regression analysis into Eq. 8 for caffeine in a mixed solvent system 
of water and dioxane (4), one obtains: 


log X~cah = log X ,  t log (Y, - 14.62744 t 38.4195Afo 
- 109.6076Af~' t 114.3535Af~~ - 49.3831Afo4 (Eq. 9) 


Equation 9 may be simplified by truncating it after the first term in fo 
to yield: 


log X Z ~ ~ ~ ~  = log X ,  t (log (Y, - 14.62744) t 38.4195Af~ (Eq. 10) 


or in general: 


log XzCalr = log Xu, + (log a, - CoA) t C ~ A ~ D  (Eq. 11) 


The quantity in parentheses is sufficiently small to be neglected since 
log a, is equal to 1.4764 and CoA 14.627 X 0.1 = 1.4627. If the regres- 
sion procedure yielded log azIA with perfect accuracy, CO would exactly 
equal (log aw)/A. This can be seen by settingfo equal to zero in Eq. 11, 
for then the solvent obviously is water, and log azIA = log a,/A = CO. 
With the quantity within the parentheses, Eq. 11, equal to zero, one ar- 
rives at  an equation, expressed in mole fraction: 


analogous to Eq. 1, the log linear expression which, however, has usually 
been expressed in concentration units of moles per liters or grams per 
cubic centimeter. The coefficient, CIA = 38.4195A in Eq. 9, has been 
obtained by polynomial regression and is equal to IJ in Eq. 1 when con- 
centrations are expressed in mole fraction. 


One form of the extended Hildebrand expression, Eq. 8, when carried 
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0 0.2 0.4 0.6 0.8 1.0 Figure %-Log mole fraction solubility of ethyl p-aminobenzoate (0) 


and hexyl p-aminobenzoate ( * j  in propylene glycol-water mixtures 
a t  37" (9). Key: (-) from quadratic equations and (...-) from linear 
regression line. 


to the fourth power in fD, has been shown to reproduce the solubilities 
of caffeine in dioxane and water within <12% error and for most data 
points <4% error, a value the range of experimental accuracy 
(4P. 


~ i ~ ,  1, log solubility of caffeine is plotted both in units of moles per 
liter and mole fraction uerSuS volume fraction of the cosolvent, dioxane, 
as abscissa. Also marked along the horizontal axis (top of Fig. 1) are the 
solubility values, al,  of the mixed solvents, consisting of water 
and dioxane. 


In dealing with caffeine data in earlier reports (4,5), various polynomial 
expressions were used. A cubic expression was not as satisfactory the 
quartic equation; a quadratic expression yielded poor results; and an 
equation truncated to the linear term, ofD, E ~ .  12, would be unacceptable 
as a fit Over most of the curve from dioxane ( 8 ,  = to water ( 6 ,  = 
23.45). observed in ~ i ~ .  1, a linear fit is adequate from &30% cosolvent 
composition, although a straight line cannot reproduce exactly the slight 
curvature of the line. Both the upper and lower curves appear to be par- 
abolic in form, but the curvature is so slight in the 0 to 30% region of di- 
oxane concentration that the data points are adequately fit by a linear 
function. The intercept is the log solubility in water on a molar (Curve 
A) or mole fraction (curve B) scale, conformity with the criterion for 


o fd l  is 18.4, well above 62 = 13.8 ofcaffeine. It should be noted that the 
cosolvent of water in this was not the pure solvent, dioxane, but 
rather a mixture of 30% dioxane-70% water. using a log linear equation 
beyond 30 or 40% as seen in Fig. 1 would not produce meaningful results. 
Extrapolation into the region of the dashed lines in the direction of the 
arrows would produce erroneous values of solubility. Accordingly, the 
log linear technique, although often useful, should be used with caution 
Over a wide range of solvent compositions, A little effort is required 
to apply the extended Hildebrand solubility approach, but it usually can 
be made to reproduce solubility in mixed solvent systems with consid- 
erable fidelity across the entire range of binary solvent compositiop~ 


(0-30% dioxane in Fig. l) may appear to 
be approximately linear, log solubility is ordinarily not a linear function 
of / (except where a strongly solvating cosolvent is present as seen later), 
and is better fitted with a power series in f or 61 rather than with a straight 
line. 


In a manner similar to that discussed above, a 10% water in dioxane 
mixture could be taken as the cosolvent of dioxane in the region at  the 
far right side of Fig. 1. A t  this low water concentration side of the figure, 
segments that are almost linear are observed in Curves A and B. Here, 
log solubilities uersus volume fraction of water in the mixture produce 
linear functions only over a range of 10% water (& = 1G11.3). The curves 
begin to bow markedly at  10% water in dioxane because the solvent 61 is 


In Ref. 4 the volume fraction of water was referred to as &,. It was used in place 
of f0  and this led to a polynomial expression different from Eq. 9, but both ex- 
pressions result in the same calculated solubilities. 


fDMF,  VOLUME FRACTION, 
DIMETHYLFORMAMIDE IN WATER 


Figure 4-Log solubility of sulfadiazine in dimethylformamide-water 
mixtures a t  20" (7). Key: (0) log mole fraction (lower curuej; (*) log 
wlw; linear regression line (upper curuej. 
approaching the 6 2  value, 13.8, of the solute. According to regular solution 
theory, the solubility of a compound reaches a peak at  a solvent compo- 
sition where 61 = 6 2 .  The solubility w v e  approaches a maximum and 
then begins to decrease across this region and is greatly curved, as seen 
in the figure' 


Results with theophylline, thebromine, and caffeine in other solvent 
mixtures have been reported (5). They show similar trends described here 
for caffeine in mixtures Of water and dioxane. 


previous example Of a log linear approach in relation to the ex- 
tended Hildebrand model involved a solute with a solubility parameter, 
13.8, between that of water, 61 = 23.45 and the cosolvent, dioxane, 61 = 
10.01. BY taking this broad view of the subject, one is able to observe more 
clearly the regions where a log linear equation is applicable and why it 
fails when the solubility parameter of the mixed solvent approaches the 
solubilityparameter Of the "lute. 


Mix- 
tures-The 1% linear equation, Eq. 1, was originally introduced by 
Yalkowsky et al. (11, to explain the exponential increase in solubility of 
poorly water soluble compounds upon the addition of an organic cosolvent 


literature in which the solubility data was fit by Eq. i3. Unlike the case 
of caffeine in water and dioxane, Eq. 1 applies particularly well where 
the solubility Parameter of the solute is 3 or 4 units below that of the or- 
ganic component of the aqueous solvent. The solubility of n-alkyl p-  
aminobenzoates in propylene glycol-water mixtures and in several pure 


has been investigated (9). Figure 2 was prepared using data on 
the solubility of ethyl p-aminobenzoate in binary as well as individual 
Solvents. Mole fraction solubility is plottedaagainst the solvent solubility 
parameter in Fig. 2 as done in studies involving the extended Hildebrand 
approach (3-5). The regular solution line is plotted in Fig. 2 to show the 
curve on which the experimental points would fall if these polar solute- 
solvent systems followed regular solution behavior a t  25'. The regular 


-log X z  = -log X '  t A(61 - 62)' (Es. 13) 


where all terms have been defined in earlier equations. The regular so- 
lution solubility reaches a peak value at  a solubility parameter equal to 
that of the solute [6z = 12.05 ( c a l / ~ m ~ ) ~ / ~ ] ;  the mole fraction solubility 
at this point has the ideal value, Xi = 0.2404, for ethyl p-aminobenzoate 
a t  25". At 37' it is 0.3236 (-log X b 7 a  = 0.4900). 


It is observed that solutions of ethyl p-aminobenzoate in the individual 
solvents are not regular solutions since they do not lie on the bell-shaped 
regular solution curve in Fig. 2. The solubility in most of the solvents falls 
below the ideal solubility line, Xiso = 0.2404, and this indicates that ethyl 


A recent report (11) states that a number of semipolar drugs exhlbit parabolic 


*Iky1 p-Aminobenzoates in Water-Propy'ene 


linearity stated earlier, i.e., 61 considerably larger than 6 2 ,  the lowest value to water' They found a number Of from their Own work and the 


Although parts of the line is calculated using the expression: 


rather than linear log solubility uersus cosolvent composition curves, 
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Table 11-Mole Fraction Solubilities of Ethyl p-Aminobenzoate at 37" in Propylene Glycol-Water Mixtures a 


Propylene Log "2 xZcale x 104 xZCde x 104, 
Glycol, % 61 A C  Log "2 A x ' , ~  x 104 Linear Eq. 18a Quadratic Eq. 18b  


0 23.45 0.1013 3.244 32.020 1.845 1.757 1.810 
20 21.74 0.1011 2.839 28.080 4.688 5.278 5.218 
40 20.07 0.1002 2.230 22.255 19.055 16.175 15.679 


18.37 0.0990 1.847 18.657 46.026 49.870 48.389 60 
80 16.68 0.0949 1.338 14.099 148.59 163.16 161.73 


100 14.99 0.0775 0.671 8.658 690.24 645.06 661.48 
Solvent solubility a Reference 9; solubilities, X +  obtained with the extended Hildebrand solubility approach, Eqs. 18a and b; - log Xzl = 0.49000,62 = 12.05, V2 = 144. 


parameter, ( c a l l ~ r n ~ ) ~ f ~ .  Equation 6. 


p-aminobenzoate is not highly solvated. By contrast, ethyl p-amino- 
benzoate associates strongly with N,N-dimethylformamide (Point 2 in 
Fig. 2), producing a solubility (X2 = 0.4260) above the ideal solubility 
line. The point for ethyl p-aminobenzoate in propylene glycol a t  37' 
(Point 9) lies slightly to the right of the regular solution curve which was 
drawn for solutions a t  25'. 


The discussion of the solubility parameter of the compound ( 6 2  = 12.05) 
and the regular solution line is also important for the treatment to follow. 
However, the current report is a study dealing with mixed solvent systems 
and attention is drawn to the propylene glycol-water mixtures in Fig. 2. 
One observes that the data points for the solubility of ethyl p-amino- 
benzoate in mixtures of water and propylene glycol (at 37') lie alongside 
the 25' regular solution line. On this scale, solubility in water (Point 10) 
and in 20% propylene glycol (bottom scale) are imperceptible. The points 
rise to reasonable solubility values for 3@100% propylene glycol solutions. 
The line passing through the points in Fig. 2 was calculated using the 
extended Hildebrand solubility approach, Eq. 18a of Table I: 


log CYZIA = -37.7097 t 3.343061 - 0.015661' 


Multiplying both sides by A and adding -log X i  yields: 


-log Xzcde = 0.4900 t A(-37.7097 t 3.343061 - 0.015661') 
(Eq. 22) 


from which Xzcde is obtained. 
Since the solubility parameter of propylene glycol (61 = 15) is suffi- 


ciently different from that of ethyl p-aminobenzoate ( 6 2  = 12), the curve 
in Fig. 2 may be transformed into a linear form by use of the log linear 
approach. Figure 3 shows the plots for two esters, ethyl and hexyl p- 
aminobenzoate, in propylene glycol-water mixtures a t  37' (9). 


The linear least-square line through the data is represented in Table 
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Figure .&-Mole fraction solubility of sulfadiazine (Xi = 0.0030) in 
dimethylformamide-water mixtures a t  20" (7). Key: (a) experimental 
solubility; (- --) regular solution curve, Eq. 13; (-,I extended Hilde- 
brand line, Eq. 23 (cubic expression). 


I by Eq. 14a, and the linear form is compared with a quadratic expression, 
Eq. 14b for the ethyl ester. Although the coefficient of determination is 
higher for the quadratic, R 2  = 0.9964, than for the linear form, R 2  = 
0.9942, the Fisher F ratio conversely is greater for the linear (690) than 
for the quadratic (417) expression. Furthermore, the partial F values for 
introducing / and then f2 show that f2 is not significant when its F value, 
1.8, is compared with the table value, 10.1, at  the 95% level. The log linear 
fit is, therefore, considered to be satisfactory. 


In Table I (Eqs. 18a and b), the extended Hildebrand solubility ap- 
proach is shown for a regression of log azIA on 61 in both linear and 
quadratic form for the ethyl ester. Again, the F value is significantly larger 
for the linear than the quadratic, and the partial F values suggest that 
the quadratic is not as satisfactory as the linear equation. Although the 
statistical analysis of the hexyl p-aminobenzoate in propylene glycol- 
water mixtures is not included here, the same conclusion was reached in 
the case of this ester. The comparison of X z ,  observed, with X Z ,  calcu- 
lated, for the ethyl ester using both the linear and quadratic forms, Eqs. 
18a and b, is found in Table 11. These results show the quadratic equation 
to yield slightly better solubility predictions. But the curves in Fig. 3 for 
the ethyl and hexyl esters of p-aminobenzoate show that differences 
between the linear and quadratic approaches are insignificant. Since only 
six data points are available, further statistical testing would not be 
fruitful. 


Sulfadiazine in Water-Dimethylformamide Mixtures-The sol- 
ubility of sulfadiazine in mixtures of water (61 = 23.45) and dimethyl- 
formamide (61 = 12.14) a t  20' has been measured previously (7). The 
solubility parameter of sulfadiazine is 11.9, as calculated by the Fedors 
method (12). Yalkowsky et  al. ( l ) ,  referred to this study as one which 
should lend itself to a log linear analysis. The mole fraction solubility and 
grams of solute per gram of solution a t  different composition of cosolvent 
are shown in Fig. 4. 


Although the solubility parameter of dimethylformamide is close to 
that of sulfadiazine, the points do not curve away from linearity as 100% 
dimethylformamide is approached. Similar results have been found with 
sulfonamides in dimethylacetamide. Dialkylamides strongly solvate the 
sulfonamides, and in a series of solvent mixtures, one of which is a di- 
methylamide, the curve rises t o  a sharply pointed apex rather than a 
rounded maximum. This phenomenon may account for the good fit 
provided by an exponential solubility curve, i.e., a linear fit (Eq. 15a, 
Table I) on a plot of log solubility uersus volume fraction. Mole fraction 
solubility is plotted against the solubility parameter, 61, of dimethyl- 
formamide-water mixtures in Fig. 5, in contrast to the log mole fraction 
plot of sulfadiazine in Fig. 4. In addition to 61, the volume fraction of di- 
methylformamide ( ~ D M F ) ,  in the water-cosolvent mixture is indicated 
on the horizontal axis (top line of Fig. 5). The extended Hildebrand sol- 
ubility approach, Eq. 23, was used to plot a curve through the experi- 
mental points. The Hildebrand regular solution line, calculated with Eq. 
13, is included in the figure to indicate its relationship to the experimental 
points and the extended Hildebrand line. The regular solution curve is 
flat rather than peaked as in Fig. 2 because of the scales used in the hor- 
izontal and vertical axes. The ideal mole fraction solubility, X 1  = 0.0030, 
which corresponds to peak solubility on the regular solution line, is ob- 
served to be about one twentieth of the actual solubility of sulfadiazine 
in dimethylformamide a t  20'. The regular solution line does not repro- 
duce the solubility of sulfadiazine in water-dimethylformamide mixtures; 
whereas the extended Hildebrand solubility equation fits the experi- 
mental points well. The regression equation best employed for this pur- 
pose is a cubic expression: 


log (~2IAca1c  = -206.441 t 29.752861 - 1.4559961~ t 0.025831761~ 
(Eq. 23) 


where n = 14, R 2  = 0.9998, s = 0.1998, F = 18609, and F ( ~ , I O , O . O ~ )  = 3.71. 
The linear and quadratic forms, Eq. 190 and b in Table I, are adequate 
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Table 111-Solubility of Sulfadiazine in Water-Dimethylformamide Mixtures at 20° a 


Residuals, 61 v1, A,  
f D M F  (cal/cm3)1/2 cm3/mole cm3/cal log a2 (log (YZ,J/A * XzOb X lo4 Xzdc X 104 % 


0 23.45 18.05 0.12448 2.96185 23.71491 0.0327 0.0334 -2.1 
0.005 23.39 18.36 0.12448 2.92739 23.47131 0.0354 0.0359 -1.4 
0.01 23.33 18.67 0.12448 2.89891 23.23027 0.0378 0.0384 -1.6 
0.02 23.21 19.30 0.12448 2.83592 22.75577 0.0437 0.0440 -0.7 
0.03 23.09 19.92 0.12448 2.77743 22.29114 0.0500 0.0503 -0.6 


0.10 22.26 24.29 0.12447 2.35255 19.32585 0.1330 0.1177 11.5 
0.20 21.07 30.54 0.12444 1.95135 15.69879 0.3350 0.3333 0.5 


0.50 17.49 49.32 0.12415 0.86574 6.75256 4.080 4.346 -6.5 


0.05 22.86 21.17 0.12448 2.66751 21.42721 0.0644 0.0644 -0.0 


0.30 19.88 36.81 0.12440 1.57822 12.57256 0.7910 0.8173 -3.3 


0.70 15.18 61.44 0.12252 0.00805 0.05759 29.40 29.468 -0.2 
0.78 14.32 65.98 0.11971 -0.41290 -3.09509 77.50 70.293 9.3 
0.89 13.18 71.93 0.11182 -0.88909 - 8.0801 8 232.0 239.84 -3.4 
1.00 12.14 77.40 0.09609 -1.30320 - 13.60746 602.0 608.05 -1.0 
Reference 7; back-calculated solubilities X obtained with the extended Hildebrand solubility approach; 62 = 11.9 (cal/~m~)”~; V2 = 167 cm3/mole, log Xi = -2.5236. * Equation 23, (cubic expression). (log a&.)%(above) X A (Column 4 above) = log a h ,  then log + 2.5236 = log X2. 


for this purpose but the cubic equation (Eq. 23) is better, as indicated 
by its R2, s, and F values. The 61 values for the solvent mixtures and the 
A values are found in Table I11 together with a comparison of actual 
solubilities, Xzob., and calculated v!ues using the cubic expression, Eq. 
23, together with Eq. 3 where log X’ = -2.5236 for sulfadiazine at  20°. 


The statistical analyses presented in Table I indicate that the log linear 
equation (Eq. 19a) provides a satisfactory fit of the data across the range 
of solvent mixtures from water to pure dimethylformamide. Figure 4 also 
shows that the linear fit is quite adequate. Therefore, the log linear ex- 
pression is suitable for sulfadiazine in dimethylformamide-water as well 
as for ethyl and hexyl p-aminobenzoate in propylene glycol-water mix- 
tures. However, the curve in Fig. 5, where X p  is plotted against 61 (or 
f D M F ) ,  is best fit by a third degree power series (Eq. 23). The residuals 
(Table 111) are surprisingly small when the data is fit with this cubic 
equation. 


Log Linear Equation and Solubilizing Power, u-In addition to 
expressing log solubility uersus volume fraction, Eq. 1, in molar terms 
(l), Yalkowsky et al. (13) used mole fraction concentration: 


log xz = log x, + uf (Eq. 24) 


jc’ 
y* 


3‘ 


I I I I I 


0.1 0.2 .3 0.4 0.5 


f ,  VOLUME FRACTION, AMIDE IN WATER 


Figure 6-Log mole fraction solubility of methylparaben in form- 
amide-water (.) and dimethylformamide-water (*) at 25’ (8). Key: 
(-) from Eq. 16b (quadratic); (--) from Eqs. 16a and 17a using linear 
regression. 


X Z  is the mole fraction solubility of the solute at a volume fraction f of 
the cosolvent, X, is the mole fraction solubility of the solute in water, 
and u is a measure of the solubilizing power of the cosolvent for the drug 
(13). The term u, which is the slope of the lines represented by Eq. 24, 
was defined for mixed solvent systems (12) as: 


where yw and ye are macroscopic interfacial tensions between a model 
hydrophobic substance, tetradecane, and water, and between tetradecane 
and the pure cosolvent, respectively; C is a correction term for the mac- 
roscopic surface tensions, accounting for the small radius of curvature 
at the solute-solvent molecular surface; HYSA is the hydrophobic surface 
area of the semipolar solute as calculated by a computer program origi- 
nally written by Hermann (14); k is the Boltzmann constant; and T is the 
absolute temperature. The value for C should remain relatively constant 
for various solute-mixed solvent systems, and the value was found to vary 
within a relatively narrow range, 0.52-0.56, for several systems (13). 
According to Eq. 25, the value of u should not change for various com- 
positions of water and cosolvent in a binary solvent mixture, u being the 
constant slope of a linear expression, Eq. 24. 


According to this interfacial model, it should be possible to calculate 
solubilities of drugs in polar solvent mixtures using either the linear form 
of the extended Hildebrand solubility approach: 


log xz = log xi - COA + uf (Eq. 26) 
or the log linear expression, Eq. 24, where (I = C I A  is defined by Eq. 
25. 


The interfacial model was tested (8) by determining the solubility of 
methylparaben (62 = 11) in aqueous systems containing various con- 
centrations of the cosolvents, formamide, methylformamide, and di- 
methylformamide. Contrary to the requirements of Eq. 25, the u values 
were observed to vary in formamide-water from 2.77 to 4.46. For a 
number of other amide-water cosolvent systems, values for u varied from 
3.40 for acetamide to 6.43 for dimethylpropionamide. 


Figure 6 shows the log mole fraction solubility of methylparaben in 
formamide-water and dimethylformamide-water cosolvent systems. The 
curve with formamide as the cosolvent is not linear but rather parabolic, 
and it is well fit by a quadratic expression, Eq. 16b, Table I, of the 
form: 


log xz = log x, + of + Czf’ (Eq. 27) 


The regression leading to Eq. 166 gives a log mole fraction solubility of 
methylparaben in water of -3.6009, whereas the experimental value is 
-3.6091. This is an error of 1.9% in predicting the experimental solubility, 
X, = 0.000246, in water, a close estimation using a quadratic expres- 
sion. 


The need for a quadratic equation accounts for a previous inability (8) 
to obtain a constant value for u over this range (f = 0.0-0.35) of form- 
amide compositions. Despite the fact that a linear fit of the points pro- 
duced a regression line with an R 2  of 0.996, visual observation of the curve 
indicated that u (Eq. 24) would not be constant over this composition. 
One would not predict, however, that u would vary as much as actually 
found (2.8-4.5). Despite this variability, it is interesting to calculate an 
average u, leaving C as an adjustable parameter as suggested previously 
(13). 
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Figure 7-Mole fraction solubility of methylparaben in dimethyl- 
formamide-water a t  25" (8). Key: (a) experimental solubility; (-) 
back calculation curve, Eq. 21 b, extended Hildebrand approach. 


The average value of u in the formamide-water system, obtained from 
a least-squares linear fit of the curve in Fig. 6 is 2.734 (Q. 16a). Referring 
to Eq. 25, y, = 51.9 for water-tetradecane and yc = 31.2 for form- 
amide-tetradecane. The hydrophobic surface area of methylparaben is 
130A2 or 130 X cm2. At 25", T = 298.15'K and the Boltzmann 
constant equals 1.38 X erg molecule-' degree-'. Using Eq. 25, one 
gets: 


C(51.9 erg/cm2 - 31.2 erg/cm2) 130 X cm2 
2.734 = 


(2.303) (1.38 X erg/molecule deg) (298.15 deg) 
C = 0.9627 2 1.0 


Yalkowsky et al., accepted C values as large as 1.0, but not ordinarily for 
this kind of system. Considering the approximations, however, this is an 
acceptable fit. 


In Fig. 6, one observes that for methylparaben in dimethylformam- 
ide-water, a plot of log X z  uersus volume fraction, f = 0.0 tof  = 0.5, of 
the cosolvent appears to be linear. Here, the R2 for linear and quadratic 
functions (Table I, Eqs. 17a and b) differ little. The partial F values show 
that the quadratic term is unnecessary. The volume fraction of dimeth- 
ylformamide has been carried only to f = 0.5 in previous work (8) as ob- 
served in Fig. 6. However, the line probably becomes markedly curved 
at higher volume fractions of cosolvent, and Eqs. 17a and b can no longer 
be used here. This can be observed by setting f = 1.0, i.e., 100% methyl- 
formamide, in Eqs. 17a and b, resulting in X z  values greater than unity, 
which is not possible. Therefore the solubility of methylparaben in di- 
methylformamide-water can be considered log linear only to f = 0.5. 


Both the linear and quadratic equations (Eqs. 17a and b, respectively) 
have a constant, equivalent to log X,, of -3.60 (-3.607 for linear and 
-3.592 for quadratic) or X, = 0.000251. The slope of the line, identified 
as u, is -5.2 (5.24 for linear and 5.0 for quadratic). Using Eq. 25 to cal- 
culate C, with yc for dimethylformamide-tetradecane equal to 4.6, one 
obtains at 25" in the range off = 0.0-0.5: 


5.2 = 
C(51.9 - 4.61130 X 


C = (5.2/6.49) = 0.80 


Although C is ordinarily considered to have a value of 4.35-0.55, a value 
of 0.8 is not unreasonable. 


(2.303)(1.38 X 10-16)(298.15) 


The solubility equation suggested by Yalkowsky et al. (13): 


should therefore provide a satisfactory approach for calculating the 
solubility of relatively hydrophobic drugs in water-cosolvent systems. 
The interfacial treatment is predicated on this log linear relationship 


-4 I I I I I I 
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Figure 8-Log mole fraction solubility of testosterone in chloroform- 
cyclohexane (*); and in isopropyl nyristate-cyclohexane (.) a t  25'. 
Key: (.-) linear regression line; (-) regression lines, (A) cubic, (B) 
quadratic. 


between drug solubility and cosolvent volume fraction. If, however, the 
solubility parameter of the solute is similar to that of the cosolvent or is 
between the 61 value of the cosolvent and water, the points on the para- 
bolic curve may be in a region of significant curvature; then the log linear 
equation and the interfacial model, involving u, will not apply. On the 
other hand, the extended Hildebrand solubility approach handles drugs 
in polar and nonpolar solvent systems, whether the drug's solubility 
parameter is greater than, less than, or lies between the solubility pa- 
rameters of a solvent pair, such as water and dimethylformamide. The 
following example dzmonstrates the use of the linear form of the extended 
Hildebrand solubility approach. 


The solubility X z  of methylparaben in dimethylformamide-water 
mixtures 61 = 18 (f = 0.5) to 61 = 23.5 (f = O.O), from previous works (8) 
is shown in Fig. 7. The extended Hildebrand equation used to obtain the 
calculated line for these data may be linear, Eq. 21a, or quadratic, Eq. 
21b of Table I. The statistical parameters show these equations to be 
equivalent. The A values range from 0.058 in pure dimethylformamide 
to 0.087 in water. The -log X i  = 1.0051. A t  a volume fraction of di- 
methylformamide of 0.37,61 = 19.28 and A = 0.0777. Equation 210 yields 
log a2/A = 8.2894 and Eq. 21b gives log a2/A = 8.4131 for this mixture. 
When multiplied by A, the results from Eq. 21a gives log a2 = 0.6441. 
This value is added to -log X i  to obtain 1.6492. Changing the sign and 
taking the antilog results in Xmethylparaben = 0.0224. The observed value 
is 0.0221. The percent error in the back calculation is thus 1.5%. 


Nonpolar Cosolvent Systems-In contrast to water-cosolvent sys- 
tems, it is interesting to consider nonpolar solvent mixtures having sol- 
ubility parameters lower than the solubility parameters of the solute. 
An investigation to be published (15) involves a study of the solubility 
of testosterone (62 = 10.9) and testosterone propionate ( 6 2  = 9.5) in cy- 
clohexane (6, = 8.2) with cosolvents such as chloroform (61 = 9.1), ethyl 
oleate (61 = 8.6), and isopropyl myristate (61 = 8.9). It was found that the 
log linear relationship did not hold in these systems. Even chloroform, 
which strongly solvates the steroidal solutes, did not produce a log linear 
plot. As observed in Fig. 8, the lines are markedly curved when plotted 
as log X Z  against the volume fraction of the cosolvent. Least-square 
straight lines are included, but statistical analysis is not needed to show 
that the experimental data yield nonlinear curves. 


A report on benzoic acid in various proportions of hexane and ethyl 
acetate (16) was also studied for possible log linear characteristics. The 
solubility parameter of benzoic acid, 11.5, is greater than either hexane, 
7.3, or ethyl acetate, 8.9. A plot of log X 2  versus volume fraction of the 
cosolvent, ethyl acetate, in the solvent mixture showed considerable 
curvature. The line was well fitted by a quadratic equation of the ex- 
tended Hildebrand approach but not by the log linear form. 


Ternary Solvent Systems-In recent work (171, the solubility of four 
sulfonamides has been determined in a ternary solvent consisting of di- 
methylacetamide (61 = ll.l), glycerin (61 = 17.7), and water (J1 = 23.5). 
Two compounds of lower solubility in dimethylacetamide, namely sul- 
fadiazine ( 6 2  = 13.2) and sulfisomidine ( 6 2  = 12.6), produced nearly 
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straight lines when log X p  was plotted against the solubility parameter 
of the ternary solvent4. Two compounds of generally greater solubility, 
sulfathiazole ( 6 2  = 13.1) and sulfamethoxazole ( 6 2  = 11.6), produced 
highly curved lines which require quadratic or higher power series 
equations to fit the points. The solubility parameters of the drug mole- 
cules in these systems fall between the 61 values of the highly polar sol- 
vents, glycerin and water, and the strongly solvating aprotic solvent, di- 
methylacetamide. The curves show no peaks, but rather rise to a maxi- 
mum mole fraction solubility in pure dimethylacetamide. 


CONCLUSIONS 


It may be concluded that the log linear solubility relationship, i.e., log 
solubility versus volume fraction of cosolvent (Eq. 1) as introduced by 
Yalkowsky et al. (l), gives a good linear fit for semipolar drugs in a 
number of water-cosolvent mixtures, particularly when the solubility 
parameter of the solute is -3 solubility parameter units lower than that 
of the cosolvent of a water-cosolvent mixture. When the cosolvent, such 
as dimethylformamide, is a strong solvating agent for the solute, sulfa- 
diazine, a straight line function may persist up to  100% cosolvent even 
though the solubility parameters of drug and cosolvent are quite similar 
(<2 or 3 6 units apart). 


For a system, caffeine, in an ordinary solvent pair, such as water and 
dioxane, or for theophylline in a moderately solvating mixture, such as 
water and polyethylene glycol 400 (5), the solubility parameter of the drug 
lies between the values of water and the cosolvent. Then, the log linear 
expression may be applied only over a limited range of solvent mixtures 
on either side of the solubility parameter of the solute. For example, the 
plot of log solubility versus volume fraction in a caffeine solution in water 
and dioxane was shown to be linear in dioxane from 0 to 30% and nearly 
linear in water from perhaps 0 to 10%. The log linear expression could 
not reproduce the solubility data for caffeine over the central range from 
30 to 90% dioxane where the curve rises to an apex then falls as the solvent 
composition approaches pure dioxane. 


In some systems, which might be predicted to follow the log linear re- 
lationship, a straight line function is not satisfactory but a higher order 
function, such as a quadratic or cubic in 61 or volume fraction provides 
a fit to the experimental data points. Systems of nonpolar solvents, e.g., 
cyclohexane, in conjunction with cosolvents such as chloroform, isopropyl 
myristate, and ethyl acetate have not been found, in limited studies, to 


~~ ~~ 


4 Volume fraction is not appropriate as the independent variable in a ternary 
solvent system, but solubility parameter of the solvent mixture may be used in- 
stead. 


yield log linear relationships. These solutions, like more polar ones, are 
satisfactorily reproduced by use of quadratic, cubic, or quartic equations 
employed in the extended Hildebrand solubility approach. Ternary 
solvent systems, both polar and nonpolar, are under study. 


It was found possible to derive the log linear equation from the ex- 
tended Hildebrand solubility approach, thus providing a quasitheoretical 
foundation for the log linear equation based on solubility parameters. 
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Effect of Initial Conditions and 
Drug-Protein Binding on the  Time t o  
Equilibrium in Dialysis Systems 


Keyphrases 0 Drug-protein binding-effect of initial conditions on 
the time to equilibrium in dialysis systems Equilibrium dialysis-effect 
of initial conditions and drug-protein binding 


T o  The  Editor: 


A major disadvantage of using equilibrium dialysis 
methods for determining in vitro plasma protein binding 
of drugs is the time needed to reach equilibrium. Recently, 
Oie and Guentert (1) mathematically showed that equili- 
bration is more rapid when the drug is initially added to 
the plasma side as opposed to the buffer side. The ap- 
proach to equilibrium was described by integrated equa- 
tions for the concentration of drug on the buffer side as a 
function of time. The relative time to equilibrium for the 
two initial configurations was found to be: 


In a tg In 6 + In a R = - =  = 1 + -  
tP In 6 In 6 (Eq. 1) 


where t B  and t p  are the times to reach some fraction (6) 


from the equilibrium concentration when the drug is ini- 
tially added to the buffer or plasma side, respectively, and 
a is the unbound fraction in plasma which is assumed to 
be constant during the dialysis. For example, a 6 value of 
0.05 indicates a deviation of 5% from the true equilibrium 
value. 


The authors indicated that the closer to the true equi- 
librium value one wants to be, the closer the ratio is to 
unity. Furthermore, a smaller a (stronger binding) or a 
larger 6 increases the advantage of spiking the plasma side. 
While we are in complete agreement with these conclu- 
sions, some interesting and practical information may be 
lost if the examination of this system is limited only to the 
ratio of the times to equilibrium. In this communication 
the concept of approach to equilibrium in dialysis systems 
will be further developed and factors affecting comparative 
equilibration times will be discussed. 


When drug is initially added to the plasma side, the 
concentration on the buffer side (C,) at  any time ( t )  is: 


where CO is the initial concentration, and KT is the rate 
constant governing the transfer of drug across the mem- 
brane (1). 


When drug is initially placed in the buffer side, a similar 
equation is obtained: 


(Eq. 3) 


Although the actual concentration on the buffer side is 
the variable of interest, a more useful relationship for ex- 
amining the influence of a on equilibrium times would be 
an expression of CB in relative terms. A fraction away from 
the equilibrium concentration in the buffer side (6) is de- 
fined as: 


Absolute Value ( C i  - C B )  
6 =  (Eq. 4) 


where Cg is the concentration of CB as t - 00 and C i  = 
Coa/(l + a)  for both cases (buffer or plasma spiked). 


In a form analogous to Eq. 2, the time course of this 
fraction when drug is initially on the plasma side is then 
described by: 


(Eq. 5) 
When drug is initially placed on the buffer side, the time 


6 - --KT(l+ol)t  P - e  


course of 6 is described by: 
,--KT(l+ol)t 


6B = (Eq. 6) 
Ly 


A hypothetical semilog plot for the time course of these 
fractions from equilibrium concentration is shown in Fig. 
1. As dictated by Eqs. 5 and 6, the 6 values decline expo- 
nentially with time. For a given value of a,  In 6 p  and In 6~ 
decrease at  the same rate with slope = -KT(I + a).  As a - 0, the slopes become -KT and as a - 1, the slopes be- 
come - ~ K T .  At t = 0, 6 p  = 1, whereas the 6~ = l/a. Thus, 
dp values are always 51 whereas 6~ has no limit. Although 
the actual rate constants for approach to equilibrium are 
the same for both buffer and plasma spiked systems, the 
buffer spiked system requires more time to reach compa- 
rable 6 values, because a greater amount of drug must be 
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Figure 1-The time course of the fraction’away from equilibrium buffer 
concentration (6) when KT = 0.5 hr-1. The a values are giuen on the 
continuous lines representing 6 ~ .  The dashed line is 6p as 01 - 0. All 
plasma spiked systems fall within the shaded area bounded by the a 
= 1.0 (68  = 6p) and dashed lines. The horizontal line at 6 = 0.05 indi- 
cates a 5% deviation from the true equilibrium value for all condi- 
tions. 


transported across the membrane. For example, 99% of the 
initial mass present in a buffer spiked system (a = 0.01) 
must cross the membrane to reach equilibrium. In a com- 
parable plasma spiked system, only 1% of the initial mass 
must diffuse to the buffer side at equilibrium. 


These comparisons can be shown more clearly by con- 
sidering the times required to reach a given 6 level. Re- 
arrangement of Eq. 5 for the plasma spiked system gives: 


Thus, as a becomes smaller, t, reaches a limiting value t!!$, 
t p  = -(In 6 p / K ~ ) ] .  


Conversely, when the buffer is spiked, the value of t~ is 
written as: 


Instead of reaching a limiting value as a decreases, t B  
continues to increase in proportion to the negative loga- 
rithm of a (!Yo t~ = a). 


Table I compares the time to reach concentrations 5 and 
1% from the true equilibrium concentration. These levels 
were chosen since they are similar to differences which 
would be experimentally acceptable. The practical ad- 
vantage of initially placing drug in the plasma side is ob- 


Table 1-Influence of Initial Conditions and Fraction Unbound 
in Plasma (a) on the Time to Reach a Fraction (6) away from 
Equilibrium Concentration 


6 = 0.05 
1.0 3.0 3.0 1.00 
0.5 4.9 4.0 1.22 ~ ~~ 


0.1 9.6 5.4 1.78 
0.05 11.4 5.7 2.00 
0.01 15.0 5.9 2.54 
0.005 16.5 6.0 2.75 
0.001 19.8 6.0 3.30 


1.0 4.6 4.6 1.00 
0.5 7.1 6.1 1.15 
0.1 12.6 8.4 1.51 
0.05 14.5 8.8 1.65 


6 = 0.01 


-~ - .. ~~ ~ . ._ 


0.01 18.2 9.1 2.00 
0.005 19.7 9.2 2.15 
0.001 23.0 9.2 2.50 


a KT = 0.5 h r l .  


vious throughout the range of a, but becomes most striking 
below a N 0.05. Although t p  becomes essentially constant, 
tg continues to increase with decreasing a. If only the ratio 
of t g / t p  were used, the important observation of an es- 
sentially constant equilibration time ( t p )  below a N 0.05 
would be overlooked. Table I also illustrates a second point 
brought out by 0ie and Guentert (1): the closer to the true 
equilibrium value one wishes to be, the closer the ratio is 
to unity. Thus, at 6 = 0.05 spiking of plasma would be 78% 
faster, whereas at 6 = 0.01, the advantage is 51%, assuming 
a constant a value of 0.1. 


Most clinically important drug-protein interactions 
occur with compounds having unbound fractions (a )  of 
10.2. Experimentally, the time to equilibrium is usually 
established (and fixed) in preliminary studies using plasma 
obtained from healthy subjects, and it is rarely re-exam- 
ined, even if the extent of binding varies in subsequent 
samples. To avoid potentially serious errors in binding 
data, the following points should be considered when 
conducting equilibrium dialysis experiments: 


1. Preliminary studies should include establishment of 
the equilibration time in a buffer uersus buffer system. If 
the logarithm of 6 is plotted uersus time (Eq. 5 or 6 with 
a = l), the slope = ~ K T .  Changes in the membrane, drug, 
cell volume, or agitation method may require that KT be 
redetermined. With a value for KT and an estimate for a 
in plasma for a particular drug, the time to equilibrium and 
time difference between plasma- and buffer-spiked con- 
figurations can be estimated. 


2. The time to equilibrium when spiking buffer in- 
creases with decreasing a values, whereas when spiking 
plasma it is essentially independent of a. The maximum 
equilibration time in a plasma spiked system should not 
be more than twice that of a buffer uersus buffer system. 
No such maximum exists when drug is initially added to 
the buffer side (Table I). 


3. Unbound (buffer) drug concentrations or fraction 
unbound should be used to monitor the approach to 
equilibrium, since total (plasma) concentrations and the 
fraction bound are relatively insensitive parameters at low 
a values. 


4. If there are no significant advantages in sample 
preparation, the drug should be added on the plasma side. 
This minimizes equilibration time and reduces potential 
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problems such as drug degradation, microbiological growth 
(2), protein dilution (3), and lipolysis (4). 


5. When spiking the buffer side is desirable, establish 
the time to equilibrium for the system with the smallest 
expected cy value. The smallest a values do not always 
occur with healthy adult plasma. For example, the inter- 
action of cationic drugs with al-acid glycoprotein increased 
in certain disease states and under various stress condi- 
tions (5 ,6) .  When spiking plasma under these conditions, 
the apparent cy value would be smaller than the true 
equilibrium value, whereas the opposite would occur when 
spiking the buffer side. 


(1) S. Die and T. W. Guentert, J.  Pharm. Sci., 71,127 (1982). 
(2) T. W. Guentert and S. 0ie, ibid., 71,325 (1982). 


BOOKS 


(3) T. Tozer, Abstracts of the Sidney Riegelman Memorial Sympo- 


(4) K. M. Giacomini, S. E. Swezey, J. C. Giacomini, and T. F. Blaschke, 


(5) K. M. Piafsky, 0. Borgi, I. Odar-Cederlof, C. Johansson, and F. 


(6) D. J. Edwards, D. Lalka, F. Cerra, and R. L. Slaughter, Clin. 


Patrick J. McNamaraX 
Joseph B. Bogardus 
College of Pharmacy 
University of Kentucky 
Lexington, KY 40536-0053 


sium, San Francisco, Calif., April 1982. 


Life Sci., 27,771 (1980). 


Sjogvist, N. Engl. J. Med., 299,1435 (1978). 


Pharmacol. Ther., 31,62 (1982). 


Received March 17,1982. 
Accepted for publication May 24,1982. 


REVIEWS 


The Peptides. Analysis, Synthesis, Biology. Vol. 4. Edited by ER- 
HARD GROSS and JOHANNES MEIENHOFFER. Academic, 111 
Fifth Ave., New York, NY 10017.1981.309 pp. 15 X 23 cm. 
The first three volumes of The Peptides were devoted to the meth- 


odology concerning the synthesis of peptides. The fourth volume is the 
first of several volumes planned, according to the editors, dealing with 
the analytical aspects of peptides. The fourth volume eminently succeeds 
in reaching the high standards set for it by its predecessors. 


The six chapters are divided evenly among the physical and chemical 
methods for peptide-protein-structure determination. Of those con- 
cerned with the physical methods, the first two focus on the crystal 
structure analysis by X-ray studies. In the first chapter, I. L. Karle dis- 
cusses the crystal structures of linear and cyclic peptides containing 2 
to 15 peptide units. Several useful generalizations are mentioned; for 
example, “4 - 1 H-bonds begin to appear in cyclic hexapeptides” and 
“the possibility for several different conformations assumed by the same 
compound arises starting with the cyclic heptapeptides.” The author has 
made liberal use of tables and figures, which also list pertinent refer- 
ences. 


J. Gunning and T. Blundell present in Chapter 2 a crystal structure 
analysis of the larger peptide hormones. The crystal structures of insulin 
(A-chain, 21 residues; B-chain, 30 residues), glucagon (29 residues), and 
the pancreatic polypeptide (36 residues) have been determined. On the 
basis of the known homology with the amino acid sequence of insulin, the 
structures of proinsulin and relaxin have been proposed and are dis- 
cussed. 


The chiroptical method for the determination of the absolute config- 
uration of a-amino acids and small peptides is the topic of Chapter 3 by 
V. Toome and M. Weigle. The chiroptical properties of both the free 
a-amino acids and of the free oligopeptides, as well as of their metal 
complexes and chromophoric derivatives, are discussed. 


In the fourth chapter, S. Stein describes the technique of peptide and 
protein-analysis at the picomole level employing HPLC and fluorescence 
spectrophotometry. The combination of HPLC and fluorescence de- 
tection raises the possibility of determination of peptides and proteins 
in tissues and organs of individual animals. This combination of tech- 
niques has also been employed for the determination of the amino acid 
sequence. 


Chapter 5, by J. R. Benson, P. C. Louie, and R. A. Bradshaw, deals with 
the single-column amino acid analysis of peptides. For the purpose of 
discussion, the authors have divided the amino acids into four categories 
according to whether they are ( a )  normally found in proteins, ( b )  formed 


in uioo from the first group by post- or cotranslation, (c) formed by 
chemical modification from Group 1, or ( d )  nonprotein amino acids. 
Several protocols are given for the separation of these amino acids. 


R. A. Laursen in Chapter 6 probes in exquisite detail the solid-phase 
sequencing technique, which would help overcome problems (such as 
overlap, increased-background, amino-terminal blocking) experienced 
with the Edman method. 


Both the editors and the authors are to be congratulated for the ex- 
cellence of this volume, which is a must for those concerned with any and 
all aspects of proteins and peptides, and for those contemplating a start 
in this area of research. 


Receioed by Amrit Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N Y  11439 


Medicinal Chemistry VI (Proceedings of the 6th International 
Symposium on Medicinal Chemistry). Edited by M. A. SIMKINS. 
Wiley, 605 Third Ave., New York, NY 10016.1979.477 pp. 16 X 24 cm. 
Price $94.00. 
Medicinal Chemistry VZ is a collection of papers presented at the 6th 


Internation Symposium on Medicinal Chemistry held in Brighton, En- 
gland in 1978. They were chosen for this volume by the members of the 
Society for Drug Research and cover a wide range of interests, many being 
a blend of chemistry, biology, biochemistry, and medicine. The majority 
of the papers i re  based on disease states while others discuss theoretical 
concepts relating to substrate-receptor interactions or predicting activity 
of molecules based solely on structure. 


This volume is divided into plenary lectures and symposium papers. 
The plenary lectures are given by Dr. Linus Pauling, who speaks of “or- 
thomolecular medicine,” a new concept in treating diseases, which he 
defines as the achievement and preservation of the best of health and the 
prevention and treatment of disease by using substances (right molecules 
in the right amounts) that are normally present in the body; professor 
Sir John Cornforth provides the reader with a greater awareness of 
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temperatures studied leads to a low apparent value. It may be speculated 
that the reaction involves a low-energy bond rotation. However, it is not 
the intent of this report to provide a detailed mechanistic evaluation of 
the process. Such studies are to be conducted. 


The technique of differential pulse polarography has been applied to 
the detection of anhydrotetracycline in the presence of epianhydrote- 
tracycline and used to study the rate of conversion of anhydrotetracycline 
to its epimer. The authors feel this is a unique application of this tech- 
nique. It is also felt that this work proves that this method, which is 
somewhat simpler to utilize than most commonly employed analytical 
procedures, might be useful in studying the reactions of other tetracycline 
derivatives. 
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Extended Hansen Approach: Calculating Partial 
Solubility Parameters of Solid Solutes 
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Abstract A multiple linear regression method, known as the extended 
Hansen solubility approach, was used to estimate the partial solubility 
parameters, bd, b,, and bh for crystalline solutes. The method is useful, 
since organic compounds may decompose near their melting points, and 
it is not possible to determine solubility parameters for these solid 
compounds by the methods used for liquid solvents. The method gives 
good partial and total solubility parameters for naphthalene; with related 
compounds, less satisfactory results were obtained. At least three con- 
ditions, pertaining to the regression equation and the solvent systems, 
must be met in order to obtain reasonable solute solubility parameters. 
In addition to providing partial solubility parameters, the regression 
equations afford a calculation of solute solubility in both polar and 
nonpolar solvents. 


Keyphrases 0 Solubility, partial-extended Hansen approach, pa- 
rameters of solid solutes, naphthalene, decomposition 0 Naphtha- 
lene-extended Hansen approach, partial solubility parameters of solid 
solutes, decomposition Decomposition-extended Hansen approach, 
partial solubility parameters of solid solutes, naphthalene 


A multiple regression method using Hansen partial 
solubility parameters, 6 d ,  6,, and dh, was reported (1) for 
calculating the solubility of naphthalene in pure polar and 
nonpolar solvents. 


THEORETICAL 


The method, called the extended Hansen solubility approach, uses a 
regression equation of three terms involving solvent and solute solubility 
parameters: 


where X p  and Xpi are the mole fraction solubility and mole fraction ideal 
solubility, and A is a term from regular solution theory: 


(Eq. 2) 


where V2 is the molar volume of the solute in the supercooled liquid state, 
91 is the volume fraction of solvent, R is the gas constant, and T is the 
absolute temperature. 


The partial solubility parameters for dispersion, bd, dipolar interaction 
forces, b,, and hydrogen bonding and other Lewis acid-base interactions, 
bh, are found in Eq. 1 for solvent (subscript 1) and solute (subscript 2). 
The coefficients CO, C1, Cz, and Cs are provided in the computer output 
resulting from the least-squares analysis. 


The equation obtained for naphthalene in 24 solvents by the extended 
Hansen solubility approach was (I): 


XZ' 
xz log (Y2 = log - = 1.0488A(bid - 62d)2 - 0.31484(61p - &,)* 


-t 0.2252A(bih - 62h)* + 0.0451 (Eq. 3) 


This equation provided solubilities of naphthalene in polar and nonpolar 
solvents at  40° with <30% error (except for tert-butanol, 53% error); for 
-50% of the cases results were obtained within <5% error. The method 
allowed the calculation of the solubility of naphthalene in solvents not 
included in the series under investigation. The extended Hansen solu- 
bility approach was tested against the UNIFAC method (2) and the ex- 
tended Hildebrand solubility approach (3), two alternate methods 
undergoing recent development. 


RESULTS AND DISCUSSION 


The partial solubility parameters of Hansen and Beerbower (4) are 
available for a large number of liquids, but the values for only a few solids 
(represented as supercooled liquids) are found in the literature. A table 
was prepared of group contributions for calculating partial solubility 
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Table I-Solubility of Naphthalene in Individual Solvents at 40' a 


Hydrogen 
Dispersion Polar Bonding Mole 


Molar Solubility Solubility Solubility Fraction Eq. 7 Eq. 10 Eq. 12 
Volume, Parameter, Parameter, Parameter, Solubility, Error, Error, Error, 


Solvent V1 61d 61, 61h xz XZ(ca1c) % XP(ca1c) 90 X2(calc) 
Hexane 
Carbon tetrachloride 
Toluene 
Ethylidene chloride 
Benzene 
Chloroform 
Chlorobenzene 
Acetone 
Carbon disulfide 
1,l-Dibromoethane 
Ethylene dichloride 
sec-Butanol 
Nitrobenzene 
tert -Butanol 
C yclohexanol 
Aniline 
Isobutanol 
Butanol 
Isopropanol 
Ethylene dibromide 
Propanol 
Acetic acid 
Ethanol 
Methanol 
Butyric acidd 
Water 


131.6 
97.1 


106.8 
84.8 
89.4 
80.7 


102.1 
74.0 
60.0 
92.9 
79.4 
92.5 


102.7 
94.3 


106.0 
91.5 
92.8 
91.5 
76.8 
87.0 
75.2 
57.6 
58.5 
40.7 
91.9 
18.0 


7.3 0.0 0.0 
8.7 0.0 0.3 
8.8 0.7 1.0 
8.1 4.0 0.2 
9.0 0.5b 1.0 
8.7 1.5 2.8 
9.3 2.1 1.0 
7.6 5.1 3.4 


10.0 0.0 0.3 
8.4 3.7 4.1 
9.3 3.6 2.0 
7.7 2.8 7.1 
9.8 4.2 2.0 
7.36 2.5 6.Sb 
8.5 2.0 6.6 
9.5 2.5 5.0 
7.4 2.8 7.8 
7.8 2.8 7.7 
7.7 3.0 8.0 


10.3 1.7 4.2 
7.8 3.3 8.5 
7.lC 3.9c 6.6c 
7.7 4.3 9.5 
7.4 6.0 10.9 
7.3 2.0 5.2 


0.222 
0.395 
0.422 
0.437 
0.428 
0.467 
0.444 
0.378 
0.494 
0.456 
0.452 
0.1122 
0.432 
0.1009 
0.232 
0.306 
0.0925 
0.116 
0.0764 
0.439 
0.0944 
0.117 
0.0726 
0.0412 
0.251 


1.76 x 10-5 


0.264 
0.438 
0.435 
0.413 
0.449 
0.425 
0.448 
0.388 
0.467 
0.387 
0.456 
0.135 
0.469 
0.103 
0.237 
0.400 
0.0745 
0.113 
0.104 
0.428 
0.0903 
0.200 
0.0637 
0.0356 
0.148 


1.76 X 


-18.9 
- 10.9 
-3.1 


5.5 
-4.9 


9.0 
-0.9 
-2.6 


5.5 
15.1 
-0.9 


-20.3 
-8.6 
-2.1 
-2.2 


-30.7 
19.5 
2.6 


-36.1 
2.5 
4.3 


-70.9 
12.3 
13.6 
26.7 
0.0 


0.305 
0.420 
0.419 
0.414 
0.431 
0.421 
0.416 
0.413 
0.437 
0.390 
0.437 
0.139 
0.427 
0.1224 


-37.3 0.283 
-6.4 0.448 


0.7 0.442 
5.3 0.424 


-0.7 0.453 
9.8 0.431 
6.3 0.445 


-9.3 0.394 
11.5 0.458 
14.5 0.394 
3.3 0.453 


1.2 0.453 
-23.9 0.142 


-21.3 0.1049 
0.209 9.9 0.246 _.. 


0.355 -16.0 0.387 
0.0761 17.7 0.0760 
0.104 10.3 0.118 
0.0943 -23.4 0.1094 
0.360 17.9 0.392 
0.0729 22.8 0.0946 
0.254 -117. 0.196 
0.0431 40.6 0.0659 
0.0190 53.9 0.0353 
0.238 5.5 0.189 


7.57 x 10-7 95.7 1.7 x 10-5 


-27.5 
-3.4 
-4.7 


3.0 
-5.8 


7.7 
-0.2 
-4.2 


7.3 
13.6 


-0.2 
-26.6 
-4.9 
-4.0 
-6.0 


-26.5 
17.8 


-1.7 
-43.2 


0.7 
-0.2 


-67.5 
9.2 


14.3 
24.7 


1.7 7.6 7.8 20.7 


V Z  = 123 cm3/mole, X2i (40') = 0.46594. * Values recalculated from Reference 1. Changed from values used in Reference 1 to those found in Reference 4. d From 
Reference 7. 


parameters for both liquids and solids (4). This method provides only 
rough estimates of ad, 6,, and 6h for crystalline solids, and it would be 
advantageous to have another method to obtain these values. 


The approach suggested here involves regressing (log az ) /A  against 
61d, 61,, blh, 61d2, 61,', and 61h' using a number of solvents. The result 
of this procedure using an SPSS regression program (5) is the expres- 
sion: 


(log a z ) / A  = -13.51146id t 0.670261d' t 0.557081, 
-0.141861,' - 0.244861h t 0.132661h2 t 68.0377 (Eq. 4) 


n = 26, s = 1.45, R2 = 0.986, F = 276, F(6, 20,O.Ol) = 3.87. 
The terms for did, &Id2, bl,, &,', 61h, and 61h2 are paired together with 


the coefficient of the squared term taken outside the parenthesis in each 
instance: 


(log N Z ) / A  = 0.6702(6id2 - 20.160361d) - 0.1418(61p2 - 3.928161,) 
t 0.1326(61h2 - 1.846261h) t 68.0377 (Eq. 5) 


The terms in parentheses can be cast into the form of perfect squares if 
20.1603 is taken as 262d, 3.9281 as %2,, and 1.8462 as 262h in Eq. 5. This 
leads to the result: 


(log az) /A = 0.6702(61d2 - 20.160361d t 101.6094) 
-0.1418(61,* - 3.928161, + 3.8575) 


4- 0.1326(61h2 - 1.846261h t 0.8521) - (0.6702)(101.6094) 
t (0.1418)(3.8575) - (0.1326)(0.8521) t 68.0377 (Eq. 6) 


Therefore, 101.6094 is 62d2 and (101.6094)1/2 = 10.08 = 62d; and likewise 
for 62, and 62h: 


(log az)/A = 0.6702(61d - 10.08)2 - 0.1418(61, - 1.964)2 
+ 0.1326(6lh - 0.923)' t 0.3731 (Eq. 7) 


I t  is observed that the partial solubility parameters, d2d = 10.08, 62, 
= 1.964, and 62h = 0.923, have been obtained by a regression method in- 
volving only solvent partial solubility parameters, together with experi- 
mental solubility data from which (log a2)/A is calculated. The total 
solubility parameter 6~ for naphthalene by this method is: 


6"' = 624' t 62,' t 62h' = (10.08)'t (1.964)2 + (0.923)2 = 106.32 
6, = (106.32)"' = 10.31 (Eq. 8 )  


The partial solubility parameters from the literature (4) are 6d = 9.4, 


6, = 1.0, and 6h = 1.9l, leading to a 6~ = 9.64. The total solubility pa- 
rameter of naphthalene from its maximum solubility in 24 solvents has 
been estimated to be 6~ = 9.6 (1); the value 67. = 10.31 was obtained in 
the present study (Eq. 8). When a different number of solvents or dif- 
ferent kinds of solvents are employed in the regression, the 6 values may 
vary, since the coefficients of the equation change with various solvents. 
The 6~ value obtained by multiple regression was 10.43 when 23 solvents 
were used. 


Nonlinear regression (6) led to the following results: 


(log ( Y ~ ) / A  = 0.742961d2 - 13.555961d - 0.144061,' t 0.578161, 
t 0.188361h' - 0.59876ih t 63.6363 (Eq. 9) 


(log a2)/A = 0.7429(6id - 9.124)' - 0.1440(61, - 2.007)' 
t 0.1883(61h - 1.590)' t 1.902 (Eq. 10) 


n = 26, s(based on XZ) = 0.052, R2(based on X2) = 0.927 
The total solubility parameter is obtained: 


6T2  = 62d2 t 62,' + 62h' = (9.12)2 t (2.01)' t (1.59)' 


6~ = (89.74)'/' = 9.47 (Eq. 11) 


I t  is too early to claim validity for the use of multiple regression as a 
means of establishing total and partial solubility parameters for solid 
solutes. However, if multiple regression can be shown to yield consistent 
results in the future, the method may be useful for drugs, biochemicals, 
and similar organic solutes, the solubility parameters of which cannot 
be obtained by the methods used for solvents. The regression procedure 
would also provide a check on the group contribution method of Hansen 
and Beerbower (4) for obtaining partial solubility parameters. 


In preliminary work with similar systems, it appears that certain 
conditions must apply for the method to be successful ( a )  The constant 
term CO of Eq. 1 should be <1.0 or 2.0, as observed in Eqs. 7 and 10. ( b )  
The regression equation must be one that successfully predicts solubilities 
of the solute in the solvent systems employed. (c) The regression equation 
must be obtained by using a sufficient number of solvents (20 is good, 40 
is much better) with solubility parameters both below and above that of 
the solute. The larger the number of known solubilities used in the re- 
gression analysis, the better the chance of obtaining reasonable solute 
solubility parameters. 


' The 6h for naphthalene is given in Reference 4 as 2.9 but this is in error; the value 
was intended to be 1.9. 
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The first right hand term of Eqs. 7 and 10 express London interaction 
(dispersion forces) between solute and solvent. These omnidirectional 
forces do not operate only on 67% of the nearest neighbor molecules, as 
suggested by the coefficient of Eq. 7, nor on 74%, as shown in Eq. 10. In- 
stead, the coefficient of the (6ld - 62d)’ term should be unity. This can 
be ensured in the regression method by moving this term to the left hand 
side of the expression for the calculation of coefficients, then returning 
it to the right side to display the final equation. The 82d was taken as 9.40 
and the equation obtained was: 


(l0gCU~)lA = ( b i d  - 9.40)* - 0.1463(61, - 2.059)’ 
+ 0.1319(61h - 0.778)’ + 0.8640 (Eq. 12) 


This method reduces the variables of regression by one, but it does not 
seriously reduce the correlation coefficient R 2  of Eq. 7 is 0.986 and of Eq. 
12 is 0.980. Also from Eq. 13, 6~~ = 9.42 + 2.05g2 + 0.7782; 6~ = 
(93.205)1/2 = 9.65. 


Although this report is devoted to the calculation of solubility pa- 
rameters for crystalline solids, Eqs. 7, 10, and 12 provide the calculation 
of the solubility of naphthalene in both polar and nonpolar solvents, as 
was demonstrated in an earlier report (1). The results, X2(calc)r are found 
in Table I together with the percentage error for naphthalene solubility 
in each of the 26 solvents studied. Most of the solubilities were very sat- 
isfactory, -50% exhibiting errors of <lo%. Most values have an error of 
< -30%. Isopropanol and acetic acid exhibited errors of >30% when Eqs. 
7 and 12 were used. The predicted solubilities for naphthalene in hexane, 
acetic acid, ethanol, methanol, and water were >30% error using Eq. 10. 
The reason that solubilities in these five solvents are >30% cannot be 
stated definitively a t  this time. Ethanol, methanol, isopropanol, acetic 
acid, and water are highly hydrogen bonded and exhibit self-association. 
However, other polar solvents such as propanol, butanol, and cyclohex- 


anol have reasonable values in this work. The error of 37% for hexane is 
surprising, as this solvent tends to form regular solutions with nonpolar 
solutes such as naphthalene. 
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Abstract  A GLC procedure was developed for phenacemide and was 
shown to be less time consuming than the official assay without sacrificing 
accuracy. The procedure involves extraction from powdered tablets and 
addition of pentylenetetrazol as the internal standard. The amount of 
phenacemide is determined by comparison of the ratio of the area under 
the curves to that of a standard. 


Keyphrases Phenacemide-analysis in tablets, GLC determination, 
pentylenetetrazol Pentylenetetrazol-analysis of phenacemide in 
tablets, GLC determination GLC-phenacemide, analysis in tablets, 
pentylenetetrazol. 


Phenacemide, an open chain analog of 5-phenylhyd- 
antoin, is used in temporal lobe epilepsy (psychomotor) 
which is refractory to other agents (1, 2). It is a white, 
odorless, and tasteless crystalline solid (3). While per- 
forming routine analyses in another experiment, a rapid 
method of analysis for phenacemide was needed. The of- 
ficial assay involves acid hydrolysis, extraction of the acidic 
products into chloroform, and back titration (4). The 
procedure is time consuming and requires much handling 
and transfer. Other methods for phenacemide determi- 
nation have been developed but offer no distinct advan- 
tages (5-7). 


This report outlines a rapid GLC method that has 
proven to be less time consuming. In addition to requiring 


less handling and transfer, it does not appear to sacrifice 
accuracy. 


EXPERIMENTAL 


Materials-Phenacemide powder’ and phenacemide tablets’ were 
utilized in the assay as received. Pentylenetetrazol’ was used as the 
internal standard. Methanol3 and isopropyl alcohol3, ACS reagent grade, 
were used as solvents. 


Apparatus-A basic gas chromatograph4 with a flame ionization de- 
tector (FID) was used. A 3.17-mm, 1.83-m silicone column5 was used. The 
temperature of the column and detector was maintained at  200 f 20’. 
The flow rate of the carrier gas (helium) was -20 ml/min. The detector 
was connected to an integrating recorder6 for easy and accurate deter- 
mination of area under the curve. 


Standard Curve-Seven samples of varying ratios of phenacemide 
to pentylenetetrazol in methanol (Table I) were used to obtain a standard 
curve. Exact amounts of phenacemide and pentylenetetrazol were 
weighed directly into 10-ml volumetric flasks. A small volume of methanol 
was added to dissolve the sample and then made to volume with rneth- 
anol. 


Three microliters of each of the seven solutions was chromatographed 
and the results recorded. A standard curve was obtained by plotting the 


~ ~ ~ ~~~ ~ 


Abhott Laboratories, North Chicago, IL 60064. 
Knoll Pharmaceutical, Whippany, NJ 07981. 


Model 9500, Carle Instruments, Fullerton, CA 92631. 
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Model 1005, Beckman Instruments, Fullerton, CA 92631. 


3 Fisher Scientific, Norcross, GA 30091. 
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(VIIIa) was also similarly tested in desoxycorticosterone-saline rats 
(intraperitoneally) (10). 


Acute toxicities were determined in male mice weighing 20 f 2  g. A dose 
was given orally to each of five animals and mortalities were recorded 1 
week later. The LDso was calculated according to a previous procedure 
(11). 


RESULTS AND DISCUSSION 


Table I summarizes the results of the pharmacological assays. All the 
compounds studied showed appreciable activity in the spontaneously 
hypertensive rat assay. In decreasing order of activity they are: VIIIa > 
VIIId > VIIIe > VIIIb > Vc > Va > Vb > Ve > IXe > IXb > IXd > 
IXa . 


The hydrazino group is not essential for activity although i t  does 
considerably increase antihypertensive activity and toxicity. Group VIII 
compounds are thus the most active and the most toxic. Furthermore, 
the antihypertensive activity of V compounds may be related to that of 
other non hydrazine antihypertensive compounds (12,13). I t  seems that 
this is the first report of antihypertensive activity in the 0x0 and triazole 
metabolites of pyridazino-hydrazine antihypertensives. 
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Abstract  Two techniques are described for the treatment of dissolu- 
tion rates to estimate the percent disintegrated-time data for tablets and 
capsules. The first is an extension of an equation derived previously with 
the assumption of first-order disintegration and dissolution processes; 
whereas, the second involves the determination of the rate constant from 
the terminal segment of the curve and the use of numerical derivatives 
according to a disintegration kinetics-independent approach. The dis- 
solution data of six commercial tablet and capsule formulations were 
treated according to the described techniques. Good agreement was found 
between the percent disintegrated-time data estimated by the second 
approach for an acetaminophen tablet and those obtained by a well- 
established model where a Weibull function was employed. 


Keyphrases Dissolution-tablets, simple methods for estimating 
percent disintegrated-time data Disintegration-tablets, simple 
methods for estimating percent disintegrated-time data, dissolution 


There are few methods available for utilizing dissolution 
rate data to estimate the fraction disintegrated as a func- 
tion of time for tablets (1,2). These techniques, however, 
lack simplicity and require computer programs which may 
not be available. 


A simple method was described recently for the disin- 
tegration-dissolution analysis of percent dissolved-time 
data (3). The technique is based on a biexponential 
equation with the assumption of first-order disintegration 
and dissolution according to a simple dissolution model. 


The present report describes two approachs that can be 
used to estimate the percent disintegrated-time data for 
tablets and capsules. The first is an extension to the above 
report (3), whereas the other is based on disintegration 
kinetics-independent approach. Both techniques are 
simple and rapid and allow computations to be carried out 
manually. 


THEORETICAL 


Estimation of Percent Disintegrated-Time Data  (Approach I) 
-Assuming first-order disintegration and dissolution processes, if A ,  
A,, and A, represent the amounts of drug in dosage form, small particles, 
and solution, respectively, a t  any given time, and it is assumed that the 
disintegration and dissolution are first-order processes whose apparent 
rate constants are kd and k,, respectively, or: 


k d  ka 
A * A p - - - - - - - - - - L A ,  


first-order disintegration first-order dissolution 


Scheme I 


the following equation can be derived (3): 


where fa is the cumulative percent dissolved a t  time t .  
Based on Scheme I, the following also can be derived: 
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Table I-Percent Disintegrated-Time Data for the Formulations Used According to  Approaches I and ZZ 


Formu- Midinterval Time, min 
lation 1 3 5 7 9 12.5 17.5 22.5 27.5 
Code I" IIb  I I1 I I1 I I1 I I1 I I1 I I1 I I1 I I1 


A 27.5 10.4 61.8 31.3 79.9 63.3 89.4 80.6 94.4 85.6 98.2 96.4 99.6 94.8 100 100 100 100 
B 36.9 14.6 74.9 37.3 90.0 79.3 96.0 87.3 98.4 97.6 99.7 106.0 100 100 100 100 100 100 
C 36.6 35.0 74.5 64.6 89.8 77.8 95.9 85.0 98.3 89.0 99.7 94.2 100 102 100 104 100 100 


Midinterval Time, min 
1.25 3.75 6.25 8.75 12.5 17.5 22.5 27.5 


1 I1 I= 116 I I1 I I1 I I1 I I1 I I1 I I1 
D 36.6 36.6 74.6 75.7 89.8 93.6 95.9 96.2 99.0 98.7 99.8 99.5 100 99.9 100 100 
E 40.3 33.4 78.7 72.3 92.4 90.4 97.3 92.2 99.4 99.5 99.9 101 100 99.1 100 99.1 
F 22.4 0 53.3 22.4 71.9 41.0 83.1 71.2 97.1 75.3 97.1 90.7 99.0 104 99.6 110 


a Estimated according to Approach I .  Estimated according to Approach I!. 


where A d  is the amount disintegrated a t  time t and equal to the amount 
of drug in dosage form at time 0 (Ao) minus the amount of drug in dosage 
form a t  time t ( A ) .  Multiplying both sides of Eq. 2 by lOO/Ao yields: 


where f d  = 100Ad/Ao and is the cumulative percent disintegrated a t  time 
t .  


The disintegration profile can be obtained by substituting for kd in 
Eq. 3 the values determined graphically according to Eq. 1 where k ,  can 
also be determined (3). 


Disintegration Kinetics Independent Approach (Approach 11) 
--If the dissolution process is assumed to follow first-order kinetics while 
disintegration is taken as a kinetics-independent process, the following 
can be derived using a simple kinetic approach: 


(Eq. 4) 


where (dfS/d t l t  is the dissolution rate a t  time t ,  and f d ( t ) ,  f s ( t ) ,  and k, have 
the same meaning as described earlier. Equation 4 can also be derived 
using a convolution technique (2). Employing Eq. 4, a direct calculation 
of the cumulative percent disintegrated-time data can be achieved once 
( d f , / ~ & ) ~  is calculated and k ,  determined. The apparent first-order rate 
constant for dissolution ( k , )  can be determined from the terminal straight 
line segment of ln(100 - f s )  uersus time plot. 


RESULTS AND DISCUSSION 


The dissolution data obtained for six commercial tablets and capsules 
containing isoniazid, theophylline, ampicillin, tetracycline hydrochloride, 
and tetracycline hydrochloride-phosphate complex (3) were employed 
to examine the use of the described techniques to estimate the percent 
disintegrated-time data. 


The apparent first-order disintegration and dissolution rate constants 
(kd and k , ,  respectively) were determined graphically according to Eq. 
1. The values of kd were substituted in Eq. 3, and the percent disinte- 
grated a t  various time values were calculated and are presented in Table 
I. 


When Approach II was employed for the determination of the percent 
disintegrated-time data, the dissolution rate (df , /d t  ) t  was calculated for 
each time interval, and the midinterval time was taken as t .  The cumu- 
lative percent dissolved a t  midinterval time ( t )  was estimated by the 
arithmetic mean of the percent dissolved a t  the beginning and the end 
of the interval. Table I presents the percent disintegrated-time data 
determined by this approach. 


As demonstrated in Table I, the data obtained by Approach I were 
generally comparable to those obtained by Approach I I .  Indeed, for 
formulations C, D, and E, the data produced by both techniques were very 
close. The disagreement in the results, when existent, generally occurred 
in the initial data points. This may indicate less than perfect fit of these 
data points to Eq. 1. More initial data points might have led to better 
estimates of kd; however, this would require the automation of the dis- 
solution test. A good fit of the dissolution data to Eq. 1 is essential if the 


percent disintegrated-time data were to be estimated accurately ac- 
cording to Eq. 3. 


To examine the reliability of the described techniques, the dissolution 
rate data of an acetaminophen tablet were subjected to the described 
analysis. These data were reported and employed (2) to demonstrate the 
application of a model to estimate the fraction disintegrated-time data. 
The data were well represented by a Weibull function (2), and a good 
estimate of kd according to Eq. 1 could not be obtained. However, the 
curve produced by plotting ln(100 - f,) ucrsus time had a linear terminal 
segment whose slope was equal to 1.389 min-l. This value was used as 
k ,  in Eq. 4, and the percent disintegrated-time data were determined 
after the dissolution rate ( d f , / d t ) ,  was calculated for each interval. The 
percent dissolved a t  midinterval time ( f s ) t  was reported. 


In a continuous function approach using convolution techniques, an 
equation was derived (2) which was employed to analyze these data. The 
equation was obtained by substituting a Weibull function for f, in Eq. 
3. The two parameters for this Weibull function were determined by a 
nonlinear regression of the Weibull function to the above tablet data. The 
first-order dissolution parameter was determined (2) from separate 
dissolution tests of acetaminophen powder and plotting the data semi- 
logarithmically against time. 


As can be seen in Table 11, the percent disintegrated-time data by 
Approach I1 were similar to those obtained previously (2). Therefore, 
while the existent methods (1,2) involve either a system of linear equa- 
tions which require computer programs to solve or continuous functions 
with three parameters to be determined, the estimation of the percent 
disintegrated-time data by Approach II is simple and requires no sep- 
arate dissolution testing of drug powder. The estimation of the first-order 
dissolution rate constant can be performed easily by plotting the tablet 
dissolution data semilogarithmically against time. The terminal data 
points most frequently behave in a first-order fashion. This approach 
for determination of k ,  is valid here, because the acetaminophen tablet 
dissolution was less rapid than disintegration (1,2) ,  and k ,  was smaller 
than kd for the other formulations used (Table I). 


While the usefulness of Eq. 3 to estimate the percent disintegrated- 


Table 11-Percent Disintegrated-Time Data  for  a n  
Acetaminophen Tablet  


Midinterval 
Time, min 


0.17 
0.50 
0.83 
1.17 
1.50 
1.83 
2.17 
2.5 
2.83 
3.17 
3.50 
3.83 
4.17 
4.50 
4.83 
5.17 
5.50 
6.00 


:dfs /dt  I t  I 


%/min 
2.73 
8.53 


15.2 
21.5 
22.9 
22.4 
24.8 
20.3 
23.6 
21.2 
20.9 
19.7 
19.4 
18.2 
11.2 
10.9 
7.3 
2.6 


9G 
0.4 
1.7 
6.5 


12.8 
19.8 
26.9 
35.6 
43.1 
50.1 
57.6 
64.4 
71.1 
77.7 
84.7 
89.1 
92.9 
95.5 
98.2 


fh 
9G 
2.4 
7.8 


17.4 
28.3 
36.3 
43.0 
53.5 
51.7 
67.1 
72.9 
79.4 
85.3 
91.7 
97.8 
97.2 


100.8 
100.8 
100.8 


fh 
% 
1.9 
7 .O 


13.7 
21.7 
30.3 
39.2 
48.3 
56.8 
64.6 
71.9 
77.9 
83.1 
81.4 
90.8 
93.4 
95.4 
96.9 
98.3 


a Estimated according to Approach 11. Reported previously (2) and labeled 
as continuous function. 
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time is limited to the cases where the dissolution data are well described 
by Eq. 1, Approach I I  provides a simple, rapid, and reliable tool for 
prediction of disintegration profiles. The computation involved is simple 
and can be carried out manually without the use of computer programs 
as required by other techniques. 
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Abstract 0 Low concentrations of poly-L-lysine, a polycationic hydro- 
philic molecule, caused a large expansion of polyphosphoinositide mo- 
nolayers and produced a significant loss of cochlear microphonic po- 
tentials in perilymphatic perfusions in the guinea pig. In contrast, the 
monomeric L-lysine had only slight effects on polyphosphoinositide 
monolayers and did not affect cochlear microphonic potentials even at  
concentrations as high as 10 mM. These data substantiate the hypothesis 
that the expansion of polyphosphoinositide monolayers by a drug is an 
indicator of its ototoxicity. 


Keyphrases Polyphosphoinositides-correlation of effects of lysine 
and polylysine in uitro with ototoxic action in uiuo 0 Lysine--correlation 
of effects on polyphosphoinositides in uitro with ototoxic action in uiuo, 
polylysine Polylysine-correlation of effects on polyphosphoinositides 
in uitro with ototoxic action in uiuo, lysine 


Evidence has previously been provided in in vivo and 
i n  uitro studies for an involvement of polyphosphoinosi- 
tides in the toxic actions of aminoglycoside antibiotics (1). 
Monolayer studies have shown that polyphosphoinositides 
are unique among various anionic phospholipids with re- 
spect to both the type and magnitude of the interactions 
with neomycin and Ca2+ (2). The observed increase in 
surface pressure was indicative of a very strong preference 
of the polyphosphoinositide film for neomycin over Ca2+ 
and other cations. It was further shown that the degree of 
interaction of eight aminoglycoside antibiotics and frag- 
ments with polyphosphoinositides correlated well with 
their ototoxicity in the guinea pig (3). 


In order to test further the hypothesis that the degree 
of expansion of polyphosphoinositide monolayers is cor- 
related with ototoxicity, monolayer studies, and ototoxicity 
tests for two compounds unrelated to aminoglycosides, 
poly-L-lysine and L-lysine, are reported here. Poly-L-lysine 
represents a polycationic hydrophilic compound, capable 
of occupying an area-determining position in lipid films 
(4), and L-lysine represents the corresponding singly- 
charged hydrophilic monomer. 


EXPERIMENTAL 


Materials and  Methods-Poly-L-lysine had a molecular weight of 
3400 (polymerization grade, 16)'. Polyphosphoinositides were purified 
from ox brain by chromatography on immobilized neomycin (5). 


A polytef beaker (8-cm diameter) held 100 ml of subphase containing 
50 mM sodium N-2-hydroxyethylpiperazine-Nf-2-ethanesulfonate, pH 
7.0, 1 mM CaC12, and sufficient sodium chloride to adjust the ionic 
strength to 0.2. A stationary syringe, with the needle immersed in the 
subphase throughout the experiment, delivered the additions of lysine 
and polylysine. The solutions were stirred with a magnetic bar at  slow 
speed without the film being disturbed. The polyphosphoinositide 
mixtures (phosphatidylinositol phosphate-phosphatidylinositol bis- 
phosphate, 1:2 molar ratio) were spread as a solution in n-hexane-etha- 
nol-chloroform (80515, v/v/v). Approximately 0.2 pg of lipid/cm2 was 
spread to obtain the desired surface pressure (14-15 dyne/cm) which was 
read with a balance2 after the film had stabilized for 10 min. Polylysine 
or L-lysine was then injected into the subphase for final concentrations 
of 10-7-10-4 M. After each addition, the subphase was mixed for 15 min 
before measurements were taken. Experiments were performed at  25f2' 
in duplicate, and surface tension readings always agreed within 0.1 
dyne/cm. 


Perilymphatic Perfusions-Perilymphatic perfusions were carried 
out in male albino guinea pigs (200-300 9). An animal with a positive 
Preyer hearing reflex was anesthetized with pentobarbital (20 mg/kg of 
body weight ip), atropine sulfate (0.05 mg/kg sc), and 0.5 ml/kg of body 
weight im of a solution containing 0.4 mg of fentanyl and 20.0 mg of 
droperidol/ml(6). The animal's body temperature was maintained at  37 
f1° with a heating pad and artificial respiration was provided through 
a tracheal cannula. Surgical and perfusion techniques were similar to that 
described previously (3). 


The perilymphatic spaces of the cochlea were perfused a t  a rate of -30 
pl/min. Cochlear microphonic potentials were measured in response to 
a sound stimulus of white noise, 20-4000 Hz, delivered through an ear- 
phone. The sound intensity level was adjusted to give an initial micro- 
phonic potential of 200400 p V .  After the potential had stabilized for 30 
min (control period), ototoxicity was determined as its loss after 30 min 
of a subsequent perfusion with added drug. 


~~~ ~ 


1 Poly-L-lysine and L-lysine were obtained from Sigma Chemical Co., St. Louis, 


* Wilhelmy balance. 
Ma. 
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Table V-Analysis of Standard Mixtures of Isosorbide Dinitrate and Alprenolol Hydrochloride 


Internal Alprenolol Hydrochloride Isosorbide Dinitrate 
Standard Standard, Added, Found, Recovery, Added, Found, Recovery, 
Mixture mg mg mg % mg mg % 


1 101.7 253.0 252.5 
2 102.7 250.7 261.0 
3 
4 
5 


114.0 
97.7 
94.5 


258.2 252.2 
260.5 256.5 
251.0 256.5 


6 94.8 252.0 258.0 


99.7 53.2 53.5 
104.1 53.5 53.5 
101.5 52.5 
98.5 57.5 


102.2 57.0 


54.2 
56.5 
56.0 


102.4 57.0 58.5 


100.6 
100.0 
103.3 
98.3 
98.2 


102.6 
7 91.2 249.5 254.0 101.8 52.5 49.0 93.3 
8 91.5 258.5 266.0 102.9 62.0 63.0 101.6 


Mean = 99.7 
%SD = f3.18 


Mean = 101.6 
%SD = f1.78 


The signal chosen for the analysis of I was the multiplet at 5.5 ppm due 
to the protons on C:! and Cs. The presence of this signal at low fields is 
due to the electronegativity of the nitrate ester group as in 1,43,6-di- 
anhydro-D-glucital. In this compound both diacetoxy and dimesyloxy 
derivatives have their CZ and Cb protons shifted to lower fields (9). 


The doublet a t  1.25 ppm due to both methyl groups was chosen for 11. 
The signal given by the same group in 111, a doublet at 1.30 ppm, was 
selected for 111. The singlets a t  6.2 ppm for IV and 8 ppm for V were used 
for the internal standards. 


The results of the analysis of a group of known standard mixtures of 
I and I1 and I and I11 are summarized in Tables IV and V (Figs. 1 and 2). 
The method is accurate and precise, with an SD f 3.06 for I. The standard 
deviation is f1.80 and f1.78 for I1 and 111, respectively, for the standard 
mixtures. 


This procedure was also applied to commercial lots of tablets from 
three companies containing I and its mixtures with I1 and 111. 


The results obtained are in agreement with those obtained using the 
official USP procedure for I (4) and the B P  procedures for I1 (6) and 111 
(7). 
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Abstract  0 The binding of copper to bovine, human, rabbit, rat, and 
porcine albumin has been studied using a cupric ion-specific electrode. 
The results were analyzed in terms of Scatchard expression assuming two 
classes of independent binding sites. The high-affinity constants for 
copper binding to the albumin show the same trend as the first association 
constants for nickel binding, namely, rabbit > human > rat > pig. Despite 
the similarity in the primary amino acid sequence for human and bovine 
serum albumin, the former has only one high-affinity site for copper, 
while the latter has more than three sites. 


Keyphrases Binding-copper to serum albumin, ion-specific electrode 
study, bovine, human, rabbit, rat, porcine Serum albumin-bovine, 
human, rabbit, rat, porcine, ion-specific electrode study, copper binding 


Ion-specific electrode-copper binding to serum albumin, bovine, 
rabbit, human, rat, porcine 


Serum copper levels play a dual role in several patho- 
logical conditions, both in humans and experimental ani- 
mals (1, 2). Anti-inflammatory properties are associated 
with several salts and chelates of copper (3-9). On the other 
hand, increased copper levels have been observed in several 
diseases such as tuberculosis and pneumonia (lo), rheu- 


matoid arthritis (11,12), and ankylosing spondilitis (13). 
In serum the weakly bound form of copper is associated 
with the transport protein, albumin. Sequence analysis 
studies have shown that the first three amino acids a t  the 
N-terminal constitute a high-affinity copper binding site 
in bovine (14-16), human, and rat albumin (17). Nickel, 
which has been implicated as a carcinogen in humans and 
experimental animals (18), also binds to this N-terminal 
site. 


There have been several previous attempts to measure 
the binding of copper to serum albumins from different 
animal species. In an early study (19) the thermodynamics 
of copper binding to bovine serum albumin using absorp- 
tion spectroscopy were examined. However, the insensi- 
tivity of the spectroscopic method necessitated the use of 
high protein concentrations, which precluded the deter- 
mination of the high-affinity binding constants. A later 
study (20) estimated the number of copper binding sites 
on bovine and human albumin but the relative affinity 
constants were not determined. A more recent study (21) 
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Figure 1-Response of the electrode to the  addition of Cu2+ Cu2+ was 
added in  microliter quantities to a stirred solution of 0.1 M KN03  (50 
ml) in the absence (A) and in the presence (0) of human serum albu- 
min, and the change in potential was measured after each addition. 


employed a cupric ion-specific electrode to determine the 
copper binding parameters of bovine serum albumin. In 
this report the copper binding parameters for bovine, 
human, rat, porcine, and rabbit albumins have been esti- 
mated using a cupric ion-specific electrode. The sensitivity 
of this technique is such that it permits the determination 
of the association constant of copper for the high-affinity 
primary albumin binding site(s). 


EXPERIMENTAL 
Materials-Crystallized bovine, human, and rabbit serum albumins' 


were used without further purification. Rat  serum albumin' (Fraction 
V) was extensively dialyzed against large volumes of 5 mM edetic acid 
and deionized water, freeze-dried, and stored a t  4O until use. Porcine 
Fraction V2 was decolorized with charcoal at  pH 3 and eluted with 0.2 M 
NaCl over a cross-linked dextran gel column (100 X 3.5 cm). The albumin 
fractions from the column were concentrated by ultrafiltrati~n~, dialyzed 
against large volumes of 5 mM edetic acid, lyophilized after dialysis 
against large volumes of deionized water, and stored cold (4'). T'he 
monomer and higher oligomers were pooled together before use. Human 
and bovine albumin concentrations in the solutions were estimated from 
their respective absorbances at  279 nm (22,23). Other albumin solutions 
were prepared by dissolving a known amount of protein in a desired 
volume of 0.1 M KNO3 solution. Typically, the titration solutions con- 
tained 10-40 F M  albumin. Stock solutions of 2 and 100 mM CuSO4 were 
prepared and their concentrations were estimated by atomic absorption 
spectroscopy. 


Titration Experiments-The titrations were carried out with a cupric 
ion-specific electrode4 and a single-junction electrode5 both connected 
to a digital pH/mV meter and dipped in a 0.1 M KN03 solution (with or 
without albumin). Aliquots of the copper sulfate solution (first 2 and later 
100 mM) were added to the albumin solutions (20-50 ml) using a mi- 
crosyringe such that the logarithm of the cupric ion concentration in the 
medium increased linearly with each addition. The corresponding po- 
tential as shown by the pH/mV meter was noted after each addition. The 
parameters of the electrode (the slope and the intercept) were determined 
from control (no protein) titrations in each case. All titrations were per- 
formed at  room temperature (23-25O). The pH of the solution a t  the 
beginning and end of each titration was 5.2-5.4. 


Miles Laboratories, Elkhart, Ind. 
Sephadex G-150 Sigma Chemical Co., St. Louis, Mo. 
UM-10 membrane, Amiron, Danvers, Mass. * Model 94-29, Orion Res. Inc., Cambridge, Mass. 


5 Model 90-01, Orion Res. Inc., Cambridge, Mass. 


Table ]-Parameters of Cu2+ Binding to Serum Albumins 


Source nl K1 x M-' nz Kz  X M-' 


Bovine 3.68 3.14 12.73 20.15 
3.0b 3.0b 16.0b 20.0" 


Human 1.13 2.33 4.5 67.54 
Rabbit 3.9 2.83 15.14 7.52 
Rat 2.62 1.85 26.4 4.34 
Porcine 1.86 0.41 18.01 5.76 


The values represent the computer analysis of the results of three or more ti- 
tration experiments. The values are the best fit for both R uersus C and (RICI uersus 
R Scatchard analysis. The standard deviation was <8% for the computer fittings. * Taken from Reference 21. 


I t  is known that above pH 4 a t  the concentrations employed in this 
study, the Cu2+ ion begins to hydrolyze and precipitates as the oxide or 
hydroxide soon thereafter (24). Although a more physiological pH of 7.4 
would have been the ideal choice, the sensitivity of the electrode may 
decrease above pH 6 because of the formation of both soluble and insol- 
uble hydroxo-oxo complexes under experimental conditions. Hence, no 
pH adjustments were made before each titration. 


Data Analysis-The titration data were analyzed in terms of the 
Nernst equation to find the concentration of free and hound copper in 
solution. Since the resultant Scatchard plots exhibited considerable 
curvature, the assumption was made that there were two sets of inde- 
pendent binding sites and the data were fitted to the expression (25): 


n&lC + n2KX j-=- 


1 t K 1 C  l + K z C  
where r is the number of Cu2+ bound per mole of protein, nl and n2 are 
the number of binding sites, K1 and K2 are the corresponding constants6, 
and C the molar concentration of free Cu2+. The curve fitting was per- 
formed using a modeling program7 (26) running on a c o m p ~ t e r ~ ~ ~ .  


RESULTS AND DISCUSSION 


A typical titration curve is shown in Fig. 1. Figure 2 is a computer-fitted 
Scatchard plot for human serum albumin. The binding parameters de- 
termined in this study for albumins from different species are listed in 
Table I. Also listed in Table I are the binding parameters for bovine serum 
albumin reported previously (21) for comparison. I t  can be seen that the 
results of the present study are in reasonable agreement with previous 
results (21). 


2.711 
2.4 'lA 


0 1 2 3 4 5 6 
R 


Figure %-Scatchard analysis of Cu2+ binding to human serum albu- 
min. R a n d  C are the  number of Cu2+ ions bound per mole of albumin 
and the molar concentration of free Cu2+,  respectively. The  figure is 
the result o fa  computer fit of the results from four different (O,A,O,O) 
titration experiments. 


6 K1 and K 2  above are defined for the equilibrium: alhumin + n Cu?+ = (albii- 
min-n Cu2+). 


7 Modeling Laboratory, MLAB. 


9 ComDuter a t  the Division of Cornouter Research & Technolom. the National 
DEC-10. Digital Equipment Company, Marlborough, Mass. 


Institutes of Health, Bethesda, Md. 
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The t,rend in the high-affinity association constants, namely, rabbit 
> human > rat > pig, parallels that observed for nickel binding to the 
same albumins as determined previously (27). While it was not possible 
to obtain consistent values for copper binding to dog serum albumin, the 
results seemed to indicate that the primary binding sites for canine al- 
bumin had a lower affinity than those found in porcine albumin. Again, 
this is the case for nickel binding (27). If both Cu*+ and Ni?+ occupy the 
same albumin binding sites and form complexes of the same geometry 
type, then one would expect the same trend for both copper and nickel 
binding. This suggests that the N-terminal Cu?+-binding site may also 
constitute the primary binding site for nickel. The relatively lower 
binding constants for dog and pig albumins are probably due to the ab- 
sence of a histidine a t  the third amino acid position from the N-terminal 
end of these proteins (26). 


The number of high-affinity sites for human albumin is less than that 
for bovine (Table I). From a comparison of the proposed primary struc- 
tures of‘ these proteins (28,29), and based on the assumption that the 
geometry a t  the additional sites should be comparable to that a t  the 
N-terminal site, two extra high-affinity sites in bovine albumin may be 
provided by the amino acid sequences of Glu’6-Glu-His1a near the N -  
terminal and A~p~~~-Lys-Leu-Lys-His-Leu-Val-Asp~~~ between the 
second and the third domains. However, it should be pointed out that  
this assignment is only tentative and needs to be further substantiated 
experimentally. It is our experience that the extrinsic circular dichroism 
spectra of bound copper are not the same for human and bovine albu- 
mind0. Obviously, there must be some significant differences in both the 
number and the nature of the copper binding sites for these two types 
of albumin. 


REFERENCES 
(1) M. W. Whitehouse, Agents Actions, 6,201 (1976). 
(2) R. Milanino, E. Passarella, and G. P. Velo, in “Advances in In- 


flammation Research,” G. D. Weissman, B. Samuelsson, and R. Raoletti, 
Eds., Academic, New York, N.Y., 1979, p. 281. 


(3) T. Richardson, J .  Pharm. Pharmacol., 28,66 (1976). 
(4) T. R. J .  Sorenson, ibid., 29,450 (1977). 
(5) T. R.,J. Sorenson, J .  Med. Chem., 19,135 (1976). 


1” P. Mohanakrishnan and C. F. Chignell, unpublished results. 


(6) A. J. Lewis, Agents Actions, 8,244 (1978). 
(7) K. D. Rainsford and M. W. Whitehouse, J .  Pharm. Pharmacol., 


(8) M. W. Whitehouse and W. R. Walker, Agents Actions, 8, 85 


(9) D. A. Williams, D. T. Waltz, and W. 0. Foye, J .  Pharm. Sci., 65, 


(10) M. E. Lahey, C. J. Gubler, M. S. Chase, G. E. Cartwright, and M. 


(11) I. L. Pshetakovsky, Vop Reum., 13,17 (1973). 
(12) D. P. Bajpayee, Ann. Rheum. Dis., 34,162 (1975). 
(13) P. R. Scudder, D. Al-Timini, W. McMurray, A. G. White, B. C. 


(14) W. T. Shearer, R. A. Bradshaw, F. R. N. Gurd, and T.  Peters, Jr., 


(15) T .  Peters, Jr. and F. A. Blumenstock, ibid., 242,1574 (1967). 
(16) R. A. Bradshaw, W. T. Shearer, and F. R. N. Gurd, ibid., 243,3817 


(17) R. A. Bradshaw and T. Peters, Jr., ibid., 244,5582 (1969). 
(18) F. W. Sunderman, Jr., Fd.  Cosmet. Toxicol., 9,105 (1971). 
(19) I. M. Klotz and H. G. Curme, J.  Am. Chem Soc., 70, 939 


(20) C. K. Luk, Riopolymers, 10,1229 (1971). 
(21) D. V. Naik, C. F. Jewell, and S. G. Schulman, J .  Pharm. Sci., 64, 


(22) F. B. Edwards, R. B. Rombauer, and B. J. Campbell, Biochim. 


(23) J. Janatova, J. K. Fuller, and M. J .  Hunter, J .  Biol. Chem., 243, 


(24) C. F. Baes, Jr. and R. E. Mesmer, “The Hydrolysis of Cations,” 


(25) G. Scatchard, Ann. N.Y. Acad. Sci . ,  51,660 (1949). 
(26) G. D. Knott and D. K. Reece, Proceedings of the ON LINE 1972 


Conference, vol. 1, Brunel University, England, 1972, p. 497. 
(27) W. M. Callan and F. W. Sunderman, Jr., Rec. Commun. Chem. 


Path. Pharmacol., 5,459 (1973). 
(28) J. R. Brown, in “Albumin Function and Uses,” V. M. Kosenoer, 


M. Oratz, and M. A. Rothschild, Eds., Pergamon, Oxford, 1977, p. 27. 
(29) B. Meloun, L. Moravek, and V. Kostka, FEES Lett., 58, 134 


(1975). 


28,83 (1976). 


(1978). 


126 (1976). 


M. Wintrobe, J .  Clin. Invest., 32,329 (1953). 


Zoob, and T.  L. Dormandy, ibid., 37,67 (1978). 


J .  Biol. Chem., 242,5451 (1967). 


( 1967). 


(1948). 


1243 (1975). 


Biophys. Acta, 194,234 (1969). 


3612 (1968). 


Wiley, New York, N.Y., 1976, p. 267. 


Effect of Dose Size on the Pharmacokinetics of Oral 
Hydrocortisone Suspension 


ROGER D. TOOTHAKER * S ,  WILLIAM A. CRAIG 5 ,  and 


Received September 1, 1981, from the *School of Pharmacy, University of Wisconsin, Madison, WI 53706 and the $Veterans Administration 
Hospital, Madison, WZ 53705. 
Washington, Seattle, WA 98195. 


PETER G. WELLING *x 


Accepted for publication December 31,1981. *Present address: School of Pharmacy, University of 


Abstract 0 The pharmacokinetics of hydrocortisone were examined 
following single doses of 5-, lo-, 20-, and 40-mg hydrocortisone suspen- 
sions to healthy male volunteers. Endogenous hydrocortisone was sup- 
pressed by giving 2 mg of dexamethasone the night before hydrocortisone 
administration. Plasma samples obtained serially for 12 hr after hydro- 
cortisone administration were assayed by reversed-phase high-pressure 
liquid chromatography using a fixed-wavelength (254 nm) UV absorbance 
detector. Drug absorption was rapid, with mean maximum plasma hy- 
drocortisone concentrations occurring within 60 min of dosing. Subse- 
quent drug elimination was monophasic with mean elimination half-lives 
increasing from 1.2 hr for the 5-mg dose to 1.7 hr for the 40-mg dose. In- 


creases in AUC and C,, with increasing dose were linear but not directly 
proportional to dose size. This was attributed to dose-dependent ab- 
sorption or to loss of drug during the first-pass through the liver. 


Keyphrases 0 Hydrocortisone-effect of dose size on pharmacokinetics 
of oral suspension, absorption, elimination 0 Pharmacokinetics-oral 
hydrocortisone suspension, absorption, elimination, effect of dose size 
0 Absorption-oral hydrocortisone suspension, elimination, effect of 
dose size on pharmacokinetics o Suspension-oral hydrocortisone, ab- 
sorption, elimination, effect of dose size on pharmacokinetics 


Hydrocortisone was designated by the U.S. Food and 
Drug Administration as a drug whose different brands and 
dosage forms should be examined for bioequivalence (1). 
A series of studies was initiated to examine the pharma- 


cokinetics of hydrocortisone and to assess the feasibility 
of conducting bioequivalence studies on commercial 
products. 


In a previous study (2), dexamethasone was shown to 
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COMMUNICATIONS 


Effect of a Major Metabolite on the Plasma 
Protein Binding of Tolmetin 


Keyphrases 0 TolmetinAffect of a major metabolite on plasma protein 
binding Metabolites-effect on the plasma protein binding of tolmetin 


Plasma protein binding-effect of a major metabolite, tolmetin 


To the Editor: 


The nonsteroidal anti-inflammatory agent, tolmetin, 
is highly bound (>99%) to plasma proteins (1). Recently, 
Selley et al. (2) reported that 3 pg/ml (10.4 p M )  of 1- 
methyl-5-(4-carboxybenzoyl)-lH-pyrrole-2-acetic acid (I), 


Table 11-Binding of Tolmetin and its Major Metabolite I to 
Human Plasma 


Seeded Concentration, 
pg/mla Percent Free 


Tolmetin 
0.5 
5 


50 
1 


0.37 f 0.14* 
0.37 f 0.10 
0.63 f 0.11 


2 19.6 f 0.7c 
20 23.8 f 1.2 


200 26.5 f 1.0 


Expressed as micrograms of free acid per milliliter. Mean f SD of binding 
to plasma from 10 healthy volunteers. Mean f SD of 1 5  aliquots of pooled human 
plasma dialyzed separately. 


Table I-The Effect of Metabolite I on Tolmetin Binding to Human Plasma and to 4% Human Serum Albumin 


Percent Free Tolmetin" 
Concentration Concentration 4% Human 


of ['4C]Tolmetin of I Serum Albumin 
P M  Pg/mlt P M  P d m l  (I Plasma (fatty acid frce) 


80 25.2 
80 25.2 
80 25.2 
80 25.2 
80 25.2 


0 
0.8 
8 


80 
800 


0 
0.23 
2.3 


23 
230 


0.42 f 0.03 
0.39 f 0.01 


0.52 f 0.07 
0.57 f 0.08 


0.53 f 0.08 
0.42 f 0.05 
0.68 f 0.18 


0.62 f 0.06 
0.57 f 0.07 
0.92 f 0.21 


(1 Mean f SD of 4 aliquots dialyzed separately. * Expressed as micrograms of free 


a major metabolite of tolmetin (3), caused a marked (245%) 
increase in tolmetin free fraction when dialyzed until 
equilibrium against 4% human serum albumin containing 
26.4 pg/ml (84 p M )  of tolmetin. Such a result is unusual 
since these investigators also observed that I was bound 
only 72% to human serum albumin. This implies that the 
metabolite may have less affinity for albumin binding sites 
than tolmetin; yet, small concentrations of I were capable 
of displacing the extensively bound parent drug. We de- 
cided to investigate further the effect of I on tolmetin 
binding. 


Plasma was obtained from three healthy volunteers and 
was seeded with 0 (control sample), 0.8 (0.23 Fg/ml), 8 (2.3 
pg/ml), 80 (23 pg/ml), and 800 p M  (230 pg/ml) concen- 
trations of I' and dialyzed against 0.125 M SBrenson's so- 
dium-potassium phosphate buffer (pH 7.4) containing 80 
pM (25.2 pg/ml) of [14C]tolmetin (14.8 pCi/mg)l. Equi- 
librium was achieved after 4 hr of dialysis using an equi- 
librium dialysis system2 equipped with a microcell acces- 
sory and cellulose dialysis membranes (MW cutoff, 
6000-8000)3. This experiment was also performed using 
human serum albumin4 instead of human plasma. Aliquots 
(100 or 150 pl) of dialysate and dialyzed plasma were as- 
sayed for radioactivity in 10 ml of scintillation cocktail5 
using a liquid scintillation spectrometer6 and external 
standard quench correction. 


In a second series of experiments, plasma aliquots (0.2 
ml each) from 10 healthy volunteers were dialyzed against 


1 McNeil Pharmaceutical, Spring House, Pa. 
2 Dianorm, Diachema Ag., Ruschlikon, Switzerland. 
3 SpectraPor, Spectrum Medical Industries, Inc., Los Angeles, Calif. 
4 Fatty acid free; Sigma Chemical Co., St. Louis, Mo. 
5 BioFluor, New England Nuclear, Boston, Mass. 


Searle Analytical 81, Searle Analytic Inc., Des Plaines, Ill. 


acid per milliliter. 


SBrenson's buffer (0.2 ml) containing 0.5,5, and 50 pg/ml 
of [14C]tolmetin, and the tolmetin free fraction was de- 
termined at each concentration. In addition, samples (1.0 
ml) of pooled human plasma were seeded with 2,20, and 
200 pg/ml of I and dialyzed against 1.0-ml aliquots of 0.067 
it4 SBrenson's buffer. Buffer and plasma samples (0.5 ml) 
were assayed for I using a sensitive HPLC procedure7. The 
percentage of free (unbound) I or tolmetin was calculated 
using: 


(Eq. 1) - X 100 = % free 


where c d  is the concentration of ligand in the dialysate 
(unbound) and C, is the concentration of ligand in di- 
alyzed plasma (bound and unbound). 


Table I lists the results obtained when 80 pit4 [14C]tol- 
metin was dialyzed in the presence of increasing concen- 
trations of I in both plasma and 4% human serum albumin. 
The metabolite produced no effect on tolmetin protein 
binding when added at  equimolar concentrations or less. 
In contrast, tolmetin free fraction increased when I was 
added in 10-fold molar excess over tolmetin. These results 
are consistent with the observation that tolmetin was much 
more highly bound to plasma proteins than I over the 
broad range of concentrations studied (Table 11). The 
metabolite may have less affinity for binding sites shared 
with tolmetin on plasma proteins (probably albumin). 
Under these conditions I would not be expected to displace 
any protein-bound tolmetin except when added in great 
excess. These data differ from the study by Selley et al. (2), 
who reported that addition of 3 pg/ml of I yielded an in- 


Cd 
CP 


T. Snyderman, N. L. Renzi, Jr., and K. T. Ng, data on file, McNeil Pharma- 
ceutical, Spring House, Pa. 
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crease in free fraction of tolmetin (present a t  26.7 pg/ml) 
from 0.29 f 0.02% (Mean f S D )  to 1.0 f 0.12%. It appears 
that factors other than the metabolite itself must have 
contributed to the increase in tolmetin free fraction ob- 
served by these investigators. 


The fact that I does not readily displace tolmetin from 
plasma protein binding sites has important implications 
in the understanding of tolmetin disposition. Since the 
metabolite circulates a t  concentrations lower than those 
of tolmetin in healthy subjects (1,4) and arthritic patients 
(5), no effect of I on tolmetin disposition would be antici- 
pated based on the data presented in Table I. In anephric 
patients receiving tolmetin, I accumulates in plasma to 
concentrations often > 10-fold those of tolmetins. Some 
displacement of tolmetin by the metabolite in these pa- 
tients might be expected. However, since uremic plasma 
has reduced binding affinity for tolmetin (6), it is difficult 
to assess the additional influence of high circulating me- 
tabolite concentrations on tolmetin disposition in the 
uremic patient. 


(1) W. A. Cressman, G.  F. Wortham, and J. Plostnieks, Clin. Phar- 
macol. Ther., 19,224 (1976). 


(2) M. L. Selley, B. W. Madsen, and J. Thomas, Clin. Pharmacol. 
Ther., 24,694 (1978). 


(3) D. D. Sumner, P. G. Dayton, S. A. Cucinell, and J. Plostnieks, Drug 
Metab. Dispos., 3,283 (1975). 


(4) J. W. Ayres, D. J. Weidler, J. Mackichan, E. Sakmar, M. R. Hall- 
mark, E. F. Lemanowicz, and J. G.  Wagner, Eur. J .  Clin. Pharrnacol., 12, 
421 (1977). 


(5) J. M. Grindel, B. H. Migdalof, and J. Plostnieks, Clin. Pharmacol. 
Ther., 26,122 (1979). 


(6) J. F. Pritchard, P. J. O'Neill, M. B. Affrime, and D. T. Lowenthal, 
Abstracts APhA Acad. Pharm. Sci., 11(2), 137 (1981). 
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Hydroxyisolongifolaldehyde: A New 
Metabolite of (+)-Longifolene in Rabbits 


~~ ~ ~~ 


Keyphrases Longifolene-hydroxyisolongifolaldehyde, a new me- 
tabolite in rabbits 0 Metabolites-hydroxyisolongifolaldehyde from 
longifolene in rabbits Hydroxyisolongifolaldehyde-a new metabolite 
of longifolene in rabbits 


To the Editor: 
In spite of daily usage of terpenoid-containing plant 


products such as fruits, drinks, tobacco, etc., the metabolic 
fate of terpenoids is essentially unknown. The aim of this 
study is to clarify terpenoid biotransformation in mam- 
malian biochemistry from the toxicological point of view. 
This will provide guidance for the effective usage of natural 
products and for preparation of starting materials for or- 
ganic synthesis. 


Wild rabbits damage the forests in Japan by feeding on 


the artificially planted young Chamaecyparis obtusa, an 
important tree used commercially in Japan. This Japanese 
cypress contains longifolene (I) as a major sesquiterpene 
hydrocarbon. The metabolism of a-pinene, camphene, and 
other related terpenoids in rabbits was studied previously 
(1-7). 


Longifolene (36 g), [ a ] ~  = +39.3', in chloroform, was 
administered to rabbits and the metabolites were isolated 
according to the method described previously. The neutral 
crude alcohols (3.7 g), were acetylated and purified to af- 
ford the main acetate (11) (17% for total acetates), which 
gave the following spectral data: mass spectrum: mlz 278 
(C17H2603); 2700 and 1710 cm-l; and a small doublet (J  
= 1.5 Hz) a t  9.88 ppm of an aldehyde group. It was hy- 
drolyzed by potassium carbonate in methanol and on silica 
gel chromatography gave pure metabolic alcohol (111). The 
parent ion of 111, m/z  236, means a molecular formula 
C15H2402 showing that two oxygen atoms were introduced 
into longifolene. These oxygen atoms are based on a hy- 
droxyl group (3450 cm-') and an aldehyde group (2700 and 
1720 cm-l; 9.87 ppm). The signals at 3.46 and 3.31 ppm 
(AB quartet) of this alcohol shifted 0.5 ppm upfield com- 
pared with those of acetate, suggesting the presence of a 
primary hydroxyl group. The olefin group of longifolene 
was lost in this alcohol. Thus, the change of this exo- 
methylene group to an aldehyde or primary alcohol was 
expected. The positions of newly introduced groups were 
determined on the basis of IR, lH-NMR, and 13C-NMR 
spectra. 


First, the aldehyde proton signal of I11 split into a dou- 
blet (J = 2.0 Hz) indicating the presence of an adjacent 
7-H proton. By this splitting, it was concluded that the 
position of the aldehyde group is not at C-12, C-14, and 
C-15 but at C-7. The 7-H configuration was determined 
on the basis of a coupling constant. Provided that 7-H is 
in an a-configuration, the coupling constants of this proton 
would be anticipated to be J 7 , 1  = 1.3-2.6 Hz and 57,s = 
-0.5 Hz. However, if 7-H is in a P-configuration, these 
values would be expected to be: J7,8 = 3.6-5.0 Hz, 57.9 -1.2 
Hz, and 57.11 = 0.5 Hz. In fact, J7,s in I11 was observed as 
3.5 Hz meaning 7-H has the ,&configuration. Thus, the 
configuration of this aldehyde group was determined to 
be in the C-7-endo-form, which is stable in isolongifolal- 
dehyde (8). 


Second, in the IR spectra of the metabolized alcohol and 


Table I-J3C-NMR Chemical Shifts in Longifolene and 
Hydroxyisolongifolaldehyde 


Longifolene Hydroxyisolongifolaldehyde 
(1) (111) 


C-1 62.2 
c-2 33.6 
C-3 36.5 
c -4  21.2 ~~ 


c - 5  43.4 
C-6 44.1 
c-7 168.0 
C-8 48.0 
c-9 29.8 
c-10 25.5 
c-11 45.2 
c-12 30.1 
C-13 99.0 


56.3 
37.8 
34.2 
21.0 
44.2 
43.0 
59.9 
40.8 
25.8 
23.0 
47.0 
26.0" 


206.4 
C-14 30.6" 22.6" 
C-15 30.6a 72.6 


a Assignments may be reversed in each compound. 
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Microencapsulation IV: 
Cross-Linked Hemoglobin Microcapsules 
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Abstract Hemoglobin microcapsules were prepared through cross- 
linking of hemoglobin itself with various acyldichlorides. Variations in 
the reticulation conditions were performed in order to ameliorate the 
oxygen dissociation curve, the mean diameter, and the possibility for the 
microcapsules to be lyophilized. With terephthaloylchloride, as the 
cross-linking agent, incorporation of inositol hexaphosphate and glucose, 
followed by stabilization through glutaraldehyde and using a high stirring 
speed, allowed preparation of stable hemoglobin microcapsules, 5 pm 
in diameter, which suffered rapid lysis by proteases. They were able to 
ensure oxygen transfer: the dissociation curve was sigmoidal with a p50 
= 13 mm Hg. They retained these properties after lyophilization followed 
by rehydration. 


Keyphrases [7 Hemoglobin-preparation of cross-linked microcapsules 
0 Microencapsulation-preparation of cross-linked hemoglobin mi- 
crocapsules 0 Cross-linking-proteins, microencapsulation of hemo- 
globin 


Human hemoglobin has been subjected to microen- 
capsulation by several authors: Chang (1-4) was the first 
to prepare hemoglobin microcapsules through interfacial 
polymerization or coacervation processes. However, the 
membrane made of nylon, polystyrene, collodion, or silicon 
rubber (dimethicone membrane’) failed to be biodegrad- 
able. 


More recently, Kondo (5-8) used polyphthaloyl-L-lysine 
as the wall-constituting polymer and the microcapsules 
could be digested by proteolytic enzymes. 


Vigneron (9, 10) obtained similar results through in- 
terfacial polymerization between sebacoyl chloride and 
hexamethylene diamine with L-lysine admixed. 


On the other hand, whereas cross-linking of hemoglobin 
by various reagents [dialdehydes (11,12), carbodiimides 
(13), diepoxides, diisocyanates (14), and unsaturated 
sulfones (14,15)] has been extensively studied, application 
of the procedure to clinical problems has been restricted 
to the preparation of hemoglobin, modified in order to 
increase its life-span when used as a blood replacement 
fluid. 


In continuation of microencapsulation experiments 
through cross-linking of proteins (16-18), this paper deals 
with the application of this concept to hemoglobin. 


EXPERIMENTAL 


Reagents-Human hemoglobin was used. Red blood cells were col- 
lected from citrated human blood by centrifugation and washed with 
isotonic sodium chloride solution. After centrifugation, the red cells were 
subjected to hemolysis. Stromas were eliminated by successive filtration 
through membranes with porosities of 3 p m  then 0.2 pm. The hemoglobin 
solution (6%, w/v) was added to glucose (2%, w/v) and then lyophi- 
lized. 


Several buffers were prepared with pH’s ranging from 9.8 (0.45 M 
NazC03; HC1 to pH 9.8); [0.5 M bis(2-hydroxyethyl)amino-tris(hy- 


Silastic. 


droxymethyl) methane(I)2; HCl to pH 9.81 to 10.5 (0.45 M NaZC03; HCI 
to pH 10.5); and 11.5 (0.45 M NazC03; HCI to p H  11.5), (2 M NazC03; 
HCI to pH 11.5). 


The organic solvent was chloroformqyclohexane (1:4, v/v). It was used 
to prepare solutions of terephthal~ylchloride~ (2.5 and 5 g%, w/v), se- 
bacoyl chloride3 (2.25 and 4.5 g%, w / ~ ) ,  and suc~inylchloride~ (0.25,0.50, 
and 1 g%, w/v). 


An etheral solution of 12% glutaraldehyde (v/v) was prepared from a 
25% aqueous solution3 (v/v) through extraction with diethyl ether from 
a sodium chloride-saturated solution. 


The surfactants were sorbitan trioleate5 [2,5, and 10% solutions (v/v) 
in the organic solvent] sorbitan monolaurate5 [5 and 10% solutions (v/v) 
in the organic solvent], lecithin from soybean6 [1,2,3, and 5% solutions 
(w/v) in the organic solvent]. Polysorbate5 was used for the transfer of 
microcapsules, as a 1:3 mixture (v/v) with glycerin. 


The other reagents were inositol hexaphosphate2, sodium chloride 
solution 0.9 g% (w/v), and buffered sodium chloride solution, pH 7.3. 


Macromolecular solutions (plasma substitutes) were used for resistance 
assays (dextran7, modified gelatinssg). 


Materials-A stirrerlo, fitted with a 5-bladed screw (maximal speed: 
1800 rpm) was first used and later replaced by an homogenizer”, fitted 
with a metallic double blade (maximal speed: 23,000 rpm). 


The oxygen dissociation curves were recorded with an analyzer12. 
Procedures-The hemoglobin lyophilisate (1.4 g, corresponding to 


0.35 g of glucose and 1.05 g of hemoglobin) was dissolved in the buffer (3 
ml) and emulsified with 15 ml of 2% surfactant solution (1200 rpm) a t  
O O .  


The acylchloride solution (15 ml) was added and stirred for 3 min. The 
organic solvent (30 ml) was then mixed into the suspension. After cen- 
trifugation (350Xg, 30 sec), the sediment was resuspended in the glyc- 
erin-surfactant mixture (5-10 ml) to which 50 ml of 0.9% aqueous NaCl 
was then added. The suspension was centrifuged (350Xg, 5 min) and the 
sediment washed twice in 0.9% NaCl. Finally, the hemoglobin micro- 
capsules were suspended in 30 ml of buffered sodium chloride solu- 
tion. 


After freezing at -30”, the suspension was easily lyophilized to yield 
a light brownish powder. 


Modifications in the Reticulation Conditions-Buffer-Several 
0.45 M Na2C03 buffers (pH increasing from 9.8 to 11.5) were used during 
the polymerization step. Other attempts were made with a 2 M NazC03 
buffer (pH 11.5) and with a I buffer2, pH 9.8. 


Acylating Agent -Several acyldichlorides were used as acylating 
agents a t  different concentrations: terephthaloylchloride, sebacoyl 
chloride, succinyldichloride, and a dia1dehyde:glutaric dialdehyde. 


Surfactant-Sorbitan trioleate, sorbitan monolaurate, and soybean 
lecithin were checked a t  different concentrations during the polymer- 
ization step. 


Stirring-Variations of stirring conditions were made by replacement 
of the stirrerlo by an homogenizer”. 


Temperature-Microcapsules were prepared a t  20,0, and -loo. Use 
of a nitrogen atmosphere was attempted to avoid oxidation of hemo- 
globin. 


Fu r the r  Treatment  of the Microcapsules-Before lyophilization 


~~ 


Sigma. 
3 Aldrich. 


Fluka. 
Seppic Montanoir. 
Metabio. 
Rheomacrodex, Egic. 
Plasmagel, Roger Bellon. 
Haernaccel, Hoechst. 


Virtis 23 homogenizer, Bioblock. 


lo Heidolph stirrer-stirring motor type RZRII-Adaptation system type 


l2 Hem-0-Scan analyzer, Aminco. 


RK6. 
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MICROCPPSULES 


WA TER - BATH 
37 OC 


Figure 1-Scheme of the apparatus used for deoxygenation of mi- 
croencapsulated hemoglobin. 


glucose was added to the microcapsule suspension, as a hemoglobin 
protector (19). 


Stabilization with Clutaraldehyde-To strengthen the cross-linked 
wall, microcapsules were prepared according to the following process: 
Microcapsules were obtained from hemoglobin and terephthaloylchloride 
at 0" in a pH 9.8 buffer with 5% sorbitan monolaurate (stirring speed 1800 
rpm). The capsules were centrifuged, resuspended in 60 ml of 0.9% NaCl 
solution, and 0.4 ml of a 25% aqueous glutaraldehyde solution was added. 
After a 3-min reaction, the capsules were isolated as before. 


Incorporation of Inositol hexaphosphate-Inositol hexaphosphate 
is known to lower the oxygen affinity of hemoglobin (20,21). Therefore, 
it was added to the hemoglobin microcapsules, either through incubation 
(20 hr, 4 O )  of the microcapsules in the phosphate solution (external phase) 
or during the preparation of the microcapsules (internal phase). 


Assays-Centrifugation-Microcapsules were centrifuged for 60 min 
at 100,OOOXg (4"). 


Resistance of Microcapsules to Ultrasound-Evaluation followed a 
15-min treatment a t  45 kHz. 


Resistance to Freezing-Defreezing Cycles-Freezing at  -30" followed 
by melting at 20" was repeated 4 times. 


Aging-Suspensions of capsules in water or in 0.9 g% NaCl solution 
were stored at  +4O. 


Resistance to Macromolecular Solutions-Microcapsules were sus- 
pended in different macromolecular plasma substitutes a t  37'. 


Degradability Effect of Proteases-Microcapsules were incubated 
at 37O in different media containing proteases: pepsin (0.32 g %, w/v) in 
a hydrochloric acid solution (pH 2); pancreatin (1 g %, w/v) in a 
KHzPO4-NaOH buffer (pH 7.5); pronase 4 X g ?6 (w/v) in a 
NazB407-KHzP04 buffer (pH 8) with Ca(CH3COO)z (0.176 g %, w/v). 


Oxygen Transfer Properties-Permeability toward oxygen was 
studied by using the apparatus depicted in Fig. 1. 


A suspension of microcapsules of suitable concentration was prepared 
in a phosphate buffer (pH 7.5). Flask 1 contained the suspension and was 
heated to 37'. Flask 2 contained liquid petrolatumL3 and was cooled in 
an ice bath. The apparatus was continuously agitated and evacuated to 
10-1-10-2 T, after which argon was introduced. After several cycles, the 


Figure 2-Photomicrograph of hemoglobin microcapsules with cross- 
linked hemoglobin membrane (terephthaloylchloride). 


Figure 3-Scanning electron micrograph of hemoglobin microcapsules 
with cross-linked hemoglobin membrane fterephthaloy Ichloride). 


apparatus was placed in an upright position so as to cover the deoxy- 
genated suspension with liquid petrolaturn. The microcapsule suspension 
was then transfered into the measurement cell of a spectrometer through 
a syringe containing liquid petrolatum so as to avoid any contact with 
air. 


After recording of the initial spectrum of the microcapsules, progressive 
reoxygenation was performed by bubbling air through the suspension 
with a syringe (0.5 ml in 15 sec) while the spectra were successively 
measured. 


The saturation curve was recorded by plotting the percentage of oxy- 
hemoglobin uersus the partial pressure of oxygen. 


RESULTS AND DISCUSSION 


The initial typical procedure gave reddish spherical microcapsules. 
Their size was -60 pm (a = 23 pm) (Fig. 2). 


A scanning electron micrograRh of the dehydrated microcapsules is 
presented in Fig. 3. 


Hemoglobin was chemically modified by terephthaloylchloride, which 
was indicated by examination of the film, isolated at  the interface of an 
aqueous solution of hemoglobin and an organic solution of tere- 
phthaloylchloride. The IR spectrum of the film showed significant dif- 
ferences from that of hemoglobin in the fingerprint area (700-1500 
nm). 


After a 60-min centrifugation at 100,OOOXg ( 4 O ) ,  the microcapsules 
were found mainly unaltered. However, the supernate was slightly col- 
ored, indicative of some hemoglobin leak. The microcapsules resisted a 
15-min treatment by ultrasound at 45 kHz. Four freezing-defreezing 
cycles did not affect the microcapsules. Rehydration of the lyophilized 
microcapsules regenerated their spherical shape; however, a large amount 
of hemoglobin (20-25% of the total amount of hemoglobin used) was 
oxidized to methemoglobin during the process. Suspending the capsules 
in water resulted in turgescence, diffusion of hemoglobin, and, finally, 
lysis of the membrane. In 0.9% NaCl solution, hemoglobin also slowly 
diffused into the medium. After suspension in macromolecular solutions, 
optical microscopic observation showed the membrane to be collapsed, 
especially in the case of the larger capsules. The original spherical shape 
was regenerated through resuspension in an isotonic aqueous medium. 


Table I-Hemoglobin Microcapsules with a Cross-Linked 
Hemoglobin Wall (Terephthaloylchloride): Influence of Nature 
and Concentration of the LiDoDhilic Surfactant 


Surfactant Concentration, % Mean diameter, pm u, pm 


Sorbitan trioleate 2 
5 


10 
Sorbitan 5 


monolaurate 10 
Soybean 1 


lecithin 2 
3 
5 


40.8 18.9 ~~ . 


32.6 
23.4 


~~ ~ 


13.9 
10.8 


24.9 8 
27.4 11.5 
27 10.2 
30.6 12.5 
30.2 12.5 
26.9 13 


l3  Nujol. 0 Stirring speed: 1600 rpm. 
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Figure la-Visible absorption spectra of hemoglobin microcapsules: 
progressive reoxygena tion of deoxyhemoglobin (curve 1) to oxyhemo- 
globin (curve 6). 
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Figure 4b-Absorption spectra of hemoglobin microcapsules, influence 
of the cross-linking reagent. Key: curve I ,  terephthaloylchloride; curve 
2, sebacoyl chloride; curve 3, glutaraldehyde. 
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Figure 4c-Absorption spectra of lyophilized hemoglobin microcap- 
sules (terephthaloylchloride as cross-linking agent). Key: curve 1,  glu- 
cose added prior to lyophilization; curve 2, without glucose. 
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The microcapsules were destroyed after a 2-min incubation in pepsin 
or pronase, 1-min in pancreatin. 


The electronic spectrum of the deoxygenated capsules (Fig. 4a) was 
characteristic of deoxyhemoglobin and gradually changed to the spectrum 
of oxyhemoglobin upon oxygenation. 


The oxygen dissociation curve (curve 1, Fig. 5a) was not sigmoidal and 
differed from that of a hemoglobin solution (curve 3) or of normal human 
blood (curve 4). The p50 was only 6 mm Hg. 


The initial procedure then allowed preparation of relatively stable 
hemoglobin microcapsules, the membranes of which were resistant, 
biodegradable, and permeable to oxygen. 


However, the mean diameter was far too large, presence of methemo- 
globin had to be avoided, the lyophilization process needed improve- 
ments, and the oxygen affinity had to be reduced. 


The following results were gained upon modifications of the procedure: 
Attempts to raise the pH of the 0.45 M Na2C03 buffer from 9.8 to 11.5, 


I I I I I I I  


10 20 30 40 50 60 70 80 90 100 110 120 
PARTIAL PRESSURE OF OXYGEN, mm Hg 


Figure 5a-Oxygen dissociation curves. Key: curve I, hemoglobin mi- 
crocapsules with terephthaloylchloride as cross- linking agent; curve 
2, hemoglobin microcapsules with glutaraldehyde as cross-linking agent; 
curve 3, hemoglobin solution; curve 4, normal human blood. 


L 
1 1 1 1 1 1 1 1 1 1 1 1 1  


10 20 30 40 50 60 70 80 90 100 120 140 
110 130 


PARTIAL PRESSURE OF OXYGEN, mm Hg 


Figure 5b-Oxygen dissociation curves of hemoglobin microcapsules 
without subsequent treatment and after stabilization with glutaral- 
dehyde: effect of adding inositol hexaphosphate. Key: la. untreated 
microcapsules (p50 = 6 mm Hg); lb, untreated microcapsules with 
inositol hexaphosphate added to the external phase (p50 = 8 mm Hg); 
2a, stabilized microcapsules (p50 = 11 mm Hg); 26, stabilized micro- 
capsules with inositol hexaphosphate incorporated in the internal phase 
(p50 = 13 mm Hg); 3a, hemoglobin solution (p50 = 18 mm Hg); 3b, he- 
moglobin solution + inositol hexaphosphate (p50 = 39 mm Hg). 


as well as increasing the molarity to 2 M were not useful. However, re- 
placing the sodium carbonate buffer by a 0.5 M I  buffer, pH 9.8, gave good 
results. Increasing the concentration of terephthaloylchloride provided 
partial denaturation of hemoglobin. Sebacoyl chloride and succinyl- 
chloride gave poor results: the membranes were tiny and hemoglobin 
diffused into water, while the absorption spectrum was strongly altered 
(Fig. 4b, curves 1 and 2). On the contrary, glutaraldehyde yielded nice 
microcapsules which suffered practically no diffusion of hemoglobin. The 
absorption spectrum (Fig. 4b, curve 3) was unaltered and the p50 was 7 
mm Hg. The oxygen dissociation curve was slightly sigmoidal (Fig. 5a). 
The microcapsules could be easily lyophilized. They were destroyed 
within 2 min in pepsin (pH 2) and only 2-3 hr in pancreatin (pH 7.5). 


From the various surfactants checked (Table I), 5% sorbitan mono- 
laurate seemed to give the best results regarding the average size and the 
distribution of diameters. Soybean lecithin also gave interesting results. 
Variation in the nature and concentration of surfactant did not affect 
the absorption spectrum nor the affinity curve. 


The stirrerlo used previously allowed only a maximum speed of 1800 
rpm, but the use of the homogenizer" (metallic double blade) drastically 
improved the size of capsules (Table 11). While graduation 100 of the 
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Table 11-Hemoglobin Microcapsules with a Cross-Linked 
Hemoglobin Wall (Terephthaloylchloride): Influence of Stirring 
Conditions 


Surfactant Mean 
Concentra- diameter, 


Stirrer Speed Compound tion,% pm a,pm 


Stirrer” 1800 rpm Sorbitan 10 18.7 8.6 


Soybean 1 20.6 7.7 
trioleate 


lecithin 
Sorbitan 5 19.2 6.5 


monolaurate 
Homogenizer* Grad- Sorbitan 5 9.8 4.9 


uation monolaurate 


Grad- Sorbitan 5 4.9 1.2 
uation monolaurate 


10 


40 


0 Heidolph stirrer-stirrin motor type RZRII-Adaptation System type RK6. 
b Virtis 23 homogenizer, B i o h c k .  


apparatus corresponds to a maximum speed of 23,000 rpm, graduation 
40 yielded capsules with a 4.9-pm diameter ((I = 1.2). 


With microcapsules prepared at 20°, hemoglobin was altered. At -loo, 
hemoglobin rapidly diffused from the microcapsules. Again, the best 
results were gained at  0’. An attempt was made to prepare the micro- 
capsules from deoxyhemoglobin under nitrogen. No improvement in the 
qualities of the capsules (p50 = 6 mm Hg) could be observed. Adding an 
amount of glucose equal to the weight of hemoglobin used prevented 
alteration of the hemoglobin during lyophilization (Fig. 4c). 


When the capsules prepared from hemoglobin and terephthaloyl- 
chloride were further stabilized with glutaraldehyde they became very 
resistant. They resisted ultracentrifugation (lOO,OOOXg, 60 min, + 4 O ) ,  
freezing, melting cycles, and lyophilization. They were, however, rendered 
less deformable than previously and showed greater resistance to pro- 
teases (pepsin, 2 min; pancreatin, 30 min; pronase 2-3 hr). Diffusion of 
hemoglobin out of the wall was much slower. Interestingly, their p50 was 
now 11 mm Hg and the curve became slightly sigmoidal in shape (Fig. 
5b). 


Incorporation of inositol hexaphosphate induced modifications of the 
oxygen dissociation curves (Fig. 5b). 


With standard microcapsules [not stabilized with glutaraldehyde (p50 
= 6 mm Hg)], inositol hexaphosphate was only efficient when added in 
the external phase (p50 = 8 mm Hg). This result was probably due to 
inositol hexaphosphate being washed out during the isolation step of 
microcapsules. 


On the contrary, with glutaraldehyde-stabilized capsules (p50 = 11 
mm Hg), inositol hexaphosphate was not efficient when added to external 
phase (p50 unchanged = 11 mm Hg), but raised the p50 to 13 mm when 
in the internal phase. These last two results show that inositol hexa- 


phosphate did not diffuse through glutaraldehyde-stabilized mem- 
branes. 


The hemoglobin microcapsules prepared through the emulsion-reti- 
culation method present interesting properties: one could actually obtain 
stable and biodegradable microcapsules with a 5-pm diameter, with a 
membrane permeable to oxygen but not to hemoglobin and inositol 
hexaphosphate, with a sigmoidal saturation curve (p50 = 13 mm Hg), and 
which could be lyophilized. Complementary work is necessary to evaluate 
their rheological and biological properties. 
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Abstract 3-Chloromethylthiochromone-l,l-dioxide was observed to 
be a potent inhibitor of Ehrlich ascites carcinoma growth and a moderate 
inhibitor of P-388 lymphocytic leukemia growth a t  10 mg/kg/day. 
Preliminary in vitro studies showed that the agents significantly inhibited 
RNA and DNA synthesis in Ehrlich ascites cells. In  uiuo studies after 
dosing on Days 6,7, and 8 demonstrated the same reductions in nucleic 
acid synthesis and a moderate reduction in protein synthesis. The pri- 
mary site of nucleic acid synthesis, which was bloc.ked by 3-chloro- 
methylthiochromone, was a t  orotidine monophosphate decarboxylase 
in the primidine pathway. Other enzymes, in anaerobic and aerobic gly- 
colysis, which were blocked include hexokinase, phosphofructokinase, 
succinic and a-ketoglutarate dehydrogenases, as well as States 3 and 4 
of oxidative phosphorylation. 


Keyphrases 0 3-Chloromethylthiochromone-l,l-dioxide-effect on 
nucleic acid, protein, aerobic and anaerobic metabolism of Ehrlich ascites 
tumor cells Metabolism-aerobic and anaerobic, effects of 3-chloro- 
methylthiochromone-1,l-dioxide on nucleic acid, protein, Ehrlich ascites 
tumor cells RNA--effects of 3-chloromethylthiochromone-l,l -dioxide, 
Ehrlich ascites tumor cells 0 DNA-effects of 3-chloromethylthio- 
chromone-1.1-dioxide, Ehrlich ascites tumor cells 


The antitumor activity of compounds containing the 
1,4-naphthoquinone ring system has been reported pre- 
viously. For example, dichloroallylawsone is currently in 
clinical trials in the United States (1-8). An investigation 
of sulfone analogs of naphthoquinones was undertaken 
recently (9), resulting in a series of substituted thiochro- 
mones and thiochroman-4-ones and their 1,l-dioxides. 
The synthesis and physical characteristics were reported 
previously (9). Certain of these agents were found to be 
active against the growth of Ehrlich ascites carcinoma and 
moderately active against P-388 lymphocytic leukemia 
growth in mice (9). The most potent compound, 3-chlo- 
romethylthiochromone-1,l-dioxide (I), afforded 100% 


0 A0 
I 


Scheme 1 


inhibition of Ehrlich ascites growth at 10-mg/kg/day dose 
ip (9). Previously, it has been postulated that certain 
1,4-naphthoquinones require bioactivation by reduction 
of the quinone and subsequent displacement of a leaving 
group to form the potential alkylating agent (10). However, 
replacement of one of the naphthoquinone carbonyls with 
a sulfone group would alter the electronic character as well 
as the reduction potential of the molecules. The mecha- 
nism of action on cellular metabolism of the sulfone ana- 


logs may be different from the naphthoquinone; thus, a 
study of the effects of I on Ehrlich ascites cell metabolism 
was undertaken and those results are reported. 


EXPERIMENTAL 


Male CFI mice (-30 g) were implanted intraperitoneally on day 0 with 
2 X lo6 Ehrlich ascites tumor cells. For the anticarcinoma screens, animals 
were dosed intraperitoneally with compounds from Days 1 to 9. Animals 
were sacrificed on day 10; the volume of ascites fluid and the packed cell 
volume (ascitocrit) were determined (11). For the P-388 lymphocytic 
leukemia screen, BDFl male mice (-25 g) were implanted with 106 P-388 
cells on Day 0. Test compounds were administered from Day 1 to 9 in- 
traperitoneally. The day of death was recorded for both control and 
treated mice (12). 


The metabolic in vivo studies were performed after inoculating CF1 
mice (-25 g) with 2 X lo6 Ehrlich ascites tumor cells on Day 0. On Days 
6,7, and 8, a 10 mg/kg dose ip of I was administered. On Day 9, the mice 
were sacrificed and the ascites fluid was removed for in vivo biochemical 
assay. The number of tumor cells per milliliter and the 0.4% trypan blue 
uptake were determined with a hemocytometer. I n  uitro studies were 
conducted on Day-9 ascites cells with the drug present a t  0.03C0.36 mM 
concentrations. 


I n  uivo incorporation of thymidine into DNA was determined by the 
method of Chae et al. (13). One hour prior to the animal sacrifice on Day 
9,lO pCi of [6-3H]thymidine1 (24.7 Ci/mmole) was injected intraperito- 
neally. The DNA was isolated and the tritium content was determined 
in toluene-octoxynol (2:1), 0.4% of 2,5-diphenyloxazole, and 0.01% of 
1,4-bis[2-(5-oxazolyl)]benzene scintillation fluid, and corrected for 
quenching. The DNA concentration was determined by the diphenyl- 
amine reaction using calf thymus DNA as a standard (13). 


I n  uiuo uridine incorporation of Ehrlich ascites cells into RNA was 
determined using 10 pCi of [5,6-3H]uridine (24 Ci/mmole) injected into 
the animal 1 hr prior to sacrifice. The method of Wilson et al. (14) was 
used to extract RNA. Using yeast RNA as a standard, the RNA was 
quantitated by the orcinol reaction (14). In vivo leucine incorporation 
into protein was determined by the method of Sartorelli (15) using 10 jtCi 
of [4,5-3H]leucine (24.7 Ci/mmole) injected into the animal 1 hr prior to 
sacrifice. Extracted protein was determined by the Lowry (16) procedure 
using bovine albumin as the standard. 


In vitro incorporation of [3H]thymidine, [3H]uridine, and [3H]leucine1 
was determined using lo6 Ehrlich ascites day-9 cells, 1 pCi of labeled 
precursor, 650 p1 of minimum essential medium, and 100 ml of drug (0.36 
mM) (17). The tubes were incubated a t  37' for 60 min and inactivated 
by trichloroacetic acid. The acid insoluble labeled DNA was filtered on 
glass filter disks2 and RNA and protein were filtered on nitrocellulose 
filters3 by vacuum suction. Results were expressed as disintegrations per 
minute of incorporated precursor per hour per lo6 cells. 


I n  vivo nuclear DNA polymerase activity was determined on isolated 
Ehrlich ascites nuclei (18) after 3 days of dosing. The incubation medium 
was that of Sawada et al. (19) except that [3H]deoxythymidine triphos- 
phate (14 Ci/mmole) was used. The insoluble nucleic acids were collected 
on glass fiber filters2 and counted. 


I n  vioo nuclear RNA polymerase activities of Ehrlich ascites cells were 
determined with isolated nuclei (18). Messenger, ribosomal, and transfer 
RNA polymerases were isolated by using different concentrations of 


* All isotopes were purchased from New England Nuclear and substrates and 


* Whatman &/F. 
cofactors were urchased from Sigma or Calbiochem. 


HA 0.45 pm, Millipore Corp. 
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Table I-Incorporation of Radiolabeled Precursors into Ehrlich 
Ascites Cells Zn Vitro During 1-hr Incubation with 3- 
Chloromethylthiochromone-1,l-dioxide 


Table 11-Zn Vivo Effects of 3-Chloromethylthiochromone- 1,1- 
dioxide on Nucleic Acid and Protein Metabolism of Ehrlich 
Ascites Cells 


~~ 


Control Control, % 


Thymidine Incorporation into DNA 1 0 0 f 2 "  1 7 f 2 d  


Leucine Incorporation into Protein 1 0 0 f 9 C  8 8 f  10 
Uridine Incorporation into RNA 100 f 56 22 f 4d 


21,052 dpm/mg of DNA. 37,651 dpm/mg of RNA. 18,264 dpm/mg of protein. 
d p  5 0.001. 


ammonium sulfate in magnesium chloride (20). The incubation medium 
was that of Anderson et al. (20,21) using [3H]uridine triphosphate (23.2 
Ci/mmole). Insoluble RNA was collected on nitrocellulose filters3 and 
counted. 


In  uiuo deoxythymidine and deoxythymidylate monophosphate and 
diphosphate kinase activities of Ehrlich ascites cells were measured 
spectrophotometrically at  340 nm for 20 rnin using 0.1 pmole of reduced 
nicotinamide adenine dinucleotide (22). 


In uiuo carbamyl phosphate synthetase activity of Ehrlich ascites cells 
was determined, using the reaction medium of Kalman et al. (23), in the 
presence of ornithine and ornithine transcarbamylase. Citrulline, formed 
from ornithine, was measured at 490 nm by the method of Archibald (24). 
In  uiuo aspartate transcarbamylase activity was assayed using the incu- 
bation medium of Kalman et al. (23). Colorimetric determination of 
carbamyl aspartate was carried out by the procedure of Koritz and Cohen 
(25). In uiuo orotidine monophosphate decarboxylase activity was assayed 
by the method of Appel(26) using 0.1 pCi of [14C]orotidine monophos- 
phate (34.9 mCi/mmole). The ['4C]carbon dioxide generated in 15 min 
was trapped in potassium hydroxide4 and counted. In uitro studies of 
orotidine monophosphate decarboxylase activity were conducted over 
the range of 0.036-0.36 mmole concentration of drug for 15 min. I n  uiuo 
thymidylate synthetase activity of Ehrlich ascites cells was determined 
using a postmitochondrial(9OOOXg for 10 min) supernate and 5 pCi of 
[5-3H)deoxyuridine monophosphate (11 Ci/mmole) according to the 
method of Kampf et al. (27). [14C]Formate incorporation into purine of 
Ehrlich ascites cells was determined by the method of Spassova et al. (28) 
using 0.5 pCi of ['%]formic acid (4.95 mCi/mmole). Purine was separated 
on silica gel TLC plates eluted with n-butanol-acetic acid-water (4:1:5). 
After identifying Rf values consistent with the standards, adenine and 
guanine, the plates were scraped and the radioactive content determined. 
Phosphoribosyl-1 -pyrophosphate amidotransferase activity of Ehrlich 
ascites cells was determined on a supernate at  600Xg for 10 min, mea- 
suring the reduction of 0.6 pmole of oxidized nicotinamide adenine di- 
nucleotide a t  340 nm for 30 rnin (29). 


In uiuo inosinic acid dehydrogenase activity of Ehrlich ascites cells was 
determined spectrophotometrically a t  340 nm for 30 rnin using a super- 
natant fraction (600Xg for 10 rnin). The assay medium was that of Ma- 
gasanik (30) which contained nicotinamide adenine dinucleotide. In uiuo 
dihydrofolate reductase activity of Ehrlich ascites cells was determined 
a t  340 nm for 30 rnin as the oxidation of reduced nicotinamide adenine 
dinucleotide phosphate (31). 


In  uiuo ribonucleotide reductase activity of Ehrlich ascites cells was 
determined by the method of Moore and Hurlbert (32) using [5-3H]cy- 
tidine-5'-diphosphate (25 Ci/mmole). Ribose and deoxyribose nucleotides 
were separated on polyethyleneiminecellulose F plastic precoated TLC 
plates eluted with 4% boric acid-4 A4 LiCl (4:3) and scraped a t  the Rf 
values consistent with the standard deoxycytidine diphosphate. 
In uiuo phosphorylation of histones of Ehrlich ascites cells was deter- 


mined by injecting 10 pCi of [y-32P]ATP (18.8 Ci/mmole) into mice 1 hr 
prior to sacrifice. The nuclei were isolated (17) and the histone chromatin 
proteins were extracted by the method of Raineri et al. (33). In  uiuo 
nonhistone protein phosphorylation dependent on nuclear protein kinase 
was determined using 2 nmoles of [y-32P]adenosine triphosphate (27 
Ci/mmole) and isolated nuclei chromatin protein was collected on ni- 
trocellulose filters (34). In  uiuo cyclic 3',5'-adenosine monophosphate 
levels of Ehrlich ascites cells were determined by the radioimmunoassay 
method of Steiner et al. (35) using a commercial kit5. 
In uiuo deoxyribonuclease (36), ribonuclease, and cathepsin (37) ly- 


sosomal enzymatic activities of Ehrlich ascites cells were determined 
using DNA, RNA, and azocasein as substrates, respectively. Bound acid 
hydrolytic enzymes were released using the detergent, octoxynol-1006, 
pretreatment. Both free and total enzyme activities were observed by 


Hyamine Hydroxide, New England Nuclear. 
Becton Dickinson radioimmunoassay kit, Iodine 125. 


6 Research Products International Corp. 


Control, % 
Parameter Control Treated 


3H Thymidine incorporation into DNA 
3H Uridine incorporation into RNA I 1  3H Leucine incorporation into protein 


Number of cells per milliliter of ascites 


DNA polymerase 
Messenger RNA polymerase 
Ribosomal RNA polymerase 
Transfer RNA polymerase 
Thymidine kinase 
Thymidylate monophosphate kinase 
Thymidylate diphosphate kinase 
Carbamyl phosphate synthetase 
Aspartate transcarbamylase 
Orotidine monophosphate decarboxylase 
Thymidylate synthetase 
[14C]Formate incorporation into purine 
Phosphoribosyl pyrophosphate 


Inosinic acid dehydrogenase 
Dihydrofolate reductase 
Ribonucleotide reductase 
Phosphorylation of histone proteins 
Phosphorylation of nonhistone proteins 
Cyclic adenosine monophosphate levels 
Deoxyribonuclease 
Ribonuclease 
Cathepsin 


fluid 


amidotransferase 


100 f 16 
100 f 9 
100 f 13 
100 f 9 


loo f 10 
100 f 13 
1 0 0 f 6  
100 f 14 
100 f 3 
100f8 
100 f 12 
100 f 7 
1 0 0 f 9  
100 f 9 
100 f 10 
100 f 9 
100f8 


100 f 16 
100 f 17 
100 f 12 
100 f 18 
100 f 10 
100 f 6 
100 f 11 
100 f 4 
100 f 19 


23 f 156 
23 f 56 
50 f 56 
28 f g 6  


94 f 14 
93 f 10 
91 f 22 


125 f 17 
94 f 10 


103 f 6 
84 f 5 


145 f E6 
116 f 5 
25 f 46 


104 f 11 
91 f 7 
93 f 7 


137 f 6 
119 f 33 
99 f 10 
82 f 3 


183 f 156 
148 f 86 
118 f 3 
109 f 3 


97f 13 


a n  = 6. b p  5 0.001. 


measuring nucleotides and aromatic peptide fragments which were de- 
termined a t  260 and 280 nm, respectively. UV binding studies (38) were 
conducted in uitro with drug (0.36 mM) and DNA (35 pg/ml) in phos- 
phate buffer, pH 7.2, over the 200-340 nm range for 24 hr a t  room tem- 
perature. 


An in uitro method (39) was used to determine if the drug was an ini- 
tiation or an elongation protein synthesis inhibitor of Ehrlich ascites cells 
by comparison with the standards, pyrocatechol violet and emetine, using 
1 pCi of [3H]leucine (24.7 Ci/mmole). The reaction medium was spotted 
on filter paper disks7, which were treated for 10 min in boiling 5% tri- 
chloroacetic, for 10 min in cold 5% trichloroacetic; and washed with cold 
5% trichloroacetic acid, ether-ethanol (1:l) ether; and counted (32). 


In  uitro and in uiuo oxidative phosphorylation studies (40) were con- 
ducted on Ehrlich ascites cells and the liver homogenates8 of tumor- 
bearing mice with the substrates, a-ketoglutarate or succinate. Basal 
oxygen consumption (State 4) was determined with an oxygen electrode 
connected to an oxygraph. Adenosine diphosphate was then added to 
obtain State 3 or stimulated respiration. The number of microlites of 
oxygen per hour per milligram of protein for States 3 and 4 were calcu- 
lated. The following glycolytic and Krebs cycle enzymatic activities were 
determined spectrophotometrically: hexokinase (41), phosphofructo- 
kinase (42), lactic dehydrogenase (43), succinic dehydrogenase (44). 
a-ketoglutarate dehydrogenase, and malic dehydrogenase (45). To be 
consistent in the expression of data for the spectral enzyme studies, a unit 
of enzyme activity is defined as that quantity of activity giving a change 
in absorbance of 0.001/min under the condition of the assay. Protein for 
the enzymatic assay was determined by the Lowry technique (16). 


Probable ( p )  significant differences were determined by Student's t 
test. Data are expressed in Tables I-VI as percent of the control with 
standard deviation (n equals the number of animals per group). 


RESULTS 


Compound I was shown to have 100% inhibition of Ehrlich ascites 
tumor growth at  a 10 mg/kg ip dose. Doses of 20 and 30 mgkg were found 
to be less active, i.e., 25 and 18% inhibition, respectively. In the P-388 
lymphocytic leukemia screen, I a t  10 mg/kg/day intraperitoneally was 
marginally active at T/C% = 130 (Table VII). After dosing with the agent 
on days 6,7, and 8, the cell count per milliliter of Ehrlich ascites fluid was 
reduced from 226 X lo6 to 63 X lo6. The in uitro incorporation studies 


~ 


Whatman number 3. 
8 Homogenates (10%) in 0.25 M sucrose + 0.001 M ethylenediaminetetraacetic 


acid. 
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Table 111-The In Vitro Effects of 3-Chloromethyl- 
thiochromone-1,l-dioxide on Orotidine Monophosphate 
Decarboxylase Activity in Ehrlich Ascites Cells 


Control 
Treated in uitro concentration, mM Control, % 


100 f 8" 
,036 86 f 7 
.090 84 f 5 
.180 68 f 7 
.360 44 f 6 


a p 5 0.001. 


(Table I) demonstrated, using 106 cells collected from 9-day Ehrlich as- 
cites animals, that thymidine incorporation into DNA was reduced 83%, 
and uridine incorporation into RNA was reduced 78%. The in uiuo thy- 
midine incorporation into DNA for the control was 95,970 dpm/mg, which 
was reduced 77% by drug administration for 3 days. In uiuo uridine in- 
corporation into RNA for the untreated animals was 198,200 dpm/mg 
of RNA, which was reduced 77% by drug therapy. In uiuo leucine incor- 
poration into protein for the controlkas 37,946 dpm/mg of protein, which 
was reduced 50% in the treated animals. 


The DNA and RNA polymerase activities were not altered by drug 
administration. The control values were 45,734 dpm/mg of nuclear pro- 
tein for DNA polymerase, 6434 dpm/mg for mRNA polymerase, 7340 
dpm/mg for rRNA polymerase, and 8254 dpm/mg of nuclear protein for 
tRNA polymerase. The activity for thymidine kinase was 8.90 enzyme 
units/mg of protein, thymidine monophosphate kinase was 8.65 enzyme 
units/mg of protein, and thymidine diphosphate kinase activity was 5.60 
enzyme unitdmg of protein. Drug treatment did not alter the activities 
of the kinases except for the diphosphate which was inhibited by 16%. 
Carbamyl phosphate synthetase activity for the control resulted in the 
formation of 0.117 mg of citrulline formed/hr/mg of protein, and aspartate 
transcarbamylase activity resulted in 0.81 mg of carbamyl aspartate 
formed per hour per milligram of protein. Drug administration resulted 
in an increase of 45% in carbamyl phosphate synthetase and 16% in as- 
partate transcarbamylase activities. 


In uiuo orotidylic monophosphate decarboxylase activity for the control 
was 26,298 dpm of [14C]carbon dioxide produced/hr/mg of protein, which 
was reduced 75% by 3 days of drug treatment. In  uitro orotidylic mono- 
phosphate decarboxylase activity was reduced significantly: 56%, by 0.36 
mM concentration of drug (Table V). In uiuo thymidylate synthetase 
activity for normal animals was 103,308 dpm of [3H]thymidine formed 
hr/mg of protein, which was unchanged by drug therapy. I n  uiuo [14C]- 
formate incorporation into purines for the control was 10,788 dpm of 
purines/hr/mg of protein. In uiuo phosphoribosyl pyrophosphate ami- 
dotransferase activity for normal cells was 376 enzyme units/mg of pro- 
tein. In uiuo inosinic monophosphate dehydrogenase activity resulted 
in 2.06 enzyme units/mg of protein. Drug treatment resulted in no change 
in amidotransferase activity but caused a 37% increase in the dehydro- 
genase activity. 
In uiuo dihydrofolate reductase activity was 8.56 enzyme units/mg of 


protein, which was increased 19% by drug treatment. In uiuo ribonu- 
cleotide reductase activity was 155,065 dpm of [3H]deoxycytidine di- 
phosphate formedhr/mg of protein. This was unaffected by drug 
treatment. In  uiuo histone phosphorylation for the control was 2954 dpm 
of [y-32P]incorporated into histones/hr/mg of nuclear protein, inhibited 
18% by drug administration. Nonhistone phosphorylation resulted in 
9807 dpm of [y-32P]incorporated into protein/hr/mg of chromatin pro- 
tein, elevated 83% by drug therapy. In uiuo cyclic adenosine monophos- 
phate levels for the control were 3.6 pmole/l@ cells elevated by 48% after 
drug administration. 


The U V  studies with I and DNA demonstrated an elevation of UV 


Table LV-Zn Vivo Effects of 3-Chloromethylthiochromone- 
1,l-dioxide on Glycolytic and  Krebs Cycle Enzyme Activities 
of Ehrlich Ascites Cells of CF1 Mice a 


Parameter Control Treated 


Hexokinase 100 f 9 14 f l b  
Phosphofructokinase 100 f 3 46 f 3b 


Malic dehydrogenase 100 f 20 86 f 12 
Succinic dehydro enase 100 f 16 48 f 3 
a-Ketoelutarate Iehvdroeenase 100 f 11 24 f 7b 


Lactic dehydrogenase 100 f 9 91 f 20 


Table V-Zn Vitro Effects of 3-Chloromethylthiochromone- 
1,l-dioxide on Oxidative Phosphorylation Processes of 9-Day 
Ehrlich Ascites Cells a 


Control, % 
Parameter Control Treated 


~ 


Succinate -state 4 100 f 7b 70 f 7f 
-state 3 100 f 4c 59 f 5f 


-state 3 100 f 11' 49 f 7f 
a-Ketoglutarate-state 4 100 f 5 d  57 f 10f 


~~ 


0 n = 6. * 5.27 pl O2 consumedhrhg  protein. 8.73 pl 0 2  consumedhrhg  
rotein. d 3.57 plO2 consumedhr/mg protein. e 5.16 p102 consumed/hr/mg protein. 


peaks a t  222 and 240 nm, and a hyperchromic shift a t  260 nm, indicating 
possible binding between the drug and nucleic acids. The effects on 
glycolytic and Krebs cycle enzymatic activities of I were dramatic. Hex- 
okinase activity for untreated 9-day Ehrlich ascites cells was 195 enzyme 
units/mg of protein, which was inhibited 84% by drug administration 
(Table IV). Phosphofructokinase activity was determined for the control 
as 176 enzyme units/mg of protein, which was reduced 54% by the drug. 
Malic dehydrogenase activity for the control was 80 enzyme unitdmg of 
protein and lactic dehydrogenase activity was 623 enzyme unitdmg of 
protein. Treatment with I had little effect on these two dehydrogenase 
activities, causing 14 and 9% inhibition, respectively. Succinic dehydro- 
genase activity for the control was 69 enzyme unitdmg of protein which 
was reduced 52% by drug treatment. a-Ketoglutarate dehydrogenase 
activity was measured as 1.68 enzyme unitdmg of protein for the control 
cells, which was reduced 76% by drug therapy for 3 days. 


Both basal and adenosine diphosphate-stimulated respiration rates 
were reduced 75% by drug therapy in uiuo, whereas in uitro studies at 0.36 
mM concentration of drug demonstrated 30 and 41% inhibition, re- 
spectively, using succinate as substrate (Tables V and VI). The basal- 
and adenosine diphosphate-stimulated respiration rates using a-keto- 
glutarate as substrate were inhibited 82 and 86%, respectively. In the in 
uitro studies with a-ketoglutarate as substrate, I demonstrated 43 and 
51% inhibition for States 4 and 3, respectively. The in uiuo effects of the 
drug on liver respiration rates of tumor-bearing mice were not as severe 
as those observed in the tumor cells, and only minimal changes were 
observed (Table VI). 


Figure 1 demonstrates that I, when incubated with endogenous mRNA 
and essential amino acids, follows a pattern of inhibition of protein 
synthesis, which resembles the initiation inhibitor, pyrocatechol violet, 
as opposed to the elongation inhibitor, emetine. The degree of inhibition 
of protein synthesis was relatively moderate. 


Pp 5 0.001. 


DISCUSSION 


A series of potential bioreductive alkylating agents have been syn- 
thesized (7, a), specifically a-substituted naphthoquinones, quinoline- 
5,8-quinones, and naphthazarines which contain halomethyl, acetoxy- 
methyl, carbamoylmethyl, and carbophenoxymethyl groups alpha to a 
carbonyl group as the alkylating moieties. A number of these agents were 
observed to be active in the sarcoma 180 and adenocarcinoma 755 ascites 
screens. A rough correlation between antitumor activity in the sarcoma 
180 screen and polarographic reduction potential (Ellz) of the quinone 
moiety was demonstrated. Those compounds that possessed the most 
negative half-wave reduction potential, i.e., those compounds that were 
difficult to reduce, demonstrated the highest activity against sarcoma 
180 tumor growth. Lin et al. (7,8) suggested that those quinone deriva- 


Table VL-Zn Vivo Effects of 3-Chloromethylthiochromone- 
1.1-dioxide on Oxidative Phosphorylation of CFI  Mice a 


Parameter 
Control, % 


Control Treated 


Ehrlich Ascites Cells 
Succinate-state 4 100 f 3 15 f 3b 


-state 3 100 f 4 15 f 2 b  
a-Ketoglutarate-state 4 100 f 5 18 f 7b 


-state 3 100 11 14 f 2b 


Succinate-state 4 100 f 14 99 f 9 
-state 3 100 f 6 86 f 13 


a-Ketoglutarate-state 4 100 f 8 104 f 17 


Liver from Tumor-Bearing Mice 


-state 3 100 f 12 120 f 10' 


" n  = 6. b p  5 0.001. rz = 6. * p 5 0.001. p 5 0.005 
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Table VII-The Antineoplastic Activity of 3- 
Chloromethylthiochromone-1,l-dioxide in the Ehrlich 
Ascites and P-388 Lymphocytic Leukemia Screens 


Ehrlich Ascites Tumor Screen (CF1 
Male Mice) 


Survi- 
val 


Dose, After 9 Ascites Inhibi- 
Compound mglkg Days Ascrit Volume tion, %" 


Control (0.05% - 8/8 33.6 f 8.7 1.8 f 1.02 
polysorbate 
80-HzO) 


3-Chloromethvl- 5 8/8 22.0 2.45 
thiochromone- 
1,l-dioxide 


10 818 0.0 0.0 
20 818 35.7 0.88 
30 818 11.3 2.02 


Mercaptopurine 616 3.0 0.1 
(standard) 


- 


57.1 


100.0 
75.1 
81.8 
99 


P-388 Lymphocytic Leukemia 
(BDF1 Male Mice) 


Dose, Days T/C 
Average 


Comuound mdka Survived %c 


Control (0.05% polysorbate-80/H20) - 9.5 100 
3-C hloromethy1thiochromone- 10 12.4 130 
1,l-dioxide 15 9.8 103 


Fluorouracil (standard) 25 17.6 186 
30 2.9 toxic 


Greater than 80% inhibition is required for significant activity. * n = 6. c T/C 
% > 125 is required for significant activity. 


tives, when reduced, suffered loss of a leaving group to form a quinone 
methide, a potential alkylating agent which could alkylate bionucleo- 
philes. It was shown that such an active species could be trapped in uitro 
by an amine function or be allowed to dimerize. 


The 3-substituted thiochromone-1,l-dioxides were synthesized as novel 
analogs of naphthoquinones. Isosteric replacement of one carbonyl with 
a sulfone group alters the electronic character and ease of reduction. 
However, preliminary experiments indicated that no apparent correlation 
existed between half-wave reduction potential and antineoplastic activity 
in the Ehrlich ascites screen. The thiochromone-l,l-dioxides may be 
acting as direct alkylating agents uia a Michael-type addition or a car- 
bamoylation reaction with some biological nucleophile or a direct dis- 
placement of the leaving group. For example, high reactivity of I with a 
variety of alcohols and amines would support this view. 


In the naphthoquinone class, lapachol and dichloroallylawsone are the 
most potent antineoplastic agents (5). Lapachol is currently marketed 
in Brazil and dichloroallylawsones [2-(3,3-dichloroallyl)-3-hydroxy-l-4- 
naphthoquinone] is in clinical trials in the United States (15). Bennett 
et al. (46) observed, in cultured L-1210 lymphoid leukemia cells, that 
dichloroallylawsone interfered with L-1210 cell respiration and inhibited 
pyrimidine biosynthesis a t  the dihydro-orotate dehydrogenase step. 
Thus, it is interesting to observe that the major effect of I is on basal 
(State 4) and adenosine diphosphate-stimulated (State 3) respiration 
in Ehrlich ascites cells. Drastic reduction in respiration of Ehrlich ascites 
cells was observed with succinate as substrate, which requires a flavin 
adenine nucleotide linked dehydrogenase, as well as a-ketoglutarate, 
which requires a nicotinamide adenine dinucleotide linked dehydroge- 
nase, both in uiuo and in uitro. 


No effects were demonstrated on the respiration of livers of tumor- 
bearing mice, indicating that the drug has some tissue specificity. How- 
ever, when the Krebs cycle dehydrogenase activities of Ehrlich ascites 
cells were measured, it was observed that both succinic dehydrogenase 
and a-ketoglutarate dehydrogenase activities were inhibited by this 
agent. Furthermore, activities of the regulatory enzymes of anaerobic 
glycolysis, hexokinase and phosphofructokinase, were also reduced sig- 
nificantly by I. These studies would indicate that after drug treatment, 
there existed a reduction in energy available from mitochondrial oxidative 
phosphorylation, as well as glycolytic substrate phosphorylation, for the 
synthetic process of rapidly proliferating tumor cells. 


Initial studies indicated that I was a moderate inhibitor of protein 


NSC 126771. 


1 5 . 0 ~  
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10.0- 


7.5-  
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2 4 6 8 10 12 14 
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Figure 1-Effect of 3-chloromethylthiochromone-l,l-dioxide an the 
initiation and elongation of protein molecular synthesis. Key: (@), 
control; (A), drug, 0.01 mM, 0.025 mM, 0.1 mM; (O), pyrocatechol violet, 
0.1 mM; (m), emetine, 0.1 mM; 1 ,  addition of drug. 


synthesis, probably blocking the initiation process of translation. Mod- 
erate elevation of cyclic adenosine monophosphate levels of the Ehrlich 
ascites cells was also observed after drug therapy. Elevated levels are 
linked with reversal of tumor morphology to a more normal state, re- 
duction of cell proliferation, and enhanced cellular differentiation 
(47-49). 


The inhibition of DNA and RNA synthesis appears to be caused by 
a lack of pyrimidine due to the fact that I blocks orotidine monophos- 
phate decarboxylase activity, depleting uridylate monophosphate for 
the conversion to thymidylate monophosphate and cytidylate mono- 
phosphate. The decarboxylase enzyme was inhibited both in uiuo and 
in uitro and is the same site of pyrimidine synthesis inhibition, which has 
been implicated for the standard clinical antineoplastic agent, azauridine- 
5'-phosphate (50). 


Thus, this sulfone analog of 1,4-naphthoquinones has similar effects 
on tumor cell metabolism, i.e., inhibition of pyrimidine synthesis and 
oxidative phosphorylation, as those reported for 1,4-naphthoquinones 
(46) despite the fact that the sulfone analog does not have the same 
electronic characteristics or reduction capability as the 1,4-naphtho- 
quinones. Compound I does not suppress the oxidative phosphorylation 
process exclusively, but its effects are extended to the actual dehydro- 
genase and kinase enzymes which regulate anaerobic and aerobic glyco- 
lysis, indicating that the agent is not simply blocking the electron 
transport system by acting as an electron acceptor as would be expected 
for a quinone. 
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Abstract A model was developed that is capable of simulating anti- 
bacterial agent concentration versus time profiles commonly observed 
following intravenous and intramuscular bolus injections, intravenous 
infusions, and oral doses, administered as single or multiple doses. The 
model consisted of two physical compartments separated by a membrane 
of a commercial hemodialyzer. The 1.08 m2 membrane surface area al- 
lowed rapid transmembrane passage of drugs and other small molecules, 
while membrane pore size prevented bacterial passage. These charac- 
teristics allowed bacteria in one of the two compartments or the model 
to be exposed to time-variant drug concentrations without affecting the 
number or concentration of bacteria. The model was used to study the 
effects of a multiple intravenous bolus dosage regimen of ampicillin on 
Escherichia coli ATCC 12407. 


Keyphrases 0 Penicillin-in vitro model for the study of antibacterial 
dosage regimen design Models-in vitro, study of antibacterial dosage 
regimen design Antibacterials-in vitro model, study of dosage regi- 
men design 


The antibacterial agent concentration profiles to which 
bacteria are exposed in viuo vary with the method of drug 
administration. Continuous intravenous infusion yields 


constant plasma and tissue drug concentrations once 
steady state is achieved, while the short elimination half- 
life of most antimicrobial agents results in rapid decreases 
in plasma and interstitial fluid drug concentrations (1) 
following bolus intravenous, intramuscular, or oral 
doses. 


Considerable progress has been made during the past 
15 years in determining the mechanism of action of 
0-lactam antibiotics (2, 3). However, the relative thera- 
peutic effectiveness of intermittent and continuous dosage 
regimens for these compounds is uncertain (4, 5 ) .  At- 
tempted correlations of therapeutic effectiveness with 
various pharmacokinetic parameters, such as maximum 
plasma concentration (6), the time period during which 
drug levels exceed the minimum inhibitory concentration 
(7), area under the plasma level curve (8), intensity factor 
(9), and the degree of serum protein binding (lo), have 
been difficult due to the many interactions between the 
drug, bacteria, infection site, and host. Information ob- 
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problems such as drug degradation, microbiological growth 
(2), protein dilution (3), and lipolysis (4). 


5. When spiking the buffer side is desirable, establish 
the time to equilibrium for the system with the smallest 
expected cy value. The smallest a values do not always 
occur with healthy adult plasma. For example, the inter- 
action of cationic drugs with al-acid glycoprotein increased 
in certain disease states and under various stress condi- 
tions (5 ,6) .  When spiking plasma under these conditions, 
the apparent cy value would be smaller than the true 
equilibrium value, whereas the opposite would occur when 
spiking the buffer side. 


(1) S. Die and T. W. Guentert, J.  Pharm. Sci., 71,127 (1982). 
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REVIEWS 


The Peptides. Analysis, Synthesis, Biology. Vol. 4. Edited by ER- 
HARD GROSS and JOHANNES MEIENHOFFER. Academic, 111 
Fifth Ave., New York, NY 10017.1981.309 pp. 15 X 23 cm. 
The first three volumes of The Peptides were devoted to the meth- 


odology concerning the synthesis of peptides. The fourth volume is the 
first of several volumes planned, according to the editors, dealing with 
the analytical aspects of peptides. The fourth volume eminently succeeds 
in reaching the high standards set for it by its predecessors. 


The six chapters are divided evenly among the physical and chemical 
methods for peptide-protein-structure determination. Of those con- 
cerned with the physical methods, the first two focus on the crystal 
structure analysis by X-ray studies. In the first chapter, I. L. Karle dis- 
cusses the crystal structures of linear and cyclic peptides containing 2 
to 15 peptide units. Several useful generalizations are mentioned; for 
example, “4 - 1 H-bonds begin to appear in cyclic hexapeptides” and 
“the possibility for several different conformations assumed by the same 
compound arises starting with the cyclic heptapeptides.” The author has 
made liberal use of tables and figures, which also list pertinent refer- 
ences. 


J. Gunning and T. Blundell present in Chapter 2 a crystal structure 
analysis of the larger peptide hormones. The crystal structures of insulin 
(A-chain, 21 residues; B-chain, 30 residues), glucagon (29 residues), and 
the pancreatic polypeptide (36 residues) have been determined. On the 
basis of the known homology with the amino acid sequence of insulin, the 
structures of proinsulin and relaxin have been proposed and are dis- 
cussed. 


The chiroptical method for the determination of the absolute config- 
uration of a-amino acids and small peptides is the topic of Chapter 3 by 
V. Toome and M. Weigle. The chiroptical properties of both the free 
a-amino acids and of the free oligopeptides, as well as of their metal 
complexes and chromophoric derivatives, are discussed. 


In the fourth chapter, S. Stein describes the technique of peptide and 
protein-analysis at the picomole level employing HPLC and fluorescence 
spectrophotometry. The combination of HPLC and fluorescence de- 
tection raises the possibility of determination of peptides and proteins 
in tissues and organs of individual animals. This combination of tech- 
niques has also been employed for the determination of the amino acid 
sequence. 


Chapter 5, by J. R. Benson, P. C. Louie, and R. A. Bradshaw, deals with 
the single-column amino acid analysis of peptides. For the purpose of 
discussion, the authors have divided the amino acids into four categories 
according to whether they are ( a )  normally found in proteins, ( b )  formed 


in uioo from the first group by post- or cotranslation, (c) formed by 
chemical modification from Group 1, or ( d )  nonprotein amino acids. 
Several protocols are given for the separation of these amino acids. 


R. A. Laursen in Chapter 6 probes in exquisite detail the solid-phase 
sequencing technique, which would help overcome problems (such as 
overlap, increased-background, amino-terminal blocking) experienced 
with the Edman method. 


Both the editors and the authors are to be congratulated for the ex- 
cellence of this volume, which is a must for those concerned with any and 
all aspects of proteins and peptides, and for those contemplating a start 
in this area of research. 


Receioed by Amrit Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N Y  11439 


Medicinal Chemistry VI (Proceedings of the 6th International 
Symposium on Medicinal Chemistry). Edited by M. A. SIMKINS. 
Wiley, 605 Third Ave., New York, NY 10016.1979.477 pp. 16 X 24 cm. 
Price $94.00. 
Medicinal Chemistry VZ is a collection of papers presented at the 6th 


Internation Symposium on Medicinal Chemistry held in Brighton, En- 
gland in 1978. They were chosen for this volume by the members of the 
Society for Drug Research and cover a wide range of interests, many being 
a blend of chemistry, biology, biochemistry, and medicine. The majority 
of the papers i re  based on disease states while others discuss theoretical 
concepts relating to substrate-receptor interactions or predicting activity 
of molecules based solely on structure. 


This volume is divided into plenary lectures and symposium papers. 
The plenary lectures are given by Dr. Linus Pauling, who speaks of “or- 
thomolecular medicine,” a new concept in treating diseases, which he 
defines as the achievement and preservation of the best of health and the 
prevention and treatment of disease by using substances (right molecules 
in the right amounts) that are normally present in the body; professor 
Sir John Cornforth provides the reader with a greater awareness of 
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The first right hand term of Eqs. 7 and 10 express London interaction 
(dispersion forces) between solute and solvent. These omnidirectional 
forces do not operate only on 67% of the nearest neighbor molecules, as 
suggested by the coefficient of Eq. 7, nor on 74%, as shown in Eq. 10. In- 
stead, the coefficient of the (6ld - 62d)’ term should be unity. This can 
be ensured in the regression method by moving this term to the left hand 
side of the expression for the calculation of coefficients, then returning 
it to the right side to display the final equation. The 82d was taken as 9.40 
and the equation obtained was: 


(l0gCU~)lA = ( b i d  - 9.40)* - 0.1463(61, - 2.059)’ 
+ 0.1319(61h - 0.778)’ + 0.8640 (Eq. 12) 


This method reduces the variables of regression by one, but it does not 
seriously reduce the correlation coefficient R 2  of Eq. 7 is 0.986 and of Eq. 
12 is 0.980. Also from Eq. 13, 6~~ = 9.42 + 2.05g2 + 0.7782; 6~ = 
(93.205)1/2 = 9.65. 


Although this report is devoted to the calculation of solubility pa- 
rameters for crystalline solids, Eqs. 7, 10, and 12 provide the calculation 
of the solubility of naphthalene in both polar and nonpolar solvents, as 
was demonstrated in an earlier report (1). The results, X2(calc)r are found 
in Table I together with the percentage error for naphthalene solubility 
in each of the 26 solvents studied. Most of the solubilities were very sat- 
isfactory, -50% exhibiting errors of <lo%. Most values have an error of 
< -30%. Isopropanol and acetic acid exhibited errors of >30% when Eqs. 
7 and 12 were used. The predicted solubilities for naphthalene in hexane, 
acetic acid, ethanol, methanol, and water were >30% error using Eq. 10. 
The reason that solubilities in these five solvents are >30% cannot be 
stated definitively a t  this time. Ethanol, methanol, isopropanol, acetic 
acid, and water are highly hydrogen bonded and exhibit self-association. 
However, other polar solvents such as propanol, butanol, and cyclohex- 


anol have reasonable values in this work. The error of 37% for hexane is 
surprising, as this solvent tends to form regular solutions with nonpolar 
solutes such as naphthalene. 
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Abstract  A GLC procedure was developed for phenacemide and was 
shown to be less time consuming than the official assay without sacrificing 
accuracy. The procedure involves extraction from powdered tablets and 
addition of pentylenetetrazol as the internal standard. The amount of 
phenacemide is determined by comparison of the ratio of the area under 
the curves to that of a standard. 


Keyphrases Phenacemide-analysis in tablets, GLC determination, 
pentylenetetrazol Pentylenetetrazol-analysis of phenacemide in 
tablets, GLC determination GLC-phenacemide, analysis in tablets, 
pentylenetetrazol. 


Phenacemide, an open chain analog of 5-phenylhyd- 
antoin, is used in temporal lobe epilepsy (psychomotor) 
which is refractory to other agents (1, 2). It is a white, 
odorless, and tasteless crystalline solid (3). While per- 
forming routine analyses in another experiment, a rapid 
method of analysis for phenacemide was needed. The of- 
ficial assay involves acid hydrolysis, extraction of the acidic 
products into chloroform, and back titration (4). The 
procedure is time consuming and requires much handling 
and transfer. Other methods for phenacemide determi- 
nation have been developed but offer no distinct advan- 
tages (5-7). 


This report outlines a rapid GLC method that has 
proven to be less time consuming. In addition to requiring 


less handling and transfer, it does not appear to sacrifice 
accuracy. 


EXPERIMENTAL 


Materials-Phenacemide powder’ and phenacemide tablets’ were 
utilized in the assay as received. Pentylenetetrazol’ was used as the 
internal standard. Methanol3 and isopropyl alcohol3, ACS reagent grade, 
were used as solvents. 


Apparatus-A basic gas chromatograph4 with a flame ionization de- 
tector (FID) was used. A 3.17-mm, 1.83-m silicone column5 was used. The 
temperature of the column and detector was maintained at  200 f 20’. 
The flow rate of the carrier gas (helium) was -20 ml/min. The detector 
was connected to an integrating recorder6 for easy and accurate deter- 
mination of area under the curve. 


Standard Curve-Seven samples of varying ratios of phenacemide 
to pentylenetetrazol in methanol (Table I) were used to obtain a standard 
curve. Exact amounts of phenacemide and pentylenetetrazol were 
weighed directly into 10-ml volumetric flasks. A small volume of methanol 
was added to dissolve the sample and then made to volume with rneth- 
anol. 


Three microliters of each of the seven solutions was chromatographed 
and the results recorded. A standard curve was obtained by plotting the 


~ ~ ~ ~~~ ~ 
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Knoll Pharmaceutical, Whippany, NJ 07981. 


Model 9500, Carle Instruments, Fullerton, CA 92631. 
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Model 1005, Beckman Instruments, Fullerton, CA 92631. 


3 Fisher Scientific, Norcross, GA 30091. 
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Table I-Samples Used to Construct the Standard Curve 


Phenacemide, Pentylenetetrazol, 
Sample Number g/10 ml g/10 ml 


0.0405 
0.0133 
0.0308 
0.0320 
0.0507 
0.0200 
0.0377 


0.0215 
0.0501 
0.0535 
0.0399 
0.0506 
0.0520 
0.0305 


ratio of the area under the curve of phenacemide to pentylenetetrazol 
versus the ratio of the concentration of phenacemide to pentylenetetrazol 
in moles per liter. 


Analysis of Phenacemide-In keeping with the USP method, 20 
tablets were crushed in a porcelain mortar and pestle. The powder was 
dried over anhydrous calcium sulfate’ in a dessicator. Samples containing 
-400 mg of drug were accurately weighed and placed in a 500-ml round 
bottom flask. Approximately 450 ml of isopropyl alcohol was added and 
the solution was refluxed for 1 hr, cooled to room temperature, and fil- 
tered. Approximately 500 mg of an accurately weighed sample of pen- 
tylenetetrazol was added and the solution was brought to volume (1 liter) 
with isopropyl alcohol. A 3-pl sample was injected onto the chromato- 
graph and the area under the curve recorded. The average of a t  least three 
determinations was used in the subsequent calculations. 


RESULTS AND DISCUSSION 
The equation of the standard curve using regression analysis* was 


(Eq. 1) 


found to be: 
y = 1.30~ - 0.0612 


42 51 


Figure 1-A sample chromatogram from phenacemide tablets. Key: 
(A) solvent isopropyl alcohol; (B) phenacemide; (C) pentylenetet- 
razol. 


7 Hammond Drierite Co., Xenia, OH 45385. 
Statistical Analysis System, SAS Institute, Raleigh, NC 27605. 


Table 11-Recovery and Assay Results from USP and GLC 
Methods 


Expected 
Phenacemide”, Phenacemide Phenacemide Recovery, 


e Control. g Found, g % 


GLC Method 
0.5726 0.3843 0.3985 103.8 
0.5966 0.4004 0.4120 102.9 
0.5946 0.3991 0.4152 104.0 
0.5950 0.3993 0.3993 100.1 


USP Method 
0.4002 0.3976 99.4 
0.4006 0.4148 100.6 .. 


0.5962 0.4002 0.3992 99.8 


0 Powdered tablet weighed. 


where: 
area under the curve of phenacemide 


= area under the curve of pentylenetetrazol 
A UCP 
AUCM 


=- 


- concentration of phenacemide - 
concentration of pentylenetetrazol 


- CONCP 
CONCM 


-- 


(Eq. 2) 


(Eq. 3) 


The standard curve was linear and the amount of phenacemide was de- 
termined using Eq. 1. The values are recorded in Table 11. 


The gas chromatogram resulting from each sample injection exhibited 
three peaks: the solvent (isopropyl alcohol), phenacemide, and pentyl- 
enetetrazol. Tailing was minimal and each peak approached the base line 
before the appearance of the next peak. A typical chromatogram is shown 
in Fig. 1. 


The standard curve was linear in the range used for this study. The 
correlation coefficient of concentration versus area under the curve was 
0.9996. Statistical comparison, using Student’s t test for independent 
samples, showed no statistical difference between recovery of phena- 
cemide using the USP assay and the GLC method. The calculated t -value 
was 0.7649, while the critical value was t0.95 = 2.571, with 5 d/.  


The GLC determination of phenacemide in tablets offers an im- 
provement over the USP method without sacrificing accuracy in the 
samples assayed. The GLC determination of phenacemide in tablets is 
a simpler and quicker method which produces results essentially the same 
as that of the time-consuming official assay. 
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time is limited to the cases where the dissolution data are well described 
by Eq. 1, Approach I I  provides a simple, rapid, and reliable tool for 
prediction of disintegration profiles. The computation involved is simple 
and can be carried out manually without the use of computer programs 
as required by other techniques. 
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Abstract 0 Low concentrations of poly-L-lysine, a polycationic hydro- 
philic molecule, caused a large expansion of polyphosphoinositide mo- 
nolayers and produced a significant loss of cochlear microphonic po- 
tentials in perilymphatic perfusions in the guinea pig. In contrast, the 
monomeric L-lysine had only slight effects on polyphosphoinositide 
monolayers and did not affect cochlear microphonic potentials even at  
concentrations as high as 10 mM. These data substantiate the hypothesis 
that the expansion of polyphosphoinositide monolayers by a drug is an 
indicator of its ototoxicity. 


Keyphrases Polyphosphoinositides-correlation of effects of lysine 
and polylysine in uitro with ototoxic action in uiuo 0 Lysine--correlation 
of effects on polyphosphoinositides in uitro with ototoxic action in uiuo, 
polylysine Polylysine-correlation of effects on polyphosphoinositides 
in uitro with ototoxic action in uiuo, lysine 


Evidence has previously been provided in in vivo and 
i n  uitro studies for an involvement of polyphosphoinosi- 
tides in the toxic actions of aminoglycoside antibiotics (1). 
Monolayer studies have shown that polyphosphoinositides 
are unique among various anionic phospholipids with re- 
spect to both the type and magnitude of the interactions 
with neomycin and Ca2+ (2). The observed increase in 
surface pressure was indicative of a very strong preference 
of the polyphosphoinositide film for neomycin over Ca2+ 
and other cations. It was further shown that the degree of 
interaction of eight aminoglycoside antibiotics and frag- 
ments with polyphosphoinositides correlated well with 
their ototoxicity in the guinea pig (3). 


In order to test further the hypothesis that the degree 
of expansion of polyphosphoinositide monolayers is cor- 
related with ototoxicity, monolayer studies, and ototoxicity 
tests for two compounds unrelated to aminoglycosides, 
poly-L-lysine and L-lysine, are reported here. Poly-L-lysine 
represents a polycationic hydrophilic compound, capable 
of occupying an area-determining position in lipid films 
(4), and L-lysine represents the corresponding singly- 
charged hydrophilic monomer. 


EXPERIMENTAL 


Materials and  Methods-Poly-L-lysine had a molecular weight of 
3400 (polymerization grade, 16)'. Polyphosphoinositides were purified 
from ox brain by chromatography on immobilized neomycin (5). 


A polytef beaker (8-cm diameter) held 100 ml of subphase containing 
50 mM sodium N-2-hydroxyethylpiperazine-Nf-2-ethanesulfonate, pH 
7.0, 1 mM CaC12, and sufficient sodium chloride to adjust the ionic 
strength to 0.2. A stationary syringe, with the needle immersed in the 
subphase throughout the experiment, delivered the additions of lysine 
and polylysine. The solutions were stirred with a magnetic bar at  slow 
speed without the film being disturbed. The polyphosphoinositide 
mixtures (phosphatidylinositol phosphate-phosphatidylinositol bis- 
phosphate, 1:2 molar ratio) were spread as a solution in n-hexane-etha- 
nol-chloroform (80515, v/v/v). Approximately 0.2 pg of lipid/cm2 was 
spread to obtain the desired surface pressure (14-15 dyne/cm) which was 
read with a balance2 after the film had stabilized for 10 min. Polylysine 
or L-lysine was then injected into the subphase for final concentrations 
of 10-7-10-4 M. After each addition, the subphase was mixed for 15 min 
before measurements were taken. Experiments were performed at  25f2' 
in duplicate, and surface tension readings always agreed within 0.1 
dyne/cm. 


Perilymphatic Perfusions-Perilymphatic perfusions were carried 
out in male albino guinea pigs (200-300 9). An animal with a positive 
Preyer hearing reflex was anesthetized with pentobarbital (20 mg/kg of 
body weight ip), atropine sulfate (0.05 mg/kg sc), and 0.5 ml/kg of body 
weight im of a solution containing 0.4 mg of fentanyl and 20.0 mg of 
droperidol/ml(6). The animal's body temperature was maintained at  37 
f1° with a heating pad and artificial respiration was provided through 
a tracheal cannula. Surgical and perfusion techniques were similar to that 
described previously (3). 


The perilymphatic spaces of the cochlea were perfused a t  a rate of -30 
pl/min. Cochlear microphonic potentials were measured in response to 
a sound stimulus of white noise, 20-4000 Hz, delivered through an ear- 
phone. The sound intensity level was adjusted to give an initial micro- 
phonic potential of 200400 p V .  After the potential had stabilized for 30 
min (control period), ototoxicity was determined as its loss after 30 min 
of a subsequent perfusion with added drug. 


~~~ ~ 


1 Poly-L-lysine and L-lysine were obtained from Sigma Chemical Co., St. Louis, 


* Wilhelmy balance. 
Ma. 
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Figure I-Effects of cationic agents on surface pressure (T) of a 
Ca2+/polyphosphoinositide film. Increasing amounts of drug were 
added to the subphase of a monomolecular fi lm ofpolyphosphoinosi- 
tides as described in Experimental. Each point represents multiple 
measurements agreeing within 0.1 dynelcm. Bar on left indicates range 
of surface pressure before additions. Key: (0) lysine; (A) neamine; (a) 
poly-L-lysine; (A) neomycin. 


Perilymphatic perfusions could usually he carried out for up to 2 hr 
without significant detrimental effect on cochlear microphonic potentials. 
Animals with an initial potential of <200pV or with an unstable potential 
during the control period (loss of >lo%) were excluded from the 
studies. 


RESULTS AND DISCUSSION 


It has previously been suggested that the specific interaction of a drug 
with polyphosphoinositides that leads to an expansion of the lipid mo- 
nolayer in the presence of Ca2+ is an indicator of i ts  ototoxicity. This 
interaction is apparently based on the configuration of the positive 
charges on the drug and not only on their number. For instance, kan- 
amycin and neamine both have four primary amino groups, yet the first 
is more interactive with polyphosphoinositide films and also more oto- 
toxic (3). 


The cationic polymer, poly-L-lysine, can form complexes with acidic 
lipids (4)  including polyphosphoinositides (7) and induce structural 
damage in biological membranes (8). Its action on the polyphosphoi- 
nositide film was strikingly different from that of the lysine monomer 
(Fig. 1). While low concentrations of the polymer dramatically increased 
the surface pressure (AT a t  M, > 14 dyne/cm) the monomer showed 
only little effect (-2 dyne/cm). For comparison, the curves for the highly 
ototoxic compound, neomycin, and the nontoxic compound, neamine, 
(3) are shown. 


In perilymphatic perfusions, effects on the cochlear microphonic po- 
tential were seen within 2-8 min after the introduction of polylysine into 
the perfusion fluid. The rate of loss was dependent on the drug concen- 
trations up to 0.6 mM when an apparent maximum of toxicity was 
reached (Fig. 2). In contrast to polylysine, lysine did not affect the mi- 
crophonic potential even a t  concentrations as high as 10 mM. 


It should he noted that the molarity given for the polymer in these 
experiments refers to lysine equivalents for better comparison to the 


Figure %-Effects of cationic agents on cochlear microphonic potentials 
in theguinea pig. Numbers are means f SDfor  five to eight animals at 
each condition. Bar on left indicates range of microphonic potentials 
without drug. Toxicity ofpoly-L-lysine at 0J0.6, and 1 mM is signifi- 
cant at p <0.01. Key: lysine (0);poly-L-lysine (a). 


monomer, i .e. ,  1 mM poly-L-lysine represents 1 mM lysine residues in 
the polymer corresponding to an actual concentration of 0.06 mM poly- 
mer. This consideration further accentuates the discrepancy between 
the action of the two compounds. 


The correlation between polyphosphoinositide interaction and oto- 
toxicity was demonstrated for a compound unrelated to aminoglycoside 
antibiotics. This finding further supports the hypothesis that the poly- 
phosphoinositides play a crucial role in drug-induced ototoxicity. 
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The t,rend in the high-affinity association constants, namely, rabbit 
> human > rat > pig, parallels that observed for nickel binding to the 
same albumins as determined previously (27). While it was not possible 
to obtain consistent values for copper binding to dog serum albumin, the 
results seemed to indicate that the primary binding sites for canine al- 
bumin had a lower affinity than those found in porcine albumin. Again, 
this is the case for nickel binding (27). If both Cu*+ and Ni?+ occupy the 
same albumin binding sites and form complexes of the same geometry 
type, then one would expect the same trend for both copper and nickel 
binding. This suggests that the N-terminal Cu?+-binding site may also 
constitute the primary binding site for nickel. The relatively lower 
binding constants for dog and pig albumins are probably due to the ab- 
sence of a histidine a t  the third amino acid position from the N-terminal 
end of these proteins (26). 


The number of high-affinity sites for human albumin is less than that 
for bovine (Table I). From a comparison of the proposed primary struc- 
tures of‘ these proteins (28,29), and based on the assumption that the 
geometry a t  the additional sites should be comparable to that a t  the 
N-terminal site, two extra high-affinity sites in bovine albumin may be 
provided by the amino acid sequences of Glu’6-Glu-His1a near the N -  
terminal and A~p~~~-Lys-Leu-Lys-His-Leu-Val-Asp~~~ between the 
second and the third domains. However, it should be pointed out that  
this assignment is only tentative and needs to be further substantiated 
experimentally. It is our experience that the extrinsic circular dichroism 
spectra of bound copper are not the same for human and bovine albu- 
mind0. Obviously, there must be some significant differences in both the 
number and the nature of the copper binding sites for these two types 
of albumin. 
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Abstract 0 The pharmacokinetics of hydrocortisone were examined 
following single doses of 5-, lo-, 20-, and 40-mg hydrocortisone suspen- 
sions to healthy male volunteers. Endogenous hydrocortisone was sup- 
pressed by giving 2 mg of dexamethasone the night before hydrocortisone 
administration. Plasma samples obtained serially for 12 hr after hydro- 
cortisone administration were assayed by reversed-phase high-pressure 
liquid chromatography using a fixed-wavelength (254 nm) UV absorbance 
detector. Drug absorption was rapid, with mean maximum plasma hy- 
drocortisone concentrations occurring within 60 min of dosing. Subse- 
quent drug elimination was monophasic with mean elimination half-lives 
increasing from 1.2 hr for the 5-mg dose to 1.7 hr for the 40-mg dose. In- 


creases in AUC and C,, with increasing dose were linear but not directly 
proportional to dose size. This was attributed to dose-dependent ab- 
sorption or to loss of drug during the first-pass through the liver. 


Keyphrases 0 Hydrocortisone-effect of dose size on pharmacokinetics 
of oral suspension, absorption, elimination 0 Pharmacokinetics-oral 
hydrocortisone suspension, absorption, elimination, effect of dose size 
0 Absorption-oral hydrocortisone suspension, elimination, effect of 
dose size on pharmacokinetics o Suspension-oral hydrocortisone, ab- 
sorption, elimination, effect of dose size on pharmacokinetics 


Hydrocortisone was designated by the U.S. Food and 
Drug Administration as a drug whose different brands and 
dosage forms should be examined for bioequivalence (1). 
A series of studies was initiated to examine the pharma- 


cokinetics of hydrocortisone and to assess the feasibility 
of conducting bioequivalence studies on commercial 
products. 


In a previous study (2), dexamethasone was shown to 
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Table I-Mean Pharmacokinetic Pa rame te r  Values a Obtained following 5, lo-, 20-, and 40-mg Ora l  Doses of Hydrocortisone 


Value 
Parameter 5-mg Dose 10-mg Dose 20-mg Dose 40-mg Dose Statisticb 


-- 
k , ) ,  hr-' 0.60 f 0.07 0.57 f 0.01 0.46 f 0.04 0.42 f 0.07 -- ABCD' 
t 112 hr 1.2 f 0.1 1.3 f 0.2 1.5 f 0.14 1.7 f 0.3 D C M  


tmaxd, hr 0.7 f 0.4 0.8 f 0.5 0.9 f 0.5 1.0 f 0.5 D C U  
AUC, nghr/ml 293 f 57 447 f 75 835 f 148 1340 f 360 DCBA 
A UC k ng/ml 171 f 26 248 f 21 377 f 44 553 f 90 DCBA 
AUC kel,  D 10-'j/ml 34 f 5 25 f 2 19 f 2 14 f 2 ABCD 
C,,,/D, 10+/ml 24 f 5 18 f 2 13 f 3 10 f 3 ABCD 


Cmaxd, w/ml 119 f 2 3  175 f 119 263 f 55 389 f 103 DCBA 


f l  SD. * Differences were considered significant at the 95% level. A = 5 mg, B = 10 mg, C = 20 mg, D = 40 mg. Observed values. 


suppress endogenous hydrocortisone plasma levels from 
normal values of 40-200 ng/ml to 6-14 ng/ml for at  least 
21 hr, thus permitting accurate measurement of circulating 
exogenous hydrocortisone with negligible interference by 
endogenous compounds. A reversed-phase high-pressure 
liquid chromatographic (HPLC) assay for hydrocortisone 
in plasma, capable of measuring concentrations as low as 
5 ng/ml, was used to determine the pharmacokinetics from 
lo-, 30-, and 50-mg doses of hydrocortisone given as oral 
tablets to healthy male volunteers (3). Results obtained 
in this study suggested that hydrocortisone pharmacoki- 
netics may be dose-dependent, and that increases in cir- 
culating levels may not be dose-proportional. Similar re- 
sults to these were observed following oral doses of corti- 
sone acetate (4). A subsequent study, in which 5-, lo-, 20-, 
and 40-mg doses of hydrocortisone sodium succinate were 
given intravenously, demonstrated dose-proportional 
hydrocortisone levels and dose-independence of most 
pharmacokinetic values (5). Dose-nonproportionality 
following oral doses was thus attributed either to tablet 
effects or to nonlinear absorption or first-pass metabo- 
lism. 


In the present study, hydrocortisone pharmacokinetics 
were examined in healthy male volunteers following oral 
doses of 5, 10, 20, and 40 mg of hydrocortisone suspen- 
sion. 


EXPERIMENTAL 


Materials-Chemical standard hydrocortisone' and internal standard 
A4-pregnen-17~,20/3,21-triol-3,11-dione1 were analytical grade. Reagent 
grade methylene chloride2 was distilled prior to use. All other solvents 
and chemicals were reagent grade and were used as supplied. Plasma for 
construction of standard curves was obtained from healthy volunteers 
hetween 7 and 9 am subsequent to administration of 2 mg of dexameth- 
asone a t  11 pm the previous day. 


Subjects-After giving informed consent, eight male volunteers (age 
22-39 years, height 170-183 cm, weight 64-77 kg) underwent physical 
examinations including blood and urine analyses. Vital signs and labo- 
ratory values for all subjects were normal. 


Protocol-Each subject received 5-, lo-, 20-, and 40-mg doses of hy- 
drocortisone as an oral suspension3 at  least 1 week apart in a randomized 
block design. Subjects were fasted from 10 pm on the day prior to dosing 
until 12 noon the next day. All subjects received 2 mg of dexametha~one~ 
together with 180 ml of water a t  11 pm hr on the day before dosing. Hy- 
drocortisone suspension (0.1-0.8 ml) was mixed with 60 ml of orange juice 
immediately before dosing. The orange juice-hydrocortisone mixture 
was swallowed, rapidly followed by three 40-ml rinses of orange juice. 
Dosing containers were assayed for residual hydrocortisone and contained 
0.41 f 0.25% (SD) of the dose; this was considered negligible. Subjects 
were permitted to i t  est no other liquid until 4 hr after dosing. 


Blood samples (10 ml) were taken from a forearm vein into heparinized 
vacuum tubes immediately before and then serially from 15 min to 12 
hr after hydrocortisone administration. Blood samples were centrifuged 
immediately and the plasma was stored a t  -20' until assayed. Subjects 
were ambulatory during blood sampling. 


Assay-The HPLC assay used in this study was described previously 
(3). Hydrocortisone and added internal standard were extracted from 
1 ml of plasma into methylene chloride. The residue from the evaporated 
organic layer was reconstituted in the liquid chromatographic mobile 
phase (60% aqueous methanol), and 30 111 was injected onto the column. 
Components were detected a t  254 nm, and concentrations of hydrocor- 
tisone were calculated by peak height ratio. Separate standard curves 
were run with each batch of samples. Suppressed hydrocortisone con- 
centrations obtained just before hydrocortisone administration were 
subtracted from all concentrations obtained after dosing for each 
subject. 


Data Analysis-Model-independent estimates of areas under plasma 
hydrocortisone concentration curves from zero to infinite time (AUC) 
were calculated by trapezoidal rule, with end correction where necessary 
(6). Elimination rate constants were calculated by regression analysis of 
the postabsorption phase of hydrocortisone plasma profiles. 


Pharmacokinetic parameters were examined by ANOVA for crossover 
design. Differences between individual doses were analyzed using Tukey's 
test (7). 


RESULTS 


Mean plasma hydrocortisone concentrations, corrected for endogenous 
hydrocortisone, are shown for all four dose levels in Fig. 1. Drug absorp- 
tion was rapid, with maximum drug concentrations occurring within 1 
hr of dosing. Drug levels then declined monoexponentially in all cases. 
Mean hydrocortisone bevels resulting from the lo-, 20-, and 40-mg doses 
were slightly elevated a t  the last sampling times, suggesting the possibility 
of a more prolonged terminal elimination phase. However, the drug levels 
a t  these times approached the lower sensitivity limit of the assay, so that 
their significance is uncertain. This effect was not noted following the 
5-mg dose. Exclusion of the terminal data points did not significantly 
affect the calculated drug half-lives. Hydrocortisone concentrations were 
above predose suppressed values for up to 8 hr following the 5- and 10-mg 
doses, and up to 12 hr following the 20- and 40-mg doses. 


Pharmacokinetic parameters and statistical analysis are presented in 
Table I. Mean peak levels of hydrocortisone increased from 119 ng/rnl 
following the 5-mg dose, to 389 ng/ml following the 40-mg dose. The time 
of peak levels was independent of dose. The elimination half-life was 
affected by dose size, increasing from a mean value of 1.2 hr following the 
5-mg dose to 1.7 hr following the 40-mg dose. The area under the hy- 
drocortisone plasma curve, and also the area corrected for variance in the 
elimination rate constant, AUC kel,  both increased with increasing dose. 
However, the increases in both the area and C,,, values were not dose- 
proportional. Doubling the dose at  5,10, and 20 mg resulted in mean area 
increases of 1.5-, 1.9-, and 1.6-fold, respectively, while the value of C,,, 
increased 1.5-fold with each two-fold increase in dose. 


The nonproportional relationship between A U C ,  C,,,, and dose size 
is shown graphically in Fig. 2. Linear regression analysis resulted in 
positive y-intercepts which were significantly >O ( p  < 0.05). When AUC 
he! and C,,, values were corrected for dose size (Table I) the resulting 
values significantly decreased between each incremental dose of hydro- 
cortisone. 


Sigma Che . .a1 Co., St. Louis, MO 63178. 
Brrrdick anu Jackson Laboratories, Muskegon,.MI 49442. 
Cortef intramuscular suspension, 50 mg/ml, Upjohn, Kalamazoo, MI 49001. 
Decadron elixir, 0.1 mg/ml, Merck, Sharp and Dohme. West Point, PA 


19486. 


DISCUSSION 


In this study, the pharmacokinetics of hydrocortisone have been de- 
scribed following 5, lo-, 20-, and 40-mg oral suspension doses to healthy 
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Figure 1-Mean plasma hydrocortisone concentrations (fl SEM, n 
= 8) versus time for subjects receiving oral hydrocortisone suspensions. 
Key: (0) 5 mg; (0)  10 mg; (A) 20 mg; ( m )  40 mg. 


volunteers. The plasma profiles, and also the values of pharmacokinetic 
parameters, obtained under these conditions are generally consistent with 
values reported elsewhere (8-12). The drug is absorbed rapidly into the 
circulation, achieving peak plasma concentrations within 1 hr. Plasma 
levels then decline with a half-life of 1.2-1.7 hr. The plasma levels of 
hydrocortisone obtained in this study are comparable to those obtained 
previously when a tablet dosage form was used (3). The only dose size that 
was common to both studies, 10 mg, yielded almost identical C,,, and 
AUC values. 


Increases in circulating levels of hydrocortisone have thus been shown 
not to be proportional to increasing doses following both tablet (3) and 
suspension dosage forms. An overall five-fold increase in the tablet dose 
(10-50 mg) resulted in a 2.1-fold increase in mean C,,,, and a 3.3-fold 
increase in AUC values. In the present study an overall eight-fold increase 
in the suspension dose (5-40 mg) resulted in a 3.3-fold increase in C,,, 
and a 4.6-fold increase in AUC. The somewhat greater increase in AUC 
compared to C,,, with increasing dose in both studies is due to the 
somewhat slower absorption and elimination of hydrocortisone a t  higher 
doses resulting in flatter and somewhat more prolonged drug profiles. 


A number of explanations was originally proposed to account for the 
nonproportional relationship between circulating hydrocortisone levels 
and the size of the oral dose (3). These included changes in the binding 
characteristics of hydrocortisone to plasma proteins, limited tablet dis- 
solution, saturable absorption, and an increased first-pass effect following 
higher doses. Of these, changes in binding characteristics appear unlikely 
as plasma levels of hydrocortisone have been shown to be dose-propor- 
tional following those intravenous doses that yielded similar circulating 
drug levels to those obtained following the oral doses (5). Limited tablet 
dissolution a t  higher doses is also an unlikely explanation as similar ef- 
fects occurred with both tablet and suspension dosages. 


I t  is difficult to distinguish the other possibilities, limited absorption 
and greater first-pass metabolism, from the present data. Previous studies 
have indicated that hydrocortisone is well-absorbed from the small in- 
testine (13), and absorption appears not to be saturable a t  dosages used 
in the present study (14). Dividing the mean AUC values obtained fol- 
lowing the suspension dose by those obtained after equivalent intrave- 
nous doses (5) shows that the systemic availability of hydrocortisone is 
71,57, and 56% from the 5-, lo-, and 20-mg doses, respectively. Similar 


O L ,  I I I I 1 
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Figure 2-Relationship between mean (fl SD) AUC and C,,, values, 
and oral hydrocortisone dose (n = 8). Key: (0) AUC; (0) C,,,. 


comparison of the tablet dose data indicates that systemic availability 
of hydrocortisone was 60% from a 10-mg dose, and 40% from 30- and 
50-mg doses. 


In the absence of additional information, the most likely cause of the 
apparent dose dependency of hydrocortisone absorption is that  of in- 
creased first-pass metabolism at higher doses. The rapid absorption of 
hydrocortisone from the GI tract will give rise to transient, high drug 
levels in the splanchnic circulation. These levels are likely to exceed the 
binding capacity of the high-affinity, low-capacity binding protein 
transcortin (15), resulting in a large proportion of drug passing through 
the liver during the first-pass either loosely bound to the low-affinity, 
high-capacity protein albumin or in free form. The percentage of drug 
that is in the loosely bound or unbound form during the first-pass will 
increase,, while the percentage of drug tightly bound to transcortin will 
decrease, as the size of the dose increases. An increased free fraction 
during the first-pass is likely to permit greater hepatic clearance, and to 
decrease the overall systemic availability of unchanged drug. While this 
hypothesis is attractive, further studies are needed to identify the in- 
trinsic relationships between the protein binding and hepatic clearance 
of hydrocortisone. 


The results obtained in the present study have confirmed that plasma 
levels of oral hydrocortisone are not proportional to the administered 
dose. However, as peak plasma levels and AUC are approximately linearly 
related to dose size within the dosage range studied (Fig. 2), we conclude 
that meaningful bioavailability comparisons can be made for hydrocor- 
tisone a t  therapeutic dose levels. 
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COMMUNICA TIONS 


The Effect of Thermal History on the 
Transition Temperature of Citric Acid Glass 


Keyphrases 0 Transition temperature-effect of thermal history, citric 
acid glass Citric acid glass-effect of thermal history on the transition 
temperature 


To the Editor: 
Glass is a noncrystalline solid which does not exhibit 


long-range order of its molecules and has a characteristic 
temperature where its physical state changes from a rigid, 
brittle material to a flexible, rubbery material. In addition, 
glass is not thermodynamically stable and will readily re- 
vert to the crystalline state under the proper environ- 
mental conditions (1,2). As a result of these characteristics, 
materials capable of glass formation have been suggested 
as vehicles for solid dispersion systems, because it has been 
theorized that they should exhibit more rapid dissolution 
than their crystalline counterparts (3-5). 


One compound often mentioned as a potential vehicle 
is citric acid (6-12). In the crystalline state, this material 
is highly hydrogen bonded (13), a property that apparently 
is responsible for its glass formation, because it has been 
reported that hydrogen bonding tendency helps prevent 
crystallization from occurring when a liquid melt is cooled 
below its liquidus temperature (14-16). 


Recently, there has been a reported discrepancy in the 
transition temperature (T,) of citric acid glass. This dis- 
crepancy was explained (17) to be due to residual moisture 
contamination in the samples. These studies (7-10) uti- 
lized citric acid monohydrate, while another study (12) 
employed anhydrous citric acid. 


We do not dispute this explanation of the discrepancy. 
However, we thought it would be helpful to future inves- 
tigators if the effect of thermal history of the melt and the 
presence of impurities on the Tg of citric acid glass was 
reported. 


Anhydrous citric acid' was used in this study in order 
to eliminate possible effects of residual moisture con- 
tamination. The procedures used for sample preparation 
and determination of the Tg of a glass by differential 
scanning calorimetry (DSC) have already been discussed 
in detail (12). In examination of the effect of the thermal 


' J. T. Raker Chemical Co., Phillipsburg, N.J. 


Table I-The Transition Temperatures Obtained for Citric Acid 
Glass after Holding Molten Citric Acid Isothermally above Its 
Melting Temperature for Specified Times 


Temperature' Time, min Tg Values' 


172 5 10.00 
15 7.0 
30 2.0 


177 5 10.0 
20 4.0 


180 5 8.0 
15 3.0 
30 0.0 


190 5 6.5 
1 .o 15 


30 - b 


(I Average of a t  least duplicate determinations. Material discolored, not able 
to detect a T, from -60 to 2oOo. 


history of the molten citric acid on the Tg of citric acid 
glass, the DSC procedure was modified such that after 
heating the citric acid to melting, the molten citric acid was 
raised to the desired temperature and held isothermally 
for a specified time before rapidly being cooled. 


Table I shows the effect of thermal history on the T, of 
citric acid glass. Results indicate that the higher the tem- 
perature and the longer the exposure time at a given 
temperature, the lower the T, value of citric acid glass. 
Accompanying this decrease in the TR value was a pro- 
gressive discoloration of the molten citric acid from a clear 
transparent liquid to a yellowish brown liquid. 


Aconitic acid2, a dehydration decomposition product of 
citric acid, degrades upon melting. By adding the material 
to citric acid in varying proportions and then preparing 
glass dispersions of the mixture, it is possible to simulate 
the effect of degradation product impurities on the Tg of 
citric acid glass. Figure 1 shows that as the level of im- 
purities increases, the Tg of citric acid glass decreases. 


The thermal stability of citric acid has been of concern 
to previous solid dispersion investigators (6-10, 12). 
Available thermal analysis literature on citric acid is lim- 
ited. One study (18) suggests that citric acid may begin to 
decompose a t  -185', while another study (19) states that 
thermal degradation of citric acid does not begin to occur 
until 200-225'. The data presented in this communication 
indicate that citric acid does exhibit some degree of ther- 
mal instability. However, thermal degradation does not 
appear to begin immediately upon initial melting but only 


2 Aldrich Chemical Co., Milwaukee, Wis 


0022-35491 821 0 7000- 7 785$0 7.001 0 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences / 1185 
Vol. 71, No. 70, October 7982 












crease in free fraction of tolmetin (present a t  26.7 pg/ml) 
from 0.29 f 0.02% (Mean f S D )  to 1.0 f 0.12%. It appears 
that factors other than the metabolite itself must have 
contributed to the increase in tolmetin free fraction ob- 
served by these investigators. 


The fact that I does not readily displace tolmetin from 
plasma protein binding sites has important implications 
in the understanding of tolmetin disposition. Since the 
metabolite circulates a t  concentrations lower than those 
of tolmetin in healthy subjects (1,4) and arthritic patients 
(5), no effect of I on tolmetin disposition would be antici- 
pated based on the data presented in Table I. In anephric 
patients receiving tolmetin, I accumulates in plasma to 
concentrations often > 10-fold those of tolmetins. Some 
displacement of tolmetin by the metabolite in these pa- 
tients might be expected. However, since uremic plasma 
has reduced binding affinity for tolmetin (6), it is difficult 
to assess the additional influence of high circulating me- 
tabolite concentrations on tolmetin disposition in the 
uremic patient. 


(1) W. A. Cressman, G.  F. Wortham, and J. Plostnieks, Clin. Phar- 
macol. Ther., 19,224 (1976). 


(2) M. L. Selley, B. W. Madsen, and J. Thomas, Clin. Pharmacol. 
Ther., 24,694 (1978). 


(3) D. D. Sumner, P. G. Dayton, S. A. Cucinell, and J. Plostnieks, Drug 
Metab. Dispos., 3,283 (1975). 


(4) J. W. Ayres, D. J. Weidler, J. Mackichan, E. Sakmar, M. R. Hall- 
mark, E. F. Lemanowicz, and J. G.  Wagner, Eur. J .  Clin. Pharrnacol., 12, 
421 (1977). 


(5) J. M. Grindel, B. H. Migdalof, and J. Plostnieks, Clin. Pharmacol. 
Ther., 26,122 (1979). 


(6) J. F. Pritchard, P. J. O'Neill, M. B. Affrime, and D. T. Lowenthal, 
Abstracts APhA Acad. Pharm. Sci., 11(2), 137 (1981). 


J .  Frederick PritchardX 
Ravi K.  Desiraju 


Department of Drug Metabolism 
McNeil Pharmaceutical 
Spring House, PA 19477 


Received January 18, 1982. 
Accepted for publication April 9, 1982. 


* R..K. Desiraju, N. L. Renzi, Jr., L. A. McKown, and R. K. Nayak, data on file, 
McNeil Pharmaceutical, Spring House, Pa. 


Hydroxyisolongifolaldehyde: A New 
Metabolite of (+)-Longifolene in Rabbits 


~~ ~ ~~ 


Keyphrases Longifolene-hydroxyisolongifolaldehyde, a new me- 
tabolite in rabbits 0 Metabolites-hydroxyisolongifolaldehyde from 
longifolene in rabbits Hydroxyisolongifolaldehyde-a new metabolite 
of longifolene in rabbits 


To the Editor: 
In spite of daily usage of terpenoid-containing plant 


products such as fruits, drinks, tobacco, etc., the metabolic 
fate of terpenoids is essentially unknown. The aim of this 
study is to clarify terpenoid biotransformation in mam- 
malian biochemistry from the toxicological point of view. 
This will provide guidance for the effective usage of natural 
products and for preparation of starting materials for or- 
ganic synthesis. 


Wild rabbits damage the forests in Japan by feeding on 


the artificially planted young Chamaecyparis obtusa, an 
important tree used commercially in Japan. This Japanese 
cypress contains longifolene (I) as a major sesquiterpene 
hydrocarbon. The metabolism of a-pinene, camphene, and 
other related terpenoids in rabbits was studied previously 
(1-7). 


Longifolene (36 g), [ a ] ~  = +39.3', in chloroform, was 
administered to rabbits and the metabolites were isolated 
according to the method described previously. The neutral 
crude alcohols (3.7 g), were acetylated and purified to af- 
ford the main acetate (11) (17% for total acetates), which 
gave the following spectral data: mass spectrum: mlz 278 
(C17H2603); 2700 and 1710 cm-l; and a small doublet (J  
= 1.5 Hz) a t  9.88 ppm of an aldehyde group. It was hy- 
drolyzed by potassium carbonate in methanol and on silica 
gel chromatography gave pure metabolic alcohol (111). The 
parent ion of 111, m/z  236, means a molecular formula 
C15H2402 showing that two oxygen atoms were introduced 
into longifolene. These oxygen atoms are based on a hy- 
droxyl group (3450 cm-') and an aldehyde group (2700 and 
1720 cm-l; 9.87 ppm). The signals at 3.46 and 3.31 ppm 
(AB quartet) of this alcohol shifted 0.5 ppm upfield com- 
pared with those of acetate, suggesting the presence of a 
primary hydroxyl group. The olefin group of longifolene 
was lost in this alcohol. Thus, the change of this exo- 
methylene group to an aldehyde or primary alcohol was 
expected. The positions of newly introduced groups were 
determined on the basis of IR, lH-NMR, and 13C-NMR 
spectra. 


First, the aldehyde proton signal of I11 split into a dou- 
blet (J = 2.0 Hz) indicating the presence of an adjacent 
7-H proton. By this splitting, it was concluded that the 
position of the aldehyde group is not at C-12, C-14, and 
C-15 but at C-7. The 7-H configuration was determined 
on the basis of a coupling constant. Provided that 7-H is 
in an a-configuration, the coupling constants of this proton 
would be anticipated to be J 7 , 1  = 1.3-2.6 Hz and 57,s = 
-0.5 Hz. However, if 7-H is in a P-configuration, these 
values would be expected to be: J7,8 = 3.6-5.0 Hz, 57.9 -1.2 
Hz, and 57.11 = 0.5 Hz. In fact, J7,s in I11 was observed as 
3.5 Hz meaning 7-H has the ,&configuration. Thus, the 
configuration of this aldehyde group was determined to 
be in the C-7-endo-form, which is stable in isolongifolal- 
dehyde (8). 


Second, in the IR spectra of the metabolized alcohol and 


Table I-J3C-NMR Chemical Shifts in Longifolene and 
Hydroxyisolongifolaldehyde 


Longifolene Hydroxyisolongifolaldehyde 
(1) (111) 


C-1 62.2 
c-2 33.6 
C-3 36.5 
c -4  21.2 ~~ 


c - 5  43.4 
C-6 44.1 
c-7 168.0 
C-8 48.0 
c-9 29.8 
c-10 25.5 
c-11 45.2 
c-12 30.1 
C-13 99.0 


56.3 
37.8 
34.2 
21.0 
44.2 
43.0 
59.9 
40.8 
25.8 
23.0 
47.0 
26.0" 


206.4 
C-14 30.6" 22.6" 
C-15 30.6a 72.6 


a Assignments may be reversed in each compound. 
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(11) R = CH,CO 
(111) R = H 


Scheme I 


its acetate, the absorption of the gem-dimethyl group, 
which appeared at 1355 and 1370 cm-l in longifolene, was 
lost and instead a new single absorption (1360 cm-l) ap- 
peared in this region. This suggests that one of the gem- 
dimethyl groups at C-2 was hydroxylated producing a 
primary alcohol. Furthermore, in the 13C-NMR of 111, the 
d o d i e l d  shift of the C-2 carbon and the upfield shifts at 
C-1, C-3, and C-14 or C-15 were observed when compared 
with longifolene (Table 1)l. 


The determination of which methyl (C-14 or C-15) was 
hydroxylated remains to be established. It is well known 
that the orientation of the C-7 substituent group in long- 
ifolene changes easily from the e m -  to endo-form. How- 
ever, such isomerization of the C-7 aldehyde during iso- 
lation processes was not found by TLC, GLC, or IR. 
Therefore, longifolene would be metabolized in rabbits as 
follows: (a)  attack on the em-methylene group from the 
endo-face to form its epoxide; and ( b )  isomerization of the 
epoxide to a stable endo-aldehyde. Thus, the metabolic 
route of longifolene would be written as in Scheme I. 


In the metabolism of compounds having e m  -methylene 


The complete analysis of W - N M R  spectrum of longifolene was based on the 
comparison with that of longifolol, which was kindly furnished by Dr. K. Tori, 
Shionogi Research Laboratory, Shionogi & Co., Ltd., Japan. 


groups such as myrcene (2), camphene (3), and camphene 
epoxide (4), their glycols were obtained and their formation 
can be explained through epoxides. The reason for not 
finding longifolene-7,13-glycol can be attributed to the less 
stable longifolene-7,13-epoxide. 


Terpenic aldehydes are biotransformed from camphor 
(dog) (9) and fenchone (rabbit) (10). Introduction of an 
aldehyde group in biotransformation is remarkable, and 
this isolongifolaldehyde may have some biological activity 
which is found in other sesquiterpene aldehydes such as 
polygodial. The hydroxylation of gem-dimethyl groups 
producing a primary alcohol has been reported on the 
compounds having three- (1,2), four- (7), five- (lo), and 
six- (11) membered rings in mammals. In this study, hy- 
droxylation of the gem-dimethyl group on the seven- 
membered ring was newly added. 
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Abstract The structure of protonated oxymorphone (mine  salt) was 
determined by an X-ray crystallographic study. Significant differences 
were found with the previously determined structure of unprotonated 
oxymorphone (free base). Upon protonation on nitrogen, an elongation 
of the N-C bond occurred, accompanied by subtle changes in bond 
lengths and angles distant from the site of protonation. These changes 
in geometry are interpreted as a reflection of long-range substituent ef- 
fects. 


Keyphrases 0 Oxymorphone-protonated and unprotonated, operation 
of long-range effects in rigid opiates u Opiates-operation of long-range 
substituent effects, protonated and unprotonated oxymorphone 0 
Crystallography, X-ray-determination of structure of protonated and 
unprotonated oxymorphone 


The existence of long-range substituent effects in mor- 
phines was proposed in 1979 (1). The anomalous variations 
in the pKa values of variously substituted morphines (2) 
were interpreted as the evidence for the existence of these 
effects. Additional evidence was sought to support the 
existence of these effects in morphines, including the X-ray 
evidence which is expected to show that a substituent in- 
troduced in the morphine molecule causes changes in bond 
lengths and angles, not only locally but throughout the 
entire molecule (l), and the voltammetric evidence,. which 
is expected to demonstrate that the electron transfer from 
the lone electron pair of the nitrogen of morphines is af- 
fected by remote substitution. The data on voltammetric 
behavior of morphines recently published (3) may con- 
stitute the latter evidence'. The authors report here the 
X-ray evidence. 


Early X-ray crystallographic studies of morphines were 
performed on morphine (4) and codeine (5) with the ob- 
jective of determining their molecular structure and ab- 
solute stereochemistry, respectively. More recently, refined 
structures of morphine (6) and some of its pharmacologi- 
cally important derivatives, such as naloxone (7) and ox- 
ymorphone (a), have been obtained. The latter studies 
responded to the needs of medicinal chemists who at- 
tempted to explain the pharmacological effects of mor- 
phine agonists and antagonists in terms of the geometric 
(9,lO) and stereoelectronic (11-18) features of these mol- 
ecules. After the publication of the refined structures of 
morphine (6) and naloxone (7), medicinal and quantum 
chemists started using these structures as an approxima- 
tion of the structures of other morphine derivatives whose 
X-ray structures had not been determined (ll-L3,15-17). 
Such approximations were widely used and did not stim- 
ulate additional X-ray work in the morphine field. 


The approximate geometries were derived from the 
known geometries using three assumptions: (a )  The ge- 


l Presented at the International Conference on Conformational Analysis, Dur- 
ham, N.H., June 1981. 


ometry of a morphine does not change upon protonation 
of nitrogen (12,151. Thus, the X-ray structure of morphine 
amine salt was used in place of the structure of the corre- 
sponding free base (12). ( b )  In morphines that differ only 
in the substituent on nitrogen, the geometry of N-nor 
moieties is the same (12,13,15-17). For example, the ge- 
ometry of the N-nor moiety of nalorphone was assumed 
to be the same as that of morphine (12); in the same way, 
the geometries of the N-nor moieties of oxymorphone (13, 
16, 17), nalmexone, naltrexone, and nalbuphine (16, 17) 
were derived from the geometry of naloxone. ( c )  Intro- 
duction of the substituent a t  C-2 and at the phenolic and 
alcoholic oxygens of morphine does not change its basic 
geometry (11). Therefore, skeletal structures of 2-amino 
morphine, codeine, heroin, and 6-acetyl morphine were 
assumed to be the same (11). 


Justification of assumption a seems to be difficult when 
considering the IR data of amines and their salts, which 
suggests longer N-C bonds in protonated amines (19-21). 
The validity of these assumptions is challenged by the 
existence of long-range substituent effects in morphines 
(1): the introduction of a substituent in a rigid molecule 
like morphine is likely to cause distortions of bond angles 
and torsional angles, not only locally, but throughout the 
entire molecule. The geometry changes caused by long- 
range substituent effects are typically very small. However, 
it has been demonstrated recently that even very small 
differences in geometry significantly influence the results 
of quantum chemical calculations of oxymorphone (18). 
These results suggest that the use of exact (X-ray) struc- 
tures of morphines is preferred to the use of approximate 
(slightly inaccurate) structures for quantum chemical 
studies of morphines. 


The objective of this study was to test experimentally 
Table I-Crystal Data 


Experimental or Calculated 
Crystal Parameter Value of Parameter 


Molecular formula c ~ ~ H ~ ~ N o ~ . H c ~ . H ~ O . C ~ H ~ O  


Space group P212121 
a 10.586 (4)  8, 


Molecular weight 401.89 
Crystal system orthorhom bic 


b 18.671 (5) 8, 
C 
V "  
zg - 
DC' i.443 g cm-3 


;$oo)e 856 
P 2.5 cm-1 
X(mo1ybdenum K a ) g  0.71069 8, 


1.343 g 


Calculated volume of the unit cell. Number of asymmetric units in the cell. 
Calculated density. Observed density. e F(000) is equal to the total numher 


of electrons in the cell. f Linear absorption coefficients. 8 X-ray wavelength of 
molybdenum K ,  line. 
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Table 11-Positional Parameters X lo4 


Atom X Y z Bequiv' 


Cl 5274(4) 1407(2) 7072 (4) 3.54 (18) 
c 2  5009i4j io48(2j 5854 (5) 3.60 (18) 
C3 4430(4) 1377(2) 4740 (4) 3.28 (16) 
C4 4090 (4) 2080(2) 4910 (4) 3.03 (16) 
C5 3886(4) 3235(2) 4427 (4) 3.27 (18) 
C6 5191 (4) 3421 (2) 3869 (4) 3.55 (19) 
C7 5934(4) 3948(2) 4691 (5) 3.88 (18) 
C8 6045 (4) 3699(2) 6192 (5) 3.68 (19) 
C9 4809(4) 3345(2) 8339 (4) 3.00 (17) 


C10 5304(4) 2580(2) 8439 (4) 3.51 (18) 
C11 4956(4) 2120(2) 7230 (4) 3.13 (17) 
c12 4336i4j 2422izj 6143 (4j 2.89 (16) 
C13 3862(4) 3186(2) 6024 (4) 2.83 (16) 
C14 4769(4) 3659(2) 6862 (4) 2.83 (17) 
C15 2529(4) 3236(2) 6617 (4) 3.38 (18) 
C16 2499(4) 3042(2) 8152 (4) 3.77 (19) -~~ 
c i 7  3439 i5j 3261 i2j 10464 (5) 4.45 (21 j 
N1 3500(3) 3432 (2) 8944 (3) 3.12 (14) 
01 4221 (3) 1046(2) 3488 (3) 4.15 (14) 
0 2  3559 13) 2529 (1) 3936 (3) 3.39 (12) 


3.29 (12) 
CL1 2013(1) 4846(1) 9700 (1) 


OW1 713(3) 5075(2) 6825 (4) 4.91 (15) 
7096 (3) 4.62 (5) 


0 4  4284 i3j 4355 (1) 


6.12 (18) 
896 (4) 6.92 (32) 


OS1 3127(4) 1514(2) 
CSl 3303(7) 841 (3) 336 (7) 
CS2 2526(7) 731 (4) -886 (8) 8.24 (38) 


0 Numbers in parentheses are the estimated standard deviations (SD) of the last 
digits. * Atom labeling is shown in Fig. 1. S = CHJCH~OH. W = HzO. Bequiv is 
defined in Ref. 27. 


the validity of assumption a:  to establish, by an X-ray 
crystallographic study, whether protonation of nitrogens 
influences the geometry of morphines. The results of this 
study would also test the validity of the long-range sub- 
stituent concept in morphines. Since the X-ray structure 
of an unprotonated morphine derivative, oxymorphone, 
has already been reported (8), the protonated oxymor- 
phone (amine salt) was chosen as the subject of the X-ray 
structure determination. 


EXPERIMENTAL 


A single crystal of oxymorphone hydrochloride2 (4,5a-epoxy-3,14- 
dihydroxy-17-methylmorphinan-6-one hydrochloride), suitable for X-ray 
analysis, was grown from 95% ethanol after slow evaporation. The size 
of the crystal used for data collection measured 4 . 2 5  X 0.3 X 0.4 mm. 
The crystals were clear, colorless prisms. 


Weissenberg and precision photographs showed the crystal to be or- 
thorhombic and have systematic extinctions HOO.H=2n OKO:K=2n 
OOL:L=2n indicating space group P212121 (number 19). The density was 
measured by flotation in a mixture of toluene and bromotrichloro- 
methane. The crystal was mounted on a P21 automatic diffra~tometer~ 
equipped with an incident beam graphite-crystal monochromator. All 
measurements were made at  25(f2)' using molybdenum K, radiation. 
The unit-cell constants and the orientation matrix to be used in data 
collection were obtained from a least-square refinement of 15 centered 
general reflections. Crystal data are listed in Table I. 


Data Collection-The diffraction data were collected by the 8-28 scan 
technique at  room temperature with graphite monochromated molyb- 
denum K, radiation. The scan rate varied from 2 to 10°/min, dependent 
on the intensity of diffraction maxima (scan width was based on Af? = 
1.00 + 0.15 tan 8). A decay of -50% was noted for the three standard re- 
flections (&$,2;$,1,2;0,T,4) monitored for every 50 reflections over the 
period of collection. 


A total of 2172 reflections was collected, comprising the quadrant of 
reciprocal space where h, k ,  and 1 are each nonnegative. Of the 2172 re- 
flections collected, 1710 were classified as observed for IFoI2 > 30 (IF0l2), 
where IF01 is the observed structure factor amplitude corrected for Lo- 
rentz and polarization effects. 


Structure Determination and Refinement-The diffractometer 


data were reduced and corrected for decay using a program from the 
CRYSP programs (22). The structure was solved by direct methods using 
the MULTAN 74 program (23). The probable phase set, as determined 
by statistics and based on three. origin and three starting reflections, 
produced an E-map containing 19 of the 27 heavy atoms in the structure. 
The remaining atoms were located in difference Fourier maps using the 
program set CRYM (24). 


Full matrix least-square refinement on the heavy atom positions 
minimizing the quantity Bw (Fo2 - Fc2)2, where w = l/a2 (Fo2), was fol- 
lowed by the calculation of all hydrogen atom positions except for the 
hydroxyl hydrogen atoms and methyl hydrogen atoms which were located 
in difference Fourier maps. A t  this point, two cycles of isotropic full 
matrix least-squares resulted in anR value, [= Z(llFoI - IFcl[)/XIFol] 


C 17 


W 


0 


2 Endo Laboratories, Inc. 
3 Syntex. Figure l - O x y r n o r p h o n e ~ H C l - H ~ O ~ C ~ H ~ O H  
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Table IV-Positional Parameters X lo3 and Isotropic Thermal 
Parameters for the Hydrogen Atoms 


Table V-Interatomic Distances [A] a 


Atom ]I Y z Biso 


H1 573 117 780 4.54 
H2 518 54 581 4.60 
H5 333 359 409 4.27 


H7A 554 440 467 4.88 
H7B 677 399 430 4.88 
H8A 654 402 672 4.68 
H ~ B  641 323 620 4.68 


H9 554 358 885 4.00 
HlOA 494 238 927 4.51 
HlOB 618 260 851 4.51 
H15A 20 1 29 1 611 4.38 
H15B 223 371 651 4.38 
H16A 262 254 825 4.77 
H16B 169 317 853 4.77 
H17A 420 349 1074 5.45 
H17B 262 345 1071 5.45 
H17C 394 287 1068 5.45 


NH 331 394 876 4.12 
H04 385 451 639 4.29 


OWHA 91 499 761 5.91 
OWHB 121 489 663 5.91 


HSlA 314 49 102 7.92 
HSlB 420 80 5 7.92 
HS2A 268 28 -131 9.24 
HS2B 274 110 -161 9.24 
HS2C 168 79 -64 9.24 
HOSl 385 159 127 7.12 


H01 464 71 342 5.15 


0.112. Further full matrix least-square analysis of 245 variables-coor- 
dinates and anisotropic temperature factors for 27 heavy atoms, a sec- 
ondary extinction parameter (25) and a scale factor-led to a final R value 
of 0.068 and a goodness-of-fit [ = Zw(F, - F, 2)2/M - S)1/2] for M = 2172 
reflections and S = 245 parameters of 9.7. (In this analysis the coordinates 
and isotropic temperature factors for 27 hydrogen atoms were held 
constant). The wR value I =  [Zw(Fo2 - Fc2)2/ZoFo4]1/2) was 0.117 and 
the R factor for the 3u data set was 0.056. The estimated standard de- 
viations were computed from the inverse matrix of the last full matrix, 
least-squares cycle. All shifts in parameters were less than their estimated 
standard deviations in the final refinement cycle. The scattering factors 
and anomalous dispersion terms for chlorine were taken from a published 
source4, the scattering factors for hydrogen were taken from Stewart et 
al. (26). 


2 


Figure 2-Bond lengths and bond angles in protonated orymorphone 
( o r y m o r p h o n e ~ H C 1 ~ H ~ O ~ C ~ ~ 0 H ) .  The estimated stondard deoiations 
are 0.005-0.006 A for C-C, C-0 ,  and C-N bonds, and 0.3-0.4' for 
C-C-(C,O,N) angles. 


' The International Tables for X-ray Crystallography (1962). 


Bond a b  bc a - b  a (a-b)lud 


Cl-C2 
C2-C3 
c3-c4 
C4-Cl2 
Cll-c12 
Cl-c11 
C 12-C 13 
C13-C5 
C5-C6 
C4-02 
C5-02 
C3-01 
C6-C7 
C7-C8 
C8-Cl4 
C14-Cl3 
C14-C9 
C9-C10 c 10-c11 
C13-Cl5 
C15-Cl6 
C16-N 
N-C 17 


C6-03 
N-C9 


C14-04 


1.352 (6) 
1.356 (6) 
1.370 (5) 
1.344 (5) 
1.335 (5) 
1.381 (6) 
1.518 (5) 
1.498 (5) 
1.517 (6) 
1.361 (4) 
1.438 (5) 
1.343 (5) 
1.476 (6) 
1.485 (6) 
1.491 (6) 
1.522 (5) 
1.502 (5) 
1.524 (5) 
1.468 (5) 
1.519 (6) 
1.483 (6) 
1.484 (5) 
1.459 (5) 
1.413 (4) 
1.182 (5) 
1.506 (5) 


1.406 (5) -0.054 
1.378 (5) -0.022 
1.376 (4) -0.006 
1.380 i4j -0.036 
1.375 (5) -0.040 
1.381 (4) 0 
1.493 (4) 0.0'25 
1.547 (4) -0.049 
1.522 (4) -0.005 
1.392 (4) -0.031 
1.475 (3) -0.037 
1.375 i3j -0.032 
1.501 i4j -0.025 
1.522 (5) -0.037 
1.515 (4) -0.024 
1.548 (4) -0.026 


... ~. 


i.545 i5j -0.021 
1.520 (5) -0.052 
1.539 (4) -0.020 
1.520 (4) -0.037 
1.467 i4i 0.017 
1.464 i4j -0.005 
1.427 (4) -0.014 
1.221 (4) -0.039 
1.474 (4) 0.032 


0.008 
0.008 
0.006 
0.006 
0.007 


0.006 
0.006 
0.007 
0.006 
0.006 
0.006 
0.007 
0.008 
0.007 
0.006 
0.007 
0.007 
0.007 
0.007 
0.007 
0.006 
0.006 
0.006 
0.006 
0.006 


6.9 
2.8 
0.9 
5.6 
5.6 


3.9 
7.7 
0.7 
5.5 
6.4 
5.5 
3.5 
4.7 
3.3 
4.1 
6.5 
2.9 
7.3 
2.8 
5.1 
2.6 
0.8 
2.5 
6.1 
5.0 . .  . ,  


Numbers in arentheses are the estimated SD of the last digit. * Oxyrnor- 
phone.HCI.HzOJ!!zH60H. 0xymorphone.HPO (8). If ( a  - b ) / u  2 5, the differ- 
ence in bond lengths, a - b,  is significant. 


Table VI-Bond Andes * 


(a - b )  
Angle ab bc a - b  a l ad  


c4-c 12-c 13 
C4-Cl2-Cll 
c4-c3-c2 
C4-C3-01 
c3-c2-c1 
c3-c4-c12 
Ol-C3-C2 
c2-c1-c11 
C1-Cl1-Cl2 
c1-c11-c10 
Cll-Cl2-Cl3 
c11-c10-c9 
C12-C4-02 
c12-c13-c15 
c12-c13-c14 
c12-c11-c10 
c12-c13-c5 c 1o-c9-c 14 
C10-C9-N 
C9-Cl4-Cl3 
C9-N-Cl6 
C9-N-C 17 
C9-C14-C8 
C9-C 14-04 
c14-c13-c5 
c14-c13-c15 
C 14-C8-C7 
04-C14-C8 
04-Cl4-Cl3 
C13-C14-C8 
C13-Cl5-Cl6 
C13-C5-C6 
C13-C5-02 
C5-C6-C7 
C5-02-C4 
C5-C6-03 
C5-Cl3-Cl5 
C6-C7-C8 
C6-C5-02 
03-C6-C7 
C15-C16-N 
C14-C9-N 
C16-N-Cl7 


108.7 (3) 
123.3 (4) 
117.5 (4) 
119.9 (4) 
121.2 (4) 
120.3 (4) 
122.5 (3) 
121.1 (4) 
116.4 (4) 
125.8 (4) 
128.0 (3) 
114.5 (3) 
111.2 (3) 
109.7 (3) 
107.4 (3) 
117.6 (4) 
97.2 (3) 


115.6 (3) 
113.3 (3) 
105.5 (3) 
114.6 (3) 
112.6 (3) 
112.4 (3) 
103.1 (3) 
118.0 (3) 
111.2 (3) 
110.1 (4) 
110.3 (3) 
112.5 (3) 
112.6 (3) 
111.0 (3) 
111.9 (3) 
105.0 (3) 
117.3 (4) 
104.6 (3) 
120.9 (4) 
112.1 (3) 
109.1 (3) 
108.6 (3) 
121.7 (3) 
110.4 (3) 
106.1 (3) 
110.3 (3) 


109.2 (3) 
122.9 (3) 
117.1 (3) 
119.3 (3) 
121.5 (3) 
121.0 (3) 
123.6 (3) 
121.1 (2) 
116.3 (3) 
126.6 (3) 
127.9 (3) 
114.4 (3) 
111.6 (3) 
109.3 (2) 
108.6 (3) 
117.0 (3) 
98.3 (2) 


114.2 (2) 
116.0 (3) 
105.5 (2) 
113.7 (2) 
114.0 (3) 
113.9 (3) 
108.8 (2) 
117.4 (2) 
109.5 (2) 
111.1 (3) 
107.0 (3) 
110.7 (3) 
111.0 (2) 
111.3 (3) 
113.7 (2) 
104.5 (2) 
117.1 (2) 
104.0 (2) 
120.6 (3) 
112.9 (2) 
111.0 (3) 
108.6 (2) 
122.3 (3) 
110.4 (2) 
105.5 (3) 
109.7 (3) 


-0.5 
0.4 
0.4 
0.6 


-0.3 
-0.7 
-1.1 


0 
0.1 


-0.8 
0.1 
0.1 


-0.4 
0.4 


-1.2 
0.6 


-1.1 
1.4 


-2.7 
0 
0.9 


-1.4 
-1.5 
-5.7 


0.6 
1.7 


-1.0 
3.3 
1.8 
1.6 


-0.3 
- 1.8 


0.5 
0.2 
0.6 
0.3 


-0.8 
-1.9 


0 
-0.6 


0 
0.6 
0.6 


0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 


0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.4 
0.4 


0.4 


0.4 
0.4 


1.2 
0.8 
0.8 
0.8 
0.6 
1.4 
2.6 


0.2 
1.6 
0.2 
0.2 
0.9 
1.1 
2.9 
1.2 
3.1 
3.9 
6.4 


2.5 
4.1 
3.6 


15.8 
1.7 
4.7 
2.0 
7.9 
4.3 
4.4 
0.7 
5.0 
1.4 
0.4 
1.7 
0.6 
2.2 
4.5 


1.4 


1.4 
1.4 


Numbers in arentheses are the estimated SD of the last digit. b Oxyrnorphone 
.HC1.HzO-CzH&H. Oxymorphone .H20 (8).  If (a  - b ) / o  g 5, the difference in 
bond angles, a - b,  is significant. 
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Table VII-Torsional Angles a 


a - b  
Torsional Anale a b  bc a - b  a lad 


Ring A 
c1-c2-c3-c4 
c2-c3-c4-c12 
c3-c4-c12-c11 
c4-c12-c1l-c1 
C12-Cll-C1-C2 
c11-c1-c2-c3 
Ring B 
c4-02-c5-c13 
02-c5-c13-c12 
c5-c 13-c 12-c 14 
c13-c12-c4-02 
c12-c4-02-c5 
Ring C 
c9-c1o-cll-c12 
c10-c11-c12-c13 
Cll-C12-C13-C14 
c12-c13-c14-c9 
c13-c14-c9-c11 
c14-c9-c 10-Cll 
Ring D 
C5-C6-C7-C8 
C6-C7-C8-c14 
C7-C8-C14-C13 
C8-C14-C13-C5 
C 14-C 13-C5-C6 
C13-C5-C6-C7 
Ring E 
c9-c14-c 13-c 15 
C 14-C13-C 15-C16 
C13-C15-C16-N 
C15-C16-N-C9 -53.8 (4) 
C16-N-C9-C14 62.5 (4) 
N-C9-C14-C13 -64.5 (4) 


1.9 (6) 
0.3 (6) 
2.8 (6) 


-4.1 (6) 
2.4 (6) 
0.5 (6) 


-35.1 (4) 
34.3 (4) 


-23.2 (4) 
3.0 (4) 


20.0 (4) 


4.7 (5) 
-4.2 (6) 
31.4 (5) 


-55.3 (4) 
61.9 (4) 


-35.6 (5) 


55.6 (5) 
-62.6 (4) 


55.8 (4) 
-40.8 (5) 


30.8 (5) 
-38.9 (5) 


64.8 (4) 
-57.0 (4) 


48.8 (4) 


0.6 (5) 
-3.6 (4) 


6.0 (5) 
-4.9 (5) 


1.8 (4) 
0.3 (5) 


-32.7 (3) 
33.8 (3) 


-23.8 (3) 
4.8 (3) 


18.0 (3) 


9.1 (4) 
-8.5 (5) 
34.0 (4) 


-56.2 (3) 
61.9 (3) 


-37.8 (4) 


50.1 (4) 
-60.6 (4) 


56.5 (4) 
-42.7 (4) 


31.5 (4) 
-35.2 (4) 


63.0 (3) 
-55.0 (3) 


50.0 (3) 
-57.6 (3) 


1.3 0.8 1.6 
-3.9 0.7 5.6 
-3.2 0.8 4.0 


0.8 0.8 1.0 
0.6 0.7 0.9 
0.2 0.8 0.3 


-2.4 0.5 4.8 
6.5 0.5 1.0 
0.6 0.5 1.2 


-1.8 0.5 3.6 
2.0 0.5 4.0 


-4.4 0.6 7.3 


-2.6 0.6 4.3 
4.3 0.8 5.4 


0.9 0.5 1.8 
0 
2.2 0.6 3.7 


5.5 0.6 9.2 
-2.0 0.6 3.3 
-0.7 0.6 1.2 


1.9 0.6 3.2 
-0.7 0.6 1.2 
-3.7 0.6 6.2 


1.8 0.5 3.6 
-2.0 0.5 4.0 
-1.2 0.5 2.4 


3.8 0.5 7.6 
66.4 i 3 j  -3.9 0.5 7.8 


-66.7 (3) 2.2 0.5 4.4 


a Numbers in arentheses are the estimated SD of the last digit. Oxymorphone 
.HCl.H20C2H&H. Oxymorphone .H20 (8). d If (a - b)/u 2 5, the difference in 
torsional angles, a - b, is significant. 


Detailed information about the crystal structure of oxymorphone. 
HCl.HzOC2H50H is given in Tables I-VII: crystal data (Table I), coor- 
dinates and Bequiv for nonhydrogen atoms (Table II), anisotropic thermal 
parameters (Table III), positional parameters and Biso for hydrogen 
atoms (Table IV), interatomic distances (Table V), bond angles (Table 
VI), and torsional angles (Table VII). 


The molecular structure of oxymorphone.HC1.HzO.C~H~OH is de- 
picted in Fig. 1, with bond lengths and bond angles shown in Fig. 2. For 
the purpose of comparison, the geometry of unprotonated oxymorphone 
(8) is also shown (Fig. 3). 


RESULTS AND DISCUSSION 


Inspection of Figs. 2 and 3 and Table V reveals some significant5 dif- 
ferences in bond lengths of protonated and unprotonated oxymorphone. 
Thus, the N-C-9 is longer by 0.032 (6) 8, in protonated oxymorphone 
(Scheme 11) than in the unprotonated analog (Scheme 111). The elonga- 
tion of the N-C bond upon protonation is not unexpected in light of the 
IR data of amines and their salts6 and is consistent with the previously 
described elongation of the N-C bonds of cyclazocine upon protonation 
(28). 


Several C-C bonds are considerably shorter (0.036-0.054 8,) in the 
protonated than in the unprotonated molecule: C-1-C-2, C-10-C-11, 
C-5-C-13, C-94-14,  C-11-(2-12, and C-4-C-12. Significant differences 
in several C-0 bonds are also observed. Comparison of bond angles for 
protonated and unprotonated oxymorphone (Table VI) reveals several 
small but significant differences of up to -6 degrees. Similarly, several 
torsional angles of these two molecules differ for up to -6 degrees (Table 
VII). 


Observed changes in bond lengths, angles, and torsional angles distant 
from the site of protonation are interpreted as a reflection of long-range 


Significant differences are those which are >5u. u = (uO2 + ub2)1/2, where uo 
and Ub are standard deviations of the property measured (bond lengths, bond angles, 
etc.) of protonated and unprotonated oxymorphone. 


6 The N-H stretching frequencies of protonated amines (amine salts) are lower 
than those of their respective free bases (19-21). Since the frequency is directly 
related to the square root of the force constant of the bond (29), the lower frequency 
indicates a weaker and probably longer bond. 


0‘ 
2 


3 


Figure 3-Bond lengths and bond angles in unprotonated oxyrnorphone 
(oxyrnorphone-HzO) (8). The estimated standard deviations are 
0.004-0.005 A for C-C, C-0, and C-N bonds, and 0.2-0.3’ for C- 
C--(C,O,N) angles. 


substituent effects in oxymorphone (1). Protonation leads to a formal 
positive electric charge on nitrogen, which can be transmitted further 
throughout the molecule via long-range inductive and electrostatic field 
effects (1). The elongation of the N-C bond upon protonation may in- 
troduce a local strain and conformational distortion which may be 
transmitted through the entire molecule by a slight flexing of bond and 
torsional angles (conformational transmission effect); in this way, the 
strain is shared by the whole structure (1). 


While long-range effects are expected to influence the geometry of the 
entire molecule, the exact location and magnitude of the geometric 
changes are difficult to predict; observed changes therefore appear to be 
erratic. For this reason, extrapolation of the geometric changes observed 
here, upon protonation of oxymorphone to predictions of geometries of 
other morphine derivatives, is extremely difficult. 
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Abstract The technical feasibility of utilizing tampons as a drug de- 
livery system for prolonged intravaginal drug administrations was 
studied. Several commercially available brands of tampons were exam- 
ined. The methodology for the incorporation of various doses of metro- 
nidazole, an antitrichomonas agent, in tampons was described. The 
sustained-release profile of metronidazole from these medicated tampons 
was characterized. Intravaginal administration of metronidazole uia the 
medicated tampons was investigated in rhesus monkeys and human 
volunteers, and in uitro-in uiuo correlations were established. The bio- 
pharmaceutics of intravaginal absorption of metronidazole uia medicated 
tampons was analyzed in comparison with a vaginal solution formula- 
tion. 


Keyphrases Metronidazole-intravaginal sustained administration 
in medicated tampons, in uitro-in uiuo relationships 0 Tampons-in- 
travaginal sustained administration of metronidazole, in uitro-in uiuo 
relationships Intravaginal administration-sustained metronidazole 
in tampons, in uitro-in viuo relationships 


Tampons are made of cotton and/or cellulose and are 
commonly used for intravaginal insertion to absorb men- 
strual discharge (1). Numerous brands of vaginal tampons 
are commercially available. Their characteristics of high 
fluid absorbability and retention have been recommended 
for the absorption of extensive vaginal discharge in tri- 
chomonas-infected women. 


Metronidazolel has been shown to be an effective anti- 
protozoal agent with a broad spectrum of activity against 


Flagyl (SC-10295), Searle Laboratories, Division of G. D. Searle & Co., Skokie, 
IL 60077. 


anaerobes (2-6). It is selectively absorbed by and produces 
cytotoxicity in anaerobes (6-8). Its efficacy in the treat- 
ment of Trichomonas uaginalis has been well documented 
(9). The idea of developing a medicated tampon to com- 
bine the therapeutic efficacy of metronidazole and the high 
fluid absorbability of tampon for trichomonas-infected 
women is thus generated. 


Additionally, a high incidence of toxic shock syndrome 
was recently reported in menstruating women who used 
tampons, especially one brand2 (10). Continuing epide- 
miological and microbiological studies a t  the Center for 
Disease Control have firmly related the pathogenesis of 
toxic shock syndrome to the infection of Staphylococcus 
aureus isolated from the vaginas of patients who suffered 
from toxic shock syndrome (98 uersus 7% in the un- 
matched controls). On the other hand, no S.  aureus could 
be recovered from the unused tampons, including those 
from tampon boxes used by the patients (10). The inci- 
dence of toxic shock syndrome further suggests the need 
to develop a medicated tampon, which administers an 
antistaphylococcal agent in the vagina in a controlled 
manner for a prolonged period of time, to protect the user 
from S .  aureus infection. 


The objective of this investigation is to evaluate the 
technical feasibility of using the tampon as an intravaginal 
drug delivery system. In this report, the methodology for 


Kely tampons. 
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An In Vitro Model for the Study of Antibacterial Dosage 
Regimen Design 
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Abstract A model was developed that is capable of simulating anti- 
bacterial agent concentration versus time profiles commonly observed 
following intravenous and intramuscular bolus injections, intravenous 
infusions, and oral doses, administered as single or multiple doses. The 
model consisted of two physical compartments separated by a membrane 
of a commercial hemodialyzer. The 1.08 m2 membrane surface area al- 
lowed rapid transmembrane passage of drugs and other small molecules, 
while membrane pore size prevented bacterial passage. These charac- 
teristics allowed bacteria in one of the two compartments or the model 
to be exposed to time-variant drug concentrations without affecting the 
number or concentration of bacteria. The model was used to study the 
effects of a multiple intravenous bolus dosage regimen of ampicillin on 
Escherichia coli ATCC 12407. 


Keyphrases 0 Penicillin-in vitro model for the study of antibacterial 
dosage regimen design Models-in vitro, study of antibacterial dosage 
regimen design Antibacterials-in vitro model, study of dosage regi- 
men design 


The antibacterial agent concentration profiles to which 
bacteria are exposed in viuo vary with the method of drug 
administration. Continuous intravenous infusion yields 


constant plasma and tissue drug concentrations once 
steady state is achieved, while the short elimination half- 
life of most antimicrobial agents results in rapid decreases 
in plasma and interstitial fluid drug concentrations (1) 
following bolus intravenous, intramuscular, or oral 
doses. 


Considerable progress has been made during the past 
15 years in determining the mechanism of action of 
0-lactam antibiotics (2, 3). However, the relative thera- 
peutic effectiveness of intermittent and continuous dosage 
regimens for these compounds is uncertain (4, 5 ) .  At- 
tempted correlations of therapeutic effectiveness with 
various pharmacokinetic parameters, such as maximum 
plasma concentration (6), the time period during which 
drug levels exceed the minimum inhibitory concentration 
(7), area under the plasma level curve (8), intensity factor 
(9), and the degree of serum protein binding (lo), have 
been difficult due to the many interactions between the 
drug, bacteria, infection site, and host. Information ob- 
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Figure 1-Schematic diagram of model showing sampling ports 
(A,B,C,D), hemodialysis units (HI, reservoirs (R), tubing, main pump, 
and exchange pump. Arrows indicate direction of broth flow. 


tained from in uitro studies of bactericidal kinetics at  
constant drug concentrations is not directly applicable to 
the situation in uiuo where drug concentrations may un- 
dergo rapid changes. The importance of phenomena such 
as the postantibiotic effect in multiple dose antibiotic 
regimens has also been difficult to assess in animal models 
and clinical situations due to uncontrollable factors 
(11). 


The present report describes the theory, characteriza- 
tion, and testing of an in vitro model which can be used to 
monitor the antibacterial effect of simulated plasma drug 
concentration profiles from constant intravenous infusions 
or from single or multiple intravenous bolus, intramus- 
cular, or oral doses. 


EXPERIMENTAL 


Drugs-Solutions of anhydrous ampicillin powder' in Mueller-Hinton 
broth2 were prepared immediately prior to use. Drug concentration was 
monitored by the inclusion of a trace amount of [l4C]penici1lin G potas- 
sium3 (16.22 mCi/mmole) in a broth solution of the unlabeled drug. 
Scintillation counts were obtained on 0.1-ml broth samples in 4.0 ml of 
a scintillation solution4. 


Bacteria-An overnight culture of Escherichia coli. ATCC 124075, 
inMueller-Hinton brothv was serially diluted in broth to -lo2 colony- 
forming unitdm1 (cfu/ml) and allowed to grow to los cfu/ml. A 1.0-ml 
aliquot of this solution was used to inoculate the model. Bacterial growth 
was monitored in 16 X 125-mm glass tubes using optical density mea- 
surements obtained spectrophotometrically a t  500 nm6. Optical density 
was linearly related to bacterial concentrations between 6 X lo5 and 4 
X 10s cfu/ml. The minimum inhibitory concentration for ampicillin 
against the test organism was obtained by the broth dilution method (12) 
with an initial inoculum size of 5 X lo4 cfu/ml and incubation a t  37' for 
18 hr. 


Viable Cell Assay-Viable cell counts were obtained by performing 
six consecutive serial dilutions of a 0.1-ml broth sample in 0.9 ml of 0.9% 
sodium chloride solution at 10'. Nutrient agar2 plates were divided into 
eight sectors and streaked with duplicative 10-pl aliquots of each dilution. 
Visual inspection of the number of colonies formed in each sector after 
incubation a t  37' for 12 hr gave the number of colony-forming units per 
milliliter in the original sample. Colony recounts following an additional 
12 hr of incubation failed to show an increase in colony numbers. 


Model Description-The model consisted of a closed loop of 0.95-mm 
i.d. tubing7 on each side of the membrane of a hemodialyzer* (Fig. 1). 


Wyeth Laboratories, Philadelphia, Pa. * Difco Laboratories, Detroit, Mich. 
Radiochemical Centre, Amersham, England. * Aquasol, New England Nuclear, Boston, Mass. 
American Type Culture Collection, Rockville, Md. 
Spectronic 88, Bausch and Lomb, Rochester, N.Y. 


7 Tygon tubing. * Gambro-Lundia Minor hemodialyzer, Gambro-Lundia, Lund. Sweden. 


Table I-Kinetic Data for Ampicillin in the Experiment * 


Time, AUCd,  
Above Below pg min/ml 
MICb, MIC, tq2, VTOT, Co" Above 


Dose hr hr min ml MIC M E  
1 2.6 3.4 75 823 4.12 167 389 


3 2.8 3.2 83 857 3.95 171 407 


a Data presented in Fig. 5. The three ampicillin doses were administered at 6-hr 
intervals. Minimum inhibitory concentration. Ratio of drug concentration 
immediately after injection to the minimum inhibitory concentration for E. coli, 
ATCC 12407. Area under ampicillin concentration uersus time curve that is above 
the minimum inhibitory concentration and the area under the total curve during 
the 6 hr following each dose (minimum inhibitory concentration = 0.9 pg/ml). 


2 2.6 3.4 78 824 4.11 172 399 


Each dialyzer contained a 17-pm thick membrane9 of 0.54-m2 surface 
area. Two dialyzers were connected in series in order to increase mem- 
brane surface area and to decrease ultrafiltration of fluid across the 
membrane. The tubing was gas sterilized, and the model was assembled 
aseptically and filled with Mueller-Hinton broth. The broth was syn- 
chronously pumped through both tubing loops using a dual channel 
peristaltic pumplo (main pump) in opposing flows past the membrane. 
The total volume of broth in the system was -800 ml (Table I). A 1-liter 
glass infusion reservoir on each side of the system permitted pressure 
equalization and allowed the broth volume on each side of the model to 
be monitored. Access into the closed system was by syringe through in- 
jection sleeves from the arterial infusion sets". A broth exchange loop, 
EXC. IN and EXC. OUT in Fig. 1, was connected to a tubing loop on one 
side of the model to allow aseptic introduction of fresh broth and removal 
of a mixture of broth and drug using a dual channel peristaltic pumplo 
(exchange pump). The entire system was maintained at 37' in a 0.9-m3 
incubator12. 


Model Theory-The side of the model containing the broth exchange 
loop was designated the drug compartment; the other side was designated 
the bacterial compartment. Bacteria in the bacterial compartment could 
not penetrate the dialysis membrane and, thus, could not enter the drug 
compartment. Drug introduced into either compartment could rapidly 
equilibrate across the membrane due to the large membrane surface area, 
and could be removed from the system through the broth exchange loop 
on the drug compartment side of the model. 


Simulated intravenous infusion concentration profiles in the bacterial 
compartment were obtained by injecting drug as a bolus into the drug 
compartment with the broth exchange loop closed (Fig. 2A). Drug con- 
centration in the bacterial compartment C B ~  a t  time t is described as: 


(Eq. 1) 


where D is the administered dose, VTOT is the total volume of broth in 
the system, and kl2 find k21 are first-order rate constants for drug 
movement across the dialysis membrane, Once drug equilibration in the 
model is achieved, the steady-state drug concentration is given by: 


C& = D/VTOT 0%. 2) 


A R c 


b' VBa+ VDr 


Figure 2-Schematic representations of drug kinetics in the model 
during (A) intravenous infusion, (B) intravenous bolus injection, and 
(C) intramuscular or oral dosage simulations. VD, and Vea are the drug 
and bacterial compartment uolumes, respectively. Ct is the concen- 
tration of drug in the volume Vea a t  time t, described in the text as C B ~ .  
Other symbols are described in text. 


9 Cuprophan membrane. 
10 Model 1210, Harvard Apparatus, Millis, Mass. 
11 Travenol Laboratories. Deerfield. Ill. 
12 National Appliance, Hollywood, Fla. 
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Figure %-Intravenous infusion simulation in t h e  model showing ex-  
perimentally determined drug concentration versus t i m e  data  
points. 


The desired Css value in the bacterial compartment of the model was 
obtained by selecting the proper dose for the total system volume ac- 
cording to Eq. 2. The time taken for drug levels in the bacterial com- 
partment to reach C& is a function of the rate of drug passage across the 
membrane. 


Intravenous bolus simulations were achieved by bolus drug injection 
into the bacterial compartment with the broth exchange loop functioning. 
The exchange pump speed controlled the rate of drug removal from the 
model (Fig. 2B). The bacterial compartment drug concentration is de- 
scribed by: 


C B ~  = Ae-"I + Be-pt (Eq. 3) 
where 


(Es. 4 )  


(Eq. 5) 


and 


As drug removal by the broth exchange loop was a first-order process, 
and passage of drug across the membrane was fast compared to drug 
elimination, a plot of the decrease in the logarithm of the drug concen- 
tration with time was linear. 


Oral and intramuscular dosage simulations were obtained by injecting 
a drug bolus into the drug compartment with the broth exchange loop 
functioning. The membrane passage controlled the rate at which drug 
concentration increased in the bacterial compartment, while the rate of 
drug elimination was controlled by the exchange pump rate (Fig. 2C). 
Equation 7 describes the bacterial compartment drug concentration 
profile: 


(Eq. 7) 


The elimination rates for the intravenous bolus, intramuscular, and 
oral dose simulations are controlled by the exchange pump speed ac- 
cording to: 


where Q is the broth exchange loop flow rate. 
Use of the Model to  Examine the Antibacterial Effect of Ampi- 


cillin-The antibacterial effect of a multiple intravenous bolus dosage 
regimen of ampicillin on E.  coli, ATCC 12407, was examined. A 1-ml 
inoculum of 1 x 108 cfu/ml of E.  coli, which was in logarithmic growth 
phase, was injected into the bacterial compartment. Logarithmic bacterial 
growth in the model was monitored by means of optical density. When 
the bacterial concentration reached 5 X 106 cfu/ml, the first of three 3-mg 
ampicillin doses was administered as a 1-ml bolus into the bacterial 
compartment with the broth exchange loop functioning. Similar doses 
of ampicillin were given a t  6 and 12 hr after the initial dose. Drug and 
viable bacteria concentrations were monitored every 0.5 hr for 18 hr 
following the first ampicillin dose. The serial dilutions in the bacterial 
assay served to dilute ampicillin in samples to noninterfering levels. 


RESULTS 


The kinetics of penicillin G disposition in the model were examined 
by injecting 0.5 ml of a mixture of 11.2 pg/ml of [14C]penicillin G potas- 
sium and 962 pg/ml of unlabeled penicillin G potassium into the system. 
With the main pump flow rate set a t  120 ml/min, circulation time for drug 
in the model was found to be <3 min. A 0.5-min drug equilibration 
half-time across the membrane was calculated from an intravenous 
infusion dose. Observed C" values under these conditions indicated that 
the drug did not bind to a significant degree to the dialysis membrane. 


Drug concentration profiles in the bacterial compartment during in- 
travenous infusion and oral dosage simulations are shown in Figs. 3 and 
4. Multiple bolus intravenous injection simulations are shown in Fig. 5. 
The residual plot for the absorption phase of the oral simulation was 
linear, indicating that the approach to steady-state drug concentration 
in the bacterial compartment can be represented by a first-order process. 
The absorption and elimination half-lives for the oral dose simulations 
were -5 and 53 min, respectively. 


The possible effect of changes in the exchange pump flow rate on 


. 


30 60 90 
MINUTES 


Figure 4-Intramuscular injection or oral dosage simulation in the  
model showing experimentally determined bacterial compartment drug 
concentration versus t ime  data points. 
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Figure 5-Plots of the logarithm of the number of colony-forming uni ts  
per milliliter (c fulml)  and the  log of the  drug concentration versus t ime 
following three (Dl ,D2,03)  simulated intrauenous bolus injections of 
ampicillin against E. coli, ATCC 12407. T h e  m i n i m u m  inhibitory con- 
centration (0.9 Kgslml) is indicated as a horizontal dotted line. 


bacterial growth in the absence of drug was determined by varying the 
pump flow rates to yield simulated drug half-lives of infinity (exchange 
loop closed), 75, and 37 min. The tests were performed on different days 
using different bacterial inocula. The slopes ( f S D ) ,  obtained by linear 
regression, for the logarithmic bacterial growth curves were 0.72 (f0.05) 
for t112 = a, 0.75 (* 0.02) for tllz = 75 min, and 0.78 (fO.O1) for t l / z  = 37 
min. These values were not significantly different from each other and 
show that bacterial growth rates were unaffected by broth exchange rates 
within the range of values studied. 


The results of the repeated dose intravenous bolus simulation, using 
ampicillin against E.  coli, ATCC 12407, are shown in Fig. 5. Pertinent 
data are presented in Table I. Bacterial kill occurred following each dose 
of antibiotic, and regrowth resumed shortly after antibiotic levels had 
fallen below the minimum inhibitory co,ncentration. The time that 
elapsed between dosing and observed bactericidal effect tended to de- 
crease slightly, but the maximum kill rate and the absolute amount of 
bacterial kill appeared also to differ with succeeding doses. 


DISCUSSION 


Antimicrobial therapy is generally administered on an empirical basis 
and optimization of effect through accurate dosage regimen design has 
not been accomplished in most cases. 


I t  is difficult to establish accurate relationships between drug kinetics 
and antibacterial effects i n  uiuo because of the contribution of many, 
often uncontrollable, factors such as tissue penetration, development of 
bacterial resistance, variable binding of drug to plasma proteins, and 
interactions of drugs with other substances. Failure to generate useful 
data in clinical situations, or by the use of animal models, has given rise 
to an increasing interest in the development of in uitro systems which 
may simulate in an idealistic manner the i n  uiuo, clinical situation. While 
it is recognized that such systems exclude many of the variables that exist 
in uiuo, they are nonetheless justified in that they attempt to establish 
relationships between changing drug concentrations and antibacterial 
effect in a controlled situation. 


Some i n  uitro studies have examined the kinetics of antimicrobial ef- 
fects using constant drug concentrations (13, 14). However, the results 
obtained in these studies do not apply to many clinical situations in which 
drug levels are constantly changing. 


Other models have been designed to simulate varying drug levels with 


respect to time (15-19). In most of these systems, the addition of fresh 
broth in order to change the concentration of antibiotic results in si- 
multaneous dilution of the organism (15,16,18,19). In some models there 
is less than optimal control of the drug concentration uersus time pro- 
files. 


The described model has advantages over previous systems in that the 
addition of fresh growth medium in order to dilute the concentration of 
antibiotic does not dilute the bacteria, and also the closed, continuously 
recycling system provides considerable flexibility for the simulation of 
a variety of single and repeated dosage regimens. 


The rapid rate of drug equilibration across the dialyzer membranes 
observed with the present system can be altered by varying the membrane 
surface area. This would have the effect of altering the drug absorption 
rate in oral or intramuscular dose simulations and changing the time for 
steady-state drug levels to be achieved in the bacterial compartment 
during infusion simulations. 


Tracer quantities of [14C]penicillin G were used in this study to monitor 
both penicillin G and ampicillin levels, characterize the model, .and 
provide preliminary data on dosage simulation. I t  is recognized that 
circulating total radioactivity does not necessarily represent microbio- 
logically active drug, and the preliminary concentration effect relation- 
ships described in Fig. 5 must be interpreted in this light. However, the 
good agreement between drug concentrations relative to the minimum 
inhibitory concentration and the antibacterial effect serves to illustrate 
the usefulness of the model for this type of study. T o  characterize accu- 
rately the concentration-effect relationship of any chemically or bac- 
teriologically unstable compound, it will be necessary to measure the 
concentration of active drug. 


Various improvements to the described model are possible and are 
being investigated. For example, with appropriate engineering, the overall 
size of the system and the membrane surface area may be reduced to 
permit greater ease in handling without loss of model flexibility. However, 
the present model is suitable to study drug antibacterial activity under 
a variety of dosing conditions. The data in Fig. 5 were generated with the 
bacteria in logarithmic growth at the time of drug administration. With 
appropriate adjustment of experimental conditions, drug activity can 
be determined against bacteria in either logarithmic or stationary growth 
phases. 
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problems such as drug degradation, microbiological growth 
(2), protein dilution (3), and lipolysis (4). 


5. When spiking the buffer side is desirable, establish 
the time to equilibrium for the system with the smallest 
expected cy value. The smallest a values do not always 
occur with healthy adult plasma. For example, the inter- 
action of cationic drugs with al-acid glycoprotein increased 
in certain disease states and under various stress condi- 
tions (5 ,6) .  When spiking plasma under these conditions, 
the apparent cy value would be smaller than the true 
equilibrium value, whereas the opposite would occur when 
spiking the buffer side. 
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REVIEWS 


The Peptides. Analysis, Synthesis, Biology. Vol. 4. Edited by ER- 
HARD GROSS and JOHANNES MEIENHOFFER. Academic, 111 
Fifth Ave., New York, NY 10017.1981.309 pp. 15 X 23 cm. 
The first three volumes of The Peptides were devoted to the meth- 


odology concerning the synthesis of peptides. The fourth volume is the 
first of several volumes planned, according to the editors, dealing with 
the analytical aspects of peptides. The fourth volume eminently succeeds 
in reaching the high standards set for it by its predecessors. 


The six chapters are divided evenly among the physical and chemical 
methods for peptide-protein-structure determination. Of those con- 
cerned with the physical methods, the first two focus on the crystal 
structure analysis by X-ray studies. In the first chapter, I. L. Karle dis- 
cusses the crystal structures of linear and cyclic peptides containing 2 
to 15 peptide units. Several useful generalizations are mentioned; for 
example, “4 - 1 H-bonds begin to appear in cyclic hexapeptides” and 
“the possibility for several different conformations assumed by the same 
compound arises starting with the cyclic heptapeptides.” The author has 
made liberal use of tables and figures, which also list pertinent refer- 
ences. 


J. Gunning and T. Blundell present in Chapter 2 a crystal structure 
analysis of the larger peptide hormones. The crystal structures of insulin 
(A-chain, 21 residues; B-chain, 30 residues), glucagon (29 residues), and 
the pancreatic polypeptide (36 residues) have been determined. On the 
basis of the known homology with the amino acid sequence of insulin, the 
structures of proinsulin and relaxin have been proposed and are dis- 
cussed. 


The chiroptical method for the determination of the absolute config- 
uration of a-amino acids and small peptides is the topic of Chapter 3 by 
V. Toome and M. Weigle. The chiroptical properties of both the free 
a-amino acids and of the free oligopeptides, as well as of their metal 
complexes and chromophoric derivatives, are discussed. 


In the fourth chapter, S. Stein describes the technique of peptide and 
protein-analysis at the picomole level employing HPLC and fluorescence 
spectrophotometry. The combination of HPLC and fluorescence de- 
tection raises the possibility of determination of peptides and proteins 
in tissues and organs of individual animals. This combination of tech- 
niques has also been employed for the determination of the amino acid 
sequence. 


Chapter 5, by J. R. Benson, P. C. Louie, and R. A. Bradshaw, deals with 
the single-column amino acid analysis of peptides. For the purpose of 
discussion, the authors have divided the amino acids into four categories 
according to whether they are ( a )  normally found in proteins, ( b )  formed 


in uioo from the first group by post- or cotranslation, (c) formed by 
chemical modification from Group 1, or ( d )  nonprotein amino acids. 
Several protocols are given for the separation of these amino acids. 


R. A. Laursen in Chapter 6 probes in exquisite detail the solid-phase 
sequencing technique, which would help overcome problems (such as 
overlap, increased-background, amino-terminal blocking) experienced 
with the Edman method. 


Both the editors and the authors are to be congratulated for the ex- 
cellence of this volume, which is a must for those concerned with any and 
all aspects of proteins and peptides, and for those contemplating a start 
in this area of research. 


Receioed by Amrit Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N Y  11439 


Medicinal Chemistry VI (Proceedings of the 6th International 
Symposium on Medicinal Chemistry). Edited by M. A. SIMKINS. 
Wiley, 605 Third Ave., New York, NY 10016.1979.477 pp. 16 X 24 cm. 
Price $94.00. 
Medicinal Chemistry VZ is a collection of papers presented at the 6th 


Internation Symposium on Medicinal Chemistry held in Brighton, En- 
gland in 1978. They were chosen for this volume by the members of the 
Society for Drug Research and cover a wide range of interests, many being 
a blend of chemistry, biology, biochemistry, and medicine. The majority 
of the papers i re  based on disease states while others discuss theoretical 
concepts relating to substrate-receptor interactions or predicting activity 
of molecules based solely on structure. 


This volume is divided into plenary lectures and symposium papers. 
The plenary lectures are given by Dr. Linus Pauling, who speaks of “or- 
thomolecular medicine,” a new concept in treating diseases, which he 
defines as the achievement and preservation of the best of health and the 
prevention and treatment of disease by using substances (right molecules 
in the right amounts) that are normally present in the body; professor 
Sir John Cornforth provides the reader with a greater awareness of 
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structural characteristics of enzymes; and Sir Arnold Burgen along with 
N. J. M. Birdsall and E. C. Hume introduce the reader to modern tech- 
niques which provide a better understanding of receptors. 


In the foreword J. F. Cavalla and M. A. Simkin offer an interesting 
proposal about what it takes for a medicinal chemist to become successful. 
They propose that the medicinal chemist must associate himselfherself 
with a biologist, and for further success, must acquire a working knowl- 
edge of basic pharmacology in the area in which he/she is working, cou- 
pled with a detailed awareness of structure-activity relationships; then, 
they say, the medicinal chemist should succeed in discovering new and 
better medicines. This reviewer finds himself in agreement with their 
offer, except that I would propose the use of the adjective “molecular” 
before biologist (and pharmacologist) to describe the needs of medicinal 
chemists today. Much more knowledge at  the molecular level is needed, 
and it is a pleasure to find the theoretical papers of this volume fulfilling 
this need. 


Overall, the volume is quite good and makes a worthwhile contribution 
to medicinal chemistry and allied fields. The authors are experts in their 
field and their papers are well-written, containing sufficient references. 
The organization of this book is not unlike most proceedings of meetings 
and symposia in which there is the absence of major sections and chapter 
numbers. 


The greatest use of this volume will be by graduate students and re- 
searchers in the areas for which this volume was intended: medicinal 
chemistry, pharmacology (pharmacokinetics), and medicine. It also can 
be recommended as an important source for new ideas and for use in 
many graduate courses. 


Reviewed by Robert A. Magarian 
Department of Medicinal Chemistry 
College of Pharmacy 
Health Sciences Center 
Uniuersity of Oklahoma 
Oklahoma City, OK 73190 


Textbook of Adverse Drug Reactions. 2nd ed. Edited by D. M. 
DAVIES. Oxford University Press. 200 Madison Ave., New York, NY 
10016.1981.693 pp. 18 X 25 cm. Price $67.50. 
This second edition is an expansion of the first that originally filled 


the void that had existed for an authoritative reference source for all 
major and minor adverse drug reactions. It is the work of 36 contributors 
authoring 30 chapters and 4 appendixes. The newest chapter discusses 
disorders of temperature regulation brought upon by disease, hyper- 
sensitivity, and drugs. The remaining chapters have been slightly re- 
written with the addition of material and updated references. 


This reference text makes it clear that perhaps 10% of patients suffer 
from physicians’ efforts to treat them and that iatrogenic diseases and 
side-effects are certain consequences to drug therapy. Therefore, the 
public should be made aware that risk in any treatment is always there, 
and particularly so when new drugs and regimens come along that have 
not been used extensively in large numbers of patients. In addition, the 
problem of risk uersus benefit is compounded when there is excessive or 
even irresponsible prescribing. 


Most chapters use a classification of adverse drug reactions that divides 
them into two types. The first, Type A, are augmented effects but pre- 
dictable on their known pharmacologic action and affect many people 
but cause few deaths. The second, Type B, are bizarre effects, not pre- 
dictable from their known pharmacologic action when administered in 
regular doses to patients with average metabolic processes. These types 
of adverse drug reactions have a low incidence but, when they occur, often 
are lethal. It is also pointed out that some adverse drug reactions must 
be tolerated, because for a drug to work, it always shows toxicity at  some 
dosage level. So, some reactions to medications are a necessary cross to 
bear in order to remedy the myriad of maladies that affect mankind. 


This edition maintains the clarity of the earlier edition. Its first ap- 
pendix lists the drugs alphabetically with the most outstanding possible 
untoward effects and includes the pages on which they are discussed. This 
makes it a quick reference source without having to resort to the index, 
which often leads to delay. 


This book is recommended for individuals requiring the most up-to- 
date information on adverse drug reactions. Specifically, hospital phar- 


macists; clinical pharmacologists; internists; medical clinics; and all 
pharmacy, medical, and dental libraries. 


Reuiewed by Ronald F. Gautieri 
Department of Pharmacology 
Temple University 
School of Pharmacy 
Philadelphia, P A  19140 


Tableting Specifications Manual. American Pharmaceutical Associ- 
ation, Washington, DC 20037. 1981. 39 pp. 20 X 28 cm (three-holed 
punch, loose-leaf format). Price $42.00 ($28.00 for APhA members). 
This extensively updated and revised version of the original (1971) 


book, IPT Standard Specifications for Tableting Tools, contains the 
latest information available on tablet tooling and available equipment. 
The Tableting Specifications Manual is a new book prepared by the 
Industrial Pharmaceutical Technology Section of the American Phar- 
maceutical Association’s Academy of Pharmaceutical Sciences with the 
cooperation of tableting tool suppliers. 


The manual supplies the standards needed by both drug manufacturers 
and tool suppliers: Drug manufacturers will find the publication useful 
in preventing premature tool wear and costly work stoppages, while im- 
proving tablet quality and production rate. Pharmaceutical tool suppliers 
will benefit from the reduced lead times and manufacturing costs possible 
and the smaller inventory that standardization allows. 


The manual also includes: a set of dimensional specifications and to!- 
erances for rotary tableting machines in both graphic and tabular forms; 
a tool interchangeability chart with the five most commonly used tablet 
machines in the United States; a list of t o ~ l  manufacturers and suppliers; 
and additional information on the bisection bar. 


With numerous tables and IPT drawings and a loose-leaf, shrink- 
wrapped format for greater convenience and ease of updating, this manual 
will be a useful resource for those needing the most up-to-date informa- 
tion on tableting. 
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Abstract Examination of the influence of the solvent of crystallization 
on the solid-state oxidation of dialuric acid (I) monohydrate to alloxantin 
(11) is reported. This reaction was investigated at  low and high humidities 
using photomicrography, X-ray crystallography, and IR and mass 
spectrometry. Crystals of dialuric acid desolvated somewhat anisotrop- 
ically; this behavior was consistent with crystal packing. The desolvated 
crystals of dialuric acid monohydrate had approximately the same crystal 
structure as the monohydrate and were stable in air at  room temperature 
at  low humidities. At high humidity, these crystals rehydrated and rapidly 
oxidized to alloxantin. These studies showed for the first time that de- 
solvation was not a necessary prerequisite to solid-state oxidation and 
that solid-state oxidation reactions could be accelerated by high hu- 
midity. 


Keyphrases Dialuric acid monohydrate-desolvation and solid-state 
oxidation of crystals Crystallization-desolvation and solid-state ox- 
idation of dialuric acid monohydrate 0 Solid-state oxidation-crystals 
of dialuric acid monohydrate, desolvation 0 Desolvation-crystals of 
dialuric acid monohydrate, solid-state oxidation 


Recent studies (1, 2) have correlated desolvation pat- 
terns of crystalline hydrates of drugs and related com- 
pounds with crystal packing (1,2). Several crystal solvates, 
including those of dihydrophenylalanine (2,3), ergosterol 
(4), hydrocortisone tert -butylacetate (5), dialuric aicd (6), 
bis(salicy1idene)ethylenediimine Co(I1) (7), and the picket 
fence porphyrins, are oxygen sensitive (8). In many of these 
solvates, desolvation precedes or coincides with reaction 
with oxygen. 


The present report represents an extension of previous 
research (1, 2) and is aimed at  understanding the rela- 
tionship between desolvation and oxygen reactivity; the 
oxidation of dialuric acid monohydrate (I) is discussed as 
well. 


OH 


I 


The results of this study, which show that moisture and 
factors other than oxygen permeability of the crystal in- 
fluence solid-state oxidation reactions, may have impor- 
tant implications for the proper design and storage of drugs 
and dosage forms. 


EXPERIMENTAL 


Photomicrography of crystals was performed with a microscope1 
equipped with a hot stage2. The X-ray powder diffraction patterns were 
measured on film using CuKa radiation on a powder camera3, and ele- 


1 Carl Zeiss. 
2 Mettler FP5/52. 
3 Debye-Schemer. 


Figure 1-Behavior ofa crystal of dialuric acid monohydrate a t  100': 
(A) start ( B )  after 18 min; (C) after 28 min; (D) after 36 rnin. 


mental analyses were obtained4. The extent of reaction was determined 
using p~larographic~ analysis (quantitative) and IR spectroscopy6 
(qualitative). The constant humidity experiments were performed in 
chambers with the humidity controlled by various saturated salt solu- 
tions: LiCl, 15%; NaCl t KN03 + NaN03,30% KSCN, 47%; NHdCl+ 
KN03,72% KBr, 84%; and NHdH2P04,93%. MS were measured on a 
mass spectrometer' in the chemical ionization mode. 


Dialuric acid was prepared according to a previous method (9). Two 
grams of recrystallized alloxan5 was dissolved in 100 ml of freshly boiled 
deoxygenated water. Hydrogen sulfide6 (5% HzS, 95% Nz) was then 
passed through this solution until it became opalescent and free sulfur 
was liberated. Carbon disulfide (10 ml) then was added and the hydrogen 
sulfide passed through the solution for an additional 10 min. The carbon 
disulfide layer was removed and this process repeated for another 10 min. 
The aqueous solution then was filtered and evaporated to dryness. The 
product, dialuric acid monohydrate, was obtained by recrystallization 
from boiled, deoxygenated water. Dialuric acid gave an IR spectrum, 
elemental analysis, and X-ray diffraction patterns consistent with those 
in the literature (9). 


Ard-Calc. for C4HsN205: C, 29.64, H, 3.73; N, 17.28. Found: C, 29.56; 
H, 3.90; N, 17.00. 


Figure 2-Oxidation of a clump of crystals of dialuric acid monohydrate 
a t  room temperature and 100% relative humidity: (A)  start; ( B )  after 
30 min; ( C )  after 60 min; (D) after 120 min. 


4 Microanalysis laboratory, Purdue University. 
5 Eastman Organic Chemicals. 
6 Matheson. 
7 Dupont. 
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Table I-Calculated d-Spacings for Oxidized Dialuric Acid and 
Anhydrous Alloxantin 


Table 11-Structure Changes of Anhydrous Dialuric Acid a t  
Room Temperature and Various Relative Humidities 


Sam le1 Anhydrous Alloxantin 
d-Spacing f h t e n s i t y  d-Spacing A Intensity 


6.036 W 
5.556 S 
5.301 vw 
5.082 vw 
4.338 m 
3.754 W 
3.594 vvw 
3.447 S 
3.320 m 
3.164 m 
3.056 vvw 
2.974 S 
2.901 S 
2.784 VW 
2.708 vw 
2.543 m 


5.996 
5.522 
5.262 
5.053 
4.311 
3.723 
3.590 
3.433 
3.305 
3.145 
3.048 
2.971 
2.885 
2.767 
2.692 
2.534 


W 
vs 
vw 
vw 
m 
W 


VVW 
ms 
m 


mw 
vvw 


S 
S 
vw 
vw 
m 


6.026 
5.635 
5.262 
5.046 
4.338 
3.708 
- 


3.417 
3.308 
3.209 
3.069 
2.952 
2.905 ~ ~~ 


2.759 
2.696 
2.525 


m 
rn 
vw 
vw 
vw 
vw 


vs 
- 


ms 
ms 
vw 


S 
m 
m 
m 
ms 


~~ 


Key: (s) strong; (m) moderate; (w) weak; (v) very. 


RESULTS 


Dialuric acid monohydrate was prepared following literature proce- 
dures. It gave a satisfactory elemental analysis and its IR spectrum and 
X-ray powder pattern were identical to the published data (9). Heating 
at  76 or LOO' led to the formation of the anhydrous form. The X-ray 
powder pattern of this anhydrous form, as measured on film, was ap- 
proximately identical to that of the monohydrate. Crystals of dialuric 
acid monohydrate heated to 100' generally behaved anisotropically, with 
the reaction proceeding from the ends of the needle-like crystals toward 
the middle as shown in Fig. 1. The dehydrated solid was polycrystalline 
since it gave only a powder pattern, had approximately the same crystal 
structure as dialuric acid monohydrate, and was stable to oxidation. The 
dehydrated crystals had to be heated at  76' a t  room humidity for 56-70 
days to be completely oxidized. 


The structure of the oxidation product was shown to be alloxantin (11) 
rather than alloxan (111) as had been previously suggested (6). The X-ray 
powder diffraction pattern of two oxidized samples essentially was 
identical to that of alloxantin as shown in Table I. In addition, elemental 


I11 


analysis of oxidized dialuric acid gave C, 29.77; H, 3.38; and N, 17.40%. 
The data calculated for alloxantin (GHfiN408) are C, 29.82; H, 3.13; and 
N,  17.39%; while the calculated values for alloxan are C, 30.01; H, 2.52; 
and N, 17.50%. Infrared and mass spectral measurements on alloxan and 
alloxantin and oxidized dialuric acid confirmed that dialuric acid is ox- 
idized to alloxantin not alloxan (10). 


The dehydrated crystals could be rehydrated at room temperature a t  
humidities ranging from 30 to 84% in a constant humidity chamber. The 
results of these rehydration studies are shown in Table 11. At 93 and 100% 
relative humidity, a rapid and unexpected oxidation to alloxantin occurs 
a t  room temperature. This oxidation complicates the weight gain mea- 
surements, which indicate that the equivalent of one molecule of water 
has been absorbed. In addition, the higher the humidity the faster the 
reaction, since complete oxidation occurs in <3 hr a t  100% relative hu- 
midity. 


Figure 2 shows the behavior of a clump of crystals of dialuric acid 
monohydrate at 100% relative humidity. The oxidation reaction begins 
at several nucleation sites and is nearly complete after 2 hr. 


DISCUSSION 


Dehydration of Dialuric Acid-The anisotropic behavior of dialuric 
acid monohydrate crystals during dehydration is probably due to the 
preferential exit of the water molecules along the tunnel direction (1,2). 


Initial 
Relative Weight Gain 


Humidity, % Equivalent Structure Change" 


2 
15 
30 
47 
72 
84 
93 


100 


~ 


None 
None 


0.018 g (I.Hz0) 
0.018 g (1.H20) 
0.018g (l*HzO) 
0.018 g (l*HzO) 


0.018 g 


0.018 g 


None 
None 
Anhydrous to hydrate 


Anhydrous to hydrate to 
alloxantin hydrate 
(<24 hr) 


Anhydrous to hydrate to 
alloxantin hydrate (<3 
hr) 


As determined by IR and X-ray powder diffraction after 5-days exposure, except 
where noted. 


An examination of the crystal packing of dialuric acid monohydrate (Fig. 
3) shows that tunnels of water molecules lie approximately parallel to 
the needle axis of the crystal. Thus, an individual water molecule exits 
out these tunnels rather than penetrating the closely packed dialuric acid 
layers. Similar but more dramatic behavior has been observed for other 
crystals during desolvation (1,2). 


In addition, the crystal structure of the dehydrated crystals is ap- 
proximately the same as the hydrate, since the X-ray powder patterns 
of dialuric acid monohydrate and anhydrous dialuric acid are nearly 
identical. Thus, dialuric acid is an example of crystal pseudomorphism, 
a term used to describe similar behavior of the solvates and anhydrous 
forms of the cephalosporin antibiotics (11). 


Oxidation of Desolvated Dialuric Acid Monohydrate-The sta- 
bility of the desolvated crystals toward oxidation in air was unexpected. 
Dialuric acid is unstable in solutions exposed to air and has a half-life of 
-30 sec at room temperature in aqueous solution. In contrast, the de- 
solvated crystals required 56-70 days at 76' for complete oxidation. 
Unlike dialuric acid, desolvated crystals of dihydrophenylalanine and 
bis(salicy1idene)ethylenediamine Co(I1) (1,2) react with oxygen at room 
temperature in a few days. Also, anhydrous dialuric acid has approxi- 
mately the same crystal structure as dialuric acid monohydrate and, thus, 
should contain voids previously occupied by water molecules. These voids 
do not result in facile oxidation. This shows that factors other than the 
ability of oxygen to penetrate the crystal can influence solid-state oxi- 
dation reactions. 


Rehydration of Anhydrous Dialuric Acid-Exposure of desolvated 
crystals of dialuric acid to water vapor results in rehydration at humidities 
>30%. This is a well-known process for pharmaceuticals with the ceph- 
alosporin antibiotics exhibiting unusual ability to desolvate and resolvate 
(11). As with the cephalosporins, the crystal structures of dialuric acid 
monohydrate and anhydrous dialuric acid are nearly the same. 


Rehydration and Oxidation of Anhydrous Dialuric Acid a t  High 
Humidities-If crystals of anhydrous dialuric acid are exposed to room 
temperature and relative humidities >93%, they rehydrate and oxidize. 
An increase in the rate of reaction at increased relative humidity is also 
apparent from the data. The rate of the decarboxylation of solidp-ami- 
nosalicylic acid and the hydrolysis of solid aspirin also increased with 
increasing relative humidities (12). The decreased stabilities of these 
compounds at  increased relative humidities were interpreted in terms 
of the formation of a moisture layer a few molecules thick on the crystals 
and solution reaction in this moisture layer (12). A similar process may 
also explain the behavior of dialuric acid. However, because of the 
rehydration and the rapid oxidation, it is impossible to interpret the 
weight gain of the crystals at high humidities. For batches of crystals of 


Figure 3-Crystal packing of dialuric acid. The direction of the crystal 
axes are: with origin at  top left a across b out of the plane of the paper, 
and c down. (Data from Ref. 6 were used to make this figure.) 


1290 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 11, November 1982 







dialuric acid with an (assumed) area of 0.01 m2/g, a monolayer of water 
molecules on a 0.100-g sample would weigh 2.14 X g. Thus, a water 
layer 1000 molecules thick would barely be detectable in the absence of 
the complicating oxidation reaction. 


These results indicate that factors other than the apparent perme- 
ability of oxygen into the crystal can govern solid-state oxidation reac- 
tions. Desolvated crystals of dialuric acid, which are expected to contain 
voids, are unreactive. Thus, desolvation does not always increase the 
reactivity of a crystal toward oxygen. Instead, solvated crystals exposed 
to high humidities react very rapidly, showing that high humidities can 
accelerate solid oxygen reactions. Also, reactions of the type: solid + gas - solid can be accelerated in high humidities presumably oia reaction 
in an invisible moisture layer. 


In contrast to other solids, these results indicate that stabilization of 
pharmaceuticals with solid-state behavior related to dialuric acid would 
best be accomplished, not by avoiding desolvation as indicated by some 
published results (1-3,7,8), but rather by preventing exposure to high 
humidities. 


REFERENCES 


(1) S. R. Byrn and C. T. Lin, J.  Am. Chem. SOC., 98,4004 (1976). 


(2) C. T. Lin and S. R. Byrn, Mol. Cryst. Liq. Cryst. ,  50,99 (1979). 
( 3 )  C. Ressler, J .  Org. Chem., 37,2933 (1972). 
(4) R. K. Callow, Biochem. J. ,  25,79 (1931). 
(5) G. Brener, F. E. Roberts, A. Hoinowski, J. Budavari, B. Powell, 


D. Hinkley, and E. Schoenwaldt, Angew. Chem. Zntl. Ed. ,  8, 975 
(1969). 


(6) W. Bolton, Acta Crystallogr., 19,1051 (1965). 
(7) R. M. Hochstrasser, Can. J .  Chem., 36,1123 (1959). 
(8) J. D. Coleman, J. I. Brauman, K. M. Doxsee, T. R. Halbert, S. E. 


Hayes, and K. S. Suslick, J.  Am. Chem. SOC., 100,2761 (1978). 
(9) R. S. Tipson and L. H. Cretchen, J.  Org. Chem., 16, 1091 


(1951). 
(10) R. J. Clay, Ph.D. Thesis, Purdue University, W. Lafayette, Ind. 


(1979). 
(11) R. Pfeiffer, K. S. Yang, and M. A. Tucker, J.  Pharm. Sci.,  59,1809 


(1970). 
(12) J. T. Carstensen, ibid., 63, l  (1974). 


ACKNOWLEDGMENTS 


This research was supported by Grant GM21174 and an American 
Foundation for Pharmaceutical Education Fellowship to R. J. Clay. 


A Rapid Quantitative Determination of 
Acetaminophen in Plasma 


SANDRA E. O'CONNELL" and FRANK J. ZURZOLA 
Received August 26, 1981, from the Research and Development Center, Bristol-Myers Products Division, Hillside, NJ 07207. 
publication January 27, 1982. 


Accepted for 


~~~ 


Abstract A simple method is described for the rapid, quantitative 
analysis of acetaminophen in plasma. The nonconjugated acetaminophen 
present in the plasma following drug administration is determined after 
plasma protein precipitation by high-pressure liquid chromatography 
(HPLC) a t  a wavelength of 240 nm. Acetaminophen (I) is detectable a t  
levels as low as 0.1 pg/ml. Mean recoveries of 94% with a coefficient of 
variation of 3% were obtained for plasma standards whose concentrations 
ranged from 0 to 32 Fg/ml. Interassay variability of the slope of the 
standard curve had a coefficient of variation of 2.7%. Application and 
verification of this method by comparison with another procedure run 
simultaneously during several human bioavailability studies are de- 
scribed. 


Keyphrases 0 Acetaminophen-high-performance liquid chromato- 
graphic analysis in human plasma High-performance liquid chroma- 
tography-analysis, acetaminophen in human plasma and blood 0 An- 
algesics-acetaminophen, high-performance liquid chromatographic 
analysis in human plasma 


The widespread use of acetaminophen (I) as an analgesic 
and antipyretic has stimulated an interest in the devel- 
opment of a simple and rapid free acetaminophen plasma 
determination suitable for analyzing multiple samples. 
The pharmacology of acetaminophen is such that -80% 
of a dose is conjugated predominately with glucuronic acid 
and to a lesser extent with sulfuric acid. These conjugated 
metabolites lack efficacious biological activity (1). Most 
of the published methods determine total (ie., free plus 
conjugated) acetaminophen in plasma (2-4), while those 
that determine free acetaminophen by a variety of tech- 
niques (5-14), including HPLC (7-14), involve time-con- 
suming and labor intensive organic extractions, solvent 
evaporations (7-lo), deal with toxic levels rather than the 
lower therapeutic levels (11, 12), or are unsuitable for 


routine multiple therapeutic level samples because of lack 
of sensitivity, insufficient sample cleanup (11-14), or long 
analysis time (14). 


The present method involves a single plasma protein 
precipitation step followed by liquid chromatographic 
determination of acetaminophen in the clear supernatant. 
The plasma proteins are denatured and precipitated using 
0.3 N Ba(OH)2 and 5% ZnS04 solutions described previ- 
ously (15). The method is capable of detecting <0.1 pg/ml, 
and the reproducibility eliminates the need for an internal 
standard. Furthermore, the ease and rapidity of sample 
workup make this method ideal for multiple sample 
analysis. 


This method has been used routinely for over a year with 
good results and has been verified by a comparison with 
an extraction-HPLC acetaminophen method' and a col- 
orimetric procedure (16). 


EXPERIMENTAL 


Reagents-Standard solutions were prepared in distilled water. The 
0.3 N Ba(0H)Z and 5% ZnS04 solutions were obtained commercially2. 
The combination of these two salt solutions has been known for years as 
an effective plasma protein precipitant. 


Instrumentation and Operating Conditions-The analysis was 
performed using a high-performance liquid chromatograph3 with a 
variable wavelength UV detector4 set at  240 nm, an automated injection 
system5 fitted with a 75-pl loop, and a 30 cm X 4-mm i.d. reversed-phase, 


I N. Kalish and S. O'Connell, Bristol-Myers Products, Analytical Chemistry 


2 Fisher Scientific Co. 
3 Model 6000, Waters Associates, Milford, Mass. 


Model 450, Waters Associates, Milford, Mass. 
Model 834, Dupont Instrument Co., Wilmington, Del. 


Department, unpublished data, 1977. 
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Abstract 0 The glycyrrhetinic acid (enoxolone) content of Loncho- 
carpus cyanescens roots has been determined by colorimetric and GC 
analysis. This plant gave lower values for both bound and unbound gly- 
cyrrhetinic acid when compared with glycyrrhiza (licorice). 


Keyphrases 0 Lonchocarpus cyanescens-comparative estimation of 
glycyrrhetinic acid content in roots, glycyrrhiza roots, colorimetric and 
GC analysis Glycyrrhetinic acid-comparative estimation of the 
content of Lonchocarpus cyanescens and glycyrrhiza roots, colorimetric 
and GC analysis 0 Colorimetry, analysis-comparative estimation of 
the glycyrrhetinic acid content in Lonchocarpus cyanescens and gly- 
cyrrhiza roots GC analysis-comparative estimation of the glycyr- 
rhetinic acid content in Lonchocarpus cyanescens and glycyrrhiza 
roots 


Lonchocarpus cyanescens Benth (Leguminosae) is used 
extensively in African ethnomedicine for the treatment of 
various diseases, including infantile constipation and ve- 
nereal infections (1). On the west coast of Africa, the root 
decoction is used by the natives for the treatment of ar- 
thritis. The antiphlogistic activity of L. cyanescens has 
been attributed to the oleanane derivatives, 18P-glycyr- 
rhetinic acid (enoxolone), 28-hydroxy-P-glycyrrhetinic 
acid, and its 18a-isomer, lonchoterpene, isolated from this 
plant (2). 


Other species of Lonchocarpus are valued as effective 
insecticides due to the rotenone content of this genus (3). 
Some species are cultivated as fish poisons (4), and others 
are commercial sources of the Yoruba indigo dye (5) .  


Flavonoids and triterpenoids are the most important 
secondary metabolites of this plant (2). Previous phyto- 
chemical works established the presence of pterocarpans 
(6), C- and 0-prenylated chalcones (7), and prenylated 
stilbenes (8). The present report describes the quantitative 
estimation of the glycyrrhetinic acid present in the root 
bark of L. cyanescens. 


A number of analytical methods are available for the 
qualitative evaluation of glycyrrhetinic acid, including 
gravimetric, colorimetric, and GC-MS (9-11). Here, the 
determination was by colorimetry and GC. 


EXPERIMENTAL’ 


Methods-Colorimetric Determination-One gram each of L. cy- 
anescens root bark, powdered glycyrrhiza, and ammoniated extract of 
glycyrrhizin were processed as described earlier (11). The quantity of 
glycyrrhetinic acid present in the samples was estimated by measuring 
the extinction of the complex formed by coupling the acidic genin, gly- 
cyrrhetinic acid, with methylene blue. A single-beam spectrophotometer 
was used for all the measurements2, and the determinations were carried 


1 Plant material consisted of roots of L. cyanescens and were collected at  Nsukka 
in October 1980, and identified by the University of Nigeria Department of Botany. 
A voucher specimen has been deposited a t  the Pharmacy Herbarium of this uni- 
versity. 


2 Hewlett-Packard 5750G Research Chromatograph was used for GLC; the col- 
orimetric analysis was with a Coleman spectrophotometer. 


Table I-Percent Yield of Glycyrrhetinic Acid 


SamDle 
Method of Analysis 


Colorimetric GLC 
L. cyanescens 0.54 


L. cyanescens 0.50 
(unhydrolyzed”) 


(hydro!yzedb) 


extract 


(unhydrolyzedn) 


(hydrolyzedb) 


Glycyrrhiza liquid 0.12 


Glycyrrhiza roots 0.67 


Glycyrrhiza roots 0.58 


0.55 


0.52 


0.14 


0.60 


0.48 


0 The values obtained for the unhydrolyzed samples are indicative of the free 
genin content. * The total yield of glycyrrhetinic acid is obtained by adding the 
values obtained both before and after hydrolysis. 


out at  640 nm. For the hydrolyzed extract, the percent yield of glycyr- 
rhizin was calculated from (11): 


(Eq. 1) 


where, At is the absorbance of the test sample, A, is the absorbance of 
the reference, W is the weight of the substance, and 1.75 is the transfor- 
mation factor. 


Gas Liquid Chromatographic Estimation-One gram of powdered 
root bark of L. cyanescens was extracted with chloroform (50 ml) in a 
soxhlet apparatus for 3 hr. The filtered extract was evaporated to dryness 
under reduced pressure and the resultant residue was silylated before 
GLC analysis, as will be described. The air-dried marc was further ex- 
tracted with (50 ml) 70% ethanol for 3 hr. The filtered alcoholic extract 
was transferred quantitatively to a 250-ml round-bottom flask and re- 
fluxed for 3 hr with 50 ml of 6 N HCl. After cooling, the extract was ex- 
tracted twice with 50 ml of chloroform, and the combined chloroform 
extracts were evaporated to dryness under reduced pressure. The re- 
sultant residue was treated with 0.5 ml each of anhydrous pyridine and 
N,O-bis(trimethylsily1) trifluoroacetamide. A 5-ml aliquot was analyzed 
after 30 min by GLC2 using a chromatograph loaded with Chromosorb 
(100-120 mesh); the injector and detector were maintained at  320”. 


Samples of glycyrrhiza roots and authentic reference glycyrrhetinic 
acid were similarly treated and analyzed. In each case the glycyrrhetinic 
acid content was calculated from measurements of the mean peak areas 
from these replicates. 


At X 0.5 X 1.75 
Percent glycyrrhizin = A,  X W 


RESULTS AND DISCUSSION 


The percent yield of glycyrrhetinic acid from both methods of analyses 
are shown in Table I. Although L. cyanescens gave a comparatively lower 
glycyrrhetinic acid value, the abundance of this plant makes it an at- 
tractive source for this agent. The higher yield of the unbound genin is 
also a positive index for the economic exploitation of this plant. 
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Abstract  0 A specific and sensitive liquid chromatographic method is 
reported for the assay of sulfinpyrazone in plasma utilizing ion pairing 
between the tetrabutylammonium cation and the sulfinpyrazone anion. 
The method is rapid in that conventional extraction procedures are 
avoided in favor of using disposable cartridges packed with an octade- 
cylsilane bonded phase as a means of separating the drug from plasma. 
The samples were chromatographed on a CIS reversed-phase column 
using a mobile phase consisting of 0.005 M tetrabutylammonium phos- 
phate in methanol-water (5644). The coefficient of variation obtained 
was 4.5% and the response was linear over a range of 0.2-80 pg/ml. 


Keyphrases High-performance liquid chromatography-paired ion, 
assay for sulfinpyrazone in plasma Sulfinpyrazone-paired-ion 
high-performance liquid chromatographic assay in plasma 


Sulfinyprazone has been used as a uricosuric agent for 
over 20 years. Recently, new interest in this drug has been 
generated by reports indicating that it may protect pa- 
tients from sudden death after myocardial infarction (1, 
2). 


Several methods have been reported in the literature 
that can be used for the quantitative determination of 
sulfinpyrazone in biological fluids. A spectrophotometric 
method reported previously (3) involves a tedious double 
extraction and lacks sensitivity, since it is based on UV 
absorption. A high-performance liquid chromatographic 
(HPLC) method was. described (4) using radiolabeled 
sulfinpyrazone as an internal standard which complicates 
the routine application of this method. An HPLC method 
using a microparticulate silica column also was published 
(5). This method requires that the sample be injected 2 mm 
inside the column, thus, making it necessary to periodically 
refill that portion of the column with fresh silica. Another 
method (6) involves a two-step extraction and lacks ade- 
quate sensitivity. 


It was considered desirable to develop a simple, rapid, 
and sensitive method for sulfinpyrazone determination in 
biological fluids. The reversed-phase HPLC method de- 
scribed here is based on the formation of ion pairs between 
sulfinpyrazone anions and tetrabutylammonium cations. 


The reported method has the advantage of not involving 
any extraction step. The drug is isolated from plasma using 
disposable cartridges filled with octadecylsilane bonded 
phase packing (CIS cartridge’). 


EXPERIMENTAL 


Materials-All reagents were analytical grade. All solutions were 
prepared using glass distilled water. 


The high-performance liquid chromatographic system included a 
solvent pump2 equipped with an injector3, a fixed wavelength UV de- 
tector4 set a t  254 nm (Amax was 260 nm), a recorder5, and in inte- 
grator6. 


The analytical column was 30 cm long with 4-mm i.d. I t  was packed 
with octadecylsilane-bonded silica (particle size 10 ~ m ) ~ .  


Mobile Phase-The mobile phase consisted of 0.005 M tetrabutyl- 
ammonium phosphate* (I)  in methanol-water (5644). I t  was prepared 
by adding sufficient glass-distilled water to a vial of I to make 440 ml. An 
aliquot of 560 ml of absolute methanol was added, the solution was stirred 
for 10 min, and the volume was adjusted to 1 liter with a 56% (v/v) 
methanol-water solution. The solution was then filtered using a 0.5-pm 
pore, inert filterg. The mobile phase was deoxygenated using a vacuum 
flask attached to a water aspirator. The flow rate of the mobile phase was 
1 ml/min a t  ambient temperature. 


Preparation of Standards-A stock solution of sulfinpyrazone10 was 
prepared by dissolving 100 mg of the drug in 100 ml of 50% (v/v) metha- 
nol-water. Solutions of varying concentration were prepared by serial 
dilutions of the stock solution in 50% (v/v) methanol-water. The plasma 
samples for use in the preparation of calibration curves were prepared 
by adding 200 pl of the appropriate drug solution to 1.8 ml of rat plasma 
in a 15-ml conical centrifuge tube. The plasma samples were mixed by 
agitating for 30 sec on a vortex-type mixer”, and a LO-ml aliquot was 
taken for analysis. 


CI8 Sep-pak, Waters Associates, Milford, Mass. 
Model 6000 A, Waters Associates, Milford, Mass. 
Model U6K, Waters Associates, Milford, Mass. 
Model 440, Waters Associates, Milford, Mass. 
Omniscribe, Houston Instruments, Austin, Tex. 
Shimadzu Chromatopac-ElA, Shimadzu Seisakusho Ltd., Kyoto, Japan. 
Bondapak CIS, Waters Associates, Milford, Mass. 
PIC Rea ent A, Waters Associates, Milford, Mass. 
Type FFf Millipore Corp.. Bedford, Mass. 


10 Ciba-Ceigy Corp., Summit, N.J. 
11 Maxi Mix Mixer, No. M-16715, Thermolyne Corp., Dubuque, Iowa. 


0022-3549/82/1200- 14 13$0 l .OOl0  
@ 1982, American Pharmaceutical Association 


Journal of pharmaceutical Sciences / 14 13 
Vol. 71, No. 12, December 1982 












(8) W. R. Beisel, V. C. Diraimondo, P. Y. Chao, J. M. Rosner, and P. 


(9) P. J. Fell, Clin. Endocrinol., 1,65 (1972). 
(10) P. L. Morselli, V. Marc, S. Garattini, and M. Zaccala, Biochem. 


(11) R. E. Peterson, J. B. Wyngaarden, S. L. Guerra, B. B. Brodie, and 


(12) J. Scheuer and P. K. Bondy, ibid., 36,67 (1957). 
(13) H. P. Schedl, J. A. Clifton, and G. Nokes, J.  Clin. Endocrinol., 


24,224 (1964). 
H. Forsham, Metabolism, 13,942 (1964). (14) H. P. Schedl, ibid., 25,1309 (1965). 


(15) W. H. Daughaday and I. K. Mariz, Metabolism, 10,937 (1961). 


ACKNOWLEDGMENTS 
Pharmacol., 19,1643 (1970). 


J. J. Bunim, J. Clin. Inuest., 34,1779 (1955). 
Funds were provided by FDA Contract 223-78-3006 and by NIH Grant 


20327. 


COMMUNICA TIONS 


The Effect of Thermal History on the 
Transition Temperature of Citric Acid Glass 


Keyphrases 0 Transition temperature-effect of thermal history, citric 
acid glass Citric acid glass-effect of thermal history on the transition 
temperature 


To the Editor: 
Glass is a noncrystalline solid which does not exhibit 


long-range order of its molecules and has a characteristic 
temperature where its physical state changes from a rigid, 
brittle material to a flexible, rubbery material. In addition, 
glass is not thermodynamically stable and will readily re- 
vert to the crystalline state under the proper environ- 
mental conditions (1,2). As a result of these characteristics, 
materials capable of glass formation have been suggested 
as vehicles for solid dispersion systems, because it has been 
theorized that they should exhibit more rapid dissolution 
than their crystalline counterparts (3-5). 


One compound often mentioned as a potential vehicle 
is citric acid (6-12). In the crystalline state, this material 
is highly hydrogen bonded (13), a property that apparently 
is responsible for its glass formation, because it has been 
reported that hydrogen bonding tendency helps prevent 
crystallization from occurring when a liquid melt is cooled 
below its liquidus temperature (14-16). 


Recently, there has been a reported discrepancy in the 
transition temperature (T,) of citric acid glass. This dis- 
crepancy was explained (17) to be due to residual moisture 
contamination in the samples. These studies (7-10) uti- 
lized citric acid monohydrate, while another study (12) 
employed anhydrous citric acid. 


We do not dispute this explanation of the discrepancy. 
However, we thought it would be helpful to future inves- 
tigators if the effect of thermal history of the melt and the 
presence of impurities on the Tg of citric acid glass was 
reported. 


Anhydrous citric acid' was used in this study in order 
to eliminate possible effects of residual moisture con- 
tamination. The procedures used for sample preparation 
and determination of the Tg of a glass by differential 
scanning calorimetry (DSC) have already been discussed 
in detail (12). In examination of the effect of the thermal 


' J. T. Raker Chemical Co., Phillipsburg, N.J. 


Table I-The Transition Temperatures Obtained for Citric Acid 
Glass after Holding Molten Citric Acid Isothermally above Its 
Melting Temperature for Specified Times 


Temperature' Time, min Tg Values' 


172 5 10.00 
15 7.0 
30 2.0 


177 5 10.0 
20 4.0 


180 5 8.0 
15 3.0 
30 0.0 


190 5 6.5 
1 .o 15 


30 - b 


(I Average of a t  least duplicate determinations. Material discolored, not able 
to detect a T, from -60 to 2oOo. 


history of the molten citric acid on the Tg of citric acid 
glass, the DSC procedure was modified such that after 
heating the citric acid to melting, the molten citric acid was 
raised to the desired temperature and held isothermally 
for a specified time before rapidly being cooled. 


Table I shows the effect of thermal history on the T, of 
citric acid glass. Results indicate that the higher the tem- 
perature and the longer the exposure time at a given 
temperature, the lower the T, value of citric acid glass. 
Accompanying this decrease in the TR value was a pro- 
gressive discoloration of the molten citric acid from a clear 
transparent liquid to a yellowish brown liquid. 


Aconitic acid2, a dehydration decomposition product of 
citric acid, degrades upon melting. By adding the material 
to citric acid in varying proportions and then preparing 
glass dispersions of the mixture, it is possible to simulate 
the effect of degradation product impurities on the Tg of 
citric acid glass. Figure 1 shows that as the level of im- 
purities increases, the Tg of citric acid glass decreases. 


The thermal stability of citric acid has been of concern 
to previous solid dispersion investigators (6-10, 12). 
Available thermal analysis literature on citric acid is lim- 
ited. One study (18) suggests that citric acid may begin to 
decompose a t  -185', while another study (19) states that 
thermal degradation of citric acid does not begin to occur 
until 200-225'. The data presented in this communication 
indicate that citric acid does exhibit some degree of ther- 
mal instability. However, thermal degradation does not 
appear to begin immediately upon initial melting but only 


2 Aldrich Chemical Co., Milwaukee, Wis 
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(15) D. Fox, M. M. Labes, and A. Weissberger, Eds., “Physics and 
Chemistry of the Organic Solid State,” vol. 1, Wiley Interscience, New 
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ACONlTlC ACID, % w/w 


Figure 1-The effect ofaconitic acid on the transition temperature of 
citric acid glass. 


on prolonged exposure of molten citric acid to tempera- 
tures above its melting temperature. I t  has been shown 
previously that the sample preparation techniques used 
in this study did not adversely affect citric acid (12). In 
addition, the data also imply that low levels of impurities 
(<5% w/w) cannot be readily detected by DSC. 


In preparation of citric acid glass, care should be taken 
to use the minimum amount of heat necessary to melt the 
citric acid, to avoid prolonged heating at  temperatures of 
its melting point, and to employ a procedure in which there 
is some means of temperature control. Although these 
suggestions for the preparation of citric acid glass may 
make this material unsuitable for use in the commercial 
preparation of solid dispersion systems, it should not 
eliminate the use of this glassy vehicle as a tool for the 
examination of the compatability, miscibility, and stabi- 
lization of the glassy states of materials. 
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Dose-Dependent Decrease in Heparin 
Elimination 


Keyphrases 0 Heparin-dose-dependent pharmacokinetics 0 Phar- 
macokinetics-dose-dependent decrease in heparin elimination 


To the Editor: 
Studies on the pharmacokinetics of heparin have re- 


vealed dose-dependent (1-4), time-dependent (5), and 
assay-dependent (4) characteristics. The mechanisms 
underlying these characteristics are unknown but are likely 
to reside in the heterogeneity of heparin. Heparin is a 
natural mammalian glycosaminoglycan consisting of 
polymeric constituents arranged linearly, with different 
chain length and chemical composition and with a mo- 
lecular weight ranging from 3000 to 45,000 (6-8). Recent 
studies have demonstrated that the antithrombin-I11 
binding site of heparin, which is necessary for its phar- 
macological action, appears to reside in an oligosaccharide 
segment of the molecule that has a specific sequence of four 
to eight monosaccharides, i.e., iduronic and glucuronic 
acids and glucosamines, with N-sulfate, 0-sulfate, and 
N-acetyl groups being required at  specific sites (9-11). The 
metabolism of heparin is not well understood. Although 
the metabolic processes involved are thought to include 
depolymerization and desulfation, the relationship be- 
tween different metabolic processes and the decline in 
anticoagulant activity is unclear. 


The biologic half-life of heparin increases with in- 
creasing dose in humans and animals (1-4). This dose- 
dependence is without any indication of Michaelis-Menten 
type kinetic characteristics (3, 4) and recently has been 
demonstrated in humans to be due to a dose-dependent 
decrease in the total clearance of the anticoagulant (4). The 
total clearance of heparin in humans usually is reported 
to be between 0.5 and 2 mllminlkg, while the apparent 
volume of distribution is usually reported to be between 
40 and 100 ml/kg (2,4,12-14). However, reported values 
for both of these pharmacokinetic parameters vary widely 
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Abstract The technical feasibility of utilizing tampons as a drug de- 
livery system for prolonged intravaginal drug administrations was 
studied. Several commercially available brands of tampons were exam- 
ined. The methodology for the incorporation of various doses of metro- 
nidazole, an antitrichomonas agent, in tampons was described. The 
sustained-release profile of metronidazole from these medicated tampons 
was characterized. Intravaginal administration of metronidazole uia the 
medicated tampons was investigated in rhesus monkeys and human 
volunteers, and in uitro-in uiuo correlations were established. The bio- 
pharmaceutics of intravaginal absorption of metronidazole uia medicated 
tampons was analyzed in comparison with a vaginal solution formula- 
tion. 


Keyphrases Metronidazole-intravaginal sustained administration 
in medicated tampons, in uitro-in uiuo relationships 0 Tampons-in- 
travaginal sustained administration of metronidazole, in uitro-in uiuo 
relationships Intravaginal administration-sustained metronidazole 
in tampons, in uitro-in viuo relationships 


Tampons are made of cotton and/or cellulose and are 
commonly used for intravaginal insertion to absorb men- 
strual discharge (1). Numerous brands of vaginal tampons 
are commercially available. Their characteristics of high 
fluid absorbability and retention have been recommended 
for the absorption of extensive vaginal discharge in tri- 
chomonas-infected women. 


Metronidazolel has been shown to be an effective anti- 
protozoal agent with a broad spectrum of activity against 


Flagyl (SC-10295), Searle Laboratories, Division of G. D. Searle & Co., Skokie, 
IL 60077. 


anaerobes (2-6). It is selectively absorbed by and produces 
cytotoxicity in anaerobes (6-8). Its efficacy in the treat- 
ment of Trichomonas uaginalis has been well documented 
(9). The idea of developing a medicated tampon to com- 
bine the therapeutic efficacy of metronidazole and the high 
fluid absorbability of tampon for trichomonas-infected 
women is thus generated. 


Additionally, a high incidence of toxic shock syndrome 
was recently reported in menstruating women who used 
tampons, especially one brand2 (10). Continuing epide- 
miological and microbiological studies a t  the Center for 
Disease Control have firmly related the pathogenesis of 
toxic shock syndrome to the infection of Staphylococcus 
aureus isolated from the vaginas of patients who suffered 
from toxic shock syndrome (98 uersus 7% in the un- 
matched controls). On the other hand, no S.  aureus could 
be recovered from the unused tampons, including those 
from tampon boxes used by the patients (10). The inci- 
dence of toxic shock syndrome further suggests the need 
to develop a medicated tampon, which administers an 
antistaphylococcal agent in the vagina in a controlled 
manner for a prolonged period of time, to protect the user 
from S .  aureus infection. 


The objective of this investigation is to evaluate the 
technical feasibility of using the tampon as an intravaginal 
drug delivery system. In this report, the methodology for 


Kely tampons. 
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Figure 1-Time course for the release of metronidatole from medicated 
Tampon I (A = 20.25 mglcm3) into 200 ml of simulated vaginal fluid 
(pH 4.5) at 37O for 4 hr. 


the incorporation of various doses of metronidazole in 
several well-known brands of tampon is described, and the 
sustained-release profile of metronidazole from these 
medicated tampons is characterized. Sustained intravag- 
inal administration of metronidazole uia the tampon was 
also examined in both rhesus monkeys and human vol- 
unteers. In uitro-in uiuo correlations were established and 
the biopharmaceutics of intravaginal absorption of me- 
tronidazole was also analyzed. 


EXPERIMENTAL 


Materials-Both metronidazole' and various commercial brands- 
of tampon (I-IV) were used as obtained. All the reagents or solvents used 
were analytical reagent grade. 


Impregnation of Tampons with Metronidazole-Impregnation of 
tampons with metronidazole was achieved by preparing a concentrated 
metronidazole solution in acetone-methanol combinations and placing 
an aliquot of this solution onto the tip of the tampons. The solution was 
allowed to diffuse throughout the tampon body and the solvent was then 
evaporated under controlled conditions. This process was repeated until 
the desired amount of metronidazole was impregnated. 
In Vitro Elution Studies of Medicated Tampons-A polyethylene 


tube (6-cm length; 1.6-cm 0.d.; 1.5-cm i.d.) with 20 evenly distributed 
openings (2.5 mm in diameter) was fabricated as the tampon holder for 
in uitro drug elution studies to simulate the constriction produced by the 
vaginal wall on the tampon in situ. All in vitro elution studies of medi- 
cated tampons were conducted under sink conditions in 200 ml of sim- 
ulated vaginal fluid (0.026 M citric acid and 0.024 M sodium citrate in 
distilled water at pH 4.5) in a 250-ml reagent bottle thermostated at  37' 
in a waterbath (with a shaking rate of 80 oscillationslmin). A 1-ml aliquot 
was withdrawn at each scheduled interval for up to 4 hr. After appropriate 
dilution, the concentration of metronidazole in the simulated vaginal fluid 
was determined spectrophotometricallf a t  its A,, value of 316 nm. 
Several long-term (e.g. ,  24 hr) drug elution studies were also carried out 
to ensure that 100% release of the impregnated metronidazole could be 
achieved from various brands of tampons. 


Intravaginal Release Studies of Medicated TamponeFive female, 
mid-cycle rhesus monkeys, weighing 4.7-6.5 kg, were used for crossover 


Tampax menstrual tampons (I), Tampax Inc., Palmer, MA 01069. ' Kotex tampons, (II), Kimberly-Clark Corp.. Neenah, WI 54956. 
5 Playtex self-adjusting tampons (111) and Playtex self-adjusting tampons with 


deodorant (Playtex-D) (IV), International Playtex Co., Division Rapid- American 
Cor .,Dover, DE 19901. 


?Coleman Model 124D Spectrophotometer, Perkin-Elmer, Scientific Products, 
McGaw Park, IL 60085. 


Table I--In Vitro Release of Metronidazole from Various 
Brands of Tamuon 


Surface Volume of 


Brands" cm2 mlltampon 
Area, Liquid Retainedb, Q/t  lI2 c, 


figlcm2/min'l2 


I 22.93 
I1 21.34 


111 27.26 


32.2 
35.5 
30.0 


79.4 
76.9 
37.4 


IV 28.99 24.0 51.6 
Each tampon was impregnated with 60 mg of metronidazole. 


In uitro release profile determined in simulateivagin&uid at 37O. 


Volume of 
simulated vaginal fluid absorbed by 10-min soakin of tam n at room temperature. 


intravaginal release studies. Each monkey was tranquilized with 3 mg 
im of phencyclidine hydrochloride'. After tranquilizing, the animal was 
placed on its stomach on a V-board with the legs hanging freely over the 
end. The vagina was then sufficiently distended with a speculum to 
permit the easy insertion of a medicated tampon (1.5 cm in length). After 
insertion, each animal was placed in a primate chai9 until the tampon 
was removed. The tampon was removed at  2,4,8,16.5, or 25.5 hr after 
insertion by gently pulling on the string (which is attached to the tam- 
pon). The residual amount of metronidazole in each tampon was then 
analyzed spectrophotometrically following a 4-hr extraction with 40 ml 
of methanol. 


Pharmacokinetics of Intravaginal Ab~orption-[~~C]Metroni- 
da~ole-[~~C]Metronidazole, l-(2[U-14C]hydroxyethyl)-2-methyl-5- 
nitr~imidazole~, with a radiochemical purity >98% was used. The labeled 
drug was diluted with unlabeled metronidazole to yield a specific activity 
of 1.13 pCi/mg. 


[14C]Metronidazole-Tampon-Following the method described 
earlier, Tampon I was impregnated with 48.3 pCi (42.75 mg) of [ IT]-  
metronidazole. 


Intravaginal Absorption of [14C]Metronidazole from Medicated 
Tampons-One rhesus monkey was selected from the group that was 
used in the earlier intravaginal release studies. The animal was tran- 
quilized and the [14C]metronidazole-impregnated tampon was inserted 
in the manner as described previously. A urinary catheterlo and a venous 
catheter'l were also inserted. The patency of the venous catheter was 
maintained with a slow infusion of saline. The animal was secured in a 


60[ 50 P 


1 o L  dv 
I p '  
0 2 4 6 8 1 0 1 2 1 4  


TIME", rninl" 


Figure 2-Linear relationship between the cumulative amount of 
metronidazole (QJ released from medicated Tampon I and the square 
root of time (t1'2j as defined in Eq. 1.  The data from Fig. 1 wereplotted. 
Q/tl/z = 79.4 pglcm2Irnin1'2. 


' Sernylan, Bio-Centric Laboratories, Inc., St. Joseph, MO 64502. 
XPL-515-SASR, Plas Laboratories, Scientific Div., Plastics Manufacturing 


Amersham Corp., Arlington Heights, IL 60005. 


B-D Longdwel, 20 gauge, with 2-inch catheter needle. 


and Supply Inc., Lansing, MI 48906. 


lo Bardex Foley Catheter, 10 French. 
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Table 11-Apparent Diffusivities of Metronidazole and Porosity- 
Tortuosity Ratio in Various Brands of TamDons 


(DmCs) a, D, X lo6, 
Brands mg'/2/cm'/2/min'/2 cm2/sec t/%b 


I 28.0 x 10-3 
I1 29.5 x 10-3 


111 24.6 x 10-3 
IV 33.5 x 10-3 


1.03 0.213 
1.14 0.236 
0.79 0.164 
1.47 0.304 


a Slope of the linear Q/t l lz  uersus (2A - CJ lots, where C. = 12.7 mg/ml. * The ratio of porosity over tortuosity as calculateffrom Eq. 3 using a D value of 
4.84 X cm2/sec, which was determined polarographically from the following 
relationship: D = [(id)/0.605nCm2/3t 1/2)2. p-Nitrophenol (D = 9.18 X cm2/sec) 
was run simultaneously as reference. 


primate chairs until the tampon was removed and then transferred to 
a metabolism cage for continuous urine collections. Two milliliters of 
blood were collected at 3,6,8,24,26,28,30,72,96, and 120 hr. Urine was 
collected at 24,48,72,96, and 120 hr. 


Intravaginal Absorption of [14C]Metronidazole in Solution-Three 
female rhesus monkeys, weighing 4.5-5.0 kg, were tranquilized with 1 
mg/kg of phencyclidine hydrochloride7. After tranquilizing, catheters 
were placed in the saphenous vein" and urinary bladderlo. A slow infu- 
sion of saline was initiated to maintain patency of the saphenous vein 
catheter. The animals were then placed on their backs on a V-board with 
the legs in a vertical (lithotomy) position and the pelvic area was sup- 
ported and slightly elevated. A solution of 1 mgkg of [14C]metronidazole 
in 0.5 ml of distilled water was then quantitatively instilled into the vagina 
with a micropipet. 


The animals were maintained in a tranquilized state by periodic ad- 
ministration of phencyclidine hydrochloride (1 mg/kg/90 min) for the 
first 5 hr after drug administration. Then, the animals were transferred 
to primate chairs8 and remained there until 24 hr after drug adminis- 
tration. A t  this time the catheters were removed, the vaginal vault was 
thoroughly rinsed with 50 ml of saline, and the animals were transferred 
to metabolism cages for continuing urine and plasma collection. 


Radioactiuity Measurements-Aliquots (100-500 pl) of plasma, urine, 
or tampon extracts were added to 4 ml of water in scintillation vials. Ten 
milliliters of liquid scintillation solution12 was added and the mixture 
was agitated to form a gel. Each sample was then assayed for carbon 14 
content by liquid scintillation ~pectrometryl~. 


RESULTS AND DISCUSSION 


In Vitro Release Studies of Medicated Tampons-The release 
profile of metronidazole from a medicated tampon in simulated vaginal 
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Figure 3-Linear relationship between the values of Q/t1/2and (2A - 
C,) ll2 as defined in Eq. 2. 
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l2 PCS liquid scintillation solution, Amenham/Searle Corp., Arlington Heights, 


l3 Mark I1 Spectrometer, Searle Analytic Inc., Des Plaines, Ill. 
Ill. 


0 
0 1 2 3 4 5 6 


H O U R S ' ~  
Figure I-Intravaginal release of metronidazole from Tampon I (A = 
20.25 mg/cm3) in five rhesus monkeys for up to 25 hr. Q/t1/2 = 74.9 
pglcm2/min1/2. 


fluid (pH 4.5) under a sink condition is shown in Fig. 1. Mechanistic 
analyses of this nonlinear drug release profile suggested that the release 
of metronidazole from tampons is under a matrix-controlled process and 
follows the same Q versus t112 release pattern as demonstrated earlier 
in the release of norgestomet from hydrogel-type drug delivery device 
(11). The linear Q-t 1/2 relationship observed can be defined mathema- 
tically by: 


Q = (Dm(2A - C,)C,t]1/2 (Eq. 1) 


where Q is the cumulative amount of metronidazole released from a unit 
surface area of a tampon; D, is the effective diffusivity of metronidazole 
in the tampon matrix; A is the initial amount of metronidazole impreg- 
nated per unit volume of tampon; C,  is the solubility of metronidazole 
in the simulated vaginal fluid; and t is the time. As demonstrated in Fig. 
2 a Q uersus t 112 linearity was followed. The slope of this linearity is thus 
defined as: 


Qlt 'I2 = [Dm(2A - C,)C,]'/2 (Eq. 2) 


The Q/t profiles for various brands of tampons are compared in Table 
I. It is noted that Tampons I and I1 released metronidazole at very much 
the same magntiude of Qlt1/2, which was slightly more than twice the 
value of Q/t l/* for Tampon 111; and the in vitro release of metronidazole 
from Tampon IV (Tampon 111 with deodorant) was observed to he 40% 
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Figure 5-Linear dependency of the intravaginal Q/tl/l data deter- 
mined in rhesus monkeys on the (2A - CJ values of metronzdazole 
in Tampon I. 


Journal of Pharmaceutical Sciences I 769 
Vol. 71, No. 7, July 1982 







Table 111-In Vitro--In Vivo Correlation on the  Sustained 
Release of Metronidazole from Tampons 


Qlt lI2, 
Types Release Conditions pg/cm2/min1/2 


I" In uitro elution 
Monkey vagina 


IIIb In uitro elution 
Human vaeina 


79.4 
74.9 
37.4 
45.9 


A = 20.25 mg/cm3. A = 6.59 mg/cm3. 


faster than Tampon 111. No correlation could be estalished between the 
values of Q/t  ll2 and the extent of liquid retention of the tampons. 


The effect of the dose of metronidazole initially impregnated in a 
tampon on the sustained-release profile of metronidazole was also 
studied. Equation 2 suggests that the magnitude of Q/t l /*  values should 
increase as the drug content (A) in the tampon increases. A dose level 
ranging from 60 to 360 mg/tampon wasi investigated. As suggested by Eq. 
2, the results confirmed that Qlt ll2 values show a linear dependency on 
the square root of (2A - C,)  values (Fig. 3). These data indicate that the 
dosage administered intravaginally to a subject can be controlled by in- 
corporating an appropriate amount of metronidazole in the tampon. 


The slope of this linear Q/t ll2 uersus (2A - C8)1/2  relationship is de- 
fined by (D,Cs)l /z .  If the aqueous solubility (C, )  of metronidazole is 
known or predetermined, the effective diffusivity (D,)  of metronidazole 
in a tampon matrix can be calculated. A D ,  value ranging from 0.79 to 
1.47 X cm21sec was determined (Table 11). Using the relation- 
ship: 


D ,  = D f  e (Eq. 3) 


and the solution diffusivity ( D )  which was determined independently 
by dc polarography (121, the ratio of porosity (c) over tortuosity (0) can 
be estimated (Table 11). It appears that the value of el0 varies from one 
brand of tampon to another (ranging from 0.164 to 0.304). The higher 
values of D ,  and C/O for Tampon IV than for Tampon I11 are, apparently, 
due to the addition of deodorant in Tampon IV. The pretreatment by 
a fragrance (as the deodorant) with an o/w-type surfactant, such as pol- 
ysorbate 20, should result in the enhancement of wettability of the 
tampon cotton and/or the reduction of drug-cotton interaction, leading 
to a higher porosity-tortuosity (c/o) ratio and, hence, a greater diffusivity 
(D, )  in the tampon matrix. It is also noticed that a lower liquid retention 
was obtained for Tampon IV than for Tampon I11 (Table I). 


Intravaginal Release Studies of Medicated Tampons in Rhesus 
Monkeys-The intravaginal release profile of metronidazole from 
medicated tampons in rhesus monkeys is illustrated in Fig. 4. As expected 
from Eq. 1, the results indicated that the intravaginal release profile of 
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Figure 6-Intrauaginal release of metronidazole from Tampon I I I  (A 
= 6.59 mg/cm3) in a human uolunteer for up to 24 hr. Q/tl/z = 45.9 
pg/cm2/min1/2. 


Table IV-Effect of the Days in  Menstrual Cycles on the  
Sustained Release of Metronidazole 


Days * 
Q/t  l12, mg/min'/2 


8 pm -. 8 am 8 a m - + 8 ~ m  


1 
I 


14 


0.301 
0.215 
0.366 


0.595 
0.452 
0.647 


21 0.344 0.444 


a For each 12-hr insertion, each volunteer receives one tampon (111) impregnated 
with 60 mg of metronidazole. * Days after the termination of menstruation. 


metronidazole also follows the linear Q uersus t relationship. A Q/t ' I2  
value of 74.9 pg/cm2/min1/2 was calculated. This intravaginal release rate 
of metronidazole (74.9 pg/cm2/min1/2) was found to be very close to the 
in uitro release rate (79.4 pg/cm2/min1/2) determined in the 4-hr drug 
elution studies (Fig. 2 and Table 111). 


Tampon I was also impregnated with 3 dosage levels of metronidazole 
and examined in rhesus monkeys to test the applicability of Eq. 2 to the 
in uiuo condition. Results (Fig. 5) were in agreement with the in uitro 
observations (Fig. 3). Assuming that metronidazole has a.solubility (C,)  
in vaginal secretions similar to that in the simulated vaginal fluid (12.7 
mg/ml), the effective diffusivity (D, )  can be calculated from the slope 
of Q / t l / z  versus (2A - C,) l / z  plot. A value of 7.21 X lo-' cmz/sec is the 
result. It is only slightly lower than the value of 10.3 X cm2/sec de- 
termined in in uitro studies (Table 11). 


Intravaginal Release Studies of Medicated Tampons in Human 
Volunteers-The intravaginal release profile of metronidazole from 
medicated tampons in human volunteers is illustrated in Fig. 6. In this 
study, Tampon I11 was medicated and tested in one volunteer for a du- 
ration from 6 hr up to 24 hr. An intravaginal release rate of 45.9 
pg/cm2/min1/2 was achieved. This release rate was found to be only 
slightly higher than the 37.4 pg/cm2/min1/2 measured in the 4-hr in uitro 
elution study (Table 111). 


Considering the cyclic variation in vaginal physiology, the effect of 
physiological phases in a menstrual cycle on the intravaginal release of 
metronidazole from medicated tampons was examined in one volunteer. 
The data in Table IV suggest that the intravaginal release rate of me- 
tronidazole first decreases right after menstruation and then increases 
toward the middle of the cycle just prior to ovulation. This behavior is 
very similar to the cyclic pattern observed in rhesus monkeys on the in- 
travaginal absorption of hydrophilic and hydrophobic n-alkanols (13). 


A higher rate of intravaginal release was also consistently observed in 
those medicated tampons inserted in daytime (8 a m 4  pm) as compared 
to those inserted at  night (8 pm-8 am). The observation may be related 
to the higher physical activity shown in the daytime, which may give a 
greater secretion of vaginal fluid. 


0.50c 


Tampon Insertion 


0.01 I I I I 


0 20 40 60 80 100 120 
TIME AFTER DRUG ADMINISTRATION, hr 


Figure 7-Comparatiue plasma profiles of total radioactiuity in rhesus 
monkeys administered with [14C]metronidazole in solution dose (0; 
5 mg; n = 3) and via medicated Tampon I I I  (a; 42.75 mg; n = 1). where 
n is the number of subjects tested. The tampon was inserted for 25 hr 
while solution was administered for 24 hr. 
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Figure 8-Cumulatiue urinary recovery of total radioactivity (percent 
of the applied dose) after the intrauaginal administrations of [I4C]- 
metronidazole in rhesus monkeys through solution dose (0) and med- 
icated Tampon I I I  (0). Conditions are the same as in Fig. 7. 


In Vitro-In Vivo Correlations-The correlations between the in 
uitro data and intravaginal release profiles, as shown in Table 111, are very 
encouraging. The results suggest that the 24-hr intravaginal release of 
metronidazole from medicated tampons in both rhesus monkeys and 
human volunteers can be predicted from the 4-hr in uitro drug elution 
study. 


Comparative Plasma Profiles of Metronidazole-To study the 
comparative systemic bioavailability by intravaginal drug administration 
uia medicated tampon and solution formulation, one unit of Tampon 111 
was medicated with 48.3 pCi (42.75 mg) of [14C]metronidazole and then 
inserted into the monkey vagina for 25 hr. Analysis of the ethanol extract 
of the removed tampon (by double 50-ml extractions) indicated that 10.4 
mg of [ 14C]metronidazole still remained in the tampon. Complete com- 
bustion of the extracted tampon to [‘4C]carbon dioxide and water further 
demonstrated that an additional 1.2% (0.51 mg) of the original radioac- 
tivity was present in the tamp~n’~.  These results suggest that altogether, 
74.5% (31.84 mg) of the [14C]metronidazole incorporated into the tampon 
was released in the rhesus monkey during the 25-hr insertion period. This 
result is in agreement with the data obtained from similar experiments 
conducted with unlabeled metronidazole utilizing a UV spectrophoto- 
metric assay technique. 


The plasma profile of total radioactivity following the 25-hr intrava- 
ginal administration of [14C]metronidazole in the rhesus monkey uia 
medicated tampon is compared with that following the intravaginal ad- 
ministration of [14C]metronidazole in a solution formulation for 24 hr 
(Fig. 7).  Results show that the peak plasma carbon 14 concentration oc- 
curs at 6 hr during administration of the solution dose, whereas after the 
vaginal tampon medication the peak is reached at  a much later time (30 
hr after insertion or 5 hr after tampon removal). These observations 
suggest a delayed intravaginal uptake of metronidazole by the sustained 


~ ~~ 


l4 Sample Oxidizer, Packard Model 306, Packard Instruments Corp.. Lincoln- 
wood, Ill. 


release mechanism of the medicated tampon as compared to the drug 
administration in solution dose. On the other hand, 5 hr after the removal 
of the tampon, the plasma radioactivity eliminates at basically the same 
rate as that following solution administration. These results suggest that 
the use of tampons as the intravagixial drug delivery device does not 
change the elimination kinetics of metronidazole from the body. 


Comparing the areas under the plasma carbon 14 concentration curves 
(0-120 hr, corrected for the difference in the doses applied), it was esti- 
mated that the systemic bioavailability of metronidazole administered 
by the medicated tampon is only 27.2% of the solution dose. The low 
relative systemic bioavailability (27.2%) may occur if the majority of 
metronidazole released from the medicated tampon remains in the vag- 
inal tract to exert a localized therapeutic activity. This pcssibility is con- 
firmed by the observation that the peak plasma carbon 14 concentration 
is reached at 5 hr after removal of the medicated tampons (Fig. 7). 


Comparative Urine Excretion Profiles of Metronidazole-Figure 
8 compares the rate and extent of the urinary excretion of radioactivity 
after intravaginal administration of (14C]metronidazole in solution for- 
mulation (5 mg) and medicated tampon (42.75 mg) to rhesus monkeys. 
Apparently, the rate and extent of urinary recovery of the radioactivity 
were significantly reduced when [14C]metronidazole was administered 
uia the medicated tampon. The observed reduction in the rate of urinary 
recovery is in agreement with the result observed in the plasma profiles 
(Fig. 7). This could well be the outcome of the sustained release of me- 
tronidazole from the medicated tampon, which prolongs the uptake of 
drug by the vagina. 


Only 18.5% of the released dose was recovered in the urine during the 
5-day observation period. [The majority (13%) was excreted in the 4-day 
period following removal of the tampon.] This is considerably lower than 
the 36.3% recovered from the solution dose during the same period (Fig. 
8) .  By comparison with the vaginal absorption of the solution dose, it is 
estimated that the medicated tampon produces a relative systemic bio- 
availability of 51%, which is almost twice the value (27.2%) calculated 
from the plasma data (Fig. 7). This difference suggests that metronidazole 
molecules administered by sustained release medicated tampon may 
become more locally available uia, possibly, binding to the vaginal wall. 
The bound metronidazole is then excreted uia the perieum venous plexus, 
which drains the vaginal tissue and rectum, flows into the pudentum vein, 
and ultimately into the vena cava, resulting in a lower systemic bio- 
availability (13). 
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Abstract Ten potential adjuvants for rectal absorption whiFh are 
structurally similar to salicylate have been examined using an in situ 
perfusion of the rat rectum technique as well as an in vivo absorption 
method from microenemas. All of the adjuvants studied readily disap- 
peared from the perfusate a t  pH 4.5; however, several were not absorbed 
well at pH 7.4. Only those that were lost rapidly from the perfusate at pH 
7.4 were effective in enhancing the disappearance of the drugs (theo- 
phylline, lidocaine, cefmetazole, and levodopa) a t  either a pH of 4.5 or 
7.4. The compounds that were effective in promoting the disappearance 
of drugs from the rectal perfusate all had hydroxy and carboxy groups. 
Those substances lacking a hydroxy group were not effective. The binding 
of these potential adjuvants and salicylates to rat rectum tissue was 
studied by equilibrium dialysis. Those adjuvants with relatively high 
binding to rat rectal tissue were better absorbed themselves and promoted 
the disappearance of drugs more than those substances exhibiting little 
binding. Thus, adjuvant binding to some feature of the rectal membrane 
appears to be important in the enhanced absorption of drugs from the 
rectum under the conditions of this study. 


Keyphrases 0 Absorption, rectal-enhanced rectal absorption of 
theophylline, lidocaine, cefmetazole, and levodopa by several adjuvants 
0 Theophylline-enhanced rectal absorption by several adjuvants 0 
Lidocaine-enhanced rectal absorption by several adjuvants 0 Cefme- 
tazole-enhanced rectal absorption by several adjuvants Levo- 
dopa-enhanced rectal absorption by several adjuvants 


In other papers (1-3), salicylate has been shown to sig- 
nificantly improve the absorption of theophylline, lido- 
caine, cefmetazole, and levodopa from the rectum, par- 
ticularly in their ionic forms. The present report describes 
the effects of several other compounds which are struc- 
turally similar to salicylate on the rectal absorption of these 
drugs. These potential adjuvants include the sodium salts 
of benzoic acid, o-anisic acid, p-anisic acid, 3-methoxy- 
salicylic acid, 5-methoxysalicylic acid, 2,4-dihydroxy- 
benzoic acid, 2,5-dihydroxybenzoic acid, 3,5-dihydroxy- 
benzoic acid, 2,4-dimethoxybenzoic acid, and homovanillic 


J I  


q 
4:O 5IO 610 7.10 


PERFUSATE pH 


Figure 1-The percent loss of theophylline from a perfusate of the rat 
rectum after 1 hr as a function of p H  in the  presence of 0.5% sodium 
homovanillate (0); sodium 5-methoxysalicylate (A); sodium 2,4- 
dihydroxybenzoate (A); without a n  adjuvant (@). 


acid. The drugs chosen for this study represent several 
different classes: theophylline is a neutral substance, 
lidocaine is a base, cefmetazole is an acid, and levodopa 
exists as a zwitterion in solution. 


EXPERIMENTAL 


Materials-Theophyllinel, sodium cefmetazole', and levodopa2 were 
used as obtained from the manufacturer. Salicylic acid3, benzoic acid3, 
0-anisic acid3, p -anisic acid3, 3-methoxysalicylic acid3, 5-methoxysalicylic 
acid3, 2,4-dihydroxybenzoic acid3, 2,5-dihydroxybenzoic acid3, 3,5- 
dihydroxybenzoic acid3, 2,4-dimethoxybenzoic acid3, and homovanillic 
acid3 were converted to the sodium salt by reacting the acid form with 
either sodium bicarbonate in water followed by recrystallization from 
ethanol or by reacting the acid with sodium ethoxide in anhydrous eth- 
anol while bubbling nitrogen through the solution. Lidocainel was con- 
verted to the hydrochloride salt by mixing with an equimolar solution 
of hydrochloric acid and evaporating to dryness without heat. 


Animals-Sprague-Dawley male rates (20G300 g) were fasted for 16 
hr prior to the experiments. During the experiment, the rats were kept 
on a 38" surface and were anesthetized with pentobarbital (60 mg/kg). 


The in situ perfusion studies using the rat rectum and the i n  uiuo ab- 
sorption studies were carried out as described previously (2) with an ionic 
strength of 0.75. The pH of the perfusate was maintained constant by 
either the addition of 0.1 N NaOH or 0.1 N HCl, as needed. The analysis 
of theophylline, lidocaine, cefmetazole, and levodopa were performed 
by HPLC as described previously (2,3). The analyses of the adjuvants 
used in the present study were done using HPLC with a reversed-phase 
column, 25 cm in length, a flow rate of 1.0 ml/min, and detection at 254 
nm. The mobile phases consisted of mixtures of 0.1 M acetate buffer- 
methanol with ratios: 3070 for benzoate, 2,4-dimethoxybenzoate, o-  
anisate, and p-anisate; 6040 for homovanillate; 3-methoxysalicylate, and 
5-methoxysalicylate; and 2080 for 2,4-dihydroxybenzoate, 2,5-dihy- 
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Figure 2-The percent loss of lidocaine from a perfusate of the rat 
rectum after 1 hr  as a function of p H  in the presence of 0.5% sodium 
homovanillate (0); sodium 5-methoxysalicylate (A); sodium 2,4- 
dihydroxybenzoate (A); without a n  adjuuant (@). 
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Table I-The Percent Loss of Drug and Adjuvant from Perfusate af ter  60 min at pH 4.58 


Adjuvant Theophylline Lidocaine Levodopa Cefmetazole Adjuvant b Adjuvantc 


2.4 f 0.3 - 10.3 f 1.2 2.8 f 0.9 
2.3 f 0.9 16.5 f 5.2 40.6 f 2.9 38.3 f 3.2 Benzoate 8.6 f 1.2 - 


o-Anisate 9.2 f 0.7 - 3.5 f 0.9 17.7 f 3.9 36.3 * 4.8 37.2 f 5.6 


19.1 f 2.8 


; 3 0 -  


0 
>, 
J 2 0 -  
U 
0 


!I 
-I 10- 


0 


t- 
2 
w 


p-Anisate 
3-Methoxysalicylate 
5-Methoxysalicylate 
2,4-Dihydroxybenzoate 
2,5-Dihydroxybenzoate 
3,5-Dihydroxybenzoate 
2,4-Dimethoxybenzoate 
Homovanilate 


8.9 f 0.7 
34.5 f 2.gd 
42.6 f 6.2d 
34.3 f 7.2d 
29.8 f 4.0d 
25.2 f 9.0d 
7.9 f 2.3 


43.5 I 5 . 8 d  


- 2.1 f 1.1 19.2 f 1.9 40.2 f 5.3 
40.6 f 4.2d 28.4 f 3.3d 39.6 f 3.2d 30.3 f 2.3 
31.5 f 8.7d 30.4 f 3.Sd 51.6 f 3.Sd 32.5 f 5.6 
29.5 f 7.Sd 22.5 f 6.2d 39.6 f 4.3d 29.8 f 7.2 
34.7 f 4.1d 23.8 f 5.3d 32.6 f 3.gd 26.3 f 4.3 
24.9 f 3.4d 18.6 f 3.1d 28.4 f 2.Sd 20.5 f 2.8 


27.4 f 4.8 
40.8 f 6.gd 28.5 f 7.4d 43.5 f 8.1d 30.5 f 4.4 


15.7 f 4.1 - 1.9 f 0.8 


- . . - - -. - 
39.4 f 2.8 
31.2 f 3.5 
31.8 f 4.3 
27.2 f 2.5 
24.6 f 3.2 
19.5 f 3.2 
21.7 f 2.8 
28.8 f 2.6 


The uncertainties represent standard deviations. * Initial concentration of adjuvant was 0.5%. Initial concentration of adjuvant was 2%. p < 0.001 when compared 
to no adjuvant using a standard t test (n 2 4). 


Table 11-The Percent Loss of Drug and Adjuvant from Perfusate af ter  60 min at pH 7.48 


Adjuvant Theophylline Lidocaine Levodopa Cefmetazole Adjuvantb AdjuvantC 


- 6.1 f 0.8 33.5 f 7.8 3.2 f 1.1 2.6 f 1.8 
2.2 f 1.5 Benzoate 5.2 f 1.1 2.9 f 0.9 3.1 f 1.2 


o-Anisate 4.1 f 1.7 3.5 f 0.7 2.8 f 0.8 3.7 f 1.5 
p -Anisate 6.1 f 2.4 3.4 f 1.7 3.5 f 1.6 2.9 f 1.3 
3-Methoxysalicylate 30.8 f 5.3d 23.6 f 3.5d 31.4 f 4.3d 23.6 f 4.2 14.1 f 2.8 
5-Methoxysalicylate 32.8 f 9.3 43.5 f 9.2 25.8 f 4.3d 37.1 f 7.7d 24.3 f 6.2 14.7 f 3.2 
2,4-Di hydroxybenzoate 23.8 f 7.1 37.8 f 9.3 21.5 f 6.3d 24.9 f 6.7 18.4 f 7.3 8.7 f 2.8 
2,5-Di hydroxybenzoate 
3,5-Dihydroxybenzoate 17.8 f 2.1d 18.6 f 3.1d 18.3 f l.Sd 10.5 f 4.8 6.1 f 1.6 
2,4-Dimethoxybenzoate 6.8 f 1.9 5.2 f 3.1 2.9 f 1.8 6.4 f 2.8 
Homovanilate 30.7 f 5.2 48.3 f 8.4 23.8 f 6.2d 31.8 f 8.6d 21.5 f 3.8 11.8 f 2.8 


to no adjuvant using a standard t test. 
0 The uncertainties represent standard deviations. * Initial adjuvant concentration was 0.5%. Initial adjuvant concentration was 2%. d p  < 0.001 when compared 


droxybenzoate, and 3,5-dihydroxybenzoatee. The absolute bioavailabilities 
were determined as described previously (2). 


Binding Study of Adjuvants to Rat Rectal Tissue-The binding 
of various adjuvants with rat rectal tissue was studied using an equilib- 
rium dialysis method. Dialysis tubing containing 1.4 mg of adjuvant and 
200 mg of rectal tissue in 2.0 ml of 0.0667 M phosphate buffer at pH 7.4 
was suspended in a 10-ml test tube containing 5 ml of the 0.0667 M 
phosphate buffer used earlier. After equilibration for 48 hr at 4O, the 
concentration of adjuvant in the outside solution was measured. The 
percent binding of adjuvant to 200 mg of rectal tissue was calculated from 
the following relationship: 


Percent Binding = ([T - (CV)]/TJ100 (Eq. 1) 


where T ,  C, and V represent the total amount of adjuvant, the concen- 
tration of adjuvant in the outer solution, and the total volume of buffer 
(7.0 ml), respectively. The amount of adjuvant that is not bound is equal 
to cv. 


PERFUSATE pH 


Figure 3-The percent loss of cefmetazole from a perfusate of the rat 
rectum after 1 hr as a function o f  p H  in the presence of 0.5% sodium 
homovanillate (0); sodium 5-methoxysalicylate (A); sodium 2,4- 
dihydroxybenzoate (A); without an  adjuvant (0). 


RESULTS AND DISCUSSION 


Effect of Adjuvants on Drug Disappearance from Perfusate- 
Ten compounds have been studied regarding their effectiveness in en- 
hancing the loss of theophylline, lidocaine, cefmetazole, and levodopa 
from a perfusing solution in the rat rectum. The pH profiles of the effects 
of three of the most potent absorption promoters, i x . ,  homovanillate, 
5-methoxysalicylate, and 3,5-dihydroxybenzoate, on the disappearance 
of theophylline, lidocaine, cefmetazole, and levodopa from the perfusate 
after 1 hr are shown in Figs. 1-4. 


The disappearance of each of the drugs from the perfusing solution 
was significantly facilitated by the presence of each of these three adju- 
vants. The enhancement of loss from the perfusate was particularly ev- 
ident at pH values >7.4 and <5.0. A s  shown in Fig. 5, the loss of adjuvant 
from the perfusate paralleled the extent of disappearance of the drugs 
studied. Similar results were observed using sodium salicylate as an ad- 
juvant (2). Furthermore, as shown in Fig. 6, the disappearance of these 
three adjuvants was not affected by the presence or absence of the four 
drugs studied in the perfusate. This indicates that the enhancement of 
drug absorption by these adjuvants is not due to the formation of a 
complex with the drugs. 


The effects of the 10 adjuvants studied on the disappearance of theo- 
phylline, lidocaine, cefmetazole, and levodopa from a rectal perfusate 
are summarized in Tables I and I1 for pH 4.5 and 7.4, respectively. The 


:: O L  I 
a. 4.0 5.0 6.0 7.0 


PERFUSATE pH 
Figure 4-The percent loss of levodopa from a perfusate of the rat 
rectum after 1 hr as a function of p H  i n  the presence of 0.5% sodium 
homovanillate (0); sodium 5-methoxysalicylate (A); sodium 2,4- 
dihydroxybenzoate (A); without a n  adjuvant (0). 
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Table 111-Absolute Bioavailabilities of a 15-rng/kg Dose of 
Theophylline and Cefmetazole a 


Dose of 5-Methoxy- Bioavailability, % 
salicylate, mg/kg Theophylline n Cefmetazole n 


30 


+ 
2 


> 
3 


a 


2 2 0 -  
a 


s 
5 10. 


U 


v) 
v) 


0 


w 
V 
LT 
w n 


0 
10 
15 
30 
50 


- 


32.5 f 12.4 4 7.8 f 1.3 4 
83.5 f 9.2 1 18.5 1 


128.4 f 32.5 4 38.3 f 4.2 4 
48.6 f 7.2 4 
76.8 1 


Dose of Sodium 
Homovanillate 


0 32.5 f 2.4 4 7.8 f 1.3 4 
7.5 69.5 f 14.8 4 


15 119.7 f 28.5 4 21.8 1 
30 34.7 f 5.4 4 
50 51.2 f 8.4 4 


0 After rectal administration as a microenema in the presence of 5-rnethoxysal- 
icylate and homovanillate. 


extent of the disappearance of the adjuvants themselves is also shown. 
All of the adjuvants studied readily disappeared from the perfusate 


at pH 4.5. However, at pH 7.4 the disappearance of all the tdjuvants was 
somewhat lower and very low for benzoate, 0- and p-anisate, and 2,4- 
dimethoxybenzoate. Those adjuvants that were not well absorbed at pH 
7.4 did not significantly enhance the disappearance of the drugs at  pH 
4.5 or 7.4. However, those compounds, which readily disappeared from 
the perfusate at pH 7.4, facilitated the loss of drugs from the perfusates 
a t  pH 4.5 and 7.4. 


The disappearance of the adjuvants from the perfusate as reflected 
by the percent lost after 1 hr did not depend on the initial concentration 
at pH 4.5. However, the loss of adjuvant a t  pH 7.4 did depend on the 
initial concentration with a greater percent loss occurring at the lower 
concentrations, as shown in the last two columns of Table 11. 


a 
u 20 
0 
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w 
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5:O 6:O 7:O 
PERFUSATE 


Figure 5-The percent loss of sodium homovanillate (O), 5-methoxy- 
salicylate (A) and 2,4-dihydroxybenzoate (A) from a perfusate of the 
rat rectum after 1 hr as a function of pH.  Initial concentration is 
0.5%. 
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Figure 6-Percent of homovanillate (O), 5-methoxysalicylate (O), and 
2,4-dihydroxybenzoate (0) remaining in  the perfusate as a function 
of t ime in the presence of (a) theophylline, (b) cefmetazole, or (c) i n  the 
absence of drug. 
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Figure 7-Percent loss of adjuvant from perfusate a t  60 min  versus the 
percent binding of adjuvant t o  rat rectal tissue. Key: 1,  benzoate; 2, 
p-anisate; 3, o-anisate; 4, 2,4-dihydroxybenzoate; 5, 3,5-dihydroxyb- 
enzoate; 6,2,5-dihydroxybenzoate; 7, salicylate; 8.3-methoxysalicylate; 
9,5-methoxysalicylate; 10, homovanillate. 
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BINDING PERCENT OF ADJUVANT 
Figure 8-Percent loss of cefmetazole from perfusate at 60 min versus 
the percent binding o f  adjuvant to rat rectal tissue. Key: 1, benzoate; 
2, p-anisate; 3, o-anisate; 4,2,4-dihydroxybenzoate; 5,3,5-dihydroxy- 
benzoate; 6,2,5-dihydroxybenzoate; 7, salicylate; 8,3-rnethoxysalicylate; 
9,5-methoxysalicylate; 10, homovanillate. 
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Figure 9-Theophylline concentration (pglml) from an intravenous 
injection of 10 mglkg (0) and f rom a microenema containing 15 mglkg 
o f  theophylline (A,.) and 15 mglkg of sodium homovanillate (0). 
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Figure 10-Plasma theophylline concentration (pglml) from a mi- 
croenema containing 15 mglkg of theophylline and either 7.5 mglkg (0) 
or 15 mglkg (0) of 5-rnethoxysalicylate. 


The compounds that were effective in promoting the disappearance 
of drugs from the rectal perfusate all have hydroxy and carboxy groups. 
Benzoate, 0- and p-anisate, and 3,5-dimethoxybenzoate do not have 
hydroxy groups, did not facilitate the disappearance of drugs from the 
perfusate, and did not disappear from the perfusate themselves at pH 
7.4. It appears that for those substances which are chemically similar to 
salicylate, the presence of both the hydroxy and carboxy groups is im- 
portant. 


Binding of Adjuvants with Rat  Rectum Tissue-The facts that 
those compounds which act as adjuvants for rectal absorption, both in 
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Figure 11-Plasma cefmetazole concentration (pglrnl) in the rat from 
an intravenous injection of 10 rnglkg (x )  and from a microenema con- 
taining 30 mglkg of cefrnetazole (O,.) and 30 rnglkg (0) or 50 mglkg 
(0) of sodium homovanillate. 
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Figure 12-Plasma cefmetazole concentration (pglml) in the rat from 
an intravenous injection of 10 mglkg (0) and from a microenema con- 
taining 30 rnglkg cefmetazole (A,.) and 30 mglkg (.) of 5-rnethoxy- 
salicylate or no adjuvant ( A ) .  


this study and previous studies, disappear from the rectal perfusate even 
in their ionic form and that disappearance at  pH 7.4 depends on their 
initial concentrations suggests that their potentiating effect may depend 
on their binding to some feature of the rat rectal tissue. Therefore, a 
binding study of these potential adjuvants and salicylate with rat rectal 
tissue was conducted at  4' using equilibrium dialysis. 


The relationship between the percent loss of adjuvant from perfusate 
at pH 7.4 and the extent of binding of the adjuvant with fat rectal tissue 
at  the same pH is shown in Fig. 7. Figure 8 compares the percent loss of 
cefmetazole after a 1-hr perfusion in the presence of adjuvant with the 
percent of binding of the adjuvant. These data show a good correlation 
between the amount of adjuvant and drug lost and the binding of the 
adjuvant to rectal tissue. Those adjuvants with relatively high binding 
to the rectal tissue disappeared to a greater extent and promoted the 
disappearance of drugs more than those with little binding. 


Thus, it appears that binding to some feature of the rectal membrane 
is necessary for facilitated rectal absorption of drugs and may suggest 
some type of active transport. 


Effects of Adjuvants on Plasma Levels-The effect of homovanil- 
late and 5-methoxysalicylate on the absorption of theophylline and cef- 
metazole after rectal administration as a microenema at  pH 7.4 as re- 
flected in plasma levels of the drug are shown in Figs. 9-12. In each case 
the absorption was rapid and facilitated by the presence of either 
homovanillate or 5-methoxysalicylate in the microenema solution and 
depended on the concentration of the adjuvant. Absolute bioavailabilities 
of theophylline and cefmetazole as a function of the concentration of 
homovanillate and 5-methoxysalicylate are shown in Table 111. 
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structural characteristics of enzymes; and Sir Arnold Burgen along with 
N. J. M. Birdsall and E. C. Hume introduce the reader to modern tech- 
niques which provide a better understanding of receptors. 


In the foreword J. F. Cavalla and M. A. Simkin offer an interesting 
proposal about what it takes for a medicinal chemist to become successful. 
They propose that the medicinal chemist must associate himselfherself 
with a biologist, and for further success, must acquire a working knowl- 
edge of basic pharmacology in the area in which he/she is working, cou- 
pled with a detailed awareness of structure-activity relationships; then, 
they say, the medicinal chemist should succeed in discovering new and 
better medicines. This reviewer finds himself in agreement with their 
offer, except that I would propose the use of the adjective “molecular” 
before biologist (and pharmacologist) to describe the needs of medicinal 
chemists today. Much more knowledge at  the molecular level is needed, 
and it is a pleasure to find the theoretical papers of this volume fulfilling 
this need. 


Overall, the volume is quite good and makes a worthwhile contribution 
to medicinal chemistry and allied fields. The authors are experts in their 
field and their papers are well-written, containing sufficient references. 
The organization of this book is not unlike most proceedings of meetings 
and symposia in which there is the absence of major sections and chapter 
numbers. 


The greatest use of this volume will be by graduate students and re- 
searchers in the areas for which this volume was intended: medicinal 
chemistry, pharmacology (pharmacokinetics), and medicine. It also can 
be recommended as an important source for new ideas and for use in 
many graduate courses. 


Reviewed by Robert A. Magarian 
Department of Medicinal Chemistry 
College of Pharmacy 
Health Sciences Center 
Uniuersity of Oklahoma 
Oklahoma City, OK 73190 


Textbook of Adverse Drug Reactions. 2nd ed. Edited by D. M. 
DAVIES. Oxford University Press. 200 Madison Ave., New York, NY 
10016.1981.693 pp. 18 X 25 cm. Price $67.50. 
This second edition is an expansion of the first that originally filled 


the void that had existed for an authoritative reference source for all 
major and minor adverse drug reactions. It is the work of 36 contributors 
authoring 30 chapters and 4 appendixes. The newest chapter discusses 
disorders of temperature regulation brought upon by disease, hyper- 
sensitivity, and drugs. The remaining chapters have been slightly re- 
written with the addition of material and updated references. 


This reference text makes it clear that perhaps 10% of patients suffer 
from physicians’ efforts to treat them and that iatrogenic diseases and 
side-effects are certain consequences to drug therapy. Therefore, the 
public should be made aware that risk in any treatment is always there, 
and particularly so when new drugs and regimens come along that have 
not been used extensively in large numbers of patients. In addition, the 
problem of risk uersus benefit is compounded when there is excessive or 
even irresponsible prescribing. 


Most chapters use a classification of adverse drug reactions that divides 
them into two types. The first, Type A, are augmented effects but pre- 
dictable on their known pharmacologic action and affect many people 
but cause few deaths. The second, Type B, are bizarre effects, not pre- 
dictable from their known pharmacologic action when administered in 
regular doses to patients with average metabolic processes. These types 
of adverse drug reactions have a low incidence but, when they occur, often 
are lethal. It is also pointed out that some adverse drug reactions must 
be tolerated, because for a drug to work, it always shows toxicity at  some 
dosage level. So, some reactions to medications are a necessary cross to 
bear in order to remedy the myriad of maladies that affect mankind. 


This edition maintains the clarity of the earlier edition. Its first ap- 
pendix lists the drugs alphabetically with the most outstanding possible 
untoward effects and includes the pages on which they are discussed. This 
makes it a quick reference source without having to resort to the index, 
which often leads to delay. 


This book is recommended for individuals requiring the most up-to- 
date information on adverse drug reactions. Specifically, hospital phar- 


macists; clinical pharmacologists; internists; medical clinics; and all 
pharmacy, medical, and dental libraries. 


Reuiewed by Ronald F. Gautieri 
Department of Pharmacology 
Temple University 
School of Pharmacy 
Philadelphia, P A  19140 


Tableting Specifications Manual. American Pharmaceutical Associ- 
ation, Washington, DC 20037. 1981. 39 pp. 20 X 28 cm (three-holed 
punch, loose-leaf format). Price $42.00 ($28.00 for APhA members). 
This extensively updated and revised version of the original (1971) 


book, IPT Standard Specifications for Tableting Tools, contains the 
latest information available on tablet tooling and available equipment. 
The Tableting Specifications Manual is a new book prepared by the 
Industrial Pharmaceutical Technology Section of the American Phar- 
maceutical Association’s Academy of Pharmaceutical Sciences with the 
cooperation of tableting tool suppliers. 


The manual supplies the standards needed by both drug manufacturers 
and tool suppliers: Drug manufacturers will find the publication useful 
in preventing premature tool wear and costly work stoppages, while im- 
proving tablet quality and production rate. Pharmaceutical tool suppliers 
will benefit from the reduced lead times and manufacturing costs possible 
and the smaller inventory that standardization allows. 


The manual also includes: a set of dimensional specifications and to!- 
erances for rotary tableting machines in both graphic and tabular forms; 
a tool interchangeability chart with the five most commonly used tablet 
machines in the United States; a list of t o ~ l  manufacturers and suppliers; 
and additional information on the bisection bar. 


With numerous tables and IPT drawings and a loose-leaf, shrink- 
wrapped format for greater convenience and ease of updating, this manual 
will be a useful resource for those needing the most up-to-date informa- 
tion on tableting. 


Staff Review 
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Adolescent Marijuana Abusers and Their Families. (NIDA Research 
40-9/81). By HERBERT HENDIN, ANN POLLINGER, RICHARD 
ULMAN, and ARTHUR C. CARR. National Institute on Drug Abuse, 
Division of Research, 5600 Fishers Lane, Rockville, MD 20857. 


Amino Acids, Peptides and Proteins. Vol. 12. Senior Reporter, R. C. 
SHEPPARD. Royal Society of Chemistry, Burlington House, London, 
WIV OBN, England. 1982.634 pp. 13 X 22 cm. Price $153.00. 
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Assessment of Public Health and Social Problems Associated with the 
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54 pp. 14 X 20 cm. Price Sw. fr. 4. 
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Behauioral Pharmacology of Human Drug Dependence. (NIDA Re- 
search Monograph 37,7/81). Edited by TRAVIS THOMPSON and 
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dialuric acid with an (assumed) area of 0.01 m2/g, a monolayer of water 
molecules on a 0.100-g sample would weigh 2.14 X g. Thus, a water 
layer 1000 molecules thick would barely be detectable in the absence of 
the complicating oxidation reaction. 


These results indicate that factors other than the apparent perme- 
ability of oxygen into the crystal can govern solid-state oxidation reac- 
tions. Desolvated crystals of dialuric acid, which are expected to contain 
voids, are unreactive. Thus, desolvation does not always increase the 
reactivity of a crystal toward oxygen. Instead, solvated crystals exposed 
to high humidities react very rapidly, showing that high humidities can 
accelerate solid oxygen reactions. Also, reactions of the type: solid + gas - solid can be accelerated in high humidities presumably oia reaction 
in an invisible moisture layer. 


In contrast to other solids, these results indicate that stabilization of 
pharmaceuticals with solid-state behavior related to dialuric acid would 
best be accomplished, not by avoiding desolvation as indicated by some 
published results (1-3,7,8), but rather by preventing exposure to high 
humidities. 
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Abstract A simple method is described for the rapid, quantitative 
analysis of acetaminophen in plasma. The nonconjugated acetaminophen 
present in the plasma following drug administration is determined after 
plasma protein precipitation by high-pressure liquid chromatography 
(HPLC) a t  a wavelength of 240 nm. Acetaminophen (I) is detectable a t  
levels as low as 0.1 pg/ml. Mean recoveries of 94% with a coefficient of 
variation of 3% were obtained for plasma standards whose concentrations 
ranged from 0 to 32 Fg/ml. Interassay variability of the slope of the 
standard curve had a coefficient of variation of 2.7%. Application and 
verification of this method by comparison with another procedure run 
simultaneously during several human bioavailability studies are de- 
scribed. 


Keyphrases 0 Acetaminophen-high-performance liquid chromato- 
graphic analysis in human plasma High-performance liquid chroma- 
tography-analysis, acetaminophen in human plasma and blood 0 An- 
algesics-acetaminophen, high-performance liquid chromatographic 
analysis in human plasma 


The widespread use of acetaminophen (I) as an analgesic 
and antipyretic has stimulated an interest in the devel- 
opment of a simple and rapid free acetaminophen plasma 
determination suitable for analyzing multiple samples. 
The pharmacology of acetaminophen is such that -80% 
of a dose is conjugated predominately with glucuronic acid 
and to a lesser extent with sulfuric acid. These conjugated 
metabolites lack efficacious biological activity (1). Most 
of the published methods determine total (ie., free plus 
conjugated) acetaminophen in plasma (2-4), while those 
that determine free acetaminophen by a variety of tech- 
niques (5-14), including HPLC (7-14), involve time-con- 
suming and labor intensive organic extractions, solvent 
evaporations (7-lo), deal with toxic levels rather than the 
lower therapeutic levels (11, 12), or are unsuitable for 


routine multiple therapeutic level samples because of lack 
of sensitivity, insufficient sample cleanup (11-14), or long 
analysis time (14). 


The present method involves a single plasma protein 
precipitation step followed by liquid chromatographic 
determination of acetaminophen in the clear supernatant. 
The plasma proteins are denatured and precipitated using 
0.3 N Ba(OH)2 and 5% ZnS04 solutions described previ- 
ously (15). The method is capable of detecting <0.1 pg/ml, 
and the reproducibility eliminates the need for an internal 
standard. Furthermore, the ease and rapidity of sample 
workup make this method ideal for multiple sample 
analysis. 


This method has been used routinely for over a year with 
good results and has been verified by a comparison with 
an extraction-HPLC acetaminophen method' and a col- 
orimetric procedure (16). 


EXPERIMENTAL 


Reagents-Standard solutions were prepared in distilled water. The 
0.3 N Ba(0H)Z and 5% ZnS04 solutions were obtained commercially2. 
The combination of these two salt solutions has been known for years as 
an effective plasma protein precipitant. 


Instrumentation and Operating Conditions-The analysis was 
performed using a high-performance liquid chromatograph3 with a 
variable wavelength UV detector4 set at  240 nm, an automated injection 
system5 fitted with a 75-pl loop, and a 30 cm X 4-mm i.d. reversed-phase, 


I N. Kalish and S. O'Connell, Bristol-Myers Products, Analytical Chemistry 


2 Fisher Scientific Co. 
3 Model 6000, Waters Associates, Milford, Mass. 


Model 450, Waters Associates, Milford, Mass. 
Model 834, Dupont Instrument Co., Wilmington, Del. 


Department, unpublished data, 1977. 
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Table I-Accuracy of HPLC Assay For  Acetaminophen in Plasma 
~~~ ~ 


Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5 
Amount Amount Amount Amount Amount 


Amount Found, Percent Found, Percent Found, Percent Found, Percent Found, Percent 
Added, pg  I.rg Error pug Error PCg Error pg Error pg Error 


1.0 1.05 5.0 
1.0 1.05 5.0 
2.0 2.10 5.0 
2.0 2.05 2.5 


16.0 16.19 1.2 
16.0 16.23 1.4 
24.0 24.04 0.2 
24.0 22.74 5.2 
32.0 32.29 0.9 
32.0 32.38 1.2 


1.03 3.0 
1.07 7.0 
2.05 2.5 
2.09 4.5 
4.00 0.0 
4.08 2.0 
7.80 2.5 
7.93 0.9 


15.81 1.2 
16.51 3.2 
23.68 1.3 
24.17 0.7 


high efficiency CIS column6. The mobile phase was methanol-water 
(15:85), which was filtered through a 0.45-pm pore filter7 and degassed 
before use. The flow rate was 1.0 mllmin. The column was fitted with a 
precolumn packed with CIS Corasil 37-50 pma. This precolumn was 
repacked once a week during panel use since particulate matter accu- 
mulated on the precolumn frit and would cause an increase in column 
pressure after the weekly load of 300 to 400 injections. The detector was 
set a t  a sensitivity of 0.2 aufs. 


Plasma Acetaminophen Study in Humans-Patients were fasted 
overnight and were drug free for 72 hr prior to dosing. Each subject re- 
ceived a 650-mg oral dose of acetaminophen consisting of two 325-mg 
tablets taken with 100 ml of water. Venous blood specimens were with- 


I 


L 
0 
Q) 


c 
.- - 
L 1 


1.04 
1.00 
2.09 
2.09 
4.00 
4.04 
7.99 
7.91 


16.11 
16.03 
24.06 
23.67 
32.14 
32.00 


4.0 
0.0 
4.5 
4.5 
0.0 
1.0 
0.1 
1.1 
0.7 
0.2 
0.3 
1.3 
0.4 
0.0 


I a 
-u- 
0 12 0 12 0 12  


MINUTES 


Figure 1-Chromatograms for a typical subject. Key: (A) taken prior 
to acetaminophen ( I )  administration; (Bj taken 20 min after oral ad- 
ministration of two 325-mg tablets; (C) taken 40-min postdosing. 


6 p-Bondapak Cis, Waters Associates, Milford, Mass. 
Millipore Corp., Bedford, Mass. 


8 Waters Assoclates, Milford, Mass. 


1.07 
0.98 
2.14 
2.04 
4.07 
3.95 
7.84 
7.93 


15.97 
15.85 
24.28 
23.90 
- 
- 


7.0 1.07 


1.3 3.97 
2.0 8.16 
0.9 7.67 
0.2 16.28 
0.9 15.47 
1.2 24.45 
0.4 23.73 
- - 


7.0 
1 .o 
6.0 
6.0 
3.8 
0.8 
2.0 
4.1 
1.8 
3.3 
1.9 
1.1 
- 
- 


drawn by syringe and discharged into centrifuge tubes containing heparin 
as an anticoagulant. Specimens were taken prior to and at specified times 
after drug administration through 1 hr. Collected specimens were cen- 
trifuged immediately for 15 min at  3500 rpm using a bench-top centrifuge. 
Plasma was separated and analyzed for free acetaminophen by the pro- 
posed method. 


Analysis-One milliliter of freshly drawn plasma was added to a 16 
X 100-mm screw top culture tube. To each tube was added 1 ml of the 
saturated 0.3 N Ba(OH)z solution. The tubes were vortexed at  sufficient 
speed to ensure thorough mixing for 2 min on a multiple tube vortex 
mixers. One milliliter of the 5% ZnS04 solution was then added to each 
sample which should have a milky opaque appearance. Each tube was 
capped and vortexed a t  high speed for 1 min. The tubes were then cen- 
trifuged in a bench-top centrifuge a t  high speed for 10 min. The resulting 
clear water-like supernatant was separated from the precipitate and 
filtered directly into an auto injector vial using a Pasteur pipet plugged 
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" 
0 a 
C 
.- - 
L 


A 


uuu 
0 12 0 12 0 12 


MINUTES 


Figure 2-Chromatograms of I-ml human plasma sample processed 
by the described precipitation method. Key: (A) blank; (B) spiked with 
1 pg of acetaminophen ( I ) ;  (C) spiked with 8 p g  of I .  T h e  mobile phase 
was 15% (ulu) methanol at a flow rate of 1.0 mllmin, and the chart speed 
uias 15 cmlhr. 


Krat't Apparatus, Inc., Mineola, N.Y. 


1292 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 11, November 1982 







Table 11-Comparison of Acetaminophen Levels in Plasma Analyzed Simultaneously by Plasma Protein Precipitation HPLC Assay 
and  a Second Extraction Method 


Acetaminoohen bv Extraction Acetaminoohen bv Precioitation-HPLC 


Time, min 
Subject 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


Time, min 
Subject 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


Time, min 
Subject 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


10 


3.2 
0.7 
0 
0.8 
1.3 
0 
0 
0 
0.9 
0 
0.7 


11.3 
0 
0 
0 
0 


10 


1.5 
0 
0 
0 
2.8 
2.1 
0 
0 
0 
5.4 
4.2 


11.7 
0.7 
0 
0 
0 


10 


0.7 
0 
0 
5.3 
1.1 
0 
4.9 
0 
0 
0 
1.4 
2.6 
0.5 
0 
0 
1.6 


20 


12.9 
4.3 
1.1 
2.8 
8.5 
1.2 
2.2 
6.8 
3.2 
0.7 
4.5 


15.1 
5.7 
0.9 
1.0 
1.2 


20 


5.5 
0.7 
8.1 
0 
6.5 
9.7 
2.6 
6.5 
0.6 
4.2 


12.8 
14.3 


1.6 
1.4 
0 
1.8 


20 


3.3 
2.5 
1.6 
5.6 
2.2 
6.0 


12.9 
2.0 
0 
1.0 
5.6 


12.6 
17.0 
0.9 
0 
5.7 


40 


8.2 
5.0 
3.4 
5.5 
7.0 
7.4 
6.8 
7.6 
5.3 
9.3 
9.1 


14.0 
11.3 
3.0 
2.5 
5.4 


40 


6.5 
2.6 
7.5 
0.8 
6.4 
7.1 


11.5 
6.9 
2.8 
3.8 
7.9 


13.3 
5.0 
4.0 
1.3 
6.2 


40 


8.4 
12.2 
4.7 
7.2 
4.1 
7.3 
9.2 
7.7 
1.6 
3.0 
8.0 


14.1 
11.7 
2.5 
2.2 
9.4 


Tablet A 
60 


6.7 
4.1 
3.1 
5.9 
6.6 
6.1 
7.4 
6.4 
5.2 
7.6 
7.6 


12.3 
9.6 
3.9 
4.1 
7.3 


Tablet B 
60 


8.0 
4.9 
5.7 
1.0 
5.3 
5.9 
8.4 
5.9 
3.4 
3.4 
6.5 


12.1 
8.9 
5.8 
3.6 
7.4 


Tablet C 
60 


7.0 
8.7 
7.0 
6.0 
4.6 
5.9 
7.3 
6.9 
3.5 
4.1 
7.5 


13.3 
9.3 
4.2 
3.3 
7.6 


with glass wool. This ensured a minimal volume loss and a particulate-free 
sample. 


Standard Curves-Calculations were carried out using standard 
curves constructed by analyzing 1-ml samples of the pooled predose 
plasma spiked with 1-32 pg of acetaminophen and plotting the area 
counts versus the corresponding concentration. The standard curve data 
were subjected to least-squares linear regression analysis, and the re- 
sulting equation was utilized for the calculation of the drug concentration 
in the unknown samples. 


RESULTS AND DISCUSSION 


Typical chromatograms of a predose plasma sample (Fig. 1A) and the 
20- and 40-min postdose plasma samples (Fig. 1B and C) obtained for 
a typical subject, demonstrate the specificity of this method by the ab- 
sence of interfering peaks. With 15% methanol in water as the eluent a t  


10 


3.4 
0.8 
0 
0.8 
1.2 
0 
0 
0 
1.2 
0 
1.0 


11.2 
0 
0 
0 
0 


10 


1.6 
0 
0 
0 
2.7 
2.1 
0 
0 
0 
5.1 
4.5 


11.9 
0.8 
0 
0 
0 


10 


0.8 
0 
0 
5.2 
1.1 
0 
5.4 
0 
0 
0 
1.6 
2.3 
0.6 
0 
0 
1.8 


20 


13.8 
4.2 
1.1 
2.9 
8.7 
1.2 
2.8 
7.0 
3.5 
1.1 
5.1 


14.7 
5.4 
1.0 
0.6 
1.0 


20 


5.8 
0.5 
7.7 
0 
1.0 
9.8 
2.6 
6.4 
0.9 
4.1 


13.2 
14.3 
1.8 
1.5 
0 
2.0 


20 


3.6 
2.5 
1.5 
5.5 
2.2 
6.4 


13.1 
2.0 
0 
1.2 
5.8 


12.3 
17.3 
1.0 
0 
5.6 


40 


8.8 
5.0 
3.3 
5.7 
7.0 
7.2 
6.9 
7.7 
5.9 
9.8 
8.8 


13.3 
11.2 
3.1 
2.9 
4.8 


40 


6.1 
2.6 
7.4 
0.8 
6.9 
7.3 


10.9 
6.7 
3.1 
4.3 
8.2 


13.3 
5.3 
4.0 
1.7 
6.2 


40 


8.6 
12.3 
4.7 
7.0 
4.2 
7.4 
9.5 
7.3 
1.8 
3.3 
8.1 


14.1 
11.9 
2.7 
2.3 
9.3 


60 


6.9 
4.7 
3.2 
6.0 
6.0 
6.5 
7.4 
6.1 
5.7 
8.0 
7.2 


12.1 
10.5 


4.1 
4.3 
7.1 


60 


7.9 
4.8 
5.6 
1.0 
5.1 
6.0 
8.4 
5.8 
3.7 
3.8 
7.0 


12.0 
8.9 
6.1 
4.0 
7.4 


60 


7.4 
8.9 
6.3 
6.1 
4.8 
6.1 
7.5 
7.2 
3.6 
4.3 
7.6 


13.1 
9.5 
4.1 
3.4 
7.7 


a flow rate of 1.0 ml/min, the retention time for acetaminophen was 7 min. 
Additional peaks are observed eluting close to the solvent front. They 
are ascribed to the more polar metabolites of acetaminophen. Earlier 
elution of the acetaminophen is possible by increasing the methanol 
content of the mobile phase, but an occasional interfering peak was ob- 
served eluting close to the peak of interest. 


Figure 2 represents the chromatograms of a 1-ml blank plasma sample, 
a 1-ml plasma sample spiked with 1 pg of acetaminophen, and a 1-ml 
plasma sample spiked with 8 pg of acetaminophen. The standards and 
samples are chromatographically clean to the extent that acetaminophen 
concentrations <1 pg/ml can be detected with this procedure. Since 
therapeutic acetaminophen levels normally encountered in blood plasma 
monitoring require detection of 81 pg/ml, the sensitivity of this method 
is more than adequate for use in blood level studies. 


Recovery-The recovery of free acetaminophen from plasma relative 
to its recovery from water as measured by the ratio of the slopes of the 
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standard curves in plasma and water, respectively, was 0.94 f 0.03 with 
a coefficient of variation of 3%. Interassay variability of the slope and 
y-intercept of the five standard curves generated during the bioavail- 
ability study had coefficients of variation of 2.7 and 870, respectively. A 
typical calibration regression line is y = 0.229~ + 0.0296 and is linear over 
a 1-32-pglml concentration range. The good linearity between the peak 
area and acetaminophen concentration in plasma is indicated by the 
correlation coefficient of r > 0.999. 


Accuracy-Table I shows the actual amounts with which 1-ml blank 
plasma samples were spiked and the amounts found when the plasma 
was analyzed according to the described method. The experiment was 
performed in duplicate on each of 5 days. The percent error for each 
unknown sample was calculated according to (17): 


X 100 (Eq.1) amount added - amount found 
amount added 


percent error = 


The average percent error was 2.2%. In no case did it exceed 7.0%. 
Reliability-A comparison was made of acetaminophen levels de- 


termined by the described method with levels determined simultaneously 
by a previously validated extraction procedure. Table I1 shows the 
acetaminophen levels found with both methods for 16 subjects who had 
been studied on a three-way crossover with samples taken a t  10,20,40, 
and 60 min postdosing. The comparison gave a correlation coefficient of 
0.993. In addition, the application of a paired Student’s t test and the 
Wilcoxon-Mann-Whitney rank-sum test to the two sets of data indicated 
a t  the 95% confidence level that  there was no significant difference be- 
tween results obtained by the two methods. 


Summary-The proposed method is simple and sensitive for the rapid 
determination of nonconjugated acetaminophen in plasma or blood at 
levels likely to be encountererd after a usual 650- or 1000-mg total dose. 
Plasma proteins are denatured by the addition of a saturated Ba(0H)z 
solution and then precipitated with 5% ZnS04 solution. The resulting 
clear supernatant is analyzed by HPLC. The reproducibility, sensitivity, 
and selectivity of the method make the use of an internal standard un- 
necessary. 


Since the major biotransformation of acetaminophen in humans is 
direct conjugation with sulfate and glucuronic acid to form the sulfate 
and glucuronic metabolites, these polar metabolites do not interfere in 
the assay as they are eluted along with the solvent. The accuracy and 
reliability of this method have been proven by comparison of results 
obtained with an established extraction procedure in over 400 compar- 
ative determinations. 
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Abstract 0 The pharmacokinetics of bretylium in dogs and the efficacy 
of hemoperfusion with a resin column in its removal from the body fol- 
lowing intravenous administration of bretylium tosylate were investi- 
gated. Five mongrel dogs weighing 18-26 kg were given a bolus dose of 
15 mg/kg. Serial blood samples were taken for 24 hr. Hemoperfusion, 
through a resin column, was then initiated and continued for 4 hr under 
pentobarbital anesthesia. During hemoperfusion, arterial and venous 
blood samples were collected several times; venous blood samples were 
then withdrawn for an additional 8 hr. Urine was collected from each dog 
in three portions for up to 48-54 hr. Pharmacokinetics of bretylium in 
dogs could be characterized by a two-compartment open model with a 
distribution half-life of 7 min and biological half-life of 15.9 f 1.9 hr. 
Plasma levels declined rapidly from -20 fig/ml at 6 min to <2 pg/ml 


within 1 hr. The ratio of intercompartmental rate constants, klz lkz l ,  was 
16.7, and the volume of the central compartment and apparent volume 
of distribution were 0.245 and 5.22 liter/kg, respectively, indicating a wide 
distribution of bretylium into the tissues. Plasma dialysis clearance av- 
eraged 29.7 ml/min, which is 30% of the total body clearance (98.8 ml/ 
rnin). These data suggest that  resin hemoperfusion may not be useful in 
the treatment of bretylium intoxication. 


Keyphrases 0 Pharmacokinetics-bretylium and the effect of hemo- 
perfusion on elimination, distribution, dogs Bretylium-pharmaco- 
kinetics and the effect of hemoperfusion on elimination, distribution, 
dogs 0 Distribution-pharmacokinetics of bretylium and the effect of 
hemoperfusion on elimination, dogs 


Bretylium tosylate is a quaternary ammonium com- 
pound used in the treatment of ventricular tachycardia or 
ventricular fibrillation. It has been demonstrated that 
bretylium increases the action potential duration along the 
entire left ventricular conducting system (1). 


In humans and rats, bretylium is primarily eliminated 
unchanged uia the kidneys. No metabolites have been 
identified following administration of bretylium in humans 
(2-5). A half-life of 9.75 f 4.19 ( S D )  hr in eight patients 
aged 48.4 f 10.8 years has been reported (6). The longest 
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Abstract  0 A specific and sensitive liquid chromatographic method is 
reported for the assay of sulfinpyrazone in plasma utilizing ion pairing 
between the tetrabutylammonium cation and the sulfinpyrazone anion. 
The method is rapid in that conventional extraction procedures are 
avoided in favor of using disposable cartridges packed with an octade- 
cylsilane bonded phase as a means of separating the drug from plasma. 
The samples were chromatographed on a CIS reversed-phase column 
using a mobile phase consisting of 0.005 M tetrabutylammonium phos- 
phate in methanol-water (5644). The coefficient of variation obtained 
was 4.5% and the response was linear over a range of 0.2-80 pg/ml. 


Keyphrases High-performance liquid chromatography-paired ion, 
assay for sulfinpyrazone in plasma Sulfinpyrazone-paired-ion 
high-performance liquid chromatographic assay in plasma 


Sulfinyprazone has been used as a uricosuric agent for 
over 20 years. Recently, new interest in this drug has been 
generated by reports indicating that it may protect pa- 
tients from sudden death after myocardial infarction (1, 
2). 


Several methods have been reported in the literature 
that can be used for the quantitative determination of 
sulfinpyrazone in biological fluids. A spectrophotometric 
method reported previously (3) involves a tedious double 
extraction and lacks sensitivity, since it is based on UV 
absorption. A high-performance liquid chromatographic 
(HPLC) method was. described (4) using radiolabeled 
sulfinpyrazone as an internal standard which complicates 
the routine application of this method. An HPLC method 
using a microparticulate silica column also was published 
(5). This method requires that the sample be injected 2 mm 
inside the column, thus, making it necessary to periodically 
refill that portion of the column with fresh silica. Another 
method (6) involves a two-step extraction and lacks ade- 
quate sensitivity. 


It was considered desirable to develop a simple, rapid, 
and sensitive method for sulfinpyrazone determination in 
biological fluids. The reversed-phase HPLC method de- 
scribed here is based on the formation of ion pairs between 
sulfinpyrazone anions and tetrabutylammonium cations. 


The reported method has the advantage of not involving 
any extraction step. The drug is isolated from plasma using 
disposable cartridges filled with octadecylsilane bonded 
phase packing (CIS cartridge’). 


EXPERIMENTAL 


Materials-All reagents were analytical grade. All solutions were 
prepared using glass distilled water. 


The high-performance liquid chromatographic system included a 
solvent pump2 equipped with an injector3, a fixed wavelength UV de- 
tector4 set a t  254 nm (Amax was 260 nm), a recorder5, and in inte- 
grator6. 


The analytical column was 30 cm long with 4-mm i.d. I t  was packed 
with octadecylsilane-bonded silica (particle size 10 ~ m ) ~ .  


Mobile Phase-The mobile phase consisted of 0.005 M tetrabutyl- 
ammonium phosphate* (I)  in methanol-water (5644). I t  was prepared 
by adding sufficient glass-distilled water to a vial of I to make 440 ml. An 
aliquot of 560 ml of absolute methanol was added, the solution was stirred 
for 10 min, and the volume was adjusted to 1 liter with a 56% (v/v) 
methanol-water solution. The solution was then filtered using a 0.5-pm 
pore, inert filterg. The mobile phase was deoxygenated using a vacuum 
flask attached to a water aspirator. The flow rate of the mobile phase was 
1 ml/min a t  ambient temperature. 


Preparation of Standards-A stock solution of sulfinpyrazone10 was 
prepared by dissolving 100 mg of the drug in 100 ml of 50% (v/v) metha- 
nol-water. Solutions of varying concentration were prepared by serial 
dilutions of the stock solution in 50% (v/v) methanol-water. The plasma 
samples for use in the preparation of calibration curves were prepared 
by adding 200 pl of the appropriate drug solution to 1.8 ml of rat plasma 
in a 15-ml conical centrifuge tube. The plasma samples were mixed by 
agitating for 30 sec on a vortex-type mixer”, and a LO-ml aliquot was 
taken for analysis. 


CI8 Sep-pak, Waters Associates, Milford, Mass. 
Model 6000 A, Waters Associates, Milford, Mass. 
Model U6K, Waters Associates, Milford, Mass. 
Model 440, Waters Associates, Milford, Mass. 
Omniscribe, Houston Instruments, Austin, Tex. 
Shimadzu Chromatopac-ElA, Shimadzu Seisakusho Ltd., Kyoto, Japan. 
Bondapak CIS, Waters Associates, Milford, Mass. 
PIC Rea ent A, Waters Associates, Milford, Mass. 
Type FFf Millipore Corp.. Bedford, Mass. 


10 Ciba-Ceigy Corp., Summit, N.J. 
11 Maxi Mix Mixer, No. M-16715, Thermolyne Corp., Dubuque, Iowa. 
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Sample Preparation-Sulfinpyrazone was isolated from plasma using 
disposable CIS cartridges. Plasma samples (1.0 ml) with concentrations 
ranging from 0.2 to 80 pg/ml were used. The cartridges were conditioned 
by initially passing 3 ml of absolute methanol and 3 ml of a 0.01 M 
aqueous (I) solution through the cartridge. All solvents and solutions were 
introduced into the cartridge using disposable 5-ml hypodermic syringes. 
An equal volume of 0.02 M I in 50% (v/v) methanol-water was added to 
the plasma samples, which were then agitated for 30 sec. Each plasma 
sample was then passed quantitatively through a cartridge, and the eluate 
was discarded. The cartridges were washed with 1 ml of a solution con- 
taining 0.01 M I in methanol-acetonitrile-water (15:1570). The drug 
retained on the cartridge was then eluted with 1 ml of absolute methanol. 
A new cartridge was used for each sample. 


Assay-A 20-4 aliquot of the methanol from the last step in the pre- 
vious section was precisely measured and injected into the chromatograph 
using a microliter syringe12. 


Reproducibility Study-To study the reproducibility of the proce- 
dure, 0.6 ml of a lOO-Kg/ml solution of sulfinpyrazone was added to 5.4 
ml of rat plasma to produce a drug dilution containing 10 pg/ml. Five 1-ml 
aliquots of this solution were then processed using the procedure de- 
scribed above. 


Retention Time and Peak Height Correlation Study-The peak 
height values obtained from 1-pg/ml plasma samples were used to in- 
vestigate the correlation between peak heights and retention times. The 
peak height and retention time values generated during the development 
and optimization of the assay procedure were used. The latter involved 
changes in the methanol-water ratio, pH, and concentration of I. 


I- 
0 


I- 
0 
W 
-I w, 
I z 


RESULTS AND DISCUSSION 


Utilizing disposable CIS cartridges adds great flexibility to any assay 
procedure. It must be kept in mind, however, that these cartridges are 
in essence miniature reversed-phase columns and must be treated ac- 
cordingly. In the cartridge-conditioning step, methanol was passed 
through the cartridge as a cleaning solvent, but it served the dual purpose 
of also allowing drug diffusion from the serum to the packing material 
itself. An aqueous solution of I was used to condition the cartridge with 
the ion-pairing reagent. The tetrabutylammonium cations compfex with 
sulfinpyrazone anions; the ion pair then has a greater affinity for the CIS 
packing material than the sulfinpyrazone anion. This increased affinity 
allows the ion to be retained in the cartridge while the plasma water and 
its polar constituents pass through the cartridge. 


Not all interfering substances in plasma or other biological fluids will 
be separated in the first step. Therefore, it is necessary to utilize a washing 
step to rid the cartridge of additional plasma constituents. This step is 
critical in that it represents a possible source of sample loss. An optimum 
recovery of 80% of the sulfinpyrazone with minimal plasma extraneous 
peaks was obtained by washing the cartridge with 1 ml of a solvent con- 
sisting of 0.01 M I  in methanol-acetonitrile-water (15:1570). After this 
washing step, sulfinpyrazone was eluted from the cartridge with 1 ml of 
absolute methanol. The methanol from this last step was then chroma- 
tographed. 


The mobile phase used in this procedure also contained I. Sulfinpy- 
razone is too strong an organic acid (pKa 2.8) to be maintained in an 
undissociated state, as is desirable when using reversed-phase HPLC. 
If a mobile phase with a neutral pH is used, sulfinpyrazone will be com- 
pletely ionized, and its retention volume on the column will rarely exceed 
the void volume. Therefore, it was advantageous to utilize a mobile phase 
which contained the tetrabutylammonium cation that could ion pair with 
sulfinpyrazone and increase its retention time. A typical chromatograph 
of blank plasma and plasma containing 20 pg/ml of the drug are depicted 
in Fig. 1. While the blank rat plasma contained a number of peaks which 
could not be removed by the disposable cartridge, none of these peaks 
had retention times that would interfere with sulfinpyrazone. 


Calibration curves were prepared, and Table I summarizes the results 
obtained after chromatographing samples from plasma with different 
concentrations of sulfinpyrazone. Calibration curves could be prepared 
using either peak heights or areas under the peaks. The data for the 
lO-pg/ml point represents the mean of five determinations using five 
different cartridges. The coefficient of variation for this point was 4.5%. 
The reproducibility between cartridges was satisfactory, and the coeffi- 
cient of variation could be further improved by utilizing the same car- 
tridge, which is possible by washing the cartridge with three or four 1-ml 


l 2  Pressure-Lock Series B-110, Precision Sampling, Baton Rouge, La. 
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Figure 1-Recorder tracings of representative chromatograms after 
2O-pl injections. Key: (A) plasma blank; (B) plasma spiked with sul- 
finpyrazone (20 pglml). Peak I is sulfinpyrazone. 


aliquots of absolute methanol between samples. While in certain appli- 
cations repeated use of a cartridge may not be desirable, it was found that 
used cartridges stored in methanol gave reproducible results for several 
separate assays. This feature greatly diminishes the cost of an assay. 


Since the drug is retained on the CIS cartridge as an ion pair, it is con- 
ceivable that at high drug concentrations there could be insufficient 
tetrabutylammonium cations to interact quantitatively with the sulfin- 
pyrazone anions. This would result in a deviation from linearity at the 
higher concentrations of a standard curve. This was found to be the case 
if plasma concentrations >83 pg/ml were processed undiluted through 
the procedure. The linearity, however, was good from 1 to 80 Fg/ml re- 
sulting in a correlation coefficient of 0.9992 when peak heights were used 
and 0.9990 for peak areas. The sulfinpyrazone-tetrabutylammonium 
complex appeared to be very sensitive to methanol concentrations in the 


Table I-Values of Plasma Calibration Curve Points 


Peak Areab, 
pV sec X 10-4 


Concentration, Peak Height", 
pglml mm 


0.2 
0.6 
1.0 
6.0 


10.0 
20.0 
40.0 
80.0 


4.0 
8.5 


14.0 
67.7 


112.0 
199.0 
440.0 
844.0 


1.43 
2.84 
5.18 


27.21 
45.70 ~ . . .  . 


82.60 
188.06 
362.30 


a Peak heights are normalized for 0.05 aufs. * Units of area are expressed as mi- 
crovolts per sec. 
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Table 11-Observed and Predicted Values of Slopes 


Retention Time, min Observed Slope Predicted Slope 


5.2 
7.8 
8.0 


91.81 
70.47 
61.69 


90.27 
68.58 
59.68 


mobile phase, such that changes in retention times occurred with slight 
changes in methanol concentration. Such changes in retention time would 
influence the peak heights, thus, peak areas were found to be preferable 
in the preparation of standard curves. 


Peak heights can be used without constantly repeating standard curves, 
if a correction is made for changes in peak height due to changes in re- 
tention time. It is well established that an inverse relationship exists 
between peak heights and retention time. Different retention times were 
produced by varying pH, methanol concentration, and I concentration 
to study this relationship. The flow rate of the mobile phase, however, 
was always the same. There is a good correlation between the peak heights 
and the reciprocal of the retention time (r = 0.9954), and it is independent 
of the reason for the change in retention time. Because of the linearity 
of the response, it should be possible to predict a slope for a new standard 
curve from a single concentration point. This would preclude the necessity 
of repeating an entire standard curve when the retention time of sulfin- 
pyrazone changes, although a three-point standard curve would reinforce 
that reliability. Slopes were predicted from peak heights obtained from 
a l-pg/ml drug solution run at  different retention times. These values 
are listed in Table 11. Entire standard curves were then run at  different 
retention times and slopes were calculated by linear regression analysis. 
The latter values are also listed in Table 11. The maximum difference 


between the observed and predicted values of the slope was 2.7%. 
It is evident from the results that paired-ion reversed-phase HPLC 


is a good method for assaying sulfinpyrazone in plasma. Using disposable 
CIS cartridges further simplifies the analysis, since the entire separation 
of drug from plasma can be accomplished in 2 min. This isolation method 
also has the advantage of not requiring large volumes of expensive organic 
solvents as do conventional extraction procedures. While the reported 
calibration curve used 0.2 pg/ml as the lowest concentration, the sensi- 
tivity could easily be increased by increasing the injection volume. This 
sensitivity is adequate for pharmacokinetic studies or therapeutic drug 
level monitoring. 
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Abstract The plasma protein binding of caffeine in young and elderly 
males was evaluated using an ultrafiltration technique. In spite of a sig- 
nificantly lower plasma albumin concentration in the elderly subjects 
the observed percent bound (-35%) was essentially identical in both 
subject groups. The binding of caffeine to human plasma albumin (4.5% 
w/v) in uitro was also examined using ultracentrifugation and it was 
observed to be bound to the extent of 37.8%. In both the plasma and al- 
bumin binding studies the free fraction remained constant over the range 
of concentrations examined. Although there was no apparent correlation 
between the percent bound and the albumin concentration in the plasma 
of either subject group the close agreement between the degree of binding 
of caffeine to albumin and human plasma indicates that albumin is likely 
the major plasma binding protein for caffeine. 


Keyphrases Caffeine-protein binding in young and elderly males, 
ultrafiltration Protein binding-caffeine in young and elderly males, 
ultrafiltration 0 Ultrafiltration-protein binding of caffeine in young 
and elderly males 


It is well known that drug-protein interactions can in- 
fluence drug pharmacokinetics (1). Since plasma albumin 
concentration decreases and globulin concentration in- 
creases with aging (2 ,3) ,  and because a great many drugs 
are bound reversibly to plasma albumin, the potential 
importance of age-related changes in protein binding is 
clear. Of the relatively few studies that have examined the 
effect of age on protein binding, significant reductions in 
binding with aging have been reported for meperidine, 


phenylbutazone, phenytoin, and warfarin, while for phe- 
nobarbital, benzylpenicillin, diazepam, desmethyldia- 
zepam, salicylate and sulfadiazine, no alterations in the 
extent of binding were observed (4). While some studies 
of caffeine binding in uitro ( 5 )  and in uiuo (6,7) have been 
reported, no specific examination of possible alterations 
in its binding characteristics with aging has been made. 
Since the pharmacological effect of caffeine is probably 
best related to its unbound fraction (as is true for most 
drugs), knowledge of any age-related binding differences 
could prove valuable in helping to interpret the pharma- 
cokinetics of this widely consumed agent, which has re- 
ceived increased attention recently due to its possible role 
in the treatment of premature apnea (8). The goal of this 
study was, therefore, to compare the plasma protein 
binding of caffeine in young and elderly subjects. 


EXPERIMENTAL 


Subject Selection-Ten healthy, young adult male volunteers ranging 
in age from 18.8 to 30.0 years and eight healthy, active elderly male vol- 
unteers aged 66.0-78.2 years were studied. All subjects were given a 
physical examination, electrocardiogram, and the following laboratory 
tests: plasma urea, electrolytes, creatinine, bilirubin, aspartate amino- 
transferase, alkaline phosphatase, total protein, albumin, creatinine 
clearance, and complete blood count. In addition, all subjects had a 
normal health history and were not taking any medication at the time 
of the study. 
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Figure 1-The effect ofaconitic acid on the transition temperature of 
citric acid glass. 


on prolonged exposure of molten citric acid to tempera- 
tures above its melting temperature. I t  has been shown 
previously that the sample preparation techniques used 
in this study did not adversely affect citric acid (12). In 
addition, the data also imply that low levels of impurities 
(<5% w/w) cannot be readily detected by DSC. 


In preparation of citric acid glass, care should be taken 
to use the minimum amount of heat necessary to melt the 
citric acid, to avoid prolonged heating at  temperatures of 
its melting point, and to employ a procedure in which there 
is some means of temperature control. Although these 
suggestions for the preparation of citric acid glass may 
make this material unsuitable for use in the commercial 
preparation of solid dispersion systems, it should not 
eliminate the use of this glassy vehicle as a tool for the 
examination of the compatability, miscibility, and stabi- 
lization of the glassy states of materials. 
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Dose-Dependent Decrease in Heparin 
Elimination 


Keyphrases 0 Heparin-dose-dependent pharmacokinetics 0 Phar- 
macokinetics-dose-dependent decrease in heparin elimination 


To the Editor: 
Studies on the pharmacokinetics of heparin have re- 


vealed dose-dependent (1-4), time-dependent (5), and 
assay-dependent (4) characteristics. The mechanisms 
underlying these characteristics are unknown but are likely 
to reside in the heterogeneity of heparin. Heparin is a 
natural mammalian glycosaminoglycan consisting of 
polymeric constituents arranged linearly, with different 
chain length and chemical composition and with a mo- 
lecular weight ranging from 3000 to 45,000 (6-8). Recent 
studies have demonstrated that the antithrombin-I11 
binding site of heparin, which is necessary for its phar- 
macological action, appears to reside in an oligosaccharide 
segment of the molecule that has a specific sequence of four 
to eight monosaccharides, i.e., iduronic and glucuronic 
acids and glucosamines, with N-sulfate, 0-sulfate, and 
N-acetyl groups being required at  specific sites (9-11). The 
metabolism of heparin is not well understood. Although 
the metabolic processes involved are thought to include 
depolymerization and desulfation, the relationship be- 
tween different metabolic processes and the decline in 
anticoagulant activity is unclear. 


The biologic half-life of heparin increases with in- 
creasing dose in humans and animals (1-4). This dose- 
dependence is without any indication of Michaelis-Menten 
type kinetic characteristics (3, 4) and recently has been 
demonstrated in humans to be due to a dose-dependent 
decrease in the total clearance of the anticoagulant (4). The 
total clearance of heparin in humans usually is reported 
to be between 0.5 and 2 mllminlkg, while the apparent 
volume of distribution is usually reported to be between 
40 and 100 ml/kg (2,4,12-14). However, reported values 
for both of these pharmacokinetic parameters vary widely 
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among studies. Although this variability in part may be 
due to the nonlinearity in the elimination kinetics of 
heparin, it is in part due to differences in heparin assay 
methods used, since recent studies in humans have shown 
that there are significant differences among values of in- 
dividual pharmacokinetic parameters obtained, depending 
on heparin assay methodology (4). This applies primarily 
to total clearance and apparent volume of distribution, 
both of which were on the average -1.5- to twofold larger 
when based on hexadimethrine bromide' neutralization 
assay of heparin than when based on bioassays using the 
coagulation tests activated partial thromboplastin time 
and thrombin clotting time. However, no significant dif- 
ferences were noted in values of biologic half-life. The 
immediate practical consequences of the assay-dependent 
pharmacokinetics of heparin are that when summarizing 
published pharmacokinetic parameters for heparin, the 
assay methods have to be specified, and only data obtained 
by the same heparin assay can be treated together. This 
becomes particularly important when exploring relation- 
ships between dose and individual pharmacokinetic pa- 
rameters of heparin. Two studies have been published on 
heparin pharmacokinetics in normal subjects using hep- 
arin assays based on thrombin-induced clotting times, with 
doses ranging from 50 to 400 U/kg (1,4). Therefore, it was 
of interest to use data from these two studies to explore 
relationships between dose and pharmacokinetic param- 
eters of heparin, particularly since one of the studies had 
not provided values for the latter. 


The subjects studied in these two studies were four 
healthy males, ages 27-35 years, who received intravenous 
injections of heparin of 50 and 75 U/kg body weight each 
(4), and six healthy males and seven healthy females, ages 
19-45 years, who received intravenous injections of heparin 
of either 100 (five subjects), 200 (four subjects), or 400 (four 
subjects) U/kg body weight (1). Multiple blood samples 
were collected after each dose, and plasma heparin activity 
was determined by bioassays based on thrombin clotting 
time. These assays are described in detail elsewhere (4,151. 
They involve first establishing the relationship between 
the thrombin-induced clotting times and heparin added 
to plasma in uitro, and then deriving the plasma heparin 
activity in the samples obtained after the dose from the 
observed clotting times. One of these assays uses addition 
of bovine plasma to the plasma sample (15). While this will 
attenuate intersubject differences in the relationship be- 
tween clotting time and added heparin, it will not affect 
the determination of heparin activity in plasma. It should 
be noted that the relationship between thrombin-induced 
clotting times and heparin activity in plasma is log linear 
(4, 15, 16). 


The pharmacokinetic parameters, biologic half-life ( t 1 / 2 ) ,  
total clearance (CL), and apparent volume of distribution 
(Vd), were calculated as described previously (4). As is 
shown in Fig. 1, the biologic half-life of heparin increases 
with increasing dose. The average (&SO) t 1/2 values for the 
50,75,100,200, and 400 U/kg doses were 42 f 5,49 f 15, 
57 f 8,96 f 10, and 153 f 10 min, respectively. The posi- 
tive relationship between the biologic half-life and dose 
of heparin is statistically highly significant ( p  < 0.001). 
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Figure 1-Relationship between biologic half-life and dose of heparin 
in humans when heparin activity in plasma is determined by a bioassay 
based on thrombin-induced clotting times. (Data are from Refs. 1 and 
4) .  The line represents the best-fitted line for the relationship between 
these parameters (intercept, 26.2 min; slope, 0.323 min  kg U-I; r = 
0.952). 


Figure 2 shows that there is also a statistically highly sig- 
nificant positive linear relationship between the biologic 
half-life and total clearance of heparin ( p  < 0.001). The 
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Figure 2-Relationship between the elimination rate constant and total 
clearance of heparin in  humans when heparin activity in plasma is 
determined by a bioassay based on thrombin-induced clotting times. 
(Data are from Refs. 1 and 4.) The  line represents the  best-fitted line 
for the relationship between these parameters (intercept, 0.030 hr-l;  
slope, 2.025 t ml-' kg-1, where t is a time unit correction factor; r2 = 
0.739). 


Journal of Pharmaceutical Sciences I 1187 
Vol. 77, No. 10. October 1982 







total clearance of heparin ranged from 0.23 to 1.12 ml/ 
min/kg for the 400 and 50 U/kg doses, respectively, rep- 
resenting about a fivefold variation in total clearance for 
eightfold difference in dose. The reason for this linear 


Renal Excretion of R -  and S-Epimers of 
Moxalactam in D~~~ 


Keyphrases Stereoisomers-arylmalonylamino 1-oxacephern, renal 


ylamino I-oxacephem, comparison between stereoisomers, relation to 
plasma protein binding Protein binding-dog plasma, arylrnalonyla- 
rnino 1-oxacephem, comparison between stereoisomers, relation to renal 
clearance 


positive is that the apparent Of dis- clearance, dog, plasma protein binding 0 Renal clearance-arylmalon. 
Of heparin changes Only very with 


The average (*sD) v d  was 58 f 11 mlkg body weight Over 
the entire dose range, with small but statistically insig- 
nificant changes in V d  when it was evaluated with respect 
to dose (intercept, 55 ml/kg; slope, 0.018 ml/kg/U; r2 = 
0.046). To the Editor: 


The results presented in this report are in support of and 
extend recent findings that the dose-dependent increase 
in the biologic half-life of heparin in humans is due to a 
dose-dependent decrease in the total clearance of the 
anticoagulant (4). In humans, there is no significant in- 
crease in the apparent volume of distribution of heparin 
with dose. This is in contrast to findings in rats and dogs, 
which have shown a dose-dependent increase in v d  with 
dose (2,3). While the mechanism underlying the nonlinear 
pharmacokinetics of heparin in humans is presently not 
understood, however, the linear relationship between dose 
and dose-dependent pharmacokinetic parameters is 
noteworthy. 
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Moxalactaml (latamoxef2, I) is a mixture of R (11) and 
S (111) epimers, and both forms are usually eliminated 
unchanged by the kidney (1,2). Studies with humans (3) 
show that the biological half-life of the R-epimer is shorter 
than that of the S-epimer. To obtain a better under- 
standing of the elimination kinetics, we studied the renal 
clearance and binding of moxalactam epimers to plasma 
protein in beag\e dogs. 


Two male beagle dogs were anesthetized with sodium 
pentobarbital (30 mg/kg iv). After a tracheotomy was 
performed, an incision was made in the left flank. The 
retroperitoneal space was explored and the left ureter was 
cannulated. Urine was collected through the cannula (4). 
After completion of the operation, 20 mg of sodium p- 
aminohippurate/kg and 100 mg of creatinine/kg were in- 
jected as the priming dose into the axillary vein. As the 
sustaining dose, a solution containing 15% mannitol, 0.9% 
NaC1,0.25% creatinine, and 0.1% sodium p-aminohippu- 
rate was injected at  the rate of 5 ml/min/lO kg. Moxalac- 
tam“ was injected at a priming dose of 10 mg/kg followed 
by a sustaining dose of 5.0 mg/kg/hr. Approximately 1 hr 
after beginning the infusion, the urinary output was sta- 
bilized at  3-5 ml/min and urine samples were collected 
three or four times from the left ureter at 3-min intervals. 
Blood samples were taken at  the middle point of each 
clearance period. The same procedure was repeated in the 
presence of probenecid (30 mg/kg iv). Collected urine and 
plasma samples were analyzed for creatinine (5), p-ami- 
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EDlTORlA L 


ACPE: Education’s Measuring Stick 


American drug products have long been regarded as 
meeting a level of quality and excellence generally unsur- 
passed throughout the world. In turn, the reasons often 
attributed to this phenomenon-in addition to the obvious 
capabilities and performance of the drug industry it- 
self-are the elements of effective standards establishment 
and effective standards enforcement. In other words, the 
track record of drug quality is due, in large measure, to the 
impact or contribution made by the official compendia 
k e . ,  the USP/NF) and by the federal Food and Drug 
Administration. 


Similarly, the graduates of American pharmacy schools 
have also been highly regarded worldwide as being uni- 
formly well grounded in the art and science of the profes- 
sion they have chosen. And, as in the case of American drug 
products, such consistency of quality and overall level of 
excellence is no accident. 


Pharmacy education in the United States is blessed with 
a competent, effective, and efficient body that sets stan- 
dards and accredits professional programs of the colleges 
and schools of pharmacy as well as the providers of con- 
tinuing pharmaceutical education. The group responsible 
for these activities is the American Council on Pharma- 
ceutical Education. 


This national agency is not a government body. As in the 
case of the USP/NF, the ACPE represents the volunteer 
effort of the private sector to meet a perceived need and 
to establish a suitable level of performance that will give 
both the public and the health care community reasonable 
assurance of the quality of the products involved-in the 
former case high-quality pharmaceuticals and in the latter 
case high-quality pharmacy practitioners. 


The Council is sponsored by three national groups in 
pharmacy: The American Association of Colleges of 
Pharmacy to represent academia and pharmacy educators; 
the American Pharmaceutical Association to represent the 
pharmacy profession and its practitioners; and the Na- 
tional Association of Boards of Pharmacy to represent 
governmental bodies responsible for the examination and 
licensure of pharmacy practitioners. Each of these three 
groups appoints three individual representatives to sit on 
the Council. 


In addition, the public interest is represented on the 
ACPE through the participation of the American Council 


on Education, and that body appoints the tenth member 
to serve on the Council. 


The ACPE is served by a very small but competent staff 
operating on a rather meager annual budget. This consti- 
tutes a dramatic illustration that big is not necessarily 
better, that empire building may not be beneficial for a 
particular agency, and that a key virtue of a lean operation 
often is maximum efficiency through minimum red 
tape. 


Indeed, despite its very limited staff and resources, the 
ACPE has been very active in evaluating the professional 
degree programs of colleges and schools of pharmacy. Such 
evaluations and accreditations are made against standards 
of curriculum, of facilities, of staff, and of related consid- 
erations which the Council has developed and instituted 
over the years. 


Similarly, evaluations are made of the providers of 
continuing pharmaceutical education, again judging such 
providers and their programs against criteria developed 
and adopted by the ACPE. Furthermore, the standards or 
criteria utilized are not static: they regularly undergo re- 
view and revision to ensure that they are meeting con- 
temporary needs of the profession and of the public. 


Our reason for choosing this particular time to comment 
on the ACPE and its work is due to the fact that the agency 
just celebrated its 50th Anniversary since its founding on 
August 26,1932, by the above named sponsoring organi- 
zations. 


Unquestionably, the ACPE has served well both phar- 
macy and the public. The uniformly high quality of the 
American network of higher education in pharmacy is a 
clear testimonial to that fact. 


We take this opportunity to salute the Council, its 
members, its staff, its sponsors, and all those who now 
have, or who formerly had, a role in its successful operation. 
Its composition, structure, and operation make it unique 
among the accrediting agencies for the professions. 
Moreover, from our personal observation, it also appears 
to us to be the best and the most credible such accrediting 
agency. 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 
Washington, DC 20037 
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Synthesis and Bioevaluation of a Series of Fatty Acid 
Esters of p -  [N,N-Bis(2-chloroethyl)amino]phenol 
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Abstract A series of even numbered fatty acid esters (C2-Cls) of p -  
[N,N-  bis(2-chloroethyl)amino]phenol were synthesized and evaluated 
as to acute toxicity as well as effectiveness against L-1210 mouse leuke- 
mia. The acetate through the decanoate derivatives demonstrated toxicity 
between 2 and 3 times that of phenol mustard in HAhCR mice. The less 
soluble laurate, myristate, palmitate, and stearate derivatives were less 
toxic. Significant survival times in the leukemia studies (T/C% 2 125) 
were observed for all compounds except the acetate and hexanoate de- 
rivatives. The myristate derivative produced the greatest significant 
increase in survival time, 162%. The palmitate and stearate derivatives 
produced significant survival at five and four dosage levels, respectively. 
The butyrate and laurate derivatives produced significant survival at 
three dosage levels and the octanoate, decanoate, and myristate a t  two 
dosage levels. 


Keyphrases 0 Fatty acid esters-synthesis of fatty acids of p - [ N , N -  
bis(2-chloroethyl)amino]phenol, toxicity, effectiveness against L-1210 
mouse leukemia p- [ N a -  Bis(2-chloroethyl)amino]phenol-synthesis 
of fatty acid esters for toxicity and effectiveness against L-1210 mouse 
leukemia Bioevaluation-synthesis of fatty acid esters of p -  [N,N- 
bis(2-chloroethyl)amino]phenol, toxicity, effectiveness against L-1210 
mouse leukemia 


Efforts to develop latent forms of phenol mustard, p -  
[N,N-  bis(2-chloroethyl)amino]phenol, have resulted in 
the synthesis of various esters of the phenol (1-3), as well 
as its ether derivatives (4). A previous study (2) on a series 
of substituted benzoate esters of phenol mustard suggested 


Method A Method B 


0 


10-i 


I 
H,lcat. (11) I 


1: 
CH2--CHz-OH 


CHp-CHz-OH 
V 


I 0  
R-C-CI 


IIa-i CH,-CH,-OH 


I, 11, 111, and IV 
a 
b 


d 
e 
f 
8 
h 


____ 


e 


I 


that the toxicity of those esters was related to their hy- 
drolysis to the phenolic mustard. They also suggested that 
antitumor activity in Walker 256 tumor paralleled hy- 
drolysis of the esters to phenol mustard. A retrospective 
QSAR study on a number of derivatives of aniline mustard 
has been performed (5). That study supports the concept 
that, in general, antitumor activity parallels hydrolysis to 
phenol mustard, as well as toxicity. That evaluation of the 
aforementioned series of benzoate esters of phenol mustard 
suggests that the hydrolyzed form of the ester is not the 
principle antitumor agent. 


An earlier report from this laboratory compared the 
antileukemic activity of the acetate, hexanoate, and de- 
canoate esters of phenol mustard (3). Those results indi- 
cated a decrease in toxicity and an increase in antileukemic 
activity was associated with an increase in the length of the 
fatty acid side chain. In light of these results, it was felt that 
an expanded series of fatty acid esters would provide ad- 
ditional information with respect to the effect of chain 
length on toxicity and antileukemic activity. The specific 
objectives of this report were to: ( a )  synthesize a series of 
even numbered fatty acid esters (C2-Cls)  of p- [N ,N-  
bis(2-chloroethyl)amino]phenol, ( b )  determine the acute 
toxicity as measured by the LD50 for each compound 
studied, and (c) determine the effect of each compound on 
the prolongation of life of L-1210 leukemic mice. 


The compounds evaluated in this project were synthe- 
sized using either Method A or Method B as shown in 
Scheme I. 


EXPERIMENTAL 


Synthesis of the Fatty Acid 'Esters of p-[N,N-Bis(2-hydroxy- 
ethyl)amino]phenol (IIIa-i), Method A-Step I: Synthesis of the 
p-Nitrophenyl Esters (la-i).-Ninety milliliters of l,l-dioxane, 10 ml 
of pyridine, and 13.9 g (0.1 mole) of p-nitrophenol were stirred at  room 
temperature until solution of the p-nitrophenol was complete. Then, 0.1 
mole of either acetic or butyric anhydride, or the appropriate acid chloride 
for all other derivatives, was added slowly with stirring. The reaction 
mixture was stirred at  room temperature in a glass-stoppered flask for 
-2 hr. The volume of the reaction mixture was then reduced -50% in 
uucuo. The products separated as a solid with the exception of the 
butyrate, hexanoate, and octanoate derivatives which were oils. The 
products were removed by filtration or by use of a separatory funnel and 
washed 3-5 times with a 5% sodium carbonate solution. After drying in 
a vacuum desiccator, the solid products were recrystallized from absolute 
ethanol. The oily products were dried in uacuo for 30-60 min and the pure 
products were characterized by physical data (Table I) and IR spectra 
and NMR spectral. 


1 All IR spectra were obtained usin oimsium bromide pellets or neat on sodium 
chloride plates using a Beckman MoferIR-20A Spectrophotometer. NMR spectra 
were obtained from solutions of the derivatives in deuterated chloroform using a 
Hitachi-Perkin-Elmer Model R-24 high resolution spectrometer with tetrameth- 
ylsilane as the internal standard. The elemental analyses reported were erformed 
by either Galbraith Laboratories, Knoxville, Tenn. or Atlantic Microla!, Inc.. At- 
lanta, Ga. Melting points reported were obtained using a Thomas Hoover capillary 
melting point apparatus and are uncorrected. All hydrogenation reactions were 
carried out in a Parr Low-Pressure Hydrogenation Apparatus. 


772 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 7, July 1982 


0022-3549182l 0700-0772$0 1.001 0 
@ 1982, American Pharmaceutical Association 







Table I-Physical Data and Elemental Analysis for the Fatty Acid Esters of p-Nitrophenol (Ia-i) and p-Aminophenol (IIa-i) 


mp or bp Calculated, % Found, 9'0 
Compound Yield, Molecular 


Number Observed Lit. Value, (9,lO) ?h Formula C H N C H N 


Ia 
Ib 
Ic 
Id 


;; z 
Ii 


IIa 
IIb 
IIC 
IId 
IIe 
IIf 


IIi 
:x 


~~~~~ 


76.5'-77' 
185"/760mmn 
160°/lmmn 
183'/760mmn 
32'-34O 
440-45' 
53'-54' 
61.5-63' 
66.5'-67.5' 
70'-71' 
57'-59' 
210°/760mmn 
35'-36' 
39'-40' 
46'-47' 
59'-60' 
73'-74.5' 
79'-80' 


19' 


31' 
44.5O-45' 
54.5'-55' 
62' -64' 
66.5'-67' 
70'-72' 


56 
52 
50 
71 
57 
85 
83 
61 
65 
43 
93 
48 
87 
29 
55 
76 
73 
75 


b 
b 
b 
b 
b 
b 
b 
b 
b 
b 


67.4 
69.56 
71.48 
73.00 
74.23 
75.24 
76.08 
76.80 


7.26 
8.21 
8.93 
9.50 
9.96 


10.35 
10.66 
10.93 


7.82 
6.76 
5.95 
5.32 
4.81 
4.39 
4.03 
3.73 


66.95 
69.36 


73.14 
74.16 
75.05 
75.89 
76.65 


C 


7.17 
8.17 


9.62 
10.02 
10.18 
10.49 
11.02 


7.82 
6.65 


5.23 
4.73 
4.39 
4.00 
3.69 


Temperature/pressure at which fractions used for analysis and subsequent reaction were collected. * Characterized using comparative melting or boiling points, 
An acceptable elemental analysis could not be obtained, but acceptable products were obtained in the subsequent reaction, Step 111, Method IR and NMR spectra. 


A. 


Step 11: Reduction of the p-Nitrophenyl Esters-A solution con- 
taining 0.02 mole of the appropriate p-nitrophenol ester in 150 ml of 
absolute ethanol was placed in a reaction bottle. Sixty milligrams (0.0002 
mole) of platinum oxide was added and the mixture was shaken under 
pressure with hydrogen until a pressure drop representing 0.06 mole of 
hydrogen uptake (4.92 psi) was observed. The catalyst was removed by 
filtration and the filtrate concentrated in uacuo. The product separated 
from the concentrated solution after cooling to 0'. Recrystallization from 
absolute ethanol yielded solid derivatives with the exception of the 
hexanoate ester which was an oil. The pure p-aminophenyl esters (Ha-i) 
were characterized by physical data (Table I) and IR and NMR 
spectra. 


Step Ill: Condensation of the p-Aminophenyl Esters with Ethylene 
Oxide-The p- [ N , N -  bis(2-hydroxyethy1)amino)phenyl esters (IIIa-g) 
were formed by dissolving 0.0005 mole of the appropriate p-aminophenyl 
ester in a minimum amount of absolute methanol using a 500-ml 
round-bottomed reaction flask. Two grams (0.05 mole) of cold ethylene 
oxide were added to 20 ml of methanol at 0'. The cold ethylene oxide- 
methanol mixture was added with continuous stirring to the methanol 
solution of the p-aminophenyl ester. The reaction flask was packed in 
dry ice and allowed to reach room temperature. The methanol and excess 
ethylene oxide were removed in uacuo. The solid products were recrys- 
tallized from absolute ethanol. The butyrate and hexanoate derivatives 
were isolated as semisolids, which gave crystalline solids when recrys- 
tallized from acetone-water. Acceptable products were not obtained for 
the palmitate nor the stearate derivatives (IIIh and IIIi). The pure de- 


rivatives were characterized by physical data (Table'II) and IR and NMR 
spectra. 


Synthesis of the Fatty Acid Esters of p-[N,N-Bis(2-hydroxy- 
ethyl)amino]phenol (IIIa-i), Method B-The p- [N,N-  bis(2-hy- 
droxyethyl)amino]phenol (V) was prepared using a procedure reported 
earlier (4). Absolute ethanol (250 ml); powdered KOH (2.8 9); (V) (9.5 
g, 0.05 mole); and 0.05 mole of either myristoyl chloride, palmitoyl 
chloride, or stearoyl chloride were added to a glass 500-ml round bot- 
tomed flask, equipped with a magnetic stirrer and a glass stopper. The 
flask was stoppered and the solution was allowed to stir overnight. The 
resulting product was removed by filtration, the filtrate reduced in uacuo, 
and the residue dissolved in 100 ml of acetone. To the acetone solution 
-was added 50 ml of water and the suspension was allowed to cool at 5' 
overnight. The crystals were filtered from the acetone-water solution 
and combined with the original product. Recrystallization from ace- 
tone-water gave analytically pure products (IIIg-i) which were charac- 
terized by physical data (Table 11) and IR and NMR spectra. 


Synthesis of the Fatty Acid Esters of p-[ N,N-Bis(2-chlo- 
roethyl)amino]phenol (IVa-i)-A solution of 10 ml of chloroform, 0.3 
ml of absolute ethanol, and 0.5 ml of thionyl chloride was stirred in a 
100-ml round bottomed flask until room temperature was reached. To 
this solution 0.005-0.01 mole of the appropriate derivative of I11 was 
added slowly as the solution was stirred. The reaction flask was fitted with 
a condensor and a drying tube and packed in dry ice after solution was 
complete. An additional 1.5 ml of thionyl chloride was added to the cold 
solution. The reaction mixture was allowed to reach ambient temperature 


Table 11-Physical Data and Elemental Analysis for the Fatty Acid Esters of p - [  N,N-Bis(2-hydroxyethyl)amino]phenol(IIIa-i) and 
of p - [  N,N-Bis(2-chloroethyl)amino]phenol (IVa-i) 


~~~~~~~~~~~~~~~~~~~~~~~~~ 


Calculated, ?h Found, % 
Compound Molecular 


Number mP Method Yield, % Formula C H N C H N 


IIIa 74.5O-76' A 52 Ci2Hi7N04 60.25 7.11 5.85 60.20 7.18 5.76 


IIIC 52'-53' A 46 CifiH2nN04 65.08 8.47 4.75 64.95 8.51 4.69 
IIIb 71.5'-72' A 48 Ci4HziN04 62.92 7.86 5.24 63.06 7.75 5.34 


IIId 63'-65' A 74 c;;H;;No; 66.87 8.98 4.33 66.75 8.86 4.41 
IIIe 66'-69' A 25 C20H33N04 68.38 9.40 3.99 68.52 9.36 4.04 
IIIf 73'-76' A 44 


IVa Oil 
IVb 50'-52' 
IVC 4O.5O-4l0 
1Vd Oil - _ _  
IVe Semisolid 
IVf 
IVP 


40'-42' 
41'-42.5' 


32 50.53 5.61 4.93 50.62 5.61 4.93 
42 Ci AHiQNO&lv 55.26 6.25 4.61 55.61 6.52 4.42 
40 C;;H;;NO;C~, 57.83 6.93 4.22 58.02 6.85 4.12 
33 CieHz7NOzClz 60.00 7.50 3.88 59.79 7.51 3.61 


53 CzzH3.NWz 63.46 8.41 3.37 63.10 8.38 3.54 
55 C~rHsqNO&l~ 64.86 8.78 3.15 65.06 8.58 3.32 


22 CzoH3iOzC1z 61.86 7.99 3.61 61.81 8.01 3.47 


IVh 43'44' 62 C;;H;;NO;CI; 66.10 9.11 2.97 66.40 9.16 2.98 
IVi 46'-49' 57 CzsH47NOzClz 67.20 9.40 2.80 67.11 9.46 2.80 


Literature value 82.5O(1). Consistent with literature observation (1). Calculated for the acetate mustard (IVa) with one-half mole of water. 
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and stirred for 24 hr. The mixture was concentrated in uacuo. An ether 
solution of the residue was washed with 5% sodium carbonate or sodium 
bicarbonate solutions and the ether removed in uacuo. The acetate, 
hexanoate, decanoate, and laurate derivatives were obtained in pure form 
from absolute ethanol. The acetate (IVa) was an oil, the decanoate (IVe) 
a semisolid, and the hexanoate (IVc) and laurate (IVf) were light brown 
solids. The butyrate mustard separated from ethyl acetate as a light- 
brown solid. The octanoate (IVd) was isolated as a dark oil from acetone. 
The myristate (IVg), palmitate (IVh), and stearate (IVi) derivatives were 
obtained from acetone-water (80:20) as light brown to off-white solids. 
All pure products were characterized by IR and NMR spectra. Physical 
data and elemental analysis are given in Table I1 for all final products. 


Biological Evaluation-Test Animals-DBAA mouse strain2, BDFl 
mouse strain2, HA/ICR mouse strain3, and L-1210 leukemic mice (tumor 


Instruments-The necessary equipment included an electronic cell 
counter5, a channelize$, a dilutor5, an x-y recorder5, a hemocytometer6, 
and a microscope7. 


Materials-Counting diluent5, red blood cell-lysing reagent5, crystal 
violet8, Giemsa staing, isotonic diluting solutionlo, trypan blue", and 
Wright's stains were obtained commercially. The ester derivatives of 
p -  [N,N-bis(2-chloroethyl)amino]phenol were prepared as described in 
this report, and their physical and analytical data are reported in Table 
11. 


Pharmacological Screen and LD50 Evaluation-Five groups of six 
(HA/ICR) mice each were selected. A gross screen was conducted for 
acute toxicity, and results were recorded during the 3 hr following in- 
jection. The mice were observed and weighed every day for 21 days, and 
the mortalities were recorded daily. A linear regression and correlation 
coefficient program (6) and a graphic method (7) were applied to deter- 
mine the LD50 for each drug tested. 


Transplantation Procedures and In Vivo Determination of An- 
tileukemic Activity Survival Times-Using the procedures described 
earlier for a series of ethers of phenol mustard (41, the transplantation 
procedures and in uiuo determination of antileukemic activity by survival 
times were conducted. The palmitate (IVh) and stearate (IVi) derivatives 
were poorly soluble in propylene glycol; therefore, an equal mixture of 
polyethylene glycol 400, propylene glycol, and ethanol was used for these 
two derivatives. This solvent mixture allowed the evaluation of higher 
dosage levels of IVh and IVi in the survival studies. 


were used. 


RESULTS AND DISCUSSION 


The synthesis of the even numbered fatty acid esters of p - [ N , N -  
bis( 2-hydroxyethyl)amino]phenol (IIIa-i) was accomplished uia either 
Method A or Method B (Scheme I). The initial synthetic approach 
(Method A) consisted of an uncomplicated sequence of routine organic 
synthetic reactions. Using Method A, all of the p-nitro intermediates 
(Iu-i), all of the p-amino intermediates (IIa-i), and the acetate through 
the laurate diol intermediates (IIIa-f) were obtained in satisfactory yields. 
The condensation of ethylene oxide with the p-aminophenyl palmitate 
or stearate led to the isolation of the corresponding p -  [ N -  (2-hydroxy- 
ethyl)amino]phenyl ester. The p-aminophenyl myristate gave very poor 
yields of the diol(-<12%) in addition to the monohydroxy ethyl derivative, 
when condensed with ethylene oxide. Method B provided an alternate 
route to intermediates IIIg-i, giving good yields of quality products. 
Compounds IVa-i were obtained following the reaction of thionyl chlo- 
ride with the diol precursors. Not all of the final products were isolated 
as crystalline solids but an acceptable elemental analysis was obtained 
for each compound. 


The use of Method A to obtain 11111-f involved three synthetic steps. 
Step I, the esterification of p-nitrophenol, followed a modification of a 
procedure reported previously (8) in the synthesis of fatty acid esters of 
acetaminophen. The replacement of pyridine as a solvent with a mixture 
of dioxane (90 ml) and pyridine (10 ml) simplified the isolation of the ester 
products. The yields of the esters (Ia-i) ranged from 50 to 85% and the 
observed melting points or boiling points (Table I) were consistent with 


Jackson Laboratories. 
ARSEprague-Dawley. 


4 National Cancer Institute, National Institutes of Health, Bethesda, Md 
5 Model ZB Counter and accessories, Coulter Electronics. 
6 American Optical Co. ' Model RA, Carl Zeis, West Germany. 
8 Matheson, Coleman & Bell. 
9 Fisher Scientific Co. 


Microbiological Associates. 
Allied Chemical Co. 


reported values (9,IO). Step 11, the reduction of Ia-i to IIa-i, employed 
the procedure described by Adams and Cohen (11) for the reduction of 
an aromatic nitro group in the presence of an ester. Yields for Step I1 
ranged from 29 to 93%. The condensation of ethylene oxide with the p -  
aminophenyl esters (Ha-i), Step 111, followed the procedure described 
by Rao and Price (12) with elimination of the reflux step. This had no 
effect on the yields, which ranged from 25 to 74% for compounds 1110- 
f. 


Method B employed a modification of the method described by Wise, 
et al. (4) in the synthesis of a series of alkyl ethers of V. When the my- 
ristoyl, palmitoyl, or stearoyl chlorides were added to an alcoholic solution 
containing the potassium phenolate of Compound V, a quality product 
was isolated in final yields of 71 to 86% for IIIg-i. 


The final nitrogen mustard products (IVa-I) were prepared by the 
method of Benitez et al. (13). Although the procedure was conducted a t  
low temperature, tarry crude products were always obtained initially and 
final yields were relatively low (2242%). The use of another chlorinating 
agent, e.g., phosphorus oxychloride or phosphorus pentachloride, proved 
less satisfactory than thionyl chloride. 


Physical data for Ia-i and IIa-i, as well as the elemental analyses for 
IIa-i, are presented in Table I. The p-aminophenyl octanoate failed to 
yield satisfactory elemental analysis but provided acceptable products 
from Step 111. The physical data and elemental analyses for IIIa-i and 
the IVa-i are shown in Table 11. Within each series of compounds there 
was observed a decrease in the melting points as the chain length of the 
acid increased to Cg or Cg, then the melting points increased through the 
stearate derivative. An exception was noted in the acetate mustard (IVa) 
which was isolated as an oil containing an average of one-half mole of 
water of hydration. The remainder of the final products (IVb-i) followed 
this melting point trend. 


All intermediates and final products were characterized by their IR 
and NMR spectra. Within each homologous series there were observed 
the expected characteristic IR and NMR absorptions. The effect of in- 
creasing the alkyl chain length produced the only notable spectral dif- 
ferences between members of the same series. The IR spectra of the Ia-i 
contained the following characteristic absorptions: aromatic and aliphatic 
C-H stretching bands between 3100 and 2900 cm-l, a carbonyl ab- 
sorption band at  1750 cm-', and an absorption at  875 cm-1, indicating 
the presence of the nitro group. The C-H stretching bands and the 
carbonyl band were present in this region for each series of compounds. 
Reduction of the Ia-i to IIa-i resulted in the loss of the nitro group ab- 
sorption and the appearance of the N-H stretching absorption at  -3400 
cm-'. This distinct absorption changed to a broad band in the region of 
3400-3200 cm-l, when the IIa-i were condensed with ethylene oxide, 
indicating the presence of IIIa-i. 


Compounds IVa-i were distinguished from the corresponding p -  
bis(2-hydroxyethy1)aino compounds by the absence of the broad -OH 
band in the IR spectrum. In addition, the final products contained ab- 
sorption in the region of 650 cm-' that is characteristic for the C-C1 
bond. The presence of water was indicated in the acetate mustard by the 
observation of a broad band from 3500 to 3300 cm-'. Only slight shifts 
in the carbonyl absorption were observed between the different series 
of compounds. 


The NMR spectra of each series of compounds contained characteristic 
absorptions for the alkyl side chain. The observed chemical shift values 
for the alkyl pattern did not demonstrate much difference from one series 
of compounds to the next. In each series the methyl group of the acetate 
derivatives appeared as a 3-proton singlet at  2.55. In the butyrate, through 
the stearate derivatives in each series, the pattern consisted of the fol- 
lowing absorptions: 2.45-2.55 6 (t, 2H) for the methylene alpha to the 
carbonyl; a triplet (3H) centered in the range of 0.85-1.056 for the ter- 
minal methyl group; and a multiplet (which appeared as a singlet for the 
higher members of each series) centered in the range of 1.5-2.16 for the 
remainder of the alkyl chain. The aromatic protons of Ia-i displayed an 
AA'XX pattern which appeared as two doublets (2H each) centered at  
7.25 and 8.26. Reduction of Ia-i to IIa-i changed the aromatic proton 
absorption from the AA'XX' pattern to an AA'BB' pattern which ex- 
hibited two doublets (2H each) centered at  6.5 and 7.06. This pattern, 
which appeared to be a quartet, was essentially the same for the remaining 
series of compounds (1110-i and IVa-i). The esters IIa-i also displayed 
a singlet a t  3.526 for the two amino protons which disappeared from the 
spectra of IIa-g following the condensation with ethylene oxide. 


The NHz absorption was replaced by the absorption characteristic for 
the p - [ N , N -  bis(2-hydroxyethyl)amino] moiety, which in this series in- 
cludes two triplets (4H each) centered around 3.5 and 3.76 and the two 
alcoholic protons, which appeared as a singlet between 3.0 and 4.26. The 
NMR spectra of the products isolated from the condensation with the 
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Table 111-Summary of the Bioevaluation Data  for the Fatty Acid Esters  of p - [  N,N-Bis(2-chloroethyl)amino]phenol 


Mean Survival Day (*SE) 
Compound Number LD.50" 9 Dose, Number of Control 


(Derivative) pmoleslkg mg/kg Animals Test Group Group TIC % b  


IVa,c 
(Acetate) 50.8 


2.25 
2.03 
1.50 


IVb, 
(Butyrate) 


IVC : 
(Hexanoate) 


IVd, 
(Octanoate) 


(Decanoate) 


IVf, 
(Laurate) 


rv, 
(Myristate) 


IVh 
(Palmitate) 


IVi, 
(Stearate) 


53.3 


73.1 


55.4 


>240 


>225 


>211.9 


>200 


25 
10 
5 
2 
2.50 
2.02 
1.00 
0.50 
25 
10 
5 
2 
2.05 
1.82 
1.50 
1.00 
0.50 
75 


6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
5 
4 
6 
6 
6 
6 
6 
6 


50 6 
25 6 
10 6 
5 6 


100 6 
50 6 
25 6 
10 6 
5 5 


150 6 
100 5 
7.5 6 . _  
50 
25 
10 


6 
6 
6 


4.0(0.37) 
5.6(0.68) 
10.5(0.56) 
11.83(0.54) 
12.17(0.75) 
12.40(0.68) 


9.83(0.79\ 
io.33io.88j 
12.20(0.37) 
11.25(0.48) 


9.00( 1.21) 
12.00(0.86) 
11.83(0.87) 
12.67 (1.05) 
11.33(0.61) 
7.00(1.10) 
13.33(1.31) 
11.50(0.50) 
11.83(0.87) 
11.20(0.49) 
12.33(0.76) 
13.2(0.80) 
12.83(0.79) 
12.67i0.49j 
12.5( 1.48) 
10.33(0.49) 


9.33(0.33) 
9.33(0.33) 
9.33(0.33) 
9.33(0.33) 
9.33(0.33) 
9.33(0.33) 


8.60(0.40) 
8.60(0.40) 
8.60(0.40) 
8.60(0.40) 


9.33(0.42) 
8.8 (0.20) 
8.8 (0.20) 
8.8 (0.20) 
9.33(0.42) 
9.40(0.60) 
9.40(0.60) 
9.40(0.60) 
9.40(0.60) 
9.40(0.60) 
8.7 (0.48) 
8.7 (0.48) 
8.7 (0.48) 
9.5 io.5oj 
9.5 (0.50) 
9.5 (0.50) 


200 6 13.33(0.67) 9.25(0.48) 
150 6 13.00(0.73) 9.25(0.48) 
100 6 12.00(0.77) 9.25(0.48) 
50 6 12.33(0.61) 9.50(0.56) 
25 6 11.67(0.56) 9.50(0.56) 
10 6 10.83(0.70) 9.50(0.56) 
5 6 10.33(0.49) 9.50(0.56) 


a Administered in propylene lycol * The T/C% represents the ratio of the sum of the number of days the animals in a treated group survived (T) to 
number of days the animals in t i e  control group survived (C) multiplied by 100. c A summary of data reported earlier. 


p-aminophenyl palmitate and stearate esters, and one of the products 
from the p-aminophenyl myristate ester, indicated that only 1 mole of 
ethylene oxide had condensed with the amine. These spectra contained 
one amino proton and the ethylene triplets integrated for only two pro- 
tons each. The NMR spectra of the final products (1%-i) demonstrated 
a loss of the two alcoholic protons present in IIIa-i. In addition, the eight 
ethylene protons appeared as a sharp singlet in the region of 3.5-3.86. The 
aromatic protons and the alkyl side chain absorptions appeared as de- 
scribed previously. The presence of one-half mole of water of hydration 
in the acetate mustard (IVa) was verified by NMR, as well as IR and el- 
emental analysis. 


Biological Evaluation-The LD50 values for compounds IVa and 
IVc-e were determined using probit analysis and linear regression and 
are presented in pmoleshg in Table 111 (6,7). The data for the butyrate 
mustard (IVb) indicates that  its LD50 is <25 mg/kg (82.2 pmoleshg). 
Determination of exact LDm values for compounds IVf-i was restricted 
by their limited solubility in propylene glycol. The 100 mgbg dosage level 
was the highest that could be administered for those compounds in 
propylene glycol. Only a few isolated deaths occurred in the LD50 studies 
for IVj  and IVg, and no deaths occurred at  any dosage levels for IVh and 
IVi. The results of the LD50 study indicate that IVb and IVd have a 
toxicity slightly less than, but comparable to, IVa, IVc, and IVe reported 
earlier (3). All of these fatty acid ester derivatives (IVa-i) appear to be 
less toxic than the unhindered benzoate esters of a previous report (2). 


The acetate through the decanoate mustards (IVa-e) demonstrates 
acute toxicities comparable to, or greater than, that observed for the 


95 
106 
115 
108 
102 
44 
62 
113 
127 
130 
133 
98 
112 
117 
113 
114 
120 
142 
131 
112 
150 
131 
123 
110 
97 
136 
134 
144 
122 
75 
142 
122 
162 
119 
142 
152 
148 
133 
132 
109 
144 
141 
130 
130 
123 
114 
109 


the sum of the 


parent phenolic mustard, p- [N,N-  bis(2-chloroethyl)amino]phenol, 74.8 
(2)-162.4 pmoleshg in HA/ICR miceI2. Compounds IVa-e are 2-3 times 
more toxic than the phenolic mustard when LD50 values in HA/ICR mice 
are compared. These esters are more lipophilic in nature and should be 
more readily absorbed and distributed in the biologic system than the 
phenolic mustard. This enhanced distribution, coupled with the possible 
ester hydrolysis to the free phenol, may account for these observations. 
The lower toxicities observed for compounds IVj-i may be related in part 
to their lower aqueous solubility. All of Compounds IVa-i appear to be 
much more toxic than the comparable series of even numbered ethers 
(Cz-Cid of phenolic mustard (LDm range 71431395 pmoleshg) recently 
reported (4). 


The effect of compounds IVa-i on the prolongation of life of L-1210 
leukemic mice was determined. A comparison of the survival of treated 
groups (T) to untreated control groups (C) was performed. A calculated 
T/C ratio 2125% implied that the drug treatment significantly increased 
the life span. Table I11 summarizes the T/C% survivals produced at  each 
dosage level for each compound, the number of animals used per dosage 
level, and the mean survival for each animal group. The doses producing 
optimum survival for each compound are summarized in Table IV. 


Compound IVg produced the highest mean survival time (T/C%) in 
this series, 162% at  a dose of 10 mghg (22.5 pmoleshg). Compounds IVd, 
IVe, and IVg produced significant survival a t  two dosage levels and 
compounds IVb and I V j  a t  three dosage levels each. Compounds IVh and 


l2 Unpublished data from these laboratories 
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Table IV-Summary: Optimum Dose and Survival Time for t h e  
Fat ty  Acid Esters of p - [  N,N-bis(2-chloroethyl)amino]phenol 


Optimum Dose 
Compound Number 


(Derivative) mg/kg pmoledkg T/C% 


IVa (Acetate) 1.5 5.4 115 
IVb (Butyrate) 2.0 6.6 133 
IVc (Hexanoate) 1.0 3.0 117 
IVd (Octanoate) 5.0 13.9 142 
IVe (Decanoate) 1.82 4.7 150 
IVf (Laurate) 10.0 24.0 144 
IVg (Myristate) 10.0 22.5 162 
IVh (Palmitate) 100.0 211.9 152 
IVi (Stearate) 200.0 400.0 144 


IVi produced significant survival a t  five and four dosage levels, respec- 
tively. Compounds IVa and IVc failed to produce significant T/C% sur- 
vival a t  any of the dosage levels investigated. 


The enzymatic hydrolysis rates for a series of fatty acid esters of 
acetaminophen have been determined by Bauguess et  al. (8). Those re- 
sults indicate the near complete and rapid hydrolysis of the acetate and 
butyrate esters and a decrease in the rate of hydrolysis for the hexanoate 
ester which was more rapidly hydrolyzed than the octanoate ester. The 
rate and completeness of hydrolysis declined from the decanoate through 
the myristate esters, and only limited hydrolysis could be obtained for 
the palmitate and stearate esters of acetaminophen. This work by Bau- 
guess, coupled with the suggestion by Hansch et  al. (5) that the antitumor 
activity for esters of phenolic mustard is due primarily to the intact ester 
rather than the hydrolysis product, phenol mustard, provides some in- 
sight into the biologic results reported in this paper. 


Compounds IVh and IVi demonstrated low toxicity in the survival 
studies as well as the toxicity studies. The results for these two com- 
pounds are consistent with the expectation of a slow and limited enzy- 
matic hydrolysis rate in uiuo. The high doses for these compounds re- 
quired the use of a different solvent mixture due to their limited solubility 
in propylene glycol. I t  is feasible that their poor solubility and hydrolysis 
properties resulted in a continuous and prolonged absorption from the 
injection site, thus providing significant survival over a greater range of 
doses. Both IVf and IVg demonstrated toxicity a t  the highest respective 
doses used in the survival study. These two compounds produced sig- 
nificant survival a t  the medium dosage levels, while activity dropped off 
at the lowest dose level (5 mg/kg). The toxicity a t  the higher dosage levels 
is consistent with an expected increase in hydrolysis of these two com- 
pounds, as well as indicating toxicity differences between the leukemic 
test mice (BDF1 strain) and the HA/ICR strain used in the LDso deter- 
minations. The optimum survival dose level for both IV/ and IVg of 10 
mg/kg was much less than IVh and IVi but was greater than the lower 
members of the series, IVa-e. Optimum survival was observed a t  lower 
dosage levels for IVc, IVd, and IVe (Table IV). This observation is con- 
sistent with the higher toxicity observed for these compounds, as well 
as the expected increase in enzymatic hydrolysis when compared to 
compounds IVf-i. 


Compound IVb produced optimum survival a t  a slightly higher dose 


than IVc (6.6 uersus 3.0 pmoles/kg). If the intact ester derivative of 
phenolic mustard is the active antileukemic molecule, then a higher dose 
would be required for IVb to achieve optimum activity in order to com- 
pensate for its anticipated rapid hydrolysis. 


Compound IVa produced optimum survival a t  a dose comparable to 
the optimum dose of IVb. The failure of IVa to produce significant sur- 
vival a t  any dose level suggests that  an effective level of IVo could not 
be sustained long enough to be effective against the leukemia, probably 
due to very rapid hydrolysis in uiuo. Compound IVc also failed to sig- 
nificantly prolong the life of leukemic mice. This observation cannot be 
related to the expected hydrolysis within the series. However, in the alkyl 
ether series studied earlier, the n-hexyl derivative produced similar 
survival results in leukemic mice (4). 


The possibility that the 6-carbon ether derivative is of appropriate 
length to interact with the nitrogen atom when in dilute solution, has been 
suggested. A similar interaction could occur between the terminal methyl 
of the hexanoate side chain and the nitrogen atom of the mustard moiety. 
Such an interaction could sterically hinder the participation of the ni- 
trogen atom in the formation of the aziridinium ion intermediate, thus 
reducing the reactivity of IVc. This in turn could reduce its antileukemic 
effectiveness. 
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Abstract Salicylic acid and sodium salicylate have been found to en- 
hance the absorption of lidocaine, levodopa, and cefmetazole after rectal 
administration to rats. These drugs represent a base (lidocaine), an acid 
(cefmetazole), and a substance (levodopa) which exists as a zwitterion 
in solution. The rectal absorption of each type of drug, as well as theo- 
phylline, a neutral compound, was enhanced by salicylate, particularly 
at  pH values where the substances exist primarily in their ionic form. A 
requirement for the observed enhancement is that salicylate be present 
in the rectal membrane. The loss of drug from the perfusing solution was 
greater from solutions having an ionic strength of 0.75 than from those 
with p = 0.15. 


Keyphrases Absorption, rectal-effect of salicylate on rectal ab- 
sorption of lidocaine, levodopa, and cefmetazole, rats Salicylate--effect 
on rectal absorption of lidocaine, levodopa, and cefmetazole, rats 0 
Lidocaine-effect of salicylate on rectal absorption, rats Levodopa- 
effect of salicylate on rectal absorption, rats Cefmetazole-effect of 
salicylate on rectal absorption, rats 


It has been reported (1,2) that salicylate markedly en- 
hanced the rectal absorption of theophylline. It was sug- 
gested that the effect of salicylate depends on its presence 
in the rectal membrane. It was also observed that the 
changes in absorption required the presence of salicylate 
in the formulation and that the mechanism of enhance- 
ment is different from that of surfactants. 


The present report describes the extension of the use of 
salicylate to enhance the absorption of lidocaine, levodopa, 
and cefmetazole after rectal administration to rats. The 
drugs selected represent four different chemical classes: 
theophylline is a neutral substance, lidocaine is a basic 
material, cefmetazole is acidic, and levodopa exists as a 


50 z 


zwitterion in solution. Furthermore, each of these drugs 
exhibits some difficulties in its administration and ab- 
sorption. For example, it has been reported (3) that levo- 
dopa given rectally resulted in no rise in blood levodopa 
concentrations and no clinical benefit after rectal admin- 
istration to parkinsonian patients. The purpose of this 
study was to examine to what extent the effects of salicy- 
late are general and the extent rectal absorption en- 
hancement depends on the specific drugs used. In addition, 
studies involving intravenous administration of salicylate 
were included to provide additional information about the 
mechanism of enhancement. 


EXPERIMENTAL 


Materials-Sodium salicylate', lidocaine2, sodium cefmetazole3, and 
levodopa3 were used as obtained from the manufacturers. 


Animals-Sprague-Dawley male rats (200-300 g) were used in this 
study and were fasted for 16 hr prior to the experiment. During the ex- 
periment, the rats were kept on a 38' surface and were anesthetized with 
pentobarbital (60 mglkg). 


The in situ perfusion of the rat rectum and the in uivo absorption 
studies were carried out as described previously (1,2) with the following 
modifications: The pH of the perfusate was maintained constant by either 
the addition of 0.1 N NaOH or 0.1 N HCI as needed. Some experiments 
were also carried out at  an ionic strength of 0.15 and 0.75 using sodium 
chloride to obtain the desired ionic strength. The in uivo absorption 
studies involved administering 0.3 ml of the drug solution into a 2-cm 
section of the rectum which was isolated by ligation with thread. 


Intravenous Infusion Studies-To maintain constant plasma sali- 
cylate concentrations, an intravenous infusion method was used for some 
experiments. After the rats were anesthetized with pentobarbital, a so- 
dium salicylate solution (300 mg/ml), adjusted to pH 7.4 with 0.0114 M 
phosphate buffer, was infused into the leg vein of the rat through a 
polyethylene canula at a flow rate of 0.05 ml/min during the first 10 min 
and then at  a flow rate of 0.02 ml/min for another 60 min. Beginning 10 
min after starting the infusion of the salicylate solution, blood samples 
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Figure 1-Effect o f  pH,  ionic strength, and salicylate on  the disap- 
pearance of lidocaine hydrochloride from a perfusate in the  rat rectum 
after 1 hr. The  initial lidocaine hydrochloride concentration was 500 
pglml, and the sodium salicylate concentration was 0.5 (0 and 0) or 
0% (0 and A). The  ionic strength was 0.75 (-) or 0.15 (- - -). 
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PH 
Figure 2-The percent loss of salicylate from a perfusate as a function 
of pH having a n  initial concentration of 0.5% and ionic strength of 0.75 
(0) and 0.15 (0). 
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MINUTES 


Figure 3-The percent of lidocaine hydrochloride remaining in per- 
fusate at pH 4.5 and an ionic strength of 0.75 with an initial lidocaine 
hydrochloride concentration of 500 pglml and sodium salicylate con- 
centrations of 0 (*), 0.3 (O), 0.5 (m), and 1 % (A). 
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Figure &--Effect of pH and salicylate on the disappearance ofcefme- 
tazole from a perfusate in the rat rectum after 1 hr. The initial cefme- 
tazole concentration was 200 p g l m l ( 0 ,  A, and 0)  and the sodium sa- 
licylate concentration was 0.5% (0 and A). The ionic strength was 0.75 
(0 and 0)  and 0.15 (A). 
were taken from the jugular vein at  regular intervals to measure the 
concentration of salicylate in the plasma. 


Assay Methods-Salicylate, theophylline, lidocaine, and levodopa 
were assayed by HPLC as described previously (2). For lidocaine a strong 
cation exchange column of 25-cm length was used. The mobile phase was 
0.1 M acetate buffer at pH 3.0. The flow rate was 1 mllmin and a UV 
detector at 220 nm was used. For levodopa a reversed-phase column with 
a water-methanol mixture (95:5) as mobile phase was employed. The 
system was monitored at 254 nm. 


The salicylate in the plasma was extracted with ether at a pH <2.0 after 
deproteinization with a 3.0% trichloroacetic acid solution. Following 
centrifugation, the ether layer was evaporated and the sediment was 
dissolved in methanol. 


The lidocaine in the plasma was extracted with ether a t  pH 9.0 after 
deproteinization with a 3.0% trichloroacetic acid solution. Following 
centrifugation, the ether layer was evaporated and the sediment was 
dissolved in methanol. 


Table I-Absolute Bioavailability of Cefmetazole as a Function 
of Initial Salicylate Concentration 


Salicylate Dose, mglkg Bioavailability, '?6 


0 
5 
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15 
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40 


- 
22.8 f 6.5a 
34.5 f 9.2 
52.5 f 7.3 
91.4 f 12.3 
98.6 f 15.7 


~ ~ 


Uncertainties are expressed as standard deviations (n 1 4). 


RESULTS AND DISCUSSION 


Drug Disappearance from Perfusate-The pH profile of the effect 
of salicylate on the disappearance of lidocaine from a perfusate in the rat 
rectum is shown in Fig. 1. At  pH values >6 and in the absence of salicy- 
late, lidocaine disappeared readily from the perfusate and the presence 
of salicylate enhanced absorption only moderately. However, lidocaine 
loss was very small from acidic solutions in the absence of salicylate. At 
pH values <6, the presence of salicylate markedly enhanced the loss of 
lidocaine from perfusate solutions. 


It is also apparent from Fig. 1 that the loss of lidocaine from the per- 
fusate is greater with an ionic strength of 0.75 than at 0.15 using sodium 
chloride to adjust the ionic strength. As shown in Fig. 2, the loss of sali- 
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Figure &Effect of pH and salicylate on the disappearance of levodopa 
from a perfusate in the rat rectum after 1 hr. The initial levodopa con- 
centration was 200 pglml (0 and *) and the sodium salicylate con- 
centration was 0.5% (0). 
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Figure 7-Concentration of lidocaine in  the plasma as a function of 
time after rectal administration of a microenema a t  pH 4.5 and a lido- 
caine hydrochloride dose of 60 mglkg (@ and 0) and sodium salicylate 
doses of 7.5 (0) and 15 mglkg (@). Uncertainties are expressed as 
standard deviations by the error bars with n = 6. Lidocaine hydro- 
chloride was also given intravenously (.) with a dose of 20 mglkg. 


cylate is also greater a t  p = 0.75 than 0.15 from the perfusate a t  all pH 
values studied. 


I t  appears that  lidocaine is well absorbed from the rat rectum in the 
nonionic form which would predominate a t  basic pH values, but is not 
well absorbed from acidic solutions in which lidocaine exists as the pro- 
tonated species. The presence of salicylate in the perfusate significantly 
increases the absorption of the water soluble form which is not absorbed 
effectively in the absence of salicylate. 


As shown in Fig. 3, increasing the initial concentration of salicylate 
results in more rapid loss of lidocaine from the perfusate at pH 4.5. 
However, as reported previously (2), the disappearance rate constant of 
salicylate from the perfusate does not depend on the initial concentration 
of salicylate in the perfusate a t  a pH of 4.5, indicating that the disap- 
pearance of lidocaine from perfusate a t  a pH of 4.5 may depend on the 
amount of salicylate in the rectal membrane. 


The loss of cefmetazole from perfusate in the rat rectum in the absence 
of salicylate was small as illustrated in Figs. 4 and 5. The addition of sa- 
licylate to the perfusate facilitated the disappearance of cefmetazole a t  
all pH values. Again, the greatest enhancement was found a t  pH values 
at which the drug existed in the ionized state and a t  the higher ionic 
strength ( p  = 0.75). In fact, the effect of ionic strength is more pronounced 
for cefmetazole than for lidocaine. Furthermore, it was again observed 
that increasing concentrations of salicylate resulted in a more rapid 
disappearance of cefmetazole from the perfusing solution. 


The presence of salicylate in the perfusate also promoted the disap- 
pearance of levodopa which was not absorbed significantly in the absence 
of salicylate a t  any pH (Fig. 6). The greatest enhancement occurred a t  


Table  11-The Effect of Salicylate Given Intravenously on the 
Loss of Cefmetazole and  Theophylline from Perfusate  a 


Percent 
Plasma Salicylate Percent Remaining with 


Concentration, Remaining in no Salicylate 
Minutes mglml Perfusate (intravenous) 


Cefmetazole 
0 1.99 f 0.35 100 


15 2.15 f 0.28 100 
100 
100 


30 2.28 f 0.43 98.4 f 0.5 99.5 f 0.2 
45 2.12 f 0.30 97.6 f 0.9 98.3 f 0.8 
60 2.03 f 0.18 95.8 f 1.2 96.2 f 1.9 


Theophylline 
0 2.13 f 0.30 100 100 


15 2.38 f 0.43 100 100 
30 2.45 f 0.26 99.1 f 0.3 99.2 f 1.0 
45 2.08 f 0.25 97.8 f 1.1 97.3 f 0.8 
60 2.21 f 0.31 95.8 f 1.1 95.4 f 2.1 


0 Uncertainties are expressed as standard deviations ( n  1 4). 
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Figure 8-Concentration of cefmetazole in the plasma as a function 
of time following rectal administration of a microenema a t  pH 7.4 and 
a cefmetazole dose of 15 mglkg and 25 (0) or 40 mg (A)  of sodium sali- 
cylate. Cefmetazole (10 mglkg) was also given intravenously (a). 


pH values <5 and >7. Loss of levodopa was also more rapid with in- 
creasing concentrations of salicylate in the perfusate. 


I t  was previously reported (1,2) that salicylate itself was well absorbed 
a t  pH values <5 and >7.4. Thus, the disappearance rates of lidocaine, 
cefmetazole, and levodopa appear t o  depend on the effective disap- 
pearance of salicylate. 


Plasma Levels Obtained from Microenemas-Lidocaine was ad- 
ministered as a solution a t  pH 4.5 because the perfusate studies indicated 
that it was absorbed a t  pH 7.4 in the absence of salicylate. Cefmetazole 
and levodopa were administered in solutions having pH values of 7.4. 


As shown in Fig. 7, the plasma levels of lidocaine increased rapidly after 
rectal administration in the presence of salicylate. However, in the ab- 
sence of salicylate, no lidocaine was found in the plasma. The detection 
limit for lidocaine was 2.5 pglml. Figure 6 also indicates that a higher dose 
of salicylate resulted in a higher blood level of lidocaine. As reported 
earlier (2), upon addition of salicylate at doses >15 mg/kg, the absolute 
bioavailability of lidocaine was nearly 100%. 


Salicylate also markedly increased the blood levels of cefmetazole as 
illustrated in Fig. 8. Without the presence of salicylate, no cefmetazole 
was detected in the plasma. The minimum assay sensitivity was 0.1 pglml; 
however, in the presence of salicylate in solution, the plasma cefmetazole 
levels increased rapidly with maximum levels being reached 30 min after 
rectal administration. The absolute bioavailability as a function of sali- 
cylate concentration is shown in Table I. 


As shown in Fig. 9, similar results were obtained for levodopa. In the 
absence of salicylate, levodopa was not found in the plasma. The sensi- 
tivity of the assay was 0.25 ~ g l m l .  The absolute bioavailability of levodopa 
was -75% in the presence of 15 mg of salicylate/kg. 


These results indicate that salicylate may facilitate the rectal ab- 
sorption of many types of drug substances, particularly in their ionic 
form. 


Requirement of Salicylate in the Rectal  Membrane-The disap- 
pearance of drug from the rectum appears to depend on the concurrent 


Journal of Pharmaceutical Sciences 1 871 
Vol. 71, No. 8, August 1982 







6 )  a 


F w a 


0 
0 
0 


0 30 60 90 120 
MINUTES 


1 I I 
0 30 60 90 120 


MINUTES 


Figure 9-Concentrations of  levodopa in the plasma as a function of 
t ime following rectal administration of a microenema at pH 7.4 and a 
levodopa dose o f  15 (@ and O), 7.5 (O), and 15 mglkg (@) of sodium 
salicylate. Levodopa (10 mglkg) was also given intravenously (m), 


rise in the plasma salicylate concentration after the simultaneous rectal 
administration of both salicylate and drug as shown in Fig. 10 for cef- 
metazole and levodopa. To examine the effect of salicylate levels inde- 
pendent of rectal absorption, the effect of salicylate given intravenously 
on the rectal absorption of cefmetazole and theophylline was studied. 
In this study, sodium salicylate was given by an intravenous infusion to 
maintain a relatively high plasma salicylate concentration of -2 mglml. 
As shown in Table I1 and Fig. 10, salicylate in the plasma alone did not 
affect the loss of cefmetazole or theophylline from the solution perfusing 
the rat rectum. Furthermore, no salicylate was found in the perfusate, 
indicating that little if any salicylate was present in the rectal membranes 
after intraveous infusion of salicylate. Although salicylate is readily ab- 
sorbed from the rectum to the plasma, the reverse does not occur under 
these conditions. It also appears that salicylate does not promote rectal 
drug absorption except when it is present in the rectal tissue. This is 
supported by the observation (2) that the enhancement of theophylline 
absorption from the rectum by salicylate was eliminated by washing the 
rectum with a buffer solution after pretreatment with salicylate. This 
is in contrast to the effect of sodium lauryl sulfate which continued after 
washing the rectum following pretreatment with sodium lauryl sul- 
fate. 


It appears that salicylate interacts with some feature of the rectal 
membrane facilitating the transport of drug substances from the rectum 


Figure 10-Disappearance rate constant (X 102 min-I) of cefmetazole 
(m) and levodopa (0) f rom perfusate as a function of salicylate con- 
centration in  the plasma following rectal administration. High plasma 
concentrations of  salicylate following intravenous salicylate adminis- 
tration did not result in significant disappearance of cefmetazole (@) 
or levodopa (0). 


to the general circulation. Studies are continuing on the mechanism of 
this action. 
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Abstract A high-performance liquid chromatographic method for the 
analysis of iodochlorhydroxyquin in creams and as bulk drugs has been 
developed. Iodochlorhydroxyquin was acetylated in the &position by 
reaction with acetic anhydride in pyridine. The resulting ester was mixed 
with the internal standard and chromatographed on a microparticulate 
silica column, Recovery was quantitative and the method was shown to 
be applicable to cream formulations from several manufacturers. 


Keyphrases Iodochlorhydroxyquin-analysis in cream formulations 
and bulk drugs, high-performance liquid chromatography High-per- 
formance liquid chromatography-iodochlorhydroxyquin, analysis in 
cream formulations and bulk drugs Cream formulations-analysis of 
iodochlorhydroxyquin and bulk drugs by high-performance liquid 
chromatography 


Iodochlorhydroxyquin (5-chloro-7-iodo-8-hydroxy- 
quinoline) (I) has antifungal and antibacterial activities 
and is used in the treatment of inflamed skin conditions 
such as eczema, athlete's foot, and other fungal infections. 


Its use is generally limited to topical applications and is 
commercially available in lotion, cream, and ointment 
formulations. It is frequently formulated in combination 
with the corticosteroid, hydrocortisone. Monographs for 
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structural characteristics of enzymes; and Sir Arnold Burgen along with 
N. J. M. Birdsall and E. C. Hume introduce the reader to modern tech- 
niques which provide a better understanding of receptors. 


In the foreword J. F. Cavalla and M. A. Simkin offer an interesting 
proposal about what it takes for a medicinal chemist to become successful. 
They propose that the medicinal chemist must associate himselfherself 
with a biologist, and for further success, must acquire a working knowl- 
edge of basic pharmacology in the area in which he/she is working, cou- 
pled with a detailed awareness of structure-activity relationships; then, 
they say, the medicinal chemist should succeed in discovering new and 
better medicines. This reviewer finds himself in agreement with their 
offer, except that I would propose the use of the adjective “molecular” 
before biologist (and pharmacologist) to describe the needs of medicinal 
chemists today. Much more knowledge at  the molecular level is needed, 
and it is a pleasure to find the theoretical papers of this volume fulfilling 
this need. 


Overall, the volume is quite good and makes a worthwhile contribution 
to medicinal chemistry and allied fields. The authors are experts in their 
field and their papers are well-written, containing sufficient references. 
The organization of this book is not unlike most proceedings of meetings 
and symposia in which there is the absence of major sections and chapter 
numbers. 


The greatest use of this volume will be by graduate students and re- 
searchers in the areas for which this volume was intended: medicinal 
chemistry, pharmacology (pharmacokinetics), and medicine. It also can 
be recommended as an important source for new ideas and for use in 
many graduate courses. 


Reviewed by Robert A. Magarian 
Department of Medicinal Chemistry 
College of Pharmacy 
Health Sciences Center 
Uniuersity of Oklahoma 
Oklahoma City, OK 73190 


Textbook of Adverse Drug Reactions. 2nd ed. Edited by D. M. 
DAVIES. Oxford University Press. 200 Madison Ave., New York, NY 
10016.1981.693 pp. 18 X 25 cm. Price $67.50. 
This second edition is an expansion of the first that originally filled 


the void that had existed for an authoritative reference source for all 
major and minor adverse drug reactions. It is the work of 36 contributors 
authoring 30 chapters and 4 appendixes. The newest chapter discusses 
disorders of temperature regulation brought upon by disease, hyper- 
sensitivity, and drugs. The remaining chapters have been slightly re- 
written with the addition of material and updated references. 


This reference text makes it clear that perhaps 10% of patients suffer 
from physicians’ efforts to treat them and that iatrogenic diseases and 
side-effects are certain consequences to drug therapy. Therefore, the 
public should be made aware that risk in any treatment is always there, 
and particularly so when new drugs and regimens come along that have 
not been used extensively in large numbers of patients. In addition, the 
problem of risk uersus benefit is compounded when there is excessive or 
even irresponsible prescribing. 


Most chapters use a classification of adverse drug reactions that divides 
them into two types. The first, Type A, are augmented effects but pre- 
dictable on their known pharmacologic action and affect many people 
but cause few deaths. The second, Type B, are bizarre effects, not pre- 
dictable from their known pharmacologic action when administered in 
regular doses to patients with average metabolic processes. These types 
of adverse drug reactions have a low incidence but, when they occur, often 
are lethal. It is also pointed out that some adverse drug reactions must 
be tolerated, because for a drug to work, it always shows toxicity at  some 
dosage level. So, some reactions to medications are a necessary cross to 
bear in order to remedy the myriad of maladies that affect mankind. 


This edition maintains the clarity of the earlier edition. Its first ap- 
pendix lists the drugs alphabetically with the most outstanding possible 
untoward effects and includes the pages on which they are discussed. This 
makes it a quick reference source without having to resort to the index, 
which often leads to delay. 


This book is recommended for individuals requiring the most up-to- 
date information on adverse drug reactions. Specifically, hospital phar- 


macists; clinical pharmacologists; internists; medical clinics; and all 
pharmacy, medical, and dental libraries. 


Reuiewed by Ronald F. Gautieri 
Department of Pharmacology 
Temple University 
School of Pharmacy 
Philadelphia, P A  19140 


Tableting Specifications Manual. American Pharmaceutical Associ- 
ation, Washington, DC 20037. 1981. 39 pp. 20 X 28 cm (three-holed 
punch, loose-leaf format). Price $42.00 ($28.00 for APhA members). 
This extensively updated and revised version of the original (1971) 


book, IPT Standard Specifications for Tableting Tools, contains the 
latest information available on tablet tooling and available equipment. 
The Tableting Specifications Manual is a new book prepared by the 
Industrial Pharmaceutical Technology Section of the American Phar- 
maceutical Association’s Academy of Pharmaceutical Sciences with the 
cooperation of tableting tool suppliers. 


The manual supplies the standards needed by both drug manufacturers 
and tool suppliers: Drug manufacturers will find the publication useful 
in preventing premature tool wear and costly work stoppages, while im- 
proving tablet quality and production rate. Pharmaceutical tool suppliers 
will benefit from the reduced lead times and manufacturing costs possible 
and the smaller inventory that standardization allows. 


The manual also includes: a set of dimensional specifications and to!- 
erances for rotary tableting machines in both graphic and tabular forms; 
a tool interchangeability chart with the five most commonly used tablet 
machines in the United States; a list of t o ~ l  manufacturers and suppliers; 
and additional information on the bisection bar. 


With numerous tables and IPT drawings and a loose-leaf, shrink- 
wrapped format for greater convenience and ease of updating, this manual 
will be a useful resource for those needing the most up-to-date informa- 
tion on tableting. 


Staff Review 
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Adolescent Marijuana Abusers and Their Families. (NIDA Research 
40-9/81). By HERBERT HENDIN, ANN POLLINGER, RICHARD 
ULMAN, and ARTHUR C. CARR. National Institute on Drug Abuse, 
Division of Research, 5600 Fishers Lane, Rockville, MD 20857. 


Amino Acids, Peptides and Proteins. Vol. 12. Senior Reporter, R. C. 
SHEPPARD. Royal Society of Chemistry, Burlington House, London, 
WIV OBN, England. 1982.634 pp. 13 X 22 cm. Price $153.00. 


The Aminoglycosides: Microbiology, Clinical Use and Toxicology. 
(Kindley Disease Series, Vol. 2). Edited by ANDREW WHELTON 
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10016.1982.640 pp. 17 X 26 cm. Price $75.00. 
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on Implementation of the Convention on Psychotropic Substances 
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54 pp. 14 X 20 cm. Price Sw. fr. 4. 
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Behauioral Pharmacology of Human Drug Dependence. (NIDA Re- 
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standard curves in plasma and water, respectively, was 0.94 f 0.03 with 
a coefficient of variation of 3%. Interassay variability of the slope and 
y-intercept of the five standard curves generated during the bioavail- 
ability study had coefficients of variation of 2.7 and 870, respectively. A 
typical calibration regression line is y = 0.229~ + 0.0296 and is linear over 
a 1-32-pglml concentration range. The good linearity between the peak 
area and acetaminophen concentration in plasma is indicated by the 
correlation coefficient of r > 0.999. 


Accuracy-Table I shows the actual amounts with which 1-ml blank 
plasma samples were spiked and the amounts found when the plasma 
was analyzed according to the described method. The experiment was 
performed in duplicate on each of 5 days. The percent error for each 
unknown sample was calculated according to (17): 


X 100 (Eq.1) amount added - amount found 
amount added 


percent error = 


The average percent error was 2.2%. In no case did it exceed 7.0%. 
Reliability-A comparison was made of acetaminophen levels de- 


termined by the described method with levels determined simultaneously 
by a previously validated extraction procedure. Table I1 shows the 
acetaminophen levels found with both methods for 16 subjects who had 
been studied on a three-way crossover with samples taken a t  10,20,40, 
and 60 min postdosing. The comparison gave a correlation coefficient of 
0.993. In addition, the application of a paired Student’s t test and the 
Wilcoxon-Mann-Whitney rank-sum test to the two sets of data indicated 
a t  the 95% confidence level that  there was no significant difference be- 
tween results obtained by the two methods. 


Summary-The proposed method is simple and sensitive for the rapid 
determination of nonconjugated acetaminophen in plasma or blood at 
levels likely to be encountererd after a usual 650- or 1000-mg total dose. 
Plasma proteins are denatured by the addition of a saturated Ba(0H)z 
solution and then precipitated with 5% ZnS04 solution. The resulting 
clear supernatant is analyzed by HPLC. The reproducibility, sensitivity, 
and selectivity of the method make the use of an internal standard un- 
necessary. 


Since the major biotransformation of acetaminophen in humans is 
direct conjugation with sulfate and glucuronic acid to form the sulfate 
and glucuronic metabolites, these polar metabolites do not interfere in 
the assay as they are eluted along with the solvent. The accuracy and 
reliability of this method have been proven by comparison of results 
obtained with an established extraction procedure in over 400 compar- 
ative determinations. 
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Abstract 0 The pharmacokinetics of bretylium in dogs and the efficacy 
of hemoperfusion with a resin column in its removal from the body fol- 
lowing intravenous administration of bretylium tosylate were investi- 
gated. Five mongrel dogs weighing 18-26 kg were given a bolus dose of 
15 mg/kg. Serial blood samples were taken for 24 hr. Hemoperfusion, 
through a resin column, was then initiated and continued for 4 hr under 
pentobarbital anesthesia. During hemoperfusion, arterial and venous 
blood samples were collected several times; venous blood samples were 
then withdrawn for an additional 8 hr. Urine was collected from each dog 
in three portions for up to 48-54 hr. Pharmacokinetics of bretylium in 
dogs could be characterized by a two-compartment open model with a 
distribution half-life of 7 min and biological half-life of 15.9 f 1.9 hr. 
Plasma levels declined rapidly from -20 fig/ml at 6 min to <2 pg/ml 


within 1 hr. The ratio of intercompartmental rate constants, klz lkz l ,  was 
16.7, and the volume of the central compartment and apparent volume 
of distribution were 0.245 and 5.22 liter/kg, respectively, indicating a wide 
distribution of bretylium into the tissues. Plasma dialysis clearance av- 
eraged 29.7 ml/min, which is 30% of the total body clearance (98.8 ml/ 
rnin). These data suggest that  resin hemoperfusion may not be useful in 
the treatment of bretylium intoxication. 


Keyphrases 0 Pharmacokinetics-bretylium and the effect of hemo- 
perfusion on elimination, distribution, dogs Bretylium-pharmaco- 
kinetics and the effect of hemoperfusion on elimination, distribution, 
dogs 0 Distribution-pharmacokinetics of bretylium and the effect of 
hemoperfusion on elimination, dogs 


Bretylium tosylate is a quaternary ammonium com- 
pound used in the treatment of ventricular tachycardia or 
ventricular fibrillation. It has been demonstrated that 
bretylium increases the action potential duration along the 
entire left ventricular conducting system (1). 


In humans and rats, bretylium is primarily eliminated 
unchanged uia the kidneys. No metabolites have been 
identified following administration of bretylium in humans 
(2-5). A half-life of 9.75 f 4.19 ( S D )  hr in eight patients 
aged 48.4 f 10.8 years has been reported (6). The longest 
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Table I-Pharmacokinetic Parameters  of Bretylium in Dogs 


Preperfusion Data Pre- and Postperfusion Data 
Parameter 217 224 256 289 299 Mean SD 


01 (hr-l) 
t 1/2. 01 (min) 
P (hr-’) 
t 112, P (hr) 
k12 (hr-’) 
kZ1 (hr-l) 
k 10 (hr-l) 
V ,  (liter/k ) 
v d  p (literlig) 
TBC (liter/hr(kg) 
Percent Dose In Urine 


Collection period, 
hours 
Recoverv. 70 


7.61 
5.46 
0.043 


16.20 
6.02 
0.233 
1.40 
0.189 
6.18 
0.265 


54.0 


102.2 


5.11 
8.14 
0.051 


13.50 
3.95 
0.279 
0.942 
0.273 
5.01 
0.258 


48.0 


72.6 


5.30 
7.85 
0.044 


15.90 
4.37 
0.405 
0.569 
0.294 
3.84 
0.167 


48.0 


73.6 


6.93 
6.00 
0.045 


15.40 
5.34 
0.221 
1.42 
0.204 
6.40 
0.289 


56.0 


72.0 


6.76 6.34 1.09 
6.15 6.72 1.20 
0.037 0.044 0.005 


18.70 15.90 1.87 
5.76 5.09 0.894 
0.382 0.304 0.085 
0.655 0.997 0.401 
0.265 
4.68 
0.174 


0.245 0.046 
5.22 1.07 
0.231 0.056 


54.0 


74.1 78.9 13.1 


half-lives were found in the oldest patients, which would 
be consistent with the reduction in the renal function 
known to occur with aging. More recently, an average 
half-life of 8.1 hr for normal subjects and 16.1 and 31.5 hr 
for two patients with creatinine clearance of 21.0 and 1.0 
ml/min, respectively, has been reported (3, 4). As renal 
function declines, dosage alteration may be required to  
avoid toxicity. A half-life of 13.6 hr has been reported (5) 
for 10 normal volunteers given 5 mglkg iv of bretylium. 


The purpose of this investigation was to study the effi- 
cacy of hemoperfusion with a clinically used resin‘ column 
in the removal of bretylium from the body following in- 
travenous administration of bretylium tosylate to dogs. 
This resin1 is a macroreticular copolymer of styrene and 
divinyl benzene with a surface area of 750 m2/g, a porosity 
of 51%, and an affinity for lipid-soluble materials. This 
column is used clinically to treat intoxication (7). 


EXPERIMENTAL 


Five mongrel dogs weighing 23.3 f 3.1 (SD)  kg were randomly selected. 
Each dog received a rapid intravenous bolus dose of 15 mg/kg bretylium 
tosylate’. Blood samples (3 ml each) were taken frequently during the 
first 2 hr for characterization of distribution phase and then every 2-4 
hr for the next 14-18 hr and a t  24 hr t o  characterize the elimination 
phase. 


Twenty-four hours after administration of bretylium, the dogs were 
hemoperfused for 4 hr using clinically available columns3 containing 312 
f 15 g (dry weight) of loosely packed resins]. Immediately prior to he- 
moperfusion, the animals were anesthetized with pentobarbital (30 mgkg 
iv) and intubated with an endotracheal tube. A femoral artery and vein 
were cannulated, and 10,000 U of heparin was given. The extracorporeal 
circuit (-300 ml) was washed with 3 liters of normal saline containing 
1000 U/lit.er of heparin and primed with the same solution. The primer 
was infused at the beginning of hemoperfusion. Blood was pumped 
through the circuit at a constant antigravity flow of -112 ml/min as de- 
termined by timed collections of saline before and after each experi- 
ment. 


During hemoperfusion samples of blood were withdrawn from the 
arterial (inlet) and venous (outlet) lines a t  0.5, 1.0, 2.0, 3.0, and 4.0 hr 
following the start of hemoperfusion. At the conclusion of hemoperfusion, 
blood was returned to the dog by gravity. The artery and vein were then 
closed and blood sampled for an additional 8 hr. Immediately after the 
collection of blood samples, they were centrifuged and plasma was sep- 
arated and frozen until assayed. The hematocrit of all blood samples 
taken during hemoperfusion was measured. 


After the hemoperfusion, the column was eluted with methanol to 
remove all the adsorbed bretylium. The final volume was measured and 
an aliquot was stored for bretylium assay. 


Quantitative urine samples were collected from each dog and divided 


Amberlite XAD-4, Extracorporeal Medical Specialties, Inc., King of Prussia, 


Bretylol, American Critical Care, McCaw Park, Ill. 
Extracorporeal Medical Specialties, Inc., King of Prussia, Pa. 


Pa. 


into three time intervals: prehemoperfusion, during, and posthemoper- 
fusion urine. Aliquots were frozen until assayed for bretylium. 


Bretylium Assay-Plasma, urine, and methanol eluate of the he- 
moperfusion column were assayed for bretylium as described previously 
(8). The sensitivity of this procedure was not sufficient enough to de- 
termine the bretylium levels in the methanol eluate. Therefore, the same 
eluate was concentrated 10-50 times and assayed again. 


Pharmacokinetic Analysis-The prehemoperfusion plasma con- 
centration versus time profiles were fitted to a two-compartment open 
model using the NLIN procedure (9). Pharmacokinetic parameters were 
obtained for three of the five dogs (numbers 217,224, and 256). For dogs 
289 and 299, the best f i t  was obtained when the postperfusion plasma 
concentrations were used. Bretylium plasma dialysis clearance during 
hemoperfusion ( C l d )  was calculated as previously described (10): 


C l d  = Q p ( A  - V)/A 


where Q p  is plasma flow, and A and V are arterial and venous plasma 
concentrations of bretylium, respectively. 
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Figure 1-Semilogarithmic plot o f  plasma concentrations o f  bretylium 
versus t ime following intrauenous administration of bretylium tosylate, 
15 mglkg,  i n  one dog (No. 217). Hemoperfusion was done 24 hr after 
administration of the  drug. Key: I @ )  L I ~ ~ O U S  concentrations; (0) arterial 
concentrations; the  solid line, through the  first 24 hr, represents t h e  
least-squares computer  f i t .  
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Table 11-Hemoperfusion Parameters  in Dogs 


Parameter 217 224 256 289 299 Mean SD 
Weight (kg) 24.9 26.1 18.1 24.0 23.6 23.3 3.1 
Hematocrit 40.7 40.3 37.5 28.3 32.9 35.9 5.3 
Blood flow (ml/min) 115.0 110.6 106.0 116.3 114.0 112.4 4.1 
Plasma flow (ml/min) 68.2 66.0 66.3 83.4 76.5 72.1 7.63 
C / d “  (ml/min) 35.4 23.1 49.7 19.3 20.9 29.7 12.8 
TBCb (ml/min) 110.2 112.4 87.4 115.8 68.4 98.8 20.4 


~ 


0 Plasma dialysis clearance during hemoperfusion. * Preperfusion total body clearance. 


RESULTS AND DISCUSSION 
The plasma concentration versus time plot, for a typical dog, is shown 


in Fig. 1. Immediately after the intravenous dose of 15 mg/kg, bretylium 
is distributed rapidly in the body. The plasma levels decreased from -20 
pg/ml a t  6 min to <2 pg/ml within 1 hr. During the elimination phase, 
the levels declined more slowly with an average half-life of -16 hr. In 
three dogs (217,224, and 256), the preperfusion elimination phases were 
well defined with a half-life ranging from 13.5-16.2 hr. In dogs 289 and 
299, the plasma concentrations could be best fitted to the model by using 
also the postperfusion data that were in line with the preperfusion 
levels. 


Pharmacokinetic parameters, derived constants, and the means, are 
listed in Table I. The parameters were in good agreement in all dogs. As 
seen from Table I, bretylium is widely distributed in the body, with a 
volume of distribution of 5.22 liter/kg (f1.07) and a very small volume 
of central compartment of 0.245 f 0.046 liter/kg. The average distribution 
half-life was 6.72 min. The intercompartmental rate constants, kl2 and 
kzl, were 5.09 and 0.304 hr-l, respectively. The extremely large volume 
of distribution and the very high ratio of k12/k21 (16.7) signify strong 
affinity of bretylium to the tissues in the peripheral compartment. Earlier 
studies in dogs and rats (11, 12, and unpublished data) have shown an 
extremely high affinity of bretylium to the myocardium, with heart to 
plasma concentration ratio >20. The heart was found to be a part of the 
peripheral compartment in rats (12). The elimination rate constant, k10, 
averaged 1.0 hr-l, with a total body clearance (TBC) of 0.231 liter/hr/kg 
or 3.85 ml/min/kg. 


The percentage of dose recovered in urine collected during the study 
period is also shown in Table 1. An average of 79% of the dose was re- 
covered unchanged in urine 48-54 hr following intravenous administra- 
tion, and only an insignificant amount was cleared during hemoperfusion 
through the column. Available data on glomerular filtration rate in dogs 
(13) show that it ranges from 3.33-4.75 ml/min/kg. Total body clearance 
of bretylium in the dogs was 3.85 ml/min/kg and the renal clearance was 
-3.0 ml/min/kg. These values indicate that bretylium might not be 
eliminated by an active mechanism in dogs. In humans and rats, bretyl- 
ium is excreted extensively by active tubular secretion (4,12). 


A hemoperfusion 24 hr after the bretylium tosylate dose caused an 
immediate decrease (twofold-tenfold) in the arterial as well as venous 
plasma levels within 1 hr; this was followed by a gradual increase and 
reached a normal expected level by the completion of hemoperfusion in 
all animals (Fig. 1). Pertinent hemoperfusion parameters for each dog 
are given in Table 11. Plasma dialysis clearance (cld) averaged 29.7 f 12.8 
ml/min or 30% of the endogenous (preperfusion) TBC. The actual amount 
of bretylium removed from each dog uia hemoperfusion and, conse- 
quently, recovery clearance (14) could not be calculated. 


The rapid fall in the plasma concentration (central compartment), due 
to perfusion clearance, causes a shift in the equilibrium between the two 
compartments resulting in redistribution of bretylium from the periph- 
eral compartment to the central compartment. When the rate of this 
redistribution exceeds the clearance from the central compartment, -1 
hr following the initiation of hemoperfusion, the plasma concentration 
rises (Fig. 1). 


The efforts to determine the concentration of bretylium in the meth- 
anol eluate of the perfusion column did not succeed because the con- 
centration was below the detection limit of 10 ng/ml. Concentrating the 
eluate, 10- to 50-fold, did not indicate a significant removal of bretylium 
by the column. Because of low bretylium concentrations and high back- 
ground, the gas chromatogram did not provide any meaningful data. Even 
assuming a lO-ng/ml concentration of the eluate, the total amount re- 
moved would not be >10 pg total. Theoretically, the rate of removal of 
drug from plasma depends on the concentration in plasma. Because of 
the wide distribution in the tissues, i .e.,  very large klz/kzl, the plasma 
concentrations are very low and the rate of removal is very slow. These 
data are quite similar to those after digoxin in dogs and confirm that the 
rate-limiting step may be the clearance from tissues and not from plasma 
(15). 


After the hemoperfusion was stopped, the plasma levels increased 
further till a new equilibrium was reached. Thereafter, levels declined 
exponentially as shown in Fig. 1. The plasma levels in the postperfusion 
equilibrium phase were very close to the levels that  could be predicted 
by extrapolation of the curve fitted to the preperfusion data. This fact 
indicates that (resin) hemoperfusion may not be capable of substantially 
increasing the total body clearance of bretylium in subjects with normal 
renal function. Similar increase in the plasma levels after hemoperfusion 
has also been demonstrated for digoxin (15) and has been attributed to 
reequilibration of digoxin between two compartments. 


In patients with severely impaired renal function, in whom the plasma 
concentrations are relatively high and the total body clearance of 
bretylium is markedly reduced, it is not clear whether resin hemoperfu- 
sions will be of any benefit in removing the drug. However, marked dif- 
ferences may exist in the ability of different commercially available he- 
moperfusion devices to remove a specific drug (16). Therefore, the results 
of this study should not be taken to indicate that hemoperfusion with 
other devices will produce identical results. 


This study describes the pharmacokinetics of bretylium in dogs and 
demonstrates that  hemoperfusion with a resin column does not remove 
bretylium equilibrated in the body. These data suggest that  resin he- 
moperfusion may not be useful in the treatment of human bretylium 
intoxication. 
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Table 11-Observed and Predicted Values of Slopes 


Retention Time, min Observed Slope Predicted Slope 


5.2 
7.8 
8.0 


91.81 
70.47 
61.69 


90.27 
68.58 
59.68 


mobile phase, such that changes in retention times occurred with slight 
changes in methanol concentration. Such changes in retention time would 
influence the peak heights, thus, peak areas were found to be preferable 
in the preparation of standard curves. 


Peak heights can be used without constantly repeating standard curves, 
if a correction is made for changes in peak height due to changes in re- 
tention time. It is well established that an inverse relationship exists 
between peak heights and retention time. Different retention times were 
produced by varying pH, methanol concentration, and I concentration 
to study this relationship. The flow rate of the mobile phase, however, 
was always the same. There is a good correlation between the peak heights 
and the reciprocal of the retention time (r = 0.9954), and it is independent 
of the reason for the change in retention time. Because of the linearity 
of the response, it should be possible to predict a slope for a new standard 
curve from a single concentration point. This would preclude the necessity 
of repeating an entire standard curve when the retention time of sulfin- 
pyrazone changes, although a three-point standard curve would reinforce 
that reliability. Slopes were predicted from peak heights obtained from 
a l-pg/ml drug solution run at  different retention times. These values 
are listed in Table 11. Entire standard curves were then run at  different 
retention times and slopes were calculated by linear regression analysis. 
The latter values are also listed in Table 11. The maximum difference 


between the observed and predicted values of the slope was 2.7%. 
It is evident from the results that paired-ion reversed-phase HPLC 


is a good method for assaying sulfinpyrazone in plasma. Using disposable 
CIS cartridges further simplifies the analysis, since the entire separation 
of drug from plasma can be accomplished in 2 min. This isolation method 
also has the advantage of not requiring large volumes of expensive organic 
solvents as do conventional extraction procedures. While the reported 
calibration curve used 0.2 pg/ml as the lowest concentration, the sensi- 
tivity could easily be increased by increasing the injection volume. This 
sensitivity is adequate for pharmacokinetic studies or therapeutic drug 
level monitoring. 
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Abstract The plasma protein binding of caffeine in young and elderly 
males was evaluated using an ultrafiltration technique. In spite of a sig- 
nificantly lower plasma albumin concentration in the elderly subjects 
the observed percent bound (-35%) was essentially identical in both 
subject groups. The binding of caffeine to human plasma albumin (4.5% 
w/v) in uitro was also examined using ultracentrifugation and it was 
observed to be bound to the extent of 37.8%. In both the plasma and al- 
bumin binding studies the free fraction remained constant over the range 
of concentrations examined. Although there was no apparent correlation 
between the percent bound and the albumin concentration in the plasma 
of either subject group the close agreement between the degree of binding 
of caffeine to albumin and human plasma indicates that albumin is likely 
the major plasma binding protein for caffeine. 


Keyphrases Caffeine-protein binding in young and elderly males, 
ultrafiltration Protein binding-caffeine in young and elderly males, 
ultrafiltration 0 Ultrafiltration-protein binding of caffeine in young 
and elderly males 


It is well known that drug-protein interactions can in- 
fluence drug pharmacokinetics (1). Since plasma albumin 
concentration decreases and globulin concentration in- 
creases with aging (2 ,3) ,  and because a great many drugs 
are bound reversibly to plasma albumin, the potential 
importance of age-related changes in protein binding is 
clear. Of the relatively few studies that have examined the 
effect of age on protein binding, significant reductions in 
binding with aging have been reported for meperidine, 


phenylbutazone, phenytoin, and warfarin, while for phe- 
nobarbital, benzylpenicillin, diazepam, desmethyldia- 
zepam, salicylate and sulfadiazine, no alterations in the 
extent of binding were observed (4). While some studies 
of caffeine binding in uitro ( 5 )  and in uiuo (6,7) have been 
reported, no specific examination of possible alterations 
in its binding characteristics with aging has been made. 
Since the pharmacological effect of caffeine is probably 
best related to its unbound fraction (as is true for most 
drugs), knowledge of any age-related binding differences 
could prove valuable in helping to interpret the pharma- 
cokinetics of this widely consumed agent, which has re- 
ceived increased attention recently due to its possible role 
in the treatment of premature apnea (8). The goal of this 
study was, therefore, to compare the plasma protein 
binding of caffeine in young and elderly subjects. 


EXPERIMENTAL 


Subject Selection-Ten healthy, young adult male volunteers ranging 
in age from 18.8 to 30.0 years and eight healthy, active elderly male vol- 
unteers aged 66.0-78.2 years were studied. All subjects were given a 
physical examination, electrocardiogram, and the following laboratory 
tests: plasma urea, electrolytes, creatinine, bilirubin, aspartate amino- 
transferase, alkaline phosphatase, total protein, albumin, creatinine 
clearance, and complete blood count. In addition, all subjects had a 
normal health history and were not taking any medication at the time 
of the study. 
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Plasma-Binding Studies-After obtaining informed consent, all 
subjects were administered a 5-mg/kg dose of caffeine both intravenously1 
and orally2 on separate occasions -1 week apart, using a randomized 
crossover design. The subjects were instructed to abstain from caf- 
feine-containing foods and beverages, tobacco, and alcohol from 72 hr 
before until 24 hr after each dose of caffeine. Blood samples (10 ml) were 
collected at 0.25,1,4, and 9 hr following the oral dose and at  0.25,2,6, and 
12 hr following the intravenous dose. Plasma samples were harvested 
immediately and divided into two aliquots. One aliquot, designated D t ,  
was stored at  -20' until assayed. Three milliliters of the second aliquot 
was placed in a membrane cone3, covered4, and centrifuged a t  250Xg for 
30 min, which produced -1 ml of ultrafiltrate. The ultrafiltrates were 
tested5 to ensure that no protein had passed through the cones. If this 
test indicated that more than a trace of protein was present, another al- 
iquot of plasma was ultrafiltered using a new cone. Previous tests using 
the Imvry method of assay for protein had indicated that the CF-25 cones 
removed -99.8% of the protein from plasma (9). The protein-free ul- 
trafiltrates were then stored a t  -20". The ultrafiltrates and Dt samples 
were assayed in duplicate using a slight modification of a technique de- 
scribed elsewhere (lo), the difference being that the protein in plasma 
samples was precipitated with an equal volume of perchloric acid (12% 
w/w) in place of the sodium tungstate-sulfuric acid mixture used before, 
since this precipitant was found to produce a slightly cleaner supernatant 
(9). 


Correction for Membrane Cone Binding-To assess whether sig- 
nificant amounts of caffeine were binding to the membrane cones under 
the conditions employed in the plasma binding studies, the following 
experiment was performed. Stock solutions of caffeine at  1,5,10, and 20 
pg/ml concentrations were prepared in saline phosphate buffer (11). 
Three-milliliter portions of each stock solution were then placed in 
membrane cones, which were treated in the usual fashion. The average 
percent bound over all the cones was then subtracted from each percent 
bound calculated in the plasma binding experiments to provide a cor- 
rected percent bound value. 


Albumin Binding Studies-The binding of caffeine to human al- 
bumin was studied as follows. A stock solution (5% w/v) of human albu- 
min (essentially fatty acid freeI6 in pH 7.4 saline phosphate buffer was 
prepared. Sufficient amounts of caffeine in saline phosphate buffer were 
added to this solution to produce 5 ml of solution containing final con- 
centrations of 1,5,10, and ZOpg/ml caffeine in albumin (4.5% w/v). The 
caffeine-albumin solutions were allowed to equilibrate for 30 min in a 
37' water bath. Aliquots (0.5 ml) of these solutions (designated Dt ) were 
then taken and stored a t  -20". The remainder of these samples were 
~ltracentrifuged~ at  4' for 15 hr at  260,OOOXg. Then 0.6 ml of the top layer 
(designated 01) was removed, tested5 to ensure that i t  was essentially 
protein free, and stored a t  -20" until assayed. All samples were assayed 
in the same manner as the plasma samples. 


Calculation of Binding Capacity-The extent of binding was cal- 
culated using: 


x 100 (Eq. 1) % Bound (p )  = - x 100 = - Dt - D f  Db 
Dt Dt 


where Db is the concentration of drug bound to protein, D f  is the con- 
centration of free (unbound) drug present in the protein-free ultrafiltrate 
or upper layer of the ultracentrifuged sample, and Dt is the total con- 
centration of drug (bound plus free) present in the samples prior to ul- 
trafiltration or ultracentrifugation. 


Analysis of Data-Differences in the various parameters between the 
young and elderly groups were assessed using a two-tailed Student's t 
test for unpaired data, with p < 0.05 being taken as the minimum level 
of significance. 


RESULTS AND DISCUSSION 


The results of the plasma binding studies are summarized in Table I. 
The values shown have been corrected for the observed degree of binding 
of caffeine to the membrane cones. I t  was found that the mean /3 value 
for the binding of caffeine to the cones (n = 18) was 12.13 f 0.83% (mean 


1 Caffeine and Sodium Benzoate Injection, USP, Eli Lilly and Co., Indianapolis, 


2 Caffeine, Baker grade, J. T. Baker Chemical Co., Phillipsburg, NJ 08865. 
3 Centriflo Type CF25, Amicon Corp., Lexington, MA 02173. 
4 Parafilm. American Can Co., Greenwich, CT 06830. 


6 Product No. A-1887, Sigma Chemical Co., St. Louis, MO 63178. 
7 Model L5-65, Beckman Instruments Inc., Palo Alto, CA 94304. 


IN 46285, 


Albustix, Ames Company, Division of Miles Laboratories Ltd., Stoke Poges, 
Slough SL2 4LY, England. 


Table I-Comparison of the  Plasma Protein Binding of Caffeine 
in  Young and  Elderly Males 


Younp Grouu Elderlv Grouu 
(n 10) (n = 8) Level of 


Parameter Mean SEM Mean SEM Significance 


21.80 1.14 71.20 1.39 p <0.001 
73.30 1.68 70.00 1.44 NS" 


Age 
Total plasma 


protein (ghter)  
Plasma albumin 45.90 0.77 41.13 0.58 D < 0.001 


(g/liter) 
Percent bound 35.45 0.73 34.97 0.90 NS" 
Unbound caffeine 2.95 0.19 3.06 0.23 NS" 


concentration 
(mgAiter) 


Total caffeine 5.68 0.35 5.78 0.41 NSR 
concentration 
(mdi t e r )  


a Not significant. 


f SEM).  The reduction in the total plasma protein concentration ob- 
served in the elderly group was not significant ( p  > 0.1). whereas the 
reduction in the plasma albumin concentration was significant ( p  < 
0.001). Both of these observations are consistent with data previously 
reported (12). 


In spite of the reduced plasma albumin concentration in the elderly, 
the observed percentage bound values reported for caffeine did not differ 
significantly ( p  > 0.2) between the two groups. In addition, the mean 
percent bound observed here of -35% correlates well with the value of 
31.3% previously reported (6) for 15 healthy male subjects ranging in age 
from 18 to 71 years. However, both of these values are substantially higher 
than the value of 15% bound to human plasma previously reported 
(7). 


The following equation (13) illustrates how various factors, including 
the drug concentration, affect the degree of protein binding: 


where, K is the binding association constant (liters per mole), Pt is the 
total protein concentration, and n is the number of binding sites per 
protein molecule. When 1/K >> Di and n = 1, Eq. 2 can be simplified 
to: 


This equation illustrates how the free (unbound) fraction (a) and, 
therefore, the bound fraction (p) are constants, provided 1/K >> Dj. 
Equation 3 also demonstrates the linear nature of the relationship be- 
tween the unbound and total drug concentrations. Excellent linear cor- 
relations for caffeine binding in the plasma of the young (r2 = 0.9393) and 
elderly ( r2  = 0.9088) subject groups were found (Fig. 1). This figure il- 
lustrates the constancy of the degree of binding over the concentration 
ranged examined, a finding which may also be true for many other drugs 
over their range of therapeutic concentrations (14). The near-superim- 
posability of the regression lines for the young (slope = 0.5189) and elderly 
(slope = 0.5337) data is a further demonstration of the similarity in the 
binding behavior of caffeine in the two groups. 


There are a t  least two plausible explanations for why the observed 
reduction in plasma albumin in the elderly group did not result in a 
concomitant reduction in the degree of plasma binding of caffeine. The 
first possibility is that the amount of drug bound to a given amount of 
albumin may somehow increase with aging, possibly due to a loss of some 
endogenous ligand which competes with caffeine for binding sites on 
albumin. Another possibility is that  caffeine may bind to components 
of plasma other than albumin. 


Figure 2 shows a plot of the average percent of caffeine bound to plasma 
uersus the measured albumin concentration in each subject and illus- 
trates how there was no apparent correlation between these two param- 
eters. This contrasts with previous findings (6) where a direct linear 
correlation between the extent of caffeine plasma binding and the serum 
albumin concentrations was observed in the subject population. 


The results of the in uitro studies of caffeine binding to plasma albumin 
are depicted in Fig. 3. These data indicate that caffeine is bound to al- 
bumin (4.5% w/v) to the extent of 37.81 f 1.16% (mean f SEM) with the 
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Figure 1-Relationship between unbound and total caffeine concentrations in plasma of young (0 - - - 0) and elderly (0-0) men 
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percent bound being essentially constant over the concentration range 
of 1-20 pglml, indicating that only a small fraction of the available 
binding sites is occupied at  these concentrations. The close similarity of 
the mean percent bound values for plasma and albumin implies that al- 
bumin is certainly the major plasma binding protein for caffeine, and 
possibly the only one. The values of the association constant ( K )  for the 
respective binding experiments can be calculated by substituting the 
mean values for p, Df, and Pt into the rearranged form of Eq. 2 shown 
below: 
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Figure 2-The effect  o f  plasma albumin concentration on the per- 
centage of caffeine bound to plasma in young (0) and elderly (.) males. 
Each data point represents the mean of six to eight determinations. The  
vertical bars represent the  means f I SD. 


The assumptions involved here are that n = 1 and that caffeine only binds 
to the albumin component of plasma. Under these conditions the value 
of Pt for plasma in Eq. 4 can be obtained by dividing the average albumin 
content of plasma by 69,000 (the assumed molecular weight of albumin). 
The values of K shown in Table I1 indicate the close agreement of the 
association constants with one another and with the K value for the 
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Figure 3-Relationship between unbound and total concentrations for 
caffeine binding to human albumin (4.5% wIu) in vitro. The regression 
equation was Df = 0.6012Dt(r2 = 0.9964). 
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(5) M. L. Eichman, D. E. Guttman, Q. Van Winkle, and E. P.  Guth, Table 11-Calculated Binding Constants for the Interaction of 
Caffeine with Human Albumin and Human Plasma 


Binding Association 
Protein-Containing Samole Constant. K (liters/mole) 


Human albumin in pH 7.4 buffer 


Human plasma from young subjects 


Human plasma from elderly subjects 


0.958 X lo3 
(0.932 X lo3)” 
0.839 X lo3 


(0.826 X lo3) 
0.918 X lo3 


(0.902 X lo3) 
a Values in parentheses were calculated using Eq. 3, which assumes that the 


binding (0) is maximal. The similarity of the respective association constants cal- 
culated by each method indicates that drug concentrations are sufficiently low for 
binding to be nearly maximal. 


binding of caffeine to albumin of 1.02 X lo3 liters/mole reported previ- 
ously (16). A 4.5% w/v albumin solution was utilized, since this value 
represents normal levels in humans and falls within the mean values for 
plasma albumin found in the two subject groups used in this study. In 
addition, the plasma binding experiments were performed a t  37’ using 
freshly collected (unfrozen) plasma, in view of previous reports (17-19) 
that the freeze-thaw process may alter drug binding. Thus, the results 
obtained here should be an accurate indication of the actual binding 
characteristics of caffeine in uiuo. 


While the binding of caffeine to human plasma is not extensive, and 
therefore not likely to exert a major influence on its overall pharmaco- 
kinetic behavior, a knowledge of the degree of binding over the usual 
therapeutic range (5-20 pg/ml) could prove useful when monitoring 
plasma caffeine concentrations in premature infants with apnea (8). 
These data could also be valuable when studying the effects of various 
diseases, other drugs, etc., on the clearance of caffeine, since the clearance 
of unbound drug will be a more accurate indicator of the metabolizing 
capability of the liver than will the clearance of total (free + bound) drug 
(20). 
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total clearance of heparin ranged from 0.23 to 1.12 ml/ 
min/kg for the 400 and 50 U/kg doses, respectively, rep- 
resenting about a fivefold variation in total clearance for 
eightfold difference in dose. The reason for this linear 


Renal Excretion of R -  and S-Epimers of 
Moxalactam in D~~~ 


Keyphrases Stereoisomers-arylmalonylamino 1-oxacephern, renal 


ylamino I-oxacephem, comparison between stereoisomers, relation to 
plasma protein binding Protein binding-dog plasma, arylrnalonyla- 
rnino 1-oxacephem, comparison between stereoisomers, relation to renal 
clearance 


positive is that the apparent Of dis- clearance, dog, plasma protein binding 0 Renal clearance-arylmalon. 
Of heparin changes Only very with 


The average (*sD) v d  was 58 f 11 mlkg body weight Over 
the entire dose range, with small but statistically insig- 
nificant changes in V d  when it was evaluated with respect 
to dose (intercept, 55 ml/kg; slope, 0.018 ml/kg/U; r2 = 
0.046). To the Editor: 


The results presented in this report are in support of and 
extend recent findings that the dose-dependent increase 
in the biologic half-life of heparin in humans is due to a 
dose-dependent decrease in the total clearance of the 
anticoagulant (4). In humans, there is no significant in- 
crease in the apparent volume of distribution of heparin 
with dose. This is in contrast to findings in rats and dogs, 
which have shown a dose-dependent increase in v d  with 
dose (2,3). While the mechanism underlying the nonlinear 
pharmacokinetics of heparin in humans is presently not 
understood, however, the linear relationship between dose 
and dose-dependent pharmacokinetic parameters is 
noteworthy. 
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Moxalactaml (latamoxef2, I) is a mixture of R (11) and 
S (111) epimers, and both forms are usually eliminated 
unchanged by the kidney (1,2). Studies with humans (3) 
show that the biological half-life of the R-epimer is shorter 
than that of the S-epimer. To obtain a better under- 
standing of the elimination kinetics, we studied the renal 
clearance and binding of moxalactam epimers to plasma 
protein in beag\e dogs. 


Two male beagle dogs were anesthetized with sodium 
pentobarbital (30 mg/kg iv). After a tracheotomy was 
performed, an incision was made in the left flank. The 
retroperitoneal space was explored and the left ureter was 
cannulated. Urine was collected through the cannula (4). 
After completion of the operation, 20 mg of sodium p- 
aminohippurate/kg and 100 mg of creatinine/kg were in- 
jected as the priming dose into the axillary vein. As the 
sustaining dose, a solution containing 15% mannitol, 0.9% 
NaC1,0.25% creatinine, and 0.1% sodium p-aminohippu- 
rate was injected at  the rate of 5 ml/min/lO kg. Moxalac- 
tam“ was injected at a priming dose of 10 mg/kg followed 
by a sustaining dose of 5.0 mg/kg/hr. Approximately 1 hr 
after beginning the infusion, the urinary output was sta- 
bilized at  3-5 ml/min and urine samples were collected 
three or four times from the left ureter at 3-min intervals. 
Blood samples were taken at  the middle point of each 
clearance period. The same procedure was repeated in the 
presence of probenecid (30 mg/kg iv). Collected urine and 
plasma samples were analyzed for creatinine (5), p-ami- 


COONa 


OH 


m 


tOONa C”3 


’ United States Adopted Name (USAN). 
International Nonproprietary Name (INN), 6059-S. 
Shianogi ((r Co., Ltd.. Osaka, Japan. 


1188 1 Journal of Pharmaceutical Sciences 
Vol. 71, No. 10, October 1982 


0022-3549/82/0 7000-7 788$07.00/0 
@ 7982, American Pharmaceutical Association 







Table I-Renal Clearance (ml/min/kidney) of R -  and  S-Epimers of Moxalactam in Anesthetized Male Beagle Dogs 


Dog 1 Dog 2 
Control phase" Probenecid uhaseb Control uhase" Probenecid uhase" 


Apparent clearances 
R -epimer, total 
S-epimer, total 


Clearance ratio RIS, I 
Corrected clearances 


K -epimer, 23.7% binding 
S-epimer, 44.9% binding 


Clearance ratio RIS, I1 
Statistical differences' of 


RIS values between I 
(total) and I1 (unbound) 


Glomerular filtration rate 
(Creatinine clearance) 


16.29 f 0.68" 
9.21 f 0.52 
1.81 f 0.11 


10.81 f 0.17* 17.52 f 1.18 15.90 f 0.58 
6.97 f 0.85h 10.48 f 0.43 10.76 f 0.25 
1.59 f 0.19h 1.66 f 0.10 1.48 f 0.07 


21.73 f 0.74 
16.68 f 0.95 
1.32 f 0.09 
p < 0.05 


18.16 f 0.19 


14.19 f 0.20b 22.57 f 1.55 20.01 f 0.26 
12.67 f 1.56h 19.03 * 0.82 19.52 f 0.44 
1.16 f 0.14h 1.19 f 0.07 1.07 f 0.05 


NS p < 0.01 p < 0.01 


14.33 f 0.88'' 18.67 f 0.37 17.04 f 0.44 


0 Value represents mean f SE (numher of samples: ri  = 4) .  * Numher ofsamples: n = 3. Student's I test. 


nohippuric acid (6), and moxalactam (7). The ratios of R- 
to  S-epimer in plasma and urine were determined using 
high-performance liquid chromatography (8). The frac- 
tions of the R- and S-epimers of moxalactam bound to dog 
plasma were determined a t  37" by an ultrafiltration 
me thod4. 


The renal clearances of the moxalactam epimers in 
Table I were calculated by dividing the urinary excretion 
(micrograms per milliliter) by the total (bound and un- 
bound) concentrations of the epimers. Clearance of the 
R-epimer was 1.4-1.8 times that  of the S-epimer. The 
clearance ratios of R -  and S-epimers to creatinine were less 
than unity. Since only unbound moxalactam would have 
been available for glomerular filtration, the clearance value 
based on the total concentration of the epimer in plasma 
may be underestimated. To determine the actual glo- 
merular filtration, the protein binding of moxalactam 
epimers was determined a t  concentrations of 25,50, and 
100 pglml of dog plasma. The mean percentage of the 
bound fraction calculated from these values was 23.7 f 
1.6% SEM ( n  = 3) for the R-form and 44.9 f 0.4% (n  = 3) 
for the S-form. 


As indicated in Table I, the data were corrected for the 
binding of the R-  and S-epimers, e.g. ,  the clearances were 
calculated by dividing the urinary excretion (micrograms 
per minute) by the concentrations of the unbound epimers. 
The calculated renal clearances of the epimers were nearly 
equal to  the glomerular filtration rate (creatinine clear- 
ance) and the R-epimer/S-epimer clearance ratio was 
closer to unity. When probenecid was given to Dog 1, the 
p-aminohippurate clearance decreased from 55.3 f 0.6: to 
17.0 f 1.0 ml/min/kidney (mean f standard error, n = 3), 
but the R- or S-epimer/creatinine clearance ratio was not 
affected. 


Stereospecific differences in protein binding have been 
reported for other drugs (9-1 2) and vary from one animal 
species to another (3,13).  Our findings indicate that in the 
dog, both epimers of moxalactam are excreted by glo- 
merular filtration, and the striking difference in renal 
clearance of the R-  and S-epimers is due mainly to dif- 
ferences in binding to plasma protein. 
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Effect of Ascorbic Acid on Renal  
Excretion of Lead in  the Rat 


Keyphrases Ascorbic acid-effect on renal excretion of lead, rats 0 
Lead-effect of ascorbic acid on renal excretion, rats 0 Renal excre- 
tion-effect of ascorbic acid, lead, rats 


To the Editor: 
Lead poisoning is currently treated by chelation therapy 


using edetate disodium and dimercaprol, both of which 
have serious side effects. Few studies have been carried out 
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Abstract 0 A method is described which estimates (using least-squares 
analysis) all parameters (kinetic parameters and also zero and infinite 
time assays) from nonisothermal kinetic data. This method overcomes 
the time delays required for infinite time assays and biased estimates 
caused by the use of those assay results. Flexible temperature and data 
collection programs can he used. The mathematical models account for 
thermal volume expansion and the appropriate model is selected by 
statistical tests (provided the reaction is studied over -90% decomposi- 
tion). The models use a reparameterized Arrhenius equation in which 
the frequency factor is replaced by k , ,  the rate constant a t  a specified 
temperature. This improves the numerical procedure and allows room 
temperature stability to be estimated directly. 


Keyphrases 0 Kinetics-estimation of all parameters from noniso- 
thermal data Models, mathematical-estimation of all parameters 
from nonisothermal kinetic data 0 Drug stability-estimation from 
nonisothermal kinetic data 


Nonisothermal kinetic methods enable drug stability 
to be estimated a t  any temperature from a single test 
rather than multiple experiments as required by the tra- 
ditional isothermal approach. 


A logarithmic nonisothermal method has been proposed 
(1) as well as reciprocal (2), linear (3), polynomial (4), and 
stepped ( 5 )  temperature programs. Most methods have 
used manual and/or approximate procedures to estimate 
the kinetic parameters. .One method (6) employed nu- 
merical integration (trapezoidal method) within a non- 
linear, least-squares regression; however, this is only ap- 
plicable where dependent (concentration) and indepen- 
dent (time) variables can be separated in the model. 


All methods thus far have treated time zero and time 
infinity concentrations as known. When these parameters 
are not known to a precision greatly exceeding that of the 
data, then they should be estimated from the data (7). This 
also avoids the lengthy time delays necessary to determine 
values at infinity. Treating them as constants may lead to 


biased kinetic parameter estimates as in isothermal ex- 
periments (8) and confidence limits might be falsely re- 
duced (9). 


In addition to these limitations of current methods, the 
effect of thermal volume expansion has not been consid- 
ered. 


The present report develops a nonrestrictive, numerical 
treatment which allows flexible temperature and data 
collection programs, estimates of all parameters, and ac- 
counts for thermal volume expansion in nonisothermal 
solution kinetics. 


THEORY 


The general form of the rate equation for a nonisochoric system (10) 
is: 


-dMl/dt = (l/V’)u-l k 8 M,”l 0%. 1) 
1 = 1  


where uL is the exponent of the i th reactant, u is the reaction order (= u1 
+ u2 + . . . +u,), M ,  is the number of moles of the Ith reactant, V’ is the 
solution volume which is a function of time, and k is the rate constant. 


-dM,/dt = (l/V‘)U-l Ae-EIWT) if M , u ~  0%. 2) 


where A is the frequency factor, E is the apparent activation energy, R 
is the gas constant, and T is the absolute temperature. 


For a nonisothermal, nonisochoric system: 


, = 1  


From Eq. 2 the following apply: 


-dMlldt = Ae-E/(RT) V‘ zero-order (Eq. 3) 


-dMl/dt = Ae-E/(RT) M1 first-order (Eq. 4)  


-dMl/dt = Ae-E/(RT) M1 M1IV’ second-order (Eq. 5) 


It has been pointed out for isothermal kinetics (11) that if a reactant 
solution is prepared a t  room temperature and used at a different tem- 
perature, allowance should be made for thermal volume change. It is clear 
from Eq. 4 that  first-order reactions are exempt from this requirement, 
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Table I-Convergence Rate of MARQDT when Minimizing on 
k. and  E, or A and  E, for Typical First-Order Simulated 
Nonisothermal Data 


Iterations 
Initial Parameter Ehtimatesb 


k , ,  min-' E, kcal mole-' A ,  min-T a 
0.20 14.0 
0.20 16.0 
0.10 14.9 
0.33 14.0 
0.06 16.0 
0.06 14.0 
0.12 14.9 


0.37 5 >20 
10.70 6 >20 
0.84 2 5 
0.60 8 9 
3.20 5 >15 
0.11 5 >20 
1.01 4 9 


Parametric values are E = 15.0 kcalhole,  A = 1.0 X IO'Omin-', k. = 0.10096 
min-I, where k. is the rate constant at 25" and the linear temperature rogram 
range is 25-45'. For each test. the two models have the same initiarsurn of 
squares. 


since a volume term does not appear in the equation; however, pseudo 
first-order reactions for which Eq. 5, with Mp constant, is applicable, are 
not exempt. 


For nonisothermal experiments, the change in molar concentration, 
C', (C' = M/V') of a reactant is due to reaction and thermal volume 
change. For the case. where all samples are cooled to the same temperature 
(T,) before analysis, the measured concentration (C) is independent of 
thermal volume change, and C = M/V where V is the volume a t  T,. 


Since temperature and volume are functionally related to time [T = 
f l ( t ) ;  V' = V / / z ( t ) ] ,  Eqs. 3-5 can be rewritten as: 


-dCl/dt  = Ae-E/lRfl(r)l/f2(t) zero-order (Eq. 6) 


-dCI/dt  = Ae-E/IRIl(f)IC1 first-order (Eq. 7) 


-dCl /d t  = Ae-"/[Rfl(l)lCIC?fp(t) second-order (Eq. 8) 


where Cp is the concentration of Reactant 2 a t  volume V or the constant 
catalyst concentration a t  V in the pseudo first-order case. 


Model for Absorbance Measurement-If change in absorbance ( D )  
is used to follow the reaction and the following assumptions are made: 
(a) the reaction goes to completion; ( b )  the absorbance is the sum of 
component absorbances due to reactant, product, and constant back- 
ground; ( c )  all component absorbances obey the Beer-Lambert law; and 
( d )  the sum of the moles of reactant and moles of product is constant, 
then: 


C1 = ( D  - D - ) / [ ( a r  - aP)b]  (Eq. 9) 


(Eq.10) 


where DO and D ,  are the absorbances a t  zero and infinite times, respec- 
tively, and are constant, ar and ap are the absorptivities of reactant and 
product, respectively, b the cell path length, and Clo is the concentration 
of reactant 1 a t  time zero and T,. 


Recalling that for pseudo first-order reactions, Eq. 8 with Cz constant 
is applicable, then substituting Eq. 9 into Eqs. 6-8 yields: 


CIO = ( D O  - D,)/[(ar - ap)b]  


-dD/dt  = Ae-E/[Rfl(t)l (a, - a p )  b/ fp( t )  zero-order (Eq. 11) 


-dD/dt = Ae-E/lRfl(t)l ( D  - D,) first-order (Eq. 12) 


-dD/dt  = Ae-E/IRfI(f)] (I1 - D,) Cp f p ( t )  pseudo first-order 
(Eq. 13) 


-dD/dt = Ae-E/[Rfl(r)] ( D  - /2(t)/[(a, - a,,) b] second-order 
(Eq. 14) 


Similar equations can be derived for other situations where the sum of 
moles of reactant and moles of product is not constant. 


Equations 11-14 cannot be integrated analytically. However, they can 
be solved numerically (i.e., D values calculated a t  specified times) when 
initial values are supplied (i.e., D = DO a t  t = 0). 


For isothermal kinetics where f l ( t )  is constant, these equations can 
be integrated to give the familiar forms. For example, Eq. 12 yields: 


(Eq. 15) 


The parameters (DO, D,, A, and E for nonisothermal; Do, D,, and k 


D = D ,  + (DO - D,)e-kf 


for isothermal) are chosen so as to minimize Q. 1 6  


SS = 'kN (D,  - 6,)2 (Eq. 16) 
1-1 


Table 11-Parameter Estimates for Various Models Fit ted to 
Nonisothermal First-Order Simulated Data a 


Model 
Percent Pseudo First- Second- 
Reacted First-Order Order Order Zero-Order 


k 
18 0.0537 0 6 4 9  0.0063 0.1009 
54 0.0992 0.0988 0.0469 0.1111 
71 0.1002 0.0999 0.0605 0.1171 
87 0.1004 0.1001 0.0735 0.1258 
99 0.1002 0.1OoO 0.0866 0.1397 


E 
18 13.72 13.m 13.69 12.66 
54 14.71 14.76 16.26 7.57 
71 14.81 14.87 18.69 3.19 
87 14.89 
99 14.97 


~- .. ~~ ~ 


14.94 23.14 -2.91 
15.02 41.32 -22.69 


1.001 1.001 
1.001 1.006 


18 1 .oo 1 131 
54 1.001 1.001 
71 i.mi 
87 1.001 


~ ~~~ ~ ~.~ 


1.001 LOO0 1.012 
1.001 0.998 1.023 


99 1.001 1.001 0.988 1.057 
D ,  


18 -0.839 - lm8 -2.950 - 
54 0.031 0.030 -0.421 - 
71 0.045 0.044 -0.240 - 
87 0.049 0.049 -0.108 - 
99 0.050 0.050 0.020 - 


Parameters and constants used to generate the first-order data were k,, = 0.1 
hr-l, E = 15 kcdmole, Do = 1.0, I), = 0.05 with a linear temperature pro am over 
the range 25-45' in all cases. Also a, = 1. ap = 0, b = 1, with the rang:, error 
variance of 0.56 X 10-6. b The zero-order model has no D, term. 


where Di and Bi are observed and calculated absorbances, respectively, 
at the i th  datum, and N is the number of data. 


Computational Procedures-Temperature-Time Relationship 
fl(t)-For each data set, an orthogonal polynomial regression program, 
ORTHO (12), was used to establish the polynomial of lowest order which 
adequately described the temperature-time data. This enables flexible 
temperature programs to be employed. ORTHO uses the Gram-Schmidt 
orthonormalization procedure with an iterative straightening refinement 
(13). 


Volume-Time Relatiorwhip fZ(t)-Data for the specific volume ( Vip) 
of water a t  various temperatures are available (14). ORTHO was used 
to establish a polynomial relationship for this data over the experimental 
temperature range (30-92"), 


Kp = 0.99992806 - 0.35791641 X T (Eq. 17) 


h 


+ 0.72094751 X 


+ 0.21949816 X T4 - 0.47002556 X T5 
where T is degrees centrigrade for this equation only. All residuals about 
this regression were less than 7 X ml/g and were randomly distrib- 
uted. 


Since the relationship / l ( t )  was established for each data set, and the 
general relationship vnSp = f ( T )  (Eq. 17) is available, the volume-time 
relationship f p ( t )  was established for each set. 


Relationships T = f 1 ( t )  and Vnp = f ( T )  were used in the nonlinear re- 
gression program, MARQDT. 


Optimization Routine-The function to be minimized (Eq. 16) con- 
tains nonlinear parameters so an iterative least-squares regression is 
required. A nonlinear regression program (MARQDT) was developed 
for this purpose. The program uses the Marquardt algorithm (15) with 
minor modifications (12). The advantages of this method have been de- 
scribed previously (16). 


Initial estimates are required for the parameters. When these are not 
available from prior knowledge, satisfactory values can be obtained by 
one of the differential nonisothermal methods (17), provided thermal 
volume effects are neglected. These estimates are improved iteratively 
until the convergence test (the relative change in parametic estimates 
in consecutive iterations is less than 1 in lo4) is satisfied. 


Numerical Differentiation-The Marquardt algorithm requires 
partial derivatives with respect to each parameter a t  each datum. Since 
integrated functional equations are not available for nonisothermal ki- 
netics, the partial derivatives were estimated numerically. These were 
computed using the two-point central difference method. Choice of the 
step length has been discussed previously (18). 


T 2  - 0.42243321 X lo-' T 3  
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Table 111-Goodness of Fit Statistics for Various Models Fitted 
to Nonisothermal First-Order Simulated Data  a 


Percent 
Reacted 


Model 
Pseudo First- Second- 


First-Order Order Order Zero-Order 


18 
54 
71 
87 
99 


18 
54 
71 
87 
99 


106 Vrb 
0.56 0.56 0.56 0.55 
0.56 0.56 0.59 5.5 
0.56 0.56 0.72 21 
0.56 0.56 1.6 73 


NS NS S S 
NS NS S S 


See Table 11. * V, is the residual variance (it-., residual S S l d f )  and should be 
compared with the error variance of 0.56 X Probabilities (NS = not signif- 
icant at p = 0.01 level) for runs, mean square successive difference, and F tests were 
similar. 


Numerical Integration-A fourth-order Runge-Kutta method with 
error estimation and step size control was used in MARQDT for the so- 
lution of Eqs. 11-14 (19). The method has been tested extensively on a 
number of derivative functions and found to perform excellently provided 
relative rather than absolute truncation errors are used to control step 
size. 


was used for sum of 
squares ( S S )  calculations, and for partial derivative evaluations. 
This error in d; for SS calculations was about one-fiftieth of the random 
error in the data and so did not contribute significantly to the calculated 
SS value. Further decrease in the truncation error did not lead to sig- 
nificant changes in the parameter estimates but only increased compu- 
tational time. 


Initial values are required for a particular solution of a differential 
equation. In the present work these were D = Do at t = 0 with DO being 
treated as a parameter. 


Statistical Aspects-Goodness of Fit-The adequacy of the kinetic 
model was judged in two ways. First, the residuals were examined for 
nonrandomness or trends. If the model is adequate or the fit is good, the 
residuals should be randomly distributed in time. They were examined 
visually and by the runs (20) and mean square successive difference (21) 
statistical tests. Second, the residual variance about the regression was 
compared with the error variance of the experimental system (F-test) 
a knowledge of which was available from prior testing. However, in 
nonlinear regressions the residual variance is not an unbiased estimate 
of the pure error even when the model is correct, so this F-test is only 
approximate (16). 


Confidence Limits-In nonlinear regressions, exact confidence limits 
for the parameters are not available; however, the linear estimates cal- 
culated from the variance-covariance matrix and residual variance are 
often adequate approximations (16). A Monte Carlo method has been 
described (22) to test the accuracy of these linear approximations. This 
test involves the following steps: 


Estimate best-fit parameters and their approximate confidence 
limits; 
Generate data using the best-fit estimates and add normally dis- 
tributed random error with a variance equal to that of the original 
data set; 


3. Estimate best-fit parameters for the data set; 
4. Repeat steps 2 and 3 a number of times (15 has been used) and 


determine the confidence limits for the distribution of best-fit 
estimates. 


This analysis need not be carried out every time a particular model is 
run, but should be used to check the linear approximations a t  least once 
for each model. 


In this work, a relative truncation error of 


1. 


2. 


EXPERIMENTAL 


Materials-p -Nitrophenyl acetate (I) was prepared by acetylation 
of p-nitrophenol(23) and recrystallized from fractionated benzene and 
petroleum ether (40-60' fraction) mixed solvent to a constant melting 
point (77.6'). p-Nitrophenol was recrystallized to constant melting point 
(115') from fractionated benzene, and both materials were stored in 


Table IV-Parameter Estimates and Goodness of Fit Statistics 
fo r  Various Models Fitted to  Nonisothermal Second-Order 
Data * 


Model ka E Do D, Probability* 


Second 0.1004 15.09 1.001 0.0512 NS 
First 0.0739 -15.71 0.989 -0.1289 S 
Pseudo first 0.0737 -15.64 0.989 -0.1287 S 


S Zero 0.0711 -30.57 0.968 - 


a See Table I1 for parameter and constant values used to generate data over 90% 
reacted. * p = 0.001, S = significant, NS = not significant. 


vacuum desiccators in the dark until required for use. Thermal analysis 
indicated these samples to be greater than 99.9% pure. 


Concentrated hydrochloric acid' was diluted with glass distilled water 
to  produce sufficient dilute acid for all experiments. This acid was 
standardized against freshly dried sodium carbonate (analytical reagent 
grade) using methyl orange indigo carmine indicator (24). Replicate 
analyses (n = 4) indicated the acid to be 0.2396 M (SE mean = f0.0003 
MI. 


Equipment-A 1-liter, closed, stirred, glass reaction vessel was im- 
mersed in a 60 liter polyethylene glycol 600 bath. In isothermal experi- 
ments the temperature was controlled by a circulating heater2, while a 
variable speed programmer3 was used for nonisothermal tests. 


Temperatures inside the reaction vessel were monitored with a four- 
lead platinum resistance thermometer4. 


Samples were withdrawn automatically uia polytef tubing, cooled to 
32' in a jacketed coil, then passed into a 2-mm quartz flow-cell for 
spectrophotometric5 analysis. 


Analysis-The rate of hydrolysis was followed spectrophotometrically 
a t  318 nm (2). Spectra recorded during the reaction showed a single iso- 


1 .o 


0.8 


uI 0.6 
0 
2 
d 
53 
a 


m 
a 0.4 


0.2 


12 24 36 
10-3  SECONDS 


Figure 1-Typical temperature program (0) and reaction data ( 0 )  
with fitted curues for the nonisothermal acid catalysed (0.2396 M HC1) 
hydrolysis of I. The temperature time relationship determined by 
ORTHO was T(K) 303.911 + 0.904339 X t - 0.105973 x 10-8t2. 


Baker Analyzed Reagent, Baker Chemical Co. 
Model ED Unitherm. Gebruder Haake. 
Gebruder Haake Temperature Programmer, model PG12. 


Perkin-Elmer model 124 double-beam spectrophotometer. 
4 Degussa element, type P4. 
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Table V-Parameter Estimates and Goodness of Fit Statistics 
for  Various Models Fit ted to Nonisothermal Zero-Order Data 


Model ka E Do D ,  Probability* 


Zero 0.1004 14.95 1.000 - NS 
First 0.0019 15.19 1.000 -50.32 NS 
Pseudo first 0.0018 15.25 1.000 -53.40 NS 
Second 1 X 15.16 1.000 -252.0 NS 


0 See Table I1 for parameter and constant values. p = 0.001, NS = not signifi- 
cant. 


bestic point (292 nm) indicating a one-to-one reaction and stability of 
the absorbing product, p-nitrophenol. The final spectrum was identical 
with that of p-nitrophenol. 


A Beer-Lambert calibration, using replicate samples, confirmed linear 
concentration-absorbance relationships for I and p-nitrophenol, and that 
the component absorbances were additive. Since it was shown that 
spectra in acid and water were identical, this calibration was performed 
in distilled water, thereby minimizing decomposition problems. 


Procedure-One liter of acid was allowed to equilibrate thermally 
in the closed reaction vessel. About 80 mg of I dissolved in 2 ml of frac- 
tionated ethanol was added to produce an 4 .0004  M solution which was 
bubbled with high purity nitrogen. The temperature programmer was 
started when I was added and the first sample withdrawn 2 min later. 
Samples were withdrawn automatically, cooled to 32O, and assayed di- 
rectly, the concentrations used being such that the infinite time ab- 
sorbance was -1. At each sampling, reaction vessel temperature, sample 
absorbance, and time data were automatically recorded. 


Design-About 30 data were collected during each experimental run. 
Triplicate isothermal tests were performed a t  39.26, 49.03, 58.68, and 
68.24". Triplicate nonisothermal tests a t  each of four different approxi- 
mately linear heating rates (-3,6,12, and 18'/hr) were used. These all 
started a t  about 30' and continued until decomposition exceeded 90% 
giving a maximum temperature of about 76' (for 1 8 O / h r ) .  


RESULTS AND DISCUSSION 


Reparameterization of the Model-For first-order nonisothermal 
kinetics with a linear temperature program, exact simulated data were 
generated using parameter values of A = 1 X 1 O l o  min-*, E = 15 kcal/ 
mole, Do = 1, D ,  = 0, and T = 298.15 + t .  DO and D, were then held 
constant a t  their parametric values, while A and E were estimated. 
Convergence of the program was very slow, even for initial estimates close 
to the true values. 


Sum of squares contours for the data in question were generated and 
found to be very elongated in the direction of the A parameter. I t  has been 
pointed out (16) that in such cases, slow convergence of any iterative 
estimation procedure is likely. Clearly, A is an ill-determined parameter; 
that is, large changes in A cause small changes in SS. In retrospect, it is 
apparent why A is ill-determined. It is the rate constant a t  infinite tem- 
perature. Since data are usually collected in the range 25-90°, estimation 
of A involves an extrapolation outside the data, and such estimates are 
poorly determined. 


Conditioning can often be improved by reparameterizing the model. 
In the present study, this was done by replacing A with k, eEItRTJ in Eqs. 
11-14, where the new parameter k ,  is the rate constant a t  T,, a temper- 
ature within the experimental range. Sum of squares contours for various 
T, values were found to be well-rounded ellipses, i.e., the parameters were 
well-conditioned. Since little change occurs in the conditioning with 
changes in T,, provided it is within or near the experimental range, it may 
be advantageous to choose T, = 25". This would allow the room tem- 


Table VI-Kinetic Parameter  Estimates fo r  the Acid Catalysed 
Hydrolysis of I 


Source E f S E ,  kcal/mole 105k0 f S E ,  sec-l 


Nonisothermal* 16.98 f 0.03 1.904 f 0.010 
IsothermalC 17.00 f 0.04 1.912 f 0.009 
Reference 2d 21 f 2 1.9 f 0.4 
Reference 2e 18 
Reference 25f 2.054 
Reference 26g 17.2 


T, = 30'. Mean of 12 experiments. Least-square estimates based on 12 
experiments (three replicates at four temperatures). Their nonisothermal esti- 
mates, k. being calculated from their second-order rate constant at 25' using [H+] 
= 0.2396 M and E = 17.0 kcal/mole. Their isothermal estimate. f Determined from 
their second-order rate constant as above. g For phenyl acetate. 
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Figure %-Typical data for the isothermal acid catalysed (0.2396 M 
HCI)  hydrolysis of I showing the first-order, nonlinear, least-squares 
curve (0 )  and the more usual linearized logarithmic plot (0). D, from 
the nonlinear regression was used to calculate the fraction re- 
maining. 
perature rate constant to be estimated directly, and approximate confi- 
dence limits would also be immediately available. 


The new model was tried on the same first-order simulated data and 
convergence was rapid. A comparison of the new and old models for this 
typical data set, for differing initial estimates, is shown in Table I. In all 
cases the program converged to the parametric values and the new model 
was superior. Convergence was acceptable, since the initial estimates were 
far worse than normally would be expected. 


I t  is clear that  A may be of theoretical interest, but k, is of greater in- 
terest in practical stability studies and its use facilitates the numerical 
procedure. In all subsequent computations, the reparameterized models 
were used. 


Goodness of Fit-To test the ability to select the appropriate kinetic 
model, simulated data (40 pairs) were generated and normally distributed 
random error was added. The variance of the random error was that of 
the experimental system. The parameter estimates for zero-, first-, pseudo 
first-, and second-order fits to first-order data are given in Table I1 while 
the statistics for judging the goodness of f i t  are in Table 111. 


In all cases, -95% confidence limits of the first-order estimates 
bracketed the parametric values. This, along with the excellent agreement 
between the residual variances (about the regression) and error variance 
(Table 1111, indicated the program was functioning correctly. 


With the reaction 18% complete, the 95% confidence limits 
(-0.087-0.194) for the first-order estimate of k, bracketed the parametric 
value, but the point estimate is about half the parametric value. This 
shows the danger of estimating rate constants from data covering a low 
percentage reacted, and of the need to compute confidence limits. 


At high percentages reacted, the estimated E values for the zero-order 
model were negative. These values were expected, since the decrease in 
concentration causes a decrease in reaction rate for first-order kinetics; 
this is not accounted for in the zero-order model. Consequentiy, the re- 
action rate apparently decreased with temperature rise. 


From Table 111, it is clear that  a t  the added random error level the 
various kinetic models could not be distinguished below 18% decompo- 
sition. At 54% reacted the zero-order model was inadequate, a t  87% the 
second-order was inadequate, but the first- and pseudo first-order models 
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Table VII-Effect of Treating Do and/or D, as Constants on the Remaining Parameter Estimates 


D,, Absorbance Do, Absorbance f95% Confidence f95% Confidence lo6 Residual Variation, 
Row Units Units lo4 k., sec-' Unit, % E, kcal/mole Unit, % (absorbance units)* 


1 0.9825 0.1721 
2 I - CL" 0.1722 
3 I + C L  0.1720 


0.1897 
0.1896 
0.1899 


0.54 
0.47 
0.47 


4 0.9845 I1 - CL" 0.1912 0.38 


17.06 0.48 
17.08 
17.04 
16.96 


0.22 
0.22 
0.43 


0.16 
0.16 
0.16 
0.24 


i 0.980i I1 + CL 0.1882 0.39 17.16 0.43 0.24 . .___ 


6 I - C L  I1 + CL 0.1883 
7 I + C L  I1 + CL 0.1883 
8 I - 0.01 0.1729 0.1877 
9 I + 0.01 0.1713 0.1916 


0.38 
0.40 
0.94 
0.87 


17.13 
17.10 
17.36 
16.78 


0.20 
0.22 
0.45 
0.43 


0.24 
0.27 
0.61 
0.55 


10 I - 0.0i I1 0.1891 0.65 17.30 0.35 0.70 
11 I + 0.01 I1 0.1902 0.60 16.83 0.33 0.63 


a I and I1 are Row 1 estimates of D, and Dn. I - CL means D, was treated as a constant with value I minus the 95% confidence limit of a reading (0.0008 absorbance 
unit). 


remained indistinguishable, even at  99% decomposition. When the error 
variance was reduced by a factor of 10, the second-order model was then 
inadequate at 71% reacted, but the first- and pseudo first-order models 
were adequate. Attempts to separate these two models by increasing the 
temperature range to 60° while maintaining 90% reacted were unsuc- 
cessful. 


Second-order and zero-order data were generated using parameter and 
constant values given previously (Table 11) and covering 90% reacted with 
a temperature range of 20'. The parameter estimates and probabilities 
for second-order data are given in Table IV and for zero-order data in 
Table V. 


At 90% decomposition and at the random error level used, the sec- 
ond-order equation was the only adequate model (Table IV). The other 
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Figure 3-Arrhenius plot for the acid catalysed (0.2396 M HCl) hy- 
drolysis of I ,  T, = 30'. Points cover the range of the experimental rate 
constants. 


models were shown to be inadequate by the statistical tests and the 
meaningless E estimates. 


The probabilities in Table V indicate that zero-order data can be de- 
scribed equally well by all models. Additionally, the kinetic parameter 
estimates (ha&) were reasonable for all models (although if prior stability 
information were available, the k, estimates from the incorrect models 
would be suspect). However, the D, estimates for the incorrect models 
were unacceptable, since absorbances of -50 and -252 are meaningless. 
Therefore, the first-, pseudo first-, and second-order models were rejected 
because of their D, estimates and the zero-order model was accepted by 
default and because it was not rejected by the statistical tests. 


For zero-order reactions, the rate increases continuously with time due 
to temperature rise and comes to an abrupt halt a t  zero concentration. 
For first-order, the rate increases initially but then decreases when the 
effect of lowered concentration exceeds that due to the increased k value. 
In second-order reactions, the decrease in rate occurs a t  a lower per- 
centage reacted since rate is proportional to concentration squared. 
Therefore, all models appear similar before the inflection points and, 
consequently, zero-order reactions covering a high percentage decom- 
position appear like first- and second-order reactions covering a small 
percentage reacted. From Table V, the 90% reacted zero-order model was 
adequately fitted by first- and pseudo first-order models covering -2% 
(D, - -50) or a second-order model with -0.5% decomposition (D, = 


Data from the nonisothermal hydrolysis of I, over -90% decomposition, 
were treated similarly. Graphs for a typical temperature program and 
reaction together with the ORTHO and MARQDT (pseudo first-order) 
fits are shown in Fig. 1. In all cases, zero- and second-order models were 
inadequate but the first- and pseudo first-order nonisothermal models 
were adequate. Pseudo first-order rate constants were estimated from 
isothermal data using nonlinear least-squares regression (J3q. 15). Plots 
of a typical data set and the fitted curve are shown in Fig. 2 along with 
the usual linearized graph. The rate constants were corrected for thermal 
volume expansion and then k, and E were estimated by linear least- 
squares regression using the logarithmic form of the reparameterized 
Arrhenius equation (Fig. 3). Nonisotbermal parameter estimates were 
in good agreement with isothermally determined values. These estimates 
are shown in Table VI with literature values. 


Confidence Limits-In all cases tested, the approximate confidence 
limits did not greatly exceed the Monte Carlo Iimits (usually only by a 
factor of <1.5). This indicates that the approximate error estimates cause 
less confident parameter estimates than is justified. However, in a 


-252). 


Table VIII-Variations in Parameter Estimates when Thermal 
Volume Expansion is Neglected 


Temperature Model 
Ranee Zero-Order Pseudo First-Order Second-Order 


20 0.09973 0.1002 0.1002 
40 0.09949 0.1004 0.1003 
60 0.09900 0.1007 0.1004 


ks 


E - - 
20 15.07 14.94 
40 15.09 14.92 
60 15.13 14.90 


14.96 
14.94 
14.93 


~ ~ 


a Exact nonisothermal simulated data were generated using: k. = 0.1, E = 15.0, 
DO = 1.0, D, = 0.05, a, = 1, a = 0, b = 1, T = 298.15 + t ,  and T, = 25' for various 
models incorporating the vof,me correction term. 
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practical sense, the differences were not large and errors caused by ac- 
cepting the approximate values would be safe. 


D,, and D, as Constants-The errors resulting from treating DO and 
D, as constants were investigated using a typical set of I data. Initially, 
all parameters (k,, E ,  DO, and D,) were estimated (row 1, Table VII) and 
the residual variance from this fit was used to obtain the 95% confidence 
limits of a reading. Variables DO and/or D ,  were then treated as constants 
and the remaining parameters were re-estimated from the data. Constant 
values for DO and D ,  were best estimates from the four parameter fit 
i 95% confidence limits of a reading (0.0008 absorbance unit). I t  is ac- 
ceptable that Do be determined to this precision, since for nonisothermai 
kinetics, the reaction initially proceeds slowly. However, determination 
of D ,  may involve time delays with instrument drift, mechanism changes, 
etc . ,  so an uncertainty of 0.01 absorbance unit would not seem unrea- 
sonable. Table VII shows the results of these refits. 


I t  is apparent that fixing DO and D ,  reduces the 95% confidence limits 
of E as expected, while those of k, are reduced except where the increase 
in residual variance outweighs the decrease caused by fixing Do and D ,  
(Table VII). In a practical sense it is unlikely that the decreases in 95% 
confidence limits would cause serious errors, but the inflated residual 
variances make the model suspect, making the choice of the appropriate 
reaction order difficult. 


Errors in k, and E estimates were quite small (0.16 and 0.23% range, 
respectively) when D ,  was treated as a constant in error by the 95% 
confidence limit of a reading (Rows 2 and 3 in Table VII), but similar 
errors in DO caused considerable biases in the estimates (1.6 and 1.2% 
ranges for k, and E, respectively). When the error in D ,  was increased 
to 0.01 absorbance unit, k, and E ranges were 2.1 and 3.4% in the worst 
case. These errors must be seen in light of the experimental precision and, 
hence, the approximate confidence limits. The 95% confidence limits for 
k ,  and 99% limits for E for Rows 4 and 5 and 8 and 9 in Table VII do not 
bracket the best (Row 1) estimates. That is, biased estimates resulted 
from using constant (incorrect) values for DO and D,. 


Thermal Volume Expansion-Comparison of the first- and pseudo 
first-order estimaks in Table I1 indicates that errors caused by neglecting 
thermal volume expansion are small for this model. However, to ascertain 
the magnitude of expected biases for all models, exact simulated data (no 
added random error) were generated. Data (40 pairs) covering 90% de- 
composition and temperature ranges of 20,40, and 60” were produced 
using reparameterized Eqs. 11,13, and 14. Parameters were re-estimated 
using these equations and again without the volume correction term 
Vz(t)].  In all cases where the complete equations were used, the estimates 
agreed (to 6 correct digits) with the parametric values. Errors caused by 
neglecting the volume correction are shown in Table VIII. 


The biases observed are quite small (eg., pseudo first-order, 40” range, 
biases are +0.4% in k, and -0.53% in E). These percentages varied little 
with parameter values (e.g., with k, = 0.01 and E = 30, the errors were 
+0.4% in k, and -0.3% in E). Assuming an error variance of 0.56 X 
the 95% confidence limits for the 40” pseudo first-order range are 50.61% 
for k, and f0.6470 for E. These limits bracket the parametric values. 


The bias in k, depended on the T, chosen. For To = 90°, the error was 
-1.9% but this increased error must be compared with the wider 95% 
confidence limits of f2.5%. Thus, the bias errors are relatively small. As 
seen previously, fits with and without volume correction terms (first- and 
pseudo first-order, Table 111) are equally good. Therefore, the need for 
a volume correction term was not evident from the experimental system, 
and justification for the term is theoretical (10). 


From a practical viewpoint it appears that failure to correct for volume 
expansion has a negligible effect on kinetic parameter estimates from a 
single data set; however, in the long term, slightly biased estimates will 
result and the inclusion of the term is warranted. 


REFERENCES 


(1) A. R. Rogers, J. Pharm. Pharmacol., 15, lOlT (1963). 
(2) S. P. Eriksen and H. Stelmach, J. Pharm. Sci., 54,1029 (1965). 
(3) M. A. Zoglio, J. J. Windheuser, R. Vatti, H. V. Maulding, S. S. 


Kornblum, A. Jacobs, and H. Hamot, ibid., 57,2080 (1968). 
(4) H. V. Maulding and M. A. Zoglio, ibid., 59,333 (1970). 
(5) B. Edel and M. 0. Baltzer, ibid., 69,287 (1980). 
(6) B. W. Madsen, R. A. Anderson, D. Herbison-Evans, and W. 


(7) K. B. Wiberg, in “Techniques of Chemistry,’’ vol. VI, part 1, 


(8) E. A. Cuggenbeim,Phil. Mag., 2,538 (1926). 
(9) E. J. Williams, “Regression Analysis,” Wiley, New York, N.Y., 


(10) R. Livingstone, in “Techniques of Organic Chemistry,’’ vol. VIII, 


(11) J. F. Bunnett, in “Techniques of Chemistry,” vol. VI, part 1, 


(12) P. J. Stewart, PhD thesis, University of Queensland, Australia, 


(13) P. J. Davis, in “Survey of Numerical Analysis,” J. Todd, Ed., 


(14) “CRC Handbook of Chemistry and Physics,” R. C. Weast, Ed., 


(15) D. W. Marquardt, J.  SOC. Indust. Appl.  Math., 11,431 (1963). 
(16) N. R. Draper and H. Smith, “Applied Regression Analysis,” 


(17) R. A. Anderson and M. Campbell, Aust. J. Pharm., 52, S81 


(18) A. R. Curtis and J. K. Reid, A.E.R.E.Report T.P.477, (1972). 
(19) L. Fox and D. F. Mayers, “Computing Methods for Scientists and 


Engineers,” Clarendon, Oxford, England, 1968, p. 204. 
(20) N. R. Draper and H. Smith, “Applied Regression Analysis,” 


Wiley, New York, N.Y. 1966, p. 95. 
(21) C. A. Bennett and N. L. Franklin, “Statistical Analysis in 


Chemistry and the Chemical Industry,” Wiley, New York, N.Y., 1967, 
p. 677. 


(22) J. P. Chandler, D. E. Hill, and H. 0. Spivey, Cornput. Biomed. 
Res., 5,515 (1972). 


(23) L. F. Fieser, “Experiments in Organic Chemistry,” 2nd ed., Heath, 
New York, N.Y., 1941, p. 222. 


(24) A. I. Vogel, “Quantitative Inorganic Analysis,” 3rd ed., Longman, 
London, England, 1972, p. 235. 


(25) K. A. Connors, Interest, 2,51 (1963). 
(26) E. Tommila and C. N. Hinshelwood, J .  Chem. SOC., 1938,1801. 


Sneddon, ibid., 63,777 (1974). 


Wiley, New York, N.Y., 1974, p. 748. 


1959, p. 15. 


part 1, Interscience, New York, N.Y., 1961, p. 113. 


Wiley, New York, N.Y., 1974, p. 174. 


1975. 


McGraw-Hill, New York, N.Y., 1962, chap. 10. 


55th ed., CRC Press, Cleveland, Ohio, 1974, F5. 


Wiley, New York, N.Y., 1966, chap. 10. 


(1971). 


ACKNOWLEDGMENTS 


The authors express their gratitude to Dr. P. J.  Stewart for helpful 
comments in the preparation of this paper. 


974 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 9. September 1982 












High-Performance Liquid Chromatographic Analysis of 
Dig oxin Formulations 


BELACHEW DESTA and K. M. McERLANE" 
Received June 9,1981, from the Faculty of Pharmaceutical Sciences, University of British Columbia, Vancouver, BC, Canada V6T 
1 WS. Accepted for publication October 2,1981. 


Abstract A rapid, selective, and simple high-performance liquid 
chromatographic (HPLC) assay for digoxin formulations is described. 
The method utilizes a conventional octadecyl bonded phase column with 
detection at 220 nm. The analytical procedure has been applied for the 
quantitation of digoxin in tablets, elixir, and injectable formulations with 
a resulting relative standard deviation of 1.45,1.70, and 1.80%, respec- 
tively. The method is sufficiently sensitive to monitor content uniformity 
of individual tablets. Potential impurities or degradation products are 
resolved from the digoxin peak in a total chromatographic time of <15 
min. 


Keyphrases High-performance liquid chromatography-analysis of 
digoxin formulations 0 Digoxin-high-performance liquid chromato- 
graphic analysis, assay of tablet, injectable, and elixir formulations a 
Formulations-high-performance liquid chromatographic analysis of 
digoxin formulations: tablets, elixir, and injectable 


Digoxin is a cardioactive glycoside isolated from the 
leaves of Digitalis lanata and is the most frequently used 
drug in the treatment of congestive heart failure. Its low 
dosage and narrow therapeutic safety margin require as- 
surance of potency and content uniformity of dosage 
forms, particularly in tablet formulations. The potential 
for the presence of degradation products or impurities 
introduces an additional requirement of assay speci- 
ficity. 


Previous methods for the analysis of digoxin as its drug 
substance and in formulations have largely been colori- 
metric (1-7), fluorometric (8-13), or chromatographic. The 
latter methods have included paper (14, 15), thin-layer 
(16-18), column (19, 20), gas-liquid (21-25), and high- 
performance liquid chromatographic (HPLC) methods 
(26-32). Colorimetric methods are largely nonselective and 
lack high sensitivity. Fluorometric methods, although more 
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MINUTES 
Figure 1-HPLC of a synthetic mixture of digitalis glycosides. Sequence 
of elution: I ,  digorigenin; 2, digoxigenin monodigitoxoside; 3, digoxigenin 
bisdigitoxoside; 4 ,  digorin; 5,17a-ethynylestradiol internal standard; 
6, gitoxin. Mobile Phase: water-methanol-isopropanol-methylene 
chloride (47:40:9:4), flow rate: 1.2 mllmin. 


selective and certainly more sensitive, lack specificity, since 
the acidic fluorogenic reaction required would lead to an 
identical fluorescent species for digoxin and its potential 
impurities. GC methods require the preparation of a suf- 
ficiently volatile derivative. However, the derivitization 
procedures cause hydrolysis of the digitoxose sugar resi- 
dues and, thus, would be inappropriate for the determi- 
nation of the intact digoxin moiety in the presence of its 
degradation products. The utilization of HPLC for the 
determination of digoxin provides a distinct advantage 
since the digitalis glycoside does not require pretreatment 
to facilitate chromatographic manipulation. HPLC has 
been used by several investigators (30,31) for the quanti- 
tative measurement of digoxin drug substance and its 
degradation products. The methods, although providing 
an indication of the hydrolysis rate of digoxin drug sub- 
stance in aqueous media, were not applied to dosage 
forms. 


Therefore, it  would appear that there is a need for a 
method of analysis of digoxin in its dosage forms that is 
reliable and accurate as well as sufficiently sensitive to 
facilitate single-tablet assay. Such a method is described 
in this paper. 


EXPERIMENTAL 


Apparatus-A high-performance liquid chromatograph' equipped 
with dual pumps2, a 20-4 injector3, and a dynamically stirred mixing 
chambe@ were used throughout with a variable wavelength detectorS and 
an electronic data processor6. All analyses were performed on a 4.6 mm 
X 250-mm column7 packed with 5-pm bonded octadecylsilane (CIS 
phase). 


Materials-Water, methanol, isopropanol, and methylene chloride 
were of HPLC gradea. Digoxing and 17a-ethynylestradi01~~ were used 
without further purification. 


Preparation of Internal Standard Solutions-An accurately 
weighed quantity, equivalent to 100 mg of 17a-ethynylestradiol, was 
dissolved in 100 ml of methanol. 


Preparation of Standard Solutions of Digoxin-A stock solution 
was prepared by dissolving an accurately weighed quantity, equivalent 
to 20 mg of digoxin, in 80 ml of boiling methanol, cooling the flask to room 
temperature, and bringing the final volume to 100 ml with methanol. Six 
aliquots equivalent to 0.1,0.2,0.4, 1.0, 2.0, and 2.5 mg of digoxin were 
added to 100-ml volumetric flasks. A 2.5-ml aliquot of the internal 
standard was added to each flask, followed by an amount of methanol 
required to bring the volume to 35 ml. The flasks were then brought to 
volume with distilled water and thoroughly mixed. Three injections of 
each of the six standard solutions containing digoxin and l7a-ethyn- 
ylestradiol were used to establish linearity and response ratios. 


Sample Preparation-Not less than 30 tablets were weighed and 


l Model 322, Beckman Instruments, Inc. Toronto, Ontario, Canada. 
Model 100A. Beckman Instruments, Inc. 
Model 210, Beckman Instruments, Inc. 
Model 400, Beckman Instruments, Inc. 
Model 100-10, Hitachi Ltd., Tokyo, Japan. 
Model C-RIA, Shimadzu Corp., Kyoto, Japan. 
Ultrasphere, Beckman Instruments, Inc. 
Fisher Scientific, Vancouver, B.C., Canada. 
Boehrin er Mannheim Corp., Mannheim, G.F.R. 


10 Sigma Ciemical co., St. Louis, MO. 


0022-3549/82/ 0700-0777$0 1.001 0 
@ 7982, American Pharmaceutical Association 
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Table I-Results of the Analysis of Composite Samples of Digoxin Tablets by HPLC and the USP Method 


Percent of Label Claim 
Brand A Brand B Brand C 


0.125 mg 0.25 mg 0.25 mg 0.25 mg 
HPLC USP HPLC USP HPLC USP - 


Number Method Method Method Method Method Method Method Method 


1 98.0 103.0 94.0 105.6 98.8 101.4 101.6 97.7 
2 101.2 96.1 96.8 96.2 97.2 98.8 100.0 102.7 


99.2 94.9 95.2 98.4 98.0 103.0 104.8 103.2 
4 101.2 - 95.2 - 97.6 - 98.4 - 
3 


Mean 99.9 98.0 95.3 100.1 97.9 101.0 101.2 101.2 


triturated to a fine powder. An accurately weighed quantity, equivalent 
to 1.25 mg of digoxin, was transferred to a 100-ml volumetric flask. Ten 
milliliters of distilled water was added and the flask was swirled for 2-3 
min. Exactly 32.5 ml of methanol was added and the mixture was me- 
chanically shaken for 15 min. The suspension was filtered using filter 
paper", and the residue was washed with three 5-ml portions of distilled 
water. The combined filtrate and washings were collected in a 100-ml 
volumetric flask containing a 2.5-ml aliquot of the internal standard 
solution, and the flask was brought to volume with distilled water and 
thoroughly mixed. A 2 0 4  sample, containing 12.5 ng/pl of digoxin and 
25 ng/yl of the internal standard, was injected into the liquid chroma- 
tograph. 


Single Tablet Assay-One tablet was placed in a 100-ml volumetric 
flask and treated in the same manner as the tablet composite assay. 


Injectable Formulation Assay-The contents of 20 ampules were 
bulked and a 2-ml aliquot was transferred to a 10-ml volumetric flask (in 
the case of the 0.05 mg/ml injection) or to a 50-ml volumetric flask (in the 
case of the 0.25 mg/ml injection). Aliquots of 0.25 ml and 1.25 ml of in- 
ternal standard solution were added to the 10- and 50-ml volumetric 
flasks, respectively. A volume of 0.25 ml(O.25 mg) of the internal standard 
solution was added to the 10-ml volumetric flask, and 1.25 ml(l.25 mg) 
of the internal standard solution was added to the 50-ml volumetric flask. 
A volume of methanol equivalent to 2.8 and 14.0 ml, was added to the 10- 
and 50-ml volumetric flasks, respectively. The theoretical final concen- 
tration of digoxin and the internal standard were 10 and 25 ng/pl, re- 
spectively. 


Elixir-A 20-ml aliquot of the elixir was transferred to a 100-ml vol- 
umetric flask, followed by 2.5 ml of the internal standard solution and 
20 ml of methanol. The flask was brought to volume with distilled water 
and thoroughly mixed. The theoretical final concentration of digoxin and 
the internal standard were 10 and 25 ng/yl, respectively. 


Precision of Tablet Assay-A total of 40 digoxin tablets were weighed 
and triturated to a fine powder. Six aliquots, equivalent to 1.25 mg of 
digoxin, were weighed into six volumetric flasks and treated as described 
under tablet assay. Three injections were made for each sample. 


Recovery of Digoxin from Tablets-Six aliquots of digoxin tablets 
were prepared as described previously. To each aliquot an accurately 
weighed1* quantity of digoxin reference standardg, equivalent to 0.625 
mg, was added, and the samples were treated as described under tablet 
assay. Three injections were made for each sample. 


HPLC Conditions for Tablet and Injectable Formulation As- 
says-The mobile phase consisted of water-methanol-isopropanol- 
methylene chloride (424094) and was pumped at a flow rate of 1.2 
ml/min. The UV detector was set a t  220 nm. 


I 
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Figure 2-HPLC of a digorin tablet formulation. Sequence of elution. 
1 ,  digoxin; 2,17cr-ethynyl estradiol. Mobile Phase: refer to Fig. 1. 


1' Number 1, Whatman Paper, W. and R. Baiston Ltd., Eng. 
12 Cahn Electrobalance, Ventron Instruments Corp., Paramount, Calif. 


HPLC Conditions for Elixir Formulation Assay-The mobile 
phase consisted of water-methanol-isopropanol-methylene chloride 
(51:425:2). All other conditions were identical to those described for 
tablet and injectable formulation assay. 


RESULTS AND DISCUSSION 


A chromatogram of a standard mixture of digoxin and its potential 
degradation products, digoxigenin, digoxigenin monodigitoxoside, di- 
goxigenin bisdigitoxoside, as well as a common impurity, gitoxin, and the 
internal standard, ethynylestradiol, is given in Fig. 1. From this chro- 
matogram it can be ascertained that the common potential impurities 
would not interfere with the assay of digoxin (Peak 4). In addition, 
common tablet excipients such as starch, lactose, methylcellulose, and 
stearate lubricants were subjected to the extraction procedure for the 
tablet assay and were found to be noninterfering. 


The presence of a relatively small amount of methylene chloride in the 
mobile phase contributes to absorption of radiant energy at 220 nm and 
therefore raises the baseline. However, the presence of a considerably 
large amount of water minimizes the absorbance effect of methylene 
chloride. The problem of miscibility of the two solvents is resolved by the 
presence of methanol and isopropanol. Moreover, since there is sufficient 
differential absorbance contributed by digoxin, it has been consistently 
shown that no problem arises from the presence of methylene chloride. 
A description of the evolution of the mobile phase has been given (33) 
where the HPLC separation of a number of cardiac glycosides has been 
reported using different proportions of the four solvents (water-meth- 
anol-isopropanol-methylene chloride). 


Calibration curves were constructed, and the relative response ratios 
of digoxin to the internal standard, 17a-ethynylestradiol, was found to 
be 1.426 for the analysis of digoxin tablets and injection, and 1.386 for 
the analysis of digoxin elixir. The relative standard deviation was 2% ( n  
= 6) in both cases. Calibrations were performed for each batch of solvent 
systems prepared on a daily basis. 


The chromatogram depicted in Fig. 2 is representative of a composite 
assay of a tablet containing 0.25 mg of digoxin. The initial baseline dis- 
turbance and the small negative peak at -6.5 min are due to a solvent 
effect from the sample injection. 


The recovery data for the extraction of digoxin from tablets (0.25 mg) 
was determined by adding an amount of digoxin reference standard 
equivalent to half of the amount of digoxin contained in the tablet sample. 
Analysis of six such samples resulted in recovery values of 99.7,101.3,96.8, 
102.6.95.2, and 103.4% of the total quantity expected. The mean and 
relative standard deviation were found to be 99.8 and 3.2%, respectively, 
with a 95% confidence limit of (&) 3.4. The precision of the assay was 


Table 11-Results of HPLC Single-Tablet Assay of Digoxin 
Tablets 


Percent of Label Claim" 
Number 0.125 mg 0.25 mg 


90.0 
91.4 


105.8 
102.4 
93.9 
96.8 
94.6 
96.8 


101.2 


92.8 
96.4 
92.6 


106.0 
102.0 
94.8 
98.6 
96.9 
93.2 


10 98.4 92.8 
Mean (rt) 97.1 96.6 
RSDb, 90 5.1 4.6 


Brand A. * Relative standard deviation. 
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Table 111-Results of the Analysis of Digoxin Injection and Elixir Formulations by HPLC and the USP Method 


Percent of Label Claim 


0.05 mg/ml 0.25 mg/ml 0.05 mg/ml 
R P L C  Usp- HPLC USP HPLC USP 


Injection Elixir 


Number Method Method Method Method Method Method 


1 
2 
3 


102.5 
98.5 
97.5 


4 99.0 


103.2 
101.2 
99.6 - 
- 
- 


101.3 
1.8 


98.4 
102.4 
99.2 
98.9 
97.6 
98.4 
99.1 


1.6 


101.2 
101.9 
102.7 - 
- 
- 


101.9 
0.8 


100.5 
98.6 
97.4 


101.2 


99.4 
1.8 


- 
- 


101.6 
97.4 
98.2 
- 
- 
- 


99.1 
2.2 


Relative standard deviation. 


independently determined on six aliquots of the same tablet lot. The 
values for the percentage of label claim were: 98.0,99.4,98.2,98.0,101.4, 
and 100.5% with a mean value of 99.2% and a relative standard deviation 
of 1.45%. Therefore, it can be observed from the above data that the assay 
has satisfactory accuracy and precision. 


The application of the HPLC assay to three commercial sources of 
digoxin tablet formulations provided the data given in Table I. Four al- 
iquots of each of the four tablet lots were independently assayed, and it 
can be observed that all lots were well within the USP limits of 92-108% 
(7). The same four lots were assayed by the USP colorimetric method for 
digoxin tablets and the results are also given in Table I. The respective 
mean assay values for the four lots compare favorably; however, a sig- 
nificant time benefit of the HPLC assay was noted. The time taken for 
the total assay of four aliquots of a single tablet lot using the USP method 
was -4.5 hr, while the HPLC assay required only 45 min. 


The USP monograph for content uniformity of tablets is a long col- 
orimetric procedure requiring repetition of the tablet assay for each of 
10 tablets. Consequently, the HPLC procedure developed was applied 
to a single-tablet assay of 10 randomly selected tablets from two tablet 
strengths obtained from the same manufacturer. As shown in Table 11, 
the individual assay results for a 0.125-mg tablet fell within 90.0-105.8% 
and for a 0.25-mg tablet, 92.6-106.0%. The general requirement for 
content uniformity of tablets in the USP specifies that the potency of all 
10 tablets must fall within 85-115% of the label claim. Hence the tablets 
selected in this determination met the pharmacopeial requirements. The 
assay time for the HPLC method was significantly shorter. 


The analysis of digoxin injection indicated that the peaks due to di- 
goxin and the internal standard are free from interference from formu- 
lation excipients. The chromatogram was essentially identical to that 
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Figure 3-HPLC of a digoxin elixir formulation. Sequence of  elution: 
1-3, unknown; 4,  methylparaben; 5, digoxin; 6, unknown; 7, 17 a-eth- 
ynylestradiol. Mobile Phase: Water-methanol-isopropanol-methylene 
chloride (51:42:5:2) flow rate: 1.2 mllmin. 


shown for a tablet formulation (Fig. 2). The assay results (Table 111) for 
two strengths of injectable formulation obtained from the same manu- 
facturer provided a mean potency of 99.4 and 99.1% wit5 a respective 
relative standard deviation of 1.7 and 1.6%. The mean potency of the 
HPLC assay compares favorably with that obtained for the same for- 
mulations using the USP assay (Table 11). 


Due to the presence of excipients in the elixir formulation, the relative 
composition of mobile phase for this assay was modified slightly. The 
chromatogram depicted in Fig. 3 is representative of the analysis of a 
single elixir formulation. Peaks 1-4 and 6 were due to pharmaceutical 
excipients. Peak 4 was determined to be methylparaben, the remaining 
excipients, however, were not identified. The assay results obtained from 
4 aliquots of this formulation are given in Table 111 and indicate a mean 
potency of 99.4%, with a relative standard deviation of 1.8%. The assay 
results for the elixir formulation as obtained by the USP method (Table 
111) compare favorably with those obtained from the HPLC assay method. 
It is significant that the analysis of both the injectable and elixir formu- 
lations was achieved by simple dilution of the formulation. The USP, on 
the other hand, requires a prior solvent extraction for the analysis of the 
elixir. 


In comparison with the long, labor-intensive requirements for the assay 
of tablet, injectable,and elixir formulations as outlined in the USP, the 
HPLC method described herein provides a significant advantage in terms 
of selectivity, simplicity, convenience, and time of analysis. 
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Abstract IR and X-ray analysis demonstrate that  hydrotalcite forms 
during the aging of aluminum hydroxycarbonate gel and magnesium 
hydroxide gel mixtures. The formation of hydrotalcite produces a change 
in the pH-stat titrigram and a sharp increase in the pH of the mixture. 
Hydrotalcite was noted earlier in mixtures having a high molar ratio of 
magnesium to aluminum, a high total gel concentration, a high initial pH, 
or in mixtures stored a t  elevated temperatures. The addition of sorbitol 
to the mixtures substantially delayed the appearance of hydrotalcite. 
Nonacid-reactive hydrotalcite formed when mixtures of chloride-con- 
taining aluminum hydroxide gel and magnesium hydroxide gel were 
aged. 


Keyphrases Hydrotalcite-formation, mixtures of aluminum hy- 
droxycarbonate and magnesium hydroxide gels, IR and X-ray analysis 


Mixtures-formation of hydrotalcite in mixtures of aluminum hy- 
droxycarbonate and magnesium hydroxide gels 0 Gels-aluminum hy- 
droxycarbonate and magnesium hydroxide gels, mixtures, formation of 
hydrotalcite 


It  has been reported recently that amorphous aluminum 
hydroxycarbonate gel forms a coating on magnesium hy- 
droxide particles due to electrostatic attraction (1). This 
interaction was detected because the rate of acid neutral- 
ization of mixtures of aluminum hydroxycarbonate gel and 
magnesium hydroxide gel was slower than expected, based 
on individual rates of acid neutralization. The interaction 
occurred immediately and an additive rate of acid neu- 
tralization only occurred when the gels were separately 
added to the reaction vessel. As the mixtures aged, the rate 
of acid neutralization decreased further, suggesting that 
the amorphous aluminum hydroxycarbonate coating was 
becoming more ordered as the amorphous to crystalline 
phase transition occurred. 


It was noticed, however, that the rate of acid neutral- 
ization in some aged mixtures was greater than the initial 
rate of acid neutralization. Thus, a further reaction ap- 
peared to be occurring during the aging of mixtures of 
aluminum hydroxycarbonate and magnesium hydroxide 
gels. This interaction is the focus of this study. 


EXPERIMENTAL 


Magnesium hydroxide gel1 was obtained commercially as a paste 
containing the equivalent of 21% (w/w) MgO. Aluminum hydroxycar- 
bonate gel was prepared as described previously (2) by the addition of 
0.47 M AlC1~6Hz0 to 0.53 M NaHC03 and 0.23 M Na2C03 to a final pH 
of 6.5. Chloride-containing aluminum hydroxide gel was prepared as 
described previously (2) by the addition of 13% (v/v) strong ammonia 
solution to 0.29 M AlC13-6HzO to a final pH of 7.0. 


Aluminum and magnesium content were determined by chelatometric 
titration (3). 


Mixtures of aluminum hydroxycarbonate gel or chloride-containing 
aluminum hydroxide gel and magnesium hydroxide gel were prepared 
on a weight basis. For example, a 200-g mixture containing a total of 0.6 
mmole of metal/g in a magnesium-aluminum molar ratio of 5:1 was 
prepared by weighing magnesium hydroxide gel and aluminum hy- 
droxycarbonate gel or chloride-containing aluminum hydroxide gel 
Containing 100 mmoles of magnesium and 20 mmoles of aluminum, re- 
spectively. A solution containing an excipient was added when necessary. 
The final weight was adjusted to 200 g with double-distilled water and 
the mixture was stirred mechanically until uniform. The mixtures were 
aged in widemouth polyethylene bottles. 


The acid neutralization reaction was monitored by an automated2 
pH-stat titrator at pH 3.0,25" using a sample size which would theoret- 
ically neutralize 2.25 mEq (4). 


X-ray diffractograms were obtained using air-dried samples in 
McCreery mounts (5). Diffractograms were recorded from 6 to 40" (2 0) 
under the following conditions3: CuK, radiation, 30 kV, 28 mamp, 2"/ 
min. 
IR4 spectra were recorded using potassium bromide disks containing 


0.8-2.0 mg of air-dried sample and 300 mg of KBr. 


RESULTS AND DISCUSSION 


The rate of acid neutralization of a mixture of aluminum hydroxy- 
carbonate gel and magnesium hydroxide containing 0.6 mmole of m e W g  
in a magnesium-aluminum molar ratio of 5:l decreased during the first 
31 days of aging at 25' (Fig. 1A). A slight decrease in the total acid reac- 
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Figure 9-Concentrations of  levodopa in the plasma as a function of 
t ime following rectal administration of a microenema at pH 7.4 and a 
levodopa dose o f  15 (@ and O), 7.5 (O), and 15 mglkg (@) of sodium 
salicylate. Levodopa (10 mglkg) was also given intravenously (m), 


rise in the plasma salicylate concentration after the simultaneous rectal 
administration of both salicylate and drug as shown in Fig. 10 for cef- 
metazole and levodopa. To examine the effect of salicylate levels inde- 
pendent of rectal absorption, the effect of salicylate given intravenously 
on the rectal absorption of cefmetazole and theophylline was studied. 
In this study, sodium salicylate was given by an intravenous infusion to 
maintain a relatively high plasma salicylate concentration of -2 mglml. 
As shown in Table I1 and Fig. 10, salicylate in the plasma alone did not 
affect the loss of cefmetazole or theophylline from the solution perfusing 
the rat rectum. Furthermore, no salicylate was found in the perfusate, 
indicating that little if any salicylate was present in the rectal membranes 
after intraveous infusion of salicylate. Although salicylate is readily ab- 
sorbed from the rectum to the plasma, the reverse does not occur under 
these conditions. It also appears that salicylate does not promote rectal 
drug absorption except when it is present in the rectal tissue. This is 
supported by the observation (2) that the enhancement of theophylline 
absorption from the rectum by salicylate was eliminated by washing the 
rectum with a buffer solution after pretreatment with salicylate. This 
is in contrast to the effect of sodium lauryl sulfate which continued after 
washing the rectum following pretreatment with sodium lauryl sul- 
fate. 


It appears that salicylate interacts with some feature of the rectal 
membrane facilitating the transport of drug substances from the rectum 


Figure 10-Disappearance rate constant (X 102 min-I) of cefmetazole 
(m) and levodopa (0) f rom perfusate as a function of salicylate con- 
centration in  the plasma following rectal administration. High plasma 
concentrations of  salicylate following intravenous salicylate adminis- 
tration did not result in significant disappearance of cefmetazole (@) 
or levodopa (0). 


to the general circulation. Studies are continuing on the mechanism of 
this action. 
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Abstract A high-performance liquid chromatographic method for the 
analysis of iodochlorhydroxyquin in creams and as bulk drugs has been 
developed. Iodochlorhydroxyquin was acetylated in the &position by 
reaction with acetic anhydride in pyridine. The resulting ester was mixed 
with the internal standard and chromatographed on a microparticulate 
silica column, Recovery was quantitative and the method was shown to 
be applicable to cream formulations from several manufacturers. 


Keyphrases Iodochlorhydroxyquin-analysis in cream formulations 
and bulk drugs, high-performance liquid chromatography High-per- 
formance liquid chromatography-iodochlorhydroxyquin, analysis in 
cream formulations and bulk drugs Cream formulations-analysis of 
iodochlorhydroxyquin and bulk drugs by high-performance liquid 
chromatography 


Iodochlorhydroxyquin (5-chloro-7-iodo-8-hydroxy- 
quinoline) (I) has antifungal and antibacterial activities 
and is used in the treatment of inflamed skin conditions 
such as eczema, athlete's foot, and other fungal infections. 


Its use is generally limited to topical applications and is 
commercially available in lotion, cream, and ointment 
formulations. It is frequently formulated in combination 
with the corticosteroid, hydrocortisone. Monographs for 
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Figure I-Effect of tetrahydrofuran on the capacity factor of iodo- 
chlorhydroxyquin-8-acetate ester and the internal standard. Key: (0) 
testosterone acetate; (A) iodochlorhydroxyquin acetate ester. 


I as bulk drug, cream, ointment, compound powder, and 
tablets appear in USP XX. 


The USP XX assay for I in cream formulations involves 
extraction of the drug into carbon disulfide and quanti- 
tation by IR spectroscopy. The sample preparation in this 
assay is cumbersome in that it requires multiple extrac- 
tions and one back-extraction step. Also, the use of quan- 
titation by IR spectroscopy limits the extent to which the 
assay can be automated. 


In this study a chromatographic method was developed 
with high specificity and an experimentally simple sample 
preparation. An approach utilizing acetylation of the 8- 
hydroxy group of I and normal-phase high-performance 
liquid chromatography (HPLC) was found to satisfy these 
conditions. 


BACKGROUND 


The analysis of I in dosage forms and biological samples has been ac- 
complished by TLC, GC, and HPLC. Compound I has been analyzed 
using silica gel plates with a methanol-methoxyethanol-hydrochloric 
acid (88:102) developing solvent (I). Three unidimensional developments 
of the plate were required to completely isolate I from frequently en- 
countered impurities. The following compounds were observed as im- 


Table I-Relative Retention Times and Relative Responses for 
Related Compounds 


Relative Relative 
Retentiona Response Compound 


1.00 
quinoline (I) 


5.7-dichloro-8- hydroxy- 1.08 
quinoline (II) 


(TIT\ 
5,7-diiodo-8- hy droxyquinoline 0.94 


1.00 


0.07 


0.64 


5-~h~oro-8-hydroxyquinoline 1.45 0.04 


8-hvdroxvauinoline (V) Not Detected 
(IV) 


a AU compounds chromatographed as the &acetate ester. Peak height response 
at 254 nm. 


purities in samples of I: 5,7-dichloro-8-hydroxyquinoline (11); 5,7-di- 
iodo-8-hydroxyquinoline (111); 5-chloro-8-hydroxyquinoline (IV); and 
8-hydroxyquinoline (V). In a previous study (2), I was reacted with N- 
trimethylsilylimidazole to form the silyl ether in the 8-position. Silylated 
I and related compounds were separated and quantitated by GC using 
a methylsilicone column. The silyl ether was formed by reacting I with 
N-methyl-N-silyltrifluoroacetamide, and I was analyzed in several dosage 
forms by GC (3). 


Extractive alkylation has also been used as a derivatizing procedure 
for I prior to GC analysis. Compound I is extracted into methylene 
chloride using tetraalkylammonium salts as ion pairing agents. Methyl 
iodide in the methylene chloride solution then reacts with I to form the 
8-methyl ether which is then analyzed by GC. Tetrapentyl- and te- 
trahexylammonium hydroxide have been used as ion-pairing reagents 
(4). To avoid problems associated with the hydroxide portion of the 
ion-pairing reagent, tetrabutylammonium hydrogen sulfate has been 
employed as the pairing ion in the analysis of I in urine and plasma (5). 
Acetate ester formation has been used in the GC analysis of I in serum, 
urine, and milk (6). Compound I is extracted into pyridine-benzene (1:9) 
and then derivatized with acetic anhydride. 


Iodochlorhydroxyquin has also been analyzed in urine by HPLC (7). 
This method used an anionic exchange resin and gradient elution to 
achieve satisfactory chromatography. 


EXPERIMENTAL 


Materials-Testosterone acetate', iodochlorhydroxyquin2, 5,7-di- 
iodo-8- hydro~yquinoline~, 5,7-dichloro-8-hydro~yquinoline~, 5-chloro- 
8-hydro~yquinoline~, and 8-hydro~yquinoline~ were used as received. 
Pyridine4, glacial acetic acid4, and acetic anhydride4 were analytical re- 
agent grade. Butyl chloride5 and te t rahydrof~an~ were distilled in glass. 
Water used in preparation of the mobile phase was deionized. 


Mobile Phase-All mobile phases were prepared by mixing water- 
saturated butyl chloride with butyl chloride at a ratio of 1:l and then 
adding the appropriate amounts of tetrahydrofuran and glacial acetic 
acid. The mobile phase used for analysis of I was butyl chloride-water- 
saturated butyl chloride-tetrahydrofuran-glacial acetic acid(55:55:32). 
All mobile phases were filtered before use. 


Instrumentation-The HPLC system has been described previously 
(8). The column used contained microparticulate silica6 (10 pm, 30 cm 
X 4 mm). 


Quantitative Procedure for  I in Creams-An accurately weighed 
quantity of cream equivalent to 30 mg of I was transferred to a 100-ml 
volumetric flask. Tetrahydrofuran (-70 ml) was added, shaken vigorously 
until the sample was completely dissolved, and tetrahydrofuran was 
added to volume. A standard preparation was prepared by dissolving an 
accurately weighed quantity of I (-30 mg) in 100.0 ml of tetrahydrofuran. 
The standard and sample preparations (5.0 ml) were transferred into 
suitable vials. Two milliliters of a pyridineacetic anhydride mixture (1:l) 
were added to the sample and each vial was heated for 15 min at 60'. After 
the samples returned to ambient temperature, 15.0 ml of the internal 
standard solution, prepared by dissolving 450 mg of testosterone acetate 
in 60 ml of tetrahydrofuran and then diluting to 1000 ml with butyl 
chloride, was added and mixed thoroughly. A 3-ml portion of each sample 


Steraloids, Inc., Wilton, N.H. 
Ciba-Geigy, Summit, N.J. 
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Mallinckrodt, St. Louis, Mo. 
Burdick and Jackson Laboratories, Muskegon, Mich. 
p-Porasil, Waters Associates, Milford, Mass. 


Journal of Pharmaceutical Sciences f 073 
Vol. 71. No. 8. August 1982 







Table 11-Recovery of I Added to Placebo Formulation 


Added, mg/g Found, mg/g Recovery, % 


22.46 
26.20 
29.94 
33.68 
37.42 


22.98 102.3 
26.54 101.3 
30.16 100.7 
34.00 101.0 
37.46 100.1 


Table 111-Analysis of I in Cream Formulations 


Manufacturer mg I/ga 


A 
B 


C 


30.6.30.2 
30.1.30.1 
29.8,29.7 
30.4,30.3 
30.5.29.9 
29.9; 28.8 
30.0, 29.7 
30.2,30.1 
30.0, 29.6 


D 29.9,30.0 
31.3,30.7 


Duplicate assays. Each pair of results represents a different lot. Label quantity 
waa 30 mglg (3%). 


was transferred to a second vial and evaporated to dryness under a gentle 
nitrogen flow at  40'. Residue was reconstituted in -15 ml of mobile 
phase. (Gentle warming and/or vigorous shaking may be necessary to  
ensure reconstitution.) Aliquots of the final solution were chromato- 
graphed and quantitated using peak height or peak area ratios. 


Quantitative Procedure for I Bulk Drug-An accurately weighed 
quantity of I (-30 mg) was transferred to a 100-ml volumetric flask. 
The same procedure was followed as with cream. 


RESULTS AND DISCUSSION 


Initial attempts to develop a direct liquid chromatographic assay for 
I were unsuccessful. Using silica columns, the retention times were ex- 
cessive. Using reversed-phase chromatography (octadecylsilane, 10 pm), 
reasonable elution times were obtained but the peaks exhibited unac- 


A B 


4 min 
H 


0.064 aufs 


Figure 2-Chromatographic tracings of a standard preparation before 
(A) and after (B) adding 3% 5.7-diiodo-8-hydroxyquinoline prior to 
derioatization step. 


ceptable tailing in most cases. The observed behavior suggested that I 
was binding strongly to silanol groups on both types of column packings. 
To avoid this problem, the approach of acetylating the highly polar 8- 
hydroxy group was undertaken. The resulting 8-acetate ester was much 
less polar and could be chromatographed easily using a silica column and 
a modified butyl chloride mobile phase. 


The derivatization reaction (Scheme I) is rapid under the chosen con- 
ditions. It was determined experimentally that one-half the amount of 
acetylating reagent (pyridine-acetic anhydride mixture) called for in the 
procedure would give quantitative conversion to the ester in 15 min at 
60". It was also found that the reaction gives essentially 100% recovery 
in 5 min at 60". The amount of acetylating reagent and the length of re- 
action time used in the final analytical procedure, therefore, represent 
excess quantities. 


C H 3  


cco 
I 


OH 
I 
0 


CI 


Scheme I 


The effects of tetrahydrofuran and acetic acid on the capacity factors 
for the 8-acetate ester of I and testosterone acetate were studied by 
varying the amounts added to the mobile phase. The amount of butyl 
chloride in the mobile phase was kept constant; however, the ratios 
changed slightly. The effects of varying the amount of acetic acid were 
minimal. However, small changes in the tetrahydrofuran concentrations 
caused dramatic shifts in the capacity factors for both compounds as 
shown in Fig. 1. Therefore, the concentration of tetrahydrofuran must 
be carefully controlled to obtain reproducible results. 


To evaluate the specificity of the chromatographic system, several 
related compounds were derivatized by acetylation and examined for 
chromatographic retention and response. Of the compounds tested 
(Table I), 5,7-diiodo-8-hydroxyquinoline (111) showed the greatest po- 
tential for interference. Figure 2 showed the chromatographic tracings 
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Figure 3-Typical chromatographic tracings of sample preparation 
(A) and standard preparation (B). See text for details. 
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Table IV-Analysis of Iodochlorhydroxyquin Bulk Drug 


Purity, % 
Lot Peak Area Calc. Peak Heiaht Calc. 


A 
B 
C 
D 
E 
F 


98.9,98.3 
99.2,99.9 
97.4,98.7 
98.5,98.4 
99.9,99.4 
98.3.98.9 


99.4,98.9 
99.5,99.1 
98.9.99.4 
98.3; 98.9 
99.2,98.7 
98.2,99.2 


of a standard preparation before and after the addition of I11 in an 
amount equivalent to 3% of I. Baseline resolution was achieved and re- 
covery of I11 was quantitative over the range of 1.5-5.0% expressed on 
the basis of I. While 5,7-dichloro-8-hydroxyquinoline elutes near the peak 
for I, its relative response at 254 nm is very low and should not interfere 
at  low concentrations. Furthermore, no changes in assay results for I were 
observed with samples spiked with as much as 6% of 111. 


Typical chromatographic tracings for standard and sample prepara- 
tions are shown in Fig. 3. No interferences were observed from formula- 
tion excipients, even though no sample clean-up steps were employed. 
No late eluting peaks were observed over an 8-hr period. 


Placebo samples with added I were analyzed by this method to deter- 
mine recovery efficiency. The recovery data (Table 11) indicate that the 
procedure is quantitative for I over the range of 22-37 mg/g. This range 
corresponds roughly to  75-125% of label for the typical 3% cream for- 
mulations (30 mg/g). Replicate analysis of a single lot ( n  = 8) at 30 mg/g 
gave a 1.1% RSD. Results from the analyses of several lots of cream for- 


mulations from five manufacturers are shown in Table 111. Good 
agreement with label content was observed in all cases. 


A slightly modified procedure was used to analyze samples of bulk drug. 
Five samples of I (18-43 mg) were analyzed according to this procedure. 
The weight of I found was plotted against the weight of I added. The re- 
sulting linear regression equation had a slope of 1.00, an interceat of 
-0.02, and a correlation coefficient of 0.999. One lot of bulk drug was 
analyzed 10 times to determine the precision of the bulk drug assay. Using 
peak area ratios as the basis for calculation, the average value was 99.12% 
purity with a 1.1% RSD. Using peak height ratios, the mean was 99.21% 
purity with a 0.6% RSD. Six additional lots of iodochlorhydroxyquin bulk 
drug were analyzed in duplicate. The results of these assays are shown 
in Table IV. 
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Abstract The distribution of four bile salts: sodium cholate (I), sodium 
deoxycholate (II), sodium chenodeoxycholate (III), and sodium urso- 
deoxycholate (IV), between aqueous buffer and 1-octanol has been 
measured as a function of temperature between 25 and 55" and as a 
function of bile salt concentration at concentrations <0.1 moleniter in 
the aqueous phase. The distribution isotherms obtained have been ex- 
plained on the basis of reversible association in the aqueous phase. The 
treatment assumes that the bile acid exists as a monomer in the organic 
phase, which is verified by vapor pressure osmometry. A graphical 
method has been employed to estimate the association constants in the 
aqueous phase for the various equilibria encountered. An aggregation 
number of four for IV and 12 for I, 11, and I11 has been estimated. From 
the results, thermodynamic functions associated with the transfer of each 
of the bile salts from water to octanol and those associated with associ- 
ation processes in the aqueous phase were calculated. These results are 
consistent with previous findings that the premicellar association of bile 
salts occurs by hydrophobic interaction. The thermodynamics of transfer 
of bile salts revealed an unfavorable enthalpic and favorable entropic 
contribution for all four bile salts. However, for IV, which is an epimer 
of 111, both enthalpic and entropic contributions are reduced, compared 
to 111, suggesting a pronounced effect of stereochemical orientation on 
hydrophobic interaction. 


Keyphrases 0 Partition coefficient-distribution of bile salts between 
1-octanol and aqueous buffer Thermodynamics-distribution of bile 
salts between 1-octanol and aqueous buffer 0 Surfactants-distribution 
of bile salts between I-octanol and aqueous buffer 


Bile salts are biological detergents which play an im- 
portant role in the dissolution or dispersion of cholesterol 
and other lipids in the body (1,2).  The solubility of cho- 


lesterol in the sodium cholate-water and the sodium cho- 
late-lecithin-water system was studied (3). It was shown 
(4) that bile salts were capable of solubilizing a large 
number of poorly water soluble organic and inorganic 
compounds. The solubilization of various steroidal hor- 
mones in bile salt solutions was investigated (5-7). It was 
demonstrated (8, 9) that the solubilities and dissolution 
rates of several unrelated poorly water-soluble drugs were 
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Figure 1-Distribution isotherms for sodium deoxycholate at 2 5 O  lo), 
3 5 O  (O) ,  45' (a), and 55' (0)  between I-octanol and 0.02 M trometh- 
amine buffer (pH 8). The solid line is calculated according to Eqs. 15a 
and b. 
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structural characteristics of enzymes; and Sir Arnold Burgen along with 
N. J. M. Birdsall and E. C. Hume introduce the reader to modern tech- 
niques which provide a better understanding of receptors. 


In the foreword J. F. Cavalla and M. A. Simkin offer an interesting 
proposal about what it takes for a medicinal chemist to become successful. 
They propose that the medicinal chemist must associate himselfherself 
with a biologist, and for further success, must acquire a working knowl- 
edge of basic pharmacology in the area in which he/she is working, cou- 
pled with a detailed awareness of structure-activity relationships; then, 
they say, the medicinal chemist should succeed in discovering new and 
better medicines. This reviewer finds himself in agreement with their 
offer, except that I would propose the use of the adjective “molecular” 
before biologist (and pharmacologist) to describe the needs of medicinal 
chemists today. Much more knowledge at  the molecular level is needed, 
and it is a pleasure to find the theoretical papers of this volume fulfilling 
this need. 


Overall, the volume is quite good and makes a worthwhile contribution 
to medicinal chemistry and allied fields. The authors are experts in their 
field and their papers are well-written, containing sufficient references. 
The organization of this book is not unlike most proceedings of meetings 
and symposia in which there is the absence of major sections and chapter 
numbers. 


The greatest use of this volume will be by graduate students and re- 
searchers in the areas for which this volume was intended: medicinal 
chemistry, pharmacology (pharmacokinetics), and medicine. It also can 
be recommended as an important source for new ideas and for use in 
many graduate courses. 


Reviewed by Robert A. Magarian 
Department of Medicinal Chemistry 
College of Pharmacy 
Health Sciences Center 
Uniuersity of Oklahoma 
Oklahoma City, OK 73190 


Textbook of Adverse Drug Reactions. 2nd ed. Edited by D. M. 
DAVIES. Oxford University Press. 200 Madison Ave., New York, NY 
10016.1981.693 pp. 18 X 25 cm. Price $67.50. 
This second edition is an expansion of the first that originally filled 


the void that had existed for an authoritative reference source for all 
major and minor adverse drug reactions. It is the work of 36 contributors 
authoring 30 chapters and 4 appendixes. The newest chapter discusses 
disorders of temperature regulation brought upon by disease, hyper- 
sensitivity, and drugs. The remaining chapters have been slightly re- 
written with the addition of material and updated references. 


This reference text makes it clear that perhaps 10% of patients suffer 
from physicians’ efforts to treat them and that iatrogenic diseases and 
side-effects are certain consequences to drug therapy. Therefore, the 
public should be made aware that risk in any treatment is always there, 
and particularly so when new drugs and regimens come along that have 
not been used extensively in large numbers of patients. In addition, the 
problem of risk uersus benefit is compounded when there is excessive or 
even irresponsible prescribing. 


Most chapters use a classification of adverse drug reactions that divides 
them into two types. The first, Type A, are augmented effects but pre- 
dictable on their known pharmacologic action and affect many people 
but cause few deaths. The second, Type B, are bizarre effects, not pre- 
dictable from their known pharmacologic action when administered in 
regular doses to patients with average metabolic processes. These types 
of adverse drug reactions have a low incidence but, when they occur, often 
are lethal. It is also pointed out that some adverse drug reactions must 
be tolerated, because for a drug to work, it always shows toxicity at  some 
dosage level. So, some reactions to medications are a necessary cross to 
bear in order to remedy the myriad of maladies that affect mankind. 


This edition maintains the clarity of the earlier edition. Its first ap- 
pendix lists the drugs alphabetically with the most outstanding possible 
untoward effects and includes the pages on which they are discussed. This 
makes it a quick reference source without having to resort to the index, 
which often leads to delay. 


This book is recommended for individuals requiring the most up-to- 
date information on adverse drug reactions. Specifically, hospital phar- 


macists; clinical pharmacologists; internists; medical clinics; and all 
pharmacy, medical, and dental libraries. 


Reuiewed by Ronald F. Gautieri 
Department of Pharmacology 
Temple University 
School of Pharmacy 
Philadelphia, P A  19140 


Tableting Specifications Manual. American Pharmaceutical Associ- 
ation, Washington, DC 20037. 1981. 39 pp. 20 X 28 cm (three-holed 
punch, loose-leaf format). Price $42.00 ($28.00 for APhA members). 
This extensively updated and revised version of the original (1971) 


book, IPT Standard Specifications for Tableting Tools, contains the 
latest information available on tablet tooling and available equipment. 
The Tableting Specifications Manual is a new book prepared by the 
Industrial Pharmaceutical Technology Section of the American Phar- 
maceutical Association’s Academy of Pharmaceutical Sciences with the 
cooperation of tableting tool suppliers. 


The manual supplies the standards needed by both drug manufacturers 
and tool suppliers: Drug manufacturers will find the publication useful 
in preventing premature tool wear and costly work stoppages, while im- 
proving tablet quality and production rate. Pharmaceutical tool suppliers 
will benefit from the reduced lead times and manufacturing costs possible 
and the smaller inventory that standardization allows. 


The manual also includes: a set of dimensional specifications and to!- 
erances for rotary tableting machines in both graphic and tabular forms; 
a tool interchangeability chart with the five most commonly used tablet 
machines in the United States; a list of t o ~ l  manufacturers and suppliers; 
and additional information on the bisection bar. 


With numerous tables and IPT drawings and a loose-leaf, shrink- 
wrapped format for greater convenience and ease of updating, this manual 
will be a useful resource for those needing the most up-to-date informa- 
tion on tableting. 


Staff Review 
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10016.1982.640 pp. 17 X 26 cm. Price $75.00. 
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on Implementation of the Convention on Psychotropic Substances 
1971). World Health Organization, 1211 Geneva 27, Switzerland. 1981. 
54 pp. 14 X 20 cm. Price Sw. fr. 4. 


Bailey’s Industrial Oil and Fat Products. Vol. 2. 4th Ed. Edited by 
DANIEL SWERN. By ROBERT R. ALLEN, MARVIN W. FORMO, 
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New York, NY 10016.1982.603 pp. 15 X 23 cm. 


Behauioral Pharmacology of Human Drug Dependence. (NIDA Re- 
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of Research, 5600 Fishers Lane, Rockville, MD 20857.294 pp. 15 X 23 
cm. 


Benzodiazepines: A Review of Research Results, 1980. (NIDA Research 
Monograph 33). A RAUS Review Report. By STEPHEN I. SZARA 
and JACQUELINE P. LUDFORD. National Institute on Drug Abuse, 
Division of Research, 5600 Fishers Lane, Rockville, MD 20867.101 pp. 
15 X 13 cm. 


Calculator Programming for Chemistry and the Life Sciences. By 
FRANK H. CLARKE. Academic, 111 5th Ave., New York, NY 10003. 
1981.225 pp. 15 X 23 cm. 


Calculator Programs for Chemical Engineers. Edited by VINCENT 
CAVASENO, and THE STAFF OF CHEMICAL ENGINEERING. 
McGraw-Hill, 1221 Avenue of the Americas, New York, NY 10020. 
1982.328 pp. 20 X 28 cm. Price $27.50. 


Calculus with Analytic Geometry. 2nd Ed. By NATHAN 0. NILES and 
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1981.635 pp. 15 X 23 cm. Price $24.95. 
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14 X 23 cm. 
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Abstract  A new High-performance liquid chromatographic (HPLC) 
method for the assay of sodium fusidate (I) or fusidic acid in dosage forms 
was developed and compared to a microbiological assay. A linear rela- 
tionship was obtained between absolute peak area and amount of I ( r  = 
0.99+) in the 50-1000-j~g/ml range. In the microbiological assay, 
Staphylococcus aureus (NCTC 6571) was the test organism, using an 
agar diffusion technique. With five test levels of the standard, potencies 
were interpolated from standard curve using a log transformation 
straight-line method with least-squares fitting ( r  = 0.99+). Both methods 
were applied to assay I (or fusidic acid) in tablets, a suspension, and an 
ointment. Excellent agreement was observed between results of the two 
methods. 


Keyphrases Fusidate sodium-determination in dosage forms, 
high-performance liquid chromatography, microbiological method, 
tablets, suspension, ointment Fusidic acid-determination in dosage 
forms, sodium fusidate, high-performance liquid chromatography, mi- 
crobiological method, tablets, suspension, ointment High-performance 
liquid chromatography-determination of fusidate sodium and fusidic 
acid in dosage forms, microbiological method, tablets, suspension, oint- 
ment 


Fusidic acid is an antibiotic produced by the growth of 
certain strains of Fusidium coccineum (K. Tubaki). Its 
structure is related to helvolic acid and to cephalosporins. 
The structure also includes the cyclopentanoperhydro- 
phenanthrene ring system, thus, it belongs to the steroid 
group of substances. Fusidic acid, or its sodium salt, shows 
a very high antistaphylococcal activity (1, 2). Available 
methods for the quantitative determination of fusidic acid 
are Lased mainly on microbiological procedures (3, 4). A 
colorimetric assay has been reported (5) which involved 
modification of an earlier sulfuric acid color test for ste- 
roids and measurement in the visible range of the spectrum 
(365-595 nm). Microbiological procedures are, by nature, 
time consuming and call for specialized technique, while 
the colorimetric assay involves the added steps of pro- 
ducing the color. 


The present report describes a simple, sensitive, and 
specific procedure for the quantitative determination of 
fusidic acid and its sodium salt using high-performance 
liquid chromatography (HPLC). This new procedure was 
compared to a microbiological assay and was applied to the 
determination of fusidic acid or its sodium salt in tablets, 
a suspension, and an ointment. 


EXPERIMENTAL 


Reagents-Sodium fusidate, BPI, was purified by crystallization from 
absolute ethanol before use. All other chemicals were USP or analytical 
reagent grade, and were used as obtained. All solvents were spectroscopic 
or chromatographic grade; water used in the mobile phase was double- 
distilled in an all-glass still. Drug products containing sodium fusidate 
or fusidic acid were purchased from commercial sources. 


Leo Pharmaceutical Products, Rallerup, Switzerland, lot no. 22176. 


Apparatus-The liquid chromatograph2 used was equipped with an 
automatic sample injector3, a variable wavelength detector4 set a t  254 
nm, a dual-pen recorder5, and a data system6. The column was stainless 
steel 30 cm X 4-mm i.d. packed with microparticulate silica (5 pm) 
bonded with octadecyl~ilane~. Experiments were conducted at  ambient 
temperature (25"). 


Mobile Phase-The mobile phase consisted of a 3:1 mixture of 


A 


B 


T 
0.01 
AU 
1 


r 1 I I I 
0 2 4 6 8 


Figure I-Chromatogram of extract of sodium fusidate tablets Key: 
( A )  unassigned peak; ( b )  sodium fusidate. 


~~ 


Model 5021, Varian Instrument Group, Palo Alto, Calif. 
Model 8055, Varian Instrument Group. 
Model UV-50 Varian Instrument Group. 
Model 9176, Varian Instrument Group. 


6 Model CDS 111L, Varian Instrument Group. 
Micropak MCH, Varian Instrument Group. 
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Table I-Percent of Label Sodium Fusidate or Fusidic Acid 
Found in Dosage Forms 


Dosage Run HPLC Microbiological 
Form Number Method Method 


Tablets 


Suspension 


Ointment 


1 
2 
3 
4 
5 
6 


Mean f SD 
1 
2 
3 
4 
5 
6 


Mean f SD 
1 
2 
3 
4 
5 
6 


Mean f SD 


96.70 
93.22 
89.90 
95.07 
95.70 
87.90 
93.08 f 3.49 


100.47 
108.13 
102.13 
103.81 
105.84 
100.52 
103.48 f 3.06 
94.40 


101.60 
99.52 


101.93 
103.80 
99.97 


100.20 f 3.23 


98.80 
95.60 
92.10 
94.50 
91.86 
86.81 
93.28 f 4.06 
98.71 


108.66 
104.57 
97.21 


100.00 
99.86 


101.50 f 4.29 
94.45 


100.00 
99.36 


100.00 
100.00 
94.50 
98.05 f 2.78 


Overall Mean f SD 97.42 f 8.77 97.61 f 4.96 


methanol8 and 0.01 M KHzP04 (pH -6.6, not adjusted), at a flow rate 
of 2 ml/min. 


Calibration Curve-Using the mobile phase as the solvent, nine 
different solutions of fusidate sodium were prepared to cover the 50- 
1000-pg/ml range. Duplicate injections of 10 p1 were made, and the peak 
area was plotted against concentration. The line of best fit was calculated 
by linear regression, and was used to determine concentrations of the test 
solutions. The standard solutions were interspersed with solutions ob- 
tained from the extraction of dosage forms (see below), and all were run 
on the same working day. 


Extraction Procedure--Tablets9-Six tablets were individually 
crushed in glass stoppered flasks, and shaken with 100 ml of methanol 
for 30 min. The extract was filtered through a membrane filter'". A 10-ml 
aliquot was diluted with 65 ml of methanol and 25 ml of 0.01 M KH2PO4 
for HPLC assay. A 1-ml aliquot was used for microbiological assay as 
described below. 


Suspension"-After shaking the bottle thoroughly, six 5-ml aliquots 
were pipeted using a wide-mouthed pipet, individually placed in 100-ml 
volumetric flasks, and treated with 0.5 ml of 1 N NaOH solution. Meth- 
anol was then added to volume, and the solution was filtered through a 
membrane filter'". 


Ointment 12-Six 1-g aliquots were accurately weighed in small beakers 
and individually extracted as follows: Five milliliters of benzene was 
added, the mixture was transferred to a separatory funnel, and extracted 
with three 10-ml portions of 0.01 N NaOH. The combined aqueous ex- 
tracts were filtered through a membrane filter13. A 10-ml aliquot was 
diluted with the mobile phase to a concentration of -200 pg/ml for HPLC 
assay. A 1-ml aliquot was used for microbiological assay as described 
below. 


BDH Chemicals, Ltd., Poole, England. 
Fucidin Leo, fusidate sodium, 250 mg/tablet, Leo Pharmaceutical Products, 


Ballerup, Denmark, Lot No. A85K. 
10 Type FH, 0.5 pm, Millipore Corp., Bedford, Mass. 
11 Fucidin Leo, fusidic acid, 50 mg/ml, Leo Pharmaceutical Products, Lot. No. 


Fucidin Leo, fusidate sodium, 20 mg/g, Leo Pharmaceutical Products, Lot No. 
BOBAA. 


L06B. 
13 Type AH, 0.45 pm, Millipore Corp. 


Microbiological Assay-Aliquots obtained from extraction of tablets 
or suspension were evaporated a t  50' and redissolved in 10 ml of saline. 
Solutions were transferred to 100-ml volumetric flasks, and saline was 
added to volume. Aliquots obtained from extraction of ointment were 
placed in 50-ml volumetric flasks, and saline was added to volume. An 
agar plate diffusion technique was employed using Staphylococcus au- 
reus (NCTC 6571) as the test organism. A 1:lO dilution of an 18-hr culture 
in antibiotic assay broth14 was added to melted and cooled (50O) antibiotic 
assay agar medium14, mixed thoroughly, and poured into replica plate 
petri dishes. After the agar had solidified, wells (4-mm i.d.) were punched 
out, and a drop of a standard or test dilution was applied. Standard 
dilutions contained 10,5,2.5,1.25, or 0.625 pg/ml of fusidate sodium in 
saline. Test solutions were diluted similarly. The zone of inhibition di- 
ameter was measured after an 18-hr incubation a t  37'. Potencies were 
interpolated from a standard curve using a log transformation straight- 
line method with least-squares fitting. 


RESULTS AND DISCUSSION 


Inasmuch as fusidic acid is structurally related to steroid hormones, 
HPLC conditions that previously (6,7) have been employed for steroid 
hormones were tried before the conditions described herein were selected. 
Under the experimental conditions described, sodium fusidate showed 
a single peak with a retention time of 7.4 min. A plot of peak area uersus 
concentration produced a linear relationship ( r  for the least-squares line 
= 0.999, y-intercept = -294851, and slope = 22456); thus, no internal 
standard was needed. Figure 1 shows a representative chromatogram of 
the solution obtained from the extraction of tablets. I t  can be seen that 
the chromatogram shows an additional peak prior to the fusidate sodium 
peak. A similar peak appeared in the chromatogram of the solution ob- 
tained from the suspension. These additional peaks may be caused by 
formula additives or decomposition products; however, no definite as- 
signment can be made a t  present. The absence of any interference with 
the sodium fusidate peak is an indication of the specificity of this pro- 
cedure. 


Table I gives the results of assaying commercial dosage forms by HPLC 
and by microbiological procedure. Good agreement is seen between re- 
sults of the two methods. When six tablets were assayed by both methods, 
the mean (fSD) percent of labeled amount was 93.08 f 3.49 by HPLC, 
and 93.28 f 4.06 by microbiological procedure. The mean (fSD) percent 
of labeled amount obtained in the assay of the suspension was 103 f 3.06 
by HPLC and 101 f 4.29 by microbiological method. HPLC assay of the 
ointment gave a mean ( f S D )  percent of labeled amount of 100.20 f 3.23 
compared to 98.05 f 2.78 obtained by the microbiological method. 


Microbiological procedures require considerable expenditure of time 
and effort and call for specialized skills. The HPLC procedure described 
is simple, sensitive, specific, and can be applied in routine quality con- 
trol. 
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Abstract  0 The antiplaque activity of sodium ricinoleate was studied 
in vitro against intact preformed plaques of Streptococcus mutans. The 
data obtained suggest that  sodium ricinoleate may not interfere with in 
uiuo plaque formation by S. mutans; however, there is some evidence that 
sodium ricinoleate may render these plaques less acidogenic. 


Keyphrases Sodium ricinoleate-activity against in  uitro dental 
plaque, bacterial formation 0 Dental plaque-activity of sodium ri- 
cinoleate against bacterial formation, in  uitro 0 Bacterial formation- 
activity of sodium ricinoleate against in uitro dental plaque 


The relationship between structure and bactericidal 
properties for numerous straight-chain fatty acids and 
derivatives has been studied (1,2). The antimicrobial ac- 
tivity of fatty acids was shown to be a function of chain 
length, unsaturation, conformation, and functional groups. 
Cis monoenoic and dienoic CIS fatty acids were the most 
inhibitory (l), and unsaturation at the 2,7, or 8 position 
gave the greatest biological activity (2). Long-chain fatty 
acids have limited solubility in water, and they are difficult 
to manipulate in most test situations; therefore, the 
aqueous soluble salt of a fatty acid which had several of the 
desirable antimicrobial features identified previously (1, 
2) was examined as a novel antiplaque agent. Sodium ri- 
cinoleate [CH~(CH~)&H(OH)CH~CH=CH(CHZ)&OO- 
Na+J, a cis-monoenoic CIS fatty acid salt, but with unsat- 
uration at the 9 position, has attracted considerable at- 
tention due to its detoxifying, bactericidal, and antical- 
culus properties (3-15). Considering these studies and that 
sodium ricinoleate is extremely surface active, it was hy- 
pothesized bhat sodium ricinoleate could inhibit plaque 
formation and retention in the oral cavity through three 
possible modes of action: ( a )  antiadherent effect (coating 
the teeth with a repellent monolayer), (b) antibacterial 
effect (attaining bactericidal concentrations a t  the tooth 
surface, in the gingival sulcus, and in the intact plaque), 
and (c) detergent effect (breaking up the plaque for me- 
chanical removal). 


Although plaque has a mixed bacterial composition in 
uiuo, there is a strong association between heavy infection 
by S. mutans and caries in humans and experimental an- 
imals (16-20), between the topographical localization of 
lesions on the enamel with overlying heavy colonization 
of S. rnutans on that tooth site (21,22), and between that 
colonization event and the subsequent inception of a lesion 
below the site of colonization (21,23). Consequently, so- 
dium ricinoleate's antiplaque activity was tested against 
S. rnutans-the organism commonly associated with 
dental caries. 


An in uitro assay had to be chosen which would rea- 
sonably simulate oral conditions and which would allow 
determination of dose-response relationships. In addition, 
the assay had to be reproducible, easily executed, inex- 
pensive, and produce results in a minimum of time. In uitro 


tests have been developed in which model plaque speci- 
mens are formed on glass, wire, agar, bovine enamel, ce- 
ramic hydroxyapatite, and human teeth (24). After as- 
sessing the merits of each technique, the wire method 
(25-28) was chosen as the in uitro assay system to be used 
in this study. Growth of plaque on wires has received 
criticism in the past because wire is neither tooth enamel 
nor is it pellicle-coated (29). However, it has been shown 
(30) that plaque formation by S. mutans on enamel cor- 
relates closely (with and without salivary pellicle) with that 
on nichrome wires at both electron microscopic and bio- 
chemical levels. The wire model for bacterial attachment 
is a good predictor of bacterial-enamel interactions with 
this organism. 


EXPERIMENTAL 


Materials and  Methods-Sodium ricinoleate' and chlorhexidine 
digluconate2 were studied. S. mutans 6715-13 was studied; its properties 
with respect to a variety of antiseptics is typical of strains of S.  mutans 
(26-28). The organisms were maintained by monthly transfer to fresh 
fluid thioglycollate medium containing 20% (v/v) meat extract3 and excess 
calcium carbonate. Cultures were stored a t  4". 


Minimum Inhibitory Concentration and Minimum Bactericidal 
Concentration fo r  Bacterial Suspension-The minimum inhibitory 
concentration of sodium ricinoleate against S.  mutans in complex me- 
dium (31) with 5% (w/v) sucrose, 0.005% (w/v) sodium carbonate, and 
bromocresol purple pH indicator (2 mg/liter) was determined by the 
macrobroth dilution method (32). (The pH indicator was incorporated 
into the culture fluid to visually detect acid production: a color change 
from purple (pH > 6.8) to yellow (pH < 5.2) denoted acid production.) 
The test was then repeated to measure the minimum bactericidal con- 
centration as a function of time for various concentrations of sodium ri- 
cinoleate. A t  hourly intervals, the color of each solution was noted, and 
one loopful of each solution was plated on blood agar to detect viable 
organisms. 


Minimum Bactericidal Concentration and Minimum Killing 
Time fo r  Intact  Plaque-Plaque was grown on #20 nichrome wires 
using a previous method (26). In that method 0.1 ml of an overnight 
culture of S. mutans in fluid thioglycollate was transferred to 150 X 
18-mm culture tubes containing 10 ml of sterile complex medium (31) 
with 5% sucrose and 0.005% sodium carbonate. The nichrome wires, fixed 
to culture tube closures, were suspended in this bacterial broth for 24 hr 
a t  37". The wires were transferred daily to fresh medium until the wire- 
adherent microorganisms ( in  uitro plaques) had grown to a McCabe 
rating of 4 (25). Then the wires were transferred for 2 hr to fresh broth, 
rinsed free of broth in sterile distilled water, and immersed for varying 
times in 10 ml of aqueous sodium ricinoleate (1-10%) or control agents 
(0.2% chl~rhexidine~ and sterile distilled water). After treatment, the 
plaque samples were rinsed twice in 15 ml of sterile distilled water and 
transferred to fresh complex medium containing 5% sucrose, 0.005% so- 
dium carbonate, and bromocresol purple pH indicator. The plaque 
samples were judged to have been killed when culture acid production 


N. L. Industries, Bayonne, N J  07002. 
Hibitane, Imperial Chemical Ind., Macclesfield, England. 


3 Difco Laboratories, Detroit, MI 48232. 
Chlorhexidine (0.2%) was used as a positive control throu hout these studies 


because the interaction of chlorhexidine with S. mutons has%een descrihed ex- 
tensively (26,33). 
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Table I-Effects of Various Concentrations of Sodium 
Ricinoleate upon Cell Growth, Survival Time, and Acid 
Production of Streptococcus mutans 


Concentration. Maximum 


Ricinoleate, Cell time, 
Sodium Survival 


% Crowtho Hr DH * 
10 No 0.1 
5 No 1 
4 No 2 
3 No 3 
2 No 5 
1 No 7 
5 x lo-' Yes 10 
2.5 X lo-' Yes 12 
1.25 x 10-1 Yes I5 
6.25 X lo-' Yes 18 
3.12 X Yes 22 
1.56 X lo-* Yes > 24 
0 Yes >24 


>6.8 
>6.8 
>6.8 
>6.8 
>6.8 
>6.8 
>6.8 
>6.8 
>6.8 


5.2-6.8 
5.2-6.8 


<5.2 
<5.2 


a Detected a9 an increase in turbidity. As determined by the hromocresol purple 
pH indicator that was incorporated in the culture fluid. 


stopped ( i . cJ . ,  lack of a color change from purple (pH > 6.8) to yellow (pH 
< 5.2)], by a lack of increase in culture turhidity, and by the failure of 
24-hr posttreatment plaque samples to grow when plated on either blood 
agar o r  mitis saliuarius agar. 


Penetration Through the Plaque Barrier-Immature wire-ad- 
herent plaques were grown to a McCahe rating of 1. The wires were im- 
mersed for 10 min in either 10% sodium ricinoleate or control agents 
(sterile distilled water and 0.29" ~hlorhexidine~).  and the antibacterial 
effects of the agents were tested as detailed above. 


RESULTS AND DISCUSSION 


Minimum Inhibitory Concentration and Minimum Bactericidal 
Concentration for Bacteria in Suspension-S. mutans was selected 
as the test organism because it has been identified as a plaque producer 
associated with lesions (115~23). The minimum inhibitory concentration 
against S. mutans was determined to be 1% (or 3.12 X 10-2 M) sodium 
ricinoleate. During the minimum inhibitory concentration testing, four 
distinct concentration-dependent cell growth and acid production phe- 
nomena were identified: ( a )  no cell growth, medium pH5 > 6.8; ( b )  cell 
growth6, medium pH > 6.8; ( c )  cell growth, medium pH 5.2-6.8; and ( d )  
cell growth, medium pH < 5.2. To better characterize these phenomena 
and to determine the minimum bactericidal concentration as a function 
of time, another experiment was conducted in which the pH of each 
culture and the viability of the organisms were examined over a 24-hr 
period (Table I). 


Minimum Bactericidal Concentration and Minimum Killing 
Time for Intact Plaque-S. rnutons formed uniform wire-adherent 
plaque specimens. When the plaque specimens had reached a McCabe 
rating of 4, they were placed in treatment solutions for 10 min according 
to the method described in Experimental. Although 0.2% chlorhexidine 
killed the plaque specimens, the sodium ricinoleate (l- lO%) treatments 
and the distilled water controls were unable to do so. The plaques that 
had heen in the sodium ricinoleate treatment group showed a sizable lag 
time in detectable acid production when compared with the distilled 
water control group. This lag time increased with increasing concentra- 
tions of sodium ricinoleate. 


To test the effects of increased treatment time upon plaque viability, 
those that had reached a McCabe rating of 4 were submerged for varying 
times in 1% sodium ricinoleate, 0.2% chlorhexidine, or distilled water. 
Even after 18 hr of treatment, the plaques remained viable in both the 
sodium ricinoleate and distilled water groups; however, the 1% sodium 
ricinoleate group showed a marked delay in reduction of medium pH 
when compared with the distilled water controls (Table 11). 


The minimum bactericidal concentration of sodium ricinoleate against 
in vitro plaques of S. mutans was not established because concentrations 
of sodium ricinoleate > 10% and treatment times >I0 min are beyond the 
conditions that would be clinically acceptable. 


As determined bv the brornocresol Durole DH indicator incurDorated in the . . .  
culture fluid. 


6 Detected as an increase in culture turbidity. 


Table 11-Effects of Varying Duration of Treatment Upon the 
Ability of Streptococcus mutans in Intact Plaque to Lower the 
Culture Fluid pH < 5.2 * 


Hours Between Treatment and Detection of Acid 
Length of 


Treatment, 1% Sodium Distilled 0.2% 
Hr Ricinoleate Water Chlorhexidine 


1 
7 


18 


24 24 
48 24 
72 36 


' As determined by the bromocresol purple pH indicator that was incorporated 
in the culture fluid. Chlorhexidine (0.2%) kills the plaque within 10 min; therefore, 
the plaque specimens were not viable and did nut produce acid. 


I t  is possible that agent adsorption to saliva-coated surfaces in oivo 
could play a significant role in the pharmacodynamics ot' any plaque 
antiseptic. However, this is of significant interest only if the agent shows 
appreciable potency. The test conditions used ( 5 7  hr of direct plaque 
exposure to 1% ricinoleate being required to evidence any antimicrobial 
effect) strongly suggest that even substantial adsorption-desorption 
would only trivially affect potency. Thus, no assessment was made of 
agent binding per se. 


When the experiments were completed, the ease of plaque removal was 
examined in the sodium ricinoleate and distilled water treatment groups; 
in both groups the plaque remained firmly attached to the wires. A 
qualitative difference was not evident between the two groups. 


Penetration Through the Plaque Barrier-Wires with only mini- 
mal plaque accumulation (McCabe rating of 1) were immersed for 10 min 
in 10% sodium ricinoleate, distilled water, or 0.2% chlorhexidine. At the 
end of the testing, the plaque specimens treated with 10% sodium rici- 
noleate or distilled water remained viable. Again, a sizable delay in de- 
tectable acid production, in some instances as great as 3 days, was ob- 
served following the sodium ricinoleate treatment. These data suggest 
that  the outer layer of cells and glucan matrix of S. mutons plaque con- 
stitute a diffusion barrier to sodium ricinoleate, allowing a small number 
of S. mutans to survive. 


CONCLUSIONS 


The recognition of the important role of dental plaque in the patho- 
genesis of caries, gingivitis, and periodontal disease has prompted many 
investigators to search for chemical agents capable of either inhibiting 
or removing dental plaque. Useful antiplaque agents may be ones that 
quickly inhibit bacterial attachment to the tooth surface, kill intact 
plaque, and/or assist in the removal of attached plaque and matrix. The 
ideal agent must be effective a t  a concentration that is nontoxic to hu-  
mans and nonirritating to the oral mucosa. 


In the preliminary minimum inhibitory concentration and minimum 
bactericidal concentration experiments, sodium ricinoleate was shown 
to possess bactericidal activity against the representative S. mutans 
strain 6715-13. In later experiments, wire-adherent plaque specimens 
were treated with various concentrations of sodium ricinoleate for varying 
lengths of time. In all tests, the intact plaque samples survived. The 
ability of sodium ricinoleate to kill bacteria in suspension, but not in in- 
tact plaque, clearly demonstrates the lack of a correlation between an- 
tibacterial activity against cells in suspension and antiplaque activity 
(9,26,29). 


The treatment of intact plaque with sodium ricinoleate brought about. 
a noticeable decrease in detectable acid production; the effect became 
more pronounced with increasing concentrations of sodium ricinoleate. 
This reduced acidogenicity can be due to the buffering of acidic bacterial 
end-products by sodium ricinoleate; the increased bacterial killing with 
increased concentrations of sodium ricinoleate; and/or the reversible 
effects such as inhibition of metabolic processes, as has been shown for 
a number of long-chain fatty acids (34). By reducing the acidogenicity 
of established plaque, sodium ricinoleate may exert a clinical effect upon 
the cariogenicity of plaque caused by S. mufans even if plaque tormation 
by this organism is not totally prevented. 
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Use of Continuous Withdrawal Technique to 
Estimate the Initial Area Under the Curve 


Keyphrases 0 Continuous withdrawal technique-estimation of the 
initial area under the plasma concentration-time curve 0 Pharmacoki- 
netics-use of the continuous withdrawal technique to estimate the initial 
area under the plasma concentration-time curve Clearance-use of 
the continuous withdrawal technique to estimate the plasma concen- 
tration-time curve 


To t h e  Editor: 
Recently it was pointed out (1) that the instantaneous 


input hypothesis of the conventional compartmental 
models may overestimate the area under the plasma con- 
centration versus time curve (AUC). It was shown that the 
AUC of furosemide could be overestimated, using ex- 
trapolation to time zero, by as much as 20% in the dog. This 
is consistent with data found for Evans blue when used to 
measure cardiac output (2). In the first 12 sec after an in- 
travenous bolus injection, no dye could be found in the 
arterial blood; then, the concentration rose gradually, not 
reaching a peak for several more seconds. Thereafter, it 
declined for 10 sec before it rose again to a second, lower 
peak at -38 sec. 


Based on physiological considerations, the delay could 
be explained as the time needed to reach the sampling site 
from the administration site, with the second peak perhaps 


resulting from recirculation of the dye. This phenom’enon 
is important for drugs with a fast initial decline, particu- 
larly where the initial phase potentially contains a signif- 
icant portion of the AUC. It is the purpose of this com- 
munication to illustrate an ideal method for determination 
of the AUC in the initial period which reflects accurate 
values, regardless of distribution and elimination rates and 
sampling sites. This method is based upon the continuous 
sampling technique described previously (3) to determine 
various pharmacokinetic parameters, and has been used 
in our laboratory for several years with good success (4). 


A peripheral vein was cannulated prior to the start of the 
study to facilitate constant blood withdrawal. The drug 
was then administered in another vein after initiating the 
constant withdrawal. 


The amount of drug in collected plasma, A,,, withdray 
over time t ,  when a constant blood withdrawal at rate V 
is carried out, can be obtained from: 


A, = (1 - H)V J‘ Cdt (Eq. 1) 


where C is the concentration of drug in the plasma at any 
time, and H is the hematocrit. The area under the curve, 
JbCclt, in the time period, t ,  therefore, can be obtained by 
the ratio A,/[V(l - H)]. Because the plasma drug amount 
withdrawn is equal to the total volume withdrawn, V,, 
multiplied by the plasma concentration in the withdrawn 
sample, C,, and because: 
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Development of a Method for Study of the Tendency of 
Drug Products to Adhere to the Esophagus 
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Abstract A method to determine the adherence of drugs to the 
esophagus was developed using isolated swine esophagi. A number of 
types of tablets and capsules (e.g., of doxycycline) were tested. The results 
showed that the tendency of products to adhere to the esophagus can be 
regulated by pharmaceutical properties. It was concluded that the 
method described is simple, inexpensive, and accurate. 


Keyphrases Esophagus-study of drug product adherence, doxycy- 
cline, swine esophagus CI Adherence-study of drug products in esoph- 
agus, doxycycline, swine esophagus 


~ 


In recent years, many case reports concerning drug- 
induced esophageal ulceration or stricture in humans have 
been published. Serious damage has been caused by dox- 
ycycline (1-3), emepronium bromide (4-6), potassium 
chloride (7-9), alprenolol (3), and iron salts (3, 10). The 
mechanism of injury is not yet well understood, although 
it is obvious that the lesions were caused by drug sub- 
stances. The primary reason has apparently been adher- 
ence of the drug product to the esophageal wall, allowing 
high local drug concentrations to be formed. The tendency 
to adhere is obviously greatest for hard gelatin capsules, 
but differences between various tablet formulations are 
also evident. The risk of esophageal lodging can generally 
be avoided by taking dosage forms with water and, if pos- 
sible, in an upright position. Despite this, there is a great 
need for development of new drug products and product 
coatings with less tendency to adhere to the esophageal 
mucosa. However, no adequate and simple method for 
measuring adherence has been available. 


The aim of the present investigation was to develop a 
method for study of the tendency of products to adhere to 
the esophageal wall, using the isolated swine esophagus. 
Our results on the effects of various pharmaceutical 
properties of products on adhesion will be published 
later. 


?L 


1-175 mm-1-350 mm-l 


500 ml 


TYRODE 
37% 


Figure 1-Measurement system for force needed to detach product 
from the esophagus and organ bath I .  


EXPERIMENTAL 


Isolated Esophagus Preparation-Pigs of both sexes of Landrace 
and Yorkshire breeds, weighing 90-100 kg were used. Immediately after 
slaughter, the esophagi were removed and transported to the laboratory 
in Tyrode solution, kept a t  -4'. The composition of the Tyrode solu- 
tion was (g liter-l): sodium chloride 8.0, potassium chloride 0.2, calcium 
chloride - 2Hz0 0.134, sodium bicarbonate 1.0, sodium dihydrogen 
phosphate 0.05, and glucose lHzO 1.0. W i g  experiments the solution 
was aerated with pure oxygen and kept at 37'. Segments 6-7 cm long were 
cut from the esophagus. The segments were mounted in two kinds of 
organ baths. Organ bath I: The volume of the classic organ bath for iso- 
lated preparations was 60 ml (Fig. 1). The lower end of the esophageal 
segment was tied off and the upper end was attached around a glass tube 
(diameter 15 mm). The solution in the organ bath was changed at  inter- 
vals of about 30 min. Organ bath 11: The volume of the second organ bath 
was 2000 ml (Fig. 2). In this preparation, the lower end of the esophageal 
segment was also attached around a glass tube (diameter 8 mm). There 
was, therefore, free passage through the preparation, which allowed 
washing of the mucosa. The Tyrode solution in this organ bath was not 
changed during the 6-hr experiments. 


Recording of Adherence-A hole (diameter of 1 mm) was drilled in 
the products to be tested. The product was attached to a copper wire 
(diameter of 0.25 mm) and placed, using a plastic tube as an applicator, 
in the esophageal preparation for a fixed time. The force needed to detach 
the product was measured using a modified prescription balance (max- 
imum load 500 g; see Fig. 1). This force was used as a parameter for ad- 
herence. The force ( F )  in newtons was calculated by the equation: 


0.00981 W F = -  
2 


where W = amount of water in the beaker in grams. The water flow rate 
was 280 g min-' (corresponding to 1.37 N min-'). 


Characteristics Studied-To discover the usefulness of the prepa- 
ration the following characteristics were studied: ( a )  the effect of the 
time for which the product remains in the esophagus upon the force 
needed to detach it; ( b )  the effect of the surface areas of different 
products on the force needed for detachment; (c) differences between 
the results obtained using the two different organ baths; ( d )  the effect 
of washing of the mucosa on adherence; and ( e )  differences in adherence 
to the esophagus of some commercially available doxycycline prepara- 
tions. 


Drug Products-Hard gelatin capsules', sizes 0,1,2,3,4, and 5, were 
filled with lactose. Placebo tablets were compressed from a mixture of 
basic granules (96%), talcum (3%), and magnesium stearate (1%). The 


Figure 2-Organ bath I1  for  isolated esophageal preparations. 


Capsugel AG, Switzerland. 
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1.51 Table I-Surface Areas of Products Studied 


Potassium 
Placebo Chloride 
Tablet Tablet 


Capsule Area, Diameter, Area, Diameter, Area, 
size mm2 mm mm2 mm mm2 


2 349 7 160 7 146 
3 286 9 223 9 223 
4 244 10 259 10 259 
5 196 11 298 11 308 


12 358 12 358 


Table 11-Mean Force Newtons Per Unit Area (cm2) Needed to 
Detach Products from the Isolated Swine Esophagus 


Potassium 
Placebo Chloride 
Tablet Tablet 


Capsule Force, Diameter, Force, Diameter, Force, 
Size Ncm-2 mm N cm-2 mm Ncm-* 


2 0.36 7 0.26 7 0.075 
3 0.38 9 0.24 9 0.054 
4 0.35 10 0.25 10 0.062 
5 0.40 11 0.24 11 0.058 


12 0.24 12 0.056 


basic granules contained lactose (78%), corn starch (19%), and gelatin 
(3%). Potassium chloride tablets were compressed from pure potassium 
chloride. The diameters of the placebo and potassium chloride tablets 
were 7,9, 10, 11, or 12 mm. The shape of all tablets was biconvex. The 
surface areas of the capsules and tablets were calculated according to 
geometrical principles and are given in Table I. 


As sugar-coated tablets, a commercial product2 of 11-mm diameter 
was used. The diameter of the film-coated tablets3 was also 11 mm. The 
film-forming material was hydroxypropylmethylcellulose. 


In the final part of the present study, six commercially available dox- 
ycycline (100-150 mg) products (A-F) and two test formulations (G,  H) 
were studied using the method developed. Products B-E were film-coated 
tablets. Product F was a capsule formulation (size 3). Products A, G, and 
H were uncoated tablets. 


RESULTS AND DISCUSSION 


Initially, the effect of the time interval between administration of the 
drug and commencement of detachment on the force needed for de- 
tachment was studied with four different products. As can be seen from 


T 


1 .  1 1 1 


0 1 2 3 
MINUTES 


Figure 3-Effect of the time interval between administration of the 
drug and commencement of detachment on force needed for detachment 
of drug. Key: (0) hard gelatin capsule size 2; (0) placebo tablet, di- 
ameter 1 I mm; (A) hydroxypropylmethylcellulose film-coated tablet, 
diameter I1 mm; (0) sugar-coated tablet, diameter 1 1  mm. Each point 
represents mean f S E M ,  n = 10. 


2 Sembrina. Orion Pharmaceutical Cn. Finland. 
Kaliduron. Orion Pharmaceutical Co, Finland. 
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Figure 4-Effect of surface area of product on the force needed for 
detachment. Key: (0) hard gelatin capsules, sizes 2, 3, 4, and 5: (0) 
placebo tablets, diameter 7,9,10,11, and 12 mm; (8) potassium chloride 
tablets, diameter 7 , 9 ,  10, 1 1 ,  and 12 mm. Each point represents mean 
f S E M ,  n = 20. 


Fig. 3, no clear linear or exponential correlation between force and time 
was noted. In subsequent experiments, an interval of 2 min was usually 
used. Because of disintegration, hard gelatin capsules could not be left 
in the esophagus for longer than 2 min. For the same reason, the longest 
time in experiments using tablets was 3 min. 


The results pertaining to the effect of surface area of product on the force 
exerted for detachment are shown in Fig. 4 and Table 11. The forces for 
gelatin capsules larger than size 2 could not be measured, because the 
esophageal mucosa became detached from the preparation if forces 
greater than 1.5 N had to be used. As can be seen from Fig. 4, a significant 
( p  = 0.05-0.001) linear correlation between force and area exists for every 
product. The force per unit of surface area appears independent of 
product size (Table 11). The intercepts from extrapolation of the lines 
in Fig. 4 were 0.04-0.1 N. These can be regarded as the magnitudes of 
force needed to pull the products out of the esophagus, even though they 
are not adhering. 


Three different sizes of placebo tablets (diameters 9,11, and 12 mm), 
identical sizes of potassium chloride tablets, two different capsule sizes 
(2 and 4) and sugar-coated tablets were tested using identical procedures 
and organ baths I and I1 ( n  = 20). No statistically significant differences 
in results were observed. However, the classic organ bath for isolated 
preparations (I) was a little easier to handle. This is why most results in 
the present study were obtained with organ bath I. 
Table 111-Effect of Washing on Force Needed to Detach the 
Placebo Tablets f rom the Isolated Esophagus 


Force after 
Force Without Washing with 
Washing, N, 5 ml Water, 


Diameter, mean f SD N, mean f SD 
mm n = 20 n = 10 


10 
11 
12 


0.65 f 0.23 
0.71 f 0.30 
0.86 f 0.34 


0.19 f 0.07 
0.20 f 0.04 
0.33 f 0.09 


Student’s t teat; p < 0.001 


Table IV-Force Needed to Detach Doxycycline Products from 
the Isolated Swine Esophagus a 


Diameter, Force, N, 
mean f SD n t testb Product mm 


Tablet A 9 0.29 f 0.07 12 
Tablet B 9 0.27 f 0.05 6 NS 
Tablet C 9 0.30 f 0.08 


6 9s 
b 


Tablet D 10 0.58 f 0.15 6 
Tablet E 10 0.78 f 0.22 6 


b 
8 b  
8 b  


Capsule F (size 3) 1.21 f 0.25 
Tablet G 9 0.17 f 0.04 
Tablet H 10 0.16 f 0.05 8 


t test comparison with Tablet A; p < 0.001. NS = not significant. 
Interval between administration and start of detachment was 2 min. b Student’s 
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The effect of washing on adherence was tested using organ bath 11. The 
preparation was washed with 5 ml of water immediately after adminis- 
tration of the drug. The results are shown in Table 111. After washing, the 
force needed for detachment was only about 30% of that without 
washing. 


Doxycycline has caused most of the reported drug-induced injuries 
to the esophagus (3, 11). The adherence properties of all doxycycline 
products a t  present being marketed in Finland were therfore studied. 
In addition, two experimental formulations of doxycycline were included 
in the study. As can be seen from Table IV, there were significant dif- 
ferences between the products. Hard gelatin capsules required the most 
force to dislodge. In addition, the forces for detachment of experimental 
formulations G and H were significantly lower than those for the best 
commercially available products. 


In the present study about 60 esophageal preparations from 30 dif- 
ferent pigs were used, but no marked interindividual variation was ob- 
served. The same preparation could be used for 20-30 consecutive mea- 
surements without excessive variation in results. If the m c o s a  was 
washed, 50-60 measurements with the same preparation were possible. 
In the experiments, esophagi stored a t  4' in Tyrode solution for 24 hr as 
well as fresh esophagi were used, but no significant differences between 
the two were noted. The effect of possible spontaneous esophageal con- 
tractions on the detaching force was eliminated by using a large number 
of n-values (usually n = 20). 


As can be seen from Figs. 3-4 and Table IV there were significant dif- 
ferences in the tendency for adherence, as between pharmaceutical for- 
mulations. The adherent tendency of uncoated potassium chloride tablets 
and sugar-coated tablets was only about 15-20% that of gelatin capsules. 
Thus, it is reasonable to try to develop drug products with less tendency 


to adhere. Large sizes should be avoided, especially in the case of drugs 
that are known to cause esophageal stricture or ulceration. 
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Abstract [7 The behavior of rabbit erythrocytes in aqueous solutions 
of polyethylene glycol 300 (I) and polyethylene glycol 400 (11) containing 
sodium chloride was investigated during 2-120 min incubation a t  37'. 
No hemolysis was found in I (0-10.1%) and I1 (0-12.9%) solutions in the 
presence of sodium chloride (0.45-1.35%), but prelytic potassium ion loss 
and changes in the appearance of the erythrocytes proceeded with the 
passage of time. The potassium ion loss increased with increasing con- 
centration of polyethylene glycol and/or sodium chloride. The mean 
cellular volume of erythrocytes decreased temporarily (during the first 
2 min) in both I (6.7%) and I1 (8.6%) solutions containing sodium chloride 
(0.68-1.35961, and then increased progressively to the same value as that 
determined by solution of sodium chloride at the same concentration but 
without polyethylene glycol (-30 and 120 min in I and I1 solutions, re- 
spectively). Both I (10.1%) and I1 (12.9%) induced a stomatocytic trans- 
formation of erythrocytes, but a t  the higher concentrations (0.9-1.3596) 
of sodium chloride, I1 accelerated the progress of spontaneous transfor- 
mation to echinocytes. The results indicate that these solutions were not 
isotonic with rabbit erythrocytes. 


Keyphrases II Erythrocytes-changes in aqueous polyethylene glycol 
solutions, sodium chloride Sodium chloride-erythrocyte changes in 
aqueous polyethylene glycol solutions Polyethylene glycol-aqueous 
solutions containing sodium chloride, erythrocyte changes 


The hemolysis of rabbit and human erythrocytes occurs 
in polyethylene glycol even at iso-osmotic concentrations, 
while the hemolysis is almost completely inhibited in the 


presence of a suitable amount of sodium chloride (1, 2). 
However, little is known about the retention of the normal 
characteristics of erythrocytes in polyethylene glycol so- 
lutions containing sodium chloride. 


The experiments described deal with the quantitative 
variations of hemolysis, potassium ion loss, mean cellular 
volume, and shape of rabbit erythrocytes produced in 
aqueous polyethylene glycol 300 (I) and polyethylene 
glycol 400 (11) solutions with reduced sodium chloride 
content. 


EXPERIMENTAL 


Materials-Polyethylene glycol 300' and 4001 in reagent grade were 
used without further purification. All other reagents and chemicals used 
were reagent grade or high purity. 


Preparat ion of Solutions-The polyethylene glycol and sodium 
chloride solutions were weight-in-volume percentage preparations, and 
were adjusted to pH 7.4 by addition of 3 N HCl. Iso-osmotic concentra- 
tion of polyethylene glycol was estimated by the freezing point depression 
data. 


Preparat ion of Erythrocyte Suspension-Fresh rabbit (albino) 
erythrocytes, using heparin (100 U/ml of blood) as an anticoagulant re- 


' Wako Pure Chemical Industries, Ltd., Osaka, Japan. 
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Abstract IR and X-ray analysis demonstrate that  hydrotalcite forms 
during the aging of aluminum hydroxycarbonate gel and magnesium 
hydroxide gel mixtures. The formation of hydrotalcite produces a change 
in the pH-stat titrigram and a sharp increase in the pH of the mixture. 
Hydrotalcite was noted earlier in mixtures having a high molar ratio of 
magnesium to aluminum, a high total gel concentration, a high initial pH, 
or in mixtures stored a t  elevated temperatures. The addition of sorbitol 
to the mixtures substantially delayed the appearance of hydrotalcite. 
Nonacid-reactive hydrotalcite formed when mixtures of chloride-con- 
taining aluminum hydroxide gel and magnesium hydroxide gel were 
aged. 


Keyphrases Hydrotalcite-formation, mixtures of aluminum hy- 
droxycarbonate and magnesium hydroxide gels, IR and X-ray analysis 


Mixtures-formation of hydrotalcite in mixtures of aluminum hy- 
droxycarbonate and magnesium hydroxide gels 0 Gels-aluminum hy- 
droxycarbonate and magnesium hydroxide gels, mixtures, formation of 
hydrotalcite 


It  has been reported recently that amorphous aluminum 
hydroxycarbonate gel forms a coating on magnesium hy- 
droxide particles due to electrostatic attraction (1). This 
interaction was detected because the rate of acid neutral- 
ization of mixtures of aluminum hydroxycarbonate gel and 
magnesium hydroxide gel was slower than expected, based 
on individual rates of acid neutralization. The interaction 
occurred immediately and an additive rate of acid neu- 
tralization only occurred when the gels were separately 
added to the reaction vessel. As the mixtures aged, the rate 
of acid neutralization decreased further, suggesting that 
the amorphous aluminum hydroxycarbonate coating was 
becoming more ordered as the amorphous to crystalline 
phase transition occurred. 


It was noticed, however, that the rate of acid neutral- 
ization in some aged mixtures was greater than the initial 
rate of acid neutralization. Thus, a further reaction ap- 
peared to be occurring during the aging of mixtures of 
aluminum hydroxycarbonate and magnesium hydroxide 
gels. This interaction is the focus of this study. 


EXPERIMENTAL 


Magnesium hydroxide gel1 was obtained commercially as a paste 
containing the equivalent of 21% (w/w) MgO. Aluminum hydroxycar- 
bonate gel was prepared as described previously (2) by the addition of 
0.47 M AlC1~6Hz0 to 0.53 M NaHC03 and 0.23 M Na2C03 to a final pH 
of 6.5. Chloride-containing aluminum hydroxide gel was prepared as 
described previously (2) by the addition of 13% (v/v) strong ammonia 
solution to 0.29 M AlC13-6HzO to a final pH of 7.0. 


Aluminum and magnesium content were determined by chelatometric 
titration (3). 


Mixtures of aluminum hydroxycarbonate gel or chloride-containing 
aluminum hydroxide gel and magnesium hydroxide gel were prepared 
on a weight basis. For example, a 200-g mixture containing a total of 0.6 
mmole of metal/g in a magnesium-aluminum molar ratio of 5:1 was 
prepared by weighing magnesium hydroxide gel and aluminum hy- 
droxycarbonate gel or chloride-containing aluminum hydroxide gel 
Containing 100 mmoles of magnesium and 20 mmoles of aluminum, re- 
spectively. A solution containing an excipient was added when necessary. 
The final weight was adjusted to 200 g with double-distilled water and 
the mixture was stirred mechanically until uniform. The mixtures were 
aged in widemouth polyethylene bottles. 


The acid neutralization reaction was monitored by an automated2 
pH-stat titrator at pH 3.0,25" using a sample size which would theoret- 
ically neutralize 2.25 mEq (4). 


X-ray diffractograms were obtained using air-dried samples in 
McCreery mounts (5). Diffractograms were recorded from 6 to 40" (2 0) 
under the following conditions3: CuK, radiation, 30 kV, 28 mamp, 2"/ 
min. 
IR4 spectra were recorded using potassium bromide disks containing 


0.8-2.0 mg of air-dried sample and 300 mg of KBr. 


RESULTS AND DISCUSSION 


The rate of acid neutralization of a mixture of aluminum hydroxy- 
carbonate gel and magnesium hydroxide containing 0.6 mmole of m e W g  
in a magnesium-aluminum molar ratio of 5:l decreased during the first 
31 days of aging at 25' (Fig. 1A). A slight decrease in the total acid reac- 


HydroMagma, Merck & Co., Rahway, N.J. 
PHM 26, TTT 11, ABU 12 (2.5 rnl), TTA 3, SBR 2, Radiometer, Copenhagen, ~. Denmark. 


Germany. 
Siemens AG Kristalloflex 4 generator, Type F diffractometer, Karlsrule. West 


Model 180, Perkin-Elmer Co., Norwalk. Conn. 
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Figure 1-pH-stat titrigram of a magnesium-aluminum molar ratio ( 5 1 )  of an aluminum hydroxycarbonate gel-magnesium hydroxidegel mixture 
containing 0.6 mmole of metalfg during aging at 25'. Each titrigram is labeled with the age of the mixture in days. 


tivity was also noted. After 31 days, a major reversal occurred in the rate 
of acid neutralization, i.e., the rate of acid neutralization progressively 
increased until the mixture reacted in a rapid, single-phase reaction (Fig. 
1B). With the establishment of a single, highly reactive phase, the total 
acid reactivity increased to the theoretical value. The acid reactivity of 
the mixture was monitored for 375 days at 25' but no further significant 
changes in the pH-stat titrigrams were observed. 


Corresponding to the period of a decreasing rate of acid neutralization 
observed in Fig. lA,  the pH of the mixture (Fig. 2) decreased slightly 
during the initial aging period, which is consistent with the polymeriza- 
tion of aluminum hydroxide by the formation of double hydroxide bridges 
(6). After 37 days, the mixture exhibited a drastic change in pH, rising 
to pH 11.3 after 80 days at  25". The pH remained at  11.3 until the study 
was terminated at 500 days. 


The hydroxyl-stretching region of the IR spectrum of the freshly 
prepared mixture is shown in Fig. 3, Curve A. The broad absorption band 
between 3000 and 3700 cm-' is characteristic of amorphous aluminum 
hydroxycarbonate gel with hydroxide groups in a continuum of envi- 
ronments, indicative of a highly disordered state (7). The sharp peak at 
3698 cm-l is indicative of the rigid environment of the brucite structure 
of magnesium hydroxide gel (8). After 48 days (Fig. 3, Curve B), the ab- 
sorption band at 3698 cm-l showed a dramatic decrease, signaling a re- 
duction in the amount of magnesium present as brucite in the mixture. 
The decrease in the peak a t  3698 cm-l continued as the mixture aged, 
but the position of the brucite peak remained constant (Fig. 3, Curve C). 
The maximum absorption of the diffuse hydroxyl-stretching band shifted 
toward higher energy absorption. 


Figure 4 shows the region of carbonate absorption in the IR spectrum 
of the mixture. The large initial split (Fig. 4, Curve A) in the carbonate 
peaks at  1406 and 1540 cm-' is a result of coordination of carbonate to 


10 1 
I 


91 1 


20 60 100 
DAYS 


Figure 2-pH of a magnesium-aluminum molar ratio (5:l) of an alu- 
minum hydroxycarbonate gel-magnesium hydroxide gel mixture con- 
taining 0.6 mmole of metallg during aging at 25O. 


aluminum in the aluminum hydroxycarbonate gel (9). The shoulder at 
1640 cm-l is due in large part to free water adsorbed by the aluminum 
hydroxycarbonate. The region of carbonate absorption became less well 
defined after 48 days (Fig. 4, Curve B) while the splitting of the carbonate 
peaks increased slightly. A major structural change occurred by Day 61 
as the peak at  1406 cm-l was reduced to a shoulder and the peak at 1540 
cm-l was almost completely replaced by a single strong absorbance at 
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Figure 3-Hydroxyl-stretching region of the IR  spectrum of a magne- 
sium-aluminum molar ratio (5:l) of an aluminum hydroxycarbonate 
gel-magnesium hydroxide gel mixture containing 0.6 mmole of metallg 
during aging at 25'. Key: (A) initial; (B) 48 days; (C) 61 days. 
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Figure 4-Carbonate absorption region of the I R  spectrum of a mag- 
nesium-aluminum molar ratio (5:l) of an aluminum hydroxycarbonate 
gel-magnesium hydroxide gel mixture containing 0.6 mmole of metallg 
during aging at 25'. Key: (A) initial; (B) 48 days; (C) 61 days. 


that the carbonate ion is no longer strongly associated with aluminum 
but is in a less perturbed state. The peak of 1448 cm-' is characteristic 
of a symmetrical carbonate anion as in sodium carbonate (10). The strong 
peak at  1463 cm-' may result from the carbonate anion regaining its 
symmetrical character but being in a slightly different environment 
compared to sodium carbonate. 


Figure 5 shows the 800-1200 cm-l region of the IR spectrum during 
aging of the mixture a t  25'. In the fresh mixture, the broad shoulder a t  
957 cm-I indicates the disordered hydroxyl environment in the aluminum 
hydroxycarbonate gel. The peaks at 846 and 1094 cm-I are present only 
when there is distortion of the carbonate ion, while the peak which ap- 
pears at 878 cm-I after 48 days is characteristic of unperturbed carbonate 
ion as found in sodium carbonate (11). The disappearance of the peak 
at 1094 cm-I and the appearance of the free carbonate band at  878 cm-l 
suggest that structural changes occurred in the mixture which resulted 
in a drastic change in environment for the carbonate ion. 


X-ray diffractograms of the mixture during aging also suggest that 
structural changes occurred (Fig. 6). The initial X-ray diffractogram 
(Table I) had peaks at interplanar spacings of 4.74, 2.369, 1.794, 1.569, 
and 1.491 A which corresponded to the peaks for brucite. In addition, 
there was a diffuse band between 15 and 35' (2 0 )  which was attributed 
to disordered, amorphous aluminum hydroxycarbonate. After 48 days 
(Fig. 6, Curve B), the brucite peaks had diminished in intensity but re- 
mained sharp. In the case of both X-ray and IR observations, the peaks 
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Figure 5-Hydroxyl-bending region of the IR spectrum of a magne- 
sium-aluminum molar ratio (5:l) of an aluminum hydroxycarbonate 
gel-magnesium hydroxide gel mixture containing 0.6 mmole of metal/g 
during aging at  25'. Key: (A) initial; (B) 48 days; (C) 61 days. 


Table I-X-ray Spacings of a Magnesium-Aluminum Molar 
Ratio ( 5 9 )  of Aluminum Hydroxycarbonate Gel-Magnesium 
Hydroxide Gel Mixture 


Initial 4.74 
2.369 
1.794 


3.91 


4.77 ( 90) 7.84 (100) 
2.365 (100) 3.90 60) 
1.794 i 55j 2.6oi 4oj 
1.573 ( 35) 
1.494 ( 18) 


2.33 ( 25) 


7.84 


3.90 
4.77 


2.576 
2.354 2.365 
2.33-2.30 


2.60 


2.33 
1.794 
1.573 
1.494 


a During aging at 25". compared to reference brucite and hydrotalcite. b "Selected 
Powder Diffraction Data for Minerals," Joint Committee on Powder Diffraction 
Standards, Swarthmore, Pa., 1974, File 7-239. c Ibid, File 22-700. 


corresponding to brucite decreased in intensity while maintaining a high 
degree of sharpness. This indicated a decrease in the total amount of 
brucite in the mixture but a high degree of crystallinity in the remaining 
brucite. The brucite peaks did not shift in location, even after 510 days, 
suggesting that the structure of the remaining brucite was not altered. 


After 61 days, the peaks corresponding to brucite had decreased sub- 
stantially and a new set of moderately sharp peaks appeared (Fig. 6, Curve 
C). After checking the mineralogical literature, the new peaks were in- 
dexed to be virtually identical to those of hydrotalcite, a magnesium 
aluminum hydroxycarbonate (Table I). The structure of hydrotalcite 
(Fig. 7) is unique, as it is composed of two layers of brucite in which alu- 
minum replaces some magnesium. The positive charge on the brucite 
layer which results from the substitution is balanced by carbonate, hy- 
droxyl, and other anions which are sandwiched between the substituted 
brucite layers (12-19). 


The changes in the rate of acid neutralization, pH, IR spectrum, and 
X-ray diffraction of the magnesium-aluminum ( 5  1) mixture are con- 
sistent with the formation of hydrotalcite. The pH-stat titrigram after 
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Figure 6-X-ray diffractogram in the 3-9 A regio? of a magnesium- 
aluminum molar ratio (5:I) of an aluminum hydroxycarbonate gel- 
magnesium hydroxide gel mixture containing 0.6 mmole of metallg 
during aging a t  25'. B and H T  indicates the peaks corresponding to 
brucite and hydrotalcite, respectioely. Key: (A) initial; (B) 48 days; (C) 
61 days. 
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Figure 7-Schematic representation of hydrotalcite (from ref. 8). 


60 days at  25' showed the same rapid, one-phase reaction as is charac- 
teristic of magneisum hydroxide. The reaction rate of hydrotalcite would 
be expected to be similar to magnesium hydroxide as both minerals are 
based upon the brucite crystal lattice. 


The initial pH of the mixture, 8.7, was intermediate between pH 10.35 
for the magnesium hydroxide gel, and pH 6.5 for the aluminum hydrox- 
ycarbonate gel. The rise in pH associated with the formation of hydro- 
talcite may be attributed to the presence of carbonate in the interlayer 
space of hydrotalcite. Carbonate ion neutralizes the positive charge of 
the substituted brucite layer more efficiently than hydroxyls and will, 
therefore, displace hydroxyls which cause the bulk pH to rise. 


The formation of hydrotalcite in the mixtures was first noted in the 
IR spectrum by the decrease in the intensity of the brucite peak. The 
change in the carbonate band from a highly perturbed state, due to 
coordination to aluminum in aluminum hydroxycarbonate to a virtually 
unperturbed state (as would occur if carbonate functioned as a counterion 
between the substituted brucite layers), is consistent with the formation 
of hydrotalcite during aging of the mixtures. The X-ray diffractograms 
showed evidence of hydrotalcite a t  61 days. Prior to  this time, some de- 
crease in the intensity of the brucite peaks was noted, but a sharp decrease 
in the intensity of the brucite peak occurred with the formation of hy- 
drotalcite. Since the appearance of hydrotalcite in the mixture is sudden 
rather than gradual, and since no further significant changes were noted, 
it appears that some threshold condition must be reached after which 
the rapid formation of hydrotalcite can occur. 


The magnesium to aluminum ratio in mixtures of aluminum hydrox- 
ycarbonate gel and magnesium hydroxide gel substantially affects the 
length of time before hydrotalcite is formed in the mixtures. A series of 
mixtures was prepared where each contained 0.6 mmole of metal/g but 
the magnesium-aluminum molar ratio was 5:1,2:1,1:1,1:2, and 1:5. X-ray 
diffraction showed that hydrotalcite formed in the magnesium-aluminum 
mixture (51) after -30-40 days of aging at  25'. Hydrotalcite was detected 
in the magnesium-aluminum mixture (2:l) after 200 days. The magne- 
sium-aluminum mixtures (1:l and 1:2) showed the presence of hydro- 
talcite before 516 days, while the magnesium-aluminum mixture (1:5) 
remained free of hydrotalcite through 516 days. Thus, the higher the 
molar ratio of magnesium to aluminum, the sooner hydrotalcite was 
formed. This may be due to the higher pH of the mixtures which contain 
a higher magnesium-aluminum ratio. The solubility of aluminum hy- 
droxycarbonate increases in alkaline medium, thus facilitating the con- 
version to hydrotalcite. 


I I 
20 60 100 


DAYS 


Figure 8-pH of a magnesium-aluminum molar ratio (5:l) of an alu- 
minum hydroxycarbonate gel-magnesium hydroxide gel mixture during 
aging at 25'. Key: (0) 0.6 mmole of metallg; (0) 1.2 mmole of metal/ 
g. 
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Figure 9-Relationship of aging temperature to time for p H  to increase 
to 10 for a magnesium-aluminum molar ratio (5:l)  of an aluminum 
hydroxycarbonate gel-magnesium hydroxide gel mixture containing 
0.6 mmole of metallg. 


Hydrotalcite also appeared more rapidly as the concentration of the 
mixture was increased. As seen in Fig. 8, the pH of a magnesium-alumi- 
num mixture (5:l) at  1.2 mmoles of metal/g rose sharply after -20 days 
at 25', while the pH of a magnesium-aluminum mixture (51) containing 
0.6 mmole of metal/g increased after -40 days a t  25'. X-ray diffracto- 
grams and changes in the pH-stat titrigrams confirmed that hydrotalcite 
had formed in these mixtures. The formation of hydrotalcite would be 
expected to occur sooner in concentrated mixtures if, as suggested earlier, 
some threshold condition must be reached to initiate its formation. 


Higher aging temperatures promoted more rapid formation of hy- 
drotalcite, probably due to increased solubility a t  higher temperatures. 
Figure 9 is an Arrhenius-type plot of the log of the time for magne- 
sium-aluminum mixture (5:l) containing 0.6 mmole of metal/g to reach 
pH 10 uersus the reciprocal of the aging temperature (7'). A linear rela- 
tionship exists with a heat of activation of -8.6 kcal/mole. 


To observe the effect of initial suspension pH, a magnesium-aluminum 
mixture (5:l) containing 0.6 mmole of metal/g was divided into six por- 
tions. One portion served as the control, while three portions were brought 
to  either pH 9.5,10.0, or 10.5 with sodium hydroxide. One portion was 
brought to pH 10 with sodium carbonate to determine if the carbonate 
anion played a role in initiating the formation of hydrotalcite. The pH 
of the final portion was not altered, but a small amount of a similar 
mixture in which hydrotalcite had formed was added to serve as a seed. 
As seen in Table 11, the time required for the pH to rise, indicating hy- 
drotalcite formation, is inversely related to the initial pH of the mixture. 
The pH of the samples, which had been adjusted to  pH 10.5 and 10.0, 
increased within 1 day, while the sample a t  pH 9.5 showed evidence of 
the formation of hydrotalcite within 10 days. The main factor appears 
to be pH rather than the reagent used to adjust the pH as similar results 
were obtained when either sodium hydroxide or sodium carbonate was 
used to adjust the pH. The increased solubility of aluminum hydroxy- 
carbonate a t  higher pH conditions is believed to be responsible for the 
pH effect. Seeding the mixture with hydrotalcite had no effect as the pH 
profile of the seeded sample was similar to the control. 


Table  11-pH of Magnesium-Aluminum at Different Initial pH 


Initial pH 
Adjusted with Initial pH Adjusted with 


NaOH NazC03 
Day Control 9.5 10.0 10.5 10.0 Seeded 


0 8.75 9.50 
1 8.47 9.53 


10 8.34 11.09 
18 8.34 - 
21 8.34 - 
24 8.71 - 
28 8.81 - 
30 9.58 - 
34 10.11 - 
41 10.41 - 


167 11.27 11.81 


10.00 
10.48 
10.50 


10.50 
11.36 
11.63 
- 


- 
12.34 


10.00 8.75 
10.37 8.44 
11.02 8.32 
- 8.45 
- 8.74 
- 8.74 
- 9.66 
- 9.97 
- 10.20 


11.51 11.51 
- - 


0 Magnesium-aluminum mixtures (51) containing 0.6 mmole of metal/g 
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Figure 10-X-ray diffractogram in the 3-9 hl region of a magnesium- 
aluminum molar ratio (2:l) of an aluminum hydroxycarbonate gel- 
magnesium hydroxide gel mixture containing 0.6 mmole of metallg and 
2% sorbitol after aging for 616 days a t  25'. B indicates the peak corre- 
sponding to brucite. 


Two experiments were performed to determine if any excipients would 
act to stabilize the mixture by controlling the formation of hydrotalcite. 
A magnesium-aluminum mixture (2:l) containing 0.6 mmole of metallg 
was divided into four portions. One portion served as the control, while 
the other three portions contained either 2% sorbitol, 0.5% simethicone, 
or 1% polysorbate 80. Hydrotalcite was found in the control and the 
mixtures containing simethicone or polysorbate 80 at approximately the 
same time, i.e., after 200 days at  25'. As seen in Fig. 10, the X-ray dif- 
fractograms of the sample containing 2% sorbitol showed a very sharp 
brucite peak and no evidence of hydrotalcite after aging for 616 days at  
25'. 


Various other excipients were compounded with magnesium-alumi- 
num mixtures (51) containing 0.9 mmole of metallg. The mixtures were 
aged at  32' and the time required to reach pH 10 was recorded. As seen 
in Table 111, all but two of the mixtures reached a pH of a t  least 10 within 
18 days. Five control samples were included in the experiment to give an 
indication of the variability in the time required for hydrotalcite to form. 
The average time for the pH of the control to reach 10 was 12.6 days with 
1.5 SD. Only the higher concentration of sodium citrate (0.5%) and 2% 
sorbitol were able to prevent the formation of hydrotalcite during the 52 
days of the experiment. Sorbitol is known to hydrogen bond with alu- 
minum hydroxycarbonate gel, while citrate anion is a chelating agent for 
aluminum. Figure 11 compares the pH-stat titrigrams of selected samples. 
Initial titrigrams of all samples except the sodium citrate-containing 
samples were identical. Mixtures containing sodium citrate exhibited 


Table 111-Effect of Selected Excipients on the Formation of 
Hvdrotalcite in Magnesium-Aluminum Mixtures * 


Time to Reach 
Excipient Concentration, % pH 10, days 


Control - 11 
Control - 12 
Control - 12 
Control - 13 
Control - 15 
Amaranth 
Bentonite 
Disodium Edetate 
Aminoacetic Acid 
Methylparaben 
Propylparaben 1 
Napthol Yellow S 
Sodium Citrate 
Sodium Citrate 
Sodium Saccharin 
Sorbitol 


0.1 
0.1 
0.1 
0.1 
0.18 
0.02 
0.1 
0.1 
0.5 
0.01 
2.0 


13 ~~ 


12 
16 
18 
11 
16 
',5 
i3 


~ ~ ~ 


a Magnesium-aluminum mixtures (5:l) containing 0.9 mmole of metal at 3 2 O .  
pH did not rise above 10 for at least 52 days. 
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MINUTES 


Figure 11-pH-stat titrigram of magnesium-aluminum molar ratio 
(5:l) of an aluminum hydroxycarbonate gel-magnesium hydroxide gel 
mixture containing 0.9 mmole of metallg containing various excipients. 
Key: (A) initial for all mixtures except sodium citrate-containing 
mixtures; (C) initial for 0.5% sodium citrate-containing mixture; (S1) 
2% sorbitol-containing mixture aged a t  32O for 52 days; (Cl) 0.5% so- 
dium citrate-containing mixture aged at  32' for 52 days; (A1) all mix- 
tures except sorbitol- and sodium citrate-containing mixtures aged at  
32' for 52 days. 
a decrease in both rate and extent of acid reactivity in the region of alu- 
minum hydroxycarbonate gel neutralization which was directly related 
to the concentration of sodium citrate, while the magnesium hydroxide 
portion of the pH stat titrigram was unaffected (1). 


After 52 days at  32O, the pH-stat titrigram of the control and all the 
mixtures, except those containing 2% sorbital or 0.5% sodium citrate, 
consisted of a single, highly-reactive phase which is characteristic of the 
formation of hydrotalcite. The rate of acid neutralization of the sorbi- 
tol-containing mixture had decreased but the sample was completely 
reactive. The sodium citrate-containing sample exhibited both a de- 
creased rate and extent of acid neutralization. Both sorbitol and sodium 
citrate substantially delayed the formation of hydrotalcite, although the 
use of citrate anion is not recommended due to its deleterious effect on 
acid neutralization. 


The observations of the factors affecting the formation of hydrotalcite 
in mixtures of aluminum hydroxycarbonate gel and magnesium hy- 
droxide gel support a previous conclusion (20) that the formation of hy- 


12 24 
MINUTES 


Figure 12-pH-stat titrigram of magnesium-aluminum molar ratio 
(1: l )  of a chloride-containing aluminum hydroxide gel-magnesium 
hydroxide gel mixture containing 0.6 mmole of metallg during aging at  
25O. Each titrigram is labeled with the age of the mixture in days. 
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Figure 13-X-ray diffractogram in the 3-9 A region ofa  magnesium- 
aluminum molar ratio (1:l) of a chloride-containing aluminum hy- 
droxide gel-magnesium hydroxide gel mixture containing 0.6 mmole 
of metallg during aging a t  25O. HT and G indicate the peaks corre- 
sponding to hydrotalcite and gibbsite, respectiuely. Key: (A) 69 days; 
(B) 173 days. 


drotalcite is a solution phenomena of the following type: 


Na+Al(OH)z + 2[(MgOH)+Cl-] - [AIMg2(0H)#CI- + NaCl 
(Eq. 1) 


This conclusion was based on the observation that hydrotalcite formed 
when separate dialysis sacks containing aluminum hydroxide and mag- 
nesium carbonate were suspended in water a t  60° for 3-6 months (21). 
Hydrotalcite (-90%) was found in the sack which initially contained 
aluminum hydroxide, -10% was found in the dialysis medium, and vir- 
tually none was present in the sack which initially contained magnesium 
carbonate. Hydrotalcite had been precipitated previously (22) from a 
solution equimolar in aluminum chloride and magnesium chloride at pH 
10 in the presence of 4 N NazC03. 


The following sequence of reactions are hypothesized to occur when 
hydrotalcite forms during the aging of mixtures of aluminum hydroxy- 
carbonate gel and magnesium hydroxide gel. At pH 8-9 magnesium hy- 
droxide will have a relatively high tendency to donate hydroxyls: 


Mg(0H)z MgOH+ + OH- (Eq. 2) 


Under these conditions aluminum hydroxide will tend to gain hydroxyls 
to form aluminate: 


AI(0H)s + OH- -+ Al(OH), (Eq. 3) 
A t  first the pH of the mixture remains relatively constant due to the 


balance of Eqs. 2 and 3. After a period of time, the aluminum hydroxide 
is no longer able to readily assimilate hydroxyls and the suspension pH 
begins to rise due to the continued dissolution of magnesium hydroxide. 
The formation of hydrotalcite occurs by the same mechanism as proposed 
previously (20), i.e., the coalesence of the products of Eqs. 2 and 3 as 
shown by Eq. 1. This mechanism is consistent with the sudden appear- 
ance of hydrotalcite in mixtures and also with the effect of magnesium- 
aluminum ratio, concentration, pH, and temperature observed in this 
study. 


HT 
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SPACING, A 
Figure 14-X-ray diffractogram in the 3-9 A region of the nonacid- 
reactive component of a magnesium-aluminum molar ratio (1:l) of a 
chloride-containing aluminum hydroxide gel and magnesium hydroxide 
gel containing 0.6 mmole of metallg after aging for 173 days at  25O. HT 
and G indicate the peaks corresponding to hydrotalcite and gibbsite, 
respectively. 


A nonacid-reactive form of hydrotalcite is produced when a mixture 
of a chloride-containing aluminum hydroxide gel and magnesium hy- 
droxide is aged at 25'. Compared to an aluminum hydroxyqrbonate gel, 
a chloride-containing aluminum hydroxide gel shows a more rapid de- 
crease in the rate of acid neutralization, and the total amount of acid 
neutralized at  pH 3 also decreases (4). The pH of a mixture containing 
0.6 mmole of metallg in a magnesium-aluminum molar ratio of 1:l in- 
creased from 6.6 to 8.5 after 8 days at 2 5 O .  The pH-stat titrigram also 
showed a change in shape at this same time (Fig. 12). However, in contrast 
to mixtures containing aluminum hydroxycarbonate gel, (Fig. 1) the total 
amount of acid neutralized decreased to -15% of the theoretical yield 
after aging for 48 days. Well-crystallized hydrotalcite peaks were evident 
in the X-ray diffractograms after 69 days at  25' (Fig. 13, Curve A). No 
magnesium hydroxide peaks were present in the X-ray diffractogram, 
but peaks at  4.82 and 4.34 A indicated the presence of gibbsite, a crys- 
talline polymorph of aluminum hydroxide. An X-ray diffractogram of 
the mixture after 173 days at  25' (Fig. 13, Curve B) showed a further 
increase in the crystallinity of hydrotalcite. 


The sharp peaks suggested a larger crystallite size for the hydrotalcite 
formed in the chloride-containing aluminum hydroxide gel and magne- 
sium hydroxide gel mixtures than formed in the aluminum hydroxycar- 
bonate gel and magnesium hydroxide gel mixtures. After 118 days at 25O, 
the unreactive fraction from the pH-stat test was collected and washed. 
An X-ray diffractogram (Fig. 14) shows that the nonacid reactive com- 
ponent is chiefly highly crystalline hydrotalcite. Thus, a nonacid-reactive 
aluminum hydroxide gel quickly gave rise to a nonacid-reactive form of 
hydrotalcite. 


The formation of hydrotalcite during the aging of mixtures of alumi- 
num hydroxide gel and magnesium hydroxide gel is important because 
the United States Pharmacopeia recognizes two mixtures of aluminum 
hydroxide gel and magnesium hydroxide gel, as well as magaldrate (23) 
which is a form of hydrotalcite having sulfate as the principal interlayer 
anion. Alumina and magnesia oral suspension (3) may contain a mag- 
nesium-aluminum molar ratio of between 0.4 and 0.8 and a total metal 
content of between 0.8 and 1.2 mmoles of metal/g. Magnesia and alumina 
oral suspension (24) may contain a magnesium-aluminum molar ratio 
of between 1.4 and 2.4 and a total metal content of between 0.9 and 1.2 
mmoles of metal/g. These mixtures are within the range of magnesium- 
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aluminum and total metal concentration of the mixtures in which hy- 
drotalcite was found to form on aging. 


The present monographs for these mixtures do not contain any tests 
which would detect the presence of hydrotalcite, nor do they require the 
inclusion of sorbitol in the mixtures. Thus, there is the possibility of the 
formation of hydrotalcite during the aging of official aluminum hydroxide 
gel and magnesium hydroxide gel mixtures. 
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Abstract The present report describes preliminary results concerning 
the acute toxicity of placebo polyalkylcyanoacrylate nanoparticles used 
as drug carrier. It was demonstrated that nanoparticles induced cellular 
damage only at  relatively high concentrations in the cell culture medium. 
The absence of mutagenicity was shown for both nanoparticles and their 
degradation products, and the LDso for polybutyl- and polyisobutylcy- 
anoacrylate nanoparticles was also determined. 


Keyphrases Polyalkylcyanoacrylate-toxicity of nanoparticles 0 
Nanoparticles-polyalkylcyanoacrylate toxicity 0 Toxicity-polyalk- 
ylcyanoacrylate nanoparticles Drug carrier systems-nanoparticles, 
toxicity of polyalkylcyanoacrylate 


Previous studies have demonstrated the interest of 
polyalkylcyanoacrylate nanoparticles as a drug carrier (1, 
2). The main advantage of these particles is their degrad- 
ability at a rate depending on the length of the alkyl chain 
(3). These ultrafine particles (diameter of -0.2 pm) are 
able to efficiently adsorb a variety of drugs in a stable and 
reproducible way (4). It has been shown previously that the 
binding of cytostatic drugs to nanoparticles modifies their 
distribution pattern in rat tissues and generally increases 
the tissue capture of these drugs (5,6).  


Recently, preliminary results of experimental chemo- 
therapy were published (7) using actinomycin D-loaded 
polymethylcyanoacrylate nanoparticles against the growth 
of a transplantable soft sarcoma tissue of the rat. The re- 
sults indicated that the use of polymethylcyanoacrylate 
nanoparticles as a drug carrier increased the anticancer 
activity of actinomycin towards subcutaneous sarcoma. 
Furthermore, these particles could be of interest in the 
field of long-acting insulin therapy (8). 


However, it was important to have information about 
the toxicity of the carrier to determine if these results did 
not prohibit the use of nanoparticles in human medicine. 
The present report describes preliminary results con- 
cerning the acute toxicity of nondrug-bound nanoparticles 
towards cells in culture and the determination of the LD50 
of the carrier. 


EXPERIMENTAL 


Polyalkylcyanoacrylate Nanoparticles Preparation-Poly- 
methyl-, polybutyl-, and polyisobutylcyanoacrylate nanoparticles were 
prepared following previous methods (1, 6), slightly modified. To an 
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Table IV-Analysis of Iodochlorhydroxyquin Bulk Drug 


Purity, % 
Lot Peak Area Calc. Peak Heiaht Calc. 


A 
B 
C 
D 
E 
F 


98.9,98.3 
99.2,99.9 
97.4,98.7 
98.5,98.4 
99.9,99.4 
98.3.98.9 


99.4,98.9 
99.5,99.1 
98.9.99.4 
98.3; 98.9 
99.2,98.7 
98.2,99.2 


of a standard preparation before and after the addition of I11 in an 
amount equivalent to 3% of I. Baseline resolution was achieved and re- 
covery of I11 was quantitative over the range of 1.5-5.0% expressed on 
the basis of I. While 5,7-dichloro-8-hydroxyquinoline elutes near the peak 
for I, its relative response at 254 nm is very low and should not interfere 
at  low concentrations. Furthermore, no changes in assay results for I were 
observed with samples spiked with as much as 6% of 111. 


Typical chromatographic tracings for standard and sample prepara- 
tions are shown in Fig. 3. No interferences were observed from formula- 
tion excipients, even though no sample clean-up steps were employed. 
No late eluting peaks were observed over an 8-hr period. 


Placebo samples with added I were analyzed by this method to deter- 
mine recovery efficiency. The recovery data (Table 11) indicate that the 
procedure is quantitative for I over the range of 22-37 mg/g. This range 
corresponds roughly to  75-125% of label for the typical 3% cream for- 
mulations (30 mg/g). Replicate analysis of a single lot ( n  = 8) at 30 mg/g 
gave a 1.1% RSD. Results from the analyses of several lots of cream for- 


mulations from five manufacturers are shown in Table 111. Good 
agreement with label content was observed in all cases. 


A slightly modified procedure was used to analyze samples of bulk drug. 
Five samples of I (18-43 mg) were analyzed according to this procedure. 
The weight of I found was plotted against the weight of I added. The re- 
sulting linear regression equation had a slope of 1.00, an interceat of 
-0.02, and a correlation coefficient of 0.999. One lot of bulk drug was 
analyzed 10 times to determine the precision of the bulk drug assay. Using 
peak area ratios as the basis for calculation, the average value was 99.12% 
purity with a 1.1% RSD. Using peak height ratios, the mean was 99.21% 
purity with a 0.6% RSD. Six additional lots of iodochlorhydroxyquin bulk 
drug were analyzed in duplicate. The results of these assays are shown 
in Table IV. 
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Abstract The distribution of four bile salts: sodium cholate (I), sodium 
deoxycholate (II), sodium chenodeoxycholate (III), and sodium urso- 
deoxycholate (IV), between aqueous buffer and 1-octanol has been 
measured as a function of temperature between 25 and 55" and as a 
function of bile salt concentration at concentrations <0.1 moleniter in 
the aqueous phase. The distribution isotherms obtained have been ex- 
plained on the basis of reversible association in the aqueous phase. The 
treatment assumes that the bile acid exists as a monomer in the organic 
phase, which is verified by vapor pressure osmometry. A graphical 
method has been employed to estimate the association constants in the 
aqueous phase for the various equilibria encountered. An aggregation 
number of four for IV and 12 for I, 11, and I11 has been estimated. From 
the results, thermodynamic functions associated with the transfer of each 
of the bile salts from water to octanol and those associated with associ- 
ation processes in the aqueous phase were calculated. These results are 
consistent with previous findings that the premicellar association of bile 
salts occurs by hydrophobic interaction. The thermodynamics of transfer 
of bile salts revealed an unfavorable enthalpic and favorable entropic 
contribution for all four bile salts. However, for IV, which is an epimer 
of 111, both enthalpic and entropic contributions are reduced, compared 
to 111, suggesting a pronounced effect of stereochemical orientation on 
hydrophobic interaction. 


Keyphrases 0 Partition coefficient-distribution of bile salts between 
1-octanol and aqueous buffer Thermodynamics-distribution of bile 
salts between 1-octanol and aqueous buffer 0 Surfactants-distribution 
of bile salts between I-octanol and aqueous buffer 


Bile salts are biological detergents which play an im- 
portant role in the dissolution or dispersion of cholesterol 
and other lipids in the body (1,2).  The solubility of cho- 


lesterol in the sodium cholate-water and the sodium cho- 
late-lecithin-water system was studied (3). It was shown 
(4) that bile salts were capable of solubilizing a large 
number of poorly water soluble organic and inorganic 
compounds. The solubilization of various steroidal hor- 
mones in bile salt solutions was investigated (5-7). It was 
demonstrated (8, 9) that the solubilities and dissolution 
rates of several unrelated poorly water-soluble drugs were 
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AT EQUl LIBRIUM, moles/liter 


Figure 1-Distribution isotherms for sodium deoxycholate at 2 5 O  lo), 
3 5 O  (O) ,  45' (a), and 55' (0)  between I-octanol and 0.02 M trometh- 
amine buffer (pH 8). The solid line is calculated according to Eqs. 15a 
and b. 
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AT EQUILIBRIUM, moledliter 
Figure 2-Distribution isotherms for sodium cholate a t  25' (O), 35' 
(Q), 45' (O),  and 55' (0) between I-octanol and 0.02 M tromethamine 
buffer (pH 8). The solid line is calculated according to Eqs. 15a ana 
b. 


increased by the presence of bile salts. Recently, it was 
reported (10) that the solubility of diazepam increased in 
bile salt solutions. This ability of bile salts to dissolve 
water-insoluble material has been attributed to the pres- 
ence of micelles (2). A knowledge of factors that govern the 
micellization, therefore, is of great importance in under- 
standing the role of these biological surfactants in the 
dissolution of poorly water-soluble substances. 


As a part of the program to study the aggregation pat- 
tern of bile salts in aqueous solution, the partition method 
offered an interesting tool. The partition method has been 
used (11-13) to determine the critical micelle concentra- 
tion of the quaternary ammonium salts. The distribution 
of four bile salts': sodium cholate (I), sodium deoxycholate 
(11), sodium deoxychenocholate (1111, and sodium urso- 
deoxycholate (IV) between 1-octanol and aqueous buffer 
was measured, and the results of these studies have been 
used to give information on the state of aggregation of bile 
salts in aqueous solution and the thermodynamics of the 
transfer process. 


EXPERIMENTAL 


Materials-The sources of bile acids and their purification are given 
elsewhere (14). [2,4-3H]Cholic acid in ethanol2, specific activity 1 mCi/6.7 
X mmoles; [3H,(G)]deoxycholic acid in ethanol2, specific activity 
4 Ci/mmole; and [11,12(H)-3H]chenodeoxycholic acid3 in toluene-eth- 
anol, specific activity 10.4 Ci/mmole were used without further purifi- 
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Figure 3-Distribution isotherms for sodium ursodeoxycholate a t  25' 
(O), 40" (O), and 55' (0) between I-octanol and 0.02 M tromethamine 
buffer (pH 8). The solid line is calculated according to Eqs. 15a and 
b. 
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These compounds exist largely as the free acids in 1-octanol. 
2 New England Nuclear Corp., Boston, Mass.; radiochemical purity was guar- 


3 Amersham, Arlington Heights, Ill.; purity >98%. 
anteed to be >98%. 
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AT EQUILIBRIUM, moles/liter 
Figure 4-Distribution isotherms for sodium chenodeoxycholate a t  25' 
(0) and 55' (0) between I-octanol and 0.02 M tromethamine buffer 
(pH 8). The solid line is calculated according to Eqs. 15a and b. 


cation. A sample of [14C(G)]ursodeoxycholic acid4 was purified by TLC 
(purity >99%). Benzi15 was recrystallized several times from methanol, 
giving a melting point of 95.0 f 0.5'. l-0ctano16 was used as obtained. 
The water was double deionized. The same liquid scintillation cocktail7 
was used for both aqueous and organic samples. 


Partition Coefficient MeasurementgThe aqueous phase was 0.02 
M tromethamine buffer (pH 8) and the organic phase was 1-octanol. To 
minimize volume changes due to mutual solubility, the aqueous and or- 
ganic phases were presaturated with each other. The aqueous solutions 
of various concentrations of bile salt were prepared by dilution using a 
stock solution. 3H-Labeled bile salt was incorporated for analytical de- 
termination. 


Vials containing 4 ml of octanol and 4 ml of aqueous phase with various 
amounts of bile salt were shaken for 12 hr in a thermostated water bath. 
The temperature of the water bath was controlled to f0.4'. Two samples 
of 1 ml each from both phases were withdrawn for analysis while keeping 
the vials thermostated. Scintillation cocktail7 (10 ml) was added to each 
sample and mixed thoroughly. Count rates were measured on a liquid 
scintillation systems. The mass balance in the two phases was accounted 
for within f2%. The maximum estimated error in the partition coefficient 
measurements was within f5%. 


Vapor Pressure Osmometry-Vapor pressure osmometry was used 
to determine the state of association of the bile acids in the organic phase. 
In this method (15), a steady-state temperature difference between a 
reference solution and a test solution and the pure solvent was deter- 
mined. Thermistors were employed as temperature sensors and their 
electric resistance measured with an osmometers. A solid-state null de- 
tector'o was substituted to improve stability and sensitivity, and the 
temperature was controlled with a proportional thermistor temperature 
controller. 


HYPOTHET I CAL EQUl L l B R l A  


ORGANIC PHASE 


MONOMER 


MONOMEk 


DIMER TRIMER N-MER 


ir 
/r 11 .;\\. 


AQUEOUS PHASE 


Scheme I 


'Received from A. F. Hofmann, University of California, San Francisco, 


Eastman Kodak Co., Rochester, N.Y. 
6 Fisher Scientific Co., Pittsburgh, Pa. 


Aquaaol, New England Nuclear Corp., Boston, Mass. 
Model LS 7500, Beckman Instruments, Southfield, Mich. 
Wheatatone bridge, Mechrolab Model 301 Vapor Pressure Osmometer. 
Keithley, 150B Microvolt Ammeter. 


Calif. 
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Figure 5-Effect of concentration of tromethamine buffer on partition 
coefficient of sodium chenodeoxycholate at 25', organic phase: 1-oc- 
tanol, aqueous phase: 0.02 M tromethamine buffer (pH 8). 


RESULTS AND DISCUSSION 


The experimental results for the partition of the sodium salts of the 
bile acids between 0.02 M tromethamine buffer (pH 8) and 1-octanol are 
summarized in Figs. 1-4. Here the partition coefficient, defined as the 
ratio of the bile salt concentration in the organic phase to the concen- 
tration of bile salt in the aqueous phase, is plotted as a function of the 
equilibrium bile salt concentration (moleshiter) in the aqueous phase. 
It can be shown that if a solute exhibits ideal behavior in each of two 
liquids in contact, and in equilibrium, then the partition coefficient is 
constant, independent of the concentration. It can be seen from Figs. 1 4  
that the partition coefficient of all four bile salts studied varies with the 
concentration. A t  higher concentrations of bile salt much more solute 
is found in the aqueous phase than would he expected from a consider- 
ation of the partition behavior at lower concentrations. 


A sharp break at the critical micelle concentration (CMC) in a plot of 
Corg versus C,, was observed (11-13) for quaternary ammonium com- 
pounds. A phase separation model for the quaternary ammonium com- 
pounds based on the partition behavior was proposed. Unlike quaternary 
ammonium compounds, bile salts do not exhibit a sharp break in the Corg 
versus C, plot; instead the change in the slope is gradual. This behavior 
can be explained on the basis of the reversible association of bile salts in 
the aqueous phase. 


Theoretical Considerations-The following treatment of the ex- 
perimental data can be made by assuming that, although the bile salt 
present in the aqueous phase is composed of monomers and aggregates 
of bile salt, only monomeric bile salt is distributed between the two sol- 
vents. The hypothetical equilibria involved are presented in Scheme I. 


It is conceivable that the monomeric form is partitioned as one or more 
of three species: free acid; sodium-bile salt ion pair; and trometh- 
amine-bile salt ion pair. 


Figure 5 shows the independence of partition coefficient on the tro- 
methamine buffer concentration, indicating that bile salt is not parti- 
tioned as tromethamine-bile salt ion pair a t  pH 8. Figure 6 shows the 
effect of sodium ion concentration at  pH 8 and 9.2. It is evident that a t  
higher pH values, where the bile acid exists mostly in the ionized form, 
there is a linear dependence of the partition coefficient on the sodium 
ion concentration; whereas, at pH 8 there is virtually no sodium ion 
concentration dependence indicating negligible partitioning of bile salt 
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Figure 6-Effect of sodium ion concentration on partition coefficient 
of sodium chenodeoxycholate at pH 8.0 (0) and pH 9.2 (O), 25'; organic 
phase: 1-octanol, aqueous phase: 0.02 M tromethamine buffer. 
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Figure 7-Effect of hydrogen ion concentration on partition coefficient 
of sodium chenodeoxycholate at 25'; organic phase: 1 -octanol, aqueous 
phase: 0.02 M tromethamine buffer. 


as the sodium salt ion pair compared to free acid. The marked dependence 
of partition coefficient on hydrogen ion concentration is seen in Fig. 7. 


The concentration in the aqueous phase may be written as": 


[C]., = [Monomer] + 2[Dimer] t 3[Trimer] t . . . (Eq. 1) 


where, [Claq represents the total equilibrium molar concentration of bile 
salt in the aqueous phase. 


Assuming that the association equilibria follow the mass law, the 
equilibria in the aqueous layer can be described in terms of association 
constants. Thus: 


2 Monomer 2 Dimer 


3 Monomer Z T r i m e r  


Therefore, Eq. 1 may be written as: 


[C]aq = [M]aq + 2K; 3KH + . . . (Eq. 2) 


where, [MIBq is the monomer concentration in the aqueous phase. The 
concentration in the organic phase can be described by the following 
relationship: 


(Eq. 3) 


where K is the intrinsic or true partition coefficient of the acid form, and 
Ka is the dissociation constant of the bile acid. Let: 


(Eq. 4) 


where K$P is the apparent partition coefficient at a given pH in the in- 
finitely dilute solution. Then Eq. 3 may be written as: 


ICIorg = K$p IMIaq (Eq. 5) 


s t  
a 


O '  4 8 12 16 20 24 28 32  36 4'0 
[MIaq X lo5, moles/liter 


Figure 8-A plot testing the possible occurrence of dimers in aqueous 
solutions of sodium deoxycholate at 25' according to Eq. 7. 


The different forms identified as monomer, dimer, trimer, e tc . ,  may consist 
of the free acids, charged anions, or mixtures of the two. 
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Figure 9-A plot testing the possible occurrence of dimers and trimers 
in aqueous solutions of sodium deoxycholate at 25" according to Eq. 
10. 


from Eqs. 2 and 5 the following can be written: 
[C],, - 1 + 2K; [MI,, + 3Kj [MI:, + . . . -- 
[Clor, KtPP 


or: 
KO * = 1 + 2 K;[M],, + 3Kj [MI:, + . . . (Eq. 6) 
Kapp 


where Kapp = [C],,,/[C],, is the partition coefficient a t  the same given 
pH but a t  some finite concentration. 


Proposed Testing of Assumptions-Since reversible associations 
of the type discussed are markedly dependent on the concentration of 
associating solute, it would be expected that in relatively dilute solutions, 
dimerization would be the primary equilibrium. 


As the concentration of bile acid is increased, the tendency to form 
higher aggregates would be expected to be more pronounced. With this 
consideration, a simple test of the proposed relationship can be made. 


If, at lower concentration of bile salt, the formation of dimers is the 
primary equilibrium, then to a first approximation, Eq. 6 can be reduced 
to: 


From Eqs. 3 and 4, [MIaq can be obtained: 


Figure 8 summarizes the results obtained when Eq. 7 was tested. The 
straight line relationship expressed by Eq. 7 is found to exist a t  lower 
concentration of 11. The curvature apparent a t  higher concentration is 
due to the formation of higher polymeric species. The same trend is found 
for all four bile salts studied. 


The proposition that higher polymeric species are found at  higher 
concentration can be tested in a similar manner, for if the bile acid found 
in the aqueous phase is primarily present as monomer, dimer, and trimer, 
then Eq. 6 can be approximated by: 


KtpplKapp = 1 + ~ K ' z  [Mlaq + 3Ki M I S q  0%. 9) 
or: 


The linearity expressed by this equation is tested in Fig. 9. Here, Y is 
plotted as a function of monomeric bile salt concentration in the aqueous 
phase. The expected intercept 2K; agrees within 5% with the value ob- 
tained from Fig. 8. A slope of 2.17 X lo7 with correlation coefficient of 
0.86 is obtained for this relationship. 


By assuming that dimerization and tetramerization are the important 
equilibria, Eq. 6 may be reduced to: 


(Eq. 11) K&p/Kapp = 1 + 2KL [MIaq + 4K& [MI:, 


m 30F 0 


I 
5 10 16 20 


[MI:, X 10'. moleshitera 


Figure 10-A plot testing the possible occurrence of dimers and tet- 
ramers in aqueous solutions of sodium deoxycholate at 25" according 
to E9. 12. 


Figure 11-Longitudual sections of dimers and tetramers; (@) OH 
groups; fe) negatively charged ionic group of bile salt. 


or: 


Figure 10 illustrates a plot of this relationship. The theoretically ex- 
pected straight line relationship is found to exist, with a correlation 
coefficient of 0.97. The linear relationship for 1-2-3 and 1-2-4 model ex- 
tends over to the same concentration range with a somewhat better cor- 
relation for the latter one, however. Therefore, a monomer-dimer-tet- 
ramer species was considered to be prominent in this region. However, 
the existence of the trimer cannot be ruled out. A preponderance of tet- 
ramer over trimer is expected since a pair of dimers can come together 
with back-to-back hydrophobic interaction to form a tetramer with wide 
separation of charges (Fig. 11) (16), whereas in the trimer, charges would 
be expected to be closer, thus rendering it relatively less stable. 


A curvature a t  higher concentration once again indicates that aggre- 
gates greater than tetramer are very likely. If it is assumed that, at higher 
concentration only monomer, dimer, tetramer, and 'n'mer are predom- 
inant species, then Eq. 2 reduces to: 


[Claq = [Mlaq + 2K; [MI:,+ 4K& [MI:, + nKh [MI:, (Eq. 13) 


Rearranging and taking logs: 


log Y" = log nKh + n log [MI., (Eq. 14) 
where: 


Y" = [C],, - [MIaq - 2Ki [MI:, - 4K& [MI:, 


Thus, a plot of log Y" versus log (MIaq should yield a straight line with 
slope equal to n ,  the aggregation number. The linearity of this double log 


e I 


l l v L L L  


lo-' 1 o - ~  10-1 
[MI  moleshiter 


Figure 12-A plot testing the possible occurrence of dimers, tetramers, 
and n-mers in aqueous solutions of sodium deoxycholate at 25" ac- 
cording to E9. 14. 
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Table I-Association Constants 


Bile Salt log K;, log Kb, log K;z, 
(Aggregate Number) Temp Mlliter-' Mlliter-3 Mhiter-l' 


Cholate 25' 2.20 4.00 25.70 
35O 2.39 4.46 26.61 


2.57 4.80 27.48 
(12) 


45O 
550 2.74 5.30 28.26 


Deoxycholate 25' 3.48 10.30 36.78 
35O 3.60 10.54 37.92 


3.72 10.78 39.04 
(12) 


45O 
3.88 11.04 40.08 55O 


Ursodeoxycholate 25' 2.35 8.15 
2.51 8.45 40' 
2.65 8.78 


(4) 
55O 


Chenodeoxycholate 25O 3.43 10.30 36.78 
(12) 55O 3.85 11.60 40.78 


plot is tested in Fig. 12. The aggregation number and all the association 
constants are summarized in Table I. The aggregation number of 12 for 
I1 obtained in this study is in close agreement with the value 13,reported 
previously (17). However, the association constant value, log KU = 27.4, 
differs from log KiZ = 36.78, obtained in the present study. This dis- 
crepancy may be due to the octanol dissolved in the aqueous phase in this 
study. 


It is recognized that the distribution of water and octanol in the equi- 
librium phases might change with the concentration of bile salt, in which 
case KO,,, would no longer be constant. In this treatment, it is assumed 
for the sake of simplicity that the composition of the equilibrium phases 
is unchanged by the presence of bile salt. This assumption may have a 
small effect on the values of the association constants derived in the 
treatment. 


- 
- 
- 


The partition isotherms were generated using the following: 


Kapp = [CIorgACIaq (Eq. 15a) 


and: 
[C],, = (2) t 2K; ('"l-p), t 4K& (T)4  [Clor, 


KO,,, K w  


t 12K;Z (2)" (Eq. 15b) 


and association constants from Table I. Figures 1-4 show that there is 
good agreement between the calculated and experimental values. 


On the basis of the preceding discussion, it is also possible to calculate 
the distribution of bile salt/acid in its various forms in aqueous solution. 
The results of such calculations are illustrated in Fig. 13. Here, the con- 
centration of bile salt as a particular species has been plotted as a function 
of total concentration of bile salt in solution. The concentration of bile 
salt as monomers and dimers reaches a plateau, whereas dodecamer is 
seen to increase as the concentration of total bile salt in the system in- 
creases. 


All the association constants, K;, Kk, KiZ, follow a Van't Hoff type 
relationship which is seen in Fig. 14. From the slope of these lines it is 
possible to estimate AHo for association. The results of such calculations 
are listed in Table 11. These results are in agreement with the expectations 
that hydrophobic interactions lead to a positive enthalpy change (18). 
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Figure 13-A plot showing the  distribution of sodium cholate among 
i t s  various forms i n  aqueous solution at 25'. 


1 OZ8 


1 oZ7 


1 OZ6 


l0lS 


3.15 3.25 3.35 lO0l ' 
3.05 


l lTX lo3 


Figur; 14-A plot showing Van't  Hoff t ype  relationship for the  asso- 
ciation Constants of sodium cholate. 


Figure 15 shows plots of log Epp uersus 1/T for all the bile salts studied. 
If the activity coefficients in the two phases are assumed to be unity in 
very dilute solution, then from the slope of the plot log KO,,, uersus 1/T, 
estimates of A H 0  can be obtained. Also by using: 


-AGO = RT In K:pp 


and 


AGa = Ho - TASO 


all of the thermodynamic functions for the transfer process can be ob- 
tained. Table I11 lists these thermodynamic transfer functions. 


The values for the enthalpy of transfer of bile salt from the aqueous 
to the organic phase are all positive (unfavorable) (Table 111). Positive 
values for AHo of transfer of hydrocarbon and aliphatic alcohols are also 
obtained (18). Positive values of AHo for this process are expected on the 
basis of the hydrophobic properties of these solutes. In aqueous solution 
the water molecules in the vicinity of these nonpolar molecules or moieties 
are more strongly hydrogen bonded so that a region of higher local order 
exists than in pure water. In partitioning out of the aqueous phase, the 
normal hydrogen bonded structure resumes, accompanied by a decrease 
in the amount of hydrogen bonding and a less ordered state. These pro- 
cesses are accompanied by an increase in enthalpy (the energy required 
to break hydrogen bonds) and an increase in entropy as expected for a 
loss in order. The data show that the entropy gain is greater for the more 
hydrophobic molecules. The dihydroxy bile salts, I1 and 111, show a larger 
entropy change than I: the more polar tri-hydroxy bile salt. The data for 
IV demonstrate that it is not only the number of hydroxyl groups on the 
molecule that determine its hydrophobic character, but the orientation 
is also important. In IV, the -OH groups are no longer all in the a con- 
figuration, the -OH group in the 7 position is oriented toward the back 
of the molecule so that there is no longer a clearly hydrophobic side to 
the structure. As a consequence, even though it is a dihydroxy bile salt, 
IV shows a smaller positive change in entropy for the aqueous-organic 
transfer process than either of the other dihydroxy salts (I1 and 111) or 
even the trihydroxy salt (I). Even for IV, however, hydrophobic forces 
appear to predominate since positive values of A H 0  and AS0 are still 
obtained for the transfer process. 


One of the assumptions in the foregoing model was that the bile acids 
do not associate in octanol. This was verified by using vapor pressure 
osmometry. 


Table 11-AHD for Association Process a 


Bile salt m l i m e r  W e t r a m e r  W d e c s m e r  


Cholate 4.0 4.8 3.2 
Deoxycholate 3.0 2.8 4.0 
Ursodeoxycholate 2.2 2.3 - 
Chenodeoxycholate 3.1 4.8 4.9 


a Kilocalories per mole of bile salt in the aggregate. 
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Figure 15-A plot showing Van’t Hoff  type relationship for the K:,,, 
sodium deoxycholate (II), sodium cholate (I), sodium ursodeoxycholate 
fIV), and sodium chenodeoxycholate (111). 


The osmolality of the test solution ( m x & ) ,  the reference solution 
(m,&) and the measured resistance ratio (AR,/AR,) are related by: 


! 


where m is the molality, $J is the osmotic coefficient, AR is the change in 
resistance, and x and r refer t o  test and reference solutions, respec- 
tively. 


If a nonassociating solute such as benzil is used as a reference, then the 
deviation of the ratio (@,/&) from unity is related to the extent of asso- 
ciation. 


Table IV shows the ratio ( I # J ~ / $ J ? )  for cholic and deoxycholic acids a t  
25O. It is seen that the ratio is 4 . 8  and above in all cases, suggesting that 
under the conditions of the partition studies, the bile acid exists mainly 
as the monomer in the organic phase. I t  is likely that there is some asso- 
ciation in the organic phase. However, for simplicity of calculation, this 
was assumed to be zero. This approximation may have an effect on the 
magnitude of the association constants. 


Bile Acid-Octanol Complex-Figure 16 shows the effect of varying 
the ratio of octanol to isooctane in the organic phase, and i t  can be seen 
that octanol complexes with bile acid. A quantitative treatment may be 
obtained by considering that each mole of bile acid (BA),, complexes with 
n moles of octanol ( X )  to give a complex (BA X n  )or,. Thus: 


Accordingly: 


(Eq. 16) 


(Eq. 17) 


From Eqs. 15a and 17 it follows: 


log Kapp = log K,, t n log [MI (Eq. 18) 


Table 111-Thermodynamic Transfer Functions 


AGO A H 0  TASO 
Bile Salt 25’ 25” Kcal/mole 


K:PP 


Deoxycholate 32.0 -2.05 +6.0 8.05 
Chenodeoxycholate 27.0 -1.95 +6.1 8.05 


Cholate 1.2 -0.11 +6.3 6.41 
Ursodeoxy cholate 5.8 - 1.04 4-3.4 4.44 


Table IV-$J,/~,  Ratio at 25” 


Concentration of Bile Acid in Octanol $ d c c / $ b  


0.005 M 0.83 0.87 
0.010 M 0.81 0.83 
0.020 M 0.76 0.80 


0 cholic acid. b b e n d  C deoxycholic acid. 


t 


/ 


1 J I I I 


0.1 1 .O 10 
OCTANOL IN ISOOCTANE, moleslliter 


Figure 16--A plot testing the possible complexation of sodium cholate 
with octanol according to Eq. 18. 


The linearity predicted in this double log plot is realized in Fig. 16. 
Binding numbers of 2,1.7, and 1.8 are found for I, 11, and 111, respectively, 
suggesting that each mole of bile acid is solvated or complexed by 2 moles 
of octanol. 


Since the solvation is the same in the organic phase for all bile acids 
studied, the differences in the free energy of partitioning results entirely 
from the differences in their interactions with water. The solvation of bile 
acids by octanol provides further support for the finding that bile acids 
are monomeric in the organic phase. There is evidence which suggests 
(19,20) that in nonhydrogen bonding solvents, bile acids and their esters 
tend to form dimers and higher aggregates. Studies to determine the 
nature of the aggregates in nonhydrogen bonding solvents are presented 
in the following report (21). 
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Abstract The distribution of deoxycholic acid (I) between aqueous 
buffer and an organic phase consisting of isooctane-1-octanol(7030, v/v) 
(System A) or isooctane-chloroform (80:20, v/v) (System B) was studied. 
The distribution isotherms suggested that I associates strongly in the 
organic Systems A and B unlike in pure 1-octanol. Therefore, a previous 
model, describing distribution of bile salts between 1-octanol and aqueous 
buffer, was modified to include association of I in the organic phases to 
describe distribution behavior. The treatment suggested that I exists as 
monomer and dimer in System A with a dimerization constant of 820 
A 4 - I .  A model consisting of monomer-tetramer-hexamer in the organic 
phase best describes the data for System B. The data support the view 
that association in the organic phase is due to hydrogen bonding between 
bile acid molecules. 


Keyphrases Deoxycholic acid-association in organic solvents Bile 
salts-association of deoxycholic acid in organic solvents 0 Partition 
coefficient-association of deoxycholic acid in organic solvents 


In the preceding paper (l), the distribution behavior of 
bile salts between aqueous buffer and 1-octanol was re- 
ported. By vapor pressure osmometry data, it was shown 
that bile acids exist primarily as monomers in 1-octanoll. 
A recent paper (2) reported strong association of bile acid 
esters in nonaqueous solvents such as carbon tetrachloride 
and chloroform using vapor pressure osmometry. The as- 
sociation in carbon tetrachloride is much stronger than in 
chloroform. The relatively low association in chloroform 
was attributed to the hydrogen bonding ability of chloro- 
form. This probably also explains the monomeric state of 
bile acids in 1-octanol. If this were true, then modifying the 
hydrogen bonding solvent (e.g. , 1-octanol or chloroform) 
by addition of a nonhydrogen bonding nonpolar solvent 
like isooctane should result in an increased association of 
bile acid in such organic systems. In the present report the 
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Figure 1-Distribution isotherm for sodium deoxycholate at 25'. Curve 
A is based on the model in Scheme IA. Curve E is calculated on the basis 
of the model in Scheme IE. Key: (0)  experimental data. 


I t  was found that bile salts exist primarily in the acidic form in 1-octanol and 
in the anionic form in the aqueous phase under the experimental conditions of this 
investigation. 


state of association of deoxycholic acid (I) is examined in 
two such modified solvent systems: isooctane-1-octanol 
(70:30) (System A) and isooctane-chloroform (80:20) 
(System B) using the distribution behavior of I between 
the organic phase and aqueous buffer. Partition equilibria 
were used to  study the association of solutes in the organic 
phase on the basis of the previously determined association 
pattern in the aqueous phase. 


EXPERIMENTAL 


Materials-The purity of sodium deoxycholate2 (>99%) was con- 
firmed by TLC and titration with perchloric acid in glacial acetic acid 
[ 3H,(G)]deoxycholic acid in ethanol, specific activity 4 Ci/mmole3, ra- 
diochemical purity 98% l-octano14; 2,2,4-trimethylpentane (is~octane)~ 
were used as obtained. The same scintillation cocktail6 was used for both 
aqueous and organic samples. 


Experimental details of partition coefficient measurements are given 
in the preceding paper (1). 


RESULTS AND DISCUSSION 


The experimental results obtained for the partition of I between 0.02 
M tromethamine buffer (pH 8) and two mixed organic phases are sum- 
marized in Figs. 1 and 2. Here, the partition coefficient defined as the ratio 
of the bile salt (and acid) concentration in the organic phase to the con- 
centration of bile salt (and acid) in the aqueous phase, is plotted as a 
function of the equilibrium total bile salt and acid concentration 
(moles/liter) in the aqueous phase. 


The nature of the distribution. isotherm obtained for System A is 
similar to one obtained for 1-octanol in the previous study (1). The dis- 
tribution of I between 1-octanol and aqueous buffer was explained on the 
basis of reversible association of I in the aqueous phase and no association 
in the organic phase as shown in Scheme IA. In the present case, since 


r 


1.1 
1 0 - 4  10-3 1 o-2 10'' 


AQUEOUS PHASE CONCENTRATION AT EQUILIBRIUM, M 


Figure %-Distribution isotherm for sodium deoxycholate at 25'. Or- 
ganic phase isooctane-octano1(80:20, u/u).  Aqueous phase 0.02 M tro- 
methamine buffer (pH 8.0). Solid line represents distribution isotherm 
calculated on the basis of the 1-4-6 association model in organic phase. 
Key: (0)  experimental data. 
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Table I-Renal Clearance (ml/min/kidney) of R -  and  S-Epimers of Moxalactam in Anesthetized Male Beagle Dogs 


Dog 1 Dog 2 
Control phase" Probenecid uhaseb Control uhase" Probenecid uhase" 


Apparent clearances 
R -epimer, total 
S-epimer, total 


Clearance ratio RIS, I 
Corrected clearances 


K -epimer, 23.7% binding 
S-epimer, 44.9% binding 


Clearance ratio RIS, I1 
Statistical differences' of 


RIS values between I 
(total) and I1 (unbound) 


Glomerular filtration rate 
(Creatinine clearance) 


16.29 f 0.68" 
9.21 f 0.52 
1.81 f 0.11 


10.81 f 0.17* 17.52 f 1.18 15.90 f 0.58 
6.97 f 0.85h 10.48 f 0.43 10.76 f 0.25 
1.59 f 0.19h 1.66 f 0.10 1.48 f 0.07 


21.73 f 0.74 
16.68 f 0.95 
1.32 f 0.09 
p < 0.05 


18.16 f 0.19 


14.19 f 0.20b 22.57 f 1.55 20.01 f 0.26 
12.67 f 1.56h 19.03 * 0.82 19.52 f 0.44 
1.16 f 0.14h 1.19 f 0.07 1.07 f 0.05 


NS p < 0.01 p < 0.01 


14.33 f 0.88'' 18.67 f 0.37 17.04 f 0.44 


0 Value represents mean f SE (numher of samples: ri  = 4) .  * Numher ofsamples: n = 3. Student's I test. 


nohippuric acid (6), and moxalactam (7). The ratios of R- 
to  S-epimer in plasma and urine were determined using 
high-performance liquid chromatography (8). The frac- 
tions of the R- and S-epimers of moxalactam bound to dog 
plasma were determined a t  37" by an ultrafiltration 
me thod4. 


The renal clearances of the moxalactam epimers in 
Table I were calculated by dividing the urinary excretion 
(micrograms per milliliter) by the total (bound and un- 
bound) concentrations of the epimers. Clearance of the 
R-epimer was 1.4-1.8 times that  of the S-epimer. The 
clearance ratios of R -  and S-epimers to creatinine were less 
than unity. Since only unbound moxalactam would have 
been available for glomerular filtration, the clearance value 
based on the total concentration of the epimer in plasma 
may be underestimated. To determine the actual glo- 
merular filtration, the protein binding of moxalactam 
epimers was determined a t  concentrations of 25,50, and 
100 pglml of dog plasma. The mean percentage of the 
bound fraction calculated from these values was 23.7 f 
1.6% SEM ( n  = 3) for the R-form and 44.9 f 0.4% (n  = 3) 
for the S-form. 


As indicated in Table I, the data were corrected for the 
binding of the R-  and S-epimers, e.g. ,  the clearances were 
calculated by dividing the urinary excretion (micrograms 
per minute) by the concentrations of the unbound epimers. 
The calculated renal clearances of the epimers were nearly 
equal to  the glomerular filtration rate (creatinine clear- 
ance) and the R-epimer/S-epimer clearance ratio was 
closer to unity. When probenecid was given to Dog 1, the 
p-aminohippurate clearance decreased from 55.3 f 0.6: to 
17.0 f 1.0 ml/min/kidney (mean f standard error, n = 3), 
but the R- or S-epimer/creatinine clearance ratio was not 
affected. 


Stereospecific differences in protein binding have been 
reported for other drugs (9-1 2) and vary from one animal 
species to another (3,13).  Our findings indicate that in the 
dog, both epimers of moxalactam are excreted by glo- 
merular filtration, and the striking difference in renal 
clearance of the R-  and S-epimers is due mainly to dif- 
ferences in binding to plasma protein. 
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Effect of Ascorbic Acid on Renal  
Excretion of Lead in  the Rat 


Keyphrases Ascorbic acid-effect on renal excretion of lead, rats 0 
Lead-effect of ascorbic acid on renal excretion, rats 0 Renal excre- 
tion-effect of ascorbic acid, lead, rats 


To the Editor: 
Lead poisoning is currently treated by chelation therapy 


using edetate disodium and dimercaprol, both of which 
have serious side effects. Few studies have been carried out 
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on the use of natural compounds such as ascorbic acid to 
remove heavy metals from the body, and these few studies 
and anecdotal observations have not provided any direct 
evidence for ascorbic acid on the excretion of lead from the 
body (1-4). 


In the present communication we report a direct effect 
of ascorbic acid on the excretion profile of lead in the rat. 
The control group of rats (weight 300-450 g) were given 
demineralized water for 4 weeks; the treatment group re- 
ceived 4% ascorbic acid (pH 7.4) as drinking water. Food 
was given ad libitum to both groups ( n  = 16). Lead was 
administered as lead acetate solution in 5% dextrose in- 
travenously at a dose of 0.637 pg of lead/g of body weight. 
The treatment group also received a bolus dose of ascorbic 
acid (1 mg/g of body weight) following administration of 
lead acetate solution. This was followed by 0.25 mg of 
ascorbic acidlg of body weight given subcutaneously every 
6 hr. The blood samples were collected from the tail vein 
periodically for up to 163 hr, and urine samples were col- 
lected in 24-hr pools for up to 1 week. All samples were 
analyzed for total lead using a flameless atomic absorption 
spectrophotometer with graphite furnace1. 


The initial blood levels in the treatment group were 
higher than the control in accordance with previous find- 
ings (3). The urinary clearance of lead was calculated from 
the plots of blood concentration ( c b )  against the urinary 
excretion ( X u )  rate: 


Control: - = 0.0049 + 0.1932 c b  ( r  > 0.92) dXU 
d t  


dXLI 
dt Treatment: - = -0.02089 + 0.4261 C b  ( r  > 0.99) 


~ ~~ 


Atomic Absorption Spectrophotometer model 503, Perkin-Elmer, Norwalk, 
Conn. 


BOOKS 


The good linear correlation coefficient signifies the re- 
lationship between blood concentration and the urinary 
excretion according to clearance principles; the slopes of 
Eqs. 1 and 2 were statistically different ( p  < 0.05). An in- 
crease of almost 120% in the urinary clearance of lead was 
recorded as a result of treatment with ascorbic acid. This 
finding was also reflected in a similar increase in the total 
amount of lead excreted in the urine (6.5 versus 12.8%) 
within 1 week (difference significant at p < 0.05). 


Despite the complications involved in the disposition 
kinetics of lead in the body, such direct observation of the 
effect of ascorbic acid attests to the many anecdotal uses 
of ascorbic acid in the treatment and prevention of lead 
poisoning. 
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REVIEWS 


The ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ l  pharmacopoeia, Third Edition, vole 2: ~ ~ ~ l i ~ ~  
specifications, ~ ~ d ~ h  Biomedical Information programme, world 
Health Organization, 1211 G~~~~~ 27, switzerland, 1981. 342 pp, 16 
X 24 cm. Price 36 Sw fr. 
By virtue Of a the 


International Pharmacopoeia is published to improve the quality control 
of all drugs and pharmaceutical substances. The quality specification 
establishment and revision process was carried out with the help of 
members Of the On 
the International Pharmacopoeia and Pharmaceutical Preparations and 
other specialists. 


The present (third) edition of the International Pharmacopoeia will 


ifications for 126 individual drugs widely used in health care. The first 
volume was published in 1979 and describes 42 general methods of 
analysis and should be used along with the general notices given in the 


present volume. The remaining three volumes will contain further 
specifications. 


Specifications included in the second edition of the International 
Pharmacopoeia have been subjected to thorough revision. For other 
substances, no international quality specifications have been previously 
issued. While these specifications have no legal status in any country, 
unless expressly introduced into the national legislation, they are in- 
tended to serve as references for national authorities; it is expected that 
they will be applied by many developing countries for pharmaceuticals 
used by their health systems. 


As for the monographs themselves, for substances used in more than 
one form (e .g . ,  anhydrous and hydrated, or noninjectable and sterile) the 
requirements for the relevant forms have been put together in  a single 
monograph, but separate tests have been provided as required, for each 
specific form. ~ l ~ ~ ,  IR spectra are mentioned in a ndmt,er of monographs; 


will be issued at a later date. 


Of the Third 


organization’s Expert Advisory 


appear in five volumes. This volume, the second, contains quality spec- however, a separate publication containing reproductions of such spectra 


Staff Review 
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2-Bromo-I - hydroxyquinolizinium Bromide Substituted 
Anilinium Salts: A New Class of Anti-inflammatory 
Agents 
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Received October 6,1981, from the *Chemical and #Biological Research Diuisions, Norwich Eaton Pharmaceuticals, Inc., Norwich, N Y  
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Abstract  0 A series of 2-bromo-1-hydroxyquinolizinium bromide sub- 
stituted anilinium salts have been prepared by reaction of l-acetoxy- 
2-bromcquinolizinium bromide with an appropriately substituted aniline. 
The resulting anilinium derivatives exhibited a moderate to high degree 
of anti-inflammatory activity in the carrageenin-induced rat paw edema 
assay. The most active anilinium salt of the series was evaluated for an- 
tiarthritic activity in the adjuvant induced arthritis rat model. 


Keyphrases Anti-inflammatory agents-2-bromo-1-hydroxyquino- 
lizinium bromide substituted anilinium derivatives, antiarthritic activity, 
rat 0 2-Bromo-1-hydroxyquinoliziniym bromide-anti-inflammatory 
agents, substituted anilinium derivatives, antiarthritic activity, rat 
Derivatives, anilinium-2-bromo-1-hydroxyquinolizinium bromide, 
anti-inflammatory agents, antiarthritic activity, rat 


As part of an investigation of the chemistry of quinol- 
izinium salts, a number of 2-bromo-1-hydroxyquinoliz- 
inium bromide substituted anilinium salts were prepared 
and screened for biological activity. These anilinium 
compounds exhibited a moderate to high degree of anti- 
inflammatory activity in the carrageenin-induced rat paw 


acetic anhydride / 
OCOCHB 


BrO 


150-170° ' OH 


111-W 
Scheme I 


edema assay. No structure-activity relationships, however, 
were found. 


EXPERIMENTAL' 


Chemistry-2-Bromo-1-hydroxyquinolizinium bromide-p-phene- 
tidinium salt (111) was prepared by adding p-phenetidine (24 g, 0.18 mole) 
to a solution of 1-acetoxy-2-bromoquinolizinium bromide (30 g, 0.09 mole) 
(11) (1-3) in 2-propanol (600 ml). The stirred mixture was boiled under 
reflux for 4 hr, then chilled and filtered. The yellow crystalline product 
was washed thoroughly with ether and weighed 37 g (97%). 


The remaining compounds in Table I were prepared in a similar 
manner from I1 and the appropriately substituted aniline. The reaction 
of 2-bromo-1-hydroxyquinolizinium bromide (VIII) (3) with the appro- 
priate aniline under similar conditions provided the corresponding 
substituted anilinium compound 111-VII in comparable yields (4). The 
microanalytical data for compounds 111-VII are given in Table 11. 


Pharmacologic Testing-The compounds were tested for anti-in- 
flammatory activity according to the carrageenin method as described 
previously (5). Each compound was suspended in distilled water by 
sonification and administered orally, 300 mg/kg in three male Wistar rats, 
1 hr before subplantar injection of 0.05 ml of a 1% solution of carrageenid 
into the left hind foot. The percentage reduction in edema formation (as 
compared to a nondrug-tested control) of the rat foot was recorded 4 hr 
after carrageenin administration. 


Examination of VI for antiarthritic activity was determined by use of 
the adjuvant-induced arthritis model described previously (6). Ten male 
Wistar rats per treatment group were used in the antiarthritic evaluation. 
Three principal areas were considered in determining the efficacy of a 
drug: edema formation, body weight changes, and arthritic scores. 


The arthritic lesion scores are based on a modification of previous 
procedures (6), in which a maximum lesion score of 27 is possible. The 
results are given in Table 111. 


RESULTS AND DISCUSSION 


The l-hydroxy-2-(substituted ani1ino)quinolizinium bromides (III- 
VII) (Table I) were readily prepared by the reaction of the known 1-  
acetoxy-2-bromoquinolizinium bromide (11) (1-3) or 2-bromo-l-h~-  
droxyquinolizinium bromide (VIII) (3) with an appropriately substituted 
aniline in 2-propanol as shown in Scheme I (4). The preparation of the 
intermediate (I1 or VIII) proceeded through 2,2-dibromo-1,3,3,4- tetra- 
hydro-1-0x0-quinolizinium bromide (I) either by reaction with acetic 
anhydride or by heating at  150-170O as shown in Scheme I. The synthesis 
of I has been described earlier (3). 


Since I1 was more readily available synthetically than VIII, the pro- 
cedure for the preparation of 111-VII involving the use of 11 was favored. 
The yields of the final products 111-VII were comparable, proceeding 
through either intermediate. The spectra of compounds 111-VII (IR. 
NMR, UV), as well as the microanalytical data were consistent with the 
assigned structures. Further confirmation of the structure assignment 
was obtained when the starting material VIII was regenerated and the 
corresponding aniline hydrobromide salt isolated during treatment of 
111-VII with 48% hydrogen bromide. 


These quinolizinium anilinium salts (111-VII) were evaluated for 
anti-inflammatory activity in the carrageenin-induced rat paw edema 
assay (5). The results are shown in Table I. The reference drug phenyl- 
butazone (IX) is included for  purposes of comparison. No apparent un- 


Melting points were determined in open capillary tubes using a Mel-Temp 
melting point apparatus and are uncorrected. 


Viscarin, AIgin Corporation of America. 
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Table I-Anti-Inflammatory Evaluation and Physical Data for New Compounds 


____ ~~ ~ 


Inhibition 
Melting Recrystallization of Edema 


No. Ri R2 Point Yield, % Solvent Formulan Formation, %b.c 


H 161-162" 97 Ethanol-Ether Cd-I~sBrzNzOz 31.4 
H 129-133' 74 2-Propanol-Ethyl ClfiH1fiBr2NzOz 44.1 


I OCzH5 


V OCsH5 H 123-125" 65 2-Propanol-Ether CPI H 1eBrzNz02 37.0 
63.0 VI OCHzCH=CHz H 125-127" 77 2-Propanol C~sHlsBrzNzOz 


VII OCH3 OCH3 160-162" 76 Ethanol C17H18Br2Nz03 46.4 
IX Phenylbutazone 58.5d 


a Analytical results for C, H, N, and Br are within i0.24'70 of the theoretical values and shown in Table 11. * Dosed a t  300 mgkg  orally 60 min before carrageenin injection. 


IV OCH3 
Acetate 


c Compared to control (nondrug treated) hind paw 4 hr after carrageenm injection. Dosed a t  100 mg/kg orally. 


Table 11-Microanalytical Data 


Calc. Found 
No. Form u 1 a C H N Br C H N Br 


I C I ~ H I R B ~ Z N P O Z  46.18 4.10 6.34 36.15 46.20 4.30 6.42 35.92 
IV C I ~ ~ H I I ~ ~ Z N Z O Z  44.88 3.77 6.54 37.33 44.70 3.70 6.57 37.16 
V Cz1H1sBr2NzOz 51.45 3.70 5.72 32.61 51.42 3.74 5.72 32.77 
VI C18HiaBrdWz 47.60 3.99 6.17 35.19 47.69 4.09 6.12 35.26 
VII CI d -h~Br~N203  44.56 3.96 6.12 34.89 44.80 4.01 5.96 34.88 


Table 111-Antiarthritic Evaluation of Compound VI 
~ ~ 


Compound 


Inhibition of Inhibition of 
Dose, Primary Lesion Secondary Lesion Mean 


per os mg/kg Injected Paw, Noninjected Increase in Arthritic 
(21-day) % (22-day) Paw, % (22-day) Body Weight, % (22-day) Score 


VI 50 0 10 22 13 
200 20 30 33 12 


Aspirin 300 36 39 27 14 
Phenylbutazone IX 100 78 82 40 8 
Adjuvant control 0.5% methylcellulose - 0 0 22 17 


toward gross signs of drug action were observed for compounds III- 
VII. 


The most active member of the series (VI) was examined for anti- 
arthritic activity by use of the adjuvant-induced arthritis model (6). The 
results of the study were grouped into three principal areas: edema for- 
mation, body weight changes, and arthritic scores. All three areas are 
equally important in determining the anti-inflammatory efficacy of a 
drug. The results indicate that VI is a t  least as active as aspirin but less 
active than phenylbutazone. The results are presented in Table 111. 


The anti-inflammatory activity of compounds 111-VII as revealed by 
the percent inhibition of edema formation was less than that elicited by 
several of the %(substituted amino)quinolizinium bromides reported 
previously (7). 
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Use of Continuous Withdrawal Technique to 
Estimate the Initial Area Under the Curve 


Keyphrases 0 Continuous withdrawal technique-estimation of the 
initial area under the plasma concentration-time curve 0 Pharmacoki- 
netics-use of the continuous withdrawal technique to estimate the initial 
area under the plasma concentration-time curve Clearance-use of 
the continuous withdrawal technique to estimate the plasma concen- 
tration-time curve 


To t h e  Editor: 
Recently it was pointed out (1) that the instantaneous 


input hypothesis of the conventional compartmental 
models may overestimate the area under the plasma con- 
centration versus time curve (AUC). It was shown that the 
AUC of furosemide could be overestimated, using ex- 
trapolation to time zero, by as much as 20% in the dog. This 
is consistent with data found for Evans blue when used to 
measure cardiac output (2). In the first 12 sec after an in- 
travenous bolus injection, no dye could be found in the 
arterial blood; then, the concentration rose gradually, not 
reaching a peak for several more seconds. Thereafter, it 
declined for 10 sec before it rose again to a second, lower 
peak at -38 sec. 


Based on physiological considerations, the delay could 
be explained as the time needed to reach the sampling site 
from the administration site, with the second peak perhaps 


resulting from recirculation of the dye. This phenom’enon 
is important for drugs with a fast initial decline, particu- 
larly where the initial phase potentially contains a signif- 
icant portion of the AUC. It is the purpose of this com- 
munication to illustrate an ideal method for determination 
of the AUC in the initial period which reflects accurate 
values, regardless of distribution and elimination rates and 
sampling sites. This method is based upon the continuous 
sampling technique described previously (3) to determine 
various pharmacokinetic parameters, and has been used 
in our laboratory for several years with good success (4). 


A peripheral vein was cannulated prior to the start of the 
study to facilitate constant blood withdrawal. The drug 
was then administered in another vein after initiating the 
constant withdrawal. 


The amount of drug in collected plasma, A,,, withdray 
over time t ,  when a constant blood withdrawal at rate V 
is carried out, can be obtained from: 


A, = (1 - H)V J‘ Cdt (Eq. 1) 


where C is the concentration of drug in the plasma at any 
time, and H is the hematocrit. The area under the curve, 
JbCclt, in the time period, t ,  therefore, can be obtained by 
the ratio A,/[V(l - H)]. Because the plasma drug amount 
withdrawn is equal to the total volume withdrawn, V,, 
multiplied by the plasma concentration in the withdrawn 
sample, C,, and because: 
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the following is obtained: 


(‘ Cdt = C,t (Eq. 3) 
J O  


By keeping a constant withdrawal of blood and mea- 
suring the concentration of drug in the sample and the time 
of withdrawal, the AUC can readily and accurately be 
determined without the problems of extrapolation. 


This method is especially valuable in the time just after 
administration of an intravenous bolus dose, because no 
assumptions regarding the distribution and elimination 
need to be made. At  later time points, when it is more de- 
sirable to determine the various rate constants, the con- 
tinuous withdrawal can be terminated and individual 
blood samples then can be taken. 


We have used this method extensively for indocyanine 
green clearance in rabbits, where the initial half-life after 
a 0.1-mg/kg iv. bolus dose is -0.8 min. Approximately 
40-6070 of the total area can be estimated to be located 
between 0 and 1 min if an extrapolation is carried out when 
the first sample is taken at  1 min. However, when a con- 
tinuous withdrawal is carried out, only 20-30% of the total 
area is obtained in the first minute. Therefore, as much as 
a 1.5- to twofold underestimation of the clearance can be 
made when using single venous plasma concentration time 
points with extrapolation, rather than a continuous 
withdrawal technique for indocyanine green clearance in 
rabbits. 


(1 1 W. L. Chiou, G. Lam, M.-L. Chen, and M. G. Lee, J .  Pharm. Sci., 


(2) I. J. Fox and E. H. Wood, in, “Medical Physics,” vol. 3,O. Glasser, 


(3) B. Vogelstein, A. A. Kowarski, and P. S. Lietman, Clin Pharmacol. 


70,1037 (1981). 


Ed., Year Book Publisher, Chicago, Ill., 1960, pp. 155-163. 


Ther., 22,131 (1977). 
(4) T. W. Guentert and S. 0ie,  J .  Pharmacol. E x p .  Ther., 215, 165 


( 1980). 
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Schiff Base Formation with Nitrogen of a 
Sulfonamido Group 


Keyphrases Benzothiadiazones-Schiff base formation with the ni- 
trogen of a sulfonamido group Schiff bases-formation with the ni- 
trogen of a sulfonamido group Colored complexes-Schiff base for- 
mation with the nitrogen of a sulfonamido group 


T o  t h e  Editor: 
Recently an unexpected result was reported (1): A vio- 


let-colored compound was reported to have formed on 
TLC plates when benzothiadiazines (I) were sprayed with 
acidified p-dimethylaminobenzaldehyde (11). Hennig et  
al. (1) stated that the type of colored complex formed be- 


tween I and I1 was difficult to postulate, since there was 
no apparent record of Schiff base formation with the ni- 
trogen of a sulfonamido group. We have an explanation 
that attempts to rationalize the formation of this colored 
complex. 


Our studies with polythiazide (Ia) have shown that I1 
as well as acidified vanillin (IIa) form a violet-colored 
compound. We have identified this compound to be a 
product of a double aldol condensation between acetone, 
used as the solvent for spotting I, and I1 or IIa to form in 
each case, respectively, substituted distyryl ketone (V). 


Bahner and Schultze (2) reported the formation of di- 
vanillylidene acetone (Va) in a photometric estimation of 
acetone. Compound Va is yellow in alkaline solutions and 
develops into a pink-violet color when acidified with hy- 
drochloric acid. 


We have noted that a t  pH 9 polythiazide partially de- 
composes into 4-amino-2-chloro-5-(methylsulfamyl)- 
benzenesulfonamide (VI). Compound VI reacts with ace- 
tone to form a Schiff base (see Scheme). The ionized form 
of this Schiff base has an Rf = 0.55 in an ethyl acetate- 
benzene (8:2) system. When sprayed with acidified vanil- 
lin, the Schiff base hydrolyzes and the acetone thus lib- 
erated reacts with vanillin to give a violet-colored spot on 
the chromatograms. A similar reaction takes place with 
acidified p-dimethylaminobenzaldehyde used as a spray 
reagent. 


I 


acidified 


vanillin 


?JoCH, 


VI schiff base 


O\CH, 0 


/ \  
+OH 


HO-Q-CH=C~i--C--CH=CH II 


Va 
Vanillin is often used as flavoring to mask the unpleas- 


ant taste of polythiazide tablets. If the alcohol that is used 
as a granulating liquid contains acetone as an impurity, the 
reaction in the Scheme may cause an incompatability 
problem resulting in colored granules. 


(1) U. G. Hennig, R. E. Moskalyk, L. G. Chatten, and S. F. Chan, J.  


(2) F. Bahner and G. Schultze, 2. Klin. Chem., 3,10,1965; through 
Pharm. Sci., 70,317 (1981). 


Chem. Abstr., 16616-b, 1965. 
A. B. Thakur  
S. Dayalx 
Pharma Research and Development 


Department 
Pfizer Ltd., Express Towers 
Nariman Point 
Bombay, India 


Received March 1,1982. 
Accepted for publication July 19, 1982. 


1422 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 12, December 1982 


0022-35491 821 1200- 1422$0 1.001 0 
@ 1982, American Pharmaceutical Association 












on the use of natural compounds such as ascorbic acid to 
remove heavy metals from the body, and these few studies 
and anecdotal observations have not provided any direct 
evidence for ascorbic acid on the excretion of lead from the 
body (1-4). 


In the present communication we report a direct effect 
of ascorbic acid on the excretion profile of lead in the rat. 
The control group of rats (weight 300-450 g) were given 
demineralized water for 4 weeks; the treatment group re- 
ceived 4% ascorbic acid (pH 7.4) as drinking water. Food 
was given ad libitum to both groups ( n  = 16). Lead was 
administered as lead acetate solution in 5% dextrose in- 
travenously at a dose of 0.637 pg of lead/g of body weight. 
The treatment group also received a bolus dose of ascorbic 
acid (1 mg/g of body weight) following administration of 
lead acetate solution. This was followed by 0.25 mg of 
ascorbic acidlg of body weight given subcutaneously every 
6 hr. The blood samples were collected from the tail vein 
periodically for up to 163 hr, and urine samples were col- 
lected in 24-hr pools for up to 1 week. All samples were 
analyzed for total lead using a flameless atomic absorption 
spectrophotometer with graphite furnace1. 


The initial blood levels in the treatment group were 
higher than the control in accordance with previous find- 
ings (3). The urinary clearance of lead was calculated from 
the plots of blood concentration ( c b )  against the urinary 
excretion ( X u )  rate: 


Control: - = 0.0049 + 0.1932 c b  ( r  > 0.92) dXU 
d t  


dXLI 
dt Treatment: - = -0.02089 + 0.4261 C b  ( r  > 0.99) 


~ ~~ 


Atomic Absorption Spectrophotometer model 503, Perkin-Elmer, Norwalk, 
Conn. 


BOOKS 


The good linear correlation coefficient signifies the re- 
lationship between blood concentration and the urinary 
excretion according to clearance principles; the slopes of 
Eqs. 1 and 2 were statistically different ( p  < 0.05). An in- 
crease of almost 120% in the urinary clearance of lead was 
recorded as a result of treatment with ascorbic acid. This 
finding was also reflected in a similar increase in the total 
amount of lead excreted in the urine (6.5 versus 12.8%) 
within 1 week (difference significant at p < 0.05). 


Despite the complications involved in the disposition 
kinetics of lead in the body, such direct observation of the 
effect of ascorbic acid attests to the many anecdotal uses 
of ascorbic acid in the treatment and prevention of lead 
poisoning. 


(1) H. N. Holmes, K. Campbell, and E. J. Amberg, J.  Lab Clin. Med. ,  


(2) L. Pillemer, J. Seifter, A. I. Kuehn, and E. E. Eskes, Am. J. Med.  


(3) R. Papionnou and A. Solher, Fed. Proc. Fed. Am. SOC. Erp.  Biol., 


(4) R. A. Goyer and M. G. Chirian, Life Sci., 24,433 (1979). 
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REVIEWS 


The ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ l  pharmacopoeia, Third Edition, vole 2: ~ ~ ~ l i ~ ~  
specifications, ~ ~ d ~ h  Biomedical Information programme, world 
Health Organization, 1211 G~~~~~ 27, switzerland, 1981. 342 pp, 16 
X 24 cm. Price 36 Sw fr. 
By virtue Of a the 


International Pharmacopoeia is published to improve the quality control 
of all drugs and pharmaceutical substances. The quality specification 
establishment and revision process was carried out with the help of 
members Of the On 
the International Pharmacopoeia and Pharmaceutical Preparations and 
other specialists. 


The present (third) edition of the International Pharmacopoeia will 


ifications for 126 individual drugs widely used in health care. The first 
volume was published in 1979 and describes 42 general methods of 
analysis and should be used along with the general notices given in the 


present volume. The remaining three volumes will contain further 
specifications. 


Specifications included in the second edition of the International 
Pharmacopoeia have been subjected to thorough revision. For other 
substances, no international quality specifications have been previously 
issued. While these specifications have no legal status in any country, 
unless expressly introduced into the national legislation, they are in- 
tended to serve as references for national authorities; it is expected that 
they will be applied by many developing countries for pharmaceuticals 
used by their health systems. 


As for the monographs themselves, for substances used in more than 
one form (e .g . ,  anhydrous and hydrated, or noninjectable and sterile) the 
requirements for the relevant forms have been put together in  a single 
monograph, but separate tests have been provided as required, for each 
specific form. ~ l ~ ~ ,  IR spectra are mentioned in a ndmt,er of monographs; 


will be issued at a later date. 


Of the Third 


organization’s Expert Advisory 


appear in five volumes. This volume, the second, contains quality spec- however, a separate publication containing reproductions of such spectra 
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The effect of washing on adherence was tested using organ bath 11. The 
preparation was washed with 5 ml of water immediately after adminis- 
tration of the drug. The results are shown in Table 111. After washing, the 
force needed for detachment was only about 30% of that without 
washing. 


Doxycycline has caused most of the reported drug-induced injuries 
to the esophagus (3, 11). The adherence properties of all doxycycline 
products a t  present being marketed in Finland were therfore studied. 
In addition, two experimental formulations of doxycycline were included 
in the study. As can be seen from Table IV, there were significant dif- 
ferences between the products. Hard gelatin capsules required the most 
force to dislodge. In addition, the forces for detachment of experimental 
formulations G and H were significantly lower than those for the best 
commercially available products. 


In the present study about 60 esophageal preparations from 30 dif- 
ferent pigs were used, but no marked interindividual variation was ob- 
served. The same preparation could be used for 20-30 consecutive mea- 
surements without excessive variation in results. If the m c o s a  was 
washed, 50-60 measurements with the same preparation were possible. 
In the experiments, esophagi stored a t  4' in Tyrode solution for 24 hr as 
well as fresh esophagi were used, but no significant differences between 
the two were noted. The effect of possible spontaneous esophageal con- 
tractions on the detaching force was eliminated by using a large number 
of n-values (usually n = 20). 


As can be seen from Figs. 3-4 and Table IV there were significant dif- 
ferences in the tendency for adherence, as between pharmaceutical for- 
mulations. The adherent tendency of uncoated potassium chloride tablets 
and sugar-coated tablets was only about 15-20% that of gelatin capsules. 
Thus, it is reasonable to try to develop drug products with less tendency 


to adhere. Large sizes should be avoided, especially in the case of drugs 
that are known to cause esophageal stricture or ulceration. 
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Abstract [7 The behavior of rabbit erythrocytes in aqueous solutions 
of polyethylene glycol 300 (I) and polyethylene glycol 400 (11) containing 
sodium chloride was investigated during 2-120 min incubation a t  37'. 
No hemolysis was found in I (0-10.1%) and I1 (0-12.9%) solutions in the 
presence of sodium chloride (0.45-1.35%), but prelytic potassium ion loss 
and changes in the appearance of the erythrocytes proceeded with the 
passage of time. The potassium ion loss increased with increasing con- 
centration of polyethylene glycol and/or sodium chloride. The mean 
cellular volume of erythrocytes decreased temporarily (during the first 
2 min) in both I (6.7%) and I1 (8.6%) solutions containing sodium chloride 
(0.68-1.35961, and then increased progressively to the same value as that 
determined by solution of sodium chloride at the same concentration but 
without polyethylene glycol (-30 and 120 min in I and I1 solutions, re- 
spectively). Both I (10.1%) and I1 (12.9%) induced a stomatocytic trans- 
formation of erythrocytes, but a t  the higher concentrations (0.9-1.3596) 
of sodium chloride, I1 accelerated the progress of spontaneous transfor- 
mation to echinocytes. The results indicate that these solutions were not 
isotonic with rabbit erythrocytes. 


Keyphrases II Erythrocytes-changes in aqueous polyethylene glycol 
solutions, sodium chloride Sodium chloride-erythrocyte changes in 
aqueous polyethylene glycol solutions Polyethylene glycol-aqueous 
solutions containing sodium chloride, erythrocyte changes 


The hemolysis of rabbit and human erythrocytes occurs 
in polyethylene glycol even at iso-osmotic concentrations, 
while the hemolysis is almost completely inhibited in the 


presence of a suitable amount of sodium chloride (1, 2). 
However, little is known about the retention of the normal 
characteristics of erythrocytes in polyethylene glycol so- 
lutions containing sodium chloride. 


The experiments described deal with the quantitative 
variations of hemolysis, potassium ion loss, mean cellular 
volume, and shape of rabbit erythrocytes produced in 
aqueous polyethylene glycol 300 (I) and polyethylene 
glycol 400 (11) solutions with reduced sodium chloride 
content. 


EXPERIMENTAL 


Materials-Polyethylene glycol 300' and 4001 in reagent grade were 
used without further purification. All other reagents and chemicals used 
were reagent grade or high purity. 


Preparat ion of Solutions-The polyethylene glycol and sodium 
chloride solutions were weight-in-volume percentage preparations, and 
were adjusted to pH 7.4 by addition of 3 N HCl. Iso-osmotic concentra- 
tion of polyethylene glycol was estimated by the freezing point depression 
data. 


Preparat ion of Erythrocyte Suspension-Fresh rabbit (albino) 
erythrocytes, using heparin (100 U/ml of blood) as an anticoagulant re- 


' Wako Pure Chemical Industries, Ltd., Osaka, Japan. 


0022-3549l82/0900-0977$0 1.001 0 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences i 977 
Vol. 71, No. 9, September 1982 







0 I I 1 


1 1 00 


$ 5 0 k  '1 , 0 


1 0  5:[ 1 , ~ 


0 0.45 0.9 1.35 0.45 0.9 1.35 
5 


NaCI, % 


Figure 1-The percent release ofpotassium ion (A ,  B upper) and he- 
moglobin (A,  B lower) from rabbit erythrocytes in I-sodium chloride 
solutions in uarious proportions after incubation for 2 min (A) and 120 
min (B) at 37'. Curues 1-3 represent the percent release in I (0,6.7, and 
10.170, respectiuely) solutions. Each point is the mean value of three 
o bseroations. 
agent, were washed three times with a chilled 0.9% NaCl solution to re- 
move plasma and the buffy coat and resuspended at 80% hematocrit in 
the same solution. 


Erythrocyte Incubation-To a mixture of 1 ml of polyethylene glycol 
solution (0-10.170 for I and 0-12.9% for I1 in the final medium) and 1 ml 
of NaCl solution (0-1.35% in the final medium), 0.5 ml of erythrocyte 
suspension (hematocrit value 80%) was added and mixed immediately. 
The mixture was incubated for a certain period (up to 120 min) at 37O, 
and an aliquot was withdrawn from the suspension and analyzed for the 
mean cellular volume and morphology of erythrocytes. The remaining 
suspension was centrifuged a t  2000Xg for 3 min, and both hemoglobin 
and potassium ion in the supernate were quantitatively determined. The 
degree of hemoglobin loss (hemolysis) and potassium ion loss were ex- 
pressed as a percentage of their total losses induced by an aqueous sa- 
ponin solution (100 mghiter). 


Estimation of Mean Cellular Volume-The mean volume of 
erythrocytes was calculated from the total cell volume, which was de- 
termined by the microhematocrit method and from the number of 
erythrocytes determined with a micro cell counter2. 


A 


d 


v) rn 2 5 0 i 2 L j s  


c 
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NaCI, % 
Figure 2-The release percentage of potassium ion (A,  B upper) and 
hemoglobin (A, B lower) from rabbit erythrocytes in II-sodium chloride 
solutions in uarious proportions after incubation for 2 min (A) and 120 
min (B) a t  37'. Curues 1-4 represent the percent release in II  (0 ,4 .3 ,  
8.6, and 12.9%, respectiuely) solutions. Each point is the mean value 
of three obseruations. 


~~ ~ 


2 Model CC-107, Toa Medical Electronics Co., Ltd., Kobe, Japan. 
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Figure 3-The mean cellular uolume of rabbit erythrocytes in the 
aqueous solutions of sodium chloride (A),  6.7% I-sodium chloride ( B ) ,  
and 8.6% 11-sodium chloride (C) a t  370. Curves 1-5 represent the mean 
cellular uolume after incubation for 2,10,30,60, and 120 min, respec- 
tiuely. Each point is the mean value of three obseruations. 


Morphological Study of Erythrocytes with Scanning Electron 
Microscopy-Erythrocytes were fixed in 2.5% glutaraldehyde by 
standing overnight, followed by treatment in 2% osmium tetroxide for 
2 hr in an isotonic phosphate-buffered saline solution (pH 7.4). The 
erythrocytes were dehydrated in a graded series of ethanol and air dried, 
followed by coating with gold-palladium alloy with an ion coater3. The 
erythrocytes were observed and photographed with a scanning electron 
microscope4. Morphology was defined according to Bessis' classification 
(3). 


Determination of Hemoglobin (4)-The hemolyzates were added 
to ferricyanide-cyanide reagent, and the pigments were converted to 
cyanomethemoglobin. Their optical densities were analyzed with a 
spectr~photometer~ a t  540 nm. 


Determination of Potassium Ion-Before measurements, proteins 
present in the hemolyzates were precipitated by boiling for 10 rnin and 
centrifuged. Potassium ion in the supernate was determined with an 
atomic absorption spectrophotometer6 (air acetylene flame). 


Measurement of Freezing Point Depression-The freezing point 
depression measurement was made on aqueous solutions of I and I1 by 
means of an osmometer7. 


RESULTS 


Hemolysis and Potassium Ion Lass-Figures 1 and 2 show the release 
percentage of hemoglobin (hemolysis) and potassium ion from rabbit 
erythrocytes in various I and I1 solutions, respectively, with reduced 
content of sodium chloride a t  37". 


After 2 min of incubation in I (Fig. 1A) and I1 (Fig. 2A) solutions with 
0-0.45% NaCl, the percentage of hemolysis and potassium ion loss de- 
creased with increased concentration of polyethylene glycol, and no loss 
occurred a t  iso- (I: 6.7%; 11: 8.6%) or hyperosmotic concentration of 
polyethylene glycol. This finding was similar to that obtained for sodium 
chloride. Sodium chloride (>0.45%) prevented both the hemolysis and 
the potassium ion loss, regardless of the concentration of polyethylene 


During a period from 2 to 120 min (I: Fig. 1B; 11: Fig. 2B) a t  0-0.45% 
NaCl, both hemolysis and potassium ion loss proceeded even a t  iso- or 
hyperosmotic concentration of polyethylene glycol (more rapidly in I than 
I1 solution) in contrast to the degree of hemolysis remaining unchanged 
for sodium chloride. At 0.45-1.35% NaCI, no hemolysis occurred, but 
potassium ion loss occurred depending upon the concentration of poly- 
ethylene glycol (remarkably in I1 solution). Furthermore the loss in- 
creased with increase of the concentration of sodium chloride. A minimal 
loss occurred at 0.6% NaCI. 


Mean Cellular Volume of Erythrocytes-Figure 3 shows the mean 
cellular volumes of erythrocytes in solutions of I (6.7%) and I1 (8.6%) 
containing various concentrations of sodium chloride at 37'. Erythrocyte 
occupied a mean cellular volume of 6.4 X mm3' in 0.9% NaCl solution. 


glycol. 
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Table I-The Distribution of Rabbit Erythrocyte Shapes * in Polyethylene Glycol--Sodium Chloride Solutions 


Medium After 2-min Incubation, % After 120-min Incubation, % 
Composition, % Stomatocyte Discocyte Echinocyte S tomatocyte Discocyte Echinocyte 


0.6 NaCl 
0.9 NaCl 
1.35 NaCl 
10.1 I t 0.6 NaCl 
10.1 I + 0.9 NaCl 
10.1 I t 1.35 NaCl 
12.9 I1 t 0.6 NaCl 
12.9 I1 t 0.9 NaCl 


3.3 
2.3 
8.5 
4.4 
7.6 


24.8 
39.5 
29.1 


12.9 I1 t 1.35 NaCl 31.2 


82.6 14.1 
75.8 21.9 
79.2 12.4 
91.2 4.4 
90.7 1.7 
65.2 9.9 
60.1 0.4 
69.6 1.4 
62.8 6.0 


2.0 
1.0 
0.5 
6.4 
8.6 


11.0 
5.4 


11.7 
3.5 


64.8 33.2 
60.9 38.0 


89.8 4.8 
44.5 43.8 
21.5 75.0 


The percenta e of each cell type (stomatocyte, discocyte, and echinocyte) was estimated in three fields of scanning electron micrograph each containing between 
100 and 200 cells/field. 


The value increased to 7.53 X mm3 in 0.68% NaCl solution or de- 
creased to 5.39 X mm3 in 1.35% NaCl solution within 2 min. After 
that, each value remained unchanged. In polyethylene glycol-sodium 
chloride solutions, the mean cellular volume decreased temporarily and 
then increased progressively to the same value as that determined by 
solution of sodium chloride at the same concentration but without 
polyethylene glycol. It took -30 and 120 rnin in I and 11, respectively, to 
reach this stage. 


Shape of Erythrocytes-Table I shows the distribution of erythro- 
cyte shapes after a certain period of incubation at  37” in I (10.1%)-, or 
I1 (12.9%)-sodiurn chloride solutions. Both I and I1 slightly induced 
cup-formed erythrocytes (stomatocytic transformation) on 2-min incu- 
bation. On prolonged incubation the progressive echinocytic transfor- 
mation was observed with all the solutions examined. After 120 rnin of 
incubation, the presence of I retarded the echinocytic transformation 
regardless of sodium chloride content. I1 also retarded the transformation 
at a low concentration (0.6%) of sodium chloride, whereas it accelerated 
it at a high concentration (0.9-1.35%) of sodium chloride. 


DISCUSSION 


A previous study (1) reported that sodium chloride prevented he- 
molysis in polyethylene glycol 200 (525%) or I (540%) solutions. The 
present investigation also indicates that 20.45% concentration of sodium 
chloride prevented almost completely the hemolysis of rabbit erythrocyte 
in I or I1 solutions, but did not prevent prelytic potassium ion loss, mean 
cellular volume change, and shape change. In addition, the present ex- 
perimental data showed that the time course of these erythrocyte changes 
could be divided into the first phase which occurred during the first 2 min, 
and the second phase which occurred during further incubation. For 
example, as shown in Fig. 1 (Curves 2 and 3) and Fig. 2 (Curves 2-4). 
hemolysis and potassium ion lass in the first phase were prevented in the 
polyethylene glycol solutions with a small amount of sodium chloride 
(0-0.45%), while in the second phase it proceeded gradually. Similarly, 
it was reported (5,6) that red cells were hemolyzed in hypotonic elec- 
trolyte solutions in two phases: an early fast phase due to rapid water 
entry followed by a slow phase. The time course of hemolysis in the 
polyethylene glycol solutions was approximately the same as that for the 
hypotonic electrolyte solutions except that the reaction (for the poly- 
ethylene glycol solutions) proceeded more rapidly in the second phase. 
The process of cellular volume change was also divided into two phases 
in the polyethylene glycol solutions containing sodium chloride (Fig. 3). 
In the first phase the mean cellular volume decreased temporarily, as if 
erythrocytes were placed in the solution in which polyethylene glycol 
exerted osmotic pressure as well as sodium chloride (Curve 1, Fig. 3). In 
the second phase the mean cellular volume increased progressively to the 
same value as that determined by solution of sodium chloride, at the same 
concentration but without polyethylene glycol (Curves 2-5, Fig. 3). This 
may be explained from the viewpoint of osmotic support. In the first 
phase polyethylene glycol acts as an osmotic particle, since most poly- 
ethylene glycol molecules remain outside the erythrocyte membrane, 
while in the second phase the osmotic pressure decreases gradually as 
they penetrate the membrane. 


The potassium ion loss occurred at both hypo- and hypertonic con- 
centration of polyethylene glycol and sodium chloride, and increased with 
increase in the concentration of polyethylene glycol and/or sodium 
chloride. This result suggests that polyethylene glycol disturbs the 


erythrocyte membranes and produces the prelytic potassium ion loss. 
Discoloration of rabbit erythrocytes has previously occurred at high 
concentration (> 15%) of polyethylene glycol (1). The discoloration also 
indicates the damage of the cell membranes by polyethylene glycol. Both 
polyethylene glycol and sodium chloride exert osmotic pressure in the 
first phase, and such a high osmotic pressure may accelerate the potas- 
sium ion loss. 


Polyethylene glycol exerted an influence upon the spontaneous 
transformation of erythrocyte shape to echinocyte, which was said to 
result from ATP depletion of erythrocytes by incubation (7). This 
mechanism, however, is yet unclear. 


Observation of the behavior of erthrocytes that are suspended in a 
solution is the direct procedure for determining whether the solution is 
isotonic, hypotonic, or hypertonic. If the cells retain their normal char- 
acteristics, the solution is isotonic (8). The present investigation evaluates 
the tonicity of polyethylene glycol-sodium chloride solutions. The I and 
I1 solutions containing 0.6% NaCl are the most isotonic, because both the 
prelytic potassium ion loss and the transformation of erythrocyte shape 
(discocyte: 86.6% in I; 89.9% in 11) were relatively inhibited by addition 
of 0.6% NaCl. Whereas, on the basis of mean cellular volume data (9), the 
I or I1 solution containing 0.9% NaCl is the most isotonic, because the 
mean cellular volume in this solution was the same as in 0.9% NaCl (after 
incubation for 120 min). An isotonic solution consisting of polyethylene 
glycol and sodium chloride was not obtained at  any concentration of so- 
dium chloride. 


Because rabbit erythrocytes were employed in the present investiga- 
tion, a quantitative transfer of the experimental data to a human eryth- 
rocyte system is not possible, however it may be expected that the data 
apply qualitatively. 


A conclusion drawn from this experiment for rabbit erythrocytes was 
that hemolysis did not occur in I and I1 solutions with 20.45% NaCI, but 
prelytic potassium ion loss, mean cellular volume change, and shape 
transformation were observed. Therefore, these solutions were not iso- 
tonic. 
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Abstract The distribution of deoxycholic acid (I) between aqueous 
buffer and an organic phase consisting of isooctane-1-octanol(7030, v/v) 
(System A) or isooctane-chloroform (80:20, v/v) (System B) was studied. 
The distribution isotherms suggested that I associates strongly in the 
organic Systems A and B unlike in pure 1-octanol. Therefore, a previous 
model, describing distribution of bile salts between 1-octanol and aqueous 
buffer, was modified to include association of I in the organic phases to 
describe distribution behavior. The treatment suggested that I exists as 
monomer and dimer in System A with a dimerization constant of 820 
A 4 - I .  A model consisting of monomer-tetramer-hexamer in the organic 
phase best describes the data for System B. The data support the view 
that association in the organic phase is due to hydrogen bonding between 
bile acid molecules. 


Keyphrases Deoxycholic acid-association in organic solvents Bile 
salts-association of deoxycholic acid in organic solvents 0 Partition 
coefficient-association of deoxycholic acid in organic solvents 


In the preceding paper (l), the distribution behavior of 
bile salts between aqueous buffer and 1-octanol was re- 
ported. By vapor pressure osmometry data, it was shown 
that bile acids exist primarily as monomers in 1-octanoll. 
A recent paper (2) reported strong association of bile acid 
esters in nonaqueous solvents such as carbon tetrachloride 
and chloroform using vapor pressure osmometry. The as- 
sociation in carbon tetrachloride is much stronger than in 
chloroform. The relatively low association in chloroform 
was attributed to the hydrogen bonding ability of chloro- 
form. This probably also explains the monomeric state of 
bile acids in 1-octanol. If this were true, then modifying the 
hydrogen bonding solvent (e.g. , 1-octanol or chloroform) 
by addition of a nonhydrogen bonding nonpolar solvent 
like isooctane should result in an increased association of 
bile acid in such organic systems. In the present report the 


I , 


(A1 \ 
0.1 


1 0 - 5  10-4 1 o - ~  10-1 
AQUEOUS PHASE CONCENTRATION AT EQUILIBRIUM, M 


Figure 1-Distribution isotherm for sodium deoxycholate at 25'. Curve 
A is based on the model in Scheme IA. Curve E is calculated on the basis 
of the model in Scheme IE. Key: (0)  experimental data. 


I t  was found that bile salts exist primarily in the acidic form in 1-octanol and 
in the anionic form in the aqueous phase under the experimental conditions of this 
investigation. 


state of association of deoxycholic acid (I) is examined in 
two such modified solvent systems: isooctane-1-octanol 
(70:30) (System A) and isooctane-chloroform (80:20) 
(System B) using the distribution behavior of I between 
the organic phase and aqueous buffer. Partition equilibria 
were used to  study the association of solutes in the organic 
phase on the basis of the previously determined association 
pattern in the aqueous phase. 


EXPERIMENTAL 


Materials-The purity of sodium deoxycholate2 (>99%) was con- 
firmed by TLC and titration with perchloric acid in glacial acetic acid 
[ 3H,(G)]deoxycholic acid in ethanol, specific activity 4 Ci/mmole3, ra- 
diochemical purity 98% l-octano14; 2,2,4-trimethylpentane (is~octane)~ 
were used as obtained. The same scintillation cocktail6 was used for both 
aqueous and organic samples. 


Experimental details of partition coefficient measurements are given 
in the preceding paper (1). 


RESULTS AND DISCUSSION 


The experimental results obtained for the partition of I between 0.02 
M tromethamine buffer (pH 8) and two mixed organic phases are sum- 
marized in Figs. 1 and 2. Here, the partition coefficient defined as the ratio 
of the bile salt (and acid) concentration in the organic phase to the con- 
centration of bile salt (and acid) in the aqueous phase, is plotted as a 
function of the equilibrium total bile salt and acid concentration 
(moles/liter) in the aqueous phase. 


The nature of the distribution. isotherm obtained for System A is 
similar to one obtained for 1-octanol in the previous study (1). The dis- 
tribution of I between 1-octanol and aqueous buffer was explained on the 
basis of reversible association of I in the aqueous phase and no association 
in the organic phase as shown in Scheme IA. In the present case, since 


r 


1.1 
1 0 - 4  10-3 1 o-2 10'' 


AQUEOUS PHASE CONCENTRATION AT EQUILIBRIUM, M 


Figure %-Distribution isotherm for sodium deoxycholate at 25'. Or- 
ganic phase isooctane-octano1(80:20, u/u).  Aqueous phase 0.02 M tro- 
methamine buffer (pH 8.0). Solid line represents distribution isotherm 
calculated on the basis of the 1-4-6 association model in organic phase. 
Key: (0)  experimental data. 
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Scheme IA-The possible equilibria inoolved in the partitioning of bile 
salts between 1-octanol and aqueous solution. 


the aqueous phase is not changed7, association constants obtained pre- 
viously are expected to remain constant and should describe the total 
concentration of I in the aqueous phase according to: 


where, [C],, is the total concentration of bile salt in the aqueous phase 
in moles per liter, [MI,, is the monomer concentration of bile salt in the 
aqueous phases in moles per liter, and Kk, K;, and K;Z represent associ- 
ation constants in the aqueous phase where subscripts refer to association 
numbers. 


If the assumption that I does not associate in the organic solvent is true 
for System A, then the model shown in Scheme IA with the above asso- 
ciation constants should describe the distribution isotherm. Calculations 
based on this model generated Curve A in Fig. 1. It is apparent from Fig. 
1 that experimental points have significant positive deviation from Curve 
A. This positive deviation of partition coefficients from expected values 
based on the previous model suggests that there is much more solute in 
the organic phase than expected by assuming only monomers. This may 
be explained by considering reversible association of solute in the organic 
phase as shown in Scheme IB. This model assumes that only the monomer 
is transported from one phase to  another, and higher aggregates are 
formed by the association of monomers in both phases. Thus, it can be 
shown that the concentration of bile salt and acid in the organic phase 
may be written as: 


[Clorg = [Mlorg + 2K2 [MlErg+ 3K3 [MI& + . . . (Eq. 2) 


where, [C],,, is the total concentration of I in the organic phase in moles 
per liter, [MIorg is the monomer concentration of I in the organic phase 


ORGANIC PHASE 


DINER TRIMER M-MER 
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Scheme IB-The possible equilibria involoed in the partitioning of bile 
salts between aqueous solution and Solvent Systems A or B. 


~~ ~ 


7 This assumes that the two organic phases either do not modify the aqueous 


8 This may be acid, anion, or a mixture of both. 
phase or modify it to the same extent. 


4 t  */ 
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Figure 3-A plot testing the possible occurrence of dimers in organic 
phase System A according to Eq. 6. 


in moles per liter, and Kz, Ka . . . are association constants for I in the 
organic phase. Also: 


Kapp = [Clorg/[Claq 0%. 3) 


(Eq. 4) 


where, Kapp is the apparent partition coefficient at  any given concen- 
tration, and K:pp is the apparent partition coefficient at  infinite dilu- 
tion. 


By using carrier-free radiolabeled samples, K:pp was obtained a t  con- 
centration M. From Eq. 1 [MI, was computed where [C], was 
known experimentally and aqueous association constants were used from 
previous studies (1). Using this computed value of [MIaq in Eq. 4, [MI,, 
was calculated. 


If the monomer and dimer are the primary species in the organic sys- 
tem, then Eq. 2 reduces to: 


(Eq. 5) 


(Eq. 6 )  


KO = [Mlorg/[Mlaq = lim Kapp 
c-0 


[CIorg = [Mlorg + 2K2 [MlErg 


([C]org/[MIorg) = 1 + 2K2 [Mlorg 


Rearranging gives: 


Thus, a plot of ([C],rg/[M]o,r,) oersus [MIorg should give a straight line 
with unit intercept and slope = 2Kz. This relationship can be seen in Fig. 
3 for System A. It gives the estimate of Kz = 820 M-l. Using this value 
of K2 and Eqs. 1 , 3 ,  and 5, the distribution isotherm was generated as 
shown by Curve B in Fig. 1. I t  is seen that the curve calculated on the basis 
of the proposed model is in close agreement with the experimental 
data. 


The distribution isotherm for System B exhibits a maximum (Fig. 2). 
This may be anticipated if the association in the organic phase is stronger 
than that in the aqueous phase until the CMC (critical micelle concen- 
tration) in the aqueous phase (CMC.,) is reached. Under this circum- 
stance the partition coefficient will increase until the CMC, is reached, 
the association in the aqueous phase being greater, the partition coeffi- 
cient would be expected to decrease. Thus, a maximum in the isotherm 
may occur approximately in the concentration region corresponding to 
the CMC.,. The value of the CMC thus estimated from this study is -7 
X M, which compares reasonably well with literature values of 5-6 


A monomer-dimer treatment similar to the one used for System A did 
not yield a straight line relationship for System B. Instead, a positive 


x 10-3 M (3-6). 
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Figure 4-A plot showing the distribution of deorycholic acid among 
its various forms in Solvent System B. 
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deviation was observed suggesting that higher aggregates exist in System 
B. The data for the system, therefore, were treated by a nonlinear least- 
squares fit to Eq. 2. The best fit was obtained for the monomer-tetra- 
mer-hexamer model in the organic phase. The estimated association 
constants were Kb = 9.96 X lo2 M-3,  &= 4.79 X M-5.  The distri- 
bution isotherm based on these constants is in good agreement with the 
experimental data (Fig. 2). Figure 4 shows the distribution of deoxycholic 
acid among its various forms in Solvent System B. 


In studies with the methylester of deoxycholic acid (2), it was found 
that the methylester exists as monomers and dimers in chloroform (K2 
= 14.0 A4-l) and monomers and tetramers in carbon tetrachloride (Kr  
= 2.8 X lo5 M F 3 ) .  Although no report was found in the literature for 
comparison with the present observations, a qualitative comparison can 
be made with the data derived previously (2). In pure octanol, hydrogen 
bonding interactions between solvent molecules and the hydroxyl and 
carboxyl groups of the bile acid are considerable. Consequently, this in- 
teraction precludes any appreciable self association of steroidal mono- 
mers. Solvent System A is a solvent of low polarity. Octanol is, therefore, 
expected to self associate to a significant extent in this solvent system 
(7). Thus, there is likely to be only weak interaction between 1-octanol 
and bile acid molecules. This leads to self association of solute molecules 
either between hydroxyl groups, carboxylic acid groups, or both. I t  was 
found in the preceding study (1) that under the condition of the experi- 
ment it is the free acid form that is partitioned in the organic phase. An 
acid form, because of its relatively more polar nature compared to the 
ester form, is expected to associate more strongly. 


Even higher aggregation is expected, therefore, in Solvent System B, 
since this solvent is even less polar than Solvent System I. The organic 
phase has been rendered less polar, by increasing the isooctane concen- 
tration and by substituting 1-octanol (dielectric constant 10.34) with 
chloroform (dielectric constant 4.81). 


These results have important significance in terms of mixed micelles 
of bile salts with lecithin (8). In a low dielectric inert medium such as the 
interior of a lecithin bilayer or liposome, pairwise association of bile salt 
molecules hydrogen-bonded to each other through their hydroxyl and/or 
carboxylic acid groups is plausible. Such a mixed disk model for bile salt 
lecithin micelles in which hydrogen bonded bile salt anion pairs are found 
within the interior of the micelle has been proposed previously (9). It 
cannot be decided on the basis of the present or previous (9) work whether 


the associated species are bile salt anions or free acid molecules. Molecular 
models suggest that the hydroxyl groups on the trihydroxy bile acids and 
dihydroxy bile acids can align to  form hydrogen bonded pairs. It was 
suggested (10) that this hydrogen-bonded pairing occurs in aqueous 
solvents. However, it has been shown (1, l l )  that in aqueous solution, bile 
salts are associated by hydrophobic forces. The previous hydrogen- 
bonded pairing model (10) appears to be the most likely structure in a 
low dielectric, nonhydrogen-bonded medium. The partition of bile salts 
from an aqueous to a lipid membrane phase would thus involve an in- 
version from hydrophobic back-to-back association in the aqueous phase, 
to hydrogen-bonded association in the lipid phase. 
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Abstract0 Two pilot studies were performed to determine if oral phe- 
nothiazine products could generate a significant increase in serum levels 
of the hormone prolactin. The two studies employed three and four 
healthy normal male subjects, respectively. In the first study the subjects 
received a screening dose, a placebo, one 8-mg perphenazine tablet, and 
two 8-mg perphenazine tablets. In the second study, the subjects were 
dosed with two 10-mg amitriptyline tablets, one 10-mg amitriptyline 
tablet with one combination tablet containing 10 mg of amitriptyline and 
4 mg of perphenazine, and two combination tablets, each containing 10 
mg of amitriptyline and 4 mg of perphenazine. In both cases the drug 
treatments produced a significant rise in the serum prolactin levels versus 


a placebo or control. This increase was defined as a prolactin response. 
The possible utility of this response in bioavailability testing is dis- 
cussed. 


Keyphrases 0 Prolactin-serum prolactin level increase following ad- 
ministration of perphenazine oral dosage forms, application to  bio- 
availability testing 0 Bioavailability-application to testing, serum 
prolactin level increase following administration of perphenazine o 
Perphenazine-oral dosage forms, serum prolactin level increase fol- 
lowing administration, application to bioavailability testing 


An adequate methodology for determining the bio- 
availability and bioequivalence of phenothiazine dosage 
forms has been sought for some time. The phenothiazines 


are a vital psychopharmaceutic tool in combating mental 
and emotional illnesses. In addition, these drugs are pro- 
duced and marketed in a very large number of dosage 


0022-35491 821 0800-0883$0 1.0010 
@ 1982. American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 883 
Vol. 71, No. 8, August 1982 












aluminum and total metal concentration of the mixtures in which hy- 
drotalcite was found to form on aging. 


The present monographs for these mixtures do not contain any tests 
which would detect the presence of hydrotalcite, nor do they require the 
inclusion of sorbitol in the mixtures. Thus, there is the possibility of the 
formation of hydrotalcite during the aging of official aluminum hydroxide 
gel and magnesium hydroxide gel mixtures. 
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Abstract The present report describes preliminary results concerning 
the acute toxicity of placebo polyalkylcyanoacrylate nanoparticles used 
as drug carrier. It was demonstrated that nanoparticles induced cellular 
damage only at  relatively high concentrations in the cell culture medium. 
The absence of mutagenicity was shown for both nanoparticles and their 
degradation products, and the LDso for polybutyl- and polyisobutylcy- 
anoacrylate nanoparticles was also determined. 


Keyphrases Polyalkylcyanoacrylate-toxicity of nanoparticles 0 
Nanoparticles-polyalkylcyanoacrylate toxicity 0 Toxicity-polyalk- 
ylcyanoacrylate nanoparticles Drug carrier systems-nanoparticles, 
toxicity of polyalkylcyanoacrylate 


Previous studies have demonstrated the interest of 
polyalkylcyanoacrylate nanoparticles as a drug carrier (1, 
2). The main advantage of these particles is their degrad- 
ability at a rate depending on the length of the alkyl chain 
(3). These ultrafine particles (diameter of -0.2 pm) are 
able to efficiently adsorb a variety of drugs in a stable and 
reproducible way (4). It has been shown previously that the 
binding of cytostatic drugs to nanoparticles modifies their 
distribution pattern in rat tissues and generally increases 
the tissue capture of these drugs (5,6).  


Recently, preliminary results of experimental chemo- 
therapy were published (7) using actinomycin D-loaded 
polymethylcyanoacrylate nanoparticles against the growth 
of a transplantable soft sarcoma tissue of the rat. The re- 
sults indicated that the use of polymethylcyanoacrylate 
nanoparticles as a drug carrier increased the anticancer 
activity of actinomycin towards subcutaneous sarcoma. 
Furthermore, these particles could be of interest in the 
field of long-acting insulin therapy (8). 


However, it was important to have information about 
the toxicity of the carrier to determine if these results did 
not prohibit the use of nanoparticles in human medicine. 
The present report describes preliminary results con- 
cerning the acute toxicity of nondrug-bound nanoparticles 
towards cells in culture and the determination of the LD50 
of the carrier. 


EXPERIMENTAL 


Polyalkylcyanoacrylate Nanoparticles Preparation-Poly- 
methyl-, polybutyl-, and polyisobutylcyanoacrylate nanoparticles were 
prepared following previous methods (1, 6), slightly modified. To an 
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Figure 1-Hepatocyte mortality after incubation with 0.5% of poly- 
butylcyanoacrylate nanoparticles (- - - -) and 0.5% of nanoparticles 
polymerization medium (- - -) compared to controls (-). (A) Dye 
exclusion test (erythrosin B). (B) Lactic dehydrogenase leakage is ex- 
pressed as a ratio of the lactic dehydrogenase activity in the medium 
compared to the total lactic dehydrogenase activity (medium and 
cfdls). 


aqueous solution (10 ml) of 0.01 M HCl containing 0.2% of a polysac- 
charide' and 0.8% of a polyoxyethylene-polyoxypropylene surfactant2, 
butyL3, or isobutyl~yanoacrylate~ monomer (165 pl) was added under 
mechanical stirring. Polymethylcyanoacrylate nanoparticles were pre- 
pared in the same manner by adding the methylic monomer3 (165 pl) to 
10 ml of 0.01 M HCl containing 0.5% of polysorbate 20. After polymer- 
ization (at least 2 hr), each nanoparticle suspension was buffered at  pH 
7 using 100 pl of a molar solution of NaOH and 900 pl of a phosphate 
buffer5; NaCl(83 mg) was then added. No filtration was carried out before 
using, except in the case of the LD5o assays, where nanoparticles were 
filtered through a sintered glass filter (pore size 9-15 pm). 


Scanning electron microscopy6 showed mostly spherical particles with 
a diameter of -0.2 pm for the polymethylcyanoacrylate preparations and 
of -0.4 pm for the polyisobutyl- and polybutylcyanoacrylate prepara- 
tions. 


Cell Toxicity Procedures Using Placebo Nanoparticles-Hepa- 
tocytes were isolated using an in situ enzymatic perfusion method in the 
rat liver (9). Isolated cells were then incubated at  37O in a Waymouth 
medium supplemented with 10% newborn calf serum (10). Polybutyl- 
cyanoacrylate nanoparticles or their polymerization milieu were then 
added to obtain final concentrations of 0.5 and 1%, which corresponded, 
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Figure 3-Scanning electron microscopic appearance of a mouse 
peritoneal macrophage incubated 1 hr with polymethylcyanoacrylate 
nanoparticles a t  a concentration of I % in the culture medium. The cell 
membrane appears to be completely perforated. 


respectively, to 7.5 and 15 mg of nanoparticles in 100 ml of the incubation 
medium, assuming the density of the polymer was equal to one. 


Membrane integrity of the incubated cells was regularly controlled 
using both the 0.36% erythrosin B exclusion test and the leakage of lactic 
dehydrogenase, a cytosolic enzyme. 


Macrophages were obtained after washing the peritoneal cavity of 
C 57 black mice three times with a medium7 containing 0.1 mg/ml of 
streptomycin and 0.06 mg/ml of penicillin G. The liquid was incubated 
in plastic petri dishes containing a small glass coverslip. After 2 hr of 
incubation, the nonadhering cells were washed off with phosphate buffer 
solution, and the remaining macrophages were then further incubated at 
37O in the culture medium7 (containing 20% calf serum) in a 10% CO2/!%% 
air atmosphere incubators. Nanoparticles were then added at a concen- 
tration of 1% in the culture medium. After 1 hr of incubation, nonadhering 
nanoparticles were washed off with phosphate buffer solution medium. 
Fresh medium was added to wash the macrophage monolayer culture. 
The macrophages were then fixed in glutaraldehyde (2.5% by volume in 
0.1 M cacodylate buffer, pH 7.4) for 15 min at 37O, washed three times 
with cacodylate buffer, treated 1 hr a t  4' with OsOd (1% w/v in 0.17 M 
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Figure 2-Hepatocyte mortality after incubation with 1 % of poly- 
butvlcyanoacrvlate nanoparticles (- - - -) and I % of nanoparticles 
polymerization medium (- -) compared to controls (-). (A) Dye 
exclusion test (erythrosin B). fB)  Lactic dehydrogenase leakage is ex- 
pressed as  a ratio of the lactic dehydrogenase activity in the medium 
compared to the total lactic dehydrogenase activity (medium and 
cells). 


Figure 4-Scanning electron microscopic appearance of a mouse per- 
itoneal macrophage incubated I hr with polyisobutylcyanoacrylate 
nanoparticles a t  a concentration of I % in the culture medium. The 
macrophage seems to be normal. 


1 Dextran 70, Fison Laboratories, S.K.-RIT, Belgium. 
Pluronic L 63 Marles-Kuhlmann-Wyandotte, Paris, France. 
Loctite, Dublin, Ireland. 
Bucrylat Ethicon CmbH, Norderstedt, Germany. 
Phosphate buffer pH 7, USP XIX. 


6 Scanning Electron Microscope, Mini S.E.M. International Scientific Instru- Eagle Dulbecco. 
Automatic COz Controller type 3171, Forma Scientific, Marietta. Ohio. ments, Munchen, West Germany. 
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Table I-Bacterial Toxicity Test 


Salmonella Bacterial Survival‘ X 107/Plate 
typhimurium Methyl Product, Butyl Product, 


Strains Controls 150 Pg 300 Pg 1500 Pg 150 300 PCg 1500 Pg 
T A  1530 129 
T A  1535 101 ~~~ ~~.~ 


TA 1538 
TA 100 
TA 98 


~~ 


90 
91 
83 


116 
84 
105 
81 
77 


112 
74 
70 
65 
68 


150 
111 
107 
109 
104 


140 135 
75 67 
78 68 
73 69 
73 72 


a Number of survivals after incubation of the strains with polymethyl- and polybutylcyanoacrylate nanoparticles on nutrient agar plates. 


Table 11-Ames Mutagenicity Test with Nanoparticles Without Metabolic Activation 


Salmonella Histidine Revertants’Plate 
typhimurium Methyl Product, Butyl Product, 


Strains Spontaneous 30 fig 60 wLg 150 Pg 30 Wg 60 Irg 150 Pg 


TA 1530 
T A  1535 
TA 1538 


23 
6 
25 


19 
10 
14 


13 
9 
37 


19 
12 
15 


17 
9 
17 


17 
14 
9 


12 
12 
16 


TA 100 122 171 151 127 113 158 160 
TA 98 44 10 14 22 23 24 23 


Number of revertants after incubation of the strains with polymethyl- and polybutylcyanoacrylate nanoparticles. 


Table 111-Ames Mutagenicity Test Involving Metabolic Activation with Nanoparticles 


Salmonella Histidine Revertants‘Plate 
typhimurium Methyl Product, Butyl Product, 


Strains Spontaneous 15 Pg 30 Pg 150 Pg 15 Pg 30 Pg 150 Pg 
TA 1530 
TA 1535 
TA 1538 
T A  100 
TA 98 


9 
11 
15 
180 
14 


8 
7 
8 


125 
12 


9 
8 
11 
135 
13 


5 
10 
8 


123 
10 


5 
7 
9 


149 
13 


11 9 
9 11 
11 9 
174 169 


19 
0 Number of revertants after metabolic activation and incubation with polymethyl- and polybutylcyanoacrylate nanoparticles. 


Table IV-Ames Mutagenicity Test with the Degradation Products of Nanoparticles Without Metabolic Activation 


Salmonella Histidine Revertantsa/Plate 
typhimurium Methyl Product, 


30 PR 150 
~ 


Strains Spontaneous 15 Wg 
Butyl Product, 


15 ~ c g  30 Pcg 150 ficg 


T A  1530 
T A  1535 
T A  1538 


14 
15 
13 


22 
10 
12 


14 
7 
7 


16 
12 
8 


17 
11 
9 


17 
12 
5 


20 
11 
20 


TA 100 145 122 137 131 168 141 138 
T A  98 13 24 22 16 10 19 28 


a Number of revertants after incubation of the strains with polymethyl- and polybutylcyanoacrylate nanoparticle degradation products. 


barbital acetate buffer, pH 7.4) and washed with barbital acetate 
buffer. 


Finally, the macrophages were washed five times with double distilled 
water, frozen in liquid nitrogen, and dried by lyophilization for 3 hr. The 
glass coverslips with the dried macrophages were then attached to metal 
disks and coated with a thin film of gold in a vacuum evaporators. The 
specimens were then stored at room temperature until examination under 
a scanning electron microscope. 


Mutagenicity Tests-Mutagenicity testa were performed on poly- 
butyl- and polymethylcyanoacrylate nanoparticles using the Salmonella 
typhimurium method (11). This test was performed with and without 
metabolic activation10 on both intact and degraded nanoparticles. A 
preliminary toxicity test was carried out to determine the maximum 
noninhibitory doses of nanoparticles. 


Determination of Nanoparticle Histotoxicity-A total of 14 male 
mice1’ (20 g) were injected subcutaneously with 0.2 ml of a polyiso- 
butylcyanoacrylate suspension containing 3 mg of nanoparticles. After 
24 hr, six mice were sacrificed under carbon dioxide atmosphere, the skin 
was turned inside out and macroscopically examined according to a 
previously described method (12). 


Three days later, the remaining animals were rechallenged with the 


9 P-S1 Diode Sputter Coater, International Scientific Instruments, Munchen, 


10 Addition of cofactors supplemented liver “SQ” from Arochlor 1254 pretreated 


l 1  NMRI mice, Animal House of U.C.L., Louvain-en-Woluwe, Belgium. 


West Germany. 


rats (11): 50 PI of “Se” per plate. 


same dose of nanoparticles and were divided into two groups of four mice. 
The first group was sacrificed 48 hr after the second injection, while the 
second group received a third injection and was sacrificed 2 days later. 
All these mice were treated as mentioned previously. Control mice, which 
received no injection, were treated in the same manner. 


Determination of Nanoparticle LD5o-Six groups of 10 male 
NMRI mice (20 g) were treated with nanoparticles by injection in the tail 
vein. Each group received one of the following doses in a single injection, 
respectively: 12.5, 17.5, 22.5, 27.5, 32.5, and 40 ml/kg of polybutyl- or 
polyisobutylcyanoacrylate nanoparticles suspension. Both suspensions 
contained 9.2 mg of nanoparticles/ml. The same volumes of the poly- 
merization milieu were injected into different groups of mice and the LDm 
of this milieu was then determined. 


RESULTS AND DISCUSSION 


Toxicity of Polybutylcyanoacrylate Nanoparticles on Isolated 
HepatocytegAt a concentration of 0.5% in the culture medium, neither 
polybutylcyanoacrylate nanoparticles nor nanoparticle polymerization 
medium modified the cellular integrity of the hepatocytes; in fact the 
lactic dehydrogenase leakage and the dye exclusion capacity of the cells 
remained comparable to the untreated hepatocytes (Fig. 1). In the case 
of the 1% final concentration, the polybutylcyanoacrylate nanoparticles 
greatly affected the integrity of the hepatocytes; the polymerization 
medium, on the other hand, exerted no effect (Fig. 2). 


A cytotoxic effect appeared between 0.5 and 1% and seemed to proceed 
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Table V-Ames Mutagenicity Test Involving Metabolic Activation with the Degractation Products of Nanoparticles 


Salmonella Histidine Revertantsaplate 
typhimurium Methyl Product, Butyl Product, 


Strains Spontaneous 15 Pg 30 pg 150 pg 15 Pg 30 Pg 150 Pg 


TA 1530 
TA 1535 
TA 1538 
T A  100 
TA 98 


10 
10 
28 


178 
46 


11 17 
12 12 
36 


137 
47 39 


9 9 11 16 
13 15 7 12 
29 27 29 


120 170 133 
40 39 35 44 


a Number of revertants after metabolic activation and incubation with polymethyl- and polybutylcyanoacrylate nanoparticle degradation products. 


from the polymer itself rather than from the surfactants present in the 
nanoparticle polymerization medium. However, the 1% dose corre- 
sponded to a high ratio (-2 X lo4) of particles per hepatocyte. 


Scanning Electron Microscopy Studies with Macrophag-This 
microscopic study was performed to determine the exact morphological 
cell changes resulting from nanoparticle ingestion. Macrophages were 
used because of their high phagocytic capacity. It is known that toxicity 
of the polymer seems to  be dependent on the biodegradation half-life 
which is prolonged with increasing alkylchain length (13). For this reason, 
it was decided to test polymethyl- and polyisobutylcyanoacrylate nan- 
oparticles. 


Scanning electron micrographs revealed marked morphological 
membrane modifications after incubation of the macrophages for 1 hr 
in the presence of polymethylcyanoacrylate nanoparticles a t  a 1% con- 
centration in the culture medium (Fig. 3). The cell membrane appeared 
to be completely perforated. After incubation of the macrophages with 
polyisobutylcyanoacrylate nanoparticles under the same experimental 
conditions (1 hr a t  a concentration of l%), no signs of toxicity were ob- 
served, and the morphological appearance of the macrophages under the 
scanning electron microscope seemed to be normal as compared with 
control (Fig. 4). 


Mutagenicity Tests-Table I shows the bacterial survival of the S. 
typhimurium strains after incubation with nanoparticles on nutrient 
agar plates seeded with 2-7 X lo7 viable cells. Polymethylcyanoacrylate 
induced an appreciable toxic effect when it was used at  the dose of 1500 


80 k 


DOSE, ml/kg 


Figure 5-Cumulative mortality of mice after intravenous adminis- 
tration of various nanoparticle suspension volumes. Key: (A) po[yiso- 
butylcyanoacrylate nanoparticle; (m) polybutylcyanoacrylate nuno- 
particle; (0) nanoparticles polymerization medium. 


pg/plate. A slight inhibitory effect was observed with polybutyl- and 
polymethylcyanoacrylate nanoparticles a t  a concentration of 300 
pg/plate. No toxicity was noted at  the 150-pg dose. This dose was then 
considered the maximum noninhibitory level for the two types of poly- 
mer. The results of the Ames test, performed with different doses of na- 
noparticles and degradation products, are presented in Tables 11-V. The 
assays were made either with or without metabolic activation. No mu- 
tagenic effect was observed using both nanoparticles and their degra- 
dation products. In all tests carried out, the number of induced revertants 
as compared with spontaneous revertants was not significantly increased. 
Furthermore, no dose-response effect was obtained. Although the Ames 
test was performed only with the polymethyl- and the polybutyl product, 
from the data obtained, it can be inferred that polyethyl- and polyiso- 
butylcyanoacrylate nanoparticles are unlikely to be mutagenic. Indeed, 
in a mutagenic assay, the observed effect is closely dependent upon the 
chemical nature of the product tested, and polyalkylcyanoacrylates are 
very similar in their chemical structure. 


In the Ames test, as in any mutagenicity assay, the observed mutations 
are related to only a very small part of the genome. Therefore, a negative 
result does not necessarily mean that the product under study is not 
mutagenic for humans (14); however, the Ames method is reliable in 
detecting carcinogens (15,16). Moreover, cyanoacrylate polymers have 
been used in surgery for a long time, and until now, no carcinogenic action 
has been observed with these products (17,18). 


Nanoparticle Histotoxicity a n d  LDso-Twenty four hours after 
subcutaneous injection of 3 mg of polyisobutylcyanoacrylate nanopart- 
icles, neither necrosis nor tissue irritation was visible. Furthermore, 48 
hr after multiple treatments (2 or 3 injections) no hypersensitivity re- 
action nor granulomatous response was observed. Figure 5 shows the 
cumulative mortality of the mice after intravenous administration of 
different nanoparticle suspension volumes (milliliters per kilogram). 
Brought again to dry polymer weight per kilogram, the LDm was deter- 
mined to be 196 and 230 mg/kg for polyisobutylcyanoacrylate and poly- 
butylcyanoacrylate nanoparticles, respectively. It should be noted, 
however, that the polymerization medium alone is not free of toxicity 
(LDso = 33.4 ml/kg). 


CONCLUSIONS 


These first toxicological data obtained at  the cellular and whole body 
animal levels did not demonstrate any acute toxicity susceptible to hinder 
the use of polyalkylcyanoacrylate nanoparticles in human medicine. 
Indeed, they induced cellular damage only a t  a relatively high concen- 
tration in the culture medium (1%). This toxicity is probably due to the 
presence of nanoparticle degradation products in the cytoplasm following 
their phagocytosis. This consideration could explain the lesser toxicity 
of the isobutyl product, which is more slowly biodegradable than the 
methyl derivative. Moreover, LDso values are reasonable, and because 
of the presence of surfactants in the polymerization medium, it could be 
possible to reduce considerably the acute toxicity of the particles by 
washing off the surfactants and eventual remaining monomers. Finally, the 
absence of histotoxicity and mutagenicity for both nanoparticles and their 
degradation products are encouraging. These results will be completed 
by subacute and chronic toxicological studies and we will examine the 
possibility of decreasing the toxicity of an anticancer agent by its ad- 
sorption on polyisobutylcyanoacrylate nanoparticles. 
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Abstract 0 The possibility of significantly reducing toxicity of an an- 
ticancer drug such as doxorubicin by fixing it on polyisobutylcyanoac- 
rylate nanoparticles was studied. It was shown that, when the drug was 
adsorbed on nanoparticles, significant reduction of both mortality and ' 
weight loss of mice were recorded under various administration schedules. 
Furthermore, cardiotoxicity was decreased due to the poor uptake by the 
myocardium. 


Keyphrases 0 Polyalkylcyanoacrylate-toxicity of doxorubicin-loaded 
nanoparticles 0 Doxorubicin-toxicity of polyalkylcyanoacrylate nan- 
oparticles 0 Toxicity-doxorubicin-loaded polyalkylcyanoacrylate na- 
noparticles Drug carrier systems-toxicity of doxorubicin-loaded 
polyalkylcyanoacrylate nanoparticles 


The first toxicological data concerning the polyalkyl- 
cyanoacrylate nanoparticles did not demonstrate any 
distinct toxicity susceptible to hinder their use in human 
medicine (1). The aim of the present investigation was to 
reduce considerably the toxicity of an anticancer drug such 
as doxorubicin by fixing it on nanoparticles. The idea of 
using doxorubicin in association with a macromolecular 


A 15mglkgeld.y 6 12.5rnglkglday C 10rnglkglday 


5 10 15 
DAYS 


Figure I-Percent of survioing mice after intravenous administration 
on 3 consecutive days of various doses of free (e) and nanoparticle- 
bound doxorubicin (A). 


carrier such as DNA, to minimize the detrimental effect 
of this anticancer drug on normal cells, has been previously 
investigated (2,3).  


Doxorubicin, an anthracycline antibiotic, has produced 
encouraging results in the treatment of neoplastic diseases 
(4). However, it is toxic, with its most severe side effects 
involving the heart (acute and chronic cardiomyopathy), 
bone marrow, and intestine (5,6). For these reasons, and 
because doxorubicin is highly adsorbed on nanoparticles, 
this cytostatic drug was chosen as the experimental 
model. 


EXPERIMENTAL 


Polyalkylcyanoacrylate Nanoparticle Preparation-After dis- 
solution of doxorubicin' (10 mg) in 10 ml of aqueous solution containing 
100 mg of a polysaccharide2, 50 mg of citric acid, and 1 mg of calcium 
chloride, 100 pl of isobutylcyanoacrylate monomer was dispersed under 
mechanical stirring. 


After polymerization (3 hr), the resulting milky suspension was brought 
to isotonicity with 72 mg of sodium chloride. The size of the particles 
obtained was then estimated by measuring light scattering, arising from 
a laser source3. 


Measurement of Doxorubicin Linked to Nanoparticles-A 10-ml 
nanoparticle suspension was centrifuged* a t  20,000 rpm for 1 hr. Sedi- 
ment was then separated and dissolved in 10 ml of dioxane containing 
20% water. 


The content of doxorubicin was determined in both supernate and 
sediment by fluorimetric5 dosage. For this purpose, 20O-pl samples were 
diluted to 10 ml by water (for the supernate) or by dioxane (for the 
sediment) and measurements were performed using reference solutions 
of doxorubicin. 


1 Adriablastina, Montedison Farmaceutica Benelux, Bruxelles, Belgium. 
2 Dextran 70, Fison Laboratories, S.K.-RIT, Belgium. 
3 Nano-Sizer, Coulter Electronics, Harpenden, England. 
4 Beckman Centrifuge, model J-21C, Beckman Instruments, Palo Alto, Calif. 
5 Vitatron Fluorimeter, type U.F.D., Vitatron, Holland. 
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EDITORIAL 


On “Being There”-Professionally 


On about half the Sunday afternoons each autumn, a 
sell-out crowd of approximately 55,000 Washington, DC, 
area residents will pack RFK Stadium to watch the 
Washington Redskins professional football team do battle 
with one or another of its league rivals. This phenomenon 
occurs despite the fact that (a) each of those games can be 
watched on television for free from the comfort of one’s 
home, (b) both the admission tickets and various incidental 
costs-such as parking and refreshments-are all very 
expensive, and (c) the stadium, its seats, and often the 
weather conditions leave much to be desired in the way of 
creature comforts. In fact, thousands of other people cla- 
mor for the opportunity to buy Redskins tickets even at 
prices above their already costly face value. 


Similar fan enthusiasm is apparent in many other cities 
and with regard to various other sports both professional 
and amateur. 


If one were to ask those sports fans why it is worth the 
expense, inconvenience, and discomfort to see the game 
in person when they can see it more clearly on color tele- 
vision, with professional audio commentary, and with the 
added dimension of instant replays, they will offer a variety 
of explanations. However, no matter how the replies are 
stated, virtually all of the explanations boil down to: 
“There is no adequate substitute for personally being 
there-namely, where the real action is!” 


The same can be said with respect to professional and 
scientific meetings or conferences. 


Reading newsletter summaries of the highlights of a 
conference, or reviewing journal articles covering research 
presented at a technical session, amounts to a very inad- 
equate substitute for first-hand attendance at the meeting 
itself. 


Moreover, in contrast to the sporting event, personal 
attendance at  a meeting or symposium gives one many 
additional advantages and benefits. For example, one can 
personally meet and talk to the researcher, and ask ques- 
tions and obtain clarifications and insights. There is also 
the opportunity to meet other experts or notables in the 
field; the opportunity to share experiences through in- 
formal conversation; and the opportunity to exchange 
other important career-related information such as job 
openings, employment benefits, and comparative remu- 
neration. Finally, there is the built-in vehicle to become 
more active professionally and organization-wise through 
opening the door to voluntary participation, committee 
appointments, and elective office. 


Many meetings or conferences can provide such op- 
portunities. But for American pharmaceutical scientists, 
there are really two meetings that annually offer the 
greatest means of satisfying such needs and expectations. 
These are the combined APhA-APS Annual Meeting in 
the spring of each year, and the APS mid-year meeting in 
the fall. 


The special benefit to be derived from these meetings 
is that the pharmaceutical scientist has the ready oppor- 


tunity to broaden horizons via direct contact, dialog, and 
interchange with colleagues in other scientific fields as well 
as in other environments of practice. Hence, pharmaceu- 
tical scientists who are primarily chemists mingle and 
exchange views with others who are primarily pharma- 
cologists, or biologists, or analysts, or whatever. And the 
person employed in industry not only associates with other 
industry colleagues but also others in academia, govern- 
ment, and elsewhere. 


Furthermore, at the combined APhA-APS meetings, 
the scientist rubs elbows with and can have dialog with 
people not in science or research but who share a common 
interest and concern regarding pharmaceuticals and 
pharmaceutical products; namely, community and hospital 
practitioners, pharmacy officials, and students. 


All of this cannot help but have some effect and bene- 
ficial influence on the person so exposed. 


In an effort to maximize the opportunity for professional 
growth and to make the experience of attending an APhA 
Annual Meeting even more valuable, the programming for 
the 1983 Annual Meeting in New Orleans is being orga- 
nized into a series of four “tracks.” One or more of these 
“tracks” will be of major interest and value to each reg- 
istrant. 


In the past, many registrants might have overlooked a 
session that would have been of interest simply because 
the session was sponsored by a group in another discipline. 
For example, the FDA pharmaceutical analyst might have 
ignored sessions dealing with institutional pharmacy on 
the assumption that he or she had no interest in “hospital 
pharmacy.” As a result, that person completely overlooked 
the session on “Complying with FDA’s Good Manufac- 
turing Practice (GMP) Regulations in the Hospital 
Pharmacy Manufacturing Laboratory.” 


Hopefully, the “track” system will eliminate future such 
oversights. Program content of special interest to practi- 
tioners, to scientists, and to students will be grouped in 
separate lists for ready and convenient reference by these 
respective people. So, too, will be grouped the broader, 
more general program content involving Association policy 
and general information. As a result, the “scientist track” 
will list not only APS sessions but also SAPhA programs 
on increasing graduate student enrollment, APP programs 
on comparative bioavailability of competing drug products, 
and APhA General Session speakers such as the Director 
of the National Institutes of Health or the Commissioner 
of the Food and Drug Administration. 


Consequently, we urge our readers to make plans now 
to attend the up-coming APS National Meeting, Novem- 
ber 14-18,1982, in San Diego, California, and APhA-APS 
Annual Meeting, April 9-14,1983, in New Orleans, Loui- 
siana. “Being there” will be more important and rewarding 
than ever before. 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 


Washington, DC 20037 
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Abstract 0 The bioavailability of theophylline following single oral doses 
of a theophylline capsule, a theophylline tablet, and an aminophylline 
tablet in beagle dogs was compared against an intravenous standard. 
Plasma theophylline levels after oral and intravenous drug administration 
were described by the one-compartment open model. The onset of 
theophylline absorption from the oral products was rapid. While the 
theophylline tablet showed a slower absorption rate than the capsule or 
the aminophylline tablet, all three products appeared to be completely 
bioavailable. 


Keyphrases Theophylline-absorption, bioavailability in the dog, 
capsule, tablet, aminophylline tablet Bioavailability-theophylline 
absorption in the dog, capsule, tablet, aminophylline tablet Absorp- 
tion-theophylline bioavailability in the dog, capsule, tablet, amino- 
phylline tablet 


The absorption of the bronchodilator theophylline from 
conventional and sustained-release dosage forms has been 
extensively studied in humans (1-11). In one study using 
an aqueous solution as a standard (5), the absolute bio- 
availability of 13 different types of theophylline tablets 
marketed in the United States was determined. All yielded 
an absorption of >go%. 


Similar comparative bioavailability data in animal 
models are limited. The absolute bioavailability of theo- 
phylline from five commercial dosage forms in rabbits has 
been examined (12). In that study significant interproduct 
differences in the percent of dose absorbed were reported. 
The data showed no evidence of dose-dependent kinetics 
after single oral doses (65-200 mg) of capsules or tab- 
lets. 


The present report concerns theophylline bioavailability 
in the dog following single oral doses of a theophylline 
capsule, a theophylline tablet, and an aminophylline tab- 
let, using an intravenous aminophylline dose as a reference 
standard. 


EXPERIMENTAL 


A 1-year-old male beagle dog (dog 1,11.4 kg) and a 2-year-old female 
beagle dog (dog 2, 11.7 kg) each received four single doses of amino- 
phylline or theophylline in separate experiments. The dogs were fasted 
overnight predose and 4 hr postdose, but had access to water a t  all times. 
During the experiment, the dogs were initially placed in a restraining sling 
to facilitate accurate dosing and blood sample collection. 


Intravenous Administration-Each dog received a single 50-mg 
aminophylline' (85% theophylline) dose by rapid injection into a cephalic 
vein. Blood samples (5 ml) were collected from a cephalic or femoral vein 
immediately before and a t  7, 10, 15,30, and 45 min and 1, 1 . 5 , 2 , 3 , 4 , 6 ,  
8, 12, and 24 hr after dosing. 


Oral  Administration-The capsule (A)2 or tablet (B3 or C4) was ad- 
ministered by placing it on the posterior portion of the dog's tongue so 
that i t  was not fractured or chewed before swallowing. The dose was 
followed by 20 ml of water. Venous blood samples were collected in the 
same manner as described for the intravenous dosing experiments, but 
the 7- and 10-min samples were omitted. 


1 Aminophyllin injection USP, 25 mg/ml, GibcolInvenex, Chagrin Falls, Ohio. 
2 Elixophyllin (theophylline, 100-mg capsules), Berlex, Cedar Knolls, N.J. 
3 Theolair (theophylline, 125-mg tablets), Riker, Northridge, Calif. 
4 Aminophyllin (aminophylline, 200-mg tablets), Searle, Chicago, 111. 


Blood samples were placed in heparinized tubes5. Plasma was sepa- 
rated by centrifugation and stored at -2OO until analyzed. 


Experiments were performed 3 weeks apart to avoid changes in phar- 
macokinetic parameters due to prior drug exposure and to allow complete 
drug washout from previous doses. 


Plasma Assay-Plasma concentrations of theophylline were measured 
by reversed-phase high-performance liquid chromatography (HPLC) 
as previously described (13). 


Data Interpretation-Plasma theophylline data after intravenous 
and oral dosing were analyzed in terms of the pharmacokinetic one- 
compartment open model. The equations and symbols pertaining to this 
model have been described (14). Intravenous pharmacokinetic parame- 
ters were calculated by linear regression of the natural log of the theo- 
phylline concentration against time. Oral data were analyzed on a digital 
computer6 following standard graphical treatment; individual data sets 
were fitted to the appropriate equation by iterative least-squares methods 
using the NONLIN program (15). 


RESULTS 


Individual plasma levels of theophylline obtained from the four 
treatments are given in Table I. The results of the pharmacokinetic 
analysis are described in Table 11. 


Following intravenous dosing, plasma theophylline levels were highest 
(-5 pg/ml) a t  the first sampling time (7-10 min). Drug levels then de- 
clined monoexponentially, with plasma half-lives of 6.4 and 3.8 hr in dogs 
1 and 2, respectively. The distribution volume, calculated from the y -  
intercept of the regression line, was 9.6 liter (84% of body weight) for dog 
1 and 8.1 liter (70% of body weight) for dog 2. The plasma clearance was 
1.5 ml/min/kg for dog 1 and 2.1 ml/min/kg for dog 2. 


Following oral administration of each of the three products tested, 
theophylline was detected in plasma within 30 min. The observed onset 
was in good agreement with the computer estimated lag time of absorp- 
tion (Table 11). Product B appeared to be absorbed a t  a slower rate than 
products A and C, as indicated by its longer absorption half-time and time 
of peak concentration, although statistical comparison of data was not 
possible due to the small number of animals used. Normalized peak 
theophylline levels were similar for products A and B, but the level was 
lower for product C. The half-life of drug elimination was consistent 
between products, although variation between dogs was apparent. Plasma 
clearance values were calculated using the distribution volumes obtained 
from intravenous dosing. 


Comparison of the areas under the plasma theophylline curves from 
the oral and intravenous doses, corrected for the different dose sizes, 
suggested complete absorption of theophylline from the three products. 
Correction for plasma clearance yielded F values of approximately unity 
in all cases. 


DISCUSSION 


Aminophylline, the ethylenediamine salt of theophylline, is generally 
used for the intravenous administration of this drug, primarily because 
of the low aqueous solubility of the weak acid (theophylline). A study 
using three volunteers (16) showed that, when given intravenously as 
aminophylline, theophylline was metabolized more rapidly and exten- 
sively than when given as the free acid. A previous study (17) compared 
the pharmacokinetics of theophylline and aminophylline after oral and 
intravenous administration in eight healthy male subjects, and reported 
virtually identical serum concentration-time curves for the two drug 
entities. While data in the present study also showed no apparent dif- 
ferences between aminophylline and theophylline disposition kinetics, 
plasma clearance was corrected for in the bioavailability calculations. 


5 Vacutainer, Becton-Dickinson, Rutherford, N.J. 
6 IBM 370/168 digital computer, Rutgers Computer Center for Informational 


Services. 
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Table I-Individual Plasma Levels of Theophylline 


Plasma Theophylline, pg/ml 
Oral 


Intravenous 
Hours Dog 1 Dog 2 


A B C 
Dog 1 Dog 2 Dog 1 Dog 2 Dog 1 Dog 2 


a 0.12 - 


0.17 4.6 
0.25 4.6 
0.5 4.3 
0.75 4.1 
I 4.1 
1.5 4.0 
2 3.7 
:3 2.8 
4 3.0 
5 
6 2.3 
8 1.7 


12 1.0 
24 0.4 


- 


5.0 


4.8 
4.5 


4.4 
4.2 
3.9 
3.1 
2.5 


1.8 
1.2 
0.6 


- 


- 


- 


- 


- 
- 


0 
0.3 
4.7 


10.9 
11.3 
9.3 
8.9 
8.7 
8.1 
7.5 
5.4 
4.0 
1.6 


- 
- 


0.4 
4.5 
9.2 


11.4 
11.0 
9.7 
8.0 
7.6 


5.8 
4.0 
1.8 
0.6 


- 


- 
- 


2.7 
5.3 
7.5 
8.9 


13.4 
13.8 
12.6 
12.3 


9.8 
7.6 
4.6 
2.0 


- 


- 
- 


1 .o 
9.3 


13.0 
15.1 
14.9 
17.2 
14.5 
11.9 


9.5 
7.5 
3.7 
0.6 


- 


- - 


0 2.3 
0.2 16.0 
0.5 15.6 
1.7 16.3 
6.6 12.9 


13.9 13.0 
12.6 13.0 
10.4 10.4 
- - 
8.6 10.5 
6.7 7.1 
4.1 3.5 
0.6 1.1 


Not determined. 


Table 11-Pharmacokinetic Parameters  Obtained from Plasma Theophylline Data  


Oral 
Intravenous 


Dog1 Dog2 
A 


Dog lb  Dog 2 


100 100 
2.8 4.5 


(1.6-4.1) ( 2.8-6.3) 


B c 
Dog 1 Dog 2 b  Doe l b  Doe 2 


42.5 42.5 
- 1 -  


125 125 170 170 
1.0 0.70 17.3 2.2 


(0.61-1.4) (0.16-1.2) (-58.6-93.3) (1.7-2.8) 
0.24 0.15 0.69 0.99 0.04 0.31 
0.092 0.16 0.12 0.16 0.12 0.14 


(0.066-0.12) (0.13-0.18) (0.084-0.16) (0.066-0.26) (0.096-0.14) (0.11-0.17) 
7.5 4.3 


- - 


0.11 0.18 


6.4 3.8 
4.4 5.2 


5.6 4.3 5.8 5.0 
11.5 12.4 


(9.9-13.1) (11.5-13.3) 
0.49 0.40 


(0.48-0.51) (0.35-0.45) 
0.98 1.00 


18.0 17.8 16.6 19.7 
(15.0-21.0) (9.6-25.9) (15.2-18.0) (17.9-21.4) 


0.12 0.73 0.24 0.22 
(0.0037-0.24) (0.66-0.81) (0.21-0.28) (0.18-0.26) 


0.99 0.96 0.99 I .00 0.99 1.00 
V d ,  liter/kg 0.84 0.70 - 
F 1 1 1.1 
Normalized ACJC, 40.4 29.0 53.1 


- 
1.0 


33.0 


- 


1.4 
49.6 


1.7 
13.4 
2.5 


- 


1.2 
37.7 


~~ 


- 


0.93 
34.5 


- .~ 
- 


0.94 
35.1 


(M h r h l  
PCl, ml/min/kg 1.5 2.1 1.3 1.9 
C,,,, d m l  - - 10.3 11.0 
t hr - 1.7 1.2 - 


1.9 
11.5 
3.5 


1.7 
16.0 
0.5 


1.6 
16.3 
1.6 


D, dose of theophylline or equivalent; k,, first-order rate constant for drug absorption; t1 /20br .  half-time of absorption = 0.693/k,; h.1. first-order rate constant for 
drug elimination; t half-life of elimination = 0.699/kei; F ,  fraction of dose ahsorhed; V d ,  appaient distribution volume ot'theophylline in the body; to ,  lag time between 
dosing and the appearance of drug in plasma; r ,  correlation coefficient; Normalized AUC, area under theophylline plasma concentration uersu.7 time curve = F D / V k  
normalized to a dose of 12.5 mg theophylline; IT1, plasma clearance = Vk,i; C,, maximum concentration of theophylline in plasma after oral dosing = ( F D / V ) ( k , / k , l ) k J ( k , - ~ ~ ~ ;  
t,,,, time a t  which C',,, occurs = In ( k o / k e ~ ) / ( k o  - k, l )  + to .  Plasma concentration data were weighted by their reciprocals during computer analysis, c Not relevant. 
d The 9Yk ronfidence interval. 


forms is consistent with available data in humans (5). However, experi- 
ments with rabbits showed erratic drug absorption from commercial 
tablets and capsules of theophylline or aminophylline; the same brand 
products as used in the present study yielded F values of 0.50 to 1.20 (12). 
Thus, the beagle dog appears to be a more appropriate animal model for 
conducting theophylline pharmacokinetic studies. 


In experiments with rabbits (12), no dose-dependent theophylline 
pharmacokinetics after single oral doses in the 65-200-mg range were 
found. In the dogs used in the present study, elimination half-lives and 
distribution volumes following a 50-mg iv dose were similar to those ob- 
tained previously ( la)  after a 100-mg iv aminophylline dose. Therefore, 
the 50-mg iv aminophylline dose was adequate as a reference dose for oral 
bioavailability assessment. It should be noted, however, that  dose-de- 
pendent characteristics in theophylline distribution and elimination were 
observed a t  higher doses (13.8-52.0 mg/kg of aminophylline) in guinea 
pigs (19) and in children (20,21). 


Although the decline in plasma theophylline levels after intravenous 
dosing is biphasic (22), the distribution of theophylline into peripheral 
tissues is so rapid that a one-compartment model has been shown ap- 
propriate for the analysis of data obtained in rabbits (12), dogs (la), and 
humans (23,24). This was also the case in this study. 


Based on the results shown in Table 11, the GI absorption of theo- 
phylline is efficient in dogs given an oral dose of either theophylline or 
aminophylline, despite the lower aqueous solubility of the former. This 
observation supports previous findings in humans (2, 17). All three 
products studied here were immediate-release formulations. They were 
similar to each other with respect to the onset of drug absorption, but the 
absorption rate from the theophylline tablet (B) was slower than that 
from the theophylline capsule (A) or aminophylline tablet (C). However, 
all three products showed virtually complete bioavailability. 


The efficient absorption of theophylline from these different dosage 
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A New Technique for Determining In Vitro 
Release Rates of Drugs From Creams 


Keyphrases Dosage forms, topical-new technique for determining 
in uitro release rates of drugs from creams Release rate, in oitro-new 
technique for determination, drugs from creams 


To the Editor: 
Within about the last 10 years, dissolution testing has 


become recognized as one of the most useful methods for 
evaluating tablets and capsules. In fact, such testing has 
all but supplanted the traditional disintegration test. 
Equipment and procedures for measuring the rate and 
extent of drug dissolution are now becoming standardized 
as a result of intensive research and, necessarily, some 
compromises. 


No such standardization appears to be occurring, how- 
ever, with the equipment or procedures used for testing the 
release of drugs from topical dosage forms ( ie . ,  creams, 
ointments, gels, suppositories, etc.). Many investigators 
have done extensive research on the release of drugs from 
such carriers, but it seems that, almost without exception, 
each used a unique method for presenting the drug to some 
receptor phase. The reason for this may be that each was 
faced with unique problems with regard to the formula- 
tions. 


We present here a convenient and versatile technique 
for the in uitro testing of the release of drugs from creams 
or ointments. This technique could be used for a wide va- 
riety of vehicles, although it was developed specifically for 
cream formulations which are oil in water emulsions con- 
taining 0.01% estradiol. 


The ideal procedure would be one in which the sample 
is in direct contact with the receptor phase, because bar- 
riers used to isolate the sample from that phase have a 
potential leveling effect on the rate of appearance of drug 
(in the receptor phase). Thus, the absence of barriers 
should maximize the probability of measuring differences 


between creams which differ only slightly in their drug- 
release characteristics. Therefore, we first tried filling 
shallow cups with the cream and immersing these in water 
at 37’ in a fashion similar to that reported previously (1). 
This was attempted with a variety of cups of different di- 
mensions supported upright or inverted in the receptor 
phase (water). These attempts failed because the cream 
swelled and eventually sloughed into the water. We noted 
also that the creams were no longer homogeneous, i.e., the 
first few millimeters of sample nearest the water were 
physically different from the bulk of the sample before the 
end of the test time. In addition, samples were necessarily 
so large (a few grams) that only a small fraction of the total 
estradiol was near the surface where it could be expected 
to be released in a reasonable length of time. 


Attempts were made to isolate the cream samples from 
the receptor phase using semipermeable membranes. Two 
membranes were tested, dialysis tubing and filter paper, 
in procedures similar to those reported previously (2). 
When these barriers were used, drug appeared in the re- 
ceptor phase more slowly than when they were not. Al- 
though the problems associated with sample swelling and 
subsequent sloughing could be alleviated by using these 
barriers, this approach was abandoned because of the ef- 
fects on the rate of appearance of drug in the receptor 
phase. 


With these results in mind, we developed a simple 
technique which allows direct contact between the cream 
sample and the receptor phase (water) and which elimi- 
nates or minimizes sample sloughing. Cream samples are 
spread into the interstices of an 80-mesh stainless steel 
screen. The samples prepared in this way can be sub- 
merged in gently stirred water for long periods of time. The 
equipment and procedure are as follows. 


A number of appropriately sized pieces of stainless steel 
screen were first prepared by cutting 7.5 X 7.5-cm squares 
and removing -1 cm from each corner (Fig. 1). 


Each screen was covered on both sides along the top edge 
with a piece of 2.54 cm wide masking tape such that 30 cm2 
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the following is obtained: 


(‘ Cdt = C,t (Eq. 3) 
J O  


By keeping a constant withdrawal of blood and mea- 
suring the concentration of drug in the sample and the time 
of withdrawal, the AUC can readily and accurately be 
determined without the problems of extrapolation. 


This method is especially valuable in the time just after 
administration of an intravenous bolus dose, because no 
assumptions regarding the distribution and elimination 
need to be made. At  later time points, when it is more de- 
sirable to determine the various rate constants, the con- 
tinuous withdrawal can be terminated and individual 
blood samples then can be taken. 


We have used this method extensively for indocyanine 
green clearance in rabbits, where the initial half-life after 
a 0.1-mg/kg iv. bolus dose is -0.8 min. Approximately 
40-6070 of the total area can be estimated to be located 
between 0 and 1 min if an extrapolation is carried out when 
the first sample is taken at  1 min. However, when a con- 
tinuous withdrawal is carried out, only 20-30% of the total 
area is obtained in the first minute. Therefore, as much as 
a 1.5- to twofold underestimation of the clearance can be 
made when using single venous plasma concentration time 
points with extrapolation, rather than a continuous 
withdrawal technique for indocyanine green clearance in 
rabbits. 
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Schiff Base Formation with Nitrogen of a 
Sulfonamido Group 


Keyphrases Benzothiadiazones-Schiff base formation with the ni- 
trogen of a sulfonamido group Schiff bases-formation with the ni- 
trogen of a sulfonamido group Colored complexes-Schiff base for- 
mation with the nitrogen of a sulfonamido group 


T o  t h e  Editor: 
Recently an unexpected result was reported (1): A vio- 


let-colored compound was reported to have formed on 
TLC plates when benzothiadiazines (I) were sprayed with 
acidified p-dimethylaminobenzaldehyde (11). Hennig et  
al. (1) stated that the type of colored complex formed be- 


tween I and I1 was difficult to postulate, since there was 
no apparent record of Schiff base formation with the ni- 
trogen of a sulfonamido group. We have an explanation 
that attempts to rationalize the formation of this colored 
complex. 


Our studies with polythiazide (Ia) have shown that I1 
as well as acidified vanillin (IIa) form a violet-colored 
compound. We have identified this compound to be a 
product of a double aldol condensation between acetone, 
used as the solvent for spotting I, and I1 or IIa to form in 
each case, respectively, substituted distyryl ketone (V). 


Bahner and Schultze (2) reported the formation of di- 
vanillylidene acetone (Va) in a photometric estimation of 
acetone. Compound Va is yellow in alkaline solutions and 
develops into a pink-violet color when acidified with hy- 
drochloric acid. 


We have noted that a t  pH 9 polythiazide partially de- 
composes into 4-amino-2-chloro-5-(methylsulfamyl)- 
benzenesulfonamide (VI). Compound VI reacts with ace- 
tone to form a Schiff base (see Scheme). The ionized form 
of this Schiff base has an Rf = 0.55 in an ethyl acetate- 
benzene (8:2) system. When sprayed with acidified vanil- 
lin, the Schiff base hydrolyzes and the acetone thus lib- 
erated reacts with vanillin to give a violet-colored spot on 
the chromatograms. A similar reaction takes place with 
acidified p-dimethylaminobenzaldehyde used as a spray 
reagent. 


I 


acidified 


vanillin 


?JoCH, 


VI schiff base 


O\CH, 0 


/ \  
+OH 


HO-Q-CH=C~i--C--CH=CH II 


Va 
Vanillin is often used as flavoring to mask the unpleas- 


ant taste of polythiazide tablets. If the alcohol that is used 
as a granulating liquid contains acetone as an impurity, the 
reaction in the Scheme may cause an incompatability 
problem resulting in colored granules. 


(1) U. G. Hennig, R. E. Moskalyk, L. G. Chatten, and S. F. Chan, J.  


(2) F. Bahner and G. Schultze, 2. Klin. Chem., 3,10,1965; through 
Pharm. Sci., 70,317 (1981). 
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Abstract 0 The chemical stability of the antipsoriatic drug, anthralin 
(1,8-dihydroxy-9-anthrone), in solution has been studied using high- 
performance liquid chromatographic analysis. The time course for de- 
composition in solution has been correlated with that of the inhibition 
of glucose-6-phosphate dehydrogenase, one of the most widely docu- 
mented biochemical properties associated with anthralin. Solutions of 
anthralin in aqueous buffer (37O, pH 7.5, under light protection) de- 
composed completely within 4 hr giving the 10,lO’-dimer (40%), no de- 
tectable 1,8-dihydroxy-9,10-anthraquinone, and a greatly increased 
potency of inhibition of glucose-6-phosphate dehydrogenase. This in- 
creased inhibitory potency could not be explained by formation of the 
dimer which, like anthralin and its quinone, were shown to be only weak 
inhibitors of the enzyme. In acetone solution exposed to light and air, 
anthralin decomposed completely within 4 days, in part oia the dimer 
as intermediate. The final solution had the characteristic color of an- 
thralin-brown, contained the quinone (20%), and like decomposed 
aqueous solutions of anthralin, completely inhibited glucose-6-phosphate 
dehydrogenase. The results show that neither anthralin, nor either of its 
two identified decomposition products, is the potent toxic species against 
glucose-6-phosphate dehydrogenase. 


Keyphrases Anthralin-chemical instability and glucose-6-phosphate 
dehydrogenase inhibition 0 High-performance liquid chromatogra- 
phy-chemical instability and glucose-6-phosphate dehydrogenase in- 
hibition of anthralin 0 Decomposition-anthralin, chemical instability 
and glucose-6-phosphate dehydrogenase inhibition 


Anthralin (1,8-dihydroxy-9-anthrone, I) has been used 
successfully for over 60 years in the topical treatment of 
psoriasis (1-3). However, this treatment suffers from two 
main disadvantages: staining and irritation of the skin (4). 
It is well known that anthralin is unstable in solution and, 
depending on the conditions, can present a complex mix- 
ture of products and colors which have as their endpoint 
anthralin-brown (4,5). 


In view of this chemical instability, the in uitro biological 
properties which have been attributed to  anthralin itself 
might, in fact, be related to some of its decomposition 
products. Furthermore, the therapeutic action and side ,M / 1  .\ 


5 l a  . 
I 


@$ \ 


I1 


(y& / 


\ 


OH on 


111 


effects following topical application of anthralin might 
result from the decomposition of this molecule into other 
chemical species having in turn antipsoriatic, irritating, 
and staining properties. Several attempts have been made 
to study the behavior of some known breakdown products 
in test systems which are claimed to give some indication 
of antipsoriatic or potentially toxic properties (6-8). De- 
spite interest in the subject, little is known about which 
compounds play a major role in the action of this drug. 


In a reinvestigation of anthralin, the first objective was 
to evaluate the stability of the molecule, particularly in a 
physiological buffer, using high-performance liquid 
chromatography (HPLC), and to relate the findings to one 
of the most widely documented biochemical properties 
attributed to anthralin itself the inhibition of glucose- 
6-phosphate dehydrogenase (9, 10, and references 
therein) l. 


EXPERIMENTAL 


Chemicals-The following chemicals were analytical grade reagents? 
2-[4-(2-hydroxyethyl)-l-piperazinyl]ethanesulfonic acid, iso-octane, 
diisopropyl ether, methanol, ethanol, 1-butanol, 1,3-butanediol, acetone, 
acetonitrile, 2-butanone, dimethylformamide, 1 -propanol, 2-propanol, 
and acetic acid. 2-Butanol, tetrahydrofuran, and l,4-dioxane were 
chromatographic grade3. 1,8-Dihydroxy-9-anthrone (anthralin/dithranol, 
I)4 was purified by column chromatography (6). 1,8-Dihydroxy-9,10- 
anthraquinone (quinone, 11) and bi(1,8-dihydroxy-9-anthron-lO-y1) 
(dimer, 111) were synthesized5 following published procedures (7). 


Enzymological studies were performed using pure yeast glucose-6- 
phosphate dehydrogenase6, with glucose-6-phosphate and nicotinamide 
adenine dinucleotide phosphate as substrate and coenzyme, respectively7. 
All other chemicals were pure grade reagent@. 


High-Performance Liquid Chromatography-Analysis of an- 
thralin and its derivatives was performed on an HPLC systemg set at 254 
nm (reference at 500 nm), and equipped with a reversed-phase 25-cm 
columnlo, following the analytical conditions developed in this laboratory 
(11). In all experiments, samples (15 pl, either aqueous or organic solu- 
tions) were injected directly into the chromatographic system without 
previous solvent extraction. 


Measurements of Glucose-6-phosphate Dehydrogenase Activ- 
ity-All incubation experiments of glucose-6-phosphate dehydrogenase 
with anthralin and its derivatives were performed in a Ringer buffer 
composed of 140 mM NaC1,5.2 mM KCl, 2.8 mM CaC12.1.3 mM MgS04, 
and 20 mM 2-[4-(2-hydroxyethyl)-l-piperazinyl]ethanesulfonic acid at 
pH 7.5. In this buffer, the enzymatic activity remained almost constant 
over a 2-hr period at 37O. Before starting the experiments, the commercial 
enzyme suspension was diluted 300-fold in cold Ringer buffer and kept 
a t  0’. 


Time Course of the Influence of Anthralin, Dimer, and Quinone on 


~~ ~ ~ 


’ This study was presented in part a t  the “Anthralin Symposium” Sophia- 
Antipolis, France, Oct. 1980. 


Merck. 
Carlo Erba. 
Bayer. 
Laboratoires de Recherches Fondamentales, L’OrBal, Aulnay-sous-Bois, 


Enzyme Commission Number 1.1.1.49, yeast enzyme, grade 11, Boehringer. 
Boehringer. 
Prolabo. 
Model 1084 B. Hewlett-Packard. 


France. 


lo Merck Lichrosorb R T  250-4/5 pm/RP 18. 
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Figure 1-Time course of the decomposition of anthralin in acetone 
(initial concentration = 0.5 mglml = 2.2 mM, 2 5 O ,  continuous exposure 
to artificial light): inhibitory potency against glucose-6-phosphate 
dehydrogenase (A) and chemical composition of the medium as assayed 
by HPLC (B). Key: (0) percent of inhibition obtained by incubating the 
enzyme with I % of the acetone solution for 5 min; (e) concentration 
of anthralin; (A) concentration of dimer; (D) concentration of qui- 
none. 
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Figure 2-Activity ofglucose-6-phosphate dehydrogenase as a function 
of time of incubation with a solution of anthralin (A) (10 pglml in 1 % 
acetone-Ringer buffer, pH 7.5,37', light protection), and the concurrent 
chemical composition of the medium, as determined by HPLC (B). Key: 
(0) percent of control enzymatic activity (the enzyme and anthralin 
were added a t  time zero); (e) concentration of anthralin; (A) concen- 
tration of dimer. 


(final volume = 3 ml, theoretical anthralin concentration 10 balm1 = 44.2 


Activity of ~ ~ u c o s e ~ ~ ~ p h o s p h a t e  Dehydrogenase--The incubation 
medium (final volume = ml) consisted of 2.92 ml of Ringer buffer, 5o 
p1 ofenzyme solution, 30 of a mg/ml solution of anthalin, dimer, 
or quinone in acetone to give a final concentration of 10 pg/ml in the in- 
cubation medium. T~~ test solutions and one control solution (to which 


at 370 in a water bath under light protection. The first test solution was 
then immediately analyzed by HPLC. To the second test solution and 
its control was added 50 of mM nicotinamide adenine dinucleotide 
phosphate (final concentration o.17 mM = 3 K, under the present 
conditions)ll and 50 pl of 18.6 g~ucose~6-phosphate (final concen- 
tration 0.31 m~ = 3 K ~ ) u ,  and the appearance of reduced nicotinamide 
adenine dinucleotide phosphate was immediately measured by its optical 
density a t  340 nm a t  370L2. 


At time zero of incubation. the control activitv in the incubation me- 


pM) maintained under light protection a t  37' for an additional 5-min 
period. Enzymatic activity was measured as described earlier. T o  the 
second solution, 50 r1  of enzyme solution was added and the mixture 


Time Course of Decomposition in Acetone and  Inhibition of Glu- 


to a final concentration of 0.5 mg/ml. The solution was continuously 
exposed to air and artificial light13 a t  25' for a period of up to 1 week. At 
selected times the chemical composition of the medium was analyzed by 
HPLC, and its inhibitory potency against the enzyme was assessed by 
adding 30 ~1 of the acetone solution to a mixture of 2.92 ml of Ringer 
buffer and 50 r l  of enzyme solution. The medium (final volume = 3 ml, 
theoretical anthralin concentration 5 pg/ml = 22.1 pM) was maintained 
in a water bath at 37" for 5 min, and the enzymatic activity determined 
as described 


by HPLC as described previously. 


acetone alone had been added) were kept for each specified tirne period cose-6-phosphate Dehydrogenase-Anthralin W a s  dissolved in acetone 


dium (expressed as the variation of optical density per minute) was 
0.21-0.23 AOD/min. Due to the presence of 1% acetone, this control ac- 
tivity decreased with increasing incubation time (to 5Wo of initial activity 
after 5 hr of incubation). To eliminate this unspecific solvent effect, each 
determination of the activity in the presence of anthralin or derivatives 
was corrected using the control activity in the presence of acetone alone 
a t  the same incubation time. 


Time Course of Decomposition in Ringer Buffer and Znhibition of 
Glucose-6-phosphate Dehydrogenase-Duplicate solutions (30 pl of 1 
mg anthralin/ml of acetone added to 2.92 ml of Ringer buffer) were kept 
for each selected time period at 37' in a water bath under light protection. 
To one solution, 50 r l  of enzyme solution was then added and the solution 


11 Under the present conditions ( i . e , ,  Ringer buffer at pH 7.5 and 37"), the a 
parent Michaelis constanta of glucose-6-phosphate and nicotinamide adenine 4: 
nucleotide phosphate were determined and found to be 0.1 mM and 0.05 mM, re- 
spectivel 


MoJel UV 25 spectrophotometer, Beckman. 


RESULTS AND DISCUSSION 
Selection of a Ringer Buffer-Solvent System-Despite the pres- 


ence of the polar groups a t  C-I, C-8, and C-9, the anthralin molecule is 
quite lipophilic in nature. Consequently, an aqueous solution of anthralin 
(suitable for enzymological studies) must be prepared by adding a small 
volume of a concentrated solution of anthralin in an  organic solvent to 
the aqueous medium. The criteria for a suitable organic solvent were 
solubility and relative stability of anthralin, water miscibility, and 
compatibility with the enzyme. Acetone was selected as the most suitable 
solvent (Table I). Stock solutions of anthralin (0.5 mg/ml or 1 mg/ml) in 
acetone could be used within 3 hr following the preparation. 


The chemical decomposition of anthralin in acetone (0.5 mg/ml) was 
investigated over a I-week period (Fig. lBIL4. At 2 5 O ,  continuous exposure 


l 3  Mazda lamp, 75 watts. 
l4 In all figures presented in this paper, each point is representative of one ex- 


periment. 
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Figure 3-Time course of the decomposition of anthralin in aqueous 
buffer (initial concentration = 10 pg/ml in 1 % acetone-Ringer buffer, 
pH 7.5, 37', light protection): inhibitory potency against glucose-6- 
phosphate dehydrogenase (A) and chemical composition of the medium 
as assayed by HPLC (B). Key: (0) percent of inhibition obtained by 
incubating the enzyme with the medium for 5 min; (0) concentration 
of anthralin; (A) concentration of dimer. 


of the solution to light led to the decomposition of anthralin, in part uia 
the dimer, and gave a final solution containing 20% quinone and having 
the characteristic color of anthralin-brown. For the studies in aqueous 
buffer, a 1% acetone-Ringer buffer system, in which the enzyme com- 
patibility was even better than a t  2% (Table I), was finally selected. 


Time Dependence of Decomposition of Anthralin with En- 
zyme-The time dependence of the decomposition of anthralin in Ringer 
buffer and of the inhibition of glucose-6-phosphate dehydrogenase with 
enzyme present in the medium is as follows: Anthralin is unstable in 
aqueous solution at  pH 7.5, irrespective of the organic solvent vehicle. 
When kept in 1% acetone-Ringer buffer a t  37' under light protection, 
anthralin completely decomposed within 4 hr (Fig. 2B), undergoing, in 
part, oxidation to the dimer (40%), but not to detectable quantities of its 
quinone. The presence of glucose-6-phosphate dehydrogenase did not 
influence this process, since very similar results were obtained either in 
the presence (Fig. 2B) or in the absence (Fig. 3B) of enzyme in the Ringer 
buffer solution. 


The corresponding time course of inhibition of glucose-6-phosphate 
dehydrogenase by anthralin (at its upper limit of solubility of 10 pg/ml) 
showed an initial slight inhibition (-15%) (Fig. 2A) which was rapidly 
established and lasted for -1 hr, followed by an increasing inhibition, 
which was complete after 3 hr of incubation. Therefore, it was intriguing 
to speculate why enzyme inhibition should be initially maintained and 
then increased to reach its maximum over a 3-hr period, since HPLC 
analysis showed that anthralin Was 25% degraded even after 30 min. The 
maintenance of the level of enzyme inhibition during the first phase could 
indicate that anthralin interacted slightly but irreversibly with the en- 
zyme. 


The second, slowly rising phase could be explained by the breakdown 
of anthralin into highly toxic species, which were responsible for the total 
destruction of enzymatic activity. Since the dimer was formed, it could 
have been suspected as being the highly toxic anthralin derivative. A 
solution of pure dimer (10 pg/ml = 22.1 pM) was prepared in 1% ace- 


0 0 
-------- p.0 0- 


0 


Figure 4-Activity of glucose-6-phosphate dehydrogenase as a function 
of time of incubation with a solution of dimer (A) (10 pglml in 1 % ace- 
tone-Ringer buffer, pH 7.5,37', light protection), and the concurrent 
chemical composition of the medium, as assayed by HPLC (B). Key: (0) 
percent of control enzymatic activity (the enzyme and dimer were added 
at time zero); (A) concentration of dimer. 


tone-Ringer buffer, a t  pH 7.5 and kept a t  37' under light protection in 
the presence of the enzyme. At selected intervals, the composition of the 
medium was determined and the enzymatic activity was measured. The 
dimer was essentially stable over 2 hr (Fig. 4B) and caused only a modest, 
stable inhibition (10-20%) of glucose-6-phosphate dehydrogenase (Fig. 
4A). Similar results were obtained with pure quinone (10 pg/ml, not 
shown). 


These results demonstrate that the dramatic inhibition of glucose- 
6-phosphate dehydrogenase by anthralin solutions cannot be explained 
by the formation of dimer (40%), and suggest that one (or more) other 
unidentified breakdown products must be the toxic species. These 
breakdown products could not be detected under the present analytical 
conditions. 


Time Dependence of Decomposition of Anthralin without En- 
zyme-The time dependence of the decomposition of anthralin in Ringer 
buffer, without enzyme and the inhibitory potency of the medium against 
glucose-6-phosphate dehydrogenase is as follows: Solutions of anthralin 


Table I-Stability Properties of Anthralin in  P u r e  Solvents and  
Compatibility of Solvent with Glucose-6-phosphate 
Dehydrogenase 


Enzyme 
Compatibilityb 


(percent 
Solvent Stability" solvent) 


Methanol - -  
1-Propanol -- 
1,3-Butanediol -- 
Dimethylformamide -- 


2 Ethanol - 
1 2-Propanol - 
0 1-Butanol - 
0 Tetrahydrofuran - 


2-Butanol + 0 
1,4-Dioxane + 1 
Acetonitrile + 1 
Acetone ++ 2 
2-Butanone ++ 1 
Acetic acid ++ 0 


ND' 


a After 3 hr of exposure to day light at room temperature, the percentage of initial 
anthralin (0.5 mg/ml solvent) which has decomposed is >15% (- -), between 5 and 
15% (-), between 1 and 5% (+), <1% (++). * Enzyme compatibility with solvent 
is expressed as the maximum percentage of solvent in the incubation medium, for 
which <lo% of initial enzymatic activity is lost after 30 rnin of incubation at 37". 


Not done. 
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in 1% acetone-Ringer buffer (10 fig/ml) were left for appropriate periods 
a t  37” under light protection in the absence of enzyme. The enzyme in- 
hibitory potency of the aged solutions was assayed by adding glucose- 
6-phosphate dehydrogenase for an additional incubation period of 5 
min. 


The results shown in Fig. 3 indicate that the gradual disappearance 
of anthralin during the first 30 min was responsible for the concomitant 
decrease in the enzyme inhibitory potency of the solution. The reap- 
pearance of a stronger inhibitory activity, however, is in striking contrast 
with the complete degradation of anthralin which occurred during the 
following 2-3 hr and, as already noted, could not be attributed to the 
formation of the dimer. 


Similarly, when anthralin was left in acetone (0.5 mg/ml) for several 
days under continuous exposure to light (Fig. l ) ,  the final dark brown 
solution, which was totally devoid of anthralin or dimer, showed a strong 
toxicity against glucose-6-phosphate dehydrogenase (Fig. 1A). Incubation 
of 1% of the acetone solution with the enzyme in Ringer buffer (5 min) 
resulted in a total destruction of enzymatic activity, which could not be 
explained by the presence of quinone. 


CONCLUSION 


Using a highly sensitive and reproducible HPLC assay, additional 
evidence has been given for the chemical instability of anthralin in so- 
lution, particularly aqueous media. In acetone solution over long periods, 
anthralin decomposes, in part uia the dimer, to give a final solution 
containing 20% quinone. In aqueous media at pH 7.5,37O, and under light 
protection, the corresponding dimer (but not quinone) is formed. Near 
their upper limit of solubility in Ringer buffer, anthralin, dimer, and 
quinone interact with glucose-6-phosphate dehydrogenase, but this in- 
teraction leads to a fairly modest decrease of enzymatic activity. The 
dramatic changes regarding inhibition of the enzyme cannot be explained 
by the formation of dimer from anthralin and suggest that  other break- 
down products, unidentified as yet, must be the most active derivatives 


against glucose-6-phosphate dehydrogenase. Thus, if neutral aqueous 
buffers are used for the investigation of the mode of action of anthralin, 
the chemical instability of this molecule and the possible interference 
of highly active breakdown products should be kept in mind. Therefore, 
both in uitro and in viuo data should be interpreted cautiously. 
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Abstract  A series of steroidal oxazoline derivatives, containing dif- 
ferent chains attached to the heterocyclic ring, were synthesized and 
examined for in vitro effect on bovine pancreatic ribonuctease activity. 
The results indicated weak anabolic properties for all products except 
Compounds I11 and XI1 which showed mild catabolic activities. 


Keyphrases 0 Oxazoline-steroidal derivatives, synthesis and in vitro 
effect on bovine pancreatic ribonuclease activity 0 Derivatives-steroidal 
oxazoline, synthesis and in uitro effect on bovine pancreatic ribonuclease 
activity 0 Ribonuclease activity-bovine, pancreatic, steroidal oxazoline 
derivatives, synthesis and in uitro effects 


In connection with a program studying modified ste- 
roids, a variety of N,N-disubstituted aminoethyl ethers 
of 6-phenyl, benzyl, or thiazolidinyl-17P-estradiol were 
synthesized and tested for antiestrogenic properties (1). 
In addition, various androgenic and estrogenic keto-ste- 
roids were converted into the corresponding 4-substi- 
tuted-3-thiosemicarbazone (2) and acylhydrazone (3-5) 
derivatives, and the products evaluated for anticancer (2, 
4) and endocrinological (2,3,5) activities. 


Extending the studies to steroids containing fused 
heterocyclic systems, the synthesis of a series of 2’-thio- 
17-oxoestra-1(10),4-dieno[2,3-d]oxazolines (V, VII, IX, 
and XI) and the corresponding estra-l,5( 10)-dieno[4,3- 
d]oxazolines (VI, VIII, X, and XII), possessing methyl or 
N,N-disubstituted aminoethyl moieties in the heterocyclic 
ring, was undertaken1. The in uitro effect of the product 
on the activity of the bovine pancreatic ribonuclease was 
evaluated as a preliminary measure for their anabolic and 
catabolic properties (6) (Scheme I). 


RESULTS AND DISCUSSION 


Chemistry-The 2- (I) and 4-aminoestrones (II), prepared by re- 
duction of the 2- and 4-nitroestrones (7) with sodium dithionite in al- 
kaline medium (8), were treated with carbon disulfide and potassium 
hydroxide in boiling ethanol to produce 2’-thio-17-oxoestra-1(10),4- 
dieno[2,3-d]oxazoline (III), and 2’-thio-17-oxoestra-1,5( 10)-dieno[4,3- 


This paper constitutes Part VII of the series on Steroidal Derivatives: Part VI 
is Ref. 5. 
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deviation was observed suggesting that higher aggregates exist in System 
B. The data for the system, therefore, were treated by a nonlinear least- 
squares fit to Eq. 2. The best fit was obtained for the monomer-tetra- 
mer-hexamer model in the organic phase. The estimated association 
constants were Kb = 9.96 X lo2 M-3,  &= 4.79 X M-5.  The distri- 
bution isotherm based on these constants is in good agreement with the 
experimental data (Fig. 2). Figure 4 shows the distribution of deoxycholic 
acid among its various forms in Solvent System B. 


In studies with the methylester of deoxycholic acid (2), it was found 
that the methylester exists as monomers and dimers in chloroform (K2 
= 14.0 A4-l) and monomers and tetramers in carbon tetrachloride (Kr  
= 2.8 X lo5 M F 3 ) .  Although no report was found in the literature for 
comparison with the present observations, a qualitative comparison can 
be made with the data derived previously (2). In pure octanol, hydrogen 
bonding interactions between solvent molecules and the hydroxyl and 
carboxyl groups of the bile acid are considerable. Consequently, this in- 
teraction precludes any appreciable self association of steroidal mono- 
mers. Solvent System A is a solvent of low polarity. Octanol is, therefore, 
expected to self associate to a significant extent in this solvent system 
(7). Thus, there is likely to be only weak interaction between 1-octanol 
and bile acid molecules. This leads to self association of solute molecules 
either between hydroxyl groups, carboxylic acid groups, or both. I t  was 
found in the preceding study (1) that under the condition of the experi- 
ment it is the free acid form that is partitioned in the organic phase. An 
acid form, because of its relatively more polar nature compared to the 
ester form, is expected to associate more strongly. 


Even higher aggregation is expected, therefore, in Solvent System B, 
since this solvent is even less polar than Solvent System I. The organic 
phase has been rendered less polar, by increasing the isooctane concen- 
tration and by substituting 1-octanol (dielectric constant 10.34) with 
chloroform (dielectric constant 4.81). 


These results have important significance in terms of mixed micelles 
of bile salts with lecithin (8). In a low dielectric inert medium such as the 
interior of a lecithin bilayer or liposome, pairwise association of bile salt 
molecules hydrogen-bonded to each other through their hydroxyl and/or 
carboxylic acid groups is plausible. Such a mixed disk model for bile salt 
lecithin micelles in which hydrogen bonded bile salt anion pairs are found 
within the interior of the micelle has been proposed previously (9). It 
cannot be decided on the basis of the present or previous (9) work whether 


the associated species are bile salt anions or free acid molecules. Molecular 
models suggest that the hydroxyl groups on the trihydroxy bile acids and 
dihydroxy bile acids can align to  form hydrogen bonded pairs. It was 
suggested (10) that this hydrogen-bonded pairing occurs in aqueous 
solvents. However, it has been shown (1, l l )  that in aqueous solution, bile 
salts are associated by hydrophobic forces. The previous hydrogen- 
bonded pairing model (10) appears to be the most likely structure in a 
low dielectric, nonhydrogen-bonded medium. The partition of bile salts 
from an aqueous to a lipid membrane phase would thus involve an in- 
version from hydrophobic back-to-back association in the aqueous phase, 
to hydrogen-bonded association in the lipid phase. 
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Abstract0 Two pilot studies were performed to determine if oral phe- 
nothiazine products could generate a significant increase in serum levels 
of the hormone prolactin. The two studies employed three and four 
healthy normal male subjects, respectively. In the first study the subjects 
received a screening dose, a placebo, one 8-mg perphenazine tablet, and 
two 8-mg perphenazine tablets. In the second study, the subjects were 
dosed with two 10-mg amitriptyline tablets, one 10-mg amitriptyline 
tablet with one combination tablet containing 10 mg of amitriptyline and 
4 mg of perphenazine, and two combination tablets, each containing 10 
mg of amitriptyline and 4 mg of perphenazine. In both cases the drug 
treatments produced a significant rise in the serum prolactin levels versus 


a placebo or control. This increase was defined as a prolactin response. 
The possible utility of this response in bioavailability testing is dis- 
cussed. 


Keyphrases 0 Prolactin-serum prolactin level increase following ad- 
ministration of perphenazine oral dosage forms, application to  bio- 
availability testing 0 Bioavailability-application to testing, serum 
prolactin level increase following administration of perphenazine o 
Perphenazine-oral dosage forms, serum prolactin level increase fol- 
lowing administration, application to bioavailability testing 


An adequate methodology for determining the bio- 
availability and bioequivalence of phenothiazine dosage 
forms has been sought for some time. The phenothiazines 


are a vital psychopharmaceutic tool in combating mental 
and emotional illnesses. In addition, these drugs are pro- 
duced and marketed in a very large number of dosage 
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Figure 1-The mean prolactin response versus time over a n  8-hr 
postdrug period for three healthy, normal male subjects dosed with a 
placebo capsule (0); an 8-mg perphenazine tablet (A); two 8-mg per- 
phenazine tablets fm). 


forms. Also, several of the most frequently prescribed 
phenothiazines recently have lost patent protection or shall 
lose this protection in the near future. Hence, an adequate 
testing methodology for the phenothiazines is of critical 
importance. The present report presents data that should 
lead to the establishment of a meaningful, reliable, re- 
producible methodology of phenothiazine bioavailability 
and bioequivalence evaluations. 


Traditionally, methods of assessing the major tran- 
quilizers have centered around detection of the parent drug 
and metabolites in plasma by chemical assay. This ap- 
proach has been based on the assumption that detectable 
plasma drug levels are adequately reflective of drug con- 
centrations at  critical sites in the central nervous system. 
There has been work published that suggests that this 
assumption may be incorrect (1,2). 


The mechanism of action of the phenothiazines has re- 
ceived considerable attention. There is much evidence that 
the phenothiazines act through a blockade of dopaminergic 
and noradrenergic receptors (3-9). Blockade of dopami- 
nergic receptors with phenothiazines has been positively 
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Figure 2-The mean 60-480 min AUC's for the prolactin response for 
three healthy normal male subjects dosed with a placebo, one 8-mg 
perphenazine tablet, and two 8-mgperphenazine tablets (y = a1x + ao; 
y = 792.94~ + 374.17; rz  = 0.996). 


correlated with the antipsychotic effect of the phenothi- 
azines (10-14). 


Dopaminergic neurons also tonically inhibit the release 
of prolactin from the pituitary gland (15, 16). Intramus- 
cular and intravenous administration of various pheno- 
thiazine products has generated a reproducible, dose- 
dependent response: an increase in serum prolactin level 
(17,18). This increase has been attributed to the blockade 
of dopaminergic neurons (19). The change in plasma pro- 
lactin concentration to these neuroleptic agents correlates 
with their clinically observed antischizophrenic potency 
(13). 


The present study was initiated to determine whether 
oral phenothiazine dosage forms also generate a prolactin 
response, and to preliminarily assess this response as a 
bioavailabilitylbioequivalence test procedure for pheno- 
thiazine dosage forms. 


The results indicated that the oral phenothiazine doses 
dependably generated a prolactin response that was sig- 
nificantly greater than a placebo generated response. The 
method has much potential for bioavailability testing. 


EXPERIMENTAL 


Two studies were conducted to investigate changes in serum prolactin 
levels after administration of several oral phenothiazine dosage forms. 


The first study investigated the changes in serum prolactin after the 
administration of tablet perphenazine to healthy normal subjects. 


Subjects-Males (1S35 years of age) were employed as experimental 
subjects. All were classified as healthy and normal on the basis of the 
following: interview, physical examination, electrocardiograph, exercise 
stress test, chest X-ray, intraocular pressure measurement, microscopic 
urinalysis, hematology, and blood chemistry. Hematology included the 
following: red blood cell count, hemoglobin, hematocrit, mean corpuscular 
volume, mean corpuscular hemoglobin, and white blood cell count with 
differential. Blood chemistry included the following: triglycerides, serum 
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Table I-Prolactin Blood Level (ng/ml), Prolactin Response Valuesa,  and  AUC Values 


Subject 1 Subject 2 Subject 3 


Postdrug Blood Prolactin Blood Prolactin Blood Prolactin 
Time Level Response Level Response Level Response 


P l a c C  
0 ND' 


60 11.5 
120 7.4 
180 5.8 
300 9.5 
480 10.4 


60-480 A UC 


0 16.5 
60 


120 
180 
300 


9.4 
14.8 
32.5 
42.1 
43.6 - 480 


60-480 AUC 


0 23.0 
60 15.1 


120 72.3 
180 74.5 
300 47.5 
480 44.0 


60-480 A UC 


2.6 
-1.5 
-3.1 


0.6 
1.5 
73- 


21.8 
11.0 
8.3 


11.6 
14.6 
8.1 


9.9 
0.3 10.7 


-2.4 10.5 
0.9 12.8 
3.9 11.9 


13.2 - -2.6 
m3- 


8-mg Perphenazine Tablet 
20.1 


0.5 10.3 -0.4 
5.9 


23.6 
33.2 
34.7 m 


15.4 
23.3 
40.5 
29.5 - 


4.7 
12.6 
29.8 
18.8 


755;r 
Two 8-mg Perphenazine Tablets 


15.8 
6.2 16.6 5.9 


63.4 53.0 42.3 
65.6 57.8 47.1 
38.6 
35.1 m 


46.5 
27.4 


35.8 
16.7 m 


0.6 
-1.7 
-0.4 


1.5 
0.1 
Ti5 


7.0 
5.0 -2.2 


13.3 4.0 
14.4 12.9 
31.0 27.4 
18.5 20.1 


7l-m - 


7.3 
9.9 


19.8 
32.1 
28.4 
19.6 - 


3.9 
37.9 
44.3 
30.3 
19.9 m 


Prolactin response = [prolactin in sample for subject] - [subject's mean placebo prolactin over 60-480-min postdrug]. AUC's (60480 min) for three healthy male 
subject's dose with a placebo, one 8-mg perphenazine tablet, and two 8-mg perphenazine tablets. No data. 


Table 11-ANOVA f o r  Postdrug AUC Values 


Analysis of Variance for Dependent Variable 1 
Degrees of 


Source Error Term F Sum of Squares Freedom Mean Square Expected Mean Square 
(1) Mean S 11.0292 4.05176643 + 08 1 4.05176643 + 08 9.000(1) 3.000(3) 
(2) D DS 10.0762 2.41860973 + 08 2 1.20730473 + 08 3.000(2) l.OOO(4) 
(3) s 7.34801063 + 07 2 3.67400533 + 07 3.000(3) 
(4) DS 4.80061483 + 07 4 1.20015373 + 07 l.OOO(4) 


(1) 4.07313793 + 07 
(2) 3.63096503 + 07 
(3) 1.22466943 + 07 
(4) 1.20015313 + 07 


D =  (1) Placebo (2) One 8-mg perphenazine (3) Two 8-mg perphenazine 


Estimates of Variance Components 


Mean 11729.25000 
Cell Means 


135.00000 7188.00000 12806.00000 


7804.00000 7288.00000 2957.00000 
S =  (1) (2) (3) (4) 


X(0 . )  - X(. . ) 
D =  (1) (2) (3) 


X ( S . )  - X(. .) 
S =  (1) (2) (3) 


Cell Deviations 


-6574.66667 478.33333 6096.33333 


3174.33333 578.33333 -3752.66667 


60-480 min for three healthy normal male subjects dosed with a placebo, 8 mg, and 16 mg of perphenazine 


glutamic oxalacetic transaminase, serum glutamic-pyruvic transaminase, 
phosphorus, alkaline phosphatase, uric acid, albumin, blood urea nitro- 
gen, chloride, potassium, lactic dehydrogenase, calcium, bilirubin, total 
protein, glucose, sodium, albumin-globulin ratio, and creatinine. Each 
test value had to fall within the acceptable limits for the test for the 
subject to be accepted in the study. Each subject also signed an informed 
consent form prior to first participation in the study. Subjects abstained 
from any drug or drug product for the entire study. Each subject agreed 
to abstain from alcohol for 48 hr prior to each experiment. Subjects were 
not permitted tobacco for 12 hr prior to each experiment. Also, subjects 
were not to take anything orally, except water, for 10 hr prior to each 
experiment. 


The subjects reported to the facility once a week for 4 consecutive 
weeks. They arrived a t  the facility at -8 am. Each subject was briefly 
examined. The oral temperature, pulse, respiration, and blood pressure 
of each subject was determined and recorded. The predrug blood sample 
then was drawn. 


Doses and Experimental Design-All three subjects received the 
doses in the same order. The doses were as follows: ( a )  one milligram of 


perphenazine as a liquid concentrate', ( b )  one 8-mg perphenazine tablet2, 
(c) one placebo capsule, (d )  two 8-mg perphenazine tablets. The first dose 
was used as a screening dose to  prevent any hypersensitive individuals 
from receiving a larger dose. The perphenazine concentrate was admin- 
istered mixed in -175 ml of orange juice. No blood samples were taken 
from the subjects before or after the administration of this screening dose. 
The subjects were observed for any reaction that might constitute evi- 
dence of an allergic or hypersensitive response to the perphenazine. All 
of the subjects received all of the doses. 


Blood Samples-Blood samples were obtained periodically from the 
volunteers during each of the other three experiments. Prior to each dose 
administration, a predrug blood sample was obtained. Five postdrug 
samples were obtained during each experiment a t  1, 2, 3, 6, and 8 hr 
postdose. 


Each blood sample was obtained from a vein in the antecubital space 


Trilafon concentrate, 16 mg/5 ml, Schering Corp., Kenilworth, NJ 07033. 
Trilafon tablets, 8 mg, Schering Corp., Kenilworth, Nd 07033. 


Journal of Pharmaceutical Sciences I 885 
Vol. 71, No. 8, August 1982 







Table 111-Prolactin Blood Level (ng/ml), Prolactin ResponseP. and  AUC Values 


Subject 1 Subject 2 Subject 3 Subject 4 


Response Blood Response Blood Response Postdrug Blood Response Blood 
Time &vf!J Value &vf!J - Value Level Value Level Value 


0 
0' 


60 
120 
180 
300 
480 


0-480 AUC 


0 
0" 


60 
120 
180 
300 
480 


0-480 AUC 


0 
O C  


60 
120 
180 
300 
480 


0-480 AUC 


41.7 
19.9 
14.5 
17.8 
10.6 
18.6 
37.0 


-5.40 
-2.10 
-9.30 
-1.30 
17.10 
57.0 


Two 10-mg Amitriptyline Tablets 
29.7 15.2 
14.3 13.2 ~~ ~ 


11.9 -2.40 10.5 
10.7 -3.63 9.9 
10.9 4.80 8.5 
24.7 10.40 12.4 
33.6 19.30 29.3 


3351.0 


-2.70 
-3.30 
-4.70 


-.30 
16.10 


546.0 


23.5 
16.3 
14.6 
32.9 
30.2 
16.9 
22.8 


One 10-mg amitriptyline tablet and one combination tablet (10 mg amitriptyline, 4 mg perphenazine) 
35.4 12.9 16.1 23.5 
23.9 9.4 14.3 15.0 
17.7 -6.20 8.0 -1.40 11.1 -3.20 13.1 
41.3 17.40 7.0 -2.40 20.2 5.90 49.4 
58.3 34.40 25.8 16.40 80.6 66.20 fiS.2 
88.6 64.70 22.3 i i .90 79.9 65.60 43.5 
50.0 26.10 47.8 38.40 86.5 72.20 39.2 


15822.0 6639.0 22467.0 
Two combination tablets (10 mg amitriptyline, 4 mg perphenazine each) 


37.6 10.4 19.4 22.7 
30.6 8.5 14.1 15.1 
19.4 -11.20 8.5 0 9.4 -4.70 16.1 
72.6 42.00 15.9 7.40 15.6 1.50 80.6 


106.2 75.60 26.6 18.10 83.6 69.50 94.8 
73.7 43.10 33.1 24.00 101.4 87.30 75.5 
75.3 44.70 36.1 27.60 85.1 71.00 48.8 


19140.0 8247.0 25549.0 


-1.70 
16.60 
13.90 


.60 
6.50 


2820.0 


-1.90 
34.40 
50.30 
28.50 
24.20 


12930.0 


1.00 
65.50 
79.70 
60.40 
32.90 


23184.0 


' Prolactin response = [prolactin in sample] - [predrug prolactin sample]. AUC values (60480 min) for four healthy male subjects given two 10-mg amitriptyline 
tablets, one 10-mg amitriptyline tablet, one 10-mg amitriptyline and 4-mg perphenazine combination tablet, and two combination tablets. c Sample used for prolactin 
response calculation. 


using a 21-gauge thin-wall needle3 inserted into a 10-ml plain, silicone- 
coated vacuum blood collection tube4, 16 X 100 mm. Each sample tube 
was placed upright in a rack for -15 min then centrifuged5 for -15 min 
a t  3250 rpm. The serum was filtered6 and transferred to a storage tube7. 
The storage tubes were sealed, placed in a rack, and stored in an upright 
position in a freezer at -15'. 


Assay-The samples were assayed for their prolactin level using a 
prolactin radioimmunoassays that had a sensitivity of f2-3 ng/ml of 
prolactin/sample. The samples were prepared for assap and the prolactin 
concentration was determined in a gamma well scintillation counterlo. 


Calculations and Data Analysis-Several calculations were made 
once the serum prolactin was determined for each blood sample. First, 
the mean placebo prolactin concentration over time (60-480 min) for each 
of the three subjects was determined. Normally, data 0-480 min would 
have been analyzed. After the blood samples were analyzed it was dis- 
covered that the predrug prolactin levels were somewhat elevated. This 
was attributed to predrug anxiety; therefore, for this study, the predrug 
(zero) reading was ignored. Data analysis started with the 60-min sample. 
The second study employed two predrug samples. The prolactin level 
decreased in every case for the second sample verifying the earlier ob- 
servation. The appropriate subject placebo mean value was subtracted 
from each serum prolactin concentration. The resulting value was defined 
as the prolactin response for each sample. The area under the prolactin 
response curve (AUC) was calculated for the 60-480-min postdrug period. 
These AUC data were used in a statistical analysis of the experiments. 


Statistical Analysis-An ANOVA was performed on the prolactin 
response AUC's. Pairwise comparisons were made between the treat- 
ments employing a least significant difference analysis. Using a method 


3 Venoject multisample needles, 21 gauge X 3.81 cm (thin wall), Kimble-Terumo, 


Venoiect K-T-200 olain. silicon-coated vacuum blood collection tubes. 16 X 
Inc., Elkton, MD 21921. 


100 mm, f0 ml, Elkton,'MD 21921. 
Spinnette '21370-1 centrifuge, Damon/IEC Division, Needham Heights, MA 


02194. 


Glasrock Products, Inc., Fairburn, GA 30213. 
6Filter Sampler, Blood Serum Filter, Standard Model, 16 mm X 10.16 cm, 


Frozen Serum TransDort Containers. Biomedical Laboratories. Inc.. Bur- . ,  
lin ton, NC 27215. 


North Chicago, IL 60064. 
5 Prolactin RIA Diagnostic Kit, Abbott Laboratories, Diagnostics Division, 


Tracor 1285 Automatic Gamma System, Tracor Instruments, Austin, TX 
78721. 


10 Elavil tablets, 10 mg, Merck Sharp & Dohme, West Point, PA 19486. 


described previously (20), an adequate sample size estimate was calcu- 
lated for future bioequivalence studies. This estimate was set to deter- 
mine a sample size large enough to detect a difference of 20% between 
AUC's, with a = 0.05 and 0 = 0.20, Also calculated were the best-fitting 
regression line values for the mean AUC's, and the r2 value, which ex- 
pressed the amount of variation in one variable, which could be attributed 
to the second variable. 


A second study was conducted, with several differences in procedures. 
First, four subjects were employed instead of three. The criteria and 
methods used to select subjects were not changed. 


Second, different dose treatments were selected for study. Again, each 
subject received the doses in the same order: (a )  two 10-mg amitriptyline 
tabletslO, ( b )  one 10-mg amitriptyline tablet and one combination tablet 
containing 10 mg of amitriptyline and 4 mg of perphenazine", (c) two 
tablets each containing 10 mg of amitriptyline and 4 mg of perphena- 
zine. 


This dosing provided for a constant level (20 mg) of amitriptyline with 
increasing doses (0,4,  and 8 mg) of perphenazine. 


Third, the prolactin response was defined differently. The prolactin 
response was defined as the serum prolactin concentration for any sam- 
pling time minus the serum prolactin concentration from the second 
predrug sample. 


The data were treated in a manner similar to the data obtained from 
the first study, but with 0-480 min AUC's being calculated. 


RESULTS AND DISCUSSION 


The serum prolactin levels, prolactin response values, and the 60-480 
min AUC's for the first experiment are presented in Table I. Examination 
of this table reveals that  for each subject the AUC value for each exper- 
iment increased with the size of the perphenazine dose. The F value for 
the treatment variable was significant in the ANOVA. The least signifi- 
cant difference results indicated that a significantly larger prolactin re- 
sponse (p  < 0.05) was generated by both the perphenazine dosage forms 
uersus the prolactin response produced by the placebo (Table 11). There 
was not a significant difference between the prolactin responses produced 
by the two perphenazine dosage forms. Given the small sample size, this 
was not surprising. The mean prolactin response values for the three doses 
are illustrated in Fig. 1. Despite the lack of a statistically significant 


11 Triavil tablets 4-10 mg, Merck Sharp & Dohme, West Point, PA 19486. 
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Table IV-ANOVA for Postdrug AUC Values a 


Analysis of Variance for Dependent Variable 1 
Degrees of 


Source Error Term F Sum of Squares Freedom Mean Square Expected Mean Square 
(1) Mean S 30.9393 1.65090373 + 09 1 1.65090373 + 09 12.000(1) 3.000(3) 


DS 12.6304 6.45980683 + 08 2 3.22990343 + 08 4.000(2) l.OOO(4) (2) D 
(3) s 
(4) DS 
(1) 1.33128693 + 08 
(2) 7.43544953 + 07 
(3) 1.77864673 + 07 
(4) 2.55723633 + 07 


1.60078203 + 08 3 5.33594013 + 07 3.000(3) 
1.53434183 + 08 6 2.55723633 + 07 l.OOO(4) 


Estimates of Variance Components 


Mean  11729.25000 
Cell Means 
D =  (1) (2) (3) (4) 


S =  (1) (2) (3) (4) 


X(0 . )  - X(. .) 
D =  (1) (2) (3) 


X(S.1 - X(. .) s =  (1)‘ (2) (3) (4) 


1693.50000 14464.50000 19029.75000 


11673.0000 6079.0000 16187.0000 12970.0000 
Cell Deviations 


-10035.7500 2735.2500 7300.5000 


-56.2500 -5650.2500 4457.7500 1240.7500 


0 Analysis of variance for the 0-480 min postdrug AUC values for four healthy normal male subjects dosed with (a )  two 10-mg amitriptyline tablets, ( b )  one 10-mg 
amitriptyline tablet and one combination tablet containing 10 mg of amitriptyline and 4 mg of perphenazine, and ( c )  two combination tablets, a dose of 20 mg of amitriptyline 
and 8 mg of perphenazine. 


difference between the prolactin responses to the 8- and 16-mg per- 
phenazine doses, the figure demonstrates that an increase in the prolactin 
response accompanied each increase in the perphenazine dosage level. 
The best fitting linear regression equation and the mean 60-480-min 
AUC’s are assembled in the dose-effect curve (Fig. 2). More than 99% 
of the prolactin response (variation) can be explained by the changes in 
the dose of perphenazine (i.e., r2 20.99). The subject sample size estimate 
(20) calculated using these data was 24. 


Tables I11 and IV contain the data and the statistical analysis for the 
second pilot study using amitriptyline tablets and amitriptyline-per- 
phenazine combination tablets. Again, each increase in the dose level of 
perphenazine was accompanied by an increase in the size of the 0-480- 
min AUC. Also, the AUC’s for both perphenazine treatments were sig- 
nificantly larger than the AUC’s calculated for the experiments where 
amitriptyline alone was given. Figure 3 portrays the mean prolactin re- 
sponse values over time for the three dose treatments. Figure 4 illustrates 
the mean 0-480 doseaffect curve minute AUC values for the three doses. 
Also, the best fitting linear regression equation is listed. A 93% variation 


phenazine dosage levels. The subject sample size estimate calculated 


The results of these two studies support the findings of previous in- 
vestigations demonstrating increased serum prolactin following the ad- 
ministration of various phenothiazine dosage forms. The present studies, 


the solid oral dosage forms are generally the least bioavailable but most 
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in the AUC values can be accounted for by the changes in the per- 
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using these data was 30. 


0 20 however, employed oral phenothiazine dosage forms, in contrast with the 
parenteral dosage forms used earlier. This is an important addition, since 


heavily used in treatment. The present studies demonstrated that these 
oral dosage forms generated a statistically significant prolactin re- 
sponse. 10 


It can be assumed that the mechanism by which the perphenazine 
generated the increase in serum prolactin is the same as proposed earlier, 
i.e., a blockade of the dopaminergic pathways tonically inhibiting pro- 
lactin release. In this regard, less concern need be given to the active 
uersus inactive metabolites of the drug. If a product of the metabolic 


pathway, it should also exert an antipsychotic action and contribute to 
the overall clinical effect. 


Meaningful comparisons between the two studies are difficult to make. 
On the average, the 60-480 postdose A UC’s for the amitriptyline-per- 
phenazine study were larger. Amitriptyline, however, should not have 
a significant effect on dopaminergic pathways (21). A t  test was performed 
between the placebo AUC’s and the AUC’s calculated from the ami- 


z 


breakdown of perphenazine also blockades the prolactin inhibitory 0 


-?O 
1 2 3 4 5 6 7 8  


POSTDRUG TIME, hr triptyline tablet dose treatment experiments. No significant difference 
was found between these data sets. Hence, the presence of the amitrip- 
tyline appears not to add to or detract from the prolactin response pro- 
duced by the perphenazine, despite possible effect on noradrenergic 
sites. 


The data obtained in these studies have implications for screening and 
bioavailability testing of phenothiazine products. Certainly any potential 


Figure 3-The mean prolactin response versus t ime over a n  8-hr 
postdrug period tor four heal thy,  normal male subjects dosed with two 
10-mg amitriptyline tablets (0); one 10-mg amitriptyline tablet and 
one 10-mg amitriptyline-4-mg perphenat ine combination tablet (0); 
two combination 10-mg amitriptyline-4-mg perphenazine tablets 
(A). 
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Figure 4-The mean 60-480 min AUC’s for the prolactin response for 
four healthy, normal male subjects dosed with two 10-mg amitriptyline 
tablets (0 mg of perphenazine); one 10-mg amitriptyline tablet and one 
combination tablet (4-mg perphenazine and 20-mg amitriptyline); and 
two combination tablets (total of 8-mg perphenazine and 20-mg ami- 
triptyline) (y = alx + ao; y = 2167.03~ + 3061.13; r 2  = 0.931). 


phenothiazine product could be screened using the prolactin response. 
The prolactin response methodology is simpler, more economical, and 
more sensible; i t  reflects the proposed clinical effect a t  a site contiguous 
with the central nervous system. Therefore, expanded studies of this type, 
employing a larger subject sample size, could provide the basis for a 
bioavailability and bioequivalence testing methodology for all pheno- 
thiazine dosage forms. These studies could compare the prolactin re- 
sponse to a given product uersus a placebo and a standard, or one stan- 
dard product uersus another, presumably equivalent, product. Some 
further quantification of the response will be necessary prior to appli- 
cations of this methodology. It is the prolactin response, not prolactin 
blood levels, per se, that is dose-dependent for the phenothiazines, since 
intra- and intersubject variability in baseline serum prolactin levels are 


considerable. The prolactin response, however, is both reproducible and 
consistent. 
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Abstract 0 The possibility of significantly reducing toxicity of an an- 
ticancer drug such as doxorubicin by fixing it on polyisobutylcyanoac- 
rylate nanoparticles was studied. It was shown that, when the drug was 
adsorbed on nanoparticles, significant reduction of both mortality and ' 
weight loss of mice were recorded under various administration schedules. 
Furthermore, cardiotoxicity was decreased due to the poor uptake by the 
myocardium. 


Keyphrases 0 Polyalkylcyanoacrylate-toxicity of doxorubicin-loaded 
nanoparticles 0 Doxorubicin-toxicity of polyalkylcyanoacrylate nan- 
oparticles 0 Toxicity-doxorubicin-loaded polyalkylcyanoacrylate na- 
noparticles Drug carrier systems-toxicity of doxorubicin-loaded 
polyalkylcyanoacrylate nanoparticles 


The first toxicological data concerning the polyalkyl- 
cyanoacrylate nanoparticles did not demonstrate any 
distinct toxicity susceptible to hinder their use in human 
medicine (1). The aim of the present investigation was to 
reduce considerably the toxicity of an anticancer drug such 
as doxorubicin by fixing it on nanoparticles. The idea of 
using doxorubicin in association with a macromolecular 


A 15mglkgeld.y 6 12.5rnglkglday C 10rnglkglday 
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Figure I-Percent of survioing mice after intravenous administration 
on 3 consecutive days of various doses of free (e) and nanoparticle- 
bound doxorubicin (A). 


carrier such as DNA, to minimize the detrimental effect 
of this anticancer drug on normal cells, has been previously 
investigated (2,3).  


Doxorubicin, an anthracycline antibiotic, has produced 
encouraging results in the treatment of neoplastic diseases 
(4). However, it is toxic, with its most severe side effects 
involving the heart (acute and chronic cardiomyopathy), 
bone marrow, and intestine (5,6). For these reasons, and 
because doxorubicin is highly adsorbed on nanoparticles, 
this cytostatic drug was chosen as the experimental 
model. 


EXPERIMENTAL 


Polyalkylcyanoacrylate Nanoparticle Preparation-After dis- 
solution of doxorubicin' (10 mg) in 10 ml of aqueous solution containing 
100 mg of a polysaccharide2, 50 mg of citric acid, and 1 mg of calcium 
chloride, 100 pl of isobutylcyanoacrylate monomer was dispersed under 
mechanical stirring. 


After polymerization (3 hr), the resulting milky suspension was brought 
to isotonicity with 72 mg of sodium chloride. The size of the particles 
obtained was then estimated by measuring light scattering, arising from 
a laser source3. 


Measurement of Doxorubicin Linked to Nanoparticles-A 10-ml 
nanoparticle suspension was centrifuged* a t  20,000 rpm for 1 hr. Sedi- 
ment was then separated and dissolved in 10 ml of dioxane containing 
20% water. 


The content of doxorubicin was determined in both supernate and 
sediment by fluorimetric5 dosage. For this purpose, 20O-pl samples were 
diluted to 10 ml by water (for the supernate) or by dioxane (for the 
sediment) and measurements were performed using reference solutions 
of doxorubicin. 


1 Adriablastina, Montedison Farmaceutica Benelux, Bruxelles, Belgium. 
2 Dextran 70, Fison Laboratories, S.K.-RIT, Belgium. 
3 Nano-Sizer, Coulter Electronics, Harpenden, England. 
4 Beckman Centrifuge, model J-21C, Beckman Instruments, Palo Alto, Calif. 
5 Vitatron Fluorimeter, type U.F.D., Vitatron, Holland. 
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Figure %-Comparative loss of weight of the mice after intrauenous 
administration on 3 consecutive days of various doses of free (0) and 
nanoparticle-bound doxorubicin (A); (m) represents the weight of 
control mice. 
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Figure 3-Percent of surviving mice after intravenous administration 
on 2 consecutive days of various doses of free (0) and nanoparticle- 
bound doxorubicin (A). 


Toxicity Studies-Toxicity of free and nanoparticle bound doxoru- 
bicin was determined using female mice6. Bound and free drug were given 
intravenously using various dosages for 5, 3, or 2 consecutive days of 
administration. During 5 consecutive days, 3,4,5,6, and 8 mg/kg were 
given; 5,7.5,10,12.5, and 15 mg/kg were given during 3 consecutive days; 
and 12.5 and 15 mglkg during 2 consecutive days, respectively. 


If the density of the polymer was assumed to be one, the cumulative 
dose of injected nanoparticles varied between 150 and 450 mg/kg of body 
weight. 


An average of a t  least 10 mice were used per drug form in each dose 
series. The lethality was recorded 30 days after administration of the drug, 
and the weight of the mice was controlled daily. 


Tape Sectioning Technique-After ether anesthesia, mice were 
killed by immersion in liquid nitrogen and embedded in a solution of 
carboxymethylcellulose. Sagittal sections measuring between 15 and 40 
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Figure 4-Comparative loss of weight of the mice after intravenous 
administration on 2 consecutive days of various doses of free (0) and 
nanoparticle-bound doxorubicin (A); (B) represents the weight of 
control mice. 
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6 NMRI mice, Animal House K.U.L.. Heverlee, Belpium. 


Figure 5-Percent of surviving mice after intravenous administration 
on 5 Consecutive days of various doses of free (0) and nanoparticle- 
bound doxorubicin (A). 


pm were cut through the animals according to a previously described 
technique of tape-sectioning (7). 


Fluorescence Technique-After drying, the sections were examined 
with an optic microscope7 under UV light. A yellow filtera was used for 
the examination of doxorubicin fluorescence. Registration on film was 
taken on a daylight color filmg. The exposure times were automatically 
determined using a photoelectric cell incorporated in the cameralo. 


RESULTS AND DISCUSSION 


The fluorimetric dosage showed that 94% of the doxorubicin employed 
was fixed by the nanoparticles. That corresponded to 94 mg of druglg of 
polymer (confirmed by preliminary, unpublished data obtained by HPLC 
dosage). 


Figure 1 shows the mortality, 15 days after injection, of either free or 
bound doxorubicin at  doses of 15,12.5, and 10 mg/kg/day. No mortality 
was recorded when free or bound doxorubicin was given at a dose less than 
or equal to 7.5 mglkglday. Except for a dose of 15 mg/kg/day, which ap- 
peared highly toxic in both forms tested (confirming that doxorubicin 
fixed to nanoparticles remained active), the mortality noted for nano- 
particle-treated groups was always less than that recorded for the free 
drug injected groups. For example, after 12 days at  the 12.5-mg/kg/day 
dose, a 100% mortality rate was observed in the free doxorubicin group, 
as compared to the 50% mortality rate in the nanoparticle-injected group 
(Fig. 1B). 


These results were completed by controlling the weight of the treated 
animals (Fig. 2). A t  the doses of 10, 7.5, and 5 mg/kg/day, the loss of 
weight in the free doxorubicin group was significantly higher than that 
noted in the nanoparticles group (p 2 0.975). At the dose of 5 mglkglday, 
the weight loss in the free doxorubicin group was twofold higher than for 
the groups injected with the bound drug (Fig. 2A). The mortality observed 


Figure 6-Detail of a whole body fluorogram showing the heart of a 
mouse sacrificed 3 hr after the last of three injections of 10 mglkg of free 
doxorubicin. There i s  a high accumulation of doxorubicin in the mus- 
cular fibers of the heart (-) (m = muscular myocardic fibers; c = 
myocardic cavity). 


Fluorescent Microscope, Model Dialux 20, Leitz, Wetzlar, Germany. 
12 513-418, Leitz, Wetzlar, Germany. 
Kodak 400 ASA, Brussel, Belgium. 
Leitz Vario Orthomat System, Leitz, Wetzlar, Germany. 
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Figure 7-Whole body fluorogram showing the heart of a mouse sac- 
rificed 3 hr after the last of three injections of 10 mglkg of doxorubicin 
bound to nanoparticles. In comparison with Fig. 6, no fluorescence 
appears in the myocardium (m = muscular myocardic fibers; c = myo- 
cardic cavity). 


was primarily related to the intestinal toxicity of doxorubicin; the same 
mechanism was also responsible for the observed weight loss. 


Therefore, a t  a dose of 10 mg/kg/day, the weight difference between 
mice treated with free doxorubicin and those treated with the bound drug 
was likely to be underestimated (Fig. 2C). No dead mice were recorded 
in the latter group, whereas significant mortality was noted in the former 
group. Dead mice were deleted from the weight loss charts. 


When the administration schedules of both free and bound doxorubicin 
were limited to two successive injections of 12.5 and 15 mg/kg/day similar 
results were obtained. When the drug was linked to nanoparticles, sig- 
nificant differences in both mortality (Fig. 3) and weight loss (Fig. 4) were 
again observed. However, a t  the dose of 15 mg/kg/day, the weight loss 
difference (Fig. 3B) between the two experimental groups was underes- 
timated for the same reasons mentioned previously. 


Figure 5 shows the variance in time of the survival rate of the animals 
after five consecutive injections of 5 and 8 mg/kg/day of both free and 
bound doxorubicin, respectively. Three hours after the last of three daily 
injections of LO mg/kg of body weight of both free and bound doxorubicin, 
mice were killed and sectioned. After drying, the sections were examined 
under a fluorescent microscope to determine which organs presented an 
orange-red fluorescence due to the presence of doxorubicin. Because a 
side effect of doxorubicin involved the heart, the investigations concen- 
trated on the cardiac tissue. Figure 6 shows a high amount of cytostatic 
behavior in the cardiac muscle when free drug was injected into the ani- 
mal. By contrast, no fluorescence was found in the myocardium after 
administration of the same dose of doxorubicin bound to the nanopart- 
icles (Fig. 7). Examination of other organs confirmed the high uptake 
capacity of the nanoparticle adsorbed doxorubicin by the lung (Fig. 8) 
and liver, while the free drug seemed to show less fluorescence in these 
tissues. It appears that nanoparticle bound doxorubicin has a preferential 
distribution for organs such as the liver and lung, with significantly less 
distribution in the heart. 


CONCLUSIONS 


These results show a significant decrease of doxorubicin’s toxicity when 
fixed to nanoparticles. This decrease corresponds to both a diminution 


Figure 8-Detail of whole body fluorogram of a mouse sacrificed 3 hr 
after the last of three injections of 10 mglkg of doxorubicin bound to 
nanoparticles. Inversely to Fig. 6, fluorescence is retained in the lung 
(-+). 


in weight loss and to a higher survival rate in mice after administration 
of bound doxorubicin for various doses and administration schedules. 
In addition, the absence of doxorubicin fluorescence in the cardiac muscle 
when the drug was adsorbed on the nanoparticles can be of interest, 
considering the important cardiotoxicity of the drug. However, these 
observations were made on a limited number of animals and should be 
completed with a larger number of specimens injected under various 
administration schedules, dose, and time before sacrifice. It should be 
noted that the use of polyalkylcyanoacrylate nanoparticles as the drug 
carrier can reduce considerably the inherent toxicity and side effects of 
a cytotoxic drug and could be useful in cancer chemotherapy. 
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The formulation of pharmaceutical vitamin products 
having adequate physical and chemical stability as well as 
suitable taste, odor, color, and freedom from bacterial 
contamination can entail numerous problems arising from 
the differing physical form, stability, and solubility char- 
acteristics of the individual vitamins. For liquid products, 


choice of the optimal pH is a crucial factor. Interactions 
between some of the vitamins and between vitamins and 
other product constituents must also be considered. Suc- 
cessful development of vitamin products requires knowl- 
edge of the fundamental aspects of the physical and 
chemical properties of the various forms of the vitamins 
available, the use of adequate techniques of manufacture, 
and the addition of suitable manufacturing overages based 
on critical stability studies. 


SOLUBILITY OF THE VITAMINS 
Vitamins are categorized into two general groups: fat- 


soluble and water-soluble. The fat-soluble vitamins include 
vitamins A, E, and K and cholecalciferol (vitamin D). Vi- 
tamin A is available as the free alcohol, retinol, and its 
acetate, palmitate, and propionate esters. Vitamin E is 
listed by USP as both d -  and dl-forms of tocopherol and 
its acetate and acid succinate esters. Cholecalciferol is 
normally utilized in pharmaceuticals as ergocalciferol 
(vitamin D2) or cholecalciferol (vitamin D3), both of which 
are equally active in humans. Oil-soluble forms of vitamin 
K include phytonadione (vitamin KI) ,  menadione, 
menadiol diacetate, and menadiol dibutyrate. Jncorpora- 
tion of fat-soluble vitamins into an aqueous preparation 
requires the use of an efficient emulsifying agent (e .g . ,  
polysorbate 80) to produce homogeneous and physically 
stable formulations. In the case of vitamin K, there are a 
number of water-soluble forms such as menadiol sodium 
diphosphate, the dipotassium salt of menadiol disulfate, 
and menadione sodium bisulfite. 


Solubilities of the water-soluble vitamins at 25" in water 
are listed in Table I. For several of the relatively insoluble 
vitamins such as riboflavin and biotin, the solubility is 
dependent on the nature of the crystal structure. For acids 
such as biotin and folic acid, addition of alkali significantly 
increases solubility. In the case of biotin it is possible to  
prepare a 20% aqueous solution of the sodium salt by this 
method. Figure 1 illustrates the increasing solubility of 
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Table I-Solubility of Vitamins in Water  at 25" 


mg/ml 


Panthenol Freely soluble 
Thiamine hydrochloride 1000 
Thiamine mononitrate 27 
Niacinamide 1000 
Sodium ascorbate 620 
Ascorbic acid 333 
Calcium pantothenate 356 
Pyridoxine hydrochloride 220 
Riboflavin-5'-phosphate sodium 43-112 
Riboflavin 0.066-0.33 
Cyanocobalamin 12.5 
Biotin 0.3-0.4 
Folic acid 0.0016 


folic acid with increasing pH and shows the solubilizing 
effect on folic acid of gentisic acid ethanolamide as related 
to pH (1). An amorphous form of d-calcium pantothenate 
was reported (2) to dissolve -10% faster than the crystal- 
line form in aqueous media (pH 7.0 buffer). 


STABILITY CHARACTERISTICS OF T H E  VITAMINS 


Factors influencing the stability of the individual vita- 
mins and their relative effects on different forms of a 
particular vitamin are listed in Table 11. Although tem- 
perature is not mentioned in the tabulation, it is normal 
that an increase in temperature will accelerate any of the 
decomposition reactions. Macek (5) has reviewed the 
stability problems encountered with some vitamins. 


A number of the vitamins may be classified as stable 
since they usually present no major problems regarding 
stability in pharmaceutical dosage forms. These include 
cholecalciferol, vitamin E acetate or acid succinate, biotin, 
niacin or niacinamide, pyridoxine, and riboflavin. The 
labile vitamins which are likely to present problems of 
instability in dosage forms are vitamin A (retinol and re- 
tiny1 esters), vitamin K, ascorbic acid, cyanocobalamin, 
folic acid, pantothenic acid, panthenol, and thiamine. 


The presence of one or more double bonds in the struc- 
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Figure 1-Solubility offolic acid versus p H .  Key: (A) with no solubi- 
lizer, (B) with 3% gentisic acid ethanolamide. 


Table 11-Stability Characterist ics of Vitamins 
Vitamin A sensitive to atmospheric oxygen (retinol less 


stable than its esters); trace metals catalyze 
decomposition; inactivated by UV light; 
isomerizes a t  acid DH: stable in alkali: in 


Cholecalciferol 
(vitamin D) 


Vitamin E 


Vitamin K 


Ascorbic acid 
(vitamin C) 


Biotin 


Cyanocobalamin 
(vitamin Biz) 


Folic acid 


Niacin and 


Calcium 


Pan thenol 


Pyridoxine 


Riboflavin 


niacinamide 


pantothenate 


(vitamin Be) 


(vitamin Bz) 


Thiamine 
(vitamin B1) 


aqueous dispersions palmitate ester more 
stable to heat than retinol <pH 5.5; 
palmitate most stable ester under moisture 
stress; stabilized by antioxidants and 
protective coatings. 


sensitive to atmospheric oxygen; trace metals 
and carriers with acid surface activity 
catalyze isomerization or decomposition; 
generally more stable than vitamin A; 
stabilized by antioxidants and protective 
coatings. 


tocopherol sensitive to atmospheric oxygen, 
especially in alkali and sensitive to UV light; 
esters very stable. 


fairly stable to heat; decomposed by sunlight 
and alkali. 


stable when dry; readily oxidized in solution; 
decomposition catalyzed by metal ions 
(copper and iron); greatest instability a t  
-pH 4. 


stable to air and acid and at neutral pH; 
slightly unstable in alkali. 


decomposed by oxidizing and reducing agents; 
slightly unstable in acid or alkaline solution; 
ascorbic acid and thiamine-niacinamide 
accelerate the decomposition; sensitive to 
light in very dilute solutions for assay. 


unstable <pH 5; decomposed by sunlight and 
riboflavin; decomposed by reducing agents. 


normally very stable. 


unstable in acid (< pH 5) and alkali; 
maximum stability a t  pH 6-7. 


more stable than calcium pantothenate a t  
_<pH 5. 


normally very stable; metal ions can catalyze 
decomposition; dilute solutions for assay are 
sensitive to light. 


stable in acid solution; unstable in alkaline 
solution; sensitive to light, especially in 
alkaline solution or in very dilute acid 
solutions for assay; decomposed by reducing 
agents. 


increasingly unstable in solution as pH rises; 
decomposed by oxidizing or reducing agents; 
cleaved by sulfite very rapidly a t  high pH 
(Ref. 3); hydrochloride more hygroscopic 
than mononitrate (Ref. 4). 


tures of vitamin A, cholecalciferol, and phytonadione 
makes them subject to isomerization under conditions 
frequently encountered in pharmaceutical products. For 
example, vitamin A undergoes isomerization in aqueous 
preparations at  an acid pH. Vitamin A added to such 
products as essentially the all-trans form will isomerize 
on storage to an equilibrium mixture of approximately 
two-thirds all-trans and one-third cis isomers, the pre- 
dominant cis isomer being 2-cis or neovitamin A, which 
has biological activity of 75% of that of the all-trans isomer. 
Lesser amounts of the 6 4 s  and 2,6-di-cis isomers may also 
form. The latter have only -23% of the biological potency 
of all-trans vitamin A. Lehman et al. (6) have reported on 
the extent of isomerization that occurs in stored multivi- 
tamin drops. Equations have been proposed (7, 8) for 
calculating the biological potency of the isomerized vita- 
min A from the maleic values determined by Carr-Price 
colorimetry before and after reaction of vitamin A with 
maleic anhydride, in which isomers having a cis configu- 
ration a t  the terminal double bond (the 2-position) do not 
react to form an adduct. 


Vitamin A suppliers have made available mixtures of 
vitamin A palmitate isomers at  the equilibrium ratio of 
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two-thirds all-trans and one-third cis for use in aqueous 
products where isomerization is known to occur (9). With 
such use, the drop in potency by USP assay due to iso- 
merization does not occur in the multivitamin product and, 
consequently, the stability of vitamin A in the product is 
somewhat better with the preisomerized mixtures than 
with all-trans vitamin A. Figure 2 illustrates this advan- 
tage of the preisomerized equilibrium mixture over all- 
trans vitamin A palmitate in a number of multivitamin 
drop preparations a t  pH 5.0 stored at  room temperature 
for 12 months. On the average, after 6-12 months, vitamin 
A retention is 7% greater with the preisomerized vitamin 
A. A similar difference was found in storage tests a t  45'. 


The reversible isomerization reaction in solutions of 
cholecalciferol has been discussed by Keverling Buisman 
et al. (10). In this reaction an equilibrium is formed over 
time between ergocalciferol and precalciferol, the equi- 
librium ratio of the isomers being dependent on temper- 
ature. The isomerization rates of ergocalciferol and 
cholecalciferol are virtually equal (11) and are not in- 
fluenced by the solvent, acidity, UV light, catalysts, and 
free-radical reaction inhibitors (12, 13). 


Inactive byproducts that may be present from the irra- 
diation process used for manufacture of cholecalciferol, 
such as tachysterol, isotachysterol, and trans- cholecalci- 
ferol, give the same pink color with Nield's reagent used 
for assay of ergocalciferol plus precalciferol. The inter- 
ference by tachysterol and trans- cholecalciferol can be 
eliminated by forming an adduct of those compounds with 
maleic anhydride, which can be done in 30 min a t  20'. 
Isotachysterol can be estimated after formation of adducts 
of ergocalciferol and precalciferol with maleic anhydride 
by heating for 3 hr at  100'. Isotachysterol does not react 
significantly with maleic anhydride (14) under these 
conditions. 


In a series of papers, Takahashi and Yamamoto (15) 
studied the isomerization of ergocalciferol that occurs in 
powders prepared with various excipients such as CaS04, 
CaHP04, talc, aluminum silicate, and magnesium trisili- 
cate. This isomerization is catalyzed by the surface acid of 
the excipients. Compounds such as monoethanolamine 
and polyoxyethylene glycol 4000, which are able to reduce 
the surface acidity of the excipients, act as stabilizers of 
ergocalciferol. Storage of ergocalciferol powders at  high 
humidity increases their stability because the surface 
acidity is reduced through absorption of moisture. How- 
ever, coating agents such as shellac, ethylcellulose, or cel- 
lulose acetate phthalate were unable to prevent the 
isomerization of the vitamin. The isomers identified were 
5,6-trans-ergocalciferol, precalciferol, isocalciferol, a cis 
isomer of isocalciferol, isotachysterol, and tachysterol. 


Phytonadione, having a double bond in the side chain, 
exists in the form of both trans and cis isomers. The trans 
isomer is the naturally occurring form, which is biologically 
active. The cis form has no significant biological ac- 
tivity. 


DEGRADATION STUDIES 


Vitamin A-The degradation of retinol in solution in 
an oil with polysorbate 80 was shown by Carstensen (16) 
to be a pseudo first-order reaction. Carstensen (16) and 
Tardif (17) reported first-order decomposition of vitamin 
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Figure %-Stability of uitamin A palmitate in aqueous multivitamin 
drops at pH 5; symbols represent different formulations with all-trans 
(0, A) or preisomerized (0, A, 0 ,  +) uitamin A. 


A in tablets with adherence to an Arrhenius equation, and 
Shah et al. (18) found that vitamin A in two multivitamin 
preparations decomposed in accordance with a first-order 
reaction. 


Cholecalciferol (Vitamin D)-The decomposition of 
ergocalciferol and cholecalciferol at  25 and 40' under dry, 
humid conditions was studied by Grady and Thakker (19). 
Ergocalciferol decomposed rapidly at  both temperatures 
in dry air, leading to formation of products of higher po- 
larity. It was more stable at higher humidity than in dry 
air. Cholecalciferol was not as labile in dry air but de- 
composed rapidly at  40" and high humidity levels. 


Vitamin E (a-Tocopheryl Acetate)-Vitamin E is 
relatively stable, but the unesterified a-tocopherol is less 
stable due to the free phenolic hydroxy group. Oxidation 
of a-tocopherol with agents such as nitric acid, ferric 
chloride, or ceric sulfate leads successively to the formation 
of a-tocopherolquinone, a-tocored, the para-quinone, and 
a-tocopurple (20,21). In the absence of air, a-tocopherol 
is stable to heat but will be degraded if exposed to air. 
Thus, during saponification for analysis, protection by an 
antioxidant such as ascorbic acid or pyrogallol is practiced. 
Exposure to light will cause gradual darkening. 


Vitamin K-Vire et al. (22) studied the degradation of 
menadione and menadione bisulfite in neutral and alkaline 
solution using polarographic methods. In alkaline solution 
the predominant degradation of the bisulfite addition 
product is to menadione, but in neutral solution isomer- 
ization to a naphthoquinone sulfinate becomes significant. 
In the absence of oxygen, menadione is degraded primarily 
via rearrangement to epoxynaphthohydroquinone. 


Thiamine (Vitamin BI)-The chemistry of the deg- 
radation of thiamine under the influence of heat and pH 
has been reported by Dwivedi et al. (23-25). The kinetics 
of the degradation of thiamine have been studied by var- 
ious workers (17,18,25-29) who have reported first-order 
reactions with a cate increasing with increasing pH. Mulley 
et al. (28) also studied the degradation of cocarboxylase, 
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which was less stable than thiamine hydrochloride between 
pH 4.5 and 6.5 in phosphate buffer. Kobayashi (30) found 
that decomposition of thiamine in the neutral range is 
accelerated by the presence of C U + ~  at high temperature. 
The decomposition was affected by initial concentrations 
of thiamine and C U + ~ ,  time and temperature of heating, 
pH, and kind of buffer. In the presence of sodium nitrite, 
Kaya (31) found that heating of thiamine solutions for 60 
min at 75" caused formation of elemental sulfur and 
thiochrome as well as 4-methyl-5-(/3-hydroxyethyl)thia- 
zole. The cleavage of thiamine by sulfite or bisulfite as 
noted in Table I1 is very rapid at high pH. Almost complete 
destruction of thiamine within 24 hr has been observed 
when thiamine was added to parenteral infusion fluids 
containing bisulfite as a preservative and having a pH 
26. 


Stepuro and Ostrovskii (32) studied the effect of pH on 
the photochemical reaction rate of thiamine, thiamine 
derivatives, and decomposition products using UV irra- 
diation at 253.7 nm. The reactions take place at pH 3.0-9.0 
with a rapid speeding up at pH 4-5 for thiamines. At  pH 
< 3, the photolyzed thiazoles produce thiamide precipi- 
tates. Moorthy et al. (33) reported the reversible 1-electron 
redox potential of thiamine to be --0.5 V. 


Riboflavin-Irradiation of riboflavin in neutral or acid 
solution yields lumichrome and in alkaline solution lu- 
miflavine (34). The rate of decomposition is dependent on 
temperature, pH, and light intensity and wavelength. The 
decay of riboflavin-5'-phosphate exposed to light is de- 
pendent on the same factors (35). 


Pantothenic Acid-Degradation has been shown to be 
a first-order reaction in solution at pH 3.8 by Frost and 
Mclntire (36), in tablets by Campbell et al. (37-39), and 
in multivitamin liquids by Shah et al. (18). 


Cyanocobalamin (Vitamin B12)-The decomposition 
of cyanocobalamin in tablets follows a first-order reaction 
(37-39). Marcus and Stanley (40) stored solutions of hy- 
droxocobalamin in either acetate or citrate-phosphate 
buffer at 70,80, and 90" and found the vitamin to degrade 
by a first-order reaction. Macek and Feller (41) show the 
decomposition of cyanocobalamin at higher temperatures 
to be catalyzed by thiamine decomposition and, hence, to  
be complicated. Shah et al. (18) found that cyanocobala- 
min in two multivitamin liquids stored at  higher temper- 
atures did not decompose in accordance with first-order 
kinetics. The oxidation-reduction thermodynamics of 
cyanocobalamin, cobalamins, and cobinamides have been 
reported by Ely (42). 


The rates of destruction of cyanocobalamin in neutral 
aqueous solutions when exposed to various light sources 
have been reported by DeMerre and Wilson (43). Below 
300 foot candles no destruction is noticeable. Sunlight a t  
a brightness of 8000 foot candles caused 10% loss for each 
30 min of exposure. 


Losses of cyanocobalamin in solutions sterilized by 
gamma irradiation were lower at -78 and -196" than at  
-22 or -50" and were greatest at 0 and 18" (44). 


Folk  Acid-Dick e t  al. (45) studied the thermal sta- 
bility of folic acid in buffered solutions at  100 and 120 f 
1". Considerable destruction was found <pH 4, but >pH 
5 there was no destruction in 1 hr at 100" or 15 min at 121". 
Stokstad et al. (46) found rapid destruction of folic acid 
when a solution was exposed to direct sunlight. Degrada- 
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Figure 3-Stability of thiamine versus p H  in multivitamin drops; 6 
weeksJ45'. 


tion was most rapid at pH 7.0 and most slow in alkaline 
solution. Exposure to fluorescent light for 6 hr produced 
only slight inactivation. By extrapolation of results ob- 
tained at  55,70, and 85" and 30,50, and 70% relative hu- 
midity, Tripet and Kesselring (47) calculated l%/year 
decomposition rate for folic acid either in solid form or in 
solutions with 5,10, and 50% avicel. In two multivitamin 
liquids at higher temperatures, Shah et al. (18) found that 
folic acid did not follow first-order kinetics. 


Ascorbic Acid (Vitamin C)-Reversible oxidation of 
ascorbic acid yields dehydroascorbic acid which has full 
ascorbic acid activity. Levandoski et al. (48) demonstrated 
that this reaction proceeds through an intermediate 
compound, identified as monodehydroascorbic acid, which 
may be complexed with ascorbic acid. Ascorbic acid sta- 
bility in certain aqueous and fruit juice vehicles was re- 
ported by Uprety et al. (49). Ogata et al. (50) studied the 
kinetics of cupric salt-catalyzed autoxidation of ascorbic 
acid in aqueous solutions. Kassem et al. (51) reported that 
metal-catalyzed degradation of ascorbic acid in 10% in- 
jectable solutions took place by first-order kinetics. The 
order of effectiveness of metal ions as catalysts was C U + ~  
> Fe+2 > Zn+2; Fe+3, Mn+2, and Mg+2 had negligible ef- 
fect. Dissolved oxygen had a deleterious effect increasing 
with concentration. Hayakawa and Hayashi (52) identified 
a Cu+2-ascorbate complex as intermediate in the oxidation 
of ascorbic acid in the presence of C U + ~  ions. 


The rate of anaerobic degradation of ascorbic acid in 
aqueous solution and the corresponding rate of formation 
of carbon dioxide as a breakdown product were reported 
by Finholt et al. (53,54). Rogers and Yacomeni (55) and 
Blaug and Hajratwala (56) studied the effect of pH on the 
aerobic degradation of ascorbic acid in aqueous solution, 
which proceeded by a first-order reaction. Maximum rate 
of degradation occurred at pH 4 near the pKal of ascorbic 
acid, and the minimum rate was at  pH 5.6. Tingstad et al. 
(57) reported first-order degradation of ascorbic acid in a 
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multivitamin emulsion containing sodium fluoride stored 
at 70" and pH 3.15, 3.40, and 3.80. 


Sattar et al. (58) found fluorescent light to have prac- 
tically no effect on the destruction of ascorbic acid in pure 
solution, but the addition of riboflavin accelerated the 
decomposition. Losses of ascorbic acid were markedly in- 
creased by Cuf2 and Fe+3 under light exposed and unex- 
posed conditions. The pro-oxidant effect of C U + ~  increased 
with increasing temperature and was relatively low under 
limited oxygen supply as compared to that in air, whereas 
oxygen supply had no influence on the effect of Fe+3. Ad- 
dition of Znf2, Ni+2, and Mn+2 exhibited almost no effect 
under limited or excess oxygen availability. Uno et al. (59) 
and Switek and Modrzejewski (60) described the decom- 
position of ascorbic acid due to high frequency or gamma 
radiation used to sterilize aqueous solutions. 


Vitamins, General-Huettenrauch (61) recommended 
the following as useful experimental parameters for kinetic 
studies of interactions and degradation of water-soluble 
vitamin preparations: temperature, pressure, solvent, 
degree of ionization, pH, concentration, and catalytic ac- 
tivity. 


MUTUAL INTERACTIONS OF THE VITAMINS 


Thiamine-Riboflavin-An incompatibility in aqueous 
vitamin B complex solutions has been described by 
Gambier and Rahn (62). The oxidative action of riboflavin 
on thiamine leads to the formation and precipitation of 
thiochrome. Subsequently, chloroflavin, the reduction 
product of riboflavin, may also precipitate. In vitamin B 
complex solutions containing ascorbic acid, thiochrome 
formation is not observed. 


Thiamine-Folic Acid-Biamonte and Schneller (63) 
found thiamine to cause considerable decomposition of 
folic acid at pH 5.9 and 6.9 in aqueous, buffered solutions. 
Darnule and Colah (64) found the breakdown of folic acid 
to be accelerated by the presence of decomposition prod- 
ucts of thiamine. The key element was the hydrogen sulfide 
produced during the breakdown of thiamine. 


Thiamine-Cyanocobalamin-Blitz et al. (65) re- 
ported that the combination of thiamine and niacinamide 
in a vitamin B complex solution caused considerable de- 
composition of cyanocobalamin. It was shown by Macek 
and Feller (41,66) that the breakdown of cyanocobalamin 
could be attributed largely to the 4-methyl-5-(P-hy- 
droxyethy1)thiazole formed by cleavage of thiamine. At low 
levels of thiamine (1-10 mg/ml) losses of cyanocobalamin 
after a year at  room temperature were small, but the losses 
were much higher at  higher levels of thiamine or at  ele- 
vated temperatures. 


Riboflavin-Niacinamide-The presence of niaci- 
namide in aqueous solution increases the solubility of ri- 
boflavin, due apparently to a complex formation between 
the two vitamins. This effect of niacinamide was useful in 
the preparation of vitamin solutions before the more sol- 
uble riboflavin-5'-phosphate became available. El-Khawas 
and El-Gindy (67) studied this interaction and reported 
that below 1% niacinamide, the effect on the solubility of 
riboflavin is small, but as the concentration of niacinamide 
is increased above 1%, the solubilizing effect on riboflavin 
becomes more pronounced and greater than that of 
urea. 


Riboflavin-Folk Acid-Biamonte and Schneller (63) 
reported the deleterious effect of riboflavin on folic acid 
in aqueous, buffered solutions, particularly at  pH 2 5.0. 
The combined action of light and riboflavin causes rapid 
oxidative cleavage of folic acid. Scheindlin et al. (68) 
studied this reaction and found it to occur more rapidly at  
pH 6.5 than a t  pH 4.0. The reaction is retarded, but not 
halted, by the exclusion of air and will proceed even when 
the solution is kept in amber glass. 


Riboflavin-Ascorbic Acid-Hand et al. (69) and 
Sattar et al. (58) have reported that riboflavin catalyzes 
the photochemical decomposition of ascorbic acid during 
exposure of solutions to light and air. 


Niacinamide-Ascorbic Acid-Wenner (70) described 
the preparation of a niacinamide-ascorbic acid complex 
in solid form. This yellow compound (71), containing one 
molecule each of niacinamide and ascorbic acid, forms 
readily in solution by what appears to be a charge-transfer 
reaction. I t  has been claimed (72) that preforming of this 
complex prevents difficulties with thickening and hard- 
ening of the mixtures employed in soft gelatin capsules. 
Guttman and Brooke (73) studied the formation of this 
yellow complex in the acid pH range at  room temperature 
by measuring the absorbance a t  365 nm. Maximum color 
was formed a t  pH 3.8 under the conditions employed. 
Osberger (74) described the commercial preparation of this 
complex and its applications in direct-compression tab- 
lets. 


Niacinamide-Folic Acid-Taub and Lieberman (75) 
found that niacinamide acts as a solubilizer of folic acid. 
A 10% solution of niacinamide maintained a concentration 
of 5 mg/ml of folic acid at  pH as low as 5.6, whereas the 
normal solubility of folic acid at  pH 6.0 is 2 mg/ml. 


Ascorbic Acid-Folk Acid-The cleavage of folic acid 
due to the reducing action of ascorbic acid was studied by 
Scheindlin and Griffith (76). In an acid medium the reac- 
tion products are p-aminobenzoylglutamic acid and 2- 
amino-4-hydroxy-6-methylpteridine. The free amino 
group of p-aminobenzoylglutamic acid is then destroyed 
by ascorbic acid or its oxidation products. The decompo- 
sition of folic acid was rapid at  pH 3.0-3.3 and slow at pH 


Ascorbic Acid-Cyanocobalamin-Gakenheimer and 
Feller (77) observed an incompatibility between ascorbic 
acid and cyanocobalamin with losses of cyanocobalamin 
being least a t  pH 0-1 and increasing to a maximum at pH 
7. Trenner e t  al. (78) found that hydroxycobalamin was 
much less stable in the presence of ascorbic acid then cy- 
anocobalamin. Studies by Frost et al. (79) indicated that 
cyanocobalamin analogs in which the cobalt atom is 
strongly coordinated are the most stable toward ascorbate. 
Bartilucci and Foss (80) reported that decomposition 
products of ascorbic acid may play an important role in the 
effect on cyanocobalamin stability. Since copper ions 
catalyze the decomposition of ascorbic acid, it is not sur- 
prising that Stapert et al. (81) found that copper ions 
greatly enhance the destructive action of ascorbic acid on 
cyanocobalamin. Studies by Rosenberg (82) showed that 
C U + ~  itself has no effect on cyanocobalamin, and that 
ascorbic acid in the complete absence of C U + ~  causes rel- 
atively little decomposition of cyanocobalamin, but the 
combinations of ascorbic acid-Cu+* or dehydroascorbic 
acid-Cu+2 were destructive of cyanocobalamin. 


6.5-6.7. 
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Figure 4-Stability of ascorbic acid versus p H  in vitamin B cornplex- 
ascorbic acid injectables; 6 weeksJ45O. 


Utsumi et al. (83) studied the effect of various cobala- 
min analogs in catalyzing the oxidation of ascorbic acid in 
solution in acetate buffer a t  pH 5. The catalytic activity 
decreased in the order of hydroxycobalamin > hydroxo- 
cobinamide > cyanocobalamin coenzyme > cyanocobal- 
amin > cyanocobinamide. 


Other Interactions-Papp et al. (84) reported that 
several binary mixtures of thiamine, riboflavin, pyridoxine, 
niacin, and ascorbic acid showed nonlinear interferometric 
and conductometric curves, suggesting interactions. Hsu 
(85) found that niacinamide added to a solution of ribo- 
flavin-5'-phosphate sodium and ascorbic acid significantly 
increased the loss of riboflavin-5'-phosphate during pho- 
tolysis, whereas added tryptophan stabilized both vita- 
mins. Valls et al. (86) determined the stability of pyri- 
doxal-&phosphate and found it to be poor a t  pH 6 in 
aqueous solution. Increase in the degradation rate was 
caused by either thiamine, thiamine diphosphate, ribo- 
flavin-5'-phosphate, cobamamide, pyridoxal, or pyridoxine 
but not by riboflavin or cyanocobalamin. Takahashi and 
Yamamoto (87) found that ergocalciferol in powder 
preparations was readily isomerized by ascorbic acid, folic 
acid, thiamine hydrochloride, or pyridoxine hydrochloride 
but not by niacinamide or calcium pantothenate. 


pH-STABILITY RELATIONSHIPS 


In Aqueous Model Systems-Thiamine versus Pan- 
tothenic Acid-As noted in Table 11, the stability of thi- 
amine is best a t  low pH and decreases rapidly as the pH 
increases toward neutrality. In contrast, the stability of 
calcium pantothenate is optimal a t  pH 6.5-7 and decreases 
as the pH decreases. Frost and McIntire (36) studied the 
retention of thiamine hydrochloride and calcium pan- 
tothenate in 0.1% solutions at various pH levels after au- 
toclaving for 15 min at  6.81 kg. Equal retentions of thi- 
amine and calcium pantothenate were found at  -pH 4.5, 
the point at which the two curves of stability versus pH 
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Figure 6-Effect of pH on decomposition of ascorbic acid in 25% 
aqueous solution sealed in ampuls and stored 93 hr at 55O. Key: (0) 
ascorbic acid; (0)  total ascorbic acid; (0) carbon dioxide formed. 
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Figure 7-Stability of thiamine versus p H  in multivitamin products 
for teaspoon dosage; 6 weeksI45'. 


solution is pH-dependent. Finholt et al. (53) studied the 
pH-rate profile of the anaerobic degradation of ascorbic 
acid in solution at 96". A maximum rate was observed at  
pH 4.1 which corresponds to the pK1 of ascorbic acid. A 
study conducted in the author's laboratory also showed 
maximum degradation at  -pH 4.1 in solutions of 25% 
ascorbic acid in 50-ml sealed ampuls stored for 93 hr at  55". 
Assays were made for ascorbic acid and dehydroascorbic 
acid contents and carbon dioxide formed. The results are 
shown in Fig. 6. The three graphs showing losses of ascorbic 
acid and total ascorbic acid (reduced and dehydro) and 
carbon dioxide formed all show a peak at  -pH 4.1. Pres- 
sure build-up in containers of products containing ascorbic 
acid can be especially troublesome at that pH as compared 
to either lower or higher pH. 


In Aqueous Multivitamin Products-The influence 
of pH on the stability of some of the labile vitamins has 
been studied in a number of commercial as well as exper- 
imental multivitamin formulations. The pH-stability re- 
lationships are illustrated in Figs. 3,4,7-12 which show the 
results of storage for 6 weeks a t  45". 


Thiamine-Figures 3, 7, and 8 show the retention of 
thiamine over the usual pH range for multivitamin drops, 
teaspoon dosage forms, and vitamin B complex and 
ascorbic acid injectables, respectively. All three types of 
products show progressively decreasing stability with in- 
creasing pH. Thiamine stability is particularly poor in the 
drop preparations, intermediate in the injectables, and 
best in the syrups and elixirs for teaspoon dosage. In the 
latter case, the better stability may be due to the influence 
of a high sugar content. 


Ascorbic Acid-Figures 4,9, and 10 show the pH-sta- 
bility relations for ascorbic acid in multivitamin drops, 
teaspoon dosage forms, and vitamin B complex-ascorbic 
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Figure 8-Stability of thiamine versus pH in vitamin B complex- 
ascorbic acid injectables; 6 weeksI45'. 


acid injectables, respectively. In the drop preparations 
(Fig. 9), the curve shows maximum loss to occur at  -pH 
4.2, which is similar to the pattern found in model systems 
(Fig. 6). In the other two types of preparation (Figs. 4 and 
lo), the losses at  a given pH are similar and both show 
progressively decreasing loss as the pH increases from 3.5 
to 5 or 5.5. 


Panthenol and Calcium Pantothenate-The relative 
stability of panthenol and calcium pantothenate uersus 
pH is shown in Fig. 11 for multivitamin drops and teaspoon 
dosage forms, which show similar stability patterns for 
panthenol. Figure 12 gives a similar comparison for vitamin 
B complex-ascorbic acid injectables. Panthenol shows the 
expected trend toward increasing losses with decreasing 
pH similar to the losses observed in the model systems 
shown in Fig. 5. Below pH 5 the losses of calcium pan- 
tothenate are much higher than those of panthenol. 


Vitamin A-The relation of vitamin A palmitate sta- 
bility to pH in multivitamin preparations for teaspoon 
dosage is shown in Fig. 13. Increasing the pH improves 
vitamin A stability. In the case of multivitamin drops, no 
clear-cut pattern of pH stability could be established due 
to wide variations found at  any given pH level due to non- 
pH-related factors in the formulations tested. 


FACTORS THAT ENHANCE VITAMIN STABILITY 


Reduction of Water Content-Anmo et al. (89) de- 
termined the stability of retinol in 60-100% aqueous eth- 
anol and found increasing losses as the water content in- 
creased. In a study of an oral liquid vitamin preparation 
made with various proportions of water, glycerin, andlor 
propylene glycol, Delgado et al. (90) reached the general 
conclusion that formulations containing lesser amounts 
of water possessed relatively higher stability values than 
those containing larger amounts of water. Parikh and 
Lofgren (91) demonstrated increased stability of ascorbic 
acid and thiamine when glycerin or propylene glycol was 
substituted for part of the water in an oral multivitamin 
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Figure 9-Stability of ascorbic acid versus pH in  multiuitamin drops; 
6 weeksI45". 


liquid. Bandelin and Tuschhoff (92) reported similar 
findings on ascorbic acid and, in addition, found that 
ethanol or sugars such as sucrose, corn syrup, and dextrose 
also provide a stabilizing effect on ascorbic acid. Poust and 
Colaizzi (93) found that the first-order rate constants for 
oxidative decomposition of ascorbic acid a t  30" decrease 
as a function of polysorbate 80 concentration up to 30%. 
In a study of the stability of ascorbic acid per se for 3 weeks 
at 45", DeRitter et al. (94) found increasing stability as the 
moisture content decreased. Gerber et al. (95) reported 
increased stability of cyanocobalamin with high levels of 
sorbitol or sorbitol and glycerin. These authors found 
reasonable stability of both cyanocobalamin and ascorbic 
acid in a mixture with ferrous gluconate in 70% sorbitol. 
Gulesich (96) described an aqueous preparation containing 
ascorbic acid and iron, preferably ferrous sulfate, with 
60-75% sorbitol. 


Antioxidants-The stability of vitamins sensitive to 
oxidative decomposition can be increased in many cases 
by addition of antioxidants. Vitamin A and cholecalciferol 
are decomposed by exposure to air and are generally sta- 
bilized, in concentrates as well as pharmaceutical products, 
by addition of small amounts of antioxidants such as to- 
copherol, butylated hydroxyanisole, butylated hydroxy- 
toluene, propyl gallate, ascorbyl palmitate, or a combina- 
tion of several antioxidants (97-100). Koslov et al. (101) 
described model systems for studying the effectiveness of 
antioxidants in stabilizing vitamin A acetate and palmitate 
in thin films. At  10-40" butylated hydroxytoluene was 
superior to butylated hydroxyanisole, but 150" both were 
equally effective. 


Ascorbic acid may also be more stable in the presence 
of antioxidants. Gladkikh (102) has reviewed methods for 
increasing the stability of ascorbic acid in medicinal forms. 
According to Tansey and Schneller (103), phenolic anti- 
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Figure 10-Stability of ascorbic acid versus p H  in multiuitamin 
products for teaspoon dosage; 6 weeksl45". 


oxidants such as butylated hydroxyanisole, nordihydro- 
guaiaretic acid, and ethyl hydrocaffeate at  levels of 
0.02-0.05% retard the decomposition of folic acid by light 
in the presence of riboflavin and also protect folic acid 
somewhat in the dark. 


Chelating Agents-The presence of trace metal ions, 
especially C U + ~  and to a lesser extent Fe+*, accelerate the 
breakdown of ascorbic acid. The addition of a chelating 
agent such as edetic acid and its salts has been shown to 
enhance the stability of ascorbic acid via formation of 
metal chelates (90, 104). Kirkova et al. (105) tested nine 
stabilizers for ascorbic acid solutions and found a mixture 
of 0.1% disodium edetic acid and 0.25% Na&04 most ef- 
fective. Reyes (106) found chelates of ascorbic acid with 
stearates of magnesium, calcium, or aluminum to provide 
improved stability of ascorbic acid in aqueous solutions. 


Pyridoxine in solution is also sensitive to trace metal ions 
(107). Huang (108) found that Fe+2 in multivitamin 
products led to low recoveries of pyridoxine in microbio- 
logical assays. Recoveries of pyridoxine were 75 or 77% for 
20:l or 12:l ratios of Fe+*-pyridoxine, respectively. Ad- 
dition of edetic acid before acid hydrolysis of such samples 
brought recovery of pyridoxine to 100%. 


Cort et al. (109) found that the degradation of cll-a- 
tocopherol and dl-y-tocopherol by Cu+* could be com- 
pletely inhibited by the combination of ascorbic acid and 
edetic acid, whereas ascorbic acid alone could prevent the 
oxidation of tocopherol in the presence of Fe+3. Pure to- 
copherols when undiluted were stable to air and light over 
a period of years. 


Other Compounds-Knobloch et al. (1 10) reported 
that the decomposition of vitamin A and cholecalciferol 
catalyzed by fine grain silicic acid can be inhibited by 
trolamine. An adduct of cholecalciferol with cholesterol 
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Figure 11-Stability ofpanthenol (d, 0) and pantothenate f- - 
--I, 0) versus p H  in multiuitamin solutions-drops (O,.) and tea- 
spoon dosage forms (0,o J; 6 weeksI45'. 


was also found to be more stable than ergocalciferol or 
cholecalciferol. 


Stabilization of riboflavin was achieved by Nobukuni 
et al. (111) by the addition of 1-20 moles of 2'-, 3'- and/or 
5'-guanylic acid/mole of riboflavin. Protection of ribofla- 
vin, flavin mononucleotide, and flavin-adenine dinucleo- 
tide from photodecomposition was studied by Hata et al. 
(112-114). para-Substituted phenol derivatives, salicylic 
acid, tryptophan, and caffeine increased the stability of 
flavin mononucleotide through interactions in aqueous 
solution. Antipyrine and sulpyrine added to solutions of 
the flavins caused changes in their absorption spectra in 
the visible region suggesting interactions. 


O'Broin et al. (115) compared the stability of folic acid 
to that of 5-formyl-, 10-formyl-, 5-methyl-, and unsub- 
stituted tetrahydropteroylglutamate. Ascorbate was a 
superior stabilizing agent to 2-mercaptoethanol at  com- 
parable concentrations. 


The effect of various compounds as stabilizers of B 
complex vitamins during gamma irradiation for the pur- 
pose of sterilizing aqueous solutions has been determined 
by Kishore et al. (1 16,117). The combinations of nitrous 
oxide and glucose or oxygen and glucose as well as thiourea, 
tryptophan, and tyrosine provided good protection to 
thiamine, riboflavin, pyridoxine, niacinamide, and folic 
acid. Irradiation of aqueous solutions of these vitamins in 
the frozen state and with addition of glucose reduces ra- 
diolytic degradation. Irradiation in the dry, solid state 
causes no detectable damage, indicating that the best 
method for radiation sterilization of vitamin preparations 
may be to irradiate the components in the dry, solid state 
and then compound them together. 


Rosenblum and Woodbury (1 18) reported the stabilizing 
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Figure 1%-Stability of panthenol (0)  and pantothenate (0) versus 
pH in uitamin B complex injectables; 6 weeks145". 


effect of ferrous and ferric ions on cyanocobalamin in a 
multiple vitamin capsule. Newmark (119) described the 
effective stabilization of cyanocobalamin in solution in the 
presence of thiamine, niacinamide, and ascorbic acid by 
addition of various iron compounds and salts, including 
iron peptonate, ferric ammonium citrate, ferric chloride, 
ferrous gluconate, ferric glycerophosphate, ferric or ferrous 
sulfate, ferric or ferrous oxide, and ferric or ferrous com- 
plexes with such substances as edetic acid and its salts. 
Zuck and Conine (120) compared the relative effectiveness 
of complex cyanides and iron salts and found the cyanides 
to provide more effective stabilization of cyanocobalamin 
under conditions designed to exclude air as well as in 
partially filled containers having a large volume of air over 
the product. The complex cyanides were also effective in 
reducing the destruction of cyanocobalamin induced by 
UV irradiation. 


Stabilization of thiamine solutions by addition of 
0.05-5% monothioglycerol, thiosorbitol, or thioglucose has 
been the subject of a patent by Bray (121). Sodium form- 
aldehyde sulfoxylate is used also for stabilizing injectable 
solutions of thiamine. 


A considerable number of compounds have been re- 
ported to be stabilizers of ascorbic acid in solutions. In 
extracting solutions used in analyses of ascorbic acid, the 
stabilizers that have been used include metaphosphoric 
acid (122), oxalic acid (123), acetic acid (124, 125), and 
trichloroacetic acid. A combination of metaphosphoric acid 
and edetic acid has been recommended for use in the 
presence of C U + ~  and Fe+2 (104). Flavonoids inhibit the 
C U + ~  catalyzed oxidation of ascorbic acid (126). The order 
of activity reported by Takamura and Ito (127) is 3-hy- 
droxyflavone < rutin < quercetin, and no inhibition was 
observed for flavone. Other compounds reported to have 
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Table 111-Coating or EncaDsulation Processes for Vitamins 


Vitamin Stabilization Process Reference 
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Figure 13-Stability of vitamin A palmitate versus pH in  multivitamin 
products for teaspoon dosage; 6 weeksJ45". 


similar activity are 0-diphenols (128), aryl thioureas (129), 
rubeanic acid (130), acidic polysaccharides (131), sodium 
alginate (132), high concentrations of sucrose, glucose, or 
fructose (1331, lysine and glutamic acid (117), a combina- 
tion of dl-N-acetylhomocystine-thiolactone and sodium 
sulfite (134), gelatin (135), urocanic acid and/or its alkyl 
esters (136), and RNA, DNA, or salts (137). A review on the 
stabilization of ascorbic acid in liquid and solid prepara- 
tions has been published by Gladkikh (102). 


Coating and Encapsulation-A list of the various 
coating materials and processes used on single vitamins 
or combinations of several vitamins is given in Table 111. 
Improving stability of labile vitamins under stress condi- 
tions is an important function of coating agents, but they 
are also useful for converting liquid vitamins into free- 
flowing, dry powders, masking taste in chewable tablets, 
improving handling and tableting characteristics, or sta- 
bilizing the color of ascorbic acid tablets, which otherwise 
may develop a tan color on aging. 


Preparation of Adsorbates-Adsorption of fat-soluble 
vitamins on suitable adsorbents has been utilized as a 
means of conversion of the vitamins to dry, free-flowing 
powders as well as to enhance their stability. Espoy (182) 
described the preparation of an adsorbate of vitamin A on 
calcium silicate'. Neutral or weakly alkaline carriers such 
as magnesium oxide tend to stabilize vitamin A and 
cholecalciferol, whereas carriers with acid surface activity 
catalyze their decomposition (110,183). This acid catalysis 
on fine grain silicic acid2 can be inhibited by trolamine. 
Takahashi and Yamamoto (15) reported that ethanola- 
mines and polyoxyethylene compounds were effective in 
preventing the isomerization of ergocalciferol caused by 
surface acidity of excipients. 


Cannalonga and Czarecki (184) described a process for 
preparing agglomerated, free-flowing powders containing 


A 


A 


A 


A 


A and/or 


A and/or 


A and/or 


cholecalciferol 


cholecalciferol 


cholecalciferol 


A and/or 
cholecalciferol 


E 


E 


E (acetate) 


E (acetate) 


A, E, K, and/or 
cholecalciferol 


A, E, K, and/or 


A, E, K,  andlor 


cholecalciferol 


cholecalciferol 


A, E, K, and/or 
cholecalciferol 


A, E, K, and/or 
cholecalciferol 


A, E, K, and/or 


A, E, K, and/or 


cholecalciferol 


cholecalciferol 


Fat-Soluble Vitamins" 
Emulsify oil solution in gelatin, agar, 


or pectin or combinations thereof, 
plus sugar solution, cast into 
sheets, dry, freeze, and grind. 


Emulsify in gelatin-sugar solution 
and spray into starch ester 
containing hydrophobic groupsb. 


Emulsify solution in hot well oil in 
wax and spray chill. 


Granulate with partially hydrolyzed 
casein-formaldehyde and dry. 


Emulsify in water-soluble gelable 
colloid, freeze, grind, and dry. 


Emulsify in alkaline gelatin 
solution-pectin and water-soluble 
calcium salt and spray dry. 


Emulsify in solution of low 
molecular weight amylose- 
glucose, dry on glass plate, and 
powder. 


Emulsify vitamin A palmitate in 
hydrolyzed gelatin solution, spray 
dry, and agglomerate. 


Emulsify in solution of gelatin- 
dextrin and maltose and spray 
dry. 


Prepare clathrate in desoxycholic 
acid and subdivide. 


Emulsify in wax or hydrogenated 
oil-vegetable flour and lecithin or 
polyoxyethylene sorbitan 
monopalmitate and spray. 


Emulsify in film former (selected 
from dextrin, gelatin, casein or 
sodium carboxymethyl cellulose, 
maltose, sucrose, gum arabic)- 
emulsifier and spray into a 
current of atomized dehydrating 
agent (ethylene glycol, propylene 
glycol, glycerin, sorbitol, benzyl 
alcohol, ethanol, propanol, or 
butanol). 


solution and drum dry. 


surface-active agent and convert 
into dry product. 


solution with preservatives and 


Emulsify in gum acacia-sugar 


Emulsify in gum acacia solution- 


Emulsify in hydrolyzed gelatin 


spray dry. 


solution with Dreservatives and 
Emulsify in hydrolyzed gelatin 


spray dry with agglomeration. 
Emulsify in solution of gum acacia 


or polyoxyethylene derivative of a 
partial ester of sorbitol and a fatty 
acid-glucose, sucrose, or corn 
syrup, cool and drop from a candy 
drop machine. 


Emulsify in gelatin and/or gum-a 
sugar alcohol-emulsifier such as 
lecithin and spray dry. 


Emulsify in solution of gum arabic 
or gum ghatti-lactose and spray 
dry; add 2% calcium silicate" as 
flour agent. 


Emulsify in wax, lecithin-svnthetic 
polysaccharided, spray, and dust 
with one part soya flour to two 
parts of vitamin beadlets. 


Emulsify in solvent solution of a 
prolaminee-polymerized corn 
syrup and spray onto warm 
surface to remove solvent. 


Mix with gum acacia solution and 
dry gum acacia to form a plastic 
dough, dry, and comminute. 


Emulsify into gelatin solution 
previously heated with ascorbic 
acid-citric acid-ulasticizer and 


138,139 


140 


141 


142 


143 


144 


145 


146 


147 


148 


149 


150 


151 


152 


153,154 


155 


156 


98 


157 


158 


159 


160 


161 


1 Microcel-E. 
Aerosil. 


spray into alcohol. 
Continued on next page 
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Table 111- Continued 
~~~ 


Vitamin Stabilization Process Reference 


A, E, K, and/or 


A, E, K,  and/or 


cholecalciferol 


cholecalciferol 


A, E, K, and/or 


A, E, or 
cholecalciferol 


cholecalciferol 


Thiamine 


C yanocobalamin 


Cyanocobalamin 


Ascorbic acid 


Ascorbic acid- 
salts and 
esters 


Ascorbic acid 


Ascorbic acid 
Ascorbic acid 


Ascorbic acid 


Ascorbic acid 


Ascorbic acid 


Thiamine, 
riboflavin, or 
pyridoxine 


Niacinamide 


(calcium salt) 


Niacinamide 


Thiamine, 


Thiamine, 


Vitamins 


riboflavin, or 
niacinamide 


riboflavin, or 
niacinamide 


Emulsify into gelatin solution- 
powdered milk-a solid fat (mp 
35-70'), 


Emulsify in a starch ester containing 
hydrophobic groupsb-gelatin and 
sucrose or glucose and spray dry 
or spray into mineral oil or water. 


Solution in sunflower oil 
microencapsulated in gelatin. 


Emulsify into gelatin solution- 
chelating agent, protective 
polymer, antifoaming agent, and 
powdered whey. 
Water-Soluble Vitamins 


Microencapsulation in cellulose 
acetate phthalate with an 
acetone-benzene mixture as 
solvent. 


buffers and preservatives and add 
silicic acid. 


galactomannan base from guar 
seed. 


Spray dry in methylcellulose, gum 
acacia, or gelatin-sucrose or 
lactose and magnesium stearate. 


Coating with small percentage of 
methyl polysiloxane. 


Spray with silicone lacquer and 
ethanol in fluidized bed dryer. 


Application of silicone oil coating. 
Microencapsulation in ethyl 


polymers using methyl ethyl 
ketone or with acetylcellulose in 
acetone. 


Disperse solid ascorbic acid in 
polyethylene glycol 6000 or 4000. 


Microencapsulate in hydrogenated 
castor oil in ethanol. 


Coating with fats (mp 50-80°), 
lecithin, and glycerin esters. 


Suspend in molten mixture of mono- 
and diglycerides of fatty acids and 
spray chill. 


Suspend in molten stearic acid, 
spray chill, heat for 14 days a t  45O, 
and dust with silicic acid. 


Suspend in molten mixture of mono- 
and diglycerides of fatty acids, 
heat 14 days a t  45O, and dust with 
silicic acid. 


Suspend in molten stearic, palmitic, 
or myristic acid or combinations 
thereof, and spray chill. 


Encapsulate in ethylcellulose- 
polyethylene in cyclohexane. 


Coat with resins and polyvinyl 
compounds. 


Spray dry in starch succinate base- 


Spray or vacuum dry in a 


162 


163 


164 


165 


166 


167 


168 


169 


170 


171 


172 
166 


173 


174 


175 


176 


177 


178 


179 


180 


181 


0 Antioxidants and preservatives added are not listed. * Dry-Flo. 
Polyose D. Zein. 


Micro-Cel. 


vitamin A palmitate, dl -a-tocopheryl acetate, riboflavin, 
or perfumes which could be easily tableted. The adsorbents 
used included SiO2, kaolin, CaHP04, and MgC03. 


Protection from Light-Vitamins such as riboflavin 
and phytonadione, which are sensitive to light, particularly 
in solution, should be protected from light by suitable 
packaging of the vitamin solution. Surowiecki and 
Krowcznyski (185) reported that decay of riboflavin-5'- 
phosphate depended on temperature and intensity and 
wavelength of light. To prevent such decomposition, 
storage in amber glass capable of absorbing light up to a 
wavelength of 650 nm was recommended. 


Lyophilization-For single or multivitamin solutions 
where instability of one or more vitamins in the formula- 
tion is a serious problem, lyophilization is an effective 
means of achieving improved vitamin stability. The ly- 
ophilization process has been applied in the preparation 
of multidose vials of vitamin B complex vitamins for par- 
enteral use. 


FORMULATION OF VITAMIN PRODUCTS 


Aqueous Emulsions of Fat-Soluble Vitamins- 
Various surface-active agents (Table IV) have been used 
in the preparation of aqueous dispersions of fat-soluble 
vitamins. Optically clear dispersions can be made with 
efficient surfactants. Dispersions of single vitamins and 
multivitamin products containing vitamins A and E and 
cholecalciferol are prepared in aqueous media for both oral 
and intramuscular uses. A water-dispersible vitamin E 
compound was prepared by Cawley and Stern (193), 
namely, the polyethylene glycol ester of a-tocopheryl acid 
succinate. 


Injectables-Vitamins A and E and Cholecalciferol 
(uitamin D)-Sobel(l94) prepared veterinary injectables 
containing 0.0001-0.1% of vitamin A ester plus 0.005-0.06 
g/ml of sorethytan monooleate in an aqueous, isotonic 
vehicle. Robeson (195) described a clear parenteral prep- 
aration in which vitamin A and cholecalciferol plus a-to- 
copherol or a-tocopheryl acetate were dispersed in an 
aqueous solution of a-tocopheryl polyoxyethylene glycol 
1000 succinate. Aiello and Bauernfeind (196) prepared 
veterinary injectables of vitamins A, A-cholecalciferol, and 
A-E-cholecalciferol using a glyceryl triester of low mo- 
lecular weight fatty acids (6-12 carbons and not more than 
10% C-14 or greater) plus a polyoxyethylene-sorbitan ester 
of palmitic, stearic, oleic, or ricinoleic acid. A semisolid 
preparation for intramuscular injection of vitamins A and 
E and cholecalciferol was described by Feigh (197) as a 
substantially water-free mixture of the vitamins with 
polyethylene glycol 4000 and 200 plus antioxidant and 
preservative. Gherghinof et al. (198) prepared an aqueous 
injectable solution containing 22,000 IU/ml of vitamin A 
palmitate with 10 parts of polysorbate 803 to 1.1 parts of 
vitamin A. Butylated hydroxytoluene was added as anti- 
oxidant, the pH adjusted to 3-4 with ascorbic acid, and the 
solution sealed in vials under nitrogen and sterilized three 
times at  80" for 60 min with intervals of 24 hr. A solution 
was described which contained 300,000 IU of cholecalcif- 
erol/ml made with 15% (w/v) polysorbate 803 and 2.25% 
(w/v) isoamyl alcohol with ascorbic acid added to bring pH 
to 3-4. The vials were sealed under nitrogen without heat 
sterilization. 


Vitamin K-Water-soluble derivatives of menadione 
such as menadiol tetrasodium diphosphate salt are used 
in injectable formulations. The fat-soluble phytonadione 
has been prepared in colloidal emulsion form with an ef- 
ficient surfactant such as polyoxyethylene vegetable oil4. 
Fujita et al. (199, 200) prepared an injectable in which 
vitamin K was dissolved in a mixture of a hardened castor 
oil polyoxyethylene derivative and propylene glycol, after 
which sorbitol, trolamine, and water were added prior to 
sealing in ampuls and autoclaving for 30 min at  4.54 kg. 
Koshiro et al. (201) studied the compatibility of three 


Tween 80. 
Emulphor-620. 
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Table IV-Surfactants Used in Preparation of Aqueous 
Dispersions of Fat-Soluble Vitamins 


Surfactants or Dispersing Agents Reference 


Polyalkalene oxide derivatives of 186 


Bone gelatin from the lime process, 187 


partially esterified polyhydric alcohols 
or their anhydrides. 


ascorbyl palmitate, and a 
monoester of glycerin or of 
propylene glycol. 


Polyoxyethylene glycol monoricinoleate 188 
containing 30-50 oxyethylene units. 


Monoester (laurate, oleate, e t c . )  of 189 
polyethylene glycol 400 and a pre- 
dominantly nonionic surfactant. 


or other emulsifierb. 
Polyoxyethylene vegetable oil" 190 


Polysorhater 40,60, or 80-polyethylene glycol 200-600. 191 
Polvsorbated 20 and alpin'. 192 


Emulphor EL-620. * Prosol E-4329. Tween 40,60, or 80. Tween 20. Tagat 
R, S, or 0. 


parenteral solutions of vitamin K with 98 commercial in- 
jectables. 


Thiamine-For a single vitamin injectable with thi- 
amine, the hydrochloride salt is generally preferred, but 
purity of the vitamin is an important factor. A special 
ampul grade of thiamine hydrochloride has been made for 
this purpose. Monciu and Boteanu (202) prepared 2.5 and 
5% solutions of thiamine hydrochloride and found reten- 
tion of a t  least 90% of initial concentration in the 2.5% so- 
lution after 4 years at  room temperature and in the 5% 
solution after 5 years at  room temperature. Various addi- 
tives have been tested for their effect on the stability of 
thiamine hydrochloride solutions for injection. Ammar 
(203) compared the effects of edetic acid, N-hydroxy- 
ethyledetic acid, and pentetic acid and found the latter two 
to be superior to edetic acid in stabilizing thiamine. The 
optimum concentration of edetic acid was 3 mmoles/liter 
and 0.5 mmole/liter of N -hydroxyethyledetic acid. Ammar 
(204) also studied the effect of DL-a-lipoic acid, which a t  
low concentrations (0.5-1.0 mmolehiter) increased the 
stability of solutions of thiamine hydrochloride for injec- 
tion, but a t  higher concentrations (3-10 mmoles/liter) 
decreased the stability of thiamine hydrochloride. In the 
presence of 20 ppm of copper, the concentration of lipoic 
acid for maximum stability of thiamine was shifted from 
0.5-1.0 mmole/liter, indicating that the concentration of 
additive for maximum stability of thiamine is dependent 
on the level of trace metals in the solution. Kirkova and 
Nedelova (205) studied the effect of different buffers, 
propyl gallate, benzyl alcohol, sodium edetate, sorbitol, 
glucose, and heat sterilization on the stability of thiamine 
solutions for injection. The most important factor was 
found to be the quality of the thiamine hydrochloride. 


Taub et al. (206) reported that thiamine in parenteral 
solutions in admixture with riboflavin and niacinamide 
exhibited maximum stability with respect to potency and 
clarity of solution at  pH 4 under a nitrogen atmosphere. 
In admixture with iron compounds, thiamine was more 
stable in the presence of ferrous gluconate than of iron 
peptonate or ferric ammonium citrate, and again, the op- 
timum pH was 4. In these studies it was found that thi- 
amine mononitrate is somewhat more stable than the hy- 
drochloride. 


Ascorbic Acid-Stable, buffered solutions containing 
50-200 mg of ascorbic acid/ml were prepared by Cimenera 


and Wilcox (207) by buffering to pH 6.0-6.5 with trisodium 
phosphate, adding 0.5% phenol, heating 2-ml sealed am- 
puls a t  100" for 10 min and cooling rapidly. Stability was 
achieved by adhering to rigid anaerobic conditions by the 
use of nitrogen throughout manufacture and avoiding 
contact with metals. Popovic et al. (208) obtained best 
stability in a parenteral solution containing 10 g of ascorbic 
acid, 4.75 g of NaHC03,l g of Na2S205 and 0.1 g of edetic 
acid/liter and through which carbon dioxide was passed. 
Kassem et al. (209) studied the stabilizing effect of various 
metal complexing agents on ascorbic acid solutions. N -  
Hydroxyethylethylenediaminetriacetic acid was most ef- 
fective, but the optimum concentration depended on the 
amount of heavy metal ions in the solution and had to be 
determined experimentally for each formulation. 


Pyridoxine (Vitamin B&Stabilized 2.5 and 5.0% so- 
lutions of pyridoxine were prepared by Nikolov and Ne- 
delova (210) at  pH 2.8-3.0 with 0.1% Na2S03 added. The 
filling was done under a stream of nitrogen and aseptic 
conditions were used. Inoue et al. (211) determined the 
stability of an injectable solution of pyridoxamine phos- 
phate in the presence of 70 other injectables. 


Multivitamins-Ban (212) reviewed the preparation, 
storage, and usage of injectable solutions of the water- 
soluble vitamins. Boyazhieva et al. (213) described a vet- 
erinary preparation for intramuscular use containing 
ferro-dextran, gamma globulin, trace elements, and vita- 
mins, which was claimed to be stable for l year. Blitz et al. 
(214) studied the stability of cyanocobalamin in vitamin 
B complex injectables and found cyanocobalamin to be 
unstable in the presence of thiamine and niacinamide at  
concentrations from 2S100 mg/cm3 of each at pH 4.25 but 
relatively stable at  lower concentrations of each compo- 
nent. Rigoli (215) reported good stability of cyanocobala- 
min and ascorbic acid after lyophilization of a solution 
containing both vitamins. Haeger and Nash (216) de- 
scribed a two-compartment syringe for injectable water- 
soluble vitamins with sodium ascorbate, folic acid, and 
niacinamide in the upper compartment and thiamine hy- 
drochloride, riboflavin-5'-phosphate sodium, niacinamide, 
panthenol, pyridoxine, cyanocobalamin, and ferrous citrate 
in the lower compartment. A complete multivitamin in- 
jectable preparation was also described (217) which is 
similar to that described previously but with vitamin A 
palmitate, d-a-tocopheryl acetate, and ergocalciferol 
emulsified in the solution in the upper compartment by 
means of polysorbate 80 and propylene glycol. 


The stability of vitamins after addition of injectable 
preparations to intravenous fluids is also a matter of con- 
cern. Although storage of such mixtures is normally for 
short periods, losses of labile vitamins such as vitamin A, 
thiamine, cyanocobalamin, and ascorbic acid can be sig- 
nificant and are higher during light exposure than in the 
dark. In addition, sorption of vitamins on the surface of 
plastic infusion fluid bags can contribute to unavailability 
of a portion of the vitamin content to the patient. Moor- 
hatch and Chiou (218) studied the sorption of 10 vitamins 
on such bags. Howard et al. (219) studied the effect on 
vitamin A activity of storage of a parenteral nutrient so- 
lution in polyvinyl bags in the dark at  4". After 8 and 72 hr 
and 2 weeks, the vitamin A content was 86,73, and 23% of 
the initial concentration. Approximately 30% of the vita- 
min A losses were due to sorption on the plastic bags. The 
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use of bisulfite as a preservative in parenteral infusion 
fluids can cause high losses of added thiamine, particularly 
at  2 p H  5.5. In the laboratory only 3-896 retention of thi- 
amine was found after 24 hr at  room temperature in an 
amino acid infusion fluid at  pH 6.5 and containing, ac- 
cording to label, 1 mg of sodium bisulfite/ml. Kobayashi 
and King (220) reported that the addition of vitamins to 
a protein hydrolysate-dextrose parenteral solution caused 
no physical incompatibilities. 


Tablets-The fat-soluble vitamins A and E and 
cholecalciferol are normally incorporated into tablets in 
the form of dry, stabilized coated products or adsorbates 
as described above. The B complex vitamins, thiamine, 
riboflavin, niacinamide, and pyridoxine, which can con- 
tribute off-flavor to chewable tablets, are available in 
coated forms, usually containing 25-33% of the vitamin. 
Fatty acids or mono- and diglycerides of fatty acids are 
utilized as coating agents for effective masking of taste and 
also contribute to the stability of thiamine. Ascorbic acid 
is stabilized with a small percentage of ethylcellulose and 
is also available as granulations containing 90-95% ascorbic 
acid, which are particularly suited for preparation of 
high-potency ascorbic acid tablets by direct compression. 
Biotin and cyanocobalamin are used in tablets in the form 
of triturates, adsorbates, or spray-dried powders con- 
taining 0.1-1.0% of the vitamin to facilitate the distribution 
of the microgram quantities normally used. Nessel et al. 
(221) have studied the uniformity of distribution of cya- 
nocobalamin in tablet formulations using 0.1 and 1% gel- 
atin products and a 1% resinate in both wet-granulated and 
dry-blended formulations. 


Single or multiple vitamin tablets have been made by 
both wet and dry granulation processes and by direct 
compression and either left uncoated or coated by com- 
pression, film, or sugar-coating processes. A number of 
reports dealing with vitamin tablet technology are listed 
in Table V. Seugling (239) has reviewed the use of various 
tableting aids in the development of pharmaceutical 
products, including conventional and chewable vitamin 
tablets. Lieberman and Lachman (240) have presented a 
comprehensive review of tablet technology which also deals 
with vitamin products. Wai et al. (241) studied stability 
of vitamin A, thiamine, and ascorbic acid compressed in 
eight commonly used solid vehicle matrixes. Mannitol and 
lactose were found to yield superior stability. All three 
vitamins were quite stable when the moisture content of 
the tablets was 51%. In multivitamin chewable tablets, 
these authors found that the use of coated ascorbic acid, 
thiamine, riboflavin, and niacinamide enhanced vitamin 
stability. The best stability results were obtained when 
vitamin A, ergocalciferol, and thiamine were granulated 
with one-fourth of the mannitol-magnesium stearate, 
ascorbic acid with one-half of the matrix, and the re- 
maining B vitamins with one-fourth of the matrix. The use 
of water or dilute alcohol for granulation caused more rapid 
discoloration on storage than did alcohol granulation or 
dry slugging procedures. 


Campbell and McLeod (39) studied the stability of vi- 
tamins in several commercial tablet formulations and 
found a rather wide range of stability for some of the labile 
vitamins. Maekawa et al. (242) studied the stability of 
vitamins in sugar-coated decavitamin tablets and the 
mutual interactions of the various vitamins. The best 


stability was obtained when vitamin A, ergocalciferol, 
calcium pantothenate, cyanocobalamin, and folic acid were 
in the coatings and the other vitamins in the tablet core. 
Bojarski et al. (243) compared vitamin stability in de- 
cavitamin tablets and dragees and found better stability 
in the tablets. Only thiamine and calcium pantothenate 
were unstable, and water had a major influence, especially 
on the stability of thiamine. Thiamine nitrate was more 
stable in these tests than thiamine hydrochloride. Ragazzi 
and Veronese (244) reported much better stability of vi- 
tamin A, ergocalciferol, and cyanocobalamin when these 
vitamins were protected by gelatin-sugar coating prior to 
incorporation into multivitamin tablets. Coated ascorbic 
acid, however, was not different from uncoated. Maekawa 
et al. (245) found much better stability of ascorbic acid in 
sugar-coated tablets than in uncoated tablets upon storage 
for 3 weeks at  37’ and 74% relative humidity. Bolatre et 
al. (246) determined that ascorbic acid in tablets can dis- 
color badly without much change in ascorbic acid content. 
Carstensen et al. (247) studied the degradation of thiamine 
tableted with magnesium stearate and microcrystalline 
cellulose. As the moisture level was increased to 5.5%, 
thiamine loss increased, but at  higher moisture levels 
stability was enhanced with increased moisture content. 
The model proposed to explain this phenomenon was that 
thiamine dissolved in the water present adsorbs on the 
microcrystalline cellulose, and the thiamine present in the 
monolayer degrades totally, whereas the thiamine in layers 
beyond the monolayer does not degrade. 


The preparation of sustained-release vitamin tablets has 
been a matter of interest, particularly in the case of high- 
potency ascorbic acid, but very little has been published 
on the technology of formulation of such tablets. 
Nuernberg e t  al. (248) described the preparation and in 
uitro release testing of 250-mg ascorbic acid tablets in 
which the release of the vitamin was sustained by the ad- 
dition of more than 20% galactomannans. Cazals (249) 
prepared tablets of cyanocobalamin containing a mixture 
of mannitol and aminoacetic acid, which were claimed to 
yield prolonged and enhanced effectiveness. Kassem et al. 
(250) described a tablet of riboflavin-5’-phosphate with 
a maintenance dose in the core and an initial dose in the 
coating. The vitamin was embedded in a matrix of traga- 
canth, acacia, ethylcellulose, and stearic acid and granu- 
lated through a sieve to an optimal size of 1.6 pm. Subse- 
quent coating with a thin layer of ethylcellulose suppressed 
the initial release. Hardening the granules at  30’ for 2 hr 
improved the release. Lubrication with magnesium stea- 
rate and talc was recommended. 


The major problem in formulating a sustained-release 
multivitamin product is to achieve full bioavailability of 
the vitamins in addition to sustained-release for a signif- 
icant number of hours. Riboflavin is particularly trou- 
blesome in this regard due to its very low solubility in 
water. Morrison et al. (251) studied in vitro release rates 
and the corresponding physiological availability of ribo- 
flavin in sustained-release vitamin preparations and 
pointed out the frequent association of incomplete bio- 
availability with prolonged in uitro release. Other work by 
this group (252-255) pointed out similar difficulties with 
availability of riboflavin in normal, enteric coated, and 
chewable vitamin tablets. I t  was concluded that in uitro 
disintegration times longer than 1 hr or coating processes 
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Table V-Vitamin Tablet Technology Table V- Continued 


Vitamins Formulation Technology Reference Vitamins Formulation Technology Reference 


A, E, and 
cholecalciferol 


Thiamine 


Ascorbic acid 


Ascorbic acid 


Absorbed from oil solution on 
magnesium oxide with ascorbic 
acid and dl-a-tocopherol added; 
granulate with calcium 
pantothenate, starch, and calcium 
stearate before tableting. 


Granulation with 1.5% ethylcellulose 
or 15% polyethylene glycol in 
alcohol plus dry binder. 


Addition of -1% of sorbose, lactose, 
or a mixture of the two in the 
granulation tends to stabilize 
tablet color. 


Granulate 50-80 parts of ascorbic 
acid with 5-16 parts starch and 
2.5-5 parts hydroxypropyl 
methylcellulose (viscosity 20- 
4000); add 0.25-0.35 liter of 
alcohol/kg and 5.5-16 parts 
starch; dry and pass through 
10-16 mesh screen. Add 
lubricants (0.25-2 parts colloidal 
silicon, 0.5-2 parts hydrogenated 
vegetable oil, 0.1-0.5 parts zinc 
stearate, and 2.8-8 parts starch) 


Ascorbic acid 


Ascorbic acid 


Ascorbic acid 


Thiamine, 
ascorbic acid, 
or folic acid 


Thiamine and 
ascorbic acid 


Thiamine and 
ascorbic acid 


Thiamine and 
ascorbic acid 


Cyanocobalamin 
and ascorbic 
acid 


Cyanocobalamin, 
thiamine, and 
pyridoxine 


Multivitamin 


Multivitamin 


Multivitamin 


Multivitamin 


and compress. 
Add physically modified starch, 


magnesiumsilicate as hardener, 
and hydrogenated vegetable oil as 
lubricant and compress directly. 


Vinyl acetate-crotonic acid 
copolymer yields harder and less 
friable tablets by direct 
comDression than Dohethvlene . <  _1 


glycd 6000. 


to microfine cellulose (less 
Microcrystalline cellulose is superior 


compression required and less 
capping). 


Tablets formulated" and subjected 
to accelerated aging; ascorbic acid 
was unstable but thiamine and 
folic acid were stable. 


Tablets coated with 2% aqueous 
solution of hydroxypropyl 
cellulose (viscosity 6.1 cps a t  20') 
were more stable than tablets 
coated with a sugar solution. 


containing sugar, gelatin, and gum 
arabic over a subcoating of 
carboxymethyl-starch-talc 
disintegrated in 14 min while 
controls without the 
carboxymethyl-starch in 
subcoating took 42 min. 


adjusted to 2.5-4 with tartaric 
acid; tablets coated with 10% 
povidone and 4% shellac. 


Granulating cyanocobalamin and 
ascorbic acid with trace element 
caseinates improved vitamin 
stability; without ascorbic acid 
caseinates did not improve 
cyanocobalamin stability. 


Best stability of cyanocobalamin 
achieved with cyanocobalamin in 
a separate layer in a sugar-coated 
tablet. 


Granulation with alcohol and 
addition of 5% povidone. 


Vitamin E adsorbed on silica gel and 
0.5-5% finely divided silica gel 
added to smoothing syrup. 


Granulation of vitamin E and 
ascorbic acid. 


Effervescent tablets stabilized with 
0.1 g of cyclamic acid and 0.2 g of 
a-aminoacetic acid/tablet. 


Tablets coated with syrup 


pH of tablets also containing aspirin 


184 


222 


223 


224 


225 


226 


227 


228 


229 


230 


231 


232 


233 


234 


235 


236 


237 


Continued 


Multivitamin Lyophilization of vitamin substance 238 
in a solvent containing a binder, 
granulating and compressing; 
binders used were gum arabic, 
alginates, pectins, dextrins, 
glucose, povidone, polyvinyl 
alcohol, carboxymethyl cellulose, 
polyethylene glycol, etc. 


Formulated with Encompress Std. 


can reduce the bioavailability of vitamins to humans and 
that any product with such characteristics should be tested 
in humans to determine that the vitamins are available. 


Oral Single Vitamin Liquids-Vitamin A, in the form 
of an aqueous dispersion with an effective surface-active 
agent, yields much more rapid absorption in uiuo than oil 
solutions. Adamski and Sawick (256) found the stability 
of vitamin A palmitate in aqueous dispersions to depend 
on the concentration of the vitamin A, the nature of the 
surfactant, and the buffer applied. A derivative of castor 
oil and ethylene oxide5 yielded the best stability. 


Stabilized aqueous solutions of thiamine were prepared 
by Bray (121) using thioglycerol, thiosorbitol, and thio- 
glucose as stabilizing agents. Italfarmaco S.p.A. (257) de- 
scribed a 1% solution of thiamine hydrochloride with 5% 
povidone, 0.05% propyl gallate, and 0.005% sodium edetic 
acid, which was chemically and organoleptically stable for 
more than 2 years. Riboflavin and pyridoxine were also 
incorporated into similar compositions. Genova and 
Papazova (258) found cyanocobalamin stable for 5 months 
a t  40' in a solution containing 100 pg/ml of cyanocobala- 
min in 1% solutions of orotic acid and monoethanolamine. 
Exposure to UV light caused destruction of cyanocobala- 
min, which was more rapid at  pH 4.9-5.2 than a t  pH 
3.9-4.2. Bajeva and Jonega (259) studied the stability of 
ascorbic acid-citrate formulations and found maximum 
stability with addition of 30% (v/v) propylene glycol and 
0.1% cysteine hydrochloride. 


Oral  Multivitamin Liquids-General directions for 
preparation of stabilized multivitamin liquids have been 
given by Djourno and Thoumyre (260) and Belova and 
Litvinenko (261). Delgado et al. (90) prepared 10 different 
multivitamin drop formulations with various combinations 
of water, glycerin, and/or propylene glycol as vehicle. The 
most stable preparation contained 80% propylene glycol + 20% water with ethyl hydrocaffeate and Na&a edetic 
acid. Parikh and Lofgren (91) studied the stability of seven 
different oral multivitamin drop preparations with sorbitol 
alone or in combinations with propylene glycel and glycerin 
in the aqueous vehicle. The studies showed: (a)  butylated 
hydroxyanisole retards oxidative decomposition of vitamin 
A; (6) glycerin is a better substitute for a portion of the 
water than propylene glycol as far as stability of thiamine 
is concerned; ( c )  reducing the percentage of water by 
substituting propylene glycol or glycerin yields better 
stability of ascorbic acid; ( d )  stability of cyanocobalamin 
increased as pH was increased from 3.5 to 4.5; ( e )  folic acid, 
when in solution in preparations containing propylene 
glycol, was very unstable at  pH 3.4. Biamonte and 
Schneller (63) also found folic acid in solution very un- 


5 Cremophor EL. 
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stable a t  acid pH, but when in suspension a t  low pH due 
to insolubility, folic acid is quite stable. 


Stone (262) determined the stability of drop formula- 
tions containing thiamine, riboflavin, and niacinamide 
with and without ascorbic acid, using propylene glycol as 
a vehicle either alone or with 25 and 50% glycerin, simple 
syrup, or water. Greater retention of thiamine was found 
in solutions containing the greater percentage of water, 
whereas higher stability values were obtained for ascorbic 
acid in formulations containing lesser amounts of water. 
Similar relationships are seen in Figs. 3,7,9, and 10 where 
drop preparations show higher losses of thiamine than the 
more dilute elixirs or syrups, whereas ascorbic acid is more 
stable at pH 4 in the drop formulations than in the tea- 
spoon dosage forms. Discoloration by yellowing and 
darkening was found by Stone (262) to be proportional to 
the percentage of water present. 


Zoni and Lazzeretti (263) obtained satisfactory stability 
in a drop preparation containing B vitamins and L-lysine 
by adding povidone to the aqueous base. Synergistic en- 
hancement of the stabilizing effect of povidone was found 
with the addition of polymerized povidone6, 0.05% propyl 
gallate, and 0.005% (w/v) edetate disodium at pH 4. Mae- 
kawa and Egawa (264) achieved stability of an aqueous 
multivitamin preparation by the use of a partitioned 
container with vitamin A palmitate, niacinamide, and 
ascorbic acid in one chamber and thiamine in the other. 
The liquids contained stabilizing and flavoring agents and 
were admixed just prior to use. Youssef et al. (265) re- 
ported that the decomposition of vitamins and sodium 
metabisulfite is accelerated by storage of aqueous solutions 
in polyethylene containers. 


Ointments, Creams, and Lotions-The utility of 
topically applied vitamins has been discussed by Siemers 
and Sleezer (266), DeRitter et al. (267), and Clement and 
Jones (268). Rubin (269) reviewed the percutaneous ab- 
sorption of vitamins. Formulations of topical preparations 
containing panthenol were described by Rubin et al. (2701, 
and the incorporation of various topically active vitamins 
into application forms was reviewed by DeRitter et al. 
(267). Anmo and Fueller (271) described a stable vitamin 
A ointment, and Haronikova and Mandak (272) found that 
the stability of vitamin A and cholecalciferol in an oint- 
ment was increased by adding a mixture of two antioxi- 
dants, nordihydroguaiaretic acid, butylated hydroxyan- 
isole, and/or quercitin, or one antioxidant plus edetic acid 
or potassium pectinate. The composition of the ointment 
base influences the stability of vitamin A in the ointment 
(273,274); the presence of polyethylene glycol and sodium 
lauryl sulfate in the base enhances the degradation of vi- 
tamin A. The decomposition of vitamin A palmitate in 
emulsion ointments is accelerated by lime water and la- 
vindin (275), and the stability of vitamin A in cosmetic 
creams has been reported to be highly variable (276). 


Syrups-Yashiki et al. (277) described a stable vitamin 
A palmitate syrup that prevented the sorption of vitamin 
A to plastic containers on storage. Bandelin and Tuschhoff 
(278) studied the dability of ascorbic acid in syrups at  pH 
3.0 and at  concentrations of 25 and 100 mg/teaspoonful 
with two sucrose and one glycerin-sorbitol bases. Smaller 
losses of asbJrbic acid were found with the glycerin-sor- 


6 15% Kollidon 17. 


bitol combination, and the losses were relatively less at  the 
higher concentration of ascorbic acid. The rate of loss of 
ascorbic acid in solution was determined (92) with ethanol, 
glycerin, propylene glycol, sorbitol, sucrose, corn sugar, or 
dextrose added and all yielded a stabilizing effect on 
ascorbic acid. Sucrose, sorbitol, glycerin, and propylene 
glycol were superior to the others in this respect. Vegetable 
gums added to such solutions to increase viscosity accel- 
erated destruction of the vitamin. Vitamin B complex 
factors added to ascorbic acid syrups in USP syrup and in 
sorbitol appeared to increase the stability of ascorbic acid. 
The stability of ascorbic acid in glycerin and sorbitol bases 
containing salts and stabilizers was investigated by Agar- 
wal and Agarwal(279). In solutions a t  pH 4 stored for 90 
days at  47', glycerin afforded better protection to ascorbic 
acid than sorbitol; the effect of stabilizers was less pro- 
nounced in the case of the glycerin base. Yao and Hsu (280) 
prepared multivitamin solutions in syrup, glucose, sorbitol, 
or sucrose solutions at  pH 3.2,4.5, and 7.0. In stability tests 
a t  41.5 and 60' thiamine was more stable a t  pH 3.2 and 
ascorbic acid a t  pH 7.0. The use of antioxidants, including 
ascorbyl palmitate and butylated hydroxyanisole, and 
lecithin and an oxidized starch derivative, W14/S, was 
found by Fabrizzi et al. (281) to stabilize vitamin A, thi- 
amine, and ascorbic acid in a syrup having low vitamin 
content. Ismaiel and Ismaiel(282) reported that thiamine, 
riboflavin, and ascorbic acid in syrups could be stabilized 
by replacing sucrose, vanillin, and various aldehyde-rich 
essential oils with sorbitol, sodium saccharin, sodium ed- 
etate, and essence of banana or apple. 


Bartilucci et al. (283) studied the stability of cyanoco- 
balamin in aqueous solutions of sorbitol, glycerin, dextrose, 
and sucrose stored at  25 and 45' for up to 140 days. Cya- 
nocobalamin was compatible with sorbitol and glycerin, 
but dextrose and sucrose caused losses of cyanocobalamin 
with dextrose being worse. Gerber et al. (284) found that 
the instability of cyanocobalamin and ascorbic acid in 
solution with ferrous sulfate could be largely overcome by 
using 70% sorbitol as the vehicle. 


Capsules-Campbell and McLeod (39) determined the 
vitamin contents of three multivitamin capsule products 
purchased on the retail market in Canada. Pantothenic 
acid appeared to be markedly affected by shelf life and 
storage conditions. In a shelf storage test of one product, 
pantothenic acid showed high losses and vitamin A, thi- 
amine, and ascorbic acid small losses, while riboflavin, 
pyridoxine, and niacinamide were stable. 


Stability tests of soft gelatin capsules in the laboratory 
revealed riboflavin, pyridoxine, vitamin E, ascorbic acid, 
biotin, and niacinamide to have excellent stability. Vitamin 
A and cholecalciferol showed reasonably good stability, 
while cyanocobalamin and folic acid tended to vary from 
product to product. Calcium pantothenate generally had 
poor stability a t  pH levels < 3.5, and panthenol was more 
stable than calcium pantothenate at  < pH 4.5; > pH 4 both 
forms have good stability. Thiamine hydrochloride suf- 
fered high losses at pH > 4, whereas thiamine mononitrate 
showed fair to good stability up to pH 6.4. Macek et al. (4) 
also found thiamine mononitrate to be more stable than 
the hydrochloride salt in soft gelatin capsules as well as in 
multivitamin and vitamin B complex, dry-filled capsules. 
Acidification of the contents of the vitamin B complex 
capsules was necessary to stabilize the hydrochloride, but 
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the mononitrate was stable without acidification, which 
was very destructive of calcium pantothenate. With thi- 
amine mononitrate and a higher pH, it was possible to 
achieve good stability of both thiamine and calcium pan- 
tothenate. 


PREDICTION OF VITAMIN STABILITY FROM 
ACCELERATED AGING TESTS 


Garrett and Carper (285) proposed a procedure for 
predicting degradation of vitamins in liquid multivitamin 
preparations a t  normal shelf-life temperatures by mea- 
surement of degradation at several elevated temperatures 
and application of the Arrhenius equation. Garrett 
(286-288) applied this method in studies of complex 
multivitamin liquids and demonstrated the validity of the 
stability predictions for vitamin A, thiamine, ascorbic acid, 
dexpanthenol, folic acid, and cyanocobalamin. Since a 
slight change in vehicle composition does not significantly 
change the heat of activation or the rate of change of deg- 
radation with temperature, it was suggested by Garrett 
(287) that it may be practical in such cases to predict sta- 
bility on the basis of one elevated temperature once the 
behavior of the system has been established at  several el- 
evated temperatures. The Arrhenius approach to stability 
prediction is limited according to Garrett (287) to degra- 
dation mechanisms that have heats of activation of suffi- 
ciently high magnitude (i.e., in excess of 10 kcal/mole), but 
too high a heat of activation of components (sugars, e tc . )  
that trigger a degradation of other components may give 
unreliable estimates of stability. 


McLeod et al. (289) confirmed the validity of Garrett's 
method of predicting degradation rates of liquid multivi- 
tamin preparations at  room temperature and described a 
simple graphical method of extrapolation to avoid the 
time-consuming mathematical calculations. Tardif (17) 
verified the applicability of the graphical method to the 
prediction of stability of a multivitamin tablet. Pelletier 
(290) found that storage tests a t  50, 60, and 70" were 
suitable to predict the stability of thiamine and ascorbic 
acid in several multivitamin tablets and capsules and 
verified the predictions by analysis of samples stored at  
room temperature for 3 years. A short preliminary test at  
70" was suggested for guidance in the selection of the most 
appropriate elevated temperatures, the equations used for 
the calculations were summarized, and a computer pro- 
gram for handling the calculations listed. 


BIOAVAILABILITY TESTING OF VITAMIN PRODUCTS 


Bioavailability of a vitamin may be defined as the rela- 
tive amount of that vitamin contained in a dosage form, 
which enters the systemic circulation in an active form 
after administration as compared to the amount after 
administration of a comparable standard dose of the vi- 
tamin in fully available form such as a solution. 


Various biochemical laboratory techniques have been 
employed in assessing bioavailability (291). The majority 
of these techniques fall into the following categories: ( a )  
measurement of the nutrient level in the blood; ( b )  mea- 
surement of the urinary excretion rate of the nutrient; ( c )  
measurement of urinary metabolites of the nutrient; ( d )  
measurement of changes in blood components or enzyme 
activities that can be related to intakes of the nutrient; and 


( e )  load, saturation, and isotopic tests. In the human 
population one is limited to urine and blood samples. 
Generally, one is restricted to measuring the concentration 
of a particular nutrient which is either excreted in the urine 
or circulating in the vascular system. Blood samples do 
permit the investigator a slightly greater latitude than 
urine, since the former can tie partitioned into whole blood, 
serum, plasma, and/or red blood cells if a refinement of 
technique is justified. It is important that appropriate 
guidelines are available for the interpretation of the 
meaning of these measurements. A serum vitamin A level 
or a urinary value for riboflavin has little meaning until it 
can be compared with standard levels which have been 
measured experimentally under comparable conditions. 


Measurement of absorption of vitamins in uiuo requires 
specific and sensitive methods for determining the con- 
centration of the vitamins or their metabolic products in 
human body fluids. For the fat-soluble vitamins A and E 
and cholecalciferol, measurement of blood levels provides 
a means of assessing absorption directly. For the water- 
soluble vitamins, except cyanocobalamin, urinary excre- 
tion of the vitamins or vitamin metabolites (indirect 
measurements) are most commonly used. Since normal 
human subjects consuming average diets without addi- 
tional supplementation with vitamin products vary widely 
in the degree of saturation of their tissues with vitamins, 
relatively uniform excretion patterns can only be achieved 
by saturating the subjects with the vitamin under test 
before administering the test doses of the vitamin and 
measuring urinary excretions. For example, little or no 
urinary excretion of ascorbic acid is frequently observed 
following a 500-mg dose of ascorbic acid to subjects not 
previously saturated, whereas -50% of such a dose is ex- 
creted in the urine of subjects after a state of saturation is 
reached. 


Absorption and Excretion Patterns of the Vita- 
mins-The patterns of absorption, metabolism, and ex- 
cretion of the individual vitamins that serve as a basis for 
the test procedures are as follows: 


Vitamin A-For evaluation studies in humans, blood 
level measurements are the only practical means of as- 
sessing the absorption of this nutrient. There are, however, 
many factors that influence the absorption of vitamin A, 
including type and amount of fat in the diet; interfering 
substances in diet such as nitrites, ethanol, absorbants, and 
drugs; size of dose; emulsion (rapid absorption) uersus oil 
solution (slower absorption); vitamin E adequacy of 
subject; zinc adequacy of subject; state of protein nutrition 
of subject; respiratory, intestinal, renal, or parasitic disease 
in subject. 


By the use of normal subjects in a cross-over design, 
control of diet, size of dose and the vitamin E level ac- 
companying the dose, and measurement at  specific time 
intervals after dosing to establish a tolerance curve, it is 
possible to utilize blood levels in humans for assessment 
of bioavailability of vitamin A products. Although ade- 
quate analytical methods are available for measuring blood 
levels of vitamin A, the difficulties in withdrawing repeated 
samples of blood under proper supervision make this type 
of testing unattractive, even when the facilities for con- 
ducting such tests are available. In addition, large numbers 
of subjects are needed if results within a small error range 
are desired. 
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Cholecalciferol-The metabolism of cholecalciferol in 
humans involves conversion to hydroxylated derivatives. 
Measurement of cholecalciferol or its metabolites in the 
blood is possible but has not been applied for bioavail- 
ability testing. Since cholecalciferol is normally present 
in a multivitamin product in the same physical form as 
vitamin A (i.e., as an oil solution, an emulsion, or a dry 
stabilized beadlet or powder), evidence for bioavailability 
of vitamin A is likely to be valid for cholecalciferol as well 
in the majority of products. 


Vitamin E-Bioavailability of vitamin E can also be 
evaluated by determining blood level curves after loading 
doses. Methodology for determining blood levels of to- 
copherol has been reviewed by Bunnell (292). The factors 
listed earlier which influence the absorption of vitamin A 
may also affect absorption of vitamin E. In addition, the 
differing biopotencies of the d- and dl-forms of tocopherol, 
the differences in absorption between tocopherol, toco- 
pheryl acetate, tocopheryl succinate, and tocopheryl 
polyethylene glycol 1000 succinate (293) and the possible 
need to measure specific tocopherols in blood are factors 
which must be considered in interpreting blood level data. 
The practical difficulties in conducting blood level studies, 
as noted under Vitamin A ,  apply also to such tests of vi- 
tamin E in blood. 


Vitamin K-Increases in blood levels of vitamin K after 
loading doses have not been used as a measure of bio- 
availability of dosage forms since most supplemental vi- 
tamin K is given parenterally. Oral doses in the form of an 
oil solution or emulsion would not be expected to present 
significant problems with bioavailability. Water-dispers- 
ible beadlets containing phytonadione have been dem- 
onstrated to be biologically available uia animal tests and 
are used as a reference standard for animal bioassays (294). 
Hence, if these are used in solid dosage forms, a rapid in 
uitro disintegration would be indicative of adequate bio- 
availability. 


Thiamine-Of the various biochemical procedures 
which have been developed for assessing thiamine ab- 
sorption, the most common one is the measurement of 
urinary levels. A t  levels in the range of the daily require- 
ment, thiamine is absorbed fairly well. Thomson (295) 
reported that 54% of the 1-mg dose of 35S-labeled thiamine 
hydrochloride given orally after an overnight fast was 
found in the urine within 24 hr by radioactivity measure- 
ments. Continuing the urine collection in one subject for 
9 days gave only an additional 7.5% of the dose in the 
standard test. It appears that the absorption of thiamine 
in humans is mainly in the upper small intestine. Melnick 
et al. (296) and Jowett (297) also concluded that the ab- 
sorption of thiamine seems to be confined largely to the 
upper intestinal tract. 


As the oral dose of thiamine is increased (298,299), the 
percentage absorption decreases progressively although 
the total amount absorbed increases. With a single oral 
dose of 5 mg given on successive days, Schultz et al. (300) 
reported recoveries in urine of 24-42% of the dose and 
levels of thiamine in the stools were increased. On giving 
10-mg doses, only 19-21% was recovered in the urine. The 
percentage of a thiamine test dose excreted is increased 
slightly when the dose is given with food (298). 


Riboflauin-Riboflavin is absorbed efficiently by hu- 
mans in any practical dosage range. Friedemann et al. 


(298) state that at  least several hundred milligrams of ri- 
boflavin is absorbed readily. Human urinary excretion 
studies by Morrison and Campbell (299) showed that the 
total extra excretion of riboflavin averaged close to 60% of 
the oral dose over the dosage range of 1-20 mg. The studies 
have shown also that 50% or more of an oral dose of ribo- 
flavin up to 30 mg is excreted in the urine within 24 hr 
when the dose was given after breakfast. Levy and Hewitt 
(301) obtained only 19.3% excretion of a dose of 41 mg of 
riboflavin phosphate given on an empty stomach as com- 
pared to 52.6% when the same dose was given after 
breakfast. 


Niacin or Niacinumide-Hundreds of milligrams of 
niacin or niacinamide are absorbed readily after oral dos- 
age. Approximately three-fourths of such large doses can 
be accounted for in the urine of human subjects within 72 
hr as a combination of niacin, niacinamide, trigonelline, 
N1-methylnicotinamide, and N1-methyl-2-pyridone-5- 
carboxamide. The latter is the main metabolite appearing 
in the urine. If the rate of release of niacin is retarded, the 
metabolism proceeds to a somewhat greater extent to the 
end product, the pyridone. 


Pyridoxine-Pyridoxine is absorbed readily from the 
intestinal tract by human subjects. Efficient absorption 
of several hundred milligrams is normal. Only a small 
fraction of ingested pyridoxine is excreted unchanged in 
the urine (only 4-8% of doses in the range of 8-100 mg). In 
humans, 4-pyridoxic acid accounts for 70-90% of the uri- 
nary excretion products of pyridoxine (302). 


Calcium Pantothenate or Punthenol-Both pan- 
tothenic acid (or its calcium salt) and panthenol are ab- 
sorbed readily from the intestinal tract. A t  RDA dose 
levels, only a small percentage of the dose is excreted in the 
urine as pantothenic acid but the excretion of the vitamin 
per se increases to -16% after a 100-mg oral dose and to 
36% of a 250-mg dose (303). 


Biotin-One milligram of biotin was administered orally 
to a human male subject on each of two successive days. 
Urinary excretion of biotin, measured microbiologically 
with Lactobacillus arabinosus as the test organism, 
amounted to 20 and 48% of the dose in the 24-hr periods 
after the two doses (304). Although bioavailability of biotin 
in vitamin products has not been reported, urinary ex- 
cretion measurements of biotin after oral dosage to satu- 
rated subjects may represent a possible approach to this 
problem. 


Folic Acid-By saturating human subjects with high 
doses of folic acid (10 mg on the first day, 5 mg on the 
second day, 2 mg on the third and fourth days, and every 
second day thereafter while excretion tests are in progress), 
i t  is possible to obtain urinary excretion of a reasonable 
percentage of a normal test dose (305). In the author's 
trials, this technique yielded 5-13% excretion of an oral 
dose of 0.65 mg of folic acid in a group of five subjects. 


Cyanocobalamin-Cyanocobalamin is absorbed max- 
imally in the middle segment of the small intestine and is 
poorly absorbed in the distal segments (306-308). The size 
of the dose significantly influences the percent absorption 
(309). Conley et al. (310) reported that oral doses up to 10 
mg of cyanocobalamin resulted in no detectable increase 
of the vitamin in urine within 48 hr. Normal subjects and 
patients with pernicious anemia behaved similarly. Thus, 
no bioavailability test for cyanocobalamin can be based on 
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urinary excretion measurements. Adams et al. (311) state 
that cyanocobalamin absorption can only be studied by 
using radioactive cyanocobalamin. These authors used a 
whole-body counting technique in their absorption studies 
on human subjects. Such techniques are beyond the ca- 
pability of many laboratories. It is evident that there is no 
simple method of assessing the bioavailability of cyano- 
cobalamin in pharmaceutical products which would permit 
testing of bioavailability. 


Ascorbic Acid-Ascorbic acid is absorbed efficiently 
from the upper part of the small intestine. Nicholson and 
Chornock (312), using an intubation technique, found that 
50% of an oral dose of 600 mg of ascorbic acid given in 600 
ml of water or saline was absorbed in 1 hr. Saturation of the 
subjects by giving 500 mg of ascorbic acid daily in addition 
to the regular diet had no significant effect on their ab- 
sorption of ascorbic acid. The authors state that the upper 
part of the small intestine has a capacity for absorption of 
ascorbic acid far in excess of the optimal daily requirement. 
Kubler and Gehler (313) studied blood serum levels and 
rates of urinary excretion of ascorbic acid in previously 
saturated subjects and concluded that the rate of absorp- 
tion in the distal part of the absorbing intestine was about 
half the rate in the proximal portion. These authors found 
that with increasing doses of ascorbic acid the percent 
absorption decreases. They reported 71.5% absorption of 
a dose of 180 mg, 49.5% for 1.5 g, and 16.1% for 12 g. In the 
dose range of 1.5-12 g, the mean urinary excretion was 62 
f 3.7% of the absorbed ascorbic acid. Proportionality be- 
tween ingestion and intestinal absorption was claimed up 
to a single dose of -180 mg. 


Stewart and Booth (314) gave one subject single doses 
of ascorbic acid at  4-day intervals of 0.2,0.4,0.5,0.7,1.0, 
1.5,2, and 3 g. Total urinary excretion in up to 30 hr rose 
steeply up to the 0.5-g dose where -50% was excreted, and 
then much less steeply with increasing doses, with an ex- 
cretion of -16.7% of the 3-g dose. At  the lowest dosage in 
the range (200 mg) there is practically no excretion of the 
ascorbic acid dose in the feces. Chieffi and Kirk (315) re- 
ported fecal excretion averaging 1.2 mg of ascorbic acid 
daily by 13 elderly men on an ordinary diet. With a 200-mg 
supplement of ascorbic acid in the form of a tablet, the 
fecal excretion averaged 1.5 mglday, indicating no signif- 
icant excretion of the supplement in the feces. 


Absorption Tests-Fat-Soluble Vitamins (Blood 
Level Tolerance Test): Vitamin A-The application of 
the blood level tolerance test to determination of the bio- 
logical availability of vitamin A in three different multi- 
vitamin capsules was reported by Sobel and Rosenberg 
(316). Either 1000 or 2000 IU of vitamidkg of body weight 
was administered to eight normal adults in the postab- 
sorptive state. Blood specimens were taken prior to the test 
and 3, 6, 9, and 24 hr posttreatment. The capsules were 
swallowed without chewing. As a reference of absorption, 
oleovitamins A and D was used. Intervals betweeen doses 
were 2-7 days. If the response as serum vitamin A for the 
oil dose is taken as loo%, the three capsules showed com- 
parative responses of 198,185, and 70% based on the mean 
maximal rise and -150,170, and 50% based on the area 
within the tolerance curves for the 24-hr period. 


The authors mention three factors that influence the 
physiological availability of fat-soluble vitamins: ( a )  the 
site at  which the capsule releases its contents, (b) the sta- 


bility of vitamin A in the GI contents, (c) the state of dis- 
persion of the vitamin A released to the GI content (finely 
dispersed particles are absorbed more readily). The study 
of Sobel and Rosenberg illustrates some of the difficulties 
in assessing bioavailability in humans by measuring blood 
levels of a fat-soluble vitamin such as vitamin A. Such tests 
have not been utilized to any great extent for determining 
bioavailability of pharmaceutical products. 


Vitamin E-Increases in blood plasma levels of to- 
copherol in response to oral doses have been reported. For 
example, Filer et al. (317) gave premature and full-term 
infants oral doses of a-tocopherol and a-tocopheryl esters 
of 20 mglkg of body weight and measured blood level in- 
creases after 3,6,9,12, and 24 hr. No significant differences 
in plasma tolerance curves were found between tocopherol 
and its esters in healthy infants. In disease states diagnosed 
as fibrocystic disease of the pancreas, diarrhea, and cir- 
rhosis, low vitamin E tolerance curves were observed. 
Metabolic disorders associated with hypercholesterolemia 
gave abnormally high values for the areas under the tol- 
erance curve. 


Week et al. (318) gave oral doses of 1000 mg of dl- 
a-tocopherol or an equivalent amount of dl -a-tocopheryl 
acetate in corn oil in capsules to 10 male and 10 female 
adult subjects. Blood levels of tocopherol were measured 
a t  0,2,4,5,6,8,12, and 24 hr. The average area under the 
tolerance curve was 35% higher for free tocopherol than for 
the acetate ester. 


Overman et al. (319) found higher blood levels after oral 
doses of dl-a-tocopheryl acetate to humans in the form of 
aqueous emulsion than after a capsule dosage. They con- 
cluded that the amount of vitamin E given and the vehicle 
are important in determining the effectiveness of vitamin 
E preparations in increasing the plasma levels of free to- 
copherol. 


Water-Soluble Vitamins (Urinary Excretion Tests) 
-The human bioassay technique for determining bio- 
availability of water-soluble vitamins was introduced by 
Melnick et al. in 1945 (320, 321). The principle of this 
method was summarized as follows: “In normal human 
subjects the urinary excretion of the water-soluble vita- 
mins, as such or as their derivatives, is directly propor- 
tionial to the quantity consumed, provided that at  the time 
of the tests the subjects are subsisting on an adequate diet. 
The linear dose-response relationship established by 
feeding the vitamins in pure solution, i.e., in their most 
completely available form, constitutes the basis of the 
bioassay.” 


Outline of the Testing Program-A group of at  least 
five nutritionally normal subjects is chosen. If possible, 
the subjects should keep their diet the same on two con- 
secutive urine collection days and avoid vitamin supple- 
ments and foods unusually high in vitamins such as liver. 
Urine is collected over a 24-hr period for each of these 2 
days. Tuesday and Wednesday are the days of choice for 
conducting the experiment. Thus, urine collections are 
made from Tuesday morning after the first voiding and 
continued until after the first voiding the following 
morning and repeated the second day similarly. The two 
24-hr samples are collected in amber bottles containing a 
total of 20 ml of 3.5 N H2S04 or 2 g of thymol and kept in 
the refrigerator whenever feasible. On the first day the 
subjects ingest nothing but their usual diet; the urinary 
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excretion for this period represents the basal urinary ex- 
cretion. At the beginning of the second day the subjects 
take either a standard control dose or a test dose which is 
reversed to each subject the following week. The control 
dose contains known amounts of the pure vitamins on test 
in aqueous solution or suspension. By subtracting the basal 
excretion from the excretion after the control or test dose, 
the extra urinary excretion due to dose is determined. The 
results for each subject are expressed in terms of percent 
of dose. These tests can be run weekly. The control dose 
and the test dose should contain similar concentrations of 
the vitamins. 


Saturation Dosage-To ensure maximum and uniform 
urinary excretion of the extra vitamins fed, it is necessary 
to saturate the subjects with the vitamins under test. Since 
the excretion of an individual vitamin is relatively inde- 
pendent of the other vitamins, a high potency multiple 
vitamin preparation can be used, provided it contains a t  
least the following quantities of the vitamins under test: 
thiamine (5 mg); riboflavin (5 mg); ascorbic acid (500 mg); 
calcium pantothenate (50 mg); niacinamide (50 mg); py- 
ridoxine (5 mg). The saturating dose is taken for 4 days and 
1 day without this dosage is allowed before the day on 
which the basal urine is collected. (The saturating dosage 
schedule for folic acid was mentioned previously.) 


Control and Test Doses-The standard control dose of 
pure vitamins is given in water. The amount of the control 
dose of each vitamin should be as nearly equal as possible 
to the amount of each vitamin in the pharmaceutical 
product to be tested. Following are suggested dosing ranges 
of the vitamins for use in bioavailability tests: 


Thiamine 5-15 mg 
Riboflavin 5-30 mg 
Niacinamide 50-100 mg 
Ascorbic acid 500-1000 mg 
Calcium pantothenate 


or panthenol 25-100 mg 
Pyridoxine 5-15 mg 
Folic acid 0.5-1 mg 


Urine Assay Methods-The following methods may be 
used for measuring excretions of the vitamins or metabo- 
lites: 


Thiamine -fluorometric assay by the thio- 
chrome method of Mawson and 
Thompson (322) 


-direct dilution with pH 6 acetate 
buffer in final solution for fluoro- 
metric measurement 


Niacinamide -assay of the metabolite, N1- 
methylnicotinamide, by the method 
of Pelletier and Campbell (323) 


Calcium -microbiologically with L. plantarum 
as test organism and the medium of 
Skeggs and Wright (324) 


-assay of the metabolite, 4-pyridoxic 
acid, by the method of Pearson 
(325) 


Folic acid -microbiologically with Streptococ- 
cus faecalis as test organism and the 
medium of Rabinowitz and Snell 
(326) modified by the omission of 


Riboflavin 


pantothenate 


Pyridoxine 


folic acid and the addition of 2 pg of 
pyridoxamineltube 


-calorimetrically, using the dichlo- 
rophenolindophenol-xylene tech- 
nique of Rubin et al. (327) 


Basal and Extra Excretions-In Table VI the average 
basal excretions and average extra urinary excretions for 
saturated subjects receiving the above doses are pre- 
sented. 


Availability of a Test Dose-The physiological avail- 
ability of a test preparation is ascertained by the following 
calculation: 


Ascorbic acid 


Percent recovery of test dose 
Percent recovery of control dose 


X 100 = Percent availability 


Due to the variability of physiological responses in dif- 
ferent subjects and in the same subject from time to time, 
the analytical errors, and the fact that availability is 
measured as the ratio of two recoveries, which in them- 
selves are the difference between two excretion values, an 
error of f20% is not thought excessive. Therefore, a value 
180% is considered indicative of satisfactory availability. 
Oser et al. (321) present data obtained by this technique 
on various multivitamin tablets and discuss some factors 
that might lead to low availabilities. 


Rate of Excretion of Dose-According to Johnson et al. 
(328) urinary excretion of oral vitamin doses dissolved in 
water is practically complete in 8-10 hr. Results obtained 
in the author’s laboratory using the sodium salt of ribo- 
flavin phosphate as the test material indicate that this is 
essentially correct. In these studies a dose of the phosphate, 
equivalent to 30 mg of riboflavin, was dissolved in water 
and taken by the test subjects. The hourly excretion (as 
percent of dose) is summarized below. 


Hours after Dose 
0- I. 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 


Total percentage of dose 
excreted in 8 hr 


Average Excretion 
of Dose, % 


6.5 
12.9 
9.4 
6.0 
3.8 
2.8 
2.2 
1.3 


44.9 


From the data, one would not expect much excretion 
beyond a 10-hr collection period. Excretion data after oral 
dosage of thiamine, ascorbic acid, and niacinamide show 
that the bulk of the urinary output occurs in the first 12 hr 
postdose. 


However, when the dose is taken in capsule or tablet 
form, significant excretion may occur in the 12-24-hr pe- 
riod postdose. Therefore, as a standard procedure, it is 
advisable to run both test and control collections for 24 
hr. 


Correlation of Excretion Tests with In Vitro Disinte- 
gration and Dissolution Tests-There is considerable 
evidence that the pharmaceutical form has a marked in- 
fluence on the availability of vitamins to the body. Chap- 
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Table VI-Average Basal Urinary Excretions and Average 
Extra Excretions of Vitamins or Metabolites After Control 
Doses 


Basal Excretion Approximate 
Vitamin or (on normal Extra Excretion 
Metabolite diets), Due to Control 


Vitamin Measured mg Dose" 


Percent of dose 
Riboflavin Riboflavin 0.5-2.5 45-70 
Thiamine Thiamine 0.3-0.5 5-20 
Ascorbic acid Ascorbic acid 30-60 40-60 
Calcium Pantothenic 4-9" 10-20 


Panthenol Pantothenic 4-9' 10-20 
pantothenate acid 


acid 


tinamided 


acid" 


Niacinamide NI-Methylnico- 6-12 10-20 


Pyridoxine 4-Pyridoxic 0.6-1.2 10-15 


Folic acid Folic acid 0.003-0.006 10-15 


If the test product is completely available, the percent excretion of the test dose 
will be equivalent within experimental limits to the percent excretion of the control 
dose given in aqueous solution. In the case of thiamine, the percent of dose ex- 
creted diminishes markedly as the dose is increased; in the case of a 30-mg dose, 
the excretion may be only -2-5% of the dose. Expressed in terms of pantothenic 
acid. d When N1-methylnicotinamide hydrochloride is used as the standard, 
multiplication of the urinary results by 0.707 converts them to the equivalent nia- 
cinamide levels. To convert milligrams of 4-pyridoxic acid to pyridoxine hydro- 
chloride, multiply by 1.123. At higher doses the percent of dose excreted as 4-py- 
ridoxic acid will be higher. 


man et  al. (252) found by a specified in uitro test that vi- 
tamin tablets that did not disintegrate in 1 hr were not 
fully available to the body, as judged by the amount of ri- 
boflavin excreted in the urine. This was confirmed by 
Morrison et al. (253) and has been the basis for a regulation 
promulgated under the Canadian Food and Drugs Act 
setting a 1-hr time limit for the disintegration of ordinary 
tablets. Middleton et al. (329) examined the relationships 
between i n  uitro dissolution rate, disintegration time, and 
physiological availability of riboflavin in sugar-coated 
tablets. They found a close relationship between disinte- 
gration time and dissolution rate, and both in uitro pro- 
cedures correlated reasonably well with physiological 
availablity as measured by urinary excretion of riboflavin. 
I t  was concluded that either of these two in vitro proce- 
dures can provide a useful estimate of the availability to 
the body of riboflavin in sugar-coated tablets. 


Libby et al. (330) studied riboflavin excretion by human 
subjects ingesting sustained-release capsules or tablets 
which did not pass the official USP disintegration test. 
Urinary recoveries of riboflavin from these preparations 
were extremely low in comparison to those obtained with 
an equal dose of riboflavin standard. These authors also 
showed reduced urinary excretion of riboflavin when six 
tablets containing calcium, ascorbic acid and cholecalcif- 
erol were fed together with fully available riboflavin tab- 
lets. Ida et  al. (331) reported a lower rate of excretion in 
the first 6 hr after dose of compressed film-coated tablets, 
even though these disintegrated in 4 min in water and in 
5-10 min in simulated gastric juice by the USP XVI 
method. These workers, however, did not measure excre- 
tions in later hours, which may have indicated complete 
absorption of the riboflavin over a longer period. 


Evaluation of the absorption of most of the vitamins in 
a multivitamin preparation is a very time-consuming and 
expensive operation, involving skilled staff and analytical 
methodology for vitamin metabolites which is not normally 
used in vitamin assay laboratories. Emphasis in various 
studies of vitamin absorption has been placed on the ex- 


cretion of riboflavin, primarily because of its relative in- 
soiubiiity compared with most other water-soluble vita- 
mins. With the exception of biotin, the solubility of which 
is close to that of riboflavin in water, and folic acid, the 
solubility of which is strongly dependent on pH, all other 
vitamins are many times more soluble than riboflavin. 
Thus, if a tablet granulation is made with a uniform mix- 
ture of the water-soluble vitamins and water-dispersible 
beadlets or powders containing the fat-soluble vitamins 
(a usual procedure), the finding in a urinary excretion test 
that the riboflavin from the finished tablet is fully available 
to the body makes it evident that the tablet has disinte- 
grated suitably. Since the riboflavin has then obviously 
dissolved in order to have been absorbed in the upper part 
of the intestinal tract, it is most likely that the more soluble 
vitamins and the readily dispersible powders have also 
been readily available for absorption. If, on the other hand, 
any of the other individual vitamins are coated or added 
to the tablet mix in a different manner for a special solid 
dosage form than the riboflavin component, then it be- 
comes desirable to establish the correlation of disinte- 
gration and/or dissolution tests with an in uiuo absorption 
test for such vitamins. Once a relationship of in uiuo tests 
to in uitro tests has been established, the in uitro tests 
should be an adequate means of control for ensuring 
suitable absorption characteristics of solid pharmaceutical 
dosage forms in routine pharmaceutical manufacturing 
operations. 
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Abstract 0 Salicylsalicylic acid and acetylsalicylsalicylic acid were 
identified as decomposition products of aspirin when mixtures of the 
drug, with magnesium stearate, were stored in the solid state a t  60’ and 
75% relative humidity. The effect of increasing the concentration of 
magnesium stearate and the addition of other alkali stearates on the rate 
of decomposition of aspirin were studied. The validity of the theory that 
pH changes induced by the alkali stearates account for the catalytic effect 
of the lubricants on the decomposition was tested. The changes observed 
were modeled and the mechanism involved elucidated. The potential use 
of the melting points of aspirin mixtures in predicting the stability of the 
drug in such drug-excipient mixtures is demonstrated. 


Keyphrases 0 Aspirin-solid-state stability in presence of excipients, 
kinetic interpretation, modeling and prediction, decomposition 0 De- 
composition-solid-state stability, aspirin, excipients, kinetic interpre- 
tation, modeling and prediction 0 Stability-solid state, aspirin, in 
presence of excipients, kinetic interpretation, modeling and predic- 
tion 


The mechanisms of decomposition of drugs in the solid 
state are complex and difficult to unravel (1-3). The 
problems are compounded by the fact that most drugs are 


formulated with excipients, and decomposition in such 
systems is even more complicated. This, together with the 
usually slow rates of decomposition in the solid state rel- 
ative to solutions, may explain the comparatively small 
number of reports on the quantitation of decomposition 
of drugs in formulated solid-dosage forms. Many of the 
reports that have appeared have tended to be semiquan- 
titative, although a few detailed studies have been reported 
(4-9). To overcome the time constraints, some workers 
have resorted to the prediction of the solid-state stability 
of hydrolabile drugs by studying their decomposition in 
suspension systems. Kornblum and Zoglio (10) for example 
attempted to predict the stability of aspirin in the presence 
of tablet lubricants in the solid state by this approach. 
Although the method described is attractive, the mecha- 
nisms of decomposition in solid dosage systems may be 
different from those observed in systems containing a 
higher proportion of water. 


More recent studies have shown that in addition to 
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A New Technique for Determining In Vitro 
Release Rates of Drugs From Creams 


Keyphrases Dosage forms, topical-new technique for determining 
in uitro release rates of drugs from creams Release rate, in oitro-new 
technique for determination, drugs from creams 


To the Editor: 
Within about the last 10 years, dissolution testing has 


become recognized as one of the most useful methods for 
evaluating tablets and capsules. In fact, such testing has 
all but supplanted the traditional disintegration test. 
Equipment and procedures for measuring the rate and 
extent of drug dissolution are now becoming standardized 
as a result of intensive research and, necessarily, some 
compromises. 


No such standardization appears to be occurring, how- 
ever, with the equipment or procedures used for testing the 
release of drugs from topical dosage forms ( ie . ,  creams, 
ointments, gels, suppositories, etc.). Many investigators 
have done extensive research on the release of drugs from 
such carriers, but it seems that, almost without exception, 
each used a unique method for presenting the drug to some 
receptor phase. The reason for this may be that each was 
faced with unique problems with regard to the formula- 
tions. 


We present here a convenient and versatile technique 
for the in uitro testing of the release of drugs from creams 
or ointments. This technique could be used for a wide va- 
riety of vehicles, although it was developed specifically for 
cream formulations which are oil in water emulsions con- 
taining 0.01% estradiol. 


The ideal procedure would be one in which the sample 
is in direct contact with the receptor phase, because bar- 
riers used to isolate the sample from that phase have a 
potential leveling effect on the rate of appearance of drug 
(in the receptor phase). Thus, the absence of barriers 
should maximize the probability of measuring differences 


between creams which differ only slightly in their drug- 
release characteristics. Therefore, we first tried filling 
shallow cups with the cream and immersing these in water 
at 37’ in a fashion similar to that reported previously (1). 
This was attempted with a variety of cups of different di- 
mensions supported upright or inverted in the receptor 
phase (water). These attempts failed because the cream 
swelled and eventually sloughed into the water. We noted 
also that the creams were no longer homogeneous, i.e., the 
first few millimeters of sample nearest the water were 
physically different from the bulk of the sample before the 
end of the test time. In addition, samples were necessarily 
so large (a few grams) that only a small fraction of the total 
estradiol was near the surface where it could be expected 
to be released in a reasonable length of time. 


Attempts were made to isolate the cream samples from 
the receptor phase using semipermeable membranes. Two 
membranes were tested, dialysis tubing and filter paper, 
in procedures similar to those reported previously (2). 
When these barriers were used, drug appeared in the re- 
ceptor phase more slowly than when they were not. Al- 
though the problems associated with sample swelling and 
subsequent sloughing could be alleviated by using these 
barriers, this approach was abandoned because of the ef- 
fects on the rate of appearance of drug in the receptor 
phase. 


With these results in mind, we developed a simple 
technique which allows direct contact between the cream 
sample and the receptor phase (water) and which elimi- 
nates or minimizes sample sloughing. Cream samples are 
spread into the interstices of an 80-mesh stainless steel 
screen. The samples prepared in this way can be sub- 
merged in gently stirred water for long periods of time. The 
equipment and procedure are as follows. 


A number of appropriately sized pieces of stainless steel 
screen were first prepared by cutting 7.5 X 7.5-cm squares 
and removing -1 cm from each corner (Fig. 1). 


Each screen was covered on both sides along the top edge 
with a piece of 2.54 cm wide masking tape such that 30 cm2 
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Glass Rod Supports Magnetic Stir Bar 


Figure 1-The apparatus used to evaluate the in vitro release of  es- 
tradiol from creams. The  rectangular TLC developing jar normally is 
partially immersed in a constant temperature bath. A magnetic stirrer 
located beneath the constant temperature bath rotates the stir bar. 


of screen remained exposed. The taped screen was then 
weighed. Cream was smeared liberally into the mesh using 
a spatula, and excess cream was then wiped rapidly from 
the surface by placing the loaded screen between two dis- 
posable paper towels, pressing the towels firmly together, 
and pulling the screen out. After the screen with its sample 
was reweighed, the tape was removed and the screen was 
placed vertically into 120 ml of degassed water held at 37" 
in an 8 X 8 X 3-cm covered rectangular TLC developing 
jar. Small glass rods at the bottom of the jar held the screen 
slightly off the bottom and allowed a micromagnetic stir 
bar to spin fast enough (-300 rpm) just below the screen 
to gently mix the medium, yet not dislodge the cream from 
the screen. At the end of the test period, the screen with 
cream sample was removed from the water. The drug re- 
leased into the water was recovered using a small CIS ex- 
traction column' and then analyzed by HPLC on an ana- 
lytical CIS column using an acetonitrile-water mobile 
phase in a fashion similar to that reported previously (3) 
for dienestrol. 


Figure 2 illustrates the results obtained using this pro- 
cedure for a number of experimental formulations of a 
0.01% estradiol cream. These formulations were alike 
quantitatively but differed in their processing during 
manufacture. These results point out a number of features 
of this method. First, samples can be exposed to the re- 
ceptor phase for any convenient length of time; thus, a 
release profile can be constructed. Second, the results are 
easily interpreted, since they can be expressed in terms of 
a percentage of the total amount of drug available for re- 
lease. This is possible because large (thick) samples are not 
necessary and the surface area of the small (-300 mg), thin 
sample exposed directly to the water is maximized. (The 
interstitial spaces comprise -35% of the total surface area 
of an 80-mesh screen; thus, when both sides of the screen 
are taken into account, the exposed surface area of the 
cream is -21 cm2.) Third, the absence of rate-limiting or 
rate-influencing barriers allows subtle differences in re- 
lease characteristics to be identified. 
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Figure 2-In vitro release profiles for three formulations of 0.01 % es- 
tradiol cream. The  profile for formulation A (0) depicts the average of 
the data given for the  three batches in Table I .  T h e  profiles for B (0) 
and C ( 0 )  represent single batches, and each point is the  average of 
three to four separate tests. The  magnitude of 1 SD is also indicated at 
each point. 


The results illustrated in Fig. 2 are the averages of a 
number of trials. The individual values for three batches 
of one of the formulations are given in Table I. Each value 


Table I-Percent Estradiol Released from Three Batches of an 
Experimental Formulation a 


Batch 1 Batch 2 Batch 3 


4 hr 33.4 19.4 27.0 
30.2 28.4 28.6 
27.8 28.8 - 


- - 
Average 30.5 
SD 2.9 
8 hr 40.7 


37.4 
31.5 


Average 36.9 
SD 3.9 
24 hr 39.3 


58.1 
48.7 
46.3 
51.6 
- - 


25.5 27.8 
5.3 1.1 


40.1 
- 38.9 


37.1 
- 38.8 
- 1.4 


64.7 62.9 
55.8 51.6 


- 


~ 


- - 


51.3 
54.2 
57.7 


. ~ .  


55.6 
55.2 
63.6 


- 53.2 - 
Average 
SD 


49.2 
6.3 


56.7 
5.0 


57.0 
5.0 


1 Sep Pak. Waters Associates, Milford, Mass. Formulation A in Fig. 2. 
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in this table represents the amount released from a sepa- 
rate test sample. The values demonstrate the typical re- 
producibility obtained with this procedure. 


This technique could be useful for testing a wide variety 
of topical formulations where direct contact with the re- 
ceptor phase is desired. The screen size and configuration 
could easily be altered to accommodate different types of 
vehicles, release rates, and concentrations of drugs. This 
technique may be unsuitable where the drug or vehicle 
interacts with stainless steel. Such instances are expected 
to be rare, however, and normally the technique should 
allow investigators to routinely and uniformly prepare and 
test small samples with high surface area to weight ra- 
tios. 
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(3) L. C. Bailey and C. A. Bailey, ibid. ,  68,508 (1979). 
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Comparison of Chromatographic and 
Spectrophotometric Analysis of Indocyanine 
Green in Plasma Following Administration of 
Multiple Doses to Humans 


Keyphrasess High-pressure liquid chromatography-comparison 
with spectrophotometric analysis of indocyanine green in plasma fol- 
lowing multiple dose administration, humans Spectrophotometry- 
comparison with high-pressure liquid chromatographic analysis of in- 
docyanine green following multiple dose administration, humans o In- 
docyanine green-comparison of spectrophotometric and high-pressure 
liquid chromatographic analysis following multiple dose administration, 
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To the Editor: 
Following the administration of small doses (0.5 mgkg), 


indocyanine green (I) is highly extracted from blood by the 
liver (1). Compound I has been used extensively, therefore, 
to evaluate hepatic function (2,3) and to estimate hepatic 
blood flow in humans and laboratory animals (4 ,5) .  Nu- 
merous reports have suggested that I is not metabolized 
in any species (4,6,  7). Thus, simple spectrophotometric 
assays (i.e. , typically the determination of the absorbance 
at -800 nm of plasma samples diluted with distilled water) 
have been used extensively to estimate the concentration 
of I in biological fluids. However, it has been reported re- 
cently that spectrophotometric and high-pressure liquid 
chromatographic (HPLC) assays yield radically different 
estimates of the concentration of I in plasma following the 
administration of a large dose (25.6 mg/kg) to the rabbit 
(8). Estimates of the plasma concentration of I 230 min 


postdose were found to be significantly lower using the 
HPLC assay (almost an order of magnitude lower at many 
time points). Thus, the total body clearance of I in the 
rabbit, calculated on the basis of plasma concentrations 
determined by HPLC, was much higher than that calcu- 
lated from the spectrophotometric assay results. These 
investigators postulated that this discrepancy was due to 
a previously unidentified metabolite. If humans also me- 
tabolize I to a compound that interferes with the classical 
spectrophotometric methods, the clearance value of I 
based on these assays will not provide a reliable estimate 
of hepatic blood flow. Because of the potential implications 
of this assay discrepancy, we compared the spectropho- 
tometric and HPLC assays for I using plasma samples from 
humans. 


Two healthy male subjects (25 and 35 years of age) each 
received five intravenous bolus doses (0.5 mg/kg each) of 
I a t  Wl-hr intervals. Blood samples (5 ml) were collected 
into heparinized evacuated blood collection tubes1 prior 
to and at 1 ,3 ,5 ,7 ,9 ,  11, and 15 min after the first, third, 
and fifth doses. Plasma was separated and stored at -20" 
until analyzed (within 36 hr). Previous studies have dem- 
onstrated the stability of I under these conditions (8), and 
preliminary work in our laboratory confirmed these find- 
ings. 


After the addition of 1.0 pg of diazepam (internal stan- 
dard) in 100 pl of methanol, proteins were precipitated 
with acetonitrile (1 ml plasma-1 ml acetonitrile) and the 
sample was centrifuged. The supernatant was then ana- 
lyzed by spectrophotometric and HPLC methods. Samples 
were analyzed using a double beam spectrophotometer2 
equipped with a red-sensitive photomultiplier. The peak 
absorbance of I in the supernatant was found to occur at 
786 nm, and this wavelength was chosen for analysis of all 
samples. The HPLC method used was that described re- 
cently (8) with the following modifications: Dual wave- 
length (254 and 650 nm)3 monitoring was employed uti- 
lizing two detectors4r5 in series. Absorbance at 650 nm was 
examined, since any degradation or metabolic products of 
I which contained an unaltered chromophore would be 
expected to absorb at a high wavelength similar to that of 
the parent compound. The high wavelength monitoring 
was achieved with a tungsten lamp in a variable wave- 
length mono~hromator~. A wavelength shorter than the 
maximum for absorbance by I was utilized in order to 
maintain an acceptable signal-noise ratio. Chromatogra- 
phy was performed on a reversed-phase column6. Of the 
various mobile phases studied previously (8), one com- 
posed of 0.05 M KH2POCNa2HP04 (pH 6.0)-acetoni- 
trile-methano1(5047:3) was found to be most satisfactory. 
The peak height ratio was determined at both wavelengths 
relative to the diazepam peak height at 254 nm. Calibration 
curves were obtained in each subject's plasma for each 
analytical method. 


Vacutainer, Becton-Dickinson and Co., Rutherford, N.J. * Model 25 Spectrophotometer, Beckman Instruments, Inc., Fullerton, Calif. 
3 Monitoring of column eluent was performed at  254 nm instead of 225 nm as in 


Ref. 8. This was advantageous since human plasma samples extracted as described 
above frequently contained a compound that had a retention time very similar to 
that of I and absorbed at 225 nm hut not a t  254 nm. 


Model 770, Schoeffel Instrument Corp., Westwood, N.J. 
Model 440, Waters Associates, Milford, Mass. 
WBondapak CIS, Waters Associates, Milford, Mass. 
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Calculation of the Nucleophilic 
Superdelocalizability by the CNDOIB Method 


ylethylamine in its basic and protonated form (Table I). 
For comparison, we present also the net charges and the 
electrophilic superdelocalizabilities of these atoms. The 


Keyphrases Structure-activity relationships-calculation of the 
nucleophilic superdelocalizability by the CND0/2 method, perturbation 
theory 0 Perturbation theory-calculation of the nucleophilic super- 
delocalizability by the CND0/2 method, structure-activity relationships 


Nucleophilic superdelocalizability-calculation by the CNDOI2 
method, perturbation theory, structure-activity relationships 


To the Editor: 
In the application of the perturbation theory to the 


search of structure-activity relationships (1-3), there is 
an approximation that consists of replacing energies of the 


relative positions of the hydroxide group and the amine 
chain are referred to by cis and trans; parallel ( I / )  and 
perpendicular (1) refer to the position of the substituents 
in relation to the phenyl ring. The geometry employed is 
composed of bond angles and bond distances normally 
found in crystallographic studies. 


From Table I it can be seen that the values of Q and S E  
do not change significantly between the different rotamers 
in the basic and protonated forms. The S N  index does not 
change in the basic rotamers; the protonated rotamers 
show profound changes, but these do not seem to show any 
relation with the conformation. Negative S N  values are due 


Table I-Reactivity Indexes of the Nitrogen and Carbon (Hydroxide) Atoms of some Rotamers of the p-Hydroxy-8-Phenylethylamine 


Position of the -OH and 
Form Ethylamine Groups" QC s: s: QN SE, sw 


Basic 
NII,O 1 0.1588 -4.6864 13.2226 -0.2502 -7.0713 7.1340 
cis. N 1.0 1 0.1542 -4.7115 13.0695 -0.2477 -7.0288 7.2308 
trans, N'L, 0 I 0.1542 -4.7120 13.0661 -0.2477 -7.0328 7.2234 
cis, N 11, 0 I1 0.1653 -4.6548 13.2010 -0.2502 -7.0740 7.1292 
trans, N I/, 0 I/ 0.1655 -4.6549 13.1981 -0.2502 -7.0761 7.1255 
N I . 0 1 1  0.1609 -4.6802 13.0521 -0.2477 -7.0364 7.2158 


Protonated 
Nl / ,O  1 0.1816 -3.9527 84.9492 -0.0275 -3.9295 -81.9167 
cis ,N 1 ,0  I 0.1810 -3.9575 -8.1637 -0.0268 -3.9247 -331.5201 
trans, N 1 .0  I 0.1809 -3.9588 -15.6034 -0.0268 -3.9258 -409.2566 
cis, N 11, 0 / I  0.1878 -3.9273 54.8285 -0.0275 -3.9299 -371.0407 
trans, N 11, 0 I1 0.1877 -3.9281 44.8999 -0.0274 -3.9307 - 563.32 19 


-621.9106 N I , O l l  0.1877 -3.9330 -32.9728 -0.0268 -3.9265 


0 The symbols I/ and I indicate parallel and perpendicular positions, respectively, in relation to the phenyl ring. 


virtual molecular orbitals of the receptor by a constant. 
This replacement, expressed in previous reports (1, 4), 
leads to the appearance of the nucleophilic superdelocal- 
izability index, S N ,  of the atoms of a drug, in the expression 
relating the equilibrium constant to molecular structure 
factors. This index is usually calculated with semiempirical 
methods, like CND0/2I (3) or INDO (2). The S N  index of 
the atom p is defined as: 


where n is the virtual molecular orbitals, En is the energy 
of the nth virtual molecular orbital, the summation on j 
is over the atomic orbitals ( A O )  of the atom p that con- 
tribute to the basis, and C,, is one Linear Combination of 
Atomic Orbitals (LCAO) coefficient. 


For one N electron system with a basis of t AOs, the 
CNDOI2 method produces N/2 occupied molecular or- 
bitals and ( t  - N/2) virtual molecular orbitals. These 
virtual molecular orbitals cannot be regarded as suitable 
for the description of the excited states of the system. 


With the aim of examining the dependence of the 
CNDOI2 SN values on the conformation, we have analyzed 
the value of this index for several rotamers in a group of 
molecules. Presented here are the results for the amine 
nitrogen and the carbon atom where the hydroxide group 
is attached, for six rotamers of the p -hydroxy-P-phen- 


Unpublished data. 


Table 11-SN Value for the Nitrogen Atom in Some 
8-Phenylethy lamines 


Substituent S N  


o-OCH~ 
m-OCH3 


p-OH 
P-CHS 


-H 


780.0266 
77.0958 


-371.0407 
586.3877 


-302.6347 


to the appearance of virtual molecular orbitals with neg- 
ative energies. 


In Table I1 we present the S N  values for the nitrogen 
atom in a group of protonated /3-phenylethylamines. All 
of the substituents are coplanar with the phenyl ring. Even 
so, the nitrogen S N  values seem to show no relation with 
the substitution. 


Perhaps this lack of correlation between SN and mo- 
lecular structure in protonated molecules could explain 
why in some quantum chemical studies the S N  indexes do 
not appear, or, when they do, their t values are low. 


This analysis strongly suggests that the S N  values ob- 
tained with the CND0/2 method must be employed with 
caution in structure-activity studies. 


Considering that a great number of molecules act in a 
protonated form and that the exact position of the sub- 
tituents at  the receptor level is not known, it seems nec- 
essary to define an S N  index that shows the same depen- 
dence on the conformation as the S E  index and the net 
charges. 


(1) F. Peradejordi, A. N. Martin, and A. C. Cammarata, J.  Pharm. Sci., 
60,576 (1971). 
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Comments on the USP XX Gas Chromatographic 
Analysis of Alcohol in Drugs and Drug 
Formulations 


Keyphrases 0 GC-USP XX GC analysis of alcohol in drugs and drug 
formulat,ions Alcohol-USP XX GC analysis in drugs and drug for- 
mulations 


To the Editor: 
The analysis of the alcohol content in drug formulations 


is a part of not only elixir and tincture monographs but also 
is included as a limit test for residual alcohol from the 
synthesis of some drug substances. 


The performance of a divinylbenzene polymer for the 
GC analysis of alcohol was described previously (l), and 
it was concluded that there were definite advantages with 
the use of porous polymer beads for the analysis of alcohol 
in pharmaceuticals. In 1975 the 12th edition of the “Offi- 
cial Methods of Analysis of the Association of Official 
Analytical Chemists” (2) adopted a GC method for the 
analysis of alcohol in drugs which was based on a collabo- 
rated method developed previously (3). This procedure 
utilized a flame ionization detector and a column packed 
with a 80-100 mesh copolymer of ethylvinylbenzene and 
divinylbenzene’ (I) operated at 130” with a retention time 
of -5 min for acetonitrile, the internal standard. The USP 
XX (4) changed the chromatographic procedure for alco- 
hol to essentially that cited previously (3). The change of 
the column packing to I was an improvement in the USP 
method since it eliminated interferences caused by column 
bleed and the late elution of water experienced with the 
earlier polyethylene glycol column. Unfortunately, it now 
appears that a suitable grade of I is no longer commercially 
available. 


Data to support this conclusion was developed during 
a recent evaluation of the alcohol analysis for dexameth- 
asone elixir.2 Six lots of I, including both the 80-100 and 
100-120 mesh sizes, were evaluated to determine the ex- 
tent of the problem. These lots represent commercially 
available materials between 1976 and 1981. Both coiled 


_ _ _ _ _ ~  


1 Poropak Q, Waters Associates, Milford. Mass. 
2 Analyses were part of a study for the Food and Drug Administration’s Com- 


pendial Monograph Evaluation and Development Program for Dexamethasone 
monographs in the USP XX. 


and U-shaped glass columns were packed and used with 
three different gas chromatographs3. Even though both 
the temperature and the nitrogen flow rate were adjusted, 
complete baseline separation of the alcohol and acetonitrile 
peaks was not achieved with any lot of Compound I. The 
alcohol peak also exhibited marked tailing, which was not 
present in the chromatograms published by Falcone (3) 
or those by Hollis (5) who did some of the first experi- 
mental work with porous polymer beads. The acetonitrile 
peak remained symmetrical regardless of packing pre- 
treatment, column temperature, or whether injected alone 
or with alcohol. Tailing of the alcohol peak can be reduced 
by either the chloroform soxhlet extraction of I prior to 
packing the column or by raising the column temperature. 
The change in resolution can be attributed to the inter- 
action of alcohol with residual polymerization compounds 
in I. Tailing and resolution factors calculated during this 
evaluation are listed in Table I. 


During conditioning, current lots of I released vapors 
suggestive of the drying oils found in paints. This odor can 
also be detected in the bulk packing container, yet the 
remainder of a bulk lot which was received in 1968 is 
odorless. The difference in the odor itself indicates that 
there has been some change in the polymer synthesis which 
introduces different residual compounds. IR analysis of 
the oily residue extracted with chloroform showed that at 
least three compounds are vaporized during column con- 
ditioning. A brochure (6) distributed by the manufacturer 
of I states that “. . . any residual chemical in the bead can 
contribute to spreading of the peak, change in retention 
time, or loss of resolution.” This brochure also recommends 
conditioning for at least 2 hr at  250’. All columns that were 
evaluated had been conditioned at 235’ for 16 hr. One 
column that was conditioned for a second 16-hr period did 
not show any improvement in its performance. Only the 
100-200 mesh lot, which was exhaustively extracted with 
chloroform, showed a reduction in the tailing of the alcohol 
peak. The observed experimental results substantiate the 
manufacturer’s information about residual chemicals in 
the polymer beads, in that there has been a deterioration 
in peak resolution, and there is tailing for hydroxyl com- 
pounds which was not observed in the collaborative study 
(3). There is also great variation in column performance 
between different batches of I. 


It is the opinion of this author that the data in Table I 
demonstrate that acetonitrile is no longer a suitable in- 
ternal standard for the GC analysis of alcohol. Either the 
resolution factor or the alcohol tailing factor requirement 
of USP XX can be met but not both with the same set of 
chromatographic conditions and the 100-200 mesh size 
specified in the Alcohol Determination monograph. Of the 
lots tested, only one lot of 80-100 mesh met all the re- 
quirements, except for mesh size, of the system suitability 
test. A series of five replicate injections of the alcohol 
standard preparation onto this column had a relative 
standard deviation (RSD) of 2.98% for the peak height 
ratios, which is less than the 4.0% required by this system 
suitability test. The RSD for the peak area ratios from 
these same injections was 0.28%. The average result cal- 


B Hewlett-Packard, model 5830A; Schimadzu, model GC-MINIB; Nuclear-Chi- 
cago, model 4740. 
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in 1% acetone-Ringer buffer (10 fig/ml) were left for appropriate periods 
a t  37” under light protection in the absence of enzyme. The enzyme in- 
hibitory potency of the aged solutions was assayed by adding glucose- 
6-phosphate dehydrogenase for an additional incubation period of 5 
min. 


The results shown in Fig. 3 indicate that the gradual disappearance 
of anthralin during the first 30 min was responsible for the concomitant 
decrease in the enzyme inhibitory potency of the solution. The reap- 
pearance of a stronger inhibitory activity, however, is in striking contrast 
with the complete degradation of anthralin which occurred during the 
following 2-3 hr and, as already noted, could not be attributed to the 
formation of the dimer. 


Similarly, when anthralin was left in acetone (0.5 mg/ml) for several 
days under continuous exposure to light (Fig. l ) ,  the final dark brown 
solution, which was totally devoid of anthralin or dimer, showed a strong 
toxicity against glucose-6-phosphate dehydrogenase (Fig. 1A). Incubation 
of 1% of the acetone solution with the enzyme in Ringer buffer (5 min) 
resulted in a total destruction of enzymatic activity, which could not be 
explained by the presence of quinone. 


CONCLUSION 


Using a highly sensitive and reproducible HPLC assay, additional 
evidence has been given for the chemical instability of anthralin in so- 
lution, particularly aqueous media. In acetone solution over long periods, 
anthralin decomposes, in part uia the dimer, to give a final solution 
containing 20% quinone. In aqueous media at pH 7.5,37O, and under light 
protection, the corresponding dimer (but not quinone) is formed. Near 
their upper limit of solubility in Ringer buffer, anthralin, dimer, and 
quinone interact with glucose-6-phosphate dehydrogenase, but this in- 
teraction leads to a fairly modest decrease of enzymatic activity. The 
dramatic changes regarding inhibition of the enzyme cannot be explained 
by the formation of dimer from anthralin and suggest that  other break- 
down products, unidentified as yet, must be the most active derivatives 


against glucose-6-phosphate dehydrogenase. Thus, if neutral aqueous 
buffers are used for the investigation of the mode of action of anthralin, 
the chemical instability of this molecule and the possible interference 
of highly active breakdown products should be kept in mind. Therefore, 
both in uitro and in viuo data should be interpreted cautiously. 
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Abstract  A series of steroidal oxazoline derivatives, containing dif- 
ferent chains attached to the heterocyclic ring, were synthesized and 
examined for in vitro effect on bovine pancreatic ribonuctease activity. 
The results indicated weak anabolic properties for all products except 
Compounds I11 and XI1 which showed mild catabolic activities. 


Keyphrases 0 Oxazoline-steroidal derivatives, synthesis and in vitro 
effect on bovine pancreatic ribonuclease activity 0 Derivatives-steroidal 
oxazoline, synthesis and in uitro effect on bovine pancreatic ribonuclease 
activity 0 Ribonuclease activity-bovine, pancreatic, steroidal oxazoline 
derivatives, synthesis and in uitro effects 


In connection with a program studying modified ste- 
roids, a variety of N,N-disubstituted aminoethyl ethers 
of 6-phenyl, benzyl, or thiazolidinyl-17P-estradiol were 
synthesized and tested for antiestrogenic properties (1). 
In addition, various androgenic and estrogenic keto-ste- 
roids were converted into the corresponding 4-substi- 
tuted-3-thiosemicarbazone (2) and acylhydrazone (3-5) 
derivatives, and the products evaluated for anticancer (2, 
4) and endocrinological (2,3,5) activities. 


Extending the studies to steroids containing fused 
heterocyclic systems, the synthesis of a series of 2’-thio- 
17-oxoestra-1(10),4-dieno[2,3-d]oxazolines (V, VII, IX, 
and XI) and the corresponding estra-l,5( 10)-dieno[4,3- 
d]oxazolines (VI, VIII, X, and XII), possessing methyl or 
N,N-disubstituted aminoethyl moieties in the heterocyclic 
ring, was undertaken1. The in uitro effect of the product 
on the activity of the bovine pancreatic ribonuclease was 
evaluated as a preliminary measure for their anabolic and 
catabolic properties (6) (Scheme I). 


RESULTS AND DISCUSSION 


Chemistry-The 2- (I) and 4-aminoestrones (II), prepared by re- 
duction of the 2- and 4-nitroestrones (7) with sodium dithionite in al- 
kaline medium (8), were treated with carbon disulfide and potassium 
hydroxide in boiling ethanol to produce 2’-thio-17-oxoestra-1(10),4- 
dieno[2,3-d]oxazoline (III), and 2’-thio-17-oxoestra-1,5( 10)-dieno[4,3- 


This paper constitutes Part VII of the series on Steroidal Derivatives: Part VI 
is Ref. 5. 
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I X R = - C H 2 C H 2 q  x R = - C Y C H 2 0  


XI R - C H ~ C H Z ~  XI1 : R = - C H 2 C % N 3  
Scheme I 


dloxazoline (IV), respectively. The reaction of Compound I11 with methyl 
iodide in cold aqueous sodium hydroxide solution yielded the corre- 
sponding N-methylsteroidal oxazoline derivative (V). The application 
of the same procedure to synthesize the other required compounds 
(VI-XII) was fruitless. The preparation of the 3’-[2-(N-pyrrolidinyl)- 
ethyl] derivative (IX) necessitated the reaction of 2’-thioxazoline (111) 
with 2-(N-pyrrolidinyl)ethyl chloride hydrochloride salt in refluxing 
sodium ethoxide solution, while for compounds VI-VIII and X-XII, the 
use of potassium hydroxide in boiling acetone was the most effective in 
conducting the reaction to completion. The products (Table I) were 
identified by IR, UV, PMR, and, for one representative example, by mass 
spectra. The IR spectra of the products lacked the C=N absorption 
bands and exhibited a band at  930 cm-’ for the C=S absorption (9). 


In the PMR spectra (Table 11), the steroidal[2,3-d]oxazolines (V, VII, 
IX, and XI) showed two singlets at 7.08-7.20 and 7.27-7.59 ppm for the 
Cq and C1 protons of the steroidal skeleton. The analogous steroi- 
dal[4,3-d]oxazolines (VI, VIII, X, and XII) showed the C1 and Cz protons 
as a singlet at 7.20 ppm. The Cla-CH3 of all products as well as the 
N-CH3 of Compounds V and VI resonated as two singlets at 0.91-0.92 
and 2.71-2.75 ppm, respectively. The protons of the 2-methylene chain 
of Compounds VII-XI1 were identified as two triplets resonating at  


Table I-Synthesized Steroidal Oxazoline Derivatives (V-XII) 


different chemical shifts. The first, appearing at 2.21-2.88 ppm, was as- 
signed to the more shielded methylene protons adjacent to the N-di- 
methyl, pyrrolidino, or morpholino function. The other triplet, resonating 
at  3.42-3.49 ppm, was assigned to the relatively less shielded methylene 
protons attached to the oxazoline ring. The spectra also showed the sig- 
nals for the pyrrolidine and morpholiie protons at the expected chemical 
shift in the high field region. 


The mass spectrum of Compound V showed a molecular ion peak at  
m/z 341. Its fragmentation as demonstrated in Scheme I1 involved the 
cleavage of Ring D to give Ion A at  m/z 285 which after cleavage of Ring 


Compound No. Yield, % Melting Point 


V 63 204-205” 


VI 87 186-187 


VII 70 146-147 


VIII 70 144-145 


IX 93 157-158 


X 85 157-158 


XI 82 173-174 


XI1 67 179-180 


Analysis, % 
Molecular Formula Calc. Found 


C 70.36 
H 6.79 
N 4.10 
C 70.36 
H 6.79 
N 4.10 
C 69.32 
H 7.59 
N 7.03 
C 69.32 
H 7.69 
N 7.03 
C 70.72 
H 7.60 
N 6.60 
C 70.72 
H 7.60 
N 6.60 
C 68.16 
H 7.32 
N 6.36 
C 68.16 
H 7.32 
N 6.36 


70.27 
6.82 
4.24 


70.37 
7.00 
4.26 


69.14 
7.85 
7.13 


69.43 
7.74 
6.90 


70.54 
7.88 
6.47 


70.37 
7.80 
6.60 


68.07 
7.29 
6.52 


67.98 
7.58 
6.54 


All products were crystallized from ethanol except compounds VII and X, which were crystallized from aqueous ethanol. 
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C produced Ion B at  m/z 256. Successive elimination of methylene groups 
from Ion B gave Ions C, D, and E a t  m/z 229,215, and 204, respectively. 
Ion D then lost a carbon monosulfide and a carbon monoxide function, 
and produced the isocyanide Ion F a t  m/z 143. Ion C either eliminated 
carbon monosulfide and a hydrogen to give Ion G at  m/z 184 or underwent 
cleavage of an isothiocyanate ion and two hydrogens to yield Ion H as the 
base peak at  m/z 169. This in turn eliminated carbon monoxide and a 
methylene ion and accepted a hydrogen giving Ion I a t  m/z 128. The 
spectrum has also shown the various ions reported for the normal frag- 
mentation of estrone (10) and oxazole (11,121. 


Biological Screening-Compounds 111-V, VII-IX, XI, and XI1 were 
in uitro tested for possible anabolic-catabolic activity by measuring their 
effects on the activity of the bovine pancreatic ribonuclease. The applied 
method, as reported (6), involved the utilization of four sets of incubation 
media: the medium containing the steroidal derivative and the enzyme, 
the blank lacking the enzyme, the control devoid of the steroidal deriv- 
ative, and the control blank containing the enzyme and the phosphate 
buffer solution. After mixing the components of each set, the tubes were 
incubated at  37" for 15 min, and treated with an ethanol-glacial acetic 
acid mixture to terminate the reaction. They were stored for 1 hr in the 
refrigerator, centrifuged for 15 min, and the supernates were spectro- 
photometrically measured a t  260 nm. The activity of the ribonuclease 
was calculated according to a previous report (13) and the data expressed 
as the mean values of five experiments f standard deviation in units per 
milliliter. 


In accordance with the results obtained (Table 111), the majority of 
products caused a weak percentage inhibition of ribonuclease indicating 
mild anabolic properties. Compounds I11 and XII, induced a weak per- 
centage activation of ribonuclease and hence proved to be of mild cata- 
bolic nature. In contrast to such findings, a variety of compounds having 
a heterocyclic ring fused to the 2,3- or 3.4-positions of various steroids 
have been reported to possess more potent endocrinological activity than 
the parent steroidal nuclei (14-19). 


EXPERIMENTALz 


2'-Thiosteroidal-oxazolines I11 and  IV-A mixture of the aminos- 
terone (I  or 11) (8) (150 mg, 0.52 mmole), carbon disulfide (3.5 ml), and 
potassium hydroxide (30 mg) in ethanol (20 ml) was heated under reflux 
for 6 hr. The final solution was concentrated, cooled to room temperature, 
acidified with glacial acetic acid, treated with enough water until per- 
manent turbidity, and left overnight in the refrigerator. The deposited 
white solid was filtered, washed with water, and crystallized from ethanol 
giving the required products. Compound I11 was obtained as white shiny 
scales darkening at  280°, mp 310°, yield: 87%. Compound IV was pro- 
duced as white prisms, mp 188-192', yield: 99%. IR (mineral oil): 1730 
(C=O), 1510,1495,1140, and 930 cm-' (H-N-C=S amide I, 11,111, 
and IV bands, respectively) (9). UV of Compound IV, A,, (ethanol) (log 
f ) :  225 (4.477), 265 (4.202), 270 (4.180), 300 (sh) (4.503). and 310 nm 
(4.982). The products give microanalytical data within f0.4% for C, H, 
and N. 


2'-Thio-Jf-methyl- 17-oxoestra- 1 (10),4-dieno[2,3-d]oxazoline 
(V)-Methyl iodide (90 mg, 0.63 mmole) was added dropwise to an ice- 
cooled solution of 2'-thio-l7-oxoestra-l(l0),4-dieno[2,3-d]oxazoline (111) 
(200 mg, 0.61 mmole) in a mixture of ethanol (10 ml) and 10% aqueous 
potassium hydroxide solution (10 ml). The mixture was stirred for 1 hr, 
while being cooled in ice, and for an additional hour a t  room temperature. 
The final solution, containing some deposited products, was left overnight 
in the refrigerator, filtered, and the product crystallized from ethanol 
to give white shiny scales of the required Compound V. IR (mineral oil): 
1720 (C=O) and 920 cm-I (C=S). The yield and physical constants of 
the product are recorded in Table I. Mass spectrum of V showed m/z 
(relative abundance %) M! a t  341 (42), 285 (61,284 (6), 257 (4), 256 (71, 
243 (8), 242 (4), 231 (9), 230 (13), 229 (7), 228 (111,218 (51,217 (18), 216 
(13), 215 (6), 204 ( l l ) ,  191 ( l l ) ,  184 (7), 183 ( l l ) ,  182 (9), 180 (3), 179 (5), 
178 (26), 172 (5), 170 (9). 169 (loo), 167 (51,166 (4), 165 (61,164 (6), 158 
(7). 157 (15), 156 (5), 155 (7), 154 (6), 153 (8), 152 (5), 145 (4), 144 (4), 143 
(5), 142 (6), 141 ( l l ) ,  140 (5), 131 (8), 130 (6), 129 (15), 128 (15), 127 (6). 
117 (5), 116 (15), 115 (22). 103 (15), 91 (6), 79 (4), 77 (6), 67 (6), 55 (6), and 
41 (6). 


2'-Thio-3'[2-( N-pyrrolidino)ethyl]-17-oxoestra-l( 10),4-dieno- 
[2,3-d]oxazoline (IX)-2-(N-Pyrrolidinyl)ethyl chloride hydrochloride 


~ _ _ _ _ _  


2 All melting points are uncorrected. IR spectra were measured as Nujol mulls 
on a Beckman 4210 IR spectrophotometer. UV spectra for ethanol solution on a 
Perkin-Elmer 650 S spectrophotometer. PMR and MS were measured on a Per- 
kin-Elmer R32 and an AEI-MS-50, respectively. 


Table 11-PMR Spectral  Data  of t he  Synthesized Steroidal 
Oxazoline Derivatives 


Compound 
No. Chemical Shift (6 ppm) in CDC13 


I11 0.92 (s, 3H, C18-CH3), 7.08 ( s ,  lH ,  CJ-H), ?.27 ( s ,  
lH ,  Cl-H), 10.55 (broad and diffused singlet, 
disaDoearine on deuterization. 1H. N-H). 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XI1 


0.91 (i j H ,  C&CH3), 2.71 (s ,  3H, N-CH;), 7.13 
(s, IH, C4-H), 7.52 (s, lH,  C1-H). 


0.93 (s, 3H, CIO-CH~), 2.75 (s, 3H, N-CH3), 7.2 (s, 


0.91 ( s , ~ H ,  Cle-CH3), 2.30 ( s , ~ H ,  N(CH3)2), 2.73 
(t, 2H, J = 7 Hz, CHz--N(CH3)2), 3.42 (t, 2H, J 
= 7 Hz, CHzCH2N(CH3)2), 7.13 ( s ,  IH, Cd-H), 
7.51 (9, lH,  C1-H). 


0.92 (s, 3H, C18-CH3), 2.30 (s, 6H, -N(CH&), 2.21 
(t, 2H, J = 7 Hz, -CHy--N(CH3)2), 3.43 (t, 2H, 
J = 7 Hz, -CH2CHzN(CH&. 7.20 ( s ,  2H, Ci and 
C0-Hi. 


2H, C1 and C2-HI. 


-1 __,_ 
0.91 (s, 3H, C18-CH3), 2.9 (t, 2H, J = 7 Hz, 


CH2-N), 3.49 (t, 2H, -CH2CHzN), 7.2 ( s ,  lH ,  
CA-H). 7.59 (9. 1H. CI-H). 


0 . 9 < ( ~ ,  3H, Ci8-CH3); 2.88 (t, 2H, J = 7 Hz, 
C H e N ) ,  3.46 (t, 2H, J = 7 Hz, --CHzCHzN), 7.2 
(s,2H, C1 and C2-H). 


0.91 (s, Cie-CH3), 2.4-2.61 (m, 4H, morpholine 
protons), 2.77 (t, 2H, J = 7 Hz, -CHzN), 3.45 (t, 
2H, J = 7 Hz, -CHzCHzN), 3.62-3.80 (m, 4H, 
morpholine protons adjacent to oxygen), 7.15 (8,  


0.92 (s, 3H, C~S-CH~), 2.45-2.65 (m, 4H, morpho- 
line protons), 2.78 (t, 2H, J = 7 Hz, -CHz-N), 
3.46 (t, 2H, J = 7 Hz, -CH&HzN), 3.63-3.81 (m, 
4H, morpholine protons adjacent to oxygen), 7.20 
(s,2H, C1 and C2-H). 


lH ,  C4-H), 7.50 (9, IH,  Ci-H). 


(110 mg, 0.6 mmole) was added to  a solution of the thione derivative I11 
(200 mg, 0.61 mmole) in sodium ethoxide (prepared from 30 mg of sodium 
metal and 10 ml of absolute ethanol) and the mixture was heated under 
reflux for 1 hr. The formed inorganic salt was filtered from the hot mix- 
ture and the filtrate concentrated to give, after cooling, the required 
product IX (Table I). IR (mineral oil): 1720 (C=O) and 920 cm-' 
(C=S). 
2'-Thio-3'-substituted-17-oxoestra-l( 10),4-dieno[2,3-d]-and- 


1,5( lO)-dieno[4,3-d]oxazolines (VI-VIII and X-XI1)-A mixture of 
the steroidal 2'- (111) or 4'-thione (IV) derivative (200 mg, 0.61 mmole), 
potassium hydroxide (70 mg, 1.25 mmoles), and one molar equivalent 
of the selected alkyl, dialkylaminoalkyl, or N-heteroalkyl halide in ace- 
tone (15 ml) was heated under reflux for 2.512 hr (TLC). Filtration while 
hot, to remove the inorganic salt, and concentration of the acetone so- 
lution followed by treatment with water gave the required products 
identified as shown in Tables I and 11. IR (mineral oil): 173Cb1725 (0) 
and 965-920 cm-l (C=S). UV of Compound VIII A,,, (ethanol) (log c): 
220 (4.4491, 258 (4.303), 280 (4.181), and 290 nm (4.142). 


Materials and  Methods for  t he  In Vitro Anabolic-Catabolic 
Activities-The following four sets of solutions were used in the evalu- 
ation procedures: 


1. A 0.05 M phosphate buffer (pH 7.4); 
2. A solution of 5 mg of a highly polymerized yeast RNA in 1 ml of the 


3. A solution of 2.5 mg of bovine pancreatic ribonuclease3 in 100 ml 


4. Various molar concentrations to of the steroidal de- 


phosphate buffer; 


of distilled water; 


rivatives in ethanol. 
The media utilized were: 


1. The medium containing the steroidal derivative and the.enzyme 
was composed of a mixture of 0.4 ml of RNA solution, 0.4 ml of 
phosphate buffer, 0.1 ml of the steroidal solution, and 0.1 ml of ri- 
bonucleotase. 


2. The blanks did not contain the enzyme but were composed of a 
mixture of 0.4 ml of RNA solution, 0.1 ml of the steroidal solution, 
and 0.5 ml of the buffer. 


3. The control experiments were devoid of the steroidal components 
and contained a mixture of 0.1 ml of ribonucleotase, 0.4 ml of RNA, 
and 0.5 ml of the buffer solution. 


4. The blank of the control contained only 0.4 ml of RNA completed 
to 1 ml volume by the buffer solution. 


3 Sigma Chemical Co., St. Louis, Mo. 
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Table 111-In Vitro Effects of the Synthesized Steroidal Oxazoline Derivatives on the Activity of Bovine Pancreatic Ribonuclease 


Compound Molar Concentration of the Compound (M) 
No. 10-6 10-7 10-8 10-9 


Estrone 


111 


IV 


V 


VII 


VIII 


IX 


XI 


XI1 


Mean f SEa 
% Activation 
P 
Control 
Mean f SE 
% Activation 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Inhibition 
P 
Mean f SE 
% Activation 
P 


219.6 f 10.03 
12.46 
>0.05 


235.8 f 21.8 
12.89 
>0.05 
187.28 f 12.4 
10.1 
>0.05 
172.5 f 13.2 
17.15 
>0.05 
183.3 f 13.3 
12.02 
>0.05 
194.4 f 14.4 
6.62 
>0.05 
200.9 f 12.6 
3.51 
>0.05 
200.8 f 15.8 
3.55 
>0.05 
221.3 f 12.9 
6.25 
>0.05 


225.4 f 20.04 
15.61 
>0.05 


215.0 f 12.9 
3.37 
>0.05 
186.1 f 12.7 
10.62 
>0.05 
179.3 f 19.7 
13.79 
>0.05 
183.3 f 16.2 
12.02 
>0.05 
186.1 f 16.6 
10.58 
>0.05 
204.6 f 12.9 
1.73 
>0.05 
199.1 f 16.3 
4.37 
>0.05 
249.1 f 17.4 
19.71 
>0.05 


(208.6 f 18.6) 


231.2 f 14.4 
18.57 
>0.05 


205.8 f 13.5 
1.45 
>0.05 
215.0 f 12.8 
3.36 
>0.05 
195.7 f 18.5 
5.92 
>0.05 
207.4 f 17.4 
0.48 
>0.05 
197.22 f 13.6 
5.29 
>0.05 
234.3 f 16.9 
12.5 
>0.05 
213.7 f 13.9 
2.74 
>0.05 
211.8 f 13.6 
1.45 
>0.05 


230 f 17.02 
17.98 
>0.05 


205.8 f 23.5 
1.45 
>0.05 
218.5 f 11.7 
4.81 
>0.05 
198.2 f 12.6 
4.81 
>0.05 
205.5 f 15.6 
1.45 
>0.05 
212.9 f 18.9 
1.92 
>0.05 
230.5 f 15.6 
10.58 
>0.05 
222.5 f 17.6 
6.87 
>0.05 
220.3 f 17.7' 
5.77 
>0.05 


0 The ribonuclease activity is expressed in units as the mean f SE 
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Abstract A procedure for the determination of mianserin, desmeth- 
ylmianserin, and 8-hydroxymianserin in plasma at  therapeutic concen- 
trations by liquid chromatography with electrochemical detection is 
described. Following a multiple-step extraction from alkaline plasma into 
methyl-tert-butyl ether, the reconstituted extract was injected onto a 
reversed-phase trimethylsilyl-packed column and eluted with an ace- 
tate-acetonitrile mobile phase containing an ion-paired reagent. The 
method provides an absolute recovery of 71-7696 and a day-to-day pre- 
cision of 5.4-9.1% for each compound a t  25 ng/ml. The minimum quan- 
tifiable level for all three compounds was 5 ng/ml (RSD > l l%),  and the 
detector response was linear up to 500 ng/ml. Fixed-dose steady-state 
plasma level data for 34 patients are reported. 


Keyphrases 0 Mianserin-determination in plasma, liquid chroma- 
tography, electrochemical detection, metabolites 0 Liquid chromatog- 
raphy-determination of mianserin in plasma, electrochemical detection, 
metabolites Electrochemical detection-determination of mianserin 
in plasma by liquid chromatography, metabolites 


High-pressure liquid chromatography (HPLC) with 
electrochemical detection is becoming an increasingly 
popular and useful combination for the quantitation of a 
wide variety of biologically important compounds (1). The 
sensitivity and selectivity of this detector makes it an im- 
portant alternative tool to UV and fluorescence detection 
in biological science. The use of reversed-phase columns 
and ion-pairing reagents facilitate the examination of 
metabolite profiles in that rapid and efficient separation 
can be achieved in relatively short time periods. A method 
was recently described using ion-pair reversed-phase 
electrochemical detection for the determination of im- 
ipramine as well as its metabolites in plasma (2). 


Mianserin hydrochloride (1,2,3,4,10,14b-hexahydro- 
2-methyldibenzo[c,f]pyrazino[l,2-a]azepine monohy- 
drochloride) is a new tetracyclic antidepressant currently 
undergoing clinical evaluation in the United States. The 
chemical structures of this compound and known phar- 
macologically active metabolites are shown in Structure 
I. The pharmacology and therapeutic efficacy of mianserin 
in depressive illness have been reviewed (3) and the iden- 
tification of its major urinary metabolites in various species 
including humans have been reported (4). The determi- 
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nation of mianserin in biofluids has been performed using 
GC with nitrogen detection ( 5 )  and by mass fragmentog- 
raphy (6). Neither assay included the simultaneous de- 
terminations of the metabolites found in plasma. To date 
HPLC has only been used for sample clean-up prior to 
mass fragmentography (7) and not for quantitation of 
mianserin. 


In the present report, a liquid chromatographic method 
using electrochemical detection is described, which si- 
multaneously quantitates mianserin, desmethylmianserin, 
and 8-hydroxymianserin in plasma. In addition, results of 
actual patient samples are reported. 


EXPERIMENTAL 


Apparatus-Chromatography was performed by a dual piston solvent 
delivery pump l connected to an automatic sampler2. Separations were 
achieved with either a 15-cm X 4.6-mm i.d. trimethylsilyl5-pm particle 
size column3 or a 25-cm X 4.6-mm i.d. octadecylsilyl 10-pm particle size 
column4. The detector system consisted of a thin-layer flow-through 
electrochemical cell5 with glassy carbon as the working and auxiliary 
electrodes and a silver-silver chloride reference electrode. The potential 
and current response was monitored by an amperometric controlle+ and 
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Figure 1-Sample chromatogram of a 1-ml spiked plasma extract 
containing 25 ng of 8-hydroxymianserin and 100 ng each of mianserin 
and desmethylmianserin. One-half (50 p l )  of the reconstituted extract 
was injected. 


’ Model 6000A, Waters Associates, Milford, Mass. * Wisp 710B, Waters Associates, Milford, Mass. 


‘ Partisil-10 ODS-3, Whatman Inc., Clifton, N.J. 
LC-1, Supelco, Bellafonte, Pa. 


TL-5A, Bioanalytical Systems Inc., West Lafayette, Ind. 
Metrohm model E-611 VIA Detector, Brinkman Instruments, Inc., Westbury, 


N.Y. 
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Table I-Summary of the Linear Regression Data for  t he  
Standard Curve" 


Table 11-Reproducibilty of Assays for Mianserin, 
Desmethylmianserin, and 8-Hydroxvmianserin 


Corre- Standard error 
x Intercept lation of 


Slope f S D ,  f S D ,  coefficient the estimate 
Compound ng/ml ng/ml f S D  kSD 


Mianserin 76.28 f 1.52 -0.41 f 1.74 0.9999 f 1.93 f 0.90 


Desmethyl- 47.96 f 1.29 0.99 f 2.68 0.9999 f 1.72 f 1.27 


8-Hydroxy- 44.78 f 4.16 4.10 f 1.09 0.9986 f 1.50 f 0.62 


0.0001 


mian- 0.0002 
serin 


mian- 0.0012 
serin 


Data computed from five consecutive standard curves. 


recorder7 and interfaced with a laboratory data acquisition system8. 
Aluminum column temperature control blocks were devised to fit col- 
umns of either size, and the temperature was controlled by a circulating 
water bathg. 


Reagents-Acetic acidIn, sodium acetateln, sodium carbonatelo, and 
sodium bicarbonateLn were all analytical reagent grade. Sodium heptane 
sulfonate" was used as received. Acetonitrile-UV'2 and methyl-tert- butyl 
ether12 were used without further purification. Distilled water was passed 
through a water purification system13 before use. 


Standards-One milligram (free base) per milliliter of stock solution 
of mianserin hydr~chloride'~, desmethylmianserin maleate14, 8-hy- 
droxymianserin maleateL4, and desmethylimipramine hydrochloride15 
were prepared in 0.1 N HC1. A stock solution of 1 mg/ml of 2-hydroxy- 
imipramine16 was prepared in methanol. For spiking plasma, the mian- 
serin and desmetbylmianserin stock solutions were diluted with 0.01 N 
HC1 to give a working solution of 2 nglpl of each. The stock solution of 
8-hydroxymianserin was diluted with 0.1 N HCI to give working solutions 
of 1 ng/pl and 0.1 nglpl. Desmethylimipramine was diluted with 0.01 N 
HCI to 2 ng/pl and 2-hydroxyimipramine was diluted with 0.1 N HC1 to 
give 1 ng/p1 to provide working solutions for the internal standard. 


Standard curves were prepared containing five levels of spiked samples: 
25,50,100,200, and 400 ng/ml of mianserin and desmethylmianserin and 
5,10,25,50, and 100 ng/ml of 8-hydroxymianserin. Each set of standards 
included a blank. 


Extraction-Internal standard, desmethylimipramine (25 pl, 50 ng), 
and 1.0 ml of 0.6 M carbonate buffer (pH 9.7) were added to 1.0 ml of 
plasma standard or unknown sample in specially washed glassware17. 
Eight milliliters of methyl-tert-butyl ether was added and the mixture 
was shaken for 15 min and centrifuged at 15OOXg for 10 min. The organic 
layer was then transferred to a 15-ml tapered centrifuge tube containing 
1.2 ml of 0.1 N HCl. After mixing for 10 min and centrifuging a t  1500Xg 
for 10 min, the organic layer was aspirated, the aqueous portion trans- 
ferred to a 3-ml tapered glass-stoppered minicentrifuge tube, and neu- 
tralized with 0.5 ml of 0.6 M carbonate buffer (pH 9.7). Methyl-tert-butyl 
ether (0.5 ml) was added and the tube was stoppered, shaken, and cen- 
trifuged for 5 min at  1500Xg. The lower aqueous layer was discarded and 
the organic layer transferred to a small glass vial18. 


The vial was placed within a 4-ml vial assembly (containing the adapter 
spring) and placed in a vacuum ~entrifuge'~.  The ether was evaporated 
under vacuum a t  45'. The extract was then reconstituted with 100 p1 of 
mobile phase, capped, and mixed. 


Chromatographic Conditions-The mobile phase consisted of 0.1 
M acetate buffer (pH 4.2)kacetonitrile (67:33) with 0.005 M sodium 
heptane sulfonate. The mixture was filtered and degassed prior to use. 


Houston Omniscrihe model B5217 B-2, Houston Instruments, Austin, Tex. 
8 PDP 11/34 "Peak 11" System, Digital Equipment Co., Maynard, Mass. 
9 Model FE, Haake Co., Saddlebrook, N.J. 


lo Fisher Scientific Co., Fairlawn, N.J. 
l1 Eastman Kodak Co., Rochester, N.Y. 
l2 Burdick and Jackson Laboratories, Muskegon, Mich. 
'3 Milli-Q, Millipore Corp., Bedford, Mass. 
l4 Organon, Inc., West Orange, N.J. 
l5 USV Pharmaceutical Corp., Tuckahoe, N.Y. 
l6 A gift from Dr. A. A. Manian, National Institute of Mental Health, Rockville, 


Md. 
l7 All glassware (including disposable pipets) were soaked in detergent, washed, 


and then immersed in dichromate cleaning solution for 16-24 hr. The thoroughly 
rinsed glassware was neutralized with dilute ammonium hydroxide solution, 
thoroughly rinsed again with deionized double distilled water, and dried overnight 
at 160'. 


18 Limited Volume Insert, Waters Associates. Milford, Mass. 
l9 Model SVC-100M Speed Vac Concentrator, Savant Instruments, Inc., 


Hicksville, N.Y. 


Within Run" RSD,% 
Concentration Desmethyl- 8-Hydroxy- 


in Plasma, ng/ml Mianserin mianserin mianserin 


100 3.3 
50 6.9 
10 4.7 
5 8.1 


Day-to-dayb 
25 6.6 


2.9 1.2 ~. 


5.9 
4.3 


10.4 


. .- 


8.5 
11.8 
8.2 


5.4 9.1 


O n  = 6. * n = 5.  


Table 111-Recovery of Mianserin. Desmethylmianserin, and  8- 
Hydroxymianserin from 1 ml of Plasma" 


Compound Recovery,% SD, % RSD, 96 
Mianserin, 50 ng 76 4.9 5.4 


8-Hydroxymianserin, 25 ng 72 2.5 3.4 
Desmethylmianserin, 50 ng 71 4.9 7.0 


O n = 6 .  


The flow rate was 1.5 ml/min and temperature set a t  30' resulting in an 
inlet pressure of -1000 psi. The effluent was monitored through the 
detector cell a t  a potential of t1.05 V uersus silver-silver chloride ref- 
erence electrode. 


Quantitation-All determinations were performed by calculating the 
peak height and/or area ratios of each compound to the internal standard. 
A linear regression analysis for each of the standard curves was performed 
by a computer program resulting in the calculation of slope, x intercept, 
correlation coefficient, and standard error. 


RESULTS AND DISCUSSION 


Mianserin, desmethylmianserin, and 8-hydroxymianserin were sepa- 
rated in a single chromatogram within 12 min. A typical chromatogram 
of spiked plasma is shown in Fig. 1. A blank plasma extract showed no 
endogenous interfering peakp (Fig. 2). 


The absolute sensitivity (SIN -3) of this method was checked by in- 
jecting a standard solution containing 1 ng of all three compounds. In 
practical terms the minimum quantifiable levels were 5 ng/ml of plasma. 
The electrochemical detector cell with glassy carbon as the working and 
auxilliary electrodes opposite each other permitted a linear detector re- 
sponse over a range from 5 to a t  least 500 ng. A summary of the data for 
the regression curves appears in Table I. 


The precision of this method was determined by spiking six 1.0-ml 
aliquots of drug-free plasma with various levels of drug and metabolites. 
After the addition of 50 ng of internal standard, the sample was processed 
as described. The percent relative standard deviation for various levels 
are reported in Table 11. 


The absolute recovery was checked by preparing a solution of 50 ng 
of mianserin and desmethylmianserin, and 25 ng of 8-hydroxymianserin. 
The internal standard was added to each solution and the sample injected 
into the chromatograph. One milliliter of plasma was added to each of 


I )  
10 5 0 
MINUTES 


Figure 2-Sample chromatogram of a 1-ml blank sample extract. The 
entire reconstituted extract (100 p l )  was injected. 
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Figure 3-A plot of  the  peak height ratio (i.e., detector response) 
against the oxidation potential (versus silver-silver chloride reference 
electrode) under the same chromatographic conditions described in the 
text: (--.--) 8-hydrozymianserin, (a  - .  *. . -) desmethylmianserin, 
(--o-) mianserin. 


the same number of aliquots and processed routinely except for the in- 
ternal standard. When the final extract was dried down, the internal 
standard was added (50 ng) with mobile phase and injected. The differ- 
ence between the ratios of standards to internal standard in the processed 
samples versus direct injection samples gave a measure of the overall 
recovery (Table 111). 


The determination of the optimum oxidation potential for these 
compounds was done by injecting a standard solution of these compounds 
in methanol into the chromatograph at various potentials. A fixed 
wavelength UV detectorz0 a t  254 nm connected in series preceding the 
electrochemical cell, was used as an internal standard. 


The ratios of the peak heights from the electrochemical and UV de- 
tectors were plotted against the various potentials. Figure 3 shows that 
the 8-hydroxymianserin undergoes oxidation a t  a more negative potential 
than either mianserin or its desmethyl metabolite. The lower oxidation 
potential of this metabolite is due to the presence of the ring hydroxyl 
group. A possible mechanism of electrochemical oxidation of hydroxyl- 
ated derivatives could be explained by the formation of a quinone imine 
(8). Similar current-potential curves were observed with imipramine, 


15 10 5 0 
MINUTES 


Figure 4-Sample chromatogram of a 1-ml spiked plasma extract 
containing 50 ng each of mianserin and desmethylmianserin and 25 ng 
of 8-hydroxymianserin with 50 ng of 2-hydroxyimipramine as the in- 
ternal standard. The  column was octadecylsilane and the mobile phase 
was 0.1 M acetate buffer (pH 4.2)-acetonitrile (65:35) with 0.005 M 
heptane sulfonate. The  flow rate was 1.3 mllmin. 


zo Model 440, Waters Associates, Milford, Mass. 
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Figure 5-Sample chromatogram of 1 ml of  plasma sample from a 
patient receiving 120 mglday of mianserin. Seventy percent reconsti- 
tuted extract was injected. The  plasma levels were calculated to be 13 
ng of 8-hydroxymianserin,21 ng of desmethylmianserin, and 45 ng of 
mianserin. 


desmethylimipramine, and their 2-hydroxy metabolites under similar 
experimental conditions (2). A mechanism of electrochemical oxidation 
of imipramine and chemically related dibenzazepines was recently de- 
scribed by a two-step three-electron ECE processz1 (9). Mianserin and 
its metabolites, which contain the dibenzazepine nucleus, may undergo 
similar mechanisms. The optimum potential found for electrochemical 
detection of mianserin and metabolites was +1.05 V versus silver-silver 
chloride which was compatible with that found previously for the internal 
standard, desmethylimipramine. 


Interfering peaks from other pharmacologic agents, that  may be ad- 
ministered concomitantly with this antidepressant, appeared from 
chlorpromazine and its metabolites and the hydroxylated metabolites 
of loxapine. Other low dose phenothiazine major tranquilizers such as 
fluphenazine, perphenazine, and haloperidol are generally found in much 
lower quantities in plasma and are not detected or elute beyond 12 min. 
Some commonly used benzodiazepines (flurazepam, chlordiazepoxide, 
and diazepam) are frequently administered anxiolytic and hypnotic 
adjuvants. These compounds, as well as their metabolites, would interfere 


1801 


!- .. 


0 20 40 60 80 100 120 140 160180 200 
MIANSERIN, nq/ml 


Figure 6-Relationship between steady-state plasma rnianserin and 
desmethylmianserin level in 34 patients on a fixed dose of 150 mglday 
(r = 0.54). 


21 An electron-transfer step followed by a chemical reaction and a second elec- 
tron-transfer step. 
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if a UV detector (at 254 nm) was used. However none of these drugs or 
metabolites were electrochemically responsive under the described 
conditions. A knowledge of the patient drug profile can be very helpful 
in the identification of interfering peaks. 


The multistep extraction procedure used in this method was developed 
for the recovery of mianserin and its desmethylated and 8-hydroxy me- 
tabolites from plasma. A relatively clean chromatogram resulted with 
no endogenous interfering peaks but with an acceptable recovery of all 
compounds. Ether may be used in place of methyl-tert-butyl ether with 
a similar rate of recovery. However, i t  was found that methyl-tert-butyl 
ether required no prior distillation, was less likely to form peroxides, and 
was easier to handle in the laboratory. Mianserin and desmethylmianserin 
may also be extracted from plasma by either increasing the plasma pH 
to 12 and/or using a more nonpolar solvent such as n-heptane with 1.5% 
isoamyl alcohol thus eliminating the 8-hydroxymianserin from the assay. 
The other major metabolite found in human urine was mianserin-N- 
oxide. This metabolite may be present in plasma but is not extracted from 
a basic plasma medium. 


This method was suitable for automatic sample processing. The use 
of the automatic injector was compatible with the electrochemical de- 
tector and the data acquisition systems. The primary concern in auto- 
mating this system was the stability of the baseline with respect to drift. 
It was found that at  a detector attenuation of 30 nA full scale or higher, 
the baseline remained virtually drift-free during a typical 6-8-hr run. In 
addition, there was no evidence of electrode contamination due to the 
possible oxidation products forming a t  the electrode during continuous 
operation. 


If necessary, chromatography can be performed with an octadecylsilyl 
reversed-phase column with only a minor modification in mobile phase 
and a change in internal standard. However, several interfering endog- 
enous plasma peaks were present in some samples, which may prove 
troublesome when low levels of drug are encountered. A spiked plasma 
sample using this column appears in Fig. 4. 


Plasma samples from 34 different patients on a 150-mg/day fixed dose 
were analyzed for mianserin, desmethylmianserin and its 8-hydroxy 
metabolite. A representative chromatogram of a patient plasma sample 
appears in Fig. 5.  The mean mianserin plasma level was found to be 81 
ng/ml with a range of 20-169 ng/ml. The mean desmethyl metabolite was 
found to be 53 ng/ml with a range of 11-150 ng/ml. Of these samples, only 
four had measurable levels (5 ng/ml) of the 8-hydroxy metabolite and 
the remainder had traces (<5 ng) or none detected. Two patients re- 
ceiving 4 5 0  mg/day (one 120 mg/day, and another 90 mg/day) were 
found to have 12 and 13 ng/ml of the 8-hydroxy metabolite, respectively. 
There was no apparent correlation between the plasma level of the 


nonconjugated 8-hydroxymianserin and the plasma levels of mianserin 
or desmethylmianserin. Figure 6 demonstrates the relatively weak cor- 
relation between mianserin and its desmethyl metabolite. 


In three studies, where patients received 60 mg/day of mianserin, 
steady-state blood levels of mianserin were found in a 6-120-ng/ml range 
(lo), 4-98 ng/ml (mean 36 ng/ml) (6), and a mean of 50 ng/ml(11). The 
presence of a significant amount of 8-hydroxymianserin as well as the 
parent compound has been reported (4), although desmethylmianserin 
could not be detected in the urine of two female volunteers. This was in 
contrast to  earlier findings and rather unusual. 


This method provides a means for the simultaneous determination of 
mianserin, desmethylmianserin, and 8-hydroxymianserin in plasma. The 
procedure is reliable and sensitive enough for routine plasma monitoring 
and single dose pharmacokinetic studies. In the single-dose studies, larger 
volumes of plasma (-3 ml) will be required to determine time points late 
in the pharmacokinetic curve. 
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Abstract If the concentration of drug in one compartment of a linear 
N-compartment system, without sinks and loss only from the sampled 
compartment is sampled, then the total apparent volume of distribution 
can be determined without knowledge of the topology of the system. This 
apparent volume is identical to the apparent volume of the corresponding 
closed system. 


Keyphrases 0 Volume of distribution-apparent, theorems of a linear 
system Linear system-theorems on the apparent volume of distri- 
bution Theorems-apparent volume of distribution of a linear 
system 


Oppenheimer and others have derived a noncompart- 
mental drug distribution volume (1). This volume is the 
ratio of the first statistical moment of the blood drug 
concentration-time function observed after a unit intra- 
venous drug dose to the integral of the function on ( 0 , ~ ) .  
Benet and Galeazzi have re-presented Oppenheimer’s 
derivation (2). In both these texts the derivation is not 
strictly analytical and relies mainly on unsubstantiated 
statements. However, this expression for a distribution 
volume has previously been derived, for an N-compart- 
mental system, in a strict analytical fashion by Bright 
(3). 


Bright’s derivation is based on the following assump- 
tions: 


( a )  irreversible drug loss from the compartmental 
system occurs only from the sampled compartment; 


(b )  the eigenvalues of the coefficient matrix are all real 
and distinct; 


( c )  if Compartment j is connected to Compartment 
i (i and j W,. . .N,i # j )  by a rate constant, k;! > 0, then 
compartment i is connected to compartment J by a rate 
constant kij > 0; 


( d )  ki; = k;;. 
Conditions c and d define the coefficient matrix of the 


N-compartmental system as a symmetric matrix which 
directly implies condition b. Conditions b and c ,  but not 
necessarily condition d ,  are obviously realizable for 
mammillary and caternary compartmental systems (4,5). 
However, condition b specifically excludes any compart- 
mental system whose matrix has repeated real eigenvalues 
or has pairs of complex conjugate eigenvalues. Condition 
c excludes systems with nonreversible cycles involving 
three or more compartments, regardless of the validity of 
condition b. 


Compartment systems, that are based on physiological 
considerations and include specific compartments for the 
arterial and venous blood, must contain nonreversible drug 
circulation cycles involving three or more compartments. 
Consequently, previous derivations (3) are not applicable 
to such systems. 


In the present report, a relationship between the volume 
of distribution of a compartmental system and the first 
moment of the sampled function is derived. This deriva- 


tion does not require conditions on the eigenvalues of the 
system, the topology of the system, or the intercompart- 
mental rate constants. 


THEORY 


Consider an arbitrary set of N interconnected compartments in which 
it is possible for material in Compartment j to reach all other Compart- 
ments i ,  i # j .  Such a system of compartments does not contain any sinks, 
disjointed sets of compartments, or subsystems (6). For such a system: 


where XjGt1,2,. . .N)  is the amount of drug in compartment j, and X; 
is the first derivative with respect to time of Xj. Intercompartmental rate 
constants, kji and kij, are for drug transport from Compartment j to 
Compartment i and from Compartment i to Compartmentj, respectively 
(j and it1,2,. . .N,i # j). Both kij and kji are t 0. If a particular ki, is zero, 
the status of k;i cannot be inferred. 


The Ej’s are defined as: 


N 
Ej = kjo + ,& kji 


J # i  


Gt1,2, .  . .N)  (Eq. 2) 


where kj,,(kjo 2 0) is the rate constant for irreversible drug loss from the 
system uia Compartment j .  


The coefficient matrix A is a dominant diagonal matrix and, since the 
Compartmental system does not contain any sinks or disjointed subsys- 
tems, matrix A cannot be reduced to a matrix of the form: 


(‘u “B) 
by some permutation of the rows and columns where Pand Qare square 
matrixes and 0 consists of zero elements. These row column permuta- 
tions are equivalent to a renumbering of the compartmental system 
(6). 


Matrix A is irreducible and theorems have been given (7) for irreduc- 
ible dominant diagonal matrixes of the form specified by matrix A; thus, 
the determinant of matrix A is bound by IAI # 0 if a t  least one k,, t 0, 
and IAI = 0 if all the k;, = 0 forjc1,2,. . .N. 


A special form of matrix A is one in which only one k;, is greater than 
zero. Considering such a system, and without loss of generality, let klo 
> 0 and kj, = OGt2,3,. . .N) .  In this case: 


N 


J = 2  j = 2  
IAI = - ( ~ I O  + ,$ kl j )  I + ,E (-1)’J-’)k,l IM1jI Z 0 (Eq. 3) 


where M11 is the principle minor of matrix A obtained by deleting Row 
1 and Column 1, and the Mij’s are the minors of A obtained by deleting 
Row 1 and ColumnjGc2,3,. . .N) .  


The minors, MIL and M1j are independent of klo.  By setting klo  = 0 
in Eq. 3 and utilizing Taussky’s theorem, it follows that: 


consequently, Eq. 3 becomes: 


(A1 = -kioIMiiI (Eq. 4) 


Volume of Distribution-Consider a closed irreducible compart- 
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mental system ( i e . ,  k,, = 0 for all j ,  jt1,2,. . .N)  with a unit drug impulse 
input, 6 0 ,  into a particular compartment. Assume the drug concentra- 
tion-time function, &), in Compartment 1 is observed. Since the system 
is closed, the amount of drug in the compartmental system a t  any time 
t is D. Also, since the system is irreducible and closed, the system will 
eventually achieve a state of drug concentration equilibrium. Conse- 
quently, the equilibrium drug concentration, C ( m ) ,  in Compartment 1 
is governed by e(m) > 0. The volume of distribution of the closed system, 
V ,  may be defined as the scalar that maps the equilibrium concentration 
in the sampled compartment to the known amount of drug in the system, 
where V =  D/C(m) .  


If the equilibrium concentration in all compartments of the closed 
system were identical, then V would define the exact volume of the sys- 
tem. However, since the latter condition cannot be assumed to hold for 
an arbitrarily closed compartmental system, the derived volume must 
be regarded as an apparent distribution volume. In general, c(m) will not 
be constant for all observation points. Consequently, the numerical value 
of V depends on which particular compartment is sampled. 


The apparent volume of an open irreducible compartmental system 
is the same as the corresponding closed system. When the topology and 
intercompartmental rate constants of an open system are known, the 
distribution volume can be calculated readily. However, an analytical 
method for calculating V ,  which does not require specified topology or 
intercompartmental rate constants, would be useful since the calculated 
V would be model independent. 


Theorem 1-For an irreducible compartmental system with irre- 
versible drug loss from one compartment only and sampling from the 
same compartment, the first moment, t ,  of the sample concentration- 
time function, C ( t ) ,  after an impulse input, 6D, into the sample com- 
partment is related to the apparent volume of distribution, V ,  of the 
corresponding closed compartmental system by: 


= v 
J - C ( t ) d t  


where 5 = J r t C ( t ) d t / J ; C ( t ) d t .  
Proof-To establish a proof, expressions for t / J ; C ( t ) d t  of an open 


Compartmental system with sampling and loss from one compartment 
and the concentration a t  t = m in the corresponding closed system, e ( m ) ,  
are required. These expressions are derived first and then used to es- 
tablish the theorem. 


Open System-For an impulse input, 6D, into Compartment 1, the 
initial conditions are Xl(+O) = D and X;(+O) = 0 for jt2,3,. . .N. With 
these initial conditions, the Laplace transform x1(s) of can be ex- 
pressed by standard methods as: 


where bl and a, are (-1)J times the sum of the determinants of all the 
j-squared principle minors of matrix A,je1,2,. . .N - 1,  and matrix M11, 
respectively. 


Since A and M11 are matrixes with real elements, the coefficients a, 
and bl are real. Both A and M I L  are dominant diagonal matrixes and by 
the application of Gerschgorins root location theorem (8) both A and M I L  
have eigenvalues with negative real parts. Consequently, the polynomials 
I s  I - A1 and I s l -  Mill have coefficients that  are all of the same sign 
(9). Since the diagonal elements of A and M11 are negative, the coeffi- 
cients a1 and bl are positive, consequently, a, > 0 and bl > 0 for all 
j(jt1,2,. . .N - 1) and (-l)NI A J  > 0 as is ( - l ) N - l J M 1 l J .  


By standard Laplace transform theory: 


lim ts-0 


which on substitution of Eq. 4 into Eq. 6 gives: 


Also, by standard Laplace transform theory: 


The latter identity in Eq. 8 follows from Eq. 4. The limits in Eqs. 6 and 
8 are guaranteed by the fact that Xljc1,2, .  . .N, are nonnegative bounded 
functions such that Xj(m)  = O(10). The X l ( t )  functions are nonnegative 
since the off diagonal elements of A are 30 (ll),  and X i ( - )  = 0 because 
the eigenvalues of A have negative real parts. Combining Eqs. 7 and 8 and 
substituting X , ( t )  = V l C ( t ) ,  where V1 is the volume of Compartment 
1, then: 


Closed System-In the arbitrary open system, k 10 > 0 and kjo.= 0 for 
jt2,. . .N; consequently, the corresponding closed system is obtained by 
setting klo = 0 in A. Let the closed system matrix be A and let &I be the 
matrix obtained by deleting Row one and Column one from A; &I = MIL 
and from Eq. 4, IAl = 0. Let 8 1 ( t )  represent the mass-time function of 
drug in Compartment 1 after an impulse input, 6D, into Compartment 
1. 


By standard Laplace transform theory: 


(Eq. 10) 


where 6; is (-1)' times the sum of the determinants of all the j-squared 
principle minors of A. 


Since the volume of distribution, V ,  is defined by V = D/C(m) ,  and 
V l c ( - )  = 81 ( m ) ,  then from Eq. 10: 


v1 (Eq. 11) 
6 ~ -  1 


(- 1 )  N- 1 I Mll I 
The equivalence of Eqs. 9 and 11 is necessary and sufficient for Theorem 
1 to hold. Consequently, if 


6 ~ - 1  = (biv-1- alv-zkio) (Eq. 12) 


then Theorem 1 is established. The latter identity, Eq. 12, can be proved 
as follows: The coefficients ~ N - I ,  6 N - 1 ,  and aN-2 are given as: 


- - ( - 1 ) N - l I  MlIID 
6 ~ -  1 


V =  


N -  1 


j = 1  
aN-2=( -1 )N-2  l&;jl (Eq. 14) 


where Mjj and f i j j  are the ( N  - 1) squared principle minors of the N -  
squared matrixes A and A, respectively, and the nj j ' s  are the ( N  - 2) 
squared principle minors of the ( N  - 1) squared matrix M11. The coef- 
ficient bN-1 can be expressed as: 


b ~ - l =  ( - I l N - l  [IM111 + NflIP,l] J = 1  (Eq. 15) 


where: 


and where r,+l(jfl,2,. . .N - 1 )  is the row of N - 2 elements obtained 
from (k21,k31,. . . k ~ l )  by striking out the element k,+l , l  and c,+l is the 
column of N - 2 elements obtained from (klz,k13,. . . k l N ) T  by striking 
out the element k l , + l .  Expanding the determinants IP, I (jf1,2,. . .N - 
1) by their first rows, then: 


where lZ,l is the summation of determinants associated with the ex- 
pansion of 1 P, I along ',- Since the elimination constant k 10 does not 
occur in any r f f l  or any M,, , the determinants 12, I are independent of 
klo.  Since Ml1 is also independent of klo, then 6 N - 1  is directly obtainable 
from bN-1 by setting klo = 0 in Eq. 16, thus: 
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Substitution of Eqs. 16 and 17 into Eq. 12 establishes the identity ex- 
pressed in Eq. 12 and thus complete the proof of Theorem 1. 


Theorem 2-For a known nonnegative and finite drug input function, 
In@), into Compartment 1 of an open irreducible compartmental system, 
with sample and loss from Compartment 1 only, the volume of distribu- 
tion of the corresponding closed system, V, is given by: 


J w  tC(t)dt 
- - 


where R(t)  is the observed drug concentration-time function produced 
by the input function In(t), and C ( t )  is the concentration-timefunction 
produced by a unit impulse input into Compartment 1. Both R ( t )  and 
C ( t )  are observed in Compartment 1. 


Proof-By application of standard linear system theory the mass of 
drug, R ( t ) ,  in Compartment 1 is: 


R( t )  = $' In(T)Xl(t - T)dr 03s. 19) 


where X,(t)  is the mass-time function in compartment 1 that would 
result from a unit impulse input into Compartment 1. 


By the standard Laplace transform theory: 


Lim ts-0 


s-0 ds 


Since h ( t )  is a nonnegative function with In(m) = 0 the limit of In(s) as 
s - 0 is J; In(t)dt and the limit of -dIn(s)/ds a s s  - 0 is 1; tIn(t)dt. 
Also, since Xl ( t )  is nonnegative and integrable on (0,m) the limit ofnl(s) 
as s - 0 is J tX l ( t )d t ,  and the limit of -dnl(s)/ds is SctXl(t)dt .  
Applying a known theorem on the limits of products of Laplace trans- 
forms (10): 


r" tR(t)dt = 
J0 


Also, applying the known theorem on limits (10) to Eq. 19: 


An expression for J;tXl(t)dt/J,"Xl(t)dt is obtainable by a rear- 
ranging Eq. 21 and dividing by Eq. 22, which on dividing by J;X,(t)dt 
and utilizing Eq. 22 gives: xw tXl(t)dt  


(Eq. 23) 


Substituting V l C ( t )  = X,(t)  and VlR(t)  = R ( t )  into Eq. 23 gives Eq. 18 
and completes the proof of Theorem 2. 


DISCUSSION 


Theorems 1 and 2 state model-independent methods for calculating 
a drug distribution volume. The expressions are model independent in 
the sense that no knowledge of the topology of the compartmental system 
is required. Since no constraints on the topology are applied, then no 
constraints on either the eigenvalues of the coefficient matrix or on in- 
tercompartmental rate constants are applied. Additionally, it is not 
necessary to specify some functional form (e.g., a summation of expo- 
nentials) to apply the equations. However, it is assumed in the derivation 
that irreversible drug loss from the system occurs only from the sampled 
compartment. The proofs of Theorems 1 and 2 are strictly analytical and 
have the advantage of being mainly algebraic. No concepts of clearance 
or equilibrium elimination are required. 


The derived volume is clearly related to the apparent volume of the 
corresponding closed system. 


Although the terms compartments are used in the derivation, their use 
should not be interpreted literally as circumscribable regions of space 
where physical translocation of matter takes place. The term is merely 
a convenience. Matrix A is simply an operator for a stable linear system, 
and the conditions of nonnegative off-diagonal elements in A are nec- 
essary if observations in the system are to be nonnegative functions. Also, 
the negative diagonal elements are necessary for stability. Consequently, 
the derivation could have followed equally well the line of considering 
a stable linear system which would also have yielded Eq. 1 but where the 
elements of Matrix A would have no meaning in relation to compart- 
mental analysis. These latter concepts have been discussed previously 
(11). 


To apply Theorem I, it is not necessary to assume any functional form 
to describe the C ( t )  data. The numerical values of the required integrals 
can be obtained by standard numerical methods (2). For Theorem 2, it 
is necessary to know the functional form of the input function. For ex- 
ample, the input function may be a step input of magnitude k and of 
duration T. In this case J'; In(t)dt = k r  and Jtt In@) dt  = kr2 /2 .  The 
numerical values of the other integrals in Theorem 2 are obtainable by 
standard numerical methods. 
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Abstract 0 Salicylsalicylic acid and acetylsalicylsalicylic acid were 
identified as decomposition products of aspirin when mixtures of the 
drug, with magnesium stearate, were stored in the solid state a t  60’ and 
75% relative humidity. The effect of increasing the concentration of 
magnesium stearate and the addition of other alkali stearates on the rate 
of decomposition of aspirin were studied. The validity of the theory that 
pH changes induced by the alkali stearates account for the catalytic effect 
of the lubricants on the decomposition was tested. The changes observed 
were modeled and the mechanism involved elucidated. The potential use 
of the melting points of aspirin mixtures in predicting the stability of the 
drug in such drug-excipient mixtures is demonstrated. 


Keyphrases 0 Aspirin-solid-state stability in presence of excipients, 
kinetic interpretation, modeling and prediction, decomposition 0 De- 
composition-solid-state stability, aspirin, excipients, kinetic interpre- 
tation, modeling and prediction 0 Stability-solid state, aspirin, in 
presence of excipients, kinetic interpretation, modeling and predic- 
tion 


The mechanisms of decomposition of drugs in the solid 
state are complex and difficult to unravel (1-3). The 
problems are compounded by the fact that most drugs are 


formulated with excipients, and decomposition in such 
systems is even more complicated. This, together with the 
usually slow rates of decomposition in the solid state rel- 
ative to solutions, may explain the comparatively small 
number of reports on the quantitation of decomposition 
of drugs in formulated solid-dosage forms. Many of the 
reports that have appeared have tended to be semiquan- 
titative, although a few detailed studies have been reported 
(4-9). To overcome the time constraints, some workers 
have resorted to the prediction of the solid-state stability 
of hydrolabile drugs by studying their decomposition in 
suspension systems. Kornblum and Zoglio (10) for example 
attempted to predict the stability of aspirin in the presence 
of tablet lubricants in the solid state by this approach. 
Although the method described is attractive, the mecha- 
nisms of decomposition in solid dosage systems may be 
different from those observed in systems containing a 
higher proportion of water. 


More recent studies have shown that in addition to 
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salicylic acid (II), salicylsalicylic acid (111) and acetylsali- 
cylsalicylic acid (IV) could be detected in aspirin tablets 
(11-13). Since these compounds (111 and IV) have been 
shown (14, 15) to be potentially immunogenic, limiting 
their presence in formulated products is important. It has 
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Figure LHigh-pwformance liquid chromatograms of aspirin and  its 
decomposition products: (A) aspirin in the presence of salicylic acid and 
propyl paraben (n-propyl-p-hydroxybenzoate); (R)  aspirin-l C mag- 
nesium stearate mixture at time 0; (C)  mixture after storage for 18 days 
a t  6 0 O  and 75% humidity; (D) mixture after 21 days without internal 
standard. Key. (0) soloent front; (I) aspirin; (2) salicylic acid; (3) in- 
ternal standard; (4) acetylsalicylsalicylic acid; (5) salicylsalicylic acid; 
(6-9) unidentified products. 
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Figure  2-Kinetics of decomposition of aspirin (I) in the prewnce of 
I?,' .  magnesium stearate (6'0" and 75% relative humidity) and  amounts 
of II,111, and IV. Key: (0) aspirin remaining; (A)  I1 detected, (0) Ill; 
(V) IV. 


been previously reported that although I11 was detected 
in aspirin tablets, it was not detected in various aspirin 
samples, thus suggesting that  its formation could be ex- 
cipient-induced (12). 


The present study was initiated to determine whether 
I11 and IV were formed during the decomposition of aspirin 
in the presence of excipients in the solid state, to quantify 
the kinetics of decomposition of aspirin in the presence of 
excipients, and to elucidate the mechanisms of interaction 
of aspirin with tablet lubricants and in particular with 
magnesium stearate. 


EXPERIMENTAL 


Materials-Salicylic acid1, phosphoric acid1, n-propyl-p-hydroxy 
benzoate2, and calcium, aluminum, sodium, and zinc stearates" were 
obtained from a single manufacturer4. Magnesium stearate samples were 


I Analar grade. 
Laboratory grade. 


J Technical grade. 
4 British Drug Houses, h o l e .  England, IJK. 
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Figure 3-Effect of magnesium stearate concentration on the rate of 
decomposition of aspirin plot according t o  Eq. 6. Key: (V) aspirin 
without additive; (0) 1 %; (W) 2%; (0) 3%; (A) 5% magnesiumstea- 
rate. 


obtained from two different s o ~ r c e s ~ * ~ .  Sodium chloride (BP)fi, methanol7, 
and salicylsalicylic acids were used as obtained. Acetylsalicyhalicylic acid 
was synthesized as described (16) and tested for chromatographic purity 
by high-performance liquid chromatography (HPLC). 


Methods-Analysis of the Metal Stearates-For the assay of free 
fatty acid 100 mg of each metal stearate was weighed out and extracted 
with 5 ml of chloroform. The chloroformic extract was filtered through 
a glass fiber filter paper and 1 ml of the filtrate was analyzed by GLC. For 
the assay of total fatty acid 60 mg of each stearate was weighed into a 
separating funnel and 30 ml of concentrated hydrochloric acid was added. 
The free acids liberated were extracted with 50 ml of chloroform and 1 
ml of the extract assayed by GLC. Preliminary studies showed that 
concentrated acid was necessary to obtain clear chloroformic extracts. 


GLC Analysis for Stearic, Palmitic and Myristic Acids-The GC 
system used for assaying the free and the total fatty acids in the alkali 
stearates consisted of a gas chromatographg fitted with a silicone10 coated 
open tubular glass capillary column (10 m X 0.8-mm 0.d.) and an all-glass 


5 Griffin and George Ltd. 
6 McCarthys, UK. 
7 Analar Grade, Fisons, UK. 


Riker 3M, UK. 
9 Model Pye GC-V. 
10 CP-SiI 5. 
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solids injector. Temperature settings were at  200' for the column and 
250' for the detector and injector. Nitrogen, hydrogen, and air pressures 
were 0.9,1.0, and 0.75 kg/cm2, respectively. The nitrogen flow rate was 
1 mllmin. Peak areas were obtained by integration. 


One mililiter of extract was mixed with 0.8 ml of a chloroformic linoleic 
acid (1 mg/ml) solution and evaporated to dryness at  60" under nitrogen. 
The residues were methylated using a boron trifluoride-methanol mix- 
ture" maintained at  60' for 15 min. The product was extracted with 1 
ml of n-hexane and 1 pI was injected into the chromatograph. Standard 
solutions prepared from the pure free acidsL2 were derivatized and as- 
sayed simultaneously. 


Analysis of the Salicylates-Analyses were performed using an HPLC 
constructed from a constant-flow solvent-metering pump13, a valveI4 
fitted with a 20 -4  loop, and a variable wavelength monitorI5 equipped 
with an 8-pl flow cell and operated at  285 nm with a sensitivity of 0.32 
aufs. Reversed-phase chromatography was performed using a 5-pm ODS 
(25-cm X 4.6-mm i.d.) columnLfi and a mobile phase consisting of 0.02% 
phosphoric acid in 60% methanol in water and delivered at  1.4 ml/ 
min. 


Sample Preparation and Storage-Aspirin crystals were mixed with 
fixed proportions of magnesium, zinc, aluminum, sodium, or calcium 
stearate, and 100-mg quantities of each of the mixtures or of pure aspirin 
were weighed into individual glass vialsL7 and loosely covered with cotton 
wool to prevent entry of condensed water droplets. The samples were then 
stored in a humidity cabinetIs maintained at  60". A 75% relative humidity 
environment was maintained a t  this temperature using a saturated so- 
dium chloride solution. Samples were taken a t  predetermined intervals 
and assayed for aspirin and its decomposition products by the HPLC 
method. 


Sample Preparation for HPLC-The contents of the vial sampled 
were dissolved in methanol, quantitatively transferred to a 25-ml volu- 
metric flask, and brought up to volume with methanol. The resultant 
solution was analyzed by HPLC. 


Particle-Size Analysis-The aspirin crystals were sized by sieve 
analysis (17) and a geometric mean of 280 f 1.85 pm was obtained. 


Washed Magnesium Stearate-Samples of magnesium stearate were 
washed by adding 5 g to 200 ml of 0.1 M HC1 to remove any alkaline im- 
purities and filtering the residues through a No. 3 sintered glass filter. 
The stearate was then washed by shaking with 50 ml of alcohol to remove 
stearic acid precipitated out during the acid wash. The powder was rinsed 
with several changes of double-distilled water until the resultant pH was 
in the 6.9-7.0 range. After a second filtration, the residues were dried 
overnight on filter paper a t  room temperature and finally at  50' for 
one-half hour before storage in tightly closed glass containers. 


Melting-Point Determinations-The melting points of aspirin and 
its mixtures were determined by the standard capillary-tube method 
using an electrothermal melting point appa ra t~s '~ .  A second set of 
melting points were also obtained using a differential scanning calo- 
rimeterZ0 operated at a heating rate of 8'/min and a nitrogen atmosphere 
of 2 bar. Samples (20-30 mg) were used with aluminum as the reference 
material. 


Mathematical Model-The model used for explaining the results 
obtained in this study is based on liquid reaction-product layer formation 
during the decomposition of the aspirin. Jander (18) first showed that 
if one considers the formation of a liquid reaction-product layer, during 
the decomposition of spherical particles and if the reaction is diffusion 
limited, then it is possible to derive an expression relating the fraction 
decomposed with time. Such a model has been used previously (19). 


Microscopic examination of the particles shows that the shape of the 
aspirin crystals used in this study were better approximated by cylinders 
than by spheres. Using Jander's assumptions of a diffusion-limited re- 
action and of a rate of thickening of the liquid layer Jy/dt being inversely 
proportional to its thickness, y,  Eq. 1 is obtained: 


dyldt = kly 
On integration: 


(Eq. 1) 


y2 = 2kt  (Eq. 2) 


'I Pierce Chemical Co. 
l2 Stearic and almitic acids, specially pure grade, British Drug Houses myristic 


acid; Sigma Grafe. Sigma Chemical Co., UK. 
l 3  Alfex 100A. 
l4 Rheodvne 7120 
15 Pye L C ~ .  
l6 Spherisorb. 


Fisons Ltd., Loughborough, UK. 
I*  Townson and Mercer Ltd.. Croydon, UK. 
Is Electrothermal Ltd., London, UK. 
*O Perkin-Elmer model DSC-1B. 







Figure 4-Photomicrographs of decomposing aspirin (I) crystals with and without magnesium stearate a t  50" and 75% relative humidity. 


The fraction decomposed (x) after time ( t )  can be expressed in terms of 
the total weight of the cylindrical particles studied: 


(Eq. 3) 


where ro  = initial radius, h = height of cylinder, 1 = number of cylinders, 
p = density. 


ro2 - (ro - Y ) ~  = xrO2 (Eq. 4) 


Rearranging Eq. 4: 


ro[l - (1 - x)1/2] = y (Eq. 5) 


Substituting for y in Eq. 5 from Eq. 2 and squaring: 
2k 
ro2 


[ 1 - ( 1 - X p ] '  = - t (Eq. 6) 


A plot of ( (1  - (1  - x ) ' / ~ ] ~  against t should therefore give a straight. line 
with zero intercept if the liquid-layer diffusion-controlled model describes 
the system studied. The model assumes that the length-diameter ratio 
of the aspirin crystals is such that end effects are negligible. 


RESULTS AND DISCUSSION 


Analysis of the stored samples by HPLC showed that 11,111, and IV 
(Fig. 1) were formed during storage of aspirin a t  60" and 75% relative 
humidity in the presence of magnesium stearate. Samples of aspirin on 
its own stored under identical conditions did not lead to the formation 
of 111 and I V  when followed over the same time period. Figure 1 shows 
chromatograms of nonstored (Fig. 1B) as well as of stored samples (Fig. 
1C) of aspirin. 


Peak identification was achieved by comparison of retention times with 
authentic specimens as well as the ratio of the wavelength (20). H P I X  
of samples stored for longer periods of time showed that the decompo- 
sition is even more complex and several products which have not yet been 
identified were observed (Fig. 11)). These results are in agreement with 


those reported by Taguchi et al. (21) who showed that storage of aspirin 
tablets a t  50" led to the formation of 11,111, and IV, and that when further 
stressed a t  95", additional components could be detected in significant 
amounts. HPLC analysis of an aspirin sample stored for 4 weeks at 60" 
and 75% relative humidity showed traces of all the decomposition prod- 
ucts detected in the presence of magnesium stearate. This shows that the 
stearates accelerate rather than induce their formation. 


The decomposition of aspirin in the presence of 1% magnesium stearate 
is shown in Fig. 2 together with the amounts of 11, 111, and IV detected 
in the samples. I t  is important to note that these amounts of decompo- 
sition products can only be used as guide values since an open system was 
used. This particularly applies to salicylic acid which has been shown to 
sublime readily (22). Studies in which aspirin decomposition has been 
followed in the solid state, by following the kinetics of formation of sali- 
cylic acid, will therefore lead to erroneous results unless closed systems 
are used. In the present study an open system that allowed exposure of 
the samples to a constant relative humidity was preferred. Aspirin was 
assayed in addition to salicylic acid. 


To investigate whether the concentration of lubricant present affected 
the rate of decomposition of aspirin, the degradation was followed in the 
presence of a series of concentrations of magnesium stearate. The results 
of these studies are shown in Fig. 3. An increase in magnesium stearate 
concentration quite clearly accelerated the decomposition of aspirin. 


Various authors have reported on the catalytic effect of excipients on 
aspirin decomposition (23-25). The explanation put forward for ex- 
plaining the effect of magnesium stearate has generally been based on 
hydrolysis taking place in an adsorbed moisture layer and on an alteration 
in the pH of this layer by the added excipient (26). It is known that the 
magnesium stearate used for tablet lubrication contains a significant 
amount of magnesium oxide. The USP and the B P  specifications for 
magnesium stearate allow for up to 8.5% of magnesium oxide (27,28). The 
1980 BP however now defines the pH range of a 5% suspension and states 
that it should be between 6.2 and 7.4 (29). 


A relationship between the observed zero rate constant of salicylic acid 
formation and the pH of the suspension after addition of the lubricants 
has been shown previously (10) in aspirin-tablet lubricant suspension 
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Figure 5-Effect of addition of different concentrations of magnesium 
stearate on the melting point of aspirin; (0) using traditional melting 
point apparatus and (A) using differential scanning calorimetry. 


systems. Magnesium stearate produced the largest pH shift and the 
highest rate constant. It has not been conclusively shown, however, that 
the pH change plays a significant part in the decomposition of aspirin 
in the solid state. T o  test this, the rate of decomposition of aspirin was 
measured in the presence of washed and unwashed magnesium stearate. 
The washed sample gave a suspension (1%) with a pH near neutrality 
(6.9), whereas an unwashed sample prepared similarly gave a pH of 9.9. 
The observed rate constants as mirrored by the slope of Q. 6 were almost 
identical; the slopes were 0.0033 and 0.0030/day, respectively. Clearly 
the results do not exclude pH-induced changes in the rates of decompo- 
sition. The results indicate that any such change was too small to be de- 
tected during the study and was swamped by other effects when the 
stability of pure aspirin is compared with aspirin in the presence of 
magnesium stearate. GLC analysis of the magnesium stearate used both 
before and after washing showed that the total acids recovered (89.5 and 
88.3%) were not significantly different. The amount of free acid recovered 
increased from 0.6 to 5.8% upon washing. I t  has been suggested (30) that 
because sublimation of I1 is observed on the surface of aspirin under stress 
conditions (22), factors other than those involved in solutions must be 
operable. However, sublimation out of a solution is also conceivable. Once 
the moisture microfilm is saturated with 11, additional formation will lead 
to precipitation, decomposition onto adjacent surfaces, and eventually 
sublimation. 


Microscopic (Fig. 4) and visual examination of the stored samples 
showed the presence of liquid films around the decomposing particles. 
Any theory put forward for explaining the observed increase in decom- 
position of aspirin in the presence of magnesium stearate must therefore 
take this into account. 


A linear relationship between the logarithm of the observed rate con- 
stant of decomposition, and the reciprocal of the melting temperature 
( O K ) ,  has been found in a previous study on the solid-state stability of 
Vitamin A compounds (5). This was derived from the relationship be- 
tween the fraction of material in the liquid state (XI) and the melting 
point of the pure crystalline solid (T,,,): 


(Eq. 7) 


0 9/ 


0 
0 / 


/O 


I 1 
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Figure 6-Relationship between the rate constant of decomposition 
of aspirin in the presence of alkali stearates as mirrored by the slopes 
of Eq. 6 and the reciprocal of the melting points of the mixtures. Key: 
(0) aspirin on its own; (0) with 3% Zn (Z), A1 (2), Na (3), Ca (4), and 
Mg (5) stearates; (0) aspirin with 1 % (S), 2% (7),3% (8) and, 5 %  (9) 
magnesium stearates. 


where L/ is the molar heat of fusion and represents the difference in in- 
ternal energy between the two states, the liquid being much more reactive 
than the solid; T is the temperature of storage; and H is the gas con- 
stant. 


T o  test whether this relationship might explain the effect of magnesium 
stearate on the decomposition of aspirin the melting points of the mix- 
tures were determined. Figure 5 shows the relationship between the 
melting point observed and the magnesium stearate content. The same 
trend was observed using both the traditional capillary tube melting point 
determinations and differential scanning calorimetry although differ- 
ences in the absolute values were observed. 


The slopes of Eq. 6 for the reactions shown in Fig. 4 were then plotted 
against the reciprocal of the corresponding melting points. Figure 6 shows 
that this relationship holds for the systems studied. One would also expect 
that  other stearates would also alter the decomposition rates of aspirin, 
the magnitude of the change being determined by the size of the de- 
pression in melting point. Experiments were carried out to test this and 
the results are superimposed on the magnesium stearate results (Fig. 6). 
I t  is evident that  the general relation holds here too. 


Analysis of the stearates used in this study showed that the acid 
composition of the samples was significantly different (Table I). In ad- 
dition to the samples used in the stability studies, other batches of 
magnesium and sodium stearates were also assayed for the three acids. 
As can be seen, interbatch and intermanufacturer variability in relative 
compositions were obvious. These can, in turn, be expected to produce 
different effects on aspirin decomposition and should be screened for 
during formulation studies. 


CONCLUSIONS 
The present study shows that 111 and IV are decomposition products 


of aspirin when the latter is stored in the solid state in the presence of 
alkaline lubricants such as magnesium stearate. Compounds 111 and IV 
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Table I-GLC Analysis of Alkali Stearates Used in the  Stability 
Study 


Relative 
Composition, ?6 


Myris- Palmi- Stea- Recovery, Free Acid, 
Metal Stearate tate tate rate %“ ?ha 


Zinc stearate 1.9 39.2 58.9 90.5 0.3 
Calcium stearate 3.7 33.4 62.9 97.1 2.8 
Aluminum stearate 2.8 33.9 63.3 85.7 3.5 
Sodium stearate 2.4 53.0 44.6 89.1 2.8 


Sodium stearateb 4.0 40.6 55.4 95.5 1.8 


(Manufacturer A, 
Batch 1) 


(Manufacturer A, 
Batch 2) 


(Manufacturer A, 
Batch 1) 


(Manufacturer A, 
Batch 2) 


(Manufacturer B, 
Batch I) 


Magnesium stearate 5.7 37.2 57.1 87.1 0.6 


Magnesium stearate 5.2 38.5 56.3 83.7 0.6 


Magnesium stearate 3.2 54.0 42.8 76.7 1.2 


Refers to percent of initial weight accounted for by the three stearates. * These 
batches were not used in the stability studies. 


were not detected in samples of aspirin stored under identical conditions 
for the same length of time. More prolonged storage, however, led to the 
formation of traces of the products. These data would suggest that the 
stearates accelerate the formation of these products and provide an ex- 
planation for the earlier report showing that 111 was detected in most of 
the commercial aspirin tablets analyzed but not in bulk aspirin samples. 
A direct relationship was shown between the rate constant of decompo- 
sition, as expressed by the slopes of plots of Eq. 6, and the concentration 
of magnesium stearate present. I t  has further been demonstrated that 
there was a linear relationship between the logarithm of slopes of Eq. 6 
and the reciprocal of the melting points of the aspirin-stearate mixtures. 
Using a series of stearates it was shown that the relationship is of wide 
applicability. Changes in melting point rather than shifts in pH of the 
moisture microfilms surrounding the particles would appear to be the 
more plausible explanation for the observed effects of magnesium and 
other alkali stearates on aspirin stability. Melting point determinations 
would appear to provide a rapid method for predicting the stability of 
aspirin in aspirin-lubricant mixtures. The inverse relationship between 
aspirin decomposition in aspirin-lubricant mixtures and the reciprocal 
of the melting point (31) is quantitatively confirmed. Alkali stearates 
show batch-to-batch and intermanufacturer variability in acid compo- 
sition and should be screened for during formulation studies. 
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EDITORIAL 


Solving the Orphan Drug Problem 


“Motherhood, the Flag, and apple pie” need to move 
over to make room for another revered entity. “Orphan 
drugs” constitute the newest member of this select 
group. 


Every government official, every drug firm, every con- 
sumer representative, and every health care organization 
seemingly has a policy position or other means of indi- 
cating their support for research, development, and mar- 
keting of drugs of little commercial value, otherwise pop- 
ularly known as “orphan drugs.” 


Moreover, various bills on the subject have been intro- 
duced in the U.S. Congress; the Food and Drug Adminis- 
tration has established a separate unit within the Com- 
missioner’s Office on Orphan Product Development; the 
Pharmaceutical Manufacturers Association has set up a 
blue-ribbon Commission on Drugs for Rare Diseases; and 
there has been a host of other activities ranging from 
congressional hearings to lay audience-prime time televi- 
sion shows. 


Indeed, things seemed to be moving along in fine fashion 
insofar as solving the “orphan drugs” problem. The PMA’s 
Commission wasted no time in getting itself off and run- 
ning. In mid-June it announced that it had made its first 
selection: “At its  recent meeting o n  J u n e  10, 1982, the  
P M A  Commission on  Drugs for Rare Diseases unani- 
mously recommended further development of L-5-hy- 
droxytryptophan ( L - 5 H T P )  in the  treatment  o f  post- 
hypoxic myoclonus. ” Accompanying the announcement 
was an array of impressive information disclosing the sci- 
entific and medical considerations that went into the se- 
lection process, the expertise of consultants who partici- 
pated, and the importance of the drug chosen and its value 
in treatment of the disease involved. 


Moreover, the regulatory wheels over at FDA also 
seemed to be moving with rather unaccustomed speed. A 
statement from the FDA’s office of Orphan Products De- 
velopment outlining the NDA approval requirements was 
released simultaneously with the PMA Commission’s 
announcement. Finally, a summary report was included 
that described the disease, myoclonus, and the reasons why 
the group felt that this disease and this drug clearly were 
their first choice in launching what we might refer to as 
“the war on orphan drugs.’’ 


So far, so good. We all had reason to believe that a great 
start had been made and concrete progress would be right 
around the corner. 


But not so. 
An “Orphan Drug Update” newsletter, published by the 


National Coalition for Rare Disorders, carried in its Sep- 
tember 1982 issue an article entitled “L-5HTP NOT 
ADOPTED!!” The article described the situation as fol- 
lows: 


“However, despite the  ( P M A )  Commission’s massive 
effort to  publicize the need for a sponsor of L-5HTP (more 
than 2,000 announcements were distributed by PMA), not 
one PMA member has stepped forward t o  give hope to  


people wi th  Myoclonus . . . A small generic manufacturer 
is interested (not  a P M A  member) ,  but a final commit- 
ment  has not  been made by the  manufacturer. 


“Consumers must  question why none of the multi-  
million dollar pharmaceutical corporations stepped 
forward t o  adopt L-5HTP. W h y  would a small manufac- 
turer, who has much more to lose, offer to  adopt this drug? 
At press t i m e ,  we are still in doubt as t o  the  future of L- 
5 H T P ,  and people wi th  Myoclonus are suffering need- 
lessly. Since the government and industry claim they will 
both solve the orphan drug dilemma ‘voluntaril,y,’ wh.y are 
people wi th  Myoclonus without their therapy? I n  this 
instance,  H H S ,  F D A ,  N I H  and the  P M A  have all failed 
t o  live u p  t o  their promises! I n  the absence of  a legislative 
mandate,  the  Coalition feels that the saga of L-5HTP will 
be repeated again and again by other drugs for a great 
variety of orphan diseases.” 


More recent information appears to confirm that Bolar 
Laboratories-which has been described in the pharma- 
ceutical press as a small, generic, non-PMA member drug 
company-is “assuming t h e  responsibility for  financing 
clinical trials on  the product ( L - 5 H T P )  and the admin-  
istrative role o f  shepherding a n  N D A  through FDA.” 


Hence, it appears that a fairy godmother, or godfather, 
has been found for this particular agent. But although this 
immediate crisis has passed, what about the second orphan 
drug selected? and the third? and the next after those? 
What firm, if any, will step forward to undertake the fi- 
nancially unrewarding, but humanely necessary, task of 
sponsoring those agents through the drug approval pro- 
cess? 


When the cry went up for patient information on pre- 
scribed drugs, FDA responded by proposing mandatory 
Patient Package Inserts (PPIs). But that proposed regu- 
lation was withdrawn because the health professions-and 
pharmacy and medicine particularly-moved decisively 
to embrace voluntary systems of patient education and 
information regarding prescribed and dispensed drugs. 


Similarly, it appears to us that the drug industry now is 
faced with comparable options. Everyone else, including 
the industry’s own trade association (PMA), has done all 
they can do to solve the orphan drugs problem. Whether 
the voluntary approach will work depends on individual 
drug companies making the necessary financial commit- 
ment. 


If individual companies fail to respond in a positive 
fashion, legislation-and with it regulations, government 
intrusion, red tape, and all the other things that run con- 
trary to the free enterprise system-is bound to ensue. But 
is the industry, on a company-by-company basis, willing 
to pay the relatively small price of voluntary service in 
order to retain its freedom of operation in this area? 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 


Washington, DC 20037 
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in this table represents the amount released from a sepa- 
rate test sample. The values demonstrate the typical re- 
producibility obtained with this procedure. 


This technique could be useful for testing a wide variety 
of topical formulations where direct contact with the re- 
ceptor phase is desired. The screen size and configuration 
could easily be altered to accommodate different types of 
vehicles, release rates, and concentrations of drugs. This 
technique may be unsuitable where the drug or vehicle 
interacts with stainless steel. Such instances are expected 
to be rare, however, and normally the technique should 
allow investigators to routinely and uniformly prepare and 
test small samples with high surface area to weight ra- 
tios. 


(1) Z. T. Chowhan and R. Pritchard, J .  Pharm. Sci., 64,754 (1975). 
(2) J. W. Ayres and P. A. Laskar, ibid., 63,1402 (1974). 
(3) L. C. Bailey and C. A. Bailey, ibid. ,  68,508 (1979). 
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Comparison of Chromatographic and 
Spectrophotometric Analysis of Indocyanine 
Green in Plasma Following Administration of 
Multiple Doses to Humans 


Keyphrasess High-pressure liquid chromatography-comparison 
with spectrophotometric analysis of indocyanine green in plasma fol- 
lowing multiple dose administration, humans Spectrophotometry- 
comparison with high-pressure liquid chromatographic analysis of in- 
docyanine green following multiple dose administration, humans o In- 
docyanine green-comparison of spectrophotometric and high-pressure 
liquid chromatographic analysis following multiple dose administration, 
humans 


To the Editor: 
Following the administration of small doses (0.5 mgkg), 


indocyanine green (I) is highly extracted from blood by the 
liver (1). Compound I has been used extensively, therefore, 
to evaluate hepatic function (2,3) and to estimate hepatic 
blood flow in humans and laboratory animals (4 ,5) .  Nu- 
merous reports have suggested that I is not metabolized 
in any species (4,6,  7). Thus, simple spectrophotometric 
assays (i.e. , typically the determination of the absorbance 
at -800 nm of plasma samples diluted with distilled water) 
have been used extensively to estimate the concentration 
of I in biological fluids. However, it has been reported re- 
cently that spectrophotometric and high-pressure liquid 
chromatographic (HPLC) assays yield radically different 
estimates of the concentration of I in plasma following the 
administration of a large dose (25.6 mg/kg) to the rabbit 
(8). Estimates of the plasma concentration of I 230 min 


postdose were found to be significantly lower using the 
HPLC assay (almost an order of magnitude lower at many 
time points). Thus, the total body clearance of I in the 
rabbit, calculated on the basis of plasma concentrations 
determined by HPLC, was much higher than that calcu- 
lated from the spectrophotometric assay results. These 
investigators postulated that this discrepancy was due to 
a previously unidentified metabolite. If humans also me- 
tabolize I to a compound that interferes with the classical 
spectrophotometric methods, the clearance value of I 
based on these assays will not provide a reliable estimate 
of hepatic blood flow. Because of the potential implications 
of this assay discrepancy, we compared the spectropho- 
tometric and HPLC assays for I using plasma samples from 
humans. 


Two healthy male subjects (25 and 35 years of age) each 
received five intravenous bolus doses (0.5 mg/kg each) of 
I a t  Wl-hr intervals. Blood samples (5 ml) were collected 
into heparinized evacuated blood collection tubes1 prior 
to and at 1 ,3 ,5 ,7 ,9 ,  11, and 15 min after the first, third, 
and fifth doses. Plasma was separated and stored at -20" 
until analyzed (within 36 hr). Previous studies have dem- 
onstrated the stability of I under these conditions (8), and 
preliminary work in our laboratory confirmed these find- 
ings. 


After the addition of 1.0 pg of diazepam (internal stan- 
dard) in 100 pl of methanol, proteins were precipitated 
with acetonitrile (1 ml plasma-1 ml acetonitrile) and the 
sample was centrifuged. The supernatant was then ana- 
lyzed by spectrophotometric and HPLC methods. Samples 
were analyzed using a double beam spectrophotometer2 
equipped with a red-sensitive photomultiplier. The peak 
absorbance of I in the supernatant was found to occur at 
786 nm, and this wavelength was chosen for analysis of all 
samples. The HPLC method used was that described re- 
cently (8) with the following modifications: Dual wave- 
length (254 and 650 nm)3 monitoring was employed uti- 
lizing two detectors4r5 in series. Absorbance at 650 nm was 
examined, since any degradation or metabolic products of 
I which contained an unaltered chromophore would be 
expected to absorb at a high wavelength similar to that of 
the parent compound. The high wavelength monitoring 
was achieved with a tungsten lamp in a variable wave- 
length mono~hromator~. A wavelength shorter than the 
maximum for absorbance by I was utilized in order to 
maintain an acceptable signal-noise ratio. Chromatogra- 
phy was performed on a reversed-phase column6. Of the 
various mobile phases studied previously (8), one com- 
posed of 0.05 M KH2POCNa2HP04 (pH 6.0)-acetoni- 
trile-methano1(5047:3) was found to be most satisfactory. 
The peak height ratio was determined at both wavelengths 
relative to the diazepam peak height at 254 nm. Calibration 
curves were obtained in each subject's plasma for each 
analytical method. 


Vacutainer, Becton-Dickinson and Co., Rutherford, N.J. * Model 25 Spectrophotometer, Beckman Instruments, Inc., Fullerton, Calif. 
3 Monitoring of column eluent was performed at  254 nm instead of 225 nm as in 


Ref. 8. This was advantageous since human plasma samples extracted as described 
above frequently contained a compound that had a retention time very similar to 
that of I and absorbed at 225 nm hut not a t  254 nm. 


Model 770, Schoeffel Instrument Corp., Westwood, N.J. 
Model 440, Waters Associates, Milford, Mass. 
WBondapak CIS, Waters Associates, Milford, Mass. 
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PLASMA CONCENTRATION, pg/rnl; HPLC METHOD 


Figure 1-Comparison of estimates of plasma indocyanine green concentration using spectrophotometric and HPLC procedures. Eluent was 
monitored at (A) 254 and (B)  650 nm. 


Figure 1A illustrates the relationship between estimates 
of the plasma concentration of I using the spectrophoto- 
metric assay and the HPLC assay (254 nm) which closely 
approximates the method that yielded the disparate rabbit 
data (8). As can be seen, a strong correlation exists between 
the results of the two procedures ( r  = 0.998; Spearman 
rank correlation). Similarly, a strong correlation was found 
between the results of the spectrophotometric method and 
the HPLC method with monitoring at 650 nm ( r  = 0.997; 
Fig. 1B) as well as between the two HPLC results ( r  = 
0.999; data not shown). The close proximity of the data to 
the line through the origin with a slope of unity (Fig. 1) 
suggests that all of these assays provide comparable 
specificity. The single highly aberrant point (Fig. 1) was 
a sample drawn immediately after the first bolus; hence, 
the substantial difference between the two methods could 
not be attributed to accumulated metabolites. Indeed, the 
HPLC estimate was much higher than the spectrophoto- 
metric estimate. 


The clearance of I (obtained by least-squares regression 
of the log plasma concentration versus time curve and the 
relationship: clearance = volume of distribution X elimi- 
nation rate constant) estimated from concentrations de- 
termined by the spectrophotometric as well as HPLC as- 
says at 254 and 650 nm was essentially identical (711 f 144, 
710 f 145, and 695 f 142 ml/min, respectively; n = 6; mean 
f SD). No detectable concentration of I was present in 
plasma just prior to the third or fifth dose in either vol- 
unteer (lower limit of detection with HPLC method is 0.2 
pglml). This suggests that accumulation of I does not occur 
following administration of small doses a t  1-hr intervals. 
No extraneous chromatographic peaks (i.e., peaks other 
than I and internal standard) appeared at  any time points 
at either wavelength. However, this does not rule out the 
existence in humans of a metabolite similar to that sug- 
gested previously (8), since the metabolite which they 
proposed eluted in the solvent front, and in the present 
study this component of the eluent was not investigated. 
I t  is also possible that measurable quantities of such a 
metabolite are only formed when the capacity for biliary 
excretion is exceeded and, therefore, only seen following 
large doses or in selected species (i.e., the rabbit) (9). 
However, the data presented in Fig. 1 suggest that the 


spectrophotometric assay utilized in this study and the 
HPLC procedures yield essentially identical estimates of 
the concentration of I in plasma following typical doses (0.5 
mg/kg) in humans. 
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Comments on the USP XX Gas Chromatographic 
Analysis of Alcohol in Drugs and Drug 
Formulations 


Keyphrases 0 GC-USP XX GC analysis of alcohol in drugs and drug 
formulat,ions Alcohol-USP XX GC analysis in drugs and drug for- 
mulations 


To the Editor: 
The analysis of the alcohol content in drug formulations 


is a part of not only elixir and tincture monographs but also 
is included as a limit test for residual alcohol from the 
synthesis of some drug substances. 


The performance of a divinylbenzene polymer for the 
GC analysis of alcohol was described previously (l), and 
it was concluded that there were definite advantages with 
the use of porous polymer beads for the analysis of alcohol 
in pharmaceuticals. In 1975 the 12th edition of the “Offi- 
cial Methods of Analysis of the Association of Official 
Analytical Chemists” (2) adopted a GC method for the 
analysis of alcohol in drugs which was based on a collabo- 
rated method developed previously (3). This procedure 
utilized a flame ionization detector and a column packed 
with a 80-100 mesh copolymer of ethylvinylbenzene and 
divinylbenzene’ (I) operated at 130” with a retention time 
of -5 min for acetonitrile, the internal standard. The USP 
XX (4) changed the chromatographic procedure for alco- 
hol to essentially that cited previously (3). The change of 
the column packing to I was an improvement in the USP 
method since it eliminated interferences caused by column 
bleed and the late elution of water experienced with the 
earlier polyethylene glycol column. Unfortunately, it now 
appears that a suitable grade of I is no longer commercially 
available. 


Data to support this conclusion was developed during 
a recent evaluation of the alcohol analysis for dexameth- 
asone elixir.2 Six lots of I, including both the 80-100 and 
100-120 mesh sizes, were evaluated to determine the ex- 
tent of the problem. These lots represent commercially 
available materials between 1976 and 1981. Both coiled 


_ _ _ _ _ ~  


1 Poropak Q, Waters Associates, Milford. Mass. 
2 Analyses were part of a study for the Food and Drug Administration’s Com- 


pendial Monograph Evaluation and Development Program for Dexamethasone 
monographs in the USP XX. 


and U-shaped glass columns were packed and used with 
three different gas chromatographs3. Even though both 
the temperature and the nitrogen flow rate were adjusted, 
complete baseline separation of the alcohol and acetonitrile 
peaks was not achieved with any lot of Compound I. The 
alcohol peak also exhibited marked tailing, which was not 
present in the chromatograms published by Falcone (3) 
or those by Hollis (5) who did some of the first experi- 
mental work with porous polymer beads. The acetonitrile 
peak remained symmetrical regardless of packing pre- 
treatment, column temperature, or whether injected alone 
or with alcohol. Tailing of the alcohol peak can be reduced 
by either the chloroform soxhlet extraction of I prior to 
packing the column or by raising the column temperature. 
The change in resolution can be attributed to the inter- 
action of alcohol with residual polymerization compounds 
in I. Tailing and resolution factors calculated during this 
evaluation are listed in Table I. 


During conditioning, current lots of I released vapors 
suggestive of the drying oils found in paints. This odor can 
also be detected in the bulk packing container, yet the 
remainder of a bulk lot which was received in 1968 is 
odorless. The difference in the odor itself indicates that 
there has been some change in the polymer synthesis which 
introduces different residual compounds. IR analysis of 
the oily residue extracted with chloroform showed that at 
least three compounds are vaporized during column con- 
ditioning. A brochure (6) distributed by the manufacturer 
of I states that “. . . any residual chemical in the bead can 
contribute to spreading of the peak, change in retention 
time, or loss of resolution.” This brochure also recommends 
conditioning for at least 2 hr at  250’. All columns that were 
evaluated had been conditioned at 235’ for 16 hr. One 
column that was conditioned for a second 16-hr period did 
not show any improvement in its performance. Only the 
100-200 mesh lot, which was exhaustively extracted with 
chloroform, showed a reduction in the tailing of the alcohol 
peak. The observed experimental results substantiate the 
manufacturer’s information about residual chemicals in 
the polymer beads, in that there has been a deterioration 
in peak resolution, and there is tailing for hydroxyl com- 
pounds which was not observed in the collaborative study 
(3). There is also great variation in column performance 
between different batches of I. 


It is the opinion of this author that the data in Table I 
demonstrate that acetonitrile is no longer a suitable in- 
ternal standard for the GC analysis of alcohol. Either the 
resolution factor or the alcohol tailing factor requirement 
of USP XX can be met but not both with the same set of 
chromatographic conditions and the 100-200 mesh size 
specified in the Alcohol Determination monograph. Of the 
lots tested, only one lot of 80-100 mesh met all the re- 
quirements, except for mesh size, of the system suitability 
test. A series of five replicate injections of the alcohol 
standard preparation onto this column had a relative 
standard deviation (RSD) of 2.98% for the peak height 
ratios, which is less than the 4.0% required by this system 
suitability test. The RSD for the peak area ratios from 
these same injections was 0.28%. The average result cal- 


B Hewlett-Packard, model 5830A; Schimadzu, model GC-MINIB; Nuclear-Chi- 
cago, model 4740. 
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Table I-Ranges of Flow, Temperature, Retention Times, Tailing (T ) ,  and Resolution ( R )  for Alcohol and Acetonitrile 
ChromatoaraDhed on a CoDolvmer of Ethvlvinvlbenzene and Divinylbenzene 


Temper- 
LotlYear ature 


Flow 
rate, 


ml/min 
Alcohol 


R T tab 


Pre-1976 125O 
N.D./1976 125' 
ig?iji979 115I13Oo 
0 10/198 1 110-120" 


1850/1980 1 10-120' 
1850/1980d 160' 
009/1981 1 15-120' 
00911981' 120-165° 


61 
65 


39-65 
50-64 


54-62 
60 
59 


58-61 


80-100 Mesh 
1.2 1.2 
1.6 1.6 


1.2-1.5 1.3 
2.0-2.4 1.1-1.5 


1.3-1.4 N.D. 
100-120 Mesh 


1.43 6.5 
2.6-3.0 3.7-3.8 
2.0-2.6 1.6-2.0 


4.78 
3.96 


3.19-8.38 
5.76-8.74 


5.55-7.27 
.4.71 


6.73-7.73 
2.32-6.61 


Acetonitrile 
T tR" 


1.0 6.32 
N.D.' 5.26 
N.D. 4.13-10.82 


1.0-1.1 7.84-12.06 


N.D. 712-9.33 
0.87 6.10 


1.0-1.1 9.10-10.47 
1 .o- 1.2 3.01-8.99 


" USP XX system suitability test for the gas chromatogra hic analysis of alcohol specifies R 2 2, T for alcohol 5 1.5, and a retention time between 5 and 10 min for 
acetonitrile. Retention time in minutes. Not determined. !Column had a 2.6-mm i.d. The difference in the alcohol tailing is attrihuted to interaction with the column 
walls. The copolymer was extracted with chloroform for 3 hr and air dried prior to packing the column. 


N 


In E: z A 


Figure 1-Typical chromatogranis on 80-100 mesh I ,  120°, and at- 
tenuation of 2'" on lot 010 (59 mllmin) (A) and lot 1971 (Tj4 mllmin) (B) 
for alcohol (a) and acetonitrile (b). Retention times are in minutes. 


culated from the peak height ratios had a 4.5% negative 
bias compared with a 99.5% recovery for area ratios. A se- 
ries of 10 standard injections onto the chloroform pre- 
treated 100-200 mesh packing had an RSD of 4.32 and 
1.66% for the peak height and area ratios, respectively. The 
negative bias for the average result calculated from peak 
height ratios was 3.5% compared with a 99.3% recovery for 
peak areas. Reproducibility studies for the evaluation of 
each of the three possible internal standards (acetonitrile, 
methanol, 2-propanol) consistently produced data dem- 
onstrating that peak height ratios have larger relative 
standard deviations than peak area ratios. It was not un- 
common to find a factor of 10 difference in the results. 
Greatest precision and accuracy can be achieved with peak 
area measurements. 


Representative chromatograms for the 80-100 and the 
100-120 mesh sizes of I are shown in Figs. 1 and 2, re- 
spectively. Inspection of the chromatograms in these fig- 
ures shows that even when a resolution factor >2 is 
achieved, there is no baseline separation between the al- 


m r 


9 t 


c 


B 


W -. 
0, 


Figure 2-Typical chromatograms on 100-200 me,h I ,  120', 58 mllmin, 
and attenuation of 2Io on log 009 (A) and lot OOSpacked after chloroform 
cxtraction (B) for alcohol (a )  and atetonitrile (b)  Retention times are 
in minutes 


coho1 and the acetonitrile peaks. Clearly, a new internal 
standard is needed. A suitable internal standard should 
at  least achieve baseline resolution from the sample peak, 
particularly when the sample peak is the only peak in the 
chromatogram. Either a new internal standard and a 
higher column temperature or a different column packing 
should replace those in the USP XX, in addition to a 
change to peak area ratios in the calculation formula. An 
alternative column packing might be the copolymer of 
styrene-di~inylbenzene~ (11). A t  140" and 40 ml/min he- 
lium, 80-100 mesh I1 had retention times of 2.2 and 3.6 min 
for alcohol and acetonitrile, respectively. Resolution was 
2.72. The tailing factor for alcohol was 1.8; that for aceto- 
nitrile, 1.3. Reproducibility was not evaluated for this 


Chromosorb 101, .Johns-Manville. Denver. Colo 
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Figure :%--Typical chromatogram fur alcohol (a )  and 2-propanol (c)  
on 100-120 mesh, I ,  1 6 5 O .  59 mllmin, and attenuation of 2” on lot 009 
packed after chloroform extraction. Retention times are in  minutes. 


packing material. Before any recommendation to change 
to this polymer could be made, additional investigations 
would have to be performed to determine if the USP tailing 
factor for the alcohol peak could be met. 


Work in this laboratory has identified 2-propanol as a 
suitable, readily available internal standard for the analysis 
of alcohol in drugs and drug formulations. At 165” and 59 
ml/min nitrogen, alcohol and 2-propanol had retention 


times of 2.3 and 4.0 min, respectively, on a column packed 
with 100-120 mesh I which had been extracted with chlo- 
roform. Resolution was 4 with a tailing factor of 1.2 for 
alcohol and 1.5 for 2-propanol. Two sets of 10 replicate 
injections of 0.2% solutions of alcohol and 2-propanol had 
RSD values of 0.62 and 0.58% for peak area ratios. Peak 
height ratios were 4.70 and 7.6270, respectively. A second 
lot of 100-120 mesh I was tested using the same chroma- 
tographic conditions. The RSD for the peak area ratios of 
13 standard injections that were interspersed throughout 
22 sample injections was 1.42%. A representative chro- 
matogram with a 2-propanol internal standard can be 
found in Fig. 3. 


( 1 )  d. T. Piechocki, J .  Pharm. Sci., 57,134 (1968). 
(2) “Official Method of Analysis of the Association of Official Ana- 


lytical Chemists,” 12th ed., Association of Official Analytical Chemists, 
Washington, D.C., Sec. 36.006-36.014, 1975. 


(3) N. J .  Falcone, J .  Assoc. Off. Anal. Chem., 56,684 (1973). 
(4) “The United States Pharmacopeia,” 20th rev., US. Pharmacopeial 


(5) 0. L. Hollis, Anal. Chem.,  38,309 (1966). 
(6) “PORAPAK Gas Chromatography Column Packing Material,” 


Convention, Rockville, Md., 1979, p. 938. 
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Abstract  0 A chromatographic assay of neomycin sulfate powders on 
strongly alkaline ion-exchange resin (hydroxide form) is described. D- 
(+)-cup-Trehalose was used as an internal standard. The amount of 
neomycin B and C in commercial samples was determined with the 
proposed method, and the results are compared with those obtained by 
microbiological assay. In addition, minor neomycin components were 
estimated by TLC and GLC methods. 


Keyphrases 0 Neomycin-ion-exclusion chromatographic assay of 
neomycin B and C in neomycin sulfate powders 0 Chromatography, 
ion-exclusion-assay of neomycin B and C in neomycin sulfate powders 
0 Neomycin sulfate powders-ion-exclusion chromatographic assay of 
neomycin B and C 


The microbiological assay of neomycin prescribed by 
most pharmacopoeias presents more difficulties than 
usually encountered with other antibiotics. It shows large 
interlaboratory variation (1) and may be suspected of a 
lack of accuracy inherent to the mixture assay where the 
components have markedly different activities. The in- 
fluence of the composition on the microbiological assay (2) 
requires a preliminary quantitation of neomycin C as a 
fraction of neomycin B to ascertain a similar composition 
of the unknown and standard preparation. Therefore, al- 
ternative methods of assaying neomycin have been de- 
veloped. A GLC method of totally silylated neomycin was 
reported previously (3). Poor resolution and critical ex- 
perimental conditions (4) make this method difficult to 
perform. A high-pressure liquid chromatographic (HLPC) 
method of N-dinitrophenylated neomycins on normal 
phase was also reported (5). 


The present report deals with a chromatographic assay 
on a strongly basic ion-exchange resin (hydroxide form) 
using water as the mobile phase and refractometric de- 
tection. It was developed from a medium-pressure chro- 
matographic method used in this laboratory for the de- 
termination of relative amounts of neomycin B and C (6) 
and has the advantage of avoiding pre- and postcolumn 
derivatization. The use of an internal standard allowed the 
quantitation of absolute amounts of neomycin B and C. 
With the proposed method, commercial neomycin samples 
of different origin were assayed and the amount of several 
minor components were estimated. 


EXPERIMENTAL 


Apparatus-A stainless steel column' (1.0 cm X 30 cm) was provided 
with the necessary ferules, fittings, and metal low-dead volume tubing. 
The usual metal fritted disks were replaced by porous polyethylene 
disks1. The outlet was connected to a differential refractometer2 (at- 
tenuator setting, ax). The strip chart recorder3 (10-mV range, chart 
speed, 10 mm/min) was replaced in some experiments by an electronic 
integrator4. The column was held at  constant temperature by submersion 


Alltech Europe, Belgium. 
Waters Differential Refractometer R 403 


Hewlett-Packard 3390 A. 
3 Kipp BD 40. 


in a bath of circulating water5, which also served for thermostatization 
of the refractometer. The column inlet was provided with an injector6. 
The mobile phase, carbon dioxide-free distilled water, was delivered at 
a constant rate by a reciprocating piston pump7. A Bourdon-type pressure 
gauge, which also served as a pulse dampener, was placed between the 
pump and injector, and a stainless steel guard column (1.0 cm X 10 cm) 
was filled with the same resin as in the analytical column. 


The procedure for conversion of the resins into the hydroxide form was 
discussed in detail in a previous report (6). 


Peak areas were determined with a polar planimeter or with an elec- 
tronic integrator. 


Materials-Samples of neomycin sulfates were obtained from dif- 
ferent firms. The European Pharmacopoeia CRS of neomycin sulfate 
was used as received, the USP reference standard (Issue E) was previously 
dried a t  60' for 3 hr in U ~ C U O  as prescribed. Four resinsa10 were used 
without further purification or sizing. 


Mobile Phase-Freshly distilled water was used in all experiments. 
The flasks were closed with a rubber stopper holding a soda-lime trap. 


Standard and Sample Solution-Pure neomycin B and C free bases 
were obtained by preparative chromatography on a carboxylic ion-ex- 
change resin (7). They were converted into sulfates by adding 0.5 N sul- 
furic acid to yield a product containing 30.0% sulfate, expressed on a dry 
weight basis. The solution was freeze-dried and its sulfuric acid content 
and weight loss on drying were determined. From these values the free 
base content of the neomycin B and C sulfates was calculated. 


The [ a ] ~  of D-(+)-a,a-trehalose dihydrate" (+181') was in close 
agreement with the value given by the manufacturer (+179.9'). Weight 
loss on drying was 9.73% (theoretical water content 9.67%). The internal 
standard stock solution was prepared by dissolving 4.00 g of trehalose 
in 50.0 ml of distilled water. 


Neomycin sulfate (100 mg) was weighed accurately in a test tube, and 
1.OOO ml of internal standard stock solution was added with a micrometer 
syringe'*. A calibration curve was obtained by chromatographing mix- 
tures of pure neomycin B and C sulfate in 1 ml of internal standard stock 
solution. Then, 100 fil of all solutions was injected onto the column. 


Weight Loss on Drying-Weight loss was determined after heating 
a 100-mg sample in a drying pistol13 a t  60' in a vacuum of 0.1 mm Hg for 
3 hr over phosphorus pentoxide. The mean absolute standard deviation 
of the method was 0.13, calculated for five sets of four assays14. 


Sulfuric Acid Content-A previously reported titrimetric method 
(8) was modified slightly. A 100-mg sample of neomycin sulfate was ap- 
plied to a 1 X 5 cm column of strongly acidic ion-exchange resin15. The 
column was washed with water and the eluate collected in a 50-ml volu- 
metric flask. A 20-ml aliquot was diluted with 20 ml of methanol and 
buffered with 2 drops of 0.5 M magnesium acetate. After addition of 3 
drops of 0.25% thorin16 solution and 3 drops of 0.0125% aqueous meth- 
ylene blue solution, the titration was carried out under vigorous stirring 
with 0.01 M barium chloride until the color changed from green to pink. 
The mean absolute standard deviation of the method was 0.15, calculated 
for five sets of four assays14. 


Thin-Layer Chromatography of Minor Components-Some eluate 
fractions from the resin column were evaporated to dryness and dissolved 


Varian type 4100. 
6 Valco loop injector. 
7 Milton Roy MiniPump. 
8 Bio-Rex 9 resin (200400 mesh), Bio-Rad Laboratories, Richmond, Calif. 
9 Bio-Rad AG 1-X2 and AG 1-X4 resins, Bio-Rad Laboratories, Richmond, 


lo Durrum DA-XZ resin, Pierce Chemical Co.. Rockford, IL 61105. 
Fluka, Buchi, Switzerland. 
AGLA-Burroughs, Wellcome & Co., London, U.K. 


13 Desaga, Heidelberg, Germany. 
l4 H. Vanderhaege, unpublished results. 
l5 Dowex 50-X8 (100-200 mesh). 
l6 Disodium salt of O-(2-hydroxy-3,6-disulfo-l-naftylazo)benzene arsonic 


Calif. 


acid. 
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Table I-Chromatographic Parameters  on Different Strongly Alkaline Resins a 


2 
a 
Y Y  


w w  
a 


Two-Column 
Resinb ResinC Resind Resin' System 


:0.84.- 


F0.82-  


a0.80.- 


4 0 . 7 8 -  


a 0 . 7 6 . -  


t R  neomycin C, min 
t R  neomycin B, min 
t R  Internal Standard, min 
N (calculated on neomycin B peak) 
Rs neomycin B - neomycin C 
Rs neomycin B - paromomycin I 
Rs paromomycin I- 


Internal Standard 
Symmetry factor 


neomvcin B 


9.7 
20.4 
30.0 


277 (923/m) 
2.8 
1.3 


Poor 


0.77 


8.0 
17.0 
43.0 


125 (417/m) 
2.0 
3.3 


Good 


0.91 


5.1 
9.7 


17.0 
192 (1920/m) 


2.4 
2.0 


Poor 


0.95 


6.6 
14.2 
25.1 


200 (666/m) 
2.5 
2.3 


Good 


0.92 


9.2 
18.4 
29.3 


220 (733/m) 
2.4 
1.7 


Good 


0.90 


0 Hydroxide form resins in a 1 X 30-cm column at a flow rate of 270 ml/hr. Bio-Rad AG I-X2 resin, minus 400 mesh. Bio-Rad AG I-X4 resin, minus 400 mesh. Durrum 
DA-X2, 1 X 10-cm column, flow rate 170 mlhr .  Bio-Rex 9,200-400 mesh. 


in 0.5 ml of water. This solution (1,2,3, and 4 pl) was spotted on precoated 
silica gel plates17, activated for 2 hr a t  130°, and developed over 12 cm 
with a 15% (w/v) aqueous solution of potassium dihydrogen phosphate. 
I t  has been shown that these TLC plated7 contain a polycarboxylic acid 
binder which is responsible for the separation of the aminoglycosides (9). 
After development, the dried plates were sprayed with a ninhydrin re- 
agent (0.3 g in 100 ml of n-butanol containing 3% acetic acid) and heated 
for 5-7 min at 130". Reference solutions of paromamine, mono-N-ac- 
etylneamine, mono-N-acetylneomycin B, and neamine contained 400 
pg/ml. Comparison of the color intensities of the reference spots and the 
spots from the commercial samples allowed a semiquantitative deter- 
mination of minor neomycin components. 


GLC Determination of Acetyl Groups-In addition to the TLC 
method, the presence of acetylated products in commercial neomycin 
was also determined by a GLC method, preceded by acid hydrolysis and 
extraction of the liberated acetic acid with tert -butylmethyl ether. The 
stationary phase was 10% SP 120018 and 1% H3P04 on 800/100 Chro- 
mosorb W AW (152.5 cm; o.d., 6 mm; i.d., 4 mm) a t  95'. The flow rate of 
the carrier gas (nitrogen) was adjusted to 60 ml/min. The flame ion de- 
tector oven was set a t  220'. Acid hydrolysis was performed on 100 mg of 
neomycin sulfate to which were added 0.4 ml of butyric acid internal 
standard solution (containing 1 mg/ml), 1 ml of concentrated sulfuric 
acid, and 0.8 ml of water. The test tube was sealed and heated at 100" for 
4 hr in an oil bath. The reaction mixture was then extracted three times 
with 2.5 ml of tert- butyl methyl ether. The extracts were dried on an- 
hydrous sodium sulfate, filtered, and reduced to -0.5 ml with a stream 
of dry nitrogen; 5 p1 of this concentrated extract then was injected on the 
column. 


A calibration curve in the range of 50-500 pg/ml acetic acid was ob- 


f 


Figure 1-Chromatogram of 10 mg of neomycin sulfate and 8 mg of 
internal standard, obtained on a I X 10 cm column of resin21 connected 
to a I X 20 cm column of another resinz0; flow rate, 270 mllhr. 


17 Merck Si60 precoated plates 
18 Supelco. Bellefonte, Pa. 


tained by running known dilutions of acetic acid through the procedure 
described for the unknown samples. The peak height of acetic acid (re- 
tention time -1 min) over the peak height of butyric acid (retention time 
-2 min) was plotted against the amount of acetic acid present. The linear 
regression was y = 0.4712 - 0.008 where the correlation coefficient is 
0.9993. 


RESULTS AND DISCUSSION 


Internal Standard-When examining a chromatogram of neomycin 
on strongly alkaline resin in the hydroxide form (Fig. l),  an internal 
standard should elute after neomycin B. The only aminoglycoside that 
is commercially available and has a larger retention time than neomycin 
B is paromomycin I (10). This product cannot be used, as it may be 
present in some neomycin samples. Since refractometric detection does 
not necessitate a compound with amino groups, as would be the case with 
ninhydrin-colorimetric or fluorimetric detection, nonreducing oligo- 
saccharides were examined. Reducing sugars cannot be used because they 
react with the strongly basic resin (11). The retention times of saccharose 
and raffinose were too long, but D-(+)-a,a-trehalose was suitable (Fig. 
1). 


Selection of the Resin-Three resins with benzyltrimethylammon- 
ium groups and one resin with methylpyridinium groups were examined 
(Table I). This last type of resina gave good separations of neomycin B 
and C and the internal standard, trehalose. However, it was observed that 
the resin in the hydroxide form deteriorated rapidly. When the column 
was run for 1 week, injecting only two samples a day, the area of the ne- 
omycin B peak, relative to that of the trehalose peak, decreased regularly 
(Fig. 2). The resin degradation also could be seen from the drastically 
changing column parameters. The t R  of neomycin C, B, and the internal 
standard decreased after 1 week to retention times of 5.3,10.2, and 15.2 
min. The resolution between neomycin B and C changed from 2.5 to 1.7, 
and the resolution between neomycin B and the internal standard 
changed from 2.3 to 1.1. I t  is probable that the resin decomposes a t  the 


I 
1 2 3 4 5 6 7  


DAYS 


Figure 2-Resin stability as a function of time Key: (v) resinzn with 
guard column (>400 mesh); (0) resinzn (>400 mesh); (0) resin8 
(200-400 mesh). 
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Table 11-Composition of Neomycin Samples of Different Origin 


Mono-N- 
acetyl- 


Neo- Neo- Sul- Weight neamine 
Number mycinB mycinC furic Losson Paromo- or Ne- Compo- 


of Base", Base", Acid*, Dryingb, mycin I, Parom- amine, nent SUM", 
Sample Assays % % % TO % amine,% % G % 


A 
B 
C 
D 
E 
F 
G 
H 


3 54.6 f 1.0 7.0 f 0.2 29.4 6.3 1-1.5 <0.5 - - 98.6 f 1.5 
- 98.7 f 0.9 9 54.4 50 .5  6.9 f 0 . 2  30.1 5.9 1.2-1.7 - - 
- 98.4 f 1.2 6 53.6 f 0.7 8.9 f 0.2 27.6 7.5 0.5-1 - - 


8 59.4 f 0.7 5.4 f 0.3 26.5 9.4 - <0.5 <0.5 + 100.6 f 0.7 
8 56.3 f 1.1 5.6 f 0.2 26.0 11.9 - <0.5 <0.5 + 99.8 f 1.2 
3 58.2 f 1.8 4.9 f 0.7 29.9 4.1 - 1.5-2 <0.5 + 97.7 f 1.6 
8 56.1 f 0.9 5.5 f 0.4 30.8 6.5 - 2-3 <0.5 t 101.4 f 1.7 
3 52.4 f 0 . 7  6.0 f 0.7 23.7 13.6 <0.5 f l  <0.5 + 96.5 f 1.5 
8 55.2 50.6 6.8 f 0 . 7  25.6 13.0 <0.5 f l  <0.5 + 100.5 f 0.8 


USP Reference 4 70.8 f 0.2 Trace 29.7 0 - - <0.5 - 100.5 f 0.2 
I 


Standard 
(Issue E) 


Standard Euro- 


F E m a c o -  


- 100.1 f 0.5 6 64.6 f 0.2 6.3 f 0.25 29.3 0 - - - 


poeia 
First Interna- 4 51.4 f 1.6 16.4 f 0.6 29.0d 0 - - 3%d - 99.8 


tional 
Reference 
Standard 
Prepa- 
ration 


Mono-N - 
acetyl 


Neomycin B, 
% 


(TLC) (GLC) Id'' 
f0.75 +55.8' 


+56.8' 
+57.6' 


f3 4.2 +56.3' 
4 to 5 4.8 +55.9' 
f0.75 +53.4O 
fl +54.4' 
f l  0.9 t55.7O 
f0.25 +55.6' - - - 


- +56.3' - 


Confidence limits (95%) ( t  test). * Values represent the mean of two separate determinations. Calculated on dry basis (c  1 ,  H20). Ref. (1). 


site of the methylpyridinium groups yielding acidic functions. This 
would account for the regular decrease of the neomycin peaks. 


One of the resinsl9, which has a narrow particle size range (20 f 5 p n  
for the resin in the chloride form) gave sharp peaks and a good separation 
of neomycin B and C. The separation of paromomycin I and the internal 
standard was not optimal (Table I). The main drawback was the low re- 
sistance to pressure of the resin in the hydroxide form. After 3 days at  a 
pressure of 5 kg/cmz, the resin bed was retracted to two-thirds of its 
original volume. 


A second resin" gave good separation of neomycin B and C, but a poor 
resolution of paromomycin I and the internal standard, whereas for an- 
other resinz1 the opposite was true. With these resins a decrease with time 
of the neomycin peaks occurred also, although to a lesser extent than with 
a different resin8 (Fig. 2). The pronounced change in column parameters 
was not observed. 


Nonelution of a portion of the neomycin load is probably due to some 
carbon dioxide present in the water used as the mobile phase. Low con- 
centrations could have an influence as large volumes of water are pumped 
through the columns during 1 week. When an aqueous solution of neo- 
mycin B base was saturated with carbon dioxide and applied to the col- 
umn, no peak could be detected. When a freshly prepared column of 
resinm was loaded with 3 ml of carbon dioxide-saturated water or a 0.025% 
NaHCOs solution, the peak area of neomycin B relative to the peak area 
of trehalose decreased by 15 to 20%, although neomycin sulfate was ap- 
plied. Formation of a carbonate link of the type -@-CHz--N+(CH& 
C03-z neomycin H+ could explain the influence of carbon dioxide and 
carbonates on the elution of aminoglycosides. Similar problems have been 
encountered previously (12) when analyzing kanamycin free base on 
resinz2 in the hydroxide form. I t  was found that kanamycin base in 
aqueous solution converted partially into kanamycin carbonates by re- 
action with atmospheric carbon dioxide. The carbonates could only be 
eluted from the resin with water at  pH 13 or 14 (12). The problem of 
carbonate accumulation on the analytical column was solved by con- 
necting a guard column filled with one of the two resinsz0;" in the hy- 
droxide form between the pump and the injector. This ensured a constant 
neomycin-internal standard ratio for a t  least 1 week (Fig. 2). 


None of the two resinsZ0nz1 gave an entirely satisfactory separation. 
Good separation of all components was obtained by replacing the 1 X 30 
cm of resin20 by a 1 X 10 cm column of resin2I connected to a 1 X 20 cm 
column of resin20 (Table I). 


Calibration-Pure free bases of neomycin B and C were converted 


l9 Durrum DA-XP resin, Pierce Chemical Co. ,  Rockford, IL 61 105. 
2o Bio-Rad AG I-X2 resin, Bio-Rad Laboratories. Richmond. Calif. 
21 Bio-Rad AG I-X4 resin, Bio-Rad Laboratories. Richmond, Calif. 
22 Dowex 1-XP. 


into their sulfates for reasons described. Since neomycin B and C had the 
same detector response in the experimental conditions (6), a mixture of 
known composition provided two points of the calibration curve per 
chromatogram. The peak area of the neomycin components over the in- 
ternal standard peak area was plotted uersus the calculated amount of 
free base present in the sample solution. In the 7-70 mg range of neomycin 
free base, the calibration curve was linear. The regression equation is y 
= 0.0036 + 0.0130~ and the correlation coefficient is 0.9995. 


Interfering Compounds-Commercial neomycin contains mono- 
N-acetyl derivatives of the Band C compounds and of neamine (13) (the 
acetyl group is located at the amino function in the 3-position of the 
deoxystreptamine moiety) (14). Less active mono-N-acetylneomycins 
cause an overestimation of the B and C components, since they are eluted 
in the ascent of the main peaks (Fig. 1). Nevertheless, a TLC system al- 
lows the separation of neomycin B (or C) and mono-N-acetylneomycin 
B (or C) (Fig. 3). The eluate fractions corresponding to the first half of 
the neomycin B peak were collected and evaporated to dryness. The res- 


r, 


s, 


tb 


(h 


Component G 


paromamtnc and 
mono- N- acetylneamtnc 


ncamtne 
paromomyon I and I1 
mono-N-acetylneomyon Band C 


neomycin B and C 


Figure 3-TLC ofa  lO-pg  sample of neomycin sulfate (si/icagelplateI7, 
15T; potassium dihydrogen phosphate). 
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Table 111-Potencies of Analyzed Samples Expressed on Dry  Basis 


Average 
Neomycin 


Sample B Content, % 


59.6" 
59.3" 
57.9" 
62.36 
59.36 
60.7 
60.0 
60.6 
63.4 


Average 
Neomycin Potency , 


C Content, % U/mg Microbiological Assay 


7.5 
7.3 
9.6 
6.0 
6.4 
5.1 
5.9 
6.9 
7.9 


725 724 IU/mgc 749 IU/mge 
721 732 IU/mgC 721 IU/mge 
718 696 IU/mge 746 IU/mge 
747 775 IU/mgC 
715 744 IU/mgC 770 IU/mge 
724 
720 
733 700 pg/mgc 788 IU/mge 
770 710 u d m P  782 IU/mge 


USP Reference Standard (Issue E) 70.8 810 767 pglmgd 
Standard European Pharmacopoeia 64.55 6.25 775 775 IUlmgd 


51.4 16.4 682 680 IU/mgd First International Reference Standard Preparation 


a Including paromomycin I. * Corrected for mono-N-acetylneomycin B. c Declared by manufacturer. Assigned potency. Determined by Dr. Dubost, RhBne-Poulenc, 
Paris, France. 


idue was then dissolved in 0.50 ml of water, and 1, 2, 3, and 4 pl were 
spotted on the activated TLC plates, together with 1,2,3, and 4 pl of the 
mono-N-acetylneomycin B reference solution. After development and 
resolution with ninhydrin, a semiquantitative determination of the 
amount of mono-N-acetylneomycin B was made by estimating which spot 
of the unknown series corresponds best to a spot of the reference dilution. 
The amount of acetylated products can also be estimated by GLC assay 
of acetic acid liberated by acid hydrolysis. The correlation between TLC 
and GLC figures is good, as can be seen from Table 11. Mono-N-acetyl- 
neomycin C, if present, would only represent a fraction of neomycin C, 
so it was not necessary to estimate such a small amount. If no mono-N- 
acetylneomycin B is available as the reference, it can be replaced by 
paromomycin, taking into account the sulfuric acid and moisture content 
of this commercial product. No detectable difference of the ninhydrin 
response between mono-N-acetylneomycin B or C and paromomycin I 
or I1 was found. 


Although not interfering directly in the assay of the main products, 
other minor components were analyzed also by TLC. The eluate fractions 
containing neamine, paromamine, N-acetylnearnine, and component G 
were also evaporated to dryness and dissolved in 0.50 ml of water. TLC 
and semiquantitative determination of these components were performed 
in a similar way as for mono-N-acetylneomycin B. Component G, an 
0-(diaminodideoxyhexosy1)-myo-inositol (7) was available, but it was 
not sufficiently pure to allow such an estimation. Its presence in neomycin 
samples will be indicated only qualitatively. As can be seen from Fig. 3, 
it cannot be distinguished whether mono-N-acetylamine or paromamine 
is present. However, from results obtained in the laboratory with ion-pair 
chromatography on a reversed-phase column23 i t  can be seen that 
mono-N-acetylneamine is generally present in a larger quantity than 
paromamine. 


Assuming an equal detector response of paromomycin I and neomycin 
B (or C) to the differential refractometer, the paromomycin I content of 
neomycin samples was calculated as for the main products. 


Composition of Commercial Samples-A survey of the composition 
of recent neomycin sulfate samples of French (A-C), Norwegian (D, E), 
Japanese (F, G), and American (H, I) origin is given in Table 11. The 
neomycin B free base content ranges from 52-59%. These values include 
mono-N-acetylneomycin B which is eventually present. The amount of 
neomycin C free base is between 4 and 9%. In addition to neomycin B and 
C, sulfuric acid content, weight loss on drying, and an estimation of the 
minor components are tabulated. Disregarding components that  repre- 
sent <0.5%, a summation of all other components closely approaches 
100%. 


Although an assay or estimation of neamine is prescribed by many 
pharmacopoeias, the present results prove this substance to be virtually 
absent from all samples analyzed. However, mono-N-acetylated neo- 
mycins and paromomycin I may be present in appreciable amounts. The 
nature of the minor neomycin components is typical for a particular 
manufacturer, possibly as a result of different fermentation and isolation 
processes. 


Correlation Between Chromatographic and  Microbiological 
Assay-To make a correlation of the amounts of neomycin B and C found 
for different samples with the results of the microbiological assay, i t  is 
necessary to know the relative response of neomycin C to neomycin B. 


23 Method described in a private communication of Dr. A. Sezerat, Roussel- 
UCLAF Co., Romainville, France. 


However, this response depends on the microorganisms and media used 
in a diffusion or a turbidimetric assay. Relative responses of 3&i0% have 
been obtained (15). Past experience indicates that the variation is even 
larger, and it has been assumed that the potency of neomycin C is half 
that  of neomycin B (5). Using the amount of neomycin B and C in the 
European Standard (which is from the same batch as the International 
Standard) and its titer (775 IU/mg), it can be calculated that 1 pg of free 
base of the European (or International) Standard corresponds to: 


= 1.145 potency units. 
62.5 


2 
645.5 + - 


Although potency units correspond to international units, an alternative 
symbol is preferred since international units are, strictly speaking, only 
valid for microbiological assays. 


This conversion was applied to the different neomycin samples (Table 
111). If they contained paromomycin I, the amount of this component was 
added to the amount of neomycin B, because their antimicrobial activity 
is almost identical. It is interesting to note that the potency units of the 
First International Standard are nearly identical to the assigned IU value. 
For samples A-E, H and I, the correlation is also acceptable. The results 
of the microbiological assays of two samples (C and E) differ somewhat 
from one laboratory to another, even if they were obtained by analysts 
having much experience with this type of assay. 


An attempt can be made to correlate the International Standard with 
the USP Reference Standard, although the potency in micrograms per 
milligram is defined in a different way and despite the fact that the latter 
preparation contains almost exclusively neomycin B. From the calculated 
810 potency U/mg and the 767 pg/mg figures, it can be deduced that 1 
pg/mg = 1.056 IU/mg 


These calculations are not essential for the proposed chromatographic 
assay, which gives information concerning relative and absolute amounts 
of neomycin B and C and related compounds. Nevertheless, the calcu- 
lations indicate that the proposed method could replace a microbiological 
assay. 


The proposed method allows a chromatographic quantitation of neo- 
mycin B and C in neomycin sulfate powders without cumbersome sample 
derivatizations. The absolute standard deviation (mean value) is 0.67% 
for the determination of neomycin B and 0.33% for neomycin C. It can 
be performed with relatively simple apparatus which can be automated 
easily. Taking the precaution of not analyzing free bases, reliable values 
can be obtained. 
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Abstract Several benzimidazole and benzothiazole alkylating agents, 
bearing structural modification of certain drugs, were synthesized and 
evaluated for anticancer activity. Among the products, the dihydro- 
chloride salt of 2-(p-[2-(bis(2-chloroethyl)amino)ethoxy]phenyl}benz- 
imidazole (VI) exhibited a high antileukemic activity in P-388 lympho- 
cytic leukemia. 


Keyphrases Alkylating agents-derived from benzimidazole and 
benzothiazole, potential Benzimidazole-potential alkylating agents, 
benzothiazole 0 Benzothiazole-potential alkylating agents, benzim- 
idazole 


The studies of benzimidazole alkylating agents reported 
the production of a variety of compounds (1-5) of which 
4 - [2 - [5(6) - bis - (2-chloroethyl)amino]benzimidazolyl]- 
butyric acid’ (6) and 2-[bis(2-chloroethyl)aminoethyl]- 
benzimidazole2 (7,8) are the most effective and clinically 
useful anticancer agents. In a previous investigation of the 
effect of structural modification on the anticancer activity 
of these compounds, several benzimidazole-2-thioethyl- 
sulfonic esters and nitrogen mustard derivatives were 
synthesized and evaluated for antileukemic properties (9). 
In continuation of these studies, this study describes the 
preparation of several new benzimidazole and benzothia- 
zole alkylating agents (111, IV, VI, and X) and reports on 
the results of their evaluation against P-388 lymphocytic 
leukemia (Scheme I). 


RESULTS AND DISCUSSION 


Chemistry-p-(2-Hydroxyethoxy)benzaldehyde (I), prepared by 
etherification of p-hydroxybenzaldehyde with ethylene chlorohydrin 
(10) in the presence of sodium methoxide, was reacted with o-phenyl- 
enediamine and copper acetate, in accordance with the modified 
Weidenhagen reaction (ll), to give 2-[p-(2-hydroxyethoxy)-phenyl]- 
benzimidazole hydrochloride (11). This was reacted with methanesulfonyl 
chloride or p-toluenesulfonyl chloride in pyridine to produce the corre- 
sponding sulfonic esters (111 and IV). The p-toluenesulfonic ester (IV) 


1 Cytostasan, lmet 3393, A. 
2 Benzimidazole mustard NSC 23891, B. 


was fused with excess diethanolamine and the produced 2-b-[2-(bis- 
(2-hydroxyethyl)amino)ethoxy]phenyl]benzimidazole (V) converted 
into the dihydrochloride salt of the nitrogen mustard 2-[p-[2-(bis-(2- 
chloroethyl)amino)ethoxy]phenyl]benzimidazole (VI) by boiling with 
thionyl chloride in dioxane. 


The reaction of p-(2-hydroxyethoxy)benzaldehyde (I) with o-ami- 
nothiophenol in pyridine gave 2-lp-(2-hydroxyethoxy)phenyl]ben- 
zothiazole (VIJ). This, on treatment with p-toluenesulfonyl chloride or 
methanesulfonyl chloride, yielded 2-[p-(2-~hloroethoxy)phenyl]ben- 
zothiazole (VIII) rather than the corresponding sulfonic esters. Com- 
pound VIII was also obtained when the hydroxybenzothiazole derivative 


HN 


SOCIq/dioxan 1 
X V I  


Scheme I 
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Abstract 0 With 14C-potassium cyanate as the starting material, 2- 
14C- l-allyl-3,5-diethyl-6-chlorouracil was synthesized for in uitro and 
in uiuo absorption studies in human skin and for metabolic studies in rats 
and rabbits. The radioactivity in the horny layer, epidermis, and dermis 
of the human skin was determined after different intervals of time, and 
the radioactivity excreted in the urine was measured by collecting samples 
for 5 days from a patient and also under occlusion conditions. Almost 90% 
of the radioactivity remained on the surface and -6.28% penetrated and 
was systemically absorbed. Over a 5-day period, a total of 3.25% was ex- 
creted. Almost 3% was systemically absorbed and cumulated in the sys- 
tem. After intraperitoneal application in male and female rats, most of 
the radioactivity was excreted in the feces and urine, with female rats 
excreting more in the urine than male rats. The radioactivity rose in the 
organs in the first 3 hr and then decreased. At the end of 144 hr, no ap- 
preciable radioactivity could be found in the organs and tissues, except 
in the carcass where the cumulation was maximum (1%). After intrave- 
nous injection in rabbits, most of the radioactivity (80%) was excreted 
in the urine and only 4% in the feces. At the end of 96 hr, -3% was cu- 
mulated in the body. The drug was quantitatively metabolized in both 
rats and rabbits: Metabolite 1 (70-85%), Metabolite 2 (10-15%), Me- 
tabolite 3 (5-lo%), and Metabolite 4 (0.3%). 


Keyphrases 0 2-14C - 1 - Allyl-3,5-diethyl-6-chlorouracil-synthesis, 
absorption in human skin, excretion, distribution and metabolism, rats, 
rabbits Excretion-2-14C-l-~yl-3,5-diethyl-6-chlorouraci~, synthesis, 
absorption in human skin, distribution and metabolism, rats, rabbits 
Metabolism-2-14C-l-allyl-3,5-diethyl-6-chlorouracil, synthesis, ab- 
sorption in human skin, excretion, distribution, rats, rabbits Absorp- 
tion-2-14C-1-allyl-3,5-diethyl-6-chlorouracil, synthesis, human skin, 
excretion, distribution, metabolism, rats, rabbits 


1-Allyl-3,5-diethyl-6-chlor~uracil~ (V) has shown 
promising therapeutic activity against herpes simplex and 
vaccinia virus (1,2).  It is used for the external treatment 
of herpes and other viral infections of the skin and mucous 
membranes. Its absorption in human skin and excretion, 
distribution, and metabolism in rats and rabbits were 
studied using I4C-V. 


0 


C 2 5  ti NH 2 HC1 + K b e  7 C~H~-NH-!-NH 
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I I 1  


C2H: 


' U 15:' 1 .  UXl3/H2G , "'c*9 H C  


f03C2H5 oky c1 
+ c H -c-n 


2 5 ~  2 .  H2O 


2' 5 i, f N&H3 


I" 111 


H2C-CH-CH2 


V 


Sctrrmc (r 


1 Acluracil, Robugen GrnbH, 7300 Esslingen/Neckar, West Germany. 


EXPERIMENTALz 


Synthesis-For absorption studies in human skin and for metabolism 
studies, I4C-V, specific activity 0.073 mCi/mmole was synthesized 
(Scheme I). The starting material was 14C-potassium cyanate3, specific 
activity 0.082 mCi/mmole. 


14C-N-Ethylurea (U-A solution of 14C-potassium cyanate (1.0 g, 
12.33 mmoles) in 2 ml of water was added to ethylaminehydrochloride 
(I) (0.95 g, 11.77 mmoles) in water (1 ml) a t  80' with constant stirring. 
The water was completely removed and the residue dried to give 1.72 g 
of 14C-II (90.0% yield), mp 91-92' [lit. (3) mp 90-93'1. 


2- 14C-3,5-Diethylbarbituric Acid (111)-Diethyl ethylmalonate (2.17 
g, 11.72 mmoles) was added dropwise to 5 ml of a 30% methanolic sodium 
methoxide solution. The reaction mixture was refluxed for 30 min with 
constant stirring. The methanolic solution (3 ml) of I4C-II (1.72 g, 19.52 
mmoles) was then added. The reaction mixture was refluxed for 5 hr a t  
100' with constant stirring under anhydrous conditions. After cooling, 
the solvent was evaporated to dryness and the residue was dissolved in 
10 ml of hot water. The solution was acidified to pH 1-2 with 2.2 ml of 
concentrated hydrochloric acid and extracted with chloroform (5 X 15 
ml). The solvent was removed and the residue crystallized from ether to 
give 2.16 g of 2-14C-III (47.6% yield), mp 92-93' [lit. (4) mp 93-94']. 


2- 14C-3,5-Diethyl-6-chlorouracil (1V)-Phosphorus oxychloride (2 
ml) was added dropwise to a mixture of 111 (2.16 g, 11.73 mmoles) and 
water (0.1 ml). The reaction temperature was slowly raised to 100' with 
constant stirring, and after heating for 90 min it was cooled. The re- 
maining phosphoryl chloride was decomposed carefully with 6 ml of 
water. The cooled mixture was stirred for 1 hr and allowed to stand in the 
refrigerator overnight. The white crystalline precipitate was filtered off, 
washed with ice cold water, and dried to give 1.23 g of 2-I4C-IV (52.1% 
yield), mp 168' [lit. (5) mp 167-169'1. 


2- I4C-I -Allyl-3,5-diethyl-6-chlorouracil (V)-Potassium carbonate 
(2.235 g), ally1 bromide (0.68 ml), and dimethylformamide (12.5 ml) were 
added to 2-I4C-IV (1.23 g, 6.07 mmoles) under anhydrous conditions. The 
mixture was refluxed with stirring for 2 hr a t  90-100' and filtered. The 
residue was washed with chloroform and the filtrate concentrated. The 
oily liquid was distilled in uacuo (bp 119-120'/0.1 mm) to give 1.17 g of 
2-I4C-V (79.5% yield), specific activity 0.073 mCi/mmole [lit. (5) bp 
118-120'/0.1 mm]. 'H-NMR and mass spectra obtained were consistent 
with structure V. Radiochemical purity was checked by radioscanning 
of the TLC plates. 


Radioactivity Measurements-The radioactive zones on TLC plates 
were located with a thin-layer scanner4. The radioassay in the solution 
was carried out in a two-canal liquid scintillation counters, using a scin- 
tillation solution of 1000 ml of dioxane, 180 g of naphthalene, 8 g of 
2,5-diphenyloxazole, and 0.1 g of 1,4-bis[2-(4-methyl-5-phenyl-oxazolyl)] 
benzene. The external standardization technique was employed. 


Application-Human Skin-A 0.4% solution of 14C-V was made in 
water using 3% of a solubilizing agent6. For in uitro studies, 20 ~1 = 4.9 
mg was applied on an area of 7 cm2. For in uiuo studies, 50 p1 = 4.9 mg 
of a 0.1% solution of 14C-V was applied on an area of 28 cm2. 


Rats and Rabbits-A 0.15% solution of 14C-V was made in sterile water 
with 3% of a solubilizing agent6. Male and female Wistar rats (200-220 
g) were given 7.5 mg/kg body weight of I4C-V solution by intraperitoneal 
injection. The animals were kept in metabolic cages which enabled the 
collection of feces and urine separately. They were given free access to 


Melting points were taken on a Tottoli (Bhchi, Switzerland) apparatus and 


New England Nuclear Corp., Boston, Mass. 
Dr. Rudolf Berthold Co., Wildbad, West Germany. 
Tri-Carb model 3950, Packard Instrument Co., La Grange, Ill. 


are uncorrected. 


ti Crernophor RH 40, BASF, Ludwigshafen, West Germany. 
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Table I-Relative and Absolute Concentrations in Various Tissues After Application In Vitro of 2-14C-V a 


Quantity Tissue under 1 cm2 Respective 
Penetration Applied, of Surface, Tissue, Rejection, 
time, min Tissue 90 wg/cm2 mg/ml mmole % 


100 Horny layer 10.06 
Epidermis 0.36 
Dermis 0.90 


Epidermis 0.97 
Dermis 3.10 


1000 Horny layer 5.40 
Epidermis 1.31 
Dermis 7.97 


300 Horny layer 7.35 


111.5 
3.98 


10.00 
84.4 
10.8 
34.4 
59.8 
14.5 
88.2 


55.72 229.6 
0.249 1.026 88.54 
0.0965 0.381 


0.672 2.77 87.52 
40.70 167.7 


0.318 


0.904 
0.817 


29.92 
1.31 


3.73 84.64 
3.36 


123.3 


0 Application of 7.75 mg of 2-14C-V/7 cm* of human skin. Millimole per liter tissue. 


Table 11-Relative and Absolute Concentrations in Various Tissues or Urine After In Vivo Application of 2-14C-Va 


Quantity Tissue under 1 cm2 Respective 
Penetration Applied, of Surface, Tissue, Rejection, 
time, min Tissue or Urine 90 pglcm2 mg/ml mmole % 


100 Horny layer 12.97 22.69 11.35 46.74 
Epidermis 0.93 1.63 0.102 0.42 83.11 
Dermis 1.94 3.39 0.031 0.13 


1000 Horny layer 13.54 23.70 11.85 48.83 
Epidermis 0.78 1.36 0.085 0.35 75.10 
Dermis 1.69 2.95 0.027 0.11 
Urine 5 days 3.24 


total 


under occlusion total 
1000 Urine 5 days 9.375 78.23 


Application of 4.9 mg of 2-14C-V/28 cm* of human skin. Millimole per liter tissue. 


Table 111-Elimination of Radioactivity in Feces and Urine of 
Male and Female Rats After Intraperitoneal Administration of 
2 - 1 4 ~ - v  a 


Average Percent of 
Applied Dose fSD 


Sample Hours Male Female 


Feces 8 14.4 f 4.3 10.2 f 3.8 
16 30.7 f 5.6 24.7 f 5.2 
24 4.9 f 2.2 2.9 f 1.8 
48 
72 
96 


120 
144 


5.1 f 1.4 5.8 f 1.6 
9.7 f 1.9 8.6 f 1.7 
1.2 f 0.9 0.3 f 0.1 
0.1 f 0.03 0.3 f 0.08 
0.04 f 0.01 0.1 f 0.08 


Urine 
Total 66.1 f 0.58 52.9 f 1.1 


8 3.6 f 1.5 7.3 f 1.8 
16 16.4 f 2.4 21.3 f 2.8 
24 2.0 f 0.9 6.8 f 1.7 
48 
72 
96 


120 


2.1 f 0.8 2.3 f 0.6 
2.4 f 1.2 3.6 f 1.4 
1.9 f 0.8 1.8 f 0.8 
0.1 f 0.05 0.6 f 0.1 


144 0.01 f 0.005 0.1 f 0.03 
Total 28.5 f 0.09 43.8 f 0.1 


(I Average of six animals; administration of 7.5 mg of 2-I4C-V. 


food7 and water and were kept a t  22" and 55% humidity. The feces and 
urine were collected daily over a period of 144 hr. For studying the dis- 
tribution, the rats were killed at different time intervals and all organs 
and tissues were removed separately. All samples were frozen at -20" 
and taken out before use. New Zealand male rabbits (2 kg each) were 
given a dose of 15 mg/kg body weight by intravenous injection into the 
ear vein. Feces and urine were collected daily over a 96-hr period. At the 
end of this period they were killed and organs and tissues removed and 
frozen. 


Preparation of the Skin-In Vitro Inuestigation-The subcutaneous 
fat was carefully removed from skin mammary ablations shortly after 
surgery. Three different specimens of appropriate size were obtained. 
For each penetration period one specimen was used. The skin was gently 
cleaned and subcutaneous fat was removed. An area of 7 cm2 was marked 


Table IV-Elimination of Radioactivity in Feces and Urine of 
Male Rabbits After Intravenous Administration of 2J4C-V 8 


- 


Average Percent of 
Sample Hours Applied Dose f S D  


Feces 24 3.6 f 1.4 


Urine 


48 
72 
96 
Total 
24 
48 
72 
96 
Total 


0.5 f 0.1 
0.2 f 0.1 
0.1 f 0.07 
4.4 f 0.1 


80.1 f 6.8 
6.1 f 2.6 
1.5 f 0.8 
0.6 f 0.2 


88.3 f 2.4 


(I Average of 3 animals; administration of 15.0 mg of 2-W-V. 


out. The solution of 14C-V was applied for 90 sec by gently rubbing with 
a glass spatula. Subsequently, the specimen was stretched in a draft- 
free penetration chamber according to published procedures (6,7). The 
subcutaneous side was in contact with gently agitated saline. The glass 
chamber was kept a t  a constant temperature of 32" for the indicated time 
period (penetration time). 


In Vivo Znuestigations-Two patients were included in this study. A 
solution of 14C-V was applied gently to a 28-cm2 area of healthy skin, and 
the treated area was protected against unintentional abrasion by a wire 
cage under free access of air. 


Processing of the Skin and Urine-In Vitro-After loo-, 300-, and 
1000-min penetration time, the surplus of I4C-V on the surface was re- 
moved gently with dry cotton. The specimens were then fastened on a 
rubber stopper and the horny layer removed by repeated stripping with 
adhesive tape8 until a polished shining layer was visible, indicating that 
all horny skin was removed. Each of the -20 strips was placed in a sep- 
arate vial. After removal of the horny layer, a 28-mm2 sample was 
punched out and cut horizontally on a freeze microtomeg. The 16 slices 
of 10-pm thickness first-sectioned represented the epidermis. The re- 
maining part representing the dermis was cut into 40-pm slices. Thus, 
-70 samples were obtained in each experiment with one penetration time 
and were counted separately. Each sample was placed in a scintillation 
glass and 0.3 ml of 0.5 N NaOH was added. The closed glasses were kept 


Altromin. Altromin, Lage/Lippe, West Germany. 
8 Tesafilm, Beiersdorf, Hamburg, West Germany. 
9 Jung, Heidelberg, West Germany. 
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Table V-Tissue Distribution of Radioactivity in Male and  Female Rats a at Different Time Intervals After Intraperitoneal 
Administration of 2-I4C-V 


Average Percent of Applied Dose, hr 


Specimen Sex 1 3 5 8 16 24 48 72 96 120 144 


Blood 


Liver 


Testedovary 


Kidneys 


Gut 


Spleen 


Stomach plus 
duodenum 


Heart 


Lungs 


Brain 


Abdominal fat 


Muscles 


Subcutaneous fat 


Contents of gut 


Carcass 


Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 


1.05 
1.01 
1.32 
0.86 
0.15 
0.21 
1.05 
0.38 
5.27 


10.15 
0.07 
0.06 
0.74 
0.21 
0.04 
0.03 
0.37 
0.20 
0.14 
0.03 
0.71 
1.34 
1.76 
2.31 
0.89 
0.22 


61.14 
47.43 
14.37 
13.38 


0.40 
0.65 
0.38 
0.27 
0.04 
0.01 
0.18 
0.01 
0.39 
1.09 
0.02 
0.12 
0.08 
0.12 
0.08 
0.02 
0.36 
0.07 
0.08 
0.04 
0.09 
0.24 
0.51 
0.68 
0.03 
0.11 


13.49 
5.84 
6.27 


17.99 


0.60 
0.98 
0.31 
0.71 
0.10 
0.03 
0.21 
0.24 
0.73 
2.26 
0.07 
0.07 
0.04 
0.12 
0.03 
0.07 
0.04 
0.08 
0.11 
0.05 
0.10 
0.52 
2.01 
3.24 
0.29 
0.34 
3.82 
2.57 
5.71 
9.16 


0.56 
0.90 
0.02 
0.40 
0.40 
0.35 
0.22 
0.45 
0.05 
0.61 
0.38 
0.24 
0.12 
0.25 
0.76 
0.23 
0.36 
0.23 
0.07 
0.29 
0.44 
0.37 
1.10 
1.40 
0.43 
0.34 
0.70 
1.27 
2.60 
5.15 


0.40 
1.48 
0.28 
0.33 
0.96 
0.33 
0.41 
0.25 
0.32 
0.51 
0.44 
0.23 
0.12 
0.54 
0.20 
0.53 
0.36 
0.42 
0.18 
0.15 
0.22 
0.18 
0.99 
1.29 
0.07 
0.36 
0.56 
1.32 
3.42 
5.48 


0.65 
0.27 
0.08 
0.18 
0.04 
0.28 
0.08 
0.07 
0.05 
0.18 
0.19 
0.10 
0.11 
0.11 
0.09 
0.14 
0.21 
0.08 
0.38 
0.11 
0.04 
0.07 
0.37 
0.16 
0.04 
0.04 
0.45 
0.41 
1.67 
2.64 


0.28 
0.19 
0.06 
0.04 
0.04 
0.08 
0.12 
0.18 
0.04 
0.26 
0.01 
0.03 
0.20 
0.16 
0.08 
0.14 
0.10 
0.15 
0.04 
0.06 
0.40 
0.60 
0.18 
0.17 
0.10 
0.10 
1.12 
1.14 
1.08 
0.92 


0.17 
0.10 
0.08 
0.21 
0.10 
0.08 
0.06 
0.05 
0.06 
0.07 
0.02 
0.10 
0.01 
0.01 
0.08 
0.11 
0.08 
0.17 
0.04 
0.12 
0.04 
0.06 
0.18 
0.21 
0.05 
0.06 
0.10 
0.05 
1.02 
1.21 


1.82 
3.06 
1.94 
2.53 
0.32 
0.58 
1.04 
0.79 


13.93 
11.27 
0.23 
0.05 
1.54 
0.27 
0.94 
0.10 
0.71 
0.25 
0.71 
1.20 
1.03 
7.15 
3.30 
3.10 
1.39 
1.02 


45.97 
45.26 
20.25 


1.13 
3.22 
1.66 
3.61 
1.26 
0.25 
0.63 
0.94 


13.28 
6.30 
0.24 
0.24 
1.16 
0.17 
0.31 
0.30 
0.37 
0.34 
1.08 
0.15 
0.41 
8.80 
2.71 
1.86 
0.32 
6.31 


60.81 
47.96 
9.84 


1.23 
0.42 
1.47 
1.43 
0.47 
0.23 
0.65 
0.53 
7.79 
5.75 
0.38 
0.56 
0.40 
0.,34 
0.45 
0.10 
0.18 
0.28 
0.68 
0.09 
0.90 
0.54 
3.40 
2.30 
0.85 
0.93 


65.48 
59.32 
11.55 


19.52 14.96 20.86 


a Average of six animals; administration of 7.5 mg of Z-I4C-V. 


Table VI-Tissue Distribution of the Radioactivity in Male 
Rabbits 96 hr  After Intravenous Administration of 2-14C-V 


Specimen 
Average Percent 


Amlied Dose 


Bones 
Carcass 
Muscles 
Liver 
Intestinal content 
Heart 
Kidney 
Lungs 
Brain 
Blood 
Total 


1.88 
1.18 
0.09 
0.07 
0.40 
0.01 
0.03 
0.03 
0.01 
0.04 
3.73 


Average of three animals; administration of 15.0 mg of 2-14C-V. 


for 6 hr in an incubator a t  75'. Scintillation solution then was added to 
each sample and the radioactivity measured. 


In Vivo-Two penetration times (100 and lo00 min) were selected. The 
surplus I4C-V was removed and the horny layer sampled as indicated 
above. A specimen of 28 mm2 was punched out from the excised area and 
sliced in the same manner as described for in uitro experiments. By day 
urine was sampled over a 4-hr period and during the night over an 8-hr 
period; each volume was measured. Samples of 0.3 ml were taken and 
after addition of hyamine, added directly to  the scintillation cocktail. 


Penetration Under Occlusion-In a third patient, the pathological 
skin condition was simulated by occlusion technique, which causes hy- 
dration of the horny layer and thus facilitates the penetration. The horny 
skin was completely removed and 50 p1/28 cm2 of 0.10% 14C-V was applied 
and covered with occlusive filmlo for 1000 min, which helped the maxi- 
mum penetration. 


Calculation for  Absorption in Human Skin-Subsequent calcula- 
tions of disintegrations per minute of the percentage of the applied 
quantity and absolute quantities per layer of skin were performed using 
a computer program. Absolute quantities are given in micrograms within 
the respective layer calculated for a 1-cm2 surface, in micrograms per 
milliliter of volume of the layer, and in millimoles (calculated on the basis 
of 1 liter of skin volume). The following tissue thicknesses were taken in 


lo Leukoflex, Beiersdorf. Hamburg, West Germany. 


calculation: horny layer, 20 pm; epidermis, 160 pm; and dermis, 1.5 
mm. 


Animal Sample Preparation-Feces, Organs, and Tissues-For 
qualitative and quantitative determination of the radioactivity, the feces 
samples were dried a t  60°, powdered, homogenized'l, and extracted with 
methanol in a soxhlet apparatus for 48 hr. The organs and tissues were 
cut into fine pieces and extracted with methanol for 72 hr according to 
procedures described previously (8,9). An aliquot (0.1 ml) of the samples 
was taken up for required measurements. 


Urine-An aliquot (0.1-0.2 ml) was mixed directly into the scintillation 
solution and measured for radioactivity (10). 


Chromatography-Analytical TLC was performed on 20 X 5-cm (0.25 
mm) silica gel plates12. Solvent systems were (v/v): (a) petroleum 
ether-ethyl acetate (82); ( b )  petroleum ether-ethyl acetate (5:5); (c) 
cyclohexane-acetone (7:3); (d) chloroform-ether (6:4). 


Gas Chromatography-Analytical GLC determinations were per- 
formed on a gas chromatographI3 equipped with a flame-ionization de- 
tector. The chromatographic column was glass tubing (1.5 m X 0.4-mm 
i.d.) packed with 3% SE-30 on 100-120 mesh Varaport 30. The operating 
conditions were: injection port temperature, 230'; oven temperature, 
200'; detector temperature, 250'; nitrogen (carrier gas) flow rate, 20 
ml/min. 


Enzymatic Hydrolysis of the Urine-The rabbit urine was adjusted 
to  pH 7 with acetic acid and then extracted with ether for 96 hr in a liq- 
uid-liquid extractor, removing -90% of the radioactivity (Extract A). 
The rest of the radioactivity could not be removed with organic solvents 
and was probably due to conjugates. The urine after ether extraction was 
concentrated to half of its volume and adjusted to p H  5.5 with concen- 
trated acetic acid. It was diluted to half of i t s  volume with acetate buffer. 
The enzymatic hydrolysis was done with 0.01 ml of (3-glucuronidase and 
a ry l s~ l f a t a se~~ /ml  of urine a t  37' for 72 hr and extracted with ether for 
96 hr (Extract B). 


RESULTS AND DISCUSSION 


Absorption in Human Skin-In Vitro-Table I shows that most of 
the applied 14C-V (85-90%) remained on the skin surface or was washed 


Waring Blender, Bosch, Stuttgart, West Germany. 
l2  Silica gel HFz54. E. Merck AG, Darmstadt, West Germany. 
'3 Aerograph 1740, Varian. 
'4 Glusulase, Boehringer, Mannheim, West Germany. 
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Table VII-TLC Rf Values of the Metabolites of V 


Rf 
Solvent Metabolite 1 Metabolite 2 Metabolite 3 V 


(a) Petroleum ether-ethyl acetate (8:2) S" S S 0.45 
(6) Petroleum ether-ethyl acetate (5:5) 0.38 0.63 0.71 0.85 
( c )  Cyclohexane-acetone (7:3) 0.16 0.43 0.59 0.75 
( d )  Chloroform-ether (6:4) 0.30 0.70 0.78 F b  


a Start. Front. 


Table VIII-Ratio in Percent of Various Metabolites of V in 
Feces and  Urine * of Male and  Female Rats  


Percent 
Metab- Metab- Metab- 


SamDle Sex olite 1 olite 2 olite 3 


Feces Male 68 20 12 
Female 65 22 13 


Urine Male 85 10 5 
Female 88 8 4 


The feces of various time intervals were mixed together. The urine of various 
time intervals were pooled together. 


in the penetration chamber. Over a 1000-min period, however, -8% 
penetrated into the dermis, which acted as a further transport system 
in the body. The absolute quantity within the respective layers calculated 
for a 1-cm2 surface area showed the accumulation of the radioactivity in 
the dermis, the thickest tissue. The absolute values calculated with an 
equal tissue volume, however, showed a surprisingly higher molar con- 
centration after a 1000-min period in all tissues. The rejection rate in- 
cluded the percentage of the radioactivity in the saline of the penetration 
chamber and on the surface of the skin which was wiped off with 
cotton. 


In Vivo-The results are shown in Table 11. Here also it is evident that  
most of the I4C-V remained on the skin surface. The concentration in the 
horny layers was somewhat higher than in uitro studies; in the epidermis 
it was almost the same. However, the concentration in the dermis in uiuo 
was much less than in uitro after a penetration time of 1000 min. This 
is because the circulation system does not play a role in uitro, and the drug 
accumulated in the excised skin. The difference (6.28%) between these 
in uiuo and in uitro dermal concentrations after a penetration time of lo00 
min could be considered as resorption of the drug through the circulatory 
system. I t  was more clear when the absolute concentration in uitro and 
in uiuo was compared. The fact that I4C-V was systemically absorbed in 
the system was also confirmed by the excretion of the radioactivity in the 
urine. Over a 5-day period, 3.24% of the activity was excreted after which 
it was negligible or had completely stopped showing that  a t  least 3% of 
I4C-V accumulated in the body. The difference between 100- and 
1000-min studies showed that a steady state of penetration (i.e., equi- 
librium between the passage of the substance from the horny skin and 
its further transport in the circulatory system) relatively soon had reached 
a standstill; probably it required <lo0 min. Because of the importance 
of absorption and excretion of I4C-V, occlusion conditions were employed 
in a third patient to allow maximum penetration for a period of lo00 min. 
Similarly, 9.4% of the radioactivity (Table 11) could be detected in the 
urine. 


Animal Excretion-Rots-Table I11 shows the excretion of the ra- 
dioactivity in feces and urine of male and female rats up to 144 hr. A total 
of 66.1% of the activity was excreted by the male rats in the feces and 
28.5'70 in the urine. On the other hand, the female rats excreted -52.9% 
in the feces and 43.8% in the urine. These different excretion rates in the 
feces and urine could be due to different physiological conditions in both 
sexes and the female rats excreted a greater quantity of urine than male 
rats. However, both male and female rats excreted >95% of the radioac- 
tivity (male 94.6%, female 96.7%) in the feces and the urine. 


Rabbits-Table IV shows the excretion of the radioactivity in the feces 
and urine of male rabbits up to 96 hr. Most of the radioactivity (88.1% 
in urine and 3.6% in feces) was excreted after 24 hr. Excretion was slow 
and a t  the end of 96 hr, a total of 93% of the activity was excreted in the 
feces and the urine. This showed that in both rats and rabbits, the kidneys 
are one of the main elimination organs in the excretion of V and its me- 
tabolites. 


Animal Distributions-Rats-Table V gives the values for male and 


female rats as percentages of applied dose. The radioactivity increased 
in all organs and tissues in the first 3 hr and then decreased. In blood the 
fall of the activity was slow and remained at a constant level between 16 
and 72 hr. This was in agreement with urine where maximum excretion 
took place between these periods. This shows that metabolism of 14C-V 
was complete after 16 hr and the maximum blood concentration was 
reached. However, some differences in values in male and female rats were 
recorded, showing the different metabolism rates in the two sexes. In the 
kidneys, the main organ of excretion, the radioactivity rose and decreased 
during various time intervals which can be explained due to throwback 
mechanisms. In all organs and tissues, however, the radioactivity de- 
creased smoothly, except for a slight rise between 48 and 72 hr, which was 
due to redistribution phenomenon of these organs. In the liver, the main 
organ of biotransformation, no concentration of the radioactivity was 
observed after 5 hr. The high concentration of the activity in the intestine 
was due to feces that contained high activity and was subsequently ex- 
creted. This was further confirmed by contents of the intestinal tract 
which contained high activity and was ultimately excreted with feces. 
This shows that the liver plays an important part in the biotransformation 
and the activity in the feces originated mainly from the activity via the 
bile. At the end of 144 hr, <0.1% of the activity was found in all the organs 
and tissues of both male and female rats, except in the carcass, where 
values between 1.02 and 1.21% were recorded. In the carcass of both male 
and female rats, high radioactivity was accumulated even after 1 hr of 
application of 14C-V and then decreased. 


Rabbits-Table VI gives the values in the organs and tissues at the end 
of 96 hr. Except in the bones and carcass, very little activity could be 
found in the other organs and tissues. A total of 3.7% was found in the 
body after 96 hr. 


Metabolism-Rats-The feces and the urine of rats showed on the 
TLC scanner Metabolites 1,2, and 3 but no unchanged I4C-V. Table VII 
gives the Rf values of the metabolites compared with 14C-V. 


The ratio of these metabolites in feces and urine of both male and fe- 
male rats is given in Table VIII. Metabolite 1 is the major metabolite in 
the feces and urine of both male and female rats. The GLC investigations 
of the prepurified feces and urine showed the presence of another me- 
tabolite, 4, in 0.2% concentration. In the increasing order of their retention 
time in GLC, the metabolites were classified as follows: Metabolite 4 > 
Metabolite 1 > Metabolite 2 > Metabolite 3. 


Rabbits-The combined rabbit urine after extraction with ether 
(Extract A) showed the presence of Metabolites 1,2,  and 3 in the ratio 
of 8.5:1.00.5. GLC showed the presence of Metabolite 4 in 0.3% concen- 
tration. The urine of the rabbits after enzymatic hydrolysis (Extract B) 
gave Metabolite 1 in 3% yield which showed that it occurred partially as 
a conjugate. Because of less radioactivity in the feces and many impuri- 
ties, it could not be investigated properly. 
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Abstract: 0 A series of w-[2-(N-alkylbenzamido)-phenyl]-alkanoic acids 
was synthesized and tested for its effects on blood glucose concentration 
in fasted rats and on gluconeogenesis from lactate and pyruvate in iso- 
lated perfused rat livers. The compounds led to a dose-dependent and 
reversible inhibition of gluconeogenesis, with 4-[2-(N-methyl-3-triflu- 
oromethy1benzamido)-phenyll-butanoic acid leading to a 50% inhibition 
at  0.02 mM. The compounds lowered blood glucose in fasted rats. No 
correlation between hypoglycemic effect and inhibition of gluconeo- 
genesis could be detected, however. 


Keyphrases Benzamidophenyl-alkanoic acid-derivatives, synthesis, 
hypoglycemic activity Gluconeogenesis-inhibited by synthesized 
benzamidophenyl-alkanoic acid derivatives 0 Hypoglycemic activ- 
ity-benzamidophenyl-alkanoic acid derivatives, new inhibitors of glu- 
coneogenesis 


Numerous substances have been reported to lower blood 
glucose levels by inhibiting gluconeogenesis in mammalian 
liver; various sites of inhibition have been discussed (1). 
So far, only biguanides have been used as therapeutic 
agents in the treatment of diabetes. 


Recently, clanobutin [4-[4-chloro-N-(4-methoxyphe- 
ny1)-benzamido]butanoic acid, (I)l] (2) was found to be an 
inhibitor of gluconeogenesis from the precursors lactate 
and pyruvate (3). This led to the synthesis of a series of 
structurally related compounds in order to find more po- 
tent inhibitors of gluconeogenesis as potential hypogly- 
cemic drugs. 


In variation of structure I, the alkanoic acid chain was 
attached to the aromatic ring ortho to the amide nitrogen, 
which was kept substituted with a methyl or ethyl group. 
Chain length and substitution pattern were modified 
(Table I). 


EXPERIMENTAL 


Chemistry-3- [2- (N-Methyl- 4-  chloro6enzamido)-phenyllpropionic 
Acid (ZIb)-N-Methyldhydrocarbostyril (1116) 4.84 g (30 mmoles) and 
5.6 g (100 mmoles) of potassium hydroxide were dissolved in 20 ml of 
ethylene glycol monoethyl ether. While stirring, the mixture was refluxed 
for 3 hr. After cooling to room temperature, the solution was diluted with 
200 ml of water and extracted with two portions of ether. The pH of the 
aqueous phase was brought to 8-8.5 by addition of 2 N HCl. A solution 
of 5.25 g (30 mmoles) of 4-chlorobenzoylchloride (IVb) in 50 ml of ether 


I 


' 4 @ - R 3  


I1 


1 Byk Gulden Lomberg, Pharmaceuticals, D-7750 Konstanz, Federal Republic 
of Germany. Synthesis see (2). 


was added slowly, while the pH of the aqueous phase was held at 7.5-8.5 
with 1 N NaOH. The aqueous layer was separated and washed with ether 
twice. The resulting acid was precipitated with 2 N HCl, washed with 
water, and dried. Recrystallization from ethyl acetate yielded 6.2 g of IIb, 
mp 156-158' (66%). Compounds IId, e,g, h, k ,  and m-u were synthesized 
by the same procedure. 


4- [2- (N-Methy1benzamido)phenyll butanoic Acid (ZZh)-2-Aza-2- 
methyl-benzo[c]-cycloheptanone (IIIh) I14.0 g (80 mmoles)], 17.9 g (320 
mmoles) of potassium hydroxide, and 50 ml of ethylene glycol monoethyl 
ether were brought together in a glass pressure vessel and heated to 150' 
for 6 hr. After cooling to room temperature, the contents were diluted 
with 200 ml of water and adjusted to pH 9 with glacial acetic acid. After 
stirring 33.6 g (400 mmoles) of sodium bicarbonate into this solution, 11.8 
g (80 mmoles) of benzoyl chloride in 20 ml of ether was added dropwise 
within 2 hr. Dilution with 800 ml of water was followed by extraction with 
ether. The aqueous phase was acidified with 2 N HCl and extracted three 
times with ethylene chloride. The organic fractions were collected and 
concentrated; the residue was recrystallized from ethyl acetate-petroleum 
ether (1:l) to give 19.6 g of IIh, mp 102-103' (80%). Compounds IIa, b, 
c, f ,  i, j ,  and 1 were prepared according to this method. 


6- [2- (N-Met hyl-3-trifluoromethylbenzamido)-phenyl]caproic Acid 
(Zlu)-Oxalyl chloride [13.0 g (102 mmoles)] and one drop of dimethyl 
formamide were given to 12.5 g (34 mmoles) of 4-[2-(N-methyl-3-triflu- 
oromethy1benzamido)-phenyllbutanoic acid (111) in 40 ml of toluene. The 
mixture was stirred for 1.5 hr and then evaporated in uacuo. The residue 
was taken up in 50 ml of dry dioxane and added dropwise to 1.32 g (35 
mmoles) of sodium borohydride in 20 ml of dioxane. The mixture was 
heated to 100' for 4 hr, then cooled to room temperature. Acidifying with 
2 N HCI and dilution with 20 ml of water was followed by extraction of 
the product with two portions of ether. Evaporation left an oily residue 
(10.9 g), which was dissolved in 20 ml of pyridine and 10 ml of toluene and 
added to a solution of 11.8 g (61.7 mmoles) of p-toluenesulfonyl chloride 
in 40 ml of toluene; stirring at 40' was continued for 20 hr. After filtration, 
the solution was first washed with 2 N HCl and saturated sodium chloride 
solution, then dried and concentrated in uacuo. The tosylate was obtained 
as a viscous oil, was dissolved in 40 ml of ethanol, and added dropwise 
to a solution of 2.6 g (14.3 mmoles) of sodium diethyl malonate in 30 ml 
of ethanol. Refluxing for 24 hr was followed by removing ethanol. The 
residue, after extractive workup, yielded 4.1 g of a light brown oil. This 
was treated with potassium hydroxide in methanol-toluene (1:l) a t  room 
temperature (stirring for 30 hr). Workup led to 2.0 g of the free substi- 
tuted malonic acid, which was decarboxylated by heating to 160' for 2.5 
hr. After recrystallization from ether, 0.8 g of IIu, mp 103-104° (2%) was 
obtained. 


Pharmacology-Hypoglycemic Activity -Groups of 6-12 male 
Sprague-Dawley rats2 (160-200 g) were fasted overnight. Using an oral 
tube, the substances were administered as aqueous, neutral solutions (10 
ml/kg of body weight), with control rats receiving the same volume of 0.9% 
NaC1. The dosage range was 0.36-1.67 mmoleskg of body weight. Blood 
samples were obtained prior to and at 2,4, and 6 hr after administration 
by puncturing the retroorbital plexus. Blood glucose was measured by 
standard enzymatic procedure3. The results were expressed as relative 
change in comparison to the control group on log-transformed intrain- 
dividual ratios of treatment uersus pretreatment. An effective dose, ED50 
(25%) f SD, was calculated from dose-response relationships by linear 
or nonlinear regression techniques. An ED50 of 25% indicated that 50% 
of the group showed at least a 25% decrease of blood glucose compared 
with controls. Intergroup comparison of change due to treatment was 
performed by ANOVA and subsequent Scheffb-contrasts or pairwise 
Student-Welch tests (Table I). 


2 Ivanovas 50; Ivanovas, Kisslegg, West Germany. 
Hexokinase/glucose-6-phosphate dehydrogenase (HK/GGPDH method). 
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Table I-Structure of Title Compounds: Effect on Blood Glucose 


Decrease of 
Blood 


Yield, Molecular Glucose', 
R' R2 R3 n % m.p.b Formula % Analysis 


IIaa 


IIb 


IIC 


IId 


IIe 


111 


IIg 
IIh 


IIi 


IIj 


IIk 


I11 


IIm 


IIn 


I10 


IIP 


IIQ 
IIr 


11s 


IIt 


IIU 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-C2H5 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-CH3 


-H 


-H 


-H 


5-c1 


5-C1 


5-CH3 


-H 


-H 


-H 


-H 


-H 
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122-124 


156-158 


149-150 


159-161 


124-126 


141-143 


154-155 


102-103 


123-124 


120-121 


102-103 


84-85 


161-163 


121-122 


107-108 


12d.f 


11 


10 


15d*e 


15d 


13d 


8 


9d 


20df 


19d.f 


17dfe 


20dJ 


3 


14d-e 


15d,e 


calc. C 72.07 
found C 72.15 
calc. C 64.25 
found C 64.00 
calc. C 57.97 
found C 57.99 
calc. C 52.81 
found C 53.01 
calc. C 56.04 
found C 55.81 
calc. C 60.00 
found C 60.08 
calc. C 77.19 
found C 77.06 
calc. C 72.71 
found C 72.85 
calc. C 65.16 
found C 65.05 
calc. C 59.03 
found C 59.09 
calc. C 59.03 
found C 58.98 
calc. C 62.46 
found C 62.36 
calc. C 59.03 
found C 58.90 
calc. C 63.07 
found C 62.84 
calc. C 63.07 


H 6.05 
H 6.07 
H 5.08 
H 5.14 
H 4.29 
H 4.36 
H 3.65 
H 3.74 
H 3.92 
H 3.81 
H 5.04 
H 5.14 
H 6.21 
H 6.23 
H 6.44 
H 6.44 
H 5.47 
H 5.52 
H 4.68 
H 4.58 
H 4.68 
H 4.73 
H 4.97 
H 4.92 
H 4.68 
H 4.73 
H 5.57 
H 5.65 
H 5.57 


N 4.94 
N 4.90 
N 4.41 
N 4.18 
N 3.98 
N 3.91 
N 3.62 
N 3.58 
N 3.63 
N 3.86 
N 3.68 
N 3.79 
N 3.75 
N 3.52 
N 4.71 
N 4.61 
N 4.22 
N 4.23 
N 3.82 
N 3.81 
N 3.82 
N 3.73 
N 3.83 
N 3.89 
N 3.82 
N 4.06 
N 3.87 
N 3.84 
N 3.87 


C111.16 
C111.35 
C120.13 
C120.17 
C127.51 
C127.61 
(39.19 
(39.33 
C1 18.65 
C1 18.64 


C1 10.69 
C1 10.67 
C1 19.36 
Cl 19.58 
C1 19.36 
C1 19.28 
F 15.60 
F 15.40 
C1 19.36 
C1 19.38 
C19.80 
C19.81 
Cl9.80 


found C 63.07 H 5.44 N 3.79 C19.63 
4-OCH3 2,4-c12 3 38 90-91 C19H19C12N04 lZdfe  calc. C 57.59 H4.83 N3.54 C1 17.89 


found C 57.77 H 4.91 N 3.44 C1 17.98 
5-OCH3 3,4-c12 3 39 87-88 C19H19C12N04 21df calc. C 57.59 H 4.83 N 3.54 (3117.89 


found C 57.41 H 4.98 N 3.51 C1 17.61 
-H 4-C1 4 44 117-118 C1gH20ClN03 gd calc. C 65.99 H 5.83 N4.05 C1 10.25 


found C 65.85 H 5.73 N 4.01 C1 10.34 
-H 3-CF3 4 50 81-83 C ~ O H ~ ~ F ~ N O ~  2ld3f calc. C 63.32 H 5.31 N 3.69 


found C 63.44 H 5.06 N 3.84 
-H 3,4-c12 4 30 86-87 C19H19C12N03 5 calc. C60.01 H 5.04 N 3.68 C1 18.65 


found C 60.21 H 5.16 N 3.74 C1 18.26 
-H 3-CF3 5 2 103-104 C~iH22F3N03 4 calc. C 64.11 H 5.64 N 3.56 


found C 64.24 H 5.90 N 3.58 


Percent decrease of blood lucose compared 
with controls after oral administration of 0.06 mmole/k ; the values represent the maximum decrease within 6 hr after administration, 6 rats/group. %Statistical tests: 
ANOVA and subsequent Scheffkontrasts or pairwise jtudent-Welch tests with p < 0.05, two-sided. p < 0.01, two-sided. f p  < 0.001, two-sided. 


(I All reported compounds show NMR spectra in accordance with expected structures. Melting points are not corrected. 


Liver Perfusion-The isolated livers of rats fasted overnight were 
perfused in a nonrecirculating system (4). Krebs-Henseleit bicarbonate 
buffer (pH 7.4), saturated with an oxygen-carbon dioxide mixture (95:5) 
and containing  lact lactate^ (1.6 mM) and pyruvate5 (0.2 mM), was used 
for perfusion. The livers were perfused for 2 hr; the test substances were 
infused from 32-80 min using three different, increasing concentrations 
at  16-min intervals. 


Analytical Method and Determination of Ki-Samples of the liver 
perfusion effluent were collected at  1-min intervals and analyzed for 
glucose. For each experiment, the values observed at  32,48,64,80, and 
96 min were obtained by averaging five neighboring values. The slight 
linear decline found in control experiments was taken into account by 
using the values a t  32 and 96 min as a basis for linear interpolation. The 
concentration producing a 50% decrease in glucose due to inhibition of 
gluconeogenesis (K, )  was calculated from these data by linear or log- 
linear correlation. 


Acute Toxicity-Five female mice6 (22-26 g) were used for every 
group. The animals received water ad libitum; food was reduced to 50 
g/kg of body weight 18 hr prior to administration. The test compounds 
were administered orally. LDM values were calculated according to a 
previous study (5). 


Synthesis-The title compounds were synthesized as follows: Ac- 
cording to the known procedures, benzolactams (111) with varying ring 
size were prepared from substituted anilines (uia internal Friedel-Crafta 


K. Roth OHG, Karlsruhe, West Germany. 
Roehringer GmbH, Mannheim, West Germany. 
NMRI strain. 


alkylation) (6), tetralones, and benzosuberones (via Beckmann or 
Schmidt rearrangement) (7,8); the resulting lactams were N-alkylated 
to 111 with dimethyl- or diethylsulfate either directly or by use of 
phase-transfer catalysis (9). Benzolactams (111) were then hydrolyzed 
by refluxing with potassium hydroxide in ethylene glycol monoethyl 
ether; in some cases, glass pressure vessels were used for even higher re- 
action temperatures. Acylation of the amino group with substituted 
benzoyl chlorides (IV) and acidic workup led to compounds IIa-t. One 


I R' 
I11 


IV 
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Scheme I 


Journal of Pharmaceutical Sciences I 797 
Vol. 71, No. 7, July 1982 







Table 11-Biological Data and Toxicity 
~~~~ ~~ ~~ 


Inhibition of 
Gluconeogenesis 


in Isolated Toxicity 
Blood Glucose Decrease Perfused Rat LD50 (oral) 
ED50 (25%) f SD (n),” Liver, Mice, 


mmole/kg K, f SD, mM mmolehg 


IIa 1.38 f 0.13 0.68 f 0.15 5.3 
1180) 


IIe not feasible 0.11 >2.6 
(60) 
- 0.08 
1.51 f 0.15 0.15 f 0.05 >5.1 
(1 80) 


- 


IIi 0:99& 0.18 0.18 f 0.03 3.9 


II j  1.26 f 0.17 0.05 f 0.01 2.1 
(180) 


(120) 


(60) 


(60) 


not feasible 0.08 - 
not feasible 0.05 - 


(60) 


IIk 1.66 f 0.01 0.06 >2.7 


I11 not feasible 0.02 


IIn not feasible 0.04 
IIq 
IIt 
Buformin” 1.00 f 0.40 >LOO 2.46 


- 


- 


N = number of animals tested. * 1-butylbiguanide hydrochloride. 


further example, !Iu, was prepared by extension of the alkyl chain uia 
malonic ester synthesis (Scheme I). 


RESULTS AND DISCUSSION 


Compounds IIa-u were tested for their ability to lower blood glucose 
levels in fasted rats and to inhibit gluconeogenesis from lactate and py- 
ruvate in the model isolated perfused liver of fasted rats. 


The decrease of blood glucose after a single oral dose of 0.6 mmole/kg 
in overnight fasted rats was determined. Table I shows the maximum 
value within 6 hr after administration. 


For a number of compounds, dose-response relationships were studied 
by calculating ED50 (25%) values from the corresponding data (dosage 
range 0.36-1.67 mmoledkg). A dose-response relationship could not be 
found in all cases, ix . ,  the EDSO value was not feasible (Table 11). 


The inhibition of gluconeogenesis from L(+)-lactate (1.6 mM) and 
pyruvate (0.2 mM) in the liver perfusion experiment is expressed by the 
inhibition constant Ki, i.e., the concentration producing a 50% inhibition 
(Table 11). 


Acute toxicity data were determined for selected compounds (Table 
11). 


The in uiuo glucose lowering effects of the reported compounds were 
found to be in the same order of magnitude as the I-butylbiguanide hy- 
drochloride’. The butanoic acid derivatives (IIi and j )  showed the lowest 
ED50 (25%) values: 0.99 and 1.26 mmoles/kg. 


Effective inhibitions of gluconeogenesis, however, were demonstrated 
by most members of the group, the best of which are IId,j, 1 ,  n, and t (Ki 
5 0.05 mM). Inhibition was fully reversible without delay upon termi- 
nating the infusion of the inhibitor substance. This coincides with results 
obtained on I (3). In comparison, 1-butylbiguanide hydrochloride fails 
to show a substantial effect upon gluconeogenesis in this model up to 1.0 
mM. 


Neither structure-activity relationships within the group IIa-u nor 


7 Batch no. 2036, Societi Italians Medicinali Scandicci, Italy. 


any correlation between hypoglycemic activity and Ki values could be 
found. 


Unsubstituted w-phenylalkanoic acids have been reported to inhibit 
glucose synthesis from various precursors (10). 4-Phenylbutanoic acid 
effects a 60% inhibition a t  4 mM. Structurally closely related to I1 are 
some 2-benzamidophenylacetic and -propionic acids, which were found 
to possess anti-inflammatory and analgesic activity (11). 


Other inhibitors reported within the last 10 years include cyclopro- 
panecarboxylic acid (12), phenelzine (13), tryptophan metabolites (14), 
3-mercaptopicolinic acid (15), and aminopyrine (4), all effective in the 
range of 0.1-0.5 mM; 0.6 mM is reported for 2-bromooctanoate (16), 
0.5-1.0 mM for pent-4-enoic acid (17), 2 mM for phenylpyruvate (18), 
and 5 mM for butylmalonate (19). 


CONCLUSION 


The data presented in Tables I and I1 indicate that some of the sub- 
stituted w-(2-benzamidophenyl)alkanoic acids of type I1 lower the blood 
glucose level in uioo significantly, while a larger group of compounds 
inhibit gluconeogenesis in vitro. Although no obvious correlation seems 
to exist between the two groups, a few substituted butanoic acids are 
effective in both models, especially IIj, which, in addition to interesting 
ED50 and K, values, possesses the lowest toxicity of the compounds 
measured. The inhibition constants of IId, I ,  and n, relatively nontoxic 
substances, belong to the lowest Ki values reported. 
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Abstract 0 A pharmacokinetic model for triazinate uptake in L-1210 
cells in mice and W-256 cells in rats was developed to describe the ob- 
served concentration profiles with time in these cells following a 36 mg/m2 
ip injection. The L-1210 cell permeability to triazinate was found to be 
-15 times smaller compared with W-256 cells. Similarly, the partition 
coefficient for L-1210 cells was calculated to be -175 times smaller than 
for W-256 cells. Cell membrane permeability appears to be the key pa- 
rameter determining drug transport at a short time after injection. 


Keyphrases 0 Pharmacokinetics-of triazinate in uiuo in L-1210 and 
W-256 cells 0 Binding-in vivo pharmacokinetics of triazinate in L-1210 
and W-256 cells 0 Permeability, cell membrane-in vivo pharmacoki- 
netics of triazinate in L-1210 and W-256 cells 


Triazinatel (I) (NSC-139105) is a triazine folate antag- 
onist which inhibits the enzyme dihydrofolate reductase 
in nucleic acid synthesis. Triazinate penetrates cells pas- 
sively (1) unlike another prominent dihydrofolate reduc- 
tase inhibitor, methotrexate, which enters cells by active 
transport. Although effective in the cure of Walker 256 
ascites tumors, triazinate is not active against the L-1210 
leukemia (2). This contrast in antineoplastic activity ap- 
pears related to the significant accumulation of triazinate 
in the W-256 cells compared with the L-1210 cells (3). 
Since differences in drug transport probably account for 
the marked differences in triazinate activity observed in 
these cell lines (3), a quantitative analysis of triazinate 
transport and uptake through a mathematical model may 
be useful in understanding this behavior. 


I 


A preliminary pharmacokinetic model for triazinate 
transport in L-1210 leukemia and W-256 ascites cells is 
reported based on the uptake data in tumor-bearing mice 
and rats of Cashmore et al. (2). The model parameters 
include: cell permeabilities, drug-dihydrofolate reductase 
binding constants, and drug partition coefficients. 


EXPERIMENTAL 


Details of the experimental procedures are given elsewhere (2). Normal 
male rats weighing 55 to 60 g were given intraperitoneal inoculations of 
5 X lo6 W-256 ascites cells; normal male mice weighing 25 to 30 g were 
given intraperitoneal inoculations of 5 X 106 L-1210 ascites cells. Four 
days later, the animals were given intraperitoneal injections of 0.2 
pCi[%]triazinate (0.3 pcilpmole); this corresponded to dosage levels 
of 36 mg/m2 (12 mglkg in mice and 6 mglkg in rats). 


Triazinate: ethanesulfonic acid compounded with n-(2-chloro-4-(4,6-diam- 
ino-2,2-dimethyl-s-triazine-1(2H)-yl)phenoxy~-~,~-dimethyl-~-toluamide~l: 
1). 


At intervals from 15 min to 6 hr, three animals of each species were 
sacrificed. Twelve milliliters of Eagle's minimal essential medium were 
then injected into the peritoneal cavity, and the ascites cells and fluid 
were removed. After separation by centrifugation, the cells and super- 
natant fluids were stored frozen. 


The ascites cells were lysed by freeze-thawing twice in four volumes 
of 0.9% NaCl solution. After centrifugation, 0.5 ml of each supernatant was 
added to 10.0 ml of scintillation fluid2 and counted. The counting effi- 
ciency, as determined by external standardization and standard curves 
for the carbon 14 radioactivity in the scintillation fluid, was 80-85%. 


Thin-layer chromatography was used to determine whether triazinate 
was metabolized when administered in vivo. Silica gel glass plates3, 5 X 
20 cm, with 0.25-mm coating, were prewashed with ethyl acetate. The 
solvent system of either 2-methoxyethanol-ethanesulfonic acid (10M3) 
or 2-methoxyethanol-glacial acetic acid (1W3)  was used. One milliliter 


I I I I I I 


1 2 3 4 5 6 
10-41  


HOURS 


Figure I-Concentrations of triazinate in the peritoneal fluid and 
L-1210 cells as a function of time following injections of 12 mglkg ip (36 
mg/m2) in mice. Points represent experimental determinations (2). The 
solid lines represent the peritoneal fluid-forcing function (CPJ and the 
model predictions of L-1210 cell triazinate concentrations (CJ. The 
peritoneal fluid triazinate concentration was fitted by the expres- 
sion: 


C,, = 0.286 e-0.0691t + 0.0741 e-0.0414t + 0.000707 e-0.00165t 


Otherparameters aregiuen in Table I. Key: (0) L-1210 cells; (A) peri- 
toneal fluid. 


2 Aquafluor. 
3 Brinkmann ,Silica Gel F-254. 
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Table I-Model Parameters  for L-1210 Ascites Cells in Male 
Mice and  W-256 Ascites Cells i n  Male Rats  


Mice Rats 
Parameter (L-1210 cells) (W-256 cells) 


V,, cell volume, ml 0.21a 


a ,  dihydrofolate reductase binding 


t, dissociation constant, pmole/ml 


Vpe,. peritoneal cavity volume, ml 1.5b 3.1 
2.3 x 10-3 = 2.2 x 10-4 


constant, Fmole/ml 


Average protein contentf 
Cells, mg 69 140 
Peritoneal fluid, mg 32.4 56.1 


Estimated physicochemical parameters 
PAIV,, cell permeability or assive 0.01 0.15 


2.2 x 10-8 


transfer coefficient, min- P 
R ,  fluid-cell partition coefficient, 0.2 35 


dimensionless 
~ ~ ~ ~~~~~~ 


a Calculated from average of experimental measurements of L-1210 cell numbers 
with time (2) and properties of tumor cells given by Sirotnak and Donsbach(4). 
b Estimated from values of Weissbrod et al. (5). c.Adapted from Goldman et al. 
(6). From Werkheiser (7). Methotrexate dissociation constant from Bischoff 
et al. (8). f Experimentally measured. 


of methanol was added to 0.5 ml of crude cell extract, mixed, and cen- 
trifuged, and the resulting solution was evaporated to 0.2 ml. Five mi- 
croliters of this solution was applied onto the silica gel plates. Reference 
and control samples consisting of [14C]triazinate, unlabeled triazinate, 
and control tissue extracts plus [14C]triazinate were run with each set. 
The plates were run for 3 hr a t  room temperature and then air dried. 
Examination under UV light revealed a fluorescent green background 
with dark quenching spots. The spots were scraped and placed in a 
counting vial containing the scintillation fluid, and the radioactivity was 
determined. 


No evidence for drug metabolism was obtained using the methanol 
extracts of tumor cells, as well as liver, kidney, and spleen cells, obtained 
up to 8 hr after drug administration. Analysis of methanol extracts of 
urine and feces also indicated no evidence for metabolism of 14C-labeled 
triazinate in mice or rats. 


The values of drug concentrations (in micromoles per milligram of 
protein) reported previously (2) were converted into micromoles per gram 
of cells or micromoles per milliliter of ascites fluid in this study using the 
values given in Table I. 


MODEL DEVELOPMENT 


A schematic of the model for triazinate pharmacokinetics in tumor cells 
is shown in Scheme I. The drug is injected into the peritoneal cavity, from 
which it enters the tumor cells and other body tissues and blood. Previous 
investigators of methotrexate fransport in uiuo simulated plasma or 
peritoneal fluid drug concentrations with multiple exponential expres- 
sions, which then served as inputs to the tumor model simulations (5,9, 
10). This approach focuses on drug kinetics in the tumor cells and ob- 


PER ITON EA L 
CAVITY 
CP.. “PI3 


CELLS 
Cf, c,, v, 


a. E ,  R 


Scheme I-The pharmacokinetic model for tri 
W-256 cells. Symbols are defined in the text. 


iazinate in  L-1210 and 


viates the need to consider details of triazinate distribution in the rest 
of the body. 


In this study, instantaneous mixing of drug in the peritoneal cavity 
following intraperitoneal injection is assumed. A three-term exponential 
decay function of the form: 


C,, = ale-blf  + aze-bzt + age-bgt (Eq. 1) 


is fit to the available peritoneal fluid concentration (Cpe)  data as a 
function of time ( t ) .  (Here, a1 - a3 and bl - bs are empirical constants.) 
This expression serves as a forcing function in the mass balance for drug 
accumulation in the tumor cells: 


!$ = k)( c,, - 9 (Es. 2) 


where V ,  is the volume of the tumor cells in milliliters; C,  is the total 
concentration of free and bound triazinate in the cells in micromoles per 
milliliter; P A  is the cell permeability to drug in milliliters per minute; 
C ,  is the triazinate concentration in the peritoneal fluid in micromoles 
per milliliter; Cr is the concentration of free triazinate in the cells in 
micromoles per milliliter; and R is the partition coefficient relating 
peritoneal fluid concentration to free tumor cell concentration of triaz- 
inate a t  equilibrium (dimensionless). Drug transport in the model is 
considered to occur by passive diffusion, with drug binding to dihydro- 
folate reductase occurring in the cells. 


1 oo I I I I I I 


N a - 
a 
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1 I 1 I I I 
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Figure %-Concentrations of triazinate in the peritoneal fluid and 
W-256 cells as a function of time following injections of 6 mglkg i p  (36 
mg/m2) in rats. Points represent experimental determinations (2). The 
solid lines represent the peritoneal fluid-forcing function (Cpej and the 
model predictions of W-256 cell triazinate concentration (Cc). The 
peritoneal fluid triazinate concentration was fitted by the expres- 
sion: 


C,, = 0.203 e-O 213t + 4.31 X ZO-4 e-o.oz24t + 1.33 X e+0.00639t 


Other parameters are given in To  ble I .  The bars represent ranges of the 
determinations. Key: (0) W-256 cells; (A) peritoneal fluid. 
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Figure 3-Sensitivity of the model t o  changes in the parameters of (A) 
cell permeability (PANJ; and (B) partition coefficient (R) for the 
L-1210cells inmice followinginjectionsof 12mglkgip (36mg/m2). The 
points represent experimental determinations (2). The solid lines 
represent the model predictions of triazinate concentration in the L- 
1210 cells as a function of time. 


The total intracellular triazinate concentration in the tumor cells is 
the sum of free drug and drug bound to dihydrofolate reductase. The total 
tumor concentration in the model is related to the free drug concentration 
by the following relationship used previously for methotrexate (8): 


a C r  c, =c:+- 
t + c: (Eq. 3) 


where a is the drug binding capacity of dihydrofolate reductase and t is 
the dissociation constant of the drug-enzyme complex, both in micro- 
moles per milliliter. 


Values of the tumor cell permeabilities to triazinate, expressed as the 
quantity P A N ,  (min-l), and the fluid-cell partition Coefficients ( R )  are 
estimated by fitting Eq. 2 to the available data. These physicochemical 
parameters are summarized in Table I with the other model parameters. 
The system equations are solved by a Runge-Kutta routine (11) by 
computer to yield predictions of tumor cell triazinate concentration as 
a function of time. 


RESULTS 


Figures 1 ana 2 show the peritoneal fluid and tumor cell concentrations 
of triazinate after injections of 36 mg/m2 ip in mice and rats (12 and 6 
mg/kg, respectively). The points represent the average of three individual 
determinations. The solid lines indicate the multiple exponential fits to 
the peritoneal fluid data and the model predictions of drug uptake by the 
L-1210 cells in mice (Fig. 1) and the W-256 cells in rats (Fig. 2). The av- 
erage errors between model predictions and data are 16% for the L-1210 
cells and 20% for the W-256 cells. 


DISCUSSION 


A pharmacokinetic model for triazinate uptake by L-1210 and W-256 
ascites cells in oioo following a 36 mg/m2 ip injection adequately simulates 
the observed concentration-time behavior in these cells. The model in- 
cludes passive drug transport into the cells and binding of triazinate to 
intracellular dihydrofolate reductase. Values of binding constants and 
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0 1 2 3 4 5 6 


HOURS 


Figure 4-Sensitioity of the model to changes in the parameters of (A) 
cell permeability (PA/VJ; and (B) partition coefficient (R) for the 
W-256 cells in rats following injections of 6 mglkg ip (36 mglm2). The 
points represent experimental determinations (2). The solid lines 
represent the model predictions of triazinate concentration in the 
W-256 cells as a function of time. 


peritoneal fluid volumes are estimated from the literature (Table I), while 
the tumor cell volumes and other transport parameters ( P A N , ,  R )  are 
determined from the data (2). 


A precise value for the dissociation constant (t) for the triazinate- 
dihydrofolate reductase complex is not available. The value used here 
is that for methotrexate (8). Because triazinate is more tightly bound to 
dihydrofolate reductase than methotrexate, the t for triazinate-dihy- 
drofolate reductase should be smaller than t for methotrexate-dihy- 
drofolate reductase. However, since concentrations of free drug in the 
cells considered here are much greater than the magnitude o f t  (of order 


pmole/ml or less for triazinate), the expression for the amount of 
intracellular bound drug reduces to: 


aCf - - a  (for Cf >> t )  
t + cf (Eq. 4) 


Thus, a precise value of t is not required. 
The dramatic differences in triazinate uptake by the L-1210 and W-256 


ascites cells are reflected in the model parameters determined from this 
study. The L-1210 cell permeability to drug (0.01 min-') is significantly 
smaller than that of the W-256 cells (0.15 min-I), consistent with the 
observed difficulty of triazinate penetration in the leukemic cells com- 
pared with the W-256 cells (2,3). While a partition coefficient of less than 
unity was determined for L-1210 cells, the W-256 partition coefficient 
is 35. These values also reflect the marked differences in drug accumu- 
lation ip the two cell lines. 


T o  assess the relative importance of permeability and partitioning in 
drug uptake and retention, a series of computer simulations was carried 
out. The effects of changing the transport parameters ( P A N , )  and dis- 
tribution coefficients ( R )  are shown in Figs. 3 and 4 for the L-1210 cells 
and the W-256 cells, respectively. Each parameter is increased or de- 
creased twofold while holding the remaining parameter constant. These 
simulations suggest that  the cell permeability ( P A W , )  is the primary 
determinant of early accumulation of drug in tumor cells. 
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The preliminary model for triazinate pharmacokinetics presented here 
provides a logical basis for further investigation of the mechanism of 
triazinate transport and activity in different tumor lines. 
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Abstract 0 Furosemide (40 mg) was administered to 18 healthy adult 
males as an intravenous dose, an oral solution, and in tablet form. The 
pharmacokinetics of intravenous furosemide were studied, determining 
a total body clearance rate of 117.6 f 41.3 ml/min and a harmonic mean 
half-life of 78 min. The mean absolute bioavailability determined by ratio 
of areas under the plasma-time curves was 64 and 71% for the solution 
and tablet, respectively. The mean absolute bioavailability determined 
by the ratio of urinary cumulative excretion data was 61 and 66% for the 
solution and tablet, respectively. The absolute bioavailabilities of furo- 
semide determined with plasma and urine data were not significantly 
different. Thus, urine data alone may be used to establish bioavailability 
of furosemide. Inspection of plasma-time curves revealed secondary 
maxima in several subjects, suggesting enterohepatic cycling. 


Keyphrases 0 Furosemide-disposition and absolute bioavailability 
in healthy males 0 Pharmacokinetics-disposition and absolute bio- 
availability of furosemide in healthy males 0 Bioavailability-disposi- 
tion, furosemide in healthy males 


Furosemide is one of a series of anthranilic acid deriv- 
atives which is commonly used as a potent diuretic. De- 
pending on the severity of clinical indication for its use, it 
is usually administered either orally or intravenously. 
Therefore, it is of interest to determine the bioavailability 
of oral preparations with respect to intravenous dosing. 


Absolute bioavailability of furosemide has been studied 
previously by several investigators. Intravenous and oral 
doses of furosemide were administered previously to four 
subjects and the absolute bioavailability of tablets was 
determined to be 65%; the oral aqueous solution was 69% 
bioavailable (1). [35S]Furosemide was administered orally 
as an aqueous solution to seven volunteers and intrave- 
nously to two different volunteers in another study (2). 
Comparison of the areas under the plasma curves across 


subjects determined the solution was 67% bioavailable. In 
a study with six volunteers (3), absolute bioavailability of 
oral furosemide (dosage form not identified) was found to 
be 49%. Eleven normal volunteers were studied (4); tablet 
and solution preparations were determined to be 69% 
bioavailable. 


The present study was conducted to determine the ab- 
solute bioavailability of furosemide (40 mg) given in tablet 
form and as an oral solution to a large population of 
healthy males. In addition, the feasibility of using urinary 
excretion data alone to establish bioavailability was in- 
vestigated. This would allow future bioavailability studies 
to  be conducted without exposing subjects to numerous 
blood collections. 


Absolute bioavailability of furosemide tablets and so- 
lution was established by both ratio of the areas under the 
plasma-time curves and ratio of cumulative excretion data. 
The disposition of furosemide given intravenously was also 
determined. Analysis of the resulting data strongly 
suggests enterohepatic cycling of furosemide. 


EXPERIMENTAL 


Subject Selection-Twenty-one healthy males, 20-31 years of age 
(mean 24) weighing between 61 and 83 kg (mean 71), who were in good 
physical condition as determined by physical examination, volunteered 
to  participate in the study. Informed consent was obtained from each 
subject'. 


Study Design-An open Latin-square design was used to study 21 
subjects divided into three groups of seven. Subjects were randomly as- 


' The protocol has approval of the University of Texas a t  Austin Human Inves- 
tigation Review Committee. 
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Abstract  0 Fluphenazine dihydrochloride and promethazine hydro- 
chloride were adsorbed in uitro from suspensions of the tableting ex- 
cipient, microcrystalline cellulose. Studies were undertaken to determine 
how this adsorption phenomenon was affected by the type of phenothi- 
azine derivative, the type of microcrystalline cellulose, and pH and ionic 
strength adjustment. The smaller the microcrystalline cellulose particle 
size, the more drug was adsorbed. Changes in the pH, the ionic strength, 
and the valency of the cation used to adjust the ionic strength all had a 
major effect on the extent of adsorption. The adsorption process was 
rapidly and completely reversed in uitro at gastric pH and ionic strength 
v a 1 u e s . 
Keyphrases Fluphenazine dihydrochloride-in uitro adsorption- 
desorption by microcrystalline cellulose, promethazine hydrochloride 


Promethazine hydrochloride-in uitro adsorption-desorption by 
microcrystalline cellulose, fluphenazine dihydrochloride 0 Adsorp- 
tion-in uitro desorption of fluphenazine dihydrochloride and pro- 
methazine hydrochloride by microcrystalline cellulose 


~~~ ~ ~ ~ 


Microcrystalline cellulose has been extensively used as 
a tablet diluent, disintegrant, and dry binder in tablet 
formulations prepared by direct compression. More re- 
cently it has been used as a tablet excipient in formulations 
prepared by wet granulation (I). This process often in- 
volves dissolving the active ingredient or ingredients in the 
granulating liquid. When the active ingredient is dissolved, 
the possibility of its being adsorbed by microcrystalline 
cellulose or other tablet excipients is increased due to the 
greater number of drug molecules available for interaction 
with the sorbent surface. 


Cellulose derivatives and their adsorption properties 
have been studied extensively in the textile and paper in- 
dustries. These studies have often involved dye and sur- 
factant adsorption (2-7). Cellulose, including microcrys- 
talline cellulose, has also been used to coat TLC plates for 


use in the separation of various chemical and biological 
agents (8,9). The adsorptive properties of cellulose cannot 
be disputed. Even so, very few studies have been under- 
taken to determine if drug substances (ie., phenothiazines) 
adsorb to the insoluble cellulose derivatives that are used 
as excipients in the manufacture of tablets (10). 


This study was undertaken to characterize the interac- 
tion, if any, between the phenothiazine derivatives, flu- 
phenazine dihydrochloride (I) and promethazine hydro- 
chloride (11), and two different grades of microcrystalline 
cellulose. It was hoped that by understanding the basic 
principles of drug-microcrystalline cellulose interactions 
a greater insight into the formulation of phenothiazine 
tablets could be gained. 


EXPERIMENTAL 


Materials-Fluphenazine dihydrochloride’, promethazine hydro- 
chloride*, and all other chemicals used in this study were either USP, NF, 
or reagent grade. All water was doubled distilled, deionized, and degassed. 
Microcrystalline cellulose, in both a medium grade (111)3 and a fine grade 
(W4 was obtained directly from the supplier and was used without fur- 
ther modification. Actinic glassware was used to avoid photodecompo- 
sition of the phenothiazines. 


Methods-The analytical procedure used for determining drug con- 
centrations in solutions or suspension supernatants was a 3-point UV 
spectrophotometric technique (1 1) subsequently adopted for pheno- 
thiazine analysis (12,13). This method was used in order to remove linear 
background absorbance due to UV absorbing trace substances released 
into the suspension media by the microcrystalline cellulose. Wavelengths 
used for the adsorption measurements are shown in Table 1. 


Fluphenazine dihydrochloride, Schering Corp., Kenilworth, N.J. 
Promethazine hydrochloride, Wyeth Laboratories, Philadelphia, Pa. 
Avicel pH 101, FMC Corp., Philadelphja, Pa. 
Avicel pH 105, FMC Corp., Philadelphia, Pa. 
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Table I-Wavelengths Used for UV Absorption Measurements 


Wavelengths, nm 
Compound WLihort WLkax WLfO", 


I 
I1 


234 256 268 
225 250 260 


a Wavelength shorter than WL,,,. 
Wavelength longer than WL,... 


Wavelength of maximum absorption. 


The accuracy of the assay was determined at  different drug concen- 
trations, as well as at  the different ionic strengths and pH values used 
in this study. The range of measured drug concentrations was 97.60- 
105.17% of the theoretical drug concentrations. The appropriate pH and 
ionic strength adjusted solution was used in the reference cell. 


Adsorption versus pH-The preparation of a series of drug-cellulose 
suspensions involved the addition of 100 ml of distilled water to a 250-ml 
actinic glass flask containing 3 g of the appropriate grade of microcrys- 
talline cellulose. The suspensions were then shaken or placed in a bath- 
type sonifier5 for 30 sec to ensure dispersion. To each suspension was 
added 1.3 ml of a 1 mglml stock solution of the appropriate drug. The pH 
of these suspensions was adjusted to 2.1,3.0,4.0,5.0, or 6.1, using 0.1 N 
HCI or 0.009 N KOH, while the added6 ionic strengths were adjusted to 
0.0107 or 0.107 using 2 N KCI. The pH and ionic strengths of the sus- 
pensions were adjusted by the addition of -95% of the total 2 N KC1 
necessary for ionic strength adjustment (determined by a trial run), 
followed by pH adjustment using 0.1 N HCI or 0.009 N KOH, and finally 
the addition of enough 2 N KC1 to bring the added ionic strengths to the 
desired level. This was necessary since the initial addition of 2 N KCI 
caused a significant drop in the pH of the suspensions. The final small 
addition of 2 N KCI to bring the added ionic strength to the desired level 
caused no significant pH change. A final small dilution with distilled 
water brought the total volume of the suspensions to 120 ml. The pH was 
monitored using a combination hydrogen ion electrode7 and pH 
meters. 


Preliminary experiments indicated no significant drug degradation 
took place a t  the pH values used in this study, nor in the presence of 


24 r 


01 I I I 1 
2 3 4 5 6 


. PH 
Figure 1-Effect of pH on the percent fraction of fluphenazine dihy- 
drochloride hound to 3g of microcrystalline cellulose (1.3 mg of drug1120 
ml of external phase). Key: (0) III, added ionic strength (p') = 0.0107; 
(m) I v ,  p' = 0.0107; (A) III, p' = 0.107; (a) I v ,  p' = 0.107. 


Coulter Ultrasonic Bath, Branson Instruments, Stamford, Conn. 
The added ionic strength refers to the total contribution from the hydrochloric 


acid or the potassium hydroxide and the potassium chloride used in pH and ionic 
stren th  adjustment, respectively. It does not include contributions from ions re- 
lease$ from the microcrystalline cellulose itself, nor does it include contributions 
from the drug molecules themselves. 


Combination pH Electrode, Sargent-Welch Scientific Co., Skokie, Ill. 
Expandomatic SS-2 pH meter, Beckman Instruments, Inc.. Scientific In- 


struments Div., Fullerton, Calif. 


.121 d z 
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Figure 2-Effect of p H  on the percent fraction of promethazine hy- 
drochloride bound to 3g of microcrystalline cellulose (1.3 mg of drugll20 
ml of external phase). Key: (0) III, p' = 0.0107; (m) IV, p' = 0.0107; (A) 
III, p' = 0.107; (a) IV,  1.1' = 0.107. 
microcrystalline cellulose. Blanks were prepared at  the same drug con- 
centrations, pH, and added ionic strengths as the samples, but they 
contained no microcrystalline cellulose. The suspensions and blanks were 
equilibrated for 1 hr at  23 f 0 . 5 O  on a mechanical shaker water bathg. 
Preliminary experiments performed over a 24-hr period indicated that 
equilibrium between the adsorbates and adsorbents was reached in <30 
min. The suspensions were then centrifuged for 20 min at  23 f 0.5' on 
a refrigerated centrifugelo at  15,100 rpm. The supernatants were decanted 
and recentrifuged for an additional 20 min at  the same temperature and 
rpm. The supernatants and blanks were then assayed by the previously 
described UV spectrophotometric technique. Two separate readings were 
performed on each sample, and the average was used in the final calcu- 
lations. The pH values of the final supernatants were monitored and they 
did not differ by > f 2 %  of the original adjusted value. The percent 
fraction of drug bound was calculated as: 


(Eq. 1) % Fraction Bound = 


where   drug]^ was the concentration of drug found in the blank and 
  drug]^ was the concentration of drug found in the suspension super- 
natant. Throughout this study it was assumed that only a minimal 
amount of water was adsorbed by the microcrystalline cellulose. Even 
so, the uptake of water by the adsorbent will alter slightly the actual drug 
concentrations in the suspension supernatants. For this reason, the ad- 
sorption discussed throughout this work is actually the apparent ad- 
sorption and includes the effect of water uptake by microcrystalline 
cellulose. 


Adsorption Isotherms-Adsorption isotherms were determined for 
suspensions where the external medium was distilled water (i.e., no pH 
or ionic strength adjustment), as well as for pH and ionic strength ad- 
justed suspensions. The suspensions were prepared as previously de- 
scribed, with only the drug concentrations being different. For the un- 


[DruglEI - [Drugls 
[DruglB 


c . I 1 I 


a( Or! 0.4 0.8 1.2 
Ceq fmgl1OO ml) 


Figure 3-Adsorption isotherms of fluphenazine &hydrochloride on 
111 at an added ionic strength of 0.107. Key: (0)  p H  2.1; (+) pH 6.1. 


Thermo Shake Incubator Shaker, Forma Scientific, Inc., Marietta, Ohio. 
lo Sorvall Superspeed RC 2-B, Ivan Sorvall. Inc., Newtown, Conn. 
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Table 11-Summary of Constants Obtained from Linear Plots of Langmuir and Freundlich Equations for  Fluphenazine 
Dihydrochloride 


Unadiusted 
Suspension pH 2.1 6.1 (Distillei Water) 


Added ionic strength 0.0107 0.1070 0.0107 0.1070 Unadjusted 
Type of microcrystalline cellulose 111 IV I11 IV I11 IV I11 IV 111 IV 


Langmuir constants: 
Adsorptive capacity 9.6 16.1 11.3 17.6 77.6 106.2 74.9 96.4 


kZ X lo3 
(mg of drug adsorbed/ 
g of I11 or IV) x lo3 


Affinity constant klk2 0.137 0.284 -0.121 9.804 1.218 1.068 0.353 0.767 
Freundlich constants: 


Relative adsorptive capacity 
K x 103 


15.2 36.1 


Affinity constant N 0.572 0.414 
R2 for linear plots 0.96 0.99 0.98 0.98 0.98 0.99 0.98 0.96 0.98 0.99 


adjusted suspensions, the initial drug concentration ranged from 2.5 X 
mg/ml, while for the pH and ionic strength adjusted 


suspensions the initial concentration of drug was between 2.5 X and 
1.67 X mg/ml. The pH values of the adjusted suspensions were held 
at  2.1 and 6.1, while the added ionic strengths were held a t  0.0107 and 
0.1070. The pH values were considered to approximate gastric and in- 
testinal conditions. Blanks were prepared a t  the same drug concentration, 
pH, and added ionic strength as the appropriate suspension, only con- 
taining no microcrystalline cellulose. The suspensions and blanks were 
adjusted to the above-mentioned pH and added ionic strength values, 
equilibrated, and assayed as described previously. The amount of drug 
adsorbed to the microcrystalline cellulose was determined by the dif- 
ference in drug concentrations between the suspension supernatant and 
the appropriate blank. The amount of drug adsorbed in milligrams per 
gram of microcrystalline cellulose was calculated. 


Adsorption versus Electrolyte Addition-Suspensions and blanks 
were prepared at  constant pH values of 2.1 and 6.1 exactly as described 
in the Adsorption uersus pH section except the added ionic strengths 
were adjusted. Only 111 was used. Suspensions prepared at  pH 6.1 were 
adjusted to added ionic strengths of 0,0.000107,0.00107,0.0107,0.107, 
and 1.070. Appropriate dilutions were made in a 2 N KCl solution so that 
measurable volumes could be added to the suspensions for ionic strength 
adjustment. A t  pH 2.1 the suspensions were adjusted to added ionic 
strength values of 0.0107,0.107, and 1.07, using 2 N KCl. The suspensions 
and blanks were equilibrated and assayed as previously described. The 
percent fraction of drug adsorbed was calculated usng Eq. 1. 


Adsorption versus Ionic Species-Individual suspensions were 
prepared by adding 100 ml of distilled water to 250-ml actinic glass flasks 
containing 3 g of 111. Compound I11 was dispersed, and 1 ml of the ap- 
propriate 1-mg/ml drug solution was added. Blanks were prepared con- 
taining no adsorbent. Enough sodium chloride, potassium chloride, 
magnesium chloride, or calcium chloride was added to make the sus- 
pensions and blanks 9.804 X M in added electrolyte. All salt solu- 
tions used were 0.1 N .  These electrolytes were selected due to their fre- 
quency of occurrence in the GI tract. Another group of suspensions and 
blanks were adjusted to a constant added ionic strength of 9.804 X 
using the same salts. Total volume was kept constant at  102 ml, and no 


to 3.33 X 


1 I I 1 
0.4 0.8 1.2 1.6 s ov 


% O  
Ceq (mg/100 ml) 


Figure 4-Adsorption isotherms of promethazine hydrochloride on I l l  
at a n  added ionic strength of 0.107. Key: (@) pH 2.1; (+) p H  6.1. 


pH adjustments were made. The suspensions and blanks were equili- 
brated, centrifuged, and assayed as previously described. The percent 
fraction of drug adsorbed was calculated using Eq. 1, and the supernatant 
pH was monitored. 


Desorption versus Elution-Individual adsorption complexes were 
prepared by the addition of 39 ml of distilled water to 50-ml plastic 
centrifuge tubes containing 1 g of I11 or IV. The adsorbent was dispersed 
by shaking. To these suspensions was added 1 ml of a 1-mg/ml solution 
of the appropriate drug. Blanks were prepared without 111 or IV. The 
suspensions and blanks were then equilibrated, centrifuged, and assayed 
as previously described. Preliminary experiments performed over a 24-hr 
period indicated that desorption equilibrium was attained in <30 min. 


The amount of drug adsorbed to I11 or IV in the suspension sediment 
was calculated as the difference between the total drug concentration in 
the blank and the total drug concentration in the supernatant. This ad- 
sorbed amount was considered to be 100% of the possible drug that could 
be desorbed during an elution. After carefully decanting the supernatant, 
the remaining drug-microcrystalline cellulose sediment was eluted with 
either distilled water, or medium adjusted to pH values of 2.1 or 6.2 and 
added ionic strengths of 0.0107 or 0.1070. The pH and added ionic 
strength adjustments were performed as previously described after the 
addition of 35 ml of distilled water to resuspend the sediment. The total 
volume of elution medium was kept constant a t  40 ml. Sediment and 
elution media were equilibrated, centrifuged, and assayed as described 
previously, and the elution procedure was repeated a maximum of five 
times on each drug-microcrystalline cellulose sediment. The pH values 
of the supernatants were determined and they did not differ significantly 
from the original adjusted pH values. The cumulative percent desorbed 
was calculated after each elution using the following equation: 


C,, (mg/100 ml) 
Figure 5-Langmuir plots for the adsorption of fluphenazine dihy- 
drochloride on I I I a t  an  added ionic strength o f  0.107. Key: (0) pH2.1; 
(+) p H  6.1. 
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Table Ill-Summary of Constants Obtained from Linear Plots of the Langmuir and Freundlich Equations for Promethazine 
Hydrochloride 


Unadjusted 
Suspenion pH 2.1 6.1 (Distilled Water) 


Added ionic strength 0.0107 0.1070 0.0107 0.1070 Iv :ydjuste& 
Type of microcrystalline cellulose 111 IV 111 IV 111 IV 111 


600 


400 


200 


Langmuir constants: 
Adsorptive capacity 0 10.1 9.9 19.1 70.3 93.6 25.0 40.5 


- 


- 


? 


. -  
k 2  2 103 
(mg of drug adsorbed/ 
g of I11 or IV) x 


Affinity constant k l k 2  0 0.465 0.073 0.093 0.080 0.185 0.168 0.164 


Relative adsorptive capacity 


Affinity constant N 


Freundlich constants: 


K X lo3 
4.6 5.8 


0.703 0.628 
R2 for linear plots - 0.99 0.99 0.96 0.96 0.94 0.97 0.98 0.99 0.99 


where i = 1,2,3,. . . rn elutions, (Drugjc is the total amount of drug ini- 
tially adsorbed in the drug-microcrystalline cellulose adsorption complex, 
and [Drug], is the total amount of drug found in the supernatant after 
the ith elution. Each elution was performed on two separate samples and 
the values were averaged. 


RESULTS AND DISCUSSION 


Effect of pH on Adsorption-Figures 1 and 2 illustrate the effect of 
pH on the adsorption of fluphenazine dihydrochloride and promethazine 
hydrochloride from suspensions of microcrystalline cellulose adjusted 
to two different added ionic strengths. Both figures show that a t  a given 
added ionic strength and pH, IV always adsorbs a greater amount of drug 
than does 111. This is probably due to the greater total surface area of IV 
when compared with an equal weight of 111. The average particle size of 
111 is 50 pm, while the average particle size of IV is 20 pm ( I ) .  


14~r  


- 8 0 -  
3 
B 
- . 
c, 6 0 -  


40 - 


O U  
0 0.4 0.8 1.2 1.6 


C,, lmg/lOO ml) 


Figure 6-Langrnuir plots for the adsorption of prornethazine hydro- 
chloride on Ill at an added ionic strength of 0.107. Key: (@) p H  2.1; (+) 
pH 6.1. 


Table IV-Percent Fraction of Drug Adsorbed by I11 (3 g) from 
Suspensions Containing 1.3 mg of Drug/l20 ml of Adjusted 
Medium * 


Total Added 
Ionic Strength I I1  


Fraction of Drug Adsorbed. % 


0.0 
0.000107 
0.00107 
0.0107 
0.107 
1.07 


82.48 
65.17 
42.04 
16.83 
13.50 
11.99 


68.98 
54.33 
27.05 
8.77 
5.28 
5.84 


At a fixed pH of 6.1. 


As the pH increases from 2.1 to 6.1, the amount of drug adsorbed by 
the microcrystalline cellulose also increases (Figs. 1 and 2). This is most 
likely due to the ionization of carboxyl groups on the cellulose surface. 
These carboxyl groups are formed by oxidation of the hydroxy groups 
on individual anhydreglucose units (14-16). The pKa of these carboxyl 
groups is -4.0 (14). As the pH values of the suspensions are increased 
from 2.1 to 6.1, the number of negatively charged carboxylate groups on 
the surface of the microcrystalline cellulose particles increases. The in- 
creased number of anionic surface sites leads to increased adsorption of 
the predominantly positively charged drugs at  the surface of the particles. 
The pKa values of these weakly basic drugs are 3.90 and 8.05 for flu- 
phenazine dihydrochloride and 9.08 for promethazine hydrochloride 
(13). 


The possibility also exists that these hydrophobic drugs are adsorbed 
from solution as the nonprotonated free bases. As the pH values of the 
suspensions approach the highest pKa values of the phenothiazines, more 
free base will be found in solution. The free base could then be removed 
from solution by adsorption to the microcrystalline cellulose surface. As 
free base is removed from solution, new free base will replace it from the 
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Figure 7-Adsorption isotherm of fluphenazine dihydrochloridp 
III i n  distilled water. 
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800 t Table V-Percent Fraction of Drug Adsorbed by I11 (3 g)  from 
Suspensions Containing 1.3 mg of Drug/lPO ml of Adjusted 
Medium * 


< I /  
0: 


0 0.4 0.8 1.2 1.6 
C,, (rng/100 ml) 


Figure 8-Adsorption isotherm of promethazine hydrochloride on III 
in distilled water. 


protonated excess. This will continue until an equilibrium is established 
between the free base in solution and the base adsorbed to the cellulose 
surface. This explanation does not seem as likely as the one previously 
described since pH levels are kept two or more units below the highest 
pKa of the drugs, and there is an abundance of literature describing the 
negative surface of microcrystalline cellulose (14,17-19) as well as other 
cellulosic materials (2, 15,20). 


Increasing the added ionic strength has different effects on the extent 
of adsorption depending on the pH of the suspension (Figs. 1 and 2). At 
high pH values (i.e., pH 6.1), an increase in added ionic strength caused 
a decrease in the amount of drug adsorbed. This is most likely caused by 
increased competition between positively charged drug molecules and 
potassium and hydrogen ions for the negatively charged microcrystalline 
cellulose surface. 


At low pH values (ix.,  pH 2.1), where the cellulose carboxy groups are 
predominantly in their nonionized form, an increase in the added ionic 
strength causes a slight increase in the amount of drug adsorbed by a 
particular type of microcrystalline cellulose (Figs. 1 and 2). This could 
be due to the increased surface activity of these phenothiazines at higher 
ionic strengths (21). The increased surface activity of these drugs at 
higher ionic strengths could be caused by the suppression of adsorbed 
drug-drug electrical repulsions due to the screening effect of the added 
ions. This would allow more drug to be adsorbed to the cellulosic surface. 
At higher pH values, where the surface of the microcrystalline cellulose 
is predominantly negative, this suppression effect may be absent or 
hidden by the attraction between oppositely charged particles. There is 
also a possibility that these drugs adsorb by different mechanisms de- 
pending on the pH of the suspension and the interrelated surface charge 
of the microcrystalline cellulose. 


The experimental results of this adsorption study give only indirect 


3- 


- 
c1 


!2 
X 


1 I I 
0.8 1.6 2.4 3.2 


LOG (c,, x 103) 


Figure 9-Freundlich plot for the adsorption of fluphenazine dihy- 
drochloride on III in distilled water. 


Total Added Fraction of Drug Adsorbed, % 
Ionic Strength I I1 


0.0107 1.01 0.00 
0.107 4.66 1.85 
1.07 6.27 4.23 


(I At a fixed pH of 2.1. 


Table VI-Effect of Electrolytic Species on the Fraction of 
Promethazine Hydrochloride (0.98 md100 ml) Bound to 111 (3 P )  


Constant Molarity of Constant Ionic Strength of 
Added Electrolyte Added Electrolyte 
(9.804 X lov4 M) (9.804 X M) 


Traction pH of Fraction pH of 
Electrolyte Bound. 9% SuDernatant Bound. % SuDernatant 


Potassium 28.6 5.55 28.6 5.55 


Sodium 31.8 5.52 31.8 5.52 


Ma nesium 9.9 5.45 14.2 5.60 


Calcium 9.5 4.90 15.4 5.30 


chloride 


chloride 


chor ide 


chloride 


evidence for the mechanism of adsorption. Further experiments using 
IR spectroscopy and X-ray diffraction would be needed to determine the 
exact adsorption mechanism (22,23). 


Adsorption Isotherms-Adsorption isotherms prepared from sus- 
pension data where the pH and ionic strength were adjusted to fixed 
values adhered to the theoretical Langmuir equation, while those pre- 
pared from distilled water conformed to the empirical Freundlich 
equation (24-26). Fit to one or the other type of isotherm was based solely 
on the comparison of R 2  values obtained from the linear plots (using least 
squares) of the respective isotherms. 


Drug aggregates often exist below the apparent critical micelle con- 
centration for surface active agents such as the phenothiazines (27). The 
apparent critical micelle concentration will change with varying pH and 
ionic strength levels (28). Adsorption of aggregates of drug molecules (i.e., 
ion-pair adsorption) has been reported in the literature (2). This type 
of phenomenon is often accompanied by a drastic increase in adsorption 
as the drug concentration approaches its apparent critical micelle con- 
centration (2). No such changes in the adsorption isotherms were ob- 
served during this study. It was felt that this fact, coupled with the low 
concentrations of drugs used, indicated that adsorption was predomi- 
nanlly occurring at a monomolecular level. 


The linear form of the Langmuir adsorption isotherm is given by: 


(Eq. 3) 


where C,, is the concentration of drug remaining in the suspension su- 
pernatant in mg/100 ml after equilibrium adsorption is obtained, x /m 
is the amount of drug adsorbed in milligrams per gram of microcrystalline 
cellulose, and k l  and kz are constants. The constant kz is the limiting 
adsorptive capacity. It is the maximum amount of adsorbate, in milli- 
grams, that can be adsorbed by 1 g of adsorbent. Due to the lack of data 
points a t  extremely low drug concentrations (ie., infinite dilution), k lkz ,  
instead of k l ,  is often used as a measure of the relative affinity of the 
adsorbate for the adsorbent (13,29,30). Typically, calculated k lkz  values 
have been shown to be subject to some error (31). Figures 3 and 4 are 
typical examples of the isotherms obtained from pH and ionic strength 
adjusted suspensions. Figures 5 and 6 are the linear plots of these same 
Langmuir adsorption isotherms. 


Adsorption isotherms determined for the phenothiazine-microcrys- 
talline cellulose suspensions where the external phase was distilled water 
conformed to the Freundlich equation given in the linear form as: 


log 5 = log K t N log C,,  
m (Eq. 4) 


where xlm and Ceq are defined as before and K and N are constants. 
According to Adamson, the constant K gives a rough measure of the 
relative adsorbent capacity for a given drug, while N gives a general idea 
of the affinity of the adsorbate for the adsorbent (32). Typically, the 
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Table VII-Summary of Desorption versus Elution Data for Fluphenazine Dihydrochloride 


Elution pH Unadjusted 


Type of microcrystalline 0.0107 0.1070 0.0107 0.1070 Unadjusted 
Added ionic strength 2.1 6.2 (Distilled Water) 


cellulose m IV I11 IV IV I11 IV 


Cumulative percent desorbed 
Elution 1 91.2 94.4 93.7 92.0 88.5 81.9 86.5 84.9 6.6 5.7 
Elution 2 100 100 100 100 98.6 94.2 96.1 97.3 9.9 9.5 
Elution 3 100 97.8 97.1 100 12.9 13.1 
Elution 4 16.3 16.3 
Elution 5 20.5 18.1 


Table VIII-Summary of Desorption versus Elution Data for Promethazine Hydrochloride 


Elution pH Unadjusted 
Added ionic strength 2.1 ~ ~~ ~~~~ 6.2 (Distilled Water) 


Type of microcrystalline 0.0107 
cellulose 


’’ 
0.1070 0.0107 0.1070 Unadjusted - I11 IV I11 IV I11 IV I11 IV 


Cumulative percent desorbed 
Elution 1 96.0 96.3 95.1 96.8 86.6 90.5 89.6 92.7 11.8 14.0 
Elution 2 100 100 100 100 96.6 100 97.8 100 21.6 24.3 
Elution 3 30.6 32.7 
Elution 4 37.7 39.0 
Elution 5 44.3 45.4 


constants kl and kz (Langmuir constants) are not compared to the con- 
stants K or N (Freundlich constants) since they are determined from 
different types of isotherms (i .e. ,  theoretical uersus empirical). Figures 
7 and 8 are typical examples of the isotherms obtained from suspensions 
where the external medium was distilled water. Figures 9 and 10 are the 
linear plots of these same Freundlich adsorption isotherms. 


Tables I1 and I11 show the constants obtained from the different iso- 
therms, as well as the squared correlation coefficients of the linear plots 
for fluphenazine dihydrochloride and promethazine hydrochloride, re- 
spectively. Comparison of isotherms determined from suspensions in 
which the external medium was distilled water (Figs. 7 and 8) to isotherms 
where the external medium was pH and ionic strength adjusted (Figs. 
3 and 4) indicates that the electrolyte concentration of the suspension 
has a major effect on the extent of adsorption. 


Effect of Added Electrolyte-Tables IV and V show how changes 
in the added ionic strengthpf the suspensions affects the percent fraction 
of drug adsorbed at constant pH values of 6.1 and 2.1, respectively. 


Effect of Ionic Species-The results shown in Table VI indicate that 
divalent cations have a major effect on the extent of promethazine hy- 
drochloride adsorption by I11 at  both constant electrolyte molarity and 
added ionic strength. There seems to be little difference in the fraction 
of drug bound when comparing cations with equal valences. Divalent 
cations seem to cause a major decrease in the amount of drug adsorbed 
to 111, as compared with monovalent cations. This could be due to divalent 


I I 
1.4 2.4 3.4 


LOG (ceq x 103) 


Figure 10-Freundlich plot for the adsorption of prornethazine hy- 
drochloride on ZZZ in distilled water. 


cations neutralizing twice as much negative charge on the surface of the 
microcrystalline cellulose as monovalent cations, which would decrease 
the number of anionic surface sites available for the protonated drug 
molecules to interact with, and therefore less drug would be adsorbed. 
The divalent cations may also have a greater affinity for the surface of 
I11 than the monovalent cations and, therefore, less drug would be ad- 
sorbed due to increased competition for the negative surface of the mi- 
crocrystalline cellulose. 


Even though the above are hypothesized mechanisms, they seem likely 
due to the fact that oxidized celluloses, such as microcrystalline cellulose 
(14,18), have been shown to adsorb inorganic cations (16,20,33). The 
pH values of the final supernatants were approximately the same after 
the addition of potassium chloride, sodium chloride, magnesium chloride, 
and only slightly lower for calcium chloride, indicating that pH was not 
the reason for the differences seen in the fraction of drug adsorbed. 


Desorption-Preliminary experiments indicated that desorption 
equilibrium was attained in <30 min. Tables VII and VIII show the re- 
sults of the desorption experiments for fluphenazine dihydrochloride and 
promethazine hydrochloride, respectively. These results demonstrate 
the importance that electrolytes play in the desorption phenomenon. It 
would appear that the inorganic cations in the elution medium have an 
affinity for the negative surface of the microcrystalline cellulose and, 
therefore, displace the adsorbed drugs into the external media. This is 
evidenced by small amounts of the drugs being desorbed from ‘micro- 
crystalline cellulose after five elutions with distilled water, as compared 
with almost 100% being desorbed with pH and ionic strength adjusted 
media after three or less washes (Tables VII and VIII). The pH values 
of the elution supernatants of samples washed with distilled water were 
close to the adjusted elution pH of 6.2. This indicates that the added 
electrolytes in the adjusted elution samples must cause the increased 
desorption, not differences in pH. 


The results of these in uitro desorption studies indicate that the ad- 
sorption of these drugs by microcrystalline cellulose should be rapidly 
and completely reversed at  gastric and intestinal pH values and ionic 
strengths. 
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Abstract 0 The major metabolite of sulpiride, N-[( 1-ethyl-2-pyrroli- 
dinyl)methyl]-5-sulfamoyl-2-anisamide (I), in the monkey is N-[(l- 
ethyl-5-oxo-2-pyrrolidinyl)methyl]-5-sulfamoyl-2-anisamide (11). It is 
also a metabolite in other laboratory animal species and possibly at  very 
low levels in humans. Treatment of the urine from a monkey dosed orally 
with I4C-I by dry column chromatography and high-pressure liquid 
chromatography (HPLC) produced the major metabolite in pure form. 
Characterization of the purified 14C-radiolabeled metabolite by proton 
NMR, TLC, HPLC, and chemical ionization mass spectroscopy, along 
with subsequent comparison of a synthetically prepared sample, gave 
unequivocal structural confirmation. 


Keyphrases CI Sulpiride-isolation, identification, and synthesis of 
major metabolites, monkeys High-pressure liquid chromatogra- 
phy-analysis, major sulpiride metabolites, monkeys 0 Metabolites- 
sulpiride, isolation, identification, and synthesis, monkeys 


Sulpiride (I) is a structurally unique antipsychotic drug. 
Studies utilizing 14C-labeled I indicated that, while this 
drug is metabolized to a very small extent in humans, the 
monkey produces a major metabolite which accounts for 
10-30s of a single dose (1). Column chromatography on 
a strong cation exchange resin, with dilute acid, rapidly 
eluted this major metabolite, whereas I was retained. This 
behavior suggested that the metabolite was rendered less 


basic than the parent drug by a metabolic change on the 
pyrrolidine ring. 


There are several model chemical compounds that 
possess a pyrrolidinyl moiety either as a fused five-mem- 
bered ring or as the saturated heterocyclic structure 
analogous to I. Among these are mazindol (III), prolintane 
(IV), and tremorine (V). 


One of the major biotransformations of these chemical 
models (Structures 11,111-V) in analogous animal species 
is the oxidation of the alpha position of the five-membered 
ring to the lactam structures (VI, VII, and VIII). These 
metabolic changes suggest that I would be similarly bio- 
transformed. It has been reported (2) that the metabolite 
oxytremorine (VI) is physiologically active and provided 


I1 I 
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Substituent Contribution t o  the  Partition 
Coefficients of Substituted Benzenes in 
Solvent-Water Mixtures 


Keyphrases Partition coefficients-substituted benzenes in sol- 
vent-water mixtures, substituent contribution 0 Solvent-water mix- 
tures-substituent contribution to the partition coefficients of substi- 
tuted benzenes Benzenes-substituted, substituent contribution to  
the partition coefficient, solvent-water mixtures 


To the Editor: 


In the course of correlation analysis for biological ac- 
tivities, octanol-water partition coefficients (P) have been 
used widely to express the lipophilic interactions of organic 
compounds with biological substrates. The contribution 
of a given substituent to the partitioning of a molecule is 
measured by a substituent constant, T ,  that is derived 
empirically from partition coefficients (1). Since dis- 
crepancies are found between some T values from different 
parent compounds and these variations depend also on the 
nature of the solvent-water system being used (2,3), it is 
of interest to examine the relationship between T and 
pertinent physicochemical properties to identify the fac- 
tors that account for the discrepancies. 


By convention (11, the substituent constant TX for a 
functional group attached to a reference compound 
(benzene or a benzene derivative) is defined as: 


T X  = log P X  - log P R  (Eq. 1) 


where Px is the octanol-water partition coefficient of the 
compound containing substituentb) X, and PR is the 
partition coefficient of the parent or unsubstituted mole- 
cule. The extent to which T X  varies with various parent 
compounds was found to be relatively small for most 
nonpolar and weakly polar substituents (l), whereas more 
variation is observed for polar substituents. The values of 
T X  were analyzed in terms of the net partition free energies 
of the substituents and the free energies of interactions of 
the substituents with the parent aromatic structure. Be- 
cause the values of the assumed free energy terms are not 
readily available for verifying the results, no specific rules 
have been constructed to indicate that ITX derived from 
different reference systems for a given functional group 
would be either constant or related in some simple way. 
The following analysis considers the factors affecting 
"X. 


Since ax is a derived quantity, the factors that affect 
ax must be contained in the expression for log P. In the 
absence of solute association or dissociation, the partition 
coefficients of slightly water-soluble organic solutes be- 
tween an organic solvent and water, in which the solvent 
has small solubility in water, can be expressed as (4): 


log P = -log s ,  - log y;, + log(y&,) - log v; 
(Eq. 2) 


where S,, is the water solubility (moles/liter) of the liquid 
(or supercooled liquid) solute, y i  is the activity coefficient 
(Raoult's law convention) in the water-saturated solvent 
phase, yw is the activity coefficient in water at  saturation, 
yi, is the activity coefficient in solvent-saturated water, 
and Vi is the molar volume (liters/mole) of the water- 


Table  I-Values for A, T(Octano1-Water), a n d  
r (Heptane-Water )  Derived wi th  ResDect t o  Benzene 


r(octano1- dheptane- 
Function A" water)b water)' Compound 


Benzene 
Toluene 
Styrene 
Ethylbenzene 
o-Xylene 
rn-Xylene 
n-Propyl- 


benzene 
1,3,5-Trimethyl- 


benzene 
tert -Butylbenzene 
Fluorobenzene 
Chlorobenzene 
Bromobenzene 
Iodobenzene 
o-Dichlorobenzene 
rn-Dichloroben- 


zene 
1,2,4-Trichloro- 


benzene 
a,cr,a-Trifluorotol- 


uene 
Aniline 


CH3 
C2H3 
CZH5 
l-CHS-Z-CH:< 
l-CH:3-3-CH3 
n-CaH7 


1-CI-2-Cl 
l-Cl-3-CI 


0 0 
0.60 0.56 
0.83 0.82 
1.20 1.02 
1.08 0.99 
1.09 1.07 
1.66 1.55 


P.46 1.29 


1.96 1.98 
0.16 0.14 
0.72 0.71 
0.91 0.86 
1.14 1.i2 
1.34 1.22 
1.40 1.25 


1.93 1.89 


0.88 0.88 


~ ~~ 


0 
0.59 
0.85 
1.17 
1.13 
1.28 
1.85 


1.79 


2.15 
0.19 
0.69 
0.84 
1.07 
1.19 
1.28 


1.80 


1.05 


-2.22 .1.24 -1.23 NH? - 
rn-Chloroaniline l-Nk2-3-Cl -0.27 -0.25 -1.55 
o-Toluidine l-NH2-2-CH3 -0.83 -0.84 -1.72 
rn-Toluidine l-NH2-3-CH3 -0.79 -0.73 -1.72 
Phenol OH -1.70 -0.67 -3.18 
Benzoic acid COOH -0.73 -0.28 -2.98 
Phenylacetic acid CHzCOOH -1.15 -0.83 -3.33 
Anisole OCH3 0.21 -0.02 -0.16 
Acetophenone COCH3 -0.33 -0.40 -1.12 
Benzaldehyde CHO -0.23 -0.65 -1.21 
Nitrobenzene NO2 
Benzonitrile CN 


(I The A values are calculated from the respective yw values of the compounds 
at -25' and log yw = 3.38 for benzene as the standard (Ref. 7). Data for haloben- 
zenes, dichlorobenzenes, 1,2,4- trichlorobenzene, rn-chloroaniline, and toluidines 
are taken from the citations given in Ref. 4; anisole and benzonitrile from Ref. 8; 
and the remainder from the citations in Ref. 6. b The T (octanol-water) values are 
based on log P = 2.13 for benzene (Ref. 1) as the standard and the lo P data from 
the citations in Refs. 1 and 9 for all corn ounds, except for 1,2,4-trichorobenzene 
from Ref. 4. The A (heptane-water) vayues are calculated from the respective log 
P values of the compounds using log P = 2.26 for benzene (Ref. 9) as the standard. 
Data for toluene, xylenes, aniline, rn-chloroaniline, m-toluidine, benzoic acid, and 
anisole are from the citations in Ref. 9 and the rest from this work. 


0.14 -0.28 -0.77 
-0.26 -0.57 -1.36 


saturated solvent. The log Vi term is essentially constant 
for solutes in dilute solution. 


In octanol-water systems, it has been shown (4,5) that 
the primary determinant of the solute partition coefficient 
is the extent of solute solubility in water (Sw),  followed in 
decreasing order by solute incompatibility with octanol 
(7;) and the alteration of solute water solubility by dis- 
solved octanol (yL/yw).  The log (-yL/yw) term is relatively 
small for those solutes that have comparable or greater 
solubility in water than octanol (solvent) in water, and thus 
can be neglected for many simple aromatic liquids. 


Substituting Eq. 2 into Eq. 1 gives: 


X X  log[(Sw)R/(Sw)X] - log[(r;)X/(r8)R] (Eq. 3) 
or 


X X  log[(yw)X/(Yw)R] - 1% [(Yi)X/(Yi)R] (Eq. 4) 


where the solubility ratio in Eq. 3 may be replaced by the 
inverse of the activity coefficient ratio (4,5). The magni- 
tude of ITX for a functional group in a reference compound 
thus is equal to the difference between lOg[(yw)X/(yw)R] 
and lOg[(yi)X/(yi)R], i .e . ,  between the effects of the sub- 
stituent on solute compatibility with water and with oc- 
tanol (solvent). 
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Figure I-A comparison of Ax and ?TX (octanol-water) values for 
common substituents with benzene as the reference standard. Key:  f-) 
K X  (octanol-water) = Ax. 


To illustrate the relative effects of these two terms on 
the values of xx  for some substituents in the octanol-water 
system, benzene is chosen as the reference compound. For 
both benzene and benzene substituted with nonpolar and 
weakly polar groups (such as X = halogens, alkyl groups, 
and amino), the logarithmic effects on activity 
coefficients in octanol (log yi) are considerably less 
than in water (log y w )  (4, 5). For example, the 
l o g [ ( y w ) ~ / ( y w ) ~ ]  values with benzene as reference are 
-1.24, 0.72, 0.91, and 1.66 for X = NH2, C1, Br, and n- 
CsH7, respectively, and the corresponding log[(yi)x/(yi)~] 
values are -0.00, 0.01,0.05, and 0.10 calculated following 
a previously described method (4). Consequently, the 
magnitude of each xx should be essentially equal to the 
value of log [ ( ~ ~ ) x l ( y ~ ) ~ ] ,  which is designated for brevity 
as AX (6). 


A comparison of xx and A x  values is shown in Table I, 
and a plot of xx versus A x  is shown in Fig. 1. The results 
indicate that when ax approximates AX for substituent 
X and X Y  approximates Ay for substituent Y in mono- 
substituted benzenes, the values of xxx (or ~ y y )  and ?TXY 
also approximate the corresponding values of AXX (or 
Ayy) and AXY for disubstituents X , X  and X , Y  attached 
to benzene. Supporting data are demonstrated with xyl- 
enes and dichlorobenzenes (axx N Axx) and with tolui- 
dines and rn-chloroaniline ( X X Y  ZZI Axy) .  It is recognized, 
however, that the magnitudes of xxx and X X Y  (or AXX 
and Axy) in disubstitution are not necessarily equal to the 
sum of xx and ?TY (or correspondingly of A x  and Ay). 
This is because the increment in solute activity coefficient 
with addition of a substituent may vary from compound 
to compound (i.e., from benzene to a substituted benzene) 
and from solvent to solvent (in this case from water to oc- 
tanol). Since the additivity rule may not be strictly obeyed 
when more than one substituent is present, it is better to 
consider the set of substituents as a whole rather than to 
treat them as a sum of independent components. 


The value of xx would be expected to deviate signifi- 
cantly from AX when a benzene derivative and benzene 
show appreciable differences in their respective compati- 
bilities with octanol. If the derivative is more 
compatible than benzene with octanol, i.e., if log[(yi)x/ 
( y i ) ~ ]  is negative, then xx  will be greater than AX. The 
finding that xx is significantly greater than Ax for X = 
COOH and CH2COOH is reasonable, because the addition 
of these highly polar groups to relatively nonpolar benzene 
should make for better compatibility with the partially 
polar octanol phase, which also contains 2.3 M of water 
(10). Although phenol is expected to be more compatible 
with the octanol than benzene (i.e., x x  > AX when X = 
OH), the large difference between 7rx and A x  could partly 
be due to hydrate formation of phenol in water (ll), which 
introduces inaccuracies into the value of Ax (i.e., yw for 
phenol) as calculated from the apparent phenol solubility 
in water. 


With X = NOz, CN, and CHO, the values of ?TX are 
much smaller than the respective values of AX. It is not 
clear whether these anomalies are caused by some specific 
interactions of octanol with nitrobenzene, benzonitrile, and 
benzaldehyde or by possible solute associations or disso- 
ciations in water and/or octanol. In general, although the 
7rx values for highly polar groups might deviate signifi- 
cantly from the respective Ax values in octanol-water 
systems, the differences are usually well within f l  for 
simple aromatic compounds in the absence of association 
or dissociation. This may be attributed to the partially 
polar nature of the octanol medium that allows it to ac- 
commodate relatively indiscriminately a wide range of 
benzene derivatives of varying polarities (4, 5). 


The foregoing analysis with benzene as reference also 
applies to systems with other compounds as reference 
standards. Again, the values of KX and A, derived with 
respect to a new reference compound should be compa- 
rable with nonpolar and weakly polar functional groups. 
For instance, when aniline (log P = 0.90) is used as the 
reference, the values of xx  and A x  are 0.98 and 0.98 for 
X = C1 (rneta); 0.39 and 0.42 for X = CH3 (ortho); and 0.50 
and 0.46 for X = CH3 (rneta). With toluene (log P = 2.69) 
as reference, xx and AX are 0.43 and 0.48 for X = CH3 
(ortho) and 0.51 and 0.49 for X = CH3 (rneta).  These re- 
sults agree with the earlier findings that the group con- 
tribution to partition coefficient derives mainly from the 
variation of the solute incompatibility with water, although 
xx may vary from one reference standard to another. 
Again, significant (but not remarkable) differences be- 
tween xx  and AX would occur if log[(y;)x/(y;)~] should 
become significant. 


While the values of log[(y;)x/(yi)~] are relatively small 
and comparable for most substituents in the octanol-water 
system, they can be highly important for certain substit- 
uents in other solvent-water systems in which the solvent 
is sensitive to the polarity difference of the two partitioned 
solutes. This argument follows a general rule that com- 
ponents of similar polarities and structures usually form 
more ideal solutions than components of different polsr- 
ities and structures ( i e . ,  like dissolves like). Consider now 
the xx values for the substituents derived from the hep- 
tane-water system using again benzene as the parent 
compound (Table I). A plot of KX (heptane-water) uersus 
AX is given in Fig. 2. The extremely nonpolar structure of 
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Figure 2-A comparison of Ax and B X  (heptane-water) values for 
common substituents with benzene as the reference standard. Key: (-) 
B X  (heptane-water) = Ax. 


heptane, as evidenced by small water content of 3.3 X 
M a t  saturation (lo), makes it sensitive to the difference 
in polarity between a substituted and parent (benzene) 
molecules. With X = NH2, CHO, NOz, CN, COCH3, 
COOH, and CHzCOOH attached to benzene, the observed 
TX (heptane-water) values are markedly lower than the 
corresponding Ax values. These results presumably from 
greatly increased polarities of the substituted benzenes 
(over that of benzene), which reduce the compatibilities 
of the substituted benzenes with heptane. Addition of alkyl 
groups to benzene (making the molecules more hydro- 
carbon-like) gives somewhat higher T X  (heptane-water) 
than T X  (octanol-water), as would be expected. Addition 
of halogen groups shows insignificant differences between 
the two sets of TX values. In other words, the values of 
log[(yi)xl(yi)~] in the heptane phase are reasonably close 
to zero for relatively nonpolar substituents but are very 
significant and positive for polar substituents. As a whole, 
those substituents which cause large differences between 
?TX (heptane-water) and A, are the same ones that show 
large differences between ax (heptane-water) and T X  
(octanol-water). 


In conclusion, the correspondence between AX and T X  


in heptane-water is less obvious than in octanol-water, 
because heptane shows greater sensitivity than octanol to 
the polarities of the substituted benzenes. 
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Effect of Water Deprivation on 
Chloramphenicol Disposition Kinetics in 
Humans 


Keyphrases 0 Kinetics, disposition-effect of water deprivation on 
chloramphenicol, humans 0 Chloramphenicol-effect of water depri- 
vation, disposition kinetics in humans 


To the Editor: 


The first study of the effect of water deprivation on drug 
disposition kinetics was recently reported (1). Temporary 
water deprivation causes significant changes in drug me- 
tabolizing enzymes, hormones responsible for water bal- 
ance in the body, and blood chemistry and physiology 
(2-4). Despite these significant changes, little has been 
reported in the literature on the effect of water deprivation 
resulting from various disease states and environmental 
factors on drug disposition kinetics. 


The present study reports the effect of highly restricted 
water intake on chloramphenicol absorption and urinary 
elimination in humans. 


The panel of subjects studied consisted of four healthy 
male volunteers (weight, 60-72 kg; age, 22-24 years). A 
total of 14 days was allowed for the conditioning of the 
subjects for the treatment studies. During the first 11 days, 
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ERRATA 


In the article titled “Monoamine Oxidase Inhibition of 0-Carbolines: 
A Quantum Chemical Approach” ( l ) ,  the following correction should be 
made: 


On page 773, column 1, paragraph following Eq. 3, line 3 should read 
[S] = 6 X 


On page 773, column 1, in the paragraph preceeding Eq. 4, the sentence 
beginning with “Under these experimental. . . ” should be omitted. 


On page 773, column 1, after Eq. 7, the value of log K A S  should read 
0.2407. 


On page 773, Table 11, column 2, the values of K ,  in the third column 
should read as follows: 


mole liter. 


K ,  x 10-3 liter/mole 
Compound Calculated 


I 
I1 


I11 
IV 
V 


VI 
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
Trwtamine 


59.93 
13.51 


178.93 
12.15 
24.75 
25.92 
86.44 
10.88 
3.00 
2.86 


40.43 
16.13 
58.57 
7.40 


(1) J .  TomLs and J .  M. Au116, J .  Pharm. Sci.,  68,772 (1979). 


In the article titled “Mechanisms of Anterior Segment Absorption of 
Pilocarpine following Subconjunctival Injection in Albino Rabbits” ( l ) ,  
the following corrections should he made: 


On page 878, Fig. 1, they  axis should read 1.0, 2.0, and 3.0. 
On page 880, Fig. 4, the legend should read “Area under the curve 


(AUC) from corneal drug concentration uersus time profiles presented 
in Table I . . . . ” 


On page 881, Fig. 5, the legend should read “Area under the curve 
(AUC) from aqueous humor drug concentration uersus time profiles 
presented in Table I1 as a function . . . . ” 


On page 881, Fig. 6, the legend should read “Area under the curve 
(AUC) from aqueous humor drug concentration uersus time profiles 
presented in Table I1 as a function . . . . ” 


On page 882, Fig. 8, the legend should read “Comparison of the area 
under the curve (AUC) from aqueous humor drug concentration versus 
time profiles presented in Table I to the area under the curve (AUC) from 
circulating blood drug concentration uersus time profiles presented in 
Table I1 at  each. . . . ’’ 


On page 882, Fig. 9, the legend should read “Comparison of the area 
under the curve PAUC) from aqueous humor drug concentration uersus 
time profiles presented in Table I1 to the area under the curve (AUC) 
from circulating blood drug concentration uersus time profiles presented 
in Table 111 a t  each . . . . ” 


(1) doseph M. Conrad and Joseph R. Robinson, J .  Pharm. Sci., 69,875 
1980). 


In the article titled “Spectrofluorometric Determination of Acetylsa- 
licylic Acid, Salicylamide, and Salicylic Acid as an Impurity in Phar- 
maceutical Preparations” (1 ), the following correction should be 
made: 


On page 641, the first section under Background should appear as 
shown here: 


Methods for Salicylamide-To date, few fluorometric methods have 
been developed for the determination of salicylamide. Many of the cur- 
rent methods were designed specifically for the analysis of biological 
specimens and, therefore, contain steps unnecessary for pharmaceutical 
analysis (1-3). One major problem has been the presence of other sali- 
cylates that  interfere with the direct determination of salicylamide. 
Additional steps to eliminate fluorescence interference from salicylic acid 
are needed for the many preparations containing acetylsalicylic acid and 
other fluorescent salicylates. Analysis by direct UV (4, 5) and differential 
UV (6) spectrophotometry are both subject to interferences. One visible 
spectrophotometric method (7) involves a chromophore-producing re- 
action with ferric chloride reagent. 


(I) Kenneth W. Street, Jr. and George H. Schenk, J .  Pharm. Sci., 70, 
641 (1981). 


In the article titled “Physicochemical Property Modification Strategies 
Based on Enzyme Substrate Specificities I: Rationale, Synthesis, and 
Pharmaceutical Properties of Aspirin Derivatives” (1) the following 
correction should he made: 


On page 1302, Table IV, the data under Carboxypeptidase column 
should read as follows: 


Aspirin Phenylalanine 


Aspirin Phenylalanine 
ethyl ester (I) 1.84 X 2.8 X lo-“ 


amide (11) 1.84 X 2.8 X 


In the article titled “Physicochemical Property Modification Strategies 
Based on Enzyme Substrate Specificities 111: Carboxypeptidase A Hy- 
drolysis of Aspirin Derivatives” (2) the following correction should be 
made: 
On page 1308, Table I, line 3 should read as follows: 


Aspirin Phenylalanineb (I) 1.84 X 2.8 X - 15.2 


(1) Pradip K. Banerjee and Gordon L. Amidon, J .  Pharm. Sci., 70, 


( 2 )  Ibid., 70, 1307 (1981). 
1299 (1981). 


In the article titled “Noncompartmental Determination of the 
Steady-State Volume of Distribution for Any Mode of Administration” 
(1) the following corrections should he made: 


On page 373, Table I, the equation for two consecutive infusions should 
read as follows: 


where dose is the total dose administered (750 mg), AUC is the total area 
under the concentration-time curve [1500 (Fg/ml) hr], AUMC is the total 
area under the first moment of the concentration-time curve [41,000 
(pg/ml) hr2]], T1 and T2 are the durations of the first and second infusions 
(2  hr and 6 hr), AUC1 and AUC2 are the total areas under the concen- 
tration uersus time curves due to the first and second infusions [lo00 and 
500 (Fg/ml) hr], and AT is the time interval between the infusions. This 
equation can be derived explicitly or  obtained from the general rela- 
tionship presented by Straughn (2). 


On page 373, Table I1 should read as follows: 
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Table 11-Calculation of V.. for Various Modes of Administration * 


AlJMC Lw X d t b  
- 


Modes of AUC AUMC A U C  Z dose t b  ‘ vss 
Administration (pdml)  hr (pg/ml) hr2 hr hr hr L 


IV bolus, 1000.0“ 25002.5f 25.0 0 25.0 12.5 


IV infusion, 1000.0 26002.5g 26.0 1.0 25.0 12.5 
500 mg 


250 mg/hr 
over 2 hr 


administration, 
500 mg, F = 1, 
k ,  = 1.4 hr-I 


infusion, 
500 mg bolus 
plus 250 mg/hr 
over 2 hr 


First-order 1000.0 25716.8h 25.7 0.7 25.0 12.5 


Bolus plus 2000.0 51005.0’ 25.5 0.5 25.0 12.5 


LI Calculations based on equation C = + Aze-”* where A1 = 60.9545 pglml, X1 = 5 0605 hr-1 A 2  = 39.0459 pglml and A2 = 0.03952 hr-’ followin a 500 mg 
bolus dose. See Table I. See Eq. i 3 .  See Eq. 9. AUC 2rm1 AiIXi. f A,UMC = Z:=,A;/Xy.’g AUMC I 2:.., A,/Xy+ TAUk12. AUMC = Nlkf + k0A1/X~(k. - XI) + k,,Az/X$ (k, - Az), where N = k, dose ( k z l  - k.)/Vc(X1 - k,)(X, - ka). * Equals f plusg. 


(1) Donald Perrier and Michael Mayersohn. J. Pharm. Sci., 71,372 


(2) Arthur B. Straughn, J .  Pharm. Sci., 71,597 (1982). 
(1982). 


In the article titled “Nitro- para- and meta-Substituted 2-Phenylin- 
dolizines as Potential Antimicrobial Agents” (l), the following corrections 
should be made: 


On page 559 in the Experimental section for 1,3-Dinitro-2-phenylin- 
dolizine (XVIIIa), it is compound XVIIIa which was obtained in a 14% 
yield with mp 245-246’ and appearing as one spot when analyzed by 
TLC. 


On page 559 in the Experimental section for 2-(p-Nitrophenyl)in- 
dolizine (XIj), i t  is XIj which was obtained in 50% yield with mp 236- 
237’. 


On page 560 in the Experimental section for 1,3-Dinitro-2(m- 
methoxypheny1)indolizine (XVIIIe), it is compound XVIIIe which ap- 
peared as one spot when analyzed by TLC. 


(1) C. L. K. Lins, 3. H. Block, and R. F. Doerge,J. Pharm. Sci.,  71,556 
(1982). 


In the article titled “Determination of Octanol-Water Equivalent 
Partition Coefficients of Indolizine and Substituted 2-Phenylindolizines 
by Reversed-Phase High-pressure Liquid Chromatography and Frag- 
mentation Values” ( l ) ,  the following correction should be made: 


On page 616, the following structural formula should he placed with 
Table 111. 


II 


(1) C. L. K. Lins, J. H. Block, R. F. Doerge, and G. J. Barnes, J.  Pharm. 
Sci., 71,614 (1982). 


In the article titled “2-14C-1-Allyl-3,5-diethyl-6-chlorouracil 11: Iso- 
lation and Structures of the Major Sulfur-Free and Three Minor Sul- 
fur-Containing Metabolites and Mechanism of Biotransformation” (l), 
the following correction should be made: 


On page 899, Table I, structural formula should be placed with the 
Table 


(1) Ravinder Kaul, Bernd Hempel, and Gebhard Kiefer, J .  Pharm. 
Sci., 71,897 (1982). 
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The preliminary model for triazinate pharmacokinetics presented here 
provides a logical basis for further investigation of the mechanism of 
triazinate transport and activity in different tumor lines. 
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Abstract 0 Furosemide (40 mg) was administered to 18 healthy adult 
males as an intravenous dose, an oral solution, and in tablet form. The 
pharmacokinetics of intravenous furosemide were studied, determining 
a total body clearance rate of 117.6 f 41.3 ml/min and a harmonic mean 
half-life of 78 min. The mean absolute bioavailability determined by ratio 
of areas under the plasma-time curves was 64 and 71% for the solution 
and tablet, respectively. The mean absolute bioavailability determined 
by the ratio of urinary cumulative excretion data was 61 and 66% for the 
solution and tablet, respectively. The absolute bioavailabilities of furo- 
semide determined with plasma and urine data were not significantly 
different. Thus, urine data alone may be used to establish bioavailability 
of furosemide. Inspection of plasma-time curves revealed secondary 
maxima in several subjects, suggesting enterohepatic cycling. 


Keyphrases 0 Furosemide-disposition and absolute bioavailability 
in healthy males 0 Pharmacokinetics-disposition and absolute bio- 
availability of furosemide in healthy males 0 Bioavailability-disposi- 
tion, furosemide in healthy males 


Furosemide is one of a series of anthranilic acid deriv- 
atives which is commonly used as a potent diuretic. De- 
pending on the severity of clinical indication for its use, it 
is usually administered either orally or intravenously. 
Therefore, it is of interest to determine the bioavailability 
of oral preparations with respect to intravenous dosing. 


Absolute bioavailability of furosemide has been studied 
previously by several investigators. Intravenous and oral 
doses of furosemide were administered previously to four 
subjects and the absolute bioavailability of tablets was 
determined to be 65%; the oral aqueous solution was 69% 
bioavailable (1). [35S]Furosemide was administered orally 
as an aqueous solution to seven volunteers and intrave- 
nously to two different volunteers in another study (2). 
Comparison of the areas under the plasma curves across 


subjects determined the solution was 67% bioavailable. In 
a study with six volunteers (3), absolute bioavailability of 
oral furosemide (dosage form not identified) was found to 
be 49%. Eleven normal volunteers were studied (4); tablet 
and solution preparations were determined to be 69% 
bioavailable. 


The present study was conducted to determine the ab- 
solute bioavailability of furosemide (40 mg) given in tablet 
form and as an oral solution to a large population of 
healthy males. In addition, the feasibility of using urinary 
excretion data alone to establish bioavailability was in- 
vestigated. This would allow future bioavailability studies 
to  be conducted without exposing subjects to numerous 
blood collections. 


Absolute bioavailability of furosemide tablets and so- 
lution was established by both ratio of the areas under the 
plasma-time curves and ratio of cumulative excretion data. 
The disposition of furosemide given intravenously was also 
determined. Analysis of the resulting data strongly 
suggests enterohepatic cycling of furosemide. 


EXPERIMENTAL 


Subject Selection-Twenty-one healthy males, 20-31 years of age 
(mean 24) weighing between 61 and 83 kg (mean 71), who were in good 
physical condition as determined by physical examination, volunteered 
to  participate in the study. Informed consent was obtained from each 
subject'. 


Study Design-An open Latin-square design was used to study 21 
subjects divided into three groups of seven. Subjects were randomly as- 


' The protocol has approval of the University of Texas a t  Austin Human Inves- 
tigation Review Committee. 
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Table I-Pharmacokinetic Parameters  (Mean f SD) in 16 
Normal Males Following Intravenous Administration of 
Furosemide (40 mg) 


Parameter Value 


A,  d m l  


CY, min- 
0, min-I 
Ke,  min-I 
K21, min-' 
Klz, min-' 
AUCo-,. pg min ml-' 
Vc, liter/k 
Vd.. . literfke 


B ,  PLg/m/ 
8.7 f 2.7 
2.1 * 1.3 ~~~~~ 


0.063 f 0.051 
0.0089 f 0.0052 


0.028 f 0.014 
0.021 f 0.017 
0.024 * 0.027 . .~ ~ 


374.28 f 11049 
0.056 f 0.017 


0.13 f 0.06 
C&:'ml/min" 117.6 f 41.3 


C ~ N K ,  ml/min 


phase high-performance liquid chromatography (HPLC) using a method 
described previously (5). The only substantive change in procedure was 


O.O0 2*oo 4.00 &O0 8.00 'O.O0 ' 2.00 the use of hydroflumethiazide as internal standard instead of furosemide 
methyl ester. The methods described in the literzture and used in the 
author's laboratories are specific for the intact furosemide and showed 
no interference from its hydrolysis product, 4-chloro-5-sulfamoyl an- 
thranilic acid. Furthermore. no interference was observed at  the retention 


U C ~ R ,  ml/min 88.9 f 44.8 ( n  = 13) 
32.4 f 11.9 ( n  = 13) 3 2.00 


Q m 
4 0.00 


U 


HOURS 


Figure 1-Mean furosemide plasma concentrations following 40 mg 
administered as an  intrauenous solution (O), oral solution (A), and 
tablet (*) t o  18 healthy adult males. 


signed to each group. A single dose of furosemide2 (40 mg) was adminis- 
tered on 3 different days as an intravenous injection, oral aqueous solu- 
tion, and tablet. Seven-day washout periods separated the study days. 


All subjects abstained from medications, smoking, and alcohol for 1 
week prior to and throughout the study. Subjects fasted for 12 hr before 
each drug administration and 3 hr thereafter. Furosemide tablets were 
taken with 200 ml of water. Four milliliters of furosemide oral solution 
was administered with 200 ml of water. The intravenous furosemide dose 
was injected over a 2-min period. 


Following drug administration, blood samples (10 ml) were collected 
from a forearm vein using a plastic syringe with immediate transfer to 
heparinized tubes. Blood was collected immediately before and a t  0.25, 
0.5,0.75,1,1.5,2,2.5,3,4,5,6,8,10, and 12 hr after oral drug adminis- 
tration. Blood was collected immediately before and at 5,10,15,20,30, 
and 45 min and 1,1.5,2,2.5,3,4,5,6,8,10, and 12 hr after the intravenous 
injection was completed. Plasma was separated and frozen a t  -20' until 
assayed. During each study day, urine was collected immediately before 
drug administration and for the following periods: 0-1,1-2,2-3,34,4-5, 
5-6,68, &12, and 12-24 hr. Urine volumes were recorded and an aliquot 
was frozen a t  -20" until assayed. 


Assay-The plasma and urine specimens were assayed by reversed- 
- - 
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Figure 2-Furosemide plasma concentrations following 40 mg ad- 
ministered as an  intravenous solution to two healthy adult males 
(Subjects 2 and 13). 


'' Lasix, supplied by Hoechst-Koussel Pharmaceuticals Inc., tablet: Lot #SOllSO 
oral solution: Lot #SSOOlO; intravenous solution: Lot #619513. 


time for the internal standard, hydroflumethiazide. 
The analytical method employed involved extraction of acidified urine 


or plasma (spiked with internal standard) with a fivefold excess of diethyl 
ether. In the case of plasma, the ether was reduced to dryness under a 
stream of nitrogen, the residue reconstituted in glycine buffer (pH ll.O), 
and subjected to chromatographic development. Urine ether extracts 
were back-extracted with glycine buffer (pH 11.0) and the latter alkaline 
extracts subjected to HPLC. Peak areas (furosemide and internal stan- 
dard) were determined with a computing integrator dedicated to the 
HPLC apparatus used in the determinations. Peak area ratios from 
samples were compared with similar data developed from eight standard 
samples for plasma determinations (in the range of 0.05-20.05 pg/ml) 
and five standard samples for urine determinations (in the range of 
0.1-50.0 pg/ml), which were used in preparing standard curves ( r  2 
0.999). The average relative standard deviation of the standard samples 
for plasma determinations was 7.3%; 2.6% was found for urine determi- 
nations. All samples were protected from light prior to analysis. 


Data Analysis-Area under the plasma concentration-time curve 
(AUC) was calculated for 0-12 hr using the trapezoidal rule. The 
A UCo-- for intravenously administered furosemide included a terminal 
slope correction factor, Cp"/p ,  where Cpn is the last measured concen- 
tration-time point, and 0 is the slope of the terminal log-linear phase of 
the semilog plot of concentration uersus time. The maximum plasma 
concentration achieved (Cp,,,) and time to maximum plasma concen- 
tration (tmaX) were observed from the measured plasma concentrations 
following oral drug administration. 


Plasma concentration data following termination of the rapid intra- 
venous infusion were fitted to the biexponential equation: 


C p  = Ae-cV' f Re-0' (Eq. 1) 


where C p  is the plasma concentration in micrograms per milliliter at time 
t ,  A and B are pre-exponential terms in units of concentration, and CY and 
p are hybrid first-order rate constants with units of reciprocal time. The 
data were fitted using nonlinear least-squares regression analysis with 
the program NONLIN (6) (weight = l/Cp). Microconstants were cal- 
culated for each individual subject using: 


(Eq. 2) 


The volume of distribution of the central compartment ( Vc) was calcu- 
lated from: 


Dose 
vc = - 


A + R  
(Eq. 3) 


The steady-state volume of distribution (Vd,,) was calculated from the 
definition: 


(Eq. 4) 
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Figure 3-Furosemide plasma concentrations following 40 mg ad- 
ministered as tablet (*) and oral solution (0) to two healthy adult males 
(Subjects 8 and 16). 


Total body clearance ( C ~ T )  was determined from: 


Renal clearance ( C L R )  was calculated from the relation: 


where X,,,, is the total amount of unchanged drug eliminated in the 
urine in 24 hr. The difference between total body clearance and renal 
clearance was labeled the nonrenal clearance ( C ~ N R  1. 


The absolute bioavailability ( F )  was determined from plasma and urine 
data from: 


(Eq. 7) 


(Eq. 8 )  


Analysis of variance with the least significant difference test utilized 
for a posteriori comparison and Student's t test for paired data were used 
to make statistical evaluations of the data. An a-level of <0.05 was ac- 
cepted as evidence of statistical significance. 


RESULTS AND DISCUSSION 


Eighteen subjects completed the study. Three subjects dropped from 
the study for reasons unrelated to the administered drug. Data collected 
from these three subjects were not included in the data analysis. 


Mean plasma furosemide concentrations given intravenously and orally 
are depicted in Fig. 1. Two subjects administered the intravenous dose 
had a second peak in their plasma furosemide concentrations a t  5-6 hr. 
The data from these two subjects were not included in the determination 
of the disposition of intravenous furosemide. The pharmacokinetic pa- 
rameters for the remaining 16 subjects are given in Table I. The mean 
terminal log-linear phase disposition rate constant corresponds to a 
half-life of 78 min. This is reasonably consistent with other half-life values 
of 26-72 min following intravenous furosemide dosing (7). Other phar- 
macokinetic parameters are in agreement with those previously reported 


Table  11-Bioavailability Parameters  (Mean f SD) in 18 Normal 
Males Following Administration of Furosemide (40 mg) a 


Parameter Value 


AUCo-12 iv, pg min ml-l 
AUCo-12 solution (pg rnin m1-l) 
AUC 12 tablet (pg rnin m1-I) 
X,O-g/dose iv 
X,'-24/dose solution 
Xu 0-24/dose tablet 


A UCtab'et/AUQV 


Cp,,, solution, pglml 
Cp,,, tablet, pg/ml 
t,,, solution, min 
t,,, tablet, min 


AUC80htion/A UCiv 


X,sulution/X iv x, tablet/X, i! 


383.9 f 121.9 
240.9 f 98.8 
250.0 I 116.2 
0.71 f 0.10 (n  = 14) 
0.41 f 0.02 ( n  = 16) 
0.44 f 0.15 
0.64 f 0.22 
0.71 I O . 3 i  
0.61 f 0.17 (n = 12) 
0.66 f 0.23 ( n  = 14) 


1.8 f 0.6 
1.7 f 0.9 


50.1 f 23.8 
86.2 f 50.3 


(I Given as tablet, oral solution, and intravenous solution 


in the literature, though the total body clearance of 118 ml/min is among 
the lower clearance values reported (112-268 ml/min) (7). 


Individual plasma concentrations in the two subjects with a second 
peak in plasma furosemide concentrations are displayed in Fig. 2. The 
appearance of this second peak suggests the possibility of biliary secretion 
of furosemide and/or metabolite(s) with subsequent reabsorption of the 
parent drug. An attempt to study biliary secretion of furosemide in hu- 
mans was made previously (2). This group found increased radioactivity 
counts in duodenal aspirates of two subjects given intravenous (35Ss]fu- 
rosemide with cholecystokinin stimulation. It was not determined if the 
increased counts represented intact furosemide or metabolites. [?%I- 
Furosemide was administered intravenously to two dogs, and an average 
of 51.4% was found in the feces (8). I t  was deduced that biliary secretion 
may play a major role in the elimination of furosemide and/or metabo- 
lites. In additional work, cannulation of the bile duct with complete bile 
collection in one dog given intravenous furosemide showed furosemide 
to be present in the bile3. Secondary maxima have been reported in 
normal subjects given oral furosemide, and biliary recycling was suggested 
as an explanation (9). 


While no conclusive studies have been conducted in humans to de- 
termine if furosemide undergoes enterohepatic cycling, the presence of 
intact furosemide in the bile of one animal species and the observed 
secondary maxima in the plasma concentration-time curves in two 
subjects in the present study suggest enterohepatic cycling may occur. 
This hypothesis is further supported by plasma concentration-time 
curves obtained from data following oral doses of furosemide. Secondary 
maxima were seen in several subjects receiving the drug orally; repre- 
sentative curves are shown in Fig. 3. 


Mean bioavailability parameters are displayed in Table 11. The AUC 
was truncated a t  12 hr because secondary maxima in plasma concentra- 
tions obscured the terminal log-linear phase in many subjects, making 
corrections to AUCoAm unreliable. Because most subjects had plasma 
concentrations below assay sensitivity or near the sensitivity limit at  the 
time of the last blood sample, a significant portion of the AUC was not 
lost by not calculating the AUC to infinity. The AUC0-12 for the intra- 
venous dose was significantly greater than the AUCo-12 for either the oral 
solution or tablet. The mean absolute bioavailability determined from 
the plasma data was 64 and 71% for the solution and tablet, respectively. 
The bioavailabilities for the solution and tablet preparations were not 
statistically significantly different for either the plasma or urine deter- 
minations. 


The absolute bioavailabilities of furosemide determined with plasma 
and urine data were not significantly different ( p  > 0.05); however, there 
was a trend toward a greater bioavailability ratio determined from plasma 
data, compared with the ratio determined from the urine data. This is 
similar to previously reported data (21, in which 67% bioavailability of 
furosemide solution determined from plasma data and 65% bioavailability 
determined from urinary data was reported. In contrast, 49% bioavail- 
ability determined from plasma data was reported and 52% bioavailability 
determined from urinary data (3). The slightly greater bioavailability 
determined with plasma data in the present study may possibly be ex- 
plained by biliary recycling of furosemide. The observed secondary 
maxima increased the AUC. There was also considerable intrasubject 
variability in the appearance of these peaks. The bioavailability deter- 
mined by A M !  may be inflated from secondary plasma peaks while the 


3 G. Yakatan and J. Johnston, unpublished data. 
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bioavailability determined from urine data may give a more accurate 
reflection of the true bioavailability. Thus, the feasibility of using urinary 
excretion data alone to determine bioavailability of furosemide is good, 
given the statistical agreement of absolute bioavailability determined 
by plasma and urine data. Also, the possibility of overestimation of bio- 
availability by plasma data because of enterohepatic recycling makes 
bioavailability determined from urine data appear more reliable. 


The tmax and Cp,,, determinations were not statistically significantly 
different for the tablet and solution. There was a trend toward later peak 
plasma concentrations following tablet administration, probably due to 
time required for tablet disintegration and dissolution. The seeming 
disagreement of Cp,., determinations presented in Table 11 and Fig. 1 
is a function of mean data being graphically presented, while the means 
of individual subjects are presented in the table. 


The bioavailabilities of the tablet and solution are essentially the same, 
though (70% of the dose was absorbed. This suggests the absorption may 
not be solely dependent on solubility, but may also be limited by ab- 
sorption occurring only from a specific site in the GI tract. Site-limited 
absorption may explain intrasubject variability in absolute bioavail- 
ability. 


In summary, the disposition of intravenous furosemide as determined 
by this study is in agreement with previous reports. The mean absolute 
bioavailability determined from cumulative urinary excretion data was 
61 and 66% for the solution and tablet, respectively. The bioavailability 
determined with urine data may be more reliable than bioavailability 


determined with plasma data because of a possible enterohepatic re- 
cycling process. Site-limited absorption of furosemide is suggested. 
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Abstract 0 The chromatographic behavior of phenylephrine, codeine, 
pseudoephedrine, phenylpropanolamine, methoxyphenamine, phenir- 
amine, pyrilamine, dextromethorphan, and chlorpheniramine was ex- 
amined by reversed-phase, ion-pair high-performance liquid chroma- 
tography. An isocratic chromatographic system was devised for the 
analysis of cough-cold liquids containing these amine drugs by optimi- 
zation of the mobile phase ionic strength, buffer pH, pairing ion con- 
centration, and secondary ion concentration. Quantitative recovery and 
excellent precision were demonstrated for the simultaneous determi- 
nation of phenylpropanolamine, dextromethorphan, and chlorphenira- 
mine in a typical formulation. The method was successfully applied to 
various commercial cough-cold liquids for the analysis of a wide range 
of amine drugs. 


Keyphrases 0 Cough-cold liquids-determination of amine ingredients 
by reversed-phase, ion-pair high-performance liquid chromatography 
0 High-performance liquid chromatography-determination of amine 
ingredients in cough-cold liquids 0 Amine drugs--determination in 
cough-cold liquids by reversed-phase ion-pair high-performance liquid 
chromatography 


Cough-cold liquids are usually complex formulations 
containing several active ingredients and a broad spectrum 
of excipients such as dyes, flavors, sweeteners, and pre- 
servatives. Many of these products are designed to be 
multisymptom preparations typically containing a variety 
of basic amino compounds acting as antihistamines, de- 
congestants, or cough suppressants. Some of the common 
amino agents utilized include phenylephrine, phenylpro- 
panolamine, pseudoephedrine, pyrilamine, pheniramine, 


chlorpheniramine, codeine, and dextromethorphan. The 
analgesics, phenacetin and acetaminophen, are also com- 
monly found in cough-cold liquids adding further com- 
plexity to the list of possible ingredients. Preservatives 
such as methyl- and propylparaben or sodium benzoate 
are normally present in a formulation. It was the purpose 
of this study to develop a simple high-performance liquid 
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Abstract Several benzimidazole and benzothiazole alkylating agents, 
bearing structural modification of certain drugs, were synthesized and 
evaluated for anticancer activity. Among the products, the dihydro- 
chloride salt of 2-(p-[2-(bis(2-chloroethyl)amino)ethoxy]phenyl}benz- 
imidazole (VI) exhibited a high antileukemic activity in P-388 lympho- 
cytic leukemia. 


Keyphrases Alkylating agents-derived from benzimidazole and 
benzothiazole, potential Benzimidazole-potential alkylating agents, 
benzothiazole 0 Benzothiazole-potential alkylating agents, benzim- 
idazole 


The studies of benzimidazole alkylating agents reported 
the production of a variety of compounds (1-5) of which 
4 - [2 - [5(6) - bis - (2-chloroethyl)amino]benzimidazolyl]- 
butyric acid’ (6) and 2-[bis(2-chloroethyl)aminoethyl]- 
benzimidazole2 (7,8) are the most effective and clinically 
useful anticancer agents. In a previous investigation of the 
effect of structural modification on the anticancer activity 
of these compounds, several benzimidazole-2-thioethyl- 
sulfonic esters and nitrogen mustard derivatives were 
synthesized and evaluated for antileukemic properties (9). 
In continuation of these studies, this study describes the 
preparation of several new benzimidazole and benzothia- 
zole alkylating agents (111, IV, VI, and X) and reports on 
the results of their evaluation against P-388 lymphocytic 
leukemia (Scheme I). 


RESULTS AND DISCUSSION 


Chemistry-p-(2-Hydroxyethoxy)benzaldehyde (I), prepared by 
etherification of p-hydroxybenzaldehyde with ethylene chlorohydrin 
(10) in the presence of sodium methoxide, was reacted with o-phenyl- 
enediamine and copper acetate, in accordance with the modified 
Weidenhagen reaction (ll), to give 2-[p-(2-hydroxyethoxy)-phenyl]- 
benzimidazole hydrochloride (11). This was reacted with methanesulfonyl 
chloride or p-toluenesulfonyl chloride in pyridine to produce the corre- 
sponding sulfonic esters (111 and IV). The p-toluenesulfonic ester (IV) 


1 Cytostasan, lmet 3393, A. 
2 Benzimidazole mustard NSC 23891, B. 


was fused with excess diethanolamine and the produced 2-b-[2-(bis- 
(2-hydroxyethyl)amino)ethoxy]phenyl]benzimidazole (V) converted 
into the dihydrochloride salt of the nitrogen mustard 2-[p-[2-(bis-(2- 
chloroethyl)amino)ethoxy]phenyl]benzimidazole (VI) by boiling with 
thionyl chloride in dioxane. 


The reaction of p-(2-hydroxyethoxy)benzaldehyde (I) with o-ami- 
nothiophenol in pyridine gave 2-lp-(2-hydroxyethoxy)phenyl]ben- 
zothiazole (VIJ). This, on treatment with p-toluenesulfonyl chloride or 
methanesulfonyl chloride, yielded 2-[p-(2-~hloroethoxy)phenyl]ben- 
zothiazole (VIII) rather than the corresponding sulfonic esters. Com- 
pound VIII was also obtained when the hydroxybenzothiazole derivative 
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(VII) was treated with thionyl chloride in chloroform. I t  was then fused 
with diethanolamine to form the dihydroxyethylaminobenzothiazole 
derivative (IX) which on reaction with excess phosphorous oxychloride 
yielded the required nitrogen mustard, 2-[p-[2-(bis(2-~hloroethyl)am- 
ino)ethoxy]phenyl]benzothiazole (X). The products were identified by 
microanalysis, IR and UV spectra and for representative examples by 
PMR and mass spectra. 


The mass spectrum of the benzimidazole nitrogen mustard (VI) indi- 
cated the absence of the molecular ion peak a t  m h  449. However, i t  
showed that the molecule underwent a successive elimination of two pairs 
of hydrogens to give Ion A at mlz 445 and a t  447 and 449 (for M f 2  and 
M+4, respectively) (Scheme 11). It also showed that Compound VI lost 
3 moles of hydrogen chloride and six hydrogens to form Ion B at m/z 335 
and 337 (for M+2). In an alternative fragmentation pathway, Compound 
VI eliminated a chloroethyl and a chloromethyl group and accepted a 
hydrogen to give Ion C a t  rnlz 266. This, on further elimination of a 
methylamino moiety and acceptance of a hydrogen, gave Ion D at m/z 
238. The successive removal of two methylene groups from Ion D led to 
formation of 2-(p-hydroxyphenyl)benzimidazole, Ion E, a t  rnlz 210. The 
latter lost carbon monoxide to yield 2-~yclopentadienylbenzimidazole, 
Ion F, a t  m/z 181. The base peak was identified at mlz 28 corresponding 
to a carbon monoxide, an ethylene, or -N-CH2 ion. The mass spectrum 
of benzothiazole nitrogen mustard (X) showed the molecular ion peak 
a t  m/z 394, and a t  396 and 398 (for M+2 and M+4, respectively). The 
cleavage of a chlorine ion from Compound X gave the ion a t  rnlz 359 and 
361 which successively cleaved a methylene and a chloromethylamino 
fragment giving the ion a t  m/z 254. This in turn lost two successive 
methylene groups to form the 2-(p-hydroxyphenyl)benzothiazole ion a t  
m/z 227, which on elimination of carbon monoxide gave the 2-cyclo- 
pentadienylbenzothiazole ion at m/z 198. The base peak, as shown in the 
data in the Experimental section, was shown a t  m h  154, and a t  156 and 
158 (for M+2 and M+4, respectively) corresponding to the bis(2-chlo- 
roethy1)aminomethyl ion. The spectra of both Compounds VI and X have 
also shown the ions corresponding to the reported fragmentation of the 
heterocyclic rings (12-15). 


Anticancer Screening-The products were evaluated against P-388 
lymphocytic leukemia in mice (9). The activities were measured as the 
ratio of the mean survival time of the test animals to that of the control 
animals, expressed as a percentage (TIC %). The nitrogen mustard (VI) 
was the only product which exhibited T/C %values of 189,144, and 132 
when administered in doses of 12.5,6.25, and 3.13 mg/kg of body weight, 
respectively. 


As revealed from the reported studies of the benzimidazole nitrogen 
mustards, the majority of active products (1 ,3 ,4 ,7)  either retained the 
methylene group of 2-[bis(2-~hloroethyl)arninoethyl] benzimida~ole~ or 
in only a few cases replaced i t  by phenyl or styryl moieties having the 
alkylating function directly attached to their benzene rings. In the present 
investigation, the high antileukemic activity of Product VI has demon- 
strated the efficacy of the p-ethoxyphenyl function as an additional 


n 
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rnlz 210 
Scheme I I  


carrier chain for alkylating groups. T o  confirm this finding, the com- 
pounds in preparation now for other structural activity relationship 
studies of alkylating agents have been designed to contain this chain. 


EXPERIMENTAL3 


2-[p-(2-Hydroxyethoxy)phenyl]benzimidazole Hydrochloride 
(11)-A solution of copper acetate monohydrate (6 g, 30 mmoles) in water 
(25 ml) was added to the solution of o-phenylenediamine (1.6 g, 14.8 
mmoles) and p-(2-hydroxyethoxy)benzaldehyde (I) (2.42 g, 14.5 mmoles) 
in ethanol (10 ml) and the mixture, developing an immediate green pre- 
cipitate, was heated under reflux for 30 min. The product was filtered, 
washed with water until the washing became colorless, and dissolved by 
heating under reflux in 2 N HCl solution (50 ml) for 2 hr. After cooling, 
the deposited shiny dark brown crystals were filtered and crystallized 
from ethanol (charcoal) giving the required product (11) as small needles 
melting a t  272-274'. Yield: 3.2 g (76%). IR (mineral oil): 3460-3320 
(OH), 1620 and 1610 (C=N), 1575 and 1500 (C=C, Ar), 1555 (6 NH), 
1300 (6 OH), 1260 and 1045 cm-I (-C-0-C--, asym and sym). UV 
A,,, (ethanol) (log c): 255 (4.124), 312 (4.467), and at 325 nm (sh) 
(4.222). 


Anal.-Calc. for C15H15N202Ck N, 9.62; Q12.2. Found N, 10.00; C1, 
12.00. 


2 - [ p  - [Z - (p - Toluenesulfonyloxy)ethoxy]phenyl]benzimidazole 
(1V)-p-Toluenesulfonyl chloride (5.5 g, 28.8 mmoles) was added to a 
cooled (ice-salt) solution of the benzimidazole derivative (11) (2.8 g, 9.6 
mmoles) in dry pyridine (25 ml), and the mixture was stirred during 
cooling for 6 hr to form a white precipitate. Ice cold water (10 ml) was 
added dropwise and stirring was continued until the precipitate dissolved, 
and an orange solution was obtained. Further addition of water (100 ml) 
separated a solid which was filtered, washed with water, and crystallized 
from ethanol giving the sulfonic ester (111) melting a t  155-157'. Yield 
2.87 g (74%). IR (mineral oil): 1605 (C=N), 1580,1490 (C=C, Ar), 1560 
(6 OH), 1340, 1170 (SOz, asym and sym), 1250 and 1030 cm-I (--C- 
0-c-1. 


Anal.-Calc. for C ~ ~ H ~ O N ~ O ~ S :  C, 64.70; H, 4.94; N, 6.86. Found: C, 
64.70; H, 5.20; N, 6.70. 


Mass spectrum: rnlz (relative abundance %) 408 (M+) (11,407 (6), 390 
(2), 328 (5), 327 (61,326 (29), 264 (2), 263 (7), 262 (35), 235 (5), 199 (141, 
157 (6), 156 ( l l ) ,  155 (loo), 139 (lo), 107 ( l l ) ,  105 ( l l ) ,  92 (12), 91 (96), 
90 (5), 89 (6), 78 (13), 65 (17), 44 (9). 
2 - [ p  - [Z - (Methanesulfonyloxy)ethoxy]phenyl]benzimidazole 


(111)-By reacting methanesulfonyl chloride (1.18 g, 10.3 mmoles) with 
the benzimidazole derivative (11) (1 g, 3.4 moles) in dry pyridine (15 ml), 
in the same manner as described for the synthesis of compound IV, the 
required methanesulfonic ester (111) was obtained as small white shiny 
crystals melting at 206-208' (ethanol). Yield 750 mg (96%). 


IR (mineral oil): 1610 (C=N), 1580,1490 (C=C, Ar), 1540 (6 NH), 
1330, 1100 (SO2 asym and sym), 1260 and 1040 cm-l (-C-0-C-). 
UV A,,, (ethanol) (log €1: 252 (4.182), 312 (4.507), and a t  325 nm (sh) 
(4.262). 


Anal.-Calc. for C ~ ~ H I ~ N ~ O ~ S :  c, 57.83; H, 4.85; N, 8.43; S, 9.63. 
Found: C, 57.80; H, 4.80; N, 8.30; S, 9.70. 


2 - [ p  - [2 - (Bis(2 - hydroxyethy1)amino)ethoxylphenyllbenzimid- 
azole (V)-Excess diethanolamine (1  g, 9.5 mmoles) was added to the 
p-toluenesulfonic ester (IV) (1.7 g, 4.1 mmoles) and the mixture was 
heated a t  120-130° (external temperature) for 1 hr. After cooling, the pale 
yellow solution was diluted with water (100 ml) to separate a white pre- 
cipitate which was filtered and washed with water (4 X 50 ml) and crys- 
tallized from aqueous ethanol to yield the dihydroxy-ethylamino deriv- 
ative (V) as white amorphous powder melting a t  185-187'. Yield: 900 mg 
(90%). 1R (mineral oil): 3375 (OH), 1605 (C=N), 1595,1490 (C=C, Ar), 
1.540 (6 NH), 1240 and 1060 cm-I (-C-0-C-). 


Anal.-Calc. for C I ~ H Z ~ N ~ O ~ :  C, 66.84; H, 6.79; N, 12.31. Found: C, 
67.00; H, 6.70; N, 12.30. 


2 - [ p  - [Z - (Bis(2 - chloroethyl)amino)ethoxy]phenyl]benzim- 
idazole Dihydrochloride (V1)-Thionyl chloride (2 ml) was added 
dropwise to a hot and stirred solution of Compound V (650 mg, 2.6 
mmoles) in dioxane (25 ml) to  form a white precipitate. This soon dis- 
solved as the reflux started, and fine white crystals began to form and 
increased in volume during reflux for 2 hr. Filtration followed by suc- 
cessive washing of the product with hot dioxane and dry acetone gave the 


All melting points are uncorrected. IR spectra were measured on a Beckman 
4210 IR spectrophotometer. UV spectra were measured on a Beckman 24 spectro- 
photometer. PMR spectra were measured on a Varian A60, and mass spectra on 
an AEI-MS-50. 
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dihydrochloride salt of the nitrogen mustard VI, which softened with 
darkening a t  245' and completely melted with decomposition at 283- 
285'. Yield: 920 mg (97%). IR (mineraloil): 3110 (NH), 1640,1610 (C=N), 
1590, 1510 (C=C, Ar), 1550 (6 NH), 1260 and 1065 cm-L (-C-0- 
C-1. 


Anal.-Calc. for C19H2:3N:{O '214: C, 50.50; H, 5.09; N, 9.31; CI, 31.48. 
Found: C, 50.60; H, 4.70; N, 8.90; CI, 31.50. 


Mass spectrum: m/z (relative abundance) (M* absent) 449 (4), 447 (121, 
445 (32) ,  379 (I), 378 (3) ,  337 (4). 335 (13), 266 (171,238 (ll), 237 (25), 236 
(38), 235 (%I),  224 (17), 223 (47), 211 (54), 210 (92), 209 (38), 181 (32), 180 
(22), 129 (12), 127 (18), 121 (8 ) ,  120 (20) ,  119 (261,112 (30), 107 (13), 105 
(37), 100 (16), 99 (38), 97 ( l l ) ,  93 (12), 91 (36), 84 (15). 78 (28), 77 (35), 
72 (lo),  70 (29), 65 (33), 64 (34),63 (38) ,  58 (29), 57 (42), 56 (57). 55 (52), 
52 (391.44 (20), 42 (81), 38 (41),28 (100). 


2-[ p-(2-Hydroxyethoxy)phenyl]benzothiazole (MI)-A solution 
of o-aminothiophenol(730 mg, 5.8 mmoles) in pyridine (5 ml) was added 
to the solution of p-(2-hydroxyethoxy)benzaldehyde ( I )  (970 mg, 5.8 
mmoles) in pyridine (5 ml) and the mixture was heated on a water bath 
for 1 hr. After cooling, the product was poured onto water (100 ml), and 
the yellowish white emulsion so obtained was left overnight to deposit 
a whitish precipitate. This was filtered, washed with water (3 X 50 ml) 
and crystallized from ethanol (charcoal) to deposit the required product 
(VII)  as small whitish shiny crystals melting at  157-159". Yield: 1.28 g 
(81%). IR (mineral oil): 3200 (OH), 1595,1570 (C=N mixed with C=C, 
Ar), 1305 (6 OH), 1245 and 1040 cm-' (-C-0-C-). UV A,,, (ethanol) 
(log c): 322 nm (4.447). 


Anal.-Calc. for C15H13NO& C, 66.41; H, 4.83; S, 11.78. Found: C, 
65.90; H,  4.70; S, 11.40. 
2-[p-(2-Chloroethoxy)phenyl]benzothiazole (VII1)-p-Tolu- 


e n e w  lfuny I Ch loride or Met hanesu lfony 1 Chloride -T he sulfonyl 
chloride derivative (1 1 mmoles) was added to a solution of Compound 
VII (1 g, 3.6 mmoles) in dry pyridine (25 ml), and the orange clear solution 
was stirred a t  -60-70' (external temperature) for 1 hr. The final dark 
mixture was left for 3 days a t  room temperature and then diluted with 
ice cold water (100 ml). The separated buffer product was filtered, washed 
with water ( 3  X 100 ml) and crystallized from ethanol (charcoal) to give 
colorless shiny scales melting a t  144-145'. This was found to he 2-lo- 
(2-chloroethoxy)phenyl] benzothiazole. Yield: 70-80%. 


Phosphorous Oxychloride-Phosphorous oxychloride (10 ml) was 
added to the hydroxy derivative (VII) (2.15 g, 7.9 mmoles) and the mix- 
ture heated under reflux for 1 hr. The dark brown solution was evaporated 
in LIUCUO, to remove excess phosphorous oxychloride, and the residue was 
dissolved in hot ethanol, treated with sodium hydrogen carbonate (2  g), 
and left overnight. The alcoholic solution was filtered, concentrated, and 
cooled to give a white precipitate of t,he chloro derivative (VIII) which 
melted at 14.1-145' (ethanol). Yield: 1.8g (73%). Product VIII obtained 
from all experiments did not show melting point depression and showed 
superimposability in IR and UV spectra. IR (mineral oil): 1600, 1575 
(C=N and C=C, Ar), 1250 and 1040 cm-' (-C-0-C- asym and 
sym). UV A,,,,, (ethanol) (log t):  320 nm (4.551). 


Anal.-Calc. for C1sHlrNOSCI: C, 62.10; H, 4.10; N, 4.80; S, 11.00. 
Found: C, 62.40; H, 4.50; N, 4.80; S, 11.10, 


= 7 Hz), 6.90-8.19 (m, 8H, Ar-H) ppm. 
Mass spectrum: m/z (relative abundance 70) 291 (M+) (47), (M+2 a t  


293), 292 (7). 290 (23), 289 (loo), 228 (5), 227 (22),  226 (19), 199 (4), 198 
(11). 197 (a ) ,  154 (5). 108 (9), 69 (T), 63 (9). 


2 - [ p  - [2 - (Bis(2 - hydroxyethyl)amino)ethoxy]phenyl]benzothi- 
azole (1X)-Excess diethanolamine (1 g, 9.5 mmoles) was added to  the 
chloro derivative (VIII) (0.5 g, 1.17 mmoles), and the mixture was heated 
at 1 10-120° (external temperature) for 30 min. After cooling, chloroform 
(50 ml )  was added and the mixture was shaken with water (2  X 100 ml). 
The aqueous layer was again extracted with chloroform (2 X 50 ml), and 
the combined chloroform extracts were washed with water ( 3  X 100 ml) 
until free from diethanolamine, dried (anhydrous NaZSOd), and evapo- 
rated. The produced viscous oil was dissolved in benzene, treated with 
light petroleum (bp 60-80") until a permanent turbidity developed, 
scratched, and stored in a refrigerator. The deposited brown solid was 
crystallized from a benzene-light petroleum mixture to give the required 
product (IX), as a creamy amorphous powder melting at 77-79O. Yield: 
420 mg (99.7%). IR (mineral oil): 3400-3220 (OH), 1600,1575 (C=N and 
C=C, Ar), 1300 ( 6  OH), 1245 and 1085 cm-I (-C-0-C-). UV A,,, 
(ethanol) (log c): 322 nm (4,397). 


PMK: ci (CDCI:r) 3.83 (t, 2H, CHzCI, J = 7 Hz), 4.28 (t, 2H, CH20, J 


Anal.-Calc..for C1YH22Nz03S: C, 63.67; H, 6.19; N, 7.82. Found: C, 
63.30; H, 6.20; N, 7.40. 


2 4  p-[2-(Bis(2-chloroethyl)amino)ethoxy]phenyl~benzothiazole 
(X)-Phosphorous oxychloride (5 ml) was slowly added to the dihy- 
droxyethylamino derivative (IX) (580 mg, 1.62 mmoles) while being 
cooled in ice, and the mixture was allowed to warm slowly to room tem- 
perature and then heated under reflux for 1 hr. Excess phosphorous ox- 
ychloride was evaporated in uacuo and the black viscous residue de- 
composed by addition of crushed ice. Water (50 ml) and a few drops of 
1Wo aqueous HCI solution were then added, and the mixture was heated, 
filtered while hot, cooled, and rendered alkaline with sodium bicarbonate. 
The crude buffer product so obtained exhibited two spots on TLC and 
could not he purified by repeated crystallization from ethanol. Therefore, 
i t  was purified on a column of silica gel4 (10 g) using chloroform as the 
eluent. Evaporation of chloroform gave 200 mg (31%) of the nitrogen 
mustard X, which on crystallization from methanol separated as shiny 
white crystals melting with decomposition a t  90-91'. IR (mineral oil): 
1600, 1570 (C=N and C=C, Ar), 1245 and 1070 cm-I (-C-0-C- 
asym and sym). UV A,,, (ethanol) (log 6 ) :  321 nm (4.416). 


Anal.-Calc. for C ~ ~ H ~ O N ~ O S C I ~ :  C, 57.70; H, 5.06; N, 7.08; S, 8.10; C1, 
17.90. Found: C, 57.60; H, 5.30; N, 6.60; S, 8.50; CI, 17.50. 


J = 7 Hz), 4.15 (t, 2H, 0-CHz-, J = 7 Hz), 6.90-8.20 (m, 8H, Ar- 
Hlppm. 


Mass spectrum: m/z (relative abundance %) 398 (5), 397 (6), 396 (31), 
395 ( l l ) ,  394 (39), 359 ( 2 ) ,  347 (3), 345 (ll), 254 (3), 240 (2), 227 (5), 226 
(5), 210 (12), 198 (5), 172 (a), 170 (a), 168 (111,158 (14), 156 (80), 154 (1001, 
65 (5), 63 (14), 56 (12), 42 (lo), 32 (8 ) ,  28 (30). 


PMR 6 (CDC13): 2.85-3.25 [m,  6H, N(CH2)3], 3.55 (t, 4H, 2 X -CH&I, 
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Abstract A series of w-(4-aminophenylsulfonamido)alkyl disulfides 
and w-(4-aminophenylsulfonamido)alkanethiosulfates was synthesized 
from the reaction of p-acetamidobenzenesulfanilyl chloride and either 
the aminoalkyl disulfide dihydrobromide or the aminoalkyl bromide 
hydrobromide followed by sodium thiosulfate. Several of the compounds 
showed inhibitory activity against dihydropteroate synthetase isolated 
from a sulfanilamide-resistant strain of Neisseria gonorrhoeae of the 
same order of activity as that of sulfanilamide. An increase in the hy- 
drophobic nature of the sulfanilamide structure did not increase inhib- 
itory activity against this enzyme. 


Keyphrases w-(4-Aminophenylsulfonamido)alkyl-disulfides and 
thiosulfates, synthesis, activity against dihydropteroate synthetase, 
sulfanilamide-resistant Neisseria gonorrhoeae 0 Neisseria gonor- 
rhoeae-synthesis of ~-(4-aminophenylsulfonamido)alkyl disulfdes and 
thiosulfates, activity against dihydropteroate synthetase, sulfanila- 
mide-resistant Dihydropteroate synthetase-synthesis of w-(4-ami- 
nophenylsu1fonamido)alkyl disulfides and thiosulfates, sulfanilamide- 
resistant Neisseria gonorrhoeae 


The development of bacterial resistance to many of the 
antibiotics and synthetic antibacterials has reopened the 
search for synthetic antibacterials, particularly for use 
against resistant strains of bacteria. The inclusion of a 
reactive function in the sulfonamide molecule that might 
lead to an irreversible inhibitor of dihydropteroate syn- 
thetase appeared to offer a plausible approach to an agent 
of this type. The active site of dihydropteroate synthetase 
is not well defined, but it may be considered, like most 
enzymes, to contain disulfide bonds between juxtaposed 
cysteine residues. This provides an accessory receptor site 
which should bind with functional groups reactive toward 
disulfides. Accordingly, a series of N-sulfonamidoalkyl 
disulfides and thiosulfates (I) has been synthesized for 
testing against a drug-resistant organism. A sulfanila- 
mide-resistant strain of Neisseria gonorrhoeae was 
available for this purpose (1). It has been shown (2) that 
carboxyl groups in the side chains of N1-substituted sul- 
fanilamides showed relatively high affinities toward a 
dihydropteroate synthesizing system of Escherichia coli, 
probably by interacting with an accessory area of the en- 
zyme. 


It is possible that a sulfonamido disulfide, previously 


N H z e S O , N H ( C H , ) , S X  - 


X = S(CH,), NHS02 +NH, - 


n = 2-6 


I 


S0,Na 


prepared in this laboratory, may have reacted with such 
an accessory receptor site. Bis[4-(4-acetamidoben- 
zenesulfonamido)phenyl] disulfide was described as cu- 
rative in mice infected with Plasmodium berghei (3) .  It was 
considered a t  the time that this molecule might be acting 
as a binding agent to DNA, but other related nonsulfona- 
mido containing disulfides with good DNA binding po- 
tential showed no antimalarial activity (4). 


Previously, other examples of molecules containing both 
sulfonamide and disulfide functions have been reported: 
several 4-aminobenzenesulfonamidoaryl disulfides (5) and 
two 4-aminobenzenesulfonamidoalkyl disulfides, where 
the alkyl function had two and three methylene units (6). 
Both series showed some antibacterial properties. No 4- 
aminobenzenesulfonamidoalkane thiosulfates have been 
reported as antibacterials. 


RESULTS AND DISCUSSION 


Chemistry-The synthesis of the 4-aminobenzenesulfonamidoalkyl 
disulfides is outlined in Scheme I. Reaction of polymethylene dibromides 
with potassium phthalimide gave the known w-bromalkylphthalimides, 
which were separated from byproduct diphthalimides by recrystallization 
from hexane. Treatment of the bromoalkylphthalimides with sodium 
thiosulfate gave intermediate thiosulfates which were oxidized in situ 
with iodine to give the disulfides. Although the literature recommends 
addition of solid iodine (7) for this conversion, a solution of the stoi- 
chiometric amount of iodine in methanol was found superior for these 
compounds. 


Removal of the phthaloyl groups by hydrazinolysis failed, but the use 
of hydrobromic acid, mixed with acetic (8) or propionic acid was suc- 
cessful in giving the aminoalkyl disulfide hydrobromides (11). 


Sulfonamide formation from N-acetylsulfanilyl chloride and amines 
generally is catalyzed with aqueous sodium hydroxide or carbonate or 
anhydrous pyridine. Because of the alkali-sensitive disulfide function, 
these catalysts were unsuitable; the use of sodium bicarbonate gave the 
desired products. All of the acetamidobenzenesulfonamidoalkyl disulfides 
(111) were difficult to purify; washing with an aqueous solution of ethanol 
and acetic acid generally provided good yields of reasonably pure mate- 
rial. 


Deacetylation was carried out in a boiling mixture of hydrochloric 
acid-water-glycol (1:1:2) for 10 min; prolonged heating cleaved the sul- 
fonamide as well. Since the dihydrochlorides of the higher homologs (n 
= 4-6) were insoluble in hot water, the free amines (IV) were isolated by 
the action of ammonia on dilute solutions of the dihydrochlorides in hot 
methanol. With the n = 3 homolog, the free base actually separated from 
the acid reaction mixture. All of the disulfides had similar IR spectra 
showing N-H stretching frequencies at 3345-3440 and 3255-3370 cm-I, 
and S-0 stretching at 1322-1406 and 113S1152 cm-'. 


The preparation of the 4-aminobenzenesulfonamidoalkane thiosulfates 
is outlined in Scheme 11. Although the N-acetyl derivative of the sul- 
fonamidoethane thiosulfate is known (9), only free amino sulfonamides 
have shown antifolate activity. Since either acid or basic hydrolysis of 
the acetyls would decompose the thiosulfate function, the free amino 
thiosulfates were prepared from the 4-aminobenzenesulfonamidoalkyl 
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CH,CONHC,H,S02CI 
b 


NaHCO, [Br-+H,N (CH,),S-12 
I1 


~ 3 ~ ~ N ~ ~ ~ ~ z ~ ~ ~ ~ z ~ n ~ -  I, -+ 


III 


[ N H , O S O , N H ( C H , ) , S -  I, 
IV 


n = 2-6 
Scheme I 


bromides on reaction with sodium thiosulfate. The intermediate amine 
hydrochloride, where n = 3, was surprisingly insoluble in water. Con- 
version to the free base gave a water-soluble sodium salt of the desired 
thiosulfate. 


Since the disulfides proved in general to be too insoluble for enzyme 
inhibition tests, a carboxyl group was introduced for water solubilization 
by preparing the bis(4-aminobenzenesulfonamido) derivative (V) of 
L-cystine (10). The melting point of the product (192-194') agreed with 
that reported previously (193-194') (10). 


Inhibition of Dihydropteroate Synthetase-Determination of ID50 
concentrations was carried out for sulfanilamide, sodium p-aminoben- 
zenesulfonamidoethane (and -propane) thiosulfate, N,N'- bis(su1fani- 
ly1)-L-cystine and p-aminobenzenesulfonamidopropyl bromide. The 
enzyme preparation used was an extract of a sulfanilamide-resistant 
strain of N. gonorrhoeae (1). Results are recorded in Table I. 


Results of the inhibition study show that sulfanilamide itself showed 
the greatest inhibitory activity, although the IDw values for the syn- 
thesized compounds fall within the same order of activity. It is possible 
that the additional bulk of the alkyl functions on the sulfonamide ni- 
trogen reduces the binding ability of the compounds. If this were the case, 
it would be expected that the disulfide, with a nonlinear carboxyl group, 
would show the least inhibition. If the inhibition depended on a greater 
degree of hydrophobicity, then the bromoethyl derivative should have 
shown a greater inhibitory effect. It is apparent from the results, however, 
that a disulfide link with enzyme mercapto did not take place. 


Since there was very little difference in inhibitory properties between 
the homologous thiosulfates, and the more hydrophobic bromoethyl 
derivative had even less activity, it is apparent that additional hydro- 
phobic functions play no significant role in the binding at  the receptor 
site. This finding agrees with a previous report (11) where it was found 
that inhibition of this enzyme by Nl-phenylsulfonamides was not im- 
proved by greater hydrophobicity. 


Table I-Inhibition of Dihydropteroate Synthetase 


Compound 


Concen- 
tration ID5,3, 


range,mM LLM 


Sulfanilamide 0-0.6 59 
Sodium 4- 


Sodium 4- 
aminobenzenesulfonamidoethanethiosulfate 0-1.2 106 


aminobenzenesulfonamidopropanethiosulfate 0-1.2 108 


4-Aminobenzenesulfonamidopropyl bromide 0-1.2 250 
N,N'-Bis(sulfanily1)-L-cystine 0-1.2 160 


u - - * - -  NaHCO, 


n = 2,3 
Scheme I1 


EXPERIMENTAL' 


a-Bromoalkyl-o-phthalimides-These compounds were prepared 
esssentially by the method of Klayman et al. (12). The crude products 
were recrystallized from ethyl alcohol, dried, recrystallized from hexane, 
and cooled at 25' for several hours and then cooled at 3'. Yields of 48-66% 
were obtained from material which melted at literature values (12). 


Bis(w-Phthalimidoalkyl) Disulfides-The procedure is a modifi- 
cation of that of Dirscherl and Weingarten (7). To a heated solution of 
water (75 ml), methanol (75 ml), and a-bromoalkyl-w-phthalimide (0.08 
mole) was added 0.08 mole of sodium thiosulfate pentahydrate with 
stirring. After 1 hr at reflux temperature, the mixture was treated with 
10.15 g (0.04 mole) of iodine in 60 ml of methanol during 45 min, followed 
by 10 min of refluxing. The two-phase system was stirred and cooled; the 
resulting solid was ground in a mortar, slurried with 150 ml of water for 
1 hr, filtered, and dried. Yields of 89-95% were obtained from material 
whose melting points agreed with literature values (7,8). 


o,d-Dithioalkanamine Dihydrobromides (11)-A mixture of 0.04 
mole of the appropriate bis(w-phthalimidoalkyl) disulfide, 22 ml of 48% 
hydrobromic acid, and either 22 ml of acetic acid (for n = 3,4) or 22 ml 
of propionic acid (for n = 5,6) was refluxed for 24 hr. The hot orange 
liquid was poured into 50 ml of water and kept overnight at 25O. Phthalic 
acid was removed by filtration, and the filtrates were freed from acids 
by rotary evaporation. The residue was slurried with 40 ml of water and 
0.3 g of activated charcoal and filtered, and the filtrate was slurried with 
25 ml of water and evaporated to dryness. The residue was dissolved in 
50-100 ml of hot ethyl alcohol, cooled to 25', and treated with 50-200 ml 
of ether. The isolated solid was washed with ether and dried. Physical 
constants of products are listed in Table 11. 
o-(4-Acetamidophenylsulfonamido)alkyl Disulfides (111)- 


Purified N-acetylsulfanilyl chloride (mp 144-149') (17.53 g, 0.075 mole) 
was dissolved in 150 ml of acetone, and a solution of 0.035 mole of the 
appropriate o,w'-dithioalkanamine dihydrobromide in 50 ml of water 
was added with ice cooling the mixture. A solution of 13.45 g (0.16 mole) 
of sodium bicarbonate in 170 ml of water was added dropwise with stirring 
below 10' during 40 min. The resulting mixture was heated at 50' for 20 
hr, cooled in an ice bath, filtered, and washed with water. The solid was 
slurried with a solution of 200 ml of water, 100 ml of ethyl alcohol, and 
10 ml of acetic acid for 4 hr and filtered. The product was dried over so- 
dium hydroxide at  25'/0.4-1.0 torr for 16-24 hr. Physical constants of 
products are listed in Table 11. 
~-(4-Aminophenylsulfonamido)alkyl Disulfides (1V)-With 


magnetic stirring, 0.004 mole of the preceding diacetyl derivative, 5 ml 
of HCl, 5 ml of water, and 10 ml of ethylene glycol were refluxed for 10 
min. A thick precipitate of the dihydrochloride was generally obtained, 
40 ml of water was added, and the solid was filtered and dried at  25O/ 
0.S1.5 T for 18 hr over sodium hydroxide. The solid was dissolved in 250 
ml of boiling methanol, treated with 0.3 g of activated carbon, and diluted 
with 10 ml of 4 N ammonium hydroxide and 200 ml of water to precipitate 
the free base. It was filtered and dried as before. Physical constants of 
products are listed in Table 11. 


Melting points were determined in capillaries with a Mel-Temp block and 
needed no correction. IR spectra were taken in KBr pellets using a Perkin-Elmer 
45?-grating spectrophotometer. Elemental analyses were done by Dr. F. B. Strauss, 
Oxford, England or by Instranal Laboratory, Rensselaer, N.Y. TLC was carried 
out using silica gel plates and exposure to iodine vapor. Organic reagents were 
supplied by Aldrich Chemical Co. or by Eastman Or anic Chemicals. [7-"C]p- 
Aminobenzoic acid (>95% radiochemical purity) was oEtained from New England 
Nuclear Corp., Boston, Mass. Measurement of enzyme inhibition was done with 
a Packard Liquid Scintillation Spectrometer, model 3320. Frozen cells of sulfa- 
nilamide-resistant Neisseria gonorrhoeae strain 7134 were supplied by Johnna Ho, 
Harvard University School of Public Health. 
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Table 11-Physical Constants of the Disulfides 


Compound n 
Melting 
point 


Yield, 
% Formula 


Analysis, % 
Calculated Found 


I1 
I1 
I1 
I1 


111 
111 
111 


230-232a 


256-258 dec. 
243-245 dec. 
190-192C*d 
154-158 dece 
145-149 


248-249 


111 5 130-131 


I11 6 123-125 


IV 
IV 
IV 


2 
3 
4 


130-1311 
152-153g 
176-177 


IV 5 166-167 


IV 6 164-165.5 


V 192-194h 


86 
87 
82 
78 
92 
77 
68 


Br 40.13 
Br 37.49 


C 47.81 
H 5.68 


39.80 
37.39 


47.95 
5.68 


N 9.30 9.21 
C 49.50 
H 6.07 
N 8.88 


49.48 
5.89 
8.30 


C 51.03 51.13 
H 6.43 6.28 
N 8.50 8.47 


46.45 C 46.31 
H 5.83 5.71 
N 10.80 10.51 


48.50 C 48.32 
H 6.27 6.09 
N 10.25 10.20 
C 50.14 50.59 
H 6.66 6.42 
N 9.75 9.79 
S 22.31 22.30 


a Lit. (6) mp 232'. * Lit. (7) mp 240°. Commercially available 2,2'-dithiobisethanamine dihydrochloride was used as reagent instead of the hydrobromide. 
Lit. (10) mp 193-194O. 


Lit. (6) 
mp 194-196.5'. Lit. (6) rnp 162-163'. f Lit. (6 )  mp 1 2 9 O .  8 Lit. (6) mp 154.5-155.5O. 


2-(4-Acetamidophenylsulfonamido)ethyl Bromide-This was 
prepared from N-acetylsulfanilyl chloride and 2-bromoethylamine hy- 
drobromide2 by the same general procedure used for the ~(4-acetami-  
dophenylsu1fonamido)alkyl disulfides. The crude product was slurried 
with aqueous sodium bicarbonate, filtered, and dried to give a 77% yield 
of material melting at  168-169' [lit. (13) mp 168-169'1. 
2-(4-Aminophenylsulfonamido)ethyl Bromide-The previous 


compound (9.63 g, 0.03 mole), 10 ml of 38% HC1, and 10 ml of 95% ethyl 
alcohol were refluxed for 30 min and diluted with 125 ml of water. The 
solution was decolorized with activated carbon and neutralized with so- 
dium bicarbonate; the free base was filtered, slurried with 100 ml of water, 
filtered, and dried at 25'/0.8 torr for 20 hr to give an 84% yield of tan solid, 
mp 87.5-88.5' [lit. (14) mp 90-91'1. 


Sodium 2-(4-Aminophenylsulfonamido)ethanethiosulfate-A 
mixture of 5.97 g (0.024 mole) of sodium thiosulfate pentahydrate, 6.72 
g (0.024 mole) of the previous product, 25 ml of methanol, and 25 ml of 
water was refluxed for 30 min and cooled to 25'. Solvent was removed 
by rotary evaporation, and the resulting solid was dried further by 
evaporation of 2 X 25 ml of absolute ethanol. The residue was shaken with 
15 ml of dimethylformamide, cooled overnight, and the insoluble sodium 
bromide was removed. The filtrate was diluted with 50 ml of acetone, 
filtered after several hours, and the residue was dried at  20°/0.3 torr for 
16 hr to give 8.81 g of crude solid, mp 178-182'. Recrystallization from 
95% ethyl alcohol a t  -20' gave a 44% yield of colorless solid, mp 
207.5-209'(dec), which gave a negative test for halogen. 


Anal.-Calc. for CsH11N~Na05S3: C, 28.73; H, 3.32; N, 8.38; S, 28.77. 
Found: C, 28.76; H, 3.17; N, 8.39; S, 28.39. 
3-(4-Acetamidophenylsulfonamido)propyl Bromide-This com- 


pound was prepared by the same method used for 2-(4-acetamidophen- 
ylsu1fonamido)ethyl bromide, from N-acetylsulfanilyl chloride and 3- 
bromopropylamine (8). After heating, the solution was decolorized with 
activated carbon, diluted with 200 ml of water, and cooled to 3' before 
filtration to give a crude product that was recrystallized from 50% ethyl 
alcohol to give a 64% yield of tan prisms, mp 10P105.5'. 


Anal.-Calc. for CllH15BrN203S: C, 39.41; H, 4.51; Br, 23.84. Found 
C, 39.61; H, 4.20; Br, 24.10. 
3-(4-Aminophenylsulfonamido)propyl Bromide-The previous 


compound (16.00 g, 0.048 mole), 20 ml of 38% HC1, and 20 ml of 95% ethyl 
alcohol were refluxed for 30 min, and the solid mass was transferred to 
a beaker with 100 ml each of water and 95% ethyl alcohol. After being 
heated, the solution was decolorized with activated carbon, cooled to 25', 
and neutralized with sodium bicarbonate. The free base was filtered, 


slurried with 100 ml of water, and dried at  23'/0.2 torr for 16 hr to give 
9.45 g (68%) of shiny, white prisms, mp 106-106.2'. 


Anal.-Calc. for CgH13BrNzOzS: C, 36.86; H, 4.47; Br, 27.26; S, 10.94. 
Found: C, 37.05; H, 4.43; Br, 27.54; S, 10.75. 


Sodium 3-(4-Aminophenylsulfonamido)propanethiosulfate-A 
mixture of 1.29 g (0.0052 mole) of sodium thiosulfate pentahydrate, 1.52 
g (0.0052 mole) of the previous product, 5 ml of methanol, and 5 ml of 
water was refluxed for 25 min, cooled, and freed of solvent by rotary 
evaporation. After further evaporation with 5 ml of absolute ethanol, the 
remaining gum was leached with 20 ml of 97.5% ethyl alcohol and cooled 
overnight. The solid sodium bromide was removed, and the filtrate was 
diluted with 30 ml of 1-propanol and cooled to -20' to give 0.9 g of white 
solid, which was recrystallized from 18 ml of 95% ethyl alcohol a t  -20' 
to give 0.6 g (33%) of white prisms, mp 212.5-213.5'. 


And-Calc. for CgH13NzNaO$33: C, 31.02; H, 3.78; N, 8.04. Found: 
C, 31.29; H, 3.64; N, 8.05. 


Determination of Enzyme Inhibition-ID% values for the inhibition 
of dihydropteroate synthesis using a cell-free extract of dihydropteroate 
synthetase from N. gonorrhoeae (1) were determined for the test com- 
pounds using six inhibitor concentrations in duplicate experiments. The 
ID60 value was taken from the plot of the percent inhibition against the 
logarithm of the inhibitor concentration. 


Solutions of the test compounds were made to contain the following 
components in a 2 0 0 4  volume: tris(hydroxymethy1)aminomethane 
hydrochloric acid buffer (140 mM, pH 5.8), dihydropteridine pyro- 
phosphate (7 pM) (15), [7-'4C]p-aminobenzoic acid (15 pM), magnesium 
chloride hexahydrate (5 mM), 2-mercaptoethanol(0.1 M), test compound 
(0-1.2 mM), and enzyme (0.14 mg of protein). The reaction mixture 
without dihydropteridine pyrophosphate served as blank. After the 
mixture was incubated at  37' for 20 min, the reaction was stopped by the 
addition of 2-mercaptoethanol (20 PI). The amount of labeled dihy- 
dropteroate was measured as follows. 


A portion (100 p l )  of the reaction mixture was spotted on 3-mm chro- 
matographic paper3 (22.86 X 29.21 cm). The chromatogram was devel- 
oped in descending fashion by immersing the lower margin of the paper 
in potassium phosphate buffer (0.1 M, pH 7.0) inside a chamber at room 
temperature. After the solvent front had moved 15 cm from the origin, 
the paper was removed and dried. Neither the labeled dihydropteroate 
nor the labeled pteroate moved under these conditions, whereas un- 
reacted [7-14C]p-aminobenzoic acid migrated with an Rf of 0.78. An area 
(3 X 3 clp) of the paper around the origin was-cut in,to small pieces and 
put into a counting vial containing 10 ml df scintillation fluid consisting 


Whatman. 
~~ ~~ 


Aldrich Chemical Co. 
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of the following in a volume of 1 liter: naphthalene (150 g), 2,5-diphenyl- 
oxazole (8 g), 1,4-bis(4-methyl-5-phenyl-oxazol-2-yI)benzene (0.6 g), 
ethylene glycol (20 ml), 2-ethoxyethanol(lOO ml), and toluene to make 
1 liter. The radioactivity was measured in the liquid scintillation counter 
with an 18% gain setting. Each vial was counted twice, and the data 
represent the average of two counts. Results are shown in Table I. 
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Abstract 0 A method for optical purity determination of a range of chiral 
drug molecules by NMR spectroscopy is reported. This technique in- 
volves the use of optically active lanthanide shift reagents and a newly 
developed base line analysis. Its applicability was demonstrated for a 
variety of drugs including nonsteroidal antiinflammatory agents and 
some adrenergic agents. It is established that successful application of 
the method depends on a constant shift reagent to sample molar ratio, 
constant instrumental conditions for all solutions, and the use of a cali- 
bration curve derived from solutions containing the same total concen- 
tration of the two enantiomers. For the examples cited, the correlation 
coefficient is not <0.97, and a mathematical treatment is included which 
supports the basis of the method. 


Keyphrases 0 Optical purity determination-by NMR spectroscopy, 
use of chiral lanthanide shift reagents and a base line technique Chiral 
lanthanide shift reagents-determination of optical purity by NMR 
spectroscopy, base line technique 0 NMR spectroscopy-determination 
of optical purity, use of chiral lanthanide shift reagents and a base line 
technique 


The application of NMR spectroscopy to the quantita- 
tive analysis of pharmaceuticals has become widespread 
(1, 2) since the publication of Hollis (3) on the determi- 
nation of aspirin, phenacetin, and caffeine mixtures. 
Provided that careful consideration is given to solvent, 
internal standard, and instrumental conditions (including 
spinning sidebands and carbon 13 satellites), mixtures, 
often of some complexity, can be analyzed with a high 
degree of accuracy. Optical purity determination is another 
aspect of the analysis of any drug presented in a resolved 
form (enantiomer) or the racemate of a particular diaste- 
reoisomer. Apart from polarimetry, which has been ex- 


tensively employed despite its drawbacks, optical purity 
determination has been achieved by chromatographic 
methods such as GLC (4, 5) and HPLC (6, 7), isotope 
dilution (8), kinetic resolution (9), and NMR. Even before 
the discovery of chiral lanthanide shift reagents, the NMR 
method was used for optical purity measurement either 
by diastereoisomer formation (10, 11) or the application 
of chiral solvents (12, 13). Since the publication of Whi- 
tesides and Lewis (14) on the relatively large frequency 
differences between corresponding resonances of enan- 


Eu(facamJ3: 0.0 16.60q 


".R. .. . 0.0 0.M5 
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Figure 1-Resonance of N-CH3 of (+)-ephedrine in deuterated 
benzene on incremental addition of I I I .  
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2-14C- 1 -Allyl-3,5-diethyl-6-chlorouracilII: 
Isolation and Structures of the Major Sulfur-Free and 
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Abstract The metabolites of l-allyl-3,5-diethyl-6-chlorouracil in 
rabbit urine were isolated by preparative thick-layer, liquid-column, and 
gas chromatography. With the aid of mass and 'H-NMR spectra, and by 
comparison with an authentic sample, the major metabolite, 1, was 
identified as 6,8-diethyl-2-hydroxymethyl-tetrahydrooxazolo-[3,2-c]- 
pyrimidine-5,7(4H,6H)-dione, Metabolite 2 as l-allyl-3-ethyl-5-(1- 
hydroxyethyl)-6-methylthiouracil, Metabolite 3 as l-allyl-3,5-diethyl- 
6-methylthiouracil, and Metabolite 4 as 6,8-diethyl-2-hydroxymethyl- 
tetrahydrothiazolo-[3,2-c]pyrimidine-5,7(4H,6H)-dione. The mechanism 
of the formation of sulfur-containing metabolites is discussed, and a new 
metabolic pathway for the formation of methylthio compounds is pro- 
posed. 


Keyphrases 2-'4C-1-Allyl-3,5-diethyl-6-chlorouracil-isolation and 
structures of the sulfur-free and sulfur-containing metabolites, mecha- 
nism of biotransformation Metabolites-2-14C-l-allyl-3,5-diethyl- 
6-chlorouracil, isolation and structures of the major sulfur-free and sul- 
fur-containing, mechanism of biotransformation Biotransforma- 
tion--2-14C-1-allyl-6-chlorouraci1, isolation and structures, sulfur-free 
and sulfur-containing metabolites, mechanism S~lfur-2- '~C-l-  
allyl-3,5-diethyl-6-chlorouracil metabolites, isolation and structures, 
mechanism of biotransformation 


1-Allyl-3,5-diethyl-6-chlorouraci11 (I) has shown 
promising therapeutic activity against herpes simplex and 
vaccinia virus (1,2) and is used for the external treatment 
of herpes and other viral infections of the skin and mucous 
membranes. Its absorption in human skin and excretion, 
distribution, and metabolism in rats and rabbits using 
14C-I were reported previously (3). The isolation and 
structure determination of the major and three minor 
metabolites are reported in this study. 


EXPERIMENTAL2 


Application-For the isolation of the metabolites, four male rabbits, 
each 2-2.5 kg, were kept in metabolism cages. Each rabbit was given 5 
mg of I4C-I daily [specific activity 0.073 mCi/mmole (3)] mixed in the food 
over a period of 3 months. They were given dry food3 and water and kept 
under normal laboratory conditions. The urine samples were collected 
daily and frozen to avoid any decomposition. 


Radioactivity Measurements-The radioactive zones on TLC plates 
were located with a thin-layer scanner4. The radioassay in the solution 
was carried out in a two-canal scintillation countel5, using a scintillation 
solution of lo00 ml of dioxane, 180 g of naphthalene, 8 g of 2,S-diphenyl- 
oxazole, and 0.1 g of 1,4-bis[2-(4-methyl-5-phenyl-oxazolyl)] benzene. 
The external standardization technique was employed. An aliquot (0.1 
ml) of the sample solution was directly mixed into the scintillation so- 
lution and measured for radioactivity. 


Acluracil, Robugen GmbH, 7300 EsslingenDIeckar, West Germany. 
2 Melting points were taken on a Tottoli (Buchi, Switzerland) apparatus and 


are uncorrected. Mass spectra were measured at an ionizing potential of 70 eV with 
a CH-7 Varian MAT spectrometer usin a direct evaporator inlet system or by 
combination with a gas chromatograph. FH-NMR were recorded on a Varian HA- 
100 or Bruker XL-90 spectrometer using deuterochloroform, deuterobenzene, or 
carbon tetrachloride as the solvent and trimethylsilane as the internal standard. 


Altromin, Altromin, LageLippe, West Germany. 
4 Dr. Rudolf Berthold Co., Wildbad. West Germany. 
6 Tri-Carb model 3950, Packard Instrument Co., La Grange, Ill. 


Chromatography-Analytical TLC was performed on 20 X 5-cm (0.25 
mm) silica gel plates6. The solvent system was petroleum ether-ethyl 
acetate (l:l, v/v). Preparative TLC was performed on 20 X 20-cm (2 mm) 
silica gel plates with the described solvent system. Column chromatog- 
raphy was carried out on 0.05-0.2-mm silica gel with increasing propor- 
tions of ethyl acetate in petroleum ether. 


Gas Chromatography-Analytical GLC determinations were per- 
formed on a gas chromatograph7 equipped with a flame-ionization de- 
tector. The chromatographic column was glass tubing (1.5 m X 0.4-mm 
i.d.1 packed with 3% SE-30 on 100-120 mesh Varaport 30. The operating 
conditions were: injection port temperature, 230'; oven temperature, 
200'; detector temperature, 250'; and nitrogen (carrier gas) flow rate, 
20 ml/min. 


Preparative gas chromatography was performed on a gas chromato- 
graph8 with a flame-ionization detector. The chromatographic column 
was aluminum tubing (4 m X 6-mm i.d.) packed with 3% SE-30 on 
100-120 mesh Varaport 30. The operating conditions were: detector/ 
injector temperature, 225'; exit tip temperature, 200'; column oven 
temperature, 200°, isotherm; split 1:14; and nitrogen (carrier gas) flow 
rate, 350 ml/min. 


Metabolite Isolation-The urine was adjusted to pH 7 and extracted 
in a liquid-liquid extractor with ether for 96 hr yielding -90% of the ra- 
dioactivity (Extract A), which on TLC showed Metabolites I, 2, and 3 
in the ratio 8.5:1.0:0.5 (3). GLC also showed Metabolite 4 (0.3%) but no 
unchanged I. For the isolation of the metabolites, Extract A was first 
purified to remove major impurities. I t  was applied on preparative TLC 
plates in a linear form and developed in the solvent system. 7 he silica 
gel beyond the start line was removed, extracted with methanol in a 
soxhlet apparatus, solvent removed, and concentrated nearly to 5 ml. The 
process was repeated again. Purified Extract A (30 pCi or 100 mg of total 
metabolites) was concentrated to dryness and taken up in petroleum 
ether. It was loaded on a glass column (80 X 3 cm), filled with silica gel 
and eluted with increasing proportions of ethyl acetate in petroleum ether 
using an automatic fraction collector. Eight hundred 20-ml fractions were 
collected. A radioassay was carried out with each fraction. The loaded 
radioactivity was recovered fully. The following eluates were pooled to- 
gether and concentrated after analysis in GLC: 


100-150 (25% ethyl acetate in petroleum ether)-Metabolite 3 
151-250 (30% ethyl acetate in petroleum ether)-Metabolite 2 
450-650 (65% ethyl acetate in petroleum ether)-Metabolite 1 
651-800 (70% ethyl acetate in petroleum ether)-Metabolite 4 


The concentrated eluate of Metabolite 1 was brown-colored. It was loaded 
on a silica gel column and eluted with 60% ethyl acetate in petroleum 
ether. The solvent was removed and the residue was twice crystallized 
from methanol to yield 45 mg of Metabolite 1, mp 163-164'. Metabolites 
2-4 could not be further purified by column chromatography. GLC 
showed the presence of a number of impurities. The substance was 
therefore purified by preparative GLC, to yield 20 mg of Metabolite 2 
and 8 mg of Metabolite 3. Attempts to isolate and purify Metabolite 4 
failed due to the minimal amount. 


Synthesis-Metabolite I (6,8-Diethyl-Z-hydroxymethyl-tetrahy- 
drooxazolo-[3,2-c]pyrirnidine-5,7(4H,GH)-dione) - 6,S-Diethyl-Z- 
bromomethyl-tetrahydrooxazolo[3,2-c]pyrimidine-5,7(4H,6H)dione (1.5 
g, 5 mmoles), prepared according to the literature method (4), was dis- 
solved in 10 ml of dimethylformamide and heated under reflux for 10 hr 
with silver acetate (20 mmoles), which was obtained by heating 2.8 g of 
silver carbonate and 20 ml of acetic acid. After cooling, the insoluble 


~~ ~~ 


Silica eel HF254. E. Merck AG, Darmstadt, West Germany. 
Aerograph 1740, Varian. 
Aerograph 712, Varian. 
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material was filtered off and the solvent evaporated. The residue was 
dissolved in chloroform and washed with a saturated solution of sodium 
bicarbonate followed by water. The organic layer was dried over sodium 
sulfate and filtered through active charcoal and the solvent was removed 
in uacuo. The residue was dissolved in methanol (10 ml). A solution of 
0.6 g of sodium hydroxide in 3 ml of water was added and the reaction 
mixture kept for 16 hr a t  room temperature. The solvent was removed 
in uacuo and the residue dissolved in methanol-water (1:l) and loaded 
on an ion-exchange resing (H+) column and eluted with methanol-water 
(1:l). The eluates were pooled together and evaporated in uacuo and the 
residue crystallized from ethyl acetate-petroleum ether mixture to give 
Metabolite 1, mp 162.5-163.5', in a 40% yield. 


Anal.-Calc. for CllH16N204: C, 55.01; H, 6.71; N, 11.65. Found: C, 
55.52; H, 6.28; N, 11.08. 


Metabolite 3 (I-Allyl-3,5-diethyl-6-methylthiouracil)-Methyl 
mercaptan (10 g, 0.2 mole) in methanol was added to 50 ml of a 30% 
methanolic sodium methoxide solution. Compound I (36.4 g, 0.15 mole) 
was added with stirring. The reaction mixture was refluxed with stirring 
for 24 hr and poured into water. I t  was extracted with chloroform, the 
solvent evaporated, and the residue distilled in uacuo to give Metabolite 
3, bp 109°/0.02 mm, in 36% yield. 


Anal.-Calc. for C12HlsN202S: C, 56.67; H, 7.13; N, 11.01; S, 12.61. 
Found: C, 56.70; H, 7.35; N, 11.31; S, 12.52. 


Metabolite 4 (6,8-Diethyl-2-hydroxyrnethyl-tetrahydrothiazolo- 
[3,2-c]pyrirnidine-5,7(4H,6H) -dione) - 1 - (2',3'-Epoxypropyl) -3,5- 
diethyl-6-chlorouracil(2.6 g, 10 mmoles), prepared according to the de- 
scribed method (5), was dissolved in dry dimethyl sulfoxide (20 ml) and 
sodium hydrogen sulfide (1.1 g, 20 mmoles) was added. The reaction 
mixture was then concentrated in uacuo and the residue poured into 
water. After it was extracted twice with methylene chloride, the organic 
layer was dried over sodium sulfate. The solvent was removed and the 
milky viscous liquid was purified by column chromatography using silica 
gel (0.05-2 mm) with methylene chloride as elution solvent to give Me- 
tabolite 4, mp 83O, in 40% yield. 


Anal.-Calc. for CllH16N203S: C, 51.54; H, 6.25; N, 10.93; S, 12.54. 
Found: C, 50.86; H, 6.55; N, 10.44; S, 12.12. 


RESULTS AND DISCUSSION 


Mass and 'H-NMR Spectrum of I-In the 'H-NMR spectrum of I, 
both methyl groups appeared as triplets a t  6 1.08 and 1.20 ppm. The 
methylene group at  N-3 appeared as a quartet a t  6 3.93, and the meth- 
ylene group at  N-1 appeared as a doublet a t  6 4.65 ppm. In the allylic 
protons of 


HLl 
Ha appeared at  6 5.94 ppm as a multiplet, Hb at  6 5.22 ppm as a doublet, 
and H, a t  d 5.17 ppm as a doublet ( J a b  = 12 Hz, J,, = 17 Hz). 


In the mass spectrum, the intensity ratio of the signals a t  rn/z 242/244, 
227/229,201/203,171/173, and 156/158 showed the presence of chlorine. 
The loss of ethyl isocyanate, C2H5CNO (242 - 171 or 227 - 156) sup- 
ported by metastable peaks m* in the final sequence is characteristic of 
uracil and barbituric acid derivatives in a retro-Diels-Alder fragmentation 
(6-8). The fragmentation of I can be formulated according to Scheme 
I. 


Structure of Metabolite 1-In the mass spectrum of the metabolite, 
the major fragmentation is formulated according to Scheme 11, the for- 
mula of each fragment being established by high resolution mass spec- 
trometry. Direct correlation between the fragments is demonstrated by 
the appearance of the metastable peaks m*. The mass spectrum of the 
metabolite showed the absence of chlorine in the molecule. First, the 
@-methyl group at  C-8 was cleaved off the molecular ion leaving a highly 
stabilized cation. Next, the substituent a t  N-4 was removed: the expulsion 
of C3H40 showed one oxygen having been incorporated into the allylic 
side chain, while the other oxygen was bonded to the pyrimidine ring 
system. The loss of ethyl isocyanate (CzH&NO) in the final sequence 
was similar to that of I. In the 'H-NMR spectrum (CDCls), a signal ap- 
peared at  6 2.80 ppm (1 H) which, being exchangeable with deuterium 
oxide and also rather susceptible in position and line shape to both 
temperature and concentration, must be attributed to an hydroxide 
group. Since it was split into a triplet ( J  = 6.0 Hz), the metabolite must 


c n 2 - c H - c H  


m/z 242 


I *  R, 121 


1 


cn -CH-CH 
1 2  


mlz 227 


In* 107 I 
- *  J 


m/z 171 KC' m/z 156 


I 
w,c3-N@c 


m/z 136 
Scheme I 


contain a -CH20H moiety. The lone C-2 proton appeared at  the lowest 
field, split into seven lines (not a heptuplet). The methylene proton a t  
both C-3 and exocyclic carbon were nonequivalent, however, rendering 
the spectrum unsusceptible to fmt-order analysis. The theoretical spectra 
for Metabolite 1 and for closely related compounds prepared by inde- 
pendent synthesis were calculated and fitted to the experimental data 
within f O . O 1  Hz. Table I lists the data thus obtained which confirm the 
heterobicyclic structure for the metabolite. In each case, the less shielded 
C-3 protons were assigned to HA by virtue of the larger coupling to HC 
(J  cis > J trans for five-membered ring) (9). Spectral analysis of all 
compounds listed in Table I additionally was complicated by the N-CH2 
quartet being superimposed upon the partial spectra of HA, HB, and HDP. 
By changing the solvent from CDCl3 to C&, however, all protons sit- 
uated on the fused five-membered ring appeared better shielded by 
0.8-1.3 ppm, while signals of the N-6 and C-8 substituent protons were 
shifted slightly to lower field. Apparently, the benzene molecules orient 
themselves in a manner known from other amide spectra (10): farthest 
away from the negative end of the N-C-0 dipole, thus, placing sub- 
stituents a t  N-4 and C-9 directly within the diamagnetic shielding cone 
due to arene ring current. If spectra accumulation was possible, the rather 
low solubility of these compounds in benzene (<5 X molehiter) was 
more than offset by the well separated partial spectral0. These data es- 
tablish Metabolite 1 as 6,8-diethyl-2-hydroxymethyl-tetrahydrooxa- 
zolo-[3,2-c]pyrimidine-5,7(4H,6H)-dione. The metabolite structure was 
confirmed by its independent synthesis; the synthetic Metabolite 1 mass 
spectrum and 'H-NMR, GLC, and TLC data were identical with those 
of the isolated product. 


Structure  of Metabolite 3-The mass spectrum of Metabolite 3 
showed the absence of chlorine in the molecule. The methyl group was 
also cleaved off here (254 - 239) and in a retro-Diels-Alder reaction 
supported by metastable peaks, the loss of ethyl isocyanate (239 - 168) 
subsequently took place. In this respect, the fragmentation was similar 


I I  
H2c - CH-CH n2c - ~ C H - C H  M 


mlz 240 m / z  225 


ri 
mi% 169 mlz 98 


Scheme I I  


Dowex 50 W X 4, Dow Chemical Co., Midland, Mich. 
~~ ~ ~~ 


lo In nitrobenzene-& the effect is lost completely. 
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Table I--'H-NMR Data of Tetrahydrooxazolo[ 3.2-c]pyrimidine-5,7(4H.GH)-dione Derivativesa 


X R1 R2 Solvent HCb HA HB HD,HE Jac Jbc Jdc,ec J a b  R' R' 


Br 


Br 


OCH3 


OHFd 


CDC13 
(0.1 M )  
CsDs 


(0.01 M )  
CDC13 


(0.003 M )  
CDC13 
(0.1 M) 
C6D6 


(0.1 M )  
CDC13 
(0.1 M )  
C6D6 


(0.005 M) 


5.124 4.277 4.061 3.639' 8.36 6.05 5.25 -10.90 CH2 3.962 CH2 2.354 
CH3 1.213 CH3 1.072 


3.794 3.265 3.207 2.470 8.44 6.17 5.29 -10.75 CH2 4.070 CH2 -2.51 
CH3 1.259 CH3 1.23 


5.222 4.341 4.151 3.67gC 8.55 6.12 4.84 -10.86 N-H -7.88 CsH5 multi- 
plet 


4.981 4.156 4.016 3.687 8.64 6.69 3.70 -10.45 CH2 3.959 CH2 2.356 
3.645 4.49 CH3 1.208 CH3 1.064 


3.890 3.276 3.264 2.781 8.72 6.63 3.84 -10.30 CH2 4.074 CH2 2.558 
2.665 4.37 CH3 1.247 CH3 1.247 


4.982 4.173 4.100 4.030 8.59 6.94 3.35 -10.51 CH:! 3.951 CH2 2.314 
3.831 3.71 CH? 1.204 CH? 1.051 


3.678 3.165 3.337 2.956 8.71 6.82 3.51 -10.32 CH; 4.092 CH; 2.540 
2.714 4.02 CH3 1.267 CH3 1.255 


0 6 (ppm) relative to tetramethylsilane as internal standard; J (Hz); 30". All spectra were measured at 90 MHz by Pulse-Fourier-Transform technique (8k interferogram, 
dwell tune 560 or 840 psec); number of scans varied between loo0 and 20,000, depending on concentration. * Values of S and J given for HA-HF were obtained from theoretical 
s ectra calculated with programs ITRCLl and ITRCLS (NICOLET users society) on a NICOLET BNC-12. Spectra show some evidence of HD,HE-nonequivalence. 
BSo~F 2.791 ppm, Jd, = 5.48 Hz, Je, = 6.52 Hz. 
to that of I, as also the fragment at  mlz 136 appeared in both the spectra. 
The intensity of ions a t  m + 2 with 5.1% relative intensity and the loss 
of 47 mass units showed the presence of an SCH3 group. The fragmen- 
tation of Metabolite 3 can be formulated according to Scheme 111. In the 
'H-NMR spectrum (CDCla), near the signals of unchanged ally1 and alkyl 
groups, a singlet appeared a t  6 2.44 (3 protons) showing the presence of 
an SCHs group. These data establish Metabolite 3 as 1-allyl-3,5-di- 
ethyl-6-methylthiouracil, which was further confirmed by an independent 
synthesis. The synthetic Metabolite 3 mass spectrum, lH-NMR, GLC, 
and TLC data were identical with those of the isolated product. 


Structure of Metabolite 2-In the mass spectrum the intensity ratio 
of the ions at mlz 2721270 and 2571255 with 6.5% relative intensity showed 
the presence of sulfur. The fragmentation pattern of Metabolite 2 
(Scheme IV) was identical with I and Metabolite 3. The behavior of 
certain ions showed the presence of a hydroxyethyl group. The methyl 
group at C-5 was knocked off (270 - 255) and then a water molecule was 
eliminated (255 - 237), and in a retro-Diels-Alder reaction, the ion a t  
rnlz 166 was formed. By loss of a hydroxyethyl group, the ion a t  mlz 225 
was formed and subsequently by retro-Diels-Alder reaction the ion a t  
mlz 154 also formed. The loss of an ally1 group with 41 mass units was 
also similar to the fragmentation of I and Metabolite 3. 'H-NMR showed 
the protons of allylic and N-ethyl groups. The singlet a t  6 2.43 ppm (3 
protons) was assigned to  an SCH3- group. A doublet a t  6 1.55 ppm (3 
protons) was assigned to an hydroxide group. Due to nonavailability of 
the synthetic product, a comparison could not be made but these data 
confirm the Metabolite 2 as 1 -allyl-3-ethyl-5- ( 1 -hydroxyethyl) -6- 
methylthiouracil. 


Structure  of Metabolite 4-As Metabolite 4 could not be isolated, 
its structure, 6,8-diethyl-2-hydroxymethyl-tetrahydrothiazo~o-[3,2-c]- 
pyrimidine-5,7(4H,6H)-dione, was based on mass spectra obtained by 


, CH -CH -CH 


miz 254 


0 


mlz 207 


mlz 270 
P I - .&""3 


- _  
m/z 255 


I m* 2 2 0 . 5  


mh 225 mlz 237 


mlz 154 rnlz 166 
Scheme I V 


the combination of CLC-mass spectrometry. In the mass spectrum of 
the metabolite, the metastable peaks establish the following major 
fragmentation: 


m' 221 m* 120 
mlz 256 mlz 241 mlz 170 


The intensity of the ions at  m + 2 with 5.1% relative intensity showed the 
presence of sulfur. First, the @-methyl group at  C-8 was cleaved off the 
molecular ion (256 - 241) leaving a highly stabilized cation. The loss of 
ethyl isocyanate (241 - 170) by a retro-Diels-Alder fragmentation sup- 


0 1: 
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/ c  
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Scheme III  


' /  
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Scheme VI 


ported by a metastable peak in the final sequence is characteristic of 
uracil and barbituric acid derivatives. The structure of the metabolite 
was confirmed by its independent synthesis. The synthetic Metabolite 
4 showed the fragmentation pattern as shown in Scheme V, the molecular 
formula of each fragment was established by high resolution mass spec- 
trometry. The mass spectrum of Metabolite 4 was identical in all respects 
with the synthetic product, and thus established its structure as 6,8- 
diethyl - 2 - hydroxymethyl-tetrahydrothiazolo-[3,2-c]pyrimidine-5,7- 
(4H,6H) -dione. 


Mechanism of Biotransformation-Metabolite 1 --In the formation 
of Metabolite 1, the first step is epoxidation of the allylic double bond 
of I followed by hydrolysis to propane-2,3-diol as described for analogous 
compounds (11). Subsequently, the fl-hydroxy group substitutes the 
heterocyclic chlorine, thus forming the fused bicyclic Metabolite I uia 
an intramolecular SN reaction. 


Metabolites 2-4-Recently, the formation of sulfur-containing me- 
tabolites from sulfur-free drugs has developed increasing interest. The 
methylthio (-SCH3) metabolites have been reported in a number of 
drugs (12-18). The origin and the mechanism of formation of these 
methylthio metabolites is not known so far. Two pathways have been 
proposed: direct attachment of a methylthio group and transformation 
of mercapturic acids or glutathione conjugates (19,20). Metabolite 4, due 
to its unique structure, supports the mechanism of the formation of 


methylthio metabolites uia the formation of an intermediate thiol 
(-SH). A bicyclic sulfur-containing barbituric acid derivative of this type 
as a product of biochemical degradation has not yet been reported in the 
literature. A new metabolic pathway for the formation of this sulfur- 
containing Metabolite 4 and for the methylthio metabolites, 2 and 3, is 
proposed according to Scheme VI. In the formation of Metabolite 4, the 
first step is the substitution of chlorine by a thiol group forming an in- 
termediate compound (11). This reaction may be enzymatic. The epox- 
idation of the double bond takes place giving Compound 111. Subse- 
quently, the sulfur atom attacks the &carbon atom of the epoxide ring 
thus forming the fused bicyclic Metabolite 4 uia an intramolecular SN- 
reaction. The formation of methylthio Metabolites 2 and 3 may take place 
through this intermediate (II), as the enzymatic methylation of the thiols 
is reported in uitro and in uiuo (21). It seems that the methylation of the 
intermediate (11) is a fast preferential reaction, therefore, larger amounts 
of Metabolites 2 and 3 are formed. The epoxidation of I1 is a slow specific 
reaction. The epoxide (111) is unstable. It has a pronounced tendency to 
ring closure leading to the stable Metabolite 4. 
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Abstract 0 The major metabolite of sulpiride, N-[( 1-ethyl-2-pyrroli- 
dinyl)methyl]-5-sulfamoyl-2-anisamide (I), in the monkey is N-[(l- 
ethyl-5-oxo-2-pyrrolidinyl)methyl]-5-sulfamoyl-2-anisamide (11). It is 
also a metabolite in other laboratory animal species and possibly at  very 
low levels in humans. Treatment of the urine from a monkey dosed orally 
with I4C-I by dry column chromatography and high-pressure liquid 
chromatography (HPLC) produced the major metabolite in pure form. 
Characterization of the purified 14C-radiolabeled metabolite by proton 
NMR, TLC, HPLC, and chemical ionization mass spectroscopy, along 
with subsequent comparison of a synthetically prepared sample, gave 
unequivocal structural confirmation. 


Keyphrases CI Sulpiride-isolation, identification, and synthesis of 
major metabolites, monkeys High-pressure liquid chromatogra- 
phy-analysis, major sulpiride metabolites, monkeys 0 Metabolites- 
sulpiride, isolation, identification, and synthesis, monkeys 


Sulpiride (I) is a structurally unique antipsychotic drug. 
Studies utilizing 14C-labeled I indicated that, while this 
drug is metabolized to a very small extent in humans, the 
monkey produces a major metabolite which accounts for 
10-30s of a single dose (1). Column chromatography on 
a strong cation exchange resin, with dilute acid, rapidly 
eluted this major metabolite, whereas I was retained. This 
behavior suggested that the metabolite was rendered less 


basic than the parent drug by a metabolic change on the 
pyrrolidine ring. 


There are several model chemical compounds that 
possess a pyrrolidinyl moiety either as a fused five-mem- 
bered ring or as the saturated heterocyclic structure 
analogous to I. Among these are mazindol (III), prolintane 
(IV), and tremorine (V). 


One of the major biotransformations of these chemical 
models (Structures 11,111-V) in analogous animal species 
is the oxidation of the alpha position of the five-membered 
ring to the lactam structures (VI, VII, and VIII). These 
metabolic changes suggest that I would be similarly bio- 
transformed. It has been reported (2) that the metabolite 
oxytremorine (VI) is physiologically active and provided 
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V: X = 2H; VIII: X = 0 


further impetus for identification, synthesis, and biological 
evaluation of this suspected metabolite. 


EXPERIMENTAL 


Isolation of the Metabolite by Dry Column Chromatography- 
Urine from a male monkey (Macaca mulatta) which had been dosed 
orally with [ 14C]3,4-pyrrolidine sulpiride (I) was dissolved in Solvent 
System I [I-butanol-acetic acid-water (2:2:1)] and placed on a nylon 
column (25-mm flat width X 280-mm flat length) packed with dry silica 
gel' to a height of 250 mm. When the elution was complete, the column 
was divided into 11 segments (25 mm each), excluding the upper and 
lower portions of the column which were discarded. The segments were 
slurried with absolute methanol (25 ml) and 10-p1 aliquot portions were 
collected, diluted with 10 ml of scintillation cocktail2, and counted in 
liquid scintillation counter. The results are plotted in Fig. 1. Fractions 
from segments 11-V were slurried with methanol, filtered (0.5-pm filter), 
and concentrated under dry nitrogen. The residue was dissolved in Sol- 
vent System V [5 ml of propanol-NH4OH (91)] and eluted with the same 
size column used for Solvent System I. When the elution was complete, 
the column was treated as above; the data are plotted in Fig. 2. Fractions 
6-8 were diluted further, filtered, and concentrated under dry nitrogen. 
The residue was extracted with methylene chloride (25 ml), and two al- 
iquot portions (50 pl) were removed and counted. The results showed that 
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Figure 1-Radiolabeled sulpiride and the metabolite. 


1 Grace, 60-200 mesh. 
2 Hydromix. 


+direction of solvent flow 
DISTANCE, rnrn 


Figure %-Radiola beled metabolite. 


239 pg of crude metabolite had been isolated. 
Purification of t he  Metabolite by HPLC-The methylene chloride 


solution containing -239 pg of radioactive material was concentrated 
to -1.2 ml under nitrogen and filtered through a 0.5-pm filter. The fil- 
tered solution was loaded into a high-pressure liquid chromatographic 
(HPLC) injection assembly and the solvent overflow was collected and 
counted; it contained no detectable radioactivity. At zero time, the sample 
was injected on a preparative HPLC column3 and the program initiated. 
A 50-min concave program from 100% water to 100% acetonitrile a t  2.8 
ml/min and with UV detection at  290 nm was used. The fractions were 
collected a t  5-min intervals or when necessary by elution of a peak. Ali- 
quots of up to 0.5 ml were taken from each vial for liquid scintillation 
counting. After four runs, it was determined by UV absorption and liquid 
scintillation counting that three vials (Fig. 3) contained -77, 17, and 7 
pg, respectively, of radioactive material. The vial with the highest ra- 
dioactivity was concentrated under nitrogen and examined by 'H- 
NMR. 


Identification-NMR Analysis of the Metabolite-The sulpiride 
metabolite sample which had been purified by dry column chromatog- 
raphy and HPLC was dried in a conical vial. The vial was placed under 
a nitrogen blanket (water free), and 6 pl of dimethyl sulfoxide4 was added 
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Figure 3-Isolation of the radiolabeled metabolite by HPLC. 


3 Varian Micropak C-H. 
100% deuterated, Merck. 
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Figure 4-Comparison of the elution times of radiolabeled metabolite 
and internal standard. 


to the vial. When the material had dissolved, the solution was transferred 
uia capillary action to a 1-mm glass tube and the ends sealed with corks. 
The tube was removed from the nitrogen blanket and sealed immediately 
with a torch. The 100 MHz 'H-NMR spectrum was obtained using 
Fourier transform spectroscopy. The time average of 4872 free induction 
decays (collected with a 1-sec acquisition time) yielded the following 
spectrum: 6 0.98 (triplet, J = 7 Hz, CH3), 1.75-2.26 (multiplet, 2CHz), 
2.87-3.59 (multiplet, CH, 2CHA 3.88 (singlet, CH& 7.21 (singlet, NH2), 
and 7.29-8.31 (multiplet, 3 aromatic). Analysis of this spectrum compared 
to that of sulpiride suggested that the metabolite had the structure of 11. 
The 'H-NMR spectrum of synthetic I1 was obtained a t  a later date in a 
similar manner and was essentially identical to that of the metabolite. 


Chemical Ionization Mass Spectral Analysis of the Metabolite and 
the Synthetically Prepared Material-The data for the purified me- 
tabolite sample were of good quality, probably because of the higher 
purity. The methane chemical ionization mass spectrum shows the pro- 
tonated molecular ion of the a-pyrrolidinone derivative at mass spectrum 
356 and also association ion peaks for ( M t ,  CzH5)+ a t  384 and ( M t ,  
C3H5)+ a t  396. However, a second component was also observed with 
peaks at  370 and 398, implying a molecular weight of 369. The amount 
of this component cannot be estimated from the chemical ionization mass 
spectroscopic data, but is probably <lo% of 11, since i t  was not readily 
observed in the 'H-NMR data. This second component was probably a 
derivative of sulpiride which was oxidized at  two positions on XVI. 
A mass spectral scan of synthetic I1 showed a multitude of ions and could 
not be readily interpreted. Evidently the impurities in the preparation 
were masking the major component, perhaps due to higher volatility or 
stability. 


HPLC Analysis of the Metabolite-A high-pressure liquid chroma- 
tograph equipped with a valve-loop injector (10 pl), an amino column5, 
and a variable wavelength detector set a t  240 nm was used. The mobile 
phase was prepared by adding 15 ml of concentrated ammonium hy- 
droxide to a 400-ml mixture of 97.5 acetonitrile-2.5% water. This mixture 
was pumped through the column at  1 ml/min. Using this system I eluted 
a t  3.3 min, with an internal standard of p-toluenesulfonamide eluting 
a t  1.0 min (Fig. 4). 


CH30 0 0 
I II I I  - 


/ $O,NH, 
XVI 


~~ 


5 Varian Micropak-NHS. 


NaH 
CiHd 


IX 


0C4HS-n (CH&NCHO ' 5T 68% H 
X 


0 


ow n NaBH4 


) 0 23% 


XI 
Tosyl Chloride 


/ 71% 


XI1 


0 


67% 


XI11 


SO,NH, 


(no t  isolated) xv 
XIV 


SO,NH, 7.2% 


I1 
Scheme I-Synthetic route to  11. 


A solution of 1.8 mg of I1 in 5 ml of acetonitrile was prepared. A 10-pl 
aliquot was injected and a retention time of 1.9 min measured (Fig. 5A). 
A sample of the radioactive metabolite was dissolved in 1 ml of acetoni- 
trile, and a 5-pl aliquot was injected. The retention time by UV absorption 
and collected radioactivity was found to be 1.9 min (Fig. 5B), identical 
to that of the synthetic material. The two chromatograms are shown in 
Fig. 5. 


Synthesis of Metabolite 11-Butyl-5-onopyroglutamate (X)- 
Scheme I shows the synthesis of 11: A 2-liter flask containing l(-)-glu- 
tamic acid (IX) (147 g, 1.0 mole) and 1-butanol(625.0 g, 8.45 moles) was 
stirred at  room temperature. The suspension was treated with concen- 
trated sulfuric acid (125.0 g, 1.27 moles) in portions and gave a clear so- 
lution. The reaction was heated at  reflux with the removal of water for 
25 hr and the pH adjusted to 4.5 with 1 N Na2C03 and concentrated in 
uacuo. The viscous oil obtained was stirred with benzene (500 ml) while 
adjusting the pH to 9.5 with 2 N NaOH. The organic layer was separated, 
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Table I-Elemental Analysis of Compounds 11, X-XIV 


Compound Empirical Elemental analyses: (Calc) Found 
Number Formula mphp '  C H N S 


58.74 
(58.36) 
63.25 


(61.95) 
58.26 


(58.72) 
56.65 


(56.54) 
59.53 


(59.13) 
48.70 


(50.69) 


8.56 
(8.16) 
9.63 


(8.98) 
9.38 


(9.15) 
6.51 


8.53 - 
(7.55) - 
7.05 - 


fC.56) - 
\ - - - - ,  


9.72 - 
(9.77) - 
4.99 10.76 


(6.44) (4.70) (10.78) 
9.79 - - 


(9.92) - - 
5.83 10.98 11.30 


(5.95) (11.82) (9.02) 


and the aqueous layer was further extracted with benzene (2 X 250 ml). 
The organic layers were combined, washed with saturated sodium chlo- 
ride solution, and concentrated to give a lightly colored oil. The oil was 
distilled (160-165', 1.7 mm) to give 126.0 g (68%) of a colorless 
product. 


Butyl- N-ethyl-5-oxopyroglutamate (XI)-A 500-ml flask equipped 
with a mechanical stirrer, reflux condenser, thermometer, and funnel was 
used. Compound X (37.0 g, 0.2 mole) was dissolved in dimethylformamide 
(200 ml, previously dried over 4-A molecular sieves for 24 hr). Sodium 
hydride (9.5 g of 50% dispersion, 0.2 mole) was added in portions, the 
reaction exothermed to 50°, and the solution became amber. The reaction 
was maintained a t  50' for 1 hr and then cooled. Ethyl iodide (31.2 g, 0.2 
mole) was then added dropwise a t  a rate sufficient to maintain a tem- 
perature of 50'. After the addition was complete, the reaction was heated 
a t  50' for 2 hr and stirred to room temperature overnight. The reaction 
mixture was poured into water (1000 ml), extracted with carbon tetra- 
chloride (3 X 600 ml), dried over magnesium sulfate, filtered, and con- 
centrated to give 35.5 g of crude product. The crude material was distilled 
(136O, 0.75 mm) to give 18.7 g (44%) of pure product. 
N-Ethyl-5-hydroxymethyl-2-pyrrolidinone (XII)-A 250-ml flask 


equipped with a magnetic stirrer, reflux condenser, thermometer, and 
funnel was used. Compound XI (25.0 g, 0.12 mole) was added dropwise 
to a solution of absolute methanol (120 ml) containing sodium borohy- 
dride (11.4 g, 0.30 mole) a t  room temperature. The addition of the ester 
caused an exotherm and the reaction temperature was maintained below 
50' with ice. When the addition was complete, the reaction was heated 


- 
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A 


i; 
c 


1 2 3 4 5  
0 
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Figure 5-Comparison of the elution times of the synthetic ( A )  and 
radiolabeled metabolite (B) .  


a t  reflux overnight. The reaction mixture was concentrated, the viscous 
oil slurried with a minimum amount of anhydrous ethanol, then chro- 
matographed on a glass column (58 mm X 600 mm) which had been 
packed with slurried silica gel'. The product was eluted with ethanol, 
concentrated, and the oil obtained was extracted into benzene, dried over 
magnesium sulfate, filtered, and concentrated to give 12.2 g (71.2%) of 
pure product. 
N-Ethyl-5-tosylmethyl-2-pyrrolidinone (XI1Z)-A 100-ml flask 


equipped with a reflux condenser and drying tube was used. Compound 
XI1 (7.24 g, 50.77 mmoles), 4-toluenesulfonyl chloride (19.1 g, 100.0 
mmoles), and triethylamine (10.1 g, 100.0 mmoles) were dissolved in 
methylene chloride (50 ml) and heated overnight. The rection mixture 
was poured into dilute sodium bicarbonate solution (10 ml of a saturated 
solution was diluted to 100 ml), the layers were separated, and the organic 
layer was extracted with 0.1 N HCI (2 X 100 ml), dried over magnesium 
sulfate, filtered, concentrated, and refrigerated, overnight. The tan solid 
obtained was stirred with heptane (5 X 100 ml), filtered, and air dried 
to give 10.15 g of product (mp 80-82'). The product was crystallized from 
ethyl acetate-heptane (1:l) (mp 84-85O, 67% yield). 
N-Ethyl-a-aminomethyl-2-pyrrolidinone (XW-A 300-ml stainless 


steel autoclave equipped with a pressure gauge (1 X lo3 psi) was em- 
ployed. Ethanol (200 proof, 100 ml) was cooled and saturated with am- 
monia for 1.5 hr. N-Ethyl-5-tosylmethyl-2-pyrrolidinone (XIII) (5.0 g, 
16.9 mmoles) was added and the solution was stirred and heated a t  80' 
overnight. The resulting amber solution was diluted with water (30 ml) 
and then the ethanol was removed in uacuo. The remaining aqueous 
solution was cooled and the pH adjusted to 14 with solid potassium hy- 
droxide. The resulting alkaline solution was extracted with ethyl acetate 
(3 X 100 ml) and the aqueous solution was readjusted to pH 14 and fur- 
ther extracted with ethyl acetate ('2 X 100 ml). The organic layers were 
combined and concentrated to a minimum volume and further extracted 
with 1 N HCI (30 ml). The acid solution was made alkaline to litmus, 
extracted with ethyl acetate (3 X 300 ml), dried over magnesium sulfate, 
filtered, and concentrated to give 220 mg of an amber oil (9.3% yield). 


N- [ ( 1  -Ethyl-2-pyrrolidiny1)methyl-5-oxo]-5-sulfamoyl-2-anisamide 
(II)-A 100-ml single-neck flask equipped with a magnetic stirrer, reflux 
condenser, and drying tube was used. Thionyl chloride (50 ml, 0.68 mole) 
and 2-methoxy-5-sulfamoyl-benzoic acid (7.0 g, 26.6 mmole) were mixed, 
pyridine (4 drops) was added, and the reaction was heated a t  reflux 
overnight. The thionyl chloride was removed in uacuo, and benzene (2 
X 50 ml) was added and removed in uacuo to remove the final traces of 
thionyl chloride. 
a-Aminomethyl-N-ethyl-2-pyrrolidinone (XIV) (220 mg, 1.55 mmoles) 


and triethylamine (160 mg, 1.58 mmoles) were dissolved in 10 ml of 
chloroform in a 50-ml flask equipped with a magnetic stirrer and a reflux 
condenser, and cooled in ice. A chloroform solution (3.5 ml) containing 
2-methoxy-5-sulfamoyl-benzoyl chloride (402 mg, 1.61 mmoles) was 
added dropwise (a slight exotherm was observed). The reaction was 
stirred to room temperature and then heated a t  reflux for 3.5 hr. The 
mixture was cooled, concentrated, and the resulting gummy black tar was 
triturated with water and allowed to stand. A gray solid formed, which 
was filtered and air dried, to yield 40 mg of the desired product. Further 
trituration of the solid with absolute methanol followed by filtering and 
air drying gave a gray solid (mp 228" with decomposition, 7.2%). 


The melting points were obtained on a melting point apparatus6 and 
are uncorrected. The elemental analyses for these compounds are given 
in Table I. 


Thomas-Hoover 
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DISCUSSION 


The major metabolite of sulpiride in monkeys was obtained by isolation 
from urine followed by chromatographic purification. The chromatogram 
in Fig. 3 represents the sample that  was submitted for identification by 
'H-NMR, chemical ionization mass spectroscopy, and HPLC. Compar- 
ison for the 1H-NMR spectra of the metabolite and sulpiride showed that 
some biotransformation had occurred to the pyrrolidine ring, where i t  
appeared that alpha oxidation had taken place similar t o  the model 
compounds, VI-VIII. 


This conclusion was further supported by the fact that  sulpiride is 
retained on a cation exchange column, while metabolite I1 can be eluted 
with an acidic solvent system. The different chemical behavior of these 
two species was attributed to the diffe-nces in the basicity of the sul- 
piride pyrrolidine ring nitrogen, which was a tertiary amine prior to 
biotransformation and subsequently was converted into a cyclic amide 
of lesser basicity. The synthesis of compound I1 by an unambiguous route 
(Scheme I) and analysis by 'H-NMR of the synthetic material gave un- 
equivocal evidence that alpha oxidation had occurred. In addition, a 
sample of the radiolabeled metabolite and the synthetically prepared 
sample were compared by HPLC and found to have identical retention 
times (Fig. 5). 


Previous attempts to obtain a mass spectrum on I1 by electron impact 
had failed, probably due to the presence of impurities. Subsequently, 


chemical ionization mass spectral data were obtained on the same sample 
that had been subjected to 'H-NMR. The spectrum was of good quality 
and demonstrated that I1 has a molecular weight of 355. A compound of 
molecular weight 369 (u  10%) was also observed. Although its structure 
has not been identified, i t  has undergone oxidation a t  two methylene 
groups and may be the compound shown by XVI. 


Isolation of the metabolite by column chromatography and purification 
by HPLC with subsequent identification by Fourier transform-NMR, 
chemical ionization mass spectroscopy, HPLC, and unambiguous 
chemical synthesis has shown that the structure of the major metabolite 
of sulpiride is 11. 
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Abstract  New analogs of 2-nitroimidazole have been synthesized in 
an effort to minimize the toxicity and increase selective sensitization of 
hypoxic mammalian cells toward lethal effects of ionizing radiation. 2- 
Nitro-4(5)-acetyl-5(4)-methylimidazole was synthesized from the cor- 
responding 2-amino analog and then reacted with oxiranes to produce 
the corresponding 1 -substituted 2-propanol and 3-methoxy-2-propanol 
derivatives. The biological results of radiosensitizing activity of these 
agents against Chinese hamster cells (V-79) indicated that  the 3-me- 
thoxy-2-propanol derivative was a more effective radiosensitizer than 
misonidazole in uitro. Evaluation of the acute toxicity of these agents as 
determined by LDso demonstrated no significant difference between 
these agents and misonidazole suggesting that the 3-methoxy-2-propanol 
analog may possess a therapeutic advantage over misonidazole. 


Keyphrases 0 Radiosensitizing agents, potential-2-nitro-4-acetyli- 
midazole analogs 2-Nitro-4-acetylimidazole-analogs, potential ra- 
diosensitizing agents Analogs-2-nitro-4-acetylimidazole, potential 
radiosensitizing agents 


In a continuing effort to develop new effective radio- 
sensitizers to sensitize selectively the relatively resistant 
hypoxic tumor cells toward radiotherapy, an additional 
electron affinic acetyl function has been incorporated into 
the 2-nitroimidazole nucleus. A direct correlation between 
the sensitizing efficiency and electron affinity of the ra- 
diosensitizers has been demonstrated (1). Initially, a series 
of 2,4-dinitroimidazoles were synthesized in an effort to 
increase the electron affinity of the 2-nitroimidazole nu- 
cleus (2, 3). The l-(2-hydroxy-3-methoxypropyl)-2,4- 
dinitroimidazole was found to be the most effective radi- 
osensitizer of this series (4). However, the 2,4-dinitroim- 
idazole derivatives were found to be generally more toxic 


than misonidazole (9, an agent currently under clinical 
trials for evaluation as a radiosensitizer. I t  was deemed 
desirable to study the effect of another electron affinic 
group other than the nitro function at the 4-position of the 
2-nitroimidazole nucleus. Accordingly, 4-acetyl substituted 
2-nitroimidazole analogs have been synthesized. This 
modification was thought to be of interest in view of the 
report that 1-methyl-2-nitroimidazole-5-carboxaldehyde 
sensitized the hypoxic Chinese hamster cells in uitro to 
ionizing radiation at  much lower concentrations (25 p M )  
than misonidazole (1). 


BACKGROUND 


It is obvious that an aldehyde function is a metabolically unstable 
group, and perhaps in addition to high electron affinity, lack of an hy- 
droxyl group in the side chain a t  the 1-position may have contributed 
toward enhanced cytotoxicity of this agent. Therefore, the synthesis of 
4-acetyl analogs of 2-nitroimidazole with a 2-hydroxypropyl side chain 
a t  the I-position was undertaken. The molecular design of agents de- 
scribed in this report was also related to the structure of metronidazole, 
a known but less potent radiosensitizer than misonidazole, in that the 
functional groups a t  2- and 5-positions were reversed to provide a 2- 
nitro-5-methyl analog, since 2-nitroimidazoles have been reported to be 
more effective radiosensitizers (6 ) .  


The synthesis of the required intermediate 2-amino-4(5)-acetyl- 
5(4)-methylimidazole (111) was accomplished by the known mononuclear 
1,2,4-oxadiazole imidazole rearrangement with minor modification of 
utilizing sodium methoxide in dimethylformamide rather than sodium 
ethoxide as a base (7). The starting material 3-amino-5-phenyl-1,2,4- 
oxadiazole, readily obtained from hydrolysis of the N,O-dibenzoyl hy- 
droxyguanidine (81, was condensed with an equimolar amount of ace- 
tylacetone in anhydrous toluene in the presence of p-toluenesulfonic acid 
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Figure 2-A comparison of Ax and B X  (heptane-water) values for 
common substituents with benzene as the reference standard. Key: (-) 
B X  (heptane-water) = Ax. 


heptane, as evidenced by small water content of 3.3 X 
M a t  saturation (lo), makes it sensitive to the difference 
in polarity between a substituted and parent (benzene) 
molecules. With X = NH2, CHO, NOz, CN, COCH3, 
COOH, and CHzCOOH attached to benzene, the observed 
TX (heptane-water) values are markedly lower than the 
corresponding Ax values. These results presumably from 
greatly increased polarities of the substituted benzenes 
(over that of benzene), which reduce the compatibilities 
of the substituted benzenes with heptane. Addition of alkyl 
groups to benzene (making the molecules more hydro- 
carbon-like) gives somewhat higher T X  (heptane-water) 
than T X  (octanol-water), as would be expected. Addition 
of halogen groups shows insignificant differences between 
the two sets of TX values. In other words, the values of 
log[(yi)xl(yi)~] in the heptane phase are reasonably close 
to zero for relatively nonpolar substituents but are very 
significant and positive for polar substituents. As a whole, 
those substituents which cause large differences between 
?TX (heptane-water) and A, are the same ones that show 
large differences between ax (heptane-water) and T X  
(octanol-water). 


In conclusion, the correspondence between AX and T X  


in heptane-water is less obvious than in octanol-water, 
because heptane shows greater sensitivity than octanol to 
the polarities of the substituted benzenes. 
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Effect of Water Deprivation on 
Chloramphenicol Disposition Kinetics in 
Humans 


Keyphrases 0 Kinetics, disposition-effect of water deprivation on 
chloramphenicol, humans 0 Chloramphenicol-effect of water depri- 
vation, disposition kinetics in humans 


To the Editor: 


The first study of the effect of water deprivation on drug 
disposition kinetics was recently reported (1). Temporary 
water deprivation causes significant changes in drug me- 
tabolizing enzymes, hormones responsible for water bal- 
ance in the body, and blood chemistry and physiology 
(2-4). Despite these significant changes, little has been 
reported in the literature on the effect of water deprivation 
resulting from various disease states and environmental 
factors on drug disposition kinetics. 


The present study reports the effect of highly restricted 
water intake on chloramphenicol absorption and urinary 
elimination in humans. 


The panel of subjects studied consisted of four healthy 
male volunteers (weight, 60-72 kg; age, 22-24 years). A 
total of 14 days was allowed for the conditioning of the 
subjects for the treatment studies. During the first 11 days, 
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each was allowed 1 liter of water/day, for the next 2 days 
only 350 mllday, and 24 hr before the study only 200 ml of 
watedday. All subjects were fasted overnight. The treat- 
ment studies began at  8 am when chloramphenicol was 
given as 10 ml of suspension’ (250 mg) with 150 ml of 
water. Urine samples were collected afterward on a peri- 
odic basis during an interval of 24 hr and analyzed for 
chloramphenicol using a previously described method (5). 
A 2-week wash-out period was allowed between control and 
treatment studies. In the control studies, which preceded 
the treatment studies, food and water were available ad 
libitum. Otherwise, conditions of the control studies were 
the same as for the treatment studies. The data of Table 
I show the effect of water deprivation on the absorption 
rate and the urinary excretion of chloramphenicol. Al- 
though there was no significant change in the total ab- 
sorption of chloramphenicol, the absorption half-life de- 
creased significantly (436%), while the peak excretion rate 
increased, and the time at  which the peak excretion oc- 
curred decreased significantly. 


These findings are of great interest, since the overall 
effect of water deprivation is specified in terms of the rate 
of absorption change, which results in the substantially 
higher plasma levels of chloramphenicol in the water de- 
privation state. The influence of such (water deprivation) 
alteration in the peak plasma levels of chloramphenicol on 


1 Chloromycetin palmitate suspension, Parke-Davis Co., Karachi, Pakistan. 


BOOKS 


Table I-Urinary Excretion Characterist ics of Chlorarnphenicol 
i n  Water  Deprivation 


Controla Water DeDrivation” 


103 f 3 91 f 12 Percent recovery 
Peak excretion rate, mg/hr 23.06 f 4.74 35.71 f 4.92 
Peak concentration time, hr 4.5 f 0.3 2.5 f 0.3 
t 1 / 2  absorption, hr 1.8 f 0.3 0.6 f 0.1 


a Mean f SD; all values statistically different atp < 0.05 except those pertaining 
to the percent recovery, which were not significantly different. 


the efficacy and toxicity of this antibiotic will profoundly 
affect its clinical utility. These observations are the first 
of their kind, and mechanisms for the effects observed 
remain to be investigated. 
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REVIEWS 


IS1 Atlas of Science. By Dr. EUGENE GARFIELD. Institute of Sci- 
entific Information, 3501 Market Street, University City Science 
Center, Philadelphia, PA 19104.1982.540 pp. 23 X 29 cm. Price $45.00 
to individuals, $90.00 to institutions. 
The ISI Atlas of Science is a new information and research guide in 


biochemistry and molecular biology. The Atlas is a unique new aid con- 
taining concise, convenient lists of papers and current literature in 102 
active research areas in the life sciences. 


This atlas contains a reference system of core clusters of research areas 
identified objectively by the use of citation patterns of publishing sci- 
entists, graphically displayed in detail by the use of maps. 


Research areas described in the Atlas are divided into minireviews, 
core document bibliographies, specialty maps, and key citing document 
bibliographies. Also included within this atlas is a unique multi-colored 
fold-out map providing a “global” view of the relationships and inter- 
actions of the 102 research areas, ideal for display in labs, classrooms, and 
libraries. 


The Atlas was designed to be used as a tool for analytical and utilitarian 
research needs. This publication should be a valuable tool for specialists 
in biochemistry and molecular biology for overviews of new fields of re- 
search and fields related to present work. Librarians can use the Atlas 
for subject bibliographies. This should also be of interest to historians 
for bibliographic and analytical information in tracing the structure and 
growth of scientific fields. 


Staff Review 


Drug Absorption. Edited by L. F. PRESCOTT and W. S. NIMMO. Adis 
Press, 404 Sydney Road, Balgowlah, NSW 2093, Australia. 1979. 353 
pp. 16 X 24 cm. 
This multi-authored book describes the proceedings of an international 


conference of Drug Absorption which was held in Edinburgh in Sep- 
tember 1979. 


The editors of the book are recognized authorities in the field of drug 
absorption, and the many authors who have contributed to the 31 
chapters represent a broad, international array of specialists in this 
area. 


Topics covered include anatomical and physiological factors affecting 
absorption, membrane effects, rectal absorption, presystemic and in- 
testinal metabolism, toxicity, formulations and novel drug delivery sys- 
tems, transdermal and controlled GI drug absorption, effect of age and 
disease states on drug bioavailability, methods of assessing drug ab- 
sorption, in uitro-in uiuo correlations, and problems in the assessment 
of drug absorption. The concluding chapter summarizes the viewpoints 
of regulatory agencies, clinical pharmacology, and of the pharmaceutical 
industry on drug bioavailability and pharmacokinetic studies. 


Most of the chapters contain a discussion section, and all chapters are 
adequately referenced. A subject index is included. 


This is a useful and instructive book that is broad-reaching in scope. 
The extensive coverage of many factors related to drug absorption, and 
the clear and articulate way in which the material is presented, makes 
it a required text for those interested in this broad area of research and 
clinical practice. 


Reoiewed by Peter G. Welling 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 


1310 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 11, November 1982 


0022-35491821 1 lOO-13lO$Ol.OOlO 
@ 1982, American Pharmaceutical Association 












Complexation of Procainamide with Dextrose 
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Abstract The percent of procainamide complexed with dextrose was 
determined to be directly related to the concentration per mole fraction 
of dextrose in the solution. The complexation process was reversible and 
did not proceed at lower pH (-1.5). The rate of formation of complex was 
dependent on the initial pH value of the solution and the pH decreased 
as the concentration of the complex increased. The increase in the con- 
centration of procainamide did not change the equilibrium concentration 
of the complex. The addition of sodium chloride or edetate disodium did 
not alter the rate of formation of the complex or its equilibrium concen- 
tration. The addition of hydrochloric acid prevented the formation of 
the complex and on adding hydrochloric acid after the formation of the 
complex, procainamide was completely freed. 


Keyphrases o Dextrose-complexation of procainamide 0 Procain- 
amide-complexation, with dextrose Complexation-procainamide 
with dextrose 


Procainamide (I) is often mixed with 0.9% NaCl or 5% 
dextrose solution in water. The mixture is usually ad- 
ministered by continuous intravenous infusion for the 
treatment of certain cardiovascular diseases. 


Procainamide is stable when mixed with sodium chlo- 
ride solution (1) but in 5% dextrose solution, the stability 
is doubtful (1,2). For example, one such solution lost -12% 


\ I 


! 
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Figure 1-Sample chromatogram: Peaks 1 4  are from p-aminobenzoic 
acid, complex of I with dextrose, free procainamide and methapyrilene 
(internal standard), respectively. Chromatogram A is from a standard 
solution and B from a 27-hr-old solution of procainamide (Solution 9 
in Table I )  to which 10.0 pgiml of p-aminobenzoic acid was added before 
final dilution. For chromatographic conditions, see text. 


of potency after 24 hr of storage (1). It has been predicted 
that procainamide may be forming a reversible association 
complex with dextrose (2). Procainamide is considered 
unusually stable towards hydrolysis in the pH range of 2-7 
(3) even at  higher temperatures. 


The separation of procainamide from p -aminobenzoic 
acid (the major product of degradation) using high-pres- 
sure liquid chromatography (HPLC) has been reported (2). 
The other product of degradation, diethylethylenediamine, 
did not absorb light to record a peak in the chromatogram. 
An additional peak from the interaction of dextrose and 
I was observed in the chromatogram. 


The purpose of this investigation was to study the 
complexation of procainamide with dextrose. The study 
was conducted using an HPLC method similar to that 
previously reported (2) in the literature. 


EXPERIMENTAL 


Chemicals and Reagents-All chemicals and reagents were USP, 
NF, or American Chemical Society grade and were used as received. 
Procainamide hydrochloride' was used without further purification. 


Apparatus-A high-pressure liquid chromatograph2 equipped with 
a multiple wavelength detector3, a recordeld, and a digital integratol.5 was 
used. 


Column-A semipolar column6 (30 cm long X 4-mm i.d.) consisting 
of a monomolecular layer of cyanopropylsilane permanently bonded to 
silica gel was used. 


Chromatographic Conditions-The mobile phase was 40% (v/v) 
acetonitrile in water containing 0.02 M ammonium acetate (pH -7)7, and 


0 1.5 3.0 4.5 6.0 
DAYS 


Figure 2-A plot of complexation of dextrose with procainamide (So- 
lution 6 in Table l) using the equation for a reversible reaction. 


1 E. R. Squibb & Sons, Princeton, N.J. 
2 ALC 202 equipped with U6K universal injector, Waters Associates, Milford, 


3 Schoeffel SF770, Westwood, N.J. 
4 Omniscribe 1513-12, Houston Instruments, Austin, Tex. 
5 Autolab minigrator, Spectra Physics, Santa Clara, Calif. 
6 pBondapakKN, Waters Associates, Milford, Mass. 
7 Zeromatic (SS-3) pH meter, Beckman, Fullerton, Calif. 


Mass. 
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Table I-Procainamide Hydrochloride Aqueous Solutions 
Prepared 


Table 11-Assay Results 


Solution 
Number" 1 2 3  4 5 6 7 1 1  


Percent of Lahel Claim Remaining, days 
Solution Procainamide Dextrose, Other Ingredients 
Number HC1, % % (Final Conc) 


99.8 - 


99.6 - 
- 99.9 - 


- - 1 
2 - - 1oc.2 
3 
4 
5 - 94.3 - 91.5 
6 - 86.9 - 79.6 
7 - 80.2 - 66.7 
8 - 73.5 - 53.8 
9 - 64.3 - 48.3 


10 - 65.3 - 49.1 
11 - 64.6 - 51.5 


- 65.9 12 
13 - - - 67.4 


- - 65.1 14 
15 - 99.2 - 100.4 
16 100.2 99.8 - 100.4 
17 78.9 78.6 - 79.0 
18 60.6 61.2 - 61.4 
19 62.0 60.8 - 62.2 
20 49.3 50.2 - 51.2 
21 - 65.2 - 48.8 
22 97.3 - - 74.2 
23 96.4 - - 64.8 
24 94.8 - - 57.4 
25 91.3 - - 52.2 


0 For composition of the solution, see Table 1. 


- - 
- 


- - 


- 


1 0.1 
0.1 


0 
0.2" 
0.20 
0.2a 
1.0" 
2.0" 
3.0" 
4.0" 
5.0" 
5.0" 
5.0" 
3.0" 
3.0" 
3.0" 
3.0" 
0 
1.0" 
2.0" 
2.0" 
3.0" 
5.0" 


5.OC 
6.5c 
8.OC 


11.0' 


- 
0.01 N HCI 


0.45% NaClb 
- 


- 


2 
3 
4 
5 


0.1 
0.1 
0.1 


- 


88.1 
76.7 
60.8 
49.3 
42.3 
43.5 
42.7 
- 


- 
85.6 
68.7 
59.0 
47.2 
42.5 
- 


- 


85.6 
69.2 
59.3 
48.2 
42.7 


6 
7 


0.1 
0.1 
0.1 
0.1 
0.2 


8 
9 


10 
11 60.1 


58.2 
0.4 
0.1 


- 
0.18% NaClb 
0.36% NaClb 
0.54% NaClb 
0.01 N HC1 


as above 
as above 
as above 
as above 


0.05% edetate 
disodium 


0.5 M KH2P04 


12 
13 0.1 


0.1 
0.1 


60.1 
99.8 


- 


99.7 14 
15 
16 0.1 


0.1 17 
18 
19 


0.1 
0.2 
0.1 20 


21 0.1 


0.1 
0.1 
0.1 
0.1 


22 
23 
24 
25 


~ ~~ ~~ ~~~ 


From dextrose 5% in water, Travenol Laboratories, Deerfield, Ill. From sodium 
chloride, 0.9% in water, Travenol Laboratories, Deerfield, Ill. From dextrose an- 
hydrous, USP, J. T. Baker Chemical Co., Phillipsburg, N.J. 


the flow rate was 2.0 ml/min. The detector was set a t  280 nm (wavelength 
of maximum absorption), sensitivity was 0.04, the temperature was 
ambient, and the chart speed was 30.5 cm/hr. 


Preparat ion of Solutions-The stock solutions of procainamide 
hydrochloride (1.0 mg/ml) and the internal standard, methapyrilene 
hydrochloride (5.0 mg/ml) in water, were prepared daily. A standard 
solution was prepared by transferring a 1.5-ml quantity of the stock so- 
lution of I and a 4.0-ml quantity of the stock solution of methapyrilene 
hydrochloride (11) to a 100-ml volumetric flask and then diluting with 
water to volume. 


All solutions prepared for investigations of procainamide-dextrose 


r 


complex are reported in Table I. All were prepared using a simple solution 
method. The solutions were assayed (see procedure following) and 
transferred to amber-colored bottless and stored a t  room temperature 
(24 *lo). They were reassayed after appropriate intervals and pH values 
were also determined. 


Preparation of Assay Solution-All the solutions were diluted with 
water to contain 15.0 pg/ml of I (based on the label claim) and 200.0 pg/ml 
of I1 (internal standard). 


Assay Procedure-A 20.04 aliquot of the assay solution was injected 
into the chromatograph using the described conditions. For comparison, 
an identical volume of the standard solution was injected after the assay 
solution eluted. 


Calculations-The results were calculated using: 


Phl - X 100 = Percent of the label claim 
Phs 


Where Ph, is the ratio of the peak heights of procainamide and metha- 
pyrilene of the assay solution and Ph, that of the standard solution of 
an identical concentration. 


t I I I I I I 
0 1 2 3 4 5 


PERCENT OF DEXTROSE 
Figure 4-A plot of dextrose concentration versus percent of procain- 
arnide-dextrose complex formed after 2 days of storage (Solutions 5-9 
Table I ) .  


oL ' I I I I I 
0.986 0.988 0.990 0.992 0.994 


Figure 3-A plot of mole fraction of dextrose versus percent of the 
complex formed after 4 days of storage (Solutions 22-25, Table I ) .  


MOLE FRACTION OF DEXTROSE 


8 Brockway Glass Co., Brockway, Pa 
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Table 111-DH Values of Solutions 


Solution pH Value Remainingb 
Numbera 0 1 2 3 4 8 11 


1 5.6 - 
2 1.2 - 
3 5.3 - 
4 5.4 - 
5 5.0 - 
6 4.6 - 
7 4.6 - 
8 4.6 - 
9 4.6 - 


10 4.6 - 


12 4.6 - 
13 4.6 - 
14 4.9 - 
15 1.4 - 
16 4.4 - 
17 4.4 - 
18 4.4 - 
19 4.4 - 
20 4.4 - 
21 4.8 - 
22 6.0 6.0 
23 6.0 6.0 
24 6.0 6.0 


11 4.6 - 


25 6.0 6.0 


a For composition of the solution, see Table I. Accuracy f 0.1. 


- - 
- - 
- - 
- - 


4.5 4.0 
3.8 3.7 
3.6 3.4 
3.1 3.0 
3.2 3.0 
3.2 3.0 
3.2 3.0 
3.6 3.4 
3.7 3.4 
3.7 3.4 
1.3 1.3 
4.5 - 
3.9 - 
3.8 - 
3.8 - 
3.8 - 
- - 


5.0 - 
5.0 - 
5.0 - 
5.2 - 


- 
- 
- 
- 
4.8 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.5 
4.5 
1.3 
4.4 
4.4 
4.4 
4.4 
4.4 
4.5 
- 
- 
- 
- 


Other Experiments-A 1.5-ml quantity of a 4-day-old solution in 3% 
dextrose (Solution 7 in Table I) was mixed with 2 ml of -5 N HCl. The 
mixture was allowed to stand for -20 min, then 4.0 ml of the stock solu- 
tion of the internal standard was added, the mixture was brought to 
volume (100.0 ml) with water, and assayed. 


In another experiment, 50.0 mg of p-aminobenzoic acid was dissolved 
in enough 5% aqueous solution of dextrose to make 50.0 ml. This solution 
was assayed after 0-, 2-, and 4-day intervals to determine if there was a 
reaction between dextrose and p-aminobenzoic acid. The assay was 
conducted using the HPLC method described previously since p-ami- 
nobenzoic acid separated (Peak 1 in Fig. 1) from I, 11, and the complex 
between I and dextrose. Before injecting, the solution was diluted to  a 
ratio of 1.0100 with water. The concentration of p-aminobenzoic acid was 
determined by comparing the peak heights of the assay solution with a 
standard solution of an identical concentration (10.0 pg/ml). 


RESULTS AND DISCUSSION 


The results indicated that procainamide and dextrose formed a re- 
versible complex (Fig. 2). This complexation could be completely pre- 
vented by adding 0.01 N HCI (Solution 15 in Table 11). Furthermore, 
procainamide could be completely released from the complex by treating 
with hydrochloric acid (see Other Experiments). On treatment with -5 
N HCI, all of the procainamide was freed from the complex formed over 
a 4-day period in 3% aqueous solution of dextrose (Solution 7 in Table 
11). Preliminary investigations indicated that aged solutions of dextrose 
with procainamide did not interfere with the assay procedure for pro- 
cainamide and its complex. 


The rate of complex formation was dependent on the initial pH value 
of the solution. For example, in Solutions 22-25 that had higher initial 
pH values (Table III), the formation of complex was slower than in So- 
lutions 5-8 (initial pH value 4.6). A direct comparison was possible be- 
tween Solutions 9 and 22, since both contained 5% dextrose. In Solution 
9, a commercial sterile solution was used (Table I) and in Solution 22, 
anhydrous dextrose was used. The sterile solution of dextrose had a lower 
pH (-4) uersus a fresh solution made from the powder (pH -6). The pH 


values after adding 0.1% of procainamide hydrochloride were 4.6 and 6 
for Solutions 9 and 22, respectively. I t  is well-known (4) that solutions 
of dextrose become acidic on autoclaving. 


A new set of solutions (16-20 in Table I) were prepared containing 0.05 
M phosphate buffer. The rate of complexation in these solutions was 
slightly higher than those without buffer (Table 11) which might be an 
experimental error. There is also a possibility of interaction of phosphates 
with dextrose ( 5 ) ,  which is under investigation. 


The pH values of the solutions on storage were decreasing (Table HI), 
which is probably due to release of hydrogen ions upon the formation of 
complex. The concentration of the complex formed was directly related 
to the mole ratio of dextrose (Fig. 3) in the solution. However, a t  lower 
concentrations of dextrose (-2-4%). especially after 2 days of storage, 
dextrose concentrations were directly related (Fig. 4) to the concentra- 
tions of the complex. 


Keeping the dextrose concentration constant and increasing the con- 
centration of procainamide did not affect the rate of formation of complex 
or the equilibrium concentration (Solutions 9-11, Table 11). Also, the 
increase in the ionic strength with sodium chloride did not alter the 
equilibrium or rate of formation of the complex (Solutions 7,12-14, Table 
11). The addition of 0.05% edetate disodium did not affect the process of 
complexation (Solutions 9 and 21, Table 11). 


The process of complexation (a reversible reaction, Fig. 2) is slow and 
the time required for the equilibrium to establish is dependent on the 
initial pH of the solution (see above and data in Table 11). The equilib- 
rium concentration itself depended on the initial concentration of dex- 
trose and pH of the solution. 


For Solution 6, the K, k f ,  and k, values for the complexation (reversible 
process) were estimated to be 0.456, 0.0858, and 0.188 day-’, respec- 
tively. 


None of the solutions showed any peak in the chromatogram due to 
p-aminobenzoic acid even with a complex concentration of 50%. This 
compound could be easily separated from I, 11, and the complex (Fig. 1). 
Moreover, in a separate experiment (see Other Experiments), it was de- 
termined that p-aminobenzoic acid did not form a complex with dextrose. 
Letting p-aminobenzoic acid stand in the presence of dextrose ( 5 4  days) 
did not change its concentration or peak(s) in the chromatogram. 


Since all of procainamide could be released from the complex (see 
above) by treating with hydrochloric acid (see Other Experiments), the 
drug probably did not decompose. The complex itself may be as active 
as procainamideg. If so, there may be no stability problem on mixing I 
with dextrose. Since blood also contains dextrose, the implications of this 
process in biosystems requires further investigation. 


The possibility of formation of 5-hydroxymethylfurfural rather than 
the complex is ruled out since it is a reversible reaction (Fig. 2). the hy- 
drolysis of glucose to 5-hydroxymethylfurfural cannot be reversed (6), 
and the hydrolysis of glucose to 5-hydroxymethylfurfural usually occurs 
a t  higher temperatures (no heat was used in these studies). 
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Abstract A GC method using dual nitrogen selective and flame ion- 
ization detectors was developed for the determination of N-nitroso- 
desipramine using N-butyryldesipramine as the internal standard. The 
precision of the method was found to be &5.0% and the accuracy was 
f4.9%. The method could be used to detect 10 ng/ml of N-nitrosodesi- 
pramine in bacterial cultures. When desipramine and sodium nitrite were 
incubated with aerobic or anaerobic bacteria, the nitrosamine level was 
found to be 10-300 times higher than the controls. When imipramine and 
potassium nitrate were incubated with a mixed anaerobic culture, the 
level of N-nitrosodesipramine was found to be 4.5 times higher than the 
control. 


Keyphrases Imipramine-metabolic conversion to N-nitrosodesi- 
pramine by bacteria, nitrogen-selective GC, desipramine 0 N-nitroso- 
desipramine-metabolic conversion of imipramine and desipramine by 
bacteria, nitrogen-selective GC 0 Desipramine-metabolic conversion 
to N-nitrosodesipramine by bacteria, nitrogen-selective GC, imipramine 


Metabolic conversion-imipramine and desipramine to N-nitroso- 
desipramine by bacteria, nitrogen-selective GC 


Previous studies have shown that secondary amines can 
be converted to carcinogenic N-nitroso amines when in- 
cubated with bacteria found in the intestine or bladder 
(1-4). It has also been demonstrated that bacteria can 
convert trimethylamine to dimethylamine and produce 
N-nitrosodimethylamine (3,5). Though the conversion of 
these simple amines to N-nitroso compounds may have an 
impact on public health, the level of exposure to these 
compounds would be fairly low. The exposure to mainte- 
nance drugs such as desipramine and imipramine would 
be considerably higher, however, and these drugs might 
be converted to the N-nitroso derivatives in the intestine 
or bladder by bacteria. Recent studies in these laboratories 
with fungi have shown that these microorganisms N- 
demethylate imipramine in yields of 2-1 1% depending on 
the organism studied (6). Work presently in progress with 
aerobic and anaerobic bacteria has shown that many of the 
organisms give a 1-3% conversion from imipramine to 
desipramine. The objective of the present study was to 
develop an analytical method for N-nitrosodesipramine 
suitable for complex matrixes and to determine if either 
desipramine or imipramine would be converted to the ni- 
trosamine in the presence of the bacteria. 


EXPERIMENTAL 


Synthesis of N-Nitrosodesipramine-Though there are references 
to N-nitrosodeaipramine in the literature (7,8), no synthetic information 
has been given nor have any of the spectral properties of the alleged 
compound been reported. 


In the present study, 200 mg of the desipramine hydrochloride (0.66 
mmole) was dissolved in 10 ml of water, made basic with 4 drops of con- 
centrated ammonium hydroxide, then extracted with 15 ml of methylene 
chloride. The extract was dried with anhydrous sodium sulfate, then the 
extract was added to a solution containing 115 mg of nitrosonium tetra- 
fluoroborate (0.66 mmole NOBF4) in 5 ml of methylene chloride at room 


temperature. Over a 15-min period, 100 mg of pyridine in 2 ml of meth- 
ylene chloride was added to the well-stirred suspension. After 1.5 hr the 
mixture was washed with 10 ml of 2 N HCI, 15 ml of 10% Na2C03, then 
dried with anhydrous sodium sulfate. The solvent was evaporated to give 
165 mg (85% yield) of the nitrosamine as a thick oil (IR 1445 cm-l, 
N=O). The mass spectrum of the nitrosamine obtained using the solid 
probe showed a fairly intense molecular ion at  295 (12%) and a peak at 
265 characteristic of the loss of the nitrmyl group. The nitrosamine WEY 


also observed to produce peaks a t  193 (loo%), 208 (96%), 220 (so%), and 
234 (32%) which were similar to those observed for the fragmentation of 
desipramine. The mass spectrum obtained by the GC mode (Fig. 1) was 
observed to be essentially the same. 


Synthesis of N-Butyryldesipramine-Using 15 ml of toluene as the 
solvent, 200 mg of desipramine hydrochloride (0.55 mmole), 200 mg of 
butyric anhydride (1.3 mmoles), and 200 mg of pyridine were heated on 
a steam bath for 1 hr. The mixture was washed with 20 ml of aqueous 10% 
Na~C03, the toluene layer was dried, then the solvent was evaporated 
under vacuum to give a 270-mg residue. The IR spectrum of this material 
indicated that the desired product was contaminated with a small amount 
of butyric anhydride. The residue was then sonicated with 10% NazC03 
for 30 min, then extraded with methylene chloride, dried with anhydrous 
sodium sulfate, and evaporated to give 230 mg (95%) of the final product 
as an oil; IR (thin film): 2950, 1637, 1483, 1227, and 750 cm-l; mass 
spectrum (GC mode): 336 (M+, 7%), 234 (9%), 222 (13%), 208 (loo%), 193 
(45%), and 142 (89%). 


Determination of N-Nitrosodesipramine-Sulfamic acid (30 mg) 
was added to a 10.0-ml sample of the bacterial culture to remove residual 
nitrite. Then, 20.0 pg of N-nitrosodesipramine (internal standard) in 
ethyl acetate was added, and the sample was extracted with 5 ml of iso- 
octane. The isooctane layer was transferred to a conical evaporation tubel, 
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Figure 1-Electron impact mass spectrum of N-nitrosodesipramine. 
The spectrum was obtained using the GC mode of operation with 
background correction with a sample of the nitrosamine obtained by 
synthesis. 
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Table I-Recovery of N-Nitrosodesipramine and N- 
ButrrrldesiDramine 


Extraction Recovery 
N-Nitroso- 


Sample Medium desipramine, Internal Standard, % 


Water 103.6 105.2 
96.6 101.4 


101.4 102.3 
Mean f SD 100.5 f 3.6 103.0 f 2.0 
Sterilized Bacterial 


Culture 81.4 
96.3 
86.7 
93.0 


73.5 
90.9 
83.3 
94.3 


Mean f SD 89.4 f 6.6 85.5 f 9.2 


a The sample was spiked with 1.0 pg/ml of N-nitrosodesipramine and the percent 
recovery was determined by comparison to the peak height obtained for 10 pg/50 
p1 of the nitrosamine in ethyl acetate. * The sample was spiked with 2.0 @g/rnl of 
the internal standard and the percent recovery was determined by comparison to 
the peak height obtained for 20 pg/50 pl of the internal standard in ethyl ace- 
tate. 


then evaporated at  80" under a stream of nitrogen. When the samples 
were almost dry, the walls of the evaporation tubes were washed down 
with 500 pl of methanol, then the samples were evaporated to dryness. 
The residue was taken up in 50 p1 of ethyl acetate and 1.0 p1 was used for 
the GC analysis. 


The GC analysis2 was conducted using dual nitrogen selective and 
flame ionization detectors with a dual pen recorder. The column (2 mm 
X 183 cm) was operated at  260' with helium as the carrier gas (30 ml/min) 
and with a packing of 3.0% methyl-phenyl silicone polymel.3 on a 110-120 
mesh silanized support4. The carrier gas coming from the column was split 
equally between the flame ionization detector (HZ = 19 ml/min) and 
rubidium bead nitrogen selective detector (Hz = 2.3 ml/min), and each 
detector received 300 mVmin of air. Using these conditions, the retention 
time for N-nitrosodesipramine was 9.2 min and 14.9 min for N-butyr- 
yldesipramine. The nitrogen detector response index of the nitrosamine 
(response index = 0.155) was measured relative to  caffeine as described 
previously (9). 


In the analysis of the bacterial cultures, the presence of the nitrosamine 
was ascertained through the use of the retention times of the components 


I ,  


0 6 1 0  15 20 
MINUTES 


Figure 2-Nitrogen-selective GC of bacterial cultures. The chro- 
matogram was obtained from the extract of a culture of Enterobacter 
aerogenes containing desipramine and sodium nitrite. Though a dual 
flame ionization detector-nitrogen detector system was used for all 
samples, the flame ionization detector response has been omitted from 
the figure for simplicity. 


Model 900, Perkin-Elmer Inc., Norwalk, Conn. 
3 OV-17, Analabs Inc., North Haven, Conn. ' Anachrom ABS. Analabs Inc., North Haven, Conn. 


Table 11-Accuracy and Precision of the Analytical Method 


Bacterial Culture N-Nitrosodesipramine, pg/mla 


1 1.108 
2 1.060 
3 1.042 
4 0.987 


Mean f SD 1.049 f 0.050 


0 A full-term Stage I 1  culture not containing any drug or nitrite was sterilized, 
then spiked with 1.0 pglml of the nitrosamine. A 10-ml sample was then taken for 
analysis. 


and the response index (9) of each component. Electron impact mass 
spectra5 of the GC peaks were used as a secondary means of peak iden- 
tification for some of the samples. Quantitations were based on the ni- 
trogen-selective detector peak heights 0 1  the nitrosamine relative to the 
internal standard (N-butyryldesipramine). The method was calibrated 
using a simple solution containing a known quantity of the nitrosamine 
and the internal standard. 


Incubation of Bacterial Cultures-Aerobic bacteria were grown 
according to a two-stage fermentation procedure using a defined medium 
(10) supplemented with either 25 mM NaN02 or 25 mM KN03. The 
Stage I1 cultures were incubated (37", 250 rpm) with either 100 pg/ml 
of desipramine hydrochloride or 100 pglml of imipramine hydrochloride 
for 48 hr. 


The anaerobic bacteria used in the study were isolated as pure cultures 
from the intestinal contents of a naive male Wistar rat. Mixed cultures 
of anaerobic bacteria from the large intestine and small intestine were 
also used. 


Stage 1 cultures of the anaerobes were grown (24 hr, 37") in 10 ml of 
the defined medium supplemented with either 25 mM NaNOz or 25 mM 
KN03 using an anaerobic chamber6 for the culture tubes. Then 0.5 ml 
of the Stage I culture was transferred to the Stage I1 tubes containing 10 
ml of the defined medium and 25 mM NaN02 or KN03 and 100 pg/ml 
of desipramine hydrochloride or imipramine hydrochloride. The Stage 
I1 cultures were incubated for 48 hr (37") in fresh anaerobic chambers. 


Control studies were conducted in which the defined sterile medium 
containing 25 mM NaN02 and 100 pg/ml of desipramine hydrochloride 
was adjusted to pH 5.0,6.0,7.0, and 8.0, then incubated with the same 
method for the Stage I1 aerobic cultures or the Stage I 1  anaerobic cul- 
tures. 


RESULTS AND DISCUSSION 


Initial attempts to prepare N-nitrosodesipramine using desipramine, 
aqueous sodium nitrite, and hydrochloric acid (pH 2 3 maintained) were 
not successful. Even after 24 hr, the reaction mixture did not show sig- 
nificant amounts of the nitrosamine, but a large amount of another 
product that gave a GC-mass spectrum Im/z 240 (M+, 100%), 193 (74%), 
179 (lS%), 167 (25%), and 83 (79%)] that would be consistent with a C- 
nitro derivative of iminodibenzyl. Due to  a lack of pure reference stan- 
dards of the four possible isomers of nitroiminodibenzyl, no attempts were 
made to establish the identity of the product. 


Recently, i t  has been shown that nitrosonium tetrafluoroborate with 
pyridine can be used to produce nitrosamines of much higher purity (11). 
In particular, it was anticipated that the reagent would avoid the acidic 
conditions that are associated with C-nitrosation of aniline-like com- 
pounds. Indeed, it was found that this reagent gave an 85% yield of a high- 
purity product in 1.5 hr at  room temperature. The mass spectrum of the 
product (Fig. 1) showed a molecular ion (295), a loss of the N-nitrosyl 
fragment (265), and the loss of the iminodibenzyl fragment (194) which 
would be characteristic of the N-nitroso compound as compared to the 
C-nitroso compound. The IR spectrum of the product was also charac- 
teristic of a nitrosamine. 


In selecting an internal standard for the analysis of N-nitrosodesi- 
pramine, it was desirable to use a compound that was extremely lipo- 
philic, like the nitrosamine and that had the same acid-base properties 
as the nitrosamine. The acetyl, propionyl, and butyryl amide derivatives 
of desipramine were investigated as potential internal standards and they 
were found to have retention times of 12.0,13.0, and 14.9 min on the same 
GC system that gave a retention time of 9.3 min for the nitrosamine. 
Preliminary studies with bacterial cultures, to which no internal standard 
had been added, showed that cultures often produced small GC peaks 


Finnigan model 3221-F200 with INCOS data system, Sunnyvale, Calif. 
Gas Pak, Baltimore Biological Laboratories, Cockeysville, Md. 
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Table 111-N-Nitrosodesipramine Formed in Aerobic Bacterial Cultures 


Aerobe Media Additives N-Nitrosodesipramine, pg/ml Final pH of Culture 


Enterobacter aerogenes 
Escherichia coli-27165 
Klebsiella pneumoniae- 
Proteus mirabilusb 
Proteus uulgaris -27973 
SI-1c 
SI-2' 
SI-3' 
Control (pH 5)d 
Control (pH 6) 
Control (pH 7)d 
Control (pH 8) 
Mixed SI' 
Mixed LIg 
Control" 


-13048a 


,27889 


100 pg/ml desipramine + 25 mM NaNOz 
100 pglml desipramine + 25 mM NaN02 
100 pg/ml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pglml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pglml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pg/ml desipramine + 25 mM NaNOz 
100 pglml desipramine + 25 mM NaNOz 
100 pg/ml imipramine + 25 mM KNOB 
100 pg/ml imipramine + 25 mM KNOB 
100 udml imipramine + 25 mM KNOR 


3.36 
0.35 
2.31 
2.46 
1.66 
0.13 
0.077 
0.067 
0.010 
ND 
0.019 
0.010 
NDf 
ND 
ND 


5.6 
7.4 
6.0 
5.8 
5.8 
7.8 
7.8 
7.8 
5.0 
6.0 
7.0 
8.0 
8.3 
5.6 
7.8 


a All numbers refer to the American Type Culture Collection, Rockville, Md. * This culture was isolated from the large intestine of a naive Wistar rat and identified 
Sterile defined media adjusted to the indicated pH. e Mixed 


Sterile defined 
using a commercial culture identification system7. c Pure culture isolate from Wistar rat small intestines. 
culture obtained from Wistar rat small intestines. f Below detection limit of ~0.010 pglml. 8 Mixed culture obtained from Wistar rat large intestine. 
media. 


Table IV-N-Nitrosodesipramine Formed in Anaerobic Bacterial Cultures 


Anaerobic Media Additives N-Nitrosodesipramine, Fg/ml Final pH of Culture 


SI-Bl" 100 pg/ml desipramine + 25 mhf NaN02 0.56 7.2 
SI-B5a 100 pg/ml desipramine + 25 mM NaNO2 0.40 7.1 
SI-BGa 100 pg/ml desipramine + 25 mM NaNOz 0.63 6.6 


Control (pH 5.0)c 100 pglml desipramine + 25 mM NaNOz 0.012 5.0 
Control (pH 6.0) 100 pg/ml desipramine + 25 mM NaNOz 0.029 6.0 
Control (pH 7.0) 100 pg/ml desipramine + 25 mM NaN02 0.014 7.0 
Control (pH 8.0) 100 pg/ml desipramine + 25 mM NaN02 0.005 8.0 
Mixed SId 100 pg/ml imipramine + 25 mM KNOJ 0.028 5.6 
Mixed LIe 100 pg/ml imipramine + 25 mM KNO3 0.165 6.1 


LI-B2 * 100 pg/ml desipramine + 25 mM NaNO2 3.37 5.3 


Controlf 100 pg/ml imipramine + 25 mM KNO3 0.037 7.9 


a Pure culture isolated from Wistar rat small intestines. * Pure culture isolated from Wistar rat large intestine. Sterile defined media adjusted to the indicated pH. 
Mixed culture obtained from Wistar rat small intestines. Mixed culture obtained from Wistar rat large intestine. f Sterile defined media at the normal pH of the buffer 


system. 


at 10.1 and 11.0 min that would have caused some minor problems if the 
acetyl or propionyl amides had been used as the internal standard. 


Though isooctane is too nonpolar to be ideal for the extraction of most 
drugs, this property proved to be critical in obtaining extracts that gave 
high-quality chromatograms. Solvents such as methylene chloride were 
found to give good recoveries of the nitrosamine, but the chromatograms 
gave an off-scale response for the nitrogen-selective detector for the first 
3-4 min and several large peaks that eluted after the nitrosamine. When 
isooctane was used for the extraction, high-quality chromatograms were 
obtained for the bacterial cultures (Fig. 2) and quantitative recoveries 
of the nitrosamine and the internal standard were obtained from aqueous 
model systems (Table I). A bacterial culture not containing any drug or 
N-nitrosodesipramine was harvested at  the end of the Stage I1 fermen- 
tation, then the culture was sterilized and spiked with the nitrosamine 
and internal standard. Though the recoveries from this matrix were not 
quantitative (Table I), the recoveries were very high, and the recoveries 
of the nitrosamine and the internal standard were the same. 


When a set of four sterilized bacterial cultures was spiked with a known 
quantity of the nitrosamine and then analyzed with the internal standard 
method, it was found that the average value for the determination was 
4.9% higher than the true value (Table 11), however, this error was within 
the rt5.00/0 variance for the method. Using the sample sizes as described 
in the experimental section, the detection limit was 4 . 0 1 0  pg/ml. This 
detection limit was not due to signal-noise limitations, but because of 
the presence of a peak on the shoulder of the nitrosamine that was de- 
tectable at only these very low levels. 


The analysis of the aerobic bacterial cultures (Table 111) showed that 
the amount of desipramine converted to N-nitrosodesipramine was 
10-300 times higher in the cultures than in the controls. The identity of 
the nitrosamine in each of the cultures was verified by a comparison of 
the retention time and nitrogen detector response index (9) of the un- 
known and the reference standard. The GC-mass spectra of some of the 
extracts were examined and found to be identical to the reference stan- 
dard (Fig. 1). 


The chemical N-nitrosation of simple secondary amines increases as 


API 20E System, Analytab Products, Plainview, N.Y 


the pH decreases, and the rate reaches a maximum at  pH 3 for most ali- 
phatic amines. Though a buffer system was used with the bacterial cul- 
tures, the pH of several of the cultures dropped during the fermentation. 
However, when desipramine and sodium nitrite were incubated under 
identical conditions in sterile media, only trace quantities of the nitro- 
samine was formed even at  the lower pH range (Table 111). After a con- 
sideration of all of these factors, the production of the nitrosamine in the 
cultures of Enterobacter aerogenes, Klebsiella pneumoniae, Proteus 
mirabilus, and Proteus uulgaris was considerably above the control 
values and above that which would be expected of any simple chemical 
model. 


Preliminary studies with imipramine, potassium nitrate, and mixed 
aerobic cultures (Table 111) indicated that N-nitrosodesipramine was 
not formed. Though a wide variety of aerobes have been previously 
demonstrated to convert nitrate to nitrite (4,12), this conversion was not 
monitored in the present study. Thus, the absence of the nitrosamine 
could be the result of a low conversion of nitrate to nitrite or a result of 
a slow rate of N-demethylation. 


Of the anaerobic cultures (Table IV), isolate LI-B2 was found to pro- 
duce considerably higher levels of N-nitrosodesipramine than the control 
incubations. The isolates obtained from the small intestines produced 
nitrosamine levels above the control values, but the concentration was 
nearly an order of magnitude lower than for the large intestine isolate. 


A mixed culture of large intestine anaerobes (Table IV) was found to 
produce a concentration of N-nitrosodesipramine 4.5 times higher than 
the control incubation of imipramine and potassium nitrate alone. 
Though the concentration of the nitrosamine formed in the mixed culture 
seemed low, it was 500-1000 times greater than the simple nitrosmines 
commonly found in food samples (13) or human feces (14). 


CONCLUSIONS 


The analytical method developed for the determination of N-nitro- 
sodesipramine in bacterial cultures was found to give accurate and precise 
(f5.0%) results with good sensitivity (0.01 pg/ml). Using the nitrogen 
detector response index as an additional identification aid, the nitrosa- 
mine was easily quantitated in the complex bacterial culture matrix. 


Journal of Pharmaceutical Sciences I 903 
Vol. 71, No. 8, August 1982 







Several of the aerobic and anaerobic cultures were found to give high 
levels of N-nitrosodesipramine when incubated with desipramine and 
sodium nitrite. Though it cannot be stated that the transformation was 
an entirely enzymatic reaction, the yield of the nitrosamine was far higher 
than could be obtained by the acid catalyzed reaction between nitrite and 
desipramine. 


Preliminary studies with mixed anaerobic cultures with imipramine 
and nitrate showed that the nitrosamine was formed more rapidly than 
the control, but the yield was very low. Additional studies with pure 
cultures will be needed to determine if the low yield was due to a low rate 
of N-demethylation. 
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Abstract 0 Studies to determine the bioavailabdity of all-trans-retinoic 
acid from a microencapsulated product were carried out using rats as test 
animals. The microcapsules were tableted in rat food and individual rats 
given a tablet containing the equivalent of 10 mg of all-trans-retinoic acid. 
Comparisons were made with bioavailability data obtained after intra- 
venous and oral administrations of a solution and a suspension. The 
elimination of all-trans-retinoic acid following intravenous adminis- 
tration of 1- to 5-mg doses occurred by dose-dependent kinetics. The 
half-lives for the terminal linear portion of the elimination phase after 
the plateau level were 0.78,0.74, and 0.93 hr for the I-, 2.5-, and 5-mg 
doses, respectively. Based on the doses administered and the relative area 
under the serum level curves, the all-trans-retinoic acid microcapsules 
were found to be -34% as bioavailable as the solution dosage form and 
the microfine suspension 93% as bioavailable. The bioavailability of all- 
trans-retinoic acid in oral solution was -40% of the intravenous dose. 
For comparison, rats were also dosed intravenously with 13-cis-retinoic 
acid, and this compound was found not to follow dose-dependent kinetics 
at similar dosage levels used for all-trans-retinoic acid. 


Keyphrases 0 Bioavailability-Blood level studies of all-trans- and 
13-cis-retinoic acids using different formulations, rats Microencap- 
sulation-blood level studies of all-trans - and 13-cis-retinoic acids using 
different microencapsulated formulations, rats 0 Blood level studies- 
all-trans- and 13-cis-retinoic acids using different formulations, rats 
Retinoic acids, all-trans- and 1 3 4 s -  -blood level studies using different 
formulations, rats 


A number of retinoids have been shown to prevent or 
inhibit the growth of epithelial tumors. The use of these 
compounds for chemoprevention of tumors has been re- 
viewed previously (1,2). Although a long-term study with 
a synthetic retinoid was reported (3), most studies have 
been relatively short term with manual dosing of the re- 


tinoids. For long-term efficacy studies, a more economical 
and less troublesome mode of drug administration is 
through the diet of the test animals. However, simple 
mixing of retinoids with feed is precluded because of the 
unstable nature of the compounds toward air, light, and 
moisture. Earlier studies with vitamin A compounds have 
shown that these chemicals can be protected from envi- 
ronmental hazards by microencapsulation (4,5). 


Requirements of a microcapsule product are that first 
it must be readily miscible with the feed of the test animals, 
and second, it must be soluble or digestible in the GI tracts 
of the animals so that the retinoid is biologically available. 
In the present study, all-trans-retinoic acid was mi- 
croencapsulated, and the bioavailability of the compound 
from the finished product was determined and compared 
with intravenously and orally administered retinoid using 
rats as test animals. Also, for comparison, rats were dosed 
intravenously with 13-cis-retinoic acid. 


EXPERIMENTAL 


Chemicals-All-trans-retinoic acid’, 13-cis-retinoic acid2, and all- 
trans-retinol acetate3 were used as received. All other chemicals and 
reagents were the highest grade commercially available. 


Microcapsules-All-trans -retinoic acid was encapsulated in gela- 
tin-dextrose microcapsules by a process similar to that reported for the 
encapsulation of vitamin A derivatives (6) using a three-phase suspension 


Eastman-Kodak, Rochester, N.Y. 
2 Hoffmann-LaRoche, Nutley, N.J. 
3 Sigma Chemical Co., St. Louis, Mo. 
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of the following in a volume of 1 liter: naphthalene (150 g), 2,5-diphenyl- 
oxazole (8 g), 1,4-bis(4-methyl-5-phenyl-oxazol-2-yI)benzene (0.6 g), 
ethylene glycol (20 ml), 2-ethoxyethanol(lOO ml), and toluene to make 
1 liter. The radioactivity was measured in the liquid scintillation counter 
with an 18% gain setting. Each vial was counted twice, and the data 
represent the average of two counts. Results are shown in Table I. 
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Abstract 0 A method for optical purity determination of a range of chiral 
drug molecules by NMR spectroscopy is reported. This technique in- 
volves the use of optically active lanthanide shift reagents and a newly 
developed base line analysis. Its applicability was demonstrated for a 
variety of drugs including nonsteroidal antiinflammatory agents and 
some adrenergic agents. It is established that successful application of 
the method depends on a constant shift reagent to sample molar ratio, 
constant instrumental conditions for all solutions, and the use of a cali- 
bration curve derived from solutions containing the same total concen- 
tration of the two enantiomers. For the examples cited, the correlation 
coefficient is not <0.97, and a mathematical treatment is included which 
supports the basis of the method. 


Keyphrases 0 Optical purity determination-by NMR spectroscopy, 
use of chiral lanthanide shift reagents and a base line technique Chiral 
lanthanide shift reagents-determination of optical purity by NMR 
spectroscopy, base line technique 0 NMR spectroscopy-determination 
of optical purity, use of chiral lanthanide shift reagents and a base line 
technique 


The application of NMR spectroscopy to the quantita- 
tive analysis of pharmaceuticals has become widespread 
(1, 2) since the publication of Hollis (3) on the determi- 
nation of aspirin, phenacetin, and caffeine mixtures. 
Provided that careful consideration is given to solvent, 
internal standard, and instrumental conditions (including 
spinning sidebands and carbon 13 satellites), mixtures, 
often of some complexity, can be analyzed with a high 
degree of accuracy. Optical purity determination is another 
aspect of the analysis of any drug presented in a resolved 
form (enantiomer) or the racemate of a particular diaste- 
reoisomer. Apart from polarimetry, which has been ex- 


tensively employed despite its drawbacks, optical purity 
determination has been achieved by chromatographic 
methods such as GLC (4, 5) and HPLC (6, 7), isotope 
dilution (8), kinetic resolution (9), and NMR. Even before 
the discovery of chiral lanthanide shift reagents, the NMR 
method was used for optical purity measurement either 
by diastereoisomer formation (10, 11) or the application 
of chiral solvents (12, 13). Since the publication of Whi- 
tesides and Lewis (14) on the relatively large frequency 
differences between corresponding resonances of enan- 
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Figure 1-Resonance of N-CH3 of (+)-ephedrine in deuterated 
benzene on incremental addition of I I I .  
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Table I-Lanthanide Induced Shift for Quantitatively Useful Groups of (&)-EphedrineU 


Lanthanide Induced Shift, ppmb 
Molar C-CH3 N-CH3 CH-Nc 0-CH Aromatic Hd 
Ratio 6 Av 6 Av 6 Av 6 Av 6 Av 


0.000 0.74 0.00 2.10 0.00 2.54 0.00 4.71 0.00 - - 
0.060 0.04 0.70 0.84 1.26 1.68 0.86 3.85 0.86 - - 


(A)e 0.093 -0.27 1.01 0.74 1.36 1.23 1.31 3.35 1.36 - - 
0.136 -0.64 1.38 0.67 1.43 0.67 1.87 2.78 1.93 - - 


0.000 0.67 0.00 2.05 0.00 - - 4.68 0.00 7.15 0.00 
0.045 0.90 0.23 1.97 -0.08 - - 4.57 -0.11 7.00 -0.15 


4.52 -0.16 6.85 -0.30 0.096 1.02 0.35 1.88 -0.17 - - 


( B ) f  0.136 1.11 0.44 1.81 -0.24 - - 4.47 -0.21 6.75 -0.40 
0.182 1.20 0.53 1.72 -0.33 - - 4.46 -0.22 6.63 -0.52 
0.240 1.39 0.72 1.56 -0.49 - - 4.47 -0.21 6.47 -0.68 
0.292 1.53 0.86 1.40 -0.60 - - 4.75 0.07 6.30 -0.85 


a Concentration of 0.45 M in deuterated benzene. Lanthanide induced shifts of I are routinel downfield, I1 upfield. Negative values of Av indicate a shift effect un- 
characteristic of the lanthanide agent (e.g. upfield for I). The C-H-N resonances were broadrand featureless. d Average results for the aromatic protons. e Data for 
varying shift reagent I I d r u g  molar ratio. f Data for varying shift reagent I 4 r u g  molar ratio. 


Table 11-Shift Data for (+)- and (-)-Ephedrine a in the Presence of Chiral Lanthanide Shift Reagents a t  Different Molar Ratios 


Molar 
Ratio 


(-)-isomer 
6 Av 


(+)-isomer 
6 Av AAv 


0.00 
0.076 
0.119 
0.153 
0.182 
0.212 


0.74 
0.05 


-0.34 
-0.59 
-0.86 
-1.19 


0.00 
0.69 
1.08 
1.33 
1.60 
1.93 


0.74 
0.18 


-0.16 
-0.35 
-0.57 
-0.86 


0.00 
0.56 
0.90 
1.09 
1.31 
1.60 


0.00 
0.13 
0.18 
0.24 
0.29 
0.33 


0.00 
0.065 
0.090 
0.108 
0.120 
0.172 


2.10 
1.91 
1.84 
1.77 
1.75 
1.64 


0.00 
0.19 
0.26 
0.33 
0.35 
0.46 


2.10 
1.98 
1.93 
1.89 
1.88 
1.81 


0.00 
0.12 
0.17 
0.21 
0.22 
0.29 


0.00 
0.07 
0.09 
0.12 
0.13 
0.17 


a Concentration of 0.40 M in deuterated benzene. Data for C-CHs signal a t  varying IV-drug molar ratios. Data for N-CH3 signal at varying 111-drug molar ra- 
tios. 


tiomeric amines in the presence of 3-(tert-butylhydroxy- 
methy1ene)-d-camphorato europium, much attention has 
been given to the use of the method in routine optical pu- 
rity determination (15). The problem with this approach 
is the difficulty in achieving complete separation of cor- 
responding resonances of the enantiomers before serious 
line broadening occurs. The purpose of this report is to 
describe a method of optical purity determination which 
does not require complete separation of resonance indic- 
ative of each enantiomer in a mixture. 


EXPERIMENTAL1 


Materials-Hydrochloride or sulfate salts of (*I-, (+)-, and (-)- 
ephedrine2 and (-)-ephedrine base2 were used, as well as (f)-, (+)-, and 
(-)-propranolol hydrochloride3; (f)-, S(+)-, and R(-)-albuterol sulfate4; 
(f)-, (+)-, and (-)-ibuprofen5; (&)-, (+)-,and (-)-naproxen6; (&)- and 
(+)-ketoprofen7; and (f)- and (-bfenoprofen calcium8. 


The lanthanide shift reagents tris(6,6,7,7,8,8,8-heptafluoro-2,2-di- 
methyl-3,5-octanedionato)europium (I)9, tris(6,6,7,7,8,8,%heptafluo- 


All NMR spectra were recorded on a Perkin-Elmer R12B instrument operating 
a t  60 MHZ with a probe temperature of 37 f I". Unless otherwise stated, tetra- 
methylsilane was employed as internal standard. Abbreviations used in the ex- 
perimental section to describe resonance appearance are as follows: s, singlet; d, 
doublet; dd, double doublet; q, quartet; m, multiplet. Solvents were dried over 
molecular sieve type 4A. IR spectra, obtained as liquid films or as potassium chloride 
discs (for solids), were recorded on a Pye Unicam SP200 instrument. Low resolution 
mass spectra were obtained from an automatic electron impact mass spectrometer 
12 instrument a t  70 eV. 


Lake and Cruickshank, Buckhaven, Fife, Scotland. 
ICI Limited, Alderley Park, Macclesfield, Cheshire, U.K. 
Allen and Hanbury Ltd., Bethnal Green, London, U.K. 
Boots Company Ltd., Nottingham, U.K. 
Syntex Laboratories, Inc., Calif. 
May and Baker Limited, Dagenham, Essex, U.K. 
Lilly Research Center, Basingstoke, U.K. 
Aldrich Chemical Co. Ltd., Gillingham, Kent, U.K. 


ro-2,2-dimethyl-3,5-octanedionato)praseodymium (HI9, tris[3-(trifluo- 
romethylhydroxymethy1ene)-d-camphorato], europium (11 1) derivative 


and tris[3-(trifluoromethylhydroxymethylene)-~-camphorato], 
praseodymium (111) derivative (IV)g were stored over phosphorus 
pentoxide in a desiccator. 


NMR: Determination of Lanthanide Induced ShiftslO-A solution 
(-0.2-0.4 M) of the racemic compound in the appropriate solvent (0.7 
ml) was prepared and the NMR spectrum recorded. Compound I or I1 
in quantities of 10-20 mg was added incrementally and the spectrum 
recorded after each addition. 


Optical Purity Determination'o-Different quantities of (+)- and 
(-)-isomers, or alternatively the racemate and either pure isomer or 
suitable derivatives, were mixed to give differing optical purities, but 
approximately the same final concentration of total drug when dissolved 
in the appropriate solvent (0.7 ml). The quantity of chiral lanthanide shift 
reagent necessary to give the desired shift reagent: drug molar ratio was 
added (see text and Tables 11,111, and V-VIII for explanation and data) 
and the NMR spectrum of the various solutions recorded under identical 
instrumental conditions. 


Derivativesll-Ketoprofen Methyl Ester-(f)-Ketoprofen (50 rng) 
in a mixture of methanol (20 ml) and concentrated hydrochloric acid (1 
ml) was refluxed for 1 hr. Evaporation to dryness in u a m o  gave an oil 
sufficiently pure for use in subsequent NMR analyses. IR (urnax):  1740, 
1690,1590, and 1500 cm-l; NMR (CDC13): 6 1.40 (3H, d, C-CHs), 3.60 
(3H,s,COOCH3),3.62 (lH,q,CH-CH3),and 7.20-7.90 (9H,m,Ar--H) 
PPm. 


Fenoprofen Methyl Ester-(f)-Fenoprofen calcium salt (0.5 g) was 
dissolved in warm methanol (40 ml), and concentrated hydrochloric acid 
(1 ml) was added. Concentration of the solution in uacuo and extraction 
with ether (3 X 15 ml) gave the ester as an oil. IR (urnax): 1735,1590, and 
1500 cm-l; NMR (CDCl3): 6 1.48 (3H, d, CH-CHB), 3.61 (3H, s, 


10 Ephedrine and propranolol proton salts were converted t o  the corresponding 
free amine by basifying an aqueous solution of the salt with 5 A4 NaOH. Ether or 
chloroform extraction was performed rapidly in the usual way. Final drying of 
samples was achieved in uacuo at  50". 


l1 The corresponding derivatives of optically pure material were similarly pre- 
pared. 
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Table 111-Application of the Base Line Technique to  
Ephedrine of Varying ODtical Purity 


optical purity 
Optical purity*, '% separation', mm 


0.0 
25.6 
47.3 
76.0 


4.70 1.00 
3.80 0.74 
2.71 0.53 
1.48 0.24 


(I Ephedrine concentration of 0.30 M and shift reagent IV-drug molar ratio of 
0.216 in deuterated benzene. An optical purity of 0.00 refers to the racemate. The 
difference between the percentage of the two isomers in a mixture is the percent 
optical purity. Thus, a sample containing 99% (+)- and 1% (-)-isomer is 98% o 
tically pure. If the percent optical purity is X, then that isomer enriched in tfi 
mixture has a percentage given by (X + 100)/2. Using C-CHB signal at 6 
-1.C-1.5 ppm. 


COOCH3), 3.62 (lH, q, CH-CH3), and 6.72-7.53 (SH, m, Ar-H) 
PPm. 


Albuterol Tri(trirnethylsi1yl)ether (V)-(&)-Albuterol(60 mg) was 


CHI 
I 


dSXCH,), 
V 


heated with N,"-bis-trimethylsilyltrifluoroacetamide (VI; 0.4 ml) at 130' 
for 15 min. The excess of VI and trifluoroacetamide were removed in 
uacuo at  50' to leave V as an oil. IR (vmax): 3000,1620, and 1508 cm-'; 
NMR [CDCb; most shielded (CH&Si 9H singlet resonance taken as 601: 
6 0.11 [SH, s, (CH3)3Si], 0.25 [SH, s, (CH3)3Si], 1.05 [9H, s, -C(CH&], 
2.41-2.76 (3H, m, NH + CH2N-, deuterated water reduces to 2H), 
4.61-4.76 (3H, m, 0-CH2Ar + ArCH-), and 6.60-7.47 (3H, m, Ar-H) 
ppm. Distillation of the oil gave a fraction, bp 140-142'/0.8 mm Hg, of 
analytical purity; mass spectrum: rn/z (%), 457 (2), 442 (5.7), 370 (34), 368 
(981,192 (3.4), 148 (18), and 147 (100). 


Anal.-Calc. for C~zH45N03Si3: C, 58.3; H, 9.9; N, 3.1; Si, 18.5. Found12: 
C, 57.9; H, 9.9; N, 3.7; Si, 18.0. 


N-Acetylpropranolol-Freshly distilled acetic anhydride (0.3 ml) 
was added to (f)-propranolol(O.85 g) in tetrahydrofuran (5 ml) and the 
mixture stirred for 15 hr. The solvent was removed in uacuo and the 
residue dissolved in chloroform (20 ml). The organic layer was washed 
with 0.1 M HCl(10 ml), 0.1 M NaOH (10 ml), and then evaporated in the 
usual way. The residual oil crystallized from petroleum ether (40-60)- 
ether (1:3) as colorless needles of (&)-N-acetylpropranolol. Recrystalli- 
zation from the same solvent mixture gave a sample (0.45 g; 46%) mp 
1O4Ol3, suitable for analysis. IR (urnax): 2950,1690,1603, and 1470 cm-'; 


NMR (CDC13): 6 1.11-1.42 (6H, overlapping dd, -CH 2.07 (3H, 


S, COW3), 3.41-4.27 (7H, m, ArOCHz + I + CHzNCO + CONCH), 


and 6.73-8.34 (7H, m, Ar-H) ppm. 


/CH3 


' C H ,  
OH 


CH 


RESULTS AND DISCUSSION 


It was routine practice in this work to study the influence of the non- 
chiral shift reagents of I and 119 on the NMR resonances of racemic 
molecules, before attempting to use the much more expensive chiral shift 
reagents, 111 and IV. Table I shows the Ianthanide induced shift for 0.45 
M (&)-ephedrine in deuterated benzene at  varying 11-ephedrine and 
I-ephedrine ratios. By this means it was possible to demonstrate the 
susceptibility of quantitatively important groups such as C-CH3 and 
N-CH3, which show sharp lines, to the shifting influence of the lan- 
thanide agents. The absence of serious line broadening of the various 


l2 Elemental analyses were performed by Butterworth Laboratories Ltd., Ted- 


'$Meking points, which are uncorrected, were obtained on a Gallenkamp melting 
din ton Middlesex, U.K. 


point apparatus Number 889339, supplied by Gallenkamp, Birmingham, U.K. 
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Figure 2-The base line technique. 


resonances of (&)-ephedrine even at I-drug molar ratio of 0.292, was also 
observed. A plot of lanthanide induced shift (ppm) against lanthanide 
agent-ephedrine molar ratio for both nonchiral shift agents yields a linear 
standard curve for the important C-CH3 and N-CH3 groups in the 
concentration range studied (Table I). The magnitude of observed shifts 
for N-CH3 and C-CH3 in ephedrine, particularly with agent 11, indi- 
cated their potential use in experiments with chiral lanthanide com- 
pounds. 


Table I1 gives data for shifts and differential shifts of the (+)- and 
(-)-isomers of ephedrine in deuterated benzene in the presence of IV and 
111. The change in spectral appearance in the 6 1.75-2.10 (N-CH3) region 
for 0.4 M (&)-ephedrine in deuterated benzene by addition of increasing 
quantities of I11 is shown in Fig. 1. Thus, the complexation of the optically 
active shift reagent with (+)- and (-)-ephedrine gives diastereoisomeric 
species with slightly different chemical shifts for corresponding groups 
within the drug molecule. In this case, the relatively large AAv value of 
0.33 for the overlapping C-CH3 doublets a t  a molar ratio of 0.212 IV- 
drug, even though line broadening was slightly greater than with 111, made 
IV the shift reagent of choice. It has been observed that for ephedrine, 
studied under the conditions shown in Table I11 and in the examples 
subsequently cited, the distance between the true base line (T ,  Fig. 2) 
and the trough between the overlapping resonances associated with 
corresponding groups in the two isomers (F, Fig. 2) is proportional to (1 
- percent optical purity/100). The distance (F - T )  is S, the separation. 
The principles of this base line technique are outlined, as applied to the 
analysis of the overlapping C-CH3 doublets of ephedrine, in Fig. 2. An 
appropriate calibration curve then allows a sample of unknown optical 
purity to be determined. 


The successful application of the method depends on three important 
factors: 


1. The use of solutions containing a constant shift reagent-drug molar 
ratio once that ratio has been selected. 


2. Determination under constant instrumental conditions for all 
solutions. 


3. The use of a standard total concentration of the two isomers in the 


I 
I 


I 
A 


Figure 3-Mathematical analysis of the Overlapping portion of curues 
similar to the response appearance obtained in the base line tech- 
nique. 
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Table IV-Effect of Dilution with Deuterated Benzene on Lanthanide Induced Shift of (*)-Ephedrine in the Same Solvent 
~ 


Volume of 
deuterated 


benzene 
added, ml 


C-CH3 
6 Av 


N-C H S  
6 Av 


0-CH 
6 Av 


Original= 
0.1 


IA) 0.2 
0.3 


0.90 
1.00 
1.04 
1.05 


0.00 
0.10 
1.14 
0.15 


1.84 
1.93 
1.96 
1.98 


0.00 
0.09 
0.12 
0.14 


4.41 0.00 
4.53 0.12 
4.61 0.20 
4.63 0.22 


0.4 1.05 0.15 1.98 0.14 4.67 0.26 


Original a 
0.1 


(BF 0.2 


1.13 
1.23 
1.34 


0.00 
0.10 
0.21 


1.75 
1.79 
1.89 


0.00 
0.04 
0.14 


4.37 0.00 
4.52 0.15 
4.68 0.31 , ,  


0.3 1.42 0.29 1.92 0.17 4.80 0.43 
0.4 1.47 0.34 1.95 0.20 4.89 0.52 
0.5 1.52 0.39 1.97 0.22 4.97 0.60 


0 0.7-1111 volume. b Data for compound I-drug molar ratio of 0.106. c Data for compound I-drug molar ratio of 0.212. 


mixture for the calibration curve. In practice the concentration need not 
be the same for all solutions studied, provided that appropriate conver- 
sion to the standard concentration is effected for purposes of calibra- 
tion. 


It is considered that the relaxation phenomena associated with cor- 
responding groups in such a diastereoisomeric complex need not neces- 
sarily be identical, and consequently, a mathematical analysis has been 
applied to similar overlapping curves. This is presented to support the 
basis of the method (Fig. 3): 


In the region of the minimum ( A ) ,  suppose that the left hand curve is 
f ( n ) ,  the right hand curve is g ( x ) ;  when it is assumed that f’ < 0, g’ > 0, 
f” > 0, g“ > 0, and f ,  g such that for all relevant p ,  (1 - p )  f t pg has a 
minimum. 


Suppose the minimum is a t  2, with a minimal value, h. The conse- 
quence of perturbing p to ( p  t 6 p )  is then considered. Write b ( x )  for (1 
- p ) f ( x )  t p g ( x ) .  Thus, z is governed by 4’ ( z )  = 0. Therefore: 


(1 - p ) f ’ ( z )  + pg’(z )  = 0 (Eq. 1) 


Thus, to find 62: 


(1 - p - 6 p ) f ’ ( z  t 6 2 )  t ( p  + 6p)g’(z t 6 2 )  = 0 (Eq. 2) 


where: 


4‘ ( z  t 6 2 )  + 6p[g’(z + b z )  - f ’ ( z  + 6 z ) ]  = 0 (Eq. 3) 


And on expanding and using & ( z )  = 0 


@”(z)~z t 0(6r2) + 6p[g’(z)  - f ’ ( z )  t 0 (dz)] = 0 (Eq. 4) 


Table V-Shift Data for (+)- and (-)-N-Acetylpropranolol 
Usine Reagent 111 


(+)-isomer (-)-isomer AAb, 
Molar Ratio 6 Av 6 Av P P ~  


0.000 2.10 0.00 2.10 0.00 0.00 
0.183 3.07 0.97 2.92 0.82 0.15 
0.276 3.64 1.54 3.42 1.32 0.22 
0.367 4.15 2.05 3.87 1.77 0.28 
0.521 4.70 2.60 4.39 2.29 0.31 


a Concentration of 0.25 M acetylated drug in carbon tetrachloride, using COCH3 
signal. b Using the same shift reagent, the AAv values in deuterated benzene and 
deuterated chloroform at 4 . 5  molar ratios were 0.15 and 0.02 ppm, respec- 
ti v e 1 y . 


Table VI-Application of the Base Line Technique to N- 
AcetslDroDranolol* of Varying ODtical Purity 


optical purity 
(1- 100 


S b ,  
ODtical Puritv. ’70 mm 


0.0 4.90 1.00 
24.9 3.90 0.75 
50.4 2.80 0.50 
75.4 1.40 0.25 


100.0 0.20 0.00 


a Concentration of 0.248 M in carbon tetrachloride, using agent 111-acetylated 
Resonance of COCH3 a t  63.9-4.2 ppm employed in the drug molar ratio of 0.40. 


analysis. 


where: 


(Eq. 5) 


Therefore: 


h t 6h = (1 - p - 6 p ) f ( z  + 62)  + ( p  + 6 p ) g ( z  t 6 2 )  


= b(2 + 62) + 6p[g(z  t 62) - f ( z  + 6 z ) ]  (Eq. 6) 


and: 


[note that d’(z) = 01 (Eq. 7) 


Thus, 6h is approximately linearly related to 6p,  with coefficientg(z1 
- f ( z ) ,  but the quadratic term does not vanish, and indeed the coeffi- 
cient: 


- [g ’ (z)  - V ( Z ) 1 2  


4“(2) 
need not even be particularly small; it is known that g’ < 0 and f’ < 0. 


Results for the application of the base line technique to ephedrine of 
varying optical purity are shown in Table 111 and the corresponding 
calibration plot[S uersus (optical purity/100)] yields a standard linear 
curve. 


In accordance with previous work (16), the lanthanide induced shift 
produced by nonchiral and chiral shift reagents was found to be altered 
by dilution of prepared samples with more solvent. For a fixed shift re- 
agent-ephedrine molar ratio, incremental addition of deuterated benzene 
caused a downfield shift proportional to the amount of solvent added. 
Table VII-Application of the Base Line Technique to Vn 


optical purity 
ODtical Puritv, % Sb.  mm (1- 100 


0.0 7.00 1 .oo 
25.0 5.20 0.75 
50.0 3.70 0.50 
75.3 1.80 0.25 


100.0 0.15 0.00 


Concentration of 0.188 M in carbon tetrachloride employing 111-derivatized 
drug molar ratio of 1.20. bAAv (ppm) values of 7.8,4.8, and 6.5 were obtained a t  
III-drug derivative molar ratios of 1.20 in carbon tetrachloride, deuterated chlo- 
roform, and deuterated benzene, respectively. The analytical peak was that for 
ArCHsOSif in all three cases, but least line broadening occurred in carbon tetra- 
chloride. 
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Table VIII-Application of the Base Line Technique to Various 
Nonsteroidal Anti-inflammatory Agents or Their Derivatives 


optical purity 
Optical Purity, 70 S, cm (1- 100 


0.0 0.59 1 .oo 
23.7 0.44 0.76 


Ibuprofen” 47.6 0.29 0.52 
75.0 0.15 0.25 


100.0 0.00 0.00 


0.0 1.61 1.00 
24.4 1.39 0.76 


Naproxen* 49.0 1.05 0.51 
70.1 0.79 0.30 


100.0 0.40 0.00 


0.0 0.90 1.00 
Ketoprofen 20.0 0.72 0.80 
methyl esterC 45.0 0.48 0.55 


70.0 0.27 0.30 
78.0 0.19 0.22 


0.0 1.80 1.00 
Fenoprofen 20.0 1.45 0.80 
methyl esterd 55.0 0.86 0.45 


80.0 0.46 0.20 


0 Concentration of drug used was 0.23 M in carbon tetrachloride, usin 111 drug 
molar ratio of 0.366. The analytical peak was ArCHCH3 in the region f3.14-3.52 
ppm. b Drug concentration was 0.29 M in deuterated chloroformxarbon tetra- 
chloride (3:4), usin III-drug molar ratio of 0.355. The analytical peak was at  
61.80-2.60 ppm (ArEHCH3). Drug derivative concentration was 0.30M in carbon 
tetrachloride, using 111-ester molar ratio of 0.406. The analytical peak was 
ArCHCH3 in the region 61.90-2.15. Concentration of derivatized drug was 0.215 
M in carbon tetrachloride using III-ester molar ratio of 0.919. The analytical peak 
was the COOCH3 resonance in the 65.20-5.30 region. 


Higher molar ratios produced greater downfield shifts. Table IV shows 
results for two different molar ratios, using I as shift reagent, on successive 
addition of 0.1 ml volumes of deuterated benzene to a mixture prepared 
in 0.7 ml of the same solvent. 


Data obtained on application of the base line technique to N-acetyl- 
propranolol, compound V, ibuprofen, naproxen, ketoprofen methyl ester, 
and fenoprofen methyl ester are presented in Tables V-VIII and the 
corresponding calibration curves, when plotted, are linear. Appropriate 
derivatization was required in those cases of poor solubility of the parent 
drug in the solvents available, or where the number of points of com- 


plexation with the shift reagent was large, with consequent line broad- 
ening. 


If authentic, optically pure samples of a drug are available, this method 
offers a useful means of routine optical purity determination up to -90% 
optical purity. The susceptibility of a molecule to pseudocontact shifting 
influences of a lathanide agent can be quickly established using a non- 
chiral compound, and the appropriate shift reagent-drug molar ratio 
necessary in a given case found from incremental addition of the shift 
reagent (Table 11). 


It has also been observed that, in certain cases, the peak height dif- 
ference (bh) of overlapping resonances from corresponding groups of 
optical isomers in the presence of a chiral shift reagent bears a linear re- 
lationship to optical purity up to levels Of -50%. However, there was little 
success in establishing optical purity at  levels >50%. The instrumental 
and other conditions necessary for successful application of the base line 
technique similarly apply to the peak height difference method. 
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Abstract CI A technique is described which allows reproducible prepa- 
ration of liposomes with improved size-frequency distributions. The 
recent procedure of extrusion of crude liposome dispersions through 
controlled-pore polycarbonate membranes is used to control the upper 
limit of liposome diameter. Subsequent dialysis, using the Same type of 
membrane, can remove the majority of liposomes smaller than a prede- 
termined size. The pattern of dialysis of a liposome preparation is a 
function of the size-frequency distribution (as well as the membrane 


pore size) and can be used to approximate the distribution and/or used 
to monitor the reproducibility of liposome preparations. 


Keyphrases 0 Liposomes-dialysis for improved size-frequency dis- 
tribution 0 Polycarbonate membranes-dialysis of liposomes, size- 
frequency distribution 0 Dialysis-liposomes, improved size-frequency 
distribution 0 Distribution-size-frequency, liposome dialysis 


It is recognized that liposome properties, both as model 
membranes and drug carrier systems, are dependent on 
their size (1-4). The differences in the plasma time course 
and tissue distribution seen between large multilamellar 
and small unilamellar vesicles are now well established (5), 


and even different size classes of large multilamellar ves- 
icles can have significantly different pharmacokinetics (6). 
Unfortunately, the size distribution of the original multi- 
lamellar preparation previously described (7) is very het- 
erogeneous and poorly reproducible. The use of this 
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bioavailability determined from urine data may give a more accurate 
reflection of the true bioavailability. Thus, the feasibility of using urinary 
excretion data alone to determine bioavailability of furosemide is good, 
given the statistical agreement of absolute bioavailability determined 
by plasma and urine data. Also, the possibility of overestimation of bio- 
availability by plasma data because of enterohepatic recycling makes 
bioavailability determined from urine data appear more reliable. 


The tmax and Cp,,, determinations were not statistically significantly 
different for the tablet and solution. There was a trend toward later peak 
plasma concentrations following tablet administration, probably due to 
time required for tablet disintegration and dissolution. The seeming 
disagreement of Cp,., determinations presented in Table 11 and Fig. 1 
is a function of mean data being graphically presented, while the means 
of individual subjects are presented in the table. 


The bioavailabilities of the tablet and solution are essentially the same, 
though (70% of the dose was absorbed. This suggests the absorption may 
not be solely dependent on solubility, but may also be limited by ab- 
sorption occurring only from a specific site in the GI tract. Site-limited 
absorption may explain intrasubject variability in absolute bioavail- 
ability. 


In summary, the disposition of intravenous furosemide as determined 
by this study is in agreement with previous reports. The mean absolute 
bioavailability determined from cumulative urinary excretion data was 
61 and 66% for the solution and tablet, respectively. The bioavailability 
determined with urine data may be more reliable than bioavailability 


determined with plasma data because of a possible enterohepatic re- 
cycling process. Site-limited absorption of furosemide is suggested. 
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Abstract 0 The chromatographic behavior of phenylephrine, codeine, 
pseudoephedrine, phenylpropanolamine, methoxyphenamine, phenir- 
amine, pyrilamine, dextromethorphan, and chlorpheniramine was ex- 
amined by reversed-phase, ion-pair high-performance liquid chroma- 
tography. An isocratic chromatographic system was devised for the 
analysis of cough-cold liquids containing these amine drugs by optimi- 
zation of the mobile phase ionic strength, buffer pH, pairing ion con- 
centration, and secondary ion concentration. Quantitative recovery and 
excellent precision were demonstrated for the simultaneous determi- 
nation of phenylpropanolamine, dextromethorphan, and chlorphenira- 
mine in a typical formulation. The method was successfully applied to 
various commercial cough-cold liquids for the analysis of a wide range 
of amine drugs. 


Keyphrases 0 Cough-cold liquids-determination of amine ingredients 
by reversed-phase, ion-pair high-performance liquid chromatography 
0 High-performance liquid chromatography-determination of amine 
ingredients in cough-cold liquids 0 Amine drugs--determination in 
cough-cold liquids by reversed-phase ion-pair high-performance liquid 
chromatography 


Cough-cold liquids are usually complex formulations 
containing several active ingredients and a broad spectrum 
of excipients such as dyes, flavors, sweeteners, and pre- 
servatives. Many of these products are designed to be 
multisymptom preparations typically containing a variety 
of basic amino compounds acting as antihistamines, de- 
congestants, or cough suppressants. Some of the common 
amino agents utilized include phenylephrine, phenylpro- 
panolamine, pseudoephedrine, pyrilamine, pheniramine, 


chlorpheniramine, codeine, and dextromethorphan. The 
analgesics, phenacetin and acetaminophen, are also com- 
monly found in cough-cold liquids adding further com- 
plexity to the list of possible ingredients. Preservatives 
such as methyl- and propylparaben or sodium benzoate 
are normally present in a formulation. It was the purpose 
of this study to develop a simple high-performance liquid 
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Figure 1-Relationship between retention and pairing ion concen- 
tration of the mobile phase. Key: (A) phenylpropanolamine; (A) dex- 
tromethorphan; (0) chlorpheniramine; (0) propylparaben. Mobile 
phase: 0.02 M ammonium nitrate, 70% methanol, 1.5% glacial acetic 
acid. The pairing ion is sodium dioctyl sulfosuccinate. 


chromatographic (HPLC) procedure capable of deter- 
mining the full range of amines commonly found in 
cough-cold liquids. Efforts were concentrated on the si- 
multaneous determination of the antihistamine, chlor- 
pheniramine (I); the decongestant, phenylpropanolamine 
(11); and the cough suppressant, dextromethorphan (111) 
in a typical cough-cold liquid. Applicability of the chro- 
matographic separation to these and other amine drugs in 
a variety of different formulations was demonstrated by 
the analysis of cough-cold liquids from a variety of dif- 
ferent sources. 


BACKGROUND 


Chromatographic determination of cough-cold amines has previously 
been performed using GLC (1-3) and ion-pair, reversed-phase HPLC 
(4-10). The GLC methods are generally less efficient due to the necessity 
of derivatization of some or all of the amines, and because the sample 
preparation usually involves an extraction step or evaporation of the 
sample and redissolution in a suitable solvent. Several of the available 
HPLC procedures were designed for the determination of one component 
and are not able to handle all of the amine ingredients found in combi- 
nation products (4-6, 8). Another chromatographic system for the de- 
termination of pseudoephedrine, brompheniramine, and dextrometh- 
orphan elutes pseudoephedrine near the solvent front before major ex- 
cipient peaks (7). This situation is undesirable, since excipient interfer- 
ences are likely to arise when different formulations from a variety of 
sources are analyzed. The determination of codeine, phenylpropanol- 
amine, pheniramine, and pyrilamine has also been described (10). This 
procedure fails to separate the two antihistamines, pheniramine and 
pyrilamine, and they must be quantitated separately by a spectropho- 
tometric method. 


Reversed-phase, ion-paired HPLC was chosen as the most suitable 
chromatographic system due to the desire for a sample preparation that 
would require only dilution of the cough-cold liquid prior to injection 
onto the column. The ideal chromatographic system would use a pairing 
ion that would not cause precipitation in the samples and yet provide 
enough retention to resolve the drugs of interest from the formulation 
excipients. All of the drugs would be adequately resolved and the analysis 
time should be sufficiently short (ix., 620 min). These goals were ac- 


IT l6 Iri/, , \  


b 6  V \ 
a 4  
n 2  - 


4 8 1216202428323640 
3 


MOLARITY OF NH,NO, X lo3 


Figure 2-Relationship between the capacity factor a n d  the concen- 
tration of the secondary ion, ammonium nitrate. Key: (A) phenylpro- 
panolamine; (A) dextromethorphan; (0) chlorpheniramine; (0) pro- 
pylparaben. Mobile phase: 70% methanol, 0.013 M sodium dioctylsul- 
fosuccinate, 1.5% glacial acetic acid. 
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Figure 3-Relationship between retention and pH of the mobile phase. 
Key: (A) phenylpropanolamine; (A) dextromethorphan; (0) chlor- 
pheniramine. Mobile phase: methanol-water-tetrahydrofuran-85 % 
phosphoric acid (68:29:4:1); the sodium dioctyl sulfosuccinate concen- 
tration was 0.013 M. Ammonaum hydroxide was used for pH adjust- 
ment. 
complished by the manipulation of the mobile phase ionic strength, 
mobile phase solvent strength, buffer pH, pairing ion concentration, and 
secondary ion concentration. The results of these studies and an HPLC 
method for a variety of cough-cold amines that requires a minimum of 
sample treatment are presented. 


EXPERIMENTAL 
Materials-The various cough-cold ingredients, acetaminophen, 


guaifenesin, phenacetin, phenylephrine hydrochloride, codeine sulfate, 
ephedrine sulfate, phenylpropanolamine hydrochloride, methoxyphe- 
namine hydrochloride, pheniramine maleate, benzphetamine hydro- 
chloride, pyrilamine maleate, dextromethorphan hydrobromide, chlor- 
pheniramine maleate, and a-aminopropiophenone were USP-NF quality. 
Sodium dioctyl sulfosuccinate', 3-hydroxy-N-methylm~rphinan~, 
N,N-dimethylanilinel, acetophenonel, methylparaben2, and propyl- 
parabenz were used as received. Methanol and tetrahydrofuran were 
distilled in glass3, and distilled water was used in all mobile phases. All 
other chemicals were reagent grade. The cough-cold liquids from various 
manufacturers were nonprescription products purchased a t  local drug- 
stores. 


Apparatus-A modular high-performance liquid chromatograph, 
consisting of a reciprocating piston pump equipped with a pulse damp- 
ener4, an automated autosampler5, a UV detector6 (254 nm), and a re- 
corder7, was used for all measurements. For quantitative measurements, 
data were collected and processed by a digital computers. 
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Figure 4-Chromatogram of a typical cough-cold syrup containing 
phenylpropanolamine (Peak I), bentphetamine (Peak 2, the internal 
standard), dextromethorphan (Peak 3), and chlorpheniramine (Peak 
4) at 0.03 aufs. 


Aldrich Chemical Co., Milwaukee, WI 53233. 
2 The Upjohn Co. 


Burdick & Jackson Laboratories, Muskegon, MI 49442. 
4 Model 110, Altex Corp., Berkeley, CA 94710. 


Model 8050, Varian Associates, Palo Alto, CA 94303. 
fi UVIII, Laboratory Data Control, Riviera Beach, Fla. 


Model XKR, Sargent Welch Co., Skokie, IL 60067. 
8 PDP 11, Digital Equipment Co., Maynard, MA 01754. 


Journal of Pharmaceutical Sciences I 1109 
Vol. 71, No. 10, October 1982 







Table I-Replicate Analyses of Chlorpheniramine (I), 
Phenylpropanolamine (11), and Dextromethorphan (111) in  a 
Single Cough-Cold Syrup Lot a 


Table 11-Analyses of Chlorpheniramine (I), 
Phenylpropanolamine (II), and  Dextromethorphan (111) in  
Nonprescription Cough-Cold Liquids 


I I1 111 
~~ 


Day 1 


R S D  
Label 
Day 2 


3.98 
4.00 
3.97 
3.90 
4.05 
3.96 


24.6 
25.1 
24.8 
24.9 
25.4 
24.6 


19.9 
20.1 
19.7 
19.6 
20.2 
19.7 - ~~ 


3.93 24.8 19.6 
3.97 f 0.5 24.9 f 0.2 19.8 5 0.2 
1.2% 1.1% 1.2% 


99.2 99.6 99.1 
3.98 25.0 19.9 
4.01 
4.03 
4.00 
3.96 
4.00 


24.9 
25.1 
25.0 
25.1 
25.2 


19.9 
20.1 
19.8 
19.9 
19.9 4.01 25.1 - 20.0 


4.00 f .02 25.1 f 0.1 19.9 f 0.1 
R S D  0.5% 0.4% 0.4% 
Label 100.0 100.2 99.6 


~~ 


Internal standard method. 


Mobile Phase-The mobile phase was prepared as follows. Methanol 
(680 ml) was added to 5.8 g of sodium dioctyl sulfosuccinate. Stirring was 
continued and 290 ml of distilled water, 40 ml of tetrahydrofuran, and 
1 ml of 85% phosphoric acid were added. The pH was adjusted to 3.80 f 
0.05 with concentrated ammonium hydroxide solution. The solution was 
filtered through a 5-pm filter before use. 


Separation between dextromethorphan and chlorpheniramine could 
be increased without affecting the other components by decreasing the 
pH of the mobile phase. If greater separation was necessary between 
phenylpropanolamine and the excipients, the methanol content of the 
mobile phase was decreased. 


Columns-A microparticulate octadecylsilane columns (10-pm par- 
ticles, 30 cm X 4 mm) was used throughout this study. The column was 
washed with a mobile phase consisting of methanol-water-tetrahydro- 
furan (68294) when not in use to ensure long column life. The column 
temperature was ambient, column pressure -2000 psi, injection volume 
-50 pl, and the flow rate was 1.3 ml/min. These conditions gave satis- 
factory chromatography. 


Internal Standard Solution-A solution with a concentration of -7.0 
mg/ml of benzphetamine hydrochloride was prepared. 


Standard Preparation-Ahout 8.3 mg of phenylpropanolamine 
hydrochloride, 6.7 mg of dextromethorphan hydrobromide, and 1.3 mg 
of chlorpheniramine maleate were accurately weighed, and 1.0 ml of the 
internal standard solution and -35 ml of the mobile phase were 
added. 


Sample Preparation-An appropriate amount of sample (accurately 
measured) was diluted with 1.0 ml of internal standard solution and -30 
ml of mobile phase. The resulting solution was mixed for 5 min. The 
amounts of commercial cough-cold liquid and mobile phase used were 
varied depending on the drug concentrations in the various products. 


Procedure-The sample or standard (50 pl) was chromatographed 
using the conditions described. The detector setting was -0.03 aufs. 
Concentrations were determined by comparison of peak height ratios 
from sample preparations to those from the standard preparation (USP 
reference standards were used). 


RESULTS AND DISCUSSION 
The primary requirements of the chromatographic system would he 


its ability to separate the amine drugs from the latest eluting excipient 
peak and yet maintain a chromatographic run time of <20 min. If ade- 
quate separation could be obtained, then sample preparation for the 
cough-cold liquids would merely require dilution of the sample with the 
mobile phase. Preliminary experiments indicated that the preservative, 
propylparaben, was the latest eluting excipient in the formulation chosen 
for initial development. Its retention behavior was compared with those 
of phenylpropanolamine, dextromethorphan. and chlorpheniramine in 
later studies to optimize the mobile phase. 


The effects of the carbon chain length of the pairing ion on the capacity 


Content, mg/ml 
Sample I I1 111 


A“ N P  2.58 (103)c C d  
B 0.404 (101) 2.53 (101) N P  


0.681 (102) C 0.676 (101) C 
D 0.133 (100) N P  0.667 (100) 


0.998 (100) E N P  1.22 (98) 
F 0.396 (99) N P  NP 
G 0.401 (100) N P  2.03 (102) 
H 0.265 (99) 1.66 (100) 1.32 (99) 


_ _ _ _ ~  _____ ~ 


Sample A was done by an external standard method. * NP refers to an amine 
not present in the formulation. The numbers in parentheses refer to percent of 
label. 


factors of phenylpropanolamine, dextromethorphan, and chlorphenir- 
amine were initially investigated. The capacity factor of propylparaben 
was observed to remain nearly constant as the pairing ion was varied due 
to its presence in the unionized state a t  the pH of the initial mobile phase 
(pH 3.3). The chain length of alkylsulfonate or alkylsulfate pairing ions 
was varied from 6 to 20. I t  was observed that a pairing ion with a chain 
length of >12 carbons would be necessary to ensure adequate resolution 
of phenylpropanolamine from propylparaben. An upper limit on the size 
of the pairing ion was established by the fact that the CZO (eicosyl) pairing 
ion caused precipitates to form in the diluted syrup samples. Sodium 
dioctyl sulfosuccinate was ultimately chosen as the pairing ion based on 
its ability to produce adequate retention of phenylpropanolamine, dex- 
tromethorphan, and chlorpheniramine and its solubility, availability, 
and low cost. 


By lowering the methanol content of the mobile phase, the resolution 
between propylparaben and phenylpropanolamine can be increased to 
obtain the desired degree of separation but only a t  the expense of ex- 
tremely long retention times for chlorpheniramine. At this point it was 
clear that  what was needed was greater selectivity between the amine 
drugs and propylparaben. Increasing the size of the pairing ion would 
increase the resolution between phenylpropanolamine and propylpara- 
ben, but this approach was unsuccessful due to the formation of precip- 
itates when the samples were diluted with the mobile phase containing 
these larger pairing ions. Examination of a possible mechanism for re- 
tention in ion-paired, reversed-phase chromatography (Eqs. 1 and 2) 
suggested that a smaller, more soluble pairing ion could be used by in- 
creasing its concentration in the mobile phase to increase the k’ of the 
amines while leaving the k’ of propylparaben unaffected: 


(Eq. 1) 


C refers to a chromatographic interference that prevented quantitation. 


k ’ = -  Vs [R+ I-Iorg 
V m  [R+laq 


(Eq. 2) 


where 


k’ is the capacity factor, V, is the volume of the stationary phase, V, is 


Table  111-Approximate Retention of Various Cough-Cold 
Component Compounds a 


Compound 


Retention 
Time, 
min k’ 


Acetaminophen 
Guaifenesin 
Phenacetin 
Phenylephrine 
Codeine 
Ephedrine 
Phen ylpropanolamine 
Methoxyphenamine 
Pheniramine 
Benzphetamine 
Pyrilamine 
Dextromethorphan 
Chloroheniramine 


2.4 
2.6 
2.9 
5. i 
5.6 
7.0 
7.1 
8.3 


11.0 
11.2 
14.4 
14.9 
17.5 


0.5 
0.6 
0.7 
2.1 
2.5 
3.2 
3.3 
4.1 
5.9 
6.0 
8.0 
8.2 
9.6 


~~ ~~ _____ 


Mobile phase: methanol-water-tetrahydrofuran-80% phosphoric acid (67: 
yBondapak C18, Waters Associates, Milford, MA 01757. 29:4:0.1) with 5.8 g of dioctyl sulfosuccinate adjusted to pH 3.8. 
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Figure 5-Chromatogram demonstrating the retention behavior of a 
variety of cough-cold ingredients: maleic acid ( I ) ,  guaifenesin (2), 
phenacetin (3), phenylephrine (4), phenylpropanolamine (5), 
methoxyphenamine (6), benzphetamine (7, internal standard), dex- 
tromethorphan (8), and chlorpheniramine (9). See Table III for mobile 
phase composition. 


the volume of the mobile phase, [I-] is the concentration of the pairing 
ion, [R+] is the concentration of the protonated amine, [R+ I-] is the 
concentration of the ion pair, and E is the extraction constant (11). 


The relationship between the capacity factors (k ’ )  and the pairing ion 
concentration for phenylpropanolamine, dextromethorphan, chlor- 
pheniramine, and propylparaben is shown in Fig. 1. Equation 2 predicts 
k’ to be proportional to the pairing ion concentration, and this type of 
behavior is observed in the early portions of the curves. The optimum 
pairing ion concentration was chosen as 0.013 M. As expected, the pro- 
tonated form of propylparaben exhibited no change in capacity factor 
with increasing pairing ion concentration in the acetate buffer. 


In the past, ammonium nitrate had been used in the mobile phase as 
a secondary ion to improve peak shape and reduce tailing (4,5). I t  was 
initially included here based mainly on past history. Secondary ions 
compete with the pairing ion to form ion pairs and would be expected to 
decrease the retention of the amines by effectively decreasing the con- 
centration of dioctyl sulfosuccinate ion pairs in the stationary phase. The 
effect of the nitrate ion concentration on the retention of phenylpropa- 
nolamine, dextromethorphan, chlorpheniramine, and propylparaben is 
shown in Fig. 2. The retention of the amines is observed to decrease with 
increasing nitrate ion concentration. As expected, the retention of pro- 
pylparaben is unaffected by the concentration of the secondary ion. When 
ammonium nitrate was completely removed from the mobile phase, re- 
tention increased while tailing was changed very little. Tetrahydrofuran 
was added to the mobile phase and was found to be more effective in re- 
ducing tailing than nitrate ion. 


Adequate resolution between propylparaben and phenylpropanol- 
amine was obtained by increasing the retention with increased pairing 
ion concentration and removal of the secondary ion from the mobile 
phase, but the retention time of chlorpheniramine became excessive. The 
retention of chlorpheniramine was reduced relative to dextromethorphan, 
phenylpropanolamine, and propylparaben by changing from an acetate 
buffer to a carefully controlled phosphate buffer system of lower ionic 
strength. Figure 3 demonstrates the relationship between retention of 
the amines and mobile phase pH. In the pH region of 3-5, the capacity 
factors of phenylpropanolamine and dextromethorphan remain relatively 
constant, while chlorpheniramine’s retention changes dramatically. The 
amine groups of phenylpropanolamine and dextromethorphan (pKa -10) 
are fully protonated in this pH range and are behaving as monocations 
with respect to the ion-pairing system. Chlorpheniramine is capable of 
being protonated twice with reported pKa values of 4.0 (pyridinium 
group) and 9.2 (tertiary amine group) (12). In the pH 5.0 region, chlor- 
pheniramine is exhibiting retention behavior more compatible with that 
of a monocation, while a t  pH 3.0 the increased retention is due to large 
concentrations of the dication form. For bivalent sample ions, the capacity 
factor is predicted to be proportional to the square of the pairing ion 
concentration ( l l ) ,  and the rapid increase in retention of chlorphenira- 
mine a t  lower pH is consistent with this proposition. A mobile phase pH 
of 3.8 was chosen to shorten the chromatographic run time and still retain 
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Figure 6-Chromatograms of three different commercial cough-cold 
syrups demonstrating the separation of pseudoephedrine (I), dextro- 
methorphan (2), chlorpheniramine (3), codeine (4) ,  phenylpropanol- 
amine (5), pheniramine (S), and  pyrilamine (7) from the encipients 
found in these syrups. 


baseline separation of chlorpheniramine and dextromethorphan. Se- 
lectivity between dextromethorphan and chlorpheniramine is affected 
to such a great extent that  the order of elution can be reversed by ad- 
justing the pH of the mobile phase (Fig. 3). 


Figure 4 shows a typical chromatogram of a 5.0-ml syrup sample (8.3 
mg of phenylpropanolamine hydrochloride, 6.7 mg of dextromethorphan 
hydrobromide, and 1.3 mg of chlorpheniramine maleate/5 ml) spiked with 
1.0 ml of internal standard solution and diluted to -35 ml with mobile 
phase. Excellent separation of the three drugs and the internal standard 
were obtained with all syrup excipiedts eluting in the early portions of 
the chromatogram. The percent recovery of phenylpropanolamine, 
dextromethorphan, and chlorpheniramine from spiked syrup placebo 
averaged 100.0 f 0.7 (n = 9), 99.9 f 1.4 (n = 8),  and 99.9 f 1.1 (n = 8), 
respectively, over the ranges of 4.1-12.5, 3.2-9.9, and 0.8-1.9 mg/5 ml. 
Replicate analyses of one lot of cough-cold syrup gave average values of 
24.9 f 0.2 (phenylpropanolamine, theoretical: 25 mg/15 ml), 19.8 f 0.2 
(dextromethorphan, theoretical: 20 mg/15 ml), and 3.97 f 0.05 (chlor- 
pheniramine, theoretical: 4 mg/15 ml). Data for the first and second day 
analyses of this lot are given in Table I. 


Eight samples of commercial cough-cold liquids containing phenyl- 
propanolamine, dextromethorphan, or chloropheniramine, alone or in 
combination, were analyzed with no changes in the mobile phase or 
chromatographic parameters. Good agreement with the labeled content 
for phenylpropanolamine, dextromethorphan, and chlorpheniramine 
was obtained (Table 11). In each case simple dilution of the sample with 
mobile phase was used, and no excipient inteference problems were noted 
with the exception of Sample C where an unknown excipient peak ob- 
scured phenylpropanolamine. However, dextromethorphan and chlor- 
pheniramine were successfully quantitated in Sample C. In Sample A 
dextromethorphan was not adequately resolved from pyrilamine (also 
present in Sample A) to allow quantitation. Adjustment of the mobile 
phase pH would undoubtedly increase the separation of dextromethor- 
phan and pyrilamine, since analogous behavior to that observed for 
chlorpheniramine and dextromethorphan in Fig. 3 would be expected 
in this case. 


The retention behavior of other cough-cold ingredients was also in- 
vestigated using this assay methodology to test the applicability of the 
chromatographic system to a wider range of product formulations. Table 
111 lists the capacity factors ( k ‘ )  found for some common cough-cold 
drugs. Figure 5 contains a chromatogram of the separation of a synthetic 
mixture of many of these compounds. Commercial cough-cold liquids 
containing amine drugs other than or in addition to  phenylpropanol- 
amine, dextromethorphan, and chlorpheniramine were also investigated 
(Fig. 6). No excipient interferences were noted in commercial samples 
containing codeine, pseudoephedrine, methoxyphenamine, pheniramine, 
and pyrilamine. Analgesics such as acetaminophen eluted near the solvent 
front and were easily separated from the amine drugs of interest. While 
quantitation of these amine drugs was not attempted, the applicability 
of the present methodology to a wide range of amine drugs was con- 
firmed. 


The reversed-phase, ion-pairing HPLC procedure described is shown 
to be precise and accurate for the simultaneous determination of phe- 
nylpropanolamine, dextromethorphan, and chlorpheniramine in 
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cough-cold liquids. In addition, the results indicate that the methodology 
is applicable to a wide range of amine drugs commonly found in cough- 
cold liquids. The chromatographic system is capable of separating the 
amines of interest from the dyes, preservatives, and flavorings normally 
associated with a liquid cough-cold formulation. In all cases the sample 
preparation consisted of dissolution of the sample in the mobile phase 
and the total chromatographic run time was <20 min. 
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Abstract 0 A simple and precise high-performance liquid chromato- 
graphic (HPLC) procedure was developed for the determination of cef- 
sulodin, a new antipseudomonal cephalosporin antibiotic, in plasma. The 
analytical procedure involved ultrafiltration of samples that were buf- 
fered to prevent cefsulodin degradation, followed by injection into an 
HPLC system, utilizing a CIS reversed-phase analytical column, a mobile 
phase of acetonitrile-modified aqueous acetate buffer, and a UV spec- 
trophotometric detector. Because of the simplicity of the procedure, the 
intraassay (-2%) and interassay (-3-4%) coefficients of variation were 
extremely low. Recoveries of drug were essentially quantitative in freshly 
buffered specimens and in those stored buffered and frozen for nearly 
3 months. Calibration curves were rectilinear from the limit of quanti- 
fication (-0.2 pg/ml) to 200 pg/ml, as demonstrated by regression cor- 
relation coefficients averaging >0.999 during routine analyses. 


Keyphrases High-performance liquid chromatography-procedure 
for the determination of cefsulodin in plasma, new antipseudomonal 
cephalosporin antibiotic 0 Cefsulodin-new cephalosporin antibiotic, 
high-performance liquid chromatographic determination 0 Ultrafil- 
tration-high-performance liquid chromatographic determination of 
cefsulodin in plasma, new antipseudomonal cephalosporin antibiotic 


Cefsulodin sodium [3-(4-carbamoyl-l-pyridinio- 
methyl) - 70 - (D - a -sulfophenylacetamido) - ceph - 3 - em- 
4-carboxylate monosodium salt] (I), a semisynthetic 
cephalosporin antibiotic (Fig. 1)l, has been shown to have 
excellent antipseudomonal activity (1,2). 


0 


6-0- 
II 
0 


I 


Developed by Takeda Chemical Industries; also known as SCE-129. Currently 
under clinical investigation by Abbott Laboratories. 


Microbiological assays have traditionally been used for 
analysis of biological specimens containing antibiotics; 
however, such procedures are occasionally disadvantageous 
due to long analysis times, nonlinear calibration curves, 
inadequate specificity, and relatively poor precision. In 
addition, preliminary experiments suggested that prob- 
lems might arise during microbiological assays for cefsu- 
lodin due to drug hydrolysis during incubation of inocu- 
lated analysis plates. 


With these factors in mind, work was started to develop 
an alternate procedure which had adequate sensitivity, 
high precision, short analysis time, and which did not allow 
hydrolysis of the cefsulodin. High-performance liquid 
chromatography (HPLC) is ideally suited for the analysis 
of the relatively polar, nonvolatile cephalosporins. Since 
the therapeutic concentrations of these compounds are 
usually in the microgram per milliliter range, concentrating 
techniques are usually not required. However, the majority 
of the high molecular weight proteins and fibrin must be 
removed from plasma samples to prevent column filter and 
bed damage. Several HPLC procedures for cephalosporins, 
employing classical deproteination reagents such as tri- 
Table I-Precision and Linearity of the HPLC Procedure for 
Cefsulodin 


Concentration of Cefsulodin, pg/ml Coefficient 
Actual Calculated” of Variation, 70 


0.78 0.76 (0.74) 4.5 (3.3)b 
1.56 
3.13 
6.25 


12.50 
25.00 


1.57 (1.57; 
3.10 ( 3 . ~ 4  
6.31 (6.44) 


12.71 (12.70) 
25.05 (25.17) 


.~ ~, 
1.9 (1.7) 
1.7 (0.4) 
3.2 (2.1) 
0.9 (0.6) 
1.3 (0.4) 


50.00 49.40 (50.41) 1.1 (0.4j 
100.00 97.34 (98.87) 1.7 (0.3) 


Based on results of linear regression of means from quadruplicate determina- 
tions for each concentration using reciprocal variance weights ( r  = 0.9999). * Data 
in parentheses were obtained neglecting responses of the internal standard. 
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DISCUSSION 


The major metabolite of sulpiride in monkeys was obtained by isolation 
from urine followed by chromatographic purification. The chromatogram 
in Fig. 3 represents the sample that  was submitted for identification by 
'H-NMR, chemical ionization mass spectroscopy, and HPLC. Compar- 
ison for the 1H-NMR spectra of the metabolite and sulpiride showed that 
some biotransformation had occurred to the pyrrolidine ring, where i t  
appeared that alpha oxidation had taken place similar t o  the model 
compounds, VI-VIII. 


This conclusion was further supported by the fact that  sulpiride is 
retained on a cation exchange column, while metabolite I1 can be eluted 
with an acidic solvent system. The different chemical behavior of these 
two species was attributed to the diffe-nces in the basicity of the sul- 
piride pyrrolidine ring nitrogen, which was a tertiary amine prior to 
biotransformation and subsequently was converted into a cyclic amide 
of lesser basicity. The synthesis of compound I1 by an unambiguous route 
(Scheme I) and analysis by 'H-NMR of the synthetic material gave un- 
equivocal evidence that alpha oxidation had occurred. In addition, a 
sample of the radiolabeled metabolite and the synthetically prepared 
sample were compared by HPLC and found to have identical retention 
times (Fig. 5). 


Previous attempts to obtain a mass spectrum on I1 by electron impact 
had failed, probably due to the presence of impurities. Subsequently, 


chemical ionization mass spectral data were obtained on the same sample 
that had been subjected to 'H-NMR. The spectrum was of good quality 
and demonstrated that I1 has a molecular weight of 355. A compound of 
molecular weight 369 (u  10%) was also observed. Although its structure 
has not been identified, i t  has undergone oxidation a t  two methylene 
groups and may be the compound shown by XVI. 


Isolation of the metabolite by column chromatography and purification 
by HPLC with subsequent identification by Fourier transform-NMR, 
chemical ionization mass spectroscopy, HPLC, and unambiguous 
chemical synthesis has shown that the structure of the major metabolite 
of sulpiride is 11. 
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Abstract  New analogs of 2-nitroimidazole have been synthesized in 
an effort to minimize the toxicity and increase selective sensitization of 
hypoxic mammalian cells toward lethal effects of ionizing radiation. 2- 
Nitro-4(5)-acetyl-5(4)-methylimidazole was synthesized from the cor- 
responding 2-amino analog and then reacted with oxiranes to produce 
the corresponding 1 -substituted 2-propanol and 3-methoxy-2-propanol 
derivatives. The biological results of radiosensitizing activity of these 
agents against Chinese hamster cells (V-79) indicated that  the 3-me- 
thoxy-2-propanol derivative was a more effective radiosensitizer than 
misonidazole in uitro. Evaluation of the acute toxicity of these agents as 
determined by LDso demonstrated no significant difference between 
these agents and misonidazole suggesting that the 3-methoxy-2-propanol 
analog may possess a therapeutic advantage over misonidazole. 


Keyphrases 0 Radiosensitizing agents, potential-2-nitro-4-acetyli- 
midazole analogs 2-Nitro-4-acetylimidazole-analogs, potential ra- 
diosensitizing agents Analogs-2-nitro-4-acetylimidazole, potential 
radiosensitizing agents 


In a continuing effort to develop new effective radio- 
sensitizers to sensitize selectively the relatively resistant 
hypoxic tumor cells toward radiotherapy, an additional 
electron affinic acetyl function has been incorporated into 
the 2-nitroimidazole nucleus. A direct correlation between 
the sensitizing efficiency and electron affinity of the ra- 
diosensitizers has been demonstrated (1). Initially, a series 
of 2,4-dinitroimidazoles were synthesized in an effort to 
increase the electron affinity of the 2-nitroimidazole nu- 
cleus (2, 3). The l-(2-hydroxy-3-methoxypropyl)-2,4- 
dinitroimidazole was found to be the most effective radi- 
osensitizer of this series (4). However, the 2,4-dinitroim- 
idazole derivatives were found to be generally more toxic 


than misonidazole (9, an agent currently under clinical 
trials for evaluation as a radiosensitizer. I t  was deemed 
desirable to study the effect of another electron affinic 
group other than the nitro function at the 4-position of the 
2-nitroimidazole nucleus. Accordingly, 4-acetyl substituted 
2-nitroimidazole analogs have been synthesized. This 
modification was thought to be of interest in view of the 
report that 1-methyl-2-nitroimidazole-5-carboxaldehyde 
sensitized the hypoxic Chinese hamster cells in uitro to 
ionizing radiation at  much lower concentrations (25 p M )  
than misonidazole (1). 


BACKGROUND 


It is obvious that an aldehyde function is a metabolically unstable 
group, and perhaps in addition to high electron affinity, lack of an hy- 
droxyl group in the side chain a t  the 1-position may have contributed 
toward enhanced cytotoxicity of this agent. Therefore, the synthesis of 
4-acetyl analogs of 2-nitroimidazole with a 2-hydroxypropyl side chain 
a t  the I-position was undertaken. The molecular design of agents de- 
scribed in this report was also related to the structure of metronidazole, 
a known but less potent radiosensitizer than misonidazole, in that the 
functional groups a t  2- and 5-positions were reversed to provide a 2- 
nitro-5-methyl analog, since 2-nitroimidazoles have been reported to be 
more effective radiosensitizers (6 ) .  


The synthesis of the required intermediate 2-amino-4(5)-acetyl- 
5(4)-methylimidazole (111) was accomplished by the known mononuclear 
1,2,4-oxadiazole imidazole rearrangement with minor modification of 
utilizing sodium methoxide in dimethylformamide rather than sodium 
ethoxide as a base (7). The starting material 3-amino-5-phenyl-1,2,4- 
oxadiazole, readily obtained from hydrolysis of the N,O-dibenzoyl hy- 
droxyguanidine (81, was condensed with an equimolar amount of ace- 
tylacetone in anhydrous toluene in the presence of p-toluenesulfonic acid 
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111 
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OH 


V, X = CH, 
VI, X = CH,OCH, 


Scheme I 
as a catalyst, removing azeotropically the reaction water to give the 
enaminoketone I (Scheme I). Treatment of I with a molar equivalent 
amount of sodium methoxide in anhydrous dimethylformamide caused 
isomerization to the anticipated 2-benzoylaminoimidazole (11). Acid 
hydrolysis of I1 afforded the 2-aminoimidazole analog (111). 2-Nitro- 
4(5)-acetyl-5(4)-methylimidazole (IV) was prepared from the corre- 
sponding 2-aminoimidazole derivative (111) by diazotization in fluoroboric 
acid followed by the reaction of the diazonium salt with nitrous acid in 
the presence of copper sulfate. Treatment of IV with propylene oxide in 
absolute ethanol, in the presence of a catalytic amount of sodium hy- 
droxide, afforded Alcohol V. Reaction of IV with 1,2-epoxy-3-methoxy- 
propane during 16 hr a t  80' under reflux afforded alcohol VI. In each case 
the reaction with oxiranes produced the corresponding 4-acetyl analog 
and not the 5-acetyl isomer, suggesting that the reaction mechanism may 
be similar to the reaction of 2,4(5)-dinitroimidazoles with oxiranes as 
reported earlier (4). 


EXPERIMENTAL 


IR spectra were recorded on a spectrophotometerl as potassium bro- 
mide pellets. PMR spectra were recorded on a 90-MHz spectrometer2 
using tetramethylsilane as the internal reference. Electron-impact mass 
spectra were run on a spectrometer3 at  70 eV ionization potential using 
direct inlet injection. The elemental analyses4 were within f0.4% of the 
theoretical values. Melting points were determined on glass cover slips5 


* Beckman IR-10. 


' Performed by the Integral Microanalytical Laboratories, Raleigh, N.C. 


JOEL. 
Hitachi Perkin-Elmer RMU-6E. 


Fisher-Johns melting point apparatus. 


0.1 1 .o 
CONCENTRATION, rnM 


Figure 1-The effect of Compound V a t  various t ime intervals on  the  
surviual of hyporic  Chinese hamster  cells as a function of drug con- 
centration. ' 


and are uncorrected. Analytical TLC was performed on plastic plates 
coated with a 0.25-mm layer of silica gel6 GF254 and the compounds were 
detected by visual examination under UV light (254 nm). 
4(5)-Acetyl-5(4)-methyl-2-nitroimidazole (IV)-4(5)-Acetyl- 


5(4)-methyl-2-aminoimidazole (111) (0.556 g, 4 mmoles) (7) was dissolved 
in a mixture containing 10 ml of water, 0.5 ml of sulfuric acid, and 3.5 ml 
of 50% fluoroboric acid. The solution was then cooled to -20' in an ice- 
salt bath and a solution of sodium nitrite (2.76 g, 40 mmoles) in 5 ml of 
water was added dropwise to the cooled 2-aminoimidszolium sulfate 
solution. The mixture was stirred a t  -10" for 1 hr and then added to a 
solution of copper sulfate (19.97 g, 80 mmoles) in 150 ml of water. An 
additional 2.76 g of sodium nitrite was added to this mixture and stirred 
at  room temperature overnight. The pH of the mixture was then adjusted 
to -2.0 with dilute nitric acid. The mixture was repeatedly extracted with 
ethyl acetate (8 X 30 ml), dried over sodium sulfate, and the solvent re- 
moved under reduced pressure to leave a yellow residue, which was re- 
crystallized (ethyl ether-hexane) to afford 210 mg (31%): mp 155-156"; 
IR (KBr) 1652 (CO) 1540 and 1342 (NO2) cm-'; NMR (CDC13) 6 2.68 [s, 
CH3CO (CHs)], 2.72 [s, CH3(CH3CO)]; MS, mlz 169 (M+), 154 (M- 
CH3), 122 [M-(NOz+H)], 108 [M-(N02+CH,)]. 


100 


i 
a z 
3 50 
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0.1 1 .o 
CONCENTRATION, rnM 


Figure 2-The effect of Compound VI a t  various time intervals on the 
surviual of hyporic  Chinese hamster  cells as a function of drug con- 
centration. 


6 E-Merck AG, Darmstadt, Germany. 
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Table I-Sensitizer Enhancement Ratios, LDso Values, and 
Parti t ion Coefficients of 2-Nitro-4-acetylimidazole Analogs 


0.001 


1.0 


I 1 L 


2 


I- 


n 
U 
0 


0 
2 0.1 


f 
2 > 


LDwb, 
Compound SER" mghg  PC' 


V 
VI 
Misonidazole 


2.1 
1.9 
1.9 


1,200 2.46 
1,400 1.07 
1.300 0.43 


~~ ~ ~ 


a Sensitizer enhancement ratio determined by dividing the Do value for the 
control hypoxic cells with the DO value obtained for the cells irradiated in the 
presence of the sensitizer. LDm values were determined in C57H1, mice by the 
standard procedures. Partition coefficients. 


(V-79). The techniques used for culturing and handling this cell line were 
followed as previously reported (2). To determine differential cytotoxicity 
between the oxic and hypoxic cells, -200 cells were plated in petri dishes? 
(60 X 15 mm) containing 3 ml of minimum essential medium with 15% 
fetal calf serum and allowed to attach for 2 hr. The medium was then 
removed by aspiration and replaced by the medium containing an ap- 
propriate concentration of the compound under study. The cells were 
exposed to a range of concentrations of each compound for intervals of 
2,4, and 8 hr a t  37O in air or in hypoxia. The hypoxia was achieved by 
placing the open petri dishes in sealed containers and then purging with 
nitrogen-carbon dioxide (95:5). The gas mixture was bubbled through 
a flask containing sterile water before entering the sealed containers to 
maintain humidity inside the chambers. At the end of the specific time 
interval, the medium containing the drug was removed and replaced with 
3 ml of fresh medium. Cultures were incubated for 6 days a t  37" in an 
atmosphere of a i r a b o n  dioxide (955); the resulting colonies were fixed 
in absolute ethanol, stained with methylene blue, and counted. 


The radiosensitization studies were carried out by irradiating the cells 
inside the sealed containers under hypoxia by employing a cobalt 60 
source a t  a dose rate of -240 rad/min. Complete survival curves were 
obtained for each compound a t  radiation doses of 400-3000 rad under 
oxic and hypoxic conditions. The DO values were calculated for the hy- 
poxic control cells and for the hypoxic cells treated with the drug. The 
ratio of these two DO values provided the sensitizer enhancement ratio 
of the corresponding agent. 


Partition Coefficient.-The compounds were dissolved in phosphate 
buffer (011 M, pH 7.4) and were then stirred with an equal volume of 
octanol a t  room temperature for 1 hr. The concentration of the nitroim- 
idazoles in the aqueous phase was determined spectrophotometrically 
a t  320 nm. 


RESULTS AND DISCUSSION 
Both Compounds V and VI were essentially nontoxic to the Chinese 


hamster cells up to a concentration of 5 mM when exposed to a maximum 
period of 8 hr under oxic conditions. However, when the cells were ex- 
posed to various drug concentrations under nitrogen, Compounds V and 
VI were differentially inore toxic to the hypoxic cells, and the toxicity 
increased as a function of time with increased concentration (Figs. 1 and 
2, respectively). Similar differential cytotoxicity has been reported for 
other nitroimidazoles (9) and has been related to the metabolic reduction 
of the drug under hypoxia, causing the production of the reduced inter- 
mediates that are toxic to the cells (10). Compound V was comparatively 
more toxic to the hypoxic Chinese hamster cells than V1. The hypoxic 
toxicity increased with time and drug concentration. Compound V, al- 
though nontoxic, at 1.0 mM concentration upon 2 hr of exposure, caused 
>50% inhibition by 8 hr (Fig. 1). Compound VI did not show significant 
differential cytotoxicity up to a concentration of 1 mM and required 
higher concentrations and increasing incubation time for hypoxic cyto- 
toxicity (Fig. 2). 


The radiosensitizing efficiency of these agents was assessed from the 
radiation survival curves of hypoxic Chinese hamster cells (Fig. 3). These 
experiments were conducted a t  a nontoxic concentration of 1 miM, and 
the sensitizer enhancement ratios were calculated by dividing the 1)" 
value for the control hypoxic cells with the Do value obtained for the cells 
irradiated in the presence of the radiosensitizer under nitrogen. 'I'he 
enhancement ratios for Compounds V and VI were found to he 2.1 and 
1.9, respectively (Table I). Misonidazole, under similar conditions, pro- 
duced an enhancement ratio of 1.9 a t  1 mM concentration, suggesting 
that V is, comparatively, a more effective radiosensitizer. 


Although 2,4-dinitroimidazole derivatives have been shown to he more 
efficient radiosensitizers than 2-nitroimidazoles in vitro (4 ) ,  the powerful 
electron withdrawing group a t  the 4-position also causes an increase in 


Permanox, Lux Scientific Corp. 
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cytotoxicity (5). In attempts to develop radiosensitizers relatively less 
toxic than misonidazole, the results obtained upon introducing an acetyl 
function at  the 4-position of 2-nitroimidazole have been described in this 
report. The acetyl function, although relatively less powerful than the 
nitro group with respect to the electron withdrawing capacity, has been 
reported to possess radiosensitizing properties (11). I t  was contemplated 
that the insertion of an acetyl function in the 2-nitroimidazole molecule 
may provide analogs which are comparatively less toxic than the 2,4- 
dinitroimidazoles. The in uiuo acute toxicity of these agents was assessed 
by determining the LDm in C57BL mice. Compounds V and VI were 
found to have an LDso of 1.2 and 1.4 gbg,  respectively (Table I). These 
values are similar to misonidazole, which had an LDw of 1.3 g/kg but are 
greater than the LD50 of 2,4-dinitroimidazoles (5). These agents are rel- 
atively less toxic than the corresponding dinitroimidazoles as expressed 
by the doses required for acute toxicity. The partition coefficients of these 
agents were determined in an octanol-phosphate buffer (pH 7.4) mixture. 
Compounds V and VI are more lipophilic than misonidazole (Table I), 
a property that would be expected to be favorable for in uiuo diffusion 
into the hypoxic region of the tumors. This work has demonstrated that 
an additional electron affinic group could be inserted in the misonidazole 
molecule without significantly increasing the acute toxicity and yet en- 
hancing the sensitizing efficiency. Thus, V may possess a therapeutic 
advantage over misonidazole as a radiosensitizer. 
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Abstract Spirohydantoin mustard (I) is a rationally designed anti- 
tumor agent with substantial in uiuo activity against intracranially im- 
planted tumors in mice. However, hydrolysis of I was much faster than 
that of mechlorethamine hydrochloride or melphalan, two parenterally 
administered mustards. The hydrolysis products of I were identified by 
GC-MS of their silylated derivatives. The decomposition of I (at 25O in 
10% dimethylacetamide at  pH 4-6), as monitored by GLC was pseudo 
first-order. The half-life of I ranged from 20 min a t  pH 4.0 to 14 min a t  
pH 6.0. Nonionic surfactants enhanced the stability of I, but this effect 
was diminished at  lower pH, presumably due to decreased solubility of 
I in the micelle as more drug was protonated. Several dilute parenterally 
suitable solvents exhibited no marked effect on the hydrolysis of I. The 
drug was most stable in a 10% fat emulsion system where the time for 10% 
decomposition of I was 49 f 5 min. Plots of the concentration of I uersus 
time were linear indicating the disappearance was zero order in the 10% 
fat emulsion system. 


Keyphrases 0 Spirohydantoin mustard-hydrolysis, antitumor agent, 
mechlorethamine hydrochloride, melphalan, mice 0 Hydrolysis-spir- 
ohydantoin mustard, antitumor agent, mechlorethamine hydrochloride, 
melphalan, mice D Antitumor agents-hydrolysis of spirohydantoin 
mustard, mice 


Spirohydantoin mustard (I) (NSC-172112), 3-[2- 
[bis(2'- chloroethyl)amino] - ethyl] - 5,5 - pentamethylene- 
hydantoin, is a potential antitumor agent that has been 
designed specifically for use against central nervous system 
tumors. Compound I has demonstrated significant anti- 
tumor activity against L-1210 leukemia, P-388 leukemia, 
B-16 melanoma, and ependymoblastoma when adminis- 
tered in an aqueous suspension by the intraperitoneal 
route (1). Compound I was designed to incorporate a 
mustard alkylating function coupled to a substituted hy- 
dantoin carrier to provide an overall optimum partition 


coefficient for crossing the blood-brain barrier (1). A 
preliminary pharmacological study in dogs indicates that 
I does enter the central nervous system, although actual 
concentrations in cerebrospinal fluid are low (2). 


As is often the case with nitrogen mustard derivatives, 
solution decomposition problems are evident. The aqueous 
stability of I and related compounds is such that octa- 
nol-water partition coefficients could not be determined 
(1). Preliminary chloride titration data also indicate that 
the decomposition of I in aqueous solution is rapid. In fact, 
the decomposition of I is more rapid than the hydrolysis 
of either of two clinically useful mustards, melphalan or 
mechlorethamine hydrochloride. In addition, the aqueous 
solubility of I is limited (< lo  pg/ml) (3). Dissolution in 
concentrated acid with subsequent dilution is possible 
(1.25 mg/ml); however, the upward adjustment of pH 
usually results in precipitation of the drug. Likewise, I has 


w 
I1 
0 -'R2 


I RI = Ra = 4 1 ;  R3 -H 


I1 
Ia R1 = Ra = -C1; R3 = -fiimethylsilyl or --Si(CH3)3 


IIa Rl = 4 1 ;  Ra = -OSi (CH3)3 ;  R3 = -Si(CH3), 


IIIa R, = RD = -OSi(CH3)3; R3 = --Si(CH3)3 


IVa R1 = -OSi(CH,),; Ra = --OCOCH3; R, = --Si(CH3), 


R1 = +I; Ra = --OH; Rj  E -H 


Rt = Ra = --OH; R3 = -H I11 


IV R1 = --OH; Rr = -0COCK;  R3 =-H 
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each was allowed 1 liter of water/day, for the next 2 days 
only 350 mllday, and 24 hr before the study only 200 ml of 
watedday. All subjects were fasted overnight. The treat- 
ment studies began at  8 am when chloramphenicol was 
given as 10 ml of suspension’ (250 mg) with 150 ml of 
water. Urine samples were collected afterward on a peri- 
odic basis during an interval of 24 hr and analyzed for 
chloramphenicol using a previously described method (5). 
A 2-week wash-out period was allowed between control and 
treatment studies. In the control studies, which preceded 
the treatment studies, food and water were available ad 
libitum. Otherwise, conditions of the control studies were 
the same as for the treatment studies. The data of Table 
I show the effect of water deprivation on the absorption 
rate and the urinary excretion of chloramphenicol. Al- 
though there was no significant change in the total ab- 
sorption of chloramphenicol, the absorption half-life de- 
creased significantly (436%), while the peak excretion rate 
increased, and the time at  which the peak excretion oc- 
curred decreased significantly. 


These findings are of great interest, since the overall 
effect of water deprivation is specified in terms of the rate 
of absorption change, which results in the substantially 
higher plasma levels of chloramphenicol in the water de- 
privation state. The influence of such (water deprivation) 
alteration in the peak plasma levels of chloramphenicol on 


1 Chloromycetin palmitate suspension, Parke-Davis Co., Karachi, Pakistan. 


BOOKS 


Table I-Urinary Excretion Characterist ics of Chlorarnphenicol 
i n  Water  Deprivation 


Controla Water DeDrivation” 


103 f 3 91 f 12 Percent recovery 
Peak excretion rate, mg/hr 23.06 f 4.74 35.71 f 4.92 
Peak concentration time, hr 4.5 f 0.3 2.5 f 0.3 
t 1 / 2  absorption, hr 1.8 f 0.3 0.6 f 0.1 


a Mean f SD; all values statistically different atp < 0.05 except those pertaining 
to the percent recovery, which were not significantly different. 


the efficacy and toxicity of this antibiotic will profoundly 
affect its clinical utility. These observations are the first 
of their kind, and mechanisms for the effects observed 
remain to be investigated. 
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REVIEWS 


IS1 Atlas of Science. By Dr. EUGENE GARFIELD. Institute of Sci- 
entific Information, 3501 Market Street, University City Science 
Center, Philadelphia, PA 19104.1982.540 pp. 23 X 29 cm. Price $45.00 
to individuals, $90.00 to institutions. 
The ISI Atlas of Science is a new information and research guide in 


biochemistry and molecular biology. The Atlas is a unique new aid con- 
taining concise, convenient lists of papers and current literature in 102 
active research areas in the life sciences. 


This atlas contains a reference system of core clusters of research areas 
identified objectively by the use of citation patterns of publishing sci- 
entists, graphically displayed in detail by the use of maps. 


Research areas described in the Atlas are divided into minireviews, 
core document bibliographies, specialty maps, and key citing document 
bibliographies. Also included within this atlas is a unique multi-colored 
fold-out map providing a “global” view of the relationships and inter- 
actions of the 102 research areas, ideal for display in labs, classrooms, and 
libraries. 


The Atlas was designed to be used as a tool for analytical and utilitarian 
research needs. This publication should be a valuable tool for specialists 
in biochemistry and molecular biology for overviews of new fields of re- 
search and fields related to present work. Librarians can use the Atlas 
for subject bibliographies. This should also be of interest to historians 
for bibliographic and analytical information in tracing the structure and 
growth of scientific fields. 


Staff Review 


Drug Absorption. Edited by L. F. PRESCOTT and W. S. NIMMO. Adis 
Press, 404 Sydney Road, Balgowlah, NSW 2093, Australia. 1979. 353 
pp. 16 X 24 cm. 
This multi-authored book describes the proceedings of an international 


conference of Drug Absorption which was held in Edinburgh in Sep- 
tember 1979. 


The editors of the book are recognized authorities in the field of drug 
absorption, and the many authors who have contributed to the 31 
chapters represent a broad, international array of specialists in this 
area. 


Topics covered include anatomical and physiological factors affecting 
absorption, membrane effects, rectal absorption, presystemic and in- 
testinal metabolism, toxicity, formulations and novel drug delivery sys- 
tems, transdermal and controlled GI drug absorption, effect of age and 
disease states on drug bioavailability, methods of assessing drug ab- 
sorption, in uitro-in uiuo correlations, and problems in the assessment 
of drug absorption. The concluding chapter summarizes the viewpoints 
of regulatory agencies, clinical pharmacology, and of the pharmaceutical 
industry on drug bioavailability and pharmacokinetic studies. 


Most of the chapters contain a discussion section, and all chapters are 
adequately referenced. A subject index is included. 


This is a useful and instructive book that is broad-reaching in scope. 
The extensive coverage of many factors related to drug absorption, and 
the clear and articulate way in which the material is presented, makes 
it a required text for those interested in this broad area of research and 
clinical practice. 


Reoiewed by Peter G. Welling 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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Abstract 0 A high-pressure liquid chromatographic method for indi- 
cating stability is described for the rapid quantitative analysis of allantoin 
in lotions and creams. Allantoin was extracted from the preparations 
using distilled water containing 70% (v/v) methanol and separated from 
interferences by reversed-phase chromatography. The separation was 
carried out using an amino column (250 X 4.5-mm i.d.) and a mobile phase 
of distilled water containing 70% (v/v) acetonitrile. Quantitation was 
accomplished using a UV detector a t  220 nm. The assay has a relative 
standard deviation of -1.7% ( n  = 10) and the average recovery from 
laboratory prepared samples was 100%. 


Keyphrases 0 Allantoin-stability assay in lotions and creams by 
high-pressure liquid chromatography, degradation 0 Stability-assay 
of allantoin in lotions and creams, high-pressure liquid chromatography, 
degradation 0 Degradation-allantoin in lotions and creams, stability 
assay, high-pressure liquid chromatography 


nonspecific. To overcome these problems, an assay pro- 
cedure for allantoin in topical cream and lotion products 
by high-pressure reversed-phase liquid chromatography 
was investigated. The method described provides rapid, 
specific determination of intact allantoin with minimal 
sample preparation. 


EXPERIMENTAL 


Chemicals and  Reagents-All reagents and chemicals were either 
HPLC or American Chemical Society grade and were used without fur- 
ther purification. 


Apparatus-The liquid chromatograph' was fitted with a 50-pl 
septumless injector2 and a variable wavelength UV detector3 (set a t  220 
nm). 


Allantoin and its derivatives have been used in various 
cosmetic preparations including skin creams, lotions, 
shampoos, lipsticks, and shaving preparations. A suitable 
analytical method is required for routine quality control 
as well as stability studies in the pharmaceutical/cosmetic 
industry. Allantoin (I) can be unstable in alkaline condi- 
tions and is known to hydrolyze to urea (11) and glyoxylic 
acid (111), perhaps via allantoic acid (IV): 


Several methods (1-3) have been reported that are based 
on this hydrolysis route and subsequent colorimetric de- 
termination of I11 with phenylhydrazine. A fluorometric 
determination of sodium glyoxylate using phenylephrine 
hydrochloride described previously has been applied to the 
determination of allantoin in pharmaceutical preparations 
(4). However, for stability tracking, these procedures are 
deficient, because they measure urea or glyoxylic acid 
which are the products of normal allantoin degradation, 
rather than the residual intact allantoin. 


Other techniques reported include titration (5, 6), 
classical chromatography (7), and a TLC separation with 
UV assay of allantoin at 220 nm (8, 9). In addition, a 
chromatographic procedure had been followed in these 
laboratories based on the separation of allantoin uia TLC 
and determination by densitometry after chromophore 
formation. 


All of these procedures are either time consuming or 


I I1 I11 


NH2 0 NH2 
I I1 I 0-c C-OH C-0 


I 
NH 


1 1  
NH-CH- 


IV 


0 2 4  6 8 10 12 
MINUTES 


Figure 1-HPLC of allantoin standard. 


SP8000 Liquid Chromatograph equipped with a Printer/Plotter, Spectra- 
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Table I-Recovery Data for Spiked Samples 


Topical Amount Amount Amount 
Lotion Added, mg Found, mg Recovered, % 


1 23.0 22.32 97.05 
2 26.0 26.35 101.35 
3 39.1 39.3 100.50 
4 45.0 44.82 99.6 
5 51.0 50.98 99.96 


Average 
RSD, % 


99.69 
1.62 


Topical 
Cream 


1 26.2 26.25 100.2 
2 33.5 33.3 99.3 
3 37.5 38.2 101.8 
4 42.4 41.8 98.6 
5 46.4 46.4 100.0 


Average 100.0 
RSD, 90 1.20 


Column-A 250 mm X 4.5-mm i.d. column containing 5 pm amino 
(NH2) packing4 was used. 


Chromatographic Conditions-The chromatographic solvent was 
70% (v/v) acetonitrile in distilled water. The solvent was vacuum filtered 
through a 0 .50-~m (47 mm) filter5 and vacuum degassed for 2 min with 
stirring before use. The temperature was ambient, the solvent flow rate 
was 2.5 ml/min, and the inlet pressure was -2000 psi. Detector sensitivity 
was 0.04 aufs and the chart speed was 5.08 mm/min. 


Standard Solutions-Standard solutions containing 30,40, and 50 


0 2 4 6 8 10 12 
MINUTES 


Figure 2-HPLC of commercial cream sample. 


J Amino (NH2) column, IBM Instruments Inc., Danberry, Conn. 
6 Type FH 0.5 pm, Fluoropore (PTFE), Millipore Corp., Bedford, Mass. 


Table 11-Assay Results for  Topical Cream Containing 2.0% 
Allantoin 


Topical 
Cream Allantoin, % 


~ ~~ 


Percent of 
Label 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
Average 
RSD, % 


2.03 
1.95 
1.98 
1.98 
2.01 
2.05 
2.05 
2.03 
2.02 
1.98 
2.01 
1.7 


101.5 
97.5 
99.0 
99.0 


100.5 
102.5 
102.5 
101.5 
101.0 
99.0 


100.4 
~ ~~ ~~ 


mg of allantoin/100 ml were prepared in distilled water containing 70% 
(v/v) methanol. Sonication was used to complete dissolution and the 
solutions were filtered using a 0.5-pm syringe filter5 (25 mm) prior to 
injection. 


Assay for Commercial Products-Samples of creams and lotions 
were transferred from their commercial container to glass jars and mixed 
thoroughly. An accurately weighed 2.0-g sample was transferred to a 
150-ml beaker, 30 ml of distilled water added, and the contents stirred 
for -20 min. The contents of the beaker were then quantitatively 


4 & 


8 10 12  0 2 4 6 
MINUTES 


Figure 3-HPLC of pure materials (a) blank, (b) urea, (c) allantoic 
acid. 
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Figure 4-HPLC of commercial lotion sample 


transferred to a 100-ml volumetric flask, diluted to volume with methanol, 
mixed well, and filtered using a 0.5-pm syringe filter5 (25 mm) prior to 
injection. 


Spiked Samples-Accurately weighed quantities of allantoin were 
admixed with placebo portions of the topical creams and lotions. These 
samples were formulated to contain 1-2.5% (w/w) allantoin, and were 
assayed as described previously for commercial products. 


Quantitation-Since peak heights of allantoin were directly pro- 
portional to concentration, all results were calculated by interpolation 
from a standard curve. 


RESULTS AND DISCUSSION 


Although satisfactory separations were achieved for samples of lotions 
and creams using distilled water containing 70% acetonitrile, for economic 
reasons, attempts were made to substitute methanol. However, no ac- 
ceptable separations were obtained with various proportions of methanol 
wat.er, therefore, acetonitrile was used for all further work. 


The recovery data for allantoin from spiked samples of creams and 
lotions, presented in Table I, illustrate the validity of the method for these 
formulations. Average recoveries for cream and lotion were 100 and 99.7%, 
respectively. Linearity between peak height and concentration was ex- 
cellent over the range of 0.3-0.5 mg of allantoin/ml with a correlation 
coefficient of 0.999. This method has been used routinely in a stability 
program and found to be accurate and precise with a RSD of 1.7% (n = 
10). These data are summarized in Table 11, and chromatograms obtained 
for allantoin standard and commercial cream sample are presented in 
Figs. 1 and 2, respectively. Since no sample clean up is required, assay 
time was -15 min. 


As noted earlier, allantoin is reported to degrade to urea and glyoxylic 
acid in alkaline conditions, perhaps through allantoic acid. T o  demon- 
strate the selectivity of the method for intact allantoin, standard and 
sample preparations containing allantoin were artificially degraded with 
alkali and analyzed according to the proposed conditions. No significant 
peaks were observed due to the degradation products a t  the retention 
time of allantoin peak, which was reduced in height. 


T o  further demonstrate the stability-indicating nature of the method, 
several additional experiments were completed. Commercially available 


I I 1 I 
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Figure 5-HPLC of commercial lotion sample spiked with pure al- 
lantoic acid. 


urea and glyoxylic acid were chromatographed, and no peak was observed 
at the retention time of allantoin (Fig. 3). This was further confirmed by 
introducing 40-50 mg of these compounds to standard and sample 
preparations containing allantoin. In addition, commercially available 
allantoic acid was chromatographed as described (Fig. 3). It eluted at  the 
same time as allantoin; however, when 0.4 mg/ml of allantoic acid (cor- 
responding to 100% conversion from allantoin) was introduced to a 
standard allantoin solution (0.4 mg/ml) and chromatographed, an in- 
crease in allantoin peak height of <2% resulted. 


A commercial lotion sample containing 40 mg of allantoin was analyzed 
in duplicate (Fig. 4). The samples were then spiked with 35-40 mg of al- 
lantoic acid and reanalyzed for allantoin (Fig. 5). Evaluation of these 
results indicated that within experimental error allantoic acid (if present) 
does not interfere in the analysis of allantoin. 


It is concluded that the proposed method is selective for intact allantoin 
in the presence of probable degradation products. 
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Several of the aerobic and anaerobic cultures were found to give high 
levels of N-nitrosodesipramine when incubated with desipramine and 
sodium nitrite. Though it cannot be stated that the transformation was 
an entirely enzymatic reaction, the yield of the nitrosamine was far higher 
than could be obtained by the acid catalyzed reaction between nitrite and 
desipramine. 


Preliminary studies with mixed anaerobic cultures with imipramine 
and nitrate showed that the nitrosamine was formed more rapidly than 
the control, but the yield was very low. Additional studies with pure 
cultures will be needed to determine if the low yield was due to a low rate 
of N-demethylation. 
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Abstract 0 Studies to determine the bioavailabdity of all-trans-retinoic 
acid from a microencapsulated product were carried out using rats as test 
animals. The microcapsules were tableted in rat food and individual rats 
given a tablet containing the equivalent of 10 mg of all-trans-retinoic acid. 
Comparisons were made with bioavailability data obtained after intra- 
venous and oral administrations of a solution and a suspension. The 
elimination of all-trans-retinoic acid following intravenous adminis- 
tration of 1- to 5-mg doses occurred by dose-dependent kinetics. The 
half-lives for the terminal linear portion of the elimination phase after 
the plateau level were 0.78,0.74, and 0.93 hr for the I-, 2.5-, and 5-mg 
doses, respectively. Based on the doses administered and the relative area 
under the serum level curves, the all-trans-retinoic acid microcapsules 
were found to be -34% as bioavailable as the solution dosage form and 
the microfine suspension 93% as bioavailable. The bioavailability of all- 
trans-retinoic acid in oral solution was -40% of the intravenous dose. 
For comparison, rats were also dosed intravenously with 13-cis-retinoic 
acid, and this compound was found not to follow dose-dependent kinetics 
at similar dosage levels used for all-trans-retinoic acid. 


Keyphrases 0 Bioavailability-Blood level studies of all-trans- and 
13-cis-retinoic acids using different formulations, rats Microencap- 
sulation-blood level studies of all-trans - and 13-cis-retinoic acids using 
different microencapsulated formulations, rats 0 Blood level studies- 
all-trans- and 13-cis-retinoic acids using different formulations, rats 
Retinoic acids, all-trans- and 1 3 4 s -  -blood level studies using different 
formulations, rats 


A number of retinoids have been shown to prevent or 
inhibit the growth of epithelial tumors. The use of these 
compounds for chemoprevention of tumors has been re- 
viewed previously (1,2). Although a long-term study with 
a synthetic retinoid was reported (3), most studies have 
been relatively short term with manual dosing of the re- 


tinoids. For long-term efficacy studies, a more economical 
and less troublesome mode of drug administration is 
through the diet of the test animals. However, simple 
mixing of retinoids with feed is precluded because of the 
unstable nature of the compounds toward air, light, and 
moisture. Earlier studies with vitamin A compounds have 
shown that these chemicals can be protected from envi- 
ronmental hazards by microencapsulation (4,5). 


Requirements of a microcapsule product are that first 
it must be readily miscible with the feed of the test animals, 
and second, it must be soluble or digestible in the GI tracts 
of the animals so that the retinoid is biologically available. 
In the present study, all-trans-retinoic acid was mi- 
croencapsulated, and the bioavailability of the compound 
from the finished product was determined and compared 
with intravenously and orally administered retinoid using 
rats as test animals. Also, for comparison, rats were dosed 
intravenously with 13-cis-retinoic acid. 


EXPERIMENTAL 


Chemicals-All-trans-retinoic acid’, 13-cis-retinoic acid2, and all- 
trans-retinol acetate3 were used as received. All other chemicals and 
reagents were the highest grade commercially available. 


Microcapsules-All-trans -retinoic acid was encapsulated in gela- 
tin-dextrose microcapsules by a process similar to that reported for the 
encapsulation of vitamin A derivatives (6) using a three-phase suspension 


Eastman-Kodak, Rochester, N.Y. 
2 Hoffmann-LaRoche, Nutley, N.J. 
3 Sigma Chemical Co., St. Louis, Mo. 
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Table I-Bioavailability Data for All- trans-Retinoic Acid 
Following Oral (5 and 10 mg) and Intravenous (1 mg) Doses 


L 


1 I I I 


2 4 6 
HOURS 


Figure 1-Average serum concentrations of all-trans-retinoic acid 
following rapid intravenous administration in saline solution. Key: (A) 
1.0-mg dose, six rats; (m) 2.5-mg dose, six rats; (0) 5.0-mg dose, five 
rats. 


method. Gelatin was chosen as the major encapsulating material because 
it offers adequate bioavailability and good stability under various storage 
conditions (5,7). The geometric mean diameter of the microcapsules was 
0.19 mm with a geometric standard deviation of 1.81. The microcapsules 
were stored at  -loo until needed for testing. 


The microcapsules were assayed to determine content uniformity and 
stability using spectrophotometric analysis4 after dissolution of the mi- 
crocapsules in water at 65' and extraction with chloroform. The all- 
trans-retinoic acid content determined by assay of 12 samples (50 mg) 
of microcapsules from a homogenized mixture was found to be 2.83 f 0.05 
mg with a coefficient of variation of 1.77% indicating good uniformity of 
the formulation. The concentration of all-trans-retinoic acid in the mi- 
crocapsules was 6.03% of the total weight. 


Animal Dosing-Adult Sprague-Dawley rats (-360 g) were used. All 
dosed rats were fasted -24 hr prior to dosing with retinoid. Water was 
available ad libitum. Orally dosed rats received 5- to 10-mg doses of all- 
trans-retinoic acid. Rats given intravenous injections were dosed with 
1-5 mg of either all-trans-retinoic acid or 13-cis-retinoic acid. Oral and 
intravenous dosing was staggered -5-10 min so that blood samples could 
be collected from each of the rats at approximately the same time inter- 
vals after dosing. 


Oral doses of all-trans-retinoic acid were given in 0.5 ml of 0.3% 
NaOH-0.9% saline solution and in microfine suspension (<3-pm parti- 
cles) via gastric intubation to lightly anesthetized rats. Intravenous in- 
jections for both all-trans- and 13-cis-retinoic acids were given in a 0.3% 
NaOH-0.9% saline solution and injected into the tail vein of lightly 
anesthetized rats. 


All-trans-retinoic acid microcapsules were fed to fasted rats in the 
following manner. Ground-up rat food-microcystalline cellulose (2:l) 
was mixed with all-trans-retinoic acid microcapsules and tableted by 
compression into 12.5-mm disks a t  2724 kg for 20 sec. Each tablet con- 
tained the equivalent of 10 mg of all-trans-retinoic acid. Ten rats were 
put in individual cages, and each rat was given one food tablet containing 
the all-trans-retinoic acid. Six or more of the rats consumed the tablets 
completely within 10 min. 


Serum Collection-Multiple blood samples were collected from each 
~~~~ ~ 


Cary 118 Varian Instruments, Palo Alto, Calif. 


Relative Relative 
Availability Availability 


AUC", to Oral to Intravenous 
Formulation pg hr/ml Solution Dose 


Intravenous 34.7 f 4b - 100 
Solution, 
1 mg 


Oral Solutionc, 13.74 f 1.6 100 39.6 


12.8 f 1.4 93 36.9 5 mg. Microfine 


5 mg 
Microcapsulese 4.6 f 6b 33.5 13.3 


Suspensiond, 


tableted 
in rat food, 10 mg 


0 Corrected for the body weight. * Adjusted to 5 mg by dose ratios. Average 9 
rats. d Average 11 rats. 


rat using a modification of a previous method (8). Blood samples of 
250-300 p1 were collected under reduced pressure from an incision made 
at the distal end of the tail of unanesthetized rats and collected in serum 
separation tubes. Immediately following centrifugation, the serum 
samples were transferred to 15-ml screw-capped test tubes and stored 
at  -10' where they remained for 20-60 hr before they were assayed. 
Because of the small amount of blood collected per sample, eight or nine 
blood samples could be taken from each rat over the time-course of 7-10 
hr. 


Serum Assay-Serum samples were assayed by a reversed-phase 
high-pressure liquid chromatographic method reported previously (9). 


A standard curve was obtained by comparing the peak height ratio of 
all-trans-retinoic acid or 13-cis-retinoic acid to all-trans-retinol acetate 
and the spiked serum all-trans-retinoic acid or 13-cis-retinoic acid 
concentration. Unknown serum sample concentrations were calculated 
by comparing the peak height ratios of the samples to the processed 
standards. The lower working limit for the assay was 100 ng/ml of serum 


Average 12 rats. 


2 4 6 8 
HOURS 


Figure 2-Average serum concentrations of 13-cis-retinoic acid fol- 
lowing rapid intravenous administration in saline solution. Key: (0) 
1.25-mg dose, eight rats; (m) 2.5-mg dose, s ix  rats; (A) 5.0-mg dose, eight 
rats. 
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Figure 3-Average serum concentrations of all-trans-retinoic acid 
following a 5.0-mg oral dose in saline solution to nine rats. 


and the recovery of all-trans-retinoic acid and 13-cis-retinoic acid was 
102.9 k 5.6 and 91.7 f 5%, respectively. The areas under the serum level 
uersus time curves were determined by the trapezoidal rule. The elimi- 
nation half-lives were determined from the slope of the elimination curves 
by using a linear regression program with a programmable calculator. 


I I I I I I I J I  
1 2 3 4 5 6 7 8  


RESULTS AND DISCUSSION 


Serum levels uersus time profiles following a 1-, 2.5-, and 5-mg iv dose 
of all-trans-retinoic acid were shown in Fig. 1. Serum concentrations 
showed a rapid decline immediately after injection as the retinoid was 
distributed into tissues. However, serum levels rapidly reached a plateau 
and remained stable for several hours before returning to the linear 
elimination phase. Increasing the dose of all-trans-retinoic acid to 2.5 
and 5 mg, respectively, resulted in a more pronounced and longer plateau 
(Figs. 1A and lB), indicating a possible saturation of elimination path- 
ways at higher doses. The time required for the serum levels to return to 
the linear elimination phase after the plateau began was -94,135, and 
190 min for the 1-, 2.5, and 5-mg doses, respectively. The half-life for the 
linear elimination phase after the plateau was 0.78,0.74, and 0.93 hr for 
the 1-, 2.5-, and 5-mg doses, respectively, and these values were not sig- 
nificantly different ( p  > 0.05). 


Recently, after observing nonlinear declining of serum levels of all- 
trans-retinoic acid in the rat, several potential causes for the nonlinear 
kinetics were investigated (10). Dose-dependent elimination due to the 
saturation of biliary excretion was ruled out since the same nonlinear 
behavior in rats with biliary fistulas was observed. It was found that in- 
terrupting the enterohepatic recirculation system had no effect on the 
nonlinear elimination phenomenon. Also discovered was a greater con- 
version of all-trans-retinoic acid to all-trans-retinoyl-P-glucuronide, 
supposedly a minor metabolite, as the intravenous dose was increased. 
Both results indicated that the dose-dependent elimination was due to 
saturation of major metabolic pathways instead of saturation of biliary 
excretion. However, at the present time there is some disagreement as 
to what the major metabolic pathways might be in the biotransformation 
of all-trans-retinoic acid in rats (11-13). 


For comparison, 13-cis-retinoic acid was intravenously administered 
in rats in 1.25-,2.5-, and 5-mg doses and the results obtained summarized 
in Fig. 2. The saturation phenomenon was completely absent at lower 
doses and only a brief nonlinear phase was observed at  the 5-mg dosage 
level. Also, the half-lives of the linear elimination phase were slightly 
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Figure 4-Auerage serum concentrations of all-trans-retinoic acid 
following a 10-mg oral dose of encapsulated drug in animal food to  12 
rats. 


longer than those of all-trans-retinoic acid, averaging 0.8-0.9 hr. Similar 
results were observed (14) when the disposition of all-trans- and 13- 
cis-retinoic acids in mice was studied. A plateau phenomenon was found 
in the serum level uersus time curve following an intravenous injection 
of all-trans-retinoic acid but not for 13-cis-retinoic acid. Since dose- 
dependent kinetics were observed with all-trans-retinoic acid but not 
with 13-cis-retinoic acid, these results would indicate that the metabolic 
enzymes for these chemicals are probably different. However, currently 
there is little data available as to the enzymatic reactions of 13-cis-retinoic 
acid in rats. 


Since the intravenous dose of all-trans-retinoic acid produced dose- 
dependent kinetics, it was not possible to accurately determine the area 
under the curve (AUC). However, an approximate AUC was obtained 
by using the trapezoidal rule and found to be 6.94 f 0.8 pg hr/ml for the 
1-mg iv dose. After adjusting and comparing the 1-mg dose to the 5-mg 
dose, the oral solution dosage form was found to be only WO as bioavail- 
able as the intravenous dose. The low bioavailability of the oral solution 
could be the result of either a first-pass effect occurring or from the in- 
accuracy of the AUC calculation due to the dose-dependent kinetics. For 
these reasons, all-trans-retinoic acid in oral solution was used as a stan- 
dard for bioavailability comparisons to the other formulations. 


Shown in Fig. 3 are the average serum levels after dosing nine rats orally 
with saline solutions containing 5 mg of all-trans-retinoic acid. Peak 
serum levels occurred after 2.5 hr with an elimination half-life of 0.69 hr 
and an AUC of 13.74 f 1.6 pg hr/ml. Average peak serum level was 3.2 
pg/ml. Results after oral administration of microcapsules in laboratory 
animal feed are shown in Fig. 4. The curve represents data averaged from 
12 rats each dosed with the equivalent of 10 mg of all-trans-retinoic acid. 
Peak serum concentration occurred at -3 hr and the AUC was 9.21 f 1.2 
pg hr/ml with an elimination half-life of 1.02 hr. 


Figure 5 shows the average serum levels achieved when 11 rats were 
dosed orally with the microfine suspension dosage form. A 5-mg dose was 
administered which resulted in an average peak serum level time of 3 hr 
and an AUC of 12.8 f 1.4 pg hr/ml with an elimination half-life of 0.65 
hr. 


Based on the doses administered and the relative area under the serum 
level curves (Table I), the all-trans-retinoic acid microcapsules were 
-34% as bioavailable as the solution dosage form, and the microfine 
suspension was 93% bioavailable. The low bioavailability of the micro- 
capsules is possible because all-trans -retinoic acid was not completely 
released from the microcapsules in the digestive tract of the rat. The 
half-life of the elimination phase was 1.5 times greater than that of the 
solution, indicating that absorption was probably still occurring after the 
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Figure 5-Auerage serum concentrations of all-trans-retinoic acid 
following a 5.0-mg dose of a microfine suspension to 11 rats. 


peak concentration thus producing the slowly declining serum concen- 
trations. Another possible cause of the slow release of the chemical from 
the microcapsules was interaction with the rat food in which the micro- 
capsules were tableted. In a preliminary study, i t  was found that all- 
trans-retinoic acid crystals tableted in rat food were only 73% bioavailable 
as the solution, possibly indicating that the rat food in which the crystals 
were tableted was interfering with absorption. 


The microfine suspension was formulated as a possible alternative to 
microencapsulation. It has the advantage of a greater bioavailability, but 
the disadvantages of being a less stable formulation and less readily 


miscible with the rat food as compared to the solid microcapsules. The 
primary purpose of microencapsulation was to stabilize the retinoids for 
feeding to rats in their laboratory diets for long-term testing of the 
compounds for chemo-prevention of tumors. 


All-trans-retinoic acid was successfully microencapsulated and the 
bioavailability of the encapsulated and liquid dosage forms compared. 
Althsugh the microcapsules were only 34% bioavailable as the solution 
dosage form, this is a good compromise because of the increased stability 
and ease of handling. Also, all-trans-retinoic acid was found to follow 
dose-dependent kinetics a t  the doses studied whereas, 13-cis -retinoic 
acid did not follow dose-dependent kinetics when given at  the same 
dosage levels as the all-trans -retinoic acid. 
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Abstract o The tackiness of various tablet coating solutions was de- 
termined using a parallel plate technique with a tensile testing machine 
in conjunction with an oscilloscope where the separation force was dis- 
played as a function of time. Measurements were made at various rates 
of separation on liquid films ofconstant thickness. ~~~~l~~ showed that 
the force required to split a liquid film increases with an increase in rate 
of separation, and that tackiness increases with an increase in viscosity. 


The relation between tack and viscosity was not linear, and a modified 
Stefan equation was proposed. 


Keyphrases 0 Tablet coating solutions-tack behavior, viscosity 0 
Viscosity-tack behavior of tablet coating solutions 0 Tackiness-tack 


Of tablet coating 


The effect of coating formulations and coating process 
variables on the appearance of a coated tablet has been the 
subject of various investigations (1-3). Much effort has 
been devoted to the study of the theory of adhesion of 
film-forming materials to the surface of a tablet (4-6). 


However, very little is known about the tackiness of coating 
solutions and its effect on the coating process. Studies on 
the evaluation of coating formulations have made some 
reference to the problem of tackiness of hydroxypropyl 
cellulose solutions during the coating process (7). However, 
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Table VIII-Application of the Base Line Technique to Various 
Nonsteroidal Anti-inflammatory Agents or Their Derivatives 


optical purity 
Optical Purity, 70 S, cm (1- 100 


0.0 0.59 1 .oo 
23.7 0.44 0.76 


Ibuprofen” 47.6 0.29 0.52 
75.0 0.15 0.25 


100.0 0.00 0.00 


0.0 1.61 1.00 
24.4 1.39 0.76 


Naproxen* 49.0 1.05 0.51 
70.1 0.79 0.30 


100.0 0.40 0.00 


0.0 0.90 1.00 
Ketoprofen 20.0 0.72 0.80 
methyl esterC 45.0 0.48 0.55 


70.0 0.27 0.30 
78.0 0.19 0.22 


0.0 1.80 1.00 
Fenoprofen 20.0 1.45 0.80 
methyl esterd 55.0 0.86 0.45 


80.0 0.46 0.20 


0 Concentration of drug used was 0.23 M in carbon tetrachloride, usin 111 drug 
molar ratio of 0.366. The analytical peak was ArCHCH3 in the region f3.14-3.52 
ppm. b Drug concentration was 0.29 M in deuterated chloroformxarbon tetra- 
chloride (3:4), usin III-drug molar ratio of 0.355. The analytical peak was at  
61.80-2.60 ppm (ArEHCH3). Drug derivative concentration was 0.30M in carbon 
tetrachloride, using 111-ester molar ratio of 0.406. The analytical peak was 
ArCHCH3 in the region 61.90-2.15. Concentration of derivatized drug was 0.215 
M in carbon tetrachloride using III-ester molar ratio of 0.919. The analytical peak 
was the COOCH3 resonance in the 65.20-5.30 region. 


Higher molar ratios produced greater downfield shifts. Table IV shows 
results for two different molar ratios, using I as shift reagent, on successive 
addition of 0.1 ml volumes of deuterated benzene to a mixture prepared 
in 0.7 ml of the same solvent. 


Data obtained on application of the base line technique to N-acetyl- 
propranolol, compound V, ibuprofen, naproxen, ketoprofen methyl ester, 
and fenoprofen methyl ester are presented in Tables V-VIII and the 
corresponding calibration curves, when plotted, are linear. Appropriate 
derivatization was required in those cases of poor solubility of the parent 
drug in the solvents available, or where the number of points of com- 


plexation with the shift reagent was large, with consequent line broad- 
ening. 


If authentic, optically pure samples of a drug are available, this method 
offers a useful means of routine optical purity determination up to -90% 
optical purity. The susceptibility of a molecule to pseudocontact shifting 
influences of a lathanide agent can be quickly established using a non- 
chiral compound, and the appropriate shift reagent-drug molar ratio 
necessary in a given case found from incremental addition of the shift 
reagent (Table 11). 


It has also been observed that, in certain cases, the peak height dif- 
ference (bh) of overlapping resonances from corresponding groups of 
optical isomers in the presence of a chiral shift reagent bears a linear re- 
lationship to optical purity up to levels Of -50%. However, there was little 
success in establishing optical purity at  levels >50%. The instrumental 
and other conditions necessary for successful application of the base line 
technique similarly apply to the peak height difference method. 


REFERENCES 


(1) A. F. Casy, “PMR Spectroscopy in Biological and Medicinal 


(2) F. Kasler, “Quantitative Analysis by NMR Spectroscopy,” Aca- 


(3) D. P. Hollis, Anal. Chem., 35,1682 (1963). 
(4) J. P. Guette and A. Horeau, Tetrahedron Lett., 1965,3049. 
(5) E. Gil-Av, B. Feibush, and R. C. Sigler, ibid., 1966,1009. 
(6) W. H. Pirkle and D. L. Sikkenga, J. Chromatogr., 123, 400 


(7) S. Husain, P. Kunzelmann, and H. Schildnecht, ibid., 135, 367 


(8) J. A. Bersen and D. A. Ben-Efraim, J.  Am. Chem. Soc., 81,4083, 


(9) A. Horeau, ibid., 86,3171, (1964). 


Chemistry,” Academic, London and New York, 1971, pp 1-51. 


demic, London and New York, 1973. 


(1976). 


(1977). 


(1959). 


(10) M. Raban and K. Mislow, Tetrahedron Lett., 1965,4249. 
(11) Zbid., 1966,3961. 
(12) W. H. Pirkle and S. D. Beare, J.  Am. Chem. Soc., 91, 5150 


(13) W. H. Pirkle, R. L. Muntz, and I. C. Paul, ibid., 93, 2817, 


(14) G. M. Whitesides and D. W. Lewis, ibid., 92,6979 (1970). 
(15) P. Reisberg, I. A. Brenner, and J. I. Bodin, J.  Pharrn. Sci., 65,592 


(16) L. Tomic, Z. Magerski, M. Tomic, and D. E. Sunko, Chem. 


(1969). 


(1971). 


(1976). 


Commun., 1971,717. 
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Abstract CI A technique is described which allows reproducible prepa- 
ration of liposomes with improved size-frequency distributions. The 
recent procedure of extrusion of crude liposome dispersions through 
controlled-pore polycarbonate membranes is used to control the upper 
limit of liposome diameter. Subsequent dialysis, using the Same type of 
membrane, can remove the majority of liposomes smaller than a prede- 
termined size. The pattern of dialysis of a liposome preparation is a 
function of the size-frequency distribution (as well as the membrane 


pore size) and can be used to approximate the distribution and/or used 
to monitor the reproducibility of liposome preparations. 


Keyphrases 0 Liposomes-dialysis for improved size-frequency dis- 
tribution 0 Polycarbonate membranes-dialysis of liposomes, size- 
frequency distribution 0 Dialysis-liposomes, improved size-frequency 
distribution 0 Distribution-size-frequency, liposome dialysis 


It is recognized that liposome properties, both as model 
membranes and drug carrier systems, are dependent on 
their size (1-4). The differences in the plasma time course 
and tissue distribution seen between large multilamellar 
and small unilamellar vesicles are now well established (5), 


and even different size classes of large multilamellar ves- 
icles can have significantly different pharmacokinetics (6). 
Unfortunately, the size distribution of the original multi- 
lamellar preparation previously described (7) is very het- 
erogeneous and poorly reproducible. The use of this 
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Figure 1-The fraction of liposomes remaining in  the dialysis cells is 
plotted versus time for a suspension [lo pmoles (total lipid)/ml] of  
mechanically dispersed liposomes dialyzed against either a 0.6-, 1.0-, 
2.0-, or 3.0-pm pore-size membrane. Liposomes were quantified by 
measuring [14C]cholesterol included in the  membrane. The  vertical 
bars give the range for duplicate runs using one preparation. 


preparation for in uiuo tissue distribution studies may 
mask some differential effects of size. Indeed, complex 
blood level time courses have been attributed by some 
investigators to the heterogeneous size distribution of the 
administered liposomes (4). 


Several procedures have attempted to improve the size 
distribution or encapsulation efficiency of the liposome 
preparation: sonication and centrifugation (8,9), detergent 
dialysis (10-12), injection methods (13-15), French pres- 
sure cell (16, 17), reversed-phase evaporation (18), and 
others (19-21). All suffer from at  least one of three faults: 
( a )  the resulting size range is too wide or unpredictable; 
( b )  the method produces liposomes in only one size range; 
or ( c )  there are restrictions on composition or specific so- 
lutes. However, a significant improvement in size distri- 
bution can be obtained by extrusion of a heterogeneous 
population through straight bore pore polycarbonate 
membranes of defined pore size (22, 23); this technique 
defines the upper size limit for the population but does not 
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Figure 2-The fraction o f  liposomes remaining in  the dialysis cells is 
plotted versus time for a suspension [lo pmoles (total lipid)lml] of 
small unilamellar French press liposomes dialyzed against either a 0.05 
(O), 0.1 (a), or 0.2 (0) p m  pore-size membrane. Liposomes were 
quantified as described in Fig. 1. The  values are the means f 1 S D  for 
four preparations. 
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Figure 3-The fraction of liposomes remaining in the dialysis cells is 
plotted versus t ime  for four different batches of liposomes dialyzed 
against a 0.8-pm membrane. Liposome concentration and quantitation 
were as described in Fig. 1. The  three upper curves are for liposomes 
prepared by two extrusions (see tex t )  of mechanically dispersed lipo- 
somes through 0.6-, 0.4-, and 0.2-pm membranes. The  lower curue is for 
French press liposomes. The  vertical bars give the range for two prep- 
arations. 


affect the lower half of the distribution (control of the 
smaller size may be criticaLif liposome pharmacokinetics 
depend in part on the surface area or number of injected 
liposomes). In this report an improvement on the extrusion 
technique is described in which the extruded liposomes are 
subsequently dialyzed with the same type membrane with 
the object of removing a fraction of the smaller liposomes, 
thus narrowing the size distribution from its lower end. 


EXPERIMENTAL 
Chemicals-Purified egg yolk phosphatidylcholine (I), sodium di- 


palmitoyl phosphatidate (II), cholesterol (1111, and a-tocopherol (IV) were 
chromatographic gradel, as were sucrose [UJ4C] and cholesterol [4-14C]2. 
A universal scintillation reagent3 was used. All other chemicals were 
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Figure 4-The undialyzed fraction is plotted versus time for I.Ozpm 
extruded liposomes previously dialyzed against a 0.8-pm membrane. 
These values are for the previously described liposomes following 20 hr 
of dialysis against a 0.05-pm membrane (0) (essentially no dialysis of 
small liposomes), or following 20 hr of dialysis against a 0.8-pm mem- 
brane (a). Liposome concentration and quantitation were as described 
i n  Fig. 1. The  values are the means f 1 S D  for nine preparations. 


Sigma Chemical Co., St. Louis, Mo. 
New England Nuclear, Boston, Mass. 
PCS. Packard Instrument Co., Inc., Downer's Grove, Ill. 
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Table I-Measured Liposome Diameter (pm) for Four Batches 
of Liposomes 


Figure 5-Freeze-fracture electron micrographs of a mixture of lipo- 
somes before (A) and after (B) dialysis. The lipid in the original mixture 
(A) was from two sources: 70% consisted of a preparation of 1.0-pm 
extruded liposomes, the larger liposomes (Fig. S), and 30% consisted 
of French press liposomes, the smaller liposomes (Fig. 2). Preparation 
is described in the text, and the mixture is described in Table I; in this 
mixture liposomes I80 nm in diameter account for -99% of the total 
number (Fig. 8), -58% of the total surface area (Fig. 9) and only 7% 
of the total liposome volume. Frame B shows the same mixture after 21 
hr of dialysis against a 1.0-pm membrane; most of the small liposomes 
were removed. The bar in the upper left of each frame shows 1.0 pm. 
Within the circle in frame A are five of the small French press liposomes 
ranging in diameter from 16 to 57 nm. 


analytical reagent grade or better. The buffer, phosphate-buffered saline, 
contained 92 mM NaCl, 23 mM dibasic sodium phosphate, and 11 mM 
monobasic sodium phosphate. Prior to use, phosphatidic acid was ob- 
tained by chloroform extraction of an aqueous 0.4 N HCl solution of so- 
dium phosphatidate containing 20% methanol. 


Preparation of Liposomes-Multilamellar liposomes were prepared 
essentially as previously described (6, 22) and were composed of I-II- 
111-IV in the molar ratios 41:4.50.05 or 41:1:0.05. The a-tocopherol was 
added to retard autoxidation and improve stability (24). The lipids were 
dissolved in chloroform, mixed in a round-bottom flask, and subsequently 
evaporated to dryness under vacuum. An aliquot of buffer was added to 
the dried lipid; the mixture was then agitated by hand (at 20° after ni- 
trogen purging) until all lipid was suspended, giving a final concentration 
of 10 pmoles of lipid/ml. In most cases a small amount of [W]cholesterol, 
as a liposomal membrane marker, was included with the other lipids. In 
other cases, 5 mM [14C]sucrose, as an aqueous space marker, was included 
in the buffer used to disperse the lipids. This hand dispersal system re- 
sults in the heterogeneous multilamellar population designated as being 
mechanically dispersed. The 1.0-pm extruded liposomes were prepared 
by placing the crude mechanically dispersed preparation in a 25-mm 
stirred ultrafiltration cell4 fitted with a 1.0-pm pore-size polycarbonate 
membrane5 and extruding it with paitive nitrogen pressure at 10 ml/min. 
These liposomes could then be sequentially extruded through 0.8-, 0.6-, 
0.4-, and 0.2-pm pore-size membranes to further reduce the size. 


In selected cases the suspension was extruded twice through each 
membrane. The liposome size type was then designated by the smallest 
membrane size through which the suspension was extruded. The lipid 
recovery a t  each extrusion step was 100%, except at or below the 0.2-pm 


Millipore Corp., Bedford, Mass. 
5 Nucleapore, Pleasanton, Calif. 


Liposome Liposome 
Diameter, Diameter, 


Type Counted Diameter Area' Volumeg 
Liposome Number Corrected mean Mean Surface Mean 


1.0 pm 979 0.156 0.23 0.31 
Undialyzedb 
1.0 pm 195 0.30 0.40 0.50 
DialyzedC 
1.0 + FP 9923 0.033 0.040 0.076 
Undialyzedd 
1.0 + FP 1066 0.047 0.105 0.213 
Dialyzede 


a Diameters were measured on freeze-fracture electron micrographs as described 
in the text; the frequencies were then corrected (25) to eliminate the freeze-fracture 
artifacts. b Mechanically dispersed liposomes extruded through 1.0-jim membrane 
(Fig. 6). c 1.0-pm extruded liposomes dialyzed against a 0.8-pm membrane (Fig. 
6). d The mixture of 1.0-jim extruded and French p ess (FP) liposomes described 
in Fig. 8. The dial zed mixture of l.O-pm extruddl and French press liposomes 
described in Fig. 8. ?The corrected diameter of each liposome was used to calculate 
its surface area; the average surface area of the sample was then calculated and these 
values are the diameters of the liposome having this average area. 8 The volume 
of each liposome was calculated from its corrected diameter; the average volume 
of the sample was then calculated and these values are the diameters of the liposome 
having this average volume. 


level; the extrusion was always done twice through the final mem- 
brane. 


French press liposomes were prepared as previously described (16). 
A multilamellar liposome preparation was placed in a French pressure 
cell6 and extruded three times at  room temperature (flow rate -15 ml/ 
min) a t  20,000 psi. The French press liposomes were then centrifuged at  
low speed to remove rubber particles sheared from the cells' O-rings 
during the extrusion. 


Liposomes were dialyzed against the selected polycarbonate membrane 
as follows: 1 ml (or larger) dialysis cells (actual capacity 1.3 ml/side) were 
fitted with 25-mm membranes, and 1.0 ml of liposome suspension was 
placed in the sample chamber and 1.0 ml of buffer was placed in the 
second compartment. The cells were shaken at 5" on a horizontal shaker 
a t  1.5-2 cycles/sec with a 5-cm amplitude. The dialysate side was replaced 
frequently with fresh buffer so as to maintain sink conditions. The total 
counts per minute of carbon on the sample side was monitored with time 
using scintillation-counting techniques. In the case where [14CLsucrose 
was used as the liposomal marker, the nonentrapped sucrose was removed 
prior to the polycarbonate membrane dialysis by overnight dialysis versus 
excess buffer at 5" in a dialysis bag with a molecular weight cutoff of 
10,000. 


Electron Microscopy of Liposomes-For electron microscopy, ali- 
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Figure 6-The corrected percent of liposomes within equal diameter 
ranges is plotted versus the midpoint of the size range for 1.0-pm ex- 
truded liposomes before (8) and after (0) dialysis for 20 hr against a 
0.8-pm membrane. The observed frequencies in each size range were 
corrected using the Wicksell method (25); the original data before 
applying the correction procedure is shown in Fig. 7. 
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Figure 7-The observed percent of liposomes within equal diameter 
ranges, as measured on the electron micrographs, is plotted versus the 
midpoint of the size range for 1.0-pm extruded liposomes before (0) and 
after (0) dialysis for 20 hr against a 0.8-pm membrane. The corrected 
data are shown in Fig. 6. 


quots of the liposome suspensions were diluted twofold with a 25% (v/v) 
solution of glycerin in buffer and kept a t  room temperature for 2 hr. The 
samples were then quickly frozen in liquid freon at  ---155' and stored 
at  -190' in liquid nitrogen. Stored samples were transferred to the 
specimen stage of a freeze-fracture device7, fractured at -115', and then 
platinum-carbon coated. The replicas then were cleaned in dilute (1%) 
hypochlorite solution overnight, and rinsed for 10 min in several suc- 
cessive distilled water baths. A final 30-sec acetone rinse removed any 
remaining lipid. Replicas were then transferred to flamed 200-mesh grids 
and viewed at  80 kV. Magnification was determined using a carbon cal- 
ibration grid. 


RESULTS 


Dialysis of Liposomes-Figure 1 shows results when mechanically 
dispersed liposomes were dialyzed against several different pore-size 
membranes. The initial rate and extent of dialysis increases with in- 
creasing pore size. The results suggest that the majority of liposomes are 
between 0.6 and 3.0 pm in diameter. When the French press liposomes, 
averaging 28 nm in diameter, were dialyzed against 0.05-, 0.1-, and 0.2-pm 
pore-size membranes (Fig. 2), the half-life of dialysis increased, as the 
ratio of the pore size to mean liposome diameter increased. 


Figure 3 shows the results of a study in which 0.6,0.4, and 0.2 pm ex- 
truded and French press liposomes were dialyzed against 0.8-pm mem- 
branes. There is a clear trend of more rapid and extensive dialysis as the 
liposome size decreases relative to membrane pore size. A first-order 
dialysis was seen only for the French press liposomes, where the mem- 
brane pore size is significantly larger than the largest liposomes in the 
suspension. Figure 4 shows the combined results of three separate studies 
in which 1.0-pm extruded liposomes were made and treated as follows: 
half of the batch was dialyzed for 20 hr against 0.8-pm membranes, the 
other half against 0.05-pm membranes. Both subbatches were subse- 
quently dialyzed a second time against 0.8-pm membranes for 72 hr. 
There is a significant difference in dialysis patterns because a fraction 
of the smaller liposomes dialyzed across the 0.8-pm membrane, whereas 
no significant dialysis across the 0.05pm membrane was detected. Ali- 
quots of both subbatches, taken after the first dialysis step, were used 
to construct size frequency distributions. 


The effects of dialysis on a heterogeneous population, consisting of 
1.0-pm extruded liposomes and French press liposomes (70 and 30%, 
respectively, of the total lipid), pictured in Fig. 5, were dramatic. This 
mixture was selected to represent a worse-case example (it is similar in 
size composition to those resulting from sonication of mechanically dis- 
persed liposomes for short periods of time). A sample of this heteroge- 
neous batch was saved and the rest was dialyzed for 21 hr using 1.0-pm 
membranes. Electron microscopy was then done on the dialyzed and 
undialyzed samples 


Control Studies-The effect of the dialysis system on liposome sta- 
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Figure 8-The corrected percent of liposomes within equal diameter 
ranges is plotted versus the midpoint of the range for the liposome 
preparation consisting of a 1.0-pm-extruded (70% of total lipid) and 
French press liposomes (30% of total lipid) before (0) and after (0) 
dialysis for 20 hr against a 1.0-pm membrane. The original frequencies 
(not shown) were corrected to the observed frequencies using the 
Wicksell method (25). 
bility was assessed as follows: aliquots of 0.8-pm extruded liposomes of 
either the I-11-111-IV = 41:1:0.05 or 4:1:4.5:0.01 composition, containing 
[*4C]sucrose, were dialyzed against 0.05-pm membranes following the 
same procedures used in other studies; these two compositions (differing 
in cholesterol content) were chosen as medium- and low-permeability 
liposomes (1). It was previously established that these same liposome 
types, when labeled with [14C]cholesterol, would not dialyze across 
0.05-pm membranes, so the appearance of [14C]sucrose on the dialysate 
side would be evidence of liposome instability. After 24 hr a maximum 
of 3% had leaked from the more permeable liposomes, whereas no leakage 
was detected from the less permeable liposomes. For the case where the 
label did dialyze, it was important to know if the liposomes dialyzed across 
intact. To answer this question, 0.4-pm ext,ruded liposomes of the I- 
11-111-IV = 4:1:4.50.05 composition containing [14C]sucrose were di- 
alyzed to equilibrium against 3.0-pm membranes (the size distribution 
of these liposomes is such that all are small enough to dialyze). Samples 
of the dialysate side were chromatographed on a sepharose gel columna, 
and all of the radioactivity appeared in the void volume, indicating that 
the liposomes had dialyzed across intact. 


The rate and extent of liposome dialysis was found to be a function of 
several system variables. The dialyses were concentration-dependent; 
that is, with all other variables held constant (e.g., liposome size, mem- 
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Figure 9-The cumulative percent of total surface area (calculated 
from the corrected frequency data) for the two liposome populations 
shown in Fig. 8 is plotted versus the midpoint of the diameter range 
before (0) and after (0) dialysis. 
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Figure 11-The apparent first-order rate constant for various size li- 
posomes against a 0.8-pm membrane i s  plotted versus their diameter. 
From left to right: (a) the rate constant for ['4C]inulin, assumed to be 
the upper limit for rate constants under the conditions used; 01) French 
press liposomes; (c) 0.2-gm extruded liposomes having a n  average di- 
ameter of 0.1 gm;  (d) 0.2-pm extruded liposomes having a n  average 
diameter of0.18 gm; (e) 0.7-pm extruded liposomes assuming negligible 
dialysis. The  curves are arbitrary and drawn to approximate the actual 
underlying relationship. 


dialysis (Fig. 8) shows that -99% of the liposomes are i.n the smallest size 
class, although French press liposomes comprised only 30% of the lipo- 
somal lipid; this class accounted for 58% of the total surface area, but only 
7% of total liposome volume. Following dialysis the number of liposomes 
in the smallest size class decreased dramatically, but still accounted for 
-95% of the total number (liposome dialysis was not limited to this size 
class; liposomes in the next few larger classes also dialyzed but to a lesser 
extent). Although dialysis of this mixture did not greatly increase the 
average diameter of the liposomes (Table I), it did produce a large in- 
crease in the diameter of the lipsomes with the average surface area and 
the average volume (Table I). 


All differences noted between dialyzed and undialyzed preparations 
were significant; in the case where the fewest number of liposomes was 
measured (n  = 195, Table I), the difference between mean diameters for 
the uncorrected dialyzed and undialyzed distributions was significant 
a t  the p <0.01 level (1-tailed t test using frequency versus log diameter 
distributions). For the corrected distributions (Fig. 5A) the level of sig- 
nificance between mean diameters before and after dialysis was 
greater. 


Dialysis Simulations-The dialysis data for the French press lipo- 
somes (Fig. 2) indicates that when the preparation is homogeneous, di- 
alysis is first order. Thus, the dialysis of a heterogeneous population may 
be simulated by a sum of first-order processes (or exponentials), one for 
each narrow size class as given by: 


N~ = 5 No,ie-kit t M (Eq. 1) 


where NT is the total number of liposomes remaining in the dialysis cell 
a t  time t ,  No,i is the number in the i th narrow size class (e.g., Fig. 5), hi 
is the apparent first-order rate constant for dialysis of the ith class across 
a specific membrane, and M is the number of liposomes which cannot 
dialyze across that pore-size membrane. When a dialysis cleanup is 
complete, or after some time t ,  when dialysis is terminated, the fraction 
of liposomes in each size class will be: 


where 


i=l 


N t , i l N ~ ,  N , , ~ / N T  . . . NINT (Es. 2) 


Nt,i = No,,e-k2t (Eq. 3) 


Thus, if estimates of k ,  can be obtained and the predialysis size-frequency 
distribution is known or can be approximated, the postdialysis size- 
frequency distribution can be determined. (If size-frequency distribu- 
tions are not available, demonstrating the reproducibility of the dialysis 
pattern should ensure reproducibility of the final size-frequency distri- 
bution.) For example, the relationship between dialysis rate constant and 
diameter for the 0.8-pm membrane system described previously can be 
approximated (see Fig. 11). The maximum value of h, is set equal to that 
obtained for a solution of [14C]inulin. A rate constant of zero is assigned 
to liposomes >0.7-pm diameter, which were shown not to dialyze to any 
significant extent in this system over a 24-hr period. Additional rate 
constants are shown for French press liposomes of known mean diameter 


oy - .  , , , , , , , , , , , , , . , 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.9 


LIPOSOME DIAMETER, Mrn 


Figure 10-The cumulative percent of the total volume (calculated 
from the corrected frequency data) for the  two liposome populations 
shown in Fig. 8 is plotted versus the midpoint of the  diameter range 
before (0) and after (0) dialysis. 


brane size), samples with higher lipid concentration dialyzed more slowly 
than more dilute samples. The agitation rate and the cell fill-volume were 
important. Three different modes of agitation rates (i.e., motionless, 
gentle test tube inverter, and the horizontal shaker described previously) 
gave dialysis rates that covered a sixfold range. It was necessary to leave 
a small head space of air (-300 pl) when filling the cells, so that the di- 
alyzing solution had the opportunity to agitate sufficiently. When these 
variables were held constant, the dialyses were reproducible. 


Electron Microscopy and Liposome Sizing-Size-frequency dis- 
tributions are obtained directly from diameter measurements on 
freeze-fracture electron micrographs. Figure 5 shows the mixture of 1-pm 
extruded and French press liposomes. A large number of small liposomes 
(Fig. 5A) were seen before dialysis, but were rare after dialysis (Fig. 
5B). 


Size distributions were constructed by assigning each liposome (on the 
photomicrograph) to size categories of 1-mm width (e.g., 1-2 mm, 2-3 
mm, etc.). Diameters of liposomes with oblong shape were calculated by 
averaging the values for their long and short axes. Diameter measure- 
ments were made for the above mixture from 8070X micrographs, except 
for the smallest liposomes, which were measured on 26,090X blow-ups 
of regions on the same 8070X micrographs. The ratio of smaller to larger 
liposomes found on each blowup was assumed to hold constant on the 
small scale micrograph. On the 26,090X micrographs all liposomes with 
diameters 0-3.3 mm were counted and measured; on the 8070X micro- 
graphs all liposomes >1.0 mm were counted and measured. After all li- 
posomes had been counted and measured, the appropriate scaling cor- 
rection was made to yield actual diameters. The total number of liposome 
profiles measured and counted in each experiment is shown in Table 
I. 


There are certain inherent biases in the previously described method 
of sizing. A given fracture plane may not make an equatorial cut through 
a specific liposome, and i t  is more probable that  a large liposome will be 
cut than a smaller one; this has the effect of making the apparent average 
diameter larger than the actual average diameter. The magnitude of the 
overall bias depends on factors such as the population range and the 
shape of the actual distribution. These biases are correctable using the 
mathematical approach developed by Wicksell (25), and the cumulative 
surface area or cumulative total liposome volume was plotted versus di- 
ameter and their parameters tabulated in Table I. 


The corrected and uncorrected frequency plots for dialyzed (i.e., those 
remaining after dialysis) and undialyzed 1.0-pm extruded liposomes are 
shown in Figs. 6 and 7. It can be seen that the correction procedure shifts 
the size distribution to smaller sizes. Nevertheless, there is a clear upward 
shift in average size for the dialyzed liposomes, with a doubling in average 
corrected diameter (from 0.156 to 0.3 pm, Table I). The corrected cu- 
mulative surface area and volume curves, not shown, also exhibit dramatic 
shifts toward larger diameters, which is reflected in the changes in the 
diameters of the liposomes with the average surface area and volume 
(Table I). 


The data in Figs. 8-10 for the mixture of 1-pm extruded and French 
press liposomes illustrates an extreme case but serves as an example for 
a number of points. The corrected frequency versus size curve before 
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Figure 12-Frequency, as percent of total, is plotted versus diameter. 
Curve A is  replotted from Fig. 6 and is for 1.0-pm extruded liposomes 
folloroing dialysis. Curves Band  C are estimates of curue A calculated 
using Eq. 3, the undial-vzed data in Fig. 6, and apparent dialysis rate 
constants interpolated from Fig. 10 as described in the text. 


and 0.2-pm extruded liposomes with mean diameters of 0.1 and 0.18 


No attempt was made to fit the data in Fig. 11 to any specific function, 
rather the points were connected by two arbitrary curves to approximate 
the actual underlying pattern. Two sets of approximate rate constants 
were interpolated from this curve for the medium size of the seven 
smallest size categories used for construction of Fig. 6. Values of N0.i and 
M, obtained from the predialysis data in Fig. 6, along with seven estimates 
of ki taken from each of the two curves in Fig. 11, were substituted into 
Eq. 1 to calculate the postdialysis in size-frequency distribution. The 
solid curve in Fig. 12 is the actual postdialysis sizefrequency distribution. 
The broken curves are the two estimated size-frequency distributions 
and are reasonable given the limitations of both the method of calculation 
and the dialysis system: (a) the pores are not uniform in diameter; the 
manufacturer states that maximum pore size is G-20% of the rated pore 
size; (b) pore size itself has a size-frequency distribution; (c) the technique 
for estimating the dialysis rate constants is crude; (d) the potential exists 
for large liposomes to block potes, thus reducing the effective dialysis rate 
constant for each size class. 


pm. 


DISCUSSION 


A prerequisite for understanding the in uivo properties of liposomes 
is the availability of techniques to repmducibly prepare liposomes with 
defined size properties. With the exception of small unilamellar liposomes 
produced by prolonged sonication or carefully prepared French press 
liposomes, it is difficult to compare results between or within laboratories 
because the number, average size, size-frequency pattern, or surface area 
of the liposome dose rarely is known. 


Because each liposome preparation has a characteristic dialysis profile 
for a given membrane and set of dialysis conditions (Figs. 1--4), dialysis 
data can be used as a means to compare the similarity of preparations 
and as a measure of their reproducibility. From the data presented (Figs. 
1-4), the relative reproducibility of these preparations can be compared. 
Although the described technique is unsophisticated and simple, it does 
allow one to narrow the size-frequency distribution of any liposome batch 
while improving the reproducibility of preparation. Membrane extrusion 
under controlled conditions allows one to define and control the upper 
limit of liposome size anywhere between -0.1 and 3.0 pm in diameter. 
This dialysis procedure allows control of the lower end of the size-fre- 
quency distributions. 


Other techniques can be used to minimize the fraction of smaller li- 
posomes in a preparation, but each has limitations. Separation of larger 
from smaller liposomes by centrifugation poorly discriminates between 
adjacent size classes and is further limited because liposomes of the same 
diameter may have different densities (i.e., number of lamellae) and uice 
uersa. Separation by filtration is possible in some cases when there is 
minimal interaction between liposomes and membranes (fiber types), 
but even at  low pressure, some extrusion (22) occurs for all fluid-phase 
liposomes with the membranes used here. Filtration is more reliable when 


the process is carried out a t  a temperature below the phase transition 
temperature of the liposomal lipids (26,27). Gel exclusion chromatog- 
raphy can be successfully used to  obtain relatively narrow size distribu- 
tions of small liposomes between -20 and 80 nm in diameter and can also 
be used to control the lower end of the size-frequency distribution of 
larger liposomes when the adsorption of liposomal lipid onto the column 
can be minimized (this depends on liposome composition and column). 
Sedimentation field flow fractionation (28) is specifically designed for 
separation and analysis of particles in the liposome size range but is not 
designed for large-scale preparation; as the technique becomes more 
widely available it will, however, provide a technique to characterize the 
size-frequency distribution of liposome suspensions. 


Control of liposome size may be critical when liposomes are designed 
for use as in uiuo drug carriers. When in uiuo fate is being followed using 
an aqueous space or liposomal membrane marker, the pharmacokinetic 
pattern seen will be a function primarily of the larger liposomes (Fig. lo), 
i.e., the volume adjusted average size (29). Yet, the actual mechanisms 
governing liposome disposition are expected to be a function of the 
number of liposomes used and/or their total surface area, as well as di- 
ameter, when composition is held constant. 


A combination of extrusion followed by dialysis, both using con- 
trolled-pored membranes, allows reproducible preparation of liposomes 
having a variety of definable size-frequency distributions. Subsequent 
use of dialysis rates can be used to  obtain information about the size- 
frequency distribution and may be useful as a quality control tech- 
nique. 
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Abstract 0 Quinidine shows two-compartment characteristics in rabbits 
with a terminal half-life of 67 rnin for total drug and 58 min for unbound 
drug. Statistically, the values are not significantly different from each 
other (p > 0.05). The clearances for total and unbound drug are 52 and 
464 ml/min/kg, respectively, and the total and unbound apparent vol- 
umes of distribution at steady state are 4.2 and 27.3 liters/kg, respectively. 
The unbound clearance and unbound apparent volume of distribution 
were inversely related to the unbound fraction of quinidine in plasma. 
The total clearance and apparent volume of distribution showed no re- 
lationship to the binding. Approximately 0.5% of the dose was excreted 
as unchanged quinidine. Six identifiable metabolites were found in the 
urine, accounting for -14% of the dose. Two unknown metabolites were 
also observed in the urine. With the exception of 2'-quinidinone, these 
metabolites were formed in the rate-limiting step in the metabolite ki- 
netics. The quinidine unbound fraction ranged from 0.06 to 0.23 in the 
eight rabbits studied. The binding of the metabolites was less pro- 
nounced, and only 3-hydroxyquinidine showed a significant correlation 
with quinidine binding. 


Keyphrases 0 Quinidine-disposition in rabbits, metabolites, binding 
Metabolites-binding, quinidine disposition, rabbits Binding- 


quinidine disposition, metabolites, rabbits Pharmacokinetics-dis- 
position of quinidine, rabbits 


Very little information exists regarding quinidine dis- 
position in the rabbit, especially when unbound quinidine 
and metabolite concentrations are considered. The rabbit 
is, however, an attractive animal model for quinidine 
studies because it allows for sampling of sufficiently large 
blood volumes to determine both total and unbound con- 
centrations; blood and urine sampling is simple; and if drug 
responses are desired, the response, measured as EKG 
changes, can be readily obtained (1). 


As part of a long-term study of the disposition and re- 
sponse interrelationship between binding of quinidine to 
plasma proteins the pharmacokinetic picture of quinidine 
was evaluated in the rabbit. 


EXPERIMENTAL 


Quinidine Administration-Eight male New Zealand white rabbits 
(2.0-3.3 kg) were injected with 5.2 mg/kg of quinidine base as the gluco- 
nate salt' dissolved in 1 ml of saline into an ear vein over 2 min. Blood 
samples of 3-ml volume were obtained from the marginal vein in the other 
ear before the injections and again at 4,8,20,40,60,90,120,150,195, and 
240 min after the injections. The blood was heparinized2 to a final con- 


* Quinidine gluconate injection, USP, 80 mg/ml; Lilly, Indianapolis, Ind. 
*Sodium heparin injection, USP, 1000 U/ml, Lilly, Indianapolis, Ind. 


centration of 5 U/ml. The blood was centrifuged and the plasma was 
stored at  -2OO until assayed. In addition, a 300-pl whole blood aliquot 
from the 4- and 150-min sampling time was also stored frozen until as- 
sayed. The red blood cells from the samples obtained at  20 min and at  
later time points were suspended in an equal volume of 6% dextran 75 
in isotonic saline and reinfused within 10 min of sampling. 


The urethra of each animal was cannulated with a catheter! To ensure 
complete urine collection over the 4-hr study period, the bladder was 
rinsed twice with normal saline at  the end of the study. The total urine 
collected was stored frozen until assayed. 


Hepatic Blood Flow Determination-The hepatic blood flow was 
estimated in the individual animals 20-40 min after the end of the 
quinidine experiment by determining the indocyanine green blood 
clearance. Indocyanine green4 (1 mg/kg) was infused over 30 sec into a 
marginal ear vein. Blood was collected from the marginal ear vein in the 
other ear by continuous withdrawal a t  a speed of 0.36 ml/min over a 
12-min period, starting at  the time of indocyanine green infusion. 


The indocyanine green concentration in plasma of the withdrawn blood 
(CICG) was determined spectrophotometrically a t  800 nm. Because the 
half-life of indocyanine green is 1 min and it does not enter the red blood 


40 a0 120 160 200 240 


Figure 1-Log-auerage plasma concentrations of total (@) and un- 
bound (0) quinidine in eight rabbits after a 5.2-mglkg intravenous in- 
jection. 


MINUTES 


3 French Foley Catheter #8, D. R. Bard, Ind., Murray Hill, N.J. 
4 Hynson, Westcott, & Dunning, Inc., Baltimore, Md. 
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cough-cold liquids. In addition, the results indicate that the methodology 
is applicable to a wide range of amine drugs commonly found in cough- 
cold liquids. The chromatographic system is capable of separating the 
amines of interest from the dyes, preservatives, and flavorings normally 
associated with a liquid cough-cold formulation. In all cases the sample 
preparation consisted of dissolution of the sample in the mobile phase 
and the total chromatographic run time was <20 min. 
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Abstract 0 A simple and precise high-performance liquid chromato- 
graphic (HPLC) procedure was developed for the determination of cef- 
sulodin, a new antipseudomonal cephalosporin antibiotic, in plasma. The 
analytical procedure involved ultrafiltration of samples that were buf- 
fered to prevent cefsulodin degradation, followed by injection into an 
HPLC system, utilizing a CIS reversed-phase analytical column, a mobile 
phase of acetonitrile-modified aqueous acetate buffer, and a UV spec- 
trophotometric detector. Because of the simplicity of the procedure, the 
intraassay (-2%) and interassay (-3-4%) coefficients of variation were 
extremely low. Recoveries of drug were essentially quantitative in freshly 
buffered specimens and in those stored buffered and frozen for nearly 
3 months. Calibration curves were rectilinear from the limit of quanti- 
fication (-0.2 pg/ml) to 200 pg/ml, as demonstrated by regression cor- 
relation coefficients averaging >0.999 during routine analyses. 


Keyphrases High-performance liquid chromatography-procedure 
for the determination of cefsulodin in plasma, new antipseudomonal 
cephalosporin antibiotic 0 Cefsulodin-new cephalosporin antibiotic, 
high-performance liquid chromatographic determination 0 Ultrafil- 
tration-high-performance liquid chromatographic determination of 
cefsulodin in plasma, new antipseudomonal cephalosporin antibiotic 


Cefsulodin sodium [3-(4-carbamoyl-l-pyridinio- 
methyl) - 70 - (D - a -sulfophenylacetamido) - ceph - 3 - em- 
4-carboxylate monosodium salt] (I), a semisynthetic 
cephalosporin antibiotic (Fig. 1)l, has been shown to have 
excellent antipseudomonal activity (1,2). 


0 


6-0- 
II 
0 


I 


Developed by Takeda Chemical Industries; also known as SCE-129. Currently 
under clinical investigation by Abbott Laboratories. 


Microbiological assays have traditionally been used for 
analysis of biological specimens containing antibiotics; 
however, such procedures are occasionally disadvantageous 
due to long analysis times, nonlinear calibration curves, 
inadequate specificity, and relatively poor precision. In 
addition, preliminary experiments suggested that prob- 
lems might arise during microbiological assays for cefsu- 
lodin due to drug hydrolysis during incubation of inocu- 
lated analysis plates. 


With these factors in mind, work was started to develop 
an alternate procedure which had adequate sensitivity, 
high precision, short analysis time, and which did not allow 
hydrolysis of the cefsulodin. High-performance liquid 
chromatography (HPLC) is ideally suited for the analysis 
of the relatively polar, nonvolatile cephalosporins. Since 
the therapeutic concentrations of these compounds are 
usually in the microgram per milliliter range, concentrating 
techniques are usually not required. However, the majority 
of the high molecular weight proteins and fibrin must be 
removed from plasma samples to prevent column filter and 
bed damage. Several HPLC procedures for cephalosporins, 
employing classical deproteination reagents such as tri- 
Table I-Precision and Linearity of the HPLC Procedure for 
Cefsulodin 


Concentration of Cefsulodin, pg/ml Coefficient 
Actual Calculated” of Variation, 70 


0.78 0.76 (0.74) 4.5 (3.3)b 
1.56 
3.13 
6.25 


12.50 
25.00 


1.57 (1.57; 
3.10 ( 3 . ~ 4  
6.31 (6.44) 


12.71 (12.70) 
25.05 (25.17) 


.~ ~, 
1.9 (1.7) 
1.7 (0.4) 
3.2 (2.1) 
0.9 (0.6) 
1.3 (0.4) 


50.00 49.40 (50.41) 1.1 (0.4j 
100.00 97.34 (98.87) 1.7 (0.3) 


Based on results of linear regression of means from quadruplicate determina- 
tions for each concentration using reciprocal variance weights ( r  = 0.9999). * Data 
in parentheses were obtained neglecting responses of the internal standard. 
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Figure 1-Typical HPLC traces for ultrafiltrates of (A) predose and 
(B) postdose plasma from a subject who received a 500-mg dose ofcef- 
sulodin. The calculated concentration of cefsulodin was 4.3 pg/ml.  
Compound I1 was added to a final concentration in plasma of 400 pglml. 
Key: (I) cefsulodin; (2) II .  


chloroacetic acid (3,4) or organic solvents (5-8) have been 
reported recently. The described HPLC procedure, in- 
volving removal of plasma proteins by ultrafiltration, offers 
the advantages of simplicity and high reproducibility, 
obviating the problems associated with the precipitation 
procedures, such as sample dilution, incomplete protein 
precipitation, drug coprecipitation, and acid catalyzed 
degradation of labile drugs. Furthermore, the ultrafiltra- 
tion procedure would allow the determination of the free 
and total drug concentrations in plasma, if desired. 


EXPERIMENTAL 


Chromatography-HPLC analyses were conducted using a recip- 
rocating pump2 in conjunction with a UV detector3 operated at  an ana- 
lytical wavelength of 254 nm. The mobile phase, consisting of 4.5% ace- 
tonitrile4 in 0.02 M ammonium acetate, which was adjusted to pH 4.2 with 
glacial acetic acid, was maintained a t  a flow rate of 2.0 ml/min through 
a Cls5 analytical column. 


Ultrafiltration Apparatus-Ultrafiltrates of plasma samples were 


2 Model 6000A, Waters Associates, Milford, Mass. 
3 Model 440, Waters Associates, Milford, Mass. 


5 pBondapak CIS, Waters Associates, Milford, Mass. 
HPLC Grade, Burdick and Johnson. 


0.1 J 1 
8.0 10.0 12.0 


Figure 2-Plasma cefsulodin levels determined for two subjects re- 
ceiving 1000-mg (0) and 2000-mg (m), 30-min intravenous infusions 
of cefsulodin. Plotted curves represent nonlinear best-fit regressions. 


obtained using conical centrifuge tubes6, conical supports7, and mem- 
brane coness, with respective molecular weight cutoff values of 25,000 
and 50,000. Use of the former cone model was slightly favored due to  its 
higher apparent flux and protein retentivity. For reasons to be discussed, 
the two types of cones should not be mixed within an analytical run. 


Sample Preparation-The stability of cefsulodin in plasma was 
demonstrated to  be greatly improved by addition of phosphate buffer 
to bring the final pH to 6.5 or less. Thus, plasma samples should be mixed 
with an equal volume of 1.0 M phosphate buffer (pH 6) prior to 
freezing. 


The 1.0 M phosphate buffer (pH 6) was prepared by addition of three 
parts (by weight) of 1.0 M NaH2POvH20 to one part 1.0 M NaZHPOg 
7Hz0, which was equivalent to  103.5 g of NaH2POCH20 and 67.05 g of 
NazHP04.7H20Iliter of solution. Mixture of this solution with an equal 
volume of plasma resulted in a solution with pH 6.1-6.3. 


Standard Preparation-Since the plasma samples were diluted by 
the 1:l mixture with phosphate buffer, standards had to be diluted 
similarly. Typically, a 200 pg/ml solution of the reference material, freshly 
prepared in 1.0 M phosphate buffer (pH 6) was mixed with an equal 
volume of fresh plasma. This standard thereafter was serially diluted with 
an equivolume mixture of phosphate buffer and plasma to provide the 
remaining standards. 


Sample Workup-Sample processing involved ultrafiltration of a 
mixture of accurately pipeted aliquants of the sample and internal 
standard. The use of p-fluoro-a-methylbenzylamine hydrochloride (11) 
as an internal standard was found to be satisfactory. Typically, 0.05 ml 
of an 8.0 mglml solution of I1 hydrochloride was thoroughly mixed with 
2.0 ml of the standards and unknowns. Control blanks and predose 
samples were processed without internal standard. After transfer to  a 
clean filtration apparatus, the samples were centrifuged at  the same 
relative centrifugal force for the same length of time. Centrifugation at  
450Xg for -20 min produced -1.0 ml of ultrafiltrate. Whenever possible, 
samples in the various stages of workup were refrigerated until all samples 
were processed. Thereafter, the ultrafiltrates could be stored frozen for 
several days prior to analysis. 


Injection of 70 pl of these ultrafiltrates into the described HPLC system 
resulted in a nearly full-scale recorder reading for the internal standard 
(retention volume -22 ml) a t  a detector attenuation of 0.02 aufs. Under 
the same conditions, the response for a sample containing 0.2 g of cef- 
sulodin/ml would be two to three times greater than instrumental noise. 
To  minimize the degradation of cefsulodin in the ultrafiltrates, they 
should not be allowed to stand a t  room temperature for more than 2 hr 
prior to analysis. Typical chromatograms are shown in Fig. 1. 


0.0 2.0 4.0 6.0 
HOURS AFTER INFUSION INITIATION 


RESULTS AND DISCUSSION 
Method Development-Cleanup Procedures-Several of the clas- 


sical procedures for the removal of protein from samples were investi- 
gated. Procedures involving deproteination with organic solvents, such 
as methanol, acetonitrile, and acetone, were all unsatisfactory due to 
coprecipitation of cefsulodin, chromatographic aberrations due to the 


6 Centriflo system, Amicon Corp., Lexington, Mass. 
7 Model CSlA, Amicon Corp., Lexington, Mass. 
8 Either model CF25 or CF50A, Amicon Corp., Lexington, Mass 
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Figure 3-Correlation of HPLC and microbiological assay results; 270 
assays. 
high organic content of directly injected supernates, and degradation of 
cefsulodin during the evaporation of the supernates. Similarly, other 
deproteination reagents such as concentrated salt solutions (e.g., sodium 
sulfate) and acids (e.g., trichloroacetic, sulfosalicylic) were unacceptable 
due to coprecipitation of cefsulodin, incomplete protein precipitation, 
cefsulodin degradation, and chromatographic difficulties. Isolation of 
cefsulodin by column chromatographic techniques, such as anion and 
cation exchange, silica absorption, alumina absorption, and gel exclusion, 
was also not feasible due to inadequate protein removal, sample dilution, 
and the limited number of samples that could be analyzed per day. 


Ultrafiltration proved to be ideally suited for the removal of protein 
from cefsulodin-containing plasma samples. Due to the low apparent 
protein binding of cefsulodin in the buffered plasma samples, recoveries 
were nearly quantitative. However, pressurized ultrafiltration techniques 
using cells or membrane tubing were slow, cumbersome, and involved 
variable sample dilution due to the necessity of prewetting the membrane. 
Alternatively, ultrafiltration by centrifugation with the apparatus de- 
scribed was found to be simple, fast, and highly reproducible. 


Recouery-The recoveries of cefsulodin and I1 in the first 50-100 pl 
of ultrafiltrate were slightly lower than in subsequent fractions. Addi- 
tionally, in some experiments, the peak height ratio from the initial ul- 
trafiltrate was higher than the true ratio. Lower recoveries for the initial 
ultrafiltrate may be attributed to one or more of the following phenom- 
ena: (a) leaching of glycerin or other liquid materials from the membrane; 
(b )  low-level binding to the membrane; and/or (c) molecular sieving. 
Regardless, when ultrafiltrate volumes approaching or exceeding 0.50 
ml were collected, recoveries were nearly quantitative for both cefsulodin 
(>95%) and I1 (>93%), and their peak height ratio became constant. 


Intersubject variability in ultrafiltration recovery was assessed by 
supplementing plasma samples from six subjects with cefsulodin and 11. 
The intersubject coefficient of variation for cefsulodin recovery was 1.3% 
without I1 and 1.2% with I1 as the internal standard. Recovery also did 
not appear to be dependent on the concentration of cefsulodin in the 
sample. Mean recoveries for quadruplicate standards ranging from 0.8 
to 100 pg/ml averaged 99.1%. 


The 25,000 and 50,000 molecular weight cutoff membranes were 
compared for samples spiked with 2, 20, and 200 pg of cefsulodin/ml. 
Although the recoveries of cefsulodin were essentially the same for both 
types of membranes, recoveries of I1 were slightly lower for the lower 
cutoff cones. Thus, i t  is recommended that the two types of filters not 
be mixed within the same assay run. 


Precision and Linearity-The precision and linearity of the proce- 
dure was assessed by quadruplicate analyses of buffered plasma samples 
supplemented with cefsulodin in the concentration range of 0.78-100 
pg/ml. The results are summarized in Table I. With no correction made 
for the internal standard response, the mean assay coefficient of variation 
(CV) was 1.2 f 1.1%. Correction of the data with the internal standard 
responses resulted in a mean CV of 2.0 f 1.2%. The errors involved with 
either approach are uncharacteristically low for the analysis of drugs in 
biological matrixes. This is due to the simplicity of the workup procedure 
and the high recoveries. 


Linear regression analyses were performed with the mean data from 
the above experiment, using reciprocal analytical variances as the weights 
(9). The same data were then refitted using 1, l/concentration (l/C), and 
l/concentration-squared (1/C2) as the weighting schemes. 


The high correlation coefficients from the regressions (-0.9999) 


demonstrate that  the responses are rectilinearly related to the concen- 
tration of cefsulodin in the samples. The near-zero intercepts demon- 
strate that  the blank plasma had negligible interferences for cefsulodin, 
and that recovery of drug in the ultrafiltrates was not concentration de- 
pendent. From careful consideration of the dispersion of the residual 
errors, the 1/C2 weighting scheme was found to best represent the re- 
ciprocal analytical variances when the internal standard was not used; 
hence, weighting by reciprocal squared concentrations should be used 
in regression analyses of peak height ratio data obtained during sample 
analyses. Alternatively, if an internal standard is not used, the best choice 
of the weighting scheme is 1/C. 


The interassay precision of the procedure was assessed from quality 
control data obtained during routine analyses. For the first application 
of the procedure to a clinical study, plasma was supplemented on-site 
a t  concentrations of 4 and 20 pg/ml of cefsulodin/ml. For the first group 
of subjects, the quality control standards averaged 3.9 f 0.2 (n = 9) and 
20.0 f 0.7 (n = 9) pg/ml, respectively. In a second series of analyses, the 
references averaged 4.0 f 0.2 (n  = 5) and 19.9 f 0.6 ( n  = 8) pg/ml. In the 
most recent use of the procedure, the mean value for a 10.0 pg/ml quality 
control pool, determined in 20 analytical runs performed over a 1-month 
period by two technicians, was 10.2 f 0.3 pg/ml. The mean regression 
correlation coefficient for the 6-8 point calibration curves was 0.9996. 
Thus, under routine conditions, the interassay coefficient of variation 
is -3-4%, and accuracy errors are negligible. 


Stability-Preliminary experiments in this laboratory suggested that 
15-40% of the cefsulodin activity in plasma or serum could be lost after 
storage a t  --17O for 7 weeks, and that the rate of degradation was de- 
pendent on the freshness of the plasma. The stability of the compound 
in buffer was considerably greater, especially in the pH range of 3-7. 
Degradation of cefsulodin in aqueous media ismost pronounced under 
alkaline conditions, which facilitate isomerization, hydrolysis, and 
nucleophilic displacement at the various functional centers of the com- 
pound. As a result, acidification with phosphate buffer was evaluated as 
a means of enhancing the stability of cefsulodin in plasma. After incu- 
bation a t  8" for 3 days, or 24' for 1 day, essentially quantitative recoveries 
of drug were realized from plasmas which were acidified within the pH 
range of 3-6.5 with 1.0 M phosphate buffer. In contrast, cefsulodin was 
-50 and 80% inactivated when stored in unbuffered plasma under the 
same conditions. 


Since sensitivity reduction of the microbiological assay, and protein 
denaturation were encountered in plasma samples buffered in the pH 
range of 3-5.5, a final pH of -6 was found to be the most desirable. An 
equivolume mixture of plasma and buffer was deemed the most conve- 
nient and accurate acidification procedure for diverse clinical settings. 
Since the implementation of this stabilization procedure, degradation 
of cefsulodin during frozen storage or workup has not been encountered 
based on quality control data. In another experiment, the recovery of 
cefsulodin in frozen plasma was 101.4 f 1.7% after 36 days and 98.5 f 
1.7% after 81 days; thus, prolonged frozen storage of cefsulodin-containing 
samples appears to present no significant problems. 


Since the half-life of cefsulodin in unbuffered plasma a t  room tem- 
perature is roughly 8 hr, care must be taken toprevent appreciable deg- 
radation. Whole blood samples should be cooled prior to the harvest of 
serum or plasma and the subsequent acidification. After the specimens 
have been buffered, drug degradation is no longer a serious problem. 


Sample Analysis-There are indications that cefsulodin may degrade 
in the ultrafiltrates a t  a slightly greater rate than in buffered plasma. 
Hourly analyses of an ultrafiltrate of a buffered plasma sample containing 
cefsulodin and internal standard showed that after 15 hr, -11.7% of the 
cefsulodin had been lost, and that the concentration was declining a t  
-0.8%/hr. 


Accordingly, on the day of analysis, ultrafiltrates are refrigerated before 
and after manual injection into the HPLC system, and are usually left 
a t  room temperature for <2-3 hr. For automated analyses of large 
numbers of samples, the ultrafiltrates can be loaded into the sampler in 
batches of 10-20. Alternatively, for long unattended analyses, standards 
allowing for compensation for degradation may be interspersed among 
the samples. 


After analysis of over 2000 plasma samples with this procedure, the 
necessity of altering the described chromatographic conditions has been 
rare; however, column efficiency loss or chromatographic interference 
from atypical plasma samples, such as those from patients with severe 
renal impairment, has occasionally required alternate mobile phases. 
Generally, small changes in the pH of the eluent greatly affects the rel- 
ative retention volume of cefsulodin and plasma components, providing 
flexibility for difficult separations. For extremely difficult separations, 
the use of an ion-pair reversed-phase system, employing tetrabutylam- 
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monium (111) as the counter ion, has been used successfully. T o  com- 
pensate for addition of 0.005 M I11 to the regular mobile phase, the ace- 
tonitrile content must be increased to -12%. Since cefsulodin, by virtue 
of its sulfonic acid moiety, is more acidic than most compounds en- 
countered in plasma, the 111-containing mobile phases provide additional 
versatility. Although I1 cannot be used as the internal standard in such 
a system, analytical precision is not compromised, due to  the extreme 
simplicity and quantitative recoveries of the ultrafiltration procedure. 


Figure 2 shows the results of the analysis of plasma samples from two 
subjects who received single 1000- and 2000-mg, 30-min intravenous 
infusions of cefsulodin. The solid lines represent the nonlinear best-fit 
regressions calculated for these data. 


Comparison to Microbiological Assay Procedures-In the first 
application of this HPLC procedure to a clinical study, 270 plasma 
samples were assayed both microbiologically, using Pseudornonas 
aeruginosa (NCTC 10490) as the test organism, and with HPLC as de- 
scribed. Figure 3 shows that results from the two procedures were highly 
correlated. Linear regression of the data yielded a correlation coefficient 
of 0.993. 


The centrifugal ultrafiltration technique is a good alternative to clas- 
sical deproteinization procedures because it is rapid and simple and re- 
quires no sample adulteration. For more highly protein-bound com- 
pounds, the ultrafiltration procedure allows direct quantification of 
unbound drug levels. 
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Abstract  0 A reversed-phase pressurized liquid chromatographic pro- 
cedure is presented for the simultaneous quantitation of hydrocodone 
bitartrate and acetaminophen in a tablet formulation. The separation 
method was based on an octadecylsilane column with a buffered (pH 4.5) 
methanol-water mobile phase. Measurement was with a UV spectro- 
photometer set a t  283 nm, compared to external standards. Assays for 
the active ingredients in tablet samples averaged 99.7% of the label claim 
for hydrocodone bitartrate and 100.3% for acetaminophen. The respective 
relative standard deviations of the retention time and precision were 2.2 
and 1.75% for hydrocodone and 3.3 and 0.95% for acetaminophen. The 
range of interest studied was 0.035 to 0.065 mg/ml for hydrocodone bi- 
tartrate and 3.50 to 6.50 mg/ml for acetaminophen. The assay method 
was also compared to colorimetric and USP procedures for the active 
ingredients. The method was suitable for control, content uniformity, 
and stability-indicating use. 


Keyphrases 0 Hydrocodone bitartrate-simultaneous assay in a tablet 
formulation, acetaminophen 0 Acetaminophen-simultaneous assay 
in a tablet formulation, hydrocodone bitartrate 0 Tablet formula- 
tion-simultaneous assay of hydrocodone bitartrate and acetamino- 
phen 


The determinations of acetaminophen (I), hydrocodone 
(111, and related compounds have been reported by gas 
(1-3) and high-pressure liquid chromatographic (HPLC) 
methods (4-14). However, none of the methods has been 
applied to the simultaneous determination of these com- 
pounds. 


Due to interferences, the pharmacopeial procedures for 
the individual drugs are also unsuitable for simultaneous 
analysis (15,16). In addition, the authors are not aware of 
any published stability-indicating method for hydroco- 
done. 


The present report presents an HPLC method for the 
quantitative analysis of both substances in a two-compo- 
nent tablet formulation. The content uniformity test of the 
minor component (11) in the tablet formulation is also 
feasible by this method. An analysis can be conducted in 
<13 min and separates possible impurities and degrada- 
tion products. 


EXPERIMENTAL 


Reagents and  Materials-Water and methanol were HPLC grade 
solvents. Hydrocodone bitartrate, acetaminophen, codeine phosphate, 
and hydromorphone hydrochloride were USP reference standards. Other 
materials were ACS grade or the highest quality commercial grade 
available. 


The high-pressure liquid chromatograph1 was connected to an auto- 
matic sampler2, a variable wavelength UV detector', and an integrator/ 
recorder4. A bonded reversed-phase CIS column5 was used. 


Chromatographic Conditions-The mobile phase consisted of 25% 
methanol and 75% of an aqueous solution containing 0.01 N monobasic 
potassium phosphate and 0.05 N potassium nitrate, adjusted to a pH of 
-4.5 by dropwise addition of 3 N phosphoric acid solution. The mobile 
phase was degassed prior to use by vacuum. A flow rate of -1.1 ml/min 
was established. The detector sensitivity was 2.0 aufs for acetaminophen 
and 0.010 aufs for hydrocodone, both measured a t  283 nm. The chart 
speed was 0.7 cm/min. 


External Standard Solutions-A two-component standard solution 
containing 5 mg/ml of I and 0.05 mg/ml of I1 bitart,rate was prepared in 
water. 


Waters ALC 204, Waters Associates, Milford, MA 01757. 
WISP, 710B Waters Assoc., Milford, MA 01757. 
SF 770 Spectroflow Monitor, Schoeffel Instrument<, Westwood, Nd 07675 
DATA Module, Waters Assoc., Milford, MA 01757. 
pBondapak CIS column, Waters Assoc.. Milford. MA 01757. 


0022-3549/82/01000- 11 15$0 1.00/0 
@ 7982. American Pharmaceutical Association 


Journal of Pharmaceutical Sciences / 11 15 
Vol. 71, No. 10, October 1982 












cytotoxicity (5). In attempts to develop radiosensitizers relatively less 
toxic than misonidazole, the results obtained upon introducing an acetyl 
function at  the 4-position of 2-nitroimidazole have been described in this 
report. The acetyl function, although relatively less powerful than the 
nitro group with respect to the electron withdrawing capacity, has been 
reported to possess radiosensitizing properties (11). I t  was contemplated 
that the insertion of an acetyl function in the 2-nitroimidazole molecule 
may provide analogs which are comparatively less toxic than the 2,4- 
dinitroimidazoles. The in uiuo acute toxicity of these agents was assessed 
by determining the LDm in C57BL mice. Compounds V and VI were 
found to have an LDso of 1.2 and 1.4 gbg,  respectively (Table I). These 
values are similar to misonidazole, which had an LDw of 1.3 g/kg but are 
greater than the LD50 of 2,4-dinitroimidazoles (5). These agents are rel- 
atively less toxic than the corresponding dinitroimidazoles as expressed 
by the doses required for acute toxicity. The partition coefficients of these 
agents were determined in an octanol-phosphate buffer (pH 7.4) mixture. 
Compounds V and VI are more lipophilic than misonidazole (Table I), 
a property that would be expected to be favorable for in uiuo diffusion 
into the hypoxic region of the tumors. This work has demonstrated that 
an additional electron affinic group could be inserted in the misonidazole 
molecule without significantly increasing the acute toxicity and yet en- 
hancing the sensitizing efficiency. Thus, V may possess a therapeutic 
advantage over misonidazole as a radiosensitizer. 
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Abstract Spirohydantoin mustard (I) is a rationally designed anti- 
tumor agent with substantial in uiuo activity against intracranially im- 
planted tumors in mice. However, hydrolysis of I was much faster than 
that of mechlorethamine hydrochloride or melphalan, two parenterally 
administered mustards. The hydrolysis products of I were identified by 
GC-MS of their silylated derivatives. The decomposition of I (at 25O in 
10% dimethylacetamide at  pH 4-6), as monitored by GLC was pseudo 
first-order. The half-life of I ranged from 20 min a t  pH 4.0 to 14 min a t  
pH 6.0. Nonionic surfactants enhanced the stability of I, but this effect 
was diminished at  lower pH, presumably due to decreased solubility of 
I in the micelle as more drug was protonated. Several dilute parenterally 
suitable solvents exhibited no marked effect on the hydrolysis of I. The 
drug was most stable in a 10% fat emulsion system where the time for 10% 
decomposition of I was 49 f 5 min. Plots of the concentration of I uersus 
time were linear indicating the disappearance was zero order in the 10% 
fat emulsion system. 


Keyphrases 0 Spirohydantoin mustard-hydrolysis, antitumor agent, 
mechlorethamine hydrochloride, melphalan, mice 0 Hydrolysis-spir- 
ohydantoin mustard, antitumor agent, mechlorethamine hydrochloride, 
melphalan, mice D Antitumor agents-hydrolysis of spirohydantoin 
mustard, mice 


Spirohydantoin mustard (I) (NSC-172112), 3-[2- 
[bis(2'- chloroethyl)amino] - ethyl] - 5,5 - pentamethylene- 
hydantoin, is a potential antitumor agent that has been 
designed specifically for use against central nervous system 
tumors. Compound I has demonstrated significant anti- 
tumor activity against L-1210 leukemia, P-388 leukemia, 
B-16 melanoma, and ependymoblastoma when adminis- 
tered in an aqueous suspension by the intraperitoneal 
route (1). Compound I was designed to incorporate a 
mustard alkylating function coupled to a substituted hy- 
dantoin carrier to provide an overall optimum partition 


coefficient for crossing the blood-brain barrier (1). A 
preliminary pharmacological study in dogs indicates that 
I does enter the central nervous system, although actual 
concentrations in cerebrospinal fluid are low (2). 


As is often the case with nitrogen mustard derivatives, 
solution decomposition problems are evident. The aqueous 
stability of I and related compounds is such that octa- 
nol-water partition coefficients could not be determined 
(1). Preliminary chloride titration data also indicate that 
the decomposition of I in aqueous solution is rapid. In fact, 
the decomposition of I is more rapid than the hydrolysis 
of either of two clinically useful mustards, melphalan or 
mechlorethamine hydrochloride. In addition, the aqueous 
solubility of I is limited (< lo  pg/ml) (3). Dissolution in 
concentrated acid with subsequent dilution is possible 
(1.25 mg/ml); however, the upward adjustment of pH 
usually results in precipitation of the drug. Likewise, I has 


w 
I1 
0 -'R2 


I RI = Ra = 4 1 ;  R3 -H 


I1 
Ia R1 = Ra = -C1; R3 = -fiimethylsilyl or --Si(CH3)3 


IIa Rl = 4 1 ;  Ra = -OSi (CH3)3 ;  R3 = -Si(CH3), 


IIIa R, = RD = -OSi(CH3)3; R3 = --Si(CH3)3 


IVa R1 = -OSi(CH,),; Ra = --OCOCH3; R, = --Si(CH3), 


R1 = +I; Ra = --OH; Rj  E -H 


Rt = Ra = --OH; R3 = -H I11 


IV R1 = --OH; Rr = -0COCK;  R3 =-H 
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Figure 1-Chromatograrn of the trimethylsilyl derivatives of I ,  l I , l I l  
(la, Ila, l l la)  and internal standard (IS) in a typical hydrolysis mixture 
(t  = 60 min, apparent p H  = 4.0). 


c.wsiderable solubility in some organic solvents (e.g., >3OO 
mg/ml in dimethylacetamide); however, dilution with 
aqueous solutions usually causes the drug to precipitate. 


The purpose of this study was to investigate the effect 
of pH and the presence of various excipients on the hy- 
drolysis of I with emphasis on impeding degradation. 
Successful approaches would be applied to the develop- 
ment of a parenteral dosage form suitable for clinical 
trial. 


EXPERIMENTAL 


Materials-Dimethylacetamide', polysorbate 202, polysorbate 802, 
two polyoxyethylated castor 0ils3*~, stearylcetyl alcohol ethoxylate5, 
propylene glycol6, bovine albumin7, thymole, thymol blues, gelatin9, 
spirohydantoin mustard (I)1o (NSC-172112), mechlorethamine hydro- 
chloride'O (NSC-762), and melphalan (NSC-8806) were used as received. 
Compound 111'0 was twice recrystallized from isopropanol-benzene (150) 
before use. All other chemicals were reagent grade. Citrate buffers (pH 
3-6) were prepared by dilution of a 0.42 M stock solution of citric acid 
with subsequent addition of sodium hydroxide to the desired pH. 


Hydrolysis Studies-Due to the limited solubility of I, studies of the 
hydrolysis a t  various pHs were conducted in 10% dimethylacetamide in 


Burdick and Jackson Co., Muskegon, Mich. 


Emulphor EL-719. GAF Corp., New York, N.Y. 
Cremophor EL, Sandoz. Basel, Switzerland. 
Siponic E-7, Alcolac Inc., Baltimore, Md. 


6 Matheson, Coleman and Bell, East Rutherford, N.J. 
Sigma Chemical Co., St. Louis, Mo. 


8 Fisher Scientific Co., Fair Lawn, N.J. 
9 Knox Gelatin, Inc. Johnstown, N.Y. 


lo Provided by the Division of Cancer Treatment, National Cancer Institute, 


*Tween 20, Tween 80, Sigma Chemical Co., St. Louis, Mo. 


Bethesda. Md. 


I 


IS 


Figure 2-Chromatogram of I and  internal standard (IS) after ex- 
traction from 10% fat emulsion (1.0 mglml of I ) .  


citrate or ammonium acetate buffer (4.2 X lo-* M ) ,  or under pH stat  
control. All reported pH values are in fact apparent pH values unless 
otherwise indicated. The mustard I was weighed, dissolved in dimeth- 
ylacetamide, and then diluted with thermally equilibrated (25 f 0.1") 
water, buffer, or buffer plus excipient. Final drug concentration was 0.35 
mg/ml unless otherwise indicated. All hydrolysis studies were run a t  25 
f 0.l0. 


Chloride Titration-The concentration of chloride ion was deter- 
mined by the coulometric-amperometric titration" of aliquots of the 
hydrolysis mixture. A 0.5- or 1.0-ml aliquot was removed and diluted with 
3.0 ml of 0.1 N nitric acid-10% acetic acid reagent. When a 0.5-ml aliquot 
was used, 0.5 ml of distilled water was added to keep the titration volume 
consistent a t  4.0 ml. Four drops of a gelatin reagent containing 6.0 mg/ml 
of gelatin, 0.1 mg/ml of thymol blue, and 0.1 mg/ml of thymol were added 
prior to each titration. The titration was performed only if a red color, 
indicating that the mixture was sufficiently acidic (pH - 1.2), was present. 
The titrator was calibrated at  the low titration rate using standard sodium 
chloride solutions. Blanks and standards were prepared to be of identical 
composition to the hydrolysis solution in terms of the buffers and ex- 
cipients present. 


Disappearance of I by GLC-Preliminary studies a t  pH 4.0 indicated 
that the efficient and simultaneous extraction of I, 11, and 111 from sodium 
citrate or sodium acetate buffers was impractical, presumably because 
of the low pH. Extraction of I, 11, and 111 could be avoided by using an 
ammonium acetate buffer which could be removed by freeze-drying the 
hydrolysis mixture. However, in this case, small peaks corresponding to 
acetate esters of 111 were detected within 90 min. Therefore, a bufferless 
system, which also required no extractive cleanup, was employed by using 
a titratorI2 operating in the pH stat mode. Sodium hydroxide (0.05 M )  
was used as the titrant. This system was capable of maintaining the pH 
of the solution a t  fO.l  pH units during the course of the experiment. 


In these hydrolysis studies a 2-ml aliquot of the hydrolysis mixture 
initially containing I a t  a concentration of 0.15 mg/ml and internal 
standard (phenytoin) was removed a t  appropriate times and immediately 


l 1  Buchler-Cotlove Chloridometer. Ruchler Instruments lnc.. Fort Lee. N.J 
Radiometer Type TTTld Titrator, Radiometer, Copenhagen, Denmark. 
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Table I-Comparison of'Percent'Tota1 Chloride Liberated from 
I a f t e r  Hydrolysis a t  pH 4.0 (apparent) i n  0.042 MAmmonium 
Acetate Calculated from CLC and by Titration 


I 


\ 


Percent Total Chloride Liberated 
Calculated from Determined by 


Minutes GLC Data Direct Titration 


5 
10 
20 
30 
60 


12.3 
16.2 
31.7 
39.3 
52.1 


10.3 
16.6 
29.8 
38.2 
53.0 


ionizing current, 250 pamps; accelerating voltage, 1.6 kV; and scan speed, 
2 seddecade. 


Stability in 10% Fat Emulsion by GLC-The disappearance of I in 
1070 fat emulsion18 was monitored by GI,Cl9. A measured volume of 10% 
fat emulsion (49.4 ml) was placed in a 50-ml flint serum vial which was 
closed with a butyl rubber stopper and an aluminum seal. The vial was 
secured to a mechanical mixer with tape. The mixer was started, and a 
solution of I in dimethylacetamide (50 mg in 0.6 ml) was injected directly 
into the emulsion using a 1-ml glass syringe equipped with an 8.89-cm, 
22-gauge needle. The solution of I was injected a t  -1 ml/min while the 
vigorous mixing continued. Duplicate 2-ml aliquots were drawn a t  des- 
ignated times, placed in glass screw-capped vials (149.6 ml each) and were 
immediately frozen in a dry ice-acetone bath. A series of standards cor- 
responding to 0.2,0.5,0.7,1.0, and 1.5 mg/ml of I were prepared,by adding 
appropriate amounts of I in ethyl acetate to the emulsidn. Samples were 
immediately frozen. All samples and standards were freeze-dried in a 
shelf-type unit13. The freeze-dried residue was extracted with 5.0 ml of 
ethyl acetate containing 40 mg/ml tetraphenylethylene as an internal 
standard. Aliquots (2 pl) of the samples and standards were analyzed by 
GLC on a 1.83-m X 2-mm i.d. glass column packed with 3% OV-17 on 
W l 0 0  mesh Chromosorb WHP" and installed for on-column injection. 
The gas chromatograph was operated isothermally a t  230". Other oper- 
ating parameters were: helium carrier gas flow, 22 ml/min; hydrogen, 28 
ml/min; air, 350 ml/min; injector port, 240°, and FID, 250". Samples were 
analyzed interspersed with standards. Quantitation was accomplished 
by an internal standard method using the ratio of peak heights of I to 
tetraphenylethylene. A typical chromatogram is seen in Fig. 2. 


\ 


(\() '\A 


I 
5 


1 . 1  1 
2 3 4 


HOURS 
Figure 3-The effect of p H  on the hydrolysis of I (0.35 mglml) as de- 
termined by chloride titration. All p H s  (apparent) are with sodium ci- 
trate buffer (4.2 X MI. Key: (0) pH 3.0; (A) pH 3.5; (0) pH 4.0; 
(A) p H  5.0; (a) p H  6.0. 


frozen in glass vials (37.4 ml) prechilled on dry ice. Appropriate standards 
of I and I11 plus internal standard were similarly frozen. All samples were 
then placed on a prechilled shelf and freeze-driedI3. The freeze-dried 
samples and standards were derivatized by reaction with 0.30 ml of a 
mixture of N,O- bis(trimethylsilyl)trifluoroacetamide14-acetonitrile (1:2) 
a t  room temperature for a minimum of 30 min. Shaking and sonication 
were employed to effect solution and reaction of the freeze-dried samples. 
Aliquots (4.0 pl) of the trimethylsilylation reaction mixture were analyzed 
by GLC'" on a 1.83-m X 2-mm i.d. glass column packed with 3% SE-30 
100/120 mesh Gas-Chrom Ql4 and installed for on-column injection. The 
gas chromatograph was temperature programmed from 210 to 240' a t  
2"/min after an initial delay of 3 min. Other operating parameters were: 
helium carrier gas flow, 30 ml/min; hydrogen, 30 ml/min; air, 300 ml/min; 
injector port, 255"; and flame ionization detector (FID), 260". Samples 
were analyzed interspersed with standards so that standard curves of the 
peak area ratios of both I and 111 to internal standard were prepared for 
each hydrolysis experiment. The direct quantitation of I and I11 allowed 
I 1  to he calculated by difference as well as a calculation of chloride ion 
so that a direct comparison with the coulometric-amperometric titrations 
could be made. A typical chromatogram is presented in Fig. 1. 


GC-MS Analysis-Representative hydrolysis mixtures were also 
analyzed by GC-MW under data system" control to identify the hy- 
drolysis products. GC analysis parameters were identical to those used 
above, while the mass spectrometer operating conditions were: transfer 
line and jet separator, 255"; ion source, 260"; electron energy, 75 eV; 


Antitumor Activity-The antitumor activity of I in an experimental 
formulation (5% dimethylacetamide in 10% fat emulsionla) was evaluated 
against a suspension of bulk I in the P-388 tumor. Studies were conducted 
according to standard National Cancer Institute protocols (4). The tumor 
inoculum was injected intraperitoneally. Drug treatment began the fol- 
lowing day and continued for a total of 9 daily intraperitoneal injec- 
tions. 


RESULTS AND DISCUSSION 


Chloride titrations of the bulk drug I used as received indicated no free 
chloride was present. Hydrolysis mixtures that were allowed to proceed 


L J 


ka + CI- III + H +  
(fast) 


HN N-cH~-cH,- K 
0 


I:' l'irtis Model 10.146 MR-BA Freeze-Mobile, The Virtis Company, Gardiner, 


I4  Applied Science Laboratories. lnc., State College, Pa. 
Model 2740, Varian Aerograph, Walnut Creek, Calif. 


16 DuPont 21-4Y"B. Dupont Instrumenh. Monrovia, Calif. 
VG 2040 Data System, VG Data Systems Limited, Altrincham, England. 


Scheme 1 
S . Y .  


Intralipid 1007, Cutter Laboratories, lnc.. Berkeley, Calif. 
Model 5754, Hewlett-Packard, Avondale, Pa. 
Supelco, Inc., Bellefonte, Pa. 
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Table 11-GC-MS Characterist ics of Silylated Derivatives of I 


Compound Ia IIa IIIa IVa 


Retention Index 2490 2543 2578 2629 
(SE-30,220') 


Mass Spectrum 


M. 407(0.3) 461(0.4) 515(0.6) 485(0.3) 
M-CH3 392(2.3) 446(7.0) 500(10) 470(8.4) 
M-HCl 371(3.7) 425(4.8) - - 
M-CHzCl 358(3.8) 412(3.4) - - 
M-HCI 335(17) - 


probable structure m/z (relative intensity) 


- - . ,  _._~ 
M-CHzO(CH3CO) - - - 412(9.4) 
M-Si(CH&OH - 371(1.8) 425(1.5) 395(2.8) 
M-CHsOSi(CH& - 358(80) 412(100) 382(65) 
M-Si(cH3);OH1-rHCl - 335(6.4) - - 
M-CH*OSi(CH&- - 309(3.7) - - 


CH,CII _ _ _ L I _  


B 267(7.5) 267(34) 267(8.8) 267(14) 
A 154(100) 208(100) 262(62) 232(100) 


118(15) - - - 
- - - 87(70) 


73(16) 73(77) 73(19) 73(66) 


to completion yielded, by titration, the theoretical amount of chloride 
ion. The hydrolysis products, I1 and 111, were identified as their tri- 
methylsilyl derivatives (IIa and IIIQ) by GC-MS analysis of a typical 
hydrolysis mixture. 


Stability Versus pH by Chloride Titration-The hydrolysis of I 
in 10% dimethylacetamide and sodium citrate buffer (4.2 X M) as 
a function of pH between p H  3.0 and pH 6.0 is shown in Fig. 3. The per- 
cent of chlorine remaining covalently bound in I and I1 is calculated based 
on the percent of the theoretical amount of chloride that has been lib- 
erated a t  a given time. 


The liberation of chloride from I is a function of pH of the media as seen 
in Fig. 3. The rate of hydrolysis increases as the pH increases. The slower 
rate at lower pH may be due to the protonation of the nitrogen of the 
alkylating function which inhibits the formation of the postulated azir- 
idinium ion intermediate (Scheme I). Over the pH range studied (3.M.O) 
the rate of hydrolysis is too rapid for practical application. 


Stability Versus pH by GLC-Table I compares the percentage of 
total chloride liberated from I in 0.042 M ammonium acetate buffer a t  
pH 4.0 as determined by immediate direct titration and as calculated on 
the basis of the amounts of I, 11, and 111 present determined by GLC 
analysis. These data indicate that the required manipulations prior to 
CLC analysis (freezing, freeze-drying, and derivatization) did not produce 
additional hydrolysis of I. Similar data demonstrate the comparability 
of the two methods in the pH stat controlled experiments. However, in 
this instance, it was necessary to apply corrections to the titration data 
to compensate for chloride bleed from the pH electrode. 


The concentrations of I, 11, and 111 versus time a t  pH 4.0 (pH stat 
control) as determined by GLC are seen in Fig. 4. Trimethylsilylation was 
essential for forming volatile derivatives with good GC properties from 
the degradation products of I. Combined GC-MS analysis showed that 
the hydantoin nitrogen as well as any free hydroxyl groups were deriva- 
tized by N,O- bis(trimethylsily1)trifluoroacetamide. Table I1 lists the 
isothermal retention indexes of these derivatives and summarizes their 
mass spectral fragmentation patterns. The predominant mode of frag- 
mentation was cleavage a t  bonds a to the mustard nitrogen with charge 
retention on this nitrogen. When the ethylene moiety between the hy- 
dantoin ring and mustard nitrogen was cleaved, Fragment A resulted as 
a major ion. Cleavage of the other C-C bonds 01 to the mustard nitrogen 
resulted in loss of substituted methyl radicals to form abundant ions such 
as m/z 358 in IIQ, m/z 412 in IIIQ, and m/z 382 in IVa. Cleavage of the 
bond adjacent to the mustard nitrogen and charge retention on the hy- 
dantoin moiety produced Fragment B a t  m/z 267, which was found in 
the MS of every derivative. The presence or absence and number of 
chlorine atoms was also evident from the distinctive isotopic pattern of 
this element. This information, plus an indication of the molecular weight 
from the molecular ion and fragmentation due to neutral losses (e.g., 
M-CH3, M-HCl), was more than sufficient to determine the identity 
of these derivatives. 


The disappearance of I was pseudo first-order as indicated by the 
linearity ( r  > 0.998) of plots of the log of concentration of I uersus time 
at  pH 4.0,5.0, and 6.0 (pH stat control). Pseudo first-order rate constants 
(k 1) a t  pH 4.0,5.0, and 6.0 were 0.0336,0.0472, and 0.0492/min, respec- 
tively. This pH-hydrolysis rate relationship demonstrates the same trend 
seen with the chloride titration data (Fig. 3). If the hydrolysis of I is 
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Figure 4-Concentration versus time curves at pH 4.0 (apparent) and 
25 f 0.1'. Key: (e) I;  (0) I I ;  (0) III .  


represented by a mechanism comprised of consecutive pseudo first-order 
reactions ( i . e . ,  k l  >> k-1, k l  << kz, and ks >> k-3, k3 << kd), 


1% I1 2 111 


where k l  and k3  are pseudo first-order rate constants, and it is possible 
to obtain estimates of k 3  by a method using dimensionless parameters 
and variables (5,6). Application of this method gave k3 = kd14.0 at pH 
4.0 and k 3  = kIh .9  a t  pH 6.0. 


Interpretation of Chloride Titration Data  at Various pHs-The 
decomposition of I as a function of solution pH (Fig. 3) as determined by 
the titration of chloride ion shows a significant deviation from linearity 
in plots of percent chloride remaining [%(ClZ - Cl;)/(CL - Ch)]  uersus 
time a t  _<pH 4.0. T o  investigate any relationship these deviations might 
have with the protonation of I, 11, or 111, it was necessary to have infor- 
mation regarding their pKa values. The instability and limited solubility 
of I rendered pKa measurements impractical. However, it was possible 
to estimate by potentiometric titration with 0.05 N HCl a pKa of 6.4 for 
111. A spectrophotometric estimation of the pKa value for the dialcohol 
hydrolysis product of aniline mustard (NSC-18429) by a standard method 
(7) is 4.3. A published pKa for aniline mustard is 2.2 (8) indicating a 2.1-U 
difference between the pKa values of aniline mustard and its final hy- 
drolysis product. If the aniline mustard-dialcohol model is roughly 
analogous the pKa of I may be -4.3. The rate of hydrolysis of I or I1 de- 
creases as pH decreases, presumably due to the protonation of the al- 
kylating function nitrogen which inhibits aziridinium ion formation (an 
intermediate in the hydrolytic cleavage). A decrease in the rate of hy- 
drolysis of I as pH decreases is reflected in the GLC data a t  pH 6.0,5.0, 
and 4.0. If the pKa of I1 is taken to be intermediate between I and I11 the 
value would be 5.3. At pH 4.0 Compound I1 would be >95% protonated, 
which should significantly affect the hydrolysis rate (k3 )  when compared 
to  the rate a t  pH 6.0. This is supported by the data which indicate a 
sevenfold decrease in k3 between pH 6.0 and 4.0. The decrease in the 
hydrolysis of I (k1) between pH 6.0 and 4.0 is less dramatic, because with 
a pKa of 4.3 significant amounts of I remain unprotonated even a t  pH 
4.0. The shape of the decomposition curves based on the release of chlo- 
ride ion (Fig. 3) a t  _<pH 4.0 are consistent with the lower rate (k3)  at which 
I1 releases chloride a t  low pH. The effect of various values of k 3 / k l  on the 
linearity of theoretical chloride ion plots have been described (9). I t  has 
also been shown (10) that  an inverse relationship exists between hy- 
drolysis rate and degree of protonation of a nitrogen mustard. 


Chloride titration, although lacking specificity, is a useful tool in the 
investigation of the hydrolysis of nitrogen mustards. This is particularly 
true when used in a screening context (e .g . ,  to evaluate the effect of var- 
ious solvent mixtures and other excipients on the hydrolysis rate). 
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Table 111-Comparison of Stability of I to Melphalan and 
Mechlorethamine at 25" 


Tab le  IV-Stability of I in Various Media at 25 f 0.1" 


Time, Liberation of 
Drug" pH (apparent) 50% Theoretical C1-, hrb 


I 5.0 0.3 
Melphalan 5.0 9.0 
Mechlorethamine 5.0 8.4 


hvdrochloride 


I All drugs were 1 X 10-3M in lO%dimethylacetamide-citrate buffer (4.2 X 10-2 
Determined graphically from a plot of log ( C L  - CI;)/(CL- CI;) uersus "1. 


time. 


However, particular care must be taken in the interpretation of chloride 
ion titration data derived from the hydrolysis of nitrogen mustards a t  
pH near or between the pKa values for the intact mustard and its hy- 
drolysis products. Since the titration of chloride is not a specific method 
( i . e . ,  the disappearance of I is not measured independently), the rate of 
chloride ion release measures the combined effect of both chloride gen- 
erating reactions. Therefore, it is important to be aware of the effect of 
the relative magnitudes of k l  and kS when interpreting such data. 


Comparisons to Other  Mustards-A comparison of the rates of 
hydrolysis as indicated by the liberation of chloride a t  pH 5.0 of I and two 
clinically useful mustards, mechlorethamine hydrochloride (NSC-762) 
and melphalan (NSC-8806), is presented in Table 111. Compound I is 
much less stable than either of these mustards. The aromatic nitrogen 
mustards (melphalan and the aromatic hydantoin mustards described 
previously) (11) are inherently more stable due to the decreased basicity 
of' the alkylating function nitrogen when attached to an aromatic ring. 
The apparent superior stability of mechlorethamine hydrochloride rel- 
ative to I ('Fable 111) is probably because of the fact that its more stable 
hydrochloride salt is formed (the formation of the aziridinium ion in- 
termediate is blocked) and can be administered a t  a pharmaceutically 
acceptable pH (3.0-5.0 for the reconstituted USP product) (12). In con- 
trast, the hydrochloride salt of I could be isolated only at  pH <1 and upon 
storage was unstable". Salt formation was effective for increasing solu- 
bility only a t  very low, pharmaceutically unacceptable pH values. Sub- 
sequent upward adjustment of pH caused precipitation of I. 


Attempts to Stabilize I-The stability of I in the presence of a 
chemically diverse group of additives is seen in Table IV. Significant 
increases in the stability of some aromatic nitrogen mustards in the 
presence of surface active agents has been shown (13). Several surfactants 
slowed the hydrolysis of I (Table IV) with the best, stearylcetyl alcohol 
ethoxylate5, increasing the half-life of I six- to sevenfold a t  pH 5.0. The 
increases in the stability of I appear to parallel the lipophilicity of the 
surface active agents. At lower pH (3.0 and 4.0) in the presence of 5% 
polyoxyethylated castor oil3 the relative increases in stability of I are less. 
This diminished effect is probably due to a decreased solubility of I in 
the micelle as more drug is protonated. Solutions of up to 30% ethanol 
or 50% propylene glycol have no significant effect on the hydrolysis of 
I. Some mustards were found to be more stable in the presence of albumin 
(13, 14). However, the hydrolysis of I was very rapid in the presence of 
5% albumin. 


The disappearance of I as monitored by GLC at pH 4.0 in the presence 
of 0.15 M NaCl demonstrates the inhibitory effect of chloride ion on the 
hydrolysis of I. The pseudo first-order rate constant for the disappearance 
of I under these conditions is 0.00925/min. This reduced hydrolysis rate 
is not unexpected, since it has been shown previously with other nitrogen 
mustards using specific assay procedures (15, 16). None of these ap- 
proaches has dramatically increased the stability of I. 


10% Fat Emulsion System-The 10% fat emulsion system combines 
two approaches which have increased the stability of I ( i .e . ,  isolation of 
I from the aqueous component of the vehicle as with the surfactants and 
inhibition by the presence of chloride ion). 


The stability of I in a 10% fat emulsion was determined by GLC. At- 
tempts to extract 1 directly from the 10% fat emulsion with ethyl acetate 
for GLC analysis were erratic with the recovery varying from 80 to 37% 
in the 1.0-0.2 mg/ml concentration range. Other extraction solvents gave 
similar results. However, the extraction of I with ethyl acetate from the 
residue remaining after freeze drying the 10% fat emulsion was more 
consistent. An extraction efficiency of 89.4 f 3.3% was observed over the 
1-0.15 mg/ml concentration range. Compounds I1 and 111 were not ex- 
tracted under these conditions. The relative standard deviation for the 
overall extraction GLC procedure was 5.0% on the basis of 10 extracted 


J. S. Driscoll, Laboratory of Medicinal Chemistry and Biology, National Cancer 
Institute, personal communication, 1979. 


Time, Liberation of 
50% Theoretical CI-, 


pH (apparent) Media" hrb 


5.0 
4.0 
3.5 
3.0 


5.0 
5.0 
5.0 


5.0 


5.0 


4.0 


3.0 


5.0 
5.0 
4.0 
3.5 
3.5 


7.0 


Buffers 
4.2 X M citrate 
4.2 X lo-' M citrate 
4.2 X M citrate 
4.2 X lO-'M citrate 


5% polysorbate 20' 
5% polysorbate 80d 
5% polyoxyethylated castor 


5% stearylcet I alcohol 


5% polyoxyethylated 


5% polyoxyethylated 


5% polyoxyethylated 


Surfactants 


oile 


ethoxylate 7 
vegetable oil# 


vegetable oilg 


vegetable oilg 


Solvents 
30% ethanol 
50% propylene glycol 
30% propylene glycol 
50% propylene glycol 
50% polyethylene glycol 400 


5% albumin 
Miscellaneous 


0.3 
0.9 
0.9 
2.5 


0.7 
0.9 
1.1 


1.6 


0.9 


1.2 


1.5 


0.6 
1 .o 
0.6 
1.1 
1.2 


0.3 
~~ 


In addition to the component listed, each solution contained 10% dimethyl- 
acetamide and sodium citrate buffer 4.2 X lo-* M .  * Graphically estimated from 
a plot of IopCL Cl;)/(Cli - C L )  uers'is time. Tween 20. Tween 80. Crem- 
ophor El. Siponic E-7.8 Emulphor EL-719. 


samples (0.7 mg/ml of I). Determination of the concentration of I by GLC 
in the emulsion system with subsequent filtration through a 0.45-pm filter 
and reassay indicated that the drug does not precipitate at 1 mg/ml. 
However, a t  2 mg/ml considerable precipitation had occurred. 


The disappearance of I in 10% fat emulsion was monitored by GLC. 
Plots of the concentration of I uersus time were linear ( r  > 0.99). The 
release of I from the fat component of the emulsion may be the rate- 
limiting step. 


A fat emulsion identical to the one used in this report has been used 
as a vehicle for another unstable antitumor agent (17). Also, large volumes 
of the fat emulsion alone have been used clinically as a nutritional source 
(17, 18). A projected human dose for I derived by the application of 
equivalent surface area dosage conversion factors described previously 
(19) to the mouse antitumor data would indicate a dose of 6-48 mg for 
a 60-kg human. This would require the administration of 6-48 ml of the 
10% fat emulsion formulation (1 mg/ml of I). A formulation of another 
antitumor agent in 10% fat emulsion has been given a t  1 ml/min with no 
adverse effects (17). At the time of use, a vial containing I produced by 
low temperature vacuum drying (20) would be dissolved in dimethyl- 
acetamide with the resulting solution being added to the fat emulsion 
as described in the Experimental section. Administration of appropriate 
doses of the formulation of I could be accomplished by an infusion a t  1 
ml/min or slightly faster. This would allow the entire dose to be admin- 
istered before unacceptable decomposition (2 10%) occurred. 


Biological Activity-The antitumor activity of I in the emulsion 
formulation was compared with a suspension of I uersus intraperitonedy 
implanted P-388 leukemia cells in three experiments. The antitumor 
response of I in both emulsion and suspension preparations was com- 
parable. 


Summary-The hydrolysis of I is quite rapid. Several attempts (Table 
IV) to increase the stability of I have provided less than dramatic results. 
Although the 10% fat emulsion system has signiflcantly stabilized I, the 
decomposition rate remains rather rapid resulting in a formulation that 
is only marginally acceptable. I t  is unfortunate that I exhibits poor sol- 
ubility in addition to the instability. Other nitrogen mustards are in- 
herently more stable, such as the aromatic mustards (e .g . ,  melphalan) 
or they are more soluble allowing for more rapid administration in a s m d  
volume (e.g., mechlorethamine). 
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Abstract  A dermal penetration enhancer has been found which im- 
proves the dermal delivery of a wide variety of drugs and a t  the same time 
has a history of low toxicity for human dermal application. N,N-Di- 
ethyl-m-toluamide ( I )  has been shown to improve the delivery of many 
drugs through hairless mouse skin in an in uitro diffusion cell model. A 
topically applied steroid, hydrocortisone, has been used to demonstrate 
the in uiuo effectiveness of I on human skin. The degree of pallor pro- 
duced on human skin by the corticosteroids was used as a measure of the 
relative delivery of hydrocortisone from formulations with and without 
I. 


Keyphrases N,N-Diethyl-m-toluamide-enhancement of dermal 
and transdermal drug delivery, hydrocortisone 0 Hydrocortisone- 
enhancement of N,N-diethyl-m-toluamide on drug delivery, dermal and 
transdermal delivery 0 Delivery, drug-dermal and transdermal, 
N,N-diethyl-m -toluamide enhancement, hydrocortisone 


Dimethylacetamide has been found to enhance the deliv- 
ery of a number of drugs for the treatment of skin diseases 
(12-14). However, the lack of long-term safety information 
has limited the use of this compound. 


In the present study, the effects of N,N-diethyl-rn- 
toluamide (I) on skin permeability was examined for a wide 
variety of drugs. Formulations of I have been used exten- 
sively as insect repellents. The compound was first re- 
ported to be an effective insect repellent in 1954 (15) and 
has been applied ad libitum to the skin in concentrations 
ranging from 10 to 100%. Despite prolonged and wide- 
spread use in humans, major side effects due to the pene- 
tration enhancer itself have not been encountered. 


Improved dermal delivery of drugs has been the focus 
of pharmaceutical research worldwide for many years. The 
goal in most cases has been to find a substance of low tox- 
icity which is nonirritating and will deliver a wide variety 
of compounds effectively. 


Efforts to improve dermal delivery of drugs have in- 
cluded traditional formulation approaches and studies on 
the effects of surfactants, fatty acids, and glycols (1, 2). 
Although these approaches attained some degree of suc- 
cess, in no case was the enhancement of drug delivery 
spectacular. In contrast, dimethyl sulfoxide has been 
shown to greatly enhance dermal and transdermal delivery 
of a wide variety of drugs (3-11). Unfortunately, the use 
of this substance has been limited in humans to the 
treatment of interstitial cystitis by intravesical instillation. 


EXPERIMENTAL 


Reagents and Drugs-Hydrocortisone1, hydrocortisone acetate’, 
hydrocortisone 17-butyratez, and hydrocortisone 17-valerate3 were among 
the compounds used. Also used were dibucaine’, benzocaine‘, indo- 
methacin’, ibuprofen5, erythromycin6, tetracycline hydrochloride7, 
griseofulvin8, mycophenolic acidg, and methyl salicylateLO. Trietha- 
nolamine salicylate was prepared by adding equal molar amounts of 


Sigma Chemical Co. 
Analysis calculated C, 70.24; H, 8.16. Analysis found: C, 70.20; H, 8.12. Assay 


Analysis calculated C, 69.96; H, 8.52. Analysis found: C, 69.69; H, 8.50. 
ICN Pharmaceuticals, Inc. 
Industrie Chemicle Farmaceutiche Italiane SPA. 
Assay 959 yg/mg. Sigma Chemical Co. 
Solid supplied with Topicycline. 


Eli Lilly and Co. 


by HPLC to contain <2% hydrocortisone-21-butyrate. 


a Ayerst Laboratories. 


lo Matheson Coleman and Bell. 


0022-3549/82/1100-1211$01.00/0 
@ 1982. American Pharmaceutical Association 


Journal of Pharmaceutical Sciences 1 121 1 
Vol. 71. No. 11, November 1982 












each was allowed 1 liter of water/day, for the next 2 days 
only 350 mllday, and 24 hr before the study only 200 ml of 
watedday. All subjects were fasted overnight. The treat- 
ment studies began at  8 am when chloramphenicol was 
given as 10 ml of suspension’ (250 mg) with 150 ml of 
water. Urine samples were collected afterward on a peri- 
odic basis during an interval of 24 hr and analyzed for 
chloramphenicol using a previously described method (5). 
A 2-week wash-out period was allowed between control and 
treatment studies. In the control studies, which preceded 
the treatment studies, food and water were available ad 
libitum. Otherwise, conditions of the control studies were 
the same as for the treatment studies. The data of Table 
I show the effect of water deprivation on the absorption 
rate and the urinary excretion of chloramphenicol. Al- 
though there was no significant change in the total ab- 
sorption of chloramphenicol, the absorption half-life de- 
creased significantly (436%), while the peak excretion rate 
increased, and the time at  which the peak excretion oc- 
curred decreased significantly. 


These findings are of great interest, since the overall 
effect of water deprivation is specified in terms of the rate 
of absorption change, which results in the substantially 
higher plasma levels of chloramphenicol in the water de- 
privation state. The influence of such (water deprivation) 
alteration in the peak plasma levels of chloramphenicol on 


1 Chloromycetin palmitate suspension, Parke-Davis Co., Karachi, Pakistan. 


BOOKS 


Table I-Urinary Excretion Characterist ics of Chlorarnphenicol 
i n  Water  Deprivation 


Controla Water DeDrivation” 


103 f 3 91 f 12 Percent recovery 
Peak excretion rate, mg/hr 23.06 f 4.74 35.71 f 4.92 
Peak concentration time, hr 4.5 f 0.3 2.5 f 0.3 
t 1 / 2  absorption, hr 1.8 f 0.3 0.6 f 0.1 


a Mean f SD; all values statistically different atp < 0.05 except those pertaining 
to the percent recovery, which were not significantly different. 


the efficacy and toxicity of this antibiotic will profoundly 
affect its clinical utility. These observations are the first 
of their kind, and mechanisms for the effects observed 
remain to be investigated. 
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REVIEWS 


IS1 Atlas of Science. By Dr. EUGENE GARFIELD. Institute of Sci- 
entific Information, 3501 Market Street, University City Science 
Center, Philadelphia, PA 19104.1982.540 pp. 23 X 29 cm. Price $45.00 
to individuals, $90.00 to institutions. 
The ISI Atlas of Science is a new information and research guide in 


biochemistry and molecular biology. The Atlas is a unique new aid con- 
taining concise, convenient lists of papers and current literature in 102 
active research areas in the life sciences. 


This atlas contains a reference system of core clusters of research areas 
identified objectively by the use of citation patterns of publishing sci- 
entists, graphically displayed in detail by the use of maps. 


Research areas described in the Atlas are divided into minireviews, 
core document bibliographies, specialty maps, and key citing document 
bibliographies. Also included within this atlas is a unique multi-colored 
fold-out map providing a “global” view of the relationships and inter- 
actions of the 102 research areas, ideal for display in labs, classrooms, and 
libraries. 


The Atlas was designed to be used as a tool for analytical and utilitarian 
research needs. This publication should be a valuable tool for specialists 
in biochemistry and molecular biology for overviews of new fields of re- 
search and fields related to present work. Librarians can use the Atlas 
for subject bibliographies. This should also be of interest to historians 
for bibliographic and analytical information in tracing the structure and 
growth of scientific fields. 


Staff Review 


Drug Absorption. Edited by L. F. PRESCOTT and W. S. NIMMO. Adis 
Press, 404 Sydney Road, Balgowlah, NSW 2093, Australia. 1979. 353 
pp. 16 X 24 cm. 
This multi-authored book describes the proceedings of an international 


conference of Drug Absorption which was held in Edinburgh in Sep- 
tember 1979. 


The editors of the book are recognized authorities in the field of drug 
absorption, and the many authors who have contributed to the 31 
chapters represent a broad, international array of specialists in this 
area. 


Topics covered include anatomical and physiological factors affecting 
absorption, membrane effects, rectal absorption, presystemic and in- 
testinal metabolism, toxicity, formulations and novel drug delivery sys- 
tems, transdermal and controlled GI drug absorption, effect of age and 
disease states on drug bioavailability, methods of assessing drug ab- 
sorption, in uitro-in uiuo correlations, and problems in the assessment 
of drug absorption. The concluding chapter summarizes the viewpoints 
of regulatory agencies, clinical pharmacology, and of the pharmaceutical 
industry on drug bioavailability and pharmacokinetic studies. 


Most of the chapters contain a discussion section, and all chapters are 
adequately referenced. A subject index is included. 


This is a useful and instructive book that is broad-reaching in scope. 
The extensive coverage of many factors related to drug absorption, and 
the clear and articulate way in which the material is presented, makes 
it a required text for those interested in this broad area of research and 
clinical practice. 


Reoiewed by Peter G. Welling 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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EDITORIAL 


A New Editor Takes the Helm 


This past week, we read an article forecasting the demise 
of scientific journals as we know them today, and pre- 
dicting that ten, or at  most fifteen, years from now com- 
puterized information systems will have completely dis- 
placed print and paper for the recording and dissemination 
of technical reports and research findings. 


That article was not the first one we read along that line. 
In fact, it was just the latest of many such articles that have 
made similar predictions over the past twenty years or 
more. And, of course, had the initial forecasts of results and 
timing been accurate, neither this journal nor its many 
companion research periodicals would be appearing in 
printed format (so-called “hard copy”) today. 


So we must view such sweeping prognostications with 
an appropriate air of skepticism. 


On the other hand, we also recall similar forecasts being 
made less than twenty years ago with regard to conven- 
tional office typewriters, both manual and electric. And, 
lo and behold, this very editorial is being composed today 
on a computerized word processor complete with video 
screen, disc storage, and a whole array of modern electronic 
hardware. Hence, this second experience simply confirms 
the adage that, with regard to the future, precious little can 
be said with any certainty. 


Nevertheless, regardless of how our information systems 
may be automated, and regardless of whatever novel de- 
vices may be developed for the storage and transmittal of 
that information, human judgment, human decisions, and 
human selection will remain just as important and neces- 
sary in determining what qualifies as good research de- 
serving of publication twenty years from now as today. 
Consequently, the talents and expertise of a knowledge- 
able, trained scientist-editor will be just as important as 
ever before in the research journal publication process. 


All of which brings us to the purpose of this editorial. 
The Journal of  Pharmaceutical Sciences has had the 


particular good fortune to have the sharp blue pencil, the 
perceptive watchful eye, and, yes, even the devoted loving 
care, of a highly dedicated and competent editor ever since 
this writer relinquished the position in December 1973. 
Mary Hudson Ferguson, Ph.D., had previously served with 
distinction as assistant editor, and subsequently as asso- 
ciate editor, from the time she joined the American 


Pharmaceutical Association staff in January, 1967. Having 
amply demonstrated that she could handle the editorship, 
it was with complete confidence that the full editorship was 
then entrusted to her almost nine years ago. 


And over the years, numerous authors and an equally 
numerous group of reviewers developed well-deserved 
respect and appreciation for the obvious interest and ef- 
forts she devoted to the Journal as a whole as well as to 
each and every manuscript submitted to it for publication 
consideration. Through her efforts and professional con- 
tribution, we believe that a very good journal was made 
even much better, and that it achieved a new high level of 
national and international recognition as a first-rate re- 
search-oriented publication. 


For personal and family reasons, Dr. Ferguson decided 
about a year ago to take early retirement. It was with great 
reluctance that the Association and its Board of Trustees 
acceded to her wishes and accepted her resignation. Her 
associates on staff, as well as the many professional friends 
she made over the years in her work on the Journal ,  were 
saddened to learn of her impending departure. All, how- 
ever, wish her the best in her decision and hope for her 
personal happiness. 


And now a new chapter has begun in the life of the 
Journal of Pharmaceutical Sciences. Effective November 
1, Sharon G. Boots, Ph.D., took over the reins from Dr. 
Ferguson. In succeeding to the editorship, Dr. Boots con- 
tinues in the scientific mold that the APhA established for 
the Journal’s editors when it was initially founded over 
seventy years ago. Drawing on her background, it is her 
intention to maintain and extend the tradition of high 
scientific quality that has been the Journal’s hallmark over 
the years. Moreover, she has the training and experience 
to enable her to achieve that goal. 


We are pleased, therefore, to welcome Dr. Boots as the 
new editor, and to introduce her to the Journal’s reader- 
ship. 


And to her we offer the old naval officer’s greeting of 
“Welcome aboard!” 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 


Washington, DC 20037 
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Abstract  0 Studies were undertaken to elucidate the interaction be- 
tween (3-lactam antibiotics and surfactant micelles and to examine the 
effects of surfactants on their aqueous stability and solubility. The ap- 
parent binding constant of the micelle-antibiotic complex was deter- 
mined as a function of the solution pH a t  37' and p = 0.15 by the dynamic 
dialysis method and hydrolysis study. In the interaction with nonionic 
and anionic micelles of polyoxyethylene-23-lauryl ether (I) and sodium 
lauryl sulfate (111, large differences were noted in the binding constants 
between the undissociated and ionized species of penicillins. However, 
the cat ionic surfactants, cetyltrimethylammonium bromide (111). showed 
no significant difference in the binding constants for both species. Acid 
degradation of penicillins was protected in micellar solutions of I and 111 
but was facilitated in micelles of 11. The surfactants exerted no influence 
011 the neutral degradation of the antibiotics used. The solubilization of 
penicillin V acid by micelles of I was studied a t  pH 2.0 and 35". The sol- 
ubility increased threefold in the presence of 10 mM I. 


Keyphrases Antibiotics, /3-lactam-effects of surfactants on the 
aqueous stability and solubility, interactions with surfactant micelles 
0 Surfactant micelles-effects on the aqueous stability and solubility 
of @-lactam antibiotics 0 Binding constant-interaction between 
8-lactam antibiotics and surfactant micelles, aqueous stability and sol- 
ubility 


The interaction of surface-active agents with drugs is 
of theoretical and practical importance, since such sur- 
factants represent one of the most important groups of 
adjuvants in pharmaceutical preparations. Surfactants 
incorporated in the drug dosage form are able to influence 
the drug stability and dissolution as a result of drug-sur- 
factant micellar interactions. 


So far there have been only a few reports on the inter- 
action (1-3) between P-lactam antibiotics and surfactant 
micelles. Recently, a catalytic effect of cationic surfactants 
on the degradation of cephalexin at  neutral pH by en- 
trapment of the antibiotic micelles was described. No ef- 
fects on the cephalexin stability, however, were observed 
in anionic micelles (2). 


The aims of the present study were to elucidate the en- 
trapment of penicillin and cephalosporin antibiotics into 
the micelle of various types of surfactants as a function of 
the solution pH, and to investigate the effects of the anti- 
biotic-micelle interaction on the stability and solubility 
of these antibiotics under a gastric pH environment. A 
preliminary report has already been published (3). 


EXPERIMENTAL 


Materials-Antibiotics-The following (3-lactam antibiotics were 
used as supplied: propicillin potassium' (993 pg/mg), penicillin V po- 
tassium2 (1490 U/mg), and cefazolin sodium:l(966 Fg/mg). Free acid of 
penicillin V was obtained from a commercial source4. 


Surfactants-Polyoxyethylene-23-lauryl ether (I) ,  sodium lauryl 
sulfate (II), and cetyltrimethylammonium bromide (111) were obtained 
from commercial sources and used without further purification except 
11. Compound I1 was recrystallized according to the literature (4). 


Chemicals-All other chemicals employed were of reagent grade and 
used without further purification except imidazole. Imidazole was re- 
crystallized from benzene followed by a thorough washing with ether. 


Analytical Procedures-Propicillin and penicillin V were determined 
by the spectrophotometric method developed previously (5). No influence 
of surfactants in this assay was observed. The concentration of the an- 
tibiotic in the samples was calculated from a calibration curve prepared 
daily. Cefazolin was analyzed in the stability experiment by reversed- 
phase high-performance liquid chromatography (HPLC). The liquid 
chromatograph5 was equipped with a UV detector6 set at  254 nm. The 
stationary phase was octadecylsilane chemically bonded on totally porous 
silica gel, prepacked into a 125-mm stainless steel column7 (4.6-mm i.d.). 
The mobile phase was 10% (v/v) acetonitrile-0.01 M ammonium acetate. 
The instrument was operated a t  ambient temperature and at  a flow rate 


~~ 


Takeda Chemical Industries, Osaka, Japan. 


Fujisawa Pharmaceutical Co., Osaka, Japan. 
Sigma Chemical Co., St. Louis, Ma. 
Model FLC-A700, Japan Spectroscopic Co., Tokyo, Japan. 
Model UVIDEC-100, Japan Spectroscopic Co., Tokyo, Japan. 
SC-01, Japan Spectroscopic Co. ,  Tokyo, Japan. 


* Banyu Pharmaceutical Co., Osaka, Japan. 
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Figure I-Apparatus for the dynamic dialysis experiment. Key: (A) 
control motor; (B)  sampling hole; (C) thermostated water bath; (0) 
jacketed beaker; (E) dialysis membrane; and (F)  stirring shaft. 


of 1.0 ml/min, and then samples were injected through a 100-pl injectorR. 
The peak heights were used for quantification. 


Procedure-Dynamic Dialysis-The method employed was essen- 
tially the same as that described previously (6). The apparatus used in 
this study is illustrated in Fig. 1. The system consisted of a jacketed 
beaker (500 ml) set in a thermostated water bath. Three hundred milli- 
liters of buffer solution (ionic strength 0.15) was placed in the beaker. A 
cellulose tubeg was knotted a t  one end to form a bag (length 10 cm) and 
attached with a rubber band to the glass tubing with a stirring shaft. Eight 
milliliters of antibiotic buffer solution with or without surfactants was 
placed into the bag. The bag attached with a stopper was fitted on the 
beaker. Both the inner and outer solutions were stirred. All experiments 
were carried out a t  37 f 0.1" and a t  various pHs with phosphate, acetate, 
and citrate buffer systems maintained a t  an ionic strength of 0.15. At 
appropriate time intervals, aliquots (10 ml) of the outer solution were 
withdrawn and 10 ml of drug-free buffer solution preheated a t  37" was 
added. The samples were analyzed by the spectrophotometric method 
or HPLC described in the previous section. The concentration of the 
outer solution samples was corrected as follows: 


( c I I ) n  = + (vs/v11) 5 (cl1)i-l (Eq. 1) 


where (CII), and ( C I I ) : ~ ~  represent the true and observed concentrations 
of t.he nth sample from the outer solution, respectively, and V,$ and V11 
represent the sampling volume and volume of the outer solution, re- 
spectively. 


Degradation Kinetics-Unless otherwise stated, kinetic studies were 
carried out a t  37 f 0.1' and an ionic strength of 0.15. Each antibiotic was 
dissolved in hydrochloric acid-potassium chloride aqueous solution with 
or without surfactant to give a final antibiotic concentration of 6 X 10-4 
M .  A saturated solution of the antibiotic was sometimes used because 
of limited solubility. At appropriate time intervals, aliquots were with- 
drawn, cooled, and analyzed. The pseudo first-order rate constants, kdeg, 
were calculated by least-squares analysis of the slopes of plots between 
the logarithm of the antibiotic concentration and time. 


Solubility Measurement-An excess of penicillin V (acid form) was 
added to the hydrochloric acid-potassium chloride solution (pH 2.0 and 
ionic strength 0.5) in a glass-stoppered flask. The flask was placed in a 
thermostated water bath at  35 f 0.1" and shaken mechanically until the 
antibiotic concentration in the solution showed an equilibrium value. A 
sample was taken through a 0.45-pm membrane filterlo and, if necessary, 
assayed after appropriate dilution with distilled water. The pH of the 
sample solution was measured" before use and a t  the end of the experi- 
ment; no significant change was observed. 


Determination of Critical Micelle Concentration-The determination 
of the critical micelle concentration (CMC) was accomplished by deter- 


,=1 


8 Model LP1-350, Japan Spectroscopic Co., Tokyo, Japan. 
9 Visking dialysis membrane, Union Carbide Corp., Chicago, 111. 


lo Sartorius-memhranfilter, GmbH, 34 Gottingen, West Germany. 
l1 PHM26 pH-meter, Radiometer, Copenhagen, Denmark. 


0.21 I I 


2 4 6 8 10 
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Figure 2-First-order plots for the dialysis of propicillin in the presence 
of surfactants of various pH ualues at 37" and = 0.15. Key: 1 (control, 
pH 6.50), 2 (4 X M I ,  pH 6 SO); 4 (3 X 
10-2MII ,pH4.00); .5(2 .4X 1 0 - 3 M I I I , p H 4 . 0 0 ) ; 6 ( 4  X 1 0 - 2 M I , p H  
4.00); 7 (1.5 X 


M II, pH 6.50); 3 (2  X 


M I ,  pH 3.00); 8 (6.9 X M I I I ,  pH 6.50). 


mining the concentration a t  which the break in the log concentration 
uersus surface tension plot occurs. The surface tension of surfactant so- 
lutions of ionic strength of 0.15 containing various concentrations of I, 
11, or I11 and the antibiotic a t  the concentration used for dialysis and 
degradation studies was determined a t  37" by a Du Nouy tensiom- 
eterI2. 


RESULTS 


Kinetics of Dynamic Dialysis-For quantification of the interaction 
between a drug molecule and surfactant micelles, various methods are 
available such as equilibrium dialysis (7), dynamic dialysis (8 ) ,  micellar 
solubilization (9), the potentiometric titration method (lo), molecular 
sieve (l l) ,  and micellar catalysis kinetics in the drug degradation (9). 
Among these, the dynamic dialysis method provides quick information 
for the existence of the interaction with macromolecules by utilization 
of marked difference of the permeation rate through a dialysis mem- 
brane. 


According to Fick's first law of diffusion, the rate of drug dialysis can 
be expressed by: 


(Eq. 2) 


where ( C I ) T  and (CII)T represent the total concentration of the drug in 
the inner and outer solutions of the dialysis bag, respectively. Since the 
present experiments were carried out under the sink condition, ( C I ) T  - 
( C I I ) T  was assumed to be equal to ( C ~ ) T .  The apparent first-order dialysis 
rate constant, kdia, therefore, was calculated from: 


where Co represents the initial concentration of the drug solution in the 
dialysis bag. The value for ( C I ) T  was calculated from the mass balance 
equation as follows: 


(Eq. 4) 


where VI and VII represent the volume of the inner and outer solutions, 
respectively. Figure 2 shows typical semilogarithmic plots of the molar 
fraction of propicillin remaining in various surfactant solutions in the 
bag uersus time, and it indicates that the dialysis rates follow first-order 
kinetics in conformity with Eq. 3. Plots of the kdia for propicillin uersus 
the concentration of surfactants are given in Fig. 3 and show a marked 
decrease of kdie with increase in the surfactant concentration and a ten- 
dency to reach constant rate constants. The results apparently indicate 
the occurrence of entrapment of propicillin in the micelles, which are 
difficult to be dialyzed. 


If the drug is incorporated into the micelle, there then will be an 
equilibrium between the drug in solution and that in the micelle. The 
apparent binding constant, Kap,,. can be expressed as: 


l2 Du Nouy tensiometer, Shimadzu, Co., Kyoto, Japan. 
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Figure 3-Plots of the pseudo first-order rate constant, kdia, versus total 
surfactant concentration for the dialysis of propicillin at 37" and p = 
0.15. Key: (0) I (pH 3.50); (A) I I  (pH 4.40); (0) I l l  (pH 6.50). The points 
are experimental values. The  solid curues were generated from Eq.  6 
using the parameters in Table I I .  


where (Cr), and (CI), represent the concentration of the drug free and 
bound with the surfactant micelle, respectively, and C,g is the total 
concentration of surfactant. When it is assumed that only free drug can 
permeate through the dialysis membrane, Eq. 6 is obtained from Eqs. 
3 and 5: 


(Eq. 6) 


where k o  represents the first-order dialysis rate constant of the drug in 
the absence of surfactant. Rearrangement of Eq. 6 gives: 


1 
1 + Kapp (Cn - CMC) kdta = k o  


(Eq. 7) 


Equation 7 predicts that plots of (kolkdi, - 1 )  uersus (CO - CMC) passing 
through the origin are linear. The values of CMC used for the calculation 
are 0.092 mM, 0.46 mM, and 0.32 mM for I, 11, and 111, respectively, which 
were determined in this laboratory in the presence of the ant.ibiotic a t  
37" and p = 0.15. As illustrated in Fig. 4, the results obtained for propi- 
cillin with various surfactants revealed a linear relationship in accordance 
with Ey. 7. The apparent binding constant, Kspp, was calculated from 
the slopes and the values are listed in Table I. During the periods of the 
dialysis experiments, there was negligible degradat,ion of propicillin. 


pH-Dependency of t h e  Apparent Binding Constant i n  Micelle- 
Antibiotic Interactions-Penicillins have a pKa value of 2.7-2.9 (12) 
and exist in aqueous solutions in undissociated and ionized forms. The 
respective forms may yield different binding behavior in surfactant mi- 
cellar solutions. Figure 5 shows the pH-dependency of Kapp  for propicillin 
in solutions of I, 11, and 111 as determined by the dynamic dialysis method. 
Some of the data were those determined in a stability kinetic study, which 
will be described. In the solutions of I and 11, the values of K,,, for pro- 
picillin decreased markedly as the pH increased approaching a constant 
value. It is supposed that a considerable difference exists in the micellar 
interactions between undissociat,ed species of propicillin and its ionized 
form. The relationship between the hydrogen ion activity of the bulk 
solution and the apparent binding constant can be represented by (see 
Appendix): 


(Eq. 8 )  


where K H A  and K A  are the binding constants for the undissociated form 
of propicillin and its ionized form, respectively. Incorporation at  pKa 2.76 
of propicillin gave parameters of K H A  = 489.0 f 27.0 M-' and K A  = 40.4 
f 2.7 M-' for I as the best fit to the data using a NONLIN computer 


Ka + K A -  
a ~ + K a  a H + K a  


O H  Kdpp = K H A  ___ 


20 30 4% 
1o3ccD - CMC), M 


Figure 4-Plots according to Ey. 7for the dialysis of cefazolin (Q) and 
propicillin (other symbols) in the presence of I (cirles), I! (triangles), 
and 111 (squares) at various pHs ,  37'. and p = 0.15, Key: (0) pH 6.50; 
(m) pH 4.00; (0) pH 3.00; (e) pH 3.50; (8) pH 4.00; (0) pH 5.00; (0)  
pH 6.50; (A) pH 6.50; (A) p H  4.00; (A) pH 4.40; (a) pH 3.40 and pH 
6.50. 


program (13). The curves in Fig. 5 were generated for I and I1 from Eq. 
8 by the use of these parameters as listed in Table 11. 


In the interaction of propicillin and the micelles of 111, the apparent 
binding constant was virtually independent of the bulk solution pH. This 
indicates no significant difference in the magnitude of K H A  and K A ,  and 
analysis of the data gave K H ~  = K A  = 810.1 M-' as the mean of experi- 
mental data at  all pH values. 


A similar experiment was also carried out for the interaction between 
cefazolin [pKa = 2.54 (14)) and the micelle of I. The values of Kapp were 
extremely low, being -3 M-' in the wide pH range of 3-7, indicating 
negligible entrapment of the undissociated and ionized cefazolin into the 
micelles of I (Fig. 4). 


Effect of Surfactants  on the Stability of the Antibiotics-The 
acid-catalyzed degradation of fl-lactam antibiotics was examined in the 
surfactant solutions of I, 11, and 111 at 37 f 0.1" and an ionic strength of 
0.15. The degradation followed first-order kinetics with regard to the 
antibiotic concentration in all surfactant solutions. Typical results for 
propicillin obtained by linear semilogarithmic plots of the residual molar 
fraction of antibiotic uersus time are shown in Fig. 6. 


As illustrated in Fig. 7, the pseudo first-order rate constant for the 
degradation of propicillin at  acidic pH was increased significantly by the 


Table I-Apparent Binding Constant, Kapp,  between Propicillin 
and  Various Surfactants  * 


.. 
I I1 111 


~~ 


1.10 459.36 1.61 175.0b 1.10 856.0h 
1.92 404.9* 2.60 119.0h 4.00 793.8 
3.00 247.2 3.00 91.3b 6.50 780.4 
3.50 115.1 3.50 28.5 
4.00 59.5 4.00 20.7 
5.00 42.5 5.00 13.2 
6.50 42.0 6.50 4.0 


~~ ~ 


0 The values were calculated from the experimental data according to Eq. 7 by 
These values were determined the least-squares treatment a t  37' and p = 0.15 


in the stabilitv study 
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Figure 5-Plots of the apparent binding constant, K,,,, o f  propicillin 
versus t h e  bulk solution pH at 37' and p = 0.15. Key: (0,e) I ;  (A,& 
I I ;  (o,.) I l l ;  (open symbols, dynamic dialysis; closed symbols, sta- 
bility). 


addition of anionic surfactant (11); whereas, it decreased on increasing 
the concentration of both nonionic and cationic surfactants (I  and 111). 
For other penicillins, similar results have been reported (3). In all cases, 
the rate constants first increased or decreased rapidly and then ap- 
proached a constant value above the CMC of the surfactants, suggesting 
the formation of penicillin-micelle complexes. 


According to the literature (9), the apparent first-order degradation 
rate constant thus, is expressed by: 


ko t k,(Cn - CMC) 
1 + Kapp (Cn - CMC) kdey = (Eq. 9)  


Rearrangement of Eq. 9 gives: 


Equation 10 predicts that  plots of l / ( k o  - kdeg) uersus 1 / ( c ~  - CMC) 
should give a straight line from which it should be possible to obtain k ,  
and Kapp values. 


Plots of Eq. 10 for the degradation of propicillin in the presence of I 
and 111 are shown in Figs. 8 and 9, respectively. The values of Kapp for the 
various reaction systems are given in Table I. 


Table  11-Binding Constants for  Undissociated and  Ionized 
Prooicillin with Various Surfactants a 


Surfactant K H A .  M-' K a ,  M-' 


I 
I1 


111 


489.0 f 27.0 
171.8 f 29.9 
810.1 f 40.3b 


40.4 f 2.7 
4.5 f 1.3 


810.3 f 40.3b 
~~~~ 


(I The binding constants were calculated by nonlinear regression program, 
NONLIN, at 37' and g = 0.15. This value is the mean f SD of the experimental 
data. 


Figure 6-First-order plots for the degradation of propicillin in the 
presence of surfactants at uarious pHs, 37", and p = 0.15. Key: 1 (3  X 


M I I ,  pH 2.50); 
3 ( 1  X 1 0 - 2 M I , p H 1 . 1 0 ) ; 5 ( 8 . 9 X  10-2MIII ,pH1.10);6(3 .1  X l O - '  
M I I I ,  pH 1.10); 7 (1 X 


M I I ,  pH 1.61);2 (control, pH 1.10);3 (4.5 X 


M I ,  pH 1.92). 


Within an experimental period of <1 day, there was no influence of 
the surfactants on the neutral degradation of the antibiotic used in this 
study. 


Effect of Surfactants on the Antibiotic Solubility-The saturable 
solubility of penicillin V, C,,  a t  pH 2.0 and 35' increased with concen- 
tration of I as shown in Table 111. The data indicated that the aqueous 
solubility of penicillin V increased threefold in the presence of 10 mM 
I a t  pH 2.0 and 35', showing that penicillins are solubilized by surfactant 
micelles. 


DISCUSSION 


Solutions of penicillin G are highly unstable a t  a gastric pH, the half- 
lives being 1 min a t  pH 1 and 7 min a t  pH 2 (15,16). Such chemical in- 
activation of penicillin G in the gastric fluid has been reported to be re- 
sponsible for the poor bioavailability of this antibiotic. The acid degra- 
dation rates of penicillin derivatives are known to depend on their 6- 
sidechain nature due to the rearrangement initiated by the attack of the 
sidechain amidocarbonyl on the P-lactam to produce the corresponding 
penicillenic acid and penillic acid (16). 


Considerable efforts have been made to stabilize acid-labile penicillins. 
Previous authors (17) succeeded in stabilizing potassium salts of penicillin 
G and penicillin V in simulated gastric juice by coating with cholesteryl 
acetate, yielding 1.6- and twofold higher urine levels, respectively, after 
oral administration of these pharmaceutical preparations to humans. 


The previous (3) and present studies revealed a marked stability of 
penicillins in acid solutions with both cationic and nonionic micelles. Four 
kinds of derivatives, penicillin G, penicillin V, phenethicillin, and pro- 
picillin, can be stabilized to maximal extents of 6-, lo-, 8-, and 10-fold 
by the micelles of 111 and of 4- ,  6-, 7- ,  and 13-fold by the micelles of I, 
respectively (3). These stabilization effects are attributed to incorporation 
of the penicillin molecules into both types of micelles. As is apparent from 
these results (3), the apparent binding constant between the penicillins 
and micelles increased with increasing lipophilic character of the peni- 
cillins, as expressed in terms of their octanol-water partition coefficients, 
P (12). This suggests that  hydrophobic binding is involved in the inter- 
action between the cationic or nonionic micelle and undissociated species 
of the penicillins. These strong interactions resulted in protection of the 
p-lactam ring sterically and/or electrostatically from intramolecular and 
nucleophilic attack of the sidechain amidocarbonyl oxygen. However, 
it is probable that due to the localized hydrogen ion activity surrounding 
the negatively charged micelle, the anionic micellar state by I1 leads to 
an increase in the rate of degradation. The maximal acceleration of the 
P-lactam cleavage of propicillin by micelles of I1 was predicted to be 
60-fold a t  pH 1.6 and 37'. 


In contrast to penicillins, the acid degradation of cefazolin, a relatively 
acid-unstable cephalosporin (14), was not influenced by the presence of 
any type of surfactant, like cephalothin described previously (3). This 
was due to the fact that  cefazolin was not sufficiently bound to the mi- 
celles, the apparent binding constant being confirmed as almost negligible 
by the dynamic dialysis method (Fig. 4). The very weak interaction of 
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Figure  7-Plots of the pseudo first-order rate constant versus total 
concentration of surfactant for the degradation of propicillin a t  37" and 
p = 0.15. Key: (a) I (pH 1.10, left scale); (A) II (pH 3.00, right scale); 
(H) Ill IpH 1.10, left scale). The points are experimental ualues. The 
solid curiies were generated from Ey. 9. 


the cefazolin molecule with surfactant micelles undoubtedly is due to the 
low lipid solubility of the antibiotic itself. 


The partitioning behavior of p-lactam antibiotics was investigated (12), 
both in n-octanol-water and isobutyl alcohol-water systems, as a function 
of the aqueous phase solution pH and showed that both the undissociated 
and ionized species could be partitioned into the oil phase, although the 


1. 


0 
L z - m 


; . P O  


0 c - . r 
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0 
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I 1 I I 


& I11 , pH 1.10 
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Figure  8-Double reciprocal plots according to Eq. 10 for the degra- 
dation of propicillin in the presence of I and Ill a t  37" and p = 0.15. Key: 
upper and right scales for pH 1.10; loioer and left scalesfor p H  1.92. 
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Figure  9-Double reciprocal plots according to Eq. I0 for the degra- 
dation of propicillin in the presence o/lI a t  37O and p = 0.15. 


former was far more lipophilic than the latter. As shown in Fig. 5, the pH 
dependency of the Kapp values in the propicillin interaction with I was 
parallel to that of the apparent partition coefficients in oil-water systems. 
The  interactions of propicillin with the micelles of I1 and I11 showed a 
marked contrast in the dependencies of their respective Kal,,, values on 
the pH of the bulk aqueous solution. In the case of the micelle of 11, Kapl, 
clearly decreased as the pH increased, while in the micelle of 111, K,,, 
exhibited independency in the wide pH range betwen 1 and 6. These re- 
sults can be explained on the basis of the participation of electrostatic 
forces between the ionized species of the antibiotic and the ionized sur- 
factant micelles in addition to the hydrophobic contribution. 


Electrical repulsive forces may play a significant, role between ionized 
propicillin and the anionized surfactant micelle to  produce the deduced 
K.4 value, as seen from the KHAIKA ratio being -100. Unlike the anionic 
case, the attraction due to the electrostatic forces between the ionized 
form of propicillin and cationic surfactant micelle may lead to an effective 
cancellation of charge within the molecule, resulting in K H A  = K.4. 
However, the magnitude of KA is dependent on the differences both 0 1  
the hydrogen ion activity and the acid dissociation behavior between 
aqueous and micellar phases (see Appendix). 


Based on the present study, it should be emphasized that the acid- 
labile penicillins were significantly stabilized and solubilized by incor- 
porating the unionized species into nonionic surfactant micelles, and the 
penicillin molecules entrapped in the micelle could t,hen be easily released 
at  neutral pH values by reducing the force in the interaction between the 


Table 111-Solubility of Propicillin in t h e  Presence  of I a 


Concentration 
of I, 


103 M 


Solubility of 
Propicillin, 


l @ ' M  


0.0 
3.0 
5.0 
7.0 


0.72 
1.21 
1.55 
1.89 


10.0 2.40 
20.0 -1.09 


" Values a t  37". pH 2.00, and p = 0.5. 
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ionized species and micelles. Cephalosporins, which have a much lower 
lipophilicity than penicillins (12), are not incorporated into nonionic 
surfactant micelles, so that there is no significant influence on the 
chemical stability and solubility in aqueous solution. 


APPENDIX 


Alteration of the acid dissociation equilibrium of the drug in si:rfactant 
micelles would be in terms of local alteration in hydrogen ion concen- 
tration in the micelles. It is to be expected that the hydrogen ion activity 
(aH,, , ,)  will be greater near the surface of the anionic micelles and lower 
near the surface of the cationic micelles than that ( a H )  in the bulk 
aqueous phase. 


Assuming that both species of undissociated and ionized drugs which 
exist in the aqueous phase are incorporated into the micellar phase, the 
various equilibria can be described as: 


where H A  and A refer to the undissociated and ionized species, respec- 
tively, and the subscripts aq and m refer to the aqueous and micellar 
phases, respectively. The other parameters are the same as described in 
the text. It is clear that the KHA/KA = (Ka/Ka,m) from Eqs. AlLA4. The 
apparent binding constant, Kapp, between drugs and micelles is given 
by: 


By use of the equilibrium constants defined above, Eq. 8 can be arrived 
a t  from Eq. A6. Therefore, the binding constants, KHA and K A ,  for in- 


corporation of the undissociated and ionized forms of drugs into the 
micelles can be calculated, without knowledge of a ~ , ,  and K,,,, from 
the dependence of the bulk aqueous solution pH upon the Kapp 
values. 
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Abstract Cannabichromene homologs, analogs, and isomers as  well 
as  the  CI-homolog and isomer of cannabigerol were prepared and tested 
for their antimicrobial and antifungal properties. Spectral data  of all 
compounds synthesized are presented. 


Keyphrases 0 Cannabichromene-analogs, synthesis and antimicrobial 
activities of related compounds, cannahigerol 0 Antimicrobial activi- 
t iea -cannahichromene and cannahigerol, analogs. synthesis and related 
compounds o Analogs-cannabichromene and cannahigerol, synthesis 
and antimicrobial activities of related compounds 


Different cannabinoids have been isolated from Can- 
nabis satiua L. (1). Most of the biological studies carried 
out concentrate on the major psychoactive constituent 
A9-tetrahydrocannabinol and its isomers (2-4). However, 
little attention has been given to  the biological activity of 
cannabichromene (I) because of its relatively low con- 
centration in the plant material. 


Recently, a procedure was developed for the synthesis 
of I in high yield (60%) (5), which made the material 
available for pharmacological testing. 


The  biological activities of cannabichromene has been 
reported (6-9), as well as its homologs and isomers (10,ll). 
This paper describes the synthesis and antimicrobial ac- 
tivities of cannabichromene homologs, analogs, and iso- 
mers and that of cannabigerol-C1, isocannabigerol-CI, and 
tetrahydrocannabigerol-C1. 


EXPERIMENTAL 


Melting points' were determined in open glass capillary tubes and are 
uncorrected. Proton nuclear magnetic resonance ('H-NMH) spectra2 
were recorded in deuterochloroform or in deuteromethanol using te- 
tramethysilane as  the internal standard. 1R spectra? were recorded in 
liquid film, chloroform, or in potassium bromide pellets. Mass spectra' 
were recorded at an electron energy of 70 eV. UV spectra5 were recorded 
in met.hano1. ':C-NMH spectra" were recorded in deuterochloroform or 
deu teromethanol. 


Biological Activities-Antibacterial and Antifungal Activi- 
ties- All compounds were t.ested for activity against Gram-positive, 
Gram-negative, and acid-fast bacteria and selected fungi. A qualitative 
screen was performed on all compounds, while quantitative assays were 
done on active compounds only. Routine qualitative screens were carried 
out using the agar well diffusion assay a s  previously described (12). 
Minimum inhibitory concentrations were determined using the twofold 
(hroth) serial dilution method (12) with a concentration of 100pg/ml in 
the first tube. Streptomycin sulfate was used as  a positive control for 
antibacterial activity, while amphotericin €3 was used as  a n  antifungal 
positive control. 
2-Methyl-2-(4'-methylpent-3'-enyl) - 5 -  hydroxy-7-methylchro- 


mene (II)-Orcinol(3.45 g, 0.028 mole) was dissolved in 55 ml of toluene 
with heating and stirring. Equimolar quantities of tert-butylamine were 


I Thomas  Hoover Unimelt. 
JEOI, C-6OHL. 
l'erkm-l.:lmer 267. 
Finnigan 8200, MS/DS system. 


,' Heckrnan Acta 111. 
.JEOL FX-60 operating at  15.03 MHz 


added to the resulting solution followed by dropwise addition of citral. 
T h e  reaction mixture was refluxed for 9 hr. The mixture was then cooled 
to room temperature, transferred to a round-bottom flask, and the solvent 
evaporated. GC analysis of the reaction mixture showed 48.3?k conversion 
to  11. About one half of the crude reaction product (5 g) was applied over 
a dry packed silica gel 60 column (100 g) using 15 ml of cyclohexane- 
chloroform ( l : l ) ,  and elution was continued with the same solvent. 
Fractions of 25 ml were collected and combined based on TLC similari- 
ties. Fractions containing 11 (1.96 g) weie rechromatographed as  before 
to yield I1 of >95% purity as  light brown oil. UV A,,, (methanol) nm (log 
0: 229 (4.38) and 280 (3.92); IR (liquid film) major bands a t  3400,2970, 
2820,1620,1575, and 1420 cm-l; 'H-NMK (CDCI:3) signals a t  6 6.68 ( lH,  
d , J  = lOHz), 66.27 ( lH,  s),66.13 (lH, s), 6 5.45 ( l H , d , J  = 10 Hz),65.12 
( lH,  br, t, J = 6 Hz), 6 2.17 (3H, s), 6 1.67 (3H, s), 6 1.58 (3H, s), and 6 1.38 
(3H, s); I3CC-NMR (CDC13) signals a t  6 154.1 (s), 6 151.3 (s), 6 139.6 (s), 
6 131.5 (s), 6 127.1 (d) ,  6 124.4 (d) ,  6 117.9 (d) ,  6 109.9 (d) ,  6 108.8 (d) ,  6 
107.2 (s), 6 74.4 (s), 6 41.1 (t), 6 26.2 (q), 6 25.5 (q) ,  6 22.7 ( t ) ,  6 21.4 (q), and 
6 17.5 (q); MS M+ a t  m/z: 258 (lo%), for CliH~pOn, 175 (100%) 243 (3%), 


2-Methyl-2- (4'-methylpent-3'-enyl)-j-methyl-7-hydroxychro- 
mene (111)-Compound I11 was formed as  a side product from the syn- 
thesis of I1 when pyridine was used both as  a base and a solvent. Equi- 


215 (7%), 183 (3%). 


OH R 


I R = C s H i r  111 R = CH, 
I1 R = C H s  
VI R = H  111 R = C5Hi 
VIII R = (CH,),<H=CH-(CHZ)s--CH, 


VII R = H 


OH OH 


X R = CHs, XI11 R = CsHr 1 IV 


V R = C H 3  V '  R = CsHI I XI 


I X R = O H  
XVII R = C5H) I 


XI1 
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molar quantities of pyridine and citral were added to 1.73 g of (0.014 mole) 
orcinol. The mixture was refluxed with stirring for 7 hr, cooled, and 
evaporated to yield a brownish residue (3.97 g). On TLC7, the residue 
showed two major spots using chloroform-cyclohexane (4:l) and ben- 
zene-hexane (4:l) as solvent systems. The crude reaction mixture was 
purified on a silica gel 60 column followed by preparative chromatogra- 
phyH using benzene-hexane (4:l) as the solvent system. The compound 
with the high R/ value (0.30,15%) was 11, while that with the low Rf value 
(0.16, 24%) was identified as 111. Compound 111 was isolated as an amber 
colored oil. UV A,,, (methanol) nm (log c): 224 (4.17), 285 (3.70), and 305 
(3.57); IR (liquid film) major bands at 3380,2970, 2915, 1610, and 1460 
cm-l; 'H-NMR (CDC1:r) signals a t  6 6.47 ( lH,  d,  J = 9 Hz), 6 6.18 (2H, 
s),65.43(1H,d,J=9Hz),65.12(2H,br,t,J=7Hz),62.18(3H,s),61.67 
(3H, s) ,  6 1.58 (3H, s), and 6 1.37 (3H, s); W-NMR (CDCIJ signals at  6 
156.1 (s), 6 154.7 (s), 6 135.1 (s), 6 131.4 (s), 6 126.5 (d), 6 124.4 (d), 6 119.6 
(d),  6 113.2 (s), 6 109.6 (d), 6 101.7 (d), 6 78.1 (s), 6 41.1 (t), 6 26.2 (q), 6 25.5 
(q), 6 22.7 (t), 6 18.3 (q), and 6 17.5 (q);  MS M+ at m h  258 (6%) for 
C17H??O2,175 (100%). 
2-Methyl-2-(4'-methylpent-3'-enyl)-5-hydroxy-7-methylchroman 


(IV) and  2-Methyl-2-(4'-methyIpentyl)-5-hydroxy-7-methylchro- 
man (V)-Compounds IV and V were prepared by catalytic hydroge- 
nation of Compound 11. A mixture of IV and V was formed when the re- 
action was allowed to go for 20 min under hydrogen atmosphere. However, 
Compound V was the only product obtained when hydrogenation was 
allowed to  occur for a longer period of time or under pressure (0.702 
kg/cm2). Compound I1 (0.15 g, 5.8 X mole) was dissolved in 8 ml of 
ethanol and 20 mg of 5% pallidium on carbon (Pd/C) was added. The 
reaction mixture was stirred for 20 min under a hydrogen atmosphere. 
TLC examination of the reaction product on silver nitrate-treated silica 
gel plates using chloroform-benzene (8:2) as the solvent system showed 
two major spots with Rf  0.22 and 0.35. The two compounds were sepa- 
rat,ed on an HPLC using a reversed-phase column9 with methanol-water 
(8:2) as the solvent system. Twenty-two milligrams (14.6%) of IV and 99 
mg (66%) of V were obtained. Compound IV was isolated as a light yellow 
oil. LJV A,,, (methanol) nm (log c): 283 (2.92), 273 (2.92), 232 (3.82), 217 
(3.95). IR v,,, (CHC1:J cm-': 2968, 2924, 2858, 1620, 1580, 1450, 1375, 


6.27 (lH, s, aromatic H), 6 6.17 ( lH,  s, aromatic H), 6 5.15 (IH, t, olefinic 
proton), 6 2.61 (2H, t, henzylic proton), 6 2.18 (3H, s, aromatic methyl), 
6 1.67 (3H, s, methyl on double bond), 6 1.60 (3H, s, methyl on double 
bond), 6 1.28 (3H, s, methyl on oxygenated carbon); MS M+ a t  m/z 260 
(25.5%) for C17H2402, 177 (36%), 175 (55%), 136 (100%). The tetrahy- 
dro-derivative was separated as a light yellow oil; UV A,,, (methanol) 
nm (log 6): 282 (2.93), 275 (2.93), 233 (3.88), 217 (4.09); IR vmaX (CHC1:J 
cm-I: 2950, 1622, 1580, 1450, 1378, 1350, 1320, 1260, 1150, 1130, 1100, 
1070,995,875; 'H-NMR (CDCI& 6 6.16 ( lH,  s, aromatic H), 6 6.03 ( lH ,  
s, aromatic H),  6 2.56 (2H, t ,  benzylic protons), 6 2.16 (3H, s, aromatic 
methvl), 6 1.25 (3H, s, methyl on oxygenated carbon), 6 0.92 (3H, d, J = 
6 Hz), and 6 0.80 (3H, d, J = 6 Hz); MS M+ 262 (36.58) for C17H2?02,177 
(57%), and 136 (100%). 
2-Methyl-2-(4'-methyIpent-3'-enyl)-5-hydroxychromene (VI) 


and  2-Methyl-2-(4'-methyIpent-3'-enyl)-7-hydroxy-chromene 
(VI1)-Compounds VI and VII were prepared by reaction of 1.53 g of 
resorcinol(O.014 mole), and equimolar amounts oft  ert-butylamine and 
citral in 27.5 ml of toluene following the same conditions described under 
preparation of 11. The reaction of the nonsubstituted resorcinol under 
these conditions result in the formation of both VI and VII. The crude 
reaction mixture was purified by repeated chromatography on a silica 
gel 60 column and preparative liquid chromatography") with benzene 
as the solvent to obtain Compounds VI and VII in 10% yield. Compound 
VI was isolated as a yellowish-brown oil. UV A,,, (methanol) nm (log 6 ) :  


225 (4.35) and 278 (3.90); IR (liquid film) major bands a t  3395,2970,2920, 
1610, 1580, and 1460 ern-'; 'H-NMR (CDCIs) signals at 6 6.38 (1 H, d, 
J = 10 Hz), 6 5.52 ( lH,  d, J = 10 Hz), 6 5.13 (lH, br, t ,  J = 6 Hz), 6 1.67 
(3H, s), 6 1.60 (3H, s) and 1.40 (3H, s); W-NMR (CDCI:J signals at  6 154.2 
(s), 6 151.5 (s), 6 131.5 (s), 6 129.0 (d), 6 128.1 (d), 6 124.4 (d), 6 117.0 (d), 
6 109.7 (s), 6 109.1 (d), 6 107.9 (d), 6 78.4 (s), 6 41.4 (t), 6 26.2 (q),  6 25.5 
(q), 6 22.7 (q), 6 17.5 (9); MS mlz (%), M+ 244 ( 2 % ) ,  161 (loo%), 115 (2%). 
Compound VII was separated as a brownish oil; UV A,,, (methanol) nm 
(log c): 220 (4.39), 283 (3.86), 305 (3.831, and 310 (sh, 3.79); IR (liquid film) 
major bands a t  3400,2970,2920,1650, and 1500 cm-]; 'H-NMR (CDCl:%) 


1349, 1320, 1260,1155, 1132, 1100,1055,995,875; 'H-NMR (CDCla) 6 


~~ 


Pretwited silica gel G Machery Nagel & Co. 
t( Waters l,C-5OOA. 
9 pHondapackC1a. 


I" Walers prep. 1,C 500A. 


signals a t  6 6.68 ( lH ,  d, J = 9 Hz), 6 6.25 (2H, br, s), 6 6.07 ( lH,  hr, s), 6 
5.30 ( lH,  d,  J = 9 Hz), 6 5.03 (2H, br, t, J = 6 Hz), 6 1.63 (3H, s), 6 1.53 
(3H, s), and 6 1.18 (3H, s); ':C-NMR (CDCI:,) signals at  6 156.8 (s), 6 154.5 
(s), 6 131.6 (s), 6 127.3 (d),  6 126.7 (d), 6 124.4 (d), 6 122.5 (d), 6 114.7 (s), 
6 107.8 (d), 6 103.8 (d), 6 78.9 (s), 6 41.5 (t), 6 26.6 (q), 6 25.6 (q), 6 22.8 (t), 
and 17.6 (9); MS M+ a t  m/z 244 (6%), 161 (loo%), and 115 (7%). 
2 -Methyl - 2 - (4'- methylpent - 3'- enyl) - 5 - hydroxy - 7- pentadec - 


8"enylchromene (VII1)-Compound VIII was prepared by reaction 
of 5-pentadec-8'-enyl resorcinol with citral in the presence of tert -bu- 
tylamine (equimolar amounts) in t.oluene solution following the same 
procedure as described under synthesis of I. Pentadecenyl resorcinol was 
isolated from Ginkgo fruits. Compound VIII was isolated as a brownish 
colored oil (60% yield). UV A,,, (methanol) nm (log c): 228 (4.39) and 279 
(3.97); IR (liquid film) major hands a t  3400,2920,2855,1620,1575,1430 
cm-1; 'H-NMR (CDCI:1) signals a t  6 6.62 (1 H, d , J  = 10 Hz), 6 6.22 ( lH,  
s), 6 6.10 (IH, s), 6 5.42 ( lH,  d, J = 10 Hz), 6 1.65 (3H, s), 6 1.57 (3H, s), 
6 1.39 (3H, s), 6 1.32 (18H, br, s); ':'C-NMR (CDC13) signals a t  6 154.3 (s), 
6 151.5 (s), 6 144.8 (s), 6 131.4 (s), 6 130.1 (d), 6 127.2 (d), 6 124.6 (d), 6 117.1 
(d), 6 109.2 (d), 6 108.0 (d), 6 107.3 (s), 6 78.3 (s), 6 41.3 (t), 6 36.1 (t), 6 31.9 
(t), 6 31.0 (t),  6 29.9 (t,  2C),29.4 (t, 2C), 29.0 (t), 6 27.4 (t, 3C), 6 26.3 (q), 
6 25.6 (q), 6 22.9 (t) ,  6 22.7 (t),  6 17.6 (q), 6 14.1 (q); MS M+ a t  m/z 452 
(0.16%), for C : < I H ~ ~ O ~ .  369 (loo%), 187 (16%), 174 (11%). 


2-Methyl - 2 - (4' - methylpent - 3' - enyl) - 5.7 - dihydroxychro- 
mene-Phloroglucinol(2.52 g, 0.02 mole) was dissolved in 25 ml of ace- 
tonitrile-toluene (1:l). tert -Butylamine (0.022 mole) was added to the 
resulting solution, followed by the dropwise addition of 0.022 mole citral, 
and the reaction mixture was refluxed for 1 hr. The material was applied 
on a silica gel 60 column packed in 20% ethyl acetate-cyclohexane; 220 
mg of the cyclol (IX) were obtained. Yield: 4.4%. 


The cyclol was obtained as fine needles (cyclohexane-acetone), mp 
150-150.5'. UV A,,,, (methanol) nm (log t): 280 (2.11), 240 (3.06), 222 
(3.61); IR v::; cm-l: 3360,2970,2920,1615,1596,1490,1462,1378,1365, 
1340, 1312, 1270, 1255, 1240, 1215, 1160, 1150, 1135, 1122, 1081, 1065, 
1032,995,945,900,878,825,750; 'H-NMR (CDCL3) signals at: 6 5.93 (2H, 
s, aromatic), 6 2.76 (1H, m, C;l-H), 6 1.46, 6 1.35, and f i  1.01 (3H, each, 
s); ':'C-NMR: 6 157.82 (s), 6 157.32 (s), 6 155.94 (s), 6 109.42 (s), 6 98.50 
(d), 6 96.94 (d), 6 84.33 (s), 6 47.04 (d),  6 37.5 (t), 6 35.54 (t), 6 29.76 (q),  
6 29.04 (d or q) ,  6 28.00 (d),  6 23.7 (q), 6 22.3 (q or d); MS M+ 260 (8%). 


2-Geranyl-5-methyl Resorcinol (X) and 4-Geranyl-5-methyl 
Resorcinol (XI)-Compound X was prepared by condensation of ge- 
raniol (3.47 ml) and orcinol (2.844 g, 20 mmoles) in methylene chloride 
(100 ml) in the presence of p-toluenesulfonic acid (20 mg) a t  20" for 30 
min. The reaction mixture, after workup, was repeatedly chromato- 
graphed on silica gel to yield X (794 mg. 15%) and XI (100 mg, 2%). 
Compound X was obtained as a crystalline material, mp 50-51' (hexane). 
UV A,,, (methanol) nm (log c): 275 (2.93), 209 (4.55); IR u z t :  (cm-'1: 
3420, 3380, 3268, 3120, 2960, 2908, 2850, 1630, 1580, 1510, 1450, 1375, 
1322,1268,1220,1198,1145,1080,1042,985,825; 'H-NMR (CDCL3) 6 
6.2 (2H,s),65.3&5.08(2H,m,olefinic),63.4(2H,d,J = 8Hz),62.18(3H, 
s), 6 1.81 (3H, s), 6 1.70 (3H, s) and 6 1.60 (3H, s); ':lC-NMR: signals a t  6 
155.0 (s), 6 138.9 (s), 6 137.6 (s), 6 132.0 (s), 6 124.0 (d), 6 122.0 (d), 6 111.0 
(d), 6 109.4 (d) ,  6 39.8 ( t ) ,  6 26.6 (t) ,  6 25.6 (q), 6 22.3 (t) ,  6 21.0 (t) ,  6 17.7 
(q), 6 16.2 (q); MS M+ 260 (2.68%) for C17H2402, 191 (8%), 175 (23%), 163 
(22%), 149 (20%), 137 (100%). 


Cornpound XI yielded fine needles, mp 50-51' (hexane). UV A,,, 
(methanol) nm (log c): 283 (3.19), 207 (4.32); IR u;:: cm-': 3200,2982, 
2960,2830,1610,1510,1470,1450,1375,1335,1310,1220,1140,1050,980, 
900, 835; 'H-NMR (CDCIX) signals a t  6 6.23 (2H, s), 6 5.6-5.13 (2H, m, 
olefinic), 6 3.3 (ZH, d, J = 8Hz), 6 2.2 (3H, s), 6 2.03 (4H, br, s), 6 1.76 (3H, 
s), 6 1.66 (3H, s), 6 1.60 (3H, s); '"C-NMR (CDCIr) 6 155.4 (s), 6 154.3 (s), 
6 138.8 (s), 6 137.2 (s), 6 131.8 (s), 6 124.2 (d), 6 122.5 (d), 6 118.6 (d), 6 110.1 
(d),  6 101.4 (d), 6 39.8 (t), 6 26.7 (t), 6 25.7 (q), 6 25.1 ( t) ,  6 19.9 (q), 6 
17.7(q), 6 16.2 (q); MS M+ 260 (2.92%) for (117H2402, 191 (13.5%), 175 
(26.64%), 163 (17.44%), 149 (22.52701, and 137 (100%). 
2-Tetrahydrogeranyl-5-methyl Resorcinol (XI1)-Compound X 


was dissolved in 8 ml of ethanol, 20 mg of 5% Pd/C was added, and the 
reaction mixture was allowed to proceed under a hydrogen atmosphere 
for 4 hr. TLC examination of the reaction product showed complete 
conversion of the starting material. Filtration followed by cryst,allization 
from hexane yielded a crystalline material, mp 84-85'. UV A,,, (meth- 
anol) nm (log t): 280.5 (3.05), 271 (3.09), 232 (sh, 3.00),209 (4.60); IR A::: 
cm-': 3420, 3300, 2960, 2928, 2870, 2850, 1630, 1580, 1518, 1468, 1380, 
1365, 1328, 1270, 1200, 1160,1112,1025, and 830; IH-NMR (CD30D) 
signalsat66.13(2H,s),62.56(2H,t),61.53-1.23(m,9H),60.9(6H,s), 
6 0.82 (3H, s); 1:'C-NMR (CD:'OD): signals a t  6 156.9 (s), 6 136.8 (s), 6 114.9 
(~),6108.7(d),640.5(t),638.3(t),637.4(t),634.11 (d),629.0(t),625.7 


245 (3%), 217 (6%), 189 (7%), 177 (100%). 
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(t) ,  6 28.0 (q),  d 21.6 (9) .  d 21.3 ( t ) ,  13 20.3 (9); MS M+ a t  mlz 264 (16.4%) 
for C17HZ"Oz. 150 (11.5%) and 137 (100%). 


Table I-Antimicrobial Screening Using the Agar Well 
Diffusion Assay 


ATCC 
Organism No. Classification 


RESULTS AND DISCUSSION 


Cannabichromene ( I )  derivatives were prepared according to a previ- 
ously published method for the synt.hesis of cannabichromene (5). That 
method involves the reflux of equimolar quantities of the properly sub- 
stituted resorcinol, citral and tert -butylamine in toluene for 9 hr. In this 
way, 48% of 11 was obtained. However, when pyridine was used as the 
solvent and base, Compound 111 was obtained in a 24% yield. Compounds 
IV and V were obtained through catalytic hydrogenation of I1 using 5% 
Pd/C. When the reaction was allowed to  proceed for 20 min, a mixture 
of IV and V was obtained in a yield of 15 and 66%, respectively. When the 
reaction was carried out for a longer period of time or under pressure V 
was obtained quantitatively. IH-NMR of IV shows that the double bond 
was located i n  the side chain as shown by the presence of only one olefinic 
signal a t  d 5.15 ( lH,  t). This is in contrast to the 'H-NMR spectrum of 
11, which showed two additional signals a t  6 6.68 and 5.45 (1H each, d, 
J = 10 Hz) characteristic ofthe double bond a t  A:( of the chromene sys- 
tem. Compounds VI and VII were ohtained in a 10% yield after repeated 
chromat,ography, while VIII was obtained in -60% yield. All compounds 
were purified by column chromatography over silica gel or through pre- 
parative liquid chromatography and were characterized by spectral 
methods including IR, UV, MS, 'H-NMR and '"C-NMR. 


Attempts a t  preparing cannabichromene derivatives having the R 
group either as COOH, COOCH;,, HN-O(=C)-CH:+, NH-SOX-CH:~ 
under the same conditions for preparing cannabichromene failed. We 
can conclude that the R group on the resorcinol moiety has a significant 
effect on the reactivity of the molecule with citral to give the chromene 


Hacillus subtilis 
Staphylococcus aureus 
Escherichia coli 
Pseudomonas aeruginosa 
Mycobacterium smegmatis 
C'andida albicans 
Saccharomyces cereuisiae 
Asper,gillus niger 
Trichophyton 


mentammhvtes 


~ ~~~ 


6683 Gram-positive bacterium 
6538 Gram-positive bacterium 


10536 Gram-negative bacterium 
15442 Gram-negative bacterium 


10231 Yeast-like fungus 
9763 Yeast-like fungus 


16888 Filamentous fungus 
9972 Dermatophyte 


607 Acid-fast bacterium 


structure. When the R group was an electron-withdrawing group (- 
O(=C)-OH, -O(=C)-OCH:3) the reaction did not proceed. When R 
was an OH group the reaction proceeded rapidly to many products of 
which <5% was the desired pwduct. Attempts to increase the yield were 
unsuccessful. When R was a long chain alkyl group, the yield of the de- 
sired product was fairly high (-60%). Even when R was CH3 a 48% yield 
was obtained. However, when R was H the yield dropped hack to-10% 
with almost an equal amount of iso-compound being formed, and thus, 
the selectivity of the reaction was lost. 


In addition to cannabichromene-type compounds, the antibacterial 
activity of other cannabinoids were investigated. A"Tetrahydrocanna- 
hino1 (XIV), AR-tetrahydrocannabinol (XV), cannabidiol (XVI), can- 
nabinol (XVIII), cannabigerol (XIII), and cannabicyclol (XVII) were 
tested. Only XI11 showed significant activity. Thus, the C1 -homolog of 
cannabigerol and its isomer were synt.hesized to test their activity against 
the various organisms with the idea that the C1-homolog might be more 
active than the Cs-homolog as is the case with cannahichromene homo- 
logs. 


Compounds X and XI were prepared according to a method described 
previously (13) for the preparation of cannabigerol. Although the yield 
was reported to be 52%, only a 10% isolated yield was obtained. 


Organisms utilized in the screens included Gram-positive, Gram- 
negative, and acid-fast bacteria as well as different types of fungi (Table 
1). 


Compounds I-XI1 were subjected to the antibacterial antifungal ac- 
tivity screens (Tables 11-V). Qualit,at ive screening using the agar well 
diffusion assay showed that these compounds possess strong antibacterial 
and mild antifungal properties. These compounds exhibited large zones 
of inhibition when compared to positive standards at the same concen- 
trations. The  minimum inhibitory concentrations for these compounds 
were determined using selected bacteria and fungi as recorded in Tables 
IV and V. The organisms selected for the minimum inhibitory concen- 
tration determinations were based on the largest zone of inhibition re- 
sulting in the qualitative screen (Tables I1 and 111). 


XIV XVIII 


xv XVI 


Table 11-Qualitative Antibacterial Results a 


H. subtilis E.  coli 
Compound 24 hr 48 hr 24 hr 48 hr 


S.  aureus M. smegmatis Ps. aeruginosa 
24 hr 48 hr 24 hr 48 hr 24 hr 48hr  


XV 
XIV 
X v1 


15 
5 


15 5 
5 2 


5 
2 
9 


25 
20 


10 
30 


7 
- - 


5 5 
1 1 


Streptomycin SO4 10 io  6 6 
XI1 25 25 3 3 22 


8 
20 
20 


>35 
23 
22 
20 


Streptomycin SO4 10 10 6 6 x >35 33 - - 
8 20 5 5 


2 2 
5 5 
2 2 


>35 
11 
22 


35 >35 
11 23 
19 23 
10 20 


Streptomycin SO4 10 10 6 
XI 22 20 2 
Streptomycin SO4 No Growth 10 
1V 8 5 5 


5 
2 


10 
5 


11 
10 


>25 


6 5 
10 15 


>25 >25 
13 7 
10 7 
10 5 
9 20 


6 
3 


- 
- 


12 
>25 


7 
6 
5 


1 1 
4 3 
1 1 
1 1 


V 
V' 
IX 
Vlll  


16 9 5 5 
4 4 5 5 
1 1 1 1 


__ - - 


13 
10 
10 4 4 


3 3 
- - 


2 
2 


9 22 
4 
1 


- VI 10 10 3 2 15 15 20 18 3 
Streptomycin SO4 11 10 5 5 10 10 20 22 7 6 


" Antimicrobial activity was recorded as the width (in millimeters) of the inhihition zone measured lrom the edge of the agar well t o  the edge of the inhibition zone. 
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Table 111-Qualitative Antifungal Results a 


C. albicans S. cerevisiae A. niger T. mentagrophytes 
Commund 48 hr 12 hr 48 hr 12 hr 48 hr 1 2  hr 48 hr 12 hr 


1 1 2 2 
2 2 1 1 - 3 2 


xv 
3 2 - 4 2 


XIV 


- 5 2 
2 3 XVI 


Amphotericin B 4 4 2 2 - 4 2 
3 XI11 


XI1 9 5 > 25 20 4 4 >30 25 
Amphotericin B 5 3 12 12 2 2 13 13 
X 25 25 25 22 1 1 15 13 
Amphotericin B 9 I I I 2 2 10 10 
XI 12 10 20 20 16 10 22 22 
Amphotericin B 9 I 11 15 I 3 Little 23 


I \' 4 4 8 8 2 2 No growth 
V 3 3 22 23 3 3 No growth 
V' 2 3 7 7 1 1 No growth 


1 1 No growth 
- No growth 


IX 2 3 I I 
VIII 4 5 4 4 1 


4 4 No growth 8 Amphotericin B 7 8 I 
2 VII 3 


XVII 1 1 1 1 
VI I 5 10 8 9 5 20 19 
Amphotericin B 5 3 7 5 2 1 4 4 


- - - - 
- 
- 
- 2 6 4 
- 


growth 


- - - - 
- - 


2 2 
- - 


a Antimicrobial activity was recorded as the width (in millimeters) of the inhibition zone measured from the edge of the agar well to the edge of the inhibition zone. 


Table IV-Minimum Inhibitory Concentration a of Cannabichromene and Cannabigerol Homologs and Isomers against Different 
Organisms 


B. subtilis S. aureus M. smegmatis 
Compound 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 


I 0.39 0.18 1.56 1.56 12.5 25.0 
111' 0.78 3.12 N T  NT 25.0 25.0 
VI 6.25 12.5 12.5 12.5 12.5 12.5 
Streptomycin so4 6.25 25.0 3.12 12.5 1.56 1.56 
I1 3.12 3.12 3.12 3.12 3.12 6.25 
VII 6.25 6.25 12.5 12.5 12.5 12.5 
Streptomycin SO1 3.12 6.25 6.25 6.25 6.25 6.25 
V 1.56 1.56 0.18 3.12 3.12 3.12 
Streptomycin so4 12.5 100 25.0 25.0 6.25 6.25 
X 1.56 6.25 3.12 6.25 6.25 6.25 
Streptomycin SO4 No Readings 
XI 1.56 1.56 12.5 12.5 6.25 6.25 
Streptomycin SO4 6.25 12.5 25.0 50.0 6.25 6.25 
XI1 0.78 1.56 1.56 1.56 3.12 3.12 
VIII 50 50 50 100 25 50 
IX 25 50 50 100 50 50 
Streptomycin SO4 6.25 6.25 6.25 25 0.78 0.18 


O Expressed in micrograms per milliliter. Not tested. 


Table V-Minimum Inhibitory Concentration of Cannabichromene and Cannabigerol Homologs and Isomers against Different 
Fungi 


C. albicans 
Compound 48 hr 1 2  hr 


S. cerevisiae 
48 hr 12  hr 


T. mentagrophytes A. niger 
48 hr 1 2  hr 48 hr 72 hr 


I NT NT 25.0 50.0 25.0 50.0 
Amphotericin B NT NT 3.12 3.12 NT NT 
111' 50.0 100.0 NT NT NT NT 
VI 50.0 50.0 25.0 25.0 25.0 25.0 
Amphotericin B 1.56 1.56 0.18 0.18 NT NT 
I1 NT NT 6.25 12.5 6.25 6.25 
VII 12.5 25.0 NT NT 6.25 6.25 
Amphotericin B 1.56 6.25 0.19 0.18 12.5 25.0 
V NT NT 12.5 12.5 50.0 50.0 
Amphotericin B N T  NT 6.25 6.25 25.0 25.0 
X 25.0 25.0 12.5 12.5 6.25 25.0 
Amphotericin B 6.25 6.25 3.12 6.25 25.0 25.0 
XI 25.0 50.0 6.25 6.25 6.25 6.25 
Amphotericin B 50.0 50.0 25.0 25.0 12.5 12.5 
XI1 12.5 25.0 6.25 6.25 25.0 12.5 
VIII 50.0 100.0 100.0 100.0 25.0 50.0 
IX 50.0 100.0 50.0 100.0 25.0 50.0 
Amphotericin B 12.5 25.0 3.12 6.25 6.25 50.0 


0 Expressed in micrograms per milliliter. * Not tested. 


50.0 50.0 
50.0 50.0 
50.0 50.0 
50.0 50.0 
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I t  can be concluded from Tables 111 and IV that the antimicrobial ac- 
tivity of the normal series, in cannabichromene and cannabigerol ho- 
mologs and isomers, is more pronounced than in case of the iso-series. 
Cannabichromene type compounds having a methyl or a pentyl group 
in the side chain show the highest antimicrobial activity. An intermediate 
type of activity is seen when R is a hydrogen. However, lengthening the 
side chain up to C1.5 leads to a tremendous decrease in activity. Total 
saturation of the two double bonds in the cannabichromene and canna- 
bigerol type compounds having a methyl side chain in most of the cases 
leads to an increase in the antifungal and antibacterial activities as in the 
case of Compounds XI1 and V, respectively (Tables IV and V). 


This is the first reported synthesis and spectral data of most of the 
compounds prepared in this investigation. In addition, the antimicrobial 
activities of these compounds show encouraging results. The activities 
of the compounds prepared in this report were compared qualitatively 
with those of some known cannabinoids, namely, cannabigerol, canna- 
bidiol, cannabicyclol, As- and A9-tetrahydrocannabinols and were found 
to be far superior in most instances (Tables I1 and 111). 
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Abstract 0 A new method for preparing glutaraldehyde cross-linked 
human serum albumin microspheres has been developed. Important 
aspects of this method include addition of glutaraldehyde in the organic 
phase and use of concentrated solutions of hydrophobic polymers 
(polymethylmethacrylate) or hydrophilic polymers (polyoxyethylene- 
polyoxypropylene block copolymer) as dispersion media. Uniform, round, 
solid, 3-150-pm hydrophilic microspheres were readily prepared by this 
process. The average size of microspheres was a function of dispersion 
time and energy input. Surface properties were altered by chemical 
modification using either 2-aminoethanol or aminoacetic acid to quench 
residual aldehyde groups. Optical and scanning electron microscopy and 
electronic particle size characterization indicate that the process is ver- 
satile in producing solid microspheres in a wide size range. Albumin mi- 
crospheres of this type are readily dispersed in aqueous media for injec- 
tion, without the need for surfactants. 


Keyphrases 0 Microspheres-hydrophilic albumin, preparation using 
polymeric dispersing agents 0 Polymeric dispersing agents-preparation 
of hydrophilic albumin microspheres Glutaraldehyde-cross-linked 
human serum albumin microspheres, preparation using polymeric dis- 
persing agents 


Insoluble drug carriers for prolonged and controlled 
delivery of therapeutic agents in biological systems re- 
cently have generated growing interest (1-3). Many dif- 
ferent carrier systems have been studied, including syn- 
thetic liposomes, erythrocyte ghosts, permeable polymeric 
microcapsules, and solid microspheres (4-7). Each of these 
drug carriers has its own advantages and problems, and 
there are adequate reviews of the literature (8). 


The use of albumin microspheres as drug carriers has 
been studied to an increasing extent (9,lO). Soluble human 
serum albumin in blood plasma is a natural circulatory 
drug carrier (11). Equilibrium binding to various drugs 
depends primarily on hydrophobic and electrostatic in- 
teractions (12). This type of drug binding eliminates the 
need for covalent attachment between drug and carrier and 
may facilitate drug release. Human serum albumin is also 
degraded in uiuo. The stability of albumin microspheres 
is, therefore, a function of the degree of albumin cross- 
linking, porosity, and accessibility of microspheres to en- 
zymatic and phagocytic processes in the body (13). 


Current methods of albumin microsphere preparation 
involve either thermal denaturation at  elevated temper- 
atures (110-165') or chemical cross-linking in vegetable 
oil or isooctane emulsions (14,15). Because small amounts 
of surfactants are needed to disperse such microspheres 
in water, they appear to be somewhat hydrophobic because 
of the method of formation. Widder et al. (16) hypothesize 
that hydrophobicity is due to the polar regions of the al- 
bumin aligning at  the oil-water interface to form a hy- 
drophobic crust or mantle at room temperature. Since their 
process involves thermal denaturation for microsphere 
stabilization, a further increase in surface hydrophobicity 
may occur due to additional albumin conformational 
changes and surface binding of oil at  elevated tempera- 
tures. Surface hydrophilicity is important, because a hy- 
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I t  can be concluded from Tables 111 and IV that the antimicrobial ac- 
tivity of the normal series, in cannabichromene and cannabigerol ho- 
mologs and isomers, is more pronounced than in case of the iso-series. 
Cannabichromene type compounds having a methyl or a pentyl group 
in the side chain show the highest antimicrobial activity. An intermediate 
type of activity is seen when R is a hydrogen. However, lengthening the 
side chain up to C1.5 leads to a tremendous decrease in activity. Total 
saturation of the two double bonds in the cannabichromene and canna- 
bigerol type compounds having a methyl side chain in most of the cases 
leads to an increase in the antifungal and antibacterial activities as in the 
case of Compounds XI1 and V, respectively (Tables IV and V). 


This is the first reported synthesis and spectral data of most of the 
compounds prepared in this investigation. In addition, the antimicrobial 
activities of these compounds show encouraging results. The activities 
of the compounds prepared in this report were compared qualitatively 
with those of some known cannabinoids, namely, cannabigerol, canna- 
bidiol, cannabicyclol, As- and A9-tetrahydrocannabinols and were found 
to be far superior in most instances (Tables I1 and 111). 
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Abstract 0 A new method for preparing glutaraldehyde cross-linked 
human serum albumin microspheres has been developed. Important 
aspects of this method include addition of glutaraldehyde in the organic 
phase and use of concentrated solutions of hydrophobic polymers 
(polymethylmethacrylate) or hydrophilic polymers (polyoxyethylene- 
polyoxypropylene block copolymer) as dispersion media. Uniform, round, 
solid, 3-150-pm hydrophilic microspheres were readily prepared by this 
process. The average size of microspheres was a function of dispersion 
time and energy input. Surface properties were altered by chemical 
modification using either 2-aminoethanol or aminoacetic acid to quench 
residual aldehyde groups. Optical and scanning electron microscopy and 
electronic particle size characterization indicate that the process is ver- 
satile in producing solid microspheres in a wide size range. Albumin mi- 
crospheres of this type are readily dispersed in aqueous media for injec- 
tion, without the need for surfactants. 
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Insoluble drug carriers for prolonged and controlled 
delivery of therapeutic agents in biological systems re- 
cently have generated growing interest (1-3). Many dif- 
ferent carrier systems have been studied, including syn- 
thetic liposomes, erythrocyte ghosts, permeable polymeric 
microcapsules, and solid microspheres (4-7). Each of these 
drug carriers has its own advantages and problems, and 
there are adequate reviews of the literature (8). 


The use of albumin microspheres as drug carriers has 
been studied to an increasing extent (9,lO). Soluble human 
serum albumin in blood plasma is a natural circulatory 
drug carrier (11). Equilibrium binding to various drugs 
depends primarily on hydrophobic and electrostatic in- 
teractions (12). This type of drug binding eliminates the 
need for covalent attachment between drug and carrier and 
may facilitate drug release. Human serum albumin is also 
degraded in uiuo. The stability of albumin microspheres 
is, therefore, a function of the degree of albumin cross- 
linking, porosity, and accessibility of microspheres to en- 
zymatic and phagocytic processes in the body (13). 


Current methods of albumin microsphere preparation 
involve either thermal denaturation at  elevated temper- 
atures (110-165') or chemical cross-linking in vegetable 
oil or isooctane emulsions (14,15). Because small amounts 
of surfactants are needed to disperse such microspheres 
in water, they appear to be somewhat hydrophobic because 
of the method of formation. Widder et al. (16) hypothesize 
that hydrophobicity is due to the polar regions of the al- 
bumin aligning at  the oil-water interface to form a hy- 
drophobic crust or mantle at room temperature. Since their 
process involves thermal denaturation for microsphere 
stabilization, a further increase in surface hydrophobicity 
may occur due to additional albumin conformational 
changes and surface binding of oil at  elevated tempera- 
tures. Surface hydrophilicity is important, because a hy- 
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drophilic albumin surface may enhance surface physical 
and chemical behavior in uiuo, and the surfactants pres- 
ently used to disperse human serum albumin microspheres 
may influence tissue interactions, drug release, and ac- 
tivity. 


The use of insoluble drug carriers for localized or in- 
tratumor injection chemotherapy was reported previously 
(17-19). Therefore, methods have been explored for pre- 
paring hydrophilic albumin microspheres which readily 
form stable dispersions for injection without surfactants 
and which may be easily surface-modified to introduce 
functional groups (e .g . ,  -CHO) or ligands (e .g . ,  anti- 
bodies) for binding to tumor tissue (17,19). 


The present report is concerned with the preparation 
of human serum albumin microspheres by a new procedure 
which yields hydrophilic, solid spheres. Glutaraldehyde 
cross-linking of the albumin phase also produces free al- 
dehyde groups on the surface of the microspheres. Because 
of aldehyde-protein amino group coupling, these aldehyde 
handles may enhance tissue immobilization. The aldehyde 
functionality also facilitates surface chemical coupling of 
2-aminoethanol or aminoacetic acid for increased hydro- 
philicity. Attachment of drugs, immunoglobulins, lectins, 
enzymes, and anionic or cationic ligands is also feasible. 


EXPERIMENTAL 


Preparat ion of Microspheres-Polymethylmethacrylate-Chloro- 
formlToluene Dispersion-Human serum albumin' (150 mg) was dis- 
solved in 0.5 ml of distilled water (pH 7.0) a t  23" and added dropwise to 
a 2540% solution of polymethylmetha~rylate~ (intrinsic viscosity 1.4) 
in a mixture of 1.5 ml of chloroform" and 1.5 ml of toluene' in a 16- X 
125-mm screw-cap test tube. The mixture was dispersed with a vortex 
mixer4 lor various time periods (1-10 min) until the desired microsphere 
size was achieved. Microsphere particle size was determined hy optical 
microscopy5 using aliquots removed at  various times. 


Glutaraldehyde in toluene was used for cross-linking. Aqueous gluta- 
raldehyde (25% biological gradeP, 1.0 ml, and 1.0 ml of toluene were 
combined in a 13- X 100-mm test tube. The two phases were dispersed 
by sonication6 with a microtip power head attachment (20 sec a t  50 W). 
The resulting toluene solution of glutaraldehyde (0.14 mole was deter- 
mined with 3-methyl-2-benzothiazc,linone hydrazone)' (20) was allowed 
t.o phase separate, pipeted off, and added to the albumin dispersion. 
After addition of the glutaraldehyde-saturated toluene, the dispersion 
was mixed with a rotary mixer7 a t  room temperature until albumin 
cross-linking was complete (5-6 hr). One milliliter of either 2-ami- 
noethanolx or aminoacetic acid' then was added to cap any free aldehyde 
Ijroups. After a 1-hr reaction time, the suspension was centrifuged (2000 
Xg, 2 min) and the supernatant discarded. Microspheres were then 
washed four times each wit,h 25% chloroform in toluene, acetone, and 
distilled water. Between each washing, microspheres were centrifuged 
(ZOOOXg, 2 min), the supernatant discarded, and the pellet resuspended. 
The washed microspheres were either stored frozen or lyophilized. Yields 
were 75-85?, (Scheme I). 


Polyoxyethylene-Polyoxyprop~lene Copolymer-Chloroform Dis- 
persion-Human serum albumin (150 mg) was dissolved in 0.5 ml of 
distilled water (pH 7.0) a t  23" and added dropwise to a 25-30%solut,ion 
of polyoxyethylene-polyoxypropylene copolymerY in 4.0 ml of chloroform 
in a 16- X 125-mm screw-cap test tube. The mixture was emulsified with 
a vortex mixer for various time periods (1-10 min) until the desired size 
of microsphere was achieved. 


Glutaraldehyde in chloroform for cross-linking was prepared from 25% 
aqueous glutaraldehyde and chloroform by sonication as previously de- 


~~ 


I Sigma Chemical Co. 
2 Polyscicnce. 
:' Fisher Scientific Co. 


Vortex Genie Scientific Industries. Inc. 
Nikon Biphot. 
Heat Systems-llltrasonics. M ~ ~ d e l  W-375. 
Lahquake I,ahindustries. 
Mallinckrodt. 


!) BASF W-jandotte (hrp. 


PREPARATION OF ALBUMIN MICROSPHERES- 
POLYMETHYLMETHACRYLATE METHOD 


ALBUMIN/H20 DISPERSE0 IN POLYMETHYLMETHACRYLATE 


CHLOROFORWTOLUENE SOLUTION 


IN TOLUENE 


I . I 2-AMINOETHANOL 1 HR 1 
t 


4X WITH 25% CHLOROFORM IN 


4X WITH ACETONE-CENTRIFUGE 


OR LYOPHILIZED 
~~ 


Scheme I-Albumin microsphere preparation using polymeth,yl- 
methacrylate solution for dispersion. 


scribed. Gluturaldehyde, 0.40 mole in 1.0 ml of chloroform, was added 
and the dispersion was mixed with a rotary mixer a t  room temperature 
until albumin cross-linking was complete (5-6 hr). Then, 1.0 ml of either 
2-aminoethanol or aminoacetic acid was added to cap any free aldehyde 
groups. After a 1-hr reaction time, 10 ml of acetone was added, the sus- 
pension briefly shaken, then centrifuged (2000Xg, 2 min) and the su- 
pernatant discarded. Microspheres were then washed 10 times each with 
acetone and distilled water. Between each washing, microspheres were 
centrifuged (2000Xg, 2 min), the supernatant decant.ed, and t,he pellet 
resuspended. As before, washed microspheres were either stored frozen 
or lyophilized. Typical yields were 75-85% (Scheme 11). 


Microscopic Characterization of Microspheres-Size and mor- 
phology were characterized by scanning electron microsco y (SEM)l0 
a t  20 kV. SEM samples were prepared by applying a 200 1 coating of 
gold-palladium on samples using a sputter roster" in an argon atmo- 
sphere with a digital thickness monitor. Internal structures were deter- 
mined by transmission electron microscopy]'. Microspheres mounted 
in epoxy were sliced with an ultramicrotomel:'. Microsphere compositions 
and porosity were verified with 0.5 ml of dye added to 10-mg spheres in 
2 ml of distilled water14 using optical microscopy. Protein stained mi- 
crospheres were also mounted in epoxy. sliced with the ultramicrotome, 
and examined by optical microscopy. 


Effect of Polymer Dispersant Concentration-Human serum al- 
bumin microspheres were prepared by the two methods, and the con- 
centrations of polymer solutions (polymethylmethacrylate and poly- 
oxyethylene-polyoxypropylene) were varied from 0 to 25% in 2% inter- 
vals. After cross-linking with glutaraldehyde, the dispersions were 
evaluated lor microsphere stahility against coagulation. 


Measurement of Microsphere Size Distribution as a Function of 
Dispersion Time-Human serum albumin microspheres were prepared 


l o  JEOL model :W 
' I  Hummer V. 


Phillips model 410. 
l:' Sorvall model MY-?. 
l 4  Coomassir hlue C,-250. HIO-RAD I , ~ l ~ i ~ r a t i ~ r i e s  
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PREPARATION OF ALBUMIN MICROSPHERES- 
POLYOXYETHYLENEPOLYOXYPROPYLENE METHOD 


ALBUMIN/HZO DISPERSED IN  POLYOXYETHYLENEl 


POLYOXYPROPYLENE CHLOROFORM SOLUTION 


IN  TOLUENE 


I 
1 


CROSS - LINKING REACTION AT 


1 2A FOR 5 6  HRS. I 
I -CHO QUENCH * 2 - AMINOETHANOL 1 HR 


I 7 
1 O X  WITH ACETONE CENTRIFUGE 7 


1OX WITH DISTILLED WATER 


OR LYOPHILIZED 


Scheme 11-Albumin microsphere preparation using polyoxyethyl- 
ene-polyoxypropy/ene solution for dispersion. 


using both described procedures. Dispersion times of 1 ,3 ,5 ,  and 8 rnin 
were used at  constant energy input (speed setting 8 on vortex mixer). The 
washed microspheres were suspended in 10 ml of distilled water. Aliquots 
were withdrawn from a well-shaken sample and placed on an SEM sample 
holder. One hundred random microspheres for each dispersion time were 
counted and measured. Aliquots (10 pl) were also added to 150 ml of 
continuously stirred 0.14 M potassium chloride solution. A 1.0-ml sample 
was withdrawn over a 4-sec time span by an electronic particle size 
counterls equipped with a 100-pm sampling aperture. The  counter was 
calibrated with 9.76 pm of polystyrene microspheres. This enabled ac- 
curate size measurements from 2 to 40 pm. The total number of micro- 
spheres counted ranged from 7000 to 23,00O/sample. 


Microsphere Size Distribution as a Function of Energy Input- 
Human serum albumin microspheres were prepared using the polym- 
ethylmethacrylate procedure. Dispersion time was held constant (10 rnin), 
and energy input was varied by adjusting the speed setting on the vortex 
mixer, using speeds of 2,4,6, and 8. The washed microspheres were sus- 
pended i n  10 ml of distilled water and size distributions were measured 
by the SEM technique. 


Measurement of Reactive Aldehyde Groups-Human serum al- 
bumin microspheres (10 pm average diameter) were prepared by the 
polymethylmethacrylate method. The cross-linked microspheres were 
divided into two samples. One was quenched with 0.5 ml of 2-ami- 
noethanol while the other sample was left unquenched. [3H]Leucine'6, 
specific activity 134.2 Ci/mmoles/ml, was diluted with a carrier (L-leu- 
cine)17 to a final activity of 5 pCil50 mmoles/ml. One milliliter of isotope 
solution was added to each of three samples of 7.4 mg/ml unquenched 
and three samples of 7.99 mg/ml quenched microspheres in 13- X 100-mm 
test tubes. The samples were incubated for 40 rnin in a tabletop sonica- 
tor's, then washed four times with distilled water (pH 7.0) by centrifu- 
gation (lOOOXg, 2 min). Microsphere pellets were resuspended in 2 ml 
of a scintillation cocktail16 and slightly shaken until microspheres were 
completely dissolved. From each of these solutions, LO-, 0.5-, and 0.25-ml 
aliquots were removed and added to scintillation counter containers. The 


~~~ ~ 


' 5  Coulter Counter model TA11. 
16 Aquasol New England Nuclear Corp. 
17 Pierce Chemical Co. 
I8 E/MC HA Research. 


Figure 1-Scanning electron micrograph (2200X) of albumin micro- 
spheres. Polymethylmethacrylate dispersant, 10- pm aoerage diam- 
eter. 


final volumes were adjusted to 15 ml with additional cocktail. Activity 
was determined using a scintillation c o ~ n t e r ' ~  and values plotted against 
prepared standards. 


RESULTS 


Figure 1 shows the uniform, smooth spherical geometry of albumin 
microspheres typically prepared by the procedure (SEM photomicro- 
graph at  2200X). The human serum albumin microspheres in Fig. 1 av- 
eraged 10 pm in diameter and were made using polymethylmethacrylate 
as the polymer dispersant. 


The SEM photomicrograph in Fig. 2 clearly shows the solid internal 
structure of the human serum albumin microspheres. Figure 2 is con- 
sistent with the transmission electron microscopic results (not shown) 
of sectioned microspheres obtained from both dispersant systems. Mi- 
crotomed sections of the protein stained microspheres showed the blue 
dye color throughout the albumin spheres. This complete dye penetration 
is indicative of the porous internal structure of the albumin spheres. 


Washed, lyophilized, or air-dried microspheres were readily resus- 
pended in a variety of aqueous media such as distilled water, physiological 
saline, phosphate buffer, and acetate buffer. The microspheres were easily 
wetted and dispersed without the need for surfactants. 


Figures 3 and 4 show the size distributions of the microspheres as a 
function of dispersion time using the vortex apparatus. Polymetbyl- 
methacrylate was used as a dispersant for the microspheres in Fig. 3 and 
polyoxyethylene-polyoxypropylene for those in Fig. 4. These data were 
obtained using an electronic size counter. Average diameters from these 
data were in close agreement with data obtained from SEM measure- 
ments. These results are presented in Table I. SEM size distribution as 


Figure %--Scanning electron micrograph (7FiOX) o f  100 pm albumin 
microspherp showing intcrnal structure; polvmc.thy/mrt/zacrylate 
dispersant. 


Beckman model 2:W 
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I A 


Figure 3-Size distributions of albumin microspheres using polym- 
ethylmethacrylate dispersant. Constant power input ,  with t ime  of 
dispersion varied. Key: (A) I min; (0) 3 rnin; (e) 5 min; (B) 8 rnin 
(measurements by Coulter Counter). 


20 n 


SIZE,pm 


Figure 4-Size distributions of albumin microspheres using polyoxy- 
ethylene-polyoxypropylene dispersant. Constant power input ,  with 
time of dispersion varied. Key: (A) 1 min; (0) 3 min; (0) 5 min; and (U) 
8 min (measurements by Coulter Counter). 


a function of power input is shown in Fig. 5 (polymethylmethacrylate 
dispersant) and summarized in Table 11. Table 111 also indicates that a 
polymer concentration of a t  least 10% (w/w) was needed to stabilize the 


Table I-Human Serum Albumin Microsphere Size versus 
Dispersion Time 


Measured 
with 


Diameter, pm Coulter 
Dispersion (Measured by SEMI Counter Polymer 
Time, rnin X SD Variance Mean Dispersantb 


- 


1 22 6.7 44 19 A 
12 5.3 28 11 B 


8 8.5 3.0 9 9 A 
7.0 2.5 8 7 B 


" Constant power input: speed setting 8 on vortex genie. * A, Polymethyl- 
methacrylate; B, polyoxyethylene-polyoxypropylene. 


2 4 8 12 16 20 24 26 
SIZE, pm 


Figure 5-Size distributions of albumin microspheres using polym- 
ethylmethacrylate dispersant. Constant dispersion time (10 min),  with 
power input varied. Key: (0) speed setting 2: (A) speed setting 4; (0) 
speed setting 6; (e) speed setting 8 (measurements by  SEM). 


dispersion a t  short dispersion times (1.0 rnin). When smaller microspheres 
are desired (requiring longer dispersion times or higher energy input) 
higher concentrations of polymer are needed. This is also indicated in 
Table 111. 


13H]Leucine binds to the reactive aldehyde groups as shown in Table 
IV. By subtracting the amount of adsorbed [3H]leucine (measured in 
aldehyde-quenched microspheres) from the amount adsorbed and co- 
valently bound to the unquenched spheres, it was determined that 4.0 
x pmoles of leucine bind to reactive aldehyde groups in 1.0 ml of 
human serum albumin microspheres. Electronic particle analyses es- 


Table 11-Human Serum Albumin Microsphere Size versus 
Dispersion Energy 


Dispersion Energy 
(Speed Setting 


on Vortex Genie) X S D  
Diameter, pm Measured by SEM - 


2 
4 
6 
8 


9 
7 
4.4 
3.5 


4.0 
2.9 
2.5 
1.6 


0 Constant dispersion time: 10 min. 


Table 111-Effect Of Polymer Dispersant Concentration 


Polymer Dispersion Dispersion 
Concentration, 9% Time", min Stability b 


0 - 8  


10 


12 


14 


16 


18 


20 


25 


25 - 35 


1 


1 
5 
I 
5 


a Power input constant (apeed.setting 8 on vortex genie). -, indicates unstable 
dispersion; +, indicates stable dispersion. 
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Table IV-Concentration of Reactive Aldehyde Groups by Binding of [H3]Leucine 
~~~~~ ~ ~ ~ 


Physical or Chemical Binding of Leucine pMoles Leucine Bound/ml of Number of Leucinedl0 pm Number Reactive -CHO/ 
with: Microspheres Sphere Sphere" 


2-Aminoethanol Quenched Microspheres 8.9 x 5.4 x 106 - 
7.8 x 106 - Unquenched Microspheres 1.3 X lo-' 


(Unquenched - Quenched) 
2.4 X lo6 Chemically Reacted Leucine 4.1 X lo-' 2.4 X lo6 


Assumed one bound leucine equals one reactive aldehyde group. 


tablished that there were -1.0 X 10'" microspheres/ml in a 10-pm di- 
ameter preparation. This is equivalent to 2.42 X lo6 reactive aldehyde 
groups/sphere based on one leucine molecule covalently bound per re- 
active aldehyde group. From the data of Ikada et al. (21) 1.1 pg of a 
human serum albumin monolayer would cover a l.0-cm' area, and if 
perfect molecular packing for albumin molecules were assumed, 3.02 X 
lo7 molecules would fill the surface area of a 10-pm microsphere. On this 
basis, the 2.42 X 106 reactive aldehyde groups measured/lO-pm sphere, 
therefore, would be equivalent to -8 reactive aldehyde groups/100 human 
serum albumin molecules a t  the surface, which is clearly a maximum 
value, since a significant fraction of -CHO groups must also be present 
within the spheres. 


DISCUSSION AND CONCLUSIONS 


Good dispersion and stabilization of aqueous human serum albumin 
was obtained in concentrated polymer solutions. No additional surfac- 
tants were required. Insoluble human serum albumin microspheres were 
produced with glutaraldehyde cross-linking in a wide particle size range 
as shown in the SEM photomicrographs. Optical photomicrographs (Figs. 
6a and b )  show the polymer coating surrounding the human serum al- 
bumin microsphere dispersion in the aqueous wash phase. This polymer 
coating or microcapsule apparently affords dispersion stability and 
prevents coagulation before and during glutaraldehyde cross-linking. 


Figure 6-(a) Optical micrograph of stabilized albumin microspheres 
shoriring the surrounding polymer coating. Microspheres in aqueous 
wash phase; average particle size 40 pm;  polyonyethylene-polyoxy- 
propylene dispersant. (b) Polymer coated microspheres, a s  i n  (a), 
shouiing ruptured polymer coating during aqueous wash. 


The concentration of the polymer dispersant solutions was important; 
concentrations <25% (w/w) were not sufficient to prevent coagulation 
when small microspheres (510 pm) were desired, and concentrations 
>30% retarded complete removal of the polymer. Polymer molecular 
weight was also important. Low molecular weight polymethylmethac- 
rylate (intrinsic viscosity 0.4) was unsatisfactory a t  concentrations of 
25-30% (w/w), since coagulation occurred. 


The size of the microspheres was directly related to power input and 
dispersion time (Figs. 3-5 and Tables I and 11). Thus, by adjusting power 
input and time, particle size was readily controlled. 


Two unique distinguishing features of this method for albumin mi- 
crosphere preparation as compared with methods reported to date (9, 
10,14-16) are the addition of the glutaraldehyde cross-linking agent in 
an organic medium to the aqueous albumin dispersion and use of con- 
centrated high polymer solutions as the organic phase for preparing 
dispersions. Human serum albumin microspheres prepared by thermal 
denaturation in oil or by glutaraldehyde cross-linking with aqueous al- 
dehyde (sometimes incorporated a t  low temperature into the aqueous 
albumin phase) are hydrophobic to the extent that  surfactants must be 
used to prepare microsphere dispersions in water (10,22). This is prob- 
ably a result of preferential hydrophobic organization of the albumin 
surface at  a hydrophobic oil interface coupled with thermal denaturation 
or homogeneous cross-linking with glutaraldehyde. 


Use of concentrated polymer solutions as the organic dispersing phase 


CHEMICAL MODIFICATION OF ALBUMIN MICROSPHERES 


1 


ALBUMIN MICROSHPERE DISPERSION 


OHC -WH2)3-CH0 
IGLUTARALDEHYOEI 


E i i O  CROSS-LINKED ALBUMIN MICROSPHERES 


H2N-(CH2)2- OH 7 
(Z-AMINOETHANOL)* C = N-ICH2)2-OH 


H2N-CH2-COOH C 7 = N-CH2-COOH * (GLYCINE) 


Y 7  
(J,-LEUCINE) * C = N-y-COOH 


FH2 
CH 
A 


H3C CH3 


COVALENT BONDING TO CELL SURFACES OR PROTEINS 
I I I 


Scheme III-Schematic representation of albumin microsphere surface 
chemistry. 
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affords excellent dispersion and control, wide particle size latitude, and 
smooth, uniform spheres without the need for surfactants. More im- 
portantly, because glutaraldehyde is presented to the aqueous albumin 
microsphere dispersion from the organic phase, there must be a strong 
preference for aldehyde-amino group reactions and cross-linking a t  or 
near the albumin surface. This probably produces a case-hardening effect 
with a higher cross-link density near the surface of the microspheres 
accompanied also by a much higher concentration of mono-reacted di- 
aldehyde a t  the surface (Scheme 111). The result of monofunctional 
glutaraldehyde capping of lysine amino groups a t  the albumin micro- 
sphere surface would be to increase surface anionicity and hydrophilicity, 
especially if a portion of the free aldehyde functions oxidize to carboxyl 
groups. 


The availability of a relatively high surface concentration of aldehyde 
functionality also facilitates a variety of chemical modifications including: 
aminoalcohol capping to enhance hydrophilicity; enzyme, antibody, or 
other protein ligand binding; covalent attachment of amino-functional 
drugs. As suggested in Scheme 111, such changes in surface functionality 
may be used to enhance tissue immobilization by covalent or physical 
hinding, for specific tissue targeting using biospecific affinity ligands (e.g , 
tumor-specific antibodies), or for improved diagnostic or immune assay 
reagents and procedures. 
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Abstract 0 The equilibrium kinetics of triazolam in aqueous solution 
was investigated in the pH range of 1-11 a t  body temperature. The 
quantitative study indicated that it forms equilibrium mixtures consisting 
of ring-opened and closed forms with the composition being dependent 
on pH. The equilibrium constants of the two species in the pH range 
studied were determined by GLC method. The apparent first-order rate 
constants were estimated from the decreasing or increasing absorbance 
of the mixture in solutions. The forward-reaction rate constant ( k f )  
showed a bell-shaped k,-pH profile with a rate maximum a t  pH 4.59, 
which indicates not only that the carbinolamine intermediate forms 
during the equilibrium reaction, but that the rate-determining step of 


the reaction differs for the acidic and basic sides of the rate maximum. 
The reverse-reaction rate constant decreased with increasing pH and 
could not be estimated in the pH region >5.65. Theoretical curves for both 
forward and reverse reactions satisfactorily fit the observed data. The 
pKa values of triazolam and its opened-form amine were estimated to 
be 1.52 and 6.50, respectively. 


Keyphrases 0 Triazolam-kinetics, mechanism of equilibrium in 
aqueous solution 0 Kinetics-triazolam, mechanism of equilibrium in 
aqueous solutions 0 Equilibrium reaction-triazolam, kinetics, mech- 
anism in aqueous solutions 


1,4-Benzodiazepines, first synthesized in the early 1960s, 
are important minor tranquilizers. These tranquilizers are 
being extensively used as sedative, hypnotic, muscle re- 
laxant,, and anticonvulsant drugs. Their stability and re- 
activity in aqueous solutions have been under study 
extensively in the last 5 years. Reaction mechanisms for the 
hydrolysis of 1,4-benzodiazepines have been reported for 


chlordiazepoxide (1, a), oxazepam (3), diazepam ( 4 ) ,  ni- 
trazepam (4,5), desmethyldiazepam (61, and clonazepam 
(6). Furthermore, equilibrium reactions of these com- 
pounds have been reported for pyrazolodiazepinone (7), 
diazepam (8) ,  nitrazepam (91, triazolobenzodiazepines 
(lo), flunitrazepam (ll), and desmethyldiazepam (12). It 
is now well known that hydrolysis of an azomethine bond 
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affords excellent dispersion and control, wide particle size latitude, and 
smooth, uniform spheres without the need for surfactants. More im- 
portantly, because glutaraldehyde is presented to the aqueous albumin 
microsphere dispersion from the organic phase, there must be a strong 
preference for aldehyde-amino group reactions and cross-linking a t  or 
near the albumin surface. This probably produces a case-hardening effect 
with a higher cross-link density near the surface of the microspheres 
accompanied also by a much higher concentration of mono-reacted di- 
aldehyde a t  the surface (Scheme 111). The result of monofunctional 
glutaraldehyde capping of lysine amino groups a t  the albumin micro- 
sphere surface would be to increase surface anionicity and hydrophilicity, 
especially if a portion of the free aldehyde functions oxidize to carboxyl 
groups. 


The availability of a relatively high surface concentration of aldehyde 
functionality also facilitates a variety of chemical modifications including: 
aminoalcohol capping to enhance hydrophilicity; enzyme, antibody, or 
other protein ligand binding; covalent attachment of amino-functional 
drugs. As suggested in Scheme 111, such changes in surface functionality 
may be used to enhance tissue immobilization by covalent or physical 
hinding, for specific tissue targeting using biospecific affinity ligands (e.g , 
tumor-specific antibodies), or for improved diagnostic or immune assay 
reagents and procedures. 
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Abstract 0 The equilibrium kinetics of triazolam in aqueous solution 
was investigated in the pH range of 1-11 a t  body temperature. The 
quantitative study indicated that it forms equilibrium mixtures consisting 
of ring-opened and closed forms with the composition being dependent 
on pH. The equilibrium constants of the two species in the pH range 
studied were determined by GLC method. The apparent first-order rate 
constants were estimated from the decreasing or increasing absorbance 
of the mixture in solutions. The forward-reaction rate constant ( k f )  
showed a bell-shaped k,-pH profile with a rate maximum a t  pH 4.59, 
which indicates not only that the carbinolamine intermediate forms 
during the equilibrium reaction, but that the rate-determining step of 


the reaction differs for the acidic and basic sides of the rate maximum. 
The reverse-reaction rate constant decreased with increasing pH and 
could not be estimated in the pH region >5.65. Theoretical curves for both 
forward and reverse reactions satisfactorily fit the observed data. The 
pKa values of triazolam and its opened-form amine were estimated to 
be 1.52 and 6.50, respectively. 
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1,4-Benzodiazepines, first synthesized in the early 1960s, 
are important minor tranquilizers. These tranquilizers are 
being extensively used as sedative, hypnotic, muscle re- 
laxant,, and anticonvulsant drugs. Their stability and re- 
activity in aqueous solutions have been under study 
extensively in the last 5 years. Reaction mechanisms for the 
hydrolysis of 1,4-benzodiazepines have been reported for 


chlordiazepoxide (1, a), oxazepam (3), diazepam ( 4 ) ,  ni- 
trazepam (4,5), desmethyldiazepam (61, and clonazepam 
(6). Furthermore, equilibrium reactions of these com- 
pounds have been reported for pyrazolodiazepinone (7), 
diazepam (8) ,  nitrazepam (91, triazolobenzodiazepines 
(lo), flunitrazepam (ll), and desmethyldiazepam (12). It 
is now well known that hydrolysis of an azomethine bond 
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in acidic solution gives the corresponding aminobenzophe- 
none, which reversibly cyclizes into the original form in 
alkaline medium. Namely, 1,4-benzodiazepines exist as 
pH-dependent equilibrium mixtures of ring-opened and 
closed forms. However, no extensive, detailed study on the 
mechanism of the equilibrium reaction has been re- 
ported. 


This study describes the mechanism of the equilibrium 
reaction between triazolam and its opened form in an 
aqueous solution. 


EXPERIMENTAL 


Materials-2',5-Dichloro-2-( 3-aminomethyl-5-methyl-4H-s-triazol- 
4-yl) benzophenone (I), 8-chloro-l-methyl-6-(o-chlorophenyl)-4H-s- 
triazolo[4,3-a] 1,4-benzodiazepine (triazolam, 11), 4-amino-7-chloro-5- 
(2-chlorophenyl)-l-methyl-4H-s-triazolo[4,3-a] quinoline (III), and 3- 
amino-6-chloro-4-(2-chlorophenyl)-l-n-propylquinolin-2-one (IV) were 
synthesized. Dotetracontane was purchased from a commercial source'. 
All other reagents and solvents were of reagent grade and were used 
without further purification. Deionized water was further distilled before 
use in the aqueous solutions. 


Equipment-UV spectra were recorded using a spectrophotometer* 
equipped with a thermostatically controlled cell holder. The pH was 
measured with a pH meter3 a t  the temperature of the study. 


TLC was done with a precoated 0.25-mm silica gel TLC plate4 using 
a developing solvent system of chloroform-acetone-ethanol (3:l:l). 


The gas chromatograph5 was equipped with a 10-mCi 63Ni-electron- 
capture detector (ECD) or a flame ionization detector (FID). The column 
was coiled glass (0.5 m X 3-mm id.) ,  packed with 3% OV-17 on 100-120 
mesh Gas Chrom Q6. The carrier gas was ultrapure nitrogen flowing a t  
a rate of 60 ml/min. Temperature settings during operation were 320' 
for the injection port and detector and 290' for the column. Peak heights 
of the compounds were determined using an integrator7. Under these GC 
conditions, the retention times for the compounds under study were 2.25 
min for 11,3.35 min for II1,O.g min for IV, and 6.15 min for dotetracon- 
tane. 


Kinetic Studies-All rate studies were performed in aqueous buffer 
solutions at  37.0 f 0.1". The buffer systems used were: pH 1.1-5.6, ace- 
tate; pH 6-8, phosphate; pH 9-10, borate; and pH 11-12, phosphate. The 
ionic strength of each was adjusted to 0.5 with potassium chloride. 


The compound to be studied was dissolved in ethanol and diluted (1:20) 
with preincubated buffer solution kept a t  37' to make a 10-4M solution. 
Next, an appropriate volume of the solution was pipeted into the UV cell, 
and the reaction was followed spectrophotometrically by reading the 
decrease or increase in absorbance a t  264 nm. 


Reactions starting from I were studied in the pH range of 1.92-11.44. 
The sum of the first-order rate constants for the forward and reverse 
reactions ( k f  and k , )  was determined from linear plots of In (At - A,) 
uersus time by the least-squares method (Eq. I), where At, A,, and A0 
are the absorbance a t  time t ,  infinity, and time 0, respectively: 


In(At - A m )  = In(A0 - A,) - (k l  t k,)t (Eq. 1) 


Reactions initiating from I1 were studied in the pH region of 1.13-1.40. 
The sum of the first-order rate constants for the forward and reverse 
reactions was obtained from the linear plots of In (A, - A,) against time 
by the least-squares method (Eq. 2), where A,, At, and A 0  are the ab- 
sorbance a t  infinity, time t ,  and time 0, respectively: 


ln(A, - At) = In(A, - Ao) - ( k /  t k,)t (Eq. 2) 


Product  Identification-For the identification studies, 2 X M 
solutions of I were prepared using 0.5 N NaOH solution, the pH 6.5 buffer 
solution, and a 0.01 N HCI solution. These solutions were left standing 
a t  room temperature for 15 hr, then a 5-ml sample was taken from each 
solution and was subjected to extraction with dichloroethane for TLC 
analysis. The chromatograms were visualized under UV light and iodine 


I Milton Roy, Fla. 
Model 323, Hitachi, Japan. 


3 Model F7,,, Hitachi-Horiba, .Japan. 
(360, F2s4, E. Merck, G.F.R. 
Model GC-7A, Shimadzu. Japan. 
Milton Rov, Fla. 
Model C - R l A ,  Shimadzu, Japan. 


vapour to identify the products. Dichloroethane solutions of reference 
standards were spotted directly on the TLC plates. 


Determination of I and I1 in Aqueous Solutions-ECD-CC 
Method-In this method, caution was paid to determine the compounds 
without disturbing the equilibrium. The triazoloaminoquinoline deriv- 
ative (111) was derived by acetylation followed by cyclization to obtain 
a suitable compound for GC as shown in Scheme I. 


I m 
Scheme I 


The pH 11 phosphate buffer (containing 0.2 M Na2HP04) was added to 
1 ml of reaction solution (initially containing 2 X M of I) to make 
a 10-ml solution a t  pH 10, with the temperature kept a t  0" with ice 
(quenched solution). This quenching procedure was necessary to prevent 
disturbance of the equilibrium mixture during assay. Triethylamine (0.2 
ml), 2 N KOH (1 ml) quenched reaction solution (1 ml), and acetic an- 
hydride (0.1) were added with ice cooling to a 12-ml centrifuge tube 
containing 3 ml of dichloroethane. After this mixture was shaken for 15 
min on a mechanical shaker (for acetylation of I), 1 ml of the dichloro- 
ethane solution was transferred to another 12-ml centrifuge tube by 
Eppendorf pipet and evaporated to dryness. To dissolve the residue, 0.2. 
ml of ethanol was added followed by 2 ml of 2 N KOH and the solution 
was heated for 3 hr a t  91 f 1" (cyclization to 111). After it had cooled, the 
reaction solution was extracted with 5 ml of benzene containing 1 pg of 
IV as an internal standard for 5 min, then 2 p1 of the benzene layer was 
subjected to ECD-GC. Calculation was done by the internal standard 
method using the peak height ratios. Recoveries of I for the acetylation 
and the cyclization were 80 and 83.970, respectively, and the overall re- 
covery was 60.0% ( n  = 36, CV = 3.30%). Recovery of I1 was 86.7% (n = 
27, CV = 4.64%) in this procedure. 


FID-CC Method-In the equilibrium solutions, if the weight ratios 
of I1 to I were >5, separation of the peaks of Compounds I1 and 111 on 
ECD-GC was difficult because of low resolution. This problem was 
overcome by using the FID-GC, in which no peak broadening of Com- 
pound I1 was observed. The quantities of I and I1 were determined by 
separate procedures. 


For Compound I, 5.7 ml of the pH 11 phosphate buffer and 0.3 ml of 
1 N KOH were added to 4 ml of reaction solution (initial concentration 
of I: 4 X M )  to make a 10-ml solution of pH 10, keeping the tem- 
perature a t  0" with ice (quenched Solution I). Quenched Solution I (2.5 
ml) and acetic anhydride (0.1 ml) were added with ice cooling to a 12-ml 
centrifuge tube containing 3 ml of dichloroethane, 0.2 ml of triethylamine, 
and 1 ml of 2 N KOH. The mixture was shaken for 15 min, then the di- 
chloroethane layer was transferred to another 12-ml centrifuge tube and 
evaporated to dryness. Next, 0.2 ml of ethanol was added to dissolve the 
residue and 2 ml of 2 N KOH was added to this solution, which was then 
heated for 3 hr a t  91 f 1'. After cooling, the reaction solution was 
subjected to extraction for 5 min with a mixture of 4 ml of benzene and 
1 ml of n-hexane containing 3.5 pg of dotetracontane as an internal 
standard, then the resulting organic layer was transferred to a 30-ml 
round-bottom flask and evaporated to dryness. The residue was dissolved 
in 0.1 ml of solvent (acetone-n-hexane, 1:2) and 4 pl of the solution was 
subjected to FID-GC. Recovery of I was 64.3% ( n  = 18, C V  = 2.94%). 


For Compound 11, the pH 11 phosphate buffer was added to 1 ml of 
reaction solution (the same solution as that for Compound I) to make a 
10-ml solution of pH 10 with ice cooling (quenched Solution 11). Quenched 
Solution I1 and acetic anhydride (1 ml) were added with ice cooling to 
a 12-ml centrifuge tube containing 3 ml of dichloroethane, 0.2 ml of tri- 
ethylamine, and 1 ml of 2 N KOH. The mixture was shaken for 15 min, 
then the dichloroethane layer was removed by pipeting and evaporated 
to dryness. The residue was dissolved in 0.2 ml of ethanol and 2 ml of 2 
N KOH, and the solution was subjected to extraction with a mixture of 
4 ml of benzene and 1 ml of n-hexane containing 35 wg of dotetracontane 
for 5 min. The organic layer was transferred to a 30-ml round-bottom 
flask and evaporated to dryness. The residue was dissolved in 0.5 ml of 
solvent (acetone-n-hexane, 1:2) and 2 p1 of this solution was subjected 
to FID-GC. Recovery of Compound I1 was 81.1% (n  = 10, CV = 
2.34%). 
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Figure 1-Typical spectral changes due to the ring-closure reaction 
of Compound I (X M) into triazolam in 0.1 M acetate buffer, pH 
5.65(pm = 0.5)at 37'. Spectra were measured a t  5,13,20,35,60,85, and 
150 (a) min after initiation of the reaction. 


RESULTS AND DISCUSSION 


Spectral  Change and the Na tu re  of t he  Reaction-After the pH 
6.5 buffer solution and the 0.5-N NaOH solution of I had been left 
standing for several hours, both showed only one spot with an Rf  value 
(0.68) identical to that of I1 on TLC (R, for I was 0.18 in this system). The 
chromatogram for the standing solution of I in 0.01 N HC1 gave two spots, 
identical to I and 11, of compounds present in approximately equivalent 
amounts. 


The UV spectral change of I in the pH 5.65 buffer a t  37' is shown in 
Fig. 1. Immediately after I had dissolved, the absorption spectrum showed 
an absorption maximum (Amax) a t  257 nm, which decreased concurrently 
with time. A t  infinity, the shape of the redundant spectrum was identical 
to that of 11 in the same medium. An isosbestic point a t  253 nm was ob- 
served during the reaction. On the other hand, the spectral change of I1 
in 0.1 N HCI showed a reverse change in which the absorption a t  A,,, 
increased with time when the isosbestic point was kept a t  253 nm; the 
final spectrum could be superimposed on that of I in the same solution. 
Furthermore, the spectrum of I1 obtained by mixing the equilibrium pH 
5.65 solution of I1 and 1 N HC1 rapidly changed into a spectrum similar 
to that of I1 in 0.1 N HCI solution. 


These observations indicate that I and IT in these aqueous solutions 
undergo reversible reactions involving cyclization and hydrolytic azo- 
methine bond cleavage, respectively, to produce equilibrium mixtures 
of Compounds I and I1 (Scheme II), as in the case of estazolam (10). 


I 
Scheme I I  


100 


v) w w P u h 
t) 
1 1 


60 120 180 
MINUTES 


Figure 2-Time courses for Compound I (0) and triazolam (0) in a 
0.2 M acetate buffer, pH 2.30 (pm = 0.5) a t  37' initially containing 2 
X M of Compound I .  


Cyclization of I t o  I1 and  Quantitative Aspects-The equilibrium 
mixture of I and TI was analyzed quantitatively by GC procedure. The 
result obtained for the 0.2 M acetate buffer solution of pH 2.3 (initial 
concentration of I 2 X M) is shown in Fig. 2. The data plotted as the 
percent of I and of I1 with time showed a continuous decrease and in- 
crease, respectively. During the time course of the equilibrium reaction, 
the total recoveries of I plus I1 were >98% based on the initial concen- 
tration of I. Moreover, the rate of decrease for I was equivalent to the rate 
of increase for 11. These results also support the fact that  both I and I1 
exist as equilibrium mixtures in solution. 


Effect of pH on the Equilibrium Constant-The apparent equi- 
librium constant, K ,  is defined by Eq. 3, where [I], and [II], are the molar 
concentrations of I and I1 a t  equilibrium, and k,  and kr are first-order 
rate constants of the forward and reverse reaction, respectively: 


(Eq. 3) K = L = '  1111 k 
[I]- kr 


The value for K was determined a t  various pH values over the range 
of pH 1.13-11.44 a t  37' by determining the components of the reaction 
solutions after they had attained equilibrium state. The results are shown 
in Table I. The K values increased with increasing pH and became >400 
at  pH >5.02. 


When equilibrium is attained a t  any pH, the fractions of I(F1) and I1 
( P I [ )  in the reaction solutions are defined by Eqs. 4 and 5. The plots of 
the fractions of the individual species against pH are shown in Fig. 3. F I  


Table I-Equilibrium and  Rate  Constants of Ring-Closing and 
Ring-Opening Reactions in Aqueous Buffer Solutions a 


PH OH+ 


1.13 7.41 X 
1.40 3.98 X loT2 
1.92 1.20 X ~ ~~ 


2.30 5.01 x io-3 
2.68 2.09 X 
3.13 7.41 X 
3.39 4.07 x 10-4 


4.59 2.57 x 10-5 
3.90 1.26 X 


5.02 9.55 X 
5.65 2.24 X 
6.25 5.62 X 
7.12 7.59 X lo-* 
7.74 1.82 X 
8.75 1.78 x 10-9 -. - 
9.76 i.74 x io-10 


10.47 3.39 X 10-l' 
11.44 3.63 X 


0.18 
0.26 
0.61 
1.2 
2.4 
5.4 


15 
48 


230 
400 


>400 
>400 
>400 
>400 
>400 
>400 
>400 
>400 


14.8 
11.2 
6.81 
4.99 
4.20 
3.99 
3.91 
4.04 
4.37 
4.24 
3.65 
2.79 
1.11 
0.682 
0.461 
0.412 
0.401 
0.473 


2.30 12.5 
2.31 8.89 
2.58 4.23 
2.72 2.21 
2.96 1.24 
3.37 0.623 
3.67 0.244 
3.96 0.082 
4.35 0.019 
4.23 0.011 
3.65 - 
2.79 - 
1.11 - 
0.682 - 
0.461 - 
0.412 - 
0.401 - 
0.473 - 


p = 0.5, at 3 7 O .  
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Figure 3-plot of the composition of the equilibrium mixture consisting 
of Compound I(.) and triazolam (0) versus pH at 37'. Solid lines are 
tialues calculated using Eqs. 4 , 5 ,  and 23. 


decreases with increasing pH from 0.85 a t  pH 1.13 to <0.002 a t  pH >5.02 
a t  which the equilibrium mixture contains >99.8% of ring-closed Com- 
pound 11. 


1 
1 + K 


[ I l m  - F ,  = 
[I]- + [IIlm (Eq. 4) 


(Eq. 5) 


Ra te  Constant Determination and Rate-pH Profiles-Semiloga- 
rithmic plots of (At - Am) against time for the equilibrium reaction in 
various pH solutions are shown in Fig. 4. In the pH region studied, all the 
plots displayed strict first-order kinetics for >5 half-lives. The apparent 
first-order rate constants (kapp) are expressed as Eq. 6. Each rate constant 
for the forward and reverse reactions can be derived from Eqs. 3 and 
6. 


kepp = k f  + k r  (Eq. 6) 


In Fig. 5, the first-order rate constants for the formation and the hy- 
drolysis of I1 a t  37', which were extrapolated to zero buffer concentration, 
are plotted against pH. 


X t Y  


't 0 
\ 


~~~ ~~ I 
60 1 i o  


MINUTES 


Figure 4-Typical apparent first-order plots for the equilibrium re- 
action between Compound I and triazolam at 37O, pm = 0.5. Key: (0) 
p H  1.92; (A) pH 5.02; (0) pH 3.39; (@) p H  7.74. 


10 9: 


PH 
Figure 5-Log k-pH profile for the equilibrium reaction consisting of 
forward (0) and reverse reactions (@) at 37O, p m  = 0.5. Solid lines were 
based on calculations using Eq. 18 or Eq. 22. All rates are extrapolated 
to zero buffer concentration. 


For the formation rate, a maximum occurs near pH 4.5. On the alkaline 
side of the pH-rate maximum (pH 4.5-9), the rate increases with in- 
creasing acidity, suggesting that an acid-catalyzed reaction is predomi- 
nant. In the solution at  pH >9, the rate becomes constant. On the acidic 
side of the pH-rate maximum, the rate decreases with increasing acid 
concentration and becomes independent of pH a t  pH <1.40, indicating 
the existence of a specific acid-catalyzed reaction as well as an uncata- 
lyzed one of the free form of I. 


The hydrolysis of I1 shows an acid-catalyzed reaction over the pH range 
used in this study and its rate could not be determined >pH 5.65 because 
the equilibrium constants were too large to be determined. 


General Reaction Mechanism-Reactions of carbonyl compounds 
with amines have been reviewed previously (13-15). Moreover, a note- 
worthy series of papers have reported on studies of the formation of 
semicarbazones (16,17), Schiff base (18,19), and oxime (16) in aqueous 
solutions. These studies have pointed out that the formation and hy- 
drolysis of these compounds proceed by a two-step mechanism involving 
a tetrahedral carbinolamine intermediate. The evidence for the two-step 
mechanism is based on the results that  the Schiff base formation 
undergoes a transition in the rate-determining step from the dehydration 
of the carbinolamine intermediate a t  neutral pH to the amine attack 
under acidic conditions. Formation of I1 exhibits a pH-rate maximum 
similar to that in the formation of oxime (16) and N-p-chlorobenzyli- 
deneaniline (18). Therefore, the formation and the hydrolysis of If are 
considered to proceed by the two-step reaction mechanism, as shown: 


I 
k-4 


V II 
Scheme III 


In the forward reaction, the acid-catalyzed dehydration of the carbi- 
nolamine intermediate (V) a t  nearly neutral pH determines the rate 
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which may account for a leveling off, but not a decrease in the rate with 
increasing pH. A t  low pH values, the rate of dehydration becomes very 
fast, and a t  the same time, the rate of the amine attack is retarded because 
of the conversion of the free amine form of I into its conjugate acid. 
Consequently, a change in the rate-determining step occurs and the at- 
tack of the amine becomes rate-determining, accounting for the observed 
decrease in the rate on the acid side of the pH-rate maximum. 


In the reverse reaction, the hydrolysis rates are measurable only on the 
acidic side of the pH-kf maximum. The rate-determining step of this 


2 


reaction in this pH region is the cleavage of the C-N bond from V to I. 
Since the carbinolamine intermediate is formed by a water molecule at- 
tack a t  the conjugate acid of 11, the hydrolysis rate is directly proportional 
to the concentration of the conjugate acid as an active acidic species of 


In Scheme 111, k l  and k-1 represent uncatalyzed reaction rate con- 


9" 


% 
z 


11. X 


stants; kp,  k3, and k-3 represent acid-catalyzed rate constants; and k4 
and k -4 represent water-catalyzed rate constants. When a steady-state 
approximation is applied to the carbinolamine intermediate, the rate 
equations for the forward and the reverse reaction can be written as Eqs. 
7 and 8, respectively; where a ~ +  is hydrogen ion activity; K I  and K11 are 
dissociation constants for the conjugate acid of 1 and 11: 


- x 


+ 
I 


5 
a H + x  lo6  


10 


Formation Mechanism-On the alkaline side of the rate maximum 
(Fig. 5), the rate-determining step should be the dehydration from the 
carbinolamine intermediate. This implies k-1>> ( k @ ~ +  + k4);  therefore, 
Eq. 7 can be reduced to Eq. 9: 


Figure 6-Deriuation ofthe constant k-l/klk3 and KI by plotting rate 
data according to Eq. 12. 


acidic side of the rate maximum changes to attack of the free amine is 
equivalent to the statement: ( k s U ~ +  + k4) >> k-1. Therefore, Eq. 7 is re- 


(Eq. 16) 


K d k l  + k2aH+) ( k 3 a ~ +  + k4)  
( E ~ .  9) 


If k l  is assumed to be much larger than kZaH+. Eq. 10 will be ob- 
k- l (KI+ aH+) duced to: kf(obs) = 


K I ( k i  + k n a ~ + )  
Kr + aH+ tained: k/(obs) = 


In the pH region under discussion, aH+ >> K I ,  and Eq. 17 is ob- 
(Eq' lo) tained: 


In Eq. 10, two pH regions, k 3 a ~ +  >> k4 and K I  >> a H +  are considered. 
In the former, Eq. 11 can be derived: 


When both sides of Eq. 11 are divided by aH+ and the equation is 
converted into its reciprocal form, Eq. 12 is obtained: 


(Eq. 12) 


Consequently, k - l l k ~ k a  and KI can be obtained from the plot of 
aH+/kf(obs) against QH+. The linear relationship between aH+/kf(obs) and 
U H +  is shown in Fig. 6. From the extraordinate intercept and the slope 
of the linear plot, k lk3 /k - l  and K I  were 1.39 X 105/min and 3.13 X 
(pK1 = 6.50), respectively. Furthermore, since QH+ was much larger than 
K I  at the pH which gave the rate maximum, Eq. 11 could be reduced 
to: 


(Eq. 13) k i  
k-1 


Putting the parameter obtained from Fig. 6 into Eq. 13, kf(,,,,,) was 
estimated to be 4.35 X 10-2/min, which agreed with the observed 
data. 


kfcmax) = - k3KI 


In the case of K I  >> aH+, Eq. 10 can be reduced to Eq. 14. 


Consequently, k l K 1  and kzKI can be obtained from the slope and the 
ordinate intercept of a straight line when the observed formation rate 
constants are plotted against l / a ~ + .  By dividing each value by K I ,  the 
parameters k l  and k z  were estimated to be 7.38 X lO/min and 7.32 X 
104/min M, respectively (Fig. 7). The parameters obtained are summa- 
rized in Table 11. 


A theoretical equation for the formation rate was obtained by putting 
these parameters into an equation which was derived by dividing both 


31 


2 


? 
X 


- 't Further, if 124 is > k 3 a ~ + ,  the following equation can be derived: 


(Eq. 15) 


Equation 15 indicates that  the formation rate becomes constant in a 
high pH region when K I  >> aH+ and k4 >> k 3 a ~ + .  From the observed data, 
k lk4 /k - l  was calculated to be 0.4 X 10-2/min. The value k4/k3 obtained 
by dividing k lk4 /k - l  by klk3/k-1 was 2.88 X lo-*. This inductively 
proves that Eq. 15 can be used to explain the constant value of k f  at the 
pH region >9, because k4 >> k3aH+ is valid in these pH solutions. 


The assumption that the rate-determining step of the reaction of the 


1 2 
10-2/aH+ 


Figure 7-Deriuation of the rate constants k l  and k? by plotting rate 
data according to Eq. 17. 
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Table 11-Kinetic Constants for  the Equilibrium Reaction of 
Triazolam in Aqueous Buffer Solutions * 


Parameter Estimated Value Parameter 


7.32 X lo4 k4Ik-1 


mln- 
1.39 X lo5 


4.0 X k--4, min-I 
2.88 X K I I ,  M 


7.38 X 10 kslk-1, M-' 


3.13 x k-lk-3+3, 


k-3, min-I M-' 


Estimated Value 


1.88 x 103 
5.42 x 10-5 
1.58 X lo-' 


2.98 X lo2 


8.58 X 
3.02 X 


a p = 0.5, at 37'. 


denominator and numerator of Eq. 7 by k-l (Eq. 18). The theoretical 
curve for the formation rate is shown as a solid line in Fig. 5. It satisfac- 
torily fits the observed data over the pH range studied: 


KI(kl+ kzaH+) ( k 3 a ~ + / k - l +  kdk-1) 
( K I  + aH+) (1 + k4/k-1 + k 3 ~ ~ + / k - 1 )  kf(obs) = 


= 3.13 X (7.38 X 10 + 7.32 X 1 0 4 a ~ + )  
(1.88 x 1 0 3 ~ ~ +  + 5.41 x 10-5) 


(3.13 x + a H + )  (1 + 1.88 x iO3aH+) 
(Eq. 18) 


Hydrolysis Mechanism-In the pH range studied, the term ( k @ ~ +  
+ k4) >> k-1, and Eq. 8 can he reduced to Eq. 19: 


In these pH solutions, the terms, ( k 3 a ~ +  + k4) and ( k - 3 a ~ +  + k-4) are 
reduced to k 3 a ~ +  and k - s a ~ + ,  respectively, because the ratio k4/k3 or 
k-4/k-3 is 2.88 X where the equilibrium constant of the second step 
in Scheme I1 can he represented by k3/k-3 or k4/k-4. Therefore, Eq. 19 
can be reduced to Eq. 20: 


Then Eq. 20 may he converted into the reciprocal form, Eq. 21: 


As shown in Fig. 8, plots of l/kr(obs) against l / a H +  gave a straight line 
with an intercept equal to k3/k-lk-3 = 6.32 min and a slope of kfirrl  
k-lk-3 = 0.191 min M .  Accordingly, K I I  was estimated to he 3.02 X lo-* 
(pK11= 1.52). Furthermore, k-3 was calculated to be 2.98 X 1OZ/min M 
from the kalk-lk-3 and k3/k-1 values, which had already been known. 


5 0 1  A 


1 I b 
100 200 
l/aH+ 


Figure 8-Deriuation of the constants kS/k-lk-s and Klr by plotting 
rate data according t o  Eq. 21. 


Also, k-4 = 8.58 X 10-6/min was obtained from the ratio of k-4/k-3 and 


On the basic side of the formation rate maximum, no measurable hy- 
drolysis rate constant has been obtained because the equilibrium ex- 
clusively favors the ring-closed form. Therefore, no information could 
be gained concerning the alkali hydrolysis. 


A theoretical equation for the hydrolysis rate can be expressed as Eq. 
22 by putting the parameters into the equation obtained after dividing 
both the denominator and the numerator of Eq. 8 by k-1: 


k -3. 


The theoretical curve of Eq. 22 is shown in Fig. 5 as a solid line. The 


Equilibrium Constant-From the definition of the equilibrium, the 
curve satisfactorily fits the observed reverse-reaction rate constants. 


Constant K is expressed by Eq. 23: 


K - kf(obs) 


kr(obs) 


- - KI(KII + aH+) (ki  + kzaH+) ( k s a ~ +  + k4) 


- KI(KII + a ~ + )  (ki  + k2aH+) (ksa~+/k - l  + kdk-1) 
k-iaH+ (KI -k aHt) ( k - 3 a ~ t  + k-4) 


- 
aHt(K1 + O H + )  ( k - a a ~ +  + k--4) 


= 3.13 x (3.02 x lo-' + a H + )  (7.38 x 10 + 7.32 x 1O4QH+)  


(1.88 x 103aH+ + 5.42 x 10-5) 
OH+ (3.13 x + aHt) (2.98 x 102aH+ + 8.58 x 


(Eq. 23) 


The theoretical F I  and F11 curves obtained from Eqs. 4,5, and 23 are 
given in Fig. 3 as solid lines. The theoretical curves showed good agree- 
ment with the observed data, in which K and F I  were calculated to be 0.15 
and 0.87 a t  pH 0, respectively. 


Evaluation of the Reaction Rate-For an aromatic Schiff base, the 
maximum formation rate of N-p-chlorobenzylideneaniline was calculated 
to be 3.72 X 10-3/min, if the equimolar reaction of p-chlorobenzaldehyde 
with aniline would occur in an aqueous solution of pH 4.0 at  25' (18). The 
maximum reaction rate from I to I1 was 10 times larger than that of the 
above intermolecular reaction. Generally, an intramolecular reaction 
would occur much more rapidly than an intermolecular one because of 
the more feasible approach between the active sites (20). However, this 
result indicates that the difference between the formation rates of N-  
p-chlorobenzylideneaniline and of Compound I1 would not be as large 
as expected if the rate measurements were performed under the same 
reaction conditions. To compare the formation rates of I1 for intra- and 
intermolecular reactions, the reactions of substituted triazolobenzo- 
phenone with aminoacetic acid needed to be investigated. 


The rates of hydrolysis of several 1,4-benzodiazepines into the corre- 
sponding amines have been obtained in 0.1 N HCI solution a t  37'. The 
values were 2.5 X 10-3/min for diazepam (8),  4.25 X lO-'/rnin for esta- 
zolam (lo), 1.5 X 10-2/min for fludiazepam ( l l ) ,  and 1.30 X lO-l/min for 
flurazepam (11). The hydrolysis rate for triazolam in this study, as well 
as the pKa value, were similar to that for flurazepam. Moreover, the water 
catalyzed rate constant of hydrolysis for I1 (k-4 = 8.58 X 10-6/min) was 
similar to those for demoxepam (2) and oxazepam (3). 


General  Discussion-The pKa for the conjugate acid of Compounds 
I and I1 was estimated to be 6.50 and 1.52, respectively. No information 
has been reported about the pKa's for these compounds because the re- 
action in aqueous solution is too fast for measurement of the dissociation 
constant spectrometrically. However, the pKa for 2-aminoacetamido- 
5-chlorobenzophenone has been reported to be 6.3 (12), which is nearly 
the same as that for I. These constants indicate that the basicities of the 
ring-opened compounds are somewhat stronger than that of hydroxyl- 
amine, pKa 6.0. On the other hand, the pKa for the conjugate acid of 
1,4-benzodiazepines has been widely studied. As already known, the 
1,4-benzodiazepines which possess a 2'-halogen suhstituent in the 5- 
phenyl group exhibit a pKa value lower than that for corresponding 
nonsubstituent compounds (21,22). Namely, the pKa's for fludiazepam, 
flunitrazepam, and lorazepam were reported to be 2.29, 1.71, and 1.3, 
respectively, which were significantly lower than those of the corre- 
sponding compounds without halogen in the 2'-position, diazepam (pKa 
= 3.3) ,  nitrazepam (pKa = 3.2), and oxazepam (pKa = 1.7). The pKa 
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value for 8-chloro-6-phenyl-4H-s-triazolo[4,3-a J\1,4] benzodiazepine 
(estazolam) was reported to be 2.84 from the UV absorption spectral 
change (23). Considering the structural difference mentioned, the esti- 
mated pKa value for triazolam, 1.52, is reasonable. 


The bioavailability or the pharmacological effect of a drug would 
greatly depend on the formation rate in the cyclization reaction from the 
opened form to the closed form because only the cyclized 1,4-benzodi- 
azepines possess pharmacological CNS activity (24), which are discussed 
in reports on diazepam (8) and desmethyldiazepam (12). The half-time 
of the forward reaction of I at  pH 7.4, which was calculated to be 80.6 min 
(Fig. 5), indicates that much time is required to convert I into the closed 
form 11, only if the in uiuo reaction proceeds chemically. 
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Abstract  0 Solubilities of testosterone and testosterone propionate in 
binary solvents composed of the inert solvent, cyclohexane, combined 
with the active solvents, chloroform, octanol, ethyl oleate, and isopropyl 
myristate, were investigated with the extended Hildebrand solubility 
approach. Using multiple linear regression, it was possible to obtain fits 
of the experimental curves for testosterone and testosterone propionate 
in the various binary solvents and to express these in the form of re- 
gression equations. Certain parameters, mainly K and log ap, were em- 
ployed to define the regions of self-association, nonspecific solvation, 
specific solvation, and strong solvation or complexation. 


Keyphrases Testosterone-extended Hildebrand solubility approach, 
solubility in binary solvents 0 Solubility-extended Hildebrand solu- 
bility approach, testosterone and testosterone propionate in binary sol- 
vents 0 Binary solvents-solubility of testosterone and testosterone 
propionate, extended Hildebrand solubility approach 


Solute-solvent, complexes of testosterone and testos- 
terone propionate in binary solvents composed of cyclo- 
hexane with ethyl oleate, isopropyl myristate, and octanol 
have been reported previously (1). These solvents are 
pharmaceutically important; the first two are useful as 
solvents for steroid injectable preparations. 


The calculated complexation constants (1) between the 
steroids and solvents were based on a previous method (2). 


The solute-mixed solvent systems are analyzed here with 
the extended Hildebrand solubility approach (3), an ex- 
tension of the Hildebrand regular solution theory (4) which 
was introduced to allow the calculation of solubility of 
nonpolar and semipolar drugs in mixed solvents having a 
wide range of solubility parameters. 


THEORETICAL 


Solubility on the mole fraction scale, X Z ,  may be represented by the 


-log x* = -log Xp‘ + log a2 (Eq. 1) 


where X z i  is the ideal solubility of the crystalline solid, and a2 is the so- 
lute activity coefficient in mole fraction terms. Scatchard (5) and Hil- 
debrand and Scott (4) formulated the solubility equation for regular 
solutions in the form: 


expression: 


v2’1z ( a l l  + a22 - 2a12) (Eq. 2) 
aZE 
xz 2.303RT 


log- = log a2 = ~ 


where 
Vl(1 - X2) 


Vl(1 - X,)  + V2X2 
41 = 


The activity of the crystalline solid taken as a supercooled liquid, 
is equal to X2’ as defined in Eq. 1. Variable Vp is the molar volume of the 
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Figure 5-Auerage serum concentrations of all-trans-retinoic acid 
following a 5.0-mg dose of a microfine suspension to 11 rats. 


peak concentration thus producing the slowly declining serum concen- 
trations. Another possible cause of the slow release of the chemical from 
the microcapsules was interaction with the rat food in which the micro- 
capsules were tableted. In a preliminary study, i t  was found that all- 
trans-retinoic acid crystals tableted in rat food were only 73% bioavailable 
as the solution, possibly indicating that the rat food in which the crystals 
were tableted was interfering with absorption. 


The microfine suspension was formulated as a possible alternative to 
microencapsulation. It has the advantage of a greater bioavailability, but 
the disadvantages of being a less stable formulation and less readily 


miscible with the rat food as compared to the solid microcapsules. The 
primary purpose of microencapsulation was to stabilize the retinoids for 
feeding to rats in their laboratory diets for long-term testing of the 
compounds for chemo-prevention of tumors. 


All-trans-retinoic acid was successfully microencapsulated and the 
bioavailability of the encapsulated and liquid dosage forms compared. 
Althsugh the microcapsules were only 34% bioavailable as the solution 
dosage form, this is a good compromise because of the increased stability 
and ease of handling. Also, all-trans-retinoic acid was found to follow 
dose-dependent kinetics a t  the doses studied whereas, 13-cis -retinoic 
acid did not follow dose-dependent kinetics when given at  the same 
dosage levels as the all-trans -retinoic acid. 
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Abstract o The tackiness of various tablet coating solutions was de- 
termined using a parallel plate technique with a tensile testing machine 
in conjunction with an oscilloscope where the separation force was dis- 
played as a function of time. Measurements were made at various rates 
of separation on liquid films ofconstant thickness. ~~~~l~~ showed that 
the force required to split a liquid film increases with an increase in rate 
of separation, and that tackiness increases with an increase in viscosity. 


The relation between tack and viscosity was not linear, and a modified 
Stefan equation was proposed. 


Keyphrases 0 Tablet coating solutions-tack behavior, viscosity 0 
Viscosity-tack behavior of tablet coating solutions 0 Tackiness-tack 


Of tablet coating 


The effect of coating formulations and coating process 
variables on the appearance of a coated tablet has been the 
subject of various investigations (1-3). Much effort has 
been devoted to the study of the theory of adhesion of 
film-forming materials to the surface of a tablet (4-6). 


However, very little is known about the tackiness of coating 
solutions and its effect on the coating process. Studies on 
the evaluation of coating formulations have made some 
reference to the problem of tackiness of hydroxypropyl 
cellulose solutions during the coating process (7). However, 
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Figure I-Schematic diagram of tack measuring assembly in con- 
junction with a tensile tester. Key: a, load cell 500- or 5000-g capacity; 
b, crosshead bar; c, stainless steel probe, r = 0.5642; d, stainless steel ring; 
e, circular space; f, stainless steel plate;g, pin; h, vertically moving stage; 
i, knob for moving stage; j,  leveling screws; k, telemicroscope. 


to our knowledge, no systematic, quantitative study on the 
tackiness of tablet coating solutions has been reported. 


The objective of this study was to assess the tackiness 
of some polymer solutions used in tablet coating. Knowl- 
edge about the tacky behavior of coating formulations is 
a prerequisite for solving some of the technical problems 
encountered in tablet coating. 


BACKGROUND 


Tack is defined as the impulse per unit area (ft) necessary to separate 
two planes, initially in contact, through an intervening liquid (8). The 
basic expression for the separation of two flat circular plates in a viscous 
Newtonian liquid was given by Stefan (9) as follows: 


Where F is the force (dynes) of separation, 7 is the viscosity (poise) of the 
liquid, r is the radius (centimeters) of the plates, hl and h2 are the initial 
and final thicknesses (centimeters) of the liquid film, and t is the time 
(seconds) required for separation. The force of separation per square 
centimeter (f) is equal to F l d ,  where iv2 is the surface area of the plates. 
Therefore, tack can be expressed as: 


If the final thickness h2 >> hl, then: 


(Eq. 2) 


(Eq. 3) 


The validity of the relation described by Eq. 3 has been questioned by 
various investigators because the experimental confirmation of the 
proposed equality was not satisfactory. Some of the experiments on tack 
appear to be inadequately designed due to the lack of suitable instru- 
mentation. The deviation of other experimental results from Eq. 3 has 
been attributed to a variety of factors such as the effect of high rates of 
separation (lo), onset of cavitation and formation of multiple filaments 
(11,12), flow properties of highly viscous materials (13), surface rough- 
ness, and wettability of the solid surfaces (14). 


Based on these considerations, studies were designed to evaluate and 
quantitate the various physicochemical parameters influencing the 
tackiness of tablet coating solutions. 


Figure 2-Sequence of liquid film separation. Key: A, column forma- 
tion; B, necking-down; C, final separation. 


EXPERIMENTAL 
Materials-Polymers used in this study were hydroxypropyl meth- 


ylcellulosel (5 cps), hydroxypropyl methylcellulose (15 cps), hydroxy- 
propyl methylcellulose' (50 cps), hydroxypropyl cellulose2, and povi- 
done3. Solvents used for making coating solutions were distilled water, 
ethanol' (95%), and methylene chloride6. Newtonian liquids used were 
glycerin6 (97%) and white mineral oil'. 


Measurement of Viscosity-All measurements were made on a ro- 
tational cup and bob viacometera in conjunction with a strip chart re- 
corders. Temperature was held constant a t  25' for aqueous test solutions 


Method E Premium (USP), The Dow Chemical Co., Midland, MI 48640. 
Klucel LF, Hercules Inc., Wilmington, DE 19899. 


3 Polyvinylpyrrolidone, plasdone K 29-32, GAF Corp., Linden, NJ. ' Lea Alcools de Commerce Limithe, Ville St. Laurent, Quebec, Canada H4T 


6 The Dow Chemical Co., Midland, MI 48640. 


' Bate Chemicals, Roydon Road, Montreal, Quebec, Canada. 


1N3. 


Emery Industries Ltd., Toronto, Ontario, Canada. 


Rotovisco, Brinkmann Instruments, Inc., Westbury, NY 11590. 
Honeywell Electronik 194 Recorder, Honeywell Ltd., 6277 St. Jacques W., 


Montreal, Quebec, Canada. 
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Figure 3-Force-time oscillograms a t  various rates of separation for 
10% (wlw) aqueous solution of hydroxypropyl methylcellulose (5 cps). 
Key:a,8.33 X 10-3cmlsec; b, 1.66 X 10-2cmlsec;c,3.33 X 10-2cm/sec; 
d, 8.33 X 


and at  15' for polymer solutions in organic solvents. The cup and bob 
geometry was varied according to the viscosity of the sample. 


Tack Measurement Assembly-Tack measurements were made 
using a tensile testing machinelo. A schematic diagram of the assembly 
used is shown in Fig. 1. 


The probe (Fig. Ic) and plate (Fig. If) are of stainless steel, type 302. 
The end of the probe was machined and lapped. The working area of the 
probe and plate were polished using techniques similar to that described 
previously (14). 


The horizontal position of the bottom plate (Fig. If) was checked using 
a spirit level. Prior to the measurement of tack, it was ascertained that 
the probe was perfectly parallel to the plate. 


Measurement of Film Thickness-The bottom plate (Fig. If) was 
brought into contact with the probe by raising the vertically moving stage 


1000 1 I- 


cmlsec; e, 1.66 X lo-' cmlsec. 
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Figure 4-Dependence of peak force on rates of separation for aqueous 
solutions of hydroxypropyl methylcellulose (5 cps). Key: a, 5% (wlw); 
b, 10% (wlw); c, 15% (wlw). 


10 Instron Tensile Tester model 1130, Instron, Canada, Burlington, Ontario, 
Canada. 
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RATE OF SEPARATION, crn/sec X 1.66 X lo-' 
Figure 5-Dependence of tack on rates of separation for aqueous so- 
lutions of hydroxypropyl methylcellulose (5 cps). Key: a, 5% (wlw), 7 
= 0.29poise; b, 7.5% (wlw), 1) = 0.8poise;c, 10% (wlw), 7 = 2.44poise; 
d, 15% (wlw), 7 = 9.5 poise; e, 20% (wlw), 7 = 41 poise. 


(Fig. lh). The pointed end of the pin (Fig. Ig) was then aligned with the 
crosshair line of the ocular micrometer attached to the telemicroscopell 
to mark the zero clearance between the probe and the plate. 


The bottom plate was then lowered and the circular space (Fig. le) 
within the ring (Fig. Id) was filled with 4 . 5  ml of the test liquid. Utmost 
care was taken to avoid the introduction of air into the liquid during this 
transfer. 


The bottom plate was then brought closer to the probe leaving a desired 
gap and any excess liquid was squeezed out. The difference in number 
of divisions between the new position and the zero position of the pointed 
end of the pin was used to calculate the film thickness of the liquid. 


The resistance to necking-down takes place under the probe and not 
around it; therefore, the size of the reservoir is not of serious importance. 
The amount of the liquid should not be so small that the reservoir is 


5 u/ 
0 
0 5 10 15 20 25 30  35 40  45 50 


q, poise 


Figure 6-Experimental and theoretical tack versus viscosity of 
aqueous solutions of hydroxypropyl methylcellulose (5 cps). 


l1 Telemicroscope, model MIOlT, Gaertner Scientific Corp., Chicago, Ill. 
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Figure 7-Logarithmic relationship (tack uersus uiscosity) of experi- 
mental data shown in Fig. 6. 


completely used up at  the very start of the necking-down process. When 
the volume of the test liquid is properly adjusted, a variation in volume 
of as much as 50% does not affect the tack measurement. 


Measurement of Tack-After adjustment of the thickness of the test 
liquid, the crosshead bar (Fig. lb) was allowed to move upwards at  a 
specified speed. The test liquid first formed a column, necked-down, and 
then finally separated. The separation process was photographed and 
is shown in Fig. 2. 


The events were recorded on a storage type oscilloscope12 where the 
separation force (F) was displayed as a function of time. The measure- 
ments were made at 25' for aqueous test solutions and at  15' for polymer 
solutions prepared in organic solvents. 


A minimum of six measurements were taken for every test solution at 
each separation rate. The test solution was changed if the presence of air 
bubbles was noticed. 


RESULTS AND DISCUSSION 


Effect of Rate of Separation on Force of Splitting Liquid 
Film-Figure 3 shows the force-time oscillograms obtained for a 10% 
aqueous solution of hydroxypropyl methylcellulose (5 cps) a t  various rates 
of separation. The traces show that as the time of separation decreases, 
the peak force increases. 


The relation between peak force and the rate of separation for 5 1 0 ,  
and 15% (w/w) aqueous solutions of hydroxypropyl methylcellulose (5 
cps) is shown in Fig. 4. These plots demonstrate that the force required 
to split a liquid film increases with an increase in the rate of separation. 
The plots obtained are not linear and results are consistent with the ex- 
perimental data presented in the study of tackiness of inks by Strasburger 
(15). Nevertheless, that author tried to fit the experimental data points 
to a theoretical straight line based on a modified Stefan equation derived 
previously (12): 


(Eq. 4) 


where u is the rate of separation. 
Effect of Rate of Separation on Tack-The plots of rate of sepa- 


ration uersw tack of aqueous solutions of hydroxypropyl methylcellulose 
(5 cps) for concentrations ranging from 5 to 20% are shown in Fig. 5. The 
tack was calculated by dividing the area under the curves of the force- 
time oscillograms by the surface area of the probe. 


Figure 5 illustrates that the tack is independent of the rate of separa- 
tion for 5, 7.5, and 10% (w/w) aqueous solutions of hydroxypropyl 
methylcellulose (5 cps) solutions. These results are in agreement with 
Eq. 3. The tack values of 15 and 20% (w/w) solutions for rates of separa- 


~~ ~~~ 


l2 Model 5113 with 5B12N time base and two 5A26 dual differential amplifiers, 
Tektronix, Inc., Beaverton, Ore. 


0 .1 .2 .4 .5 s ECO N 8s 
Figure 8-Force-time oscillograms at  rate of separation of 8.33 X lo-* 
cm/sec for aqueous solutions of hydroxypropyl methylcellulose (5 cps). 
Key: a, q = 0.29 poise; b, 7 = 2.44 poise; c, 7 = 9.5 poise; d, 7 = 41 
poise. 


tion, 11.677 X 10-1 cm/sec, fell below the average tack values obtained 
at lower rates of separation. 


A similar behavior was also noticed for pure liquids such as glycerin 
and liquid paraffin, where the tack values a t  the rate of separation of 3.33 
X lo-' cm/sec are lower than those obtained at a lower rate of separation 
(Table I). Thus, for a liquid of given viscosity, there is an upper limit of 
the rate of separation beyond which the equation described by Stefan 
is not applicable. 


The reason for obtaining low tack values a t  higher rates of separation 
may be due to viscoelastic effects (9,161. When the probe is pulled away 
from the plate, the liquid flows towards the axis of the plate a t  the rate 
governed by hl, t, and q. When stress is applied slowly, i.e., when t is long, 
the liquid responds by flow. If t is too short, the mechanism of rupture 
of the liquid film is quite different from that envisaged by Stefan. The 
liquid gets no chance to flow and the elastic forces become more impor- 
tant for the breakdown of the film. Under such circumstances, the tack 
values obtained are lower than that predicted by Eq. 3. 


Effect of Viscosity on Tack-The relation between tack and viscosity 
is shown in Fig. 6. The theoretical f t  was calculated by substituting the 
values of r, h, and q in Eq. 3. The experimental curve was plotted using 
the average of tack values obtained at various rates of separation for a 
number of solutions of hydroxypropyl methylcellulose (5 cps) in varying 
concentrations and hence viscosities. 


Figure 6 shows that the experimental curve falls below the theoretical 
curve and also deviates from linearity as the viscosity of the test solution 
increases. The same experimental data plotted on a log-log scale is shown 
in Fig. 7 with a correlation coefficient of 0.9994, indicating the validity 
of the relationship ft = k qe;  k and c are constants with respective values 
of 24,862 and 0.6737. The value of k depends on the instrumental factor, 
k' and 3r2/4h12. The value of k' was found to be 1.215 X lo-'. The 
equation for the experimental conditions described then becomes: 


(Eq. 5) 


To confirm the relationship described in Eq. 5, aqueous solutions of 
three different molecular weight grades of hydroxypropyl methylcellu- 


Table I-Tack Values of Glycerin and Liquid Paraffin at 
Various Rates of Separation a 


ft (g/cm-'/sec-l) 
Rate of Separation, Liquid Paraffin Glycerin, 97% 


cm/sec (7 = 1.20 poise) ( q  = 5.17 poise) 
~ ~~ ~~~ ~ ~~ ~ 


8.33 x 10-3 2.99 x 104 7.57 x 104 
1.66 X lo-* 2.83 x 104 7.32 x 104 
3.33 x 10-2 2.81 x 104 7.44 x 104 


6.38 x 104 1.66 X lo-' 3.03 x 104 
3.33 x 10-1 2.45 x 104 5.98 x 104 


8.33 x 10-2 2.99 x 104 7.47 x 104 


hl = 0.00108 cm. 
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Table 11-Predicted and Experimental Tack Values of Various Polymer Solutions 


Polymer 
Concentrations, 


% (w/w) Solvent 
Viscosity, f t  (g/cm-’/sec-’ x 104) 


Doise Predicted ExDerimental 


Hydroxypropyl methylcellulose (15 cps) 


Hydroxypropyl methylcellulose (50 cps) 


Hydroxypropyl cellulose 


Povidone 


Hydroxypropyl methylcellulose (5 cps) 
Hydroxypropyl methylcellulose (5 cps) 
Hydroxypropyl methylcellulose (5 cps) 
Hydroxypropyl methylcellulose (5 cps) 


5 Water 
8 Water 
3 Water 
5 Water 
5 Water 


10 Water 
30 Water 
43.5 Water 
5 Ethanol-Methylene Chloride (5050, w/w) 
5 Ethanol-Methylene Chloride (75:25, w/w) 
5 Ethanol-Water (5050, w/w) 
5 Ethanol-Water (75:25, w/w) 


lose, a single grade of hydroxypropyl cellulose and of povidone, all in 
varying concentrations, were prepared. Solutions of hydroxypropyl 
methylcellulose (5 cps) were also prepared in mixtures of varying pro- 
portions of ethanol and methylene chloride, and ethanol and water. 


The viscosities and the corresponding tack values of the above solutions 
were determined and the results are presented in Table 11. This table 
illustrates that the experimental tack values, within a margin of error of 
f5%, match the predicted tack values calculated using Eq. 5. 


In the present study, the experimental tack values obtained for various 
coating solutions were lower than those predicted by Stefan’s equation. 
Also, the relationship obtained between tack and viscosity was not linear. 
The low experimental tack values obtained in Fig. 6 could be attributed 
to the instrumental factors such as the surface roughness of the probe 
and plate. The nonlinearity of the relationship between the tackiness and 
viscosity cannot be attributed to the experimental conditions, as these 
were kept constant throughout the study. 


One of the factors that can influence the values of tack is the initial lag 
in force. This is due to the finite time of acceleration of the crosshead bar 
before it attains a constant speed. The force-time oscillograms in Fig. 
8 were obtained at  the same rate of separation. The shape of the traces 
obtained for lower viscosity solutions (Fig. 8, Curves a and b) are different 
than those for higher viscosity solutions (Fig. 8, Curves c and d). This 
suggests that the mode of liquid film separation is different for the higher 
viscosity solutions. It has been suggested (9) that when the ratio q / t  in- 
creases to a point where the flow pattern of the liquid towards the axis 
of the plate is not uniform, the resulting ft is a fraction of that calculated 
by Eq. 3. This may account for the nonlinearity between tack and vis- 
cosity. 


Tack Effects in Tablet Coating-The fact that a force is required 
to separate two objects joined by a thin liquid film (Fig. 4) could explain 
the phenomenon of picking and sticking in the pan-coating process. 


At any given moment during the process of pan coating, a thin film of 
coating solution is present between two tablets, or between a tablet and 
the wall of a coating pan. When the pan is allowed to rotate, the tablets 
are carried upwards by the combined effects of centrifugal and frictional 
forces until gravity overcomes the effects and the tablets cascade down. 
The force exerted by these moving tablets splits the liquid film before 
the complete evaporation of solvent occurs. 


If the force required to split the liquid film is greater than the forces 
of adhesion between the polymer film and the tablets, then picking may 
occur. The picking here is defined as the transference of portions of 
polymer film from the weakly adhered parts of one tablet to another or 
to the wall of a coating pan. However, if the force exerted by the moving 
tablets is not sufficient to split the liquid film present between the wet 
tablets, then sticking may occur. 


1.26 
8.4 
1.19 
7.45 
0.85 
9.54 


.93 
5.97 
0.41 
0.95 
0.68 
0.84 


2.90 2.91 


2.80 2.74 
9.55 9.70 
2.23 2.01 


2.37 2.44 


10.34 10.9 


11.27 11.4 


8.23 7.95 
1.37 1.41 
2.4 2.51 
1.92 2.01 
2.21 2.13 


The fact that the resistance of the liquid film to splitting increases with 
the rate of separation may further explain why the picking is more pro- 
nounced in a larger pan than in a smaller one. In the larger coating pan, 
the tablets cascade down at  higher velocity than in a small coating pan, 
and therefore, the stress exerted on the polymer film during the separa- 
tion of wet tablets will be higher in the former than in the latter. 


In the tablet coating process, coating solutions when applied are dilute 
solutions of high polymers. As the polymer solution dries during the 
coating process, the concentration of the polymer increases from -5% 
to nearly 100%. Consequently, the flow behavior of the polymer solution 
changes from Newtonian to non-Newtonian and finally to an elastic solid. 
The tacky behavior of these solutions during the coating process is a 
target for future investigation. 
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Abstract 0 Quinidine shows two-compartment characteristics in rabbits 
with a terminal half-life of 67 rnin for total drug and 58 min for unbound 
drug. Statistically, the values are not significantly different from each 
other (p > 0.05). The clearances for total and unbound drug are 52 and 
464 ml/min/kg, respectively, and the total and unbound apparent vol- 
umes of distribution at steady state are 4.2 and 27.3 liters/kg, respectively. 
The unbound clearance and unbound apparent volume of distribution 
were inversely related to the unbound fraction of quinidine in plasma. 
The total clearance and apparent volume of distribution showed no re- 
lationship to the binding. Approximately 0.5% of the dose was excreted 
as unchanged quinidine. Six identifiable metabolites were found in the 
urine, accounting for -14% of the dose. Two unknown metabolites were 
also observed in the urine. With the exception of 2'-quinidinone, these 
metabolites were formed in the rate-limiting step in the metabolite ki- 
netics. The quinidine unbound fraction ranged from 0.06 to 0.23 in the 
eight rabbits studied. The binding of the metabolites was less pro- 
nounced, and only 3-hydroxyquinidine showed a significant correlation 
with quinidine binding. 


Keyphrases 0 Quinidine-disposition in rabbits, metabolites, binding 
Metabolites-binding, quinidine disposition, rabbits Binding- 


quinidine disposition, metabolites, rabbits Pharmacokinetics-dis- 
position of quinidine, rabbits 


Very little information exists regarding quinidine dis- 
position in the rabbit, especially when unbound quinidine 
and metabolite concentrations are considered. The rabbit 
is, however, an attractive animal model for quinidine 
studies because it allows for sampling of sufficiently large 
blood volumes to determine both total and unbound con- 
centrations; blood and urine sampling is simple; and if drug 
responses are desired, the response, measured as EKG 
changes, can be readily obtained (1). 


As part of a long-term study of the disposition and re- 
sponse interrelationship between binding of quinidine to 
plasma proteins the pharmacokinetic picture of quinidine 
was evaluated in the rabbit. 


EXPERIMENTAL 


Quinidine Administration-Eight male New Zealand white rabbits 
(2.0-3.3 kg) were injected with 5.2 mg/kg of quinidine base as the gluco- 
nate salt' dissolved in 1 ml of saline into an ear vein over 2 min. Blood 
samples of 3-ml volume were obtained from the marginal vein in the other 
ear before the injections and again at 4,8,20,40,60,90,120,150,195, and 
240 min after the injections. The blood was heparinized2 to a final con- 


* Quinidine gluconate injection, USP, 80 mg/ml; Lilly, Indianapolis, Ind. 
*Sodium heparin injection, USP, 1000 U/ml, Lilly, Indianapolis, Ind. 


centration of 5 U/ml. The blood was centrifuged and the plasma was 
stored at  -2OO until assayed. In addition, a 300-pl whole blood aliquot 
from the 4- and 150-min sampling time was also stored frozen until as- 
sayed. The red blood cells from the samples obtained at  20 min and at  
later time points were suspended in an equal volume of 6% dextran 75 
in isotonic saline and reinfused within 10 min of sampling. 


The urethra of each animal was cannulated with a catheter! To ensure 
complete urine collection over the 4-hr study period, the bladder was 
rinsed twice with normal saline at  the end of the study. The total urine 
collected was stored frozen until assayed. 


Hepatic Blood Flow Determination-The hepatic blood flow was 
estimated in the individual animals 20-40 min after the end of the 
quinidine experiment by determining the indocyanine green blood 
clearance. Indocyanine green4 (1 mg/kg) was infused over 30 sec into a 
marginal ear vein. Blood was collected from the marginal ear vein in the 
other ear by continuous withdrawal a t  a speed of 0.36 ml/min over a 
12-min period, starting at  the time of indocyanine green infusion. 


The indocyanine green concentration in plasma of the withdrawn blood 
(CICG) was determined spectrophotometrically a t  800 nm. Because the 
half-life of indocyanine green is 1 min and it does not enter the red blood 


40 a0 120 160 200 240 


Figure 1-Log-auerage plasma concentrations of total (@) and un- 
bound (0) quinidine in eight rabbits after a 5.2-mglkg intravenous in- 
jection. 


MINUTES 


3 French Foley Catheter #8, D. R. Bard, Ind., Murray Hill, N.J. 
4 Hynson, Westcott, & Dunning, Inc., Baltimore, Md. 
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Table I-Pharmacokinetic Parameters of Quinidine in Rabbits 


Volume of 
distribution 


Clearance, Renal Clearance, steady state, t1/2:aa, tl12,8a* 
Rabbit Unbound ml/min/kg ml/min/kg literkg mm min 


Number Fraction Total Unbound Total Unbound T otal Unbound Total Unbound Total Unbound 


1 0.06 51 797 0.3 4.3 2.8 31.3 1.6 2.3 50 34 
2 0.19 53 277 0.5 2.7 4.5 21.4 9.9 3.3 77 76 
3 0.15 44 295 0.5 3.1 4.5 24.2 11.4 4.3 90 71 


4.0 22.7 3.1 0.7 64 81 
5 0.06 51 922 0.05 0.9 3.4 48.4 3.7 2.5 60 45 


0.3 5.0 28.0 6.0 4.7 65 59 
b 4.0 12.6 4.7 2.3 70 54 


6 0.16 64 401 
7 0.23 48 211 
8 0.11 58 554 0.3 2.4 5.0 28.8 6.2 4.8 61 45 


Mean 0.14 52 464 0.3 2.3 4.2 27.3 5.8 3.1 67 58 
SD 0.06 6 268 0.2 1.5 0.8 10.3 3.4 1.4 12 17 


a t1/2,0 = fast disposition half-life; t1/2,0 = terminal half-life. Incomplete urine collection. 


4 0.18 47 254 b b 


0.04 
b 


cells, the blood clearance of indocyanine green (ClIcG) can be determined 
by: 


Amount infused 
cllcc = cICG 7 (1 - H) 


where 7 is the time of withdrawal and H is the heniatocrit value. 
Protein Binding-Protein binding was determined in each plasma 


sample using an equilibrium dialysis technique (2): A 700-pl volume of 
freshly obtained plasma and of Krebs-Ringer bicarbonate buffer (pH 
7.4) (3) was placed into the two half-cells of a I-ml dialysis cell5, separated 
by a dialysis membrane6 (average pore radius 24 A). The membrane was 
pretreated by soaking in water (10 min), ethanol (15 min), and buffer (120 
min) before use. The cells were equilibrated in a shaker bath7 at  37' for 
6 hr f 20 min. The plasma and buffer were then removed and assayed 
immediately, or frozen until assayed for quinidine and metabolite con- 
tent. 


Plasma Protein Concentration-The total plasma protein con- 
centration was determined before the injection of quinidine and again 
30 min after concluding the study. Plasma (100 pl) was mixed with 5 ml 
of biuret reagents, and the absorbance at  540 nm was determined within 
1 hr. An aqueous solution containing 80 ghiter of total protein was used 
as a standardg. 


Quinidine Assays-Quinidine and quinidine metabolites in plasma, 


6 


Figure 2-Chromatogram obtained from plasma of rabbit no. 5 after 
a quinidine dose of 5.2 mglkg. The arrow indicates time of injection. I ,  
quinidine-l0,I I-dihydrodiol; 2, 3-hydroxyquinidine; 3, 6-desmethyl- 
quinidine; 4,  unknown metabolite; 5, quinidine-N-oxide; 6, quinidine; 
7 ,  dihydroquinidine (used as internal standard); 8, P'quinidinone. 


~~~~~ 


Technilab Instruments, Inc., Pequannacock, N.J. 
VWR Scientific, Inc., San Francisco, Calif. 
Braun Melsungen AG, Germany. 
Sigma Chemical Co., St. Louis, Mo. 
Protein standard solution, Sigma Chemical Co.. St. Louis, Mo. 


whole blood, or buffer from equilibrium dialysis were determined using 
a specific reversed-phase high-pressure liquid chromatographic method. 
A 100-pl sample to be analyzed was mixed with 200 pl of a methanolic 
solution containing 170 nglml of dihydroquinidine internal standard 
(quinidine-free). Plasma and blood samples were centrifuged in a mi- 
crohematocrit centrifugelo at  12,000Xg for 2 min. A 20-p1 aliquot of the 
sample was then injected into a C-18 pBondapak column of 30-cm length 
and 3.9-mm bore", connected to an HPLC pump12. Methanol-water- 
phosphoric acid 85% (27:72.95:0.05, v/v/v) was used as the mobile phase 
at  a flow rate of 1.0 ml/min. Detection was achieved using a fluorescence 
detector13 with excitation at 245 nrn and emission at 440 nm (cutoff filter). 
Correction of dihydroquinidine contamination in the injection contrib- 
uting to the internal standard peak was made from injection of the 
samples prepared as described previously, without addition of the in- 
ternal standard. All samples were analyzed within 1 week of collection. 
However, the frozen samples have been found to be stable for up to 12 
months without change in analyzed concentration. 


Quinidine and quinidine metabolites in urine were assayed by a method 
described by Guentert et al. (4): Urine (200 pl) or 500 p1 of urine hy- 
drolysate was mixed with 150 p1 of aqueous solution of 34 pglml pro- 
netalol (internal standard), and 1.5 ml of 1 M borate buffer (pH 9.4). The 
mixture was extracted into 10 ml of methylene chlorideisopropanol(41, 
v/v). The organic phase was removed and extracted with 1 ml of 0.1 N 
sulfuric acid. The aqueous phase was then alkalinized with 1.5 ml of 1 M 
borate buffer (pH 9.4) and extracted with 8 ml of methylene chloride- 
isopropanol(4:1, v/v). The organic layer was evaporated to dryness and 
the residue reconsitituted in 200 pl of eluent. A 50-pl aliquot was injected 


(i 
Figure 3-Chromatogram obtained from the urine of rabbit No. I after 
a quinidine dose of 5.2 mglkg. Identifications of peak numbers, (Fig. 2). 
1 ,  F'ronetalol (internal standard); U, unknown metabolites. 


lo IEC Model MB, Needham Heights, Md. 
l1 Waters Associates, Inc., Milford, Maas. 
l2 Altex Scientific model 110, Berkeley, Calif. 
l3 Schoeffel Inst. Corp., model GM 970. 
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Table 11-Rate Constants for the Various Metabolites, Min-' 


Peak 1 Peak 3 Peak 5 
Rabbit Quinidine- Peak 2 6'-Desmethyl- Peak 4 Quinidine- Peak 8 
Num- 10 11 dih drodiol 3-Hydroxyquinidine quinidine Unknown N-oxide 2'-Quinidinone 


ber Fast Slow Fast Slow Fast Slow Fast Slow Fast Slow 


1 0.142 0.010 a a a a 0.606 0.009 0.104 0.011 0.020 0.004 


3 0.048 0.006 0.130 0.005 b b 0.162 0.004 a a a a 
2 0.024 0.011 0.098 0.007 b b 0.140 0.006 a a 0.012 0.0012 


a a a a 4 0.019 0.014 0.053 0.009 a a a a 
5 0.036 0.014 0.026 0.026 0.t61 0.0612 0.075 0.010 0.198 0.011 0.013 0.0002 


0.103 0.008 0.290 0.008 0.024 0.0001 
7 0.017 0.014 0.059 0.011 b b 0.111 0.009 a a a a 
6 0.039 0.010 0.104 0.009 


8 0.052 0.008 0.119 0.009 b b 0.081 0.007 a a a a 


Mean 0.047 0.011 0.089 0.013 0.061 0.012 0.166 0.008 0.197 0.010 0.017 0.0014 
SD 0.040 0.003 0.039 0.009 - - 0.181 0.002 0.093 0.002 0.006 0.0018 
n 8 8 6 6 1 1 8 8 3 3 4 4 


Not detected. Only trace concentration waa detected 


onto a pBondapak-phenyl column". The mobile phase was acetoni- 
trile-tetrahydrofuran4.05 M phosphate buffer (pH 4.75) (15679, v/v/v). 
The eluent was monitored using a variable wavelength detector14 set a t  
230 nm. Quantitation of the compounds was achieved by using standard 
curves of quinidine and metabolites (58). The unknown metabolites were 
assumed to have identical spectroscopic behavior to quinidine. All 
standards were made from spiked blank plasma or urine samples and 
treated as described previously. 


Hydrolysis of Urine-Urine (200 rl) was adjusted to pH 5.0 by ad- 
dition of acetic acid. One milliliter of B-glucuronidases (5000 Fishman 
U/ml) was added to the urine and incubated at  37" for 12 hr. The hy- 
drolysate was analyzed for quinidine and metabolites as described pre- 
viously. This method was at several instances compared to results ob- 
tained by hydrolysis with 0.1 ml of sulfatases (2970 U/ml), containing 
92,000 Fishman U/ml @-glucuronidase activity, and with incubation of 
1 ml of denaturated @-glucuronidase (denatured by heating over steam 
bath for 5 min). Furthermore, the results were also compared to results 
from urine that had been refluxed with 2 N HCl at  100" for 1 hr. As the 
other two modes of hydrolysis did not give different results from 0-glu- 
curonidase, only the @-glucuronidase hydrolysis results are reported here. 
Incubation with denatured @-glucuronidae gave no significant alteration 
of the original urine concentration of quinidine and its metabolites. 
Standards made from spiked urine were treated identically to that de- 
scribed previously. 


Pharmacokinetic Analysis-An open two-compartment model with 
a short-term, zero-order input was found suitable to describe the observed 
total and unbound quindine plasma concentration with time in all ani- 
mals studied. 


The metabolite concentrations could adequately be described by an 
apparent one-compartment model with a first-order rate of formation. 
The values of the rate constants were obtained using a fitting procedure 
(9) available through a computer system (10). Plasma concentrations were 
weighted by their inverse value squared. The clearance was determined 
using the dose and area under the plasma concentration-time curve, and 
the apparent volume of distribution at  steady state was obtained by the 
area under the moment curve as described previously (11). 


RESULTS 
The log-averaged plasma concentrations of total and unbound quini- 


dine in the eight animals as a function of time are given in Fig. 1. The 
various pharmacokinetic parameters for total and unchanged drug are 
given in Table I. 


From three to six metabolites could be detected in plasma of the dif- 
ferent rabbits. Only in rabbit No. 5 could six different metabolites be 
distinguished (Fig. 2). Five of these metabolites represent known me- 
tabolites [quinidine-lO,ll-dihydrodiol(8), 3-hydroxyquinidine (5,12), 
6'-desmethylquinidine (7), quinidine-N-oxide (6). 2'-quinidinone (13)]. 
Metabolite number 4 is unknown. Rate constants for the various me- 
tabolites are given in Table 11. 


Urine was found to contain at  least eight metabolites of quinidine, of 
which five could be associated with known metabolic products (5-8,12, 
13). In Fig. 3 a chromatogram from urine of rabbit No. 1 is presented. 
Metabolite number 1, quinidine-l0,ll-dihydrodiol, appears to have a 
shoulder on many of the chromatograms, possibly indicative of the two 
diastereoisomen of this compound. In addition to the metabolites shown, 
the 6'-desmethylquinidine peak substantially increased upon hydrolysis 


l4 Hitachi Model 110-30, Altex Scientific, Berkeley, Calif, 


of urine with @-glucuronidase, indicative of a 6'-desmethylquinidine 
conjugate (probably a glucuronide). 


The fraction of the dose recovered as unchanged quinidine in urine 
ranged between 0.001 and 0.010. The fraction of the dose recovered as 
known quinidine metabolites, including the 6'-desmethylquinidine 
conjugate, ranged between 0.110 and 0.202 for the six rabbits where the 
urine collection was complete (Table 111). 


The blood to plasma ratio of quinidine in the rabbits was 1.05 f 0.08, 
which is not statistically significantly different from 1. 


The indocyanine green clearance, indicative of liver blood flow, was 
found to be 58 f 12 ml/mg/kg. 


The unbound fraction of quinidine in plasma varied between 0.06 and 
0.23 in the eight rabbits (Table I). Of the known quinidine metabolites, 
only quinidine-l0,ll-dihydrodiol and 3-hydroxyquinidine could be 
evaluated for their binding to plasma protein. The unbound fraction in 
the eight rabbits varied between 0.26 and 0.46, with an average value of 
0.34 and a SD of 0.06 for quinidine-l0,ll-dihydrodiol. In six of the rab- 
bits, where 3-hydroxyquinidine was detected, the unbound fraction for 
this metabolite ranged between 0.16 and 0.32, with an average value of 
0.25 and a SD of 0.06. The unknown metabolite (4), showed negligible 
binding, with an average &SD of 0.74 f 0.09. Of these metabolites, only 
3-hydroxyquinidine showed a statistically significant correlation with 
the binding of quinidine (r2 = 0.84, p < 0.01). 


DISCUSSION 


The disposition of both total and unbound quinidine in the rabbit can 
be described by a two-compartment model. Statistically, the fast dis- 
position half-lives for total and unbound drug were not significantly 
different from each other and were found to be 5.8 and 3.1 min, respec- 
tively, indicating fast distribution. The slow disposition half-life for total 
drug at 67 min was not significantly different from that reported for 
unbound drug, 58 min (0.10 > p > 0.05). However, in two of the animals, 
No. 1 and 8, the terminal slope and half-life for total drug was signifi- 
cantly different from that of the unbound drug. This suggests that the 
rate constants of total and unbound drug for @dividual animals cannot 
be assumed to be interchangeable, even though the average population 
values show no differences. The observed half-life is much longer than 
the average half-life of 29 min previously reported in rabbits (1). However, 
these studies were carried out for only 50 rnin after an intravenous in- 
jection and for 60 min after the termination of an infusion over 90 min. 
This short collection time and the use of Cramer and Isaksson's assay 
method for quinidine (14), which has been shown to be nonspecific for 
quinidine (15), could be contributing factors to this discrepancy. Ueda 
and Nichols (16) found a slow disposition half-life for total drug that was 
much longer than that of this study. In a 3-hr study they observed a ter- 
minal half-life of 132 min, almost twice the value in this study. Except 
for using much larger and presumably older animals than those in this 
study, no significant differences in the experimental protocol can be found 
to explain this difference. Similarly, Ueda and Nichols also reported a 
much smaller clearance of quinidine than that reported in this study (16.8 
ml/min/kg uersus 52 ml/min/kg). 


The fraction of quinidine excreted unchanged in the urine is very low 
(Table 111). Provided the extrarenal clearance is predominantly hepatic, 
quinidine shows a high extraction ratio in the rabbit liver. The metabolic 
clearance of quinidine (52 ml/min/kg) approaches the value of hepatic 
blood flow (58 ml/min/kg). According to theoretical considerations, the 
total drug clearance of quinidine in this case should be independent of 
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Table 111-Fraction of Administered Dose of Quinidine Recovered in the Urine of Rabbits after 4 H r  
~~~~ ~ 


Quinidine 6-Desmethyl- 
Rabbit 10,Il-di- 3-Hydroxy- 6-Desmethyl- quinidine Quinidine- Unknown“ 


Number Quinidine hydrodiol 2’-Quinidinone quinidine quinidine conjugate N-oxide metabolites 


1 0.005 0.064 0.005 0.002 0.003 0.030 0.001 0.007 
2 0.009 0.077 0.012 0.005 0.005 0.039 0.002 0.010 


0.009 3 
5 0.001 0.084 0.009 0.003 0.004 0.015 C 0.012 4 


0.076 O.tO8 0.003 O.tO5 0.;22 0 .p2  0.t07 6 
7 
8 0.004 0.082 0.008 0.008 0.005 0.028 0.001 0.011 


Mean 0.005 0.083 0.009 0.005 0.005 0.031 0.001 0.009 
SD 0.004 0.017 0.003 0.002 0.001 0.012 0.001 0.002 


b 
0.010 0.114 0.t14 0.006 O.tO7 0.0650 0.;01 


b b b 


b b 
0.001 


b 


a The sum of the two unknown metabolites (Fig. 3), assuming the metabolites have the same extractability and spectral characteristics as quinidine. * Incomplete 
urine collection. Not detected. 


the unbound fraction, and the unbound clearance inversely related to 
the unbound fraction (17). In accordance with this principle, the total 
clearance showed no statistically significant correlation with the unbound 
fraction ( p  > 0.70). The unbound clearance was strongly correlated with 
the inverse of the unbound fraction of quinidine in plasma ( p  < 0.001). 
These data confirm and support the previous observation in rabbits where 
the binding was altered by a bleeding procedure (18). 


The apparent steady-state volume of distribution for total drug in this 
study, 4.2 literskg, was similar to the value calculated from the study of 
Ueda and Nichols (16). It showed no correlation with the unbound frac- 
tion in plasma ( p  > 0.20). The unbound apparent steady-state volume 
of distribution, however, showed a negative correlation with the unbound 
fraction ( p  < 0.005). This is the opposite to what could theoretically be 
expected for a compound with a large apparent volume of distribution 
(19) and is indicative of a correlation between tissue and plasma protein 
binding in individual animals. 


Using the assay method described, the total recovery of the six iden- 
tifiable metabolites and quinidine in the urine accounts for only 14% of 
the administered dose. Other primary or secondary metabolites must, 
therefore, account for the elimination of quinidine. However, only one 
conjugate of quinidine metabolites could be identified via enzymatic or 
acid hydrolysis of the urine. 


Based on the fast elimination of unchanged quinidine in the rabbit, 
urine was collected for only 4 hr in this study. The terminal half-life of 
five of the metabolites in plasma was -1 hr, suggesting that most of these 
compounds were eliminated in the collection period. The terminal half- 
lives of these metabolites are similar to that of quinidine, indicating that 
their formation is the rate-limiting step in their pharmacokinetic pro- 
file. 


Accumulation of these metabolites after multiple doses will, therefore, 
only occur to a small degree. The sixth metabolite, 2’-quinidinone, ex- 
hibited a much slower elimination, with an apparent terminal half-life 
of 8 hr. The urinary recovery of this metabolite, with a study period of 
only 4 hr, therefore, was seriously underestimated and could possibly 
contribute to the overall low recovery of quinidine and metabolites in the 
urine. Because the observed half-life is greater than the study period, 
there is also little confidence in the estimated value of the half-life. 


The protein binding of quinidine is variable; an unbound fraction 
varying from 0.06 to 0.23 was observed. Although two of the eight animals 
showed a statistically significant positive correlation between concen- 
tration and unbound fraction of quinidine in plasma, there was no dif- 
ference in the terminal half-life between the total and unbound drug, 
suggesting that concentration-dependent binding is not a general phe- 
nomenon. 


Because quinidine metabolites reportedly contribute to the pharma- 
cologic activity (20), it may be of importance to note that all the metab- 
olites for which protein binding was measured exhibited a lower binding 
than the parent compound. Of these metabolites for which binding could 


be evaluated, 3-hydroxyquinidine was the only one to show a statistically 
significant correlation with quinidine binding. This might suggest a 
common binding site and possible mutual displacement a t  high con- 
centration. 
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Abstract  0 A method is described to measure the in uitro metaholism 
of theophylline by liver microsomes. The formation of 1-methyluric acid 
and 1,3-dimethyluric acid in incubation mixtures was determined by 
high-performance liquid chromatography. The formation of both me- 
tabolites was linear with time and the formation of 1-methyluric acid was 
blocked by allopurinol. This method will be useful in assessing potential 
drug interactions involving theophylline. 


Keyphrases Theophylline-metabolism in hepatic microsomes, 
high-performance liquid chromatographic measurement 0 Microsomes, 
hepatic-measurement of theophylline metabolism, high-performance 
liquid chromatography 0 High-performance liquid chromatography- 
measurement of theophylline metabolism in hepatic microsomes 0 
Metabolism-theophylline in hepatic microsomes, high-performance 
liquid chromatography 


Theophylline (1,3-dimethylxanthine) is a widely used 
antiasthmatic drug which is metabolized by hepatic mi- 
crosomal enzymes (1). The use of theophylline can be 
problematic because of the narrow therapeutic range of 
serum concentrations and because of the large number of 
factors which can alter its metabolism and ultimate elim- 
ination (2). An in uitro system to study theophylline me- 
tabolism would be a useful technique to examine and de- 
fine many of the factors which alter the elimination of this 
drug. Such a method for the study of radiolabeled theo- 
phylline has been described previously (3), but this tech- 
nique was successful only with liver slices or with micro- 
somes from animals previously induced with 3-methyl- 
cholanthrene. The present report discusses an improved 
method for the determination of theophylline metabolism 
in normal liver microsomes using high-performance liquid 
chromatography to quantitate the metabolites. 


EXPERIMENTAL 


Reagents and Chemicals-Theophylline', theobromine', 1,3-di- 
methyluric acid], 8-chlorotheophylline1, and 1-methyluric acid2 were used 
as received. 


Chromatography-A liquid chromatographJ with reciprocating 
dual-piston constant flow rate pump and rotary valve injector4 was 
equipped with a 20-111 loop, HPLC reversed-phase column5, variable 
wavelength UV detector6, and recorder7. The mobile phase contained 
0.01 M sodium acetateel% acetic acid-methanol (64:21:15, v/v/v). The 
solvent was degassed before use. Mobile phase flow rate was 0.4 ml/ 
min. 


Calibration Curves-Standard solutions which contained 0.10-10 
pg/ml of 1-methyluric acid or 0.25-25 pg/ml of 1.3-dimethyluric acid and 


1 Sigma Chemical Co. St .  Louls, Mo. 
2 Gift from Dr. J .  Williams, University of Florida. 


Spectrophysics SP3500B. 
Rheodyne Model 7120. 


5 RP-8, 10 pm Brownlee Labs 
Shoeffel UV variable wavelength detector. 
Fisher Recordall Series 5000. 


100 I.cglml of 8-chlorotheophylline or 20 pglml of theobromine as internal 
standard were extracted and chromatographed in an identical manner 
to the incubation mixtures. Standard curves were linear throughout the 
range utilized. 


Microsomal Biotransformation-Microsomes (3 mg of protein) were 
incubated in media (3) containing 50 mM tromethamine hydrochloride 
pH 7.5, 5 mM MgC12, 10 mM D-glucose-6-phosphate, 1 m M  triphos- 
phopyridine nucleotide, 10 U glucose-6-phosphate dehydrogenase, and 
0.25 mM theophylline in a total volume of 3 ml. Incubations were carried 
out a t  37' in a metabolic shaking water bath8. After 2 hr of incubation 
the mixture was placed on ice and 100 pg/ml of 8-chlorotheophylline was 
added. The incubation mixture was then extracted with 3 ml of chloro- 
form-isopropanol (90:10, v/v) for 30 min to remove unmetabolized 
theophylline. The aqueous layer was dried in a stream of air and then 
reconstituted in a 10O-pl HPLC mobile phase for chromatography using 
295 nm for detection. 


8.5 16.1- 
t R  


min-2.8-4.0-5.1- 


Figure 1-HPLC for theophylline metabolites and internal standards. 
HPLC of extracted liver microsomes incubated with theophylline 
(upper). HPLC of 1 -methyluric acid, 1,3-dimethyluric acid, theo- 
bromine, theophylline, and 8-chlorotheophyllirze standards (lower). 
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Figure 2-Effect of increasing incubation time on production of I -  
methyluric acid and 1,3-dimethyluric acid. The  production o f  1- 
methyluric acid (upper) and 1,3-dimethyluric acid (lower) from theo- 
phylline in  microsomes prepared from rabbit liuer were determined at 
30,60, and 150 min  of incubation in a metabolic shaking water bath8. 


Microsomes-Hepatic microsomes were prepared from rabbits using 
ultracentrifugation (4) .  Microsomal protein was determined by the 
method of Lowry using bovine serum albumin as a standard (5). 


RESULTS AND DISCUSSION 


A chromatogram of a hepatic microsomal incubation mixture dem- 
onstrated a clear separation of peaks for 1-methyluric acid, 1,3& 
methyluric acid, theophylline, theobromine, and 8-chlorotheophylline 
and is compared to a chromatogram of standards in Fig. 1 .  The produc- 


Table I-Zn Vitro Effect of Allopurinol a on In Vitro 
Theophylline Metabolism in Rabbits 


Control Allopurinol" 


1,3-Dimethyluric acid, 0.04 0.04 


I-Methyluric acid, 2.66 Not detectable 
pg/mg of protein/hr 


pg/ml of proteidhr 


0 10-4 M allopurinol was added to microsomal incubation mixture. Each value 
represents an individual incubation mixture using rnicrosomes from the same 
control animal. 


tion of 1-methyluric acid and 1,3-dimethyluric acid from theophylline 
by hepatic microsomes was determined to be linear for a t  least 150 min 
of incubation time (Fig. 2). A 2-hr incubation period was determined to 
give adequate amounts of metabolite for most experimental purposes. 
The amount of metabolites formed i n  uitro by rabbit liver microsomal 
enzyme metabolism of theophylline was 0.17 f 0.04 p g  of 1,3-dimethyluric 
a c i d h g  of protein/hr and 1.08 f 0.58 gg of I-methyluric acid/mg of 
protein/hr. Each value represents the mean f standard error of micro- 
soma1 preparations from four individual animals. The production of 3- 
methylxanthine from theophylline could not be detected in these incu- 
bation mixtures. 


Allopurinol has been reported to decrease production of 1-methyluric 
acid from 1-methylxanthine (6,7) by inhibiting xanthine oxidase. In this 
preparation, the addition of allopurinol (loW4 M )  to the incubation 
mixture blocked production of 1-methyluric acid (minimum detectable 
limit 0.015 g g h g  of protein/hr) while not affecting production of 1,3- 
dimethyluric acid (Table I). This confirms that in this incubation system, 
1-methyluric acid was being produced along the predicted metabolite 
route. 


This method for the measurement of the metabolism of theophylline 
using an in uitro microsomal preparation does not require previous in- 
duction of hepatic microsomes and provides a rate of formation of specific 
major metabolites of theophylline. Use of this method can determine 
whether a change in theophylline elimination is due to specific changes 
in metabolite production and will also be useful in the investigation, as- 
sessment, and prediction of drug interactions involving alterations of 
theophylline metabolism. 
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Abstract A number of analogs of a new antineoplastic agent, 1-(m- 
ethoxymethyloxypheny1)-l-nonen-3-one (IIIa) were prepared and 
evaluated against murine P-388 lymphocytic leukemia. Metabolic studies 
of IIIa in rats showed that it was sequestered rapidly to the brain and 
hence probably to other adipose tissue, which may account for the ab- 
sence of IIIa and metabolites in urine and feces. A detailed toxicological 
evaluation of IIIa in rats showed marked pathological changes princi- 
pally in the liver and spleen as a result of erythrophagocytosis from 
bleeding into the abdomen. 


Keyphrases Antineoplastics-alkoxy-, chloro-, and acyloxy-conjugated 
styryl ketones, synthesis and evaluation of activity Styryl ketones, 
conjugated-synthesis of alkoxy-, chloro-, and acyloxy-analogs, evaluation 
for antineoplastic activity 0 1-(m-Ethoxymethyloxypheny1)-1-nonen- 
3-one-metabolic and toxicological studies 


A number of Mannich bases (I) derived from conjugated 
styryl ketones synthesized in these laboratories displayed 
activity against P-388 lymphocytic leukemia, but murine 
toxicity was marked (1,2). This observation was in contrast 
to the precursor a,O-unsaturated ketones (11) which, while 
not causing mortalities under the conditions of evaluation, 
were bereft of antineoplastic activity (1,2). More recently, 
however, a number of conjugated styryl ketones, which 
were not Mannich bases, showed perceptible, beneficial 
responses in the P-388 lymphocytic leukemia screen. Thus, 
ethers IIIa-c increased the median survival time in mice 
by -19% at  the optimum dose levels, and assessment of 
IIIa against B-16 melanocarcinoma increased the lifespan 
by 30% with 1 mouse in 10 being cured (2). Furthermore, 
the unsubstituted and dichloro styryl ketones (1Va-d) also 
achieved increases in the lifespan of mice with P-388 
lymphocytic leukemia of -20% (3). With the exception of 
IVb, all of the compounds 111 and IV did not cause mor- 
talities to mice during evaluation at  the maximum doses 
administered (2,3). 


The purpose of the present investigation was twofold: 
First, molecular modification of the compounds in series 
I11 and IV to produce novel derivatives for evaluation in 
the P-388 screen was planned. Second, a study of the me- 
tabolism of IIIa was considered to be a viable undertaking, 
which may permit the identification of the breakdown 
products in the body followed by their antineoplastic 
evaluation and the subsequent design of new compounds 
on a rational basis. 


RESULTS AND DISCUSSION 


The synthetic program was directed toward the preparation of the 
ethers (V-VII),  the ketones (VIII), the esters ( I X ) ,  and finally some 
prodrugs of 4-phenyl-but-3-en-2-one, (X and XI) .  The reasona for pro- 


I 
R,=  R, = H, C1, OH 


I1 
R, = R, = H, C1, OH 


R4\ 


I11 
a: R, = R, = R, = H; R, = OCH,OC,H, 
b:  R, = R, = OCH,; R, = R, = H 
c :  R, = R, = H; R, = R, = OCH, 


IV 
a: R, = R, = H; R, = CH,; R, = (CH,),CH, 
b :  R, = R, = C1; R, = CH,; R, = (CH,),CH, 
c :  R, = R, = R, = R, = H 
d :  R, = R, = C1; R, = R, = H 


ceeding in this direction were as follows; It has been claimed that the pH 
of a number of tumors is lower than normal tissue (a), and the average 
pH value for many tumors has been estimated to be -6.5 (7). Therefore, 
it is conceivable that the levels of antineoplastic activity obtained with 
IIIa, namely, increases in mean survival times of 25 and 30% in mice 
bearing P-388 lymphocytic leukemia and B-16 melanocarcinoma, re- 
spectively (2), may be attributed to preferential hydrolysis to the corre- 
sponding phenol (11) (R1= 3-OH; R2 = H) in the tumors. The inactivity 
of the precursor phenol (11) (R1= 3-OH; Rz = H) may have been due to 
facile detoxification uia the hydroxyl group prior to reaching the tumor. 
The synthesis of the corresponding 0-benzyl ethers (V)  was planned, 
since in simple nonbiological systems, many phenyl alkyl ethers regen- 
erate the corresponding phenol under acidic conditions (8) but are stable 
under mildly alkaline conditions. In addition, alteration of the Hammett 
values of the nuclear substituents of the benzyl group in series V may 
permit variation in tho rate of release of the precursor phenol (9) which 
may correlate with differences in antineoplastic activity. In the case of 
VI ,  the loss of the benzyl groups in uiuo would permit the formation of 
an aromatic compound with vicinal hydroxy groups which may be con- 
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V 


a :  R, = R, = H 


c :  R, = R, = C1 
d : R , = C l ; R , = H  
e: R, = NO,; R, = H 
f :  R, = CH,; R, = H 


b :  RI = H, R , =  C1 


w 
VI 


VII 


a :  R, = 2-OCH,; R, = R, = H 
b :  R, = 4-OCH3; R, = R, = H 
C: R, = 2-OCH,; R, = 3-OCH3; R, = H 
d :  R, = 2-OCH,; R, = 4-OCH3; R, = H 


f :  R, = 2-OCH,; R, = 3-OCH3; R, = 4-OCH, 
g: R, = 2-OCH3; R, = 4-OCH3; R, = 5-OCH3 
h :  R, = 2-OCH,; R, = 4-OCH3;,R, 6-OCH3 


e: R, = 3-OCH3; R, = 5-OCH,; R, = H 


i :  R, = 3-OCH3; R, = 4-OCH,; R, = 5-OCH3 


verted to an ortho-quinone. Since the two dimethoxy compounds (IIIb 
and c)  were shown to possess some activity against P-388 lymphocytic 
leukemia, the question as to their mode of action was raised. O-De- 
methylation of phenols is a common metabolic pathway (lo), and thus, 
the formation of the corresponding dihydroxy compounds could occur 
with subsequent oxidation to the corresponding para- and ortho-qui- 
nones (Scheme I), which may then interact with important cellular 
nucleophiles such as thiols (11, 12). Thus, the preparation of further 
nuclear methoxy styryl ketones (VII) was suggested, and in the absence 
of nuclear hydroxylation by metabolism, compounds VIIc, f ,  g, and i are 
able to be converted in vivo into quinones, in contrast to VIId, e, and 
h.  


In addition, while 1-phenyl-1-nonen-3-one (11, R1 = R2 = H) and the 
related dichloro derivative (11, R1 = 3421; R2 = 4-C1) are inactive against 
P-388 lymphocytic leukemia, branching of the alkyl chain a to the car- 
bony1 group led to compounds IVa and b with perceptible beneficial re- 
sponses in this screen (3). The increase in bioactivity could be due to a 


Ho\ 


in vivo IIIbT 


I11 


number of factors: Alignment at a receptor site with these branched-chain 
compounds may be favored, and also differences in the hydrophilic- 
lipophilic properties of IVa and b compared with the compounds con- 
taining the n-hexyl group are conceivable. Thus, increased branching 
of the alkyl chain in the case of three isomeric n-pentanols led to increased 
aqueous solubility (13), and a recent generalization that the biological 
activities of @?-unsaturated carbonyl compounds depends largely on 
stereochemical considerations and modifications of the hydrophobic 
portion of the molecules (14) is of relevance. Furthermore, by altering 
the branching of the four-carbon alkyl group in compounds VIIIa-c and 
e-g, the degree of enolization would be predicted to vary (15,16), which 
in turn would affect the hydrophilic-lipophilic balance. In addition, since 
the bioactivities of a,P-unsaturated ketones are considered to be due to 
reaction in part with cellular nucleophiles (17, 18), chemical reaction 
would be expected to be reduced with increasing enolization. The cy- 
clohexyl compounds (VIIId and h) ,  like VIIIb and f, have secondary 
carbon atoms adjacent to the carbonyl group, but differences in hydro- 
philic-lipophilic properties would be expected [e.g., the aqueous solu- 
bilities of cyclohexanol and s-butanol at 20° are 3.6 and 12.5%, respec- 
tively (19)]. 


It has been shown recently that unsaturated alkyl ester groups, two 
carbon atoms distant from the carbonylene group, gave rise to compounds 
with antitumor properties, including activity against P-388 lymphocytic 
leukemia (20,21), and hence, evaluation of the biological activity of series 
IX was deemed profitable. 


Finally, the synthesis of prodrugs of 4-phenyl-but-3-en-2-one (IVc) 
was contemplated since the compound increased the median survival time 
in mice with P-388 lymphocytic leukemia by 26% (22). Since oximes may 
be prodrugs of ketones (23) and are known to be acid-labile (24), com- 
pound X may breakdown preferentially to IVc under the acidic conditions 
of certain neoplastic tissue. In addition, the dienol ether and related thio 
analog (XIa and b) would be expected to be stable under alkaline con- 
ditions but to be extremely sensitive to acid (25). The synthesis of these 
ethers (XI), if successful, could be applied to various Mannich bases (I) 
as well. 


The second phase of the current investigation was to examine the 
metabolic route of IIIa. Primarily, this was to compare the antineoplastic 
activities of the metabolite(s) with the parent compound, and secondly, 
to observe the effect on anticancer properties of molecular modification 
of IIIa designed to retard metabolic processes. 


The synthesis of compounds V-IX was achieved, and the effect on 
P-388 lymphocytic leukemia in mice for virtually all of the compounds 
is recorded in Table I. The 0-benzyl ethers (V and VI), although not 
causing fatalities to mice under the test conditions, were inactive. An 
assessment of the stability of three of the ethers, (Va, e,  and f )  showed 
them to be stable in acetonitrile-phosphate buffer a t  physiological pH 
as well as at pH values of 6.9 and 6.4, which are likely to be found in var- 
ious tumors. It is conceivable that a breakdown of the ethers V and VI 
to the corresponding phenols does not occur in vivo. None of the re- 
maining ethers (VII) or ketones (VIII and IX) met the criterion for ac- 
tivity in the P-388 screen. Under the test conditions, no fatalities were 
noted at the maximum dose levels administered (200 mg/kg) for the 
compounds in Table I with the exception of VIIIg and h. Oximation of 
the ketone IVc led to X which was nontoxic and inactive. 


Attempts to synthesize the enol ether (XIa) were unsuccessful. Ini- 
tially, a literature method used in the preparation of steroidal enol ethers 
(30) was employed but only unreacted ketone was isolated from the re- 
action mixture. When (E)-4-phenyl-3-buten-2-one and dimethoxypro- 
pane were heated in the presence of zinc chloride, two yellow oils, in ad- 


0 


'0' 
--f 


Scheme I 
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Table I-Physical Data on the Conjugated Styryl Ketones V-IX and Activity Against P-388 Lymphocytic Leukemia in Mice 


Max Increase 
Melting Point or 


Yield, Boiling Point, 
Compound 70 "C/mm Formula 


Analysis in Median 
Calc. Found Survival Time" 


C H C H (Dose in m d k d  


Va 
Vb 
v c  
Vd 
Ve 
Vf 
VI 
VIIa 
VIIb 
VIIC 
VIId 
VIIe 
VIIf 
VIIg 
VIIh 
VIIi 
VIIIa 
VIIIb 
VIIIC 
VIIId 
VIIIe 
VIIIf 
VIIIg 
VIIIh 
IXa 
IXb 
IXC 
IXd 


35 
49 
30 
46 
54 
62 
54 
53 
21 
39 
48 
56 
31 
72 
65 
44 
66 
58 
31 
51 
49 
54 
34 
45 
81 
83 
85 
95 


55 
27-28 
57 
46 


74-75 
42 


145-146/0.45 
78-79 


54. 
146-148/0.24 


71 
66 
32 
go ~. 


110 
80 
37c 


89-9 110.37 
37d 
57 
49e 
34-35 
89f 
65 
Oil 
Oil 
Oil 
Oil 


81.99 
74.16 
67.52 
74.16 
71.91 
82.03 
81.32 
78.00 
78.00 
73.88 
73.88 
73.88 
70.56 
70.56 
70.56 
70.56 
82.93 


8.07 
7.02 
6.18 
7.02 
6.86 
8.32 
7.47 
9.01 
9.01 
8.75 
8.75 
8.75 
8.55 
8.55 
8.55 
8.55 
8.57 


82.07 
74.12 
67.80 
74.03 
71.60 
82.15 
71.81 
77.93 
78.17 
74.12 
74.06 
73.64 
70.47 
70.66 
71.09 
70.68 
82.87 


8.19 
7.01 
6.05 
7.04 
6.81 
8.55 
7.12 
9.04 
9.08 
8.74 
8.54 
8.39 
8.58 
8.59 
8.54 
8.48 
8.58 


NA 
96(200) 
115(50) 
lOl(200) 
91(50) 


NA 
92( 12.5) 
117(200) 
103(100) 
107(100) 
94(50) 
103( 100) 
102(200) 
lOO(50) 
101(100) 
lOl(50) 
108(200) 


82.93 8.57 82.88 8.49 ii4i2ooj 
82.93 8.57 83.08 8.77 105(200) 
84.46 8.04 84.49 8.32 107 ( 100) 
60.72 5.49 60.72 5.52 98(50) 
60.72 5.49 60.77 5.45 99(200) 
60.72 5.49 60.72 5.57 107( 100N 


5.77 103(50)i 63.84 5.34 63.68 
75.49 7.75 75.84 7.80 107(100) 
75.97 8.05 75.87 7.80 1 OO( 200) 
75.97 8.05 76.17 8.02 98(50) 
79.53 7.23 79.80 7.19 96i5oi 


, I  


The fi ures are the ratios of the survival time of treated animals to control animals expressed as a percentage. A compound should increase the median survival time 
by 20% to 6 e  considered active. NA result is not yet available. Anal.-Calc. for C22H2iN04: N, 3.81. Found: N ,  3.78. c Lit. (26) mp 3b39". Lit. (27) mp 41°. e Lit. (28) 
mp 49'. f Lit. (29) mp 89-91', R There were 6/6 and 6/6 survivors on Day 5 at dose levels of 200 and 100 mg/kg, respectively. 


dition to unreacted ketone, were obtained. Separation of the three 
components showed that the molecular ions of both yellow oils was 274, 
and both purified compounds reverted to an equilibrium mixture of these 
two compounds. Initially, it was considered that a Diels-Alder reaction 
between the desired product (XIa) and unreacted ketone (IVc) had oc- 
curred to give a cyclohexene derivative such as XI1 (or alternatively, 
where the aromatic rings are vicinal to each other), which subsequently 
lost a molecule of methanol to give cyclohexadienes, which may be rep- 
resented by structures XIIIa and b (Scheme 11). Interconversion between 
XIIIa and b is possible since similar molecular rearrangements in con- 


jugated systems are known (31). However, an alternative explanation was 
considered in that under the reaction conditions which contain a Lewis 
acid, two molecules of protonated ketone could undergo an aldol con- 
densation, which on dehydration would lead to the triolefine (XIV) also 
possessing a molecular weight of 274 (Scheme 11). This compound could 
undergo ( E ) - ( Z )  isomerization at  the double bonds in the molecule. 
Recourse to 13C-NMR spectroscopy supported the structures of the 
yellow compounds as XIV, based on a comparison of the observed values 
of carbon absorptions with the calculated values of chemical shifts cal- 
culated from tables (32). The presence of XI1 was eliminated since no 


n 


&CH=CH* C-CH3 II 


OH 


-H* 
I 


XI1 


OH 


XIIIa 


+ 


XIIIb 


0 
XIV 


Scheme II 
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/ 0 Rz 
VII I  


a:  R, = R, = H; R, = (CH,),CH, 
b :  R, = R, = H; R, = CH(CH,)C,H, 
c: R, = R, = H; R, = C(CH,), 
d :  R, = R, = H; R, * C,Hf, 
e:-R;= R, = C1; R, = (CH,),CH, 
f :  R, = R, = C1; R, = CH(CH,)C,H, 
g :  R, = R, = C1; R, = C(CH,), 
h:  R, = R, = C1; R, = C,Hf, 


IX 
a: R, = R, = H 
b : R , = H ; R , = C H ,  
c: R, = CH,; R, = H 
d :  R, = H; R, - C,H, 


NOH 
X 


XI  


c : x = o  
b : X = S  


Rl 


xv 
a: R, = H, R, = (CH,),CH,; R, = CH,; X = 0 
b :  R, = R, = H; R, = C,H,; X .= S 


d :  R, = R, = H; R, = C,H,; X = 0 
C: RI = CH3; R, 4 CaHs; R3 = CsHs, X = S 


XVI 


a: R, = SC,H,; R, = H 
b :  R, = R, = Br 


absorbances a t  30-40 ppm or 200-207 ppm were observed, indicating the 
absence of methylene and acetyl carbon atoms, respectively. No reaction 
was observed when I1 (R1= R:! = H) was reacted with dimethoxypropane 
under the same experimental conditions in an attempt to produce 
XVa. 


In an attempt to produce the thio ether (XVb) using a modification 
of the literature procedure (30), principally unreacted ketone (IVc) was 
found as well as two unidentified components. I t  has been observed that 


formation of thioenol ethers, in contrast to mercaptans, is enhanced by 
the carbon atom a to the carbonyl group being sterically hindered and 
having an electron-releasing group attached to it (33). These workers used 
thiophenol rather than ethanethiol, and hence, the reaction between 
VIIIb and thiophenol was attempted. Examination of the product showed 
the presence of principally unreacted ketone (VIIIb), the Michael adduct, 
4-methyl-1-phenyl-I-phenylthiohexan-3-one (XVIa), and an unidenti- 
fied product. To eliminate the formation of this Michael adduct, the 
dibromoketone (XVIb) was synthesized, but no reaction between this 
compound and thiophenol occurred under the experimental conditions 
employed. 


Finally, a related enol ether (XVd) was synthesized essentially by lit- 
erature procedures (34,35) and shown to revert rapidly to 4-phenyl-3- 
buten-2-one (IVc). The marked instability of this compound precluded 
its assessment against P-388 lymphocytic leukemia. Hence, even if the 
desired compounds (XI) were prepared, it may be that they would be too 
unstable for pharmacological evaluation, even if the idea of XI reverting 
to 4-phenyl-3-buten-2-one is validated. 


In an attempt to study the metabolism of IIIa, this compound was 
administered intraperitoneally into rats. No trace of IIIa nor metabolites 
was found in the urine and feces. Examination of rat plasma a t  different 
time intervals after intraperitoneal injection of IIIa did not reveal the 
presence of IIIa or metabolites, and it was considered that they may have 
been bound extensively to proteins [e.g., an aromatic hydroxy compound 
used as a cholecystographic medium has been shown to be bound by co- 
valent bonds to plasma protein albumin with a half-life of 2.5 years (36)]. 
However, analysis of plasma revealed the absence of xenobiotics. Since 
gross physiological effects were observed in the animals soon after in- 
traperitoneal injection of IIIa, it was felt that this compound was being 
absorbed rapidly, so IIIa was administered by the intravenous route and 
blood obtained after short time intervals. Five minutes after injection 
of IIIa, the compound was detected, but after 10 min the concentration 
of this compound had been reduced 400 times compared to the quantity 
of IIIa measured at the end of 5 min. Since neither IIIa nor metabolites 
were found in the urine or feces, it was thought that  rapid sequestration 
to adipose tissue in part could occur due to the lipophilicity of 1110. Ex- 
traction of rat brain 15 min after intraperitoneal injection revealed the 
presence of -5% of 11111. This observation demonstrates that IIIa crosses 
the blood-brain barrier and is present in brain tissue not in the covalently 
bound state. This passage through the blood-brain barrier by IIIa may 
permit it to serve as a prototype of a series of compounds for evaluation 
against brain tumors. I t  is conceivable that this compound primarily is 
distributed to and retained by the fatty tissue of the rat. 


After 6 weeks, some of the animals that had been dosed with IIIa died, 
and the remaining animals appeared sickly. The live animals were eu- 
thanked, and the gross pathological examination revealed peritonitis 
as well as enlarged livers and spleens. In addition, blood was found in 
various body cavities, and, although it did not clot on exposure to air, the 
prothrombin and partial thromboplastin times as well as platelet counts 
were normal. The capillaries in the reticular surface collagen surrounding 
livers and spleens seemed to be inadequately supported and may have 
permitted blood seepage into the organ capsules and abdomen. Changes 
in the mesenteric lymph nodes and the fact that no evident source of 
hemorrhage was found suggest that the bleeding into the abdomen noted 
in this group of treated rats occurred over several days. Histological ex- 
amination revealed significant abnormalities in the liver and spleen. 
Figures 1 and 2 show the hepatic necrosis observed and the damage to 
the splenic capsules, respectively. In order to evaluate whether the 
pathological changes occurred soon after injection or gradually over a 
period of time, rats were injected with IIIa and euthanized a t  the end of 
1, 2, 3, and 4 weeks. In general, the pathological changes noted were 
progressive. Finally, the dose of IIIa was reduced tenfold, and examina- 
tion a t  the end of 4 weeks revealed cellular damage in the liver and 
spleen. 


EXPERIMENTAL 


Melting points and boiling points are uncorrected. Elemental analyses 
were undertaken locally', and the aluminum oxide2 and silica gel3 used 
in column chromatography were obtained commercially. TLC was carried 
out using aluminum oxide and silica gel with fluorescent indicator sheets4, 


R. E. Teed, Department of Chemistry and Chemical Engineering, University 


Alcoa Chemicals aluminum oxide (F-20), Aluminum Co. of Canada. 
Silica gel 28-200 mesh, Sargent-Welch Scientific Co. 


of Saskatchewan, Saskatoon, Saskatchewan, Canada. 


4 Eastman Kodak Co. 
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Figure I-Rat liver showing a viable portal triad a, surrounded by a n  
area of coagulation necrosis Q, and inflammation Q (140X). 


while silica gel5 (0.5-mm thick) on glass was used in preparative TLC. The 
plates were conditioned at  120" overnight and cooled prior t o  use. Unless 
otherwise stated, the boiling point of petroleum ether was 40-60". Mass 
spectraa were run at  70 eV and the 60 MHzSJO and 13C-NMR spectral0 
were determined using tetramethylsilane as the internal standard. 
GLC11J2 analysis utilized a 122-cm X 3-mm column packed with phen- 
ylmethylsilicones on film calcined diatomite material of low density13. 
The injection port and detector temperatures were 250 and 300', re- 
spectively, and the chromatograms were programmed from 150 to 250' 
at 4'/min. The physical data for Compounds V-IX are found in Table 
I .  
l-(m-Benzyloxyphenyl)-l-nonen-3-ones (Va-f)-The compounds 


were prepared by alkylation of l-(m-hydroxyphenyl)-l-nonen-3-one (2) 
with the appropriate benzyl chloride using a literature procedure (37) 
to give the crude product as a brown oil, purified as follows: The unsub- 
stituted compound (Va) was chromatographed using a column of alumina 
and eluted with petroleum ether, followed by benzene and finally 
methanol. Recrystallization from petroleum ether afforded Va as a col- 
orless powdery material. Compound Vb was purified by trituration with 
cold petroleum ether to give colorless crystals which were recrystallized 
from petroleum ether. Compounds V c  and d were purified by chroma- 
tography using alumina and a solvent system of chloroform-ethyl ace- 
tate-diethylamine (92:5:3). After the products were eluted, they were 
placed in a freezer (-5') overnight and the solids obtained recrystallized 
from petroleum ether to give Vc and d as a colorless powdery material. 
The nitro analog (Ve) was purified by placing the crude oil in the freezer 
overnight and the crystals formed were recrystallized from anhydrous 
diethyl ether to give V e  as a colorless product. The crude oil containing 
V f  was placed in the freezer overnight and the crystals formed triturated 
with cold methanol. Recrystallization from methanol aftorded Vf as a 
colorless powdery material. 


The stabilities of V a ,  e,  and f in acetonitrile-phosphate buffers (l:l), 
which were prepared using the described methodology (38), were dem- 
onstrated as follows: The ketone M) was dissolved in the buffer (250 
ml) at pH values of 7.4,6.9, and 6.4. The spectrum of the compound was 
obtained at  dissolution (t  = 0 )  and the solution retained a t  37 f 0.1' for 
24 hr and monitored at  regular time intervals. No change in the absorp- 
tion at A,,, was noted. 
1-(3,4-Dibenzyloxyphenyl)-l-nonen-3-one (V1)-A solution of 


3,4-dibenzyloxybenzaldehyde (3.0 g, 0.010 mole), 2-octanone (1.4 g, 0.011 
mole), piperidine (0.86 g, 0.01 mole), and glacial acetic acid (0.66 g, 0.011 
mole) in benzene (50 ml) w& heated under reflux for 36 hr. A Dean-Stark 


6 Silica gel GF Woelm TLC, ICN Pharmaceuticals, GMbH and Co., West Ger- 
many. 


AE1 MS-12 mass spectrometer, Picker X-Ray Engineering Ltd. 
VG Micromass MM16F mass spectrometer with 2025 data system. 


8 Finnigan model 4000 gas chromatograph mass spectrometer interfaced to a 
Finnigan lncos model 2300 data system. Samples were injected splitless on a 50 m 
X 0.3-mm fused silica capillary column coated with OV-1 at room temperature and 
the temperature raised ballistically to 150' and then programmed at 4O/min to 275'. 
The mass spectrometer was scanned from mass 40 to mass 650 every 2 sec. The 
temperature of the injector and separator oven were both at 250'. 


lo Brucker WP-60 spectrophotometer, Brucker Spectrospin (Canada) Ltd. 
11 Hewlett-Packard 5750 gas chromatograph. 
l2 Perkin-Elmer Sigma 3B gas chromatograph. 
l3 3% OV-17 on Chromosorb W. 


Varian T-60 spectrophotometer, Varian Associates of Canada Ltd. 


Figure 2-Rat spleen (S) showing a thickened capsule composed o f  very 
f ine reticular connective tissue and many  poorly supported capillaries 
(arrours) (220X). 
trap was attached to the reaction vessel. On cooling the solution was 
washed with water (3 X 20 ml) and the organic phase dried (anhydrous 
magnesium sulfate). After evaporation of benzene, the residue was cooled 
over ice to produce yellow crystals (2.6 9). Purification was accomplished 
by column chromatography using silica and benzene-acetone (41) to give 
VI as colorless needles (2.3 g). TLC using silica and developing with 
methylene chloride revealed one spot, RI = 0.80. The mass spectrum of 
VI showed m / z  428 (M? 8%) and 91 (100%). NMR (CDC13): B 7.30 (m, 13, 
aromatic H), 7.10 (d, 1, CIH, J = 16 Hz), 6.55 (d, 1, CzH, J = 16 Hz), 5.12 
(s,4, 2 X C H Z C ~ H ~ ) ,  2.60 (t, 2, C4H), and 1.40 [m, 11, (CH2)&H3]. Re- 
peated elemental analyses invariably gave similar results to those quoted 
in Table I .  Only unreacted aldehyde was isolated in an attempt to syn- 
thesize VI by the method employed for the preparation of V. 


Methoxy-Substituted 1-Phenyl-I-nonen-3-ones (VI1)-These 
ketones were prepared by a literature method (39). The yellow and 
colorless compounds obtained were recrystallized from methanol, 
except for V I I d  and e ,  which were recrystallized from petroleum 
ether. 


Styryl Alkyl Ketones (VII1)-These compounds were prepared by 
the literature procedure (39). The crude products were recrystallized from 
petroleum ether to yield colorless crystals, except VIIIb, which was dis- 
tilled to give the desired compound as a pale yellow oil. 


Esters  of 1-( o-Hydroxypheny1)- 1-nonen-3-one (1X)-The esters 
( I X )  were prepared from l-(o-hydroxyphenyl)-l-nonen-3-one (40) and 
the appropriate acid chloride in the presence of triethylamine using a 
literature method (41), except that after the reactants were stirred at  
room temperature, diethyl ether was added to precipitate all of the tri- 
ethylamine hydrochloride. Evaporation of the solvent produced yellow 
oils, which were passed through a column of alumina using methylene 
dichloride as the eluting solvent to give IXa and c as yellow oils, IXb as 
a pink oil, and IXd as a pale brown oil which solidified on standing. TLC 
using alumina and petroleum ether (bp 30-60') as the eluting solvent 
showed only one spot. 
(E)-4-Phenyl-3-buten-2-one oxime (X)-A mixture of (E)-4-phe- 


nyl-3-buten-2-one (5.0 g, 0.034 mole), hydroxylamine hydrochloride (1.2 
g, 0.017 mole), sodium acetate (3.1 g, 0.038 mole), ethanol (25 ml), and 
water (25 ml) was heated under reflux for 5 hr. Water (200 ml) was added, 
and after cooling, the mixture was extracted with ether (3 X 50 ml) and 
the organic extracts washed with water, dried (anhydrous magnesium 
sulfate), and removal of the solvent afforded a yellow oil which solidified 
on standing. Recrystallization from petroleum ether (bp 40-60') gave 
X as fawn crystals, mp 109O [lit. (42) mp llOO]; 52% yield. 


Attempted Synthesis of (E)-3-Methoxy- l-phenyl-1,3-butadiene 
(X1a)-Conversion of (E)-4-phenyl-3-buten-2-one (IVc) into XIa was 
attempted initially using a literature procedure (30), but only unreacted 
ketone was isolated from the reaction mixture. The result was identical 
when the time of heating under reflux was extended from 3.5 to 24 hr. 
Employment of a published method (43) substituting dimethoxypropane 
for benzylmercaptan, gave a yellow-brown oil, which was shown by TLC 
using silica and a developing solvent of methylene chloride-benzene (41) 
to consist of unreacted ketone ( I V c )  R f  = 0.44 and two yellow compo- 
nents, Rl = 0.52 and 0.61. After replacement of the zinc chloride by 
stannic chloride, the reaction was monitored for 72 hr by TLC to observe 
the ratio of unreacted IVc to the two yellow compounds. After 3.5 hr, this 
ratio appeared to be constant. Attempts to separate the two yellow 
components by column chromatography using silica and a mixture of 
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methylene chloride and benzene (41) were unsuccessful. Preparative TLC 
using silica (0.5 mm) and a developing solvent of methylene chloride and 
benzene (4:l) gave two distinct yellow bands which were eluted with 
methylene dichloride and the solvent removed in uacuo a t  room tem- 
peratures. Evaporation of the solvent gave the two compounds and were 
subject to mass spectral and 13C-NMR evaluations. After refrigeration 
with protection from light for 24 hr, both compounds had reverted to an 
identical mixture of two yellow derivatives. The molecular ions of both 
compounds were 274 (100%). The 13C-NMR chemical shifts were deter- 
mined in deuterochloroform and are consistent with structure XIV (as- 
signment, calculated value): 136.61 ((2-1 aromatic ring A, 137.3); 128.18 
(C-2 aromatic ring A, 127.9); 130.09 (C-3 aromatic ring A, 130.5); 126.39 
(C-4 aromatic ring A, 126.2); 129.47 (C-1, 129.8); 135.13 ((2-2, 135.3); 


150.34 (C-7,151.1); and 14.30 (C-8, -) ppm. A further attempt to produce 
XIa by a literature procedure (44) produced an orange-brown oil shown 
by TLC [silica and a developing solvent of methylene chloride and ben- 
zene (4:l) to consist of unreacted ketone, Rf = 0.44, and two yellow 
components, Rf = 0.52 and 0.611. 


Attempted Syntheses of the Butadienes (ma+)-An attempted 
conversion of (E)-l-phenyl-l-nonen-3-one (39) into the corresponding 
butadiene (XVa) by the reported procedure (43) led to the isolation of 
unreacted ketone from the reaction mixture (TLC evidence using silica 
and methylene chloride as the developing solvent). In the attempted 
synthesis of XVb from (E)-4-phenyl-3-buten-2-one (IVc) and ethanethiol 
by the published procedure (431, only unreacted ketone was isolated from 
the reaction mixture as revealed by TLC (silica and methylene chloride). 
Modification of a literature procedure (30) in a further attempt to pro- 
duce XVb was as follows: A mixture of IVc (5.72 g, 0.035 mole), ethane- 
thiol(2.67 g, 0.043 mole), and p-toluenesulfonic acid (0.50 g, 0.003 mole) 
in benzene (100 ml) were heated under reflux for 24 hr. On cooling, the 
mixture was neutralized with sodium bicarbonate (1.5 g), added to ice 
water (200 ml), and stirred at room temperature for 0.5 hr. After ex- 
traction with benzene, the organic layer was washed with water, dried 
(anhydrous sodium sulfate), and removal of benzene afforded a brown 
oil (3.6 9). TLC on silica using methylene chloride as the developing 
solvent revealed the presence of unreacted ketone, Rf = 0.55, and two 
yellow components, Rf = 0.69 and 0.80. 


The attempted synthesis of the thioether (XVc) from 4-methyl-l- 
phenyl-l-hexen-3-one, VIIIb, and thiophenol using the published pro- 
cedure (33) yielded a yellow oil. TLC of the product using silica and a 
developing solvent of cyclohexanone-benzene (946) revealed the pres- 
ence of unreacted ketone, Rf = 0.60, and two other compounds, Rf = 0.72 
and 0.83. Separation of the components by preparative TLC using silica 
and cyclohexanone-benzene (946) was achieved and the compound 
with an Rf value of 0.72 was identified as 4-methyl-1-phenyl-1-phenylthio- 
hexan-3-one (XVIa) as a yellow oil, NMR (CDCl3): 8 7.05 (m, 10, aromatic 
H); 4.75 (t, 1, ClH, J = 7 Hz); 3.00 (d, 2, CzH, J = 7 Hz); 2.3 (broad q, 1, 
C4H, J = 7 Hz); 1.40 (m, 2, C5H); and 0.80 (m, 6, C4HCH3, C&). 


Anal.-Calc. for ClsH220S: C, 76.46; H, 7.43. Found: C, 76.41; H, 
7.49. 


The remaining compound, R, = 0.83, was not identified. However, mass 
spectrometry revealed the molecular weight to be 280 and the NMR 
spectrum showed the presence of aromatic protons and various aliphatic 
hydrogen atoms. 


In an attempt to prepare the dibromo analog of XVc, the required 
intermediate ketone, 1,2-dibromo-4-methyl-l-phenyl-3-hexanone 
(XVIb), was prepared by a literature method (45) to give the desired 
product as colorless needles (mp 97.5', 64% yield). 


Anal.-Calc. for C13H16Br20: C, 44.82; H, 4.60. Found C, 44.79; H, 
4.60. 


Reaction of 1,2-dibromo-4-methyl-l-phenyl-3-hexanone with thio- 
phenol by the literature method (33) was unsuccessful and only unreacted 
ketone was isolated from the reaction mixture, mp 96-97'. 


3-Ethoxy- l-phenyl-1,3-butadiene (XVd)-n-Butyl lithium (0.14 
g, 0.002 mole) in hexane (0.64 ml) was added dropwise to a vigorously 
stirred suspension of 2-ethoxypropenyl-triphenylphosphine iodide (34) 
(0.948 g, 0.002 mole) in anhydrous tetrahydrofuran (10 ml) under nitrogen 
which was cooled to -50'. After the addition was complete, the orange 
mixture was allowed to warm to -25' and stirring was continued for 2 
hr. On cooling to -78', benzaldehyde (0.212 g, 0.002 mole) was added and 
the mixture stirred at this temperature for 15 min, 0' for 2 hr, and over- 
night at room temperature. After heating the reaction mixture under 
reflux for 6 hr, it was diluted with water (40 ml) and extracted with hex- 
ane. The hexane extracts were combined, washed with water, and dried 
(anhydrous magnesium sulfate), and evaporation of the organic solvent 
afforded XVd as a brown oil (0.15 g). NMR (CDCl3) spectrum was 


151.63 (C-3, 153.9); 125.35 (C-4, 123.9); 190.17 (C-5, -); 142.03 (C-6, 144.5); 


identical to the published data for the ( E )  and (2) isomers of XVd (35, 
46). On standing overnight a t  room temperature in a sealed dark con- 
tainer, IVd was shown by mass spectral, NMR, and TLC evidence to have 
been converted into (E)-4-phenyl-3-buten-Z-one (IVc). Attempts at 
purification of the butadiene (XVd) by preparative TLC using silica and 
a hexane-ether mixture (6040) caused a breakdown of XVd into IVc. 
Column chromatography on alumina and eluting with a hexane-ether 
mixture (6040) did not permit purification of the components, and 
vacuum distillation caused the reaction product to decompose. 


Screening of Compounds-The anticancer screening was carried 
using protocols described previously (47). The compounds were 


administered by the intraperitoneal route into either male or female 
CDzFl mice and male BsDzFl mice. The compounds were administered 
for 9 consecutive days except in the case of Vb, VI, IXa-d, and X, which 
were injected for 5 consecutive days. The compounds were administered 
as suspensions in saline with polysorbate 8015 except for VIIId, e, g, and 
h, X, and XVI, which were injected in hydroxypropylcellulose and also 
Compounds IXd and Vb, which were administered in saline with alcohol 
and in saline with polysorbate 8015 plus alcohol, respectively. 


Examination of the Effect of IIIa in RatsUnless  stated otherwise, 
IIIa was suspended in normal saline containing 3% polysorbate 8015 and 
injected by the intraperitoneal route into male albino Wistar rats. Control 
animals were injected with normal saline containing 3% polysorbate 
8015. 


Metabolism Studies-Dose of IIIa used in metabolism studies is as 
follows: It has been shown16 that two doses of IIIa of 400 mgkg given by 
the intraperitoneal route on Days 1 and 7 caused no mortalities in the 
B.&lzFl strain of mice by Day 5, and initially it was decided to examine 
the effect of IIIa in rats a t  single dose levels of 400,300, and 200 mg/kg 
over a 72-hr period. Injection of IIIa at the 400-mglkg dose level into two 
rats caused an onset of action between 3 and 5 min. The animals remained 
inactive for 24 hr, laying on their sides. Only slight movement was ini- 
tiated by physical stimuli and slight hemorrhaging was observed around 
the nose. During the first 24 hr, the urine output was 16% that of two 
control rats. After 48 hr the urine output was normal. Four rats dosed with 
300 mg/kg of IIIa had a urine output similar to two control animals, al- 
though after 3-5 min, the animals appeared to be sedated. Slight he- 
morrhaging around the nose was noted after 24 hr, but after 48 hr the 
animals appeared normal. Two rats dosed with 200 mg/kg of IIIa dis- 
played similar gross physiological effects as the animals dosed with 300 
mghg of IIIa. Hence, a dose of 300 mg/kg was chosen for the metabolism 
studies. 


Efficiency of Extraction of IIIa from Urine, Feces, Plasma, and 
Brain of Rats-The percent efficiency of extraction of IIIa from urine, 
feces, plasma, and brain of rats was determined by GLC by a modification 
of a literature procedure (48). Compound IIIa (0.04 mg) was added to 
control urine (2.00 ml), and after basification with aqueous sodium hy- 
droxide solution (0.45 N )  to pH 10.50, it was extracted with ether (2 X 
5 ml). After evaporation of the organic solvent, the extract was dissolved 
in a solution (0.10 ml) of promazine hydrochloride in methanol (1.00 
mg/ml). The peak height ratio of IIIa, promazine hydrochloride, recorded 
when 1 pl of this solution was injected onto a GLC column, was compared 
to the ratio obtained after injecting 1 pl of a solution containing 0.40 mg 
of 1110 and 1.00 mg of promazine hydrochloride/ml. It was observed that 
98% of IIIa was recovered by this method. 


Compound IIIa (8.00 mg) was added to 25 g of control feces and ex- 
tracted by the literature method (48). The ether-soluble basic fraction 
was evaporated to dryness, dissolved in 100 p1 of a solution containing 
I1 (R1 = 3-OH; Rz = H) in methanol (1.00 mg/ml), and the peak height 
ratio of IIIa, I1 (R1= 3-OH; Rz = H), was compared with the peak height 
ratio of a 1-pl sample of a solution containing IIIa (8.00 mg) and II(R1 
= 3-OH; Rz = H; 0.1 mg) in methano1/100 pl. The percentage of IIIa ex- 
tracted by this method was 61%. 


Compound 1110 (0.04 mg) was added to plasma (1 ml), basified with 
aqueous sodium hydroxide solution (0.45 N )  to pH 11.5, and extracted 
with ether (2 X 5 ml). After the ether was evaporated, the extract was 
dissolved in 100 pl of a solution containing I1 (R1 = 3-OH; Rz = H) in 
methanol (1 mg/ml). The peak height ratios of IIIa with I1 (R1 = 3-OH; 
Rs = H) were compared with a 1-pl sample of a solution containing 0.04 
mg of IIIa and 0.10 mg of I1 (R1 = 3-OH Rz = H) in 100 p1 of methanol. 
It was found that the efficiency of extraction of IIIa from plasma was 
71%. 


l4 Anticancer screening was carried out by the Drug Research and Development 


l6 Tween-80, Atlas Chemical Laboratories. 
l6 The National Cancer Institute, Bethesda, Md. 


Division of the National Cancer Institute, Bethesda, Md. 
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The brain of a rat was removed, homogenized'7, and after the addition 
of IIIa, the compound was extracted by the literature method (49), except 
that no basification was undertaken and the extraction solvent was ether, 
not 1-chlorobutane. Comparison of the peak heights of IIIa with I1 (R1 
= 3-OH; Rz = H) by the method already described, indicated a percentage 
efficiency of extraction of IIIa of 75%. 


Examination of Rat Urine and Feces for IIIa and Metabolites- 
Compound IIIa was injected into rats weighing between 200 and 300 g. 
Normally a trial consisted of 10 dosed rats and 5 control animals. The 
urine and feces were collected every 24 hr for 3 days and then at 1-week 
intervals for 4 subsequent weeks. If the samples were not utilized on the 
day of collection, they were frozen immediately a t  -5'. Both 24-hr test 
and control urine were extracted with ether and fractionated into the 
strongly acidic, weakly acidic, neutral, amphoteric, and basic components 
essentially by the literature procedure (48). The extracts were dissolved 
in methanol (100 pl) and a 1-pl sample injected onto a GLC column. No 
peaks were found in the extracts from the urine of animals dosed with 
1110, which also were not found in the extracts from the urine of the 
control animals. A similar observation was made after extracting the urine 
collected between 24 and 48 hr and also between 48 and 72 hr after in- 
jection of IIIa. Extraction of the 24-hr test and control feces (25 g) with 
ether was undertaken by the published procedure (481, the extracts were 
dissolved in methanol (100 pl), and a 1-pl sample injected onto a GLC 
column. The chromatograms generated did not reveal the presence of 
unchanged IIIa nor metabolites in the test feces. At this time, the toxicity 
of 1110 became apparent and the dose of IIIa was reduced tenfold. Sam- 
ples of the 24,48, and 72 hr and 1-4 week urine from six rats dosed with 
30 mg/kg of IIIa and two control animals were extracted as described 
above, and no unchanged IIIa nor metabolites were found. Both test and 
control urine (2 ml) were adjusted to pH 5.2 with an acetate buffer and 
sulfatasels (20 pl containing 8-glucuronidaae) was added and the mixture 
was incubated a t  37' overnight. Extraction and analysis by GLC indi- 
cated the absence of IIIa and related metabolites. 


Examination of Rat Plasma after Intraperitoneal Injection of 
IIIa-Compound IIIa (30 mg/kg) was injected by the intraperitoneal 
route into rats weighing between 200 and 500 g. Rats were decapitated 
15 min and 2,24, and 48 hr after injection; the blood was collected and 
extracted by the following methods. First, test plasma (1.0 ml) was bas- 
ified to pH 11.5 with aqueous sodium hydroxide solution (0.45 N), ex- 
tracted with ether, and the organic extracts evaporated to dryness. The 
original plasma was then acidified with aqueous sulfuric acid (1 N) to pH 
2.4, extracted with ether (2 X 5 ml), and the ether extracts evaporated 
to dryness (Method A). Second, plasma (1.0 ml) and 4 N aqueous HCI 
(1.0 ml) were incubated at 85' for 10 min. The plasma (pH 2.4) was ex- 
tracted with ether (2 X 5 ml) and the ether removed in uacuo. The original 
plasma was then basified with aqueous sodium hydroxide solution (0.45 
N) to pH 11.5, extracted with ether (2 X 5 ml), and the ether removed by 
evaporation. Third, plasma from dosed animals (1.0 ml) and 4 N aqueous 
HCl(1.0 ml) were incubated a t  room temperature for 24 hr. The plasma 
(pH 2.4) was extracted with ether (2 X 5 ml) and the ether evaporated. 
Basification of the original plasma to pH 11.5 was accomplished with 
aqueous sodium hydroxide solution (0.45 N), extracted with ether (2 X 
5 ml), and the ethereal extract evaporated to dryness. Fourth, plasma (1.0 
ml) was extracted by a literature procedure (36). In all cases control 
plasma was extracted by identical methods. Extracts from the plasma 
of dosed and control animals were dissolved in 100 pl of methanol and 
a 1-pl sample examined by GLC. Chromatograms of the dosed and control 
plasma extracts appeared identical. 


Examination of Rat Plasma after Intravenous Injection of 
IIIa-Rats weighing between 200 and 250 g were injected into the fem- 
oral vein with IIIa (300 mg/kg). In the first experiment, blood was col- 
lected after 5 and 10 min, and in the second, blood was collected by car- 
diac puncture after 5 and 8 min. Plasma was separated and extracted by 
Method A. The extracts were dissolved in 100 p1 of a solution of I1 (RI 
= 3-OH; RP = H) in methanol (1 mg/ml), and a 1-pl sample was analyzed 
by CLC. The quantity of IIIa in the plasma samples was determined by 
comparing the peak height ratio of IIIa to I1 (R1 = 3-OH; Rz = H) with 
a standard curve prepared from standard solutions of these two com- 
pounds. The results were determined by calibration and revealed that 
the concentrations of IIIa were 1.974 (2.132, 1.816), 0.602, and 0.005 
mg/ml after 5,8, and 10 min, respectively. 


Examination of Rat Brain after Intraperitoneal Injection of 
IIIa-A dose of 300 mg/kg of IIIa was injected intraperitoneally into a 
rat weighing 340 g and the animal decapitated 15 min after injection. The 


l7 Virtis homogenizer, model 45. 
la Sigma Type H-2, Sigma Chemical Co., St. Louis, MO 63178. 


brain was removed, hornogeni~ed'~, and the compound extracted by the 
literature procedure (49), except that basification prior to extraction was 
omitted, and the extraction solvent was ether, not I-chlorobutane. The 
quantity of IIIa in the brain was measured using I1 (R1 = 3-OH; Rz = H) 
as the reference compound by the same procedure described earlier and 
found to represent 4.78% of the injected dose of the compound. 


Pathological Study of IIIa-A dose of 300 mg/kg of IIIa was injected 
intraperitoneally into 10 male Wistar rats and two control animals were 
utilized. Deaths occurred in three animals after 40,41, and 42 days, and 
at the end of 43 days the remaining seven animals were weak and bloated. 
There was paralysis in the hind legs and hemorrhaging from the nose. 
Necropsy was undertaken on these seven animals. Tissues were fixed in 
10% buffered formaldehyde solution, sectioned a t  5 pm, and stained with 
hematoxylin and eosin. 


Blood samples were obtained by cardiac puncture prior to necropsy 
of the seven rats. Hemoperitoneum was noted in six of the seven rats. The 
markedly distended abdomens and scrota1 sacs contained blood. He- 
mopericardium was noted in the seventh rat. The blood found in body 
cavities did not clot on exposure to air; however, the prothrombin times, 
partial thromboplastin times, and platelet counts of representative test 
animals were comparable to those of the controls. Two rats had a chronic 
diffuse peritonitis, whereas in the other five, the peritonitis was confined 
to the cranial abdomen where the diaphragm, liver, spleen, stomach, 
proximal duodenum, colon, and cranial poles of the kidneys adhered to 
one another by fibrous strands. Both the liver and spleen were enlarged 
in all of the rats examined. The stomach and intestines contained food 
and the other organs appeared normal. 


The significant histological changes were found in the spleen, liver, and 
mesenteric lymph nodes. Chronic perihepatitis was characterized by a 
markedly thickened fibrous capsule. Loose granulation tissue attached 
to the peritoneal surface of the capsule contained capillaries, fibroblasts, 
and an infiltrate of polymorphonuclear leukocytes. Liver parenchymal 
changes were observed throughout all lobes and ranged from periportal 
vacuolation, basophilic cytoplasmic clumping, single hepatocyte necrosis, 
and occasional mitosis to multifocal centrilobular and midzonal coagu- 
lation necrosis. The periportal areas seemed to have been spared, al- 
though single necrotic cells were visible in these areas. Polymorphonu- 
clear leukocytes were noted in the areas of necrosis. 


Changes in the splenic capsule were similar to those in the liver capsule. 
The splenic red pulp was congested. Extramedullary hematopoiesis 
varied in degree among the rats from the occasional focus to more diffuse 
areas of hemopoietic activity. 


Numerous erythrocytes were present in the medullary and subcapsular 
sinuses of the mesenteric lymph nodes. Siderocytes were numerous and 
erythrophagocytosis was evident. 


T o  evaluate whether these pathological changes occurred soon after 
injection of the compound or gradually, four rats were injected intra- 
peritoneally with IIIa a t  a dose of 300 mg/kg and euthanized for necropsy 
after 1 ,2 ,3 ,  and 4 weeks. No gross abnormalities were noted in the rat 
1 week postinjection. Mild hepatomegaly was noted 2 weeks postinjection. 
Perihepatitis, hepatomegaly, perisplenitis, and hemoperitoneurn were 
noted 3 weeks postinjection, although the amount of blood in the ab- 
dominal cavity was very small. Perisplenitis, hepatomegaly, and con- 
gestion were noted 4 weeks postinjection. Liver parenchymal changes 
appeared to be progressive. Hydropic degeneration of periportal hepa- 
tocytes was mild 1 week postinjection but marked 2, 3, and 4 weeks 
postinjection. Over the 4 weeks, the vacuolation progressed towards the 
central veins. Mitotic figures were frequent in hepatocytes during the 
first 2 weeks postinjection but decreased during weeks 3 and 4. Many of 
the mitoses observed were abnormal and unlikely to produce viable cells. 
Single hepatocyte necrosis was noted after 1 week and progressed to focal 
tissue necrosis, principally in centrilobular areas, after 3 weeks. Clumps 
of leukocytes phagocytosing debris were noted in the areas of necrosis. 
Kupffer cell hyperplasia was evident in all livers examined. Capsular 
thickening was focal 1 week postinjection with lymphocytic infiltration. 
Three and 4 weeks postinjection the changes were diffuse. Dense fibrous 
tissue was present adjacent to the liver parenchyma. However, the surface 
collagen was very fine and contained many normal capillaries. Areas of 
old hemorrhage were present in the surface collagen, as was an infiltrate 
of lymphocytes, mast cells, plasma cells, and eosinophils. Subcapsular 
veins were ectatic and congested. Perisplenitis was noted 3 and 4 weeks 
postinjection. The capsule was thickened with fibrous tissue and infil- 
trated with lymphocytes. The amount of extramedullary hematopoiesis 
paralleled that of the controls. 


Finally, 11111 was administered intraperitoneally to one rat a t  a reduced 
dose of 30 mg/kg, while a control animal was given polysorbate 8015 (3%) 
in normal saline. The animals were examined a t  the end of a 4-week pe- 
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riod. Perisplenitis was noted on gross examination of the test rat. His- 
tological examination revealed focal thickenings of the splenic capsule 
with very fine reticulate connective tissue. Large capillaries were prom- 
inent in these areas and small hemorrhages were noted. Mast cells, some 
of which were degranulated, were numerous in the thickened capsule. 
Histologically the degree of liver change was mild with centrilobular 
degeneration characterized by basophilic clumping of cytoplasm, single 
cell necrosis with phagocytosis by invading leucocytes, and prominence 
of Kupffer cells. 


REFERENCES 


(1) J. R. Dimmock and W. G. Taylor, J .  Pharm. Sci.,  64, 241 


(2) J. R. Dimmock, C. B. Nyathi, and P. J. Smith, ibid., 68, 1216 


(3) J .  R. Dimmock, N. W. Hamon, E. W. K. Chow, D. L. Kirkpatrick, 


(4) M. Eden, B. Haines, and H. Kahler, J .  Natl. Cancer Inst., 16,541 


(5) H. Kahler and W. B. Robertson, ibid., 3,495 (1943). 
(6) K. A. Meyer, E. M. Kammerling, L. Amtman, M. Koller, and S. 


J. Hoffman, Cancer Res., 8,513 (1948). 
(7) G. Ahel, T. A. Connors, P. Goddard, H. Hoellinger, Nguyen- 


Hoang-Nam, L. Pichat, W. C. J. Ross, and D. E. V. Wilman, Eur. J. 
Cancer, 11,787 (1975). 


(8) E. Haslam, in “Protective Groups in Organic Chemistry,” J. F. 
W. McOmie, Ed., Plenum, London, England, 1973, p. 157. 


(9) B. Testa and P. Jenner, “Drug Metabolism: Chemical and Bio- 
chemical Aspects,” Marcel Dekker, New York, N.Y. 1976, p. 99. 


(10) J. B. Stenlake, “Foundations of Molecular Pharmacology,” Vol. 
2, Athlone Press, London, 1979, p. 239. 


(11) M. M. Wick, J. Invest. Dermatol., 71,163 (1978). 
(12) M. M. Wick, Science, 199,775 (1978). 
(13) P. Ginnings and R. Baum, J. Am. Chem. SOC.,  59,1111 (1937). 
(14) A. Burger, J. Med. Chem., 21,1(1978). 
(15) G. S. Hammond, in “Steric Effects in Organic Chemistry,” M. 


S. Newman, Ed., John Wiley, New York, N.Y., 1956, p. 444. 
(16) G. W. Wheland, “Advanced Organic Chemistry,” 3rd ed., John 


Wiley, New York, N.Y., 1960, p. 675. 
(17) J. R. Dimmock and M. L. C. Wong, Can. J. Pharm. Sci., 11,35 


(1976) and references cited therein. 
(18) S. M. Kupchan, D. C. Fessler, M. A. Eakin, and T. J. Giacobbe, 


Science, 168,376 (1970). 
(19) “Handbook of Chemistry,” 10th ed., N. A. Lange and G. M. Forker, 


Eds., McGraw-Hill, New York, N.Y. 1961, pp. 441,471. 
(20) I. H. Hall, K.-H. Lee, C. 0. Starnes, S. A. El Gebaly, T. Ibuka, Y.3. 


Wa, T, Kimura, and M. Haruna, J. Pharm. Sci., 67,1235 (1978). 
(21) M. C. Wani, H. L. Taylor, J. B. Thompson, and M. E. Wall, 


Lloydia, 41,578 (1978). 
(22) J. R. Dimmock and L. M. Smith, J. Pharm. Sci., 69, 575 


(1980). 
(23) R. T. Williams, “Detoxication Mechanisms,” 2nd ed., Wiley, New 


York, N.Y., 1959, p. 166. 
(24) H. J. E. Loewenthal, in “Protective Groups in Organic Chemis- 


try,” J. F. W. McOmie, Ed., Plenum, London, England, 1973, p. 341. 
(25) Ibid., p. 337. 
(26) I. Iwai and K. Okajima, J. Pharm. SOC. Jpn. ,  79,1284 (1959). 
(27) J. M. Conia, Bull. SOC. Chim. Fr. ,  1956,1392. 
(28) J. R. Dimmock, P. L. Carter, and P. D. Ralph, J. Chem. SOC. B.,  


(1975). 


(1979). 


L. M. Smith, and M. G. Prior, Can. J.  Pharm. Sci., 15,84 (1980). 


(1955). 


1968,698. 


Tetruhedron, 31,3 (1975). 


Chem. Soc., 26,3925 (1961). 


(29) J. S. Gillespie, Jr., S. P. Acharya, D. A. Shamblee, and R. E. Davis, 


(30) A. L. Nussbaum, E. Yuan, D. Dincer, and E. P. Oliveto, J. Am. 


(31) M. Mousseron, Pure Appl. Chem., 9,481 (1964). 
(32) G. C. Levy and G. L. Nelson, “Carbon-13 Nuclear Magnetic 


Resonance for Organic Chemists,” Wiley-Interscience, New York, N.Y., 
1972. 


(33) E. Campaigne and J. R. Leal, J.  Am. Chem. SOC.,  76, 1272 
(1954). 


(34) F. Ramirez and S. Dershowitz, J.  Org. Chem., 22.41 (1957). 
(35) E. Vedejs, D. A. Engler, and M. J. Mullin, ibid., 42, 3109 


(36) E. B. Astwood, Trans. Assoc. Am. Phys., 70,183 (1957). 
(37) G. Buchi, D. M. Foulkes, M. Kurono, G. F. Mitchell, and R. S. 


(38) J. R. Dimmock, L. M. Smith, and P. J. Smith, Can. J .  Chem., 58, 


(39) P. J. Smith, J .  R. Dimmock, and W. G. Taylor, ibid., 50, 871 


(40) J. R. Dimmock, C. B. Nyathi, and P. J. Smith. J .  Pharm. Sci., 67, 


(41) BRIT. 815,277, June 24,1959 through Chem. Abstr., 53,19651e 


(42) M. Chambow, Ann. Pharm. Fr., 2, 98 (1944); through Chem. 


(1977). 


Schneider, J. Am. Chem. SOC., 89,6745 (1967). 


984 (1980). 


(1972). 


1543 (1978). 


(1959). 


Abstr.. 40.4852 11946). 
(43)’ G.~Rosenkranz; St. Kaufmann, and J. Romo, J. Am. Chem. SOC., 


71,3689 (1949). 
(44) A. Serini and H. Koster, ibid., 75,650 (1963). 
(45) D. J. Marshall and R. Gaudry, Can. J. Chem., 38.1495 (1960). 
(46) M. L. Martin, R. Marrtione, and G. J. Martin, C. R. Acad. Sci.,  


Paris, 260,4205 (1965). 
(47) R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. Schu- 


macher, and B. J. Abbott, Cancer Chemother. Rep., Part 3, 3 (Sept. 
1972). 


(48) J. R. Dimmock, N. W. Hamon, K. W. Hindmarsh, A. P. Sellar, 
W. A. Turner, G. H. Rank, and A. J. Robertson, J. Pharm. Sci., 65,538 
(1976). 


(49) B. H. Thomas, B. B. Coldwell, G. Solomonraj, W. Zeitz, and H. 
L. Trenholm, Biochem. Pharmacol., 21,2605 (1972). 


ACKNOWLEDGMENTS 


Financial support to D. L. Kirkpatrick came principally from an award 
of a University of Saskatchewan Graduate Scholarship and the John and 
Mary Spinks Graduate Scholarship and is recorded with gratitude. 


The authors thank the Medical Research Council of Canada for an 
operating grant (MA 5538) to J. R. Dimmock. 


The authors thank Dr. K. K. Midha and Mr. J. K. Cooper, College of 
Pharmacy, University of Saskatchewan, Saskatoon, for their advice and 
assistance during the course of this project; Mr. L. Hogge, Prairie Regional 
Laboratory, Saskatoon for generating most of the GC-MS data; Mrs. L. 
M. Smith, College of Pharmacy, University of Saskatchewan who syn- 
thesized compounds IX and X; and Mr. Ian Shirley, Western College of 
Veterinary Medicine, Saskatoon who prepared Figs. 1 and 2. The co- 
operation of the Drug Research and Development Division of the Na- 
tional Cancer Institute, Bethesda, Md. for evaluating the antineoplastic 
potential of many of the compounds described in this study is greatly 
appreciated. 


Journal of Pharmaceutical Sciences I 1007 
Vol. 71, No. 9, September 1982 












monium (111) as the counter ion, has been used successfully. T o  com- 
pensate for addition of 0.005 M I11 to the regular mobile phase, the ace- 
tonitrile content must be increased to -12%. Since cefsulodin, by virtue 
of its sulfonic acid moiety, is more acidic than most compounds en- 
countered in plasma, the 111-containing mobile phases provide additional 
versatility. Although I1 cannot be used as the internal standard in such 
a system, analytical precision is not compromised, due to  the extreme 
simplicity and quantitative recoveries of the ultrafiltration procedure. 


Figure 2 shows the results of the analysis of plasma samples from two 
subjects who received single 1000- and 2000-mg, 30-min intravenous 
infusions of cefsulodin. The solid lines represent the nonlinear best-fit 
regressions calculated for these data. 


Comparison to Microbiological Assay Procedures-In the first 
application of this HPLC procedure to a clinical study, 270 plasma 
samples were assayed both microbiologically, using Pseudornonas 
aeruginosa (NCTC 10490) as the test organism, and with HPLC as de- 
scribed. Figure 3 shows that results from the two procedures were highly 
correlated. Linear regression of the data yielded a correlation coefficient 
of 0.993. 


The centrifugal ultrafiltration technique is a good alternative to clas- 
sical deproteinization procedures because it is rapid and simple and re- 
quires no sample adulteration. For more highly protein-bound com- 
pounds, the ultrafiltration procedure allows direct quantification of 
unbound drug levels. 
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Abstract  0 A reversed-phase pressurized liquid chromatographic pro- 
cedure is presented for the simultaneous quantitation of hydrocodone 
bitartrate and acetaminophen in a tablet formulation. The separation 
method was based on an octadecylsilane column with a buffered (pH 4.5) 
methanol-water mobile phase. Measurement was with a UV spectro- 
photometer set a t  283 nm, compared to external standards. Assays for 
the active ingredients in tablet samples averaged 99.7% of the label claim 
for hydrocodone bitartrate and 100.3% for acetaminophen. The respective 
relative standard deviations of the retention time and precision were 2.2 
and 1.75% for hydrocodone and 3.3 and 0.95% for acetaminophen. The 
range of interest studied was 0.035 to 0.065 mg/ml for hydrocodone bi- 
tartrate and 3.50 to 6.50 mg/ml for acetaminophen. The assay method 
was also compared to colorimetric and USP procedures for the active 
ingredients. The method was suitable for control, content uniformity, 
and stability-indicating use. 


Keyphrases 0 Hydrocodone bitartrate-simultaneous assay in a tablet 
formulation, acetaminophen 0 Acetaminophen-simultaneous assay 
in a tablet formulation, hydrocodone bitartrate 0 Tablet formula- 
tion-simultaneous assay of hydrocodone bitartrate and acetamino- 
phen 


The determinations of acetaminophen (I), hydrocodone 
(111, and related compounds have been reported by gas 
(1-3) and high-pressure liquid chromatographic (HPLC) 
methods (4-14). However, none of the methods has been 
applied to the simultaneous determination of these com- 
pounds. 


Due to interferences, the pharmacopeial procedures for 
the individual drugs are also unsuitable for simultaneous 
analysis (15,16). In addition, the authors are not aware of 
any published stability-indicating method for hydroco- 
done. 


The present report presents an HPLC method for the 
quantitative analysis of both substances in a two-compo- 
nent tablet formulation. The content uniformity test of the 
minor component (11) in the tablet formulation is also 
feasible by this method. An analysis can be conducted in 
<13 min and separates possible impurities and degrada- 
tion products. 


EXPERIMENTAL 


Reagents and  Materials-Water and methanol were HPLC grade 
solvents. Hydrocodone bitartrate, acetaminophen, codeine phosphate, 
and hydromorphone hydrochloride were USP reference standards. Other 
materials were ACS grade or the highest quality commercial grade 
available. 


The high-pressure liquid chromatograph1 was connected to an auto- 
matic sampler2, a variable wavelength UV detector', and an integrator/ 
recorder4. A bonded reversed-phase CIS column5 was used. 


Chromatographic Conditions-The mobile phase consisted of 25% 
methanol and 75% of an aqueous solution containing 0.01 N monobasic 
potassium phosphate and 0.05 N potassium nitrate, adjusted to a pH of 
-4.5 by dropwise addition of 3 N phosphoric acid solution. The mobile 
phase was degassed prior to use by vacuum. A flow rate of -1.1 ml/min 
was established. The detector sensitivity was 2.0 aufs for acetaminophen 
and 0.010 aufs for hydrocodone, both measured a t  283 nm. The chart 
speed was 0.7 cm/min. 


External Standard Solutions-A two-component standard solution 
containing 5 mg/ml of I and 0.05 mg/ml of I1 bitart,rate was prepared in 
water. 


Waters ALC 204, Waters Associates, Milford, MA 01757. 
WISP, 710B Waters Assoc., Milford, MA 01757. 
SF 770 Spectroflow Monitor, Schoeffel Instrument<, Westwood, Nd 07675 
DATA Module, Waters Assoc., Milford, MA 01757. 
pBondapak CIS column, Waters Assoc.. Milford. MA 01757. 
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2.0 aufr ' 0.01 aufr ' Table I-Retention Time of Hydrocodone, Acetaminophen, and 
Related Compounds 


Retention Time, 
Compound min 


n 


.a a I n I I 
0 2 4 6 8 10 12 


RETENTION TIME, rnin 
Figure 1-HPLC chromatogram for standard preparation of ( I )  acet- 
aminophen and (2) hydrocodone. 


Sample Preparation-For the content uniformity test and tablet 
composite assay, a tablet6 or an amount equivalent to 1 average tablet 
was transferred to a 100-ml volumetric flask. About 95 ml of water was 
added and the flask was placed on a steam bath. After 15 min, the flask 
was removed, mixed for 15 min, sonicated, and allowed to stand. A portion 
of this solution was filtered7 and placed in a sealed viala. 


Assay Method-Equal volumes (-13 fill of standard preparations 
and assay preparations were introduced into the HPLC operated at  room 
temperature by means of the automatic injector. 


Calculation-Quantitation was done by measuring peak heights 
electronically compared to external standards. To determine the number 
of milligrams per tablet of acetaminophen, the following equation was 
used: 


Pha Ws ATW - x-x- 
Phs 5 Wa 


Similarly, for the mg/tahlet hydrocodone bitartrate: 
Pha ATW -x w s x 4 x -  
Phs Wa (Eq. 2) 


where Pha is the average peak height of the assay preparation; Phs is the 
average peak height of the standard preparation; Ws is the weight of the 
standard in milligrams; Wa is the weight of the assay sample in milli- 
grams; and ATW is the average tablet weight in milligrams. 


Accelerated Decomposition Studies-Accelerated, extreme deg- 
radation of hydrocodone bitartrate was accomplished by several methods 
and its peak height was measured by data module integration: 


~~~~~~~~~ ~ ~ ~ ~ _ _ _ _ _ _ ~  


Vicodin, Knoll Pharmaceutical Co., Whippany, N J  07981. 
Waters Associates Aqueous Sample Clarification Kit part No. 26865, Milford, 


M A  m 75.7 I...."-.V.. 
Waters Associates Standard 4-ml vial assembly part No. 73018, Milford, MA 


01757. 


p -Aminophenol 3.4 
H ydromorphone 5.2 
Acetaminophen 5.9 
Codeine 7.3 
Hydrocodone 10.0 
p-Chloracetanilide 43.3 


Table 11-Reproducibility of Retention Times for Hydrocodone 
and  Acetaminophen 


Retention Time, min 
Acetaminophen Hydrocodone RRT 


Run (1) (11) 


1 
2 
3 


5.2 
5.1 
5.5 


10.4 
10.1 
10.1 


2.00 
1.98 
1.84 


4 5.2 9.9 1.90 
5 
6 
7 
8 x 


RSD, % 


5.5 
5.1 
5.3 
5.1 
5.2 
3.2 


10.4 1.89 
9.9 1.94 


10.3 1.94 
9.9 1.94 


10.1 1.93 
2.2 2.6 


(a) Hydrocodone hitartrate powder was heated at  105' for 1-week. 
(b) Hydrocodone hitartrate (1 mg/ml) was refluxed in 0.1 N NaOH 


(c) Hydrocodone bitartrate (1 mg/ml) was refluxed in 1.0 N HCl for 


(d) Hydrocodone bitartrate (1 mg/ml) was dissolved in water, placed 


(e) Hydrocodone bitartrate (1 mg/ml) was dissolved in 3% HzOz and 


These decomposition studies were compared with the following control 


(a) Hydrocodone bitartrate dissolved in water (1 mg/ml). 
(h) Hydrocodone hitartrate refluxed in aqueous solution (1 mg/ml) 


for 24 hr. 
Precision Analysis-Ten tablets were weighed then powdered by 


mortar and pestle. An amount of powder equivalent to about one average 
tablet was accurately weighed and transferred to each of eight separate 
100-ml volumetric flasks. These samples were treated as described in 
Sample Preparation. Duplicate injections of each sample solution were 
made. 


Accuracy Analysis-Known amounts a t  the 100% of tablet claim of 
hydrocodone bitartrate and acetaminophen were added to a placebo 
powder mixture dissolved in water. This sample was treated as described 
and six replicate injections were made into the high-pressure liquid 
chromatograph. 


for 24 hr. 


48 hr. 


in a quartz cell, and irradiated with a 276-watt sunlamp for 2 hr. 


allowed to stand for 1 month. 


samples: 


RESULTS 


In a typical standard run, good separation of I and I1 can be seen (Fig. 
1). The following related compounds were shown to he separable by this 


Table 111-Precision of HPLC Assay of Hydrocodone Bitar t ra te  
a n d  Acetaminophen in  Commercial Tablets" 


Acetaminophen Hydrocodone Bitartrate 
Tablet Sample Found, % Found, % 


1 
2 
3 
4 
5 
6 
7 
8 


Mean ( i l )  
SD (n - 1) 


98.4 
97.0 
98.2 
97.8 


100.2 
99.0 
98.0 
98.4 
98.4 


0.93 


96.4 
96.4 


100.4 
98.2 


101.0 
98.6 
98.2 


100.0 
98.6 


1.73 
RSD, % 0.95 1.75 


aminophen. 
a Vicodin tablets contain 5 mg of hydrocodone bitartrate and 500 mg of acet- 
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Table IV-Comparison of HPLC with U S P  Column Assays for Acetaminophen and Ion-Pairing Assays for Hydrocodone Bitar t ra te  
in Tablets * 


Batch Acetaminophen Found, % 
Number HPLC USP Column Variation 


Hydrocodone Bitartrate 
Found, 70 


HPLC Ion-Pairing Variation 


100.4 
99.9 


101.3 
97.6 
97.7 
97.6 
99.8 


99.1 
99.3 
99.0 


101.8 
97.2 
94.5 
94.6 


1.3 
0.6 
1.4 
4.2 
0.5 
3.1 
5.2 


100.3 
97.1 
98.2 
97.8 
97.2 
98.8 
99.8 


102.8 
98.2 
98.4 
95.6 
96.8 


101.8 
99.0 


2.5 
1.1 
0.2 
2.2 
0.4 
3.0 
0.8 


a Vicodin tablets. Based on method by Das Gupta (Ref. 17). 


method: p-aminophenol, p-chloroacetanilide, codeine, and hydromor- 
phone. The two compounds, p-aminophenol and p -chloroacetanilide, 
are possible hydrolysis and precursor compounds, respectively, of acet- 
aminophen (17). Codeine and hydromorphone are narcotic drugs 
chemically related to hydrocodone. This separation demonstrates the 
specificity of the assay. The respective retention times of the related 
compounds are listed in Table I. 


Linearity-Calibration standard solutions were prepared at  10% in- 
tervals between 70 and 130% levels in the expected range of analysis. A 
plot of peak heights uersus the amount of the two components injected 
was linear as evidenced by a correlation coefficient of 0.998 for I between 
3.5 and 6.5 mg/ml and 0.996 for I1 between 0.035 and 0.065 mg/ml. 


Accuracy-In a study of a spiked placebo, results showed a mean 
accuracy of 100.3% for I and 99.7% for 11. No interference due to the 
placebo ingredients could be detected in the chromatograms produced. 
Reproducibility of retention time was sufficiently precise to ensure 
separation and identity of I and I1 (Table I;). 


Precision-The relative standard deviations for eight samples of a 
commercial tablet were 0.95% for I and 1.75% for I1 (Table 111). Com- 
parison of this HPLC method and the bromothymol blue complex 
method for I1 and the USP method for I are shown in Table IV. HPLC 
assay results on these commercial tablet samples varied on an average 
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DECOMPOSITION 
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PHOTOLYTIC 
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0 4 8 12 
RETENTION TIME, min 


Figure 2-Retention times of decomposition products resulting from 
extreme, accelerated decomposition studies of (Ref. 2) hydrocodone. 


of 2.3% from those of the USP assay for I and 1.45% from those of the dye 
complex assay for 11. 


Decomposition-No extraneous peak was detected in the analysis 
of the sample hydrocodone refluxed in water for 24 hr. Comparison of 
the chromatogram with USP reference standard hydrocodone bitartrate 
control solution showed a 100% quantitative recovery. Similar mea- 
surements of the main chromatographic peak from the decomposed so- 
lutions showed various amounts of residual drug depending on its 
treatment (Fig. 2). 


The quantities remaining were found to be 81% after thermal, 79% after 
base hydrolysis, 87% after acid hydrolysis, 94% after UV photolysis, and 
62% after oxidative treatment. 


DISCUSSION 


The proposed method requires less time than the USP method for 
acetaminophen tablets (15) which requires column preparation, elution, 
and absorbance measurements. A titration of an extract is reported for 
hydrocodone bitartrate tablets (16). For control assay purposes, a col- 
orimetric ion-pairing assay has been adapted in this laboratory for de- 
termining I1 as described for codeine (17). 


The chromatographic difficulty associated with the simultaneous 
quantitation of acetaminophen and codeine has been reported (12). The 
problem is even more severe in this dosage form. The quantitation of the 
100:l ratio of I to I1 is made possible by the electronic data module and 
optimum wavelength absorbance for 11. For the tablet product, extracting 
the dosage form with water completely dissolved both components. At- 
tention to detail in the chromatographic process was necessary so that 
the peak height of acetaminophen would be as large as possible without 
overloading the detector, thereby allowing the hydrocodone peak to he 
more easily and reproducibly quantitated. The elution times are also 
important, since band broadening increases with increasing elution time 
and subsequently decreases the peak height. In an additional analysis 
using the above method, a 101 weight ratio ot'acetaminophen to codeine 
was assayed simultaneously by measurements a t  the maximum wave- 
length of codeine. 


The HPLC separation of degradation impurities that result when I1 
is subjected to accelerated extreme decomposition is demonstrated in 
Fig. 2. The quantitative and qualitative content, of unchanged I1 is easily 
determined, showing the stability-indicating nature of the analysis. To 
eliminate the possibility of an interference, no internal standard is em- 
ployed. In this two-component solid dosage with many possible impurities 
and degradation products, this approach appears preferable. 


I t  may be possible for a stress-produced degradation product of 11 to 
he within the peak for I. However, the response for I (>lOO:l) is so large 


Table V-Comparison of Content Uniformity Assay for  
Hydrocodone Bitartrate by HPLC and by Ion-Pairing Method 


Hydrocodone Bitartrate, % 
Sample HPLC Ion-Pairing Deviation 


1 94.5 90.5 -4.0 
2 95.9 96.1 tO.2 
3 102.3 98.2 -4.1 
4 95.4 91.8 -3.6 
5 101.0 100.5 -0.5 
6 96.1 94.3 -1.8 
7 103.7 100.0 -3.7 
8 98.4 98.6 +0.2 
9 102.5 100.9 -1.6 


10 103.4 102.3 -1.1 
Average 99.3 97.3 -2.0 
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compared with I1 that the effect on I would be insignificant. In addition, 
the analysis for intact I1 is sufficiently specific and quantitative for sta- 
bility purposes. The known degradation product, p-aminophenol, and 
the impurity of I have different retention times compared with I1 (Table 
I) .  Good assay data have been obtained for several 5-year-old tablet 
samples. Since there was only an interest in the strength of the hydro- 
codone, no attempt was made to identify the decomposition products 
formed under stress. 


For the content uniformity run, aliquots of the same 10 tablet samples 
were assayed by the HPLC and ion-pairing methods for I1 as paired 
comparison. Assay data for the ion-pairing analysis are generally lower 
compared with HPLC (Table V). 


Through the utilization of the selected wavelength of maximum ab- 
sorbance for 11, this procedure is being routinely used as an automated 
simultaneous determination. The HPLC method reported in this study 
allows for rapid, specific, stability-indicating, and simultaneous quan- 
titation of both substances in a two-component tablet formulation. 
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Abstract 0 Rapid and sensitive high-pressure liquid chromatographic 
(HPLC) assays for ticarcillin in serum and urine have been developed. 
Sample pretreatment and optimized chromatographic conditions are 
presented for a C-18-bonded reversed-phase column used in an internal 
standard assay method. Ticarcillin has a retention time of -5.3 min a t  
a flow rate of 1.5 ml/min for a mobile phase of acetonitrile-aqueous 0.06 
M sodium biphosphate, pH 2.05, (50.5:lOO). In a two-step extraction 
procedure, the ticarcillin extraction efficiencies from serum and urine 
were 76.1 f 4.7 and 80.9 f 3.2%, respectively. The assay sensitivity limit 
for ticarcillin in these fluids is -1.0 Fg/ml. A comparison is made of the 
HPLC and microbiological assay results for ticarcillin in 20 different but 
equally divided serum samples obtained from two volunteers. 


Keyphrases 0 Ticarcillin-high-pressure liquid chromatographic as- 
says, serum and urine Urine-ticarcillin, high-pressure liquid chro- 
matographic assays, serum 0 Serum-ticarcillin, high-pressure liquid 
chromatographic assays, urine 0 High-pressure liquid chromatogra- 
phy-ticarcillin in serum and urine 


During the past decade, measurements of ticarcillin 
concentrations in clinical studies have been performed 
mainly by microbiological assays (1-9). A microtitration 
method (10 , l l )  has been applied to broth. Although nu- 
merous chemical and physical assay methods have been 
reported for the detection and assay of penicillins, they 
suffer from a variety of disadvantages. For instance, io- 
dometric titration (12-15) cannot be applied to penicillins 
having unsaturated side chains. Spectrophotometric 
methods (16-18) are not very sensitive and a colorimetric 
assay (19-21) involving the reaction of hydroxylamine with 
penicillins in the presence of ferric ions to form a colored 
salt lacks both specificity and sensitivity, having a limit 


of -20 pg/ml. A spectrofluorometric assay (22) has appli- 
cation only for fluorophoric penicillins. More recently, 
precise, coflvenient, and specific HPLC assays for various 
penicillins have been reported (23-29). 


A t  the time the present study commenced there was, to 
the best of our knowledge, no HPLC assay reported for 
ticarcillin in biological fluids. This report presents a rapid, 
specific, and accurate HPLC assay for ticarcillin in human 
serum and urine. 


EXPERIMENTAL 


Materials-Powdered ticarcillin’ (disodium salt) and carbenicillin*, 
the internal standard, were used as received without further purification 
as standards. All solvents and reagents were analytical reagent grade, 
except for acetonitrile3 which was HPLC grade, 190 nm cutoff. 


Apparatus-The HPLC pump4 was fitted with an injector5 and 
variable wavelength detector6 set at  210 nm and attenuated at 0.04 aufs. 
The signal was recorded either on a 10-mV recorder7 at a speed of 0.5 
cm/min or an integrator-plotter*. 


Columns-A prepacked 10- X 0.8-cm i.d. cartridgeg containing a re- 
versed-phase, C-18, chemically bonded to 10 p n  of silica, and contained 
in a radial compression devicelo was employed a t  ambient temperature. 
A guard column” was placed between the injector and the column. Ti- 


’ Beecham Laboratories, Pointe Claire, Ontario, Quebec. 
Ayerst Laboratories Saint-Laurent. Quebec. 
Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 
Waters Associates Inc., Milford, Mass., model 6000A. 
Waters Assiwiates, model 116K. 
Waters Association, model 450. 
Beckman 10 inch Recorder, model 1005. 


a Waters Associates, Data Module, model 730. 
Waters Associates, Radial-Pak-A. 


lo Waters Associates. RCM- 100 Radial Compression System 
Whatman Inc., Column Survival Kit with Co-Pel1 ODS. 
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Abstract  A dermal penetration enhancer has been found which im- 
proves the dermal delivery of a wide variety of drugs and a t  the same time 
has a history of low toxicity for human dermal application. N,N-Di- 
ethyl-m-toluamide ( I )  has been shown to improve the delivery of many 
drugs through hairless mouse skin in an in uitro diffusion cell model. A 
topically applied steroid, hydrocortisone, has been used to demonstrate 
the in uiuo effectiveness of I on human skin. The degree of pallor pro- 
duced on human skin by the corticosteroids was used as a measure of the 
relative delivery of hydrocortisone from formulations with and without 
I. 


Keyphrases N,N-Diethyl-m-toluamide-enhancement of dermal 
and transdermal drug delivery, hydrocortisone 0 Hydrocortisone- 
enhancement of N,N-diethyl-m-toluamide on drug delivery, dermal and 
transdermal delivery 0 Delivery, drug-dermal and transdermal, 
N,N-diethyl-m -toluamide enhancement, hydrocortisone 


Dimethylacetamide has been found to enhance the deliv- 
ery of a number of drugs for the treatment of skin diseases 
(12-14). However, the lack of long-term safety information 
has limited the use of this compound. 


In the present study, the effects of N,N-diethyl-rn- 
toluamide (I) on skin permeability was examined for a wide 
variety of drugs. Formulations of I have been used exten- 
sively as insect repellents. The compound was first re- 
ported to be an effective insect repellent in 1954 (15) and 
has been applied ad libitum to the skin in concentrations 
ranging from 10 to 100%. Despite prolonged and wide- 
spread use in humans, major side effects due to the pene- 
tration enhancer itself have not been encountered. 


Improved dermal delivery of drugs has been the focus 
of pharmaceutical research worldwide for many years. The 
goal in most cases has been to find a substance of low tox- 
icity which is nonirritating and will deliver a wide variety 
of compounds effectively. 


Efforts to improve dermal delivery of drugs have in- 
cluded traditional formulation approaches and studies on 
the effects of surfactants, fatty acids, and glycols (1, 2). 
Although these approaches attained some degree of suc- 
cess, in no case was the enhancement of drug delivery 
spectacular. In contrast, dimethyl sulfoxide has been 
shown to greatly enhance dermal and transdermal delivery 
of a wide variety of drugs (3-11). Unfortunately, the use 
of this substance has been limited in humans to the 
treatment of interstitial cystitis by intravesical instillation. 


EXPERIMENTAL 


Reagents and Drugs-Hydrocortisone1, hydrocortisone acetate’, 
hydrocortisone 17-butyratez, and hydrocortisone 17-valerate3 were among 
the compounds used. Also used were dibucaine’, benzocaine‘, indo- 
methacin’, ibuprofen5, erythromycin6, tetracycline hydrochloride7, 
griseofulvin8, mycophenolic acidg, and methyl salicylateLO. Trietha- 
nolamine salicylate was prepared by adding equal molar amounts of 


Sigma Chemical Co. 
Analysis calculated C, 70.24; H, 8.16. Analysis found: C, 70.20; H, 8.12. Assay 


Analysis calculated C, 69.96; H, 8.52. Analysis found: C, 69.69; H, 8.50. 
ICN Pharmaceuticals, Inc. 
Industrie Chemicle Farmaceutiche Italiane SPA. 
Assay 959 yg/mg. Sigma Chemical Co. 
Solid supplied with Topicycline. 


Eli Lilly and Co. 


by HPLC to contain <2% hydrocortisone-21-butyrate. 


a Ayerst Laboratories. 


lo Matheson Coleman and Bell. 
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Table I-HPLC Conditions for  Analysis 


Detec- 
tion 


Wave- 
Mobile length, 


Compound Phase nm 


AIR VENT 


SKIN 


RECEPTOR CHAMBER 


STIRRING BAR 


Figure 1-Plexiglass drffusion cell with polytef lid. 


triethanolamine" and salicylic acid1*. ldoxuridine13, petrolatum USP, 
mineral 0iIl4, isopropyl myristatel, N,N-diethyl-m-toluamide (I)1, 
polyoxyethylene (2) stearyl etherI5, and polyoxyethylene 40 stearateIs 
were additional compounds used. Other chemicals were reagent grade. 


Procedure for  Hairless Mouse Skin Diffusion Model-Trans- 
dermal drug delivery rates were determined using an i n  uitro diffusion 
cell procedure. Diffusion cells consisted of a Plexiglas receptor chamber 
with a side arm to allow receptor phase sampling and a polytef lidI6 (Fig. 
1). A polytef-coated stirring bar was used for receptor mixing. Female 
hairless miceI7 were sacrificed by cervical dislocation and the dorsal skin 
was removed in one piece. The skin was placed over the lower opening 
of the polytef lid and secured with a neoprene rubber gasket. The lid was 
then secured on the chamber. The exposed epidermal surface measured 
8.0 cm2. The receptor fluid was 45 ml of buffer solution consisting of 1.5 
X 10-1 M NaC1.5.0 X M NaZHP04, and 
200 ppm gentamicin sulfate adjusted to pH 7.2 with sodium hydroxide 
or hydrochloric acid. In most cases, test formulations were applied in the 
amount of 0.1 ml(-lOO mghell). The cell was placed in a thermostated 
chamber maintained a t  32 f lo. The reservoir was stirred by a magnetic 
stirrer a t  2.5 Hz. After 24 hr, a sample of the receptor fluid was withdrawn 
by a pipet through the side arm and emptied into a test tube. The test 
tube was then capped and frozen. The concentration of applied drug in 
the receptor fluid was measured using high-pressure liquid chromatog- 
raphy (HPLC). The results reported for each experiment were the average 
values from three replicate diffusion cells. 


Procedures for Human Blanching S t u d i e g T e s t  formulations were 
applied to test areas (2 X 2 cm) on the lower backs of healthy human 
volunteers. Each formulation was applied to four or more test areas per 
subject and the results were averaged. All test areas were exposed to air 


M NaH2P04,2.0 X 


I- 


5 6 7 8 


TIME POST APPLICATION, hr 


Figure 2-Blanching results for hydrocortisone ointments in two 
subjects. Key: (m) 1 % hydrocortisone in 5% I-petrolatum; (0)  1 % 
hydrocortisone in petrolatum. 


l 1  Baker and Adamson Products. 
l2 Fisher Scientific Co. 
'3 Byron Chemical Co., Inc. 


Nujol, Plough, Inc. 
l5 Brij 72 and Myrj 52, respectively, ICI United States, Inc. 
lE Kersco Engineering Consultants, Palo Alto, CA 94305. 


HHSJ, Jackson Labs, Bar Harbor, ME 04609. 
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a Waters Associates. PHondapak, C18. Brownlee Labs, RP-8. Waters Asso- 
ciates, PHondapak, CN-RP. 


(nonoccluded) for 3.5 hr after application. Any remaining formulation 
was then wiped off with ethanol. Blanching was evaluated a t  5,6,7, and 
8 hr postapplication. The blanching a t  each test area was visually ap- 
praised on a scale of 0-4, where 0 is no blanching, 1 is barely discernible 
blanching, and 4 is maximum blanching. Individual values for each for- 
mulation were averaged ( n  = 8-10). This value became the basis for 
comparisons. 


Chromatographic Analysis-Samples of the in uitro receptor fluid 
were analyzed for the drug substance in each experiment by HPLC. The 
chromatographic components included pumpla, injectorIg, detectorz0, 
and recorderz1 coupled with a microparticulate column. The column type, 
mobile phase, and detection wavelength used for each drug substance 
are detailed in Table I. 


3l- 


5 6 7 8 
TIME POST APPLICATION, hr 


Figure 3-Blanching results for hydrocortisone creams in two subjects. 
Key: (m) 1 % hydrocortisone in 5% I-cream; (0)  1 % hydrocortisone in 
cream. 


Model 6000A, Waters Associates. 
I9 Model U6K, Waters Associates. 
20 Model 440 (at 254 nm) or Model 450 (variable), Waters Associates. 
21 Omniscribe model B5000. 
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Table 11-In Vitro Diffusion of Various Drugs through Hairless Mouse Skin at 32” for  24 hr 


Drug Formulations Applied Drug Delivered, 96 


Hydrocortisone 
Hydrocortisone acetate 
Hydrocortisone 17-butyrate 


Hydrocortisone 17-valerate 
Dibucaine 
Benzocaine 
Indomethacin 
Ibuprofen 
Erythromycin 
Tetracycline hydrochloride 
Griseofulvin 
Mycophenolic acid 
Methyl salicylate 
Triethanolamine salicylate 


Hytone Cream, Dermik Laboratories, Inc., Fort Washington, PA 19034. * Carmol Cream and Locoid Ointment, respectively, lnyram Pharmaceutical Co., San Francisco, 
CA 94111. r Lncoid Cream, Torii Pharmaceutical Co., Tokyo, Japan. d Westcort Cream, Westwood Pharmaceuticals, Inc., Buffalo, NY 14‘211. Nupercainal Cream. 
Ciha Pharmaceuticals, Summit, NJ  07901. f Solarcaine Cream, Plough, Inc., Memphis, T N  38151. p Topicycline Lotion, Proctor and Gamble, Cincinnati, OH 45202. 
h Asper 1,otion. Thompson Medical Co., Inc., New York, NY 10022. 


Hydrocortisone creama 1% versus 1% drug in I 
Hydrocortisone acetate creamb 1% uersus 1% drug in I 
Hydrocortisone 17-butyrate cream‘ 0.1% versus 0.1% drug in I 
Hydrocortisone 17-butyrate ointment” 0.1% versus 0.1% drug in I 
Hydrocortisone 17-valerate creamd 0.2% uersus 0.2% drug in I 
Dibucaine creame 0.5% versus 0.5% drug in I 
Benzocaine cream1 1% uersus 1% drug in I 
1% drug in petrolatum uersus 1% drug in I 
1% drug in petrolatum uersus 1% drug in I 
1% drug in petrolatum uersus 1% drug in I 
Tetracycline lotion8 uersus 0.22% drug in I 
0.5% drug in petrolatum uersus 0.5% drug in I 
1% drug in petrolatum uersus 1% drug in I 
5% drug in petrolatum uerms 5% drug in I 
Triethanolamine salicylate lotionh 10% uersus 1% drug in I 


1.6 versus 35.0 
0.67 uersus 27.6 
4.7 versus 63.1 
2.0 uersus 63.1 
6.1 uersus 40.8 
15.0 uersus 82.0 
12.3 versus 35.7 
0.9 uersus 37.6 
63.5 uersus N 100 
not detectable versus 83.4 
not detectable uersus N 100 
0.4 versus 29 
not detectable uersus 42 
not detectable versu-s 9 
16 uersus 89 


Table 111-In Vitro Diffusion of Hydrocortisone through 
Hairless Mouse Skin at 32” 


Percent of Applied Druga 
Delivered in 24 hr Hydrocortisone in 


Petrolatum 
5% I-petrolatum 
Cream 
5% I cream 


0.3 
0.8 
0.5 
1.5 


a One hundred milligrams (-0.1 ml, containing 1 mg of hydrocortisone) of the 
formulation was applied. 


RESULTS AND DISCUSSION 


In the in uitro diffusion experiments, hairless mouse skin was used as 
the barrier membrane. The data were generally reproducible allowing 
for comparisons between the relative rates of penetration of a wide variety 
of drugs. These diffusion cell results are not necessarily applicable to skin 
i n  uiuo, but they do provide an indication of the relative penetration 
enhancement. Literature references suggest that a correlation between 
human and hairless mouse skin can be expected for some drugs (16,17). 
Table I1 contains diffusion results for various drugs dissolved in pure 
Compound I and allowed to diffuse through the hairless mouse skin a t  
32’ for 24 hr. All the drugs in I were solutions; however, griseofulvin re- 
quired warming to obtain a solution rapidly. The I formulation was 
compared to a commercial product whenever possible. Where no com- 
parable product was available, the drug was dispersed in petrolatum USP. 
It should be noted, however, that  both ibuprofen and methyl salicylate 
dissolve in petrolatum, while the others are suspensions. From the results 
presented in Table 11, it is apparent that  enhancement of drug delivery 
is dramatic when I is present in the formulation. 


The amount of pure I which diffused through the barrier membrane 
was also measured. Over 90% of the sample of I diffused across the hairless 
mouse skin in 24 hr. In an investigation (18) studying the evaporation 
of I from human skin in uiuo, it was found that -50% of the applied 
amount of I (25 pg/cm2) could be recovered by evaporation, skin wiping, 
and skin stripping after 30 min. The remaining 50% of I, therefore, ap- 
peared to have been absorbed or associated with nonstripped skin. 


Although solution preparations dissolved in I were used in the i n  uitro 
studies, they are less commonly used for topical application in uiuo. 
Creams and ointments are the more conventional mode. To investigate 
enhanced drug delivery v?ith I in uiuo, hydrocortisone cream and oint- 
ment formulations were prepared. Hydrocortisone was chosen as the 
model drug due to the blanching effect it causes on human skin. The 
amount of skin blanching due to local vasoconstriction occurring after 
corticosteroid application was used as a relative measure of drug pene- 
tration. 


As a preliminary experiment to examine hydrocortisone delivery, the 
following formulations were prepared: 1,1% hydrocortisone in petrola- 
tum; 2,1% hydrocortisone in petrolatum plus 5% I; 3,1% hydrocortisone 
cream; and 4, 1% hydrocortisone cream plus 5% I. These formulations 


differed only in that 2 and 4 contained 5% I. These preparations were 
examined in the hairless mouse skin diffusion test, the results of which 
are shown in Table 111. 


The hydrocortisone preparations were then applied to humans as de- 
scribed in the Experimental section. Figures 2 and 3 show the results 
obtained from two subjects. A large increase in the blanching response 
was observed for Formulations 2 and 4 relative to 1 and 3. Control ex- 
periments demonstrated that I alone does not cause skin blanching. 
Therefore, the increase in the blanching response clearly indicates en- 
hanced dermal delivery of hydrocortisone effected by the presence of I 
in the hydrocortisone formulations. I t  is interesting to note that hydro- 
cortisone delivery is improved with as little as 5% I, whereas studies with 
other dermal penetration enhancers such as dimethyl sulfoxide appear 
to require higher concentrations. 
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value for 8-chloro-6-phenyl-4H-s-triazolo[4,3-a J\1,4] benzodiazepine 
(estazolam) was reported to be 2.84 from the UV absorption spectral 
change (23). Considering the structural difference mentioned, the esti- 
mated pKa value for triazolam, 1.52, is reasonable. 


The bioavailability or the pharmacological effect of a drug would 
greatly depend on the formation rate in the cyclization reaction from the 
opened form to the closed form because only the cyclized 1,4-benzodi- 
azepines possess pharmacological CNS activity (24), which are discussed 
in reports on diazepam (8) and desmethyldiazepam (12). The half-time 
of the forward reaction of I at  pH 7.4, which was calculated to be 80.6 min 
(Fig. 5), indicates that much time is required to convert I into the closed 
form 11, only if the in uiuo reaction proceeds chemically. 
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Abstract  0 Solubilities of testosterone and testosterone propionate in 
binary solvents composed of the inert solvent, cyclohexane, combined 
with the active solvents, chloroform, octanol, ethyl oleate, and isopropyl 
myristate, were investigated with the extended Hildebrand solubility 
approach. Using multiple linear regression, it was possible to obtain fits 
of the experimental curves for testosterone and testosterone propionate 
in the various binary solvents and to express these in the form of re- 
gression equations. Certain parameters, mainly K and log ap, were em- 
ployed to define the regions of self-association, nonspecific solvation, 
specific solvation, and strong solvation or complexation. 


Keyphrases Testosterone-extended Hildebrand solubility approach, 
solubility in binary solvents 0 Solubility-extended Hildebrand solu- 
bility approach, testosterone and testosterone propionate in binary sol- 
vents 0 Binary solvents-solubility of testosterone and testosterone 
propionate, extended Hildebrand solubility approach 


Solute-solvent, complexes of testosterone and testos- 
terone propionate in binary solvents composed of cyclo- 
hexane with ethyl oleate, isopropyl myristate, and octanol 
have been reported previously (1). These solvents are 
pharmaceutically important; the first two are useful as 
solvents for steroid injectable preparations. 


The calculated complexation constants (1) between the 
steroids and solvents were based on a previous method (2). 


The solute-mixed solvent systems are analyzed here with 
the extended Hildebrand solubility approach (3), an ex- 
tension of the Hildebrand regular solution theory (4) which 
was introduced to allow the calculation of solubility of 
nonpolar and semipolar drugs in mixed solvents having a 
wide range of solubility parameters. 


THEORETICAL 


Solubility on the mole fraction scale, X Z ,  may be represented by the 


-log x* = -log Xp‘ + log a2 (Eq. 1) 


where X z i  is the ideal solubility of the crystalline solid, and a2 is the so- 
lute activity coefficient in mole fraction terms. Scatchard (5) and Hil- 
debrand and Scott (4) formulated the solubility equation for regular 
solutions in the form: 


expression: 


v2’1z ( a l l  + a22 - 2a12) (Eq. 2) 
aZE 
xz 2.303RT 


log- = log a2 = ~ 


where 
Vl(1 - X2) 


Vl(1 - X,)  + V2X2 
41 = 


The activity of the crystalline solid taken as a supercooled liquid, 
is equal to X2’ as defined in Eq. 1. Variable Vp is the molar volume of the 
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hypothetical supercooled liquid solute (subscript 21, @I is the volume 
fraction of the solvent (subscript l), R is the molar gas constant, and T 
is the absolute temperature of the experiment. 


The terms all  and a22 are the cohesive energy densities of solvent and 
solute, and a 12, referred to in other reports (3,6) and elsewhere in this 
report as W ,  is expressed in regular solution theory as a geometric mean 
of the solvent and solute cohesive energy densities: 


a12 = W = (a1lazp)'/Z (Eq. 4) 


The square roots of the cohesive energy densities of solute and solvent, 
called solubility parameters and given the symbol 6, are obtained for the 
solvent from the energy or heat of vaporization per cubic centimeter: 


When the solubility parameters and the geometric mean are introduced 
into Eq. 2, the expression becomes: 


log a2 = A(61' + 62' - 26162) = A(61 - 62)' (Eq. 6) 


where 


(Eq. 7) 


By substituting Eq. 6 into Eq. 1, one obtains: 


- log X p  = -log Xz' + A ( &  - 62)' (Eq. 8 )  


which is the Hildebrand-Scatchard solubility equation (4) for a crys- 
talline solid compound of solubility parameter 62 dissolved in a solvent 
of solubility parameter 6 1 .  Equation 8 may be referred to as the regular 
solution equation; the term regular solution will be defined. The ideal 
solubility term is ordinarily expressed in terms of the heat of fusion of 
the crystalline solute a t  its melting point: 


AHmf T m - T  
-log X z l  ___- 


2.303RT Tm 
(Eq. 9) 


although this is an approximation that disregards the molar heat capacity 
difference AC, of the liquid and solid forms of the solute. An approxi- 
mation involving the entropy of fusion, ASmf, was introduced (7) as: 


AS,f Tm 
-log XZ' z - log - (Eq. 10) 


R T 
to partially correct for the failure to include AC,, in Eq. 9, and this form 
of log ideal solubility is employed in the current report. Equations 9 and 
10 are approximations, and currently i t  has not been determined which 
is more appropriate for use in solubility analysis. 


The Hildebrand-Scatchard equation (Eq. 8) may be used to estimate 
solubility only for relatively nonpolar drugs in nonpolar solvents which 
adhere to regular solution requirements. The molar volumes of the solute 
and solvent should be approximately the same, and the solution should 
not expand or contract when the components are mixed. Dipole-dipole 
and hydrogen bonding interactions are absent from regular solutions, 
with only physical forces being present. In such a system the mixing of 
solvent and solute results in a random arrangement of the molecules. The 
entropy in a regular solution is the same as that in an ideal solution, and 
therefore, the entropy of mixing is zero. Only the enthalpy of mixing has 
a finite value and it is always positive. 


In most solutions encountered in pharmacy, interactions and selective 
ordering of molecules occur; these systems are referred to as irregular 
solutions. In pharmaceutical solutions, the geometric mean rule (Eq. 4 )  
is too restrictive, and Eq. 6 or 8 ordinarily provides a poor fit to experi- 
mental data in irregular solutions. Instead, 6162 is replaced in Eq. 6 by 
W = a 12, which is allowed to take on values as required to yield correct 
mole fraction solubilities: 


-log X 2  = -log X z '  + A(&' + 62' - 2W) (Eq. 11) 


I t  is not possible a t  this time to determine W by recourse to funda- 
mental physical chemical properties of solute and solvent. It has been 
found, however, for drugs in binary solvent mixtures (3,6,8) that W may 
be regressed in a power series on the solvent solubility parameter: 


WFalr = Co + C161 + C&2 + C36I3 + . . . (Eq. 12) 


A reasonable estimate, Wcalc, is obtained by this procedure, and when 
Wcalc is substituted in Eq. 11 for W ,  mole fraction solubilities in polar 
binary solvents are obtained ordinarily within 120% of the experimental 
results. Log na/A may also be regressed directly on powers of 61, bypassing 


Wand obviating the need for 62. The estimated solubility, X Z ,  with this 
method is identical to that obtained with Wcalc except for rounding-off 
errors. The entire procedure, referred to as the extended Hildebrand 
solubility approach (3), may be conducted by using a polynomial re- 
gression program and carrying out the calculations on a computer. I t  is 
useful to include a statistical routine which provides R2, Fisher's F ratio, 
and a scatter plot of the residuals. Terms of the polynomial ( i .e . ,  powers 
of 61) are added sequentially and the values of R2 and F ,  together with 
the appearance of the residual scatter plot, indicate when the proper 
degree of the polynomial has been reached. A well-known polynomial 
program using multiple regression analysis, SPSS (9), is convenient for 
this purpose. 


Parameters  for  Solute-Solvent Interaction-The activity coeffi- 
cient of the solute, ap, may be partitioned into a term, CYV, for physical 
or van der Waals (dispersion and weak dipolar) forces and a second term, 
LYR,  representing residual and presumably stronger solute-solvent in- 
teractions (Lewis acid-base type forces). In logarithmic form: 


log a 2  = log (YV + log (YR (Eq. 13) 


According to this definition of log a2. Eq. 11 may be written: 


(log (YZ) /A = (61 - 62)' + 2(616a - W )  (Eq. 14) 


where 


(log a v ) / A  = (61 - 6 ~ ) ~  (Eq. 15) 


and 


(log CYR)/A = 2(6162 - W )  


viations from the geometric mean. In terms of W, 112 may be written: 


(Eq. 16) 


Hildebrand et al. (10) introduced a parameter, 112, toaccount for de- 


w = (1 - 112)6162 (Eq. 17) 


Therefore, the second right-hand term of Eq. 14, representing the residual 
activity coefficient, is: 


(log (YR )/A = 21 126162 (Eq. 18) 


and the modified equation for solubility of a drug in binary polar solvents 
becomes: 


-log X z  = -log Xz' + A ( &  - 62)' t 2A(1123(6162) (Eq. 19) 


The variable W may be related to the geometric mean, &62. by the 


W = K(6162) (Eq. 20) 


introduction of a proportionality constant, K (ll), such that: 


From Eqs. 17 and 20 


(1 - 112)  = W/(6162) = K (Eq. 21) 


or 


= 1 - K (Eq. 22) 


The extended Hildebrand solubility expression (Eq. 11) may now be 
written: 


-log X z  = -log Xz '  + A(61 - 62)' + 2A(1 - K)6162 (Eq. 23) 


By employing Eq. 20 to replace W of Eq. 11, another form of the extended 
Hildebrand equation is obtained: 


-log X Z  = -log X2' + A(&' t 62' - 2K6162) (Eq. 24)  


or, with Eq. 17: 


-log X z  = -log X?' + A(6i2 + 62' - 2(1 - 112) 6,621 (Eq. 25) 


It was found (12)  that a plot of 112 against a branching ratio, r ,  provided 
a good linear correlation for testosterone in a number of branched hy- 
drocarbon solvents. 


Variable K was employed (11) to describe the dissolving power of 
solvents for polyacrylonitrile, and it was concluded that the solvent action 
of organic solvents on the polymer solute was determined "by a very 
delicate balance between the various intermolecular forces involved." 
Solvent power could not be explained alone in terms of dipolar interaction 
and hydrogen bonding; it depended rather on whether dipolar and hy- 
drogen bonding energies for the solvent-polymer contacts were a few 
percentage points less than, equal to, or greater than the sum of the sol- 
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vent.-solvent and polymer-polymer interaction energies. The same 
conclusions can be reached for steroids in the various solvents in the 
present study and are elaborated. 


The various extended solubility equations (Eqs. 11, 24, and 25)  are 
equivalent, and the deviation of polar (or nonpolar) systems from regular 
solution behavior may be expressed in terms of (log az)/A, (log a ~ ) l A ,  
W, 112, or K .  Any one of the parameters may be regressed on a polynomial 
in 61 to obtain values of solubility, X z .  These quantities may also be re- 
gressed against the volume fraction or percent, of one of the solvents in 
the mixture or against the mean molar volume of the binary solvent 
mixture (3). Volume percents and mean molar volumes of chloroform in 
mixtures of cyclohexane and chloroform are given in Table I. The X Z ( ~ ~ ~ ~ )  
values may be converted to molal solubility units and, if densities of the 
solutions are available, to molar or gram per milliliter concentration. 


Solubility Parameters for Crystalline Solids-It is not possible to 
obtain solubility parameters of crystalline drugs by vaporization using 
Eq. 5, because many organic compounds decompose above their melting 
points. Instead, it has been shown (13) that the solubility parameter of 
solid drugs can be estimated from the point of maximum solubility in a 
binary solvent such as ethyl acetate and ethyl alcohol. The solubility 
parameter of the solute must lie between the 6 values of the two solvents 
for this technique to be successful. In a regular solution, when: 


log xz = log XZ' (Eq. 26) 


the system represents an ideal solution, and the maximum solubility is 
obtained, excluding specific solvation effects. When a pure solvent or 
solvent mixture is found that yields a peak in the solubility profile for 
a regular solution, 61 is assumed to equal 62, and the final term of Eq. 8 
becomes zero, then Eq. 26 holds. 


In an irregular solution, these relations do not hold exactly as in a 
regular solution. Equation 24 may be written as: 


The partial derivative of (log az)/A then is taken with respect to 61 and 
the result set equal to zero to obtain the value of 62 a t  the peak in the 
solubility profile: 


61 = K62 (Eq. 29a) 


or, from Eq. 5 and the corresponding equation for the solute: 


Q l l  = K 2 Q 2 2  (Eq. 29b) 


Thus, 61 # 6 2  a t  the maximum in the solubility curve, but rather is equal 
to Kbl (11). In irregular solutions, K is slightly greater than unity (-1.01) 
when solvation occurs between the solute and solvent; K is slightly less 
than unity ( 4 . 9 8 )  when the species of the solution self-associate; and 
K = 1.00 when the solution is regular. As pointed out ( l l ) ,  a very small 
change in K can bring about large changes in solvent action; this phe- 
nomenon is considered in another report (8). Since K is nearly unity, even 
for highly solvated solutions, 6 2  is almost equal to 61 at  the point of peak 
solubility in the system. This gives the researcher a good method for es- 
timating solubility parameters of crystalline drugs. A differentiation 
method was introduced to obtain this value more precisely (12). Methods 
for calculating the solubility parameters of solid drugs, involving a re- 
gression of (log az ) /A  on 61 in a second degree power series, have been 
introduced (14,15). Satisfactory values of 6z2 and K are obtained1 by use 
of the coefficients of the polynomial in moderately polar systems, but the 
technique is inadequate for highly irregular solutions. Another approach 
was introduced (16) to calculate 6 2  of solid compounds. Solubility pa- 
rameters for solutes may also be obtained by a group contribution method 
(17). 


EXPERIMENTAL 


i a w m  3 m + m m m m  m d w m + w m t - w  o o o o i + w m ~ w m m o d m  0 0 0 0 0 0 0 m w 3 d m 0 m m  999999999???""" 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


ooooooooooooooo  


m w m m m m o m m ~ m m d m t -  m w m t - m o m d m m t - o t - + t -  m m m 3 3 3 0 3 m m d m m w w  
999999999999999 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


I I I I I I I I I  


The solubility analyses of testosterone and testosterone propionate 
in solvent mixtures (i.e.,  cyclohexanexhloroform, cyclohexane-octanol, 
cyclohexane-isopropyl myristate, and cyclohexane-ethyl oleate) were 
reported earlier ( l ) ,  and the reported values were used in this study. RESULTS 


Testosterone in Cyclohexane-Chloroform-The solubilities of 
testosterone at 250 in mixtures of cyclohexane and chloroform are found 
in I. The A H m f  due for testosterone is 6190 cal/mole and Tm is 
427.2"K. The -1% xzi value is 1.1388 (Xz' = 0.07264), and 62  is 10.90 
( c a l / ~ m ~ ) ' / ~ .  The solubility parameter for cyclohexane is 8.19 and for 


1 The K value reported in Ref. 15 is constant over the range of solvent solubility 
parameters used. It differs from K introduced in the extended Hildebrand solubility 
approach which has a different value for each solvent used. The term in Ref. 15 
should properly he differentiated from K by use of another symbol, such as K ,  
kappa. 
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chloroform is 9.14. The molar volume of testosterone is 254.5 cm3/mole 
(12). The log activity coefficients are calculated using the expression: 


log LYZ = log XZ' - log XZ (Eq. 30) 


The values of W for the various mixtures are obtained directly from the 
solubility data, using a rearranged form of Eq. 11: 


Also included in Table I are the calculated values of (log a z ) / A  and W 
obtained by regressing (log az) lA and Won  61 in a third degree polyno- 
mial: 


W = -3298.82 + 1084.5661 - 116.90461' + 4.2674261~ 


(Eq. 32) 


n = 15,R2 = 0.999, F = 6702, F(3, 11, 0.01)2 = 6.22 


and: 


-- log f12 - 6716.38 - 2169.1261 t 234.80961' - 8.5348561~ 
A 


(Eq. 33) 
n = 15, R 2  = 0.998, F = 2352,F(3,11,0.01) = 6.22 


The observed mole fraction solubilities, and the calculated values (ob- 
tained with Eqs. 30 and 33), together with percent differences between 
calculated and observed solubilities, are given in Table I. Variables K ,  
112, and (log L Y R ) / A  were also regressed on 61 and the equations are: 


K = -41.1320 + 13.768561 - 1.5035161~ + 0.054951261~ 


(Eq. 34) 
n = 15, R 2  = 0.997, F = 1476, F(3, 11,O.Ol) = 6.22 


112 = 42.1320 - 13.768561 + 1.5035161~ - 0.054951261~ 
(Eq. 35) 


n = 15, R2 = 0.997, F = 1476, F(3,11,0.01) = 6.22 


and: 


-- - 918.47861 - 300.154612 + 32.776561~ - 1.1979461~ loglUR 
A 


(Eq. 36) 
n = 15, R 2  = 0.997, F = 1476, F(4,10,0.01) = 5.99 


Since K = 1 - 112 from Eq. 21 and (log ~ R ) / A  = 21126162 from Eq. 18, any 
one of the regression equations for K ,  112,  and (log a ~ ) l A  can be obtained 
from the others. For example, replacing K in Eq. 34 by (1 - 112)  yields 
Eq. 35 for 112. It is seen that the only differences are in the constant terms, 
-41.1320 in Eq. 34 and +42.1320 in Eq. 35, and the change in sign of each 
coefficient. Equation 36 for (log a ~ ) l A  is observed to take on an inter- 
esting form: no constant term exists and the polynomial is carried to the 
fourth rather than the third power. 


Once the calculated value for one of these parameters is obtained from 
the regression equation, it may be substituted in the appropriate ex- 
pression given earlier t o  obtain Xz(calc). For example, 112(calc) for testos- 
terone solubility in 50% chloroform-50% cyclohexane (v/v) (61 = 8.67) 
is obtained with Eq. 35: 


112(caic) = 42.1320 - 13.7685(8.67) + 1.5035(8.67)' 


-0.0549512(8.67)3 = -0.0362 


Then, from the second right hand term of Eq. 25: 


-- log a' - 612 + 6z2 - 2(1 - 1 ~ ~ ) 6 1 6 2  = (8.67)' + (10.9)' 
A 


- 2(1 + 0.0362) (8.67) (10.9) = -1.8691 


2 F(3,11,0.01) is the tabulated F value with p degrees of freedom in the numer- 
ator and n - p - 1  degrees of freedom in the denominator, wherep = 3 is the number 
of independent variables and n = 15 is the total number of samples. The value 0.01 
signifies that the F ratio is compared with the tabular value obtained at the 99% 
level of confidence. 
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Figure 1-Mole fraction solubility of testosterone (62 = 10.9) at 2 5 O  i n  
cyclohexane and chloroform. Key: (@) experimental points; (-) solu- 
bility calculated by extended Hildebrand solubility approach; (- - - -) 
solubility curue calculated using regular solution theory. 


where the solubility parameter of testosterone is 10.9 (cal/cm3)1/2. Log 
Xz' is equal to -1.1388 for testosterone a t  25O, and A from Table I is 
0.1096 a t  50% by volume chloroform. Continuing with Eq. 25, one ob- 
tains: 


-log X z  = 1.1388 + (0.1096)(-1.8691) = 0.9340 


XZ(ob8) = 0.102 


X P ( ~ ~ ~ ~ )  = 0.116 (-13.7% error) 


Variables K ,  112, and log OIR are three different means of expressing 
deviation from regular solution behavior. Log CYR (Column 12, Table I) 
is a measure of the residual activity coefficient due to dipolar interactions 
between solvent and solute, inductive effects, and hydrogen bonding. 
Variables K and 112 are also used to represent solution irregularities. 
When log OIR is negative, 112 (Column 11) becomes negative and K (Col- 
umn 10) becomes greater than unity, indicating that X z  is greater than 
the mole fraction solubility in a regular solution. As observed in Table 
I, this effect occurs a t  20% chloroform in cyclohexane. Above this con- 
centration of chloroform, it may be assumed that the predominant factor 
promoting the solubility of testosterone is solvation of the drug by 
chloroform, most probably in this case through hydrogen bonding. At 
50% chloroform in cyclohexane, the interaction between testosterone and 
chloroform has increased sufficiently to elevate the drug solubility above 
the ideal mole fraction solubility, Xz' = 0.0726. At this point the total 
logarithmic activity coefficient, log a', as well as log a ~ ,  is negative, in- 
dicating the beginning of strong solvation. I t  is suggested that the term 
complexation is appropriate for interactions between solute and solvent 
when X Z  >> X 2 ' ,  observed in Table I for testosterone in pure chloro- 
form. 


The various parameters, and the manner in which they may be used 
to express self-association ( K  < I), nonspecific solvent effects or regular 
solution ( K  z l ) ,  weak solubilization ( K  > 1 and X Z  < X z ' ) ,  and com- 
plexation or strong solubilization ( K  > 1 and X z  > X z L ) ,  are depicted in 
Fig. 1 for testosterone in a mixture of chloroform and cyclohexane. As 
the real or irregular solubility line crosses the regular solution line at the 
lower left side of Fig. 1, K changes from <LO to >1.0. Then, as the ir- 
regular solution line crosses the ideal solubility line, K remains >LO, X Z  
becomes greater than X $ ,  and log 012 becomes negative. A t  100% chlo- 
roform, log a2 = -0.506, which means that the ratio of X z  to XZ'  is -3:l. 
The curve for testosterone propionate in chloroform-cyclohexane (not 
shown) is similar to Fig. 1 for testosterone, demonstrating complexation 
between the steroid ester and chloroform >30% by volume chloroform 
in the chloroform-cyclohexane mixture. 


Testosterone Propionate in Mixed Solvents-The solubilities of 
the steroidal ester, testosterone propionate, a t  2 5 O  in octanol-cyclohex- 
ane, ethyl oleate-cyclohexane, and isopropyl myristate-cyclohexane are 
plotted in Figs. 2-4 as a function of the solubility parameter of the mixed 
solvent. The logarithmic ideal solubility of testosterone propionate, log 
X z ' ,  is -0.81356 a t  25'; Xz'  = 0.15362. The solubility parameter, 62, and 
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Figure 2-Mole fraction solubility of testosterone propionate ( 6 2  = 9.5) 
at 25" in  cyclohexane and octanol. Key: (0) experimental points; (-) 
solubility calculated by extended Hildebrand solubility approach; (- - -) 
solubility curve calculated using regular solution theory. 


X:=O. 07264 */- -.. . I ., 
I 33 


0.16- 


6 1  


Figure 3-Mole fraction solubility of testosterone propionate (62 = 9.5) 
at 25' in cyclohexane and ethyl oleate. Key: (0) experimental points; 
(--) solubility calculated by extended Hildebrand solubility approach; 
(- - -) solubility curve calculated using regular solution theory. 
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Figure 4-Mole fraction solubility of testosterone propionate (62 = 9.5) 
at 2 5 O  in cyclohexane and isopropyl myristate. Key: (0) experimental 
solubility; (-) solubility calculated by extended Hildebrand solubility 
approach; (- - -) solubility curve calculated using regular solution 
theory. 


the molar volume, V Z ,  of testosterone propionate are, respectively, 9.5 
(cal/cm3)l/2 and 294.0 cm3/mole. The solubility parameter is 8.19 for 
cyclohexane, 10.30 for octanol, 8.63 for ethyl oleate, and 8.85 for isopropyl 
myristate. 


Use of the extended Hildebrand solubility approach to calculate 
solubilities yields good results for these systems as observed by the fit 
of the calculated line to the points in Figs. 2-4. 


As seen by comparing the regular solution curve (calculated using Eq. 
8) with the extended Hildebrand solubility line (calculated using Eq. 11, 
24, or 25), the observed solubilities are smaller than those predicted for 
a regular solution over most of the range of 61 values of the mixed solvents, 
as contrasted to the chloroformxyclohexane mixture. At no composition 
of mixed solvent do the solubilities exceed the ideal solubility, as observed 


earlier in chloroform-cyclohexane (Fig. 1). The regression equations used 
to calculate solubilities in these systems are: 


Octanol-Cyclohexane Mixtures (Fig. 2): 


-- log a' - 1142.47 - 356.23761 + 37.035761' - 1.281376~~ (Eq. 37) 


-- log as - 27888.99 - 9867.80& + 1164.77a12 - 45.861761~ (Eq. 38) 


A 
n = 15,R2 = 0.965, F = 101, F(3, 11,O.Ol) = 6.22 


Ethyl Oleate-Cyclohexane Mixtures (Fig. 3): 


A 
n = 11, R 2  = 0.999,F = 2589,F(3,7,0.01) = 8.45 


Isopropyl Myristate-Cyclohexane Mixtures (Fig. 4): 


-- log 01' - 157348.62 - 56738.361 + 6821.4861' - 273.43961~ (Eq. 39) 
A 


n = 11, R2 = 0.999,F = 3970, F(3,7,0.01) = 8.45 


Nonlinear Regression-The solubility of testosterone in octanol- 
cyclohexane and in ethyl oleate-cyclohexane are plotted in Figs. 5 and 
6. The extended Hildebrand solubility approach with polynomial re- 
gression, used with success for the other systems, failed to provide a 
satisfactory fit of the data, as shown by the dotted lines in Figs. 5 and 
6. 


The polynomial regression method contains potential numerical dif- 
ficulties which show themselves only in certain applications. The source 
of these difficulties may be seen by recognizing that to date the extended 


Figure 5-Mole fraction solubility of testosterone ( 6 2  ='10.9) at 25' in 
cyclohexane and octanol. Key: (0) experimental points; (-) extended 
Hildebrand solubility curve based on NONLIN polynomial regression; 
(. . . .) extended Hildebrand sblubility curve based on ordinary poly- 
nomial regression; (- - - -) regular solution curve. 
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Figure B-Mole fraction solubility of testosterone ( 6 2  = 10.9) at 25" in 
cyclohexane and ethyl oleate. Key: (0) experimental points; (-) ex- 
tended Hildebrand solubility curve based on NONLINpolynomial re- 
gression; (.....) extended Hildebrand solubility curve based on ordinary 
polynomial regression; (- - -) regular solution curve. 
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Hildebrand solubility approach has fitted observed values of X:, to a 
model that defines Xo; as a function of d and other variables and constants. 
That is, the relations expressed by Eq. 11 may be written as: 


where /(6) is a polynomial in 6. Thus, Eq. 40 defines the dependent 
variable Xz as an implicit function of the independent variables 6 and 
V1. The terms Xz', R ,  T ,  and Vz are known constants, and the parameters 
to be estimated are the coefficients of f (6) .  


The polynomial regression method contains a circular element in that 
it uses the observed values of X:, in W or (log az)/A to estimate the 
coefficients of f (6 ) .  and then uses these values off(6) to obtain calculated 
values of Xp.  This circular process can be thought of as the first step in 
an iteration; the conditions necessary for this process to converge are not 
known. In many applications the iteration gives acceptable results; in 
some cases, as shown in Figs. 5 and 6, the results are poor. 


Another potential source of difficulty is that  the values of W or (log 
aa) /A are fit by least squares to the polynomials of 6. Thus, the coeffi- 
cients are estimated by minimizing the squared deviations between ob- 
served and predicted (model) values of functions of Xz [W or (log ap)/A]. 
When X z  then is calculated, this is equivalent to weighted least squares, 
with the weights being complicated functions of the constants in W or 
in (log az)/A. 


To use Eq, 40 as a model for predicting X:, as a function of 6 and V1, 
it must be determined that there is a unique value of X p  that  satisfies the 
equality. Writing the expression in Eq. 40 as F ( X z ) ,  it can be verified that 
lim F(Xz)xn-.o = m and F(Xp)x2-o = log X:,' < 0. Thus, F ( X 2 )  has a root 
between 0 and 1. It can also be shown that if f ( b )  > 0 then F1(X: , )  < 0 for 
0 -< X z  5 1. Thus, F ( X 2 )  is monotonic decreasing on [OJ] and has one, 
and only one, root. 


Equation 40 can be used in any nonlinear regression program that 
accepts the model defined as an implicit function. In this application good 
inital estimates are important; they can be obtained as the coefficients 
of the polynomial in 6 used in the polynomial regression method. 


The regression equations for testosterone in octanol-cyclohexane and 
in ethyl oleate-cyclohexane were obtained by fitting Eq. 40 with the 
nonlinear regression program NONLIN (18). The results are: 


Testosterone in Octanol-Cyclohexane (Fig. 5): 


= 895.34 - 264.08861 + 26.121761' - 0.86560861~ (Eq. 41) 
A 


and 
Testosterone in Ethyl Oleate-Cyclohexane (Fig. 6): 


-- log a' - 50518.74 - 17713.361 + 2071.8261' - 80.833161~ (Eq. 42) 
A 


To solve Eq. 40 for X,O,  the rootfinder subroutine ZBRENT (19) was 
called from DFUNC of NONLIN. Figures 5 and 6 show that fitting ob- 
served values of X Z  directly to values of X z  predicted by Eqs. 41 and 42, 
respectively, greatly improves the fit. NONLIN was also used to f i t  the 
data shown in Figs. 1-4. In these applications the improvement in fit was 
SO small as to be of little importance. 


CONCLUSIONS 


In another report (I) ,  the interaction of testosterone and testosterone 
propionate was shown in mixed solvents of cyclohexane combined with 
ethyl oleate, isopropyl myristate, and octanol. The interaction was ana- 
lyzed using association constants (2) with limited success. The present 
study shows that the interaction of testosterone and testosterone pro- 
pionate with mfxed,solvents may be represented accurately by use of the 
extended Hildebrand solubility approach, a method that employs a 
polynomial on 61 rather than association constants. 


The solubility is plotted in Figs. 1-6 in reference to the regular solution 
curve and the ideal solubility, X z '  of the drug. This method of plotting 
the results delineates systems in which self-association or solvation 
predominates, and it differentiates these from regular and ideal solutions. 
It is suggested that although the drug and active (solvating) solvent 
(cyclohexane is considered to be the inactive solvent of the binary solvent 
mixture) interact to a lesser or greater extent, strong interaction or spe- 
cific solvation, such as that resulting from hydrogen bonding effects, 
occurs when the solubility rises well above the ideal solubility line, Xp'. 
Some self-association of solute or solvent may exist above X z ' ,  leading 
to reduced solubility, but the overriding effect is strong solvation (com- 
plexation between solute and solvent). 


A combination of X z i  and K may be used to define various classes of 
interaction between solute and solvent. As observed in Fig. 1, when a 
solubility point fslls on or near the regular solution line, it is defined as 
a regular solution (4). Referring to Eq. 24, when K 1, the geometric 
mean obtains, and the solution may be considered to be a regular system. 
However, it is conceivable that W equals 6162 (i.e., K = 1) in polar systems 
by cancellation of solvating and self-associating effects, rather than be- 
cause of the criteria layed down (4) for regular solution behavior. 


When K < 1, the solubility points in a graph such as Fig. 2 fall below 
the regular solution line. The solute, solvent, or both are ordinarily con- 
sidered to be self-associated when K < 1, resulting in decreased solu- 
bility. 


When K > 1 and X 2  > X z i ,  association of a specific nature ( i e . ,  hy- 
drogen bonding, dipolar interaction, or charge transfer complexation) 
is considered to exist between solute and solvent. 


Finally, when K > 1 but X z  < Xz', an intermediate situation exists. 
Some self-association may be present, but association results in solu- 


es above those found on the regular solution line. Various classes 
of solvation, self-association, and regular solution behavior have been 
defined (4), but the case where X z  < Xpi and K > 1 was not addressed. 
This is neither a regular, self-associated, or strongly solvated solution, 
but rather an intermediate or weakly solvated system. The system treated 
in the present study are interesting because most of them are of the 
self-associated-weakly solvated class (i .e. ,  except for the chloroform 
systems, X 2  < Xz' and, depending on the composition of the solvent, K 
is greater or less than unity). 


The solvents consisting of chloroform in cyclohexane exhibit weak to 
strong solvating effects on testosterone, depending on the concentration 
of chloroform in the solvent mixture (Fig. 1). 


When the ester, testosterone propionate, is dissolved in the binary 
solvent, octanol in cyclohexane, a self-associating system results. As 
observed in Fig. 2, K < 1 across the range of solvent composition. This 
system exhibits a peak in the solubility because the solubility parameter 
of testosterone propionate, 9.5, lies between the solubility parameters 
of cyclohexane, 6 = 8.2, and octanol, b = 10.3. The methyl xanthines in 
dioxane-water mixtures have been reported (3,6,8) to show this kind 
of solubility profile. The calculated curve (solid line) of Fig. 2 should 
exhibit a parabolic shape somewhat like the dashed regular solution curve 
above it and should attain a maximum X 2  value a t  61 = -9.5. The scatter 
of the experimental points caused the regression line (solid line) to take 
on an irregular shape and to rise slightly rather than fall on the right hand 
side of the figure. Testosterone propionate in ethyl oleate-cyclohexane 
(Fig. 3) yields solutions that appear to be self-associating rather than 
weakly solvating ( i . e . ,  K < 1). Testosterone propionate in isopropyl 
myristate-cyclohexane (Fig. 4) follows a pattern similar to the drug in 
ethyl oleate-cyclohexane. The solubilities fall under the bell-shaped 
regular solution curve and may be classified as predominately self-as- 
sociating ( K  < 1). 


As observed in Fig. 5, testosterone in octanol-cyclohexane appears to 
follow regular solution behavior rather closely over the composition from 
0 to 100% octanol. However solutions of a polar solvent, octanol, and a 
multifunctional solute, testosterone, do not meet the requirements of a 
regular solution ( e g  , molecules of approximately the same size, no change 
in entropy on mixing, no specific interaction of either species). The fact 
that  such solutions follow the regular solution line are probably due to 
cancellation of self-association and solvation effects in these polar systems 
rather than an absence of specific interactions. Such solutions should not 
be called regular, although K 


Testosterone in ethyl oleate-cyclohexane (Fig. 6) forms solutions that 
are characterized for the most part as weakly solvating ( i . e . .  K > 1 and 


The solubility parameters for testosterone and testosterone propionate 
have not been determined unequivocally. Testosterone is assigned a 
tentative value of 10.8 and testosterone propionate, 9.5. The latter value 
has more validity than the former at  this time. If the solubility parameter 
of testosterone later is found to be essentially that of testosterone pro- 
pionate, as some results appear to indicate, the position of the regular 
solution line will need to be moved relative to the solubility data points, 
and the above interpretations will change. For example, if it is found that 
6 for testosterone is 9.5 rather than 10.8, both testosterone and testos- 
terone propionate will be observed to form weakly self-associated rather 
than weakly solvated solutions in ethyl oleate-cyclohexane. 


However, the findings of chloroform as strongly solvating and the other 
solvents-octanol, ethyl oleate, and isopropyl myristate-as weakly 
solvating or self-associating is evident in these results, regardless of the 
exact solubility parameters of testosterone and testosterone propio- 
nate. 


1. 


x2 < XZ'). 
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In earlier work (3,4,6,8) the extended Hilidebrand solubility approach 
employed a polynomial regression routine for calculating quantities such 
as W and (log N ~ ) / A ,  and this statistical method has proved successful 
in most instances. It is demonstrated in the current study that direct 
polynomial regression sometimes may produce an unsatisfactory fit of 
solubility data. A nonlinear regression program, NONLIN (17), has been 
shown to improve the f i t  when ordinary polynomial regression fails. 
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Lymphocytic Leukemia Cells 


Y. F. LIOU, I. H. HALL”, and K. H. LEE 
Received August 26,1981, from the Division of Medicinal Chemistry, School of Pharmacy, Uniuersity of North Carolina at  Chapel Hill,  Chapel 
Hill, NC 27514. Accepted for publication January 26,1982. 


Abstract Two natural products isolated from the plant Daphne 
genkwa have been shown to possess antileukemic activity in mice. Gen- 
kwadaphnin and yuanhuacine were observed to inhibit DNA and protein 
synthesis in P-388 leukemic cells. A detailed study of the effects of these 
two diterpene esters on protein synthesis of leukemic cells was under- 
taken. The major effects of genkwadaphnin and yuanhuacine on protein 
synthesis were blockage of the elongation process and interference with 
the peptidyl transferase reaction. The latter reaction was suppressed a t  
concentrations of the diterpene esters which were commensurate with 
concentrations that inhibited whole cell in vitro protein synthesis in 
P-388 cells. 


Keyphrases 0 Antitumor agents-inhibition of DNA and protein 
synthesis by genkwadaphnin and yuanhuacine in P-388 ,lymphocytic 
leukemia cells, daphnane deterpene esters Genkwadaphnin-antitu- 
mor agents, inhibition of DNA and protein synthesis in P-388 lympho- 
cytic leukemia cells, daphnane diterpene esters 0 Yuanhuacine-anti- 
tumor agents, inhibition of DNA and protein synthesis in P-388 lym- 
phocytic leukemia cells, daphnane diterpene esters 


Daphnane diterpene esters which possess an isopropy- 
lene side chain at C13 have previously been reported to 
have antileukemic activity (1). Genkwadaphnin and 
yuanhuacine (I and 11) are two such esters which have been 
isolated from Daphne genkwa and chemically character- 
ized (2). Genkwadaphnin (I) at 0.8 mg/kg/day was shown 
to produce a T/C% value of 173, whereas yuanhuacine (11) 
afforded a value of 151% against P-388 lymphocytic leu- 


kemia growth (2). These T/C% values were comparable to 
5-fluorouracil a t  12.5 mg/kg/day in the P-388 screen. 
Therefore, it was concluded that daphnane diterpene es- 
ters may have potential as antineoplastic therapeutic 
agents and that their modes of action on cellular metabo- 
lism were of interest, particularly since these agents re- 
semble, structurally, phorbol esters which are tumor pro- 


1340 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 12, December 1982 


0022-35491821 1200- 1340$0 1.0010 
@ 1982, American Pharmaceutical Association 












Stereochemical Studies of Demethylated 
Ketamine Enantiomers 


SUK CHANG HONG and JOHN N. DAVISSON 
Received July 13,1981, from the Diuision of Medicinal Chemistry and Pharmaceutics, College of Pharmacy and Health Sciences, Northeast 
Louisiana University, Monroe, LA 71209. Accepted for publication November 3.1981. 


Abstract The enantiomorphs of norketamine, 2-(o-chlorophenyl)- 
2-aminocyclohexanone, were synthesized and screened for biological 
activity. Resolution was achieved by fractional crystallization of the 
tartrate salts. Stereochemical purity was determined using standard GC 
or GC-MS analysis. Preliminary pharmacological evaluations revealed 
that intraperitoneally injected dextrorotatory norketamine caused a 
greater duration of loss of righting reflex in mice than the levorotatory 
isomer. 


Keyphrases 0 Ketamine-stereochemical studies of demethylated 
ketamine enantiomers Enantiomers-stereochemical studies of 
demethylated ketamine enantiomers 0 Stereochemistry-studies of 
demethylated ketamine enantiomers 


Ketamine, 2-(o-chlorophenyl)-2-(methylamino)cyclo- 
hexanone (I), is rapidly and extensively metabolized (1,2). 
The parent compound is demethylated to norketamine 
(11), which is believed to undergo further oxidation and 
conjugation reactions. Numerous investigations concerning 
the pharmacological properties and metabolism of ke- 
tamine have been conducted during the past several years 
(1-5). More recently, the pharmacological actions of the 
enantiomers of ketamine also have been evaluated (3,6). 
Human studies have resulted in the suggestion that dex- 
trorotatory ketamine hydrochloride may be more accept- 
able as an anesthetic agent when compared to the racemic 
or levorotatory drug (6). Additionally, levorotatory ke- 
tamine hydrochloride was shown to cause significantly 
higher incidences of unusual dreaming and posthypnotic 
phenomena than the dextrorotatory isomer. Norketamine 
resulting from the administration of levorotatory ketamine 
hydrochloride showed higher plasma levels than that de- 
rived from the dextrorotatory enantiomer, especially in the 
postanesthetic period. Animal experiments have revealed 
similar patterns of pharmacological activities for the ke- 
tamine enantiomers. Stereochemical differences in me- 
tabolism and the possibility of certain metabolites having 
prolonged biological half-lives have been offered as pos- 
sible explanations for posthypnotic phenomena (3). 


Pharmacological data have been reported for racemic 
norketamine, but no information is available for the pu- 
rified enantiomers ( 5 ) .  As part of an investigation to de- 
termine stereochemical and pharmacological relationships 
between enantiomers of ketamine and those of metabo- 
lites, the synthesis, resolution, and preliminary pharma- 
cological studies of enantiomerically purified norketamine 
have been completed and are described in this report. 


n 


d 
I I1 


/ 
C1 


EXPERIMENTAL 


Instrumentation-Melting points are reported as corrected values'. 
UV2 and IR3 spectra were recorded with double-beam spectrometers. 
NMR4 spectra were recorded on a 60-MHz apparatus with tetrameth- 
ylsilane as an internal reference. Optical rotation was measured with an 
automatic polarimeter5. GLC6 conditions were as follows: glass column, 
1.8 m X 2-mm i.d. packed with 3% SP2300 or 3% SP2401 on 100/120 mesh 
Supelcoport; carrier gas was nitrogen at  30 ml/min; the injector, column, 
and detector temperatures were 250,210, and 275O, respectively. GC-MS7 
conditions were as follows: glass column, 1.8 m X 2-mm i.d. packed with 
3% SP2300 or 3% SP2401 on 100/120 mesh Supelcoport; carrier gas was 
helium at 30 mumin; injector, column, and source temperatures were 270, 
230, and 225O, respectively. Ionization was a t  75 eV. 


Synthesis of Norketamine (11)-1-Bromocyclopentyl(o-chloro- 
pheny1)ketone (III), 50 g (0.18 mole) (7,8) was placed in a 500-ml round 
bottom flask containing 300 ml of 28% ammonium hydroxide solution 
which had been saturated with anhydrous ammonia. The mixture was 
agitated vigorously for 7 days at  room temperature using a mechanical 
shaker. The dark brown bottom layer was separated, dissolved in 500 ml 
of cyclohexane-petroleum ether (51) solution, and placed in a refriger- 
ator. After 2 days, 24 g (60% yield) of a white solid (mp 90.5-91.5") was 
obtained. The IR spectrum revealed strong combined NH-OH 
stretching a t  3225 cm-I and C=N absorption at  1645 cm-' consistent 
with the iminoalcohol intermediate (7). Without further purification, 
an isopropyl alcohol solution (200 ml) of 20 g (0.09 mole) of this solid was 
refluxed for 5 days. Crude norketamine was obtained by evaporation of 
the solvent under reduced pressure. The residue was dissolved in absolute 
ether and saturated with dry hydrogen chloride gas. The solid was filtered 
and dissolved in 50 ml of distilled water. The solution was neutralized 
with 10% sodium carbonate-ammonium hydroxide solution (1:l) and 
extracted with methylene chloride (3 X 200 ml). Evaporation of the sol- 
vent left a tan oily product (16 g) whose spectral data were identical to 
those of an analytical reference sample of racemic norketamine8. 


Resolution of Norketamine-A 20-g solution (0.09 mole) of racemic 
norketamine in 50 ml of methanol was mixed with a methanol solution 
(200 ml) of (+)-tartaric acid (15.1 g, 0.1 mole). The mixture was stirred 
overnight at  room temperature and filtered. The solvent was evaporated 
a t  reduced pressure. The resulting crude solid was washed with 400 ml 
of 2-butanone and then dissolved in 5.4 liters of refluxing acetone. Fine 
needle-like crystals (7.5 g) were collected after storing the solution for 
2 days a t  room temperature. The filtrate was saved for later isolation of 
the other enantiomer. 


The bitartrate salt was recrystallized three additional times from ac- 
etone resulting in 4.8 g of fine needle-like crystals (mp 181-182'). The 
free base was obtained with 0.5 N NaOH solution and converted into the 
hydrochloride or bisuccinate salt using standard procedures. The hy- 
drochloride salt was recrystallized from ethanol yielding a fine white solid, 
mp 175-177'; [a18 -96.4' (C = 1.0, water). The bisuccinate salt was 
recrystallized from acetone yielding white platelets, mp 139-140'; [a]:: 
-66.2' (C = 1.0, water). 


Anal.-Calc. for C16H20CIN07: C, 51.41; H, 5.39; N, 3.75; C1,9.48 0, 
29.97. Found: C, 51.41; H, 5.39; N, 3.72; C1,9.43 0,30.05. The combined 
filtrates remaining from the above procedures were evaporated to dry- 
ness. The remaining solid was dissolved in water, neutralized with 0.5 N 
NaOH, and extracted with methylene chloride. Following evaporation 


Thomas-Hoover Capillary Melting Point Apparatus. 


Perkin-Elmer 710A Grating IR Spectrometer. 
Hitachi Perkin-Elmer NMR Spectrometer, model R-24A. 
Perkin-Elmer model 241. 
Hewlett Packard 402 High Efficiency Gas Chromatograph. 
DuPont Instruments Dimaspec 321 gas chromatograph-mass spectrometer 


Parke-Davismarner Lambert Co. 


* Perkin-Elmer Coleman model 124. 


interfaced with a DuPont Instruments 320 data system. 
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Scheme I-Synthesis of norketamine. 


of the solvent, the residue was treated with (-)-tartaric acid in the same 
manner as described for (+)-tartaric acid. The resulting hydrochloride 
salt was recrystallized from ethanol yielding a fine white solid, mp 
176-178'; [a]b5 f95.0' (C = 1.0, water). The bisuccinate salt (mp 138- 
140O) was recrystallized from acetone; [alp +66.3' (C = 1.0, water). 


Anal.-Calc. for ClcH2oClNO7: C, 51.41; H, 5.39; N, 3.75; C1,9.48 0, 
29.97. Found: C, 51.43; H, 5.42; N, 3.73; C1,9.45 0,30.05. 


Determination of Stereochemical Purity-(+)-Norketamine bi- 
succinate, 2 mg (5.3 pmoles), was basified with 0.1 N NaOH and extracted 
with 3.0 ml of methylene chloride. The methylene chloride solution was 
separated and dried over anhydrous sodium sulfate. A 2-ml aliquot of 
this solution was mixed with 10 pl of a 0.544 methylene chloride solution 
of (-)-a-methoxy-a-trifluoromethylphenylacetyl chloride (V) (9). The 
mixture was heated to 60' for 2 hr, cooled to room temperature and 
washed with 3 ml of 0.5 N HCI, 3 ml of 0.5 N NaOH, and 5 ml of distilled 
water. After drying over anhydrous sodium sulfate, the methylene 
chloride was evaporated under nitrogen, and the residue was dissolved 
in 25 pl of methanol. This solution (1-2 pl) was used for GLC and GC-MS 
analysis. (-)-Norketamine bisuccinate and racemic norketamine bi- 
succinate were derivatized in the same manner. 


Animal ExperimentgMale Swiss-Webster mice (25-32 g), provided 
with rodent laboratory chowg and water ad libitum, were housed in wire 
meshed cages (16 X 18 X 24 cm) suspended above indirect bedding. The 
temperature was maintained at  20-24' and the photoperiod was con- 
trolled to provide light from 6 am to 6 pm. Drugs were dissolved in dis- 
tilled water and all injections were made intraperitoneally. Judgment 
of loss of righting reflex was made on an all-or-none basis after termi- 
nation of drug injection. Mice that lost righting reflex were then placed 
on their backs in individual plastic cages and observed. Righting reflex 
was judged to be regained when an animal turned to a prone position 


6 ,  
I1 


V 


CI 


VI 
Scheme 11-Synthesis of the a-methoxy-a-trifluoromethylphenyla- 
cetamide analog of norketamine. 


Table 1-Effect of Norketamine Enantiomers upon the Duration 
of Loss of Righting Reflex in Mice 


Duration of 


Compound mg/kg Animals Reflex b ,  min 
Dosea, No. of Loss of Righting 


(+) 100 8 6.8 i 0.8 
(-) 100 8 No Loss 
(+) 200 14 46.1 i 7.Ic 
(-1 200 14 25.2 f 2.2c 


Animals received norketamine intraperitoneally and were okrved for duration 
of loas of righting reflex. Values repreaent the mean f SEM. p < 0.01 according 
to Student t test. 


twice within a 10-sec period. All animal experiments were performed 
between 1 and 6 pm. 


RESULTS AND DISCUSSION 


The synthesis of norketamine was accomplished by utilizing an ami- 
noketone synthesis introduced previously (7,8) (Scheme I). The product 
was obtained directly from the thermal rearrangement of the interme- 
diate Schiff base (IV) in a two-step sequence. This was accomplished in 
refluxing solvents ranging from methanol (bp 65O) to naphthalane'O (bp 
190'). Lower boiling alcohols produced greater yields with less decom- 
position than higher boiling solvents. In these studies refluxing IV in 
isopropyl alcohol resulted in an 80% yield of product after 5 days. Spectral 
data (IR, NMR) were consistent with the structure of norketamine, and 
the GLC retention time and mass spectrum were identical to those of an 
analytical reference sample. 


Resolution of norketamine proved to be tedious. Formation of the di- 
astereomeric bitartrate salts and subsequent recrystallization from ac- 
etone was found to be the most efficient method of resolution attempted. 
One major drawback was the large volumes of acetone needed to ac- 
complish the purification. 


Progress of the resolution was followed either by measuring optical 
activity or by GLC analysis. For the latter, diestereomers, formed by 
reacting the enantiomers with (-)-a-methoxy-a-trifluoromethylphen- 


Figure 1-Reconstructed gas chromatogram of the (-)-a-methoxy-a- 
trifluoromethylphenylacetamide analogs of (t) -norketamine (A) and 
(-)-norketamine (B). 


Purina. lo Decalin. 
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ylacetyl chloride, were chromatographed over 3% SP2401 (9) (Scheme 
11). Using this system good separation of diastereomers was achieved (Fig. 
1). Retention times of derivatized (+)-norketamine and (-)-norketamine 
were 13.5 and 14.9 min, respectively. These compounds failed to show 
a parent ion (mlz = 439) using electron impact mass spectroscopy, but 
when subjected to chemical ionization conditions, both displayed sig- 
nificant M + 1 ions. Fragmentation patterns also were consistent with 
the structures. When purified enantiomers were derivatized and 
subjected individually to GLC analysis, no contamination from the other 
stereoisomer could be detected, indicating that the resolution procedure 
had resulted in highly stereochemically pure norketamine. 


The enantiomers were converted into either hydrochloride or bisuc- 
cinate salts. The former proved to be quite hygroscopic making the bi- 
succinate salts more convenient for subsequent studies. The signs of 
optical rotation were the same for both salts. The free bases were not 
highly purified to permit accurate measurements of their optical rota- 
tions, but using partially purified samples, it was determined that the 
signs of rotation for the free bases and the salts were the same. This ob- 
servation is in contrast to reported optical rotations of ketamine (10). The 
free bases and hydrochloride salts for this compound show opposite signs 
of rotation. 


Initial pharmacological evaluation revealed that intraperitoneally 
injected dextrorotatory norketamine bisuccinate caused a greater du- 
ration of loss of righting reflex in mice than the levorotatory isomer (Table 
I). At doses of 100 mg/kg (calculated on free base content) the levorota- 
tory isomer failed to induce loss of righting reflex, whereas this same dose 
appeared to be near the EDSO value for the dextrorotatory form. At 200 
mghg all animals lost righting reflex with the dextrorotatory compound, 
producing a significantly greater duration of loss (Table I). These pre- 
liminary studies also suggested that levorotatory norketamine bisuccinate 
may cause greater amounts of central excitation than the dextrorotatory 
form. This is based on the observation that animals receiving the levo- 
rotatory drug appeared to show greater amounts of spontaneous loco- 
motor activity than those receiving the dextrorotatory isomer. 


Similar actions as to loss of righting reflex and central excitation have 
been reported for the ketamine enantiomers (3). Also, it has been shown 
that racemic norketamine and ketamine are qualitatively similar with 
regard to central nervous system depressant effects and posthypnotic 
excitation (5 ) .  Because of the these findings, it is tempting to speculate 
that the levorotatory salts of ketamine and norketamine have identical 
stereochemical configurations; the same being true for the dextrorotatory 
forms. However, additional studies will be needed to establish the exact 
stereochemical relationships between these compounds as we11 as the 
pharmacological significance of the norketamine enantiomers. 
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Abstract Aqueous solutions of ethylenediamine and theophylline were 
spray dried to obtain solid particulates of theophylline-ethylenediamine 
complex to improve solubility of theophylline. Packing and flow prop- 
erties of the spray-dried products were much improved when compared 
with those of original theophylline particles, due to their spherical shapes 
which were confirmed by a scanning electron microscope. The solubility 
of theophylline in the resultant products was found to be three to five 
times higher than that of original theophylline. The solubilities of the 
products decreased with increasing drying temperature and rotation 
speed of the atomizer, which was interpreted in terms of the contents of 
ethylenediamine in the products. The products were confirmed to he a 
mixture of aminophylline, a-aminophylline, and theophylline by X-ray 
analysis and NMR spectroscopy. The logarithm of the relative intensity 


The spray-drying technique has been accepted as a fa- 
vorable method for drying a variety of heat-sensitive ma- 
terials, such as foods, pharmaceuticals, enzymes, etc. The 
preparation of particulate solids from liquid droplets by 
chemical reaction during drying is one of the recent uses 
of this technique. Microcapsules of barbituric acid and 
phenobarbital with a tensioactive precondensate of the hex- 
amethylolmelamine type, which form macromolecules 


~ _ _ _ _ _ _ ~  _ _ _ _ _ _ _ _ _ _  


of the X-ray diffraction peak of a-aminophylline to that of theophylline 
decreased linearly with drying temperature and rotation speed of the 
atomizer. Thermal decomposition of the spray-dried products involved 
liberations of crystal water a t  100" and ethylenediamine between 110 and 
127'. Liberation of ethylenediamine occurred uia three steps for ami- 
nophylline, but with different steps for the spray-dried products. 


Keyphrases Complexation-theophylline-ethylenediamine, prepa- 
rations, spray-drying technique, solid particulates 0 Theophylline- 
complexation with ethylenediamine, preparations, solid particulates, 
spray-drying technique Ethylenediamine-complexation with theo- 
phylline, preparations, solid particulates, spray-drying technique 


under the influence of heat, have been prepared previously 
(1,2). An ammonium sulfate sphere has been produced by 
the reaction of a single drop of phosphoric acid with gas- 
eous ammonia (3). 


The objective of the present study was to prepare solid 
particulates of the theophylline-ethylenediamine complex 
(e .g . ,  aminophylline) by a spray-drying technique. The 
manufacturing method of aminophylline referred to in the 
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Myristate Used for Sterility Testing of Oils and 
Ointments: Membrane Selection 
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Abstract 0 A 1-hr batch-swirl method was developed for the preparation 
of isopropyl myristate to be used in the sterility testing of oils and oint- 
ments. The  method is simpler and faster than that in LISP X X .  Flow 
rates of various membrane filters were tested. Cellulose acetate filters 
increased the filtration rate of oils and ointments and, thus, reduced the 
exposure time of possible microbial contaminants to  the toxicity of iso- 
propyl myristate. 


Keyphrases 0 Isopropryl myristate-batch-swirl method for detoxi- 
fication, sterility testing of oils and ointments Microbial contamina- 
tion-batch-swirl method for detoxification of isopropyl myristate used 
for sterility testing of oils and ointments Toxicity-batch-swirl method 
for detoxification of isopropyl myristate, sterility testing of oils and 
oint ments 


Problems are encountered when the United States 
Pharmacopeia X X  (USP XX) method is used for the 
sterility testing of ointments and oils soluble in isopropyl 
myristate (1). Commercially prepared isopropyl myristate, 
which is used to dissolve the specimen, is toxic to micro- 
organisms. It was found that the toxicity of isopropyl 
myristate is partially due to its pH variability, Le., the 
higher the pH of isopropyl myristate, the higher the deci- 
mal reduction (D value) of Pseudomonas aeruginosa (2, 
3). 


Heated isopropyl myristate has also been shown to be 
toxic to vegetative microorganisms during prolonged 
holding temperatures a t  47" (3-5) .  Detoxification of iso- 
propyl myristate by the USP method, which takes more 
than 8 hr to complete, makes the analysis time-con- 
suming. 


USP XX requires rinsing of the membrane with fluids 
A and D after a sample is filtered. However, after filtration 
of isopropyl myristate, the mixed cellulose acetate-py- 
roxylin membrane becomes hydrophobic and the water- 
based fluids, A and D, are difficult to filter. 


Studies have indicated that the D value of P. aeruginosa 
is lower if the microorganisms are filtered through a 0.2-pm 
membrane rather than through a 0.45-pm membrane. The 
slower filtration rate of the 0.2-pm filter exposes the 
microorganisms to the isopropyl myristate for a longer 
time. Other authors have indicated that the use of the 
conventional membrane filtration technique may be the 
cause of low recovery rates of P. aeruginosa from oils or 
ointments (3,6). 


The present report describes a 1-hr batch-swirl method 
for the detoxification of isopropyl myristate and compares 
membrane filters used in the analysis of oils and oint- 
ments. 


EXPERIMENTAL 


Three methods for preparation of isopropyl myristate were com- 
pared: 


Batch-Swirl  Method-A 50-g amount of basic alumina (Brockman 
Activity 1,80-200 mesh') was weighed in a 1-liter glass beaker, and 500 
ml of isopropyl myristate (detyl NF  extra-isopropyl myristate NF?) was 
added. The beaker was covered with aluminum foil, and t71e mixture was 
swirled a t  high speed for 1 hr with a magnetic stirrer. The  mixture was 
filter-sterilized through a 0.22-pm filter membrane (mixed cellulose ac- 
etate-pyroxylin, 47-mm diameter) and a disk prefilteri. Aliquots of 100 
ml of filtrate were transferred to sterile 38 X 200-mm screw-capped glass 
test tubes for toxicity determinations. 


U S P  XX Column-Filtered Method-Basic alumina was added to 
a 20 mm X 20-cm glass column to a height of 15 cm (54 g), 500 ml of iso- 
propyl myristat,e was passed through the column, and the eluate was 
filter-st.erilized as in the batch-swirl method. 


Unt rea ted  Isopropyl Myristate-A 500-ml sample of isopropyl 
myristat,e obtained directly from the manufacturer was filter-sterilized 
as in previous methods. 


p H  Determination of Isopropyl Myristate-The pH of isopropyl 
myristate prepared for the three methods was determined after steril- 
ization by the USP XX method, which uses the water rinse technique. 
A sample containing 100 ml of isopropyl myristate and 10 nil of double 
distilled water was transferred to a 250-ml container. The  mixture was 
shaken vigorously for 1 hr by a mechanical shaker, then centrifuged for 
20 min a t  1800 rpm (529Xg). The water layer was used to determine the 
PH. 


Bacterial  Cul ture  Preparation-Pseudomonas aeruginosa (ATCC 
10145) was used as a t.est microorganism because of its sensitivity to 
isopropyl myristate ( 4 , 7 ) .  The culture was transferred to  a trypticase soy 
agar slant, and incubated for 24 hr at  35'. The slant was washed with 
sterile phosphate buffer and the final concentration of loy organismshl 
was used as the stock solution for inoculation of isopropyl myristate. 


D Value Determinations-Two test tubes, each containing 100 nil 
of isopropyl myristate, were prepared according to the previously de- 
scribed methods. A control tube of phosphate-buffered water was used 
to  determine the initial bacterial concentration. Tubes were inoculated 
with 0.1 ml of stock culture solution, and all tubes were vigorously 
hand-shaken. One tube of isopropyl myristate from each preparation 
method was placed in a 47O water bath. Ten-milliliter samples were taken 
from each tube of isopropyl myristate a t  intervals of 10,20,:30,45, and 
60 min and a t  0-time from the huffered water control tuhe. 


Aliquots were filtered through a 0.22-pm membrane,", and membranes 
were transferred to 100 ml of fluid I) before sonification for 6 min at  56 
kHz. Dilutions were plated on trypticase soy agar and incubated at :ISo 
for 48 hr. 


Membrane  F i l te r  Evaluation--Time rates t.o filter the isopropyl 
myristate and the rinsing fluids, A and D, through various membranes 
(47-mm diameter, 0.2- and 0.45-pm pore sizes) were determined by 
placing the membrane in a membrane filtration assembly unit and f'il- 
tering 100 ml of isopropyl myristate, followed b y  200 ml of rinsing fluid 
D and 100 ml of fluid A. 
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Table I-pH Levels of Isopropyl Myristate Prepared by Three 
Methods and Corresponding D Values of Pseudomonas 
aeruginosa 


D Value, min 
Room 


Method pH Temperature 47’ 


USP XX Column-filtered 


Batch-Swirl 


A 6.7 >60.0 8.0 
B 6.6 >60.0 9.3 


A 6.7 >60.0 12.1 
R 6.3 >60.0 11.6 


Untreated 
A 
B 


4.0 
3.7 


11.4 <10.0 
10.0 < 10.0 


RESULTS 


The pH levels of the untreated isopropyl myristate, the USP XX col- 
umn isopropyl myristate, and the batch-swirled isopropyl myristate are 
shown in Table I. The D values of P. aeruginosa obtained at room tem- 
perature and at  47O, which correspond to the three methods of prepara- 
tion of isopropyl myristate, are also shown. 


The approximate time required to filter isopropyl myristate and the 
rinsing fluids, A and D, through various membranes are given in Table 
11. The acetat.e cellulose membrane4 and the polyester membrane5 showed 
the fastest flow rates for the 0.2-pm membrane: 2 min for isopropyl my- 
ristate with both filters and 3 and 5 min, respectively, for rinsing fluids 
A and D. An oily film was noted on the polyester membrane after filtra- 
tion of the isopropyl myristate and rinsing fluids A and D, regardless of 
pore size. 


The flow rates of both the 0.2-pm mixed cellulose acetate-pyroxylin 
and the pyroxylin membranes exceeded 2 hr for the rinsing fluids. All of 
the 0.45-pm membranes had acceptable flow rates for isopropyl myristate. 
Flow rates for the rinsing fluids (pyroxylin, 20 min and cellulose ace- 
tate-pyroxylin, 19 min) were not acceptable. 


DISCUSSION 


The batch-swirl method for detoxification of isopropyl myristate used 
-~~ ~ 


4 Sartorius Filters. Inc., Hayward, Calif. 
Nucleopore, I’leasant~~n, Calif. 


Table 11-Comparison of Flow Rates for Membrane Filters IJsed 
in the Filtration of Oils and Ointments 


Membranes 


Flow Rate, minu 
Isonronvl . 1 -  


Myristate Fluids A and D 
0.2 0.45 0.2 0.45 


pmh pmb pmh pmb 


Acetate Cellulose 2 1 3 1  
Cellulose Nitrate 3 1 >120 20 
Polyester 2 1 5 2  
Mixed Esters of Cellulose 3 1 83 2 
Pol ycarbonate 4 1 14 3 
Mixed Cellulose Acetate-Pyroxylin 3 1 >120 19 


Approximate time. * Pore size of memhrane. 


in the analysis of oils and ointments was simpler and faster than the 1JSP 
XX method, i .e . ,  1 hr uersus 8 hr for the detoxification process. In the 
batch-swirl method, filter sterilization immediately followed the stirring, 
with no need for centrifugation. The pH of the isopropyl myristate pre- 
pared by the batch-swirl method met the requirements of the USP S X ,  
and D values of the test organisms were comparable t.o t.hose obtained 
by the USP XX method. 


Use of cellulose acetate filters rather than 0.22- and 0.45-pm mixed 
cellulose acetate-pyroxylin membranes reduced the analysis time. Rapid 
filtration reduced the, exposure time of microbial contaminants to the 
toxicity of isopropyl myristate and, thus, provided greater probability 
of their detection. 
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Abstract  0 Treatment of thiochrornan-4-one-1,l-dioxide (11) with 
paraformaldehyde and dimethylamine hydrochloride in isopropyl alcohol 
a t  reflux afforded directly in 89% yleld the dimeric dihydropyran (IV),  
corresponding to the dimerization of the target compound 3-methenyl- 
thiochrornan-4-one-1,l-dioxide (111). Neither the monomer 111 nor the 
expected Mannich base, :l-dimethylaminomethylthiochroman-4-one- 
1,l-dioxide, were isolated under conditions of the reaction. The monomer 
111 could be prepared in 557~ yield by sublimation of the dimer IV at 
230-250’; however, redimerization slowly occurred at  room temperature. 


The dimer 1V was also prepared by the use of paral‘ormaldehvde and 
N-methylanilinium trifluoroacetate. The monomer I11 wa5 found to he 
marginally active a t  10 mg/kg/day ueru.5 Ehrlich ascites tumor growth 
in mice. 


Keyphrases  0 Antitumor agents-:3-methen~lthlochroman-4-~~1ie- 
1,l-dioxide, synthesis, testing, dimerization, mice tu-Methenyl carhonyl 
function-alkylating moiety in some antitumor agents, synthesis of :1- 
methenylthiochroman-4-one-1,l-dioxide 


The presence of a ring system containing an a-methenyl 
carbonyl function is important as an alkylating moiety in 
some antitumor agents (1-5). So called quinone methides 


(1-3), a-methenyl derivatives of quinones, are thought, to 
be active metabolic intermediates in alkylation mecha- 
nisms. In general, the stability of the cu-methenyl carbonyl 
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Abstract The placental transfer of ranitidine was studied at  phar- 
macokinetic steady state in anesthetized, full-term, pregnant sheep. 
Ranitidine was administered to the ewe in three preparations and to the 
fetus in three other sheep. In all experiments, dose size was based on the 
combined maternal-fetal weight. Steady-state plasma levels were reached 
within 4 hr by using an initial intravenous bolus dose followed by con- 
tinuous infusion. Following maternal dosage, the mean maternal (jugular 
vein) steady-state concentration (CMJ at 4 hr was 842 f 66 ng/ml (SEM),  
the mean fetal (carotid artery) steady-state concentration (C,) wa8 26.5 
f 4.2 ng/ml, and the mean fetal umbilical venous steady-state concen- 
tration was 28.9 f 3.5 ng/ml. Both the fetal and umbilical plasma con- 
centrations were significantly less than the maternal plasma concen- 
tration ( p  <0.01). With fetal dosage, mean CM,, was 414 f 42 ng/ml at 
4 hr and was significantly less than the mean CF, value at  the same time, 
which was 6890 f 360 ng/ml ( p  <0.005). Ranitidine was not bound ex- 
tensively to plasma proteins in the ewe or the fetus (range 12-55% bound). 
The reversal of the CMJC.U,, gradient with the change from maternal to 
fetal administration and the low binding of the drug shows that the gra- 
dient following maternal dosage cannot be explained by ion-trapping or 
differential plasma protein binding. As active placental transport is 
considered unlikely, the low fetal plasma concentrations are probably 
due to the presence of significant fetal elimination of ranitidine. Fur- 
thermore, the substantial gradient between maternal and umbilical ve- 
nous plasma concentrations suggests that placental elimination of rani- 
tidine should also be considered. 


Keyphrases Ranitidine-placental transfer during steady-state 
infusions of maternal and fetal sheep Placental transfer-ranitidine, 
during steady-state infusions, maternal and fetal sheep 


The use of Hz-receptor antagonists in pregnancy is be- 
coming widespread (1,2), although little is known of their 
placental transfer. Cimetidine has been shown to cross the 
placenta (1) but ranitidine, a new Hz-receptor antagonist, 
has not been studied. 


Since opportunities to make observations in pregnant 
women are necessarily limited, we have used a pregnant 
sheep model to study the placental transfer of ranitidine. 
A similar model has been used recently to examine the 
placental transfer of meperidine (3), indomethacin (4), and 
aspirin (5) .  In contrast to earlier work, the bidirectional 
transfer of drug has been studied in this report. Results 
establish that ranitidine does cross the placenta. They also 
indicate that the comparatively low drug concentrations 
found in the fetus after maternal dosage are probably ac- 
counted for by fetal and/or placental elimination. 


EXPERIMENTAL 


Methods-Experiments were carried out in pregnant Merino or 
Dorset-Horn sheep, 2-5-years old, during the last 2 weeks of gestation 
(term = 147 days). The animals were treated with fenbendmole' to clear 
intestinal parasites. Anesthesia was induced with sodium thiopenta12 (15 
mg/kg iv) and maintained with a mixture of halothane and oxygen using 


~~ 


1 Panacur, Hoescht, Melbourne, Australia. 
Pentothal, Abbott Pharmaceuticals, Australia. 


intermittent positive pressure respiration. The partial pressure of oxygen 
was kept in excess of 100 mm of Hg, while the partial pressure of carbon 
dioxide was 25-35 mm of Hg. Surgery was performed with strict sterile 
techniques. 


The uterus was incised and the fetus was delivered onto a small draped 
platform. The fetus was kept on the platform through the experiments 
and its rectal temperature was maintained at 38-39' with a heating pad. 
The fetus and umbilical cord were kept moist with saline packs. 


The maternal jugular vein was cannulated with a dimethicone cannula 
(1.2-mm i.d.) to allow collection of maternal blood samples. The fetal 
carotid artery was cannulated with a dimethicone catheter (0.76-mm i.d.1 
to allow fetal blood sampling. In fetal dosage experiments, the internal 
jugular vein was cannulated with a dimethicone catheter (0.76-mm i.dJ 
for drug administration. 


Liver function testa were carried out in both ewe and fetus before and 
after every experiment. No abnormalities were encountered. Fetal and 
maternal hematocrits changed by <3% over the course of the experi- 
ment. 


Calculation of Bolus Dose and Infusion Rate-Steady-state plasma 
levels of ranitidine were achieved by the combination of an initial bolus 
dose together with a continuous intravenous infusion that was maintained 
throughout the experiment. The bolus dose for both maternal and fetal 
administration was calculated as follows (6): 


Bolus Dose = C,, X Vo X W 


where C ,  (pgfliter) is the desired steady-state plasma concentration, Vo 
(liter/kg) is the total apparent volume of distribution, and W is the ani- 
mal's weight (kg) (i.e., the combined weight of sheep and fetus). Maternal 
and fetal infusion rates were calculated as follows (6): 


Infusion rate = C,. X Q X W 


where Q (literhr) is the systemic plasma clearance of ranitidine. The 
desired steady-state concentrations in maternal plasma following ma- 
ternal dosage was between 500 and 1000 ng/ml(500 ng/ml was used in 
the calculations). The values used for Vo (1.6 liter/kg) and Q (0.5 liter/ 
hr/kg) were previously determined from a pilot pharmacokinetic study 
in a single nonpregnant sheep. 


Since t 1/28 for the adult sheep was -2 hr, a constant infusion would not 
have achieved steady-state concentrations until 8-10 hr. Using this 
procedure, steady-state plasma concentrations were approached within 
2 hr and were then maintained for the duration of the experiment. 


Maternal Dosage Experiments-Ranitidine3 was administered 
intravenously to three pregnant ewes uia a foreleg vein. A predose blood 
sample was collected from the maternal jugular vein (8 ml) and from the 
fetal carotid artery (5 ml) and further samples were then collected from 
both the ewe and the fetus a t  2 ,4 ,  10, 15, 120, 180, 210, and 240 min 
postbolus dose. A sample was taken from the umbilical vein of each fetus 
a t  240 min. 


Fetal Dosage Experiments-Ranitidine was administered to three 
fetuses oia the internal jugular vein. The same dosage regimen as used 
for maternal administration was applied, using the weight of the pregnant 
ewe for calculations. Blood samples were collected as described above 
from both the ewe and the fetus. Additional samples were collected at  
240 min from umbilical artery and vein. 


Protein Binding-Plasma protein binding of ranitidine in maternal 
and fetal plasma samples collected at 240 min was estimated by ultra- 
filtration (?). 


Drug Analysis-Plasma concentrations of ranitidine were determined 


Glaxo Group Research Ltd. 
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Figure 1-Mean plasma ranitidine concentrations in ewes and fetuses 
during maternal administration (intrauenous bolus plus constant rate 
infusion). Key: (e) maternal, (0) fetal. 


by a high-performance liquid chromatographic (HPLC) method (8). This 
method was specific for ranitidine and had a sensitivity of 5 ng/ml of 
compound in plasma. 


Statistical Analysis-Data are presented as mean fSEM. Statistical 
comparisons were made using the Student’s t test or linear regression 
analysis and statistical significance accepted when p < 0.05. 


RESULTS 


Maternal  Dosage Experiments-The mean plasma ranitidine 
concentration uersus time curves in both the ewe and the fetus, following 
maternal dosage, are shown in Fig. 1. The initial bolus dose produced an 
early peak in maternal plasma levels and steady state was achieved by 
4 hr, since the slope of the linear regression line through the plasma 
concentration-time data from 2 to 4 hr was not significantly different 
from zero ( p  > 0.05). The mean steady-state concentration of ranitidine 
at  4 hr was 842 f 66 ng/ml. Ranitidine was detected in fetal plasma within 
10 min and fetal plasma concentrations also achieved steady state by 4 
hr ( p  > 0.05). The mean fetal steady-state concentration of ranitidine 
a t  4 hr was 26.5 f 4.2 ng/ml and this value was significantly less than the 
maternal concentration at 4 hr (paired t test, p < 0.01). The mean um- 
bilical venous concentration of ranitidine a t  4 hr was 28.9 f 3.5 ng/ml and 
was also significantly less than the corresponding maternal concentration 
(paired t test, p < 0.01) but did not appear to differ from the fetal con- 
centration. 


Fetal Dosage Experiments-The mean plasma ranitidine concen- 
tration uersus time curves in both the ewe and the fetus, after fetal dosage, 
are shown in Fig. 2. Placental transfer was detected within 2 min, and a 
steady state was again reached in both the ewe and the fetus by 4 hr ( p  
> 0.05). Fetal mean carotid arterial, umbilical arterial, and umbilical 
venous plasma concentrations of ranitidine a t  4 hr were 6890 f 360 ng/ml, 
8010 f 544 ng/ml, and 6990 f 433 ng/ml, respectively. The mean ma- 
ternal steady-state plasma concentration of ranitidine a t  4 hr was 414 
f 42 ng/ml, which was significantly less than each of the above three mean 
fetal concentrations (paired t test, p < 0.005). 


Plasma Protein Binding of Ranitidine-Plasma protein binding 
experiments are summarized in Table I. Approximately 30% of plasma 
was bound in both maternal and fetal plasma. 
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Figure 2-Mean plasma ranitidine concentrations in ewes and fetuses 
during fetal administration (intrauenous bolus plus constant rate 
infusion). Key: (@) maternal, (0) fetal. 
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DISCUSSION 


Studies of placental drug transfer and fetal pharmacokinetics cannot 
be readily undertaken in humans, in whom observations have been largely 
confined to the comparison of drug concentrations in maternal and 
umbilical vein plasma a t  birth. Such observations contribute little to the 
understanding of placental transfer, or of fetal drug distribution and 
elimination. The pregnant sheep preparation is not limited in this way, 
and the increased flexibility of experimental design allows much greater 
insight into the fetal handling of drugs. 


The present study was carried out in anesthetized sheep. General an- 
esthesia may cause hemodynamic changes (9), and this should be borne 
in mind when considering these results. However, all maternal and fetal 
sheep remained in excellent condition, and previous work suggests that  
anesthesia does not significantly alter propranolol disposition in this 
pregnant sheep preparation (10). Blood gases, pH, biochemical, and 
hematological profiles remained within normal physiological values (1 1) 
in mothers and fetuses in all experiments. The comparatively large doses 
of ranitidine administered to fetuses produced no detectable adverse 
effects, despite steady-state fetal plasma levels which were tenfold greater 
than the maternal levels obtained after maternal dosage. Fetal dosage 
was based on the combined maternal-fetal rather than fetal weight, be- 
cause it was presumed that most of the drug would be eliminated by the 
mother, and a small fetal dose might have resulted in undetectable ma- 
ternal plasma concentrations. 


Following maternal dosage, steady-state levels of ranitidine in the ewe 
were 30 times that in the fetus. This cannot be explained by a delay in 
placental transfer, since a steady state existed. Furthermore, ranitidine 
was detected within 10 min in fetal plasma, suggesting that any hold up 
a t  the placenta is short lived. 


I t  has been argued (12) that, after maternal dosage, the fetal-maternal 
steady-state concentration ratio should equal one, unless one of the fol- 
lowing applies: ( a )  there is active transport of drug across the placenta, 
( b )  there is differential binding of drug to fetal and maternal plasma 
proteins, (c) there is differential ionization of drug in maternal and fetal 
plasma due to differences in plasma pH, ( d )  the fetus eliminates the drug, 
or ( e )  the placenta eliminates the drug. The fact that fetal dosage reversed 
the placental gradient obtained after maternal dosage (Figs. 1 and 2) 


Journal of Pharmaceutical Sciences I I009 
Vol. 71, No. 9, September 1982 







Table I-Percentage of Total Plasma Ranitidine Bound to 
Proteins in Both Maternal and Fetal Plasma after Both 
Maternal and Fetal Administration 


Maternal Fetal 
Total Total 


Plasma Plasma 
Sheep Concentration, Bound, Concentration, Bound, 


Number ng/ml 90 ng/ml 90 


MI 838 45 11 


M2 606 40 11 


M3 714 21 l l l O b  
Mean 719 35 
SEM 67 7 


F1 374 31 6300 
F2 481 31 7680 
F3 370 55 6630 
Mean 408 39 6870 
SEM 36 8 415 


- 
- 


a 
11 


36 
- 


12 
40 
20 
24 
8 


~~ ~ ~ ____ 


0 Plasma not available for ultrafiltration. b Sample supplemented with pure 
ranitidine to -1100 ng/ml. 


effectively rules out a, b,  and c above. These three mechanisms would 
tend to maintain a gradient in the same direction, whatever the route of 
administration. Furthermore, the plasma protein binding data (Table 
I) shows that ranitidine is not extensively bound in maternal or fetal 
plasma. This also rules out any possibility that differential binding of drug 
in maternal and fetal plasma could be responsible for the placental gra- 
dient, because the unbound fraction of drug in fetal plasma would need 
to exceed that in maternal plasma 30-fold. It could be argued that since 
active transport is likely to be unidirectional (e.g., fetus - mother) the 
higher fetal concentrations produced by drug administration to the fetus 
might saturate an active transport system and alter the maternal-fetal 
ratio. Such an active transport mechanism is unlikely (13), although there 
is insufficient data to allow us to rule it out completely. 


The placental transfer of the other drugs has been studied in pregnant 
sheep. Following maternal administration, meperidine (3), indomethacin 
(4), and aspirin (5) were found to have lower fetal than maternal 
steady-state plasma concentrations of drug. Szeto et al. (3) used a 
pharmacokinetic model to propose that the difference in fetal and ma- 
ternal steady-state meperidine concentrations waa due partly to fetal drug 
elimination. This proposal was subsequently supported when it was 
demonstrated that renal excretion of meperidine does take place in the 
ovine fetus (14, 15). 


Following maternal dosage, the fact that umbilical venous plasma 
concentrations of ranitidine were substantially less than maternal con- 
centrations suggests that the gradient in concentration occurs across the 
placenta. Hence, the possibility of placental drug elimination in addition 
to fetal drug elimination should be considered. Several drug biotrans- 
formation processes have been identified in animal and human placentas 
(161, but the role of the placenta in xenobiotic metabolism still remains 
unclear (17). A previous study (13), in discussing the theoretical rela- 
tionships between metabolism and fetal plasma levels of drugs, concluded 


that enzymes in the fetus would usually be more effective than those in 
the placenta in protecting the fetus against lipid-soluble drugs. Therefore, 
the relative importance of placental compared with fetal elimination of 
ranitidine requires further investigation. It may be that fetal exposure 
to ranitidine encountered during pregnancy is reduced by placental 
metabolism, a t  a time when the fetus’ own capacity to eliminate this 
foreign substance is greatly limited. 
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compared with I1 that the effect on I would be insignificant. In addition, 
the analysis for intact I1 is sufficiently specific and quantitative for sta- 
bility purposes. The known degradation product, p-aminophenol, and 
the impurity of I have different retention times compared with I1 (Table 
I) .  Good assay data have been obtained for several 5-year-old tablet 
samples. Since there was only an interest in the strength of the hydro- 
codone, no attempt was made to identify the decomposition products 
formed under stress. 


For the content uniformity run, aliquots of the same 10 tablet samples 
were assayed by the HPLC and ion-pairing methods for I1 as paired 
comparison. Assay data for the ion-pairing analysis are generally lower 
compared with HPLC (Table V). 


Through the utilization of the selected wavelength of maximum ab- 
sorbance for 11, this procedure is being routinely used as an automated 
simultaneous determination. The HPLC method reported in this study 
allows for rapid, specific, stability-indicating, and simultaneous quan- 
titation of both substances in a two-component tablet formulation. 
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Abstract 0 Rapid and sensitive high-pressure liquid chromatographic 
(HPLC) assays for ticarcillin in serum and urine have been developed. 
Sample pretreatment and optimized chromatographic conditions are 
presented for a C-18-bonded reversed-phase column used in an internal 
standard assay method. Ticarcillin has a retention time of -5.3 min a t  
a flow rate of 1.5 ml/min for a mobile phase of acetonitrile-aqueous 0.06 
M sodium biphosphate, pH 2.05, (50.5:lOO). In a two-step extraction 
procedure, the ticarcillin extraction efficiencies from serum and urine 
were 76.1 f 4.7 and 80.9 f 3.2%, respectively. The assay sensitivity limit 
for ticarcillin in these fluids is -1.0 Fg/ml. A comparison is made of the 
HPLC and microbiological assay results for ticarcillin in 20 different but 
equally divided serum samples obtained from two volunteers. 


Keyphrases 0 Ticarcillin-high-pressure liquid chromatographic as- 
says, serum and urine Urine-ticarcillin, high-pressure liquid chro- 
matographic assays, serum 0 Serum-ticarcillin, high-pressure liquid 
chromatographic assays, urine 0 High-pressure liquid chromatogra- 
phy-ticarcillin in serum and urine 


During the past decade, measurements of ticarcillin 
concentrations in clinical studies have been performed 
mainly by microbiological assays (1-9). A microtitration 
method (10 , l l )  has been applied to broth. Although nu- 
merous chemical and physical assay methods have been 
reported for the detection and assay of penicillins, they 
suffer from a variety of disadvantages. For instance, io- 
dometric titration (12-15) cannot be applied to penicillins 
having unsaturated side chains. Spectrophotometric 
methods (16-18) are not very sensitive and a colorimetric 
assay (19-21) involving the reaction of hydroxylamine with 
penicillins in the presence of ferric ions to form a colored 
salt lacks both specificity and sensitivity, having a limit 


of -20 pg/ml. A spectrofluorometric assay (22) has appli- 
cation only for fluorophoric penicillins. More recently, 
precise, coflvenient, and specific HPLC assays for various 
penicillins have been reported (23-29). 


A t  the time the present study commenced there was, to 
the best of our knowledge, no HPLC assay reported for 
ticarcillin in biological fluids. This report presents a rapid, 
specific, and accurate HPLC assay for ticarcillin in human 
serum and urine. 


EXPERIMENTAL 


Materials-Powdered ticarcillin’ (disodium salt) and carbenicillin*, 
the internal standard, were used as received without further purification 
as standards. All solvents and reagents were analytical reagent grade, 
except for acetonitrile3 which was HPLC grade, 190 nm cutoff. 


Apparatus-The HPLC pump4 was fitted with an injector5 and 
variable wavelength detector6 set at  210 nm and attenuated at 0.04 aufs. 
The signal was recorded either on a 10-mV recorder7 at a speed of 0.5 
cm/min or an integrator-plotter*. 


Columns-A prepacked 10- X 0.8-cm i.d. cartridgeg containing a re- 
versed-phase, C-18, chemically bonded to 10 p n  of silica, and contained 
in a radial compression devicelo was employed a t  ambient temperature. 
A guard column” was placed between the injector and the column. Ti- 


’ Beecham Laboratories, Pointe Claire, Ontario, Quebec. 
Ayerst Laboratories Saint-Laurent. Quebec. 
Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 
Waters Associates Inc., Milford, Mass., model 6000A. 
Waters Assiwiates, model 116K. 
Waters Association, model 450. 
Beckman 10 inch Recorder, model 1005. 


a Waters Associates, Data Module, model 730. 
Waters Associates, Radial-Pak-A. 


lo Waters Associates. RCM- 100 Radial Compression System 
Whatman Inc., Column Survival Kit with Co-Pel1 ODS. 
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Figure 1-Typical chromatograms of ticarcillin and carbenicillin (in- 
ternal standard) in(A) serum and (B) urine sample. Peaks: (1) ticar- 
cillin, (2) carbenicillin, and (3) endogenous material. 


carcillin sample and standard solutions containing the internal standard 
were injected in lo-, 25-, and 50-pl volumes with microliter syringes12 into 
the injector valve. 


Mobile Phase-A solution was prepared consisting of acetonitrile- 
aqueous 0.06 M sodium biphosphate (50.5:100), and the pH was adjusted 
to 2.05 with -35 ml of 85% phosphoric acid. This solution was filtered 
and degassed by passage through a membrane filter13 under reduced 
pressure. The mobile phase was pumped isocratically through the column 
at ambient temperature with a flow rate of 1.5 ml/min under a back 
pressure of -350 psi/g. 


Internal Standard-Aqueous carbenicillin sodium stock solution 
containing 59 mg/liter was prepared fresh weekly and stored at  4'. Ac- 
curate volume aliquots equivalent to 2.95 pg/50 pl of serum and 14.75 
pg/250 p1 of urine were used as internal standards in the assay for ticar- 
cillin. 


Standard Solutions-An aqueous stock solution of ticarcillin diso- 
dium (0.5113 g/100 ml) was prepared weekly and stored a t  4". Serial 
dilutions were performed daily to prepare six working standards in the 
range of 0-1400 pglml. Serum standards contained 200 p1 of human 
control serum, 10 pI of a working ticarcillin standard solution, and 50 p1 
of the internal standard solution. Urine standards contained 500 pI of 
control human urine, 50 pl of a ticarcillin working standard, and 250 pl 
of the internal standard solution. In each instance calibration curves were 
initially constructed by plotting the integrated peak area ratios of the 
standard ticarcillin to internal standard against the corresponding ti- 
carcillin standard concentration. Sample serums and urines were similarly 
prepared and the measured peak area ratios referred to the calibration 
curve to read the concentration of ticarcillin present. 


Assay Method for Serum-A serum sample (200 pl)  was transferred 
to a 12- X 75-mm polypropylene test tube, followed in succession by 50 
p1 of internal standard, and 50 pl of 1 M sulfuric acid. The tube contents 
were vigorously agitated with a mechanical mixerI4 for 5 sec, then 1.0 
ml of ethyl acetate was added and the tube capped and shaken for 2 min 
prior to centrifugationL5 for another 2 min. The supernate was transferred 
to another similar tube and evaporated to dryness under reduced pressure 
at  35'. To this extract residue was added 200 p1 each of methylene chlo- 
ride and aqueous 0.04 M sodium biphosphate, pH 6.8. The tube contents 
were gently agitated for 1 min then centrifuged for 2 min. The top 
aqueous layer (-75%) was accurately transferred to another similar test 
tube and briefly shaken mechanically in a water bath at  35O to remove 
traces of methylene chloride. An accurate aliquot of 10-50 p1 of this final 
sample solution was injected onto the RP-18 column. 


Method for Urine-A 500-11 urine sample was treated in a manner 
similar to that described for serum, except for the volumes of solvents 
employed. A 250-pl volume of the internal standard solution was added 
to the 500-pl urine sample (or known dilution if required) and the mixture 
extracted once with 2 ml of ethyl acetate. The extract was evaporated to 
dryness as described for serum and the residue reconstituted in a mixture 
of 1.0 ml of methylene chloride and 1.0 ml of aqueous 0.04 M sodium bi- 
phosphate, pH 6.80. Beyond this point the sample was handled in the 
same manner as that for the serum. 


l2 Hamilton Co., Reno, Nev., 25- and 100-pl syringes. 
l3 Millipore Corp., No. FALP 04700, 1.0-pm pore. 
l4 Vortex-Genie-Fisher Scientific Co. 
l5 Sorvall, Newton, Conn. Model GLC-2, at 2000 rpm. 


0 1 2 3 4 5 6 7  
PH 


Figure 2-Extraction efficiency of ticarcillin (0) and carbenicillin (A) 
f rom urine as a function of the p H  of the back-extraction phosphate 
buffer.  


Serum and Urine Collection and Assay-In an HPLC assay versus 
microbiological assay, nine 5-ml blood samples were obtained at  specified 
intervals from each of two healthy volunteers following a 10-min intra- 
venous infusion of a solution containing 2.0 g of ticarcillin disodium. Sera 
were separated by centrifugation and each was divided into two identical 
portions. One portion was subjected to a microbiological assay procedure 
analogous to that of Bannatyne and Cheung (30) and the other to the 
HPLC assay described. Triplicate determinations were made on each 
serum sample with both methods. 


Concomitantly, urine samples were obtained from one of the volunteers 
receiving the 2.0-g dose of ticarcillin. Both time and urine volumes were 
recorded at  each collection. Triplicate determinations were performed 
by the HPLC method only on each urine sample. 


RESULTS AND DISCUSSION 


The goals were to select a suitable reversed-phase column and mobile 
phase to separate the two penicillins, then develop a rapid and sensitive 
HPLC assay for ticarcillin in both serum and urine. The choices of col- 
umns and mobile phases studied were made on the basis of good peak 
symmetry, resolution, and short retention times suitable for measuring 
many biological samples in a relatively short period with good accu- 
racy. 


When the RP-8I6 column was used with several mobile phases, the 
ticarcillin was either poorly retained or eluted as asymmetric or fused 
peaks. Whether this result is due to varying degrees of ionization of the 
two carboxylic acid groups present, to the presence of sterisomeric 
structures, or to some other cause remains to be shown. 


When these same solvent systems were used to elute ticarcillin from 


X l O O  


HPLC ASSAY, rglml 
Figure 3-Comparison of assays for ticarcillin in human urine. Iden- 
tical samples were assayed by HPLC and microbiological methods. 
Linear regression analysis of this data yields the equation y = 1.0716~ 
- 13.2182, r = 0.9809. 


l6 MPLC, Bruwnlee Labs, Santa Clara, CA 95050. 
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Figure 4-Cumulatiue ticarcillin excreted in urine following slow in- 
trauenous infusion of Q 2-g dose t o  Q 70-kg normal male. 


a RP-2I6 column, retention times were improved, but the problem of fused 
or asymmetric peaks remains. Among the solvent systems tried was one 
comprised of 1 liter of aqueous 0.06 M sodium biphosphate and 125 ml 
of acetonitrile plus -5 ml of 95% phosphoric acid to give a final pH value 
of 2.75. This mobile phase gave rise to a symmetrical peak for ticarcillin 
with a reasonable retention time of 5.50 rnin a t  a flow rate of 2.0 ml/min. 
Using the same conditions, except for the adjustment of pH values 
ranging from 5.0 to 2.0, the retention time was observed to increase from 
1.5 to 11.0 min as the acidity increased. At pH values between 2.8 and 3.3, 
the ticarcillin peak was sharp but too close to the solvent peak resulting 
from each injection. A t  a pH of 2.75, both ticarcillin and carbenicillin gave 
symmetrical and well-resolved peaks having favorable retention times 
of 5.30 and 6.80 min, respectively. 


Another reversed-phase column, RP-189, was found to work very well. 
Since ticarcillin is potentially a relatively polar compound having two 
carboxylic acid groups, its retention on the nonpolar RP-18 column could 
be increased through either ion-suppression or the ion-pairing techniques. 
The former was attempted due to its simplicity. Ticarcillin has a reported 
pKa value of between 2.70 and 2.73 (31); therefore, a new mobile phase 
consisting of 505 ml of acetonitrile and 1 liter of 0.06 M sodium biphos- 
phate monobasic was adjusted by means of 85% phosphoric acid to a pH 
of 2.05. Use of this solvent system produced well-resolved, sharp sym- 
metrical peaks at  -5.30 min and 6.00 min for ticarcillin and carbenicillin, 
respectively, a t  a flow rate of 1.50 ml/min (Fig. 1). If the pH was 2.20, ti- 
carcillin eluted as two fused peaks a t  4.42 and 4.85 min. These observa- 
tions underscore the necessity of having the mobile phase accurately 
buffered to a pH of 2.05. 


Serum and  Urine Assays-Assays were developed using simulated 
samples. Penicillins lack a strong chromophoric group in their structure. 
The wavelength of maximum absorption for ticarcillin occurs slightly 
below 200 nm, and this region would give the highest sensitivity for 
measurement. However, several endogenous substances in these biological 
fluids also give rise to absorption leading to interference in this region. 
Therefore, in order to obtain specificity and maximum sensitivity for 
ticarcillin, these interferences had to be eliminated. Several approaches 
(32) were taken to solve this problem. First, several deproteinizing agents 
such as acetonitrile, cold methanol, and 5% trichloroacetic acid in 
methanol were investigated. Second, drug extractions using various or- 
ganic solvents alone were attempted. Finally, organic solvent extraction 
followed with back-extraction into aqueous buffers was attempted. The 
protein precipitation method met with little success. The one-step organic 
solvent extraction of ticarcillin and carbenicillin from serum and urine 
a t  pH 2.0 using four volumes of ethyl acetate showed some promise but 
also extracted interfering endogenous materials. These were slow to elute 
from the column, interfered with the separation of subsequent sample, 
and necessitated frequent column cleaning. 


A back-extraction of the ethyl acetate extract with 0.04 M sodium bi- 
phosphate, pH 6.8, to separate the ticarcillin and the internal standard 
from these biological interferences proved very successful. However, when 
the UV detector was set a t  210 nm, an intense peak appeared ( t ,  = 5.52 
min) which severely interfered with the quantitation of the ticarcillin 
peak. It was subsequently identified as a peak due to ethyl acetate in the 
aqueous buffer extract. This problem was circumvented by evaporating 
the ethyl acetate extract to dryness under reduced pressure a t  35O, then 
adding to the residue equal 0.2-ml volumes of methylene chloride and 


aqueous 0.04 M sodium biphosphate (pH 6.8), and vigorously agitating 
for 1 min prior to centrifugation for 2 min to separate the immiscible 
phases. The interfering ethyl acetate remained in the methylene chloride 
phase, while the two penicillins passed into the aqueous buffer layer. A 
small trace of interference by methylene chloride was readily removed 
from the aqueous layer by a brief vigorous agitation a t  35' prior to the 
injection of an aliquot of this phase. 


Extraction Efficiency-This was expressed as a percent recovery, 
defined here as the quotient of the peak height of a ticarcillin standard 
extracted from the biological fluid divided by the peak height of the 
corresponding amount of drug prepared as a standard solution in the 
mobile phase and injected directly, all multiplied by 100. The pH value 
of the aqueous 0.04 M sodium biphosphate used in the back-extraction 
step had a very important effect on the extraction efficiency of both ti- 
carcillin and carbenicillin as shown in Fig. 2. The recovery of both drugs 
was optimized a t  >pH 6.0, and the ratio of the ticarcillin peak height 
divided by that for carbenicillin became constant. A pH >7 was avoided 
due to possible base-catalyzed degradation of these penicillins. The mean 
recovery of six replicate serum standards of ticarcillin and carbenicillin 
was 76.1 f 4.7% (CV = 6.2%) and 76.3 f 4.5% (CV = 5.8%), respectively. 
The mean recovery of nine urine standards was 80.9 f 3.2% (CV = 4.0%) 
and 84.5 f 5.3% (CV = 6.3%), for ticarcillin and carbenicillin, respec- 
tively. 


Accuracy of the HPLC Assays-The quantitation was based on the 
internal standard method, i .e . ,  the linearity of the plot of the peak area 
ratios of ticarcillin standards divided by carbenicillin, uersus the known 
concentrations of ticarcillin used in the preparation of the standards in 
mixed human control serum and urine. The linearity of this plot was 
determined by linear regression analysis using six serum and six urine 
ticarcillin standards with each standard concentration measured in du- 
plicate. The results were found to be: y = 0.0061 + 0.0371~ ( r  = 0.9998), 
and y = 0.0150 + 0 .343~  ( r  = 0.9995), for serum and urine standard 
curves, respectively. The concentration of ticarcillin in the biological 
sample was obtained by calculating the peak area ratio, substituting the 
value for y in the appropriate equation, and solving for x .  


HPLC and Microbiological Assay Comparison-In the comparison 
of the HPLC and microbiological assays for ticarcillin in identical in uiuo 
serum samples, it is evident from Fig. 3 that  these methods are in good 
agreement having an excellent correlation coefficient ( r  = 0.9809). The 
overall mean of the percent difference between the microbiological and 
HPLC values was 13.1%, when all serum samples were considered. One 
reason for this seemingly large difference is due to the fact that  a broad 
range of ticarcillin concentrations (0-lo00 Mg/ml) in serum was compared. 
It must be remembered that the microbiological assay was less accurate 
at the lower end of the concentration range, i . e . ,  a t  <50 Fg/ml, while the 
HPLC method was more accurate a t  <200 pg/ml. 


Precision-One simulated ticarcillin serum sample and one urine 
sample were treated and extracted in the manner outlined earlier. Six 
replicate injections of each sample were made onto the RP-18 column, 
and the integrated peak area ratios were calculated. The mean peak area 
ratios of ticarcillin+-irbenicillin were 0.711 f 0.010 (CV = 1.3%) and 1.148 
f 0.013 (CV = 1.2%) for serum and urine samples, respectively. 


The minimum quantitation limit was -1 pg/ml for ticarcillin in these 
biological fluids based on a signal to noise level ratio of three. 


Ticarcillin urine levels from one human volunteer were measured with 
the HPLC assay described. The cumulative amount of unchanged ti- 
carcillin excreted is shown in Fig. 4. Over a period of 12 hr, 103.5% of the 
administered intravenous dose was measured in the urine. This value 
agrees well with the 6-hr urine excretion of 99% of a dose administered 
intramuscularly (33). No degradation product of ticarcillin was detected 
in any urine sample assayed. 


Preliminary pharmacokinetic results (32) obtained using the developed 
HPLC assay are in very good agreement with those reported in the lit- 
erature using other assays (34, 35). Further pharmacokinetic studies 
employing this assay are in progress. 


The results indicate that a rapid, convenient, sensitive, specific, and 
accurate HPLC assay for ticarcillin in serum and urine has been devel- 
oped and shown to have potential application for pharmacokinetic and 
clinical studies with this penicillin. 
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Abstract 0 Using liquid scintillation counting and liquid chromato- 
graphic techniques, it has been demonstrated that the anthracycline 
antibiotics, doxorubicin hydrochloride, N-trifluoroacetyladriamycin- 
14-valerate, and N-trifluoroacetyladriamycin-14-octanoate, can be 
strongly adsorbed to the walls of containers, depending on the nature of 
both the container material and the solute. I t  also has been shown that 
the esters are unstable in the chemical growth media commonly used in 
cell culture studies. Both the adsorption and stability effects are sug- 
gested as being factors which should be carefully considered in inter- 
pretation of the in uitro and perhaps in uiuo activities of the anthracycline 
esters. 


Keyphrases Anthracyclines-concomitant adsorption and stability, 
esters, cell culture studies 0 Antibiotics-anthracyclines, concomitant 
adsorption and stability, cell culture studies 0 Adsorption-concomitant 
adsorption and stability of some anthracyclines, cell culture studies 


The anthracycline antibiotic, doxorubicin hydrochloride 
(I), has a wide range of antitumor activity (1). Although I 
given singly or in combination is now used extensively in 
the treatment of a variety of tumors (2,3), its clinical value 
is limited due to its acute myelotoxicity and to the frequent 
development of irreversible cardiomyopathy [normally 
observed when the accumulated dose is >550 mg m-2 (4)]. 
The use of structural analogs of I has been proposed (5 ,6)  


as a means of obviating these two effects; in this respect 
particular interest has been given to the proposed use of 
the esters of I and its 0- and N-acetylated derivatives 
(7-14). 


During a study examining the uptake of I and its analogs 
into tumor cells in uitro using both cell monolayers and 
suspensions, effects were observed on the mass balances 
of some radiolabeled anthracyclines which could only be 
reconciled in terms of solute adsorption to container walls. 
Accordingly, the role of adsorption and stability on the 
solution properties of I and two of its N-trifluoroacetyl 
esters (i .e. ,  the 14-valerate and the 14-octanoate) have been 
investigated more completely. The present report presents 
the results found in this investigation. 


EXPERIMENTAL 


Chemicals-Anthracycline antibiotics were obtained commercially’. 
I4C-Labeled antibiotics were synthesized as described previously (15). 
Samples of solid I, N-trifluoroacetyladriamycin- 14-valerate (II), and 
N- trifluoroacetyladriamycin-14-octanoate (111) had specific activities 
of 17.1, 22.5, and 28.3 pCi pmole-’, respectively. 


Adria, Ohio. 
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Esters of Nipecotic and Isonipecotic Acids as 
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Abstract  A variety of esters of nipecotic and isonipecotic acids were 
synthesized and evaluated for anticonvulsant activity. The ester group 
was varied in terms of lipophilicity and reactivity toward hydrolysis. The 
esters were screened against seizures induced by electroshock, pentyl- 
enetetrazol, and the putative y-aminobutyric acid antagonist, bicuculline. 
The most significant activity was demonstrated by the p-nitrophenyl 
esters of nipecotic and isonipecotic acids against bicuculline-induced 
seizures. Esters of nipecotic acid were tested for in uitro inhibition of 
y-aminobutyric acid and L-proline uptakes into mouse whole brain mi- 
nislices. The p-nitrophenyl, n-octyl, and succinimidyl esters were the 
most potent inhibitors of y-aminobutyric acid uptake. The uptake of 
y-arninobutyric acid by the ester derivatives appeared to involve specific 
and nonspecific mechanisms. 


Keyphrases 0 Anticonvulsants-potential, esters of nipecotic and 
isonipecotic acids, mice o Nipecotic acid-esters, isonipecotic acid, po- 
tential anticonvulsants, mice Isonipecotic acid-esters, nipecotic acid, 
potential anticonvulsants, mice 


Over the past several years evidence has been accumu- 
lated to implicate y-aminobutyric acid as a major central 
nervous system (CNS) inhibitory neurotransmitter (1,2). 
Impairment of y-aminobutyric acid neurotransmission 
may cause a variety of neurological disorders such as epi- 
lepsy and certain psychiatric conditions (2,3).  As a result, 
considerable research has been directed toward the search 
for compounds that act as agonists, uptake inhibitors, or 
inhibitors of the metabolizing enzymes of y-aminobutyric 
acid (4). The hope has been that agents that potentiate 
y -aminobutyric acid neurotransmission could be poten- 
tially useful anticonvulsants. 


BACKGROUND 


(f)-Nipecotic acid (Ia) was shown to be a potent inhibitor of neuronal 
y-aminobutyric acid uptake into rat cerebral cortex ( 5 )  and mouse whole 
brain minislices (6). Additional studies found that the I?-(-) enantiomer 
was more active as a y-aminobutyric acid uptake inhibitor than the S-(+) 
enantiomer (7). 


Due to its polarity, nipecotic acid does not readily penetrate the 
blood-brain barrier (8). However, it was previously shown (9) that  
(+)-ethyl nipecotate, when administered intraperitoneally, protected 
mice against audiogenic seizures. Furthermore, it was found (10) that 
(-)-ethyl nipecotate raised the threshold for convulsions induced by 
electroshock in mice. These same investigators also demonstrated that 
(-)- and (+)-ethyl nipecotate significantly elevated the threshold for 
clonic convulsions induced by pentylenetetrazol. (-)-Nipecotic acid had 
no effect in these anticonvulsant tests when administered intraperito- 
neally. 


Recently, it was found that @)-ethyl nipecotate given intramuscularly 
in mice resulted in a dose-dependent increase in y-aminobutyric acid 
levels in the synaptosomes (11). The speculation was that such an increase 
in y-arninobutryic acid levels in the nerve endings possibly could bring 
about an anticonvulsant effect. 


During the final stages of this work, the anticonvulsant activity of a 
series of esters of the y-aminobutyric acid agonist, isoguvacine, was re- 
ported (12). Most of the esters exhibited weak anticonvulsant activity 
against seizures induced by bicuculline or isoniazid. However, a good 
correlation existed between the onset of electroshock activity and the 
rates of in uitro enzymatic hydrolysis. 


Isonipecotic acid (Ib) was shown to be a potent and specific y-amino- 
butyric acid agonist in the [3H]y-aminobutyric acid-binding assay pro- 
cedure (13,14). As in the case of nipecotic acid, isonipecotic acid was also 
too polar to penetrate the blood-brain barrier. 


The purpose of this investigation was to prepare and evaluate the 
anticonvulsant activity of ester derivatives of nipecotic and isonipecotic 
acids. The ester group was varied in terms of lipophilicity and reactivity 
toward hydrolysis. Since the amino acids (Ia and Ib) are too polar to 
penetrate the CNS, it was anticipated that the ester derivatives would 
enter the brain and be hydrolyzed to yield the respective amino acids. 


The synthesis and anticonvulsant activity of the ester derivatives of 
nipecotic and isonipecotic acids are described in the present report. 
Additionally, y-aminobutyric acid and L-proline uptake studies into mice 
whole brain minislices by the ester derivatives of nipecotic acid are re- 
ported. 


RESULTS AND DISCUSSION 


Chemistry-Esterification of carboxylic acids can be accomplished 
by the use of dehydrating agents such as dicyclohexylcarbodiimide, 
provided an acid catalyst is present (15). Although N- hydroxysuccinirnide 
and p-nitrophenol are acidic enough to furnish a proton, the aliphatic 
alcohols are not. As a result, the reaction between 1-(tert-butoxycar- 
bonyl)piperidine-4-carboxylic acid (IIb) and n-hexanol initially gave a 
thermally unstable 0-acylisourea (16), which rearranged to the more 
stable N-acylurea (111). The alkyl esters (IVa-f) were successfully syn- 
thesized by Fischer esterification of the piperidine carboxylic acids (In 
and Ib) with an appropriate alcohol in the presence of dry hydrogen 
chloride. The remaining esters were conveniently prepared by standard 
procedures (Scheme I). The physical properties of these derivatives are 
given in Tables I and 11. 


Biological Testing-In initial investigations', three of the piperidinyl 
esters showed some activity against the subcutaneous pentylenetetrazol 
seizure test. The octyl ester (IVf) exhibited an ED50 of 165 mg/kg in the 
subcutaneous pentylenetetrazol seizure test a t  the time of peak effect 
(4 hr). However, IVf showed considerable toxicity (TDm = 178 mghg) 
when evaluated in the rotorod test a t  4 hr after administration of the 
compound. Compounds IIa and VIa protected one out of four animals 
when administered 0.5 hr before pentylenetetrazol in doses of 600 and 
300 rnghg, respectivelv. Although no neurotoxicity was reported for IIa, 
compound VIa produced deficiency in rotorod performance in two out 
of four animals when administered in a dose of 300 mg/kg. 


The subcutaneous pentylenetetrazol test was repeated in the laboratory 
with three of the esters, which were administered 1 hr prior to the con- 


I I 
I 
CH, 


O=C-O-C--CH, 


I11 


AU compounds were tested for anticonvulsant activity by the Antiepileptic Drug 
Development Program, Epilepsy Branch, Neurological Disorders Program, National 
Institutes of Health, Bethesda, MD 20225. 
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vulsant by subcutaneous injection in an attempt to reduce peripheral 
hydrolysis that might occur with the intraperitoneal route. The results 
are shown in Table 111. Sodium phenobarbital (25 mg/kg sc), the reference 
compound, completely protected the mice tested from clonic and tonic 
seizure. Esters VIIIa, VIIIb, and VIa, in 150-mg/kg doses, all significantly 
lengthened the onset time for myoclonic activity as compared to the sa- 
line-treated control animals. The succinimidyl ester (VIa) was most ac- 
tive, protecting three out of the eight animals from clonic convulsions. 
All three esters protected the animals tested from tonic seizure and death. 
These results, however, are difficult to interpret since only 2 of the 16 
control animals died after exhibiting tonic convulsions, and pentylene- 
tetrazol is most commonly used for its ability to produce threshold or 
minimal (clonic) seizures (17). Neurotoxicity was not observed with any 
of the three esters a t  the 150-mg/kg dose. 


These three compounds were also evaluated for their ability to protect 
against bicuculline-induced convulsions. The results are shown in Table 
IV. Each of the three esters a t  a 150-mg/kg dose significantly prolonged 
the onset time of clonic seizures when administered by subcutaneous 
injection. The p-nitrophenyl ester (VIIIa) was most active against bi- 
cuculline, protecting four out of eight animals from any clonic activity 
and completely protecting all eight mice from tonic seizure and death. 
These results are especially significant when compared to the controls 
where bicuculline produced clonic and tonic seizures and resulted in fa- 
tality in 100% of the saline-treated mice. The p-nitrophenyl ester (VIIIb), 
although not as effective as VIIIa, protected three out of eight mice from 
clonic seizure and seven out of eight from tonic convulsions and death. 
The succinimidyl ester (Vla), which showed activity against pentylene- 
tetrazol produced no protection from myoclonus and only minimal pro- 
tection (two out of eight mice) from tonic seizures. Four out of eight an- 
imals, however, were protected from fatality. Additional experiments 
were performed in an attempt to maximize the anticonvulsant activity 
of VIa. However, increasing the dose to 225 mg/kg and varying the pre- 
treatment time did not alter its effects. The reference compound, di- 
azepam (10 mg/kg ip), prevented bicuculline-induced seizure activity 
in all animals tested. 


The results of the uptake studies of the esters of nipecotic acid, with 
respect to y-aminobutyric acid and L-proline into mouse whole brain 
minislices, are given in Table V. Although all esters showed appreciable 
inhibition of y-aminobutyric acid uptake, IVc, VIa, and VIIIa were the 
most potent. In order for the esters to exhibit inhibition of y-amino- 
butyric acid uptake, hydrolysis to the parent amino acid (Ia) is necessary. 
Thus, it is not surprising that VIa inhibited y-aminobutyric acid uptake 
in a manner identical to nipecotic acid. NMR analysis of VIa indicates 
that the ester is hydrolyzed very rapidly to the parent amino acid. (f)- 
ethyl nipecotate demonstrated moderate inhibition (47%) as contrasted 
with an earlier report (7) indicating that the (-)-isomer was inactive. 


In all probability, the octyl ester (IVc) is acting as a nonspecific in- 
hibitor of y-aminobutyric acid uptake. In comparison with Ia, IVc is a 
much more potent inhibitor of L-proline (99 uersus 21% inhibition). The 
octyl ester (IVc) may well be exerting its inhibitory activity by a non- 
specific detergent-like effect. Compound IVc probably interrupts all 
types of membrane functions, causing y-aminobutyric acid and L-proline 
inhibition. 


Compound VIIIa presents a different case than IVc. Although VIIIa 
seems to exhibit nonspecificity, as evidenced by its 70% inhibition of 
L-proline uptake a t  1 x M ,  it does not inhibit L-proline as potently 
as IVc. Dilution of VIIIa does not decrease the y-aminobutyric acid 
uptake inhibition as drastically as that  for IVc. 


One possible explanation for these results is that  the observed effects 
of IVc and VIIIa are the summation of two different types of inhibition, 
specific and nonspecific. The nonspecific effect is due to the intact ester, 
while the specific effect is caused by hydrolysis of IVc and VIIIa to ni- 
pecotic acid. Support for this hypothesis can be obtained by noting that 
at  1 X M ,  both IVc and VIIIa are more potent than Ia in the y-am- 
inobutyric acid uptake assay. Furthermore, pipecolic acid is a much 
weaker inhibitor of y-aminobutyric acid uptake than Ia (Table V). 
However, the octyl esters (IVc and IVg) of the amino acids were equal 
in potency as y-aminobutyric acid uptake inhibitors. These results 
suggest that IVc and IVg are not hydrolyzed under the assay conditions, 
and that their inhibition is due to a nonspecific cationic detergent ef- 
fect. 


If this hypothesis is correct, the nonspecific mechanism appears to 
assume a greater role in the case of IVc than VIIIa. Support for this can 
be gathered by noting that VIIIa did not inhibit L-proline to the extent 
of IVc. Furthermore, the inhibition of L-proline by VIIIa was always 
much less than that of IVc. 


Further studies are in progress to define more accurately the anti- 


0 
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/H.iPd 


IXa -b 
Scheme I 


convulsant activity of VIIIa as well as to determine the effect of VIIIa 
on the y-aminobutyric acid content of nerve endings using a synapto- 
soma1 model. 


EXPERIMENTAL* 


Nipecotic Acid (1a)-Compound Ia was prepared by the method of 
Freifelder (18) in 62% yield, mp 258-260' [lit. (19) mp 260-261'1. 


I - ( t e r t - B u t y l o x y c a r b o ~ y ~ ) p i p e r i d i n e - 3 - c a r b o x y ~ ~ c  Acid (1la)-A 
solution of Ia (10.0 g, 0.077 mole) in 50 ml of water was treated with tri- 


2 Melting points were determined on a Fisher-Johns melting point apparatus 
and are uncorrected. IR spectra were recorded as potassium bromide pellets with 
a Perkin-Elmer 137 spectrophotomer. NMR spectra were recorded on a Varian EM 
360A spectrometer. Chemical shifts are reported in parts per million (6) relative 
to tetramethylsilane (1%) or in the case of DzO (1%) sodium 2,2-dimethyl-2-sila- 
pentane-5-sulfonate. 
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Table I-Physical Properties of n-Alkyl Piperidinecarboxylate Hydrochlorides 


Substituent 
Ring Analysis, % 


Compound R Position Melting Point Yield, %O Formula Calc. Found 


IVa -(CH&CH3 3 51-53' 39 CioHzoClNOz C 54.13 54.36 
H 9.11 9.04 


6.12 N 6.32 
IVb -(CH&CH3 3 32-34' 34 CizHz4C1NOz C 57.69 57.64 


H 9.70 9.76 
N 5.61 5.86 


60.31 C 60.51 IVC -(CH2)7CH3 3 43-45' 57 Ci4HzeC1NOz 
H 10.18 10.12 


113-115' 


73-75" 


75-77' 


66 


50 


60 


N 5.61 5.86 . .. 


CioHzoClNOz C 54% 54.31 
H 9.11 9.27 


6.18 N 6.32 
CizHz4ClNOz C 57.69 57.61 


9.54 H 9.70 
N 5.61 5.38 


60.75 C 60.51 Ci4Hz~ClN02 
H 10.18 10.32 
N 5.04 4.91 


59.83 C 60.51 
H 10.18 10.33 


IVg -(CHz)7CH3 2 128-129" 82 Ci4HzsClNOz 


N 5.04 5.06 
The yield of analytically pure hydrochloride after one recrystallization from ethyl acetate, except IVf which was recrystallized from chloroform-ethyl acetate. 


ethylamine (11.9 g, 0.116 mole) followed by the addition of 2-(tert-bu- 
toxycarbonyloxyimino)-2-phenylacetonitrile (21.0 g, 0.085 mole) in 50 
ml of acetone. After stirring overnight, the reaction mixture was treated 
with 250 ml of an equal ethyl acetate-water mixture. The water layer was 
separated and the ethyl acetate phase was washed with an additional 100 
ml of water. The combined aqueous phases were washed with 100 ml of 
ethyl acetate and acidified with cold 1 N HCl to pH 2. Upon cooling, a 
white solid precipitated from solution. Recrystallization from absolute 
ethanol-water gave 14.4 g (81%) of IIa, mp 149-151'; IR (KBr): 1750 
(C=O, acid) and 1680 (C=O, carbamate) cm-'; NMR (CDCl3): 6 1.45 


Table 11-Physical Properties of Piperidine Derivatives 


[s, 9H, C(CH3)3], 1.65 (m, 4H, CHzCHzCH), 2.30-3.20 (broad m, CHNCH 
and CH overlap), 4.0 (m, 2H, CHNCH), and 10.1 (broad s, lH, COOH) 
PPm. 


Anal.-Calc. for CllH19N04: C, 57.61; H, 8.37; N, 6.11. Found: C, 57.80; 
H, 8.32; N, 5.99. 


l-(tert-Butyloxycarbonyl)piperidine-4-carboxylic Acid (IIh)- 
Compound IIb was prepared, as described for IIa, from Ib (10.0 g, 0.077 
mole), triethylamine (11.9 g, 0.116 mole) and 2-(tert-butoxycarbon- 
yloxyimino)-2-phenylacetonitrile (21.0 g, 0.085 mole). Recrystallization 
of the product from absolute ethanol-water yielded 13.3 g (75%) of ana- 


Substituent Recrystal- 
Ring lization Analysis, 90 


Compound Position Melting Point Yield, % Solventa Formula Calc. Found 


IIa 3 149-151' 81 A CiiHigN04 C 57.61 57.80 
H 8.37 8.32 
N 6.11 5.99 


IIb 4 135-137' 75 A CiiHigN04 C 57.61 57.62 
H 8.37 8.32 
N 6.11 6.21 


Va 3 125-127' 61 B CisHzzNzOs C 55.19 55.19 
H 6.81 6.85 
N 8.58 8.76 


H 6.81 6.71 
Vb 4 139-141' 67 B Ci5HzzN06 C 55.19 54.95 


VIa 


VIb 


VIIa 


VIIb 


VIIIa 


VIIIb 


IXa 


IXb 


168-170' 


205-207' 


73-75' 


91-93' 


160-162' 


2 15-2 17 ' 


217-219' 


237-239' 


69 


62 


59 


60 


60 


77 


73 


66 


N 8.58 
C 45.71 
H 5.77 
N 10.66 
C 45.71 
H 5.77 
N C 58.27 10.66 


H 6.34 
N 8.00 
C 58.27 
H 6.34 
N 8.00 
C 50.26 
H 5.28 
N 9.77 
C 50.26 
H 5.28 
N 9.77 
C 56.13 
H 6.69 
N 10.91 
C 56.13 
H 6.69 


8.82 
45.95 
5.94 
10.83 
45.83 
5.6i 
10.95 
58.33 
6.50 
8.16 
58.29 
6.24 
8.19 
50.39 
5.30 
9.92 
50.03 
5.09 
10.01 
55.96 
6.62 
10.77 
55.90 
6.51 
10.78 N 10.91 


(A) ethanol-water; (B) absolute ethanol; (C) ethanol-hexane; and (D) 95% ethanol. 
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Table 111-Antagonism of Pentylenetetrazol-Induced Convulsions by Esteis of Nipecotic Acid 


Effect 


Pretreatmenta 
Sodium Phenobarbital VIIIa VIIIb VIa 


Saline (25 mdkg  sc) (150 mg/kg sc) (150 mg/kg sc) (150 mg/kg sc) 


Onset of myoclonus*, rnin (Mean f S E M )  8.50 f 0.5 - 19.7 f 0.7' 21.5 f 3.8r 18.2 f 1.gC 
Protected, % 0 (0/16) 100 (4/4)C 12.5 (1/8) 14.3 (1/7) 37.5 (3/8)d 


20; 25 Onset of tonic seizure, min 
100 (7/7) Protected, YO 87.5 (14/16) 100(4/4) 100 2 8 )  


20; 60 Time of death, rnin 
Protected, % 87.5 (14/16) 100 G/4) 100 2 8 )  100 (8/8) 


- 
100 2 8 )  


100 g 8 )  
- 


Pretreatments were administered 1 hr before injection of pentylenetetrazol(85 mg/kg sc). * Onset of myoclonus was defined as one episode of clonic activity persisting 
for a t  least 5 sec. 


Table IV-Antagonism of Bicuculline-Induced Convulsions by Esters of Nipecotic Acid 


Significantly different from saline controls, ( p  < 0.01). p < 0.05. 


Pretreatment" 
Diazepamb VIIIa VIIIb VIa 


Effect Saline (10 mg/kg ip) (150 mg/kg sc) (150 mg/kg sc) (150 mg/kg sc) 


Onset of myoclonusc, min (Mean f S E M )  5.5 f 0.3 - 20.3 f 2$3d 17.6 f 3.0d 11.0 f 2.5d 
100 (4/4) 50 (4/8) 37.5 (3/8)p 0 (0/8) 
- 22.0 11.6 f 1.5d 


Protected, % 0 (0/23) 
Onset of tonic seizure, min (Mean f SEMI 


100 (4/4) 100 2 8 )  87.5 (7/8)e 25 (2/8) 
- - 22.0 15.7 f 2$/ 


Protected, % 0 (0/23) 
Time of death, min 
Protected, % 0 (0/23) 100 (4/4) 100 (8/8)d 87.5 (7/8Id 50 (4/8) 


7.7 f 0.4 


9.2 f 1.3 


OPretreatments were administered 1 hr before injection of bicuculline (3 mgikg sc). Diazepam completely protected the mice from seizures as compared to the solvent 
for diazepam (40% propylene glycol-10% ethanol). (I Onset of myoclonus was defined as one episode of clonic activity persisting for a t  least 5 sec. d Significantly different 
from saline controls ( p  < 0.01). p < 0.05. f This mean is based on n = 3, with the fourth animal dying -2 hr postinjection of bicuculline. 


lytically pure product, mp 135-137'; IR (KBr): 1750 (C=O, acid) and 
1680 (C=O, carbamate) cm-'; NMR (CDC13): 6 1.40 [s, 9H, C(CH3)3], 
1.80 (m, 4H, CHzCHCHz), 2.60 (m, 3H, CHNCH and CH overlap), 4.0 
(m, 2H, CHNCH), and 10.2 (broads, lH,  COOH) ppm. 


And-Calc. for CllH19N04: C, 56.61; H, 8.37; N, 6.11. Found: C, 56.62; 
H, 8.32; N, 6.21. 


N,N'-Dicyclohexyl- N-(  1-tert-butyloxycarbonyl-4-piperidinocar- 
6onyl)urea (111)-A solution of IIb (2.50 g, 0.011 mole) and n-hexanol 
(1.10 g, 0.011 mole) in 155 ml of acetonitrile was treated in one portion 
with 2.30 g (0.011 mole) of dicyclohexylcarbodiimide. The reaction 
mixture was stirred overnight, filtered, and the filtrate was concentrated 
under reduced pressure. The resulting oil was triturated with diethyl 
ether to afford after recrystallization from hexane 1.30 g (28%) of white 
solid, mp 166-168"; IR (KBr): 3350 (NH), 1700 (C=O, amide) and 1670 
(C=O, carbamate and urea) cm-l; NMR (CDC13): 6 1.30 [s, 9H, C(CH&], 
1.40-1.80 (broad m, 26H, CHzNCHz and cyclohexyl overlap), 2.20-2.60 
(broad m, 3H, CHNCH and CHCO overlap), 4.0 (m, 2H, CHNCH), and 
6.15 (d, lH, NH) ppm. 


Anal.-Calc. for C24H41N304: C, 66.16; H, 9.50; N, 9.65. Found: C, 
65.91; H,  9.49; N; 9.44. 


n-Alkyl Piperidinecarboxylate Hydrochlorides(IVa-g)-The syn- 
thesis of n- butyl4-piperidinecarboxylate hydrochloride (IVd) was rep- 
resentative of the general method. A suspension of isonipecotic acid in 
20 ml of n-butanol was saturated with dry hydrogen chloride and refluxed 
for 2 hr. The resulting solution was cooled, diluted with ether, and washed 
with four 50-ml portions of water. The aqueous phase was washed with 
50 ml of ether, basified with sodium bicarbonate to pH 8, and extracted 
with four 50-ml portions of chloroform. The combined chloroform layer 
was dried (sodium sulfate) and evaporated to give a colorless oil. The oil 
was dissolved in anhydrous chloroform and was saturated with hydrogen 
chloride at  0'. Recrystallization of the hydrochloride from ethyl acetate 
gave 2.3 g (67%) of white crystalline solid, mp 113-115'; IR (KBr): 2500 
(NHz+), 1760 (C=O), and 1225 (C-0) crn-l; NMR (CDC13): 6 0.90 (t, 
3H, CH3), 1.50 (m, 4H, CHzCHz), 2.15 (t, 4H, CH~CHCHZ), 2.50 (m, lH, 
CH). 3.20 (m, 4H, CHgNHz+CHd, 4.1 (t, 2H, OCHz), and 8.50-9.30 


~~ - 
(broads, l H ,  NHz+). 


Anal.-Calc. for CloH~0CINOz: C, 54.16; H, 9.11; N, 6.32. Found: C, 
54.31; H,  9.27; N, 6.18. 


Preparat ion of tert-Butyloxycarbonyl Esters Va-b and VIIa- 
b)-The synthesis of p -  nitrophenyl-l-(tert-buty1oxycarbonyl)-4-pip- 
erdinecarboxylate (VIIb) is representative of the general procedure. A 
mixture of IIb (2.5 g, 0.011 mole) andp-nitrophenol(1.5Og, 0.011 mole) 
in 115 ml of acetonitrile was treated with dicyclohexylcarbodiimide (2.30 
g, 0.011 mole). Immediately, a white precipitate of dicyclohexylurea 
formed. Stirring was continued overnight and the precipitated dicyclo- 
hexylurea was filtered, and the filtrate was concentrated. Recrystalliza- 
tion of the solid from absolute ethanol gave 2.30 g (60%) of white crys- 
talline solid, mp 91-93'; IR (KBr): 1790 (C=O, ester) and 1700 (C=O, 


carbamate) cm-I; NMR (CDC13): 6 1.40 [s, 9H, C(CH&], 1.80 (m, 4H, 
CH2CHCH2), 2.80 (m, 3H, CHNCH and CH), 4.0 (m, 2H, CHNCH), 
7.20-8.20 (m, 4H, ArH). 


Anal.-Calc. for C17H22N06: C, 58.27; H, 6.34; N, 8.00. Found: C, 58.29 
H,  6.24; N, 8.19. 


Removal of the tert-Butyloxycsrbonyl Group from Va-b and  
VIIa-b-p-Nitrophenyl 4-Piperidinecarboxylate Hydrochloride 
(Vlll6)-Synthesis of VIIIb is typical of the general method. A solution 
of VIIb (2.70 g, 0.008 mole) in 100 ml of chloroform was saturated with 
hydrogen chloride at 0-5" for 1 hr. The solvent was evaporated and the 
resulting solid was recrystallized from ethanol-water to afford 1.70 g 
(78%) of a white crystalline solid, mp 215-217'; IR (KBr): 2500 (NH2+), 
1750 (C=O, ester), and 1180 (C-0) cm-'; NMR (D20): 6 2.45 (m, 4H, 
CHzCHCHz), 3.10-3.65 (broad m, 5H, CH2NCHz and CH overlap), and 
7.45-8.35 (m, 4H, ArH). 


Anal.-Calc. for C12Hl&1N204: C, 50.26; H, 5.28; N, 9.77. Found: C, 
50.03, H, 5.09; N, 10.01. 


p-Aminophenyl 3-Piperidinecarboxylate Hydrochloride (1Xa)-A 
suspension of VIIIa (1.40 g, 0.0049 mole) and 0.2 g of 10% palladium on 
carbon in 250 ml of ethanol was hydrogenated on a hydrogenator3 a t  an 
initial pressure of 3 atm. After 1 hr, the theoretical amount of hydrogen 
had been absorbed. The mixture was warmed gently to dissolve the 
product, filtered, and evaporated under reduced pressure. The solid 
product was recrystallized twice from ethanol to yield 0.92 g (73%) of a 
brown crystalline solid, mp 217-219'; IR (KBr): 3550 and 3450 (NHZ), 
2500 (NHz+), 1780 (C=O, ester), and 1220 (C-0) cm-'; NMR (D20): 
6 1.90 (m, 4H, CH~CHZCH), 2.70-3.70 (broad m, 5H, CHzNH2+CHzCH) 
and 6.85 (s, 4H, ArH). 


Anal.-Calc. for Cl2H17ClN202: C, 56.13; H, 6.69; N, 10.91. Found: C, 
55.96; H, 6.62; N, 10.77. 


p-Aminophenyl 4-Piperidinecarboxylate Hydrochloride (1Xb)- 
Compound IXb was prepared from VIIIb (1.50 g, 0.005 mole), 0.2 g of 10% 
palladium on carbon in 250 ml of ethanol in the same manner as described 
for the synthesis of IXa. Recrystallization of the product from ethanol 
gave 0.89 g (66%) of analytically pure product, mp 237-239'; IR (KBr): 
3550 and 3400 (NHz), 2500 (NH2+), 1750 (C=O, ester), and 1190 (C-0) 
cm-'; NMR (D20): 6 2.20 (m, 4H, CHzCHCHz), 2.80-3.50 (broad m, 5H, 
C H ~ N H ~ + C H Z  and CH overlap) and 6.90 (s, 4H, ArH). 


Anal.-Calc. for ClzH17CINz02: C, 56.13; H, 6.69; N, 10.91. Found: C, 
55.90; H, 6.51; N,  10.78. 


Biological Testing-Initial evaluation for anticonvulsant activity 
was done by an antiepileptic drug development program' using the test 
systems as previously described (19). The testing included the maximal 
electroshock seizure test, the subcutaneous pentylenetetrazol seizure 
threshold test, and the rotorod test to evaluate neurotoxicity. In these 


Parr hydrogenator. 
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Table V-Effect of Piperidine Derivatives on the Uptakes of r-Aminobutvric Acid * and L-Proline 


Concentration of Uptake, pmole/g/minc 
Inhibitor Inhibitor, mM Uptake System Control Inhibitor Inhibition, % 


Ia 


Ic 


(&)-Ethyl nipecotate 
IVa 
IVb 
IVC 


IVg 


VIa 


VIIIa 


IXa 


1.0 
0.2 
0.05 
0.02 
1.0 
0.2 
1.0 
0.2 
1.0 
1.0 
1 .o 
1.0 
0.2 
0.05 
1.0 
0.2 
1.0 
0.2 
0.05 
1.0 
0.2 
0.05 
1.0 
0.5 
0.2 
0.05 
1.0 
0.5 
0.2 
0.05 
1.0 


GABA 


Proline 


GABA 


GABA 
GABA 
GABA 
GABA 


Proline 


GABA 


GABA 


GABA 


Proline 


GABA 


112.9 f 6.7 
126.2 f 5.8 
134.0 f 2.7 
112.3 f 8.7 
47.2 f 1.4 
45.6 f 1.2 


117.8 f 2.2 
111.6 f 7.0 
112.6 f 5.2 
112.7 f 4.9 
112.6 f 4.3 
112.7 f 4.2 
128.8 f 8.7 
136.6 f 6.4 
36.5 f 2.4 
45.9 f 1.5 


116.5 f 2.6 
107.6 f 4.6 
94.3 f 4.9 


119.0 f 2.4 
115.8 f 5.8 
123.5 f 5.2 
138.9 f 5.5 
154.1 f 6.0 
162.1 f 4.1 
154.0 f 6.6 
45.1 f 0.6 
45.3 f 1.5 
45.9 f 1.7 
44.1 f 1.6 


138.9 f 5.5 


~~ 


4.1 f 0.3 
13.7 f 0.6 
33.4 f 1.6 
40.2 f 2.1 
37.4 f 1.9 
40.2 f 2.2 
80.7 f 1.7 
95.0 f 3.9 
62.3 f 3.2 
46.5 f 1.9 
53.2 f 0.7 
0.1 f 0.1 


66.4 f 2.7 
114.6 f 4.8 


0.5 f 0.2 
13.3 f 1.0 
0.2 f 0.1 


50.6 f 3.3 
73.0 f 3.3 
4.3 f 0.3 


11.8 f 0.8 
30.9 f 1.2 


1.3 f 0.1 
6.2 f 0.4 


20.0 f 1.2 
62.4 f 6.0 
13.5 f 0.8 
16.3 f 1.1 
23.7 f 1.6 
37.0 f 1.7 
40.2 f 1.1 


96.3 f 0.2 
89.0 f 0.7 
75.1 f 0.9 
63.8 f 1.4 
21.0 f 2.9 
11.7 f 5.1 
32.6 f 0.8 
14.2 f 2.8 
47.4 f 1.6 
59.7 f 1.3 
52.7 f 1.6 
99.7 f 0.1 
47.8 f 2.6 
16.0 f 2.5 
98.8 f 0.5 
70.9 f 2.4 
99.8 f 0.1 
53.1 f 1.6 
22.4 f 1.4 
96.4 f 0.3 
89.7 f 0.6 
74.9 f 0.9 
99.0 f 0.1 
95.8 f 0.3d 
87.6 f 0.8 
59.7 f 2.7 
70.0 f 1.8 
63.7 f 2.8d 
47.4 f 3.9 
15.9 f 3.0 
70.6 f 2.0 


4 GABA = y-aminobutyric acid. * Uptake measured in mouse whole brain minislices. c All values are mean f SEM for six samples except where indicated and for 
the control group where 18 samples were used. Mean f SEM for five samples. 


tests the compounds being evaluated were administered by intraperi- 
toneal injection. 


Based on the data obtained from the initial screening, additional tests 
were performed on the piperidinyl esters using male Sprague-Dawley 
mice4. To assess the activity of these compounds against convulsions 
induced by the putative y-aminobutyric acid antagonist, bicuculline, the 
experimental animals received a subcutaneous injection of 3 mg/kg of 
bicuculline in a volume of 0.01 ml/g. The bicuculline solution was freshly 
prepared on the day of the experiment by dissolving the solid in 0.1 N 
HCl and adjusting to pH 5 with 0.1 N NaOH solution (20). The com- 
pounds evaluated against bicuculline-induced seizures were administered 
by intraperitoneal or subcutaneous injection prior to challenge with the 
convulsant. Diazepam, dissolved in a 40% propylene glycol-10% ethanol 
solution, was used as a reference compound in these studies. 


The mice were divided into groups of four to eight animals, with Group 
1 receiving injection of 0.9% NaCl solution (0.01 ml/g sc); Group 2, an 
injection of the diazepam solvent (0.01 ml/g ip); Group 3,lO mg/kg ip of 
diazepam by injection; and Group 4,150 mghg sc of the ester by injection. 
The incidence of clonic and tonic convulsions induced by bicuculline was 
determined a t  0.5,1.0, and 4.0 hr after administration of the test com- 
pound. A clonic convulsion was defined as a single episode of clonic 
spasms of a t  least a 5-sec duration. A tonic seizure was defined as a brief 
period of hindlimb flection followed by a prolonged period of hindlimb 
extension. 


In addition, the piperidinyl esters were reevaluated for their ability 
to protect against pentylenetetrazol-induced seizures. In the initial 
evaluation, the test compounds were administered by intraperitoneal 
injection. I t  was theorized that subcutaneous administration might in- 
crease anticonvulsant activity by preventing the peripheral hepatic hy- 
drolysis of the esters that  might occur with intraperitoneal dosing. 
Therefore, experimental animals received a subcutaneous injection of 
85 mg/kg of pentylenetetrazol in a 0.01-ml/g volume. Sodium pheno- 
barbital dissolved in saline was used as a reference compound. Groups 
of four to eight mice were used to determine the anticonvulsant activity, 
with Group 1 receiving a subcutaneous injection of 0.9% NaCl solution 
(0.01 ml/g); Group 2,25 mg/kg sc of sodium phenobarbital by injection; 
and Group 3, 150 mg/kg sc of the ester by injection. The incidence of 
clonic and tonic convulsions induced by pentylenetetrazol was deter- 
mined as described for bicuculline. 


~~ ~~~ 


Obtained from Harlan Sprague-Dawley, Madison, Wis. 


Uptake of Amino Acids-The uptakes of [3H]y-aminobutyric acid 
and tritiated L-proline were carried out according to described procedures 
(6,211. 
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Abstract An accurate, reproducible, and specific reversed-phase 
high-pressure liquid chromatographic (HPLC) procedure that simulta- 
neously determines hydrocortisone and benzyl alcohol in a variety of 
pharmaceutical formulations is presented. Cream, gel, ointment, and 
solution formulations containing varying hydrocortisone and benzyl al- 
cohol concentrations can he analyzed with only minor modifications in 
sample preparation. To provide optimum accuracy and reproducibility, 
phenethyl alcohol is used as an internal standard. The specificity of the 
procedure allows for the quantitative determination of hydrocortisone 
and benzyl alcohol in the presence of their degradation products and 
without interference from the phenethyl alcohol. The determinations 
can be performed with an analysis time of 10-13 midsample. 


Keyphrases Hydrocortisone-simultaneous determination with 
benzyl alcohol, pharmaceutical formulations, reversed-phase high- 
pressure liquid chromatography 0 Benzyl alcohol-simultaneous de- 
termination with hydrocortisone, pharmaceutical formulations, re- 
versed-phase high-pressure liquid chromatography 0 High-pressure 
liquid chromatography, reversed-phase-hydrocortisone, simultaneous 
determination with benzyl alcohol, pharmaceutical formulations 


Hydrocortisone (I) has gained wide acceptance as a 
topical agent for the relief of inflammatory manifestations 
of corticosteroid-responsive dermatoses (1). Benzyl alcohol 
(11) is commonly used as an antimicrobial agent in a variety 
of topical formulations (2). 


Various methods have been used for the determination 
of hydrocortisone, including TLC, polarography, color- 
imetry, GC, and high-pressure liquid chromatography 
(HPLC). TLC, though somewhat specific, lacks precision 
and short analysis time (1, 3-6). Polarographic determi- 
nations can be erroneous due to interferences, and they can 


CH,OH 
I 


11: R = CH2OH 
111: R = CHzCHzOH 


be nonspecific in that a variety of similar steroids can elicit 
the same reduction potential for the same functional 
groups (7-10). Colorimetric methods include reaction with 
aldehyde-sulfuric acid (ll), ammonium molybdate (12), 
and 4,5-dimethyl-o-phenylenediamine (13). These 
methods lack specificity, because degradation products 
may provide a colorimetric response not indicative of ac- 
tual steroid concentration. Numerous GC methods are 
available (14-18); however, most steroids cannot be di- 
rectly analyzed but must be initially derivatized. The 
complexity of steroids precludes the direct formation of 
a single derivative (19). The USP methods for hydrocor- 
tisone formulations were recently changed from a colori- 
metric reaction with tetrazolium blue (1,ZO-23) to HPLC 
procedures (1). Recently, literature on hydrocortisone 
analysis uia HPLC has been published (19,24-29). While 
these methods may be specific, the sample preparation and 
analysis time can be prohibitive to a rapid assay. Benzyl 
alcohol can be determined by spectrophotometry and GC. 
Spectrophotometric methods have the inherent problems 
of nonspecificity and formulation base interferences. GC 
methods, including the USP compendia1 method, are 
specific and efficient (2). However, these methods may 
have interferences due to longer retained compounds from 
the formulation basel. 


The described procedure allows for the simultaneous 
determination of hydrocortisone and benzyl alcohol in 
cream, gel, ointment, and solution formulations with a 
general sample preparation. The procedure incorporates 
phenethyl alcohol (111) as an internal standard to achieve 
optimum accuracy and reproducibility with an analysis 


1 
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In earlier work (3,4,6,8) the extended Hilidebrand solubility approach 
employed a polynomial regression routine for calculating quantities such 
as W and (log N ~ ) / A ,  and this statistical method has proved successful 
in most instances. It is demonstrated in the current study that direct 
polynomial regression sometimes may produce an unsatisfactory fit of 
solubility data. A nonlinear regression program, NONLIN (17), has been 
shown to improve the f i t  when ordinary polynomial regression fails. 
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Abstract Two natural products isolated from the plant Daphne 
genkwa have been shown to possess antileukemic activity in mice. Gen- 
kwadaphnin and yuanhuacine were observed to inhibit DNA and protein 
synthesis in P-388 leukemic cells. A detailed study of the effects of these 
two diterpene esters on protein synthesis of leukemic cells was under- 
taken. The major effects of genkwadaphnin and yuanhuacine on protein 
synthesis were blockage of the elongation process and interference with 
the peptidyl transferase reaction. The latter reaction was suppressed a t  
concentrations of the diterpene esters which were commensurate with 
concentrations that inhibited whole cell in vitro protein synthesis in 
P-388 cells. 


Keyphrases 0 Antitumor agents-inhibition of DNA and protein 
synthesis by genkwadaphnin and yuanhuacine in P-388 ,lymphocytic 
leukemia cells, daphnane deterpene esters Genkwadaphnin-antitu- 
mor agents, inhibition of DNA and protein synthesis in P-388 lympho- 
cytic leukemia cells, daphnane diterpene esters 0 Yuanhuacine-anti- 
tumor agents, inhibition of DNA and protein synthesis in P-388 lym- 
phocytic leukemia cells, daphnane diterpene esters 


Daphnane diterpene esters which possess an isopropy- 
lene side chain at C13 have previously been reported to 
have antileukemic activity (1). Genkwadaphnin and 
yuanhuacine (I and 11) are two such esters which have been 
isolated from Daphne genkwa and chemically character- 
ized (2). Genkwadaphnin (I) at 0.8 mg/kg/day was shown 
to produce a T/C% value of 173, whereas yuanhuacine (11) 
afforded a value of 151% against P-388 lymphocytic leu- 


kemia growth (2). These T/C% values were comparable to 
5-fluorouracil a t  12.5 mg/kg/day in the P-388 screen. 
Therefore, it was concluded that daphnane diterpene es- 
ters may have potential as antineoplastic therapeutic 
agents and that their modes of action on cellular metabo- 
lism were of interest, particularly since these agents re- 
semble, structurally, phorbol esters which are tumor pro- 
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moting agents that stimulate nucleic acid and protein 
synthesis. 


Previous studies demonstrated that I and I1 inhibited 
DNA synthesis after 60 min of incubation, with IDSO values 
of 5.62 and 7.11 p M  in P-388 lymphocytic leukemia cells 
(2). A higher concentration of daphnane diterpene esters 
was required to observe protein synthesis inhibition of 
P-388 cells (ID50 1 14.8 and 18.5 p M )  (2). Similar obser- 
vations in P-388 cells were made when the agents were 
administered in uiuo, in that DNA synthesis was inhibited 
initially, followed by inhibition of protein synthesis at a 
later time or a t  a higher dose (2). Since a cursory review of 
the literature indicates that effects of daphnane diterpene 
esters on cellular metabolism have not been studied, the 
purpose of the present investigation is to establish the 
mechanism of action of I and I1 as protein synthesis in- 
hibitors. 


EXPERIMENTAL 


The studies on the effects of daphnane diterpene esters on protein 
synthesis were conducted on P-388 lymphocytic leukemia cells harvested 
on day 10 (3) and maintained according to the NIH Protocol (3). P-388 
lymphocytic leukemia lysates from DBA/2 male mice (-25 g) were pre- 
pared by a previous method (4). The following were isolated from P-388 
lysates by literature techniques: ribosomes' (5), pH 5 enzyme (4), and 
uncharged transfer ribonucleic acid (tRNA) (6). The P-388 lymphocytic 
leukemia cell initiation factors for protein synthesis were prepared as 
described previously (7). Standard protein synthesis inhibitors were used 
as a comparison in the assay a t  concentrations which were known to cause 
maximum inhibition. Whole cell in uitro incorporation of 13H]leucine 
(56.6 Ci/mmole) into protein was determined with drug concentrations 
from 0-50 p M  in 1 ml of minimum essential medium2 for 90 min a t  37". 
Acid insoluble protein was collected on nitrocellulose filters3 by vacuum 
suction (8). [3H]Methionyl-transfer ribonucleic acid (met-tRNA) was 
prepared from P-388 cell tRNA according to a previous method (9). The 
effects of the diterpene esters on endogenous protein synthesis of P-388 
lysates were performed in a reaction mixture (9) (0.5 ml) containing 10 
mM tris(hydroxymethyl)aminomethane, pH 7.6, 76 mM KCI, 1 mM 
adenosine triphosphate, 0.2 mM guanosine triphosphate, 15 mM creatine 
phosphate, 2 mM MgC12,l mM dithiothreitol, 0.1 mM of each of the 19 
essential amino acids, 0.9 mg/ml of creatine phosphokinase, and 20 pCi 
of [3H]leucine (56.6 Ci/mmole). The reaction mixture was incubated a t  
30'. After 90 sec of incubation, test drugs or the standards, pyrocatechol 
violet or emetine, were added with a final concentration of 1, 10, and 100 
p M .  At specific minute intervals, 50-pl aliquots were removed from the 
reaction tubes and spotted on filter papers4 which were treated for 10 min 
in boiling 5% trichloroacetic acid, followed by 10 min in cold 5% trichlo- 
roacetic acid and washed with cold 5% trichloroacetic acid, etherathano1 
(l:l), and ether. The filter papers were dried and counted in scintillation 
fluid. 


The effects of daphnane diterpene esters, pyrocatechol violet, cyclo- 
heximide, and emetine on the ribosome profile (8) of P-388 cell lysates 
were assayed using the reaction medium described above (500 pl). The 
control tubes, as well as tubes containing standards or drugs affording 
a 100 p M  final concentration, were incubated for 4 min a t  37'. The re- 
actions were terminated in ice and gradient buffer (1 ml of tris(hy- 
droxymethyl)aminomethane, pH 7.6, 10 mM KCl, and 1.5 mM MgClY 
6HzO) was added. The mixtures were layered over 36 ml of 10-25% linear 
sucrose gradient (8), prepared in gradient buffer, and centrifuged for 165 
min a t  25,000 rpm in a swinging bucket rotor5 a t  4O. The absorbance 
profiles a t  260 nm were determined using a flow cell (light path 0.2 cm) 
attached to a spectrophotometer6. The incorporation of [3H]leucine into 
polypeptide chains was measured for each fraction. 


The reaction medium for the polyuridine-directed polyphenylalanine 


llihosomes dissociated trom mHNA. runott ribosomes, or polysomes. 
"Eagle growth medium X 1 plus 10% fetal calf serum, penicillin, and strepto- 


3 Millipore Carp 
Whatrnan 3. 
Beckman SW 27. 


mycin. 


6 Gilford. 


synthesis (10) contained 50 mM tris(hydroxymethyl)aminomethane, pH 
7.6, 12.5 mM magnesium acetate, 80 mM KC1,5 mM creatine phosphate, 
0.05 mg/ml of creatine phosphokinase, 0.36 mg/ml of polyuridine7 
(A280/A260 = 0.34), 0.5 p c i  of ['4C]phenyIalanine (536 mCi/mmole), 75 
pg of uncharged P-388 cell tRNA, 70 pg of P-388 pH 5 enzyme prepara- 
tion, and 0.9 A260 of P-388 cell ribosomes. Test compounds were present 
in 5,10, and 50 pmole concentrations. The tubes were incubated for 20 
min a t  30" after which a 35-4  aliquot was spotted on filter paper2 and 
processed as indicated previously. 


The reaction medium (200 pl) used to measure the formation of the 
80 S initiation complex and the methionyl puromycin reaction (11) 
contained 15 mM tris(hydroxymethyl)aminomethane, pH 7.6, 80 mM 
KCl, 1 m M  adenosine triphosphate, 0.5 mM guanosine triphosphate, 20 
mM creatine phosphate, 0.2 mg/ml creatine phosphokinase, 3 mM 
magnesium acetate, 0.1 mM (ethylenedinitri1o)tetraacetic acid, 1 mM 
dithiothreitol, 0.1 mM of each of the 19 essential amino acids, 3 mg of 
P-388 cell lysates, 100 pglmt chlortetracycline8, 3 X lo5 cpm of [3H]- 
met-tRNA, and 20 pg/ml of polyadenosine-uridine-guanosine and 0-50 
pM of diterpene esters. 


The incubation was carried out a t  23O, and after 2 min aliquots were 
withdrawn to analyze for 80 S complex formation. Puromycin (10 pg/ml) 
was then added to the reaction medium. The incubation was continued 
for another 6 rnin and aliquots were withdrawn to analyze for reaction 
of the 80 S complex with puromycin. All aliquots (50 pl) were diluted to 
250 pl with buffer (20 mM tris(hydroxymethyl)aminomethane, pH 7.6, 
80 mM KCl, 3 mM magnesium acetate, 1 mM dithiothreitol, and 0.1 m M  
(ethylenedinitri1o)tetraacetic acid), layered on 11.8 ml of a 15-30% linear 
sucrose gradient and centrifuged for X hr X 36,000 rpni in a swinging 
bucket rotorq. Fractions (0.4 ml) were collected and protein was precip- 
itated with 10% trichloroacetic acid on filter papers and countedlo. 


The reaction mixtures (75 pl) for the ternary complex formation (12) 
contained 21.4 mM tris(hydroxymethyl)aminomethane, pH 8.0,80 mM 
KCl, 0.26 mM guanosine triphosphate, 2.14 mM dithiothreitol, 1Opg of 
bovine serum albumin, 5 pmoles of P-388 cell [3H]met-tRNA (1 X lo4 
cpm), 100 Andm1 of crude P-388 cell initiation factors, and 25 or 100 p M  
of drug or standard. The incubation was conducted for 5 min at 37O and 
terminated by the addition of 3 ml of cold buffer (21.4 mM tris(hydrox- 
ymethyl)aminomethane, pH 8.0,80 mM KC1,2.14 mM dithiothreitol). 
The samples were filtered through 0.45-pm nitrocellulose filters, washed 
twice in buffer, and counted. 


The reaction mixture (75 pl) for the 80 S initiation complex (12) for- 
mation contained, in addition to the components necessary for the ternary 
complex formation reaction, 1.9 mM magnesium acetate, 5 Azso/ml of 
polyadenosine-uridine-guanosine5 and 100 A260/ml of 80 S P-388 cell 
ribosomes. Incubation was 10 min a t  37O which was then cooled to 4O, the 
samples were diluted with cold buffer (21.4 mM tris(hydroxymethy1)- 
aminomethane, pH 8.0,80 mM KCI, 5 mM magnesium acetate, and 2.14 
mM dithiothreitol), and filtered as indicated for the ternary complex 
formation experiment. 


RESULTS AND DISCUSSION 


Both I and I1 significantly suppressed in uitro whole cell P-388 lym- 
phocytic leukemia protein synthesis (Fig. 1). Compound I afforded an 
ID50 N 6.7 p M  and compound I1 an IDSO N 8.9 p M  after 90 min of incu- 
bation. The studies on the effects of various concentrations of the di- 
terpene esters on endogenous protein synthesis of p-388 lysates (Fig. 2) 
demonstrated that at  low concentration (1 pM) there was a lag of 2-4 min 
before the inhibition of protein synthesis was observed. At higher con- 
centrations of drug (10-100 p M ) ,  cessation of protein synthesis occurred 
immediately, suggesting that the diterpene esters mimicked the action 
of an elongation inhibitor such as emetine, more so than an initiation 
inhibitor such as pyrocatechol violet. 


A comparison of the effects of I and I1 with known inhibitors of protein 
synthesis on the ribosome profile and [3H]leucine incorporation into 
polypeptides can be seen in Fig. 3. During the incubation of the P-388 
lymphocytic leukemia cell lysates, [JH]leucine was incorporated into the 
nascent peptide bound to the polysomes (Fig. 3a). However, when I or 
I1 was incubated with the P-388 lysates for 4 min a t  100 p M ,  the radio- 
active peptides were released from the ribosomes. Clearly, all of the agents 
suppress polypeptide synthesis ohserved as reduced leucine incorpora- 
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Figure 1-In Vitro effect of genkwadaphnin and yuanhuacine on whole 
cells of  P-388 lymphocytic leukemia during 90-min incubation with 
I3H]leucine incorporation (n = 5). Key: (0) control; (A ) ,genk -  
wadaphnin; (B) yuanhuacine. 
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Figure 2a-Effect of genkwadaphnin on the protein synthesis of P-388 
lymphocytic leukemia homogenates using endogenous m R N A  (n = 5). 
Key: (0) control; (A) genkwadaphnin; (B) emetine; (0) pyrocatechol 
uiolet; (+) addition of drug. 
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Figure 2b-Effect of yuanhaucine on the  protein synthesis of P-388 
lymphocytic leukemia homogenates using endogenous m R N A  (n = 5). 
Key: (0) control; (A) yuanhuacine; (w) emetine; (a) pyrocatechol vi- 
olet; (*) addition of drug. 
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Figure 3b-Addition of pyrocatechol violet 100 pM. Effect of pyro- 
catechol violet on polyribosome structure and release of nascent pep- 
tides in P-388 lymphocytic leukemia lysate (n = 5). Key: (0) leucine 
incorporated; (A) 80 S profile. 
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Figure 3c-Addition of emetine 100 pM. Ef fec t  of  emetine on polyri- 
bosome structure and release of nascent peptide in  P-388 lymphocytic 
leukemia lysate (n = 5). Key: (0) leucine incorporated; (A) 80 S pro- 
file. 


tion. The standard, pyrocatechol violet (Fig. 3b), allows completion or 
release of the nascent polypeptide chain and the accumulation of the 80 
S ribosomal peak, whereas emetine (Fig. 3c), I (Fig. 3d), and I1 (Fig. 3e), 
do not allow accumulation of the 80 S ribosomal peak which is reduced 
from the control. These data suggest that the daphnane diterpene esters 
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Complex Formation of P-388 Cells 
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Figure 3d-Addition of genkwadaphnin 100 pM. Effect of genk- 
wadaphnin on polyribosome structure and release of nascent peptides 
in P-388 lymphocytic leukemia lysate (n = 5).  Key: (0) leucine incor- 
porated; (A) 80 S profile. 
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Figure 3e-Addition of yuanhuacine 100 pM. Effect of yuanhuacine 
on polyribosome structure and release of nascent peptides in P-388 
lymphocytic leukemia lysate (n = 5).  Key: (0) leucine incorporated; 
(A) 80 s profile. 
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Figure 4-Effect of genkwadaphnin and yuanhuacine on polyuridine 
directed poly [3H]phenylalanine synthesis in P-388 run-off ribosomes 
(n = 5) .  Key: (0) control; (A) genkwadaphnin; (m) yuanhuacine. 


are elongation inhibitors of protein synthesis of P-388 lymphocytic leu- 
kemia cells at  the concentrations employed. 


To completely eliminate the possibility that the daphnane diterpene 
esters were initiation inhibitors, ternary complex11 formation and the 


l 1  elF-guanosine tripho~phate-[~H]met-tRNA. 
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Figure 5a-Control treated with chlortetracycline. The formation of 
the 80 S initiation complex of P-388 lymphocytic leukemia lysate (n = 
5).  Key: (0) control; (A) genkwadaphnin; (m) yuanhuacine. 


80 S initiation complex12 studies were performed (Table I) on P-388 
lysates, which showed that at  25 and 100 pM concentrations, the diter- 
pene esters had essentially no effect on the initiation steps of polypeptide 
chain synthesis. Figure 4 illustrates the effects of the diterpene esters on 
polyuridine directed polyphenylalanine synthesis of purified ribosomes 
isolated from 10-day P-388 cells. Polyuridine directed polyphenylalanine 
synthesis does not require the normal initiation and termination reactions 
of protein synthesis, and thus, agents that block this reaction are con- 
sidered exclusively elongation inhibitors. At  50 p M ,  I suppressed pol- 
yuridine directed polyphenylalanine synthesis 92%, while I1 suppressed 
it 88%. The degree of inhibition of polyuridine synthesis by the diterpene 
esters was of sufficient magnitude to account for the degree of inhibition 
alone observed by these esters on whole cell protein synthesis. 


In an effort to further evaluate the effects of diterpene esters on the 
elongation step of peptide synthesis, the formation of the 80 S initiation 
complex12 and peptide bond formation were examined by treating the 
P-388 cell lysates with the elongation inhibitor chlortetracycline which 
specifically inhibits the binding of aminoacyl-tRNA to the ribosome A 
site but does not inhibit the peptidyl transferase reaction of elongation. 
Thus, when [3H]met-tRNA was added to the system, most of the radio- 
activity was found associated with the 80 S initiation complex. Addition 
of polyadenosine-uridine-guanosine to the chlortetracycline-treated 
lysate allows the formation of the 80 S initiation complex (Fig. 5a) which 
then reacts with puromycin. The puromycin induces the release of 


l2 80 S Adenosine-uridine-guanosine-elF-guanosine tripho~phate-1~HJmet- 
tRNA. 
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Figure 5b-Addition of puromycin. Effect of genkwadaphnin and 
yuanhuacine on the methionyl puromycin reaction of P-388 lyrnphocytic 
leukemia lysate (n = 5). Key: (e) control plus puromycin; (A) genk- 
wadaphnin; (m) yuanhuacine plus puromycin. 


[3H]methionine from the 80 S complex (Fig. 5b). The diterpene esters 
did not interfere with the formation of a stable 80 S initiation complex 
but rather inhibited the puromycin release of labeled methionine from 
the polysome. 


These data indicate that I and I1 similarly block peptide bond forma- 
tion during elongation peptide chain synthesis. The concentration of drug 
to block peptide transferase activity was consistent with concentrations 
required to inhibit whole cell protein synthesis in uitro. 


The daphnane diterpene esters did not have any significant effects on 
the individual steps leading to the formation of a stable 80 S initiation 
complex. The daphnane diterpene esters significantly inhibited both the 
polyuridine-directed polyphenylalanine synthesis and the formation of 
the first peptide bond between puromycin and the met-tRNA bound to 
the 80 S initiation complex. These data strongly indicate that the diter- 
pene esters are potent inhibitors of the peptidyl transferase reaction of 
the elongation process of protein synthesis of P-388 lymphocytic leukemia 
cells. 
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Abstract 0 One may attempt to individualize drug dosage by estimating 
an individual's pharmacokinetic parameters. Information useful for this 
purpose consists of certain population pharmacokinetic parameters 
(notably those describing the typical relationship between dosage and 
drug concentrations) and also measured drug concentrations from the 
individual of concern. Both types of information should be used. A 
(Bayesian) method that does so has been described in the pharmacoki- 
netic literature. In this report an implementation of the Bayesian method 
that is readily adapted to a microcomputer is presented. Using simulated 
data it is compared with two other methods proposed by others, for es- 
timating individual theophylline clearances. Both previously suggested 


A great deal of attention has been given to the problem 
of estimating the pharmacokinetic parameters of indi- 
vidual patients in order to optimize dosage choices. Ini- 
tially, most attention has been directed a t  obtaining esti- 
mates of individual parameters from the population in- 
formation relating kinetics to certain patient features (sex, 


methods are shown to be less precise than the Bayesian method: their 
typical error magnitudes are 20-70% larger. 


Keyphrases 0 Bayesian method-individualization of pharmacoki- 
netics, simple implementation and comparison with non-Bayesian 
methods, theophylline o Pharmacokinetics-Bayesian individualization, 
simple implementation and comparison with non-Bayesian methods, 
theophylline 0 Theophylline-Bayesian individualikation of pharma- 
cokinetics, simple implementation and comparison with non-Bayesian 
methods 


age, renal function, e t c ) .  More recently, considerable at- 
tention has been directed a t  the estimation of parameters 
using measured drug levels (1-4). 


One particular method, the Bayesian method (3), is 
intuitively appealing. It involves a continuously changing 
view of the patient. Before any drug levels are measured, 
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Abstract A sensitive, specific and reproducible high-performance 
liquid chromatographic procedure, using the normal phase and radial 
compression system, is described for the simultaneous determination of 
corticosterone, hydrocortisone, and dexamethasone in plasma, with 
prednisolone as the internal standard. Samples were extracted with 
methylene chloride and chromatographed on a microparticulate silica 
gel column using a radial compression system with UV detection at 254 
nm. The assay has been applied in pharmacokinetic studies, and a typical 
plasma concentration-time profile for the three corticosteroids (all with 
2 ng/ml sensitivity) is presented for dogs receiving dexamethasone. 


Keyphrases Corticosterone-high-performance liquid chromato- 
graphic determination in dog plasma Hydrocortisone-high-perfor- 
mance liquid chromatographic determination in dog plasma 0 Dexa- 
methasone-high-performance liquid chromatographic determination 
in dog plasma 0 High-performance liquid chromatography-determi- 
nation of hydrocortisone, corticosterone, and dexamethasone in dog 
plasma Pharmacokinetics-high-performance liquid chromatographic 
determination of corticosteroids 


Many methods for the determination of corticosteroids 
in plasma have been described, but many of them lack 
specificity or are too time-consuming for routine use. 


Fluorometric techniques (1, 2) measure different ste- 
roids that fluoresce with varying intensity, but overesti- 
mate the true amounts of hydrocortisone and corticoste- 
rone. Analysis using GC (3) is complicated, because ste- 
roids with a C17 hydroxyacetone side chain undergo ther- 
mal degradation at the temperature employed. The assay 
of corticosteroids by GC would also seem to require the 
prior formation of a stable derivative. In competitive pro- 
tein binding methods, the unknown and radiolabeled hy- 
drocortisone compete for a hydrocortisone-binding 
protein such as transcortin (4-6). However, endogeneous 
substances with significant cross reactivity confound the 
assay performance. Radioimmunoassay is a competitive 
protein binding technique using an antibody to hydro- 
cortisone as the binding protein. If the antibody is specific 
and binds hydrocortisone with high affinity, a sensitive 
assay can be made, although separation of hydrocortisone 
and corticosterone is crucial to obtaining a good specificity 
(7,8).  All these procedures are time-consuming and diffi- 
cult to automate for use in a routine pharmacokinetic 
study. 


The recent emergence of commercial high-pressure 
liquid chromatographic (HPLC) equipment (coupled with 
a sensitive UV detector), having the advantages of simple 
preliminary treatment of the sample, has attracted the 
attention of workers studying the analysis of corticoste- 
roids in plasma. 


Separation of corticosteroids by HPLC in humans has 
been documented by several authors (9,lO). However, in 
the dog, levels of endogeneous corticoids are lower than in 
humans, and techniques already described are not sensi- 
tive enough to be applied in this species. 


The purpose of the present study was to report the use 
of a new radial compression system to determine simul- 
taneously the plasma levels of endogenous and synthetic 
corticoids with a sensitivity level of -2 ng/ml. 


EXPERIMENTAL 


Apparatus-The apparatus used in the extraction procedure was 
constant shaker' and a refrigerated centrifuge2. A constant volume high 
pressure liquid chromatograph3 was equipped with a single wavelength 
254 nm detecto+. The column (10 X 0.8-cm i.d.) was packed with a 10- 
pm nominal normal phase5 and was included in a radial compression 
system6. 


Reagents-Hydrocortisone, corticosterone, dexamethasone, and 
prednisolone reference standards7 were used as received. Methylene 
chloride8 and acetic acids (analytical grade solvents) were used without 
further purification. 


Mobile Phase-The mobile phase was prepared by mixing exact 
volumes of methylene chloride, methanol, and glacial acetic acid. The 
solution was strained and the gas removed. The ratio of methylene 
chloride, methanol, and acetic acid was 96:4:0.4 (v/v/v). 


Operating Conditions-The UV detector was fixed at 254 nm, with 
a sensitivity of 0.005 aufs. A constant flow rate of 1.5 ml/min was main- 
tained. The radial compression pressure was 1500 psi, and the inlet 
pressure was 200 psi. Chart speed was 0.5 cm/min. 


Preparation of Standard Solutions-Each steroid was dissolved in 
methanol at a concentration of 1 mg/ml. The operating standard mixture 
was prepared by a 1:IOO dilution in the elution solvent. Prednisolone was 
used as an internal standard at  a concentration range of 1 mg/ml in 
methanol; a working solution was prepared by a 1:lO dilution in the same 
solvent. 


Extraction Procedure-One milliliter of plasma sample, 1 ml of 
0.1 N NaOH, and 10 ml of methylene chloride were added to a 30-ml 
tube9. The tubes were shaken for 10 min and centrifuged at  8400Xg for 
10 min at 4'. The methylene chloride layer was aspirated and evaporated 
at 40' under a nitrogen gas stream to prevent oxidation. The residue was 
dissolved in 100 p1 of elution solvent and then injected into the 
column. 


Calibration and Reproducibility-Pooled plasma of the dog was 
spiked with corticosterone and hydrocortisone (10-100 ng/ml) and with 
dexamethasone (10-1000 ng/ml). A constant amount of 100 ng of pred- 
nisolone as the internal standard was added to each sample (10 p1 of a 
solution containing 10 rglml). Pooled plasma was extracted and was 
performed as outlined previously. 


Calibration curves were constructed by calculating the ratio of the peak 
height of each compound to that of the internal standard, plotting the 
ratio against the amount of compound added to the sample. Peak heights 
of hydrocortisone and corticosterone were corrected for blank plasma 
response representing an endogenous serum component. The corrected 
peak height was used as the response. 


Least-squares linear regression analysis was used to determine the 
slope, y intercept, and correlation coefficients. 


The response of the HPLC system was linear in the concentration range 


Evapomix, Buchler Int. Fort Lee, N. J. 
J. 21, Beckman. 


3 Model M 45, Waters Associates, Milford, MA 01757. 
4 Model M 440, Waters Associates, Milford, MA 01757. 
6 Radialpack B, Waters Associates, Milford, MA 01757. 
6 Module RCM 100, Waters Associates, Milford, MA 01757. 
7 Sigma Chemical Co., St. Louis, MO 63178. 
8 Merck, Darmstardt, D 6100, West Germany. 
9 Corex. 
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Table I-Retention Times and Capacity Factor  of Selected 
Glucocorticoids 


Compound Capacity Factor ( K )  Retention Time, min 


Corticosterone 1.3 4.0 
Dexamethasone 2 5.0 
Hydrocortisone 2.5 6.0 
Prednisolone 3.3 7.5 


of 10-100 ng/ml for corticosterone and hydrocortisone and 10-100 ng for 
dexamethasone. 


The analytical recovery of the compounds was measured by comparing 
the chromatographic peak heights from the analysis of biological samples, 
spiked with 100 ng of each compound and the peak height resulting from 
a direct injection of methanol standards. 


Recovery of all compounds from plasma was 80-85% when -85-90% 
of the methylene chloride layer was available for evaporation. 


Assay precision was determined with successive sampling of pooled 
dog plasma. Ten successive samplings gave coefficients of variation <5% 
for all compounds: 3.39 for corticosterone, 4.90 for hydrocortisone, and 
1.92 for dexamethasone. 


Calculations-The concentration of corticosterone, hydrocortisone, 
and dexamethasone in the sample was determined from the following 
expression: 


(Eq. 1) 
R C , : - t b  


where C, is the concentration of the substance in plasma (ng/ml), R is 
the peak height ratio (drug:interndstandard), a is the slope of the cali- 
bration curve, and b is t hey  intercept. 


Retention Time a n d  Selectivity (Table 1)-Normal-phase liquid 
chromatography using radial compression showed a high selectivity in 
the separation of corticosteroids. A good separation of the four com- 
pounds was obtained in 8 min. 
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Figure 1-Chromatogram of  extracted blank dog plasma containing 
only  internal standard (la); chromatogram of extracted dog serum 
spiked with hydrocortisone, corticosterone, and dexarnethasone (I b). 
1,  Corticosterone; 2, dexarnethasone; 3, hydrocortisone; 4 ,  predniso- 
lone. 
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Figure 2-Chromatogram of a plasma sample taken  from a dog before 
the administration of corticotropin (2a); chromatogram of plasma 2 hr 
after the  dose of corticotropin (2b); and chromatogram of extracted 
plasma after t h e  injection o f  dexamethasone (2c). I ,  Corticosterone; 
3, hydrocortisone; 4 prednisolone. 


Drug Disposition Study-To test the ability of this method to detect 
endogenous corticosteroids, corticotropin1° was administered intra- 
musculary (20 IU) into two dogs (11-12 kg; 4-5 years of age). T o  prove 
that exogenous corticoid could be detected, dexamethasone" was injected 
intravenously (1 mg/kg). Blood was withdrawn uia the jugular vein at 15 
and 30 min and 1,2,4,8, and 24 hr after the treatment and placed in tubes 
containing 10 U of heparin. The plasma was separated immediately and 
stored a t  - 2 O O  until analysis. 


RESULTS AND DISCUSSION 


A chromatogram of a blank dog plasma extract and a chromatogram 
of plasma spiked with 40 ng of hydrocortisone, corticosterone, and 
dexamethasone are shown in Fig. 1. These chromatograms illustrate the 
response of the chromatographic system to 40 ng of corticosteroids/ml 
of plasma and to 100 ng of prednisolone which was used as the internal 
standard. 


Figure 2a illustrates the chromatogram of a plasma sample taken from 
a dog before the administration of corticotropin. In addition, Fig. 26 il- 
lustrates the steroid concentration 2 hr after the dose of corticotropin; 
hydrocortisone concentrations were much greater in contrast to the small 
increase in corticosterone. 


Figure 2c shows the effect of an injection of dexamethasone 12 hr 
postadministration. This chromatogram indicates that dexamethasone 
suppressed plasma corticosterone and hydrocortisone so that concen- 
trations were no longer detectable. At this time, concentrations of 
dexamethasone were not detected. 


Figure 3 presents a typical plasma concentration-time profile of 
dexamethasone after intravenous administration and the simultaneous 
evolution of the endogenous corticosteroids. 


The simultaneous determination of corticosterone, hydrocortisone, 
dexamethasone, and prednisolone by this HPLC method proves to be 


lo ACTH-Choay, Choay, Paris, France. 
1' Aziurn, Unilabo, Levallois-Perret, France 
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1 ooa This chromatographic procedure differs from those previously de- 
scribed (11-19), as a new radial compression separation system was used. 
In this system a strong radial compression is applied to a soft column, thus 
diminishing the dead volume and the formation of preferential ways in- 
side the column. This results in higher efficacy, with a lower pressure and 
increased flow rate. Moreover, it is possible to attain the same separation 
in 2 min with a flow rate of 6 ml/min and with only a 10% decrease in re- 
sponse. 


Responses were considered significant when the signal to noise ratio 
was >1.5. In such conditions, using a detector sensitivity of 0.005 aufs, 
levels as low as 2 ng/ml, giving 0.5-cm peaks, could be quantitated. 


In conclusion, the described method offers a simple, rapid, and reliable 
determination of corticosteroids for use in pharmacokinetic studies. 
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Figure 3-Plasma concentration-time curve in the dog given a 1 mg/kg 
iv dose of dexamethasone. Key: (@), dexamethasone; (o), hydro- 
cortisone; (m), corticosterone. 


efficient, precise, sensitive, and selective. It also allows the examination 
of the effects of dexamethasone on circulating hydrocortisone and cor- 
ticosterone concentrations. 


The selectivity of the extraction procedure and chromatographic 
system is demonstrated by the chromatogram from the blank plasma (Fig. 
la). Analysis of the figure indicates that there is no significant interfer- 
ence from endogenous compounds. It should be noted that one source 
of interference was encountered when the methylene chloride layer was 
recovered by filtration on phase-separating paper. One large interfering 
peak eluted at a retention time of 5 min and was labeled as an endogenous 
biological sample. 
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Abstract A rapid enzymatic method for the preparation of [I- 
''C]D-leucine is described. [1-l4C]D-Leucine was obtained from [l- 
14C]DL-leucine by oxidative deamination of the L-isomer using immo- 
bilized L-amino acid oxidase. The total preparation (including ion ex- 
change purification) was accomplished in 40 min with an 83% The 
methodology is applicable to the production of [ l-llC]D-leucine, a PO- 


tential imaging agent for tumor localization. 


Keyphrases 0 ['4C]D-leucine-ra~id enzymatic preparation for tumor 
~OCdiZatiOn 0 Enzymatic preparation-D-leucine isomers, ["C]D-leucine 
production for tumor localization 


Amino acids labeled with gamma-emitting radionuclides 
(carbon 11 or nitrogen 13) have been investigated for tumor 
localization, pancreatic scanning, and the study of normal 


physiological processes. Several l3N-Iabeled L-amino acids 
have been synthesized enzymatically and their tissue 
distribution and pancreatic uptake studied in animals 
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ylacetyl chloride, were chromatographed over 3% SP2401 (9) (Scheme 
11). Using this system good separation of diastereomers was achieved (Fig. 
1). Retention times of derivatized (+)-norketamine and (-)-norketamine 
were 13.5 and 14.9 min, respectively. These compounds failed to show 
a parent ion (mlz = 439) using electron impact mass spectroscopy, but 
when subjected to chemical ionization conditions, both displayed sig- 
nificant M + 1 ions. Fragmentation patterns also were consistent with 
the structures. When purified enantiomers were derivatized and 
subjected individually to GLC analysis, no contamination from the other 
stereoisomer could be detected, indicating that the resolution procedure 
had resulted in highly stereochemically pure norketamine. 


The enantiomers were converted into either hydrochloride or bisuc- 
cinate salts. The former proved to be quite hygroscopic making the bi- 
succinate salts more convenient for subsequent studies. The signs of 
optical rotation were the same for both salts. The free bases were not 
highly purified to permit accurate measurements of their optical rota- 
tions, but using partially purified samples, it was determined that the 
signs of rotation for the free bases and the salts were the same. This ob- 
servation is in contrast to reported optical rotations of ketamine (10). The 
free bases and hydrochloride salts for this compound show opposite signs 
of rotation. 


Initial pharmacological evaluation revealed that intraperitoneally 
injected dextrorotatory norketamine bisuccinate caused a greater du- 
ration of loss of righting reflex in mice than the levorotatory isomer (Table 
I). At doses of 100 mg/kg (calculated on free base content) the levorota- 
tory isomer failed to induce loss of righting reflex, whereas this same dose 
appeared to be near the EDSO value for the dextrorotatory form. At 200 
mghg all animals lost righting reflex with the dextrorotatory compound, 
producing a significantly greater duration of loss (Table I). These pre- 
liminary studies also suggested that levorotatory norketamine bisuccinate 
may cause greater amounts of central excitation than the dextrorotatory 
form. This is based on the observation that animals receiving the levo- 
rotatory drug appeared to show greater amounts of spontaneous loco- 
motor activity than those receiving the dextrorotatory isomer. 


Similar actions as to loss of righting reflex and central excitation have 
been reported for the ketamine enantiomers (3). Also, it has been shown 
that racemic norketamine and ketamine are qualitatively similar with 
regard to central nervous system depressant effects and posthypnotic 
excitation (5 ) .  Because of the these findings, it is tempting to speculate 
that the levorotatory salts of ketamine and norketamine have identical 
stereochemical configurations; the same being true for the dextrorotatory 
forms. However, additional studies will be needed to establish the exact 
stereochemical relationships between these compounds as we11 as the 
pharmacological significance of the norketamine enantiomers. 
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Abstract Aqueous solutions of ethylenediamine and theophylline were 
spray dried to obtain solid particulates of theophylline-ethylenediamine 
complex to improve solubility of theophylline. Packing and flow prop- 
erties of the spray-dried products were much improved when compared 
with those of original theophylline particles, due to their spherical shapes 
which were confirmed by a scanning electron microscope. The solubility 
of theophylline in the resultant products was found to be three to five 
times higher than that of original theophylline. The solubilities of the 
products decreased with increasing drying temperature and rotation 
speed of the atomizer, which was interpreted in terms of the contents of 
ethylenediamine in the products. The products were confirmed to he a 
mixture of aminophylline, a-aminophylline, and theophylline by X-ray 
analysis and NMR spectroscopy. The logarithm of the relative intensity 


The spray-drying technique has been accepted as a fa- 
vorable method for drying a variety of heat-sensitive ma- 
terials, such as foods, pharmaceuticals, enzymes, etc. The 
preparation of particulate solids from liquid droplets by 
chemical reaction during drying is one of the recent uses 
of this technique. Microcapsules of barbituric acid and 
phenobarbital with a tensioactive precondensate of the hex- 
amethylolmelamine type, which form macromolecules 


~ _ _ _ _ _ _ ~  _ _ _ _ _ _ _ _ _ _  


of the X-ray diffraction peak of a-aminophylline to that of theophylline 
decreased linearly with drying temperature and rotation speed of the 
atomizer. Thermal decomposition of the spray-dried products involved 
liberations of crystal water a t  100" and ethylenediamine between 110 and 
127'. Liberation of ethylenediamine occurred uia three steps for ami- 
nophylline, but with different steps for the spray-dried products. 


Keyphrases Complexation-theophylline-ethylenediamine, prepa- 
rations, spray-drying technique, solid particulates 0 Theophylline- 
complexation with ethylenediamine, preparations, solid particulates, 
spray-drying technique Ethylenediamine-complexation with theo- 
phylline, preparations, solid particulates, spray-drying technique 


under the influence of heat, have been prepared previously 
(1,2). An ammonium sulfate sphere has been produced by 
the reaction of a single drop of phosphoric acid with gas- 
eous ammonia (3). 


The objective of the present study was to prepare solid 
particulates of the theophylline-ethylenediamine complex 
(e .g . ,  aminophylline) by a spray-drying technique. The 
manufacturing method of aminophylline referred to in the 
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Table I-Micromeritic Properties of Spray-Dried Products 


Rotation Solubility of 
Drying Speedof Dga, p,gl Theophylline, 


Temperature Atomizer, rpm pm a,gb ~m~~ mg/mld 


5 10 15 20 25 30 
DIFFRACTION ANGLE, 28 


I B 


. , I .  J .  . . . . . .I . . . . . . 
5 10 15 20 25 30 


DIFFRACTION ANGLE, 28 


Figure 1-(A) X-ray diffraction patterns of references; (B) the 
spray-dried products prepared at various spray-drying tempera- 
tures. 


Japanese Pharmacopeia (JP) involves a multistage process 
including reaction, filtration, drying, etc.  In addition, the 
reaction takes several hours. The process of the present 
study offers the advantage of reducing the preparation 
steps, which can save time and cost. Another objective was 
to investigate the spray-drying conditions affecting the 
composition of the products. Thermal decomposition of 
spray-dried products by thermal analysis was also inves- 
tigated. 


EXPERIMENTAL 
Materials-Theophylline' and ethylenediamine' used were chemical 


reagent grade. Aminophylline' (JP) and another theophylline-ethyl- 
enediamine complex, a-aminophylline, were used as a reference for 
identifying the spray-dried products. a-Aminophylline was produced 
by a method (JP) modified previously (4). Ethylenediamine purified by 
distillation (11.47 ml) was dissolved in 100 ml of absolute alcohol. 
Theophylline (30.82 g) was stirred into the resulting solutions. After 
agitation for several hours, the resultant precipitates were filtered and 
dried at  5-7O immediately after filtration without washing. The X-ray 
diffraction pattern of the products, i .e.,  a-aminophylline, was different 
from that of aminophylline (JP) as shown in Fig. 1A. a-Aminophylline 
contained 13.9% ethylenediamine, 85.9% theophylline, and 0.2% water, 
which suggested the composition of a-aminophylline with 2 moles of 
theophylline, 1 mole of ethylenediamine, and small amounts of water. 


Nakarai Chemical LTD, Japan. 


100 20,000 13.0 1.31 1.31 43.0 
115 20.000 10.1 1.57 1.32 40.0 ~~. 


130 2O;OOO 11.5 1.38 1.30 30.7 
145 20,000 12.0 1.41 1.31 29.6 
115 10,000 14.2 1.48 1.37 40.4 
115 20,000e 10.1 1.57 1.32 40.0 
115 40,000 9.8 1.34 1.39 29.0 


0 Geometric mean diameter. * Geometric standard deviation. Particle density, 
the particle density of aminophylline is 1.43. The solubilities of theophylline and 
aminophylline (JP) in water are 8.74 and 49.4 mg/ml, respectively, a t  30'. The 
parameters ( ~ , b )  in Eq. 1 of spray-dried products, original theophylline, and 
spray-dried theophylline are (0.16,0.064), (0.23,0.062), and (0.31,0.036), respec- 
tively. 


Spray-Drying Technique-Theophylline (53.5 g) and ethylenedi- 
amine (23.0 ml) were dissolved in 500 ml of water. The solutions were 
atomized in a drying chamber by a centrifugal wheel atomizer at rotations 
of 10,000, 20,000, or 40;OOO rpm. The drying chamber was maintained at 
100,115,130, or 145 f 5". The dried products were collected by a cyclone. 
As a reference, 500 ml of aqueous suspensions containing 53.5 g of theo- 
phylline was spray dried at 115O with an atomizer rotation speed of 20,000 
rpm. 


Measurement of Micromeritic Properties-The sizes of the 
spray-dried products were measured by a photographic counting method 
using a particle size analyzer2. The packing properties of the products 
were investigated by a tapping method. The true densities of the products 
were measured with a helium-air comparison pycnometef'. The surface 
topographs of the products coated with gold were investigated by a 
scanning electron microscope4. The solubilities of the products were 
measured in water a t  30". 


Measurement of Physicochemical Properties-The contents of 
ethylenediamine and theophylline in the products were measured by a 
neutralization titration method with 0.1 N HCl and spectrophotomet- 
ricaUy at  270 nm, respectively. Water contents were measured by the Karl 
Fischer method5. To analyze the crystalline form of the products, X-ray 
diffraction patterns were obtained by an X-ray diffractometer'j. Thermal 
decomposition of the products was examined using a differential scanning 
calorimeter7 with heating rate at 10°/min. Thermal analysis of the 
products treated with heating at  110 or 120' for 30 min was also carried 
out in a muffle to investigate the process of the thermal decomposition. 
NMR spectra of ethylenediamine, aminophylline, a-aminophylline, 
theophylline, and the spray-dried products were obtained in dimethyl 
sulfoxide using an NMR spectrometers. 


RESULTS AND DISCUSSION 


Micromeritic Properties of Spray-Dried Products-Size distri- 
bution of the spray-dried products was described in log-normal form. The 
geometric mean diameters of the products varied from 9.8 to 14.2 pm, 
and were independent of the drying temperature, but dependent on the 
rotation speed of the atomizer. The sizes of products decreased with an 
increase of the rotation speed, since the diameters of the spray droplets 
were reduced by enhancing the rotation speed. The geometric standard 
deviations of diameters of the products were 1.31-1.57 (Table I). 


The scanning electron photographs of the original and the spray-dried 
theophylline and spray-dried products with ethylenediamine are ex- 
hibited in Fig. 2. The surface of the spray-dried theophylline was rough 
compared with that of the original crystal. A number of small spheri- 
cal-sized products, which adhered to the crystals, yielded from the at- 
omized solution of theophylline, are shown in Fig. 2B. Spray-dried 
products prepared from the formulation containing ethylenediamine 
yielded spheres covered with thin flake crusts, as shown in Figs. 2C and 
D. Loose internal texture of the products could be predicted from the 
characteristic surface topography. This was confirmed by the lower 
particle densities of the spray-dried products than original theophylline 
and aminophylline (JP) as tabulated in Table I. 


2 Karl Zeiss TGZ-3. 
3 Model 1302, Micromeritics Instrument Co. 


Nihon Denshi, JMS-SI, Japan. 
5 Kyoto Electronics Manufacturing Co., Japan. 
6 Nihon Denshi, JDX, Japan. 


Rigaku CN 80852, Japan. 
8 R-20B, Hitachi, High Resolution NMR Spectrometer, Japan. 
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Figure 2-Scanning electron microscopic photographs of spray-dried products. Key: (A) original theophylline; (B) spray-dried theophylline; 
(C) and (0) spray-dried products prepared at 1 1 5 O ,  20,000 rpm with the formulation containing ethylenediamine (20 ml) and theophylline (53.5 
g). 


Packing and flow properties of the spray-dried products were much where a and b are constants representing the proportion of consolidation 
improved compared with those of original theophylline particles due to a t  the closest packing attained and packing velocity index, respectively, 
their spherical shapes. The packing process by tapping wm described by n is the number of taps, Vo is the volume of powder in a measuring cyl- 
the Kawakita equations (5,6): inder at the loosest packing, and V,  is the volume after the nth tapping. 


(Q. 1) Parametar a in &. 1 for the spray-dried products was found to be smaller 
than that of original theophylline (Table I), which indicated that packing n/C = l/ab + n /a  


c = (VO - V”)/VO (Eq. 2) properties of the spray-dried products were improved. 


100 110 120 130 140 
SWAY-DRYING TEMPERATURE ROTATION SPEED, X 10‘ rpm .. 


Figure 3-Composition of the spray-dried products as (A) a function of spray-drying temperature and (B) of rotation speed of the atomizer. Key: 
(0 )  theophylline; (a) ethylenediamine; and (0) water. 
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Figure 4-NMR spectra of (A) ethylenediamine, (B) aminophylline, 
(C) a-aminophylline, (0) theophylline, and (E) the spray-dried prod- 
ucts prepared at 115', 20,000 rpm with the formulation containing 
ethylenediamine (20 ml) and theophylline (53.5 g). Key: (-+) amino 
group protons of ethylenediamine; (----) proton at position 8 of 
theophylline. 


The solubility of the spray-dried products with ethylenediamine was 
found to be three to five times higher than that of original theophylline, 
but lower than that of aminophylline (JP). However, no improvement 
in the solubility of the spray-dried theophylline without ethylenediamine 
was found. The solubilities of the products with ethylenediamine de- 
creased with increase of both the drying temperature and the rotation 
speed of the atomizer. This finding could be interpreted in terms of the 
contents of ethylenediamine in the products, which decreased with an 
increase in the drying temperature and the rotation speed of the atom- 
izer. 


Physicochemical Properties of the Spray-Dried Products-The 
contents of theophylline in the products increased with increasing tem- 
perature of the drying chamber, whereas ethylenediamine contained in 
the products decreased with the temperature, as shown in Fig. 3. The 
ethylenediamine content in the products dropped sharply by raising the 
drying temperature higher than the boiling point of ethylenediamine 
(117') but >6% ethylenediamine still remained. This finding suggested 
that ethylenediamine contained in the products did not exist as a free 
form adsorbed on the surface of the products but as a chemically bonded 
form, which resulted in preventing evaporation of ethylenediamine. This 
speculation was proven by NMR spectra of the spray-dried products in 
Fig. 4, which almost coincided with those of aminophylline and a-ami- 
nophylline. The signal of amino group protons of ethylenediamine in the 
product shifted to lower field (chemical shift, 6 = 4.3 ppm) compared with 
that of ethylenediamine (6 = 1.7 ppm), which might be due to intermo- 
lecular hydrogen bondings. The hydrogen bondings might be attained 
by the interaction between the hydrogens of NH; of ethylenediamine 
formed by a proton migration from =NH of theophylline, and C=O at  
position 6 and =N- of theophylline (4,7). The signal of the proton at 
position 8 of aminophylline and the spray-dried products shifted to a 
higher field compared with that of theophylline, as shown in Fig. 4, which 
support the migration of a proton from =NH of theophylline to NH2 of 
ethylenediamine. Water content of the products decreased gradually with 
increased temperature. 


Theophylline contents in the products increased with increased rota- 
tion speed of the atomizer, while the contents of ethylenediamine and 
water decreased with rotation speed (Fig. 3). An increase in the rotation 
speed of the atomizer reduced the diameters of resultant spray droplets 
by which evaporation speed was accelerated (Table I); therefore, this 
action was equivalent to raising drying temperature. 


The X-ray diffraction patterns of the products prepared at various 
drying temperatures are exhibited in Fig. 1B. In the pattern of the 
spray-dried products, the characteristic peaks of theophylline appeared 
at 7.2 and 12.5', of aminophylline at 11.8 and 25.2', and of a-amino- 
phylline at 11.2,13.5,16.7, 18.1, and 28.8'. These were confirmed by the 
references in Fig. 1A. The described X-ray diffraction analysis suggested 
that the spray-dried products were a mixture of these three compounds. 
The X-ray diffraction pattern varied with the drying temperature. The 


SPRAY-DRYING TEMPERATURE 
100 110 120 130 140 150' 


1 


I 
0 1.0 2.0 3.0 4.0 5.0 


ROTATION SPEED, X lo4 rpm 


Figure 5-Relative intensities of X-ray diffraction peak of a-amino- 
phylline to theophylline as a function of spray-drying temperature (0) 
and of rotation speed of the atomizer (0). 


intensities of characteristic diffraction peaks of aminophylline at 25.2' 
and of a-aminophylline at 11.2, 16.7, and 18.1' decreased with the in- 
creasing drying temperature, whereas those of theophylline at  7.2,12.5, 
and 29.3' increased strongly (Figs. 1A and B). 


This relation can be described quantitatively in Fig. 5. The relative 
intensities (RI )  of a-aminophylline to theophylline defined by Eq. 3 are 
plotted against drying temperature on a semilogarithmic graph 


I(11.2') - I(20.0') RI = 
I(12.5') - I(20.0') 


where I(11.2') and I(12.5') are the relative intensities of diffraction peaks 
of a-aminophylline and theophylline to that of sodium chloride at 31.7' 
used as an internal standard material, respectively, and I(20.0') is the 
relative intensity of the base line to that of sodium chloride. The loga- 
rithm of the relative intensity correlated improportionately to the drying 
temperature. A similar correlation was found between the rotation speed 
of the atomizer and the logarithm of the relative intensity (Fig. 5). 


Thermal Decomposition of the Spray-Dried Products-Differ- 
ential scanning calorimetry and thermogravimetric thermograms of the 
references of aminophylline, a-aminophylline, and theophylline are ex- 
hibited in Fig. 6A by solid and dotted lines, respectively. On the differ- 
ential scanning calorimetric curve of aminophylline, endothermic peaks 
at 100-103,110,120,127, and 271' appeared. The endothermic peak at 
100' was caused by releasing water, where the weight loss (4%) detected 
by thermogravimetric analysis corresponded to 1 mole of water. The 
endothermic peaks which appeared in the 110-127' range might have 
been caused by liberation of ethylenediamine, since the thermogravi- 
metric curve revealed the weight loss corresponding to 1 mole of ethyl- 
enediamine. These findings indicate that ethylenediamine of amino- 
phylline may be liberated by heating oia three stages. The endothermic 
peak at 271' corresponds to the melting point of theophylline. The dif- 
ferential scanning calorimetric thermogram of a-aminophylline revealed 
two endothermic peaks at 116 and 271'. No endothermic peak at  100' 
caused by releasing water appeared on the thermogram, which was pre- 
dicted by the Karl Fischer analysis described in the experimental section. 
The decomposition of a-aminophylline was completed up to 125', a t  
which point the weight loss reached 12%, equivalent to -1 mole of eth- 
ylenediamine. 


The differential scanning calorimetric thermograms of the spray-dried 
products are displayed as a function of drying temperature and of rotation 
speed of atomizer in Figs. 6B and C, respectively. On the differential 
scanning calorimetric curve of the product prepared at the relatively low 
drying temperature (e.g., loo'), endothermic peaks appeared at 100,116, 
and 271". Liberation of ethylenediamine from the product was assumed 
to occur at 116", because the endothermic peaks at  100 and 271' corre- 
spond to the releasing point of water and the melting point of theophyl- 
line, respectively. When the drying temperature was increased, the en- 
dothermic peak at 116' became weak, while another peak appeared at 
127', as seen on the thermogram of the products prepared at 115'. This 
finding indicates that the bond strength of ethylenediamine with theo- 
phylline in the products was affected by the drying temperature employed 
for spray drying. The latter peak became intense, whereas the former 


Journal of Pharmaceutical Sciences I 917 
Vol. 77, No. 8, August 1982 







T,G. h i n o p h y l l i n e  


, , I 1  I l l ,  I 


80 100 120 140" 260 280290 
TEMPERATURE 


80 100 120 140 
TEMPERATURE 


C 


10000 
rpi 


<f 


-. 


I 20000 . , $  \ '  


I 1 I I I d 1  


'0 100 120 140 
TEMPERATURE 


Figure &-Differential scanning calorimetric and thermogravimetric therrnograrns of (A) references; (B) the spray-dried products prepared at 
various spray-drying temperatures; and (C) rotation speed of the atomizer. Key: thermogravirnetric curves in (B): (a) 145"; (b) 130'; (c) 115'; (d) 
100'; therrnogravirnetric curves in (C): (a) 40,000 rprn; (b) 20,000 rpm; (c) 10,000 rpm. 
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Figure I-Changes in differential scanning calorimetric and thermogravirnetric thermograms of the spray-dried products by heat treatment. 
Key: spray-drying condition, a, b, c; (drying temperature, rotation speed of atomizer) and heat-treatment condition, d ,  e, f ;  (temperature, time) 
(A): a (115°,40,000 rprn); (B): b (145°,20,000 rprn); (C): c (115', 10,000 rprn); d (120°, 30 min); e (120°, 30 rnin); f (IlO', 30 min). 
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Figure 8-Changes in X-ray diffraction patterns of the spray-dried 
products caused by heat-treatment. Key: (A) spray-dried products 
prepared at 1 1 5 O ,  10,000rpm; (B) products treated at  llOo, 30min; (+) 
theophylline; (- - - +) a-aminophylline. 


peak disappeared when the drying temperature was >130°. The weight 
loss indicated by thermogravimetric curves in Fig. 6B corresponded ap- 
proximately to the contents of water and ethylenediamine contained in 
the products as indicated in Fig. 3. The weight loss detected by thermo- 
gravimetric analysis decreased with an increase in the drying temperature 
as shown in Fig. 6B, as predicted from the findings in Fig. 3. 


The changes in differential scanning calorimetry and thermogravi- 
metric thermograms, with the rotation speed of the atomizer, are dis- 
played in Fig. 6C. The thermal behaviors of the product prepared with 
high (low) rotational speed of the atomizer resembled those of the 
products prepared at high (low) drying temperature. As expected, the 
weight loss which appeared on the thermogravimetric curve decreased 
with increasing rotation speed of the atomizer. 


Differential scanning calorimetric and thermogravimetric thermograms 
of the products treated with heating were compared with those of the 
products prior to the treatment in Fig. 7. After treatment by heating, the 
endothermic peak at  100' for water releasing disappeared from the 
thermogram. No weight loss on the thermogravimetric curve at 100' also 


indicated that the products treated by heating contained no crystalline. 
water. However, an endothermic peak at  127' of the products prepared 
by spray drying at  high temperature or with high rotation speed of the 
atomizer still remained even after heat treatment at 120'. The products 
prepared at  low drying temperature or at low atomizing speed revealed 
an endothermic peak at 120' on the thermograph after heat treatment 
at 110'. The weight loss detected at 127 or 120' by thermogravimetric 
analysis suggested that some ethylenediamine still remained in the 
products even after heat treatment. 


The X-ray diffraction pattern of the products treated with heating 
revealed characteristic peaks of theophylline and a-aminophylline at 7.2, 
12.5, 14.2, 25.7,29.3Oand 10.2,11.2,13.5, 16.7, 18.1', respectively. The 
peaks for theophylline strengthened, but no diffraction peaks for ami- 
nophylline appeared on the pattern in Fig. 8. These findings proved that 
the endothermic peak at 116 or 127O, that appeared on the thermogram 
of the spray-dried products, was caused by the liberation of ethylenedi- 
amine contained in a theophylline-ethylenediamine complex. 
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Abstract 0 The bioavailability of chlorpheniramine regular-release 
uersus controlled-release products was compared using 15 human 
aubjects. The dosage forms evaluated were an 8-mg barrier coated-bead 
capsule, an 8-mg repeat action tablet, two 4-mg tablets, and 4- and 8-mg 
jyrups. Single doses of each product were administered orally in a 5-way 
crossover study, plasma samples were collected at  specific time intervals, 
and chlorpheniramine levels assayed by HPLC. Pharmacokinetic analysis 
was based on a two-compartment open model. The average plasma 
elimination half-life of chlorpheniramine was calculated to be -18.3 hr. 
The controlled-release products gave a higher C,, than the 4-mg syrup, 
but <two 4-mg tablets. The controlled-release products also extended 
the time necessary to attain peak drug levels compared to the 4- and 8-mg 


syrups. The area under the curve (AUC) data for the controlled-release 
products was not equivalent to equal amounts of the regular-release 
products. The study indicated that while the controlled-release chlor- 
pheniramine products were successful in prolonging the time course of 
absorption, this was at  the expense of incomplete bioavailability of the 
drug. 


Keyphrases 0 Chlorpheniramine-bioavailability of regular and con- 
trolled-release products Bioavailability-regular and controlled-release 
chlorpheniramine products 0 Controlled-release products-bioavail- 
ability of chlorpheniramine 


Chlorpheniramine maleate is commonly used in the 
treatment of various allergic conditions. The different 
dosage forms of chlorpheniramine maleate marketed in- 


clude regular- (or immediate) release and controlled- (or 
sustained) release products. 


Little comparative information is currently available 
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Table I-pH Levels of Isopropyl Myristate Prepared by Three 
Methods and Corresponding D Values of Pseudomonas 
aeruginosa 


D Value, min 
Room 


Method pH Temperature 47’ 


USP XX Column-filtered 


Batch-Swirl 


A 6.7 >60.0 8.0 
B 6.6 >60.0 9.3 


A 6.7 >60.0 12.1 
R 6.3 >60.0 11.6 


Untreated 
A 
B 


4.0 
3.7 


11.4 <10.0 
10.0 < 10.0 


RESULTS 


The pH levels of the untreated isopropyl myristate, the USP XX col- 
umn isopropyl myristate, and the batch-swirled isopropyl myristate are 
shown in Table I. The D values of P. aeruginosa obtained at room tem- 
perature and at  47O, which correspond to the three methods of prepara- 
tion of isopropyl myristate, are also shown. 


The approximate time required to filter isopropyl myristate and the 
rinsing fluids, A and D, through various membranes are given in Table 
11. The acetat.e cellulose membrane4 and the polyester membrane5 showed 
the fastest flow rates for the 0.2-pm membrane: 2 min for isopropyl my- 
ristate with both filters and 3 and 5 min, respectively, for rinsing fluids 
A and D. An oily film was noted on the polyester membrane after filtra- 
tion of the isopropyl myristate and rinsing fluids A and D, regardless of 
pore size. 


The flow rates of both the 0.2-pm mixed cellulose acetate-pyroxylin 
and the pyroxylin membranes exceeded 2 hr for the rinsing fluids. All of 
the 0.45-pm membranes had acceptable flow rates for isopropyl myristate. 
Flow rates for the rinsing fluids (pyroxylin, 20 min and cellulose ace- 
tate-pyroxylin, 19 min) were not acceptable. 


DISCUSSION 


The batch-swirl method for detoxification of isopropyl myristate used 
-~~ ~ 


4 Sartorius Filters. Inc., Hayward, Calif. 
Nucleopore, I’leasant~~n, Calif. 


Table 11-Comparison of Flow Rates for Membrane Filters IJsed 
in the Filtration of Oils and Ointments 


Membranes 


Flow Rate, minu 
Isonronvl . 1 -  


Myristate Fluids A and D 
0.2 0.45 0.2 0.45 


pmh pmb pmh pmb 


Acetate Cellulose 2 1 3 1  
Cellulose Nitrate 3 1 >120 20 
Polyester 2 1 5 2  
Mixed Esters of Cellulose 3 1 83 2 
Pol ycarbonate 4 1 14 3 
Mixed Cellulose Acetate-Pyroxylin 3 1 >120 19 


Approximate time. * Pore size of memhrane. 


in the analysis of oils and ointments was simpler and faster than the 1JSP 
XX method, i .e . ,  1 hr uersus 8 hr for the detoxification process. In the 
batch-swirl method, filter sterilization immediately followed the stirring, 
with no need for centrifugation. The pH of the isopropyl myristate pre- 
pared by the batch-swirl method met the requirements of the USP S X ,  
and D values of the test organisms were comparable t.o t.hose obtained 
by the USP XX method. 


Use of cellulose acetate filters rather than 0.22- and 0.45-pm mixed 
cellulose acetate-pyroxylin membranes reduced the analysis time. Rapid 
filtration reduced the, exposure time of microbial contaminants to the 
toxicity of isopropyl myristate and, thus, provided greater probability 
of their detection. 
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Abstract  0 Treatment of thiochrornan-4-one-1,l-dioxide (11) with 
paraformaldehyde and dimethylamine hydrochloride in isopropyl alcohol 
a t  reflux afforded directly in 89% yleld the dimeric dihydropyran (IV),  
corresponding to the dimerization of the target compound 3-methenyl- 
thiochrornan-4-one-1,l-dioxide (111). Neither the monomer 111 nor the 
expected Mannich base, :l-dimethylaminomethylthiochroman-4-one- 
1,l-dioxide, were isolated under conditions of the reaction. The monomer 
111 could be prepared in 557~ yield by sublimation of the dimer IV at 
230-250’; however, redimerization slowly occurred at  room temperature. 


The dimer 1V was also prepared by the use of paral‘ormaldehvde and 
N-methylanilinium trifluoroacetate. The monomer I11 wa5 found to he 
marginally active a t  10 mg/kg/day ueru.5 Ehrlich ascites tumor growth 
in mice. 


Keyphrases  0 Antitumor agents-:3-methen~lthlochroman-4-~~1ie- 
1,l-dioxide, synthesis, testing, dimerization, mice tu-Methenyl carhonyl 
function-alkylating moiety in some antitumor agents, synthesis of :1- 
methenylthiochroman-4-one-1,l-dioxide 


The presence of a ring system containing an a-methenyl 
carbonyl function is important as an alkylating moiety in 
some antitumor agents (1-5). So called quinone methides 


(1-3), a-methenyl derivatives of quinones, are thought, to 
be active metabolic intermediates in alkylation mecha- 
nisms. In general, the stability of the cu-methenyl carbonyl 
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function is variable, depending on substitution (3). In 
working with novel compounds containing the thiochro- 
mone-1,l-dioxide (I) and thiochroman-4-one-l,l-dioxide 
(11) ring systems (6), it became desirable to synthesize the 
3-methenyl derivative (111) (Scheme I), the sulfone analog 
of a naphthoquinone methide, as a potential antitumor 
agent of the alkylating type and a possible active metab- 
olite of previously reported compounds (6). The synthesis, 
testing, 
study. 


and dimerization of I11 is the subject of this 


I 


d 
I1 


EXPERIMENTAL' 


Sulfone Dimer (IV) (Method A)-Compound IV was formed by a 
modification of the method of Welch, et al. (7). A suspension of 7.76 g 
(39.6 mmoles) of II,2.86 g (35.6 mmoles) of dimethylamine hydrochloride, 
2.5 g (30 mmoles) of paraformaldehyde, and 0.72 ml of saturated hydrogen 
chloride-isopropyl alcohol solution in 25 ml of isopropyl alcohol was re- 
fluxed for 24 hr a t  75'. At the end of this period a fine, white precipitate 
had formed. The suspension was cooled, filtered, and the solid washed 
with isopropyl alcohol and ether, then recrystallized from dimethyl- 
formamide. A white powder resulted with a melting point of 249-250' 
(yield 7.5 g, 89%). 


And-Calc. for CzoHlaO,jSz: C, 57.39; H, 4.34. Found: C, 57.45; H, 4.22. 
I R  1700 (C=O), 1300 (S=O, antisymmetrical), 1145 (S=O, symmetrical) 
cm-'; NMR (acetone-&): 6 2.52 (s, 2, -C-CHz-C-), 2.83 (s, 
2, -OCHz-), 4.10 (s,2,2'H), 4.39 Is, 2 ,2  (II)], 7.57-8.30 (in, 8, 5-8H, 
5'-8'H) ppm. 


Sulfone Dimer IV (Method B)-Compound IV was also synthesized 
by a modification of the method of Gras (8). Paraformaldehyde (1.08 g, 
12 mmoles), N-methylanilinium trifluoracetate (2.25 g, 10 mmoles), and 
(11) (1.96 g, 10 mmoles) were added to 12 ml of dioxane (dried over po- 
tassium hydroxide, then distilled from sodium metal). The mixture was 
refluxed for 2 hr under nitrogen, cooled, and 1.125 g (5 mmoles) of N -  
methylanilinium trifluoracetate, 0.54 g (6 mmoles) of paraformaldehyde, 
and 16 ml of dioxane were then added. The mixture was refluxed an ad- 
ditional 2 hr, allowed to cool, then extracted with chloroform, washed with 
a 2.5% sodium bicarbonate solution, dried over magnesium sulfate, and 
evaporated. The resulting white powder was dissolved in dimethyl sulf- 
oxide and crystals formed as water was added. The product was collected 
and dried in U ~ C U O  a t  loo', yielding 500 mg, 30%. 
3-Methenylthiochrornan-4-one-1,I-dioxide (111)-Compound IV, 


the dimer, (200 mg, 0.48 mmole) was placed in a sublimation apparatus 
and sublimed a t  230-250' (1 mm Hg). On the condenser appeared a 
mixture of Compounds 111 and IV. Compound 111 could be purified by 
either repeated sublimation or column chromatography on silica gel 
eluted with chloroform, the monomer 111 eluting before the dimer IV. On 
immediate solvent evaporation and freezing in a desiccator, compound 


I11 remains relatively stable; yield: 110 mg (55%) observed mp 24S250". 
TLC: silica gel, CHC13, Rf = 0.26. IR: 1699 (C=O), 1665 (C=C, conju- 
gated), 1300 (S=O, antisymmetrical), 1145 (S=O, symmetrical) cm-'; 


J = 1 Hz, =CHz), 7.5-8.32 (m, 4,5-8H) ppm. 
In Vivo Ehrl ich Ascites Screen-All test compounds were homog- 


enized in 0.05% polysorbate 80 and administered in doses ranging from 
5 to 20 mg/kg/day ip. Tumor cells (2 X lo6) were injected into CF1 male 
mice (-25 g) on day 0 (n = 6). Test compounds were administered in- 
traperitoneally on days 1-8. On day 9 the mice were sacrificed and peri- 
toneal ascites cell volume and packed cell volume (ascites-crit) were de- 
termined by the method of Piantadosi et al. (9). Results of this screen 
are reported as percent inhibition calculated by the following: 


NMR (CDC13): 6 4.42 (s, 2,2H), 5.89 (d, l , J  = I Hz, =CH2), 6.65 (d, 1, 


] x 100 
(vol of treated)(ascrit of treated) I (vol of control)(ascrit of control) 


% inhibition = 100 - 


(Es. 1) 


6-Mercaptopurine was used as an internal standard. Six to eight mice 
were used per test compound, and >80% inhibition was considered sig- 
nificant. 


RESULTS AND DISCUSSION 


The classical synthetic approach to compound I11 involves Mannich 
base formation alpha to the carbonyl of I1 followed by base-catalyzed 
amine elimination. However, attempts to form the Mannich base (7) of 
I1 using dimethylamine hydrochloride and paraformaldehyde under 
acidic conditions h e . ,  the acid-catalyzed enol of I1 serving as a nucleo- 
phile) afforded an insoluble high-melting neutral product which was 
identified by NMR as the dihydropyran type dimer, IV (Scheme I). 
Compound IV resulted from the initially formed 111, the desired product. 
which was formed either by spontaneous amine elimination (7) from the 
Mannich base or direct reaction with the hydroxycarbenium ion of pro- 
tonated formaldehyde with no involvement of the amino species (10). 
Subsequently, a Diels-Alder type 1,4-addition of one molecule of 111 to 
the exomethylene group of another molecule of I11 occurred, forming the 
dihydropyran ring system of 1V. High temperature was required to re- 
verse the dimerization. Formation and subsequent isolation of 111 was 
accomplished by sublimation of IV a t  230-250' (1 mm Hg), followed by 
rapid column chromatography of the material appearing on the con- 
denser. Good yields of IV were obtained from I1 (S90/0), however, a poorer 
yield of I11 (55%) resulted in the reversal step. Furthermore, at  room 
temperature and/or in the presence of solvent, 111 redimerized completely 
within 48 hr. The identical observed melting points for 111 and IV 
(248-250') resulted from redimerization of I11 on slow heating, as indi- 
cated by TLC. 


Specific reagents for preparing a-methenyl ketones provided an al- 
ternate method for the synthesis of I11 (8, 11, 12). Use of one of these 
agents, N-methylanilinium trifluoracetate (8) afforded IV as well. In 
anticipation of the same result, no other reagent was tried. It was of in- 
terest that  this 3-exomethylene derivative of 111 is isolable in the thio- 
chroman-4-one-1,l-dioxide series. This appeared not to be the case with 
the naphthoquinone methides previously generated, which required 
trapping (3). Isolability of such a reactive intermediate as 111 opens a route 
to the synthesis of a wide variety of novel 3-substituted thiochrornan- 
4-one-1,l-dioxides via Michael, Diels-Alder, or 1,3-dipolar type reac- 
tions. 


Freshly prepared and analyzed compound 111, immediately tested at 


n 


I1 - A. CH,O, (CH,),NH'HCI, + or HCl *e ':",",Ji"* Bc"i ,' 
B. CH,O, C,H,NH,CH, -OOCCF, so2 so, 


I11 IV 
Scheme I 


All melting points were taken on a Thomas-Hoover capillary melting point 
apparatus and are uncorrected. TLC was performed on precoated plates (silica gel 
60-F-254, EM reagents) with fluorescent backing. The plates were visualized by 
UV light. Elemental analyses were done by Atlantic Microlab, Atlanta, Ga., and 
agreed with theoretical values within f0.496. 


Infrared spectra were obtained in NUJOI, using a Perkin-Elmer Model 297 IR 
spectrophotometer. Photon NMR spectra were taken on a JEOLCO JNM-FXGO 
using tetramethylsilane as an internal standard. All IR and NMR spectra were 
completely consistent with assigned structures. Starting materials were used as 
received from suppliers unless otherwise indicated. 
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Table I-Effects of Test Comoounds on Ehrlich Ascites Carcinoma" Growth 


Compound 
Dose, Survival a t  Ascites Vol'ume, 


mglkglday ip Day 9 Ascritb Mouse Inhibitionc, % 


0.05% Polysorhate 80 
Vd 


I11 
IV 
6-Mercaptopurinee 


5 
10 
20 
10 
10 


200 


34/40 33.6 f 8.7 1.8 f 1.02 0.0 


818 0.0 0.0 100.0 


616 21.2 2.2 0.0 


818 22.0 2.45 57.1 


8/8 35.7 0.88 81.8 
818 43.8 0.15 80.0 


616 0.3 0.7 99.6 


2 X lo6 cells were injected intraperitoneally into 6 or 8 male CF1 mice on day 0. The drug was administered from day 1 to 8. On day 9 the mice 
Packed cell volume as a percent. Greater than 80% inhihition is required for significant activity. 


Sigma Chemical Co. 
were sacrificed and the experiment was evaluated. 


Compound V is 3-chloromethylthiochromone-1,l-dioxide (6). 


10 mg/kg/day in mice, uersu.s Ehrlich ascites carcinoma tumor growth, 
was found to he only marginally active (80% inhihition of tumor growth) 
relative to many other compounds reported previously (6) (Table I). 
Several of' these compounds, such as 3-chloromethylthiochromoiie- 
1 -1-dioxide (V) (highly active in the test, giving 100% inhibition), could 
conceivably give rise to compound 111 in uiuo by bioreduction and hy- 
drogen chloride elimination (1,3). The low activity observed with com- 
pound 111 may result from in LVLIO dimerization or other instability such 
as participation in Michael type reactions. The dimer (IV) was completely 
inactive in the antitumor test (Table I). 
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Abstract The synthesis of 4-amino-4-deoxy-N1"-methylpteroyl-(6- 
diazo+oxo)-L-norleucine and 4-amino-4-deoxy-N1"-methylpteroyl- 
(6-chloro-5-oxo)-r.-norleucine, analogs of methotrexate in which the 
y-carboxyl group is replaced by a diazoketone and a chloromethylketone, 
respectively, was carried out. The analogs inhihited the growth of leu- 
kemia L-1210 cells in culture by 50% a t  4 X M ,  re- 
spectively, and were effective inhibitors of the synthesis of thymidylate 
in L-1210 cells in oitro (150 = 3 X 10V M ) ,  exhibiting significant antifolate 
activity. The results demonstrated the feasibility of introducing chemi- 
cally reactive groups a t  the y-position of pteroyl glutamates with reten- 


iZI and 2 X 


tion of biological activity. However, in the systems investigated thus tar, 
there was no evidence of covalent hond formation due to these reactive 
groups a t  the active sites of the enzymes. 


Keyphrases Methotrexate-diazoketone and chloromet hylketone 
as potential antitumor agents Antitumor a#ents---potential, tiiazo- 
ketone and chloromethylketone analogs of  methotrexate Analogs- 
diazoketone and chloromethylketone, ot' methotrexate. potential anti- 
tumor agents 


Many structural analogs of the clinically useful antitu- 
mor agent methotrexate (4-amino-4-deo~y-N~~-meth-  
ylpteroyl-L-glutamic acid, amethopterin) (l), modified a t  
the carboxyl groups of its glutaniic acid moiety, have been 
prepared in the past in attempts to alter the membrane 
transport properties and to improve the tissue distribution 
and selectivity of the drug, as well as to circumvent drug 


resistance. This class of methotrexate derivatives includes 
a variety of cy- and y-monoesters (2),  diesters (3), amides 
(4), and peptides (4 ,5 )  and also analogs in which the car- 
boxyl groups are replaced by hydrogen (6-81, hydroxy- 
methyl, or methyl (9) groups. As was observed for metho- 
trexate analogs modified a t  other parts of the molecule (8, 
lo), with the possible exception of 10-deazaaminopterin 
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Abstract 0 The metabolism of the antiarrhythmic drug tocainide (I) 
has been shown previously to occur via a novel pathway involving the 
addition of carbon dioxide to the primary amine nitrogen of I followed 
by conjugation with glucuronic acid. The product of this reaction, to- 
cainide carbamoyl o-o-D-glucuronide (II), the principal metabolite of 
I in humans, has been found to cyclize under strongly basic conditions 
to form 3-(2,6-xylyl)-5-methylhydantoin (111). Thus, evidence for the 
existence of I1 can be obtained by two different procedures: conversion 
of I1 to I11 in the presence of strong base and by hydrolysis of I1 with 
P-glucuronidase. The principal purpose of the present investigation was 
to identify suitable species for studies of the mechanism involved in the 
formation of 11, as well as to find an animal model suitable for toxico- 
logical evaluation of tocainide and structurally related compounds. Eight 
animal species were examined to identify those capable of metabolizing 
I into 11. The fraction of an intraperitoneal dose excreted in urine as I1 
was estimated by measurement of tocainide released by 8-glucuronidase 
mediated hydrolysis of urine and by the quantitation of 111 formed after 
alkalinization of urine samples. Urinary recovery of unchanged drug 
ranged from 9.5% of the dose in the gerbil to 48.7% in the cat. The percent 
of the dose excreted in urine as acid hydrolyzable conjugates ranged from 
<1% in the gerbil to a mean of 13% in the rabbit. Guinea pigs, dogs, cats, 
rabbits, and pigtail monkeys excreted amounts of I1 ranging from 0.2 to 
2.4% of the dose. Thus, none of the species appeared to be a suitable model 
for the study of the mechanism of formation of I1 because of the quanti- 
tative insignificance of this pathway. 


Keyphrases Excretion-urinary, novel primary amine conjugate, 
tocainide carbamoyl 0-fl-D-glucuronide, species differences 0 Tocainide 
carbamoyl 0-8-D-glucuronide-species differences in urinary excretion, 
novel primary amine conjugate Metabolism-tocainide carbamoyl 
0-8-D-glucuronide, species differences in urinary excretion 


Tocainide (I) is an antiarrhythmic drug undergoing 
extensive clinical evaluation (1, 2). Substantial evidence 
suggests that the major pathway for the metabolism of I 
in humans is formation of a carbaminic acid from tocainide 
and carbon dioxide followed by conjugation with glucu- 
ronic acid (Scheme I). In normal healthy humans -2540% 
of a dose of I is excreted in urine as tocainide carbamoyl 
0-P-D-glucuronide (11) and another 2540% is excreted as 
unchanged I (3). In the Wistar rat, urinary excretion of 


CH. CHa 


I / 
URlOlNE / DIPHOSPHATE / GWCURONIC ACID 


OH 
Scheme I 


administered I was found to be dose-dependent with 
15-50% of a dose excreted as I (4) and <lo% as I1 (5,6). 
Other mixed function oxidase products may account for 
the remainder of the dose in both species (5-7). 


Formation of a carbaminic acid from an amine and 
carbon dioxide followed by conjugation with glucuronic 
acid is a metabolic pathway that has been reported only 
for tocainide (8). However, precedent exists for the for- 
mation of a glucuronide conjugate of a carbaminic acid in 
that formation of a carbamoyl glucuronide after admin- 
istration of p-chlorophenyl cyanamide to rabbits has been 
reported (9). Furthermore, there is overwhelming evidence 
that covalent bonding of carbon dioxide to m i n e  functions 
of hemoglobin (forming a carbaminic acid) is the principal 
mechanism of carbon dioxide transport in blood (10). 
Carbaminic acid formation followed by glucuronide con- 
jugation may be an important metabolic pathway for pri- 
mary amine drugs other than tocainide. However, sub- 
btantial difficulties in isolation and detection may have 
prevented previous discovery of this pathway because acids 
of this type readily hydrolyze to parent drug and carbon 
dioxide (8). Compound I1 was discovered because the 
unique structural characteristics of I allowed facile cycli- 
zation of I1 to form 3-(2,6-xylyl)-5-methylhydantoin (111) 
under alkaline conditions (Scheme 11). Since acid or 
P-glucuronidase mediated hydrolysis of I1 yields I (8), es- 
timation of hydantoin (111) formed by alkalinization and 
the quantitation of free drug released by P-glucuronidase 
provide reliable independent methods to determine the 
concentration of this novel glucuronide in biological 
fluids'. 


Animal toxicological studies intended for extrapolation 
cnr 


= \ cnr 
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Scheme I I  
~~ 


1 R. A. Ronfeld and coworkers have established that I1 is quantitatively converted 
to 111; unpublished observation. 
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Figure l -Uhary  recouery of unchanged tocainide (O) ,  total acid hydrolyzable conjugates (0) and tocainide carbamoyl O-&D-ghcuronide 
(m). The figure presented for tocainide carbamoyl 0-8-D-glucuronide is the estimate of III formed from XI. 
to humans must be conducted in species that have quali- 
tative (and preferably quantitative) metabolic profiles 
similar to that observed in humans. Furthermore, the 
identification of interspecies differences in the capacity 
to carry out specific types of drug biotransformation ( i e . ,  
acetylation, formation of ester glucuronides, etc.) has been 
of fundamental concern to pharmacologists for decades, 
since such information can sometimes explain interspecies 
differences in the toxicology and pharmacology of drugs 
(11,12). Thus, after the discovery of the novel metabolic 
pathway which results in the conversion of tocainide to 11, 
it was appropriate to determine which common laboratory 
animal species could also form this type of glucuronide. In 
all, eight animal species received intraperitoneal doses of 
I to determine if any of them could be used effectively to 
study this metabolic process. 


EXPERIMENTAL 


Chemicals-Tocainide (2-amino-2’,6’-propionoxylidide), glycine 
xylidide, bupivacaine (prepared as the hydrochloride salts), and 3-(2,6- 
xylyl)-5-methylhydantoin were provided by the same sourcez. Hepta- 
fluorobutyrylimidazole3, mollusk P-gluc~ronidase~ (lyophilized; 0.7% 
arylsulfatase), and saccharo-1,4-lactone‘ were obtained from commercial 
sources. All solvents were spectral or high-pressure liquid chromato- 
graphic (HPLC) grade. 


Instrumentation-GLC was performed on dual column gas chro- 
matographs6 equipped with flame ionization detectors (FID). The GLC 
conditions were: glass columns, 1.8 m X 2-mm i.d. packed with 3% OV-17, 
10% OV-17, or 3% OV-101 on 80-100 mesh chromosorb W-HPG. Helium, 
hydrogen, and air flow rates were 30,30, and 300 ml/min, respectively. 
Injector and detector temperatures were 250’. Column temperatures for 
the various assays will be described. 


Extraction and Preextraction Treatment of Urine Samples-Tht 
extraction procedures used to quantitate unchanged tocainide and to- 
cainide released fromxonjugates in urine have been described previously. 
The following is a summary of the information provided by each proce- 
dure (8). 


The quantitative estimation of I extracted from alkalinized urine allows 
the determination of the concentration of unchanged I. Acid hydrolysis 
followed by this standard extraction procedure yields the concentration 
of unchanged I plus acid labile conjugates. 


* Astra Pharmaceutical Products, Inc., Framingham, Mass. 


5 Varian model 2400 Aerograph, Palo Alto, Calif. 


Pierce Chemical Co., Rockford. Ill. 
Calbiochem, La Jolla, Calif. 


Alltech Associates, Arlington Heights, Ill. 


Incubation with 8-glucuronidase followed by the standard extraction 
procedure yields the sum of unchanged I, glucuronide conjugates, and 
other conjugates released by commercial mollusk 8-glucuronidase 
preparations. 


Incubation of urine samples with the mollusk P-glucuronidase prep- 
aration described above in the presence of saccharo-1,4-lactone (a se- 
lective 8-glucuronidase inhibitor) followed by the standard extraction 
procedure yields an estimate of the sum of unchanged I plus conjugates 
of I other than glucuronides (presumably sulfates). 


Quantitative Estimation of I in Urine-After the urine samples were 
extracted using the procedures described above, tocainide concentrations 
were determined using the GLC method described previously (8). 


Quantitative Estimation of I11 in Urine-The following extraction 
procedures were used to quantitate tocainide carbamoyl 0-p-D-glucu- 
ronide by measuring I11 formed by base catalyzed cyclization. 


One milliliter of 1 N NaOH, 0.25 ml of urine, 0.25 ml of bupivacaine 
solution (lOpg/ml in deionized water, used as an internal standard), and 
3.0 ml of methylene chloride were added to 15-1111 centrifuge tubes. The 
tubes were shaken, centrifuged, and the aqueous layer removed and 
discarded. The organic phase was evaporated at  50°, reconstituted with 
20 r l  of methylene chloride, and 1-2 r l  was injected into a gas chroma- 
tograph (3% OV-17) at a column temperature of 250’. When a peak with 
retention time and shape identical to I11 was found, the same samples 
were reassayed on a 3% OV-101 column (210’) to confirm the observations 
made in the standard assay. This procedure quantitated 111 formed in 
uitro from I1 plus any I11 which may have formed in uiuo. A second ex- 
traction procedure quantitated 111 formed in uiuo, i.e., 111 that existed 
prior to alkalinization. This procedure was identical to the above method, 
except that 1.0 ml of 0.2 M acetate buffer (pH 5) was substituted for 1.0 
ml of 1.0 N NaOH. 


Additional Experimental Control Procedures-Predose urine 
samples were assayed before and after acid or enzymatic hydrolysis to 
ensure the absence of interfering compounds in urine. 


Table I-Physical Characteristics of Animal Species Studied 


No. of 
Animals Weight Range, 
Studied SDecies Strain Sex ke 


3 
3 
3 
4 
3 
2 
4 
1 
2 
3 


1 
2 


Rat 
Rat 
Rat 
Mouse 
Guinea Pig 
Gerbil 
Dog 
Cat 


Rabbit 


Monkey 
Monkev 


Sprague-Dawley male 
Gunn male 
Wistar, inbred male 
Brown Bal female 
Mixed breed male 
Mixed breed male 
Mixed breed males 
Siamese male 
Mixed breed 
New Zealand male 


African Green female 
Pietail female 


1 female; 1 male 


White 


0.350-0.360 
0.190-0.210 
0.190-0.210 
0.022-0.032 
0.740-0.850 
0.034-0.041 


8.6-12.7 


3.4-5.4 
3.6-3.8 


2.7 
5.0-8.6 


1012 1 Journal of Pharmaceutical Sciences 
Vol. 71, No. 9, September 1982 







Table 11-Urinary Recovery of Tocainide and its Metabolites in  
Various SDeciesO 


Tocainide Carbamoyl 0-P-D-Glucuronide 
Measured Measured 


as I*, as 111, Total Acid 
Released Formed Hydro- 


Species Unchanged Enzyma- upon Alkalin- lyzable 
(strain) Tocainide tically ization Conjugates 


Sprague- 20.3(17-22) NDc NDd 4.7(3-6) 
Rat 


Dawiey 
Gunn 18.3(10-27) NDC NDd 4.8/2-9) 
Wistar 30.3(24-34) NDc NDdse 10.0(7-15) 


Mouse 38.5(33-44) -f NDd 1.0(0-3) 
Guinea Pig 36.3(30-42) 2.3(2-3) l.O(O.9-1.1) 5.4(4-8) 
Gerbil - 9.5(7-12) -f NDd 0.55(0.3-1) 
Dog 21.2(ii-32j i a i - 2 )  i~(0.4-2.2) 4.9(2-8j 
Cat 48.7(41-54) 0.3(0-1) 0.2(0.0-0.3) ll(5-20) 
Rabbit 17.6(10-27) 1.4(0-3) 1.2(1.0-1.3) 13(9-29) 
Monkey 


African 
Green 47.4 1.4 NDd 7.9 NA 


Pigtail 44.6(39-50) 0.1(0-0.1) 2.4(0.8-4.0) 3.9(2-6) 
a Expressed as percent of the dose excreted in urine; on a molar basis. Numbers 


in parentheses give the range of observed values. * Glucuronide con’ugates were 
quantitated b measurin the difference between tocainide released by fl-glucu- 
ronidase and l-glucuronisese lus saccharo-1,4-lactone. Not detected. Based on 
the limited sensitivity of the G f C  procedure utilized, the minimum percentage doee 
which could have been detected was between 1.0 and 1.5%. Not detected. The 
minimum percenta e of dose detectable was 0.02%. e The presence of 111 in urine 
of tocainide treated $intrapwitoneally and orally in these species) Wstar-Vancouver 
rats has been noted (14,15) using a highly sensitive qualitative electron-capture 
GC assay with confirmation by GLC-mass spectrometry. The quantitative study 
described here using GLC with FID failed to confirm the resence of 111, due either 
to limitations in detection or because of differences in tge animals studied. I En- 
z matic hydrolysis was not performed because acid hydrolysis studies indicated 
tiat 51% of the dose was excreted as conjugated tocainide. 


Three coded unknown urine samples, prepared to contain concentra- 
tions of tocainide from 0 to 135 pg/ml, were assayed every experimental 
day by an analyst blinded to the tocainide concentration. An error of 
110% caused data to be rejected and mandated the reassay of all samples 
from that day. Since urine pH has previously been shown to influence 
the urinary excretion of tocainide in humans (13), the pH of all urine 
samples was measured. 


A check for bacterial breakdown of I1 was performed by diluting urine 
known to contain approximately equal amounts of I and I1 (obtained from 
humans who had received tocainide) with blank animal urine in a 1:l 
ratio. Both this sample and the undiluted sample were left a t  room 
temperature for 24 hr and were then assayed. If the 1:l dilution contained 
<55% of the tocainide concentration seen in the undiluted sample, no 
significant bacterial breakdown of I1 to I was considered to have occurred. 
However, if >55% of the undiluted sample’s concentration was in the 1:l 
dilution, the extra tocainide was considered to have been liberated by 
the breakdown of 11. In such cases the data obtained for the urinary re- 
covery of I1 were considered to be an underestimate and were not to be 
used for further data analysis. 


If acid hydrolysis failed to show significant generation (<lo% increase 
in the concentration of I in the urine) of I from conjugates, urine was not 
subject to treatment with /3-glucuronidase. However, these urines were 
assayed for the presence of I11 before and after treatment with NaOH 
to rule out the presence of 11. 


Animal Study Design-Animals were given an injection of 10 mg/kg 
ip of tocainide hydrochloride after fasting for 24 hr. Fasting was continued 
for at least 24 hr following injection. Water was allowed ad libitum 
throughout the experiment. Animals were housed in plexiglass or stainless 
steel metabolism cages. Predose urine specimens were obtained and urine 
was also collected until a t  least 24 hr following dosing. Urine specimens 
were frozen at -2OO until assayed. The weight, sex, and strain of the an- 
imals used in these studies are detailed in Table I. 


RESULTS 


The principal observations made in the various species are summarized 
in Fig. 1 and Table 11. The dogs, rabbits, guinea pigs, pigtail monkeys, 
and cats synthesized and excreted tocainide carbamoyl 0-0-D-glucuro- 
nide (Table 11). The amounts were small but were readily detectable as 
111 formed upon alkalinization of the urine sample. No evidence was 
obtained to suggest the presence of I1 in the urine of mice, gerbils, the 


African green monkeys, or in any of the three strains of rats (i.e.,  111 was 
not observed upon alkalinization of the urine samples, and little or no 
I was released by /3-glucuronidase mediated hydrolysis). All available 
evidence suggests that the I11 which was observed in the other species 
was formed from 11; i.e., no I11 was found in samples that had not been 
alkalinized. 


The details of the urinary recovery studies are presented in Table 11. 
The percent of the dose excreted as unchanged tocainide ranged from 
9.5% in gerbils to 48.7% in cats. The percent of the dose recovered as I1 
was 12.4% in all species studied (Table 11). Total acid hydrolyzable 
conjugates accounted for 113% of the dose in all species. No evidence of 
bacterial breakdown of I1 to I by human or animal urine was observed. 
Furthermore, no trend in the urinary excretion of I or I1 was seen as a 
function of urine pH (data not presented). 


DISCUSSION 


A principal purpose of the present investigation was to identify a 
common laboratory animal that could biotransform tocainide into 11. In 
an earlier investigation of tocainide metabolism (using GLC-mass 
spectrometry and electron capture GLC analysis), the presence of trace 
amounts of 111 in the urine of Wistar rats was reported prior to alkalin- 
ization (14,15). Thus, it seemed reasonable to examine a number of ro- 
dents for their capacity to form 11. However, the results from the present 
study suggested that among common rodents, only the guinea pig could 
form amounts of I1 measurable using FID detection methods. It was also 
observed that rabbits, cats, pigtail monkeys, and dogs excreted small 
amounts of I1 (-1% of the dose), but none approached the amount found 
in human urine (25-40s of dose). These results indicate that the en- 
zyme(s) needed to produce I1 may be widespread in the animal kingdom, 
but the capacity to produce substantial amounts of I1 has only been 
documented in humans, following oral administration (3,7,8). Alterna- 
tive explanations have not been ruled out. For example, the various an- 
imal species studied may have synthesized large amounts of I1 but 
eliminated it uia an alternative pathway such as biliary excretion, or I1 
may be formed by gut flora, and hence (in the absence of biliary excretion) 
could only be formed following oral administration. At present, no evi- 
dence exists suggesting the biliary excretion of I1 or metabolism of I to 
I1 by gut flora. Thus, it is reasonable to assume that none of the animals 
studied is an adequate model of humans. It is important to find a species 
that produces substantial amounts of 11, both for toxicological studies 
and for investigations into the fundamental nature of this potentially 
widespread biochemical transformation. The toxicity, mechanism of 
formation, and factors that influence the rate of formation of I1 remain 
unknown. Such investigations will be greatly facilitated when an ap- 
propriate model (whole animal) study system has been identified. 


From a toxicologic standpoint, the demonstrated lability of 11, plus the 
large amount formed in humans raise questions as to whether I1 may play 
a role in the toxicity of tocainide. A recent publication noted that some 
patients exhibit allergic reactions (i.e.,  rashes) when treated with to- 
cainide (16). These reactions may be due to 11. Though toxic glucuronide 
metabolites have only been recently recognized, two have been identified 
that irreversibly bind (covalently bond) to proteins (17) and nucleic acids 
(18). These reactive compounds share some structural analogy with to- 
cainide carbamoylO-/3-D-glucuronide. However, it would be premature 
to attribute any of tocainide’s toxicity to I1 or any of its other metabolites 
(5,7).  


Independent of the toxicological considerations, it is of fundamental 
interest to identify species producing carbamate glucuronides from 
amines, since such conjugates represent a category of drug metabolite 
which has been discovered only recently (8). 


While precedents exist for enzymatic carbamylation of amine func- 
tional groups (10) and glucuronidation of carbamates (9), little is known 
of the mechanisms involved in the sequential carbamylation and glucu- 
ronidation of primary amine drugs. After an appropriate animal model 
has been identified, studies to ascertain these mechanisms will be pos- 
sible. The elucidation of these mechanisms may substantially expand 
understanding of the glucuronidation process. 
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Abstract u An in oitro apparatus was used to study mosquito repellent 
evaporation and penetration characteristics with skin. The mosquito 
repellents 2-ethyl-1,3-hexanediol, N,N-diethyl-m- toluamide, N,N- 
diethyl-p-toluamide, 1-(butylsu1fonyl)hexahydro-lH-azepine, and 
N,N’-dicyclohexamethyleneurea were studied. In uitro repellent dura- 
tion, calculated from repellent evaporation rates, was compared to in uiuo 
duration a t  the same dose (0.3 mg/cm2) to assess the validity of the model. 
In  uitro durations for 2-ethyl-1,3-hexanediol, N,N-diethyl-m-toluamide, 
N,N-diethyl-p- toluamide, and N,N’-dicyclohexamethyleneurea corre- 
lated with in uiuo durations ( r Z  = 0.94), although in uitro duration was 
longer than in vivo duration. I-(Butylsu1fonyl)hexahydro-lH-azepine, 
which had the longest in uiuo duration, had an in uitro duration that ex- 
ceeded the test period (12 hr). The 0-12-hr in uitro percutaneous pene- 
tration correlated with corresponding data available from in uiuo 
studies. 


Keyphrases 0 Mosquito repellents-in uitro skin evaporation, pene- 
tration 0 Evaporation-in uitro skin penetration, mosquito repellents 
0 Penetration-in uitro skin evaporation, mosquito repellents 


Evaporation of mosquito repellents from the skin sur- 
face and percutaneous penetration represent important 
modes of loss of mosquito repellents from the skin surface. 
Various estimates of the percutaneous penetration of 
mosquito repellents have been made (1-4). However, only 
one repellent (N,N-diethyl-m-toluamide) whose loss from 
the skin surface by evaporation and skin penetration has 
been quantified (5). The percentages of in uitro skin 
evaporation and percutaneous penetration of the following 
five mosquito repellents are reported in this paper: 2- 
ethyl- 1,3-hexanediol (I), N,N-  diethyl-m -toluamide (11), 
N,N-diethyl-p-toluamide (III), 1-(butylsulfony1)hex- 
ahydro-lH-azepine (IV), and N,N’-dicyclohexamethy- 
leneurea (IV). Two dose levels were used: a dose corre- 


sponding to a repellent’s minimum effective dose against 
Aedes aegypt i  mosquitoes ( 6 )  and a dose of 0.3 mg/cm2, 
which has been used to determine the effective duration 
of the repellents on the skin of humans (6). 


The duration of steady-state evaporation rate of repel- 
lents from aluminum planchets has been compared with 
the duration of effectiveness of several mosquito repellents 
on the skin of humans (7). The findings suggest a possible 
relationship between evaporation rate from skin and re- 
pellent duration. In this report, this possible relationship 
was examined by computing the in vitro durations for each 
repellent from in uitro evaporation rates and comparing 
them to previously reported values for in uiuo duration 
(6). 


EXPERIMENTAL 


Labeled Compounds-The following radiolabeled mosquito repel- 
lents were used: [1,3-14C]2-ethyl-1,3-hexanediol(Ia)1, specific activity, 
6.06 X lo4 dpm/pg; [carbonyl-~4C]N~-diethyl-m-toluamide(IIIa) (8), 
specific activity, 1.15 X lo4 dpm/pg; [carb~nyl-~~C]N,”-diethyl-rn - 
toluamide(I1a) (8), specific activity, 2.47 X lo4 dpm/jg; I-(butylsul- 
f0nyl)-[2,2’-’~C] hexahydro-IH-azepine(IVa), specific activity, 332 
dpm/pg; and N,N’- [2,2’-’4C]dicyclohexamethyleneurea(Va ), specific 
activity, 174 dpm/pg. For skin applications of I at  the minimum effective 
dose and the 0.3 mg/cm2 dose, cold I3 was used to dilute the radiolabeled 
samples to give total radioactive doses of 0.02 and 0.14 pCi, respectively. 
For one replicate (skin No. A8478) of skin application of 111 at 0.3 mglcml, 
cold 1114 was used to dilute the radiolabeled sample to give a final ra- 


New England Nuclear Corp., Boston, Mass. 
SRI International, Menlo Park, Calif. 
Niagara Chemical Division, FMC, Middleport. N.Y. 
Hercules, Inc., Wilmington, Del. 
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1 ooa This chromatographic procedure differs from those previously de- 
scribed (11-19), as a new radial compression separation system was used. 
In this system a strong radial compression is applied to a soft column, thus 
diminishing the dead volume and the formation of preferential ways in- 
side the column. This results in higher efficacy, with a lower pressure and 
increased flow rate. Moreover, it is possible to attain the same separation 
in 2 min with a flow rate of 6 ml/min and with only a 10% decrease in re- 
sponse. 


Responses were considered significant when the signal to noise ratio 
was >1.5. In such conditions, using a detector sensitivity of 0.005 aufs, 
levels as low as 2 ng/ml, giving 0.5-cm peaks, could be quantitated. 


In conclusion, the described method offers a simple, rapid, and reliable 
determination of corticosteroids for use in pharmacokinetic studies. 
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Figure 3-Plasma concentration-time curve in the dog given a 1 mg/kg 
iv dose of dexamethasone. Key: (@), dexamethasone; (o), hydro- 
cortisone; (m), corticosterone. 


efficient, precise, sensitive, and selective. It also allows the examination 
of the effects of dexamethasone on circulating hydrocortisone and cor- 
ticosterone concentrations. 


The selectivity of the extraction procedure and chromatographic 
system is demonstrated by the chromatogram from the blank plasma (Fig. 
la). Analysis of the figure indicates that there is no significant interfer- 
ence from endogenous compounds. It should be noted that one source 
of interference was encountered when the methylene chloride layer was 
recovered by filtration on phase-separating paper. One large interfering 
peak eluted at a retention time of 5 min and was labeled as an endogenous 
biological sample. 
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Abstract A rapid enzymatic method for the preparation of [I- 
''C]D-leucine is described. [1-l4C]D-Leucine was obtained from [l- 
14C]DL-leucine by oxidative deamination of the L-isomer using immo- 
bilized L-amino acid oxidase. The total preparation (including ion ex- 
change purification) was accomplished in 40 min with an 83% The 
methodology is applicable to the production of [ l-llC]D-leucine, a PO- 


tential imaging agent for tumor localization. 


Keyphrases 0 ['4C]D-leucine-ra~id enzymatic preparation for tumor 
~OCdiZatiOn 0 Enzymatic preparation-D-leucine isomers, ["C]D-leucine 
production for tumor localization 


Amino acids labeled with gamma-emitting radionuclides 
(carbon 11 or nitrogen 13) have been investigated for tumor 
localization, pancreatic scanning, and the study of normal 


physiological processes. Several l3N-Iabeled L-amino acids 
have been synthesized enzymatically and their tissue 
distribution and pancreatic uptake studied in animals 
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(1-3). Transplanted tumors in rats have been detected by 
external scintigraphy using [ "C]carboxyl-labeled l-ami- 
nocyclopentanecarboxylic acid (4). A modified synthesis1 
has been successfully utilized for the production of 
[llCJcarboxyl-labeled amino acids (5 ,6) .  On the basis of 
data obtained from animal experiments and studies with 
humans it has been suggested that [llC]carboxyl-labeled 
DL-tryptophan (7, 8) and DL-valine (9), when used in 
conjunction with positron computerized transaxial to- 
mography, have significant potential as clinical pan- 
creas-imaging agents. 


Recent studies suggest that optically active isomers of 
l'C-labeled amino acids would be biologically more in- 
teresting than the racemic amino acids. For example, it has 
been previously demonstrated (10) that 14C-labeled D- 
isomers of some amino acids showed greater affinity for 
tumors in mice than did the L-isomers. More specifically, 
14C-labeled D-leucine has been shown to exhibit a prefer- 
ential incorporation into tumor cells of nude mice bearing 
human colon and thyroid cancer2. 


The present report describes the methodology for the 
rapid preparation of D-leucine which makes possible the 
availability of this amino acid in its llC-labeled form as a 
potential diagnostic reagent for tumors. 


EXPERIMENTAL 


Immobilization of L-Amino Acid Oxidase-Snake venom L-amino 
acid oxidase3 (50 mg) was dissolved in 30 ml of 0.1 M sodium pyrophos- 
phate buffer, pH 8.3. Cyanogen bromide-activated sepharose-4B beads3 
(2.5 g) were washed and swollen by treating with 400 ml of 1 X N 
HCI. The beads were recovered by filtration using a coarse sintered glass 
funnel and were immediately added to the buffered enzyme solution in 
a 50-1111 round-bottom flask. The mixture was stoppered and gently mixed 
with a wrist action shaker at 4-5' for 30 hr. After immobilization, the 
beads were washed several times on a coarse sintered glass funnel using 
0.1 M sodium pyrophosphate, pH 8.3, to remove the soluble enzyme. 
Subsequently, the immobilized enzyme was alternately washed twice with 
0.1 M pyrophosphate buffer (pH 8.3) and 0.1 M acetate buffer (pH 5.6) 
and finally twice more with 0.1 M pyrophosphate buffer (pH 8.'3). The 
resulting L-amino acid oxidase on sepharose-4B was stored at 5-7' in 
50-100 ml of 0.1 M pyrophosphate buffer a t  pH 8.3. 


Preparation of [ l-'4C]D-Leucine-[l-14C]DL-Leucine4 (1.25 pCi) 
(specific activity: 59 mCi/mmole; concentration: 50 pCi/ml) and 2.5 g 
sepharase-immobilized  amino acid oxidase were added to a 50-4  solu- 
tion of 1 X M DL-leucine3 in 0.1 M sodium phosphate buffer (pH 
8.3). The preparation was described previously. The resulting mixture 


E .FAD + RCHC0,H -+ E.FAD-NH 
I I 
I I 


CHC0,H 


R 
I 


1 


NH, 
(DL) 


E. FADH, + NH, + RCC0,H + RCHC0,H 
I II I 
-1 0 NH, 


E.FAD + H,O, 0) 


Scheme I-Resolution of DL-leucine by Oxidative deamination. FAD 
= flavin adenine dinucleotide, E = immobilized L-amino acid onidase 
(L-AAO), and R = CH2CH(CHd2. 


1 Bucherer-Strecker. 
2 0. Tamemasa, R. Goto, A. Takeda, and S. Maruo, manuscript in prepara- 


3 Sigma Chemical Co., St. Louis, Mo. 
4 Amersham Corporation, Arlington Heights, Ill. 
5 The resin (AG 50 W-X2,50-100 mesh) and column were obtained from Bio- 


tion. 


Rad Laboratories, Richmond, Calif. 


was gently agitated on a gyratory shaker bath at  37' for 10 min with 
concomitant passage of oxygen through the reaction mixture at the rate 
of 0.5 literdmin using a gas dispersion tube. 


The immobilized enzyme was removed from the reaction mixture by 
use of a sintered glass filter funnel and an aspirator vacuum. The filtrate 
was acidified with 1 ml of concentrated HCl and added to a cation ex- 
change column (10 X 15 mm)5. The column was washed with two 50-ml 
portions of distilled water. (Insignificant amounts of radioactivity were 
found in the second wash.) The total radioactivity in these washings was 
0.54 pCi. To recover the D-leucine the cation exchange column was eluted 
with 100 ml of 0.2 N NaOH which resulted in 0.52 pCi of radioactivity. 
The pH of the eluted [l-14C]D-leucine solution was adjusted to 7.0, the 
resulting solution was concentrated to 1 ml, and an aliquot was applied 
to a silica gel TLC plate6 (20 X 20 cm). 


After two-dimensional chromatography [butano17-acetic acida-water 
(4:1:2) followed by phenolg-water, (75:25)] the plate was monitored by 
autoradiographylO. The respective Rf values were 0.55 and 0.74. The 
position of the radioactive spot corresponded to the colored spot obtained 
prior to X-ray film exposure upon spraying with ninhydrin?. This spot 
corresponded to that of authentic leucine. 


Optical Rotary Dispersion Spectropolarimetric Determination 
of the Production of D-Leucine-A solution of nonradioactive DL- 
leucine (1 X M )  was incubated with immobilized L-amino acid ox- 
idase as described previously. The pH of the amino acid solution in 100 
ml of 0.2 N NaOH recovered from the cation exchange column was ad- 
justed to 7.0 and taken to dryness a t  40' using a rotary evaporator. The 
residue was reconstituted into a 15-ml aqueous HCl solution (final pH 
1.0). The optical rotary dispersion curve was determined in a 5-cm cell 
using an optical rotary dispersion spectropolarimeter". The optical rotary 
dispersion spectrum was scanned in the wavelength region of 300 nm to 
200 nm at a sensitivity setting of 350 millidegrees. The maximum ab- 
sorbance was found at  224 nm. For comparison of the optical rotary dis- 
persion spectrum to that of authentic D-leucine3, a 0.25 mM solution of 
D-leucine in 0.2 N NaOH was prepared, dried, and reconstituted as for 
the previous solution. Also, a solution of D-leucine (0.5 mM) in 50 ml of 
0.1M sodium pyrophosphate buffer was subsequently treated as the 
enzymatically produced D-leucine except for the enzyme exposure and 
the optical rotary dispersion was run. 


Keto Acid Assay-The enzyme reaction was carried out as described 
previously using nonradioactive DL-leucine. 2,4-Dinitrophenylhydraz- 
ine12 (0.5 ml, 0.1%) dissolved in 2 N HCl was added to vials containing 
0.5 ml of the 50-ml filtrate. The mixtures were allowed to stand at  25' 
for 10 min, followed by the addition of 5 ml of 1.25 N NaOH. The optical 
densities at 440 nm using a spectroph~tometer~~ were determined. A 
standard calibration curve was plotted and found to be linear at con- 
centrations of keto acid (4-methyl-2-oxopentanoic acid14) ranging from 
0.0625 X M to 0.5 X M. 


RESULTS AND DISCUSSION 


Resolution of [ l-14C)DL-leucine was accomplished by oxidative 
deamination as outlined in Scheme I. [l-14C]D-Leucine was obtained from 
[l-14C]DL-leucine by destruction of the L-isomer by the action of seph- 
arose-immobilized L-amino acid oxidase at  pH 8.3. When the reaction 
was complete (10 min) the mixture was acidified and passed through a 
cation exchange column to remove the keto acid. The column was washed 
with water until the eluate was practically free of radioactivity. Of the 
original activity in the starting [14C]DL-leucine, 43% was found in these 
washings in the form of 4-methyl-2-oxopentanoic acid. This 43% recovery 
represents a yield of 86% for the keto acid. The [l-14C]D-leucine was 
eluted from the column with 0.2 N NaOH in an 83.2% yield (41.6% of 
original radioactivity). These yields are an average of five experiments. 
An additional 11% of the unaccounted radioactivity (15%) was recovered 
by washing the enzyme two times with 50 ml of water. Two-dimensional 
TLC of the leucine recovered from the cation exchange column revealed 
that the product was pure and it chromatographed identically to au- 
thentic leucine as determined by spraying the plate with ninhydrin and 
finding that the ninhydrin positive spot coincided with the position of 


Quantum Industries, Fairfield, N.J. 
Aldrich Chemical Co., Milwaukee, Wis. 


8 Fisher Scientific Co., Cincinnati, Oh. 
Mallinckrodt Chemical Works, St. Louis, Mo. 


JASCO Model UV-5. 


lo Packard Model 7201 Radiochromatogram Scanner. Packard Instrument Co.. 


12 Eastman Chemical Co., Rochester, N.Y. 
13 Cary Model 118, Varian Associates, Instrument Division, Palo Alto, Calif. 


Tridem-Fluka, Inc., Hauppauge, N.Y. 


Downers Grove, Ill. 
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Figure I-Optical rotary dispersion curves for authentic D-leucine (A), 
authentic D-leucine recovered from cation exchange column (B), and 
enzymatically produced D-leucine after purification by cation exchange 
column chromatography (C). 


the radioactivity detected by autoradiography. The total resolution time 
including the ion exchange purification step was 40 min. 


A nonradioactive resolution was analysed by optical rotary dispersion 
polarimetry in the range of 300-200 nm (Fig. 1). The optical rotary dis- 
persion curve (Curve c) of the resolved D-leucine gave an optical rotation 
at 224 nm practically identical to that (Curve B) obtained by starting with 
half the amount of authentic D-leucine relative to the weight of DL-leucine 
used in the resolution and submitting it to the same ion exchange and 
reconstitution treatment applied to the resolved product. 


The oxidative deamination of L-leucine in DL-leucine to the corre- 
sponding 4-methyl-2-oxopentanoic acid also was confirmed in the de- 
velopmental work using nonradioactive DL-leucine by reacting aliquots 
of the reaction mixture with 2,4-dinitrophenylhydrazine yielding the 
2,4-dinitrophenylhydrazone derivative which was monitored colori- 
metrically (440 nm) against standard 2,4-dinitrophenylhydrazone solu- 
tions. The keto acid yield was 84%. It was shown in this keto acid assay 


that the amino acid does not interfere with the analysis for the keto acid, 
making it unnecessary to separate the keto acid from the D-leucine. 


Advantages of the oxidative deamination method for resolution are 
that it requires simple materials, is easily adaptable to hot cell conditions, 
and produces each of the enantiomers depending on the amino acid ox- 
idase used. 
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Abstract Repeated sampling of a drug solution that is recirculated 
through a perfused body increases the rate of drug disappearance from 
the perfusate. When the volume of the drug solution (VT) is maintained 
constant by addition of drug-free perfusate after sampling, the measured 
drug concentration (Ci) can be corrected for drug removed in previous 
samples by using the equation C ,  = C~VTC,- , / (VT - Vs)Ci-, ,  where Ci 
is the corrected drug concentration in the ith sample, V s  is the volume 
of the sample, and C; = C1. An error in any particular Ci is not trans- 
mitted to a subsequent Ci value. The method can be used when the time 
interval between samples and when V s  vary from sample to sample, but 
return of the drug from the perfused body to the perfusate after sampling 
may cause Ci to be overestimated. 
Keyphrases Perfusates-correction of perfusate concentration for 
sample removal Drug concentration-correction of perfusate con- 
centration for sample removal Correction methods-perfusate con- 
centrations for sample removal 


Several experimental techniques involve the perfusion 
of a tissue, an organ, or an entire organism with a drug 
solution (perfusate); e.g., muscle (l), kidney (2), placenta 


(3), liver (4), intestine (5) ,  and fish (6). Samples of the 
perfusate are periodically removed for determination of 
drug concentration. One experimental approach involves 
sampling the perfusate after it is passed once through the 
perfused body. An alternative approach is to recirculate 
the perfusate, usually by pumping it from a reservoir, 
through the perfused body, and back to the. reservoir. 
Using the once-through approach, correction for sampling 
is unnecessary. When samples are removed repeatedly 
from recirculated perfusate, however, the concentration 
of drug is reduced, as a result of sample removal, in all 
samples but the first. Sample removal thereby biases the 
concentration-time relationship and confounds a kinetic 
analysis of the data. 


If the ratio of the total sample volume to the perfusate 
volume is small, the bias is small and may be ignored. This 
ratio can be reduced by reducing the sample volume, re- 
ducing the number of samples, or increasing the volume 
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Abstract 0 Using liquid scintillation counting and liquid chromato- 
graphic techniques, it has been demonstrated that the anthracycline 
antibiotics, doxorubicin hydrochloride, N-trifluoroacetyladriamycin- 
14-valerate, and N-trifluoroacetyladriamycin-14-octanoate, can be 
strongly adsorbed to the walls of containers, depending on the nature of 
both the container material and the solute. I t  also has been shown that 
the esters are unstable in the chemical growth media commonly used in 
cell culture studies. Both the adsorption and stability effects are sug- 
gested as being factors which should be carefully considered in inter- 
pretation of the in uitro and perhaps in uiuo activities of the anthracycline 
esters. 


Keyphrases Anthracyclines-concomitant adsorption and stability, 
esters, cell culture studies 0 Antibiotics-anthracyclines, concomitant 
adsorption and stability, cell culture studies 0 Adsorption-concomitant 
adsorption and stability of some anthracyclines, cell culture studies 


The anthracycline antibiotic, doxorubicin hydrochloride 
(I), has a wide range of antitumor activity (1). Although I 
given singly or in combination is now used extensively in 
the treatment of a variety of tumors (2,3), its clinical value 
is limited due to its acute myelotoxicity and to the frequent 
development of irreversible cardiomyopathy [normally 
observed when the accumulated dose is >550 mg m-2 (4)]. 
The use of structural analogs of I has been proposed (5 ,6)  


as a means of obviating these two effects; in this respect 
particular interest has been given to the proposed use of 
the esters of I and its 0- and N-acetylated derivatives 
(7-14). 


During a study examining the uptake of I and its analogs 
into tumor cells in uitro using both cell monolayers and 
suspensions, effects were observed on the mass balances 
of some radiolabeled anthracyclines which could only be 
reconciled in terms of solute adsorption to container walls. 
Accordingly, the role of adsorption and stability on the 
solution properties of I and two of its N-trifluoroacetyl 
esters (i .e. ,  the 14-valerate and the 14-octanoate) have been 
investigated more completely. The present report presents 
the results found in this investigation. 


EXPERIMENTAL 


Chemicals-Anthracycline antibiotics were obtained commercially’. 
I4C-Labeled antibiotics were synthesized as described previously (15). 
Samples of solid I, N-trifluoroacetyladriamycin- 14-valerate (II), and 
N- trifluoroacetyladriamycin-14-octanoate (111) had specific activities 
of 17.1, 22.5, and 28.3 pCi pmole-’, respectively. 
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The Hanks culture media used was an isotonic buffered (pH 7.2-7.6) 
solution2 containing essential salts and glucose, together with 10% fetal 
calf serum, streptomycin, penicillin, gentamicin, and glutamine. For 
studies examining only adsorption effects, the Hanks solution contained 
only the essential salts and glucose. 


Analy~is-~4C-labeled anthracycline was assayed using a liquid scin- 
tillation counter3. Unlabeled anthracycline was assayed by high-per- 
formance liquid chromatography (HPLC) using a stationary phase 
packing of RP-184: mobile phase, methanol-water (9:l); fluorescence 
detection5 with 239 nm excitation and a 550 nm cutoff filter; potassium 
dichromate as nonretained compound; and quantitation using total in- 
tegrated peak areas6. During assay care was taken to ensure that inner- 
filter effects (16) were avoided by measuring only in the linear portion 
region of the anthracycline concentration versus peak area relationship. 
The good reproducibility of the method (coefficient of variation <1.0%) 
permitted the use of an internal standard to be avoided. The chromato- 
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Figure 1-Total radioactiuity (cpm) of 0.5 ml of sodium laurylsul fate  
lysis wash after incubation of benzpyrene-induced adenocarcinoma 
tumor cells (in monolayer aspect) for varying drug solution contact 
t imes usingpolyethylene petri dish containers. Key: (0) I; (0) 11. 


* Grand Island Minimum Essential Media. 
3 Packard Tricarb, model 3375. 
4 Spherisorb ODS 5 pm, (PhaseSep). 
5 Schoeffel flow through detector, model GM 970. 
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Figure 2-Total radioactivity (cpm) of 0.5 ml of sodium laurylsul fute  
lysis wash after various incubation times with antibiotic solution at 37" 
i n  t h e  absence (closed data points)  and presence (open data points) of 
tumor cells ( in  t h e  monolayer aspect) using polyethylene petr i  dish 
containers. Key:  (0 0)  I;  (0 m) 11; (A A) 111. 
graphic capacity ratios measured using this system were 1.6,3.1, and 0.6 
for 11,111, and IV, respectively. 


Adsorption-Stability Studies-With T u m o r  Cells-Hamster 
benzpyrene-induced adenocarcinoma cells were prepared as monolayers 
by seeding lo5 cells into either 35-mm diameter sterile polyethylene petri 
dishes7, or glass (silica) monolayer growth tubes (area of growth was -2 
cm2) followed by incubation a t  37" for 24 hr. The incubation media was 
removed by suction, and 1 ml of Hanks media was added to wash the cells. 
This solution was then removed and 1 ml of radiolabeled anthracycline 
was added (2 pM in Hanks media). Tubes or dishes were then placed in 
an incubator at  37". After appropriate incubation times, the drug solution 
was removed from the culture vessels by suction, and these vessels were 
washed three times with 1 ml of Hanks solution; 1 ml of 0.5% sodium 
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Figure 3-Total radioactivity (cpm) o f05  rnl of sodium lauryl sul fate  
lysis wash after various incubation times with antibiotic solution a t  37" 
i n  the  absence and presence of benzpyrene-induced adenocarcinoma 
tumor cells (monolayers) using silica glass culture tubes. Key: (0.) I: 
(0 #) I l ;  (A A) 111, and as Fig. 2. 
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MINUTES 


Figure 4-Percent total radioactivity in Hanks solution with t ime (pH 
7.4, 37") using a polypropylene container and I and 2 FM initial con- 
centrations of antibiotic. Key: (.) I; (.) XI; (A) 111, and as Fig. 2. 


lauryl sulfate (as cell digestion agent) was added. After an additional 10 
min, 0.5 ml of this digestion fluid was transferred to 19.5 ml of scintillation 
cocktail and the radioactivity measured. All data given are the mean of 
three separate determinations carried out in duplicate. For the blank 
experiments, the described procedure was followed; however, no cells were 
present in the culture vessels. 


Absence of Tumor Cells-Solutions (1 or 2 p M )  of the anthracyclines 
were prepared in Hanks media by dilution of a 100- or 200-44  stock 
methanolic solution of compound, which was stored in the dark a t  0" for 
not longer than 7 days. (Storage of the stock solution for this length of 
time was shown by HPLC analysis to be possible without any significant 
deterioration in the solution.) The dilution was performed by adding 
0.1-0.4 ml of stock solution to 19.6-19.9 ml of Hanks media at 37". The 
solutions were stirred a t  100 rpm using an overhead stirrer and a stirring 
paddle constructed of the same material as the container. Containers 
examined were 150-ml silica glass beakers siliconized by immersion in 
5% silicone solution with oven drying, 100-ml polytetrafluoroethylene 
beakers, 50-ml polypropylene conical tapered tubes, and 100-ml stainless 
steel beakers. All containers were new when used and were discarded after 
use. For assay using HPLC, 5-, lo-, or 20 -4  samples were taken using an 
HPLC syringe8 aged using a ~ - F M  solution of antibiotic. For assay by 
scintillation counting, 0.1-ml samples were taken using an automatic 
syringe having polypropylene tips, transferring in the minimum amount 
of time to 19.9 ml of scintillation cocktail fluid. Anthracycline solutions 
were kept in the dark whenever possible. All data given are the means 
of three separate determinations. 


t L 1 L 1 


0 100 200 300 
MINUTES 


Figure 5-Percent tdtal radioactivity i n  Hanks  solution with t ime (pH 
7.4,  37") using a siliconized glass container and 1 and 2 p M  initial 
concentrations of I I .  


Hamilton HPLC syringe 
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Figure 6-Percent total radioactivity remaining in Hanks solution with 
t ime (pH 7.4,37') using Q polytetrafluoroethylene container and 1 and 
2 FM initial concentrations o f  antibiotic. Key: (0) I; (.) II; (A) III .  


RESULTS AND DISCUSSION 


Adsorption effects by large hydrophobic drugs have been reported 
(17-23) with respect to their apparent loss from solution onto and into 
the walls of their containers. The adsorption of I onto container walls, 
although a recognized phenomenon, has been noted only briefly in the 
literature as the probable cause of the observed nonideal behavior of I 
in its analysis (24) and during its sampling from solution (25). In addition, 
the use of various cosolvent extraction schemes have been proposed (24, 
26, 27) to overcome these effects. Although it has been shown that I 
undergoes self-association in water (28), others have suggested (29) that 
no evidence for air-water interfacial adsorption of I can be found. 


Although the i n  uivo metabolism of I and its esters have been reported 
( l l ) ,  little attention has been given to their solution stability. Kaniewska 
(30) showed that the aqueous stability of I over a temperature range of 
50-60" and a pH range of 2.6-5.5 is greater at lower temperatures and 
the higher pHs, with a half-life of 136 hr in water a t  25' and pH 5.5 (0.2% 
phosphate buffer) being suggested by extrapolation. Other workers have 
studied recently the photostability of doxorubicin (31) and the stability 
of some anthracyclines in infusion fluids (32). 


Using the described procedures, Fig. 1 shows the amount of radioactive 
anthracycline antibiotic determined in the cell digestion fluid after 
various contact times. Similar cell uptake kinetics are reported often in 
the literature for these molecules and show that the more hydrophobic 
the molecule, the greater its rate and extent of uptake by cells (7,8, 14, 
33,34). However, using the same digestion technique, but in the absence 
of cells, it can be demonstrated (Figs. 2 and 3) that for I, 11, and 111, more 
or less anthracycline antibiotic can be extracted from the system, de- 
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Figure 7-Percent total radioactivity i n  Hanks solution (pH 7.4,37"), 
for I1 (2 pM) using Q stainless steel container. 
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Table I-Percent Maximum Loss of Anthracycline from 
Solution to Container Wall 
~~~~~ ~ ~~~~ 


Percent Maximum LOSS" 
Compound 


Material I I1 I11 IVb 


Polypropylene 0 32 


Polytetrafluoro- 45 83 


Siliconized glass 0 50 


Stainless steel - 68 


Glass tubesC 7.3 30 


(110 min) 


ethylene (60 min) (100 min) 


(100 min) 


(60 min) 


(5 min) (60 min) 


Detri dishesC (50 mid  (70 min) 
Polyethylene 4.6 8.7 


67 6 
(190 min) (20 min) 


57 
(100 min) 


74 
(90 min) 


- 


- 


- - 


8.5 - 


11 - 
(25 min) 


(50 min) 


Initially 1- or 2-gM solution of radioactive-labeled molecule in Hanks media 
at 37' in the absence of cells and assayed using scintillation counting; number in 
parentheses, time for maximum adsorption. * By HPLC. Solution 2 rM left in 
contact, no stirring, all external solution removed by suction, surface washed four 
times, 1 ml of sodium lauryl sulfate to surface for 30 min, aliquot of this control. 


Table 11-Rate Constants According to Scheme I 


k, hr-' 
Rate constant I1 111 


k 12 1.900 2.150 
kq- 0.005 0.001 
k;; 
k 34 
k43 
k ? <  


1.150 
0.012 
0.001 
0.085 


1.150 
0.012 
0.001 
0.085 


pending on the analog and the type of container material used. This 
suggests an adsorption of anthracycline onto the container Walls. 


Loss of Radioactive Label from Solution-Figures 4-7 show how 
the loss of anthracycline is affected by the type of container material in 
use. Although polypropylene has no adsorbent properties, glass, poly- 
ethylene, polytetrafluoroethylene, and stainless steel do have adsorbent 
properties for I. Both esters are taken up well by all the materials studied, 
with the more hydrophobic molecule being taken up at  a faster rate and 
to a greater extent. Tahle I is a summary of these effects. The unusual 
phenomenon found with stainless steel will be discussed. 


All three anthracycline antibiotics studied can be lost from aqueous 
solution solely by adsorption or sorption. The extent of this adsorption 
depends on the nature of the container material used. Similar effects have 
been observed (19) for hydrophobic amines on wall adsorption material 
dependency. The present results indicate strongly that it is necessary to 
take care in practice to avoid these effects by: ( a )  reducing the number 
of wall surface contacts made; ( b )  choosing a container material with care; 


U 
w 
a 0  1 2 3 4 5  


- .  
HOURS 


Figure 8-Concomitant adsorption and stability of I1 at p H  7.4 and 
37O using polypropylene containers. Solid lines are generated using the 
model given by Scheme I and the rate constants of Table I I .  Key: (m) 
11; (0)  IV; (v) breakdown product of IV; (.....) total radioactiuity found 
in solution; (- - -) the total normalized HPLC peak area. 
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Figure 9-Concomitant adsorption and stability of 111 at p H  7.4 and 
3 7 O  using polypropylene containers. Solid lines are generated as for Fig. 
8. Key: (A) III; (0)  IV; (V) breakdown product of IV; (.....) total ra- 
dioactivity found in  solution; (-- -) the total normalized HPLC peak 
area. 
( c )  making use of possible preaging of containers with compound before 
use; and ( d )  using cosolvents (19,24,26,27). 


Concomitant Stability and Adsorption of I1 and 111-Israel et al. 
(11, 12) demonstrated that in uiuo I1 is not metabolized extensively to 
I, but that N- trifluoroacetyladriamycin (IV) and N-  trifluoroacetylad- 
riamycinol are important metabolites of this drug. In addition, the lack 
of DNA binding of I1 suggests that its in uiuo antitumor activity is due 
to either its conversion to a DNA-binding metabolite or to a mechanism 
of action different from that accepted (10) for I. Thus, since I1 and other 
esters of I are proposed as antitumor agents with a high therapeutic index, 
and with the knowledge that both the esters examined in this study are 
adsorbed onto container walls, it was appropriate to examine ester sta- 
bility in conjunction with these adsorption effects. Figures 8 and 9 give 
the combined HPLC and radioactivity information for I1 and 111. The 
initial breakdown product of both I1 and I11 is considered to be IV, since 
the chromatographic capacity ratio of this product corresponded exactly 
to the value for authentic samples of IV. The second breakdown product 
had a chromatographic capacity factor which indicated that it was more 
hydrophobic than the parent molecule. 


Although the initial HPLC data up to 4 hr indicate that the total an- 
thracycline mass detected is equal to that found using radioactivity 
measurements, the subsequent falls in the total fluorescent peak values 
(Figs. 8 and 9) suggest that the first breakdown product is itself weakly 
adsorbed onto the polypropylene container wall. These data suggest that 
the solution equilibria for I1 and 111 in aqueous solution at  pH 7.4 can be 
described by Scheme I when adsorption effects are in evidence. These 
schemes have been modeled using an analog computerg, and the lines 
drawn in Figs. 8 and 9 are computer generated using the rate constants 
determined (Table 11). 


Good agreement is obtained between the experimental results and the 
theoretical results using Scheme I as a model of the equilibria occurring 
in these systems. Thus, the rapid loss of either ester from solution can 
be attributed to both adsorption and chemical transformation to IV. 


Notable features of the rate constants are that the desorption steps 
are small, and, although for I11 adsorption is faster, for neither ester can 
hydrolysis or adsorption be described as the rate-determining step in the 
loss process. Combination of the peak areas for either ester and IV 
(normalized for differences in extinction) gives mass balances equivalent 
to those found using radioactivity measurements. Compound IV is un- 
stable to a small extent and also adsorbs, which is confirmed by inspection 
of Fig. 10 where the results of an HPLC examination of the behavior of 
this compound in Hanks media are given. 


If it is assumed that the ester is stable in the adsorbed state, then the 
container acts as a reservoir. For the polypropylene material, since the 
degradation products of the esters are less adsorbed due to their lower 
hydrophobicity, it follows that the relationship between total anthra- 
cycline concentration in solution and time should exhibit a minimum. 
Due to the slow rates of desorption (Table II), these minima are not seen 


~ ~~~ ~ ~ 


Type RA 742, Telefunken. 
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1 3  4 


solution adsorbed 


products  


solution 
Scheme I 


within the experimental time, although there is some indication of this 
effect in the case of I1 and siliconized glass (Fig. 5). A similar phenomenon 
would be observed if the ester were unstable a t  the container surface 
resulting in the production of a species with a high desorption rate. This 
effect is observed for I1 adsorbed a t  the stainless steel surface (Fig. 7). 
If this were the case, the altered stability of I1 a t  the stainless steel surface 
could be indicative of metal ion catalysis, which is possible since the 
structures of these anthracycline antibiotics suggest that  they can act 
as chelating agents. 


The results indicate that anthracycline antibiotics can adsorb strongly 
onto the walls of containers, and that the rate and extent of adsorption 
depends on both the nature of the anthracycline and the wall material 


* *  
* *  


**** * * *** ** * * * z > 
2 5  101 rr 
I 
I- z 
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Figure 10-Stability of IV in Hanks media (pH 7.4,37”) using poly- 
propylene containers. Key: (- - -) total peak area obtained by summation 
of the IV HPLC peak area (0)  and the peak areas of its two fluorescent 
breakdown products (a *). 


used. I t  is believed that these effects have an importance in the analysis 
of these compounds, as well as in those studies attempting to measure 
the effect of these antibiotics in living cell cultures. Finally, it can be ar- 
gued that the combined effects of adsorption and ester instability have 
implications for the bioavailability and delivery of these drugs. 
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Abstract An accurate, reproducible, and specific reversed-phase 
high-pressure liquid chromatographic (HPLC) procedure that simulta- 
neously determines hydrocortisone and benzyl alcohol in a variety of 
pharmaceutical formulations is presented. Cream, gel, ointment, and 
solution formulations containing varying hydrocortisone and benzyl al- 
cohol concentrations can he analyzed with only minor modifications in 
sample preparation. To provide optimum accuracy and reproducibility, 
phenethyl alcohol is used as an internal standard. The specificity of the 
procedure allows for the quantitative determination of hydrocortisone 
and benzyl alcohol in the presence of their degradation products and 
without interference from the phenethyl alcohol. The determinations 
can be performed with an analysis time of 10-13 midsample. 


Keyphrases Hydrocortisone-simultaneous determination with 
benzyl alcohol, pharmaceutical formulations, reversed-phase high- 
pressure liquid chromatography 0 Benzyl alcohol-simultaneous de- 
termination with hydrocortisone, pharmaceutical formulations, re- 
versed-phase high-pressure liquid chromatography 0 High-pressure 
liquid chromatography, reversed-phase-hydrocortisone, simultaneous 
determination with benzyl alcohol, pharmaceutical formulations 


Hydrocortisone (I) has gained wide acceptance as a 
topical agent for the relief of inflammatory manifestations 
of corticosteroid-responsive dermatoses (1). Benzyl alcohol 
(11) is commonly used as an antimicrobial agent in a variety 
of topical formulations (2). 


Various methods have been used for the determination 
of hydrocortisone, including TLC, polarography, color- 
imetry, GC, and high-pressure liquid chromatography 
(HPLC). TLC, though somewhat specific, lacks precision 
and short analysis time (1, 3-6). Polarographic determi- 
nations can be erroneous due to interferences, and they can 


CH,OH 
I 


11: R = CH2OH 
111: R = CHzCHzOH 


be nonspecific in that a variety of similar steroids can elicit 
the same reduction potential for the same functional 
groups (7-10). Colorimetric methods include reaction with 
aldehyde-sulfuric acid (ll), ammonium molybdate (12), 
and 4,5-dimethyl-o-phenylenediamine (13). These 
methods lack specificity, because degradation products 
may provide a colorimetric response not indicative of ac- 
tual steroid concentration. Numerous GC methods are 
available (14-18); however, most steroids cannot be di- 
rectly analyzed but must be initially derivatized. The 
complexity of steroids precludes the direct formation of 
a single derivative (19). The USP methods for hydrocor- 
tisone formulations were recently changed from a colori- 
metric reaction with tetrazolium blue (1,ZO-23) to HPLC 
procedures (1). Recently, literature on hydrocortisone 
analysis uia HPLC has been published (19,24-29). While 
these methods may be specific, the sample preparation and 
analysis time can be prohibitive to a rapid assay. Benzyl 
alcohol can be determined by spectrophotometry and GC. 
Spectrophotometric methods have the inherent problems 
of nonspecificity and formulation base interferences. GC 
methods, including the USP compendia1 method, are 
specific and efficient (2). However, these methods may 
have interferences due to longer retained compounds from 
the formulation basel. 


The described procedure allows for the simultaneous 
determination of hydrocortisone and benzyl alcohol in 
cream, gel, ointment, and solution formulations with a 
general sample preparation. The procedure incorporates 
phenethyl alcohol (111) as an internal standard to achieve 
optimum accuracy and reproducibility with an analysis 


1 
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Table I-Recovery Studiesa 


Hydrocortisone Benzyl Alcohol 
Formulation Spike, % N Recovery, % Spike, % N Recovery, 9% 


0.460 6 
1.02 3 
2.52 3 
0.553 3 
1.00 3 
1.05 5 
0.500 3 
2.36 3 


99.60 f 0.46 
100.17 f 0.05 
99.14 f 0.05 


100.10 f 0.20 
100.08 f 0.23 
100.08 f 0.17 
100.67 f 1.53 
100.20 f 0.82 


0.730 
1.06 
0.99 
1.16 
2.00, 
- 
- 
- 


3 99.85 f 0.34 
4 100.27 f 1.15 
4 99.81 f 1.07 
3 100.54 f 0.03 
4 99.87 f 0.68 


a Mean f %RSD for N samples. * The dash denotes formulations not containing benzyl alcohol 


time of 10-13 min/sample. Phenethyl alcohol cannot be 
used as an internal standard for those formulations con- 
taining methylparaben, as these compounds elute a t  the 
same time. Benzyl alcohol could be used as an internal 
standard for those formulations containing methylparaben 
and propylparaben. The procedure is shown to be specific 
for hydrocortisone and benzyl alcohol in the presence of 
their degradation products in these formulations. 


EXPERIMENTAL 


Materials-Hydrocortisone*, benzyl alcohol3, methylparaben4, pro- 
pylparaben4, and phenethyl alcohol5 were used as st,andards. HPLC grade 
acetonitrile6 and distilled, deionized water were used as reagents. 


The HPLC system consisted of a pump7, an automatic injectora, a 
254-nm detector3, a radial compression modulelo, and a reversed-phase 


INJ 


E 


FLOW 


Figure 1-A chromatogram showing the separation of components from 
benzyl alcohol degradation products. Key: (A) benzoic acid; (B) benzyl 
alcohol; (C) phenethyl  alcohol (internal standard); (D) benzaldehyde; 
(E)  hydrocortisone. 


The Upjohn Co., Kalamazoo, Mich. 
3 Stauffer Chemicals, Westport, Conn. 


Quad Chemicals, Long Reach, Calif. 
Matheson, Coleman, and Bell, Los Angeles, Calif. 


f ,J. T. Baker. Phillipshurg, N.J. 
1 Model 6000A, Waters,Associates, Milford, Mass. 
8 Model 725, Micromeritics Instrument Corp., Norcross, Ga. 
9 Model 440, Waters Associates, Milford, Mass. 


10 RCM-100 Radial Compression Module, Waters Associates, Milford, Mass. 


octadecylsilane cartridge” fitted with a 2 - ~ m  precolumn filter and a 
recorder12. All peaks were electronically integrated with the laboratory 
data system13. 


The system was operated a t  ambient temperature, and the detector 
sensitivity was 0.1 or 0.2 aufs, depending on the hydrocortisone concen- 
tration. The chromatographic parameters include a 10-pl loop, an analysis 
time of 10 min, and a chart speed of 0.25 cm/min. After the baseline had 
stabilized, replicate standards were run to ensure reproducibility. 


Mobile Phase-The mobile phase was 22.5% (v/v) acetonitrile in 
distilled, deionized water. Prior to use, the mobile phase was filtered 
through a 3.0-jtm filter14 and degassed with a water aspirator. A flow rate 
of 6.0 ml/min was used with a cartridge pressure of 1500-2000 psi. 


Internal  Standard Preparation-The stock phenethyl alcohol in- 
ternal standard solution was prepared as 1.0% (w/v) in acetonitrile. 


Standard Preparations-The hydrocortisone reference standard 
and benzyl alcohol reference standard were diluted to give the required 
working standard concentration levels. To provide accuracy and repro- 
ducibility, 25.0 ml of the phenethyl alcohol internal standard solution 


A 


w 
v) 
2 


v) w 
g 
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INJ I 
FLOW 


> 
Figure 2-A chromatogram showing the separation of components from 
hydrocortisone degradation products. Key: (A) polar degradation 
products of hydrocortisone; (B) hydrocortisone; (C) nonpolar degra- 
dation product of hydrocortisone. 


11 Radial Pak A, 10-cm X 8-mm cartridge (10-pm particles). Waters Associates. 


‘2 Omniscribe, Houston Instruments, Austin, Tex. 
‘:I Model 33362B, Hewlett-Packard, Fullerton, Calif. 
14 Millipore Type FS, Millipore, Corp., Bedford, Mass. 


Milford, Mass. 
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Table 11-Reproducibility Studies" 


Hydrocortisone Benzyl Alcohol 
Formulation Day- to-Day N Operator-to-Operator N Day- to-Day N Operator-to-Operator N 


~ ~~~ 


A 0.545 f 1.91 19 0.550 f 1.15 19 1.06 f 0.83 19 1.06 f 0.90 19 
B 1.04 f 1.30 20 1.05 f 0.64 20 1.05 f 0.58 19 1.05 f 0.58 19 
C 2.70 f 0.72 19 2.71 f 0.50 20 1.05 f 0.85 19 1.05 f 1.36 20 
D 0.559 f 0.89 20 0.557 f 0.73 20 1.09 f 0.81 20 1.08 f 1.11 20 


2.23 f t . 5 6  19 2.22 f f .57 19 
- - - - 


E 1.13 f 0.94 19 1.13 f 1.02 19 
F 1.05 f 0.85 18 1.04 f 1.05 19 


- - - - 0.484 f 0.97 18 0.484 f 1.05 19 G 
H 2.54 f 0.74 18 2.54 f 9.90 18 - - - - 


~~~ ~ ~~~ 


Mean f %HSD l o r  N samples. The dash denotes formulations not containing benzyl alcohol. 


was added before the diluted standards were brought to 100 ml final 
volume with acetonitrile. The diluted working standard concentrations 
included 0.125 mg/ml, 0.250 mg/ml, and 0.625 mg/ml of hydrocortisone 
(equivalent to 0.5, 1.0, and 2.5% hydrocortisone on a product basis) and 
0.250 and 0.500 mg/ml of benzyl alcohol (equivalent to 1.0 and 2.0% benzyl 
alcohol on a uroduct basis). 


Sample Preparat ion for  Hydrocortisone and Benzyl Alcohol 
Determinations-Cream and Gel Formulations-Five-hundred mil- 
ligrams of the sample was weighed into a 30-ml screw-capped culture tube. 
Acetonitrile (15.0 ml) and 5,O ml of phenethyl alcohol internal standard 
solution, were accurately added and tightly capped. The tube  was vig- 
orously shaken by hand to disperse the sample and shaken for an addi- 
tional 30 min on a mechanical shaker. The sample was centrifuged for 
20 min. and the injector vial was filled with the clear supernatant. An 
aliquot (10 P I )  was injected onto the liquid chromatograph. 


Ointment Formulations-Five-hundred milligrams of the sample was 
accurately weighed into a 30-ml screw-capped culture tube. HPLC mobile 
phase (15.0 ml) and 5.0 ml of the phenethyl alcohol internal standard 
solution were accurately added, then tightly capped. The sample was then 
placed into a constant temperature (60-65') water bath for 30 min and 
shaken by hand a t  5-min intervals. The solution was then cooled to room 
temperature and centrifuged for 20 min. An aliquot was injected onto 
the liquid chromatograph following the procedure used for cream and 
gel formulations. 


Solution F(~rmulations-Five-hundred milligrams of the sample was 
accurately weighed into a 30-ml screw-capped culture tube. Acetonitrile 
(15.0 ml) and 5.0 ml of the phenethyl alcohol internal standard solution 
were accurately added and tightly capped. The sample was then shaken 
lor PO min on a mechanical shaker. The solution was injected as described 
in the previous two preparations. 


RESULTS AND DISCUSSION 


Linearity-To determine the linearity of the detector response, 
separate calibration curves for hydrocortisone (0.5,1.0, and 2.5% product 
level) and benzyl alcohol (1.0 and 2.0% product level) were obtained. 
Each curve contained points equivalent to 50 and 150% of label claim and 
three intermediate points. In all cases, the component concentration was 
plotted uersus the ratio of component peak area over internal standard 
peak area. The internal standard was held constant throughout the study. 
A composite hydrocortisone calibration curve passed through zero and 
was linear from 0.050 to 1.008 mg/ml with a correlation coefficient of 
0.999, A composite benzyl alcohol calibration curve passed through zero 
and was linear from 0.129 to 0.854 mg/ml with a correlation coefficient 
of 0.999. 


Recovery Studies-Each formulation was received with the appro- 
priate placebo base. Each base was prepared and analyzed by HPLC to 
ensure that no IJV absorbing peaks were present in the regions of benzyl 
alcohol, phenethyl alcohol, and hydrocortisone. To determine method 
accuracy, each placebo was spiked a minimum of three times with benzyl 
alcohol to the appropriate levels (1.0 and 2.0% on a product basis). A 
second placebo series was spiked a minimum of three times with hydro- 
cortisone to the appropriate levels (0.5, 1.0, and 2.5% on a product basis). 
The samples were prepared and subjected to HPIX analysis. In all cases, 
satisl'actory recoveries were obtained (Table I). 


Reproducibility Studies-The reproducibility of the HPLC proce- 
dure was determined by the criteria of day-to-day reproducibility and 
operator-to-operator reproducibility. The following scheme was applied 
to  each formulation: Day 1, Operator 1; Day 2, Operator 1; and Day 2, 
Operator 2 (Table 11). 


Limit of Detection-The limit  of detection, defined here as an ac- 
ceptable signal to noise level of >2:1 was performed by diluting the 
working standard 1-100 with acetonitrile and performing the analysis 


a t  0.01 aufs. In all cases, benzyl alcohol, phenethyl alcohol, and hydro- 
cortisone were easily detected and within acceptable limits. 


Specificity Studies-It is known that benzyl alcohol degrades uia 
oxidation to yield benzoic acid and ben~aldehydel~. As confirmation of 
method specificity, a sample was spiked with benzoic acid and benzal- 
dehyde and analyzed. The two peaks were noted and did not create any 
interference problems (Fig. 1). 


The degradation of a steroid, such as hydrocortisone, is complex and 
involves hydrolysis, oxidation, and possible transesterification (19). FAch 
formulation and formulation base placebo was artificially degraded by 
adjusting the sample to -pH 12 with 50% NaOH and also by heating a 
second series of samples at 100' for 1 hr. 


The four base formulation placebos, with or without benzyl alcohol 
depending on the formulation, were analyzed by the HPLC procedure. 
In all cases, no interfering peaks were noted in the area of benzyl alcohol, 
phenethyl alcohol, or hydrocortisone. 


Further work demonstrated that degradation products of hydrocor- 


x L- F G  


FLOW > 
Figure 3-A chromatogram showing the separation of components from 
degradation products of an aged sample. Key: (A) benzoic acid and polar 
degradation products of hydrocortisone; (B) benzyl alcohol; (C) phcn- 
ethyl alcohol; (0) bentaldehyde; (E) intact hydrocortisone; (F ,  G) 
nonpolar degradation products of hydrocortisone. 


I s  The degradation prtducts benzaldehyde and benzoic acid were verified by ( X  
using 1.83-m X 0.918-cm stainless steel Porapak P column (Waters Associates, 
Millord, Mass.). ChromatoKraphic parameters include gas flow of 45 ml/min. ni- 
trogen, 220" oven temperature. and a flame ionization detector. 
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Table 111-Stability Studya 


Percent Percent 
Hydrocortisone Found Benzyl Alcohol Found 


Age, Lot Lot 
Days A B C A B C 


0 0.517 0.527 0.528 1.06 1.06 1.05 
36 0.517 0.519 0.518 1.02 1.04 1.04 
49 0.472 0.476 0.480 1.05 1.07 i.06 - .  _ .  - _ _  
86 0.467 0.470 0.464 1.06 1.07 1.04 


119 0.391 0.390 0.393 1.00 0.99 1.00 


Claim was 0.525% hydrocortisone and 1.0% benzyl alcohol. b Each result rep- 
resents the mean of four values. 


tisone do not interfere with benzyl alcohol or the internal standard 
phenethyl alcohol. An artificially degraded gel formulation, not con- 
taining benzyl alcohol or phenethyl alcohol, gave a similar pattern of 
degradation peaks as noted in Fig. 2 with no benzyl alcohol or phenethyl 
alcohol interferences. 


As a final test, a tube of a sample stored a t  45' for >300 days was an- 
alyzed. The hydrocortisone level was 72% of label claim, substantially 
below the allowed lower specification limit. The chromatogram revealed 
a variety of peaks, none of which interfere with the benzyl alcohol, 
phenethyl alcohol, or hydrocortisone (Fig. 3). To ensure that there were 
no extraneous peaks under the hydrocortisone peaks, the sample was 
injected onto the HPLC coupled with a UV-visible spectrophotometer16. 
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Figure 4-A chromatogram showing the separation of preservatives 
and hydrocortisone. Key: (A)  benzyl alcohol; (B) methylparaben; (C) 
intact hydrocortisone; (0) propylparaben. 


16 Model 8450A UV/VIS Spectrophotometer, Hewlett-Packard, Palo Alto, 
Calif. 
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Figure 5-A typical chromatogram of an  experimental formulation. 
Key: (A) benzyl alcohol; (B) phenethyl alcohol; (C) hydrocortisone. 


As the hydrocortisone peak eluted, a UV scan was taken every 3 sec. These 
14 scans were compared to a standard hydrocortisone UV scan. No dif- 
ferences were noted during the elution of the peak. As a further check, 
the first derivatives of the peak segments were subtracted from the first 
derivative of the hydrocortisone standard. In all cases, the predicted 
waveform was noted, indicating there are no UV absorbing interferences 
a t  the location of hydrocortisone. No attempt was made to identify the 
peaks associated with the degradation of hydrocortisone. 


Phenethyl alcohol was used as a chromatographically pure reagent for 
all studies and was not subjected to a simulated degradation. 


Stabil i ty Study-Actual data were generated with this procedure 
(Table 111). The samples were a 0.5% hydrocortisone experimental for- 
mulation stored a t  45' for accelerated stability studies for 120 days. The 
data for hydrocortisone revealed the expected downward trend and 
demonstrated the method could easily detect changes in hydrocortisone 
concentration. The data for benzyl alcohol revealed no significant loss 
throughout the study. Note that specificity was previously established 
to confirm the validity of the data. 


Pa raben  Study-The methylparaben reference standard and pro- 
pylparaben reference standard were diluted to 0.005 and 0.016 mg/rnl, 
respectively. The hydrocortisone reference standard was added equiva- 
lent to 0.125 mg/ml to the diluted paraben standard. The three compo- 
nents are completely resolved. The methylparaben would interfere with 
the phenethyl alcohol. A second injection showed benzyl alcohol does not 
interfere with the parabens (Fig. 4). In formulations containing parabens 
the benzyl alcohol could be utilized as the internal standard in place of 
phenethyl alcohol. 


The principal goal of any analytical separation procedure is to achieve 
maximum resolution in minimum time. Initial studies were conducted 
with a reversed-phase stainless steel column17 and a 25% (v/v) acetonitrile 
solution in distilled, deionized water mobile phase pumped at  2.0 ml/min. 
Under these conditions, 15-25 rnin were required to achieve baseline to 
baseline resolution of the benzyl alcohol, phenethyl alcohol, and hydro- 
cortisone, as well as the total elution of the degradation products. In 
comparison, the radial compression system with the modified mobile 
phase pumped a t  6.0 ml/min achieved the same analysis in 10-13 min. 
The time factor was of obvious importance in the choice of this approach, 
allowing for the analysis of a large number of samples in a short period 
of time (Fig. 5). 


An efficient feature of this procedure is the general sample preparation 
scheme and analysis parameters. The sample weights, sample dilution 
volumes, and internal standard concentration are constant. There are 
only two minor variations in sample preparation. The first is the cen- 
trifugation step for the cream, gel, and ointment formulations (relative 
to the solution) prior to injection. The second is the heating of the oint- 
ment formulation in the HPLC solvent prior to centrifugation. With this 


p Hondapak C-18.30 cm X 9.9-mm i.d. (10-pm particles), Waters Associates. 
Milford, Mass. 
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general scheme, the analysis parameters do not require solvent modifi- 
cation. variable injection volumes, or a change in analysis time. The only 
chromatographic variation is an attenuation change from 0.1 to 0.2 aufs 
for the 2.5% hydrocortisone formulations. 


A variety of hydrocortisone formulations may contain methylparaben 
and propylparaben as preservatives. Though methylparaben interferes 
with phenethyl alcohol, benzyl alcohol could be substituted as the internal 
standard and yield satisfactory chromatographic separation. 
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Abstract 0 lllIn-labeled tetra(4-N-methy1pyridyl)porphyrin was in- 
vestigated as a possible lymph node imaging agent. A clinically feasible 
method for the preparation of this radioactive pharmaceutical was de- 
veloped from experiments with the synthesis and characterization of the 
unlabeled complex. The in oioo distribution of the compound in Wistar 
rats was determined as a function of time. Favorable lymph node-blood, 
lymph node-muscle, and specific lymph node-surrounding tissue ratios 
were obtained. 


Keyphrases Porphyrin--’”In-labeled, synthesis and evaluation, 
biodistribution, lymph node imaging, rats 0 Imaging, lymph node- ’’ lIn-labeled porphyrin, synthesis and evaluation, biodistribution, rats 


Biodistribution-”’In-labeled porphyrin, synthesis, lymph node 
imaging, evaluation, rats 


The diagnostic imaging methods now being used for 
evaluating disease in the lymphatic system, oil lympho- 
graphy and technetium Tc 99m antimony trisulfide colloid 
lymphoscintigraphy, possess significant inherent limita- 
tions. These methods image only those nodal groups that 
drain the subcutaneous injection site, and thus, require 
patent lymphatic vessels between the injection site and the 
nodes to be imaged (1-3). An intravenously administered 
radiopharmaceutical agent that allows the visualization 
of all nodal groups with a single injection would be an im- 


provement in the diagnosis of lymph node involvement in 
malignancy. 


BACKGROUND 


I t  has been known since the 1940s that many porphyrins and metal- 
loporphyrins display an affinity for lymphatic and neoplastic tissues when 
injected intravenously (4, 5). These early studies, however, depended 
solely upon differential fluorescence to detect the presence of the por- 
phyrin in the target tissue and, consequently, were of limited diagnostic 
utility. A method is available for introducing indium, an electronic isos- 
tere of iron, into porphyrins (6). Two nuclides of that element, indium 
11 1 and indium 113m, would be clinically acceptable from the viewpoint 
of decay energies, gamma-ehission, and half-life for use in in oioo diag- 
nostic radiopharmaceuticals. Furthermore, it has been shown that several 
porphyrins can transport j3-emitting nuclides (cobalt 58, zinc 65, and 
palladium 109) to nodal tissue where their ionizing radiation results in 
selective nodal ablation and diminished rejection rate for skin homo- 
graphs in dogs dosed with these radio porphyrins (7-9). It has also been 
demonstrated that an intravenously administered cobalt 57 derivative 
of a water-soluble porphyrin developed a tumor-blood ratio of 44:l a t  
5 days postdosing in the TCT-4904 rat bladder tumor (10). Sufficient 
precedent exists to indicate that a soluble indium-labeled porphyrin 
might be nodal specific. This study reports a facile synthesis for radio- 
active [1111n]tetra(4-N-methylpyridyl)porphyrin (I) whose biodistri- 
bution in rats illustrates its potential as a radiodiagnostic agent for major 
nodal systems. 
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Figure 5b-Addition of puromycin. Effect of genkwadaphnin and 
yuanhuacine on the methionyl puromycin reaction of P-388 lyrnphocytic 
leukemia lysate (n = 5). Key: (e) control plus puromycin; (A) genk- 
wadaphnin; (m) yuanhuacine plus puromycin. 


[3H]methionine from the 80 S complex (Fig. 5b). The diterpene esters 
did not interfere with the formation of a stable 80 S initiation complex 
but rather inhibited the puromycin release of labeled methionine from 
the polysome. 


These data indicate that I and I1 similarly block peptide bond forma- 
tion during elongation peptide chain synthesis. The concentration of drug 
to block peptide transferase activity was consistent with concentrations 
required to inhibit whole cell protein synthesis in uitro. 


The daphnane diterpene esters did not have any significant effects on 
the individual steps leading to the formation of a stable 80 S initiation 
complex. The daphnane diterpene esters significantly inhibited both the 
polyuridine-directed polyphenylalanine synthesis and the formation of 
the first peptide bond between puromycin and the met-tRNA bound to 
the 80 S initiation complex. These data strongly indicate that the diter- 
pene esters are potent inhibitors of the peptidyl transferase reaction of 
the elongation process of protein synthesis of P-388 lymphocytic leukemia 
cells. 
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Abstract 0 One may attempt to individualize drug dosage by estimating 
an individual's pharmacokinetic parameters. Information useful for this 
purpose consists of certain population pharmacokinetic parameters 
(notably those describing the typical relationship between dosage and 
drug concentrations) and also measured drug concentrations from the 
individual of concern. Both types of information should be used. A 
(Bayesian) method that does so has been described in the pharmacoki- 
netic literature. In this report an implementation of the Bayesian method 
that is readily adapted to a microcomputer is presented. Using simulated 
data it is compared with two other methods proposed by others, for es- 
timating individual theophylline clearances. Both previously suggested 


A great deal of attention has been given to the problem 
of estimating the pharmacokinetic parameters of indi- 
vidual patients in order to optimize dosage choices. Ini- 
tially, most attention has been directed a t  obtaining esti- 
mates of individual parameters from the population in- 
formation relating kinetics to certain patient features (sex, 


methods are shown to be less precise than the Bayesian method: their 
typical error magnitudes are 20-70% larger. 


Keyphrases 0 Bayesian method-individualization of pharmacoki- 
netics, simple implementation and comparison with non-Bayesian 
methods, theophylline o Pharmacokinetics-Bayesian individualization, 
simple implementation and comparison with non-Bayesian methods, 
theophylline 0 Theophylline-Bayesian individualikation of pharma- 
cokinetics, simple implementation and comparison with non-Bayesian 
methods 


age, renal function, e t c ) .  More recently, considerable at- 
tention has been directed a t  the estimation of parameters 
using measured drug levels (1-4). 


One particular method, the Bayesian method (3), is 
intuitively appealing. It involves a continuously changing 
view of the patient. Before any drug levels are measured, 


1344 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 12, December 1982 


0022-35491821 1200- 1344$01.0010 
@ 1982, American Pharmaceutical Association 







the patient is regarded as a typical member of the popu- 
lation of all similar patients with respect to pharmacoki- 
netic parameter values. Once considerable drug level in- 
formation has become available, the patient is regarded 
as a unique individual whose pharmacokinetic parameters 
are distinct from other patients. The point of view is con- 
tinuously shifted from the first one to the second one as 
drug level information accumulates. 


In this report, a method for implementing the Bayesian 
approach is outlined that involves only a simple modifi- 
cation of any standard nonlinear least-squares fitting 
procedure (see Appendix) .  Then, using simulated data, 
the Bayesian method is compared with two other methods 
for estimating individual theophylline clearances. 


THEORETICAL 


Implementation-The basic model used here for the observations 


yi = f ( p , X i )  + ci (Eq. 1) 


where yi is the i th drug level, P = (p~,p ' , .  . .ps) is the vector of the s 
pharmacokinetic parameters of the model for the individual, X, is the 
vector of independent variables (such as time, dose) associated with yc, 
and t i  is statistical error that  includes measurement error and random 
intraindividual kinetic variability over time. 


The errors, t , ,  are assumed to be independent, with zero mean and 
common variance, u2, assumed known. The vector of individual param- 
eters, P, is regarded as arising randomly from a population of such vectors 
(one for each individual of the population). For each 1 5 k I s, the pop- 
ulation mean and variance of the P k  are the known quantities, 0 k  and & 
respectively. They are obtained presumably from a population study of 
the drug in question. The assumption allowing for the simplicity of the 
implementation to be described is that the P k  are pairwise uncorrelated 
in the population. For convenience, 0 will denote the vector (01,02, . . dS)  
and Q will denote the vector (US&?, . . .a:). 


When faced with y t ,  i = 1, n observations of drug levels, the usual ap- 
proach is to estimate P using ordinary least squares (OLS). The ordinary 
least-squares estimate of P,  POLS, is that value of P minimizing the or- 
dinary least-squares objective function: 


of an individual is: 


i= l  
(Eq. 2) 


where 


$1 = / ( P A )  (Eq. 3) 


We shall call the 9, prediction functions. 
The ordinary least-squares estimate minimizes the squared errors 


between the observations and the prediction functions. Call these squared 
errors of the first kind. 


If the only observations available for estimating P were those of y l ,  
POLS would be a natural estimate. However, there are other available 
observations-the elements of 0, obtained from the population study of 
the drug. Define 9 = 0 - P to be the vector of differences between the 
population mean parameters (0) and each individual's parameters ( P ) .  
Then, for each k: 


0k = Pk V k  (Eq. 4) 


Just as Eq. 1 says that the drug level observations (y,) are equal to.pre- 
diction functions f ( P , X , ) ,  themselves functions of the unknown indi- 
vidual parameters ( P )  plus a random error ( 6 , )  with known variance (u'), 
so Eq. 4 says that the population observations (8k) are equal to prediction 
functions ( p k )  trivial functions of P, plus a random error ( ~ k )  with known 
variance ( w i ) .  Therefore, the estimate of P should attempt to minimize 
the squared errors between these population observations and their 
prediction functions, as well as those of the first kind. 


When faced with observations having different error variances, it is 
customary to estimate parameters using weighted least-squares (WLS). 
The weighted least squares estimate of P , ~ w L s ,  is that value of P mini- 
mizing 


Statistical theory states that with different error variances, weighted 
least-squares estimates are more efficient (and possibly less biased) than 
ordinary least-squares estimates. 


The same estimator (PWLS) can be as justified as a Bayesian estimator 
when a somewhat different line of argument is pursued (3). The authors 
prefer, therefore, to call the set of parameter values that minimize the 
expression (5) the Bayesian estimates. The weighted least-squares jus- 
tification, however, leads directly to a simple practical implementation 
of the method. The implementation requires only a slight modification 
of any standard nonlinear weighted least-squares fitting algorithm. The 
details are presented in the Appendix to this paper. The essence of the 
method is straightforward: the list of data ( y l ,  i = 1, n )  is lengthened to 
include the additional values of 01, . . 3,. The weights for y i ,  i = 1, n are 
set to 1/u2, and those for the additional s observations are set to 1/& k 
= 1, s. Finally, the user-supplied subroutine that computes and returns 
3, (required by all nonlinear least-squares programs) is modified to return 
the current estimate of Pk when called upon to predict the kth additional 
observation. 


A slight modification of the basic approach (see Appendix) deals with 
the special case of uncertain dosage. It may sometimes happen that there 
is uncertainty about the prior dose history (perhaps because the patient 
was an outpatient) but that  an initial drug level is available so that the 
dose history for all subsequent levels is known (perhaps because the pa- 
tient became an inpatient). I t  may then be preferable to initialize to the 
first level as suggested in a previous approach (l), to be discussed further 
in Examples. T o  accommodate this case in the Bayesian approach, a 
revised model is written that treats the true unknown initial level as an- 
other unknown parameter (p,+l) and predicts observations as a function 
of time and dosage only after that  level (see Examples). Logically, how- 
ever, the (measured) initial level may deviate from its true value (p,+l) 
as much as any other measured level deviates from its predicted value. 
To allow this, the variance of the error between the observed initial level 
and pS+l is given by uf+l = u'. 


Examples-Two examples of common clinical pharmacokinetic sit- 
uations, the estimation problem for each of which has been approached 
by other workers, are presented in detail here. The Bayesian method is 
compared with those other methods using simulated data. 


The following are some aspects common to both. The drug used for 
illustration in both cases is theophylline. The basic pharmacokinetic 
model for its disposition is the one-compartment model. This model, 
when used only for intravenous doses has two parameters, volume of 
distribution ( V d )  and clearance (Cl ) .  An initial level, if present in the 
model, constitutes a third parameter. A reparameterization is used; the 
new parameters are p1= log Vd,pz = log C1, and p3 = initial level. Logs 
of Vd and C1 are used because choosing a symmetrical population dis- 
tribution for them (e.g., the normal) imparts a skewed distribution to Vd 
and C1, which accords well with actual experience. 


The data used to test the various approaches were simulated. For each 
example, one hundred pairs of individual clearance (C1) and volume of 
distribution ( V d )  values were chosen a t  random. The parameters, p1 and 
p2 for each case, were chosen randomly from normal distributions with 
means of 81 = log (0.5 literskg), 02 = log (0.052 literskghr), respectively, 
(5,6). The standard deviation of the distribution of the log of a random 
quantity is approximately equal to the coefficient of variation of the 
quantity itself. The standard deviations (coefficients of variation of Vd 
and C1) used in simulatingp1 and p2 values were w1 = 32% for p1 and w2 
= 44% for p2 (6). Every choice of p1 and p2 gave rise to a choice of Vd and 
C1 by exponentiation. The simulated Vd and C1 values were substituted 
into pharmacokinetic equations to obtain simulated true drug levels. 
Random normally distributed errors (c) were then added to these true 
levels to arrive a t  simulated observed levels. The t were chosen to have 
mean zero and standard deviations equal to 1 mg/liter (corresponding 
to a coefficient of variation of 10% at a typical concentration of 10 mg/ 
liter). The random numbers needed for the simulations were obtained 
using standard methods (7.8). 


Two estimation methods are applied in each example: the Bayesian 
method and one of the alternative methods proposed by others and de- 
scribed below. In both examples only clearance is estimated. Each method 
is used to estimate the clearance of each of the 100 simulated patients, 
using whatever population parameters the method may entail and the 
simulated drug level(s). The Bayesian method proceeds by a numerically 
minimizing expression (5). On the other hand, the alternative methods 
estimate clearance from the available data using simple direct formulas. 
The estimate of clearance by any method is denoted el. 


The Bayesian method depends on population parameters (standard 
deviations, w1 and up) not used by the other methods. The Bayesian 
method naturally behaves best when it is provided with the standard 
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Table I-Performance of Clearance Estimation Methods 


Mean Clearance Error ( G E M )  as Percent of Mean Clearance 
- wc1= wvd" Error Absolute Error 


Method U U Example 1 Example 2 Example 1 Example 2 


Alternative - - -5.77(5.8) -2.82(3.3) 37.1(4.5) 26.4(2.1) 
Bayesian 1 1 -1.02(3.0) -1.08(3.1) 22.2(2.0)b 21.7(2.2) 


312 1 -4.94(3.4) -3.77(3.0) 25.6(2.3) 23.1(2.1)b 
213 


1 
1 


1 
312 
213 


5.02i3.2j 
0.44(3.0) 


-0.76(3.0) 


2 .52i3.4 
-0.26(3.1) 
-1.56(3.1) 


23.7(2.21b 23.5i2.4; 
2 i . i i 2 . Z j b  
21.7(2.2) 


a Ratio of standard deviation of clearance (or V d )  to u used in the Bayesian method. All ratios are divided by the correct ratio so that a value of unity signifies that 
the correct ratio itself was used. * Mean absolute error of Bayesian method less than that of alternative (p  < 0.05). 


deviations actually used to simulate the data. To test its robustness, the 
Bayesian method was applied five times: once with the true (simulation) 
standard deviations, once with the ratio of w1 to u assumed to be 312 times 
its true value, once with the ratio assumed to be 213 times its true value, 
and once each for the same changes in the assumed ratio of w2 to u. 


T o  assess the absolute and relative performance of the estimation 
methods the differences may be examined between estimates of clear- 
ances and their true (simulation) values. For each estimation method, 
the mean error, defined as the mean of the differences between the true 
clearances and the estimated values, measures the bias of the method. 
The mean absolute error, defined as the mean of the absolute values of 
the errors, can be used to measure precision. The relative precision of two 
methods can be assessed using a paired t-test on the paired absolute er- 
rors (i.e., on the value of the absolute error of the first method minus that 
of the second method). If the mean difference is significantly greater than 
(less than) zero, the first method is less (more) precise than the second 
method. I t  remains only to explain how f ( P , X i )  is computed for the 
Bayesian method, and for the alternative methods, how €1 is computed. 
These definitions follow. 


Example 1-A method has been proposed (2) to estimate the main- 
tenance dose required to achieve a target plasma concentration of drug. 
This method uses the observation of a single drug level after a test dose 
of drug. Since the maintenance dose must be proportional to individual 
clearance, the proposal amounts to a method to estimate individual 
clearance from a single drug level measurement. The appropriate phar- 
macokinetic model for the single true drug level is: 


where the subscript i has been suppressed, d is the size of the test dose 
[according to the previous suggestion (2), taken to be 5 mg/kg], tl is the 
duration of the test infusion (0.5 hrs), t2 is the sampling time for the drug 
level (6 hr), and k is the ratio of C1 to Vd.  The simulated observed level, 
y ,  is equal to W plus a randomly chosen value for t. 


Using the relationship suggested previously (2), and adjusting its 
constants so that it estimates clearance, rather than maintenance dose, 
this method becomes: 


C1 = 0.266 exp(-0.311 Y )  (Eq. 7) 


Example 2-A method has been proposed (1) for estimating individual 
theophylline clearance using one drug level measured shortly after a 
maintenance infusion has begun (and perhaps shortly after a loading 
infusion has terminated) and another level measured some hours later. 
Two drug levels are used, but the first one is regarded as an initial level 
so that prior dosage may be regarded as unknown. Since both levels are 
assumed to be measured, errors in both of them must be simulated. Ac- 
cordingly, the appropriate pharmacokinetic model for the first true drug 
level is: 


where, for convenience, the initial loading dose, d (5.6 mg/kg), is assumed 
to be given by an infusion rapid enough so that its contribution to the level 
measured a t  time t 1 (2 hr later) may be predicted by a bolus-dose model; 
R is the maintenance infusion rate, set equal to 0.52 mg/kg/hr so as to 
result in a typical steady-state concentration of 10 mghiter; and k is 
Cl1 V d .  


The second true level is modeled as: 
R 
c1 / (P ,Xz )  = Wp = W1 exp(-ktp) t - [l - exp(-ktz)] (Eq. 9) 


where t 2  is the time a t  which y2 is sampled, measured as the time since 


t l .  This time is varied randomly from patient to patient according to a 
normal distribution with a mean of 5 hr, and a standard deviation of 2 
hr (but values <3 hr were discarded). These sampling times are in ac- 
cordance with previous suggestions (1) for sampling times. (Note that 
for the Bayesian method, the third parameter to be estimated is simply 
W1, the true first level.) The simulated observed levels, y1 and y2, are 
obtained from W1 and Wp by adding randomly chosen errors €1 and c p ,  
respectively. 


Clearance is predicted (1) from: 


2R e l  = ~ 


(Yl  t Y2) 
+ 2 ~ X P ( ~ I ) ( Y I  - ~ 2 )  


t2(Y1 t Y2) 
Note that a single population parameter, 81, is used here. 


(Eq. 10) 


RESULTS 


Both examples can be discussed together, since the results are quite 
similar. 


Table I presents the performance of the Bayesian and alternative es- 
timation methods for both examples. In Table I, the mean (estimation) 
error and absolute error for clearance, and their standard errors, are ex- 
pressed as percentages of the (approximate) population mean clearance, 
0.052 literhrlkg. The performance of the Bayesian method is shown for 
all five cases tested: the case in which the method was supplied with the 
correct ratios of the w's to u and the four cases in which incorrect ratios 
were used. None of the Bayesian performances nor those of the alternative 
methods exhibited substantial bias (i.e., mean errors were relatively small 
and in all cases were within two standard errors of zero). 
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$30 
Q 
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y 20 
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2 rn 
a 0  


A L T E R N A T I V E  B A Y E S I A N  B A Y E S I A N  B A Y E S I I  
(C11) (CZ-) (Cl t )  


ESTIMATION METHOD 


Figure 1-The mean percent absolute error (true clearance minus 
predicted clearance expressed as a percent of the  population mean 
clearance) for predictions by the alternatiue methods and the Bayesian 
method are shown. Dark bars refer t o  example 1 .  Clear bars refer to  
example 2. Lines at tops o f  bars show the  955 confidence intervals for 
the mean percent absolute errors. Three performances for the Bayesian 
method are shown; the  center one (Cl -) corresponds t o  adjusting 
clearance i n  correct proportion t o  differences between observed and 
predicted leuels. T h e  performance marked C1J (C1 t) refers t o  clearance 
predictions made when adjusting clearance less (more) t h a n  appro- 
priate. T h e  absolute error o f  the  Bayesian method is significantly 
smaller ( p  < 0.05) t h a n  tha t  o f  the  alternatiue method for all but the 
clear bar, C1J case. 
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The results for precision (absolute error) are different. The precision 
of the Bayesian method estimates typically exceeded that of the alter- 
native method estimates. This was true whether or not the Bayesian 
method standard deviation ratios were correct or not, although some 
degradation of performance with incorrect ratios was seen. In the first 
example, the absolute errors of the alternative method were typically 
50-70% larger than those of the Bayesian method, while in the second 
they were 10-25% larger. 


Figure 1 illustrates the precision results of Table I. For the Bayesian 
method, the cases in which the ratio of w1 to u was incorrect are not 
shown, as the performances in those cases were little different from those 
in which the correct ratios were used (Table I). 


Figure 2 shows the predictions of the Bayesian and alternative methods 
for all 100 simulated points for both examples. 


DISCUSSION 


Various methods for revising estimates of individual pharmacokinetic 
parameters based on measured drug levels have been put forward. Most 
previously suggested methods for doing so can be criticized for not at- 
tempting to integrate already available information regarding population 
pharmacokinetic behavior with the information from the observed drug 
concentrations. A previous study (3) has pointed out that such behavior 
is not optimal, and has presented a general (Bayesian) framework that 
allows use of all available information a t  all times. 


In this paper the Bayesian method is seen as an example of weighted 
least-squares estimation. This leads directly to a simple implementation 
of the method involving only minor modifications to any standard non- 
linear weighted least-squares computer program (see Appendix). 


In this paper the Bayesian approach has been applied to simulated 
data, representing two dosage adjustment examples for which other in- 
vestigators have proposed alternative approaches. In both cases, the 
Bayesian method is superior to the alternative. Moreover, the former is 
relatively insensitive to major inaccuracies in some of the parameters it 
uses. This finding supports the suggestion (see Appendix) to use ap- 
proximate values for those parameters when their true values are in 
doubt. 


Regarding the simulations, one further point merits comment. The 
similarity of the magnitude of the errors for the Bayesian method in the 
first and second examples may, a t  first, seem surprising, since the first 
example uses only one measured level, while the second uses two. How- 
ever, i t  should be recalled that the first level in the second example es- 
sentially substitutes for knowledge of initial dosage so that all the drug 
level information, per se,  is actually confined to the second level. 


Regarding the generality of the Bayesian approach, the basic method 


can be extended to arbitrary dosage and blood sampling patterns (91, 
numbers of samples, and pharmacokinetic models (10). In contrast, most 
other estimation methods, including the alternative ones evaluated 
herein, apply only to specific models or dosage patterns. 


Regarding the theoretical advantages of the Bayesian approach, the 
most important one is its use of population information a t  all times. By 
using population information even when individual observations are 
available, the Bayesian method must perform better than methods that 
do not. Figure 2 illustrates this point. The clearance estimates from the 
Bayesian method seen there tend to err in the direction of the population 
mean (for true clearances less than the mean, Bayesian estimates tend 
to be high, and uice uersa), while those of the alternative methods do not 
demonstrate this tendency. Rather, they can be quite erratic and have 
large associated errors. See the off-scale points in Fig. 2A. Even when 
absolute error is modest, the nowBayesian estimates can be quite mis- 
leading. See the several instances in Fig. 2B where clearance is estimated 
by a previous method (1) to be at or near zero. The first example is an 
instance in which random error causes the observed levels to differ greatly 
from the corresponding true levels. The second occurs when the error, 
no matter what its magnitude, represents a large fraction of the true 
difference, which itself may be quite small. The non-Bayesian methods 
trust the observations implicitly, and will often magnify small differences 
from expectation in these so as to produce large estimation errors. In 
contrast, the Bayesian method discounts observations, the more so the 
more they are in conflict with (prior) parameter expectations. In some 
cases this conservatism will mean that a parameter truly different from 
expectation will be incorrectly regarded as closer to expected than it really 
is-at least until further drug levels are obtained. The incorrect dis- 
counting of truly unusual responses is more than compensated by the 
correct tendency to discount falsely unusual ones, Indeed, the Bayesian 
method is likely to perform well in precisely those circumstances in which 
other methods do not perform well: when observed drug levels actually 
provide little information about the parameters of interest. 


APPENDIX 


Implementation of the Bayesian method involves the use of suitable 
computer programs. The availability of a computer program that can 
perform parameter estimation using nonlinear weighted least squares 
is assumed'. Although large programs running on large machines are often 


~~ ~ ~ ~ 


A users manual and listings of computer programs that implement the above 
approach on a microcomputer are available The authors should be contacted for 
information on obtaining these items. 
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used for this purpose l e g ,  NONLIN ( l l ) ] ,  short programs that run on 
a microcomputer are also available (12). 


Nonlinear weighted least-squares programs usually require a t  least 
the following: ( a )  data, consisting of a series of observations, Z = 
(Zl,Zz,. . .ZN)  and corresponding weights, W = (W1,W2,. . . W N ) ;  ( b )  
a subroutine that for each Zi accepts as arguments a list of independent 
variable values ( X i )  and a list of current parameter estimates (P) ,  and 
produces as output, a prediction (2i) of Zi, as a function v ( P , X ; ) ]  of its 
arguments. Some programs are less sophisticated than others and restrict 
one to scalar X i ,  usually denoting time, ti. The following procedure for 
specifying ( a )  and ( b )  for a nonlinear weighted least-squares program 
is designed to function even with that restriction. These programs will 
also require other arguments, such as the maximum number of iterations 
allowed, the convergence criterion, etc. Specification of these is no dif- 
ferent for the current application than it is for the usual ones. 


It. is assumed that there are N observations of drug levels, and s 
pharmacokinetic parameters to be estimated (s + 1 estimates are needed 
when an initial level is used). Further, it is assumed for now that the 
vector of mean population parameters, 0, is known as is w1 through w, and 
9. 


Any nonlinear weighted least-squares program can be used to find the 
P minimizing expression (51, by fulfilling requirements ( a )  and ( b ) ,  as 
follows: 


( a )  The da-h: There are a total of N + s observations. For i = 1, . . . ,N, 
let Zi = y, and W ,  = l/u2. For i = N + 1, .  . . ,N + s, let Zi = 8 k  and W ,  
= l/wg, where k = i - n. 


( b )  The subroutine: Let one component of X i ,  Xli, say, be defined by 
xl,  = ti $ i  5 n and Xli = -(i  - N )  if i > N .  Then the subroutine should 
return Zi = f (P ,X i )  if X I ;  2 0, but it should return 2; = P k  where k = 
-XI ; ,  if Xa < 0. 


When the initial level idea is to be used, one does not regard the initial 
level as one of the N others. Rather, one modifies the data by adding 
observation number N + s + 1, corresponding to the new parameter, 
numbers + 1. Then for i = N + s + 1, Zi =yo, Wi = l /u2 and Xli = -(s + l ) ,  where yo is the measured value of the initial level. The subroutine 
need not be modified from its specification above. 


The sole remaining problem is that of obtaining values for the popu- 
lation parameters, uz, 8, and 01 through w,. Methods for analyzing patient 
data in order to estimate population parameters have previously been 
presented [e.g., (13)]. Many investigators have studied normal volunteers 
or selected patient populations and have published equations that predict 
average pharmacokinetic parameters as a function of body weight, renal 
function, and other factors. Recently, a compilation of such parameters 
for selected drugs has been assembled (14). 


Available information, however, is often of varying quality and com- 
pleteness. In particular, estimates of w1 through ws and g2 are least 
available, and, when available, least reliable. When this is the case, it is 
proposed not that the Bayesian method be abandoned, but that certain 
rules of thumb be used. For many pharmacokinetic parameters, a coef- 
ficient of variation, CVI, of interindividual variability that is on the order 


of 25-50% is not uncommon, with volume of distribution often at  the 
lower value and clearance a t  the upper (12). This variability is present 
after correcting for age, sex, renal function, and other observable patient 
features. A reasonable coefficient of variation, CV,, of y ,  given P, is often 
5-15%, since the c error includes not only assay error but model misspe- 
cification error and error due to intraindividual kinetic variability. To 
compute an estimate of w i  and u2, the only further information needed 
are the values of 8k and a typical value for y ,  a value in the therapeutic 
range; let the latter be denoted j .  Then, for example, for CV2 = lo%, u2 
= (0.1g)2, and for CVI  = 50%, w i  = (0.58k)2. 


I t  is the author’s experience that the Bayesian estimates are not too 
sensitive to the choices involved in this rule of thumb, while the ordinary 
least-squares estimates can be rather poor in comparison when sample 
size, N, is small. Of course when N < s, the ordinary least-squares esti- 
mates do not exist, whereas the Bayesian estimates do. 
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Abstract 0 A series of gem-dichlorocyclopropyl and cyclopropyl analogs 
of stilbene congeners was synthesized and examined for estrogenic and 
antiestrogenic activity using the uterotropic assay in the immature mouse. 
The relative receptor affinity in uitro was determined by measuring 
[3H]estradiol displacement from the rat uterine cytosol receptor. The 
11 test compounds synthesized in this study did not produce estrogenic 
or antiestrogenic activity a t  the dosage levels used (1-25 pg), but did 
produce a significant displacement of 13H]estradiol in the rat uterine 
receptor binding assay with analog XVIII possessing the greatest binding 
affinity and compound XI the lowest affinity. Structure-affinity rela- 
tionships of this series were established from the receptor binding assay 
and comparisons between these analogs and a previously reported series 
are summarized. 


Keyphrases 0 gem -Dichlorocyclopropyl analogs-synthesis, biological 
evaluation, cyclopropyl analogs, stilbene congeners, potential anties- 
trogens 0 Stilbene-congeners, potential antiestrogens, synthesis, bio- 
logical evaluation of gem-dichlorocyclopropyl and cyclopropyl analogs 
0 Antiestrogens-synthesis, biological evaluation of gem -dichlorocy- 
clopropyl and cyclopropyl analogs of stilbene congeners 0 Biological 
evaluation-synthesis, gem-dichlorocyclopropyl and cyclopropyl analogs 
of stilbene congeners, potential antiestrogens 0 Cyclopropyl analogs- 
synthesis and biological evaluation, stilbene congeners, potential anti- 
estrogens 


In a previous paper ( l ) l ,  a series of cyclopropyl analogs 
(I-X) of stilbene and stilbenediol was reported as a novel 
class of nonsteroidal estrogens and antiestrogens. The 
interesting pharmacological properties of these analogs 
prompted the investigation of a new series of related 
compounds. The preparation of some related cyclopropyl 
analogs (XI-XXI), their estrogenic, antiestrogenic, and 
receptor binding activities are reported here. The receptor 
binding effects of this new series were compared to the first 
series (1) to examine more fully the total structure-affinity 
relationships with the hope of providing additional insight 
into the steric requirements of the ligand that binds to the 
estrogenic receptor. This relationship between the li- 
gand-receptor binding and biological response is of great 
interest, because elucidation of this relationship would 
help to clarify the mechanism of action of both estrogenic 
and antiestrogenic compounds at the cellular level. 


EXPERIMENTALz 


Preparation of Starting Olefins-These compounds were not 
available and were prepared by previously reported procedures (2- 
12). 


1 This is the third paper in a series. See Refs. 1 and 14 for previous papers. 
2 Melting points were determined on a Thomas-Hoover capillary melting point 


apparatus. Neither melting points nor boiling points are corrected. The elemental 
analyses were determined by Midwest Microlab, Inc., Indianapolis, Ind. IR spectra 
were determined with a Beckman IR20A spectrophotometer using polystyrene film 
as a standard to ascertain reproducibility. The PMR spectroscopic analyses were 
recorded in a Varian T-60 spectrometer using deuterochloroform as a solvent, and 
chemical shifts are reported relative to the internal standards tetramethylsilane. 
Analytical samples had compatible IR and PMR spectra. 


General Method for the Preparation of gem-Dichlorocyclopropyl 
Analogs XI-XVI (Table I) (13-15)-A molar ratio (1: lO) of triethyl- 
benzylammonium chloride to the starting olefin was dissolved in excess 
chloroform (10 times the molar concentration of olefin) contained in a 
three-neck flask fitted with an air condenser and dropping funnel. The 
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Figure 1-Uterine receptor binding activity of the cyclopropyl analogs 
X I - X X I .  The receptor binding data is presented in two parts (A and 
B) due to the overlap in binding between these compounds. Each point 
represents the mean of two determinations. Key: (A) (a) X I ;  (0) X I I I ;  
(0) X V ;  (8) X V I I I ;  (0) X I X .  (B) (@,J X I l ;  (0) X I V ;  (0) X V I I ;  (@) 
X V I ;  (0) X X ;  (A) X X I .  (A, B) (B) 17/3-estradiol. 
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Table I-gem-Dichlorocyclopropyl Analogs of Stilbene Congeners 
~ ~~ 


R, YR, 
CI CI 


No. Ri Rz R3 R4 Formula mP" Yield, % Calc. Found 


XI @CH, @oCH, CH3 CisHisOzClz 99-1000 77 C 64.10 63.93 
H 5.37 5.28 
c121.02 21.31 


XI1 CH3 p, @CH, CH3 C d b d M l z  112' 48 C 64.96 64.91 
H 5.74 5.69 
C120.19 20.10 


CH3 Ci6Hi4Ch 71-71.5' 57 C 69.33 69.32 
H 5.09 5.21 
C125.58 25.73 


CH3 Ci7Hi6Clz 142-143c 60 C 70.11 70.38 
H 5.54 5.79 
C124.35 24.19 


CH3 Ci6Hi4C1z 74.5-75.56 62 C 69.33 69.58 
H 5.09 5.15 


Compound Analysis, % 


XI11 " 0  0 
XIV CH3 0 Q 


C125.58 25.51 
CH3 Ci7H16Clz 109.5-110.56 37 C 70.11 69.95 


H 5.54 5.63 
C124.35 24.56 


XVI 0 CH3 


(I Recrystallized from methanol. b Purified by sublimation. Recrystallized from n-propyl alcohol. 


Table 11-Cyclopropyl Analogs of Stilbene Congeners 


R, R ,  


Compound Analysis, ?h 
No. Ri Rz R3 R4 Formula mp or bp" Yield, % Calc. Found 


XVII H @KH, @,,, CH3 C~sHzoOz 156-159/0.01 61 C 80.56 80.85 
mm" H 7.51 7.72 


XVIII CH3 D O C H ,  a O C H ,  CH3 CIgHzzOz 105-106°b 68 C80.81 81.10 
H 7.86 7.62 


CH3 C16Hi6 96-99/0.05 mm" 55 C92.26 91.88 


CH3 Ci7Hia 116.5-117.5c 80 C91.84 91.58 
CH3 8 8 H 8.16 7.92 


CH3 Ci6Hi6 97-99/0.05 mm" 69 C92.26 91.29 
H 7.74 8.13 


H 0  0 H 7.74 7.74 
IX 


xx 


XXI 0 H 


0 Distillation. * Purified by sublimation. Recrystallized from methanol. 


flask was cooled in an ice water bath and a 33-50% aqueous sodium hy- 
droxide solution (sodium hydroxide-chloroform, 21) was added dropwise 
while the mixture was magnetically stirred. After the addition was 
completed, the ice bath was removed and stirring continued for 6-120 
hr. The dark mixture was diluted with excess water and the aqueous layer 
was separated and extracted three times with chloroform. The chloroform 
extracts were combined, washed three times with water, dried over an- 
hydrous magnesium sulfate, and filtered to remove the drying agent. The 
chloroform was removed under reduced pressure, yielding a dark liquid 
or solid which was purified as described in Table I. PMR (CDC13): XI, 
7.13 (q, 8H), 3.80 (s,6H), 3.05 (s, lH), 1.40 (s,3H); XII, 7.13 (q,8H), 3.82 
(s, 6H), 1.40 (s, 6H); XIII, 7.37 (s, lOH), 3.17 (9, lH), 1.43 (s,3H); XIV, 
7.32 (s, lOH), 1.40 (5, 6H); XV, 7.13 (m, lOH), 2.85 (s, lH), 1.80 (s,3H); 
XVI, 7.33 (m, lOH), 1.77 (s, 6H). 


General Method for the Preparation of Cyclopropyl Analogs 
XVII-XXI (Table 11)-The method of Gassman and Pape (16) was 
modified. gem-Dichloro intermediates XI-XVI and tetrahydrofuran were 
added to a 100-ml flask fitted with a reflux condenser. This solution was 
stirred by means of a magnetic stirrer and sodium metal was cut in small 
pieces and added to the solution followed by tert-butyl alcohol. The 
mixture was stirred and heated at reflux for 12 hr. The unreacted sodium 
was consumed with methanol and then water was added. The aqueous 
layer was separated and extracted twice with ether. The ether extracts 


were combined, dried over anhydrous magnesium sulfate, filtered, and 
the solvent removed under reduced pressure yielding a solid or liquid 
which was purified as described in Table 11. PMR (CDC13): XVII, 6 7.04 
(m, 8H), 3.70 (s, 6H), 2.23 (m, 3H), 1.18 (m, 3H); XVIII, 6 7.10 (q, 8H), 
3.80 (s, 6H), 1.10 (s, 2H), 1.00 (s, 6H); XIX, 6 7.41 (m, lOH), 2.33 (m, lH), 
1.29 (m, 2H), 1.03 (s, 3H); XX, 6 7.35 (s, lOH), 1.18 (s, 2H), 1.03 (s, 6H); 
XXI, 6 7.16 (m, lOH), 2.60 (m, 2H), 1.93 (m, lH), 1.36 (m, 3H). 


Uterotropic Assay for Estrogenic and Antiestrogenic Activ- 
ity-The assay for estrogenic activity was a modification (1) of the 
original uterotropic method of Rubin et al. (17) using Swiss-Webster 
mice. Each cyclopropyl analog was examined over a dosage range of 1-25 
Kg (total dose). 


The uterotropic assay also was used to evaluate the antiestrogenic 
activity of the test compounds which did not produce an estrogenic re- 
sponse in the previous assay. The antiestrogenic assay was conducted as 
described for estrogenic activity, except that each animal in the cyclo- 
propyl analog treatment groups received a standard stimulating dose of 
estradiol(O.04 pg). The test compounds and estradiol were administered 
separately at different injection sites to minimize possible physical in- 
teraction or reduced absorption of either compound. Antiestrogenic ac- 
tivity was measured as a decrease in estradiol-stimulated uterotropic 
response in groups which received both the test compound and estradiol 
as compared to a group that received estradiol alone. 
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Table 111-Receptor Binding Assay 


R, 


RI 


Compound Relative Binding Activityu 
No. Configuration Ri Rz R4 (Estradiol Response, %) 


Estradiol 
XI 
XI1 
XI11 
XIV xv 
XVI 
XVII 
XVIII 
XIX xx 
XXI 


trans 
trans 
trans 
trans 
CtS 
c1s 
trans 
trans 
trans 


CLS 
trans 


c1 
c1 
c1 c1 c1 
c1 
H 
H 
H 
H 
H 


O-cH3 
O-CH3 
H 
H 
H 
H 
0-CH3 
0-CH? 
H 
H 
H 


100 
8.3 x 10-5 
5.9 x 10-4 
5.3 x 10-4 
5.1 x 10-4 
6.3 x 10-4 
5.5 x 10-4 
7.3 x 10-4 
2.2 x 10-3 
1.5 x 10-4 
1.1 x 10-4 
8.0 x 10-4 


Concentration of estradiol that displaced 50% [3H]estradiol 
Concentration of analog that displaced 50% 13HIestradiol loo, 


Receptor Binding Assay-A modification (1) of the competitive 
receptor binding assay method of Korenman (18) was used in this study. 
Uteri from mature (250 g) female Sprague-Dawley rats were used to 
prepare the cytosol receptor agent for this assay. Each test compound 
was assayed at three concentrations over a range of to 10-6 M for 
the cyclopropyl analogs and lo-' to M for the estradiol standard. 
The test compounds were dissolved in ethanol, and in all cases the final 
concentration of ethanol was <2% of the total incubation volume. 


The [3H]estradiol displacement curve for each test compound was 
determined by linear regression analysis and plotted graphically. The 
relative receptor binding activity of each analog was determined using 
the ratio (concentration of unlabeled estradiol producing 50% displace- 
ment of [3H]estradiol/concentration of cyclopropyl analog producing 50% 


dR3 
~~~ NaOH triethylbenzylammonhm - 


IR3 


Scheme I 


displacement of (3H]estradiol) X 100. Parallelism between the curve 
produced by each of the analogs and the unlabeled estradiol standard 
(an index of assay displacement specificity) was determined according 
to the method of Bliss (19). 


RESULTS AND DISCUSSION 


Chemistry-Scheme I illustrates the method of Dehmlow and Scho- 
nefeld (13) used for the synthesis of the gem-dichloropropanes (Table 
I) in this study. This is a phase transfer reaction catalyzed by triethyl- 
benzylammonium chloride using chloroform and concentrated aqueous 
sodium hydroxide solution (33%) to generate a dichlorocarbene. The 
carbene adds stereospecifically across the double bond in the starting 
olefins, thus, generating the desired gem-dichlorocyclopropyl interme- 
diate (Table I). This reaction was easily carried out and provided yields 
between 50 and 70%; however, analog XVI was obtained in only 37% yield, 
and XI and XI1 yielded dark mixtures before purification. The method 
of Gassman and Pape (16) was modified to remove the gem-dichloro 
groups from the cyclopropyl ring, and is illustrated in Scheme I. This 
modified reaction involved the use of the dichloro intermediate, sodium 
metal, and tert-butyl alcohol in refluxing tetrahydrofuran. The dehalo- 
genated cyclopropyl analogs (Table 11) were isolated in 60-8W0 yields. 


Pharmacology-All cyclopropyl analogs prepared were tested for 
estrogenic and antiestrogenic activity in a concentration range of 1-25 
pg (total dose) using the immature mouse uterotropic assay (17). None 
of the test compounds produced an estrogenic response (increase in 
uterine weight) or an antiestrogenic response (antagonism of estradiol- 
induced increase in uterine weight) within the dosage range used in this 
assay system. 


Each test compound produced a significant displacement of I3H]es- 
tradiol in the rat uterine receptor binding assay (Table 111, Figs. 1A and 
1B) with analog XVIII displaying the greatest binding affinity and 
compound XI the lowest. However, the binding affinity of most of the 
test compounds was similar and in the order of to lo+% of 170- 
estradiol on a molar basis. Accordingly, receptor binding curves were il- 
lustrated in two separate figures due to the significant overlap in ana- 
log-induced [3H]estradiol displacement activity. 


Since substituents play an important role in the receptor recognition 
of substrates, it was of interest to look at the nature of the substituent 
and its contribution to the binding processes. Consequently, the struc- 
ture-affinity relationships exhibited by this substituted cis- and trans- 
diphenylcyclopropane series (Table 111) are discussed briefly. 


Structural modifications restricted to monomethyl (R2) and dimethyl 
(R2 and R3) substitutions in gem-dichloro-cis- and trans-2,3-diphenyl- 
cyclopropanes (XIII-XVI) did not alter binding activity. The additional 
methyl group (R3) in dimethyl substitution does appear, however, to 
increase activity when in combination with p-methoxyphenyl substitu- 
ents (XI1 uersus XI and XVIII uersus XVII). gem-Dichloro substitution 
(R1 = C1) in monomethyl trans-diphenylcyclopropanes (XIX versus 
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XIII) and dimethyl analogs (XX uersus XIV) generally produced a small 
increase in binding affinity. p-Methoxy groups increased activity in the 
dehalogenated cyclopropyl analogs (XIX uersus XVII and XX uersus 
XVIII) with the greatest receptor binding affinity found in compound 
XVIII. The cis-isomer XXI displayed greater receptor affinity than the 
trans-isomer XIX, but there were no apparent differences in the gem- 
dichloro analogs (XV uersus XI11 and XVI uersus XIV). 


When the receptor binding activities of these analogs were compared 
to the present compounds ( l ) ,  it was found that the monomethyl and 
dimethyl substituents at Rz and RB (Table 111) in the hydrophobic cy- 
clopropyl skeleton led to a reduction in receptor binding affinity of the 
derivatives, while diethyl substitution increased receptor binding 
ability. 
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Abstract  u The in uiuo disintegration, dissolution, absorption, and 
disposition processes of ampicillin products are separated by means of 
moment analysis. This method is model-independent, that is, any specific 
model is not assumed. The mean residence time (MRT), mean absorption 
time (MAT), mean dissolution time (MDT), and mean disintegration 
time (MDIT) are calculated for several dosage forms of ampicillin. The 
fraction of dose absorbed ( F )  is also separated into several fractions 
corresponding to these in  uiuo processes. Bioavailability and bioequiv- 
alence are discussed in terms of the zero and first moments. The flip-flop 
behavior of ampicillin is proved by the fact that  the MRT following in- 
travenous injection is less than the MAT of any oral dosage form. Ab- 
sorption of released ampicillin is proved to  be a rate-determining step, 
since the MRT of released ampicillin in the GI tract is the greatest of all 
MRT corresponding to the in uiuo processes. Moment analysis is com- 
pared with classical compartment theory, and a new component concept 
is introduced. 


Keyphrases a Ampicillin-moment analysis, in uiuo disintegration, 
dissolution, absorption, disposition time a Disintegration-ampi- 
cillin, moment analysis, in uiuo dissolution, absorption, disposition 
time Dissolution-ampicillin, moment analysis, in uiuo disintegration, 
absorption, disposition time Absorption-ampicillin, moment analysis, 
in uiuo disintegration, dissolution, disposition time 


In recent years moment analysis has been developed in 
the pharmacokinetic field as a method to comprehend drug 
behavior in the body, that is, absorption, distribution, 


metabolism, and excretion ( 1-10l1. Since statistical mo- 
ments are characteristic of the shape of the statistical 
distribution curves such as plasma concentration-time 
curve or urinary excretion rate-time curve, they are only 
dependent on the observed time course data and are in: 
dependent of the pharmacokinetic compartment model. 
Zero moment represents the area under the plasma con- 
centration-time curve (AUC) or the total amount of drug 
excreted in urine, which is widely used as a model-inde- 
pendent parameter. The first moment, which is defined 
as the mean residence time (MRT), gives significant in- 
formation with respect to kinetic features of the process 
which a drug undergoes in the GI tract and the body (1). 


The absorption of a drug from its oral preparation in- 
volves a process too complex to be described by a simple 
mathematical equation. Therefore, a model-independent 
approach has been undertaken to evaluate the absorption 
rate (1-3,ll-13). These methods are based on deconvo- 
lution. The mean absorption time (MAT) is the useful 
index of the rate of bioavailability (1-3). The in uiuo drug 
absorption involves disintegration and dissolution steps 


Y. Tanigawara, K. Yamaoka, T. Nakagawa, and T. Uno, Chem. Pharm. Bull., 
30,2174 (1982). 
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DIFFRACTION ANGLE, 28 


Figure 8-Changes in X-ray diffraction patterns of the spray-dried 
products caused by heat-treatment. Key: (A) spray-dried products 
prepared at 1 1 5 O ,  10,000rpm; (B) products treated at  llOo, 30min; (+) 
theophylline; (- - - +) a-aminophylline. 


peak disappeared when the drying temperature was >130°. The weight 
loss indicated by thermogravimetric curves in Fig. 6B corresponded ap- 
proximately to the contents of water and ethylenediamine contained in 
the products as indicated in Fig. 3. The weight loss detected by thermo- 
gravimetric analysis decreased with an increase in the drying temperature 
as shown in Fig. 6B, as predicted from the findings in Fig. 3. 


The changes in differential scanning calorimetry and thermogravi- 
metric thermograms, with the rotation speed of the atomizer, are dis- 
played in Fig. 6C. The thermal behaviors of the product prepared with 
high (low) rotational speed of the atomizer resembled those of the 
products prepared at high (low) drying temperature. As expected, the 
weight loss which appeared on the thermogravimetric curve decreased 
with increasing rotation speed of the atomizer. 


Differential scanning calorimetric and thermogravimetric thermograms 
of the products treated with heating were compared with those of the 
products prior to the treatment in Fig. 7. After treatment by heating, the 
endothermic peak at  100' for water releasing disappeared from the 
thermogram. No weight loss on the thermogravimetric curve at 100' also 


indicated that the products treated by heating contained no crystalline. 
water. However, an endothermic peak at  127' of the products prepared 
by spray drying at  high temperature or with high rotation speed of the 
atomizer still remained even after heat treatment at 120'. The products 
prepared at  low drying temperature or at low atomizing speed revealed 
an endothermic peak at 120' on the thermograph after heat treatment 
at 110'. The weight loss detected at 127 or 120' by thermogravimetric 
analysis suggested that some ethylenediamine still remained in the 
products even after heat treatment. 


The X-ray diffraction pattern of the products treated with heating 
revealed characteristic peaks of theophylline and a-aminophylline at 7.2, 
12.5, 14.2, 25.7,29.3Oand 10.2,11.2,13.5, 16.7, 18.1', respectively. The 
peaks for theophylline strengthened, but no diffraction peaks for ami- 
nophylline appeared on the pattern in Fig. 8. These findings proved that 
the endothermic peak at 116 or 127O, that appeared on the thermogram 
of the spray-dried products, was caused by the liberation of ethylenedi- 
amine contained in a theophylline-ethylenediamine complex. 
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Abstract 0 The bioavailability of chlorpheniramine regular-release 
uersus controlled-release products was compared using 15 human 
aubjects. The dosage forms evaluated were an 8-mg barrier coated-bead 
capsule, an 8-mg repeat action tablet, two 4-mg tablets, and 4- and 8-mg 
jyrups. Single doses of each product were administered orally in a 5-way 
crossover study, plasma samples were collected at  specific time intervals, 
and chlorpheniramine levels assayed by HPLC. Pharmacokinetic analysis 
was based on a two-compartment open model. The average plasma 
elimination half-life of chlorpheniramine was calculated to be -18.3 hr. 
The controlled-release products gave a higher C,, than the 4-mg syrup, 
but <two 4-mg tablets. The controlled-release products also extended 
the time necessary to attain peak drug levels compared to the 4- and 8-mg 


syrups. The area under the curve (AUC) data for the controlled-release 
products was not equivalent to equal amounts of the regular-release 
products. The study indicated that while the controlled-release chlor- 
pheniramine products were successful in prolonging the time course of 
absorption, this was at  the expense of incomplete bioavailability of the 
drug. 


Keyphrases 0 Chlorpheniramine-bioavailability of regular and con- 
trolled-release products Bioavailability-regular and controlled-release 
chlorpheniramine products 0 Controlled-release products-bioavail- 
ability of chlorpheniramine 


Chlorpheniramine maleate is commonly used in the 
treatment of various allergic conditions. The different 
dosage forms of chlorpheniramine maleate marketed in- 


clude regular- (or immediate) release and controlled- (or 
sustained) release products. 


Little comparative information is currently available 
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Figure 1-A comparison of computer predicted (-) versus observed 
(0) chlorpheniramine plasma concentrations versus time following 
administration of the 4-mg syrup. 


concerning the bioavailability of regular-release uersus 
controlled-release products or on comparisons among the 
various controlled-release products themselves. I t  is gen- 
erally assumed that the controlled-release products pre- 
pared by different methods are bioequivalent. Chlor- 
pheniramine maleate is commercially available as a coated 
slow-release bead, a repeat-action tablet, a single-dose 
tablet, and a syrup. In uiuo comparison of these different 
dosage forms as well as differently designed products is not 
currently available. 


The present study compares two different controlled- 
release products of chlorpheniramine maleate to equiva- 
lent doses of immediate-release tablets and an equivalent 
dose and single dose of the drug in solution. In addition, 
the study provides information regarding the bioequiv- 
alency of two sustained-release products formulated by 
different methods. 


EXPERIMENTAL 


Subjects-Fifteen healthy male volunteers [ 18-27 years old (mean 
21), 66-80 kg (mean 74), and within &lo% of ideal weight for their height 
and age (l)]  were selected for the study. All subjects were shown by 
medical examination to be in good physical condition with normal blood 
and urine chemistry. Informed consent was obtained from all subjects. 
Each volunteer was instructed to refrain from taking any medication for 
1 week prior to and during the study. 


The subjects fasted for 8 hr prior to the drug administration. Each 
subject received 200 ml of water at the time of dosing and at  -1.5 hr 
postdose. The same low-fat meal was provided for all subjects 3 hr after 
administration of the dose. A second meal was given to all subjects -10 
hr after initial drug administration. Throughout the study the subjects 
were ambulatory and proceeded with their normal daily routine. The dose 
was administered and blood samples (5 ml) were collected immediately 
before dosing and at  0.3,0.7, 1,1.5,2, 2.5,3,3.5,4,6,7,8,10, 12, 24,36, 


6 1L 2 ' 0  23-66-101214 <678 20 2522 2'6 2830 323436 
HOURS 


Figure 2-A cornparison of computer predicted (-) versus observed 
(0) chlorpheniramine plasma concentrations versus time following 
administration of the 8-mg syrup. 
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Figure 3-A comparison of mean plasma concentration-time profiles 
for the 4- and 8-mg syrups of chlorpheniramine to the 4-mg tablet, ad- 
ministered at 0 and 6 hr. Key: 4-mg syrup (o) ,  8-mg syrup (*), 4-mg 
tablet (A). 
48, 72, 96, and 144 hr. Samples were drawn from a forearm vein into 
heparinized vacuum tubes using indwelling needles from 0 to 4 hr and 
by venipuncture thereafter. The plasma was separated and frozen until 
assayed. 


Study Design-The drugs as listed in the table below were adminis- 
tered using a five-way crossover design with all subjects receiving each 
dose. 


Strength Dose 
Drug 1' 4 mg 4 mg (0,6 hr) 
Drug 22 8 mg 8 mg 
Drug 33 2 mg/5 ml 4 mg 
Drug 44 8 mg 8 mg 
Drug 53 2 mg/5 ml 8 mg 


The subjects were formed into five groups of three subjects each, such 
that the total body weights of the five groups were essentially the same. 
The following scheme was used with 2 weeks between each study pe- 
riod: 


Study Period 
1 2 3 4 5 - 


Group A (Subjects 1-3) Drug 1 Drug 2 Drug 3 Drug 4 Drug 5 
G r o w  B (Subiects 4-6) Drue 2 Drue 5 Drug 4 Drue 3 Drue 1 
Groub C (Subjects 7-9) Drug 3 Drug 1 Drug 5 Drug 2 Drug 4 
Group D (Subjects 10-12) Drug 4 Drug 3 Drug 1 Drug 5 Drug 2 
Group E (Subjects 13-15) Drug 5 Drug 4 Drug 2 Drug 1 Drug 3 


Analysis-The HPLC analyses were performed on a liquid chroma- 
tograph5. The column contained a packing material consisting of an oc- 
tadecyhilane material bonded to a microparticulate silica gel6 (<lo pm) 
for reversed-phase chromatography. The mobile phase consisted of 1:4 
acetonitrile-0.075 M monobasic ammonium phosphate whose pH was 
adjusted to 2.6 with concentrated phosphoric acid. The flow rate was set 
a t  1.0 ml/min, the peaks were monitored at  254 nm, and the recorder 
sensitivity was set a t  0.005 aufs. 


Stock solutions of chlorpheniramine base (1.5 pglml) and brom- 
pheniramine base (2.5 pg/ml) were prepared by dissolving equivalent 
amounts of chlorpheniramine maleate and brompheniramine maleate 
in distilled water. 


Plasma chlorpheniramine levels were determined by a modification 
of the HPLC procedure reported previously (2). To 1.5 ml of plasma in 
a 15-ml centrifuge tube were added 75 p1 of brompheniramine (internal 
standard) and 1 ml of 5% aqueous potassium hydroxide. Ether (3 ml) was 
then added followed by shaking (15 min) and centrifugation (3000 rpm, 
15 min). The aqueous layer was then frozen with the aid of a dry ice- 
acetone bath and the ether decanted into a clean 15-ml centrifuge tube. 
To this was added 0.1 ml of 0.5% phosphoric acid, the mixture shaken for 
10 min, centrifuged, and refrozen. The ether layer was discarded, and the 
remaining aqueous portion was placed under a nitrogen stream for 5 min 


Chlortrimeton Tablets, Lot # 7TW30P56540, Schering Corp., Kenilworth, NJ 


Chlortrimeton Repetabs, Lot #6CC15 and #56411, Schering Corp., Kenil- 


Chlortrimeton Syrup, Lot #7ATN501, Schering Corp., Kenilworth, NJ 


Teldrin Spansules, Lot # 27872, Smith, Kline and French Laboratories, Phil- 


Waters Associates liquid chromatograph equipped with an M-6000 pump, a 


07033. 


worth, NJ 07033. 


07033. 


adelphia, PA 19101. 


U6K injector, and a model 440 UV absorbance detector, Milford, Mass. 
6 I*-Bondapak C18, Waters Associates, Milford, Mass. 
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Table ]-Average Plasma Concentrations a t  each Sampling Time of Chlorpheniramine (ng/ml) from Five Different Administrations 


Time, Syrup, Drug 2, Drug 4, Tablet, Syrup, 
hr 8 mg 8 mg 8 mg 4 mg 4 mg 


0.7 5.2 f 4.3 1.6 f 2.4 0.6 f 1.1 2.0 f 2.2 2.5 f 2.1 
1 6.3 f 3.8 2.1 f 2.0 0.7 f 0.7 2.9 f 2.5 3.5 f 2.0 
1.5 7.8 f 3.4 2.6 f 1.5 1.2 f 1.3 3.8 f 2.9 3.6 f 1.6 
2 
2.5 
3 
3.5 
4 
6 
7 
8 
10 
12 
24 
36 


7.9 f 2.5 
8.6 f 3.1 
8.2 f 1.8 
8.3 f 2.2 
8.2 f 3.2 
8.2 f 3.3 
7.0 f 1.9 
6.5 f 1.4 
7.0 f 3.5 
4.8 f 2.9 
2.7 f 1.7 
1.2 f 1.0 


3.2 f 2.0 
2.7 f 1.0 
3.3 f 1.1 
3.2 f 1.7 
3.9 f 1.7 
6.1 f 2.8 
6.5 f 1.8 
7.3 f 4.1 
6.1 f 4.1 
4.9 f 2.0 
2.1 f 0.9 
1.0 f 0.9 


1.7 f 1.6 
2.4 f 2.4 
2.8 f 2.0 
4.2 f 1.9 
4.6 f 2.4 
6.1 f 2.6 
5.2 f 2.0 
6.4 f 3.3 
5.1 f 2.7 
4.0 f 2.5 
1.8 f 1.0 
1.4 f 1.0 


4.8 f 2.4 
3.9 f 3.2 
4.6 f 2.4 
4.3 f 2.6 
3.9 f 2.4 
3.8 f 2.3 
6.4 f 4.1 


10.0 f 4.9 
8.1 f 3.2 
6.4 f 2.4 
3.1 f 2.0 
1.9 f 1.2 


3.9 f 1.8 
3.6 f 1.1 
3.8 f 1.3 
3.7 f 2.5 
4.1 f 1.8 
3.4 f 1.0 
3.1 f 0.9 
3.9 f 1.8 
2.4 f 1.0 
2.5 f 1.0 
0.8 f 0.6 
0.5 f 0.5 


Mean of 15 values f SD. 


Table 11-Mean Pharmacokinetic Parameters a Across Individual Subjects for Chlorpheniramine Maleate Dosage Forms 


Syrup, Drug 2, Drug 4, Tabletc, Syrup, 
Parameter 8 mg 8 mg 8 mg 4 mg 4 mg 


t 1/2, hr 17.3 f 4.4 17.6 f 4.4 21.2 f 7.4 20.8 f 4.4 14.6 f 3.4 
3.1 f 1.0 
3.4 f 2.5 Time of peak concentration, hr 3.8 f 2.7 7.6 f 2.3 6.1 f 1.3 


Peak concentration, ng/ml 11.3 f 2.9 9.7 f 3.9 7.5 f 3.2 11.0 f 4.1 5.9 f 2.3 
A U C O - ~ ~  156.3 f 60.7 119.2 f 33.7 113.0 f 46.2 169.6 f 85.6 65.4 f 21.8 


FD/Vc , ng/ml 6.3 f 2.4 4.9 f 1.7 3.8 f 1.7 5.4 f 2.0 
6.1 f 2.3 


~ ~ ~~~~~~~~~~~ 


Mean of 15 values f S D  Fraction of the dose absorbed expressed as concentration in its distribution volume in the body calculated from FD/Vc/3 = AUCo--. c Ad- 
ministered twice as single 4-mg doses at 0- and 6- hr intervals. d Obtained by trapezoidal rule technique. The last measured plasma concentration was divided by the 
least squares slope value for the /3 phase, indicating log-trapezoidal extrapolation to zero concentration ( i . e . ,  AUCo-,). 


to rid of residual ether. A 60- to 8O-pl portion of the aqueous phase was 
then injected into the liquid chromatograph. 


Calibration curves were constructed by adding 3.5-, 5.0-, lo-, and 2 0 4  
quantities of the chlorpheniramine stock solution into individual 15-ml 
centrifuge tubes containing 1.5 ml of blank human plasma to give the 
equivalent of 3.5,5.0,10.0, and 20.0 ng of chlorpheniramine/ml. To each 
tube was then added 75 jd of brompheniramine stock solution (internal 
.standard) and each tube assayed according to the procedure described 
,above. 


Ratios of chlorpheniramine peak heights to those of the internal 
standard (DlZS) were calculated for each chromatogram. Regression 
analysis of these data a t  the various concentrations of chlorpheniramine 
gave typical results: slope, 0.0403; intercept, 0.0212; and correlation 
coefficient, 0.9967 (n  = 16). The standard error of estimate of Y(D/ZS)  
on X (chlorpheniramine concentration) was f0.0122. The minimum 
detectable quantity of chlorpheniramine that can be measured using the 
procedure is 1 ng/ml (SIN = 2). The slope and intercept data from re- 
eression analysis for chlorpheniramine were then used to solve for drug 
concentration in the human plasma samples: D/ZS = (slope X concen- 
tration) + intercept. 


Interassay reproducibility of chlorpheniramine determined by the 
assay of spiked plasma samples containing 3.5,5.0,10.0, and 20.0 ng/ml 
gave percent relative standard deviations (RSD)  of 9.7,7.9,5.4, and 5.0%, 
respectively (n  = 10). Interassay reproducibility of the drug at  the 2.5- 


101 
8 -  
7 -  
6- 
5 -  
4- 


3- 


8-  
7 -  
6- 
5 -  
4- 


3- 


0 


0 


0 


0 


0 


0 


Figure 4-A comparison of mean plasma concentration-time profiles 
for the 8-mg chlorpheniramine dosage forms studied (i.e., the  immedi- 
at,oly available syrup, t he  repeat action formulation, and the coated 
slow-release bead). Key: 8-mg syrup (a), Drug 2 (O), Drug 4 (0). 


ng/ml level was 15% (n  = 10). Linearity of the calibration curve <2.5 
ng/ml was assumed using the linear regression calculation for the stan- 
dard curve data. Interassay accuracy data at the 3.5-, 5.0-, 10.0-, and 
20.0-ng/ml levels gave the following typical results (n  = 3): 6.6,4.4,0.7, 
and 0.15%, respectively. 


Pharmacokinetic Analysis-Individual curves following adminis- 
tration of syrup dosage forms, that is, immediately available drug not 
having to undergo disintegration or dissolution, were graphed and the 
data analyzed via NLIN' or SASE. Both one- and two-compartment open 
models with first-order absorption and elimination were examined. Al- 
though both models are indistinguishable if one only looks at the residual 
sum of squares of the model fit, the two-compartment model gives better 
results (Figs. 1 and 2). 


All pharmacokinetic parameters reported here are the results of using 
the above computer program and the two-compartment model. For a 
particular dosage form, plasma half-lives for each subject were calculated 
from least-square fits of the terminal slope of the log plasma chlor- 
pheniramine concentration versus time curve. The individual subject 
half-life data was then used to calculate the mean plasma half-life for the 
particular dosage form. The AUC data were calculated by computer using 
the trapezoidal rule technique. The last measured plasma concentration 


A 


0 
A 


A 


4-A- 
24 36 48 


Figure 5-A comparison of mean plasma concentration-time profiles 
for the repeat action chlorpheniramine formulation to two single 4-mg 
tablets, administered at 0 and 6 hr. Key: 4-mg tablet (A), Drug2 (0). 


A modified Gauss-Newton method for fitting nonlinear regression function by 


Statistical Analysis System, SAS Institute, Inc., 1979 Users Guide. 
least squares. See Ref. 3 for details. 
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Table 111-Duncan’s Multiple Range Tests of Pharmacokinetic 
Parameters  


8 - e  
2 X 4-mg Tablets 
Drug 2 
Drug 4 
4-mg Syrup 


Peak Concentration (Cma) 
G y p i n g a  


11.0ng A 
9.7 ng A 
7.5 ng B 
5.9 ng B 
Time to Peak (t&) 


Drug 2 7.6 hr A 
2 X 4-mg Tablets 6.1 hr A 
Drug 4 6.1 hr A 
8-mg Syrup 3.9 hr B 
4-mg Syrup 3.4 hr B 


Drug 4 
2 X 4-me Tablets 
Drug 2 - 
8-mg Syrup 
4-mg Syrup 


2 X 4-mg Tablets 
8-mg Syrup 
Drug 2 
Drug 4 
4-mg Syrup 


b 
21.2 br A 
20.8 hr A 
17.6 hr A B 
17.3 hr A B 
14.6 hr B 


169.6 
1.56.3 A ~~. ~ 


119.2 B 
113.0 B 
65.4 C 


8-mg Syrup 
2 X 4-mg Tablets 
Drug 2 
Drug 4 


F 
830 


9.22 


4.48 


11.89 


11.42 


PR > F 
7mwT 


0.0001 


0.0033 


0.0001 


0.0001 


4-mi Syrup 3.14 C 


Members of the same group are statistically similar at the 0: = 0.05 level of 
significance. 


was divided by the least-squares slope value for the P-phase, indicating 
log-trapezoidal extrapolation to zero concentration (k., AUCO-~). Other 
bioavailability parameters were calculated following the usual methods 
(4). 


RESULTS AND DISCUSSION 


In examining controlled-release dosage forms, consideration of drug 
plasma levels is integral to ensuring that such dosage forms adhere to the 
release characteristics claimed. The barrier-coated bead product (Drug 
4) is designed such that, “a therapeutic dose of antihistamine is released 
promptly and the remaining medication, released gradually, sustains the 
effect for a prolonged period” (5). The chlorpheniramine repeat action 
tablet (Drug 2) contains 8 mg of drug such that the “dosage is divided 
equally between an outer layer for rapid absorption and an inner core 
protected by special timed barrier for release 3-6 hr after ingestion” (6). 
In this study, three additional doses were administered the 4- and 8-mg 
syrups to provide a comparison of plasma levels (if these quantities of 
drug were immediately released from an oral dose) and 4-mg tablet given 
a t  0 and 6 hr to provide comparative repeat action plasma concentrations 
of two single doses. 


The equation for an open two-compartment model with first-order 
absorption is (7): 


C = Le-cl‘ + Me-@[ + Ne-ko‘ (Eq. 1) 


Using this equation, parameters fitting the model were derived for 4- and 
8-mg syrups: 


4-mg Syrup: C = + 4.4e-0.047t - 7.2e-’.03‘ residual sums of 
square = 1.87; 


8-mg Syrup: C = 4.0e-0.13‘ + 7.3e-0.040L - 11.3e-0.98f residual sums 
of square = 2.66. 
Only the data from the 4- and 8-mg syrups have been applied to the model 
since the other dosage forms or administrations were of a controlled form 
and, thus, not theoretically able to be fit to such a model. It should be 
noted that the one-compartment model was also examined. The criteria 
for choosing the two-compartment model to describe the data include 
lower sum of square, more valid plasma elimination half-life [considering 
recent literature information of 20-30 hr (8-ll)], and curvature of the 
bloo,l level-time curve data after C,,,. 


Figures 1 and 2 show plots of mean plasma chlorpheniramine levels 
uersus time following oral administration of 4- and 8-mg syrups, re- 
spectively. The smooth curve in each figure is a computer prediction using 


the mathematical models derived for the respective syrups. Both figures 
show that a reasonable prediction of the data results when using the 
two-compartment model. 


Table I shows the average plasma chlorpheniramine levels and stan- 
dard deviation for each of the five different doses (dosage forms) as a 
function of time. Due to drug already in solution, the plasma levels for 
the two syrup treatments were detectable at 0.7 hr. The remaining dosage 
forms could only be detected 1 hr after administration. None of the five 
different doses were analytically detectable a t  0.3 hr or >36 hr in 
plasma. 


Figure 3 illustrates a plasma level-time profile for the 4- and 8-mg 
syrups and the 4-mg tablet (administered a t  0 and 6 hr). The similarity 
of the blood levels of drug for the two 4-mg doses can be seen up to the 
7-hr sample when the second 4-mg tablet, administered a t  6 hr, began 
to show an increased chlorpheniramine concentration. 


Plasma level profiles for the 8-mg syrup, Drug 4, and Drug 2 are shown 
in Fig. 4. I t  can be seen that Drug 4 and Drug 2 produce plasma levels 
which are essentially equivalent, while the peak level of the 8-mg syrup 
is definitely higher than the other two dosage forms. The similarity in 
plasma level profiles of Drug 2 and the two single administered 4-mg 
tablets is illustrated in Fig. 5. 


The mean pharmacokinetic parameters for the various dosage forms 
of chlorpheniramine are shown in Table 11. The average plasma elimi- 
nation half-life ranges from 14.6 hr for the 4-mg syrup to 21.2 hr for Drug 
4. An ANOVA of the t l / 2  of the five dosage forms of drug in each of the 
15 subjects produced a calculated F value of 4.48 which, when compared 
to the F0.w (4,56) of 3.65, indicates a significant difference in the half-life. 
The plasma elimination t 1 / 2  of the 4-mg syrup was significantly lower than 
Drug 4 and two 4-mg dosage forms as measured by the Duncan’s Multiple 
Range Test (12). It is believed that the difference is attributable to the 
intersubject variability and the relatively low terminal phase levels of 
the 4-mg syrup which approached the limits of the assay sensitivity. The 
-18.3-hr average half-life for all dosage forms studied is longer than that 
found previously (2), but is comparable to the reported 20-30 hr data 
(8-11). 


The mean fraction of dose absorbed expressed as concentration in the 
distribution volume of the body (FDIV,) ranged from 3.1 ng/ml after the 
4-mg syrup to 6.3 ng/ml following the 8-mg syrup (Table 11). As can be 
seen in Table 111, three different categories of degrees of absorption are 
present with respect to the 8-mg syrup as the reference standard. The 
two 4-mg tablets are grouped with the 8-mg syrup, while the repeat action 
tablets and the two 4-mg tablets are members of both the reference 
standard and the second group. The coated slow-release beads and the 
4-mg syrup dosage forms formed the last groups demonstrating signifi- 
cantly less absorption than the reference 8-mg syrup dosage form. 


The peak concentration (C,,,=) of chlorpheniramine varied widely 
among the five different doses. However, the level of peak concentration 
increased as expected in the order of the 4-mg syrup, Drug 4, Drug 2, 
tablets, and 8-mg syrup. The calculated F value of 8.70, when compared 
to the F0.99 (4,561 of 3.65, showed that there is a significant difference 
between the highest plasma concentrations reached for each dose. In 
Table 111, a Duncan’s Multiple Range Test of these data indicates that 
the peak concentration produced by the 8-mg syrup is different from 
those peak concentrations found for Drug 4 and the 4-mg syrup in all 15 
subjects. This shows that the controlled-release Drug 4 dosage form was 
apparently not releasing a large quantity of its dose immediately. 


An ANOVA of the time to peak concentration produced a calculated 
F of 9.22, which is significantly different when compared to F.99 (4,56) 
of 3.65. Tables I1 and 111 show that the average tpl, of the 4- and 8-mg 
syrups are statistically similar. The tpk of Drug 4 (6.1 hr) is not signifi- 
cantly different from Drug 2 (7.6 hr), even though the release mechanisms 
are not the same. Dissolution studies of these two dosage forms, currently 
underway in these laboratories, should provide additional drug release 
information. 


An examination of the plasma half-life multiple range data reveals that 
Drug 2 and the 8-mg syrup displayed half-lives which could be considered 
in either the high or low groups (Table 111). However, Drug 4 clearly bad 
a statistically longer plasma half-life when compared to that of the 4- and 
8-mg syrups. Of the four pharmacokinetic parameters evaluated, the 
plasma half-life measures displayed the lowest F value among the five 
dosage forms. It follows that the plasma half-life was the single parameter 
which displayed overlap between the dosage form groups. Thus, the 
sustained-release dosage forms have the least impact on the plasma 
half-lives of the chlorpheniramine blood levels when compared to their 
impact on peak time, peak height, and AUC. 


There is a strong relationship between the type of chlorpheniramine 
dosage form and the AUC data from 0 hr to infinity. The AUC parameter 
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Table IV-AUC and A UC Ratios for Chlorpheniramine Dosage Forms - 
A uc o-... hr, pg hr/ml 


A B C D E AUC Ratios 
Subject 4-mg Syrup 8-mg Syrup 2 X 4-mg Tablet Drug 4 Drug 2 AIH CIB D/B En3 


1 73.6 49.8 
2 43.8 178.7 
3 52.2 
4 90.5 
5 85.2 
6 70.8 


147.9 
187.2 
138.7 
158.6 


7 57.9 267.2 
8 71.5 
9 58.7 


10 64.7 


256.4 
143.3 
135.2 


11 61.7 119.5 
12 23.8 237.6 
13 117.9 
14 50.3 
15 59.5 


Mean 65.5 


130.1 
97.8 
96.9 


156.3 cv, % 33 39 
Percent of AUC ratios within limit of 0.75-1.256 


36.5 
102.8 
78.8 


194.8 
147.8 
152.2 
312.1 
350.6 
214.7 
223.9 
129.4 
72.5 


200.6 
146.9 
179.6 
169.6 


50 
- 


80.1 
92.4 
92.4 


115.4 
108.4 
100.6 
91.2 


142.9 
127.2 
199.5 
61.9 
36.5 


190.4 
84.9 


171.5 
113.0 


41 
- 


84.7 
89.9 


143.9 
134.0 
82.2 


106.1 
179.4 
148.8 
111.7 
98.4 


103.6 
61.4 


153.9 
129.9 
159.3 
119.2 


28 
- 


1.48 
0.25 
0.35 
0.48 
0.61 
0.45 
0.22 
0.28 
0.41 
0.54 
0.52 
0.10 
0.91 
0.51 
0.61 


0.51” 
65 
4 7 1  


0.73 
0.58 
0.53 
1.04 
1.07 
0.96 
1.17 
1.37 
1.50 
1.66 
1.08 
0.31 
1.54 
1.50 
1.85 
1.13 
40 
33% 


1.61 
0.52 
0.62 
0.62 
0.78 
0.63 
0.34 
0.56 
0.89 
1.48 
0.52 
0.15 
1.46 
0.87 
1.77 
0.85 
58 
20% 


1.70 
0.50 
0.97 
0.72 
0.59 
0.67 
0.67 
0.58 
0.78 
0.73 
0.87 
0.26 
1.18 
1.33 
1.64 
0.88 
47 
27% 


75/75 test for A D  would be 0.3M.63 based on the 0.75-1.25 range. See Ref. 13. 


was the only pharmacokinetic measure which was separated into three 
distinct subgroups without any overlap. As expected, the 4-mg syrup 
delivered the least amount of drug over the duration of the blood sam- 
pling. This is because the amount of actual drug present is one-half the 
amount in all other administrations, and with the small dose adminis- 
tered, the blood levels of drug at early and late sampling times could not 
bi: determined by the analytical method. The A UC computed for a 4-mg 
tsblet (by using the data from 0 to 6 hr and extrapolating to infinity) 
compared well with recent published data (11). The sustained dosage 
fcams of Drugs 4 and 2 were not able to deliver the quantity of drug de- 
livered by two of the 4-mg tablets or the single dose of 8-mg syrup. The 
sustained dosage forms comprised the intermediate Group B (Table 
111). 


Table IV presents individual AUC data along with ratios of the indi- 
vidual AUC data per 8-mg syrup AUC. The mean AUC ratios for each 
dose and dosage form were approximately that of the predicted values. 
On an individual basis, however, the results show considerable deviation 
from the mean. Using these data, only a few individuals would pass the 
75/75 test (13) because of the large intra- and intersubject variation. 


Are the controlled-release dosage forms of chlorpheniramine suc- 
cc!ssful? The most successful controlled-release dosage form should in- 
crease to the same peak concentration and a t  the same rate, when com- 
piwed to the immediate release (noncontrolled) drug product. The dosage 
fcmrm should also increase the time the drug remains at the peak con- 
centration and, in addition, have about twice the area under the blood 
level-time curve (assuming that the controlled-release dosage form 
contains twice the amount of drug contained in a normal, single oral dose). 
With these criteria, examination of Figs. 3-5 and Tables 1-111 would in- 
dicate that neither the coated slow-release bead product nor the tablet 
within a tablet product meet all of these conditions. Both of the con- 
trolled-release dosage forms give a higher peak concentration than the 
single 4-mg syrup, but both provided less drug concentration a t  the C,, 
than two 4-mg tablets. As expected, the time the peak levels occurred was 
extended over the immediately available syrups and was about the same 
time as the two 4-mg tablets. The AUC of the controlled-release formu- 
lations was not equivalent to the Same amounts of noncontrolled release 
products, nor were they equal to two times the A UC of the 4-mg syrup 
(realizing the difficulties involved in obtaining an exact AUC for this 


small dose). Neither the coated bead nor tablet within a tablet was 
completely successful; however, more valid conclusions can be made 
following data reduction of a recently completed multiple-dose study of 
these same dosage forms. 
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Table I-Effects of Test Comoounds on Ehrlich Ascites Carcinoma" Growth 


Compound 
Dose, Survival a t  Ascites Vol'ume, 


mglkglday ip Day 9 Ascritb Mouse Inhibitionc, % 


0.05% Polysorhate 80 
Vd 


I11 
IV 
6-Mercaptopurinee 


5 
10 
20 
10 
10 


200 


34/40 33.6 f 8.7 1.8 f 1.02 0.0 


818 0.0 0.0 100.0 


616 21.2 2.2 0.0 


818 22.0 2.45 57.1 


8/8 35.7 0.88 81.8 
818 43.8 0.15 80.0 


616 0.3 0.7 99.6 


2 X lo6 cells were injected intraperitoneally into 6 or 8 male CF1 mice on day 0. The drug was administered from day 1 to 8. On day 9 the mice 
Packed cell volume as a percent. Greater than 80% inhihition is required for significant activity. 


Sigma Chemical Co. 
were sacrificed and the experiment was evaluated. 


Compound V is 3-chloromethylthiochromone-1,l-dioxide (6). 


10 mg/kg/day in mice, uersu.s Ehrlich ascites carcinoma tumor growth, 
was found to he only marginally active (80% inhihition of tumor growth) 
relative to many other compounds reported previously (6) (Table I). 
Several of' these compounds, such as 3-chloromethylthiochromoiie- 
1 -1-dioxide (V) (highly active in the test, giving 100% inhibition), could 
conceivably give rise to compound 111 in uiuo by bioreduction and hy- 
drogen chloride elimination (1,3). The low activity observed with com- 
pound 111 may result from in LVLIO dimerization or other instability such 
as participation in Michael type reactions. The dimer (IV) was completely 
inactive in the antitumor test (Table I). 
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Abstract The synthesis of 4-amino-4-deoxy-N1"-methylpteroyl-(6- 
diazo+oxo)-L-norleucine and 4-amino-4-deoxy-N1"-methylpteroyl- 
(6-chloro-5-oxo)-r.-norleucine, analogs of methotrexate in which the 
y-carboxyl group is replaced by a diazoketone and a chloromethylketone, 
respectively, was carried out. The analogs inhihited the growth of leu- 
kemia L-1210 cells in culture by 50% a t  4 X M ,  re- 
spectively, and were effective inhibitors of the synthesis of thymidylate 
in L-1210 cells in oitro (150 = 3 X 10V M ) ,  exhibiting significant antifolate 
activity. The results demonstrated the feasibility of introducing chemi- 
cally reactive groups a t  the y-position of pteroyl glutamates with reten- 


iZI and 2 X 


tion of biological activity. However, in the systems investigated thus tar, 
there was no evidence of covalent hond formation due to these reactive 
groups a t  the active sites of the enzymes. 


Keyphrases Methotrexate-diazoketone and chloromet hylketone 
as potential antitumor agents Antitumor a#ents---potential, tiiazo- 
ketone and chloromethylketone analogs of  methotrexate Analogs- 
diazoketone and chloromethylketone, ot' methotrexate. potential anti- 
tumor agents 


Many structural analogs of the clinically useful antitu- 
mor agent methotrexate (4-amino-4-deo~y-N~~-meth-  
ylpteroyl-L-glutamic acid, amethopterin) (l), modified a t  
the carboxyl groups of its glutaniic acid moiety, have been 
prepared in the past in attempts to alter the membrane 
transport properties and to improve the tissue distribution 
and selectivity of the drug, as well as to circumvent drug 


resistance. This class of methotrexate derivatives includes 
a variety of cy- and y-monoesters (2),  diesters (3), amides 
(4), and peptides (4 ,5 )  and also analogs in which the car- 
boxyl groups are replaced by hydrogen (6-81, hydroxy- 
methyl, or methyl (9) groups. As was observed for metho- 
trexate analogs modified a t  other parts of the molecule (8, 
lo), with the possible exception of 10-deazaaminopterin 
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(lo), none of these derivatives proved more effective than 
methotrexate. Modification at the a-position generally led 
to a marked decrease in biological activity including 
binding to the primary target dihydrofolate reductase, 
whereas substitution at  the y-carboxyl was better tolerated 
(4-10), with enzyme inhibitory activities approaching that 
of the parent drug. 


The feasibility of introducing chemically reactive groups 
capable of covalent bond formation into the more per- 
missive y-position of pteroyl glutamates was explored. 
This type of modification may lead to the development of 
new active-site directed inhibitors (11) of folate metabo- 
lizing enzymes with potential antitumor activity. The re- 
placements of the y-carboxyl of methotrexate by a dia- 
zoketone and a chloromethylketone were chosen as pro- 
totypes of this modification. The diazoketone analog of 
glutamic acid, the antitumor antibiotic 6-diazo-5-oxo-~- 
norleucine (I) is a potent, irreversible inhibitor of gluta- 
mine amidotransferases (12). a-Haloketone analogs of 
various substrates are widely used for the affinity labeling 
of enzyme active sites (1 1-13). 


In this report the synthesis and in uitro biological ac- 
tivities of the methotrexate analogs 4-amino-4-deoxy- 
N10-methylpteroyl-(6-diazo-5-oxo)-L-norleucine (11) and 
4-amino -4- deoxy-N10-methylpteroyl-(6-chloro-5-oxo)- 
L-norleucine (111) are described. The results demonstrate 
that methotrexate can be substituted at  the y-position of 
its glutamate moiety with diazoketone and chlorometh- 
ylketone functionalities, and that these modifications 
permit effective cellular uptake and expression of antifo- 
late activity. 


RESULTS AND DISCUSSION 


Chemistry-The synthesis of the target compound (11) was accom- 
plished by coupling 4-amino-4-deoxy-N1O-methylpteroic acid (14) (IV) 
with I using dicyclohexylcarbodiimide and 1-hydroxybenzotriazole uia 
a modification of the peptide coupling procedure of Konig and Geiger 
(15,16) (Scheme I). This coupling procedure, requiring milder conditions, 
was selected over the mixed anhydride method generally adopted for the 
coupling of IV with a variety of amino acid esters (6). mainly because of 
the known instability of I (17) to heat and pH extremes. Compound I1 
displayed strong IR absorption bands a t  2106 cm-', characteristic of the 
diazo moiety, and at  1633 and 1605 cm-', indicative of the ketone and 


(IV 1 
1. 1-Hydroxybenzotriazole,  


2. I, Triethylamine 
Dic yclohexylcarbodiimide 


(1I )R = C H = I k N  


1 HCI 


(111) R = CH,Cl 
Scheme I 


amide, respectively. The NMR spectrum was consistent with the assigned 
structure; it included a singlet at 5.99 ppm associated with the methine 
proton of the diazoketone and a multiplet, strongly resembling a doublet, 
at 7.98 ppm assigned to the NH proton of the amide group. 


Treatment of I1 with dry hydrogen chloride afforded the hydrochloride 
salt of the chloromethylketone analog (III), illustrated in Scheme 1. The 
IR spectrum of 111 included a strong band a t  1725 cm-', characteristic 
of chloromethyl ketones, and a t  1610 ern-', assigned to the amide. The 
NMR spectrum included a singlet at  4.48 ppm, assigned to the methylene 
protons of the chloromethylketone, in accordance with the assigned 
structure. 


Biological Results-The growth of leukemia L-1210 cells in culture 
(18) was inhibited 50% by I1 and 111 a t  4 X M and 2 X lo-' M,  re- 
spectively. In L-1210 cells in uitro, both compounds showed the same 
antifolate activity as measured by the in situ thymidylate synthetase 
assay (19) (150 = 3 X 10-6 M). The potency of I1 and 111 was within an 
order of magnitude of that  of methotrexate. The activity in both assay 
systems may be attributed to methotrexate-like activity involving inhi- 
bition of intracellular dihydrofolate reductase. 


In preliminary studies of the effects of I1 and 111 in isolated enzyme 
systems, the thymidylate synthetases of Lactobacillus casei (20) and 
human blast cells (21), dihydrofolate reductase of L. casei (22), and fo- 
lylpolyglutamate synthetase of rat liver (23), no irreversible inactivation 
was demonstrated. In these systems methotrexate exerted reversible 
inhibitory activity, with the exception of folylpolyglutamate synthetase, 
for which methotrexate is a substrate (23). Using various experimental 
tumor and isolated enzyme systems in comparison with methotrexate, 
further studies of I1 and I11 are in progress. 


The synthetic procedures described in this paper are currently being 
applied with appropriate modifications to the preparations of diazoketone 
and chloromethylketone analogs of folic acid and its derivatives. 


EXPERIMENTAL' 


4-Amino-4-deoxy-Nlo -methylpteroyl- (6-diazo-5-0x0) -L-nor- 
leucine (11)-To a solution of 4-amin0-4-deoxy-N'~-methylpteroic acid 
(IV) (14), (180 mg, 0.5 mmole) in 10 ml of dimethyl sulfoxide-tetrahy- 
drofuran (1:l) cooled to 0" was added 1-hydroxybenzotriazole (67.2 mg, 
0.5 mmole) and dicyclohexylcarbodiimide (102.5 mg, 0.5 mmole). The 
reaction mixture was stirred for 1 hr a t  0" and 1 hr a t  room temperature. 
T o  this mixture, kept in the dark, was added a solution of 6-diazo-5- 
0x0-L-norleucine (86.2 mg, 0.5 mmole) in dimethyl sulfoxide (2  ml) and 
water (1.5 ml). The reaction coupling time was 3 hr, during which the pH 
of the reaction mixture was monitored and maintained a t  7.9-8.0 by the 
addition of the required amount of a dilute solution of triethylamine- 
dimethyl sulfoxide-tetrahydrofuran (2:1:5). After 3 hr, the reaction 
mixture was cooled to -15O overnight and filtered. Tetrahydrofuran was 
removed from the filtrate by evaporation which was followed by filtration 
and evaporation of the filtrate in U ~ C U O  to dryness. The residue was 
stirred with N,N-dimethylformamide and filtered to afford a clear so- 
lution which was concentrated to half of its volume, cooled overnight 
(-15'1, and filtered. The filtrate was evaporated to dryness and triturated 
with ethyl acetate; subsequent filtration followed by washing with tet- 
rahydrofuran, water, and acetone afforded a yellow solid (11). The com- 
pound was homogeneous by TLC (silica gel, dimethylsulfoxide-H20,1: I ) ,  
yield 53% (71% based on unrecovered IV). IR (KBr): 2106 (N+=N-), 1633 
(COCHN2), 1605 (CONH) cm-l; NMR (dimethyl sulfoxide-ds): 6 3.22 
(s, 3H,N-CH3),4.32 (m, lH,a-CH),4.79 (s, 2H,CHz-N),5.99 (s, lH,  
CH=N+=N-),6.67 (s, 2H, NH2), 6.83 and 7.72 (2d, 4H, CeH4), 7.50 
(broads, 2H, NH2), 7.98 (m, resembling a doublet, lH, CONH). and 8.58 - 
(s, lH ,  C7H) ppm. 
Anal-Calc. for C ? I H W N I ~ . O . ~  H?O: C. 51.74: H. 4.72: N. 28.75. Found: -_ _ _  _" 


C, 52.04; H, 4.91; N, 27.71. (The low value for nitrogen isnot unusual in 
the elemental analysis of diazo compounds.) 


4-Amino-4-de0xy-N~~ -methylpteroyl- (6-chloro-5-0x0) -L-nor- 
leucine hydrochloride (111). Compound I1 (115 mg, 0.24 mmole) was 
dissolved in dry N,N-dimethylformamide (6.5 ml) and cooled in an ice- 
water bath. Dry hydrogen chloride was bubbled into the cooled solution 
for 10 min. The deep brown solution was stirred for 1 hr a t  4' and t,hen 
poured into cold anhydrous diethyl ether (35 ml). The crude product was 
purified by repeated triturations with cold (4O) anhydrous diethyl ether, 
and finally with ether-ethanol mixture (lO:l), to give a brown oil. Con- 


IR spectra were obtained using a Nicolet Model 7000 Fourier transform IR 
spectrometer on samples prepared in a potassium bromide pellet. NMR spectra 
were obtained using a Varian FT-80 instrument. Compounds were dissolved in 
dimethyl sulfoxide-ds from commercial sources with tetramethylsilane a5 the in- 
ternal standard. 
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tinued treatment with several portions of cold anhydrous ether, followed 
by filtration in a dry box under nitrogen, gave 111 as a pale yellow solid, 
yield 98%. 1R (KBr): 1725 (COCH2CI), 1610 (CONH) cm-’; NMR (di- 
methyl sulfoxide-de): d 3.26 (s, 3H, N-CH3), 4.48 (s, 2H, CHzCI), 4.88 
(broad s, 3H, CH:! and a-CH), 6.83 and 7.75 (two d, 4H, C6H4), 7.95 (s, 
2H, CONH), and 8.75 (s, IH,  C7H) ppm. An analytical sample was ob- 
tained by drying over phosphorus pentoxide in uacuo. 
Aria/.-Calc. for C:!LH&IN~O~.HCI-~H~O: C, 42.36; H, 5.42; N, 18.82; 
CI, 11.91. Found: C, 42.61; H, 5.47; N, 19.08; CI, 11.73. 


Cell Culture Studies-Growth inhibition of murine leukemia L-1210 
cells in culture was determined as described previously (18). The cells 
were maintained in a medium2 supplemented with 10% calf serum3 and 
antibiotics (penicillin and streptomycin). The cultures were incubated 
a t  37” for 40 hr. During this time, the density in the control cultures in- 
creased from 1.5 X 105 to 1.2-1.5 X lo6 cell/ml. Cell viability was deter- 
mined by the trypan blue dye exclusion technique. 


Cellular Thymidylate Synthetase Assay-Studies of the inhibition 
of intracellular thymidylate synthesis were carried out using murine 
leukemia L-1210 cells suspended in modified Eagle’s media (without 
folate). The L-1210 cell line was maintained by weekly passage of lo5 cells 
into DBA/2HA mice and harvested 6 days after inoculation. 


The cellular radioisotopic assay of thymidylate synthetase activity was 
performed as described previously (19) by measuring the extent of tritium 
released into water from [5-3H]deoxyuridine4 (specific activity 22 Cil 
mmole). Radioactivity was determined by liquid scintillation counting 
techniques5 using a counter and scintillation cocktail6 with 30-35% 
counting efficiency. 
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Abstract u An in oitro apparatus was used to study mosquito repellent 
evaporation and penetration characteristics with skin. The mosquito 
repellents 2-ethyl-1,3-hexanediol, N,N-diethyl-m- toluamide, N,N- 
diethyl-p-toluamide, 1-(butylsu1fonyl)hexahydro-lH-azepine, and 
N,N’-dicyclohexamethyleneurea were studied. In uitro repellent dura- 
tion, calculated from repellent evaporation rates, was compared to in uiuo 
duration a t  the same dose (0.3 mg/cm2) to assess the validity of the model. 
In  uitro durations for 2-ethyl-1,3-hexanediol, N,N-diethyl-m-toluamide, 
N,N-diethyl-p- toluamide, and N,N’-dicyclohexamethyleneurea corre- 
lated with in uiuo durations ( r Z  = 0.94), although in uitro duration was 
longer than in vivo duration. I-(Butylsu1fonyl)hexahydro-lH-azepine, 
which had the longest in uiuo duration, had an in uitro duration that ex- 
ceeded the test period (12 hr). The 0-12-hr in uitro percutaneous pene- 
tration correlated with corresponding data available from in uiuo 
studies. 


Keyphrases 0 Mosquito repellents-in uitro skin evaporation, pene- 
tration 0 Evaporation-in uitro skin penetration, mosquito repellents 
0 Penetration-in uitro skin evaporation, mosquito repellents 


Evaporation of mosquito repellents from the skin sur- 
face and percutaneous penetration represent important 
modes of loss of mosquito repellents from the skin surface. 
Various estimates of the percutaneous penetration of 
mosquito repellents have been made (1-4). However, only 
one repellent (N,N-diethyl-m-toluamide) whose loss from 
the skin surface by evaporation and skin penetration has 
been quantified (5). The percentages of in uitro skin 
evaporation and percutaneous penetration of the following 
five mosquito repellents are reported in this paper: 2- 
ethyl- 1,3-hexanediol (I), N,N-  diethyl-m -toluamide (11), 
N,N-diethyl-p-toluamide (III), 1-(butylsulfony1)hex- 
ahydro-lH-azepine (IV), and N,N’-dicyclohexamethy- 
leneurea (IV). Two dose levels were used: a dose corre- 


sponding to a repellent’s minimum effective dose against 
Aedes aegypt i  mosquitoes ( 6 )  and a dose of 0.3 mg/cm2, 
which has been used to determine the effective duration 
of the repellents on the skin of humans (6). 


The duration of steady-state evaporation rate of repel- 
lents from aluminum planchets has been compared with 
the duration of effectiveness of several mosquito repellents 
on the skin of humans (7). The findings suggest a possible 
relationship between evaporation rate from skin and re- 
pellent duration. In this report, this possible relationship 
was examined by computing the in vitro durations for each 
repellent from in uitro evaporation rates and comparing 
them to previously reported values for in uiuo duration 
(6). 


EXPERIMENTAL 


Labeled Compounds-The following radiolabeled mosquito repel- 
lents were used: [1,3-14C]2-ethyl-1,3-hexanediol(Ia)1, specific activity, 
6.06 X lo4 dpm/pg; [carbonyl-~4C]N~-diethyl-m-toluamide(IIIa) (8), 
specific activity, 1.15 X lo4 dpm/pg; [carb~nyl-~~C]N,”-diethyl-rn - 
toluamide(I1a) (8), specific activity, 2.47 X lo4 dpm/jg; I-(butylsul- 
f0nyl)-[2,2’-’~C] hexahydro-IH-azepine(IVa), specific activity, 332 
dpm/pg; and N,N’- [2,2’-’4C]dicyclohexamethyleneurea(Va ), specific 
activity, 174 dpm/pg. For skin applications of I at  the minimum effective 
dose and the 0.3 mg/cm2 dose, cold I3 was used to dilute the radiolabeled 
samples to give total radioactive doses of 0.02 and 0.14 pCi, respectively. 
For one replicate (skin No. A8478) of skin application of 111 at 0.3 mglcml, 
cold 1114 was used to dilute the radiolabeled sample to give a final ra- 


New England Nuclear Corp., Boston, Mass. 
SRI International, Menlo Park, Calif. 
Niagara Chemical Division, FMC, Middleport. N.Y. 
Hercules, Inc., Wilmington, Del. 
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Figure 1-Euaporation-penetration cell, Key: (a) vapor trap i d .  = 0.38 
cm, o.d. = 0.63 em, length = 15.2 em; (b) threaded portion of adapter; (c) 
rubber o-ring; ( d )  14/20standard taper adapter; (e) evaporation man- 
ifold, joint sire 1819, i.d. = 0.9 cm, length = 7.25 cm; ( f )  indents for 
centering vapor trap located 1 cm above air inlets; (g) air inlets i.d. = 
0.3c.m. 0.d. = 0.5 em, length = 1.5 cm, located 2.75 cm above lower joint; 
(h) pol~tetrofluoroethylene o-ring; (i) clamp No. 18A; ( j)  lower chamber, 
joint size 1819, i.d. = 0.9 cm, length = 2.5 cm, inlet and outlet i.d. = 0.3 
cm, o.d. = 0.5 cm, length = 4 cm. 


dioactive dose of 0.03 pCi. All compounds were homogeneous as deter- 
mined by TLC (silica gel5 and chloroform). 


Procedure-Whole skin (abdominal), obtained at  autopsy, was stored 
a t  -65" in sealed plastic bags before use. Storage time did not exceed 3 
months. Subcutaneous fat was removed from the thawed sample (-7 cm2) 
before use. 


The apparatus shown in Fig. l6 was used. A magnetic stirrer was placed 
in the lower chamber filled with Ringer's lactate solution7, a skin sample 
was placed over the lower chamber visceral side down, a polytef o-ring 
which served as a seal between the lower and upper chamber was placed 
on top of the skin, and the evaporation manifold was clamped into place. 
Air bubbles underneath the skin were removed by tipping the assembly, 
allowing the skin to Come in contact with the Ringer's lactate. After 20 


5 Silica gel G Applied Science Division, Milton Roy Co. Laboratory Group, State 


7 Cutter Laboratories, Inc., Berkeley, Calif. 


College. Pa. 
Laboratory Glass Apparatus, Berkeley, Calif. 


l : : : : : : : . . : . :  
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HOURS 
Figure 2-Mean evaporation rate of I versus time at 0.3 niglcm2 (-); 
the  minimum effective euaporation rate (.....) . Tn vitro duration is 7 
hr. 


min. the evaporation manifold was removed and the desired dose of la- 
beled compound dissolved in ethanol (-10 gl) was applied to the skin x e a  
circumscribed by the o-ring (1.27 cm2) by use of a syringe8. For controls, 
an equal volume was placed into counting vials. The evaporation manifold 
was then clamped to the lower chamber and the lower chamber was im- 
mersed in a water bath a t  37". One arm of the lower chamber was con- 
nected to a precision pumpg which delivered 1.6 ml of Ringer's lactatehr. 
The other arm of the lower chamber was connected to a short length of 
flexible tubing which led into a counting vial. 


The vapor trap, a glass tube packed with 200 mg of absorbantlo and 
plugged with cotton at  its ends, was inserted into the threaded 14/20 
standard taper adapter", and the assembly slipped into the ground-glass 
joint of the evaporation manifold so that the lower end of the vapor trap 
tube was 0.65 cm above the surface of the skin. The vapor trap was con- 
nected by flexible tubing to a bubbler trap which contained aqueous 
counting solution12 and served as a safety trap. The bubbler trap was 
connected to a peristaltic pump13, which pulled in air at  30 mllmin. The 
outlet from the peristaltic pump was connected to a flow gauge14. Air 
entering the evaporation manifold was entrained in the following manner: 
The four intake tubes of the evaporation manifold were connected by 
adapters to a common tube which was connected to a calcium sulfate 
drying tower. The inlet port of the drying tower was connected by tubing 
to an air flow gauge, whose reading corresponded to the other flow gauge 
reading if there were no leaks or plugged tubes in the system. Dry air a t  


't 


61 *\ . 


0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
HOURS 


Figure 3-Mean evaporation rate of I I  versus time at 0.3 niglcrn" f-); 
the minimum effective evaporation rate (.....) . In vitro duration is 12 
hr. 


8 Hamilton Co., Reno, Nev 
9 Bodine Electric Co., Chicago, 111. 


1" Tenax GC. Allterh Associates. Arlinctnn Heights. I11 
AceGIass Inc ,  Vineland, N.J.' s7 ~ '' 


l 2  Aqueous Counting Scintillant, Amersham Corp., Arlington Heights, Ill. 
Masterflex pump, Cqle-Parmer Instrument Co., Chicago, Ill. 


l 4  Flowmeter No. 10, Gilmont Instruments, Inc., Great Neck, N.Y. 
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Table I-Disposition of Radioactivity 12 Hr a f t e r  Application of Radiolabeled Repellents t o  Excised Skin at a Dose of 0.3 mg/cm* 


Skin 
Code 


Percent of Applied Radioactive Dose 
Percutaneous Skin Skin Total 


Evaporationa Penetration Surface Oxidation Recoveryb 


A6178 
A6178 
A6178 
A6178 


Mean f SD 


A5578 
A5578 
A8378 
Mean + SD 


C - 


A13479 
A13579 
A13679 
Mean f SD 


A1279 
A2779 
A2779 


C - 
Mean f SD 


A5778 
A8378 
A8678 


45.9 
42.7 
50.6 
44.0 
52.7 
47.2 f 4.3 


12.6 
17.5 
19.9 
16.7 f 3.7 


15.6 
15.5 
14.6 
15.2 f 0.6 


4.2 
7.5 
7.5 
5.4 
6.2 f 1.6 


2.5 
0.8 
5.9 


I 
12.9 
15.0 


8.6 
4.2 
6.9 
6.6 f 2.2 


-d 
I11 


4.7 
3.6 
4.2 f 0.8 


IV 
2.6 
2.7 
3.1 
1.8 
2.6 f 0.5 


3.0 
4.1 
4.5 


V 


13.2 
10.3 
16.9 
7.3 


18.9 
13.3 f 4.7 


17.9 
32.6 
16.2 
22.2 i 9.0 


14.2 
39.8 
34.4 
29.5 f 13.5 


37.0 
25.7 
35.3 
61.6 
39.9 f 15.3 


28.1 
27.6 
50.1 
35.3 i 12.9 


10.9 
19.0 
9.4 


20.1 
10.1 
13.9 f 5.2 


35.7 
19.1 
34.4 
29.7 f 9.2 


43.8 
13.8 
30.1 
29.2 f 15.0 


31.7 
33.8 
29.3 
15.0 
27.5 f 8.5 


36.8 
46.1 
18.7 
33.9 f 13.9 


83.0 
87.7 
90.5 
86.6 
91.9 
87.9 f 3.5 


80.5 
75.3 
77.7 
77.8 i 2.6 


74.7 
75.3 
83.5 
77.8 f 4.9 


75.7 
70.3 
75.7 
86.8 
77.1 f 7.0 


71.1 
83.6 
86.1 
80.3 i 8.0 Mean f SD 3.0 f 2.6 3.9 f 0.8 


0 Radioactivity recovered from the vapor trap. * Total recovery includes small percentages of radioactivity recovered from the evaporation manifold. Skin code not 
recorded. d Sample lost. 


22O (ambient l?boratory temperature) was thus drawn into the evapo- 
ration manifold, over the skin surface, and through the vapor trap, which 
absorbed any repellent evaporating from the skin surface. Air flowed 
above the skin and Ringer’s lactate flowed below the skin for 1 hr after 
application of the minimum effective dose and for 12 hr after the 0.3 
mg/cm2 dose. During the 12-hr runs, the vapor trap and counting vial were 
changed at  hourly intervals. 


Radioactivity Measurements-After minimum effective dose ap- 
plications, the Ringer’s lactate in the lower chamber and the rinses of the 
lower chamber were combined with the Ringer’s lactate in the counting 
vial used to collect lower chamber outflow. After the 0.3-mg/cm2 dose, 
each of the 12 counting vials used to collect lower chamber outflow and 
the residual fluid in the lower chamber were counted separately15. The 
contents and counting solution rises of each vapor trap were placed in 


7 
5 4  


4 1- 
. m a 


‘I \ 
.\ I 


’1 \ 


L : : : : : : : . : : , :  
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  


HOURS 
Figure 4-Mean evaporation rate of 111 versus time a t  0.3 mg/cm2 (-); 
t h e  min imum effective evaporation rate (..,..). In vitro duration is 12 
hr. Because of  irregularly timed sample collection during the  first 9 hr, 
hourly  Sample 2 was combined with 3 , 4  with 5, 6 with 7, and 8 with 
9. 


15 Disintegration per minute determined by automatic external standard on a 
Packard model 3390-AAA scintillation spectrometer, Packard Instrument Co., 
Downers Grove, Ill .  


separate counting vials. The resultant disintegrations per minute 
were corrected for loss in counting efficiency introduced by the absorbant 
powder, determined by spiking vapor traps with a known amount of ra- 
diolabeled repellents. Efficiency varied from 89 to 92% of control for the 
five repellents. The stratum corneum surface of the skin sample was 
washed with aqueous counting solution and rinses were collected in a 
counting vial. The skin sample was then cut into pieces (each <250 mg 
in weight) and the separate pieces were oxidized16. The disintegration 
per minute was determined by the standard spike method. The evapo- 
ration manifold was rinsed with aqueous counting solution and the ra- 
dioactivity recovered was added to the total percent recovery. The per- 
centage of the applied radioactive dose, recovered from the polytef O-ring 
by counting solution rinse, was added to the percentage accounted for 
by the skin surface rinse. 


RESULTS AND DISCUSSION 


The mean evaporation rate versus time after the 0.3-mg/cm2 dose for 
each repellent is plotted in Figs. 2-6 relative‘to the minimum effective 
evaporation rate of the repellent, the evaporation rate obtained from the 


31 


........................................................................................................................... . ........ 
0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  


HOURS 


Figure 5-Mean evaporation rate of IV versus time at 0.3 mg/cm2 (-); 
t h e  min imum effective evaporation rate (.--). In vitro duration is >12 
hr. 


lB  Saiples  were oxidized in a Packard model 306 Sample Oxidizer, liberated 
radioactive CO2 trapped in Packard Carbo-sorb, and disintegration per minute 
determined on a Packard model 3375 scintillation spectrometer. 
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Table 11-Disposition of Radioactivity 1 Hr after Application of Radiolabeled Repellents t o  Excised Skin at a Minimum Effective Dose 
Against A. aegypti Mosquitoes 


Skin 
Code 


Percent of Applied Radioactive Dose 
Percutaneous Skin Skin Total 


Evaporationa Penetration Surface Oxidation Recovery* 


A5778 
A6178 
A6378 
Mean f SD 


A5778 
A8378 
A5678 
Mean f SD 


A8678 
A8378 
A6378 
Mean f SD 


A13479 
A13579 
A13679 
Mean f SD 


A6378 


A2779 
Mean f SD 


C - 


16.5 
12.3 
19.8 
16.2 f 3.8 


3.1 
5.5 
4.2 
4.3 f 1.2 


8.4 
4.6 
3.6 
5.5 f 2.5 


1.4 
0.6 
0.9 
1.0 f 0.4 


0.5 
0.6 
0.5 
0.5 f 0.1 


0.3 
2.0 
0.8 
1.0 f 0.9 


0.3 
0.0 
0.2 
0.2 f 0.1 


0.4 
0.2 
0.1 
0.2 f 0.1 


0.2 
0.0 
0.1 
0.1 f 0.1 


1.0 
0.3 
0.6 
0.6 f 0.3 


I, 0.046 mg/cm2 
40.1 
23.5 
30.7 
31.4 f 8.3 


11,0.027 mg/cm2 
41.3 
64.1 
53.0 
52.8 f 11.4 


47.6 
III,0.032 mg/cm2 


37.0 
44.1 
42.9 f 5.4 


IV, 0.020 mg/cm2 
81.2 
65.7 


52.6 
67.8 
55.9f 10.6 


30.8 
41.6 
33.5 
35.3 f 5.6 


44.5 
22.1 
22.1 
29.6 f 12.9 


25.0 
38.4 
26.0 
29.8 f 7.5 


15.5 
10.8 
17.4 
14.6 f 3.4 


30.9 
24.4 
18.8 
24.7 f 6.1 


89.5 
80.1 
87.6 
85.7 f 5.0 


90.0 
92.7 
81.0 
87.9 f 6.1 


83.1 
80.7 


80.9 f 2.1 


98.6 
84.6 


101.3 
94.8 f 9.0 


80.3 
78.5 
88.4 
82.4 f 5.3 


78.8 


Radioactivity recovered from the primary vapor trap. * Total recovery includes small percentage of radioactivity recovered from the evaporation manifold. c Skin 
code was not recorded. 
minimum effective dose. (In Figs. 2-4, curves were fitted by eye. In Figs. 
5 and 6, least-squares regression lines were drawn.) 


The radioactivity recovered from each hour outflow from the lower 
chamber during the 0.3-mg/cm2 dose-12-hr runs represents a time av- 
erage of the amount of radioactivity in the lower chamber during a given 
hour. The amount of radioactivity recovered from the residual Ringer’s 
lactate in the lower chamber a t  the end of the 12-hr runs was always 
higher than could be accounted for by the 12th-hr outflow. This was 
probably the result of adsorption of repellent to the glass walls of the 
lower chamber. Therefore, the amounts of radioactivity in each of the 
12 counting vials from the lower chamber outflow, and residual radio- 
activity in the lower chamber were summed, expressed as the percent of 
applied dose, and termed as the percutaneous penetration (Table I). 


The disposition of radioactivity, expressed as the percent of applied 
radioactive dose, following the minimum effective dose, is given in Table 
11, and following the 0.3-mg/cm2 dose is given in Table I. The relative 
volatilities for the repellents are: V < IV < I1 < I17. The percent of ra- 
dioactivity lost from the skin by evaporation was greater as volatility 
increased (Tables I and 11). Except for I (the most volatile compound) 
in the 12-hr runs, the majority of the applied radioactive dose for each 
repellent was recovered from the skin surface and from the skin 
tissue. 


I n  uitro duration for each repellent a t  the 0.3-mg/cm2 dose was com- 
puted by determining the time it took for the evaporation rate from the 
0.3-mg/cm2 dose to reach the evaporation rate arising from the minimum 
effective dose or minimum effective evaporation rate for that  repellent. 
The in uitro duration so obtained was plotted against the duration on 
humans (6) of each repellent a t  0.3 mg/cm2 (Fig. 7). Although in uitro 


‘t 
.. .......a. .................................................................................................................... : I* 0 1  rn rn 


rn a rn 0 


I : : :  ; , : : ; . < : .  
0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  


HOURS 
Figure 6-Mean evaporation rate of V versus time at  0.3 mg/cm2 f-); 
the minimum effectiue evaporation rate (.--). In vitro duration is I 
hr. 


l 7  June R. Jaeger, Research Chemist, Letterman Army Institute of Research, 
personal communication. 


duration was always longer than in uiuo duration, a good correlation ex- 
isted between them (r2 = 0.94). 


The minimum effective evaporation rate for each repellent represents 
the minimum amount of repellent vapor necessary to  repel A. aegypti 
mosquitoes under given test conditions and, therefore, is a measure of 
the intrinsic repellency or potency of a compound. Minimum effective 
evaporation rate is calculated by dividing the amount (micrograms) of 
repellent evaporating from the skin surface by the skin surface area (1.27 
cm2) and by the time (1 hr). The minimum effective evaporation rates 
(pg/cm2/hr f SD) for the repellents studied are as follows: IV; 0.20 f 0.09; 
V, 1.1 f 0.1; I1 1.2 f 0.3; 111, 1.8 f 0.8; I, 7.5 f 1.7. Compound IV is the 
most potent repellent, V, 11, and 111 are equipotent, and I is the least 
potent repellent among the five. Repellent minimum effective evapora- 
tion rate will not necessarily be the same for different types of mosquitoes 
and would be expected to increase when test conditions are more severe 
(e.g.. increased avidity of mosquitoes). For V, the least volatile repellent, 
the evaporation rate following the 0.3-mg/cm2 dose (Fig. 6) is essentially 


l’t 


- 
0 1 2 3 4 5 6  


HUMANS, hr 
Figure 7-Calculated in vitro duration versus in vivo duration of pro- 
tection of five repellents at a dose of 0.3 mg/cm2 against A. aegypti 
mosyuitos. 
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Figure 8-Mean 12-hr percutaneous penetration (percent of applied 
radioactiue dose) in vitro versus hairless dog. 
a horizontal line near its minimum effective evaporation rate. In this 
instance, the repellent failed almost immediately when challenged with 
mosquitoes (6). However, if the minimum effective evaporation rate were 
lower, the repellent could last a long time. The low volatility of V probably 
accounts for its sporadic performancels. 


In Fig. 8,12-hr in uitro percutaneous penetration a t  the 0.3-mg/cm2 
dose is compared to 12-hr percutaneous penetration in the hairless dog 
a t  the same dose (2, 9) for four of the repellents studied (data for in 
uiuo-in uitro comparison of IV were not available). Although in uitro 
percutaneous penetration was always greater than in uiuo penetration, 
a good correlation exists between them ( r 2  = 0.96). 


The disposition of radioactivity 1 hr after topical application of ra- 
diolabeled I1 at its minimum effective dose (0.025 mg/cm2) has been 
previously reported (5), both in uitro and in uiuo. For the in uitro studies, 
9.7 f 5.9% of the applied radioactive dose evaporated, 19.7 f 3.1% re- 
~~~ ~~ ~ 


'SW. Reifenrath and W. Akers, unpublished data. 


mained on the skin surface, and 50.8 f 15.0% remained in the skin. For 
the in uiuo studies, 9.6 f 3.6% of the applied radioactive dose evaporated 
and 27.1 f 11.6% remained on the skin surface. In this study, a lower per- 
centage (4.3 f 1.2%) of the radioactive dose of 11 evaporated 1 hr after 
in uitro application a t  the minimum effective dose. This difference may 
result from a closer proximity of the vapor entraining tube to the skin 
surface (1.5 mm uersus 6.5 mm) in the previous report (5). A larger por- 
tion (52.8 f 11.4%) of the applied radioactive dose was recovered from 
the skin surface and a correspondingly smaller portion (29.6 f 12.9%) of 
the applied radioactive dose was recovered by skin oxidation, compared 
to the percentages cited in the previous study (5). This difference may 
result from the thoroughness of the skin surface rinse procedure, as the 
sum of the percentages of applied radioactive dose recovered by skin rinse 
and skin oxidation in the two studies are similar in magnitude. 


The in uitro apparatus described here can be a useful tool for the 
screening of mosquito repellent formulations that incorporate a repellent 
whose evaporation and penetration characteristics and minimum ef- 
fective evaporation rate are known. Formulations can be selected that 
reduce excessive evaporation, maintain evaporation rates above the 
minimum effective evaporation rate for longer periods of time, and reduce 
percutaneous penetration as compared with the unformulated repel- 
lent. 
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Abstract A rapid, selective, and simple high-performance liquid 
chromatographic assay for digitoxin formulations is described. The 
method utilizes a conventional octadecyl-bonded phase column with 
detection at  220 nm. The isocratic solvent system resolves digitoxin from 
its potential degradation products and provides an accurate assay for 
tablet and injectable formulations with a relative standard deviation of 
1.4 and 3.3%, respectively. The method is sufficiently sensitive to monitor 
content uniformity of tablets and the minimum quantifiable amount of 


Digitoxin is a cardiac glycoside obtained from the leaves 
of Digitalis purpurea and is used in the treatment of 
congestive heart failure. Due to its long biological half-life 
the unit dose is generally low (0.1 mg). Assurance of po- 


digitoxin was determined to be 20 ng. The total chromatograph time was 
-15 min. 


Keyphrases Digitoxin-high-performance liquid chromatographic 
analysis of formulations, content uniformity 0 Formulations-digitmxin, 
high-performance liquid chromatographic analysis, content uniformity 
0 High-performance liquid chromatography-content uniformity, 
analysis of digitoxin formulations 


tency and content uniformity of tablets is, therefore, a 
necessity for proper dosage. The determination of such a 
potent drug in the dosage form requires a method that is 
accurate, selective, and sensitive. 
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Figure I-Optical rotary dispersion curves for authentic D-leucine (A), 
authentic D-leucine recovered from cation exchange column (B), and 
enzymatically produced D-leucine after purification by cation exchange 
column chromatography (C). 


the radioactivity detected by autoradiography. The total resolution time 
including the ion exchange purification step was 40 min. 


A nonradioactive resolution was analysed by optical rotary dispersion 
polarimetry in the range of 300-200 nm (Fig. 1). The optical rotary dis- 
persion curve (Curve c) of the resolved D-leucine gave an optical rotation 
at 224 nm practically identical to that (Curve B) obtained by starting with 
half the amount of authentic D-leucine relative to the weight of DL-leucine 
used in the resolution and submitting it to the same ion exchange and 
reconstitution treatment applied to the resolved product. 


The oxidative deamination of L-leucine in DL-leucine to the corre- 
sponding 4-methyl-2-oxopentanoic acid also was confirmed in the de- 
velopmental work using nonradioactive DL-leucine by reacting aliquots 
of the reaction mixture with 2,4-dinitrophenylhydrazine yielding the 
2,4-dinitrophenylhydrazone derivative which was monitored colori- 
metrically (440 nm) against standard 2,4-dinitrophenylhydrazone solu- 
tions. The keto acid yield was 84%. It was shown in this keto acid assay 


that the amino acid does not interfere with the analysis for the keto acid, 
making it unnecessary to separate the keto acid from the D-leucine. 


Advantages of the oxidative deamination method for resolution are 
that it requires simple materials, is easily adaptable to hot cell conditions, 
and produces each of the enantiomers depending on the amino acid ox- 
idase used. 
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Abstract Repeated sampling of a drug solution that is recirculated 
through a perfused body increases the rate of drug disappearance from 
the perfusate. When the volume of the drug solution (VT) is maintained 
constant by addition of drug-free perfusate after sampling, the measured 
drug concentration (Ci) can be corrected for drug removed in previous 
samples by using the equation C ,  = C~VTC,- , / (VT - Vs)Ci-, ,  where Ci 
is the corrected drug concentration in the ith sample, V s  is the volume 
of the sample, and C; = C1. An error in any particular Ci is not trans- 
mitted to a subsequent Ci value. The method can be used when the time 
interval between samples and when V s  vary from sample to sample, but 
return of the drug from the perfused body to the perfusate after sampling 
may cause Ci to be overestimated. 
Keyphrases Perfusates-correction of perfusate concentration for 
sample removal Drug concentration-correction of perfusate con- 
centration for sample removal Correction methods-perfusate con- 
centrations for sample removal 


Several experimental techniques involve the perfusion 
of a tissue, an organ, or an entire organism with a drug 
solution (perfusate); e.g., muscle (l), kidney (2), placenta 


(3), liver (4), intestine (5) ,  and fish (6). Samples of the 
perfusate are periodically removed for determination of 
drug concentration. One experimental approach involves 
sampling the perfusate after it is passed once through the 
perfused body. An alternative approach is to recirculate 
the perfusate, usually by pumping it from a reservoir, 
through the perfused body, and back to the. reservoir. 
Using the once-through approach, correction for sampling 
is unnecessary. When samples are removed repeatedly 
from recirculated perfusate, however, the concentration 
of drug is reduced, as a result of sample removal, in all 
samples but the first. Sample removal thereby biases the 
concentration-time relationship and confounds a kinetic 
analysis of the data. 


If the ratio of the total sample volume to the perfusate 
volume is small, the bias is small and may be ignored. This 
ratio can be reduced by reducing the sample volume, re- 
ducing the number of samples, or increasing the volume 
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of the perfusate. Reduction of the sample volume is limited 
by the sensitivity of the drug assay. Reducing the number 
of samples and increasing the perfusate volume are not 
good strategies as either one tends to obscure the kinetic 
behavior of the drug. In most cases the optimum approach 
is to remove a relatively large number of samples and to 
maintain the volume of the perfusate in the reservoir as 
small as is conveniently possible. To do this, the sam- 
pling-induced bias in the concentration-time data must 
be removed. 


Two techniques for correction of perfusate concentra- 
tion for sample removal have been described (4,7).  Both 
techniques require the assumption of a particular kinetic 
model before the correction can be made. The present re- 
port describes a relatively simple technique for correction 
of measured concentrations for previously removed sam- 
ples. The correction is exact if no back transfer of drug 
occurs from the body to the perfusate after sampling. In 
many cases when back transfer does occur, the method 
introduces an acceptable error and may still be used. 


EXPERIMENTAL 


The perfusion system was the perfused body, an external reservoir, 
and a pump that recirculated perfusate between the reservoir and per- 
fused body. Samples of perfusate were removed periodically from the 
reservoir and the concentration of drug in each perfusate sample was 
determined. The volume of the perfusate was maintained constant by 
addition of drug-free perfusate to the reservoir after a sample was re- 
moved. Because the sampling process removes drug from the perfusate, 
the concentration of drug in the sampled perfusate declined more rapidly 
than it would have if sampling had not occurred. If the perfused body 
eliminated drug from the perfusate by a zero-order process, the measured 
drug concentration would be corrected by adding the total amount of drug 
removed in previous samples divided by the volume of the perfusate. 


Usually, however, the drug elimination rate is proportional to the drug 
concentration in the perfusate. In this case it is not correct to add the 
amount removed in samples to subsequently determined concentrations, 
since part of the drug removed as a sample would have been consumed 
if the sample had not been removed. The problem then is to determine 
how much of the drug that was removed in each sample to add to each 
subsequently measured concentration. 


Assume that the drug concentration in the perfusate declines expo- 
nentially, and let C, represent the measured drug concentration in the 
i th  sample. The concentration of drug in the reservoir after removal of 
the first sample and addition of drug-free perfusate would be C1( V r  - 
Vs)/V,,  where VT and V s  are the volumes of the perfusate and the 
sample, respectively. The measured concentration of drug in the perfusate 
a t  the time that the second sample was removed can be corrected for drug 
removed in the first sample as follows: 


(Eq. 1) 


C; is the corrected drug concentration, i .e . ,  the concentration that would 
have been measured if the first sample had not been removed. In making 
the correction, it was assumed that the concentration of drug in the 
sample declined a t  the same rate as did the concentration of drug in the 
perfusate between the first and second samples. The measured concen- 
tration in the third sample can be corrected for drug removed in the first 
two samples: 


(Eq. 2) 


The term VT/ (  VT - V s )  corrects for drug removed in the second sample, 
and the term C#22 corrects for drug removed in the first sample. Cor- 
rection of the fourth and subsequent samples is similar to the correction 
for the third sample: 


(Eq. 3 )  


RESULTS AND DISCUSSION 


The validity of the method was explored by using it to correct calcu- 
lated drug concentrations, assuming some probable cases for drug dis- 
appearance kinetics. The proposed method was exact when drug was 
eliminated monoexponentially from the perfusate by apparent first-order 
kinetics. The method permits flexibility in that the time interval between 
samples and the volume of each sample can be varied from sample to 
sample. In addition, an error in the concentration determined for a par- 
ticular sample is not transmitted by the method to subsequent samples. 
When the drug concentration was assumed to decline according to a 
biexponential equation, the correction was also exact. However, a biex- 
ponential concentration-time relationship usually indicates that drug 
distributes between the perfused body and the perfusate. Simulations 
using the model described previously (7). a two-compartment model with 
drug distribution between perfusate and perfused body followed by drug 
elimination from the perfused body, showed that the method is not exact 
when drug returns from the perfused body as a result of an instantaneous 
decrease in the drug concentration in the perfusate. The corrected con- 
centration in the sampled perfusate was higher than the corresponding 
concentration in unsampled perfusate from the third to the final sample. 
The percentage error increased with the sample number, and it depended 
on the amount of drug that returned to the perfusate after sampling, 
compared to the amount of drug in the perfusate. The error in the final 
corrected concentration increased with the number of samples, the 
sample volume, the apparent volume of distribution of the perfused body 
relative to the volume of perfusate, and as drug clearance from the per- 
fused body increased relative to the reversible clearance between the 
perfusate and the perfused body. If the method is used when a distribu- 
tive phase in the perfusate concentration-time data is apparent, simu- 
lation with the model described previously (7) is recommended to select 
a sampling regimen that does not introduce unacceptable error. In some 
cases the correction method described previously (7) may be required. 
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general scheme, the analysis parameters do not require solvent modifi- 
cation. variable injection volumes, or a change in analysis time. The only 
chromatographic variation is an attenuation change from 0.1 to 0.2 aufs 
for the 2.5% hydrocortisone formulations. 


A variety of hydrocortisone formulations may contain methylparaben 
and propylparaben as preservatives. Though methylparaben interferes 
with phenethyl alcohol, benzyl alcohol could be substituted as the internal 
standard and yield satisfactory chromatographic separation. 
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Abstract 0 lllIn-labeled tetra(4-N-methy1pyridyl)porphyrin was in- 
vestigated as a possible lymph node imaging agent. A clinically feasible 
method for the preparation of this radioactive pharmaceutical was de- 
veloped from experiments with the synthesis and characterization of the 
unlabeled complex. The in oioo distribution of the compound in Wistar 
rats was determined as a function of time. Favorable lymph node-blood, 
lymph node-muscle, and specific lymph node-surrounding tissue ratios 
were obtained. 


Keyphrases Porphyrin--’”In-labeled, synthesis and evaluation, 
biodistribution, lymph node imaging, rats 0 Imaging, lymph node- ’’ lIn-labeled porphyrin, synthesis and evaluation, biodistribution, rats 


Biodistribution-”’In-labeled porphyrin, synthesis, lymph node 
imaging, evaluation, rats 


The diagnostic imaging methods now being used for 
evaluating disease in the lymphatic system, oil lympho- 
graphy and technetium Tc 99m antimony trisulfide colloid 
lymphoscintigraphy, possess significant inherent limita- 
tions. These methods image only those nodal groups that 
drain the subcutaneous injection site, and thus, require 
patent lymphatic vessels between the injection site and the 
nodes to be imaged (1-3). An intravenously administered 
radiopharmaceutical agent that allows the visualization 
of all nodal groups with a single injection would be an im- 


provement in the diagnosis of lymph node involvement in 
malignancy. 


BACKGROUND 


I t  has been known since the 1940s that many porphyrins and metal- 
loporphyrins display an affinity for lymphatic and neoplastic tissues when 
injected intravenously (4, 5). These early studies, however, depended 
solely upon differential fluorescence to detect the presence of the por- 
phyrin in the target tissue and, consequently, were of limited diagnostic 
utility. A method is available for introducing indium, an electronic isos- 
tere of iron, into porphyrins (6). Two nuclides of that element, indium 
11 1 and indium 113m, would be clinically acceptable from the viewpoint 
of decay energies, gamma-ehission, and half-life for use in in oioo diag- 
nostic radiopharmaceuticals. Furthermore, it has been shown that several 
porphyrins can transport j3-emitting nuclides (cobalt 58, zinc 65, and 
palladium 109) to nodal tissue where their ionizing radiation results in 
selective nodal ablation and diminished rejection rate for skin homo- 
graphs in dogs dosed with these radio porphyrins (7-9). It has also been 
demonstrated that an intravenously administered cobalt 57 derivative 
of a water-soluble porphyrin developed a tumor-blood ratio of 44:l a t  
5 days postdosing in the TCT-4904 rat bladder tumor (10). Sufficient 
precedent exists to indicate that a soluble indium-labeled porphyrin 
might be nodal specific. This study reports a facile synthesis for radio- 
active [1111n]tetra(4-N-methylpyridyl)porphyrin (I) whose biodistri- 
bution in rats illustrates its potential as a radiodiagnostic agent for major 
nodal systems. 


0022-35491821 1100-122350 1.0010 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1223 
Vol. 71, No. 11. November 1982 







Table I-Percent Dose per Gram Uptake of I in Rat Tissues 


1 hr 
~ 


4 hr Organ 24 hr 48 hr 
~ 


Blood 
Heart 
Lungs 
Pancreas 
Spleen 
Liver 
Fat pad 
Muscle 
Femur 
Testes 
Kidneys 
Adrenals 
Stomach 
Intestines 
Thyroid 
Brain 


0.179 * 0.04 0.097 f 0.03 
0.077 f 0.03 
0.229 f 0.06 


0.009 f 0.00 
0.035 f 0.00 
0.119 f 0.06 


0.006 f 0.004 
0.023f 0.01 
0.076 f 0.02 


~ - . - ... ~ 


0.125 f 0.03 
0.360 f 0.10 
0.074 f 0.02 
0.260 f 0.09 


0.049 f 0.01 
0.370 + 0.12 0.043 f 0.01 


0.530 * 0.06 0.027 f 0.004 
0.51 7 f 0.42 


0.177 I0.06 
0.042 f 0.01 
0.045 f 0.01 


o.29i I 0.iS 
0.025 f 0.005 
0.025 f 0.01 


. ... - ~ 


0.526 f 0.07 
0.058 f 0.07 
0.012 f 0.01 


0.334 f 0.08 
0.017 f 0.005 
0.009 f 0.004 


0.183 f 0.08 0.153 f 0.07 
0.058 f 0.02 
3.652 f 1.38 
0.214 f 0.11 
0.127 f 0.04 
0.108 f 0.04 


0.080 f 0.04 0.040 f 0.02 
0.053 0.02 
2.284 f 0.68 
0.256 f 0.06 


0.031 2 0.01 
4.963 f 1.00 
0.294 f 0.29 
0.067 f 0.02 


0.036 f 0.03 
3.076 f 0.64 
0.120 f 0.07 


0.194 f 0.04 
0.096 f 0.03 
0.469 f 0.78 
0.009 f 0.005 


0.050 f 0.01 
0.040 f 0.01 
0.115 f 0.14 
0.003 f 0.002 


0.063 f 0.01 
0.356 f 0.34 
0.019 f 0.03 


0.214 f 0.19 
0.004 f 0.002 


Node 1 .hr 4 hr 24 hr 48 hr 


1.317 f 1.53 0.707 f 0.55 0.607 f 0.30 Inguinal 0.455 f 0.47 
Aortic bifurcation 0.548 f 0.48 0.836 f 1.18 0.647 f 0.39 1.126 f 1.21 


0.476 f 0.10 0.727 f 0.28 0.562 f 0.20 Superior mesenteric 0.387 f 0.09 
Renal and abdominal 0.442 f 0.42 0.415 f 0.69 0.851 f 1.07 1.116 f 1.13 
Thoracic 0.218 f 0.17 0.242 f 0.23 0.333 f 0.42 0.382 f 0.41 


0.216 f 0.09 0.458 f 0.32 0.371 f 0.03 Axillary 0.234 f 0.07 
Cervical 0.291 f 0.10 0.240 f 0.08 0.353 f 0.34 0.384 f 0.27 
Total nodes 0.368 f 0.12 0.535 f 0.41 0.582 f 0.20 0.650 f 0.34 


Each figure is the average of five animals normalized for a 500-g rat. 


EXPERIMENTAL 


The reactants, indium chloride', ["'InJindium chloride2, and 
tetra(4-N-methylpyridy1)porphyrin tosylate salt3, were obtained com- 
mercially. The tosylate salt of the porphyrb was converted to the chloride 
by passage through an anion-exchange cdumn in the chloride form and 
the tetra(4-N-methylpyridyl) porphyrin chloride (11) used in all subse- 
quent syntheses. UV spectra were obtained on a UV-visible spectro- 
photometel' in aqueous solution. Combustion analyses were performed 
by a microanalytical laboratory5. 


Synthesis of Indium Tetra(4-N:methylpyridyl)porphyrin- 
Indium chloride (66.0 mg, 0.30 mmole) was dissolved in 2.0 ml of 0.05 N 
HCl. In a 3.0-ml capped vial, 0.02 ml of this solution was evaporated to 
dryness under nitrogen in a 115' oil bath. Tetra(4-N-methylpyridy1)- 
porphyrin chloride (11) (25.0 mg, 0.03 mmole) was dissolved in 1.0 ml of 
distilled water and added to the indium chloride residue. This reaction 
mixture was stirred in a capped vial in a 115' oil bath for 1 hr. The visible 
spectra of both this reaction mixture and the starting ligand (11) were 
obtained. The majority of the reaction mixture was retained for elemental 
analysis. The aliquot portion of the mixture was applied to a 1.0 X 19.0-cm 


cation exchange column, which had been pretreated by eluting it with 
10 ml of 5 X N HCI. This column was then eluted sequentially with 
10 ml of 5 X N HCl, 30 ml of 5 X lop4 N HCl, 10 ml of 5 X N 
HCl, and 100 ml of 5 X N HCl. The eluate was collected in 180 0.8-ml 
fractions. 


A sample of the porphyrin ligand (11) was passed through an identically 
prepared column in the same manner. Visible spectra were obtained of 
representative samples of the colored eluate fractions from both indium 
tetra(4-N-methylpyridy1)porphyrin and the ligand (11) columns. Tubes 
(130-160 fractions) inclusive from the complex's eluate were then com- 
bined, the pH of the resulting solution adjusted to neutrality, and a visible 
spectrum obtained. 


The portion of the original reaction mixture, retained for analysis, was 
solubilized in 2.5 ml of distilled water and treated with 5 ml of 4 M lithium 
perchlorate. The perchlorate salt precipitated. I t  was vacuum filtered 
with a fine frit, washed with cold water, dried under 0.5 tor!, transferred 
carefully with a porcelain spatula (similar perchlorate salts have been 
reported to explode when rubbed or heated), and a portion subjected to 
combustion analyses. Chemical yields of the precipitated perchlorates 
were always in excess of 90% of theoretical. No defined melting point 
could be observed. 


Anal.-Calc. for C~H36N&(C10&: C, 41.12; H, 2.80; N, 8.72. Found: 
C, 41.28; H, 3.01; N, 8.87. 
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Figure 1-Elution profile of [ l l l ln] indium chloride and of porphyrin 
compler (I) f r o m  cation exchange column. Key: (-) compound I ;  (. . . .) 
[111In]indium chloride. 
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' Alfa Products ThiokolNentron Division, lot 041179. 
2 New England Nuclear Corp.. carrier free grade as 0.3 ml of a 16-mCi/ml solution 


in 0.05 N HCI. 
Man-win Chemical Co. 
Beckman, model DK-ZA. 
(3.1. Robertson Microanalytical Laboratory, Florham Park, N.J. 
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Table 11-Significant Lymph Node-Background Ratios 


1 hr 4 h r  24hr 48hr 


Average node-bone 2.0:l 3.5:l 7.31 16.31 
Average node-muscle 8.2:l 21.4:l 48.5:l 72.21 
Thoracic nodes-heart 1.7:1 3.1:l 9.51 16.6:l 
Thoracic nodes-blood 1.2:l 2 5 1  37.0:l 63.7:l 
Superior mesenteric nodes-intestine 4.01 4.4:l 11.5:l 14.01 


- -  - 
424 520 565 595 


WAVELENGTH, prn 


Figure 2-UVand uisible absorption spectra of free porphyrin ligand 
(11) and of the indium complex of 11. Key: (A )  indium complex; (A) 
porphyrin ligand. 


Synthesis of [1111n]tetra(4-N-methylpyridyl)porphyrin (1)- 
[ll'In]indium chloride (3.8 X mg, 1.7 X 10+ mmoles, 1.57 mCi) in 
0.05 N HCI was evaporated to dryness as described previously for non- 
radioactive indium chloride. Carrier indium chloride (3.8 X mg, 1.7 
X mmoles) was added to the residue in 100 ~10 .05  N HCl, which was 
once again evaporated to dryness. The ligand (11) (0.14 mg, 1.7 X 
mmoles) in 1.0 ml distilled water was added, and the reaction vial was 
stirred in a 115" oil bath for 1 hr. The cooled reaction mixture was applied 
to a cation exchange column prepared identically to those previously 
described and eluted in the same manner, and the activity of each 0.8-ml 
fraction was determined. Fractions 130-160 inclusive were combined, 
and the pH of the resulting solution was adjusted to neutrality by the 
addition of dilute sodium hydroxide. The neutralized solution was 
evaporated to a volume appropriate for the animal studies. The effective 
specific activity of I prepared in this manner was -9 Ci/mmole as de- 
termined by dividing the total indium 111 activity used (1.57 mCi) by the 
total ligand (11) used (1.7 X 


mg, 1.08 X 10-11 
mmoles) in 1.0 ml of distilled water was applied to a cation exchange 
column as previously described for I and was eluted in an identical 
manner. The activity of every one-tenth fraction plus a tube containing 
the contents of the eluted column was determined (Fig. 1). 


Biodistribution Studies-Biodistribution studies using Wistar rats, 
average age 6.5 months and average weight 500 g, were carried out over 
a 4-day period. The animals were sacrificed in groups of 5 a t  four time 
periods: 1, 4, 24, and 48 hr. Each rat was injected with 0.2 ml of a 10- 
pCi/ml concentration of the neutralized solution of I in a caudal vein while 
under ether anesthesia. Just prior to the end of each time period each rat 
was again anesthetized with ether and a cardiac puncture was performed. 
Each rat was then sacrificed by cardiac removal and autopsied. The or- 
gans and tissues listed in Table I were removed, weighed, and counted 
in the gamma scintillation counter. The data for each organ or tissue have 
been normalized for a rat weighing 500 g, and the percentage of the total 
injection dose per gram weight has been calculated. The technique for 
tissue sampling and animal weight normalization has been described 
previously (11). 


mmoles). 
One microcurie of [ll'In]indium chloride (2.39 X 


RESULTS AND DISCUSSION 


Elemental analysis of the indium tetra(4-N -methylpyridyl)porphyrin 
correlated well with the calculated values. Since the amount of I syn- 
thesized for this study was too small to be characterized by the same 
method, another technique for i t s  identification in solution wassought. 
When I1 was dissolved in distilled water the resulting solution was dark 
brown; after being heated with the indium chloride for 1 hr the reaction 
mixture turned violet in color. This color change was further manifested 
by a major difference in the visible spectral properties of the complex 
uersus the porphyrin ligand. The spectra are compared at equimolar 
concentrations in Fig. 2. The change in the peak height ratios was used 
as a convenient tool to detect the complex in the presence of unreacted 
porphyrin. Cation exchange chromatography was used to isolate I from 
the crude reaction mixture. This method was capable of demonstrating 
small quantities of the radioactive complex in the presence of both un- 
labeled complex and free radioindium. Both the labeled and the unla- 
beled complexes were shown to elute from the column in the same elution 
volume (fractions 130-160): the former being demonstrated by a sharp 


rise in total counts per sample when each tube was examined in a gamma 
counter (Fig. 11, and the latter being demonstrated by the characteristic 
color which appeared only in those 30 fractions, and which possessed a 
visible spectrum identical to that of the complex prior to passing through 
the column. 


The identification of the labeled complex was considered conclusive 
when ('*'Injindium chloride was placed on an identically prepared col- 
umn, and no counts significantly over the background tissue were de- 
tected in the eluate, while the substance of the column was shown to re- 
tain all the counts that were applied as the radioactive indium chloride. 
The final manipulation of I was to neutralize the eluate that contained 
i t  with dilute sodium hydroxide before injection. This procedure was 
examined with the unlabeled complex and was shown to have no effect 
on the visible spectrum of that compound. 


The distribution of I in rats as a function of time is presented in Table 
I. The percentage of the total injected dose per gram in the lymph nodes 
is surpassed only by that of the kidneys. More importantly, some node- 
surrounding tissue ratios, which would be pertinent for imaging both 
abdominal and thoracic nodal groups, have been expressed in Table I1 
and show considerable prominence of the nodes over background tissue. 
The nodal groups in these areas are among the most difficult, if not im- 
possible, to image by the best existing techniques, which depend on 
drainage of the injection site by the lymphatics of the nodes in ques- 
tion. 


Earlier studies that reported the node ablation with @-emitting me- 
talloporphyrins did not indicate, however, any property unique to por- 
phyrins which causes their affinity for lymphatic tissue (7-10). It has been 
theorized in one report that  porphyrins and metalloporphyrins are con- 
centrated by tissues with a high mitotic index (4). Bone marrow and 
duodenal mucosa are two tissues with extremely high turnover rates, and 
yet in one quantitative study, it was noted that lymph node activity was 
16.7 times that of duodenal rnucosa and 7.5 times that of bone marrow 
(7). These data tend to indicate that some quality other than a high mi- 
totic index may be required to explain the localization of these complexes 
in lymph nodes. It is possible that  the complexes localize in the lymph 
nodes by the mechanism recently proposed for particulate antigens (12). 
This study showed that colloidal carbon was concentrated in lymph nodes 
in the region of the high endothelial venules. These unique vessels have 
been extensively examined (13), and this work suggests that  the highly 
permeable nature of these venules, coupled with the intricate system of 
hemodynamic controls inherent in the nodal microvasculature, could 
provide functional lymph node-venous communications. Further study, 
however, will be required before the porphyrin localization mechanism 
can be clearly identified. 


The potential of I as a diagnostic imaging agent is apparent. The in- 
travenous route of administration would provide an easy and reproducible 
clinical procedure superior to oil lymphography and to technetium Tc 
99m-antimony sulfide lymphoscintigraphy, while the possibility of ex- 
amining abdominal and thoracic nodal groups by a relatively noninvasive 
technique would be an invaluable aid in monitoring both neoplastic 
metastasis and alterations in the immune system in response to a host 
of other pathologies. Further study of this compound is currently in 
progress. 
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Abstract 0 The impact of self-association on mass transport was studied. 
The model system chosen was the diffusion of phenol through an im- 
mobilized layer of isooctane. In the theoretical development, self-asso- 
ciated phenol contributed to diffusion, with the fluxes being interde- 
pendent because of the self-association equilibrium. Predictions from 
theory were then compared with experimental results. It was shown that 
self-association can significantly affect flux of diffusing species. 


Keyphrases Phenol-self-association and diffusion in isooctane 
Isooctane-simultaneous self-association and diffusion of phenol 
Diffusion-phenol in isooctane, simultaneous self-association 


Associative interactions are of interest to those con- 
cerned with pharmaceutics for two reasons. First, asso- 
ciative interactions affect many processes such as disso- 
lution, partitioning, and diffusion, all of which are vitally 
important to drug delivery. Second, most drugs contain at  
least one interactive functional group and, thus, are able 
to participate in associative interactions with many sub- 
stances found in dosage forms and in the body. 


The effects of association and related processes on 
various aspects of drug delivery have been examined in 
several studies. Dissolution rate is known to be altered 
significantly when dissociation reactions (1, 2) or com- 
plexation (3) occur within the dissolution layer. It has also 
been observed that when a diffusing species self-associates 
(4) or forms micelles (5) there is a pronounced effect on the 
rate of transport of that substance. Another study (6) has 
indicated that in a self-associating system, where diffusion 
of the self-associated species is blocked by its inability to 
penetrate the membrane used, the observed mass trans- 
port behavior can be accounted for by assuming that the 
compound is transported only in its monomeric form. 


Where simultaneous self-association and diffusion 
occur, the direct application of Fick’s laws fails to predict 
the diffusion rates observed. In the current study, a more 
comprehensive approach to the theoretical analysis of 
diffusion under such circumstances is presented. It is 
postulated that ( a )  by taking into account the interde- 
pendence of the fluxes of the associated and unassociated 


species arising from associative equilibrium within the 
diffusional layer, ( b )  by applying Fick’s laws to each kind 
of species present, and ( c )  by numerically solving the dif- 
ferential equations derived on this basis, it is possible to 
predict the mass transport behavior of self-associating 
systems. 


The model system used to test this postulate was one in 
which phenol was allowed to diffuse from a donor phase 
of isooctane, through an immobilized layer of isooctane 
which served as the diffusion layer, into an aqueous re- 
ceptor phase. Phenol is known to self-associate signifi- 
cantly (>50%) at high concentrations in isooctane (7). This 
interaction was expected to cause the rate of mass trans- 
port into the aqueous phase to deviate markedly from that 
predicted by simply applying Fick’s laws to the overall 
concentration of phenol present. Using the scheme out- 
lined above, the diffusional behavior of phenol in the model 
system was predicted mathematically. The predicted re- 
sults were then compared with the experimental data ob- 
tained. 


THEORETICAL 


Previous studies have shown that when phenol self-associates in iso- 
octane, the dominant species formed is probably the pentamer’ (7). The 
equilibrium expression for this interaction has been reported as: 


5 P , = P 5  


where P, represents monomeric phenol and P5 represents the pentam- 
eric species. The equilibrium constant for this interaction is K 1 - 5  = 6300 
M-4 a t  25” in isooctane. This model appears to provide an adequate 
description of self-association of phenol over a wide range of concentra- 
tions. 


In the present investigation a silanized sintered glass filter with a 
presilanization pore size range of 4.5-5.5 pm was used to form a dif- 
fusional barrier between the donor isooctane and the receptor aqueous 
phases. Because of the large pore size and equilibration of the filter with 
the donor phase prior to each experiment, the barrier actually consisted 
of a layer of isooctane immobilized within the sintered glass filter. As 
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Abstract Four alkyl ethers of p-N,N-bis(2-chloroethyl)aminophenol 
were selected to study the effects of microsomal enzyme induction by 
phenobarbital on the toxicity changes as reflected by LDM and alteration 
of survival times in L-1210 leukemic mice. In the phenobarbital pre- 
treated mice the LDN for the ethyl ether of p-N,N-bis(2-chloroethyl)- 
aminophenol was decreased from 1641 to 1213 Fm/kg. This result suggests 
that  0-dealkylation is the major metabolic pathway. The LD50 for the 
propyl ether of p-N,N- bis(2-chloroethy1)aminophenol was increased by 
the pretreatment from 605 to 678 Fmlkg. The LD50 for the butyl ether 
was increased from 714 to 910 pm/kg. An additional metabolic pathway, 
(w-1)-hydroxylation, is suggested for the propyl and butyl ethers. The 
hexyl ether appeared to be unaffected by the pretreatment; thus, 0- 
dealkylation was ruled out as a major pathway. In the survival studies, 
the pretreatment reduced the antitumor effectiveness of the ethyl and 
the butyl ethers. The survival times were increased for some dose levels 
for the propyl ether. No significant trend in survival times was observed 
for the hexyl ether in the pretreated mice. 


Keyphrases Microsomal enzyme induction-effects on toxicity in 
mice, survival times in L-1210 leukemic mice of p-N,N- bis(2-chlo- 
roethy1)aminophenyl alkyl ethers, phenobarbital p-N,N-Bis(2-chlo- 
roethy1)aminophenyl alkyl ethers-effects of microsomal enzyme in- 
duction on toxicity in mice, survival in L-1210 leukemic mice, pheno- 
barbital 


Variations in the alkyl chain lengths of esters and ethers 
of p-N,N- bis(2-chloroethyl)aminophenol have been shown 
to alter the toxicity and survival times of L-1210 leukemic 
mice over that of p-N,N-  bis(2-chloroethyl)aminophenol 
(1-3). I t  was proposed that the fatty acid esters would 
undergo ester hydrolysis and release the p-N,N-bis(2- 
chloroethy1)aminophenol and its other degradation 
products. Previous reports suggest that the short chain 
alkyl aryl ethers may be metabolized by an a-hydroxyla- 
tion pathway resulting in 0-dealkylation, while the longer 
chains may be subjected to another pathway. I t  is likely 
that the metabolism of this series of alkyl aryl ethers would 
be similar to the p-nitrophenyl alkyl ethers reported pre- 
viously (4). The hexyl ether of p-nitrophenol was not 0- 
dealkylated as were the lower members in that series. Al- 
though the metabolism of the hexyl ether of p-N,N-  
bis(2-chloroethyl)aminophenol has not been studied, 
toxicity studies and survival studies in L-1210 leukemic 
mice have suggested the absence of the a-hydroxylation 
pathway. A dual metabolic pathway, a- and (w-1)-hy- 
droxylation, is possible for the n-propyl and n-butyl ethers 
of p-N,N- bis(2-chloroethyl)aminophenol. These pathways 
on p-nitrophenyl-n-butyl ether have been demonstrated 
( 5 )  with the identification of 3-hydroxy-n-butyl ether of 
p-nitrophenol as a major metabolite. 


The purpose of this research was to study the effects of 
microsomal enzyme induction in mice on the toxicity and 
survival times of L-1210 leukemic mice treated with the 
ethyl, n-propyl, n-butyl, and n-hexyl ethers of p-N,N- 


bis(2-chloroethyl)aminophenol. An increase in toxicity 
would be expected to accompany an increase in O-deal- 
kylation in induced mice and provide further evidence for 
the presence of the (w-1)-hydroxylation pathway for the 
higher members in the alkyl ether series. 


EXPERIMENTAL 


Test Animals-DBA/2I, BDFI', and HA/ICR mouse strains2 and 
L-1210 leukemic mice (tumor ~ o u r c e ) ~  were used. 


Instruments-The necessary equipment included an electronic cell 
counter4, a channelizer4, a dilutor4, an ry recorder4, a hem~cytometer~, 
and a microscope6. 


Materials-Counting diluent4, red cell-lysing reagent7, crystal violets, 
Giemsa stain7, isotonic diluting solution9, trypan bluelo, and Wrights' 
strains were used. The alkyl ethers of p-N,N-bis(2-chloroethyl)ami- 
nophenol (the ethyl-propyl-, butyl-, and hexyl ethers) and p-N,N-  
bis(2-chloroethyl)aminophenol were prepared and have been reported 
previously (3). All other chemicals and reagents were obtained from 
commercial sources. 


Microsomal Enzyme Induction-A modification of a previous 
method was employed in the enzyme induction phases of the study (6). 
Thirty-five HAACR mice (6-weeks-old) were given sodium phenobarbital 
(75 mg/kg) by intraperitoneal injection daily for 7 days. The onset and 
duration of sleeping time for each mouse was recorded. Sleeping time is 
the time interval between the loss and recovery of the righting reflex (6). 
Changes in the duration of sleeping time were used as an indicator of the 
degree of enzyme induction. After the 7th day of treatment the mice were 
randomly divided into seven groups, five mice to each. On day 9 sodium 
phenobarbital (75 mg/kg) was administered to the first group to observe 
any changes in the onset and duration of sleeping time after the discon- 
tinuation of the pretreatment for one day. The same dose of sodium 
phenobarbital was administered to the remaining groups 2,3,4,5,6, and 
7 days, respectively, after the discontinuation of the daily pretreat- 
ment. 


Toxicity Evaluation-HA/ICR mice were divided into groups of six 
for the test and control groups. The test groups were given sodium phe- 
nobarbital (75 mgkg ip) daily for 7 days prior to intraperitoneal injections 
of p-N,N- bis(2-chloroethyl)aminophenol or its alkyl ethers. Each in- 
jection consisted of a known concentration of each drug dissolved in 0.1 
ml of propylene glycol. The mice were observed and weighed daily for 28 
days. The number of mortalities at each dose level was evaluated by a 
previous method to determine the LD50 number for each drug in the test 
and control groups (7). 


Tumor Transplant Procedure-DBAA mice bearing L-1210 leu- 
kemia for 7 days were used as a source for tumor cells. The L-1210 cells 
were collected according to a previously described procedure (I). Inoc- 
ulations containing lo5 L-1210 cells were administered intraperitoneally 
to groups of BDFl mice to be used in the survival studies. 


~ ~ ~~~~ 
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Survival Studies-One group of healthy BDFl mice was pretreated 
with sodium phenobarbital (75 mg/kg) daily for 5 days. The alkyl ethers 
of p-N,N- bis(2-chloroethyl)aminophenol were administered intraperi- 
toneally in propylene glycol to two groups of leukemic mice, one group 
referred to as the control, which did not receive the phenobarbital pre- 
treatment, and the group described above. Dosages of 25,50,75,100,150, 
and 200 mg/kg of the alkyl ethers were given on days 2 and 5 after inoc- 
ulation to subgroups of six mice for the control group and the pretreated 
group. An additional group of six BDFl mice inoculated with L-1210 cells 
was employed as the untreated control and received only the injection 
vehicle, propylene glycol. 


RESULTS AND DISCUSSION 


The onset and duration of sleeping times for mice pretreated with 
phenobarbital are reported in Table I and Fig. 1. The onset time for 
sleeping did not show any relationship with the degree of enzyme in- 
duction. The sleeping times gradually decreased during the periods of 
daily injections of phenobarbital, but gradually returned to normal after 
termination of the treatment. The increased function of the microsomal 
enzyme system persisted into the following week. Hypertrophy of the 
mice livers was observed in all studies 3 or 4 days after the pretreatment 
was initiated and disappeared after the daily injections were stopped. 
This observation is consistent with a previous report (8). 


In the toxicity studies on the nitrogen mustards, a 7-day pretreatment 
period was considered adequate for the induction period. Table I1 shows 
the results of the toxicity studies performed on the five compounds in 
phenobarbital pretreated mice and untreated mice. The LDso for com- 
pound I, p - N , N -  bis(2-chloroethyl)aminophenol, was 164 pm/kg (38 
mg/kg) in untreated HA/ICR mice. In the phenobarbital pretreated mice, 
a reduction in toxicity was suggested by the increase in the LD50 to 253 
pm/kg (59 mg/kg). This increase in LDM was probably due to an increase 
in the rate of conjugation of compound I, which should have resulted in 
a faster excretion rate (9). 


A tenfold decrease in toxicity was observed for compound 11, the ethyl 
ether of p-N,N-bis(2-chloroethyl)aminophenol, over that of the parent 
compound (I) in untreated mice. The LDso was 1641 pm/kg which de- 
creased to 1213 pm/kg when the mice were pretreated with phenobarbital. 
It is presumed that compound I1 is 0-dealkylated to the more toxic 
mustard, compound I, which would lead to one of the ultimate metabo- 
lites through hydrolysis of the chloroethyl groups. Some of the toxicity 
expected from the 0-dealkylation pathway uia hydroxylation on the 
a-carbon on the alkyl group would be mollified by an increase in the rate 
of conjugation of compound I, its metabolites, other metabolites which 
have hydroxyl groups, and the various rate processes of the a- and (w- 
1)-hydroxylation pathways. 


The toxicity of compound 111 was greater than compound I1 but less 
than compound I. The LD50 of compound I11 was 605 pmikg (160 mg/kg) 
in untreated mice and increased to 678 pm/kg in the pretreated mice. 
Compound 111, the propyl ether, could undergo metabolism by the 
a-hydroxylation and the (w-1)-hydroxylation pathways. If the a-hy- 
droxylation were the major pathway, the toxicity for the propyl ether 
would be expected to increase in the pretreated mice due to the increased 
formation of the parent compound, p-N,N- bis(2-ch1oroethyl)amino- 


Table I-Onset and Sleeping Duration for Mice Pretreated with 
75 mg/kg of Sodium Phenobarbital" 


Dosing Omitted Onset, Sleeping Time, 
Days on Days Minutes (SE) Minutes ( S E )  


1 
2 
3 
4 
5 
6 
I 
8 
9 


10 
11 
I2 
13 
14 
15 


8 
8-9 
8-10 
8-11 
8-12 
8-13 
8-14 


23.2(f0.46) 
20.2(f0.80) 
19.6(+0.96) 
18.1 (f0.65) 
18.3( f0.61) 


19.9( f0.92) 
21.0(f1.10) 


22.0( f2.00) 
19.6(11.63) 
23.0(f1.22) 
22.0(f2.55) 


- 


94.2( f0.57) 
77.4(f2.09) 
74.3(f 1.48) 
70.6(f1.46) 
62.9( f0.59) 
47.4( f 1.33) 
43.9(f1.01) 


43.0(f3.54) 
48.0(f4.90) 
49.0(*4.58) 
55.0(f3.16) 
62.0(f4.90) 
64.0( f5.09) 
67.0( f2.65) 


- 


~ ~ 


0 Administered intraperitoneally in sterile water for injection. Standard 
error. 


1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
PRETREATMENT, days 


Figure 1-The sleeping time of mice pretreated with sodium pheno- 
barbital. Key: (0) onset of sleep; (A) sleeping time. 


Table 11-Toxicity of p-N,N-Bis(2-chloroethyl)aminophenol and 
its Alkyl Ethers in Mice Pretreated with Phenobarbital  


Untreated Mice, Pretreated Mice 
LDso LD50 


Compound d k g  mg/kg d k g  m g k  


I 164 38 253 59 


I1 1641 430 1213 318 


111 605 167 678 187 


IV 714 207 910 264 


(Parent compound) 


Ethyl ether 


Propyl ether 


Butyl ether 


Hexvl ether 
V 1069 340 1104 351 


phenol. The (w-1)-hydroxylation of compound 111 would lead to the 2- 
hydroxy propyl ether of p-N,N-  bis(2-chloroethyl)aminophenol which 
should be less lipid soluble and possibly less toxic. 


Similar results were obtained for compound IV. The LD5o was 714 
pm/kg (207 mgikg) in untreated mice and increased to 910 pmikg in the 
pretreated mice. 


Both hydroxylation pathways would be expected for the butyl ether, 
but a-hydroxylation would have to play a minor role to explain the low- 
ered toxicity in the pretreated mice. If the butyl ether mustard is me- 
tabolized by the (w-1)-hydroxylation pathway, it would appear as the 
3-hydroxybutyl ether mustard or corresponding metabolites. This 
pathway was verified for p-nitrophenyl butyl ether (5). The increase in 
the LD50 for compound IV suggests that  phenobarbital pretreatment 
enhances the rate for the alternate pathway over that of a-hydroxyla- 
tion. 


The effect of pretreatment on the toxicity of compound V was negli- 
gible. The LDso was 1069 pm/kg (340 mg/kg) in the untreated mice and 
changed only slightly to 1104 pm/kg in the pretreated mice. This result 
was anticipated since the aryl alkyl ether mustards would be expected 
to follow the same metabolic pathways as reported for the alkyl ethers 
of p-nitrophenol(4). In that report 0-dealkylation was negligible for the 
hexyl ether of p-nitrophenol. The insignificance of the a-hydroxylation 
pathway in mice is supported by the results of the toxicity studies. 


The expected metabolite of compound I, p-N,N- bis(2-hydroxy- 
ethyl)aminophenol, has been isolated from rat blood as a major metab- 
olite of compound I1 and to a lesser extent for compounds 111 and IV. 
Unidentified metabolites which did not conform to the a-hydroxylation 
pathway were observed for compounds 111 and IV". 


The results of a study of the influence of microsomal enzyme induction 
on the survival times of leukemic mice treated with alkyl ethers of p- 
N,N-bis(2-chloroethyl)aminophenol are presented in Table I11 and il- 
lustrated in Fig. 2. The ethyl ether, compound 11, would be expected to 
undergo a-hydroxylation and hydrolysis would yield acetaldehyde and 
the more toxic form of the mustard, compound I, and its metabolites. The 
ethyl mustard produced a maximum survival of 126% T/C a t  a dose of 
383 pm/kg in the control group (leukemic mice treated with the mustard 


11 Unpublirrhed data. 
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Table 111-Survival Times of L-1210 Leukemic Mice a Treated with p-N,N-Bis(2-chloroethyl)aminophenyl Alkyl Ethers and 
Pretreated with Phenobarbital 


140- 


120- 


100- 


80- 


Untreated Control Control Phenobarbital Pretreated 
Derivative Dose, Mean Survival Mean Survival Mean Survival 
- -~.. r - - ~ ~ -  ~~. ~~o Days (fSE) Days ( G E )  T/C % b  Days ( S E )  T/C 9% 


- I '  


2 140- 


> 
LT 
3 120- 
m ,  


100- - 
80 - 


Comnound umlke 


I1 
Ethyl ether 


I11 
Propyl ether 


IV 
Butyl ether 


V 


96 
192 
287 
383 
479 
575 
766 
91 


181 
273 
364 
455 
546 
727 
87 


173 
260 
346 
519 
692 
727 


n 
Hexyi ether li 


33 
83 


166 
249 
332 
415 
498 
645 


8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
9.00(0.37) 
g.OO(0.37) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
8.50(0.34) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.00(0.37) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33(0.51) 
9.33f0.51) 


9.83(0.31) 
lO.OO(0.68) 
9.33(0.56) 


10.67(0.21) 
10.17(0.17) 
9.37(0.92) 
7.33(0.67) 


10.33(0.33) 
10.83(0.48) 
9.66(0.95) 


10.33(0.56) 
10.00(1.10) 
9.16(0.87) 
9.50(0.34) 
9.50(0.34) 


lO.OO(0.63) 
10.33(1.15) 
10.33( 1.36) 
12.50(0.56) 
12.83(0.54) 
6.50(0.34) 


lO.OO(0.37) 
10.17(0.31) 
lO.OO(0.52) 
lO.OO(0.45) 
10.50(0.43) 
10.17(0.48) 
10.67(0.42) 
9.33(0.33) 
9.83(0.83) 


- 


117 
118 
110 
126 
120 
104 
81 


122 
127 
114 
117 
118 
108 
106 
106 
111 
115 
115 
139 
143 
72 


107 
109 
107 
107 
113 
109 
114 
100 
105 


- 


8.33(0.21) 
8.67(0.33) 
9.33(0.56) 
g.OO(0.97) 


10.16(0.47) 
7.50(1.18) 
6.00(0.82) 
9.33(0.21) 


ll.OO(0.52) 
10.67(0.42) 
12.33(0.33) 
10.50(1.06) 
8.17(0.60) 
8.67(0.76) 
8.67(0.76) 
9.50(0.22) 
9.00(0.86) 
7.83(0.98) 
7.50(0.81) 


10.17(1.70) 
6.33(0.42) 
9.33(0.51) 


10.67(0.42) 
9.83(0.31) 
9.67(0.49) 


lO.OO(0.45) 


98 
102 
110 
106 
120 
a4 
67 


110 
129 
126 
145c 
124 
96 
96 
96 


106 
100 
a7 
83 


113 
70 


100 
114 
105 
104 
107 


10.67(0.42) 114 
9.330.71) 100 ~. 


10.i7i0.8ij 109 
8.33(0.56) a9 
9.50(0.85) 102 


~~ 


Six BDFl mice were used for each dose level for each group. * Statistical differences a t  p < 0.05 for Control versus Pretreatment. The T/C 90 representa the rates 
of the sum of days (T) each treated animal survives to the sum of the number of days each control animal (C) survives times 100. 


only), but was reduced to 106% T/C in the corresponding group pretreated 
with phenobarbital. The survival times for all dose levels of compound 
I1 were lower in the phenobarbital pretreated groups over the control 


Ill Propyl Ether 
I1 Ethyl Ether 


1401 


IV  Butyl Ether IV  Butyl Ether 


a il a 
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60 
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Figure 2-Suruiual values of L-1210 leukemic mice treated with p- 
N,N-bis(2-chloroethyl)aminphenyl alkyl ethers, (II) ethyl ether, (III) 
propyl ether, (W) butyl ether, and (V) hexyl ether. Key: (I)) Control; 
(A) Pretreated. 


groups, with the exception of two dose levels. A dose level of 479 pm/kg 
produced a survival of 120'70 T/C in both groups. It was generally expected 
that an increase in the rate of 0-dealkylation of compound I1 in the 
pretreated mice would increase host toxicity and overcome some of the 
benefits of drug treatment. 


The propyl ether, compound 111, was more effective in increasing 
survival values a t  the four dose levels ranging from 181 through 455 pm/kg 
in the pretreated groups. The highest survival value was 145% T/C in the 
pretreated group, which was significantly different from the control value 
of 117% T/C. If the metabolism of compound 111 were accelerated by the 
a-hydroxylation pathway in the pretreated group, a decrease in the 
survival value would have been expected, as observed with compound 
11, due to increased host toxicity. a-Hydroxylation has been demonstrated 
in propyl ethers (4), but an alternate pathway would be suspected to 
satisfactorily explain these results. One other major metabolite, which 
would result from an (w-1)-hydroxylation, has been suggested (5). An 
active metabolite other than the parent compound may be the 2-hydroxy 
propyl ether of p - N , N -  bis(2-chloroethyl)aminophenol. Although the 
differences are not significant, in the lowest dose, 91 pm/kg, and the two 
highest doses, 546 and 727 pmlkg, the survival values of the pretreated 
groups fell below the untreated groups. 


All dose levels of compound IV exhibited lower survival values in the 
pretreated groups when compared with the control groups. A dose level 
of 519 pm/kg produced a significant difference between survival values 
of pretreated uersus control groups, although the best value, 143% T/C, 
occurred at 692 pm/kg in the control group. A decrease in the rate of 
0-dealkylation of p-nitrophenyl alkyl ethers as the length of the carbon 
chain increased has been found (4). The (w-1)-hydroxylation pathway 
is favored as a possible explanation consistent with the results from both 
the toxicity and the survival data. If the 3-hydroxybutyl ether of p- 
NJV- bis(2-chloroethyl)aminophenol is produced more rapidly than the 
parent compound, that would provide a possible explanation for the 
toxicity differences between control and pretreated group, and it would 
have less antitumor activity than compound IV. 


The results from previous studies on the 0-dealkylation of p-nitro- 
phenyl alkyl ethers and survival studies on the p-N,N-bis(2-chlo- 
roethy1)alkyl ethers are consistent with the lack of significant differences 
between the control groups and pretreated groups for the hexyl ether. 
Since a-hydroxylation of hexyl aryl ethers is unlikely, minimal effects 
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Table IV-Statistical Analysis of the Survival Studies on an SPSS Multiple Regression Subprogram 


Ethyl ether 25-100 0.183 8.982 0.0137 -0.995 0.377 -0.365 8.3 7.8 
125-200 0.387 15.714 -0.0463 NS -0.623 NS 22.62 NS 


Propyl ether 25-100 0.103 9.671 0.0155 NS 0.3219 NS 4.950 NS 
125-200 0.349 15.262 -0.0433 NS -0.591 NS 19.365 NS 


Butyl ether 25-100 0.268 8.556 0.0333 NS 0.518 NS 5.854 NS 


Hexyl ether 25-200 0.0221 10.21 -0.0028 NS -0.149 NS 2.391 NS 


0 R* (coefficient of determination) indicates the proportion of variation in life span explained by dose only or by both dose and treatment. * The form of multiple regression 
equation: Y = a + b(dose) + c(treatment) Y = life span, a = intercept of y axis, b = regression coefficient for dose, c = regression coefficient for treatment (dummy variable). 
c B(b) indicates the number of standard derivation units of change in life span that could be predicted when dose changes by one standard unit. B(c) indicates the number 
of standard derivation units of change in life span that could be predicted when treatment changes by one standard unit. F(b) presents the F value of dose. F(c) presents 
the F value of treatment. Except F(b) of hexyl ether, all other F values are greater than the critical values a t  the 0.05 level of significance. 


25-150 0.237 9.683 0.0138 -2.189 0.235 -0.433 4.993 16.96 


NS = no significance. 


on toxicity or survival times in leukemic mice would be expected to result 
from phenobarbital pretreatment (3,4). It is not known if the hexyl ether 
of p - N J -  bis(2-chloroethy1)aminophenol undergoes (w-1)-hydroxylation, 
but if it were to occur, these results suggest a metabolite similar in toxicity 
and antitumor activity to compound V. 


A regression analysis was performed on survival data from the control 
and pretreated groups (Table IV). The analysis, taken over the entire 
range of doses, failed to show significant trends for any of the compounds 
tested. Negative trends in the ascending points for data sets from com- 
pounds I1 and IV indicate a decrease in the antitumor effectiveness for 
the pretreated mice. Crossover trends at  the lowest and two highest doses 
for compound 111 precluded significance. The medium level doses were 
not tested. No trend could be established for compound V. 
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Abstract Antipyrine and acetaminophen kinetics were determined 
from concentration data obtained by simultaneous blood sampling from 
the cut end of the tail and a cannulated femoral artery in the rat. Sig- 
nificant differences in concentrations and kinetics for both drugs were 
found by comparison of the two sampling sites. The hypothesis that the 
differences were due to a low tail blood flow was tested. The tail blood 
flow was measured with a microsphere technique, and tail antipyrine 
concentrations were calculated from the relationship between arterial 
antipyrine concentration, tail flow, and time for comparison with the 
observed antipyrine concentrations. Mean blood flow of the rat tail was 
0.02 ml/min/ml tail tissue at  22O, which was 8B and 0.9% of the liver and 
kidney flow, respectively. Tail flow increased more than twofold by ele- 
vation of the tail temperature to 37O. The calculated tail antipyrine 
concentration uersus time curve showed a very close correspondence to 


the observed antipyrine tail concentration uersus time curves. The results 
show that tail flow is a major determinant of antipyrine tail concentration 
in the rat. Kinetic data based on blood samples from the cut end of the 
tail, therefore, should be interpreted with caution. 


Keyphrases Antipyrine-pharmacokinetics in the rat, comparison 
of data based on blood samples from the cut tail and a cannulated femoral 
artery 0 Acetaminophen-pharmacokinetics in the rat, comparison of 
data based on blood samples from the cut tail and a cannulated femoral 
artery Pharmacokinetics-acetaminophen and antipyrine in the rat, 
comparison of data based on blood samples from the cut tail and a can- 
nulated femoral artery Microsphere technique-pharmacokinetics 
in the rat, comparison of data based on blood samples from the cut tail 
and a cannulated femoral artery 


The development in recent years of a multitude of sen- 
sitive drug assays in microsamples of blood and a variety 
of techniques for repeated blood sampling have made it 


possible to perform pharmacokinetic studies in individual 
animals as small as mice, rats, and guinea pigs. Whereas 
published methods for drug assays are routinely validated 
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XIII) and dimethyl analogs (XX uersus XIV) generally produced a small 
increase in binding affinity. p-Methoxy groups increased activity in the 
dehalogenated cyclopropyl analogs (XIX uersus XVII and XX uersus 
XVIII) with the greatest receptor binding affinity found in compound 
XVIII. The cis-isomer XXI displayed greater receptor affinity than the 
trans-isomer XIX, but there were no apparent differences in the gem- 
dichloro analogs (XV uersus XI11 and XVI uersus XIV). 


When the receptor binding activities of these analogs were compared 
to the present compounds ( l ) ,  it was found that the monomethyl and 
dimethyl substituents at Rz and RB (Table 111) in the hydrophobic cy- 
clopropyl skeleton led to a reduction in receptor binding affinity of the 
derivatives, while diethyl substitution increased receptor binding 
ability. 
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Abstract  u The in uiuo disintegration, dissolution, absorption, and 
disposition processes of ampicillin products are separated by means of 
moment analysis. This method is model-independent, that is, any specific 
model is not assumed. The mean residence time (MRT), mean absorption 
time (MAT), mean dissolution time (MDT), and mean disintegration 
time (MDIT) are calculated for several dosage forms of ampicillin. The 
fraction of dose absorbed ( F )  is also separated into several fractions 
corresponding to these in  uiuo processes. Bioavailability and bioequiv- 
alence are discussed in terms of the zero and first moments. The flip-flop 
behavior of ampicillin is proved by the fact that  the MRT following in- 
travenous injection is less than the MAT of any oral dosage form. Ab- 
sorption of released ampicillin is proved to  be a rate-determining step, 
since the MRT of released ampicillin in the GI tract is the greatest of all 
MRT corresponding to the in uiuo processes. Moment analysis is com- 
pared with classical compartment theory, and a new component concept 
is introduced. 


Keyphrases a Ampicillin-moment analysis, in uiuo disintegration, 
dissolution, absorption, disposition time a Disintegration-ampi- 
cillin, moment analysis, in uiuo dissolution, absorption, disposition 
time Dissolution-ampicillin, moment analysis, in uiuo disintegration, 
absorption, disposition time Absorption-ampicillin, moment analysis, 
in uiuo disintegration, dissolution, disposition time 


In recent years moment analysis has been developed in 
the pharmacokinetic field as a method to comprehend drug 
behavior in the body, that is, absorption, distribution, 


metabolism, and excretion ( 1-10l1. Since statistical mo- 
ments are characteristic of the shape of the statistical 
distribution curves such as plasma concentration-time 
curve or urinary excretion rate-time curve, they are only 
dependent on the observed time course data and are in: 
dependent of the pharmacokinetic compartment model. 
Zero moment represents the area under the plasma con- 
centration-time curve (AUC) or the total amount of drug 
excreted in urine, which is widely used as a model-inde- 
pendent parameter. The first moment, which is defined 
as the mean residence time (MRT), gives significant in- 
formation with respect to kinetic features of the process 
which a drug undergoes in the GI tract and the body (1). 


The absorption of a drug from its oral preparation in- 
volves a process too complex to be described by a simple 
mathematical equation. Therefore, a model-independent 
approach has been undertaken to evaluate the absorption 
rate (1-3,ll-13). These methods are based on deconvo- 
lution. The mean absorption time (MAT) is the useful 
index of the rate of bioavailability (1-3). The in uiuo drug 
absorption involves disintegration and dissolution steps 


Y. Tanigawara, K. Yamaoka, T. Nakagawa, and T. Uno, Chem. Pharm. Bull., 
30,2174 (1982). 
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Figure 1-Cumulative urinary excretion of ampicillin after intravenous 
and oral administrations t o  Subject 2. Key: f+) intravenous injection; 
(A) solution; (A) Powder A; (0 )  Capsule A; (0) Capsule B. 


prior to absorption of released drug. The evaluation of in 
vivo disintegration and dissolution of a drug product is 
necessary for the development of a drug delivery system. 
It is also necessary to know the rate-determining step in 
these in vivo processes. 


Recently the mean dissolution time (MDT) was defined 
as the magnitude of in viuo dissolution rate (3). In this 
article, moment analysis using urinary excretion data is 
carried out to separate four in viuo steps from adminis- 
tration of an ampicillin product through urinary excretion, 
that is, disintegration, dissolution, absorption, and dis- 
position steps. The rate-determining step is specified by 
comparing the mean residence time intrinsic to each step. 
The extent and rate of bioavailability of the anhydrate and 
trihydrate forms of ampicillin are estimated in terms of the 
zero and first moments. Bioequivalence is discussed from 
the results for the urinary recovery and the mean residence 
time. 


EXPERIMENTAL 


Procedure-Four healthy male volunteers, 25-32 years of age, 
weighing 62-76 kg participated in this study. The subjects were fasted 
overnight before each dosage and were permitted to eat no food until 3 
hr after dosing except for intravenous administration. No other drugs 
were taken for a t  least 1 week prior to and during the study. All subjects 
received single doses of ampicillin in five different dosage forms (a-e) .  
Each dosage was separated by at  least 1 week: 


(a) Intravenous injection-A 2.5-ml injectable ampicillin* solution 
containing 125 mg (as potency) was intravenously administered in 1 
min. 


(b) Solution-A solution of 500-mg (as potency) of ampicillin sodium2 
dissolved in 100 ml of water was orally administered. 


(c) Powder A-The contents of a 500-mg (as potency) ampicillin tri- 


* Pentrex for injection, Banyu Pharmaceutical Co. Ltd., Tokyo, Japan. 


Table I-Mean Residence Time, MRT(hr),  of Ampicillin 
Products  


Subject 
DosageForm 1 2 3 4 Mean f SD 


~~~ ~~~ 


Intravenous 0.766 0.752 0.816 0.752 0.772 f 0.026 
injection 


Solution 2.53 2.00 2.78 2.10 2.35 f 0.32 
Powder A 3.18 2.95 2.88 2.56 2.89 f 0.22 
CapsuleA 3.40 3.98 3.33 2.23 3.24 f 0.63 
Capsule B 3.08 2.73 2.51 2.24 2.64 f 0.31 


Table  11-Percent Urinary Recoveries, f( %), of Ampicillin at 
Infinite Time 


Subject 
DosageForm 1 2 3 4 M e a n f  SD 


Intravenous 83.4 86.9 64.1 77.5 78.0 f 8.7 


Solution 39.0 37.2 37.8 52.5 41.6 f 6.3 
Powder A 45.2 38.9 39.0 45.8 42.2 f 3.3 
Capsule A 40.9 31.9 30.7 42.2 36.4 f 5.2 
CaDsule B 38.7 29.2 26.1 31.2 31.3 f 4.6 


injection 


hydrate capsule3 were removed and orally administered with 100 ml of 
water. 


(d) Capsule A-One 500-mg (as potency) capsule3 was orally ad- 
ministered with 100 ml of water. The ampicillin was in trihydrate 
form. 


(e) Capsule B-One 500-mg (as potency) ampicillin anhydrate cap- 
sule4 was orally administered with 100 ml of water. 


The maximum plasma concentration after intravenous injection is 
much higher than that after oral administration of the same dose. 
Therefore, a quarter of the oral dose was used for the intravenous dose 
in order to avoid saturation in drug disposition. 


Urine samples were collected immediately before and at  0.5,1,1.5,2, 
2.5,3,4,5,6,7, and 8 hr after oral dosing, or a t  20 and 40 min and 1,1.5, 
2, 2.5, 3,4,5, and 6 hr after intravenous dosing. After the urine volume 
was measured, a portion was frozen until assayed. 


Assay of Ampicillin-The antibiotic concentration was determined 
by reversed-phase high-pressure liquid chromatography (HPLC). The 
chromatograph5 was equipped with a UV detector6 adjusted at  220 nm. 
The stationary phase was octadecylsilane chemically bonded on totally 
porous silica gel (particle size 5 pm), packed in a 150-mm stainless steel 
column7 (4-mm id.). The mobile phase was a mixture of methanol40167 
M phosphate buffer (pH 7.0,1:2 v/v). The flow rate was 0.6 ml/min and 
column oven temperature was set a t  28". Peak area was used for quan- 
titationa. 


Evaluation of Moments and  Statistical Analysis-The urinary 
recovery, f(percent), and the mean residence time, MRT(hour), were 
evaluated from the time course data for the urinary excretion by means 
of the linear trapezoidal integration and extrapolation (1). The statistical 
evaluation of the differences in MRT and f values between dosage forms 
and subjects was achieved by two-way ANOVA. The subsequent pairing 
test was carried out when significant differences were found (p < 
0.05). 


RESULTS 


Mean Residence Time and Urinary Recovery-Figure 1 shows the 
time courses for the cumulative urinary excretion of ampicillin admin- 
istered to Subject 2 in various dosage forms. The MRT and f values are 
listed in Tables I and 11. In calculating the moments, the contributions 
of the extrapolated area to MRT and f values were evaluated. The in- 
creases of MRT and f by extrapolation to infinite time were <1%, which 
demonstrates that the urinary time courses were measured in an adequate 
period of time. The differences in MRT and f values among the dosage 
forms were statistically significant a t  the 0.01 level by ANOVA. The MRT 
and f values after intravenous injection are very different from those after 
any other oral dosage forms. For example, ampicillin is retained in the 


3 Pentrex capsules, Banyu Pharmaceutical Co. Ltd., Tokyo, Japan. 
4 Solcillin capsules, Takeda Chemical Industries, Ltd., Osaka, Japan. 


Model TRIROTAR-111, Japan Spectroscopic Co., Tokyo, Japan. 
6 Model UV1DEC-lOO-III, Japan Spectroscopic Co., Tokyo, Japan. 


Develosil ODs-5, Nomura Chemicals, Seto, Japan. 
CHROMATOPAC C-R1A. Shimadzu, Kyoto, Japan. 
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GI tract and the body for -3 hr when the trihydrate capsule (Capsule A) 
is orally administered, whereas only 46 min of residence time follows 
intravenous injection. The differences in MRT values are insignificant 
at  the 0.05 level between Powder A and Capsule A, between Solution B 
and Capsule B, and between Powder A and Capsule B. The differences 
in f values are insignificant at  the 0.05 level between Powder A and 
Capsule A, between Solution A and Powder A, between Solution A and 
Capsule A, and between Capsule A and Capsule B. Therefore, from the 
viewpoint of extent and rate of bioavailability, it follows that Powder A 
and Capsule A are bioequivalent, but that any other pairs are not bioe- 
quivalent at  the 0.05 level. 


Mean Absorption Time and Extent of Absorption-The following 
discussions are based on the assumptions (1) that the pharmacokinetic 
system is linear, and the oral response is given by the convolution of 
weight functions which correspond to each step, such as disintegration, 
dissolution, absorption, and disposition. 


The mean absorption time, MAT, and the fraction of dose absorbed, 
F, for a drug administered orally have been defined as (1,2): 


MAT = MRTpo - MRTi, (Eq. 1) 


F = fpolfiv (Eq. 2) 
where PO and iv reveal oral and intravenous bolus administrations, re- 
spectively. MAT expresses the mean overall time since a drug is admin- 
istered until it enters into the systemic circulation. Table 111 lists the 
MAT (hour) and F (percent) for four ampicillin dosage forms. The MAT 
values are estimated by the subtraction of the average of MRTi, from that 
of MRT,,. Absorption rate from the solution is the fastest of all oral 
dosage forms. Absorption from Capsule B, which contains ampicillin 
anhydrate is as fast as that from the solution, but absorption from Cap- 
sule A, which contains the trihydrate form, is clearly slower than that 
from the solution. Difference in MAT values between these two capsules 
is 0.60 hr (36 min). The fact that the MRTi, is less than the MAT of any 
oral dosage form shows that the pharmacokinetic profile of ampicillin 
is flip-flop (14). 


Mean Disintegration Time and Mean Dissolution Time-Though 
the discussion below can be applied to tablets and sustained-release 
preparations, the case of capsules is considered here as a representative 
example. Prior to the absorption of released drug through the GI wall, 
a drug administered as a capsule undergoes in uiuo disintegration of the 
capsule shell and subsequent dispersion of drug powder, and dissolution 
of the dispersed drug into GI fluid. Therefore, the MAT for capsules was 
separated into three steps as follows (Scheme I): 


Disintegration Dissolution Absorption of Disposition 
of a ca sule of dispersed released drug 
or a t a h e t  drug 


+--TI TD T3 T4 c - MRTi, - 
8 MRT,,,le c 


*MDITcapsule + 


* MRTpowder c 


4 - MDTpow der - 
MRTsolution t 


-MATsolutiond 


IV Injection 


1 Capsule 


{ Powder 


{ Solution 


Table 111-MAT, MDT, F, and Frel of Orally Administered 
Ampicillin Preparations 


~~ 


Solution Powder A Capsule A Capsule B 


MAT (hr) 1.58 2.12 2.47 1.87 -~ ~- ~~ 


MDT (hr) - 0.54 0.89 0.29 
F ('%) 
Frri ('%I 


53.3 54.1 46.7 40.1 
- 101.4 87.5 75.2 


~ 


MATcapsule = TI + TZ + T3 (Eq. 3) 


where TI is the mean time for the disintegration of a capsule, TB is the 
mean time for the dissolution of dispersed drug powder, and T3 is the 
mean time for the absorption of the released drug. Accordingly, i t  is 
possible to estimate the in uiuo mean time of each step by comparing the 
MAT values for several different dosage forms. When a drug is admin- 
istered as a solution: 


MATsolution = 7'3 (Eq. 4) 
When a drug is administered as a powder (or suspension): 


MATpowder = 7'2 + 7'3 (Eq. 5) 


The mean in uiuo dissolution time, MDT, was defined (3): 


MDTcapsule = MATcapaule - MATaalution (Eq. 6) 


In the same manner, we define the mean in uiuo disintegration time, 
MDIT, as follows: 


MDITcapsule = MATcapsule - MATpowder (Eq. 7) 


Substitution of Eq. 1 into Eqs. 6 and 7 yields: 


MDTcapsule = MRTcapaule - MRTsolution (Eq. 8) 


MDITcapsuIe = MRTcapsule - MRTpowder (Eq. 9) 


Table I11 lists the MDT values for three solid dosage forms. The MDIT 
of Capsule A is 0.35 hr which is statistically negligible, and it means that 
the disintegration of capsule shell in the GI tract is a very rapid process. 
The MDT of Capsule A is greater than that of Capsule B, which coincides 
with the previously reported fact that the in  uitro dissolution rate of 
anhydrous ampicillin is faster than that of the trihydrate form (15- 
18). 


Scheme I-Illustration of the meanings of the MRT, MAT, MDT, and MDIT. 
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Scheme II-Drug flow diagram of ampicillin trihydrate capsule (I) and anhydrate capsule (II). 


I- 


elimina- 
tion 


The zero moment of each step for a capsule can be separated as: 


Fcapaule = F1- FZ * F3 (Eq. 10) 


where F1, Fz, and F3 reveal the ratio of ampicillin amount which transfers 
as an intact form from step to step. The zero moments for solution and 
powder thus become: 


(Eq. 11) 


Fpowder = FZ * F3 (Eq. 12) 


Corresponding to MDT, the relative extent of absorption, F,,I, is defined 
as: 


Frel = Fcapsu~e (or powder)IFsolution (Eq. 13) 


The F and Frel values are listed in Table 111. 
Drug Flow Diagram of Ampicillin Products-Scheme I1 depicts 


the drug flow diagram summarizing the drug flow after oral adminis- 
tration of two kinds of ampicillin capsules. The intrinsic MRT, which is 
a time component related to each step in the total MRT, is given in the 
box and the transfer ratio from step to step is written on the arrow. It 
should be noted that this box exhibits a quite different concept from the 
classical compartment. We call the box a component. This is very similar 
to the strong component concept (19). The detailed discussion is given 
later. 


The absorption kinetics of some ampicillin products were compared 
by means of a previous method (20), but that report did not give a clear 
explanation for the incomplete absorption of orally administered ampi- 
cillin. Scheme I1 clearly shows that some portions of ampicillin are lost 
before entering the systemic circulation. This may be due to incomplete 
disintegration of a capsule or incomplete dissolution or degradation to 
an unavailable form. In the case of the trihydrate form, the loss in the 
disintegration process is 14%, but the dissolution of the dispersed drug 
is perfect, whereas the loss of the anhydrate form in the dissolution 
process is 25%. 


o i  Sn 


0 


0.00 1.00 2.00 3.b0 4.00 5:00 6.00 7.00 8.00 
HOURS 


Figure 2-Computer simulations of ampicillin amount versus time 
curues in fiue components for the trihydrate form. The drug levels are 
simulated by a convolution method. Key: (I) capsule form; (II) dispersed 
drug; ( I I I )  released drug in the GI tract; (IV) drug amount in body; (V) 
amount of urinary excreted drug. 


The interesting observation is that the intrinsic MRT of released drug 
in the GI tract is the greatest of all time components, and it means that 
the absorption of released ampicillin is the rate-determining step. 
Therefore, the dissolution rate does not appreciably affect the plasma 
peak levels. Besides, the transfer ratio from solution to systemic circu- 
lation is the lowest (53%) of all transfer ratios. It is suggested that the 
pharmaceutical improvement of absorption in the released state (ester- 
ification, etc.)  is more effective than that of dissolution in order to obtain 
high plasma peak levels. 


Simulations of Ampicillin Levels in Each Component-To simu- 
late the ampicillin levels in each component shown in Scheme 11, the 
following approximation was adopted. It was assumed that all the steps 
except for disintegration were expressed by the monoexponential equa- 
tions, and that the disintegration step was represented by the lag time, 
because the collapse of a capsule is expected to occur abruptly. Actually 
the lag time was observed in the experimental time course data for a 
capsule form. The weight function of each step except for disintegration 
is represented by: 


i = 2,3,and4 (Eq. 14) 


where 2, 3, and 4 reveal the dissolution, absorption, and disposition 
processes, respectively. It is noted that the zero and first moments of Gi 
uersus time curve just become Fi and Ti, respectively. 


Figure 2 shows ampicillin fraction versus time curves in five compo- 
nents after oral administration of trihydrate capsules. Drug levels in the 
body are much less than those in the GI tract, and the area under the 
curve (AUC) of body levels (Curve IV) is only 25% of released drug (Curve 
111). 


DISCUSSION 
Bioavailability is defined as the rate and extent of absorption of a drug 


from its dosage form (21). The absolute bioavailability is determined by 
a comparison of the measured characteristics after oral and intravenous 
administration, so long as instantaneous and complete bioavailability 
is assumed for intravenous injection. The zero moment (AUC or urinary 
recovery) expresses the amount profile, and the first moment (MRT) 
expresses the time profile. Therefore, the rate of absolute bioavailability 
is represented by the MAT, and the extent of absolute bioavailability is 
the fraction of dose absorbed (F). The relative bioavailability is deter- 
mined by comparing the absorption behavior of a test preparation of a 
drug with that of its standard preparation. Thus, the MDT or MDIT is 
the indication of the rate of relative bioavailability, when solution or 
powder is specified as the reference standard. The extent of relative 
bioavailability is expressed by Frel. 


The absorption time of pharmaceutical alternatives can be compared 
by using MAT. Though MAT is a useful index of the overall absorption 
time of several drug products, the intravenous administration is not al- 
ways possible because of toxicity or hydrophobicity of a drug. The MDT 
and MDIT can be useful in that case. Pharmaceutical equivalents, which 
lead to the identical resolved state in the GI tract, are compared in terms 
of MDT. In the case of poorly soluble drugs, the use of semiaqueous so- 
lutions, e.g., polyethylene glycol-water solution, has been proposed as 
the reference standards in estimating MDT (3). However, since poly- 
ethylene glycol can have an effect not only on the dissolution process but 
also on the GI wall as an adjuvant, the latter effect could interfere in es- 
timation of MDT. Hence, the MDIT is a useful indicator for relative 
bioavailability of very poorly soluble drugs. 
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Scheme III-Drug flow diagram of ampicillin and its prodrugs. Key: (I) ampicillin trihydrate; (II) ampicillin anhydrate; (III) hetacillin potassium; 
(IV) talampicillin hydrochloride; (V) a-aminobenzyl penicilloic acid; (VI) a-aminobenzyl penamaldic acid. 


It is of interest to correlate in uitro tests with in uiuo bioavailability. 
Because MDT and MDIT are just the extracted characteristics of in uiuo 
dissolution and disintegration from a complicated biopharmaceutical 
process, the in uitro dissolution and disintegration tests can be directly 
correlated to these quantities. 


The component is a concept that should be distinguished from the 
classical compartment. The compartment is related to the pharmacoki- 
netic model which is expressed by simultaneous ordinary differential 
equations. The complete mixing or the steady state is assumed in a certain 
compartment. The number of compartments in a system is determined 
according to the number of exponential terms in a pharmacokinetic 
equation that fits well to the experimental time course data. In contrast, 
the component is derived from the moment analysis, which is a model- 
independent method. A component specifies a biological or physico- 
chemical state of a drug, that is, in a capsule, in intestinal fluid, in plasma, 
as a prodrug, or as a metabolite. The drug flow diagram constructed by 
components gives the intuitive information about rate and extent profiles 
of a drug in the GI tract and systemic circulation. The diagram can be 
more detailed as the experimental information increases. For example, 
Scheme I11 shows the more detailed flow diagram of four ampicillin 
preparations. This diagram was prepared by combining the data in this 
article with those reported previously (8). Six percent of absorbed am- 
picillin was unrecovered as shown by the dotted arrow. This process is 
not yet confirmed and another disposition route is possible. 


REFERENCES 


(1) K. Yamaoka, T. Nakagawa, and T. Uno, J. Pharmacokinet. 


( 2 )  D. J. Cutler, J.  Pharm. Pharmacol. 30,476 (1978). 
(3) S. Riegelman and P. Collier, J .  Pharmacokinet. Biopharm., 8, 


509 (1980). 


Biopharm., 6,547 (1978). 


(4) D. J. Cutler, ibid., 7,101 (1979). 
(5) L. Z. Benet and R. L. Galeazzi, J. Pharm. Sci., 68,1071 (1979). 
(6) J. Haginaka, K, Yamaoka, T. Nakagawa, Y. Nishimura, and T. 


(7) J. Haginaka, T. Nakagawa, and T. Uno, J. Antibiot., 33, 236 


(8) T. Uno, M. Masada, K. Yamaoka, and T. Nakagawa, Chem. 


(9) Y. Murai, T. Nakagawa, K. Yamaoka, and T. Uno, ibid., 29,3290 


(10) K. Yamaoka, Y. Tanigawara, T. Nakagawa, and T. Uno, Int. J. 


(11) J. G. Wagner and E. Nelson, J .  Pharm. Sci., 53,1392 (1964). 
(12) J. C. K. Loo and S. Riegelman, ibid., 57,918 (1968). 
(13) A. Rescigno and G. Segre, in “Drugs and Tracer Kinetics,” 


(14) P. R. Byron and R. E. Notari, J.  Pharm. Sci.,  65,1140 (1976). 
(15) J. W. Poole and C. K. Bahal, ibid., 57,1945 (1968). 
(16) D. A. Wadke and G. E. Reier, ibid., 61,868 (1972). 
(17) S. A. Hill, K. H. Jones, H. Seager, and C. B. Taskis, J.  Pharm. 


(18) A. Tsuji, E. Nakashima, S. Hamano, and T. Yamana, J. Pharm. 


(19) C .  D. Thron, Fed. Proc. Fed. Am. SOC. Exp. Eiol., 39, 2443 


(20) J. C. K. Loo, E. L. Foltz, H. Wallick, and K. C. Kwan, Clin. 


(21) Fed. Regis., 42(5), 1624 (January 7,1977). 


ACKNOWLEDGMENTS 


Uno, Chem. Pharm. Bull., 27,3156 (1979). 


(1 980). 


Pharm. Bull., 29,1957 (1981). 


(1982). 


Pharm., 10,291 (1982). 


Blaisdell, Waltham, Mass., 1966, p. 102. 


Pharmacol., 27,594 (1975). 


Sci., 67,1059 (1978). 


(1980). 


Pharmacol. Ther., 16,35 (1974). 


The authors thank Banyu Pharmaceutical Co. and Takeda Chemical 
Industries for the gifts of penicillins. 


Journal of Pharmaceutical Sciences I 1133 
Vol. 71, No. 10, October 1982 












Quantification of the Effect of Excipients on 
Bioavailability by Means of Response Surfaces I: 
Amoxicillin in Fat Matrix 


MATIAS LLABRfiS, JOSfi L. VILAX, and 
RAMON MARTfNEZ-PACHECO 
Received April 11,1980, from the Departamento de Farmacia Gal&nica, Facultad de Farmacia, Universidad de Santiago de Compostela, 
Spain. Accepted for publication November 17,1981. 


Abstract 0 A study was carried out to determine the effect of a fat ex- 
cipient on the bioavailability of amoxicillin tablets. Three formulations 
with a fat excipient content of 10, 20, and 30%, respectively, were ad- 
ministered to 15 healthy volunteers according to a Latin-square design. 
The excretion curves were characterized with the help of two parameters, 
namely, the quantity of drug excreted between 0-2 and 0-12 hr postad- 
ministration, respectively. The effect of the fat excipient content was 
quantified with the use of polynomials whose corresponding orders were 
given by the ANOVA. In the case of both parameters, a quadratic re- 
sponse to the fat excipient content was found. A t  the same time, a dis- 
solution study was carried out using a previously established method. 
Here, the parameters used to characterize the dissolution curves were 
the quantities of dissolved drug in 30 and 180 min, respectively. Again, 
a quadratic response to the fat excipient content was observed in the case 
of both parameters. 


Keyphrases 0 Amoxicillin-quantification of the effect of excipients 
on bioavailability by means of response surfaces, fat matrix Bioavail- 
ability-quantification of the effect of excipients by means of response 
surfaces, amoxicillin in fat matrix 0 Excipients-quantification of the 
effect on bioavailability by means of response surfaces, amoxicillin in fat 
matrix 


The quantification of the effect that certain excipients 
and technological procedures have on drug bioavailability 
is an interesting aspect of the field of pharmaceutical 
technology. Most of the investigations carried out with 
human subjects have used commercial formulations, that 
is, formulations whose composition and elaboration pro- 
cess are unknown (1-3). Therefore, only the bioequivalence 
or bioinequivalence of these formulations can be estab- 
lished. In vitro studies of drug release and drug dissolution, 
although more numerous, have failed to reflect the bio- 
pharmaceutical or clinical consequences of drug-techno- 
logical factor interaction (4,5). 


BACKGROUND 


Bioequivalence studies are usually based on the general linear model 
of ANOVA. This model, when applied to a three-way crossover design 
(formulation, subject, and period), takes the following form: 


Y i j k  = P t F k  t si + w] + erjk (Eq. 1) 


where Y , J k  denotes the observation on the ith subject with the kth for- 
mulation on the j th  period; p represents the general mean; Fk, S,, and 
W, represent the effects produced by subject, formulation, and period, 
respectively; and e , j k  is the error associated with observation Yl]k and is 


Table I-Percent Composition and Mean Weight a of 
Formulations A, B, and C 


Amoxicillin 
Formulation Trihydrate Fat, % Talc, % Mean Weight 


A 
B 
C 


85% 10 5 514 
75% 20 5 582 
65% 30 5 67 2 


~~ ~ 


0 Mean weight in kilograms. 


assumed to have normal distribution with the mean zero and variance 
constant for all observations, u2. If this study were not confined only to 
establishing the bioequivalence or bioinequivalence between two for- 
mulations, but extended to include the quantification of the effects of 
excipients and technological factors on bioavailability, then the term F k  
would have to be subdivided to meet these new demands. For example, 
if the study were to englobe factors A and B ,  and if the effect of each of 
these factors and of their mutual interaction were desired, then the term 
F k  would have to be replaced by the term: 


A ,  + B,  + AB,, (Eq. 2) 
where A, represents the effect of factor A at  level m, B ,  the effect of 
factor B at  level n, and AB,, the effect of their interaction. Thus, the 
ANOVA could indicate the way in which these factors modify bioavail- 
ability and help establish not only the optimum formulation but also the 
in vivo-in uitro correlations. 


The object of this study, which comprises three separate studies, is to 
quantify the effects which two excipients (a synthetic fat and a silica 
colloid) have on the bioavailability of amoxicillin tablets. Quantification 
was obtained by means of response surfaces expressed as low-order 
polynomials, a technique used to quantify the effects of excipients on 
some physicochemical properties of different dosage forms (6.7). At the 
same time, a study was carried out to determine the effect of the above 
excipients on the dissolution rate of amoxicillin in formulations tested 
in uioo. Finally, the correlation between both series of data was also 
studied. 


The present report studies the effect of a synthetic fat excipient a t  three 
equally spaced levels. 


EXPERIMENTAL 
Assayed Formulations and Analytical Method-Three formula- 


tions of amoxicillin trihydrate' tablets, containing 375 mg of anhydrous 
amoxicillin, were manufactured and studied. The percent composition 
of the three formulations, A, B, and C, is shown in Table I. The three 
formulations differed only in their synthetic fat2 (mono-, di-, tripalmitate 
estearate of glycerin) content. In each case the hardness was 4 kg on the 
hardness tester scale3. 


408 


J ~ 3 0 0 1  r7'=': 
n - - oc 


I I I 
1 2 3 4 5 6  8 10 12 


HOURS 
Figure 1-Cumulative curves for the urinary excretion of unchanged 
amoxicillin. 


' Antibi6ticos S. A., lot A30H-106. Potency 859 kglmg. 
Precirol, Gattefossk. 
Monsanto hardness tester. 
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Table 11-Mean Values and  Variances fo r  the In Vivo 
Parameters Employed 


Formulation Ez Eiz 
A 
B 
C 


143.4 (4129.2) 369.8 (4248.7) 
45.8 ii433.4j 329.8 (i4349.2j 
17.4 (136.9) 102.4 (2416.3) 


Variances in parentheses. 


The in  uiuo and in uitro samples were assayed by means of a spectro- 
photometric method which was specific for intact drug (8). 


Clinical Protocol-Urine analysis of the unchanged drug was carried 
out in 15 healthy volunteers of both sexes, whose ages ranged from 20 to 
32. The subjects, tested for renal insufficiency, gave a negative response. 
A written consent was obtained from each subject. Subjects were divided 
a1 random into three equal groups. A Latin-square 3 X 3 design with five 
replicates was used, and the washing period between successive admin- 
istrations was 5 days. Immediately before a standard breakfast, the fasted 
subjects were given two tablets equivalent to 750 mg of anhydrous am- 
oaicillin. Urine samples were collected 1, 2, 3, 4, 5, 6, 8, 10, and 12 hr 
postadministration. 


Pharmacokinetic Analysis-The effect of fat content on the quantity 
of drug absorbed and on the absorption rate were the two parameters used 
to characterize the urinary excretion curves. These parameters can be 
characterized by El2 the total quantity of drug, expressed in milligrams, 
excreted in the 12 hr following administration; and E l  the quantity of 
drug, expressed in milligrams, excreted in the first 2 hr postadministra- 
tion (during which time the maximum urinary excretion rate of the free 
drug was observed). 


Characterization of the formulations by means of pharmacokinetic 
parameters was ruled out for two reasons. First, the absorption processes 
observed in Formulations B and C were too complex; second, to avoid the 
introduction of estimation error, which would have been confused with 
the experimental error and would have entailed the use of non- 
parametric tests and, consequently, the loss of information about the 
assay in question. 


Dissolution Rate Studies-Dissolution rate studies were carried out 
using the apparatus described previously (9). This apparatus was the 
flowthrough type without an accumulating reservoir. T o  calculate the 
quantity of dissolved drug a t  different times, the method proposed pre- 
viously (10) was used. The following conditions were employed: angle 
agitation, 180; intensity of agitation, 6 oscillations/min; dissolution cell 
volume, 47.5 ml; flow rate, 1 ml/min. Enzyme-free juices, gastric and 
enteric, were the dissolution media employed. Three dissolution tests 
were carried out on each formulation using a tablet in each test, although 
the results refer to a 750-mg dose. The following parameters were em- 
ployed to characterize the dissolution curves obtained: Dl80 was the 
quantity of drug, in milligrams, dissolved in 180 min, and D30 was the 
quantity of drug, in milligrams, dissolved in 30 min. 


Statistical Analysis-Prior to the establishment of the ANOVA for 
the Latin-square design, the model was submitted to an additive test and 
to a variance homogeneity test in order to confirm its validity. Tukey’s 
ternst (11) confirmed the additivity of the model. Nevertheless, Cochran’s 
test (12) confirmed the existence of heterogeneous variances among the 
treatments for the two parameters under study. Therefore, the use of the 


Table 111-Results of ANOVA for EW 


three-way ANOVA in the Latin square lacked validity on account of 
power deficiency. To overcome this problem, and because the logarithmic 
transformation of data failed to stabilize the variances, the generalization 
of Scheffh’s test proposed by Brown and Forsythe (13) was used. Although 
the latter test is a one-way ANOVA, in the presence of heterogeneous 
variances, it is a valid solution. According to Brown and Forsythe, the 
modification of Scheffh’s probability is: 


P,NH - O ) z / ( X Z ?  S?/n,) < (g - 1) FI-~~-I , / I  2 I - a (Eq. 3) 


where H = Z Z i x ,  is an estimation of 0 = Zifii, f is defined by: 


where x, is the mean of the treatments, Sf is the variance, and g is the 
number of treatments. 


For the in uitro parameters chosen, the corresponding one-way 
ANOVA was employed. 


The study of response surfaces was achieved by subdividing the sum 
of squares for the term treatments of the ANOVA by means of a series 
of orthogonal polynomials which are defined by the number of factors 
studied as well as by the number of their levels (14). Therefore, such a 
study presupposes the use of an adequate experimental design. The 
subdivision in this study is achieved by means of the following polyno- 
mials ( Z ) :  


Treatments z1 zz 
Ti -1 1 
Tz 0 -2 
T3 1 1 


Component Linear Quadratic 


which subdivide the sum of squares for treatments in linear and quadratic 
responses. The levels of the factors studied must be equally spaced; if not, 
i t  would be impossible to carry out the orthogonal comparisons of- 
fered. 


Once the type of response has been inferred, a polynomial function with 
the correspondent degree is adjusted to mean values by means of the 
least-square method. 


RESULTS AND DISCUSSION 


A quantitative study of bioavailability requires a grasp of two basic 
concepts. First, the concept of bioavailability includes the quantity of 
drug absorbed and the rate of absorption (15). Second, bioavailability 
is a random variable and, therefore, its interval (ix., a parameter which 
can measure interindividual variability) has to be estimated. The choice 
of the El2 parameter is clearcut, since it reflects the total quantity of drug 
absorbed, as the half-life of amoxicillin in -1 hr. The Ez parameter is 
mainly controlled by the rate of absorption, while depending to a certain 
degree on the total quantity of drug absorbed. There are two reasons for 
studying the variability of these parameters in the light of their respective 
variances: from a statistical point of view, variance gives a good idea of 
the interval; and variance homogeneity is a prequisite for the study of 
the ANOVA. Therefore, there is a combination of statistical and bio- 
pharmaceutical criteria. 


i H, V ( H )  g - 1  f F A Results 


1 -267.41 444.34 2 21 3.47 55.53 Significant linear response 
2 -187.49 4270.80 2 21 3.47 172.16 Significant quadratic response 
3 -39.96 1239.86 2 21 3.47 92.76 No significant contrast A uersus B 
4 -267.41 444.34 2 21 3.47 55.53 Significant contrast A uersus C 
5 -227.45 1117.71 2 21 3.41 88.07 Significant contrast B uersus C 


- 


‘1 a = 0.05. The minimum value necessary for rejecting the null hypothesis is A = d ( g  - l ) F V ( H , )  (Ref. 13) 


Table IV-Results of ANOVA for E2 


i Hi V ( H )  P -1 f F A Results 


1 -125.96 284.41 
2 69.26 666.67 
3 -97.61 370.85 
4 -125.96 284.41 
5 -28.35 104.69 


2 21 3.47 44.03 Significant linear response 
2 21 3.47 68.02 Significant quadratic response 
2 21 3.47 50.73 Significant contrast A uersus B 
2 21 3.47 44.03 Significant contrast A uersus C 
2 21 3.47 26.95 Significant contrast B uersus C 


01 = 0.05 (see Table 111). 
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400 k A Table V-Mean values of Three Dissolution Tests for the Chosen 
In vitro Parameters 


Formulation D 30 D 180 


. . I  \ 


I u- 200 


100 \ C 


u 
10 20 30 


FAT 


I 1 1 1 


FAT 
10 20 30 


Figure 2-Response curves for E l 2  and E2 in function of f a t  content. 


Figure 1 shows the mean urine excretion accumulative curves of the 
three formulations studied. The mean values and the variances of the 
respective parameters are shown in Table 11. The respective ANOVA 
results appear in Tables 111 and IV. The contrasts between pairs of for- 
mulations and the orthogonal contrasts used to study the influence of 
the excipient must be distinguished. From the contrasts between for- 
mulations, it can be inferred that A and B are bioequivalent using the 
mean value of the El2 parameter, the total quantity absorbed, but not 
so using the Ez  parameter, the rate of absorption. On the other hand, and 
in the case of both parameters, the variability of Formulation B is sta- 
tistically greater than that of Formulation A. This means that Formu- 
lation B not only is absorbed more slowly but also its variability is much 
greater, two reasons for considering them to be bioinequivalent. For- 
mulation C shows much lower values for both parameters. 


With respect to the influence of the synthetic fat content on bioavail- 
ability, the ANOVA results imply a quadratic response for both param- 
eters. Therefore, the following second-degree polynomials indicate a 
quantitative relationship between bioavailability and synthetic fat 
content in those formulations whose fat content lies within the limits of 
this study: 


El2 = 222.320 + 24.138 x - 0.938 X' (Eq. 5) 


E2 = 310.280 - 20.150 x + 0.346 X' (Eq. 6) 


in which x is the fat content expressed in percent. These polynomials are 
shown in Fig. 2. It can be seen that when the fat content is increased from 
10 to 20%, there are no observable changes of importance, at first, in the 
mean quantity of drug absorbed; nevertheless, there is a marked decrease 
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Figure 3-Cumulative dissolution curves. 


A 577.8 750.6 
B 71.3 681.0 
C 16.5 91.9 


Table VI-Results of ANOVA for Dlso 


Source of Sum of Degrees of 
Variation Squares Freedom F a 


Treatments 780,319.56 2 4013.14 <0.01 
Linear 645,818.92 1 6642.83 <0.01 
Quadratic 134,500.64 1 1383.46 <0.01 


Residual 583.32 6 
Total 780,902.88 8 


Table VII-Results of ANOVA for D30 


Source of Sum of Degrees of 
Variation Squares Freedom F a 


Treatments 632,495.56 2 176.25 <0.01 
Linear 548,208.96 1 352.50 <0.01 
Quadratic 84,286.60 1 46.97 <0.01 


Residual 10,765.79 6 
Total 643,261.35 8 


in the rate of absorption. It can also be seen that when the fat content is 
increased from 20 to 30%, there are noticeable decreases in both E2 and 
E 12. However, it can be seen that the variation coefficients obtained with 
the data listed in Table I1 increase when the fat content increases. In the 
case of the El2 parameter, these are 18,36, and 48% for Formulations A, 
B, and C, respectively. 


The use of these second-degree polynomials obtained from the mean 
values might lead to certain criticism. The ANOVA only indicates the 
existence of a statistically significant deviation in the linear relationship 
between the parameters and the synthetic fat content. This does not 
mean that the second-degree polynomial is the optimum function or that 
there is some physical-chemical basis for justifying its use. The fact is 
that it is the simplest linear function application to the statistical model 
used. With respect to the utility of these functions for determining the 
type of effect produced by the excipient, this depends on whether the 
function used can be said to be equivalent to the hypothetical function 


10 20 30 
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Figure 4-Response curves for D l m  and D30 in function of fa t  con- 
tent.  
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derived from those physical-chemical properties responsible for the 
modification involved and for the interaction between the dosage form 
and the physiological surroundings where drug release and drug ab- 
sorption takes place. The best way to avoid any possible discrepancy 
between real behavior and that inferred from the ANOVA is to carefully 
choose the interval and the number of levels necessary for the study. The 
cost of the in uiuo experiment necessarily limits the number of levels 
studied. 


The dissolution accumulative curves obtained are shown in Fig. 3, while 
the mean values of the chosen parameters, Dm and Dim, are listed in 
Tiible V. A quadratic response for both parameters, with respect to the 
fat content, can be inferred from the one-way ANOVAs shown in Tables 
VI and VII. The polynomials, after least-squares adjustment, were: 


Dim 300.090 + 70.924 x - 2.593 Xz (Eq. 7) 
Dm 1549.010 - 112.343 x + 2.053 xz (Eq. 8) 


They are shown in Fig. 4. It is worth noting that this excipient exercises 
the same influence in uitro as it does in uioo. 


Bioequivalence studies carried out on formulations whose composition 
is defined by an appropriate experimental design afford the opportunity 
of studying the effect of the different excipienta on bioavailability; that 
is, the effect of these excipients on the quantity of drug absorbed and on 
the rate of absorption. The effect the excipients have on interindividual 
variability must also be considered. As has been pointed out previously 
(16,17), it is not sufficient just to accept the null hypothesis for the pa- 
rameters employed as an indication of bioequivalence between two for- 
mulations; the variability must also be similar. 
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Abstract o This report studies the bioavailability of amoxicillin in 
different fat-silica matrixes. A urinary excretion study was carried out 
on four formulations containing fat and silica excipients. The formula- 
tions were administered to 24 healthy volunteers according to a Latin- 
square design. The following percent proportions of fat-silica were used: 
15:3.75,157.50, m3.75, and 30:7.50. The urinary excretion curves were 
characterized using the quantity of unchanged drug excreted between 
0-2 and 0-12 hr poetadministration, respectively as parameters. The 
ANOVA results showed that both excipients had an additive effect on 
the quantity of drug excreted between 0 and 2 hr, whereas the effect on 
the quantity of drug excreted between 0 and 12 hr was also one of inter- 
action between both excipienta. Quantification of the ANOVA results 
in terms of excipient content was conducted by means of the adequate 
linear functions. A t  the same time, a dissolution study was carried out 
using the quantity of drug dissolved in 30 and 180 min as parameters. The 
behavior was similar to that encountered for the in uiuo parameters. 
Keypbraaes 0 Amoxicillin-effect of excipienta on bioavailability by 
means of response surfaces, fat-silica matrix 0 Bioavailability-effect 
of excipients by means of response surfaces, amoxicillin in fat-silica 
matrix o Excipients-effect on bioavailability by means of response 
surfaces, amoxicillin in fat-silica matrix 


The aim of the present study is to determine the effect 
which the combination of two excipients, a synthetic fat1 


and a silica colloid2, has on the bioavailability of amoxi- 
cillin tablets. 


EXPERIMENTAL 


Assayed Form~lpt ioneFour  formulations of amoxicillin trihydrates 
tablets were manufacturerd and studied. Formulations, D, E, F, and C, 
contained 375 mg of anhydrous amoxicillin, and their percent composi- 
tion is shown in Table I. Hardness, in each case, was 5 kg on the hardness 
tester scale‘. 


Clinical Protocol-The urinary excretion of unchanged drug was 
studied in 24 healthy volunteers whose ages ranged from 20 to 30 years 
and who showed no evidence of renal insufficiency. The subjects were 
randomly divided into four equal groups. A Latin-square 4 X 4 design 
with 6 replicates was used, and the washing period was 5 days. Immedi- 
ately before a standard breakfast, fasted subjects were given two tablets 
equivalent to 750 mg of anhydrous amoxicillin. Urine samples were col- 
lected a t  1,2,3,4,5,6.8,10, and 12 hr postadministration. 


Pharmacokinetic Analysis-Characterization of the urinary ex- 
cretion curves was achieved by means of the parameters mentioned in 
the previous report (1). 


Dissolution Rate Studies-The apparatus and methodology used 
were both described in the previous report (1). 


Statistical Analysis-Heterogeneous variances for the treatments 
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CO MMUNICA T I 0  NS 


Paradoxical Increase in Aminoglycoside Body 
Clearance in Renal Disease When Volume of 
Distribution Increases 


Keyphrases 0 Pharmacokinetics-aminoglycosides in renal disease, 
clearance, volume of distribution Aminoglycosides-body clearance 
in renal disease with increased volume of distribution, pharmacokinetics 
0 Renal disease-aminoglycoside body clearance with increased volume 
of distribution, pharmacokinetics 


To the Editor: 


Recent studies in our laboratory on the disposition of 
gentamicin in dogs (1) and sheep (2) with glomerular dis- 
ease indicated that gentamicin’s volume of distribution 
(Vd) increased, while the glomerular filtration rate, as 
measured by endogenous creatinine clearance, decreased. 
A re-evaluation of these studies to include a comparison 
of renal clearance parameters demonstrates that body or 
systemic clearance of gentamicin (c1B)  paradoxically in- 
creases in the face of a decreased glomerular filtration rate 
(Table I). The purpose of this communication is to explore 
the nature of this paradox and to assess its significance in 
predicting drug disposition from clinical estimates of the 
glomerular filtration rate. 


Volume of distribution generally has been shown to re- 
main constant or decrease in renal failure for drugs that 
are not extensively protein bound (4-6). Often the decrease 
in Vd is not physiological, but rather is dependent on the 
pharmacokinetic parameters used to estimate it. Thus, in 
a two-compartment open model, a decrease in elimination 
will result in a decrease in Vdp, Vdarea, and VdB,  but not 
Vc or Vd,, which are estimates of the physiologic distri- 
bution space of the drug (7). Aminoglycoside antibiotics 
are not appreciably bound to serum proteins. They are 
distributed essentially in extracellular water, are elimi- 
nated unchanged by the kidney, and a decreased glomer- 
ular filtration rate decreases their elimination (8). How- 
ever, Vd,, and Vc of netilmicin (9,lO) and Vd calculated 
after constant intravenous infusion of gentamicin (1 1) 
increased in patients with a decreased glomerular filtration 
rate, as measured by creatinine andlor inulin clearance. 
This is similar to the situation seen in our laboratory in 
animals with glomerulonephropathy. The mechanism of 
increased Vd is not known and may be specifically related 
to the pathophysiology of acute glomerulonephropathy. 
This condition, which has been associated with sodium 
retention and concommitantly increased exchangeable 


body sodium (l2), could cause fluid retention and thus an 
increased physiological Vd. Alternatively, the immuno- 
logical events occurring a t  the glomerulus could release a 
vasoactive factor(s) which might increase tissue binding 
of drug. Since the etiologic diagnosis of the renal disease 
is often not reported in pharmacokinetic studies, some of 
the human patients in the studies cited may have had 
glomerular disease. 


Clearance may be calculated from the following: 


where Kel is the elimination rate constant, Vc is the volume 
of the central compartment, /3 is the overall elimination 
rate constant, and Vdarea is the volume of distribution 
calculated from the area; all are defined in terms of a 
two-compartment open pharmacokinetic model (7,13,14). 
Body clearance can also be calculated according to the 
following model-independent technique: 


Dose 
C 1 B  = ~ 


AUC 
where AUC is the area under the plasma concentration 
versus time curve, and dose is the amount of absorbed drug 
unchanged in the body (13,14). Incomplete collection of 
data points may result in spuriously low values for AUC 
due to low serum concentrations seen with the expanded 
Vd, the result being increased C ~ B .  


An increase in C l B  could reflect a physiological increase 
in drug clearance. Gentamicin c 1 B  calculated using Eqs. 
1 and 3 increased in animals with glomerulonephropathy 
(Table I). In the human studies cited (9, ll), the ratio of 
aminoglycoside clearance to the glomerular filtration rate 
(fractional urinary excretion) also increased with a de- 
creasing glomerular filtration rate and increasing Vd. In 
one study (ll), actual renal gentamicin clearance even 
exceeded the glomerular filtration rate in some patients. 
This finding is supported in a recent micropuncture study 
in rats (15), which demonstrated that expansion of extra- 
cellular fluid volume with saline or bicarbonate caused an 
increase in the fractional urinary excretion of gentamicin 
exceeding unity in some cases. Similar findings were also 
noted when furosemide was administered concurrently 
with gentamicin (16). In this study utilizing rabbits, gen- 
tamicin renal clearance exceeded the glomerular filtration 
rate, as determined by inulin clearance, when furosemide 
was coadministered. The authors attributed this to in- 


Table I-Selected Pharmacokinetic Data a of Gentamicin Disposition in Dogs and Sheep with Normal or Decreased Renal Function 
Secondary to Glomerular Disease 


Dogsb Sheepc 
Diseased 


GFRd ml/min/kg 3.8 f 0.9 1.9 f 0.6 1.7 f 0.3 0.5 f 0.2 
C1R ml/min/kg 4.1 f 0.6 5.3 f 1.2 1.0 f 0.2 1.4 f 0.5 
Vdss liter/100 kg 34.1 f 2.4 51.2 f 2.5 24.5 f 2.9 47.0 f 7.4 
vc liter/100 ka 19.2 f 0.7 28.6 f 4.2 11.3 f 1.4 14.4 f 1.8 


Normal Diseased Normal 
Parameter Units (n  = 11) ( n  = 4) ( n  = 6) (n  = 2) 


Mean f SD. Data revised and adapted from Riviere et ol. (1)  and Riviere and Coppoc (3) (two-compartment open pharmacokinetic model). Data revised and 
GFR = glomerular filtration rate (as determined by endogenous creatinine clear- adapted from Brown et a / .  (2) (three-compartment open pharmacokinetic model). 


ance). 
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creased gentamicin excretion by a renal tubular process, 
an event which was not present in the control animals 
studied. Finally, when water-deprived and hydrated rats 
were treated with gentamicin (17), the trend in changes 
seen in C1 B and Vd with hydration were of similar nature 
to the animals with glomerulonephropathy. Extrapolation 
of these findings to  the diseased animal is difficult due to 
the precisely defined experimental conditions of these 
studies. This is especially true in micropuncture experi- 
ments where small quantities of drug are involved. How- 
ever, these data provide a physiologic basis for the phar- 
macokinetic changes detected in the dogs and sheep with 
acute glomerular disease. 


It would appear that certain physiologic conditions and 
disease states associated with volume expansion and/or 
increased urine flow might lead to increased gentamicin 
clearance. This response may be modulated through a 
mechanism triggered by the abnormal fluid status. The 
increase in drug clearance may be a reflection of nephron 
heterogeneity (15) or a result of active tubular secretion, 
decreased proximal tubular reabsorption, or decreased 
nonionic back diffusion in the distal nephron (16, 18). 
Alternatively, glomerular disease may specifically increase 
the drug’s ultrafilterability across the glomerular capillary 
membrane, normally restricted due to the Donnan Effect 
(18). This functional lesion would be expected to increase 
the fractional urinary excretion of gentamicin. Mechanistic 
studies have not been performed in diseased animals, and 
thus, further speculation is not warranted. This situation 
may not be seen in the chronic disease situation where 
individual nephrons have undergone compensatory hy- 
pertrophy. This chronic condition is pathophysiologically 
distinct and is clinically characterized by a different syn- 
drome than is the acute disease process. 


In view of these changes, one must be cautious in pre- 
dicting c 1 B  from the glomerular filtration rate, especially 
when an increased Vd is present, because these methods 
assume that this relationship does not change with the 
underlying disease process. However, certain disease 
conditions may uncouple this association of Cle to the 
glomerular filtration rate. Actual renal clearances of drug 
should be determined by measuring urinary drug excre- 
tion. Note that serum elimination half-life may remain 
relatively stable in the above situation because the in- 
creasing clearance will offset the increased volume of dis- 
tribution. Dosage nomograms, which correlate elimination 
half-life or decreasing c 1 B  with decreasing creatinine 
clearance, must be interpreted differently when Vd is 
known to have increased. Finally, additional studies re- 
lating drug disposition to specific pathophysiologic states 
of renal disease must be conducted to define the effects of 
various disease processes on drug clearance and volume of 
distribution, the two physiologic determinants of drug 
disposition. 
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Isosorbide Dinitrate: Pharmacokinetics after 
Intravenous Administration 
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To the Editor: 


Isosorbide dinitrate is an organic nitrate found thera- 
peutically useful in its sublingual and oral forms in various 
cardiovascular diseases such as angina pectoris (1) and 
congestive heart failure (2). Recently, Distante et al. (3) 
showed that an intravenous infusion of this drug 
(0.021-0.083 mg/min) was also effective in managing un- 
stable angina. The availability of an intravenous dosage 
form of isosorbide dinitrate not only affords the opportu- 
nity to characterize the pharmacokinetics of this drug after 
this particular mode of therapy, it also allows the possi- 
bility to assess the bioavailability of this drug after other 
(e.g., oral) routes of administration in patients. This latter 
subject has been of major controversy since Needleman et 
al. (4) made the assertion that oral nitrate therapy is ir- 
rational because of its complete first-pass metabolism. 


A preliminary study has appeared which provided some 
initial information on this important issue. Taylor et al. 
(5 )  showed that in two normal, young subjects who received 
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Figure 8-Mean 12-hr percutaneous penetration (percent of applied 
radioactiue dose) in vitro versus hairless dog. 
a horizontal line near its minimum effective evaporation rate. In this 
instance, the repellent failed almost immediately when challenged with 
mosquitoes (6). However, if the minimum effective evaporation rate were 
lower, the repellent could last a long time. The low volatility of V probably 
accounts for its sporadic performancels. 


In Fig. 8,12-hr in uitro percutaneous penetration a t  the 0.3-mg/cm2 
dose is compared to 12-hr percutaneous penetration in the hairless dog 
a t  the same dose (2, 9) for four of the repellents studied (data for in 
uiuo-in uitro comparison of IV were not available). Although in uitro 
percutaneous penetration was always greater than in uiuo penetration, 
a good correlation exists between them ( r 2  = 0.96). 


The disposition of radioactivity 1 hr after topical application of ra- 
diolabeled I1 at its minimum effective dose (0.025 mg/cm2) has been 
previously reported (5), both in uitro and in uiuo. For the in uitro studies, 
9.7 f 5.9% of the applied radioactive dose evaporated, 19.7 f 3.1% re- 
~~~ ~~ ~ 


'SW. Reifenrath and W. Akers, unpublished data. 


mained on the skin surface, and 50.8 f 15.0% remained in the skin. For 
the in uiuo studies, 9.6 f 3.6% of the applied radioactive dose evaporated 
and 27.1 f 11.6% remained on the skin surface. In this study, a lower per- 
centage (4.3 f 1.2%) of the radioactive dose of 11 evaporated 1 hr after 
in uitro application a t  the minimum effective dose. This difference may 
result from a closer proximity of the vapor entraining tube to the skin 
surface (1.5 mm uersus 6.5 mm) in the previous report (5). A larger por- 
tion (52.8 f 11.4%) of the applied radioactive dose was recovered from 
the skin surface and a correspondingly smaller portion (29.6 f 12.9%) of 
the applied radioactive dose was recovered by skin oxidation, compared 
to the percentages cited in the previous study (5). This difference may 
result from the thoroughness of the skin surface rinse procedure, as the 
sum of the percentages of applied radioactive dose recovered by skin rinse 
and skin oxidation in the two studies are similar in magnitude. 


The in uitro apparatus described here can be a useful tool for the 
screening of mosquito repellent formulations that incorporate a repellent 
whose evaporation and penetration characteristics and minimum ef- 
fective evaporation rate are known. Formulations can be selected that 
reduce excessive evaporation, maintain evaporation rates above the 
minimum effective evaporation rate for longer periods of time, and reduce 
percutaneous penetration as compared with the unformulated repel- 
lent. 
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Abstract A rapid, selective, and simple high-performance liquid 
chromatographic assay for digitoxin formulations is described. The 
method utilizes a conventional octadecyl-bonded phase column with 
detection at  220 nm. The isocratic solvent system resolves digitoxin from 
its potential degradation products and provides an accurate assay for 
tablet and injectable formulations with a relative standard deviation of 
1.4 and 3.3%, respectively. The method is sufficiently sensitive to monitor 
content uniformity of tablets and the minimum quantifiable amount of 


Digitoxin is a cardiac glycoside obtained from the leaves 
of Digitalis purpurea and is used in the treatment of 
congestive heart failure. Due to its long biological half-life 
the unit dose is generally low (0.1 mg). Assurance of po- 


digitoxin was determined to be 20 ng. The total chromatograph time was 
-15 min. 


Keyphrases Digitoxin-high-performance liquid chromatographic 
analysis of formulations, content uniformity 0 Formulations-digitmxin, 
high-performance liquid chromatographic analysis, content uniformity 
0 High-performance liquid chromatography-content uniformity, 
analysis of digitoxin formulations 


tency and content uniformity of tablets is, therefore, a 
necessity for proper dosage. The determination of such a 
potent drug in the dosage form requires a method that is 
accurate, selective, and sensitive. 


1018 I Journal of Pharmaceutical Sciences 
Vol. 71. No. 9, September 1982 


0022-35491 821 0900- 10 18$0 1.00/0 
@ 1982. American Pharmaceutical Association 







Table I-Recovery Data for the HPLC Analysis of Digitoxin 
Tablets a 
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Figure 1-Zsocratic HPLC separation of digitoxin and its potential 
degradation products. Sequence of elution: digitoxigenin (I), digitoxi- 
genin monodigitoxoside (2), digitoxigenin bisdigitoxoside (3), 17a- 
methyltestosterone (4), and digitoxin (5). Mobile phase: water-meth- 
anol-isopropanol-methylene chloride (45:38:11:6); flow rate: 1 . 1  ml/ 
min. 


Quantitative colorimetric methods (1-8) lack selectivity, 
since the chromogenic agent reacts with either the lactone 
ring or the digitoxose sugar residue of the digitoxin mole- 
cule and would not determine the quantity of intact drug 
in the presence of any degradation products. In addition, 
these techniques are relatively insensitive. Fluorometric 
procedures (9-13) are based on the dehydration of the 
aglycone moiety, and although sensitive, are largely non- 
specific. TLC techniques (14-17) although selective, are 
semiquantitative at best. A GC assay method (18) provided 
a highly sensitive method utilizing a heptafluorobutyrate 
derivative with electron-capture detection. However, the 
procedure requires conversion of the drug and potential 
impurities to the digitoxigenin portion of the glycoside and 
thus is nonselective. High-performance liquid chromato- 
graphic (HPLC) techniques have been reported (19-23) 
for the resolution of digitoxin and its potential metabolites, 
degradation products, and impurities; however, quanti- 
tative procedures for digitoxin in its dosage forms have not 
been reported. 


This paper describes an HPLC method that is fast, se- 
lective, and sufficiently sensitive to  allow accurate quan- 
titation of digitoxin in single-tablet assays. 


EXPERIMENTAL 


Materials and Methods-A high-performance liquid chromatograph' 
equipped with dual pumps2, a microprocessor system controller3, a dy- 
namically stirred mixing chamber4, and a 20-p1 loop injector5 were used 
throughout. A variable wavelength detector6 was operated at 220 nm. 
Data acquisition was accomplished with an electronic printer/plotter 
integrator7. The HPLC column8 had a dimension of 4.6 mm X 250-mm 
i.d. and was packed with octadecyl (C-18) 5-pm bonded phase. 


1 Model 322, Beckman Instruments Inc.. Toronto, Ontario, Canada. 
2 Model lOOA and llOA, Beckman Instruments Inc. 


Model 420, Beckman Instruments Inc. 
4 Model 400, Beckman Instruments Inc. 


Model 210, Beckman Instruments Inc. 
6 Hitachi Ltd., Tokyo, Japan. 


Model C-RlA, Shimadzu Corp. Kyoto, Japan. 
Ultrasphere, Beckman Instruments Inc. 


Theoretical Amount 
Digitoxin Con- Added, 


Number centration, mg mg Recovery, % 


1 1.0 0.5 98.6 
2 1.0 0.5 102.6 
3 1.0 0.5 95.8 
4 1 .o 0.5 101.9 


Mean 99.7 
RSD (%) * 3.1 


~~ 


a 0.1-mg tablet. (I Relative standard deviation. 


Water, methanol, isopropanol, and methylene chloride were of HPLC 
gradeg. Digitoxinlo, digitoxigenin'O, digitoxigenin monodigitoxoside'o, 
digitoxigenin bisdigitoxoside'o, and 17a-methyltestosterone" were used 
without further purification. 


The mobile phase used for the isocratic assay consisted of water- 
methanol-isopropanol-methylene chloride (45:38:11:6); flow rate was 
1.1 ml/min and the UV detector was set a t  220 nm. 


An internal standard solution of 17a-methyltestosterone was prepared 
by dissolving 100 mg in 100 ml of methanol. 


A standard solution of digitoxin was prepared by dissolving 10 mg in 
60 ml of boiling methanol in a 100-ml volumetric flask. After cooling the 
resulting solution to room temperature, the flask was brought to volume 
with methanol and thoroughly mixed. 


Calibration Curve-Aliquota of 1,2,5,10,20, and 30 ml of the digi- 
toxin reference standard solution were added into 100-ml volumetric 
flasks along with 1 ml of internal standard solution. The solutions were 
diluted with methanol to produce a volume of 35 ml in each case. The 
resulting solutions were then brought to volume with water and thor- 
oughly mixed. Three 20-pl aliquots of each of the calibration standards 
were used to determine the response ratio and linearity. 


Tablet Formulation Assay-Forty tablets (0.1 mg/tablet) were 
weighed and triturated to a fine powder. An accurately weighed aliquot 
equivalent to -1 mg of digitoxin was transferred to a 100-ml volumetric 
flask. Distilled water (10 ml) was added and the flask was swirled for 2-3 
min, followed by the addition of 34 ml of methanol. The flask was shaken 
for 15 min, and the resulting suspension was filtered through filter paperI2 
and the residue was washed with three, 5-ml portions of distilled water. 
The filtrate and washings were collected in a 100-ml volumetric flask 
containing 1 ml of the internal standard solution. The flask was brought 
to volume with water and a 20-4 aliquot was injected into the liquid 
chromatograph. 


A single tablet assay was performed by placing one tablet in a 50-ml 


MINUTES 


Figure 2-High-performance liquid chromatogram of a digitoxin tablet 
formulation. Sequence of elution: 17a-methyltestosterone ( I ) ,  digitorin 
(2). Refer to Fig. 1 for HPLC conditions. 


Fisher Scientific Co., Vancouver, British Columbia, Canada. 
' 0  Boehringer Mannheim Corp., Mannheim, G.F.R. 
11 Sigma Chemical Co., St. Louis, Mo. 
l2 Whatman paper No. 1, W and R Balston Ltd., Eng. 


Journal of Pharmaceutical Sciences I 1019 
Vol. 71, No. 9, September 1982 







Table 11-Results of the HPLC Analysis of Digitoxin Tablet  and 
Iniectable Formulations 


Table 111-Results of the Analysis of Digitoxin Tablets Using 
the USP XX Method 


Percent of Label Claim 
Tablet Composite Single Tablet 


Number Assaya Assay” Injectable* 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
Mean 
RSD (%), 


95.1 
97.1 
96.8 
99.0 
98.4 
96.8 
- 


- 
97.2 


1.4 


94.8 
104.6 
92.8 
98.4 
96.5 
94.8 
97.9 


107.0 
98.2 


103.8 
98.8 


4.8 


95.9 
94.3 


100.5 
- 


- 
96.9 
3.3 


0 0.1-mg tablet. b 0.2 mg/ml. Relative standard deviation. 


volumetric flask and following the same procedure as for the tablet for- 
mulation assay. 


Injectable Formulation Assay-Exactly 1 ml of digitoxin injection 
was quantitatively transferred to a 10-ml volumetric flask. A 0.1-ml ali- 
quot of the internal standard solution along with 3.3 ml of methanol were 
added, and the flask was brought to volume with water. 


To determine assay precision, 70 tablets were weighed and triturated 
to a fine powder. Six aliquots equivalent to -1 mg of digitoxin were in- 
dividually treated as described under tablet formulation assay. Three 
2 0 4  injections were made from each of the six aliquots. 


Recovery of Digitoxin from T a b l e k E i g h t y  tablets (0.1 mg/tablet) 
were weighed and ground to a fine powder. Three aliquots were treated 
and assayed in the same manner as for the tablet formulation to deter- 
mine a mean assay value. Four aliquots of the ground digitoxin tablets, 
equivalent to an assay value of 1 mg, were prepared, and an accurately 
weighed quantity of digitoxin reference standardg equivalent to 0.5 mg 
was added to each sample. The samples were further treated as described 
under tablet assay. Three injections were made for each sample. 


RESULTS AND DISCUSSION 


A representative chromatogram for a standard mixture of digitoxin, 
its mono- and bisdigitoxosides, digitoxigenin, and the internal standard, 
17a-methyltestosterone, is given in Fig. 1. From the chromatogram it can 
be determined that the potential impurities or degradation products are 
well resolved and are separated from the peak due to digitoxin. The 
overall chromatographic time of 15 min provides efficient assay capa- 
bilities. 


The chromatogram obtained for a tablet composite assay is given in 
Fig. 2. The chromatogram is essentially devoid of any interfering peaks 
due to other glycosides or tablet excipients. As a further check, common 
tablet excipients such as lactose, starch, methylcellulose, and stearate 
lubricants were subjected to the extraction and assay procedures and were 
found not to interfere with the peaks due to the digitalis glycosides or the 
internal standard. 


The composite sample used for the recovery study was initially assayed 
in triplicate and a mean value of 99.8% was obtained. The recovery of 
digitoxin from tablet formulations was thus determined by adding an 
amount equivalent to 50% of the tablet potency adjusted for the 99.8% 
potency observed. The data given in Table I indicate that the mean re- 
covery was 99.7% of the expected total potency of the theoretical com- 
posite potency plus the amount of digitoxin added. The precision of the 
assay was determined by independent analysis of six tablet aliquots of 
a 0.1-mg tablet formulation and was found to yield a mean assay value 
of 97.2% with a 1.4% RSD (Table 11). 


USP assay (8) for digitoxin tablets is a relatively time-consuming 
procedure requiring column chromatographic isolation of the digitalis 
glycoside followed by a chromogenic reaction and colorimetric mea- 
surement. As such, the method requires several hours of analytical time. 
The HPLC method described in this paper, however, requires <1 hr to 
complete each assay determination. The USP limits for digitoxin tablets 
specify a content of 9CkllW0 of label claim. From the data for a composite 
tablet assay given in Table 11, the formulation examined falls within the 
pharmacopeial requirements. Because of the need to ensure content 
uniformity of digitoxin tablets, the USP specifies a sensitive but lengthy 
fluorometric procedure. The HPLC method described herein is suffi- 
ciently sensitive to determine content uniformity of 0.1-mg tablets. The 
resulting data obtained from a random sample of 10 tablets is given in 


Number Label Claim, % 


1 
2 
n 
d 


Mean 
RSD (%) * 


103.1 
101.1 
97.4 


100.5 
2.9 


0 0.1-mg tablet. * Relative standard deviation. 


Table 11. The general pharmacopeial requirements for tablets specify that 
each dosage unit must contain 85115% of the labeled potency. The data 
given in Table I1 indicate that the tablets examined have a mean potency 
of 98.8% with a 4.8% RSD. The range of 92.8 to 107.0% observed falls 
within the required limits. 


As a final comparison with the USP assay for tablet potency, three 
aliquots of the 0.1-mg tablet composite used to determine the potencies 
given in Table I1 were assayed according to the pharmacopeial method. 
The results given in Table I11 for this analysis indicate that the formu- 
lation had a mean potency of 100.5% with a 2.9% RSD. It can be seen that 
the assay results obtained with the HPLC method compare favorably 
with those obtained with the USP method. 


The HPLC analysis of a digitoxin injectable formulation is given in 
Table 11. The assay mean (96.9%) indicates that the formulation is within 
the limits (90-110%) specified in the USP (8). The HPLC analytical 
procedure requires that the formulation only be diluted, whereas the USP 
method requires a prior column chromatographic procedure followed by 
timed chromogenic reaction and serial spectrophotometric readings. A 
significant time advantage is obtained with the HPLC procedure de- 
scribed. 


The HPLC assay method described herein for tablet and injectable 
formulations is simple, rapid, and precise, and provides a sufficiently 
sensitive method for the determination of individual tablet content. The 
potency determinations compare favorably with those obtained with the 
USP assay method. 
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Abstract  Based on the initial dissolution rate profiles in water, a 
slow-dissolving, an intermediate-dissolving, and a fast-dissolving chlo- 
rothiazide 250-mg tablet were selected for the bioavailability and bio- 
equivalence study. In addition, two marketed 500-mg chlorothiazide 
tablets were studied. The three 250-mg tablets were bioequivalent, as 
were the two 500-mg tablets. Therefore, the dissolution test conditions 
were modified to associate in uitro dissolution with i n  uiuo performance 
of the product. Based on these results, it was concluded that a dissolution 
of 75% in 60 min by paddle method a t  75 rpm in pH 7.4 phosphate buffer 
can be used as a quality assurance test for 250- and 500-mg chlorothiazide 
tablets. 


Keyphrases 0 Thiazides-dissolution-bioavailability comparison, 
chlorothiazide tablets 0 Bioavailability-comparison to dissolution, 
thiazides, chlorothiazide tablets 0 Dissolution-comparison to bio- 
availability, thiazides, chlorothiazide tablets 0 Chlorothiazide-tablets, 
bioavailability-dissolution comparison, thiazides 


A drug product such as a tablet or capsule consists of the 
active ingredient, the drug itself, and the inactive ingre- 
dients such as fillers, binding agents, lubricants, and other 
substances which, along with the process factors, influence 
the products' dissolution and its performance. The disso- 
lution test has emerged as the single most important in 
uitro test for ensuring the quality of the solid oral dosage 
forms (tablets and capsules) and in many instances pre- 
dicts the bioavailability of the product. In instances where 
the dissolution test results have been correlated with in 
uiuo performance of the product, in uitro dissolution test 
criteria are used as part of bioequivalence requirements 
by the Food and Drug Administration. In the absence of 
in uiuo-correlated in uitro results, the dissolution test can 
be used to ensure the characteristic of the batch. 


The steps necessary to arrive at a meaningful correlation 
between in uitro dissolution and in uiuo performance of 
a product include: ( a )  a dissolution survey of marketed 
multisource drug products by a method, ( b )  selection of 
drug products with a wide range of dissolution profiles for 
bioavailability study, (c) determination of apparent in 
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MINUTES 
Figure 1-Dissolution profiles of 250- and 500-mg chlorothiazide tablets 
in water by USP paddle method at 50 rpm. 


uitro-in uiuo correlation, and (d)  refinement (if necessary) 
of the dissolution tests to reflect in uiuo product perfor- 
mance and optimize the in uitro-in uiuo correlation. 


An in uitro dissolution test is reported for marketed 
chlorothiazide tablets which is associated with in uiuo 
performance, and which could be utilized as a quality as- 
surance test. 


EXPERIMENTAL 


Materials-The chlorothiazide tablets for the study were obtained 
directly from the manufacturers. The following products were used: 250 
mg A, 250 mg B, 250 mg C, 500 mg D and 500 mg El. 
In Vitro Dissolution Test-The dissolution test was carried out by 


the procedure described in USP XX using the compendia1 Method I1 
(paddle method) (1). Agitation speeds of 50,75, and 100 rpm were used. 
The dissolution medium was distilled water, pH 7.4 or pH 8.0 phosphate 
buffer a t  37 f 0.2". 
In Vivo Tests-The in uiuo tests were carried out in 12 normal, 


healthy volunteers using a complete crossover Latin-square design. The 
urine samples were collected a t  intervals over a 72-hr period and were 
analyzed by a specific and sensitive HPLC method. The details of the 
study and the results are described elsewhere (2,3). 


RESULTS AND DISCUSSION 


A t  present there is no dissolution test requirement for chlorothiazide 
250- and 500-mg tablets in the compendia. The survey of dissolution 
profiles of marketed 250- and 500-mg tablets was carried out using a 
paddle method (USP XX, Method 11) in water at  50 rpm. Several lots of 
the innovator's product were screened. The results of the survey (Table 
I, Fig. I) suggest a wide variation in dissolution profiles under the test 
conditions. For 250-mg tablets, the dissolution varied from 15 to 81% in 
30 min and from 21 to 88% in 60 rnin. Based on these results, three 
products with a wide range in dissolution profiles-slow dissolving 
product C, intermediate dissolving product B, and fast dissolving product 
A-were selected for the bioavailability-bioequivalence study. There 
are only two approved 500-mg chlorothiazide tablets on the market, and 
both showed very poor dissolution profiles. They were also used in the 
bioavailability-bioequivalence study. 


The bioavailability-bioequivalence study was carried out in 12 healthy 
volunteers in a crossover fashion using 250-mg A, B, and C products. In 
another crossover study with 12 volunteers, 500-mg D and E products 
were used. The urine samples were collected at  intervals over a 72-hr 
period and analyzed by a specific and sensitive HPLC method. The cu- 
mulative amount of drug excreted in 72 hr was calculated and used as a 
measure of the bioavailability of the product (Table 11). The details of 
the in uiuo studies are described elsewhere (2,3). 


From a 250-mg tablet, a mean of 42,52, and 45 mg of chlorothiazide 
was recovered in 72 hr from C, B, and A tablets, respectively (Table 11). 
The total amount of drug excreted in 72 hr was not significantly different 
between tablets. All products were bioequivalent. 


I n  uitro dissolution results by the paddle method at  50 rpm in water 
could not be correlated with in uiuo results because all the products 
showed approximately the same amount of drug elimination (absorption) 
in 72 hr and were bioequivalent. This suggests that the preliminary dis- 


I 250 mg A: 250-111 chlorothiazide tablets from Danbury, batch no. 15069; 250 
mg C 250-mg chlorottiazide tablets from Merck, Sharp & Dohme, hatch no. V1502; 
250 mg B: 250-mg chlorothiazide tablets from Mylan, batch no. 066B; 500 mg E 
500-mg chlorothiazide tablets from Merck, Sharp & Dohme, batch no. 2762; and 
500-mg D: 500-mg chlorothiazide tablets from Mylan, batch no. 054B. 
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Table I-Dissolution of Chlorothiazide Tablets by Paddle Method Under  Different Conditions a 


Water pH 7.4 Phosphate Buffer pH 8 Phosphate Buffer 
50 rpm 50 rpm 75 rpm 100 rpm 50 rpm 100 rpm 


Product 30min 60min 30min 60min 30min 60min 30min 60min 30min 60min 30min 60min 


250mgC 16 22 27 35 73 91 92 98 32 48 108 111 


250mgA 62 73 67 73 94 97 99 99 NS NS 100 100 


500mgD 13 20 20 32 56 78 79 94 24 43 97 110 


(3.4)b (3.7) (2.7) (2.6) (3.8) (2.2) (3.0) (1.5) (7.5) (7.0) (3.8) (3.2) 
250mgB 32 37 37 55 71 82 73 83 51 76 76 86 


(5.5) (6.6) (2.5) (2.4) (2.1) (2.6) (2.3) (2.5) (5.7) (9.0) (1.3) (1.1) 


(4.4) (2.3) (2.1) (3.4) (3.3) (2.9) (2.9) (3.8) (3.2) 
500 m g E  11 14 26 34 79 96 95 98 31 41 103 105 


(3.9) 


(4.8) (2.1) (4.6) (4.0) (3.1) (2.6) (1.4) (3.6) (4.1) (3.6) (2.6) (4.2) 


(0.8) (2.6) (3.3) (4.0) (7.2) (4.2) (4.4) (2.5) (2.1) (5.6) (3.1) (2.0) 


0 Data represents mean dissolution of six tablets. * The standard deviation is given 


solution method for chlorothiazide tablets in water was overly discrimi- 
native,Therefore, this in uitro dissolution test was modified in order to 
arrive a t  a meaningful in uitro test. 


Two types of i n  uiuo-in uitro relationships are possible. The first type 
of relationship is where different in uitro dissolution results can be cor- 
related with differences in observed in uiuo parameters such as AUC, A e ,  
C,,,, etc. The second type of relationship is where all products tested 
are bioequivalent, and in uitro dissolution data is associated with a 
minimum dissolution rate. In the case of chlorothiazide, where all three 
250-mg products tested are bioequivalent (i .e. ,  no difference in amount 
of chlorothiazide recovered from urine in 72 hr), an attempt was made 
to obtain the latter type of in uitro-in uiuo relationship. From the latter 
type of in uitro-in uiuo relationship, and in the absence of any bioine- 
quivalent product, the in uitro dissolution method will a t  least serve as 
a quality assurance test. Since several formulations made by different 
manufacturers were used in this study, one can be reasonably assured 
that a new product meeting this in vitro test will be bioequivalent with 
existing products. 


Using USP Method 11, the dissolution of 250-mg chlorothiazide tablets 
was carried out in pH 7.4 and 8.0 phosphate buffer a t  50,75, and 100 rpm 
(Table I). The dissolution results a t  50 rpm were found to be slow and 
highly discriminative, whereas the agitation a t  100 rpm was found to be 
so drastic and indiscriminative that it may not differentiate between the 
currently marketed bioequivalent products and a possible poorly bioa- 
vailable future generic product. The agitation a t  75 rpm in pH 7.4 phos- 
phate buffer was found to be appropriate and reasonable for all bioe- 
quivalent 250-mg products. Using pH 7.4 phosphate buffer medium and 
75 rpm agitation, a dissolution of 70-94% in 30 rnin and 82-97% in 60 min 
was observed (Table 11). 


There are only two approved 500-mg chlorothiazide tablets on the 
market, and both showed poor dissolution in water a t  50 rpm (Table I). 


100, 
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Figure 2-In vitro dissolution (percent dissolved in 60 min) and in vivo 
cumulatiiv elimination (milligrams in 72 hr) for 250- and 500-mg 
rhlorothiazide tablets. Key: (a) perrent dissolved i n  water; fH) 
dissoli)ed in pH 7.4 phosphate buffer; and (m) chlorothiazide eliminated 
in urine. 


i n  parenthesis. 


Table 11-Relationship Between In Vitro-In Vivo Parameters  
f o r  Chlorothiazide Tablets 


I n  Vivo 
Cumul- 
ative 


In Vitro Dissolution Data" 
Water pH 7.4 buffer 


Product 20min 60min 30min 60min 


250mgC 16 22 73 91 
250maB 32 37 71 82 
250mgA 62 73 94 97 
500mgE 11 14 79 96 
500mgD 13 20 56 78 


Excretion 
Data, 


mg 
mean f SD 


42 15 
52 25 
45 19 
50 13 
54 15 


I n  uitro dissolution data obtained by paddle method in water a t  50 rpm and 
pH 7.4 phosphate buffer at 75 rprn. * Represents mean cumulative excretion in 12 
subjects. 


Both products showed the same extent of absorption and elimination, 
and were bioequivalent. The dissolution of these two 500-mg products 
was studied under various test conditions. A dissolution of 56-79% in 30 
min and 78-9670 in 60 min was achieved by the paddle method a t  75 rpm 
in pH 7.4 phosphate buffer. 


As seen in Table 11, approximately the same amount of drug was 
eliminated in urine in 72 hr from both 250- and 500-mg chlorothiazide 
tablets. There is no statistical difference in the bioavailability of these 
two products in normal healthy volunteers. The implications of this 
bioavailability finding are discussed separately (2-4). Both 250- and 
500-mg tablets achieved approximately the same percent of dissolution 
in pH 7.4 phosphate buffer by the paddle method at 75 rpm. Figure 2 
shows the relationship between in uiuo and in uitro data. For comparison, 
in  uitro dissolution data in water are also included. The figure clearly 
shows that the amount of drug eliminated in urine and the amount of drug 
dissolved in phosphate buffer are nearly the same in all five formulations 
studied. 


In order to evaluate the appropriateness of the dissolution method and 
the acceptance limits as a routine quality control test, additional batches 
of chlorothiazide tablets were tested. These products2 represented four 
manufacturers and were different from those that were used in the 
bioequivalency study. The results showed that all products dissolved 
>75% in 60 min. thus suggesting that these products would be bioequi- 
valent. 


A dissolution test which will ensure the quality of chlorothiazide tablets 
has been established. The product should dissolve not less than 75% in 
60 min when the dissolution test is carried out by USP paddle method 
in 900 ml of pH 7.4 phosphate buffer a t  37" and agitation of 75 rpm. On 
the basis of these findings, it is reasonable to expect that  a product 
meeting such a dissolution criterion will be bioequivalent t,o the marketed 
product. 
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Abstract Various aqueous suspensions of benzocaine containing 
nonionic surfactants exhibited the same rate of i n  uitro penetration 
through hairless mouse skin. Saturated solutions yielded a lower rate of 
benzocaine penetration due to depletion of drug from the donor portion 
of the diffusion cell. Extensive skin binding was responsible. 


Keyphrases 0 Benzocaine-effect of skin binding on percutaneous 
transport from aqueous suspensions and solutions 0 Skin binding-effect 
on percutaneous transport of benzocaine from aqueous suspensions and 
solutions 0 Percutaneous transport--effect of skin binding, of benzocaine 
from aqueous suspensions and solutions 


The effect of surfactants on drug penetration through 
skin is an important aspect of formulation of topical drug 
products. The influence of these additives depends on the 
rate-limiting step in penetration, so that the type of 
preparation and conditions of application to the skin are 
important considerations. Penetration from aqueous so- 
lutions containing a fixed benzocaine concentration de- 
pended on the extent of benzocaine solubilization by sur- 
factant included in the formula (1). Penetration flux was 
directly proportional to the unbound benzocaine concen- 
tration. A series of surfactant solutions saturated with 
benzocaine had the same rate of benzocaine penetration. 
No alteration of membrane permeability was found. This 
work was extended to aqueous gel suspensions to deter- 
mine the rate limiting step in penetration and the influence 
of nonionic surfactants in these systems. The suspensions 
were similar to those utilized in previous studies of ben- 
zocaine release (2,3).  


EXPERIMENTAL 


Materials and apparatus used for the i n  uitro penetration experiments 
were reported previously (1). Surfactants used in the formulations were 
commercially available polyoxyethylene nonylphenols'. The membrane 
was whole hairless mouse skin. The receptor solution (normal saline 
containing 0.25% chlorobutanol) was maintained a t  37' and stirred a t  
500 rpm. The donor compartment was not stirred. Further details con- 
cerning experimental procedure appeared previously (1). All donor sys- 
tems were studied in triplicate. 


All the suspensions were prepared on a w/v basis. Accurately measured 
surfactant stock solution was transferred to a wide mouth glass jar con- 
taining a magnetic stirring bar. To that solution, the required amount 
of benzocaine was added and stirring was continued for -15 min until 
all lumps were broken. A preweighed quantity of gelling agent was 
sprinkled on the top and stirring was continued for -3 hr to yield a 
smooth homogeneous suspension. A control suspension without the drug 


Igepal CO series, GAF Corp., N.Y. 


was prepared for every formulation. All the suspensions were analyzed 
for benzocaine content and were stored at 30' until needed. 


RESULTS AND DISCUSSION 


Details of the suspension formulations are listed inTable I. In the case 
of all the formulations studied, when the cumulative amount of benzo- 
caine in the receptor compartment was plotted against time, a linear 
relationship with a small lag time was observed. A typical plot is shown 
in Fig. 1. The gradual rise in penetration rate (Fig. 1) until steady state 
was achieved is typical of membrane controlled diffusion. When transport 
through the vehicle is rate limiting, the flux is initially high and then 
gradually decreases with time. A second indication that diffusion across 
the stratum corneum was the slow step in benzocaine transport is high 
flux values obtained from the suspension formulations, which will be 
discussed. 


The flux values were calculated for all formulations (Table I). ANOVA 
showed that drug concentration, gelling agent, and surfactant concen- 
tration had no statistically significant effect on flux. No influence of the 
surfactants on skin membrane integrity was evident. 


These results are similar to those with saturated benzocaine solutions 
(1). However, there is a surprising difference in the magnitude of the 
penetration values when saturated solutions are compared to suspensions. 
Mean benzocaine flux from saturated solutions was -60 gg hr-l cm-* 
( l ) ,  whereas the average flux for suspensions was 101 gg hr-' cm-2. This 
difference was unexpected since the free benzocaine concentration, which 
provides the driving force for diffusion, should have been the same in both 
types of preparation. 


In penetration experiments, the amount of drug transported during 
the course of an experiment is usually small enough to justify the as- 
sumption that the donor concentration is constant. In conducting ex- 
periments on benzocaine solutions, there had been no reason to question 
the validity of this basic assumption. However, in view of the difference 
in benzocaine flux from saturated solutions as compared to suspensions, 
it was hypothesized that depletion of drug from the donor must have been 
taking place in the solution systems during the course of the penetration 
experiments. 
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Figure 1-Penetration of benzocaine through hairless mouse skin from 
a 5% suspension containing 0.0227 M polyoxyethylene (15) nonyl- 
phenol. 
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Abstract 0 The impact of self-association on mass transport was studied. 
The model system chosen was the diffusion of phenol through an im- 
mobilized layer of isooctane. In the theoretical development, self-asso- 
ciated phenol contributed to diffusion, with the fluxes being interde- 
pendent because of the self-association equilibrium. Predictions from 
theory were then compared with experimental results. It was shown that 
self-association can significantly affect flux of diffusing species. 


Keyphrases Phenol-self-association and diffusion in isooctane 
Isooctane-simultaneous self-association and diffusion of phenol 
Diffusion-phenol in isooctane, simultaneous self-association 


Associative interactions are of interest to those con- 
cerned with pharmaceutics for two reasons. First, asso- 
ciative interactions affect many processes such as disso- 
lution, partitioning, and diffusion, all of which are vitally 
important to drug delivery. Second, most drugs contain at  
least one interactive functional group and, thus, are able 
to participate in associative interactions with many sub- 
stances found in dosage forms and in the body. 


The effects of association and related processes on 
various aspects of drug delivery have been examined in 
several studies. Dissolution rate is known to be altered 
significantly when dissociation reactions (1, 2) or com- 
plexation (3) occur within the dissolution layer. It has also 
been observed that when a diffusing species self-associates 
(4) or forms micelles (5) there is a pronounced effect on the 
rate of transport of that substance. Another study (6) has 
indicated that in a self-associating system, where diffusion 
of the self-associated species is blocked by its inability to 
penetrate the membrane used, the observed mass trans- 
port behavior can be accounted for by assuming that the 
compound is transported only in its monomeric form. 


Where simultaneous self-association and diffusion 
occur, the direct application of Fick’s laws fails to predict 
the diffusion rates observed. In the current study, a more 
comprehensive approach to the theoretical analysis of 
diffusion under such circumstances is presented. It is 
postulated that ( a )  by taking into account the interde- 
pendence of the fluxes of the associated and unassociated 


species arising from associative equilibrium within the 
diffusional layer, ( b )  by applying Fick’s laws to each kind 
of species present, and ( c )  by numerically solving the dif- 
ferential equations derived on this basis, it is possible to 
predict the mass transport behavior of self-associating 
systems. 


The model system used to test this postulate was one in 
which phenol was allowed to diffuse from a donor phase 
of isooctane, through an immobilized layer of isooctane 
which served as the diffusion layer, into an aqueous re- 
ceptor phase. Phenol is known to self-associate signifi- 
cantly (>50%) at high concentrations in isooctane (7). This 
interaction was expected to cause the rate of mass trans- 
port into the aqueous phase to deviate markedly from that 
predicted by simply applying Fick’s laws to the overall 
concentration of phenol present. Using the scheme out- 
lined above, the diffusional behavior of phenol in the model 
system was predicted mathematically. The predicted re- 
sults were then compared with the experimental data ob- 
tained. 


THEORETICAL 


Previous studies have shown that when phenol self-associates in iso- 
octane, the dominant species formed is probably the pentamer’ (7). The 
equilibrium expression for this interaction has been reported as: 


5 P , = P 5  


where P, represents monomeric phenol and P5 represents the pentam- 
eric species. The equilibrium constant for this interaction is K 1 - 5  = 6300 
M-4 a t  25” in isooctane. This model appears to provide an adequate 
description of self-association of phenol over a wide range of concentra- 
tions. 


In the present investigation a silanized sintered glass filter with a 
presilanization pore size range of 4.5-5.5 pm was used to form a dif- 
fusional barrier between the donor isooctane and the receptor aqueous 
phases. Because of the large pore size and equilibration of the filter with 
the donor phase prior to each experiment, the barrier actually consisted 
of a layer of isooctane immobilized within the sintered glass filter. As 


J. B. Dressman and T Higuchi, unpublished results. 
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Figure 1-Interactions of  phenol i n  the silanized sintered glass filter 
sys tem. 


shown in Fig. 1, self-association would be expected to occur within the 
diffusional layer as well as in the donor phase. Over the time span of the 
experiment, phenol concentrations remained sufficiently low in the 
aqueous phase to allow the assumption that self-association in that phase 
was negligible. 


Consider an infinitesimal element within the diffusion layer. Expres- 
sions for the net flux of the monomer and pentamer species into the ele- 
ment can be obtained assuming that the self-association equilibrium 
between the two species is established very quickly compared to the rate 
of diffusion, and Fick's laws can be applied to the diffusion of each species 
within the element. Influx of the monomer can be represented as: 


(Eq. 1) 


where D, is the diffusivity of the phenol monomer, h is distance, and t 
is time. The efflux of the monomer from the element can be written 
as: 


The net flux of the monomer into the element is given by the difference 
between the influx and efflux of the monomer from the element: 


as given by Fick's second law. Similarly, the following expression is ob- 
tained for the net flux of the pentamer: 


1' 


o'2A 
(z) = D5 (z) (Eq. 4) 


0.0 0.5 
b lL  
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Figure 2-Profile of total concentration of phenol i n  the immobilized 
layer of isooctane constituting the diffusion layer, calculated from Eqs. 
9 and 15 for three donor phase concentrations ofphenol: 0.2063,0.1226, 
and 0.0432 M, under steady-state and sink conditions. 
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Figure 3-Apparatus for diffusion studies. 


where Dg is the diffusivity of the pentamer species. Given that PT is the 
total concentration of phenol present, one can write: 


PT = P, + 5 P5 (Eq. 5 )  


The expressions for the flux of the monomer and pentamer can therefore 
be combined into one expression as follows: 


(z) = D, (3) + 5 D5 (2) (Eq. 6) 


Using the equilibrium expression: 


P5 = K1-5 P L  (Eq. 7) 


it can be shown then by repeated application of the chain rule that: 


(Z) = 20 K1-5 P i  ('2)' - + 5 K1-5 P i  (s) (Eq. 8) 


By substituting Eq. 7 into Eq. 5 one obtains the expression: 


PT = P,  + 5 K1-5 p ;  (Eq. 9) 


Taking the derivative of both sides of Eq. 9 with respect to time it can 
be shown that: 


Then, hy substituting Eqs. 8 and 10 into Eq. 6 one can produce a partial 
differential equation in terms of the monomer concentration only: 


Steady-State Solution Under  Sink Conditions-At steady state 
there is no net accumulation of either form of phenol a t  any point within 
the diffusion layer, so there is no net flux into any element, i.e., dPT/dt 
= 0. Applying this condition to Eq. 11 one finds that: 


+ 2 100 K1-5 K5P: = 0 (Eq. 12) 
(dpph)' 


Letting y = (dP,/dh) in the above expression and then separating the 
variables and integrating, one obtains: 
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Figure 4-Cumulatiue concentration of phenol in the aqueous phase 
versus time for diffusion through a sintered glass filter from a 0.1403 
M solution of phenol i n  isooctane. Key: (0) experimental data; (-) 
results obtained by numerical solution of Eq. 11. 


which leads to: 


(Eq. 13) 


where C1 is the first constant of integration. Separating variables and 
integrating again gives the equation: 


D,P, + 5 K1-5 0.8: = C1 h + C2 (Eq. 14) 


where C2 is the second constant of integration. 
Appropriate boundary conditions can then he applied to solve for the 


constants of integration. Since the concentration in the bulk of the donor 
phase remains effectively constant during the course of the experiment, 
one can write: 


P, = P o a t h  = O  


The second constant of integration C2 can be found by substituting this 
condition into Eq. 14 to give: 


Cz = D, Po + 5 KI-5 D5 P i  


If sink condit,ions are assumed to hold a t  the aqueous interface, i.e., P,  
= 0 at h = L where L is the distance across the diffusion barrier, this 
condition can be used in conjunction with the expression for Cs in Eq. 
14 to obtain the first constant of integration, which is thus given by: 


-D, Po - 5 KI-5 D5 P i  
L 


c1= 


Substituting for C1 and Cz in Eq. 14 gives the expression: 


Equation 15 can he used to find the concentration of monomer and 
total phenol at  any point in the diffusion layer at  steady state, under sink 
conditions. Using Eq. 9 and the monomer concentration obtained using 
Eq. 15, the total concentration profile can he calculated. Figure 2 shows 
the total concentration profiles a t  three representative donor phase 
concentrations of phenol. These plots show that a t  higher concentrations 
of phenol where the self-associated species accounts for a large percentage 
of phenol present, the concentration profile is predicted to deviate from 
linearity in a pronounced manner. The values of D, and D5 were 5.5 X 
low6 and 2.0 X 10W cm2/sec, respectively. They were obtained initially 
from the Stokes-Einstein equation and then adjusted to give a reasonable 
representation of the experimental data. Filter tortuosity characterization 
with a substance with a known diffusion coefficient would have allowed 
a more accurate determination of D,, a t  least a t  low concentrations. 


Nonsteady-State Solution-To determine whether the self-associ- 


* 
0.1 ' 0.2 


CONCENTRATION OF PHENOL IN DONOR PHASE,M 


Figure 5-Steady-state f lux  (moles per minute) over the entire diffu- 
sion layer surface area versus total concentratLon of phenol in the donor 
phase Key (0) mean of the experimental data at a given concentration 
ofphenol,  (-) results obtainfd by numerical solution of Eq. 11. 


ation model can he used to successfully predict the data obtained for the 
cumulative amount of phenol in the aqueous phase over the course of the 
experiment and subsequently to predict burst time and steady-state flux 
data, it was necessary to obtain solutions to Eq. 11 for both presteady- 
state and steady-state behavior under nonsink conditions. 


Equation 11 is a nonlinear second-order partial differential equation 
and cannot he conveniently solved analytically under the required con- 
ditions. Therefore, it was necessary to transform the equation into an 
approximate algebraic expression that could he solved numerically. The 
derivatives were expressed as finite differences using the central and 
backward difference formulas outlined in a previous report (8) for use 
in implicit solution methods. The square term in the first derivative of 
P, with respect to distance was handled by splitting it into two parts: 
a constant coefficient calculated on the previous time step and a backward 
difference expression for the derivative calculated on the current time 
step. This enabled a set of linear equations to he established for each time 
step, the coefficients of which were arranged in a tridiagonal matrix. This 
matrix system was then solved using a Gaussian elimination method as 
described previously (8). The nonlinear elements of the equation could 
then he updated from the solution obtained. The entire procedure was 
repeated until the solution obtained did not differ from the assumed el- 
ements by more than a predetermined tolerance. However, it was found 
that the first approximation used for the nonlinear elements was within 
the desired tolerance and the iterative solution was not employed sub- 
sequently. 


Burst  Time-Burst time methodology was employed because of the 
apparatus design. That is, the glass filter initially contained phenol a t  
the same concentration as the bulk isooctane phase. As with the more 
commonly used lag time, the burst time should he independent of the 
donor phase concentration in a system where only one species is re- 
sponsible for the total observed rate of diffusion. This can he shown by 
following the derivation presented in a previous report (9) and applying 
boundary and initial conditions appropriate for burst effect conditions 
to obtain: 


tburst = ~ (Eq. 16) 


where L is the distance across the diffusion layer and D is the diffusivity 
(10). Deviation from this relationship was predicted in the current study 
as it was postulated that more than one species contributed to the overall 
rate of diffusion. 


-L? 
3.1 D 


EXPERIMENTAL 


Materials-Phenol2 (Analytical reagent grade) was fractionally dis- 
tilled under vacuum to remove the preservative and other contaminants, 
then stored under nitrogen in a desiccator. Certified ACS isooctane 
(2,2,4-trimeth~lpentane)~ was used without further purification. 


2 Mallinckrodt. 
3 Fisher Scientific Co. 
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Table I-Experimental and Calculated Steady-State F lux  and  Burst  Time Values for  Diffusion of Phenol Through an Immobilized 
Layer of Isooctane in a Sintered Glass Filter 


Concentration in Steady-State Flux X lo7, moledmin Burst Time, min 
Donor Phase, Experimental Experimental 


M N" Computer f S E M  Computer fSEM 


0.0132 1 0.500 0.467 34.6 40 
0.0166 1 0.630 0.689 34.8 39 
0.0233 1 0.881 0.922 35 51 
0.0365 4 1.332 1.270 f 0.02 36 4 5 f 3  
0.0461 4 1.625 1.584 f 0.05 39 51 f 3 
0.0913 4 2.556 2.576 f 0.03 54 66 f 3 
0.1030 4 2.741 2.687 f 0.06 57.5 69 f 5 
0.1240 4 3.010 3.069 f 0.01 64 68 f 3 
0.1403 4 3.244 3.269 f 0.07 69 86 f 9 
0.1680 4 3.592 3.676 f 0.04 76 81 f 5 
0.1826 4 3.740 3.824 f 0.10 80.5 92 f 5 
0.2130 4 4.018 4.109 f.0.05 87 88 f 3 
0.2550 1 4.460 4.440 97 111 


a Number of experiments. 


The single sintered glass filter (pore size 4.5-5.5 gm; 2-mm thick; 
30-mm radius) was obtained commercially4 and silanized by soaking 
overnight in a solution of dichloromethylsilane in toluene. Excess silan- 
izing agent was later removed with a solution of acetic acid in hexane. 


Analytical Method-Two-milliliter samples were removed from the 
aqueous phase a t  suitable time intervals up to 300 min. At the conclusion 
of the experiment the UV absorbance a t  269 nm, the wavelength of 
maximum absorbance for phenol in the UV region, was determined for 
each sample5. Deoxygenated, distilled water was used as the reference 
solution. In the aqueous solution with -pH 6 ionization was >99.9% 
suppressed. 


Diffusion Apparatus and  Study-The experimental apparatus is 
depicted in Fig. 3. Five hundred milliliters of freshly deoxygenated dis- 
tilled water was placed in a water-jacketed beaker connected to a con- 
trolled-temperature reservoir which was used to maintain the tempera- 
ture of the system at 25'. A magnetic stirrer was used to keep the aqueous 
phase well mixed. Fifty milliliters of a solution of phenol in isooctane was 
poured into the tube containing the silanized sintered glass filter and 
allowed to sit for 3 min. The lower side of the filter was then wiped dry 
and the tube placed in the aqueous phase in such a position that bulging 
of the isooctane phase down into the aqueous phase was avoided. Silan- 
ization of the filter prevented the hydrostatic pressure of the aqueous 
phase forcing any water up into the filter. Cork rings fitted above both 
phases prevented evaporation. The isooctane phase was stirred from 
above. Optimal stirring rates for the isooctane and aqueous phases were 
used to ensure even mixing without vortexing problems. This allowed 
the assumption to be made that the boundary layers in the bulk isooctane 
and aqueous phases were a negligible barrier to diffusion compared to 
the immobilized isooctane layer in the sintered glass filter. Thus, the 
principal barrier to diffusion was the layer of isooctane immobilized in 
the sintered glass filter. 


A t  suitable time intervals, 2-ml samples were removed from the 
aqueous phase and the volume replaced with deoxygenated distilled 
water. The samples were analyzed by UV spectroscopy a t  the conclusion 
of each experiment on the same day, so that  chemical stability was not 
a problem. 


RESULTS AND DISCUSSION 


Phenol was diffused from a donor phase solution in isooctane (at 
concentrations ranging from 0.0123 to 0.255 M) through a layer of iso- 
octane immobilized within a sintered glass filter into an aqueous phase. 
The concentration of phenol was determined in the aqueous phase a t  
times up to 300 min. Figure 4 shows a typical plot of the data obtained. 
For all donor phase concentrations studied, the plot became linear for 
times >lo0 min as the system reached a pseudo steady state. Data for 
these points were analyzed by linear regression to determine the 
steady-state flux and burst time values. Results from runs in which the 
correlation coefficient was <0.999 were discarded to minimize uncertainty 
in calculations of steady-state flux. Extrapolation of the best-fitting linear 
relationship to zero phenol concentration in the aqueous phase provided 
the burst time measurement. The slope of the line was used to calculate 
the steady-state flux in moles per minute over the entire surface area of 
the diffusion layer (7.069 cm2) after adjusting the units from molarity 


Lab glass. 
Cary 118 model UV/VIS spectrophotometer 


per minute by using the aqueous phase volume. Table I summarizes 
steady-state flux and burst time values obtained. 


Steady-State Flux-The experimentally observed relationship be- 
tween steady-state flux and total concentration in the donor phase ob- 
tained in these studies is shown in Fig. 5. This relationship may be com- 
pared with classical behavior predicted from Fick's laws. Fick's first law 
is given by: 


where J is the flux across the diffusion layer, D is the diffusivity, Co is 
the concentration a t  h = 0 (the donor phase interface), CL is the con- 
centration a t  h = L (the receptor phase interface), and h is distance. 
Provided the receptor phase concentration remains low, i .e.,  Cr. = 0, the 
flux can be written as: 


J a Co (Eq. 19) 


Under these conditions, one would expect the steady-state flux to in- 
crease linearly with increasing concentration in the donor phase. Figure 
5 shows, however, that  steady-state flux is not directly proportional to 
doqor phase concentration, since the plot deviates significantly from 
linearity. Anomalous behavior of this type has also been noted for dif- 
fusion of phenol through high-density polyethylene membranes by 
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ACTIVITY OF PHENOL IN DONOR PHASE, M 
Figure 6-Steady-state flux (moles per minute) over the entire diffu- 
sion layer surface area versus activity .f phenol (concentration of 
monomeric phenol) in the donor phase. Key: (@) experimental data; 
(- - -) linear plot which would be expected i f  only the monomer species 
was contributing to the observed flux. 
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Figure 7-Burst time (minutes) versus total concentration of phenol 
in the donor phase. Key: (0) experimental data points; (-) obtained 
from the numerical solution of Eq. 1 I .  


Mikkelson et al. (6) who were subsequently able to obtain a linear rela- 
tionship by plotting the steady-state flux uersus activity of phenol 
present. For that system it was suggested that only the monomeric phenol 
could partition into the membrane and, hence, contribute to the observed 
rate of flux. The steady-state flux data for the sintered glass filter system 
used in the current study was replotted uersus activity of phenol (defined 
as the concentration of monomeric phenol) as shown in Fig. 6. The plot 
exhibits pronounced positive deviation from linearity which indicates 
that  the monomeric portion of the phenol was not solely responsible for 
the transport of phenol into the aqueous phase in this system. The frac- 
tion of phenol present as monomer is -0.35 a t  a total phenol concentra- 
tion of 0.255 M as compared to >0.99 a t  0.0132 M .  


On the basis of the pentamer model for self-association of phenol in 
isooctane, it was proposed that both the monomer and the pentamer 
species of phenol contribute to the overall observed flux according to Eq. 
11. This equation was solved numerically as outlined in the Theoretical 
section and the results compared with the experimental data. For both 
the individual plots of cumulative concentration in the aqueous phase 
versus time (Fig. 4) and the overall plot of steady-state flux uersus total 
concentration of phenol on the donor phase (Fig. 5), the numerical so- 
lution is in good agreement with the observed results, indicating that the 
pentamer species was able to form in the diffusion layer and, hence, 
contribute proportionately to the flux into the aqueous phase. 


Transient Behavior-A second way to study the effect of self-asso- 
ciation on diffusion is to analyze the transient (burst time) data. The burst 
time for a single diffusing species should he independent of the concen- 
tration in the donor phase when the diffusion of one species accounts for 
the observed flux. Burst time data for the system under study are pre- 
sented in Table I. Figure 7 shows a plot of measured burst time uersus 
concentration in the donor phase. The burst time increased with in- 
creasing concentration rather than being entirely concentration inde- 
pendent. Since burst time is inversely proportional to diffusivity, the 
apparent diffusivity appears to have become smaller as the concentration 
in the donor phase increased. This type of behavior has also been noted 
for solutions of phenol in carbon tetrachloride (11). 


An explanation can be offered for this behavior by considering the 
monomer-pentamer equilibrium. As the total concentration of phenol 
increased in the donor phase, the percentage present in the self-associated 
form increased. Since diffusivity is inversely related to the size of the 
diffusing species, one would expect that when the pentamer accounts for 
a large percentage of the phenol present, the apparent diffusivity would 
be lower, and thus, the burst time would be longer than a t  low concen- 
trations where the much smaller monomer species accounts for virtually 
all of the phenol in solution. 


The solid line in Fig. 7 represents burst time values calculated from 
the computer-generated data by applying linear regression analysis to 
predicted steady-state cumulative concentrations of phenol in the 
aqueous phase and extrapolating back to zero phenol concentration. 


Although there is considerable scatter in the experimental data, they 
appear to follow the same trend as the results derived from Eq. 11. In most 
instances the observed burst time tends to be greater than the theoretical 
value. This is probably due to a small amount of phenol solution on the 
lower face of the glass filter when it was positioned into the aqueous 
phase. This would have caused the immediate release of phenol into the 
aqueous phase by nondiffusive means, which in turn would result in 
falsely high observed values for the cumulative amount in the aqueous 
phase and, therefore, for the burst time. 


The burst time and the steady-state flux data both support the con- 
clusion that the apparent deviation of the diffusion characteristics of 
phenol in isooctane from Fick’s laws can be entirely accounted for by 
considering the self-association equilibrium of phenol in isooctane. From 
Eq. 11 one can note that the diffusion of each species, monomer and 
pentamer, fundamentally obeys Fick’s laws and that the diffusivity of 
each species is constant. The apparent diffusivity, as reflected in the burst 
time, only changes because of the variation with concentration of the 
relative proportions of the monomer and pentamer present. 


CONCLUSIONS 


In these studies it has been shown that the apparent deviation from 
classical behavior of the diffusion of phenol through an immobilized so- 
lution of isooctane can be explained by the specific interaction effects 
rather than needing to resort to an empirical description in terms of the 
apparent diffusivity of the overall system. This approach to describe 
concomitant self-association and mass transport can be used to help 
predict delivery rates of drugs for which diffusion is the rate-controlling 
step in release from the dosage form or in the absorption process, and 
self-association occurs under physiological conditions. Caffeine (4) and 
some analgesics and antihistamines (12-17) have been shown to self- 
associate at high concentrations in aqueous solution. 


The rate of transport of these drugs across the dissolution layer when 
they are released from solid dosage forms, therefore, may be affected by 
the self-association interaction. Other substances such as alcohols and 
carboxylic acids are known to self-associate in organic solvents (18). 
Absorption through lipoidal membrane barriers or release from dosage 
forms which are coated with polymeric films are examples of steps in the 
drug delivery process a t  which self-association of drugs containing such 
groups may significantly affect the rate of transport. 
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Table IV-Statistical Analysis of the Survival Studies on an SPSS Multiple Regression Subprogram 


Ethyl ether 25-100 0.183 8.982 0.0137 -0.995 0.377 -0.365 8.3 7.8 
125-200 0.387 15.714 -0.0463 NS -0.623 NS 22.62 NS 


Propyl ether 25-100 0.103 9.671 0.0155 NS 0.3219 NS 4.950 NS 
125-200 0.349 15.262 -0.0433 NS -0.591 NS 19.365 NS 


Butyl ether 25-100 0.268 8.556 0.0333 NS 0.518 NS 5.854 NS 


Hexyl ether 25-200 0.0221 10.21 -0.0028 NS -0.149 NS 2.391 NS 


0 R* (coefficient of determination) indicates the proportion of variation in life span explained by dose only or by both dose and treatment. * The form of multiple regression 
equation: Y = a + b(dose) + c(treatment) Y = life span, a = intercept of y axis, b = regression coefficient for dose, c = regression coefficient for treatment (dummy variable). 
c B(b) indicates the number of standard derivation units of change in life span that could be predicted when dose changes by one standard unit. B(c) indicates the number 
of standard derivation units of change in life span that could be predicted when treatment changes by one standard unit. F(b) presents the F value of dose. F(c) presents 
the F value of treatment. Except F(b) of hexyl ether, all other F values are greater than the critical values a t  the 0.05 level of significance. 


25-150 0.237 9.683 0.0138 -2.189 0.235 -0.433 4.993 16.96 


NS = no significance. 


on toxicity or survival times in leukemic mice would be expected to result 
from phenobarbital pretreatment (3,4). It is not known if the hexyl ether 
of p - N J -  bis(2-chloroethy1)aminophenol undergoes (w-1)-hydroxylation, 
but if it were to occur, these results suggest a metabolite similar in toxicity 
and antitumor activity to compound V. 


A regression analysis was performed on survival data from the control 
and pretreated groups (Table IV). The analysis, taken over the entire 
range of doses, failed to show significant trends for any of the compounds 
tested. Negative trends in the ascending points for data sets from com- 
pounds I1 and IV indicate a decrease in the antitumor effectiveness for 
the pretreated mice. Crossover trends at  the lowest and two highest doses 
for compound 111 precluded significance. The medium level doses were 
not tested. No trend could be established for compound V. 
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Abstract Antipyrine and acetaminophen kinetics were determined 
from concentration data obtained by simultaneous blood sampling from 
the cut end of the tail and a cannulated femoral artery in the rat. Sig- 
nificant differences in concentrations and kinetics for both drugs were 
found by comparison of the two sampling sites. The hypothesis that the 
differences were due to a low tail blood flow was tested. The tail blood 
flow was measured with a microsphere technique, and tail antipyrine 
concentrations were calculated from the relationship between arterial 
antipyrine concentration, tail flow, and time for comparison with the 
observed antipyrine concentrations. Mean blood flow of the rat tail was 
0.02 ml/min/ml tail tissue at  22O, which was 8B and 0.9% of the liver and 
kidney flow, respectively. Tail flow increased more than twofold by ele- 
vation of the tail temperature to 37O. The calculated tail antipyrine 
concentration uersus time curve showed a very close correspondence to 


the observed antipyrine tail concentration uersus time curves. The results 
show that tail flow is a major determinant of antipyrine tail concentration 
in the rat. Kinetic data based on blood samples from the cut end of the 
tail, therefore, should be interpreted with caution. 


Keyphrases Antipyrine-pharmacokinetics in the rat, comparison 
of data based on blood samples from the cut tail and a cannulated femoral 
artery 0 Acetaminophen-pharmacokinetics in the rat, comparison of 
data based on blood samples from the cut tail and a cannulated femoral 
artery Pharmacokinetics-acetaminophen and antipyrine in the rat, 
comparison of data based on blood samples from the cut tail and a can- 
nulated femoral artery Microsphere technique-pharmacokinetics 
in the rat, comparison of data based on blood samples from the cut tail 
and a cannulated femoral artery 


The development in recent years of a multitude of sen- 
sitive drug assays in microsamples of blood and a variety 
of techniques for repeated blood sampling have made it 


possible to perform pharmacokinetic studies in individual 
animals as small as mice, rats, and guinea pigs. Whereas 
published methods for drug assays are routinely validated 
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with respect to their sensitivity, specificity, and precision, 
methods for blood sampling in small animals mostly have 
been evaluated as to their feasibility in practical laboratory 
work (1,2). The widespread use of small animals in phar- 
macokinetic studies of old and new drugs, however, has 
created a need for precise information also of the repro- 
ducibility and validity of the methods used for blood 
sampling. Recently, the reproducibility and validity of 
pharmacokinetic data obtained with a surgical procedure 
for cannulation of an artery and vein in the rat was inves- 
tigated (3). 


The present study was undertaken to investigate a fre- 
quently employed nonsurgical method: sampling of blood 
from the cut end of the rat tail. Assuming a low flow to the 
rat tail (4), both theoretical considerations (5-8) and 
previous experience (9) raised doubts about the validity 
of tail concentration data. Significant differences in an- 
tipyrine and acetaminophen concentrations in blood 
sampled simultaneously from the cut end of the tail and 
a cannulated femoral artery are presented. A low blood 
flow of the rat tail is demonstrated, to which the differ- 
ences in tail and arterial antipyrine concentrations are 
attributable. 


EXPERIMENTAL 


Animals and Operation-Male Wistar rats' (150-400 g) were used. 
All surgery was performed in fluanisone/fentany12 anesthesia (6.6/0.13 
mg/kg sc) in the evening, and the experiments were carried out the next 
day. Arteries and veins were cannulated with polyethylene tubing3 pre- 
viously filled with 0.2 ml of heparinized (100 IU/ml) 0.9% NaCl, with the 
indwelling part of the tubing having been stretched to reduce its diameter 
and lubricated with silicone oil to facilitate insertion. For pharmacoki- 
netic experiments a femoral artery and a femoral vein were cannulated; 
for blood flow measurements, the right carotid and a femoral artery were 
cannulated. The tubing was secured and transferred dorsally through 
a subcutaneous tunnel and made accessible through a skin perforation. 
The rats were placed in restraining cages4 and allowed free access to food 
and water. Sampling of blood from the tail was performed after removal 
of its distal part (0.5 cm) with a sharp scalpel by a previous method (lo), 
but without prewarming of the rat and occlusion of the lateral tail veins. 
The tail was allowed to bleed freely, usually a few seconds after blood 
sampling, and no hemostat was applied. Repeated bleeding was obtained 
by removal of the blood clot from the end of the tail and the samples 
collected in heparinized capillary tubes. 


Pharmacokinetic Experiments-Experiments were carried out in 
unanesthetized rats. The test drugs, dissolved in 0.6-0.9 ml of physio- 
logical saline, were infused via the catheter in the femoral vein. The 
infusion period (30 sec) was immediately followed by flushing of the 
catheter with 0.3 ml of saline. An equal dose of [14C]antipyrine5 and 
[3H]acetaminophen6 was given (15 mg/kg, 1-2 pCi/animal). Blood sam- 
ples (0.1 ml) were drawn from the cannula in the femoral artery and the 
cut end of the tail. After dosing with antipyrine, blood samples were 
drawn a t  2,4, 8, 10, 15, 20, 35, 50, 75, 100, 135, 160, and 200 min. After 
dosing with acetaminophen, blood samples were drawn a t  2,4,6,8,12, 
20,30,40,50, and 60 min. 


The dead space of the catheter was discarded before each sampling and 
replaced by saline afterwards. Concentrations of [14C]antipyrine and 
[3H]acetaminophen in whole blood were analyzed essentially by the 
methods described previously (11, 12). These assays have been shown 
to measure specifically only unchanged antipyrine or acetaminophen, 
with 95 and 90% recovery of the drugs from blood, respectively (11, 
12). 


' M llegaard Hansens Avlslahoratorier, Ejhy, Denmark. 
2 A h  Mekos, Helsingborg, Sweden. 
3 PE 50. Intramedic Clay Adams, Parsippany, N.J. 


Manufactured in this laboratory. The volume of the cage can be varied to fit 
rats of different size so as to allow movement hack and forth but no rotation. 


5 N-14Clmethyl antipyrine, New England Nuclear Corp., Boston, Mass. 
6 [3HJacetarninophen, generally labeled, New England Nuclear Corp., Boston, 


Mass. 


Concentrations of antipyrine and acetaminophen were plotted uersus 
time on semilogarithmic graphs. Arterial and tail blood concentrations 
exhibited biexponential and monoexponential decay curves, respectively. 
The arterial blood concentrations were analyzed according to a two- 
compartment open model with first-order elimination kinetics. The best 
fitting line was drawn by means of a formula of linear regression of the 
natural logarithm of concentration uersus time based on the method of 
least squares. 


Total clearance was calculated by: 


dosel(A/a + B/P) (Eq. 1) 


where A and B are y-intercepts of the extrapolated lines of the a- and 
P-phases, respectively. The central volume of distribution (V,) was ob- 
tained by dividing the dose by (A t B ) ,  and Vo was calculated by dividing 
total clearance by /3. 


Data obtained from tail blood were analyzed as follows: The area under 
the observed concentration curves were calculated by the trapezoidal rule 
and the total area under the curve by the equation: 


C 
AUCe, = AUCG~ + 2 (Eq. 2) 


P 
assuming that Ct represents a point on the concentration curve where 
a linear terminal line can be drawn (pseudodistribution equilibrium). 
Total clearance was calculated by dose/AUCG_, and Vo by dividing total 
clearance by (3. 


Determination of Tail Flow-Blood flow through the rat tail was 
measured by means of the radioactive microsphere technique for deter- 
minations of regional blood flow (13). 


Calculation of the Blood Flow-The blood flow through each piece 
of the tail was calculated by (14): 


Q = ?  (Eq. 3) 


where Q is the rate of the blood flow (ml/min/g of tissue); F, is the rate 
of the reference sample (0.49 ml/min); i, is the radioactivity of the piece 
of the tail; and il. is the radioactivity of the reference blood sample 
(gram). 


Each piece of the tail (2 cm) was calculated as percent of the total tail 
length. In the calculations a mean value of the blood flow in the tail was 
used: The blood flow of each piece of the tail was summarized and divided 
by the number of tail pieces, and the mean value of all the rat tails was 
calculated. The value was transformed from milliliter per minute per 
gram of tail tissue to milliliter per minute per milliliter of tail tissue after 
correction for the density of the tail tissue. 


Comparison of Calculated and Measured Tail Concentrations of 
Antipyrine-Concentrations of antipyrine in the tail blood were calcu- 
lated by means of a formula (15) based on Fick's principle. When a freely 
diffusible biologically inert tracer substance is carried to a tissue by the 
blood, the concentration in the tissue (C,) a t  time T ,  is determined by 
the arterial concentration (Ca), the tissue-blood partition coefficient (A,), 
and blood flow per unit mass of tissue volume (J'JV,): 


C, ( T )  = X,k, e-kLT JTCaektdt (Eq. 4) 


where k,  = m,F,/X, V, and rn, is the diffusion coefficient for the substance. 
Equation 4 was used to calculate the concentration of antipyrine in the 
rat tail. The following values were used for the calculation: It is assumed 
that the diffusion of antipyrine does not limit tissue uptake and ac- 
cordingly the coefficient of diffusion (m,) is 1 (15). The partition coeffi- 
cient of antipyrine between tissue and blood (A,) is 1, as taken from in- 
vestigations of antipyrine distribution between brain-blood (16) and 
kidney-blood (17). Accordingly, i t  is assumed that the antipyrine con- 
centration of tail tissue is equal to  the concentration of tail blood. 


Experimental Design-Blood flow to the tail was measured in each 
unanesthetized rat placed in restraining cages a t  ambient temperatures 
of 22 and 37'. The tail was placed in a water bath of 37O, and after 30 min 
-300,000 microspheres labeled with cesium 141 were infused. The tail 
was then transferred to a water bath of 22O, and after 30 min an ap- 
proximately equal amount of microspheres labeled with strontium 85 
were infused. In this way the rats served as their own controls. Room 
temperature was kept constant a t  22". 


Experiments-The microspheres7 (15 f 1 l m ,  density 1.3) were 
dissolved in sucrose/epichlorohydrin polyme$ and sterile 0.9% saline to 


7 Microspheres labeled with either strontium 85 or cesium 141, 3M Company, 


8 10% Ficoll-70, average molecular weight 70,000, Pharmacia Fine Chemicals, 
St. Paul, Minn. 


Uppsala, Sweden. 
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Figure I-Concentrations of antipyrine after administration of 15 
mglkg iv in blood sampled simultaneously from the cut end of the tail 
(0) and from a cannulated inguinal artery (A). Values are mean f 
SEM (n = 6). 


a concentration of -6 X 105 microspheres/ml. Prior to microsphere 
infusion, a pump connected with the femoral artery catheter was started, 
sampling arterial blood a t  a constant rate of 0.49 ml/min for 2 min. This 
reference blood sample was used to calculate the blood flow to different 
organs according to a previous report (14). The solution of microspheres 
(0.5 ml) was infused via the cannula in the carotid artery within 15 sec, 
including flushing of the catheter with 0.3 ml of saline. After the last 
microsphere injection, rats were sacrificed by an intravenous injection 
of saturated potassium chloride. The tails were divided into pieces of -2 
cm, weighed, and placed in separate counting vials. The radioactivity was 
counted in a gamma liquid scintilation counter. The activity of the ref- 
erence blood samples and both of the kidneys were also counted. 


Statistical analysis-The results are given as means fSEM and 
evaluated by paired Student's t test. Values for p < 0.05 were considered 
significant. 


RESULTS 


Pharmacokinetic Experiments-The time course of arterial and 
tail blood concentrations of both antipyrine and acetaminophen were 
widely different, and differences were also seen between the two drugs 
(Figs. 1 and 2). Individual tail concentration curves for both drugs were 
greatly variable, as indicated by the high standard error of the mean in 
the early phases of the experiment. After intravenous infusion of an- 
tipyrine, arterial concentrations showed the expected biexponential 
decline. Tail concentrations, however, increased until 40-60 min after 
the end of infusion. Acetaminophen concentrations showed a biexpo- 
nential decline both in arterial and tail blood. Within the first 6 rnin after 
antipyrine infusion, the mean ratio of arterial to tail concentration de- 
creased from 3 to 1.5. Mean arterial values were significantly different 
from mean tail values 0-15 min and >75 min after infusion ( p  < 0.05). 
Crossing of the curves took place 40-60 min after infusion. After 180 min 
the ratio of arterial to tail concentration was further decreased to 0.67. 
Corresponding values for acetaminophen concentrations for the first 6 
min were 1.5, and after 60 min 0.5. Crossing of the acetaminophen curves 
was seen 12-20 min after infusion. All mean arterial concentrations of 
acetaminophen measured were significantly different from corresponding 
tail concentrations ( p  < 0.05). 


Comparison of data based on arterial and tail concentrations of an- 
tipyrine showed statistically significant differences ( p  < 0.05) in the 
following pharmacokinetic variables (Table I). The biological half-life 
( t 1 / 2  8) calculated from tail concentrations was higher by 47.5% compared 
with calculations based on arterial data, and the apparent elimination 
rate constant 8 was lower by 24%. Total clearance for antipyrine based 
on tail data was lower by 29.5% compared with arterial data. Significant 
changes were also found for the calculated variables of acetaminophen 
(Table I). The value for tllz fi  based on tail blood data was higher by 46% 
compared with arterial blood data and was reduced by 46% for tail blood 
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Figure 2-Concentrations of acetaminophen after administration of 
15 mglkg iu in blood sampled simultaneously from the cut end of the tail 
(0) and from a cannulated inguinal artery (A). Values are mean f 
SEM (n = 5). 


data. In addition, the intercept of the extrapolated f l  phase, B, was lower 
by 11% for the tail blood data compared with arterial blood data. Also, 
the apparent volume of distribution, Vg, was significantly smaller with 
tail blood concentrations (35%). 


Determination of Tail Blood Flow-The mean ta i l  blood flow for 
five rats is shown as a function of the length of the tail in Fig. 3. The flow 
at an environmental temperature of 3 7 O  was significantly larger than the 
flow at 22' ( p  < 0.05). 


Comparison of Calculated and Measured Tail  Concentrations 
of Antipyrine-The mean blood flow of the tail of individual rats was 
calculated after correction for the density of the tail tissue (1.1 g/ml)9. 
The mean tail flow of five rats was then calculated. Tail blood flow a t  37" 
was 5.0 f 2.2 X 
ml/min/ml tail tissue. Figure 4 shows mean values of antipyrine arterial 
concentrations ( n  = 3) and calculated tail antipyrine concentrations a t  
37 and 22'. The time course of the calculated antipyrine tail concentra- 
tion (Fig. 4) was grossly similar to actually measured concentrations 
presented in Fig. 1. Like measured tail concentrations, calculated tail 
concentrations were less than half the arterial concentration values a t  
the earliest time points. Crossing of the lines likewise was seen 40-60 min 
after infusion. 


ml/min/ml tail tissue and a t  22' 2.05 f 0.93 X 


DISCUSSION 


The present study demonstrates that calculations based on drug 
concentration data from tail blood may give rise to pharmacokinetic 
values significantly different from values calculated from arterial blood 
samples. If it is assumed that rat arterial concentrations represent true 
kinetics, the use of rat tail concentrations may introduce significant errors 
in the pharmacokinetic calculations. 


Although the pharmacokinetic data of antipyrine calculated from ar- 
terial concentrations are in accordance with values reported from other 
laboratories using different techniques (18,19), it would be very difficult 
to prove that arterial blood data represent true kinetics in the rat. Serial 
sampling of arterial blood from individual rats will always require some 
kind of cannulation procedure. The stress imposed by the surgical pro- 


9 Obtained hy dividing tail weights (n = :]) hy the volurnr ot' water displaced 
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Table I-Antipyrine and Acetaminophen Kinetics Based on Arter ia l  and  Tail Data 


Site of Blood CIT, 6 ,  t 1 / 2  P,  dP> 
liter kg-I Sampling ml min-l kg-l 10-3 min-1 min 


Antipyrine 


Acetaminophen 


Artery 
Tail 
Artery 
Tail 


6.4 f 0.4 
4.5 f O X b  


12.5 f 1.0 
13.1 f 2.0 


5.4 f 0.4 131 f 11 1.18 f 0.06 
4.1 f O A b  194 f 37b 1.15 f 0.13 


33.0 f 2.5 21.6 f 1.8 0.39 f 0.04 
21.2 f 1.4b 33.4 f 2.6b 0.60 f 0.Ogb 


0 The pharmacokinetic variables were calculated from arterial and tail concentration data in blood samples drawn simultaneously (see Experimental). Values are 
means f SEM (n  = 6, antipyrine; n = 5, acetaminophen). * Significantly different from arterial data ( p  < 0.05). 


cedure (20) may influence significantly drug kinetics (21-23). The fact 
that antipyrine and acetaminophen kinetics were not reproducible in 
untreated animals over a short period of time (3) probably reflects that  
a t  least some aspects of normal physiology with relevance to pharmaco- 
kinetics are difficult to maintain even for short periods in cannulated 
rats. 


There is only sparse information in the literature with respect to rat 
tail flow. Therefore, the rat tail flow was investigated by means of the 
radioactive microsphere technique for determination of regional blood 
flow (13). The following requirements must be fulfilled for the method 
to provide an exact measure of regional blood flow: First, there should 
be homogeneous mixing of microspheres with the arterial blood. Ac- 
cording to previous reports (24,25) this need will be met if the left ven- 
tricle is used as the site of injection. Verification of uniform mixing in the 
left ventricle can be obtained by measuring the left and right kidney blood 
flow (milliliters per minute per gram). Second, the microspheres must 
not recirculate. Spheres of 15 pm are shown to be trapped precapillary 
in the first circulation with only 1-2% ending in the lung capillaries of 
the rat, hence, they satisfy this requirement (26). Third, blood flow must 
not be affected by microspheres. Repeated microsphere injections in the 
same rats using different labels should not give significant changes in 
cardiac output fractions. Using 15-pm spheres, unchanged distribution 
was found (27) after the second microsphere injection in rats. In the 
present investigation, spheres of this size were used, and the present dose 
of 15-pm spheres have been shown not to interfere with this hemody- 
namic variable in the rat (14.28). Fourth, the number of microspheres 
injected should give a t  least 400 in each tissue sample to avoid random 
error (24). 


A previous study (4) reported flow values with a less sensitive technique 
a t  17 and 33" that were two- and eightfold higher than the present values 
measured a t  22 and 37", respectively. However, the data presented here 
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Figure 3-Blood flow through the rat tail measured by means of mi- 
crosphere technique at environmental temperatures of 22 (.) and 37' 
(A). Values are mean f SEM (n = 5).  From left  to right is from the  t i p  
to root of the tail. 


demonstrate that  the tail blood flow is very low and represents only a 
minor fraction of the cardiac output. By comparison, rat tail flow in this 
study was only 8.8 and 0.4% of the rat liver and kidney flow values re- 
ported in a study using the same microsphere technique (28). This ex- 
plains why tail concentrations lag behind arterial concentrations when 
the latter change rapidly. If tail flow is increased, for instance by elevation 
of tail temperature, the lag time will be reduced as shown in Fig. 4. 


The close correspondence of the observed and calculated antipyrine 
tail concentrations strongly suggests that  the assumption made for the 
theoretical relationship between tail concentrations, arterial concen- 
trations, and time were correct; ix., the coefficient of diffusion (mi )  and 
the partition coefficient of antipyrine between tissue and blood (hi)  are 
1 (15-17), and accordingly, the organ blood flow becomes the rate-limiting 
factor. The different ratios observed between arterial and tail concen- 
trations for antipyrine and acetaminophen (Figs. 1 and 2) could reflect 
that  distribution properties of acetaminophen influence tail concentra- 
tions of the drug to a greater extent than the corresponding properties 
of antipyrine. 


The effect of temperature changes on tail flow shows that drug kinetics 
based on tail concentration data may significantly reflect changes in the 
environment in addition to changes caused by drug distribution and 
elimination processes. Furthermore, intersubject differences in sensitivity 
of the tail to environmental factors may explain the great variation in the 
shape of antipyrine and acetaminophen tail concentration curves shortly 
after drug injection. 


The variation of tail kinetics between individual rats contrasts sharply 
with the lack of variation observed within individual animals when an- 
tipyrine kinetics were retested after intervals of several weeks using blood 
samples taken >60 min after antipyrine infusion (9, 11, 29). 


These observations suggest that  by strict standardizat,ion of the ex- 
perimental conditions, tail flow can be reproducible from one experiment 
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Figure 4-Concentrations of antipyrine after administration of 15 
mglkg io in blood sampled from a cannulated inguinal artery (A) and 
calculated concentrations of antipyrine in tail tissue at 22" (0) and at 
3 7 O  (@,I (n = 3). 
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to another in untreated rats. Problems arise, however, when the method 
is used to detect changes in pharmacokinetics by some experimental 
factors. Although the tail method detected changes in antipyrine kinetics 
by short-term, low-dose treatment of phenobarbital (11) and long-term 
treatment with ethanol (9), interpretation of data is obscured by possible 
influences of the treatment on tail blood flow and tail antipyrine distri- 
bution. Further investigations of such effects on drug kinetics, therefore, 
should include in vitro studies (9) or kinetic studies with the use of ar- 
terial blood samples. 
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Abstract A detailed study of a method for solasodine analysis has been 
carried out and the suitability of chemical analysis for solasodine deter- 
mination in plant material evaluated. A number of problems with the 
analytical isolation of solasodine and its subsequent colorimetric deter- 
mination have been highlighted: oven drying of plant material >looo 
leads to solasodine loss; cell disruption of the dry plant material is re- 
quired if complete and rapid extraction of solasodine is to take place; 
hydrolysis of plant extract residues in >1 N acid leads to solasodine loss; 
the colorimetric procedure is more temperamental than past methods 
have indicated, especially with regard to the specificity of the reaction 
and the instability of the complex. 


Keyphrases 0 Solasodine-steroidal alkaloid from Solanum lacini- 
a tum,  colorimetric determination by evaluation of chemical analysis 
Steroids-colorimetric determination of the alkaloid, solasodine, in 
Solanum laciniatum 0 Colorimetry-determination of solasodine in 
Solanum laciniatum 


Since problems arose 6 or 7 years ago with the supply, 
cost, and steroid content of Dioscorea, the source of dios- 
genin for steroid drug production, there has been renewed 
interest in alternative raw materials, including solasodine 


from plants of the genus Solanum. This steroidal alkaloid 
occurs in S. aviculare and S. lacin.iatum as the glycosides, 
solasonine and solamargine. 


As part of a study into the production of solasodine from 
Solanum plant material, chemical analysis was considered 
for the determination of solasodine and its related species. 
Several important observations were made in the course 
of this investigation concerning both the isolation of so- 
lasodine from the plant (sample preparation, extraction, 
and hydrolysis) and the subsequent determination of so- 
lasodine using colorimetry. Chemical analysis was found 
not to be suitable for this study, and subsequently, a pro- 
cedure using high-pressure liquid chromatography was 
developed (1). However, chemical analysis is suitable for 
certain purposes and has the advantage of not requiring 
expensive equipment. Matters concerning the isolation of 
solasodine from the plant material are important in sola- 
sodine analysis in general (including instrumental analysis) 
and in commercial solasodine production. 


Previous methods for chemical analysis of solasodine 
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derived from those physical-chemical properties responsible for the 
modification involved and for the interaction between the dosage form 
and the physiological surroundings where drug release and drug ab- 
sorption takes place. The best way to avoid any possible discrepancy 
between real behavior and that inferred from the ANOVA is to carefully 
choose the interval and the number of levels necessary for the study. The 
cost of the in uiuo experiment necessarily limits the number of levels 
studied. 


The dissolution accumulative curves obtained are shown in Fig. 3, while 
the mean values of the chosen parameters, Dm and Dim, are listed in 
Tiible V. A quadratic response for both parameters, with respect to the 
fat content, can be inferred from the one-way ANOVAs shown in Tables 
VI and VII. The polynomials, after least-squares adjustment, were: 


Dim 300.090 + 70.924 x - 2.593 Xz (Eq. 7) 
Dm 1549.010 - 112.343 x + 2.053 xz (Eq. 8) 


They are shown in Fig. 4. It is worth noting that this excipient exercises 
the same influence in uitro as it does in uioo. 


Bioequivalence studies carried out on formulations whose composition 
is defined by an appropriate experimental design afford the opportunity 
of studying the effect of the different excipienta on bioavailability; that 
is, the effect of these excipients on the quantity of drug absorbed and on 
the rate of absorption. The effect the excipients have on interindividual 
variability must also be considered. As has been pointed out previously 
(16,17), it is not sufficient just to accept the null hypothesis for the pa- 
rameters employed as an indication of bioequivalence between two for- 
mulations; the variability must also be similar. 


REFERENCES 


(1) M. C. Meyer, R. E. Dann, P. L. Whyatt, and G. W. A. S1ywka.J. 


(2) A. V. Tembo, M. R. Hallmark, E. Sakmar, H. G. Bachmann, D. 


(3) K. S. Albert, S. W. Brown Jr., K. A. DeSante, A. R. DiSanto, R. 


(4) E. Marlowe and R. F. Shangraw, ibid., 56,498 (1967). 
(5 )  T. A. Iranloye and E. L. Parrott, ibid., 67,535 (1978). 
(6) J. B. Schwartz, J. R. Flamholz, and R. H. Press, ibid., 62,1165 


(7) J. M. Newton and F. N. Razzo, J. Pharm. Pharmacol., 29,294 


(8) J. W. Smith, C. E. de Grey, and V. Patel, Analyst, 92, 247 


(9) M. Llabrh, Tesis Doctoral, Santiago de Compoetela (1975). 
(10) M. Llabrb, R. Martinez-Pacheco, and J. L. Vila, I1 Farmaco Ed. 


(11) J. W.Tukey,Biometrics, 11,111 (1955). 
(12) W. G. Cochran, ibid., 3,22 (1947). 
(13) M. B. Brown and A. B. Forsythe, ibid., 30,719 (1974). 
(14) W. G. Cochran and C. M. Cox. “Experimental Design,” 2nd ed. 


(15) J. C. Wagner. “Fundamentals of Clinical Pharmacokinetics,” 


(16) W. J. West1ake.J. Pharm. Sci., 62,1579 (1973). 
(17) W. H. Barr, in “Dosage Form Design and Bioavailability.” J. 


Pharmacokinet. Biopharm., 2,287 (1974). 


J. Weiller, and J. G. Wagner. ibid., 5,257 (1977). 


D. Stewart, and T. T. Chen, J. Pharm. Sci., 68,1312 (1979). 


(1973). 


(1977). 


(1967). 


Prat.. 33,111 (1978). 


Wiley, New York. N.Y., 1957 pp. 61-70. 


Drug Intelligence Publications, Hamilton, Ill., 1975. 


Swarbrick, Ed., Lea 8t Febiger, Philadelphia, Pa., 1973, pp. 31-75. 


Quantification of the Effect of Excipients on 
Bioavailability by Means of Response Surfaces 11: 
Amoxicillin in Fat-Silica Matrix 


MATfAS LLABRES, JOSE L. VILA., and 
RAMON MARTINEZ-PACHECO 
Received April 11,1980, from the Departamento de Farmacia Galtnica, Facultad de Farmacia, Uniuersidad de Santiago de Compostela, 
Spoin. Accepted for publication November 17,1981. 


Abstract o This report studies the bioavailability of amoxicillin in 
different fat-silica matrixes. A urinary excretion study was carried out 
on four formulations containing fat and silica excipients. The formula- 
tions were administered to 24 healthy volunteers according to a Latin- 
square design. The following percent proportions of fat-silica were used: 
15:3.75,157.50, m3.75, and 30:7.50. The urinary excretion curves were 
characterized using the quantity of unchanged drug excreted between 
0-2 and 0-12 hr poetadministration, respectively as parameters. The 
ANOVA results showed that both excipients had an additive effect on 
the quantity of drug excreted between 0 and 2 hr, whereas the effect on 
the quantity of drug excreted between 0 and 12 hr was also one of inter- 
action between both excipienta. Quantification of the ANOVA results 
in terms of excipient content was conducted by means of the adequate 
linear functions. A t  the same time, a dissolution study was carried out 
using the quantity of drug dissolved in 30 and 180 min as parameters. The 
behavior was similar to that encountered for the in uiuo parameters. 
Keypbraaes 0 Amoxicillin-effect of excipienta on bioavailability by 
means of response surfaces, fat-silica matrix 0 Bioavailability-effect 
of excipients by means of response surfaces, amoxicillin in fat-silica 
matrix o Excipients-effect on bioavailability by means of response 
surfaces, amoxicillin in fat-silica matrix 


The aim of the present study is to determine the effect 
which the combination of two excipients, a synthetic fat1 


and a silica colloid2, has on the bioavailability of amoxi- 
cillin tablets. 


EXPERIMENTAL 


Assayed Form~lpt ioneFour  formulations of amoxicillin trihydrates 
tablets were manufacturerd and studied. Formulations, D, E, F, and C, 
contained 375 mg of anhydrous amoxicillin, and their percent composi- 
tion is shown in Table I. Hardness, in each case, was 5 kg on the hardness 
tester scale‘. 


Clinical Protocol-The urinary excretion of unchanged drug was 
studied in 24 healthy volunteers whose ages ranged from 20 to 30 years 
and who showed no evidence of renal insufficiency. The subjects were 
randomly divided into four equal groups. A Latin-square 4 X 4 design 
with 6 replicates was used, and the washing period was 5 days. Immedi- 
ately before a standard breakfast, fasted subjects were given two tablets 
equivalent to 750 mg of anhydrous amoxicillin. Urine samples were col- 
lected a t  1,2,3,4,5,6.8,10, and 12 hr postadministration. 


Pharmacokinetic Analysis-Characterization of the urinary ex- 
cretion curves was achieved by means of the parameters mentioned in 
the previous report (1). 


Dissolution Rate Studies-The apparatus and methodology used 
were both described in the previous report (1). 


Statistical Analysis-Heterogeneous variances for the treatments 
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Table I-Percent Composition of Formulations 


Formulation Amoxicillin Trihydrate, % Fat, % Silica, % Talc, % 


77.25 
72.50 
62.25 
57.50 


15 3.75 5 
15 7.50 5 
30 3.75 5 
30 7.50 5 


Table 11-Mean Values and Variances a for the Excretion 
Parameters 


~~ ~ 


Formulation E2 Eiz 


D 
E 
F 
G 


36.2 (763.3) 
84.2 (4,407.8) 
16.9 (113.7) 
52.5 (1.982.4) 


237.6 (11,322.6) 
352.9 (16,708.0) 
112.8 (3,366.3) 
353.4 (7,306.9) 


a Variances in parentheses. 


were observed and exposed by means of Barlett's test (2). Once again, 
logarithmic transformation of data failed to stabilize the variances; 
therefore, Scheffgs test, modified by Brown and Forsythe (3), was again 
employed. 


The study was carried out on four formulations combining two equally 
spaced levels of each of the excipients. Therefore, the subdivision of the 
sum of squares for the term treatments of the ANOVA, to obtain the 
response surfaces, was achieved by means of the following polynomials 
(Z): 


Treatment z1 ZZ z3 
Ti -1 -1 1 
TP 1 -1 -1 
7'3 -1 1 -1 
7'4 1 1 I 


Component Fat mean Silica mean Interaction 
response response 


These polynomials subdivide the sum of the squares in mean response 
for each excipient and interaction between the two excipients (4). 
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Figure 1-Cumulative curves for urinary excretion of unchanged am-  
oxicillin. 
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Figure 2-Contour curves for El2 as function of fat and silica con- 
tents. 
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Figure 3-Contour curves for Ez as function of fat  and silica con- 
tents. 
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Figure 4-Cumulative dissolution curves. 


Having inferred the factors that affect absorption, and the existence 
or nonexistence of interaction, the corresponding polynomial functions 
were then adjusted to the mean experimental values by means of the 
least-squares method. The results are shown graphically by means of the 
contour lines generated by these equations. 


RESULTS AND DISCUSSION 


The mean urine excretion curves are depicted in Fig. I, whereas the 
mean values of the parameters used for their characterization, Ez and 
E I Z ,  and the respective variances, are shown in Table 11. The ANOVA 
results appear in Tables 111 and IV. As mentioned previously (l), two 
parts must be distinguished, namely, the contrasts between pairs of 
formulations and the orthogonal contrasts used to monitor the effect of 
the excipients on bioavailability. The latter contrast shows that both 
excipients have a significant effect on the two parameters. With respect 
to the El2 parameter, significant interaction between both excipients is 
also observed. According to this, the following functions indicate the 
quantitative correlation between the bioavailability parameters and the 
fat (XI) and ( x p )  content, expressed as percent, for those formulations 
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Figure 5-Contour curues for Dleo as function of fat and silica con- 
tents. 
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Table 111-Results of ANOVA for EIZ a 


1 Hi f F A Results 
~ ~~ 


1 -124.27 1612.66 3 73 2.72 114.71 Significant fat effect 
2 355.85 1612.66 3 73 2.72 114.71 Significant silica effect 
3 125.23 1612.66 3 73 2.72 114.71 Significant fat-silica interaction 
4 -124.75 612.04 3 73 2.72 74.83 Significant contrast D uersus F 
5 115.31 1167.94 3 73 2.72 103.28 Significant contrast D uersus E 
6 115.79 776.23 3 73 2.72 84.28 Significant contrast D uersus G 
7 240.06 836.43 3 73 2.72 87.48 Significant contrast F uersus E 
8 240.98 444.71 3 73 2.72 63.79 Significant contrast F uersus G 
9 -0.48 1000.62 3 73 2.72 95.69 No significant contrast E uersus G 


” a = 0.05. The minimum value for rejecting the null hypothesis is A = d(g - 1) FV ( H i )  (Ref. 3). 


Table IV-Results of ANOVA for Ez. 


i Hi V ( H )  g -1 f F A Results 
1 -50.80 302.80 3 73 2.72 49.71 Significant fat effect 
2 83.80 302.80 3 73 2.72 49.71 Significant silica effect 
3 -12.46 302.80 3 73 2.72 49.71 NG significant fat-silica interaction 
4 -19.21 36.54 3 73 2.72 18.28 Significant contrast D uersus F 
5 48.03 215.46 3 73 2.72 44.40 Significant contrast D uersus E 
6 16.36 114.40 3 73 2.72 32.35 No si nificant contrast D uersus G 
7 67.24 188.40 3 73 2.72 41.52 Sieniicant contrast F uersus E 
8 35.37 87.44 3 73 2.72 28.27 Significant contrast F uersus G 
9 -31.67 266.26 3 73 2.72 43.36 No significant contrast E uersus G 
a = 0.05 (see Table 111). 


Table V-Mean Values for the Chosen Dissolution Parameters 


Formulation D30 Dim 
D 
E 
F 
G 


141.3 
204.8 
49.3 
135.4 


470.0 
634.0 
106.3 
580.0 


Table VI-Re~ults of ANOVA for Dla 


Source of Sum of Degrees of 
Variation Squares Freedom F a 


~ 


Treatments 462,925.01 3 35.23 <0.01 
Fat 169,218.75 1 38.63 <0.01 
Silica 242,013.44 1 55.25 <0.01 
Fat and Silica 51,692.81 1 11.80 <0.01 


Residual 35,044.37 8 
Total 497,969.37 11 


Table VII-Re~ults of ANOVA for Dm 


Source of Sum of Degrees of 
Variation squares Freedom F a 


Treatments 85,891.83 3 63.26 <0.01 
Fat 70,878.76 1 156.61 <0.01 
Silica 14.195.50 1 31.37 <0.01 
Fat and Silica 817.58 1 1.81 - 


Residual 3,620.63 8 
Total 89,512.46 11 


whose composition lie within the limits of the experiment: 


El2 = 372.17 - 16.66 X I  - 2.63 ~2 + 2.22 X i X Z  (Eq. 1) 
Ez = 22.90 - 1.70 X I  + 11.15 ~2 (Eq. 2) 


The response surfaces obtained are shown in Figs. 2 and 3. A value of 
100% is assigned to Formulation E, to which the other formulations are 
referred. Observation of Fig. 2 leads to the conclusion that, in order to 
obtain acceptable physiological availabilities within the limits of the 
experlment, a silica content close to 7.5% should be used, no matter what 
the fat content may be; because at this level, the silica practically cancels 
out the effect of the fat on the El2 parameter. For this reason, Formula- 
tiom E and G present equivalent absorption. Nevertheless, with low silica 
concentration (3.75%), the fat content produces a marked effect as can 
be seen by the differences observed between Formulations D and F. The 
respnae surface obtained for the E2 parameter plane surface in this case, 
due to the nonexistence of interaction between excipients, is shown in 
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Figure 6-Contour curues for Dm as function of fat and silica con- 
tents. 


Fig. 3. The observed response corresponds to the sum of the effects pro- 
duced by both excipients: negative with regard to the fat content and 
positive in the case of silica. For this reason, Formulation E, with low 
content in fat and high content in silica, gives the highest value for the 
Ea parameter and also shows significant differences with regard to the 
other formulations. It is ale0 seen that those formulations characterized 
by incomplete absorption show higher variation coefficients, &s pointed 
out previously (5). 


With respect to the dissolution tests, the mean accumulative curves 
appear in Fig. 4, while the mean values of the chosen parameters are 
shown in Table V. The respective ANOVAs are shown in Tables VI and 
VII. It can inferred from Table VII that the two excipients have a sig- 
nificant effect on both parameters, whereas in the case of the D180 pa- 
rameter, there is also significant interaction between both excipients. 
According to this, the following functions indicate the quantitative cor- 
relation between the dissolution parameters and the fat ( x  1) and silica 
( x 2 )  content, expressed as a percent, for those formulations whose com- 
position lie within the bounds of this study: 


Dim = 964.39 - 42.06 X I  - 29.16 ~2 t 4.66 ~ 1 x 2  (Eq. 3) 
D30 = 267.20 - 10.25 XI + 18.34 X ?  (Eq. 4) 


Commentaries similar to those made about the in uiuo response may 
also be made about the response surfaces obtained in uitro which are 
depicted in Figs. 5 and 6. Nevertheless, with the conditions used in the 
dissolution studies, the order relationship in uiuo (G,  E, D, F, for El2 and 
E, G ,  D. F, for 232) is not the same as in uitro (E, G ,  D, F for Dlw and E, 
D, G ,  F for 030). 
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Abstract  This study compares one of the previously studied formu- 
lations with commercial amoxicillin capsules. The results indicate that 
the percentage of the dose absorbed is similar in both formulations; 
nevertheless, the amoxicillin capsules present a higher absorption rate. 
The in uiuo-in uitro correlations in terms of response surfaces, and the 
general correlation among all the formulations studied in the three ar-  
ticles of this series is discussed. The quantity of drug excreted in 2 hr and 
the quantity of drug dissolved in 30 min presents a correlation coefficient 
r = 0.9458 (p < 0.01) and the quantity of amoxicillin excreted in 12 hr 
and the quantity dissolved in 180 min presents a correlation coefficient 
r = 0.9761 (p < 0.01). 


Keyphrases Amoxicillin-effect of excipients on bioavailability by 
means of response surfaces, in uiuo-in uitro correlations EI Bioavail- 
ability-effect of excipients by means of response surfaces, amoxicillin, 
in uiuo-in uitro correlations Excipients-effect on bioavailability by 
means of response surfaces, amoxicillin, in uiuo-in uitro correlations 


The comparison between Formulation E (l), previously 
studied, and a commercial amoxicillin capsule (Formula- 
tion s) was carried out. This study has a double purpose: 
first, to determine whether the absorption of the drug in 
Formulation E (which showed good absorption in previous 
studies) is equivalent to the absorption shown by the 
conventional formulations; second, to determine the degree 
of the individual variation for both types of formula- 
tions. 


400 t 
300 


1 2 3 4 5 6  8 10 12 
HOURS 


Figure 1-Mean cumulative curues for urinary excretion of unchanged 
amoxicillin. 


EXPERIMENTAL 


Assayed Formulations-A comparison is made between Formulation 
E, whose composition has been described (1) and commercial capsules’ 
containing 500 mg of anhydrous amoxicillin. T o  differentiate the results 
of the present study from those obtained previously (l), Formulation E 
is termed E in the present report. 


Clinical Protocol-Urinary excretion of unchanged drug was studied 
in 12 healthy volunteers of both sexes, whose ages ranged from 20 to 30 
years and who showed no evidence of renal insufficiency. Subjects were 
divided a t  random into two equal groups of six. A Latin-square 2 X 2 
design with 6 replicates was used, and the washing period was 5 days. The 
conditions of administration and sample times are the same as those 
described in the previous two reports (1,2). 


Pharmacokinetic Analysis-The parameters employed to charac- 
terize the excretion curves obtained are the same as those described 
previously (1, 21, E z  and E12. 


Dissolution Rate Studies-The apparatus and methodology used 
were both described in Part  I (2). 


Statistical Analysis-Cochran’s test (3) confirmed the existence of 
heterogeneous variances for the treatments. Therefore, Scheffk’s test 
modified by Brown and Forsythe (4) was employed (even though the 
logarithmic transformation of data stabilized the variances) in order to 
maintain homogeneity in the statistical treatment of data. 


RESULTS AND DISCUSSION 


A commercial formulation of 500 mg was chosen because the urinary 
excretion curves obtained for Formulation E in the previous study indi- 
cated the possibility of obtaining peaks similar to those obtained with 
500-mg doses in conventional formulations. This approach, together with 
the comparison of the parameters E:! and El:!, permits the possibility of 
determining whether or not there is a prolongation in the release-ab- 
sorption process with respect to Formulation E’. This would explain the 
large individual variations observed in previous studies. 


Figures 1 and 2 show the excretion and dissolution mean cumulative 
curves for both formulations. With respect to the Ez parameter, the mean 
values and variances (in parentheses) obtained for Formulations E’ and 
S were 85.3 (2824.2) and 98.1 (2188.9), respectively. The corresponding 
figures for the El2 parameter were 354.4 (9003.6) and 253.6 (1895.9). The 
dissolution parameter D30 yielded mean values of 204.8 and 404.0 for 
Formulations E and S, respectively, whereas the D 180 parameter yielded 
mean values of 634.0 and 471.5 for the respective formulations. The 
ANOVA results, using the method of Brown and Forsythe (41, show that 
both formulations are equivalent with regards to the Ez parameter (F1.22 
= 0.392) but differ significantly (0.01) with regards to the El2 parameter 
(F1.22 = 11.190). The quantity of intact drug excreted in urine was -50% 
of the administered dose in the case of each formulation, which has been 


1 Clamoxil, lot 2L26, F. Bonet. 
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creased gentamicin excretion by a renal tubular process, 
an event which was not present in the control animals 
studied. Finally, when water-deprived and hydrated rats 
were treated with gentamicin (17), the trend in changes 
seen in C1 B and Vd with hydration were of similar nature 
to the animals with glomerulonephropathy. Extrapolation 
of these findings to  the diseased animal is difficult due to 
the precisely defined experimental conditions of these 
studies. This is especially true in micropuncture experi- 
ments where small quantities of drug are involved. How- 
ever, these data provide a physiologic basis for the phar- 
macokinetic changes detected in the dogs and sheep with 
acute glomerular disease. 


It would appear that certain physiologic conditions and 
disease states associated with volume expansion and/or 
increased urine flow might lead to increased gentamicin 
clearance. This response may be modulated through a 
mechanism triggered by the abnormal fluid status. The 
increase in drug clearance may be a reflection of nephron 
heterogeneity (15) or a result of active tubular secretion, 
decreased proximal tubular reabsorption, or decreased 
nonionic back diffusion in the distal nephron (16, 18). 
Alternatively, glomerular disease may specifically increase 
the drug’s ultrafilterability across the glomerular capillary 
membrane, normally restricted due to the Donnan Effect 
(18). This functional lesion would be expected to increase 
the fractional urinary excretion of gentamicin. Mechanistic 
studies have not been performed in diseased animals, and 
thus, further speculation is not warranted. This situation 
may not be seen in the chronic disease situation where 
individual nephrons have undergone compensatory hy- 
pertrophy. This chronic condition is pathophysiologically 
distinct and is clinically characterized by a different syn- 
drome than is the acute disease process. 


In view of these changes, one must be cautious in pre- 
dicting c 1 B  from the glomerular filtration rate, especially 
when an increased Vd is present, because these methods 
assume that this relationship does not change with the 
underlying disease process. However, certain disease 
conditions may uncouple this association of Cle to the 
glomerular filtration rate. Actual renal clearances of drug 
should be determined by measuring urinary drug excre- 
tion. Note that serum elimination half-life may remain 
relatively stable in the above situation because the in- 
creasing clearance will offset the increased volume of dis- 
tribution. Dosage nomograms, which correlate elimination 
half-life or decreasing c 1 B  with decreasing creatinine 
clearance, must be interpreted differently when Vd is 
known to have increased. Finally, additional studies re- 
lating drug disposition to specific pathophysiologic states 
of renal disease must be conducted to define the effects of 
various disease processes on drug clearance and volume of 
distribution, the two physiologic determinants of drug 
disposition. 
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Isosorbide Dinitrate: Pharmacokinetics after 
Intravenous Administration 


Keyphrases Pharmacokinetics-intravenous administration of iso- 
sorbide dinitrate, bioavailability Bioavailability-pharmacokinetics 
of isosorbide dinitrate after intravenous administration Isosorbide 
dinitrate-pharmacokinetics after intravenous administration, bio- 
availability 


To the Editor: 


Isosorbide dinitrate is an organic nitrate found thera- 
peutically useful in its sublingual and oral forms in various 
cardiovascular diseases such as angina pectoris (1) and 
congestive heart failure (2). Recently, Distante et al. (3) 
showed that an intravenous infusion of this drug 
(0.021-0.083 mg/min) was also effective in managing un- 
stable angina. The availability of an intravenous dosage 
form of isosorbide dinitrate not only affords the opportu- 
nity to characterize the pharmacokinetics of this drug after 
this particular mode of therapy, it also allows the possi- 
bility to assess the bioavailability of this drug after other 
(e.g., oral) routes of administration in patients. This latter 
subject has been of major controversy since Needleman et 
al. (4) made the assertion that oral nitrate therapy is ir- 
rational because of its complete first-pass metabolism. 


A preliminary study has appeared which provided some 
initial information on this important issue. Taylor et al. 
(5 )  showed that in two normal, young subjects who received 
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intravenous isosorbide dinitrate, the plasma clearance was 
found to be 0.32 and 0.16 litedmin. Based on these values, 
these authors concluded that sublingual and oral admin- 
istration of isosorbide dinitrate are only bioavailable to the 
extent of 6 and 3%, respectively. If these data can be con- 
firmed in a larger group, they could represent an unusual 
example of very poor sublingual bioavailability of a small 
neutral compound given at  a relatively low dose. Further, 
if shown applicable to patients, these data could also have 
wide-ranging implications regarding the clinical use as well 
as the regulatory policy of oral and sublingual dosage forms 
of isosorbide dinitrate. It follows then that there may be 
a necessity (and perhaps urgency) of further research in 
identifying the reasons for, and approaches in circum- 
venting, the poor sublingual bioavailability of this drug. 


We have expanded on the study of Taylor et al. (5) 
through an examination of the pharmacokinetics of iso- 
sorbide dinitrate in 11 cardiac patients after intravenous 
infusion at  two different rates. These data were obtained 
as part of a comprehensive study which examined the 
pharmacokinetics of isosorbide dinitrate after intravenous, 
sublingual, oral, and percutaneous administration. Because 
the intravenous data are crucial in the strategic planning 
of further pharmaceutical research of this drug, we present 
here a preliminary report on this aspect for the interest of 
workers in this area. 


Eleven angina patients were infused intravenously with 
an isosorbide dinitrate solution' which had been suitably 
diluted such that a total dose of 2 mg in 10 ml was delivered 
over 15 min (infusion rate = 0.133 mg/min). Two of these 
patients received isosorbide dinitrate again on another day 
at a slower infusion rate (0.083 mg/min), one for 1 hr and 
the other for a 2-hr duration. This latter infusion rate was 
identical to that used by Taylor et al. (5). The strength of 
the dosing solution, uia an HPLC analysis developed in 
this laboratory2, was determined to be at  a mean of 94% of 
the theoretical value. The concentration of isosorbide di- 
nitrate in the infusion solution emerging from the poly- 
ethylene infusion tubing was essentially identical both 
before and after the experiment, indicting that adsorptive 
loss to the infusion system was absent. Serial plasma 
samples were drawn, anticoagulated with sodium citrate, 
and frozen (-20") until assayed for isosorbide dinitrate by 
GC-electron capture detection (6). 


The terminal disapearance phase rate constant (p )  was 
obtained by least-square regression of the last four con- 
centration-time points. The area under the plasma con- 
centration versus time curve from time zero to the last 
plasma sample collected (C,) was determined by Lagrange 
integration (7). Total area under the curve (AUC)  was 
estimated by addition of the residual area (-15%) which 
was calculated by dividing Ct by 0. The systemic clearance 
(Cli,) was calculated by dividing the administered dose by 
AUC. The apparent volume of distribution (Vd,,,) was then 
determined by dividing the systemic clearance by 


Figure 1 shows the plasma concentration of isosorbide 
dinitrate after intravenous infusion in the patient popu- 
lation studied. Results from the short infusion (2 mg over 
15 min) showed that steady-state concentrations were not 


(8). 
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Figure 1-Plasma isosorbide dinitrate concentrations observed after 
dif fermt rates and duration. of intrauenous infusion. Key: (0) 0.133 
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0.083 mglmin for 2 hr. 
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achieved after this infusion regimen and that decline of 
plasma drug was apparently biexponential. Unfortunately, 
the initial rapid distributive phase observed after cessation 
of the infusion could not be quantitated due to insufficient 
sampling. The mean half-life of the terminal disappear- 
ance phase, however, was found to be 18 f 7 min (& SD, 
n = ll), with a range of 10-30 min. The Cli, value was es- 
timated a t  3.4 f 1.4 liter/min (mean f SD, n = 11) with 
a range of 1.8-6.3 litedmin. The mean Vd,,, (*SD) was 
estimated to be 101 f 67 liters (range 46-241 liters). 
Infusion rate and duration did not appear to affect the 
pharmacokinetics of isosorbide dinitrate: in one patient, 
Cli, was estimated at  4.0 and 4.7 liter/min at infusion rates 
of 0.083 mg/min for 1 hr and 0.133 mg/min for 15 min, re- 
spectively; in a second patient, Cli, was 2.9 and 2.7 liter/ 
min at  infusion rates of 0.083 mg/min for 2 hr and 0.133 
mg/min for 15 min, respectively. 


If a prolonged elimination phase existed, but was un- 
detected due to assay limitations, the Cli, values obtained 
here would be overestimated. However, in the patient in- 
fused for 2 hr at  0.083 mg/min, both the time to steady 
state, and concentration a t  steady state were consistent 
with the experimentally observed /3 and Cli, values, re- 
spectively. Regardless, a doubling of the terminal half-life 
for residual area calculation would only lead to a 7% de- 
crease in Cli,. These observations suggest that the Cli, 
values obtained here are both internally consistent and 
reliable. 


The clearance values observed in our patient population 
were, in general, at least 10-fold larger than those obtained 
by Taylor et al. (5) in two normal subjects. The reasons for 
this discordance are not known; however, a study is in 
progress which will reassess the validity of the low bio- 
availability estimates of sublingually and orally adminis- 
tered isosorbide dinitrate reported thus far, particularly 
to its applicability in cardiac patients. 
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Time-Dependent Kinetics VIII: Absence of 
Diurnal Oscillations in Valproic Acid 
Disposition Following Single Dose 
Administration to Rhesus Monkey 


Keyphrases Valproic acid-time-dependent kinetics, absence of 
diurnal oscillations, disposition following single dose administration to 
rhesus monkey 0 Kinetics, time-dependent-absence of diurnal oscil- 
lations in valproic acid disposition following single dose administration 
to rhesus monkey 


To t h e  Editor: 
Valproic acid exhibits an unusual pharmacokinetic 


property in the rhesus monkey, namely, extensive diurnal 
oscillations in systematic clearance. An initial study in 
three normal rhesus monkeys showed that during constant 
rate intravenous infusion, steady-state levels increased at  
night with maxima 40-140% higher than the corresponding 
minima (1). In a subsequent study in four normal monkeys, 
where levels were monitored for 48 hr, it was found that the 
diurnal fluctuations in steady-state levels were repro- 
ducible in 2 consecutive days (2). Furthermore, after re- 
versal of the 12-hr light-12-hr dark cycle, plasma con- 
centrations tended to follow the phase shift with maxima 
during the reversed dark phase (actual day time) (2). In a 
later efficacy study in 12 epileptic monkeys, valproic acid 


was infused at  a constat rate to achieve steady-state levels 
of 46,97, and 147 pg/ml (3). The diurnal fluctuations in 
valproate levels were found at  all three steady-state con- 
centrations (4). 


In each of the studies just described, the diurnal changes 
in valproate clearance were found under steady-state 
conditions. In the present study, the objective was to de- 
termine whether this phenomenon could be observed with 
an acute mode of administration. To this effect, valproate 
was administered at  different times of day by intravenous 
boluses to a group of six rhesus monkeys. In addition, this 
design would allow a detection of diurnal effects in val- 
proate distribution. 


Six chair-adapted male rhesus monkeys (mean body 
weight 4.1 kg) with two chronic venous catheters (femoral 
for valproate bolus injection and jugular for blood sam- 
pling) were used in this study. Environmental conditions 
were maintained the same as those described previously 
(1,2) (diurnal cycle: light period, 6 am-6 pm; dark period, 
6 pm-6 am). Based on the findings of previous studies 
(valproate plasma levels remained stable or decreased 
during 10 am-6 pm, increased and reached a maximum 
during 6 pm-6 am, and tended to decline from 6 am-noon), 
the following times were selected for drug administration: 
2 am, 8 am, 2 pm, and 8 pm. At  these times of the day, 
valproate intravenous bolus injections were administered 
in a randomized fashion to six monkeys. A t  least 1 week of 
rest was allowed between any two injection times. From 
2 to 4 replicate studies at  each time period were conducted 
for each of the six monkeys. 


At  each time period, including replications, each monkey 
received 63.75 mg of valproic acid equivalent as sodium salt 
in 0.5 ml of sterile saline as an intravenous bolus injection. 
An additional 5 ml of saline was used to flush the line after 
bolus administration. Blood samples (2 ml) were collected 
in vacuum tubes containing edetic acid at 2,20,40,60, and 
100 min following drug administration. Plasma was sepa- 
rated and frozen until assay. Valproate was assayed by 
GLC using the procedure of Levy et  al. (5). 


The area under the plasma concentration-time curve 
(extrapolated to infinite time) was calculated by the 
trapezoidal rule and the systemic or total body clearance 
was computed from the dose-area relationship. The 
plasma valproate concentration time data were least- 
squares fitted to a monoexponential decay equation 
(BMDX-85), and the volume of distribution was calculated 
by the ratio of total body clearance and elimination rate 
constant. The null hypothesis of equal mean values for 
clearance, volume of distribution, and elimination rate 
constant among treatments was tested using a one-way 
ANOVA for repeated measures (BMDPBV). Then Tukey’s 
method for multiple comparisons (6) was used to test for 
differences between particular pairs of treatments. 


Mean plasma valproate concentration-time profiles at  
2 am, 8 am, 2 pm, and 8 pm are shown in Fig. 1. Based on 
the findings of previous studies, which revealed the pres- 
ence of circadian rhythms in steady-state valproate plasma 
levels (1-4), lower clearance values would be expected at  
2 am and 8 pm than a t  2 pm and 8 am. However, no sig- 
nificant difference in valproate clearance was observed 
between any of the four time periods. Volume of distri- 
bution and half-life also did not exhibit any time depen- 
dence ( p  >0.05). Values of clearance, volume of distribu- 
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Abstract  A chromatographic technique for the study of possible in- 
teractions of drugs with soluble or insoluble polymer additives is pro- 
posed. Crospovidone was used as a stationary phase. The method allowed 
the rapid determination of interaction constants in the range of >1 M-1 
as relevant for applications in practice. The interaction of 39 drugs and 
model compounds of diverse chemical structure with povidone and 
crospovidone was studied. The results closely agreed with data obtained 
from conventional equilibrium dialysis and sorption studies. The com- 
plexation reaction was found to be dominated by hydrogen binding. A 
close correspondence between the strength of interaction and the nature, 
number, and position of hydrogen-donating functional groups in the 
active ingredient was observed. The binding tendency was enhanced when 
the functional groups were connected with aromatic residues. The car- 
boxyl group was more effective than the hydroxide or amino groups. The 
binding can be quantified by the binding constants, K p  and K , ,  respec- 
tively, describing the interaction with polyvinylpyrrolidone uia inde- 
pendent binding sites. At pH 1, with the exception of tannic acid, all in- 
vestigated drugs exhibited K ,  and/or K,  values well below an upper limit 
of 10 M-I.  Hence, with additive-drug ratios commonly used in phar- 
maceutical preparations, the bound amount of drug after oral adminis- 
tration can hardly exceed 3%. In view of this already low degree of po- 
tential binding and considering i t s  reversible character and its decreasing 
tendency with increasing pH during GI passage, the presence of poly- 
vinylpyrrolidone in pharmaceutical preparations is not expected to in- 
terfere with GI  drug absorption. 


Keyphrases 0 Polyvinylpyrrolidone-chromatographic study of in- 
teractions with drugs, soluble and insoluble polymer additives 0 Chro- 
matography-study of interactions with polyvinylpyrrolidone and drugs, 
soluble and insoluble polymer additives 0 Polymers-soluble and in- 
soluble additives, chromatographic study of interactions between poly- 
vinylpyrrolidone and drugs 


N-Vinylpyrrolidone can be polymerized to yield povi- 
done (I), a polymer readily soluble in water and numerous 
other solvents, producing solutions with remarkably low 
viscosities (1). It can also be transformed into an insoluble 
polymer, crospovidone (II), by proliferous polymerization 
(2, 3).  In pharmaceutical technology, both forms of the 
polymer are used mainly in the production of tablets. The 
pronounced disintegrating effect of I1 is based on an ex- 
ceptionally high swelling pressure in aqueous systems 
(4-6). 


Additives used in formulations of drugs are expected to 
be nontoxic and therapeutically inactive. In both respects 
polyvinylpyrrolidone meets these requirements. The de- 
gree to which the additive might form complexes with the 
active component is another consideration; a low tendency 
for complex formation is preferred, unless a sustained- 
release effect is of interest. 


BACKGROUND 


Because of the dipolar character of I and 11, specific interactions with 
certain drugs are possible and have been observed in several cases. A 
recent review covers the published data concerning the interaction 
properties of various macromolecular additives (7). Data characterizing 
the interaction properties of I have been reported in numerous studies 
(&23). 


Much more limited are relevant data concerning the interaction ten- 


dency of Compound 11. The binding of phenolic substances and i ts  rele- 
vance for their removal from beer has been studied (24-26). Similarly, 
I1 has been used to remove phenols from plant tissues in the process of 
isolating active enzymes from plants (27). Furthermore, tannic acid and 
related compounds are known to be bound strongly by I1 (3). Other 
compounds such as acetaminophen, benzocaine, metamizole, and sali- 
cylamide exhibited no stronger interaction with I1 than with corn starch, 
carboxymethyl starch, and microcrystalline cellulose (28). First results 
of a systematic study of the interaction properties of I1 with various 
pharmaceuticals have been reported (29). 


The objectives of the present study are: to develop new experimental 
techniques that simplify the performance of binding studies, to study 
the binding of selected model compounds to improve the basic under- 
standing of the mode of interaction with I and 11, and to present the 
binding data obtained from various drugs of diverse chemical structure 
in a way ready to be applied to systems of practical interest. The appli- 
cation of a novel chromatographic technique is emphasized. 


EXPERIMENTAL 


Materials-The following were obtained from commercial sources: 
acetaminophen', aspirin2, aniline3, benzocaine4, benzoic acid2, benzyl 
alcohols, caffeine2, chloramphenico16, 1,2-dicarboxyben~ene~, 1,3-di- 
carboxybenzene3, 1,4-dicarboxybenzene3, 1,2-dihydroxybenzene2, res- 
orcino12, 1,4-dihydroxyben~ene~, 2,4-dihydroxybenzoic acid', 3,4-dihy- 
droxybenzoic acid7, 3,5-dihydroxybenzoic acid5, 2,4-dimethylpheno11, 
salicylic acid2, 3-hydroxybenzoic acid', 4-hydroxybenzoic acid', metho- 
t r imepra~ine~,  methyldopa6, methylparabenE, 2-methylphenol', papa- 
verine hydrochloride2, phenol2, promethazine hydrochlorides, riboflavinz, 
salicylamide2, sorbic acidg, sulfamethazinel0, sulfamoxole", sulfathia- 
zoleI2, tetracaine hydrochloride'3 gallic acid2, trimethoprim", 2,4,6- 
t r imethylphen~l~,  and tannic acid2. All materials were of the highest 
available grade and were used without further purification. 


Povidone14 was used as received (weight average of molecular weight m, = 49,000; number average of molecular weight ?d, = 10,000). 
The sorption studies were performed applying crosp~vidone'~,  char- 


acterized by a specific surface areal6 of SN? = 6.0 m2/g and a density of 
1.2 g/cm3. A coarse fraction of I1 was used for the stationary phase in the 
chromatographic column. 


Chromatography-In preparing the chromatographic column 
(length, 10 cm; diameter, 0.25 cm) an aqueous slurry of a coarse fraction 
of 11, as specified above, was poured into the column and allowed to pack 
by gravity flow. The column was coupled with a UV-visible spectropho- 
tometerl7 equipped with a 1-cm micro flow-through cell. The column was 
charged with 10+1 samples of the drug solution. For the easily soluble 
substances, lo00 mg was dissolved in lo00 ml of 0.1 N HCI. Where the 
solubility was insufficient, saturated solutions a t  25' were used. In gen- 
eral, 0.1 N HCI, plain or loaded with 10-30 gAiter of I, was used for elu- 
tionl8 with a rate of 7.5 ml/hr a t  ambient temperature (25 f 1'). 
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Figure I-Chromatographic fractionation of drugs using II as sta-  
tionary phase and 0.1 N HC1 as eluent. The degree of interaction with 
11 Is indicated by specific retention volumes. 


Sorption Studies-For easily soluble substances, aqueous solutions 
containing 250 mg/liter of the active ingredient were prepared. The so- 
lution pH was adjusted in the range of 1.0-12.0 by adding the required 
amounts of hydrochloric acid or sodium hydroxide. For less soluble 
substances, saturated solutions were used as received at 25". 


The sorption experiments were performed in 250-ml flasks at 25 f 0.5". 
Compound I1 was added in amounts of 20-1000 mg/200 ml of solution. 
The suspension was maintained under steady vibration stirring for 10 
min then ~entrifuged'~.  The amount of unbound drug was determined 
spectrophotometrically20 in the supernate. 


For the binding studies with Compound I, the sorption experiments 
were performed after I was added as a cosolute in amounts of 2-6 g/200 
ml of solution. 


Equilibrium Dialysis-Equilibrium dialysisz1 was carried out a t  
controlled temperature (25 f 0.5") using cellulosehydrate membranes2* 
with a molecular weight cutoff of 5000 daltons. The effective surface area 
was 11.3 cm2 in each cell, separating two compartments of 2 ml of volume. 
Equilibration was attained under steady rotation after 2 hr. The distri- 
bution of the active ingredient was determined spectrophotometricdyZ1. 
With the exception of tannic acid, with all drugs and model substances, 
no detrimental interaction with the membrane was observed. 


THEORETICAL 


Evaluation of Data-There have been only a few attempts to apply 
various modes of gel permeation chromatography for investigating the 
complex formation between macromolecules and drugs (7). Molecular 
sieves as a stationary phase are only useful in exceptional cmes where the 
dissociation rate is small compared to the rate of elution (30-33). Certain 
precautions have to be taken in order to obtain significant experimental 
results (34-36). 


In contrast, the chromatographic technique proposed in the present 
study requires a rapid adjustment of the equilibrium of complex forma- 
tion. One component of the complex formation of interest, compound 
11, is used as a stationary phase. In a few cases a similar polymer has been 
used before to separate phenolic acids (37)  and purine and pyrimidine 
bases (38,39) by liquid chromatography. 


As was shown in a previous study, interactions of drugs with I1 are 
volume-controlled, and any possible influence of the extent of the specific 
surface area of I1 is negligible (29). Hence, the active ingredient will be 
distributed between the insoluble polymer phase and the liquid phase 
according to the Nernst distribution law: 


(Eq. 1) 


where [A], and [A] denote the drug concentrations in the insoluble 
polymer and the liquid compartment, respectively. 


~~ 


l9 Omnifuge, Heraeus, Hanau, West Germany. 
M Cary 14 Spectrophotometer, Varian GmbH, Darmstadt, West Germany. 
21 DIANORM, Bachofer GmbH & Co. KG, Reutlingen, West Germany. 
22 DIACHEMA, Cut-off 5000 No. 10.14, Bachofer GmbH & Co. KG, Reutlingen, 


West Germany. 
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Figure %-Calibration of the chromatographic column. The retention 
volume, VR, depends linearly on the interaction constant, K,, as pre- 
dicted by Eq. 11. K, was determined by sorption experiments. 


approximation, [A], of Eq. 1 can be separated according to: 
Only part of [AIs is bound to active sites of the polymer (29). T o  first 


[Als = [A1 + [FAIS (Eq. 2) 


where [FAIS denotes the portion of [AIs bound to active binding sites, 
while the concentration of the remaining fraction of [AIs that  is unspe- 
cifically bound by the polymer compartment is assumed to be equili- 
brated to [A] of the surrounding liquid phase (29). 


With the liquid compartment containing, besides the active ingredient, 
A ,  an additional polymer cosolute, e.g., Compound I, a similar relation 
holds true for [AIL, the concentration of the drug in the liquid com- 
partment: 


[AIL = "41 + [FA], (Eq. 3) 
where [FA], denotes the portion of [AIL bound in a drug-polymer 
complex. 


For a system containing I and I1 simultaneously besides the active 
ingredient, A ,  the Nernst distribution law becomes: 


(Eq. 4) 


Now, the equilibrium law of complex formation in the liquid phase and 
of the interaction in the insoluble polymer compartment becomes: 


and: 


(Eq. 5) 


(Eq. 6) 


respectively, where [F], the concentration of free binding sites, is already 
replaced by the relation [F] = [Fo] - [FA] in which [Fo] represents the 
total concentration of available binding sites in the respective compart- 
ment of the system. 


In distribution chromatography, the retention volume, V R ,  is given 
by (40): 


V R  = n(VL t k V ; )  (Eq. 7) 


where n is the number of theoretical plates and V ,  and V; denote the 
volumes per theoretical plate of the mobile and the stationary phases, 
respectively. After introducing the phase ratio p = V,/VL, and consid- 
ering that for the chromatographic column: V ,  = n V: and V L  = nV,, Eq. 
7 becomes: 


V R  = v ~ ( 1  t k p )  (Eq. 8) 
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Table I-Binding Data of the Interaction of Drugs with I1 in 0.1 
NHCI at 25' 


Interaction Constant, K , ,  M-l 
Sorption Chromatographic 


Compound Method Method 


Acetaminophen 2.0 2.4 
Aspirin 1.5 2.1 
Benzocaine -0 -0 
Caffeine -0 -0 
Chloramphenicol -0 -0 
Methotrimeprazine 0.7 1.2 
Methyldopa 0.2 -0 
Methylparaben 4.2 4.2 
Papaverine hydrochloride 0.1 0.2 
Promethazine hydrochloride 0.4 0.6 
Riboflavin -0 -0 
Salicylamide 3.7 4.0 
Sorbic acid 0.5 0.7 
Sulfamethazine -0 -0 
Sulfamoxole -0 -0 
Sulfathiazole 1.0 1.0 
Tetracaine hydrochloride -0 -0 
Trimethoprim -0 4 


where VL and cp are constants for a given column. Hence, VR is expected 
to be proportional to k .  


As was shown earlier (29, 41), considering the mass balance of the 
drug: 


(Eq. 9) [AoIVL = [AIVL + [AIVs + [FAlsVs 
where [Ao] represents the weighing-in concentration of the active in- 
gredient, Eq. 6 can be combined with Eq. 1 to give: 


(Eq. 10) 


With the formal assumption that each,monomeric subunit of the polymer 
may serve as a binding site, [Fa], becomes -9 M. 


In most cases of interaction investigated in the present study, the ap- 
proximation, K , [ A ]  << 1, holds true, since K ,  < 10 and [ A ]  = 
M. 


M. 


Hence, substituting Eq. 10 into Eq. 8 gives: 


(Eq. 11) 


Therefore, the retention volume, V R ,  is linearly correlated with the in- 
teraction constant K,. 


Similarly, K ,  can be determined by adding a definite amount of the 
soluble polymer (I) to the mobile phase. Considering Eqs. 4 and 8, the 
retention volume is altered to: 


V i  = VL(1 t k*p) (Es. 12) 


Dividing Eq. 12 by Eq. 8 yields for the ratio of the Nernst coeffi- 
cients: 


(Eq. 13) 


This ratio can be expressed in terms of the constant of complex formation 
in the liquid compartment, K , ,  by combining Eqs. 1,4, and 5: 


Again, the approximation K p  [ A ]  << 1 is in general valid, and substi- 
tuting Eq. 14 in Eq. 13 leads to: 


(Eq. 15) 


Therefore, K ,  is readily determined by adding a certain amount of I, 
[Fo],, to the mobile phase and measuring the change of the retention 
volume, V R  - V,*, of the active ingredient. 


In order to prove the validity of the chromatographic results, K ,  and 
K ,  were also determined by sorption studies, as reported previously (29). 
The variable Ks is readily evaluated from k (Eq. 1) according to the 
rearranged Eq. 1 0  


Table  11-Binding Data of the Interaction of Model Compounds 
with 11 in 0.1 N HCI at 25" 


Compound 


Interaction Constant, K , ,  M-l 
Sorption Chromatographic 
Method Method 


Aniline 
Benzyl alcohol 
Phenol 
2-Methylphenol 
2,4-Dimethylphenol 
2,4,6-Trimethylphenol 
1,2-Dihydroxybenzene 
Resorcinol 
1,4-Dihydroxybenzene 
1,2,3-Trihydroxybenzene 
Benzoic acid 
1,2-Dicarboxybenzene 
1,3-Dicarboxybenzene 
1,4-Dicarboxybenzene 
Salicylic Acid 
3-Hydroxybenzoic acid 
4-Hydroxybenzoic acid 
2,4-Dihydroxybenzoic acid 
3,4-Dihydroxybenzoic acid 
3,5-Dihydroxybenzoic acid 
Gallic Acid 


1.0 
1.3 
1.9 
2.9 
2.3 
3.2 
3.9 


13.1 
8.0 


10.0 
2.9 
5.0 


20.5 
50.0 
6.2 


20.8 
19.8 
71.9 
93.2 


125.6 
>loo0 


0 
0.3 
2.3 
2.9 
2.0 
3.4 
3.9 


14.0 
8.3 
6.3 
2.6 
4.1 
0 


0 


6.2 
20.5 
19.6 


a 
a 
a 
a 


Not measured: retention volume too large. 


Then, after adding a definite amount of the soluble polymer, [Fa],, to 
the system, k' is measured according to Eq. 4. For systems where K,[A]  
<< 1 is valid, the rearranged Eq. 14 gives: 


k - k *  
K p  = - 


k * IFOlP 
Equilibrium dialysis was used as a supplementary technique to perform 


In this case the evaluation of data is based on Eq. 5: 
binding studies of some systems. 


(Eq. 18) 


where the experimentally accessible coefficient k** is introduced de- 
scribing the distribution of the drug between the polymer-free and 
polymer-containing dialysis compartments, according to: 


(Eq. 19) 


For the strongly interacting tannic acid, the approximation, K ,  [ A ]  << 
1, is invalid, and the Nernst coefficient, k ,  becomes strongly dependent 
upon [ A ] .  The experimental results of the interaction with I1 can be de- 
scribed with a model where two classes of independent binding sites are 
assumed to be operative. Each class is characterized by a specific inter- 
action constant, Ks,l and K s , ~ ,  respectively. With reference to Eq. 10, the 
interaction can be described by: 


k** = [A1 + [FA] ,  
"4 I 


where [Fall and [ F o ] ~  refer to the concentration of available binding sites 
of Class 1 and Class 2. 


There exists a simple relationship between K,, as defined by Eq. 5, and 
the binding constant, K ,  defined by the basic theory of ligand-polymer 
interaction as advanced by Klotz et al. (42) and by Scatchard (43). The 
interaction with independent binding sites is described by: 


(Eq. 21) 


where r is the number of moles of ligand bound per monomer unit of the 
polymer, r = [FA]/[Fo],, n represents the total number of sites available, 
and K is the binding constant. Introducing Eq. 5 into Eq. 21 and con- 
sidering [FA] << [Fo],  gives: 


flK 
1 + K [ A ]  K ,  =- (Eq. 22) 


and for K [ A ]  << 1: 


K p  = nK (Eq. 23) 


The product, n K ,  is equal to the first binding constant, k l ,  which is a 
measure for the strength of the binding. Values of nK = k l  are commonly 
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Figure 3-Interaction constant, K,, of various aromatic model com- 
pounds characterizing the influence of the nature, number, and position 
of hydrogen donating functionalgroups o n  the  interaction with II. Key: 
(0) hydroxide group; (0)  carboxyl group. 


deduced from the slopes of linear binding plots according to Klotz e t  al. 
(42) or Scatchard (43). Values of n, however, can be determined only with 
much uncertainty (44). Their physical relevance is doubtful. 


RESULTS AND DISCUSSION 


Figure 1 shows a typical chromatogram of a sample solution composed 
of three drugs. Each component is characterized by a specific retention 
volume indicating the degree of interaction with 11. The theoretically 
proposed linear correlation between the interaction constant, K,, and 
the retention volume, V,, (Eq. 11) is experimentally corroborated in Fig. 
2 where for a series of drugs and drug models the retention volume, V R ,  
is plotted against the interaction constant, K,, as obtained from sorption 
studies. The linear correlation between the results of the sorption ex- 
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Figure 4-Dependence of the  Nernst coefficient, k, on the equilibrium 
concentration of tannic  acid interacting with II i n  0.1 N HC1 suspen-  
sions. T h e  curve was calculated according to Eq. 20 using [FO]l= 0.12 
M; K ~ , ~  = 104 ~ - 1 , .  palz = 0.06 M; K , , ~  = 107 M-1. 


Table 111-Binding Data of the Interaction Model Compounds 
and Drugs with I in 0.1 NHCl at 25" 


Binding Constant, K,, M-' 
Sorption Chromatography Dialysis 


Compound Method Method Method 


Acetaminophen 
Aspirin 
Benzoic acid 
C hloramphenicol 
1,2-Dihydroxybenzene 
Resorcinol 
l,4-Dihydroxybenzene 
Salicylic Acid 
3-Hydroxybenzoic acid 
4-Hydroxybenzoic acid 
Methotrimeprazine 
2-Methylphenol 
Methylparaben 
Phenol 
Salicylamide 
Sorbic acid 
Sulfathiazole 
Sulfamoxole 
Trimethoprim 


<1 
<1 
<1 


<1 
n 


1.3 
1.6 
1.7 
2.7 
5.2 
4.6 


2.6 


1.6 


<1 


<1 


<1 
<1 


a 
a 


<1 
<1 
<1 


<1 
0 


2.2 
1.9 
1.1 
3.5 
5.3 
5.2 


<1 
<1 
<1 


<1 
<1 


1.5 


a 
n 


1.5 
0.7 
0.9 
0.4 
0.8 
2.4 
1.6 
1.5 
2.8 
3.6 
3.2 
1.0 
1.8 
0.8 
1.3 
0.5 
0.4 
0.3 
0.2 


a Not measurable: K ,  too small. 


periments and the chromatographic studies clearly indicates a reversible 
interaction of the active ingredients with 11. Apparently, the adjustment 
of equilibrium takes place rapidly enough so that the provisions for true 
partition chromatography are satisfied. Hence, by the data of Fig. 2, a 
chromatographic technique is established that offers new and convenient 
means for the investigation of interactions between drugs and crospovi- 
done. As was shown before, the method is readily extended to binding 
studies with soluble polymer additives by adding the respective polymer 
to the mobile phase. 


The chromatographically determined &values of various drugs are 
listed in Table I. As expected from Fig. 2, they are found in close agree- 
ment with the corresponding values obtained from sorption experiments. 
All drugs are characterized by K,-values <5 M-l. The Ks-values of the 
model compounds are listed in Table 11. They range from 1 M-I to -loo0 
M-1. 


The data of Tables I and I1 agree with findings of an earlier study (29) 
where the tendency for the complex formation with I1 was found closely 
correlated with the ability of the drugs to act as hydrogen donators. Ac- 
cordingly, none of the compounds of Table I characterized by &-values 
<0.1 M-' carries hydroxide or carboxyl groups bound to aromatic resi- 
dues. The ability of aromatic mines  to act as hydrogen donators is known 
to be small, and compounds of Table I belonging to this class exhibit 
&-values <I A4-I. Besides hydrogen binding, mechanisms of hydro- 
phobic interaction can be operative, as found with several phenothiazine 
derivatives, in close agreement with observations of Voigt et al. (18). 
However, interactions with I or I1 based on this hydrophobic mechanism 
are found to be moderate. 


The significance of hydrogen binding for the occurrence of strong in- 
teractions with I or I1 can best be shown by the data obtained with the 
model compounds, as listed in Table 11. In Fig. 3, the correspondence 
between the strength of interaction and the number and position of hy- 
drogen-donating functional groups is documented. Aromatic carboxylic 
acids form stronger complexes than phenols. The complexation tendency 
increases with the number of hydrogen-donating functional groups. In 
all bifunctional compounds, the weakest complexes are formed by the 
ortho isomers. Steric effects are apparently responsible for the fact that 
with biphenols, the meta isomer, and with the corresponding carboxylic 
acids, the para isomer exhibit the strongest interaction tendency. 


For trifunctional compounds the importance of the meta position of 
the active ligands is again emphasized: the &value of 3.5-dihydroxy- 
benzoic acid is by an order of magnitude larger than that of the corre- 
sponding 2,4- and 3,4-isomers, where in both cases an unfavorable ortho 
substitution reduces the interaction tendency. The accumulation of ortho 
substituents in 1,2,3-trihydroxybenzene causes a further reduction of 
K, by an order of magnitude. 


As reported earlier (29), tannic acid forms exceptionally strong com- 
plexes with 11; the same is true for the interaction with I. An explanation 
for this exceptional interaction tendency immediately follows from its 
multifunctional chemical structure based on gallic acid and digallic acid. 
According to Fig. 3, gallic acid already exhibits a &value of -1000 A 4 - I .  
The accumulation of residues of this nature within the tannic acid mol- 
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Figure 5-Influence of p H  o n  the interaction o f  resorcinol wi th  II .  


ecule leads to a further increase of K,. The approximation, K, [A] << 1, 
is no longer valid and k becomes dependent on A.  


Figure 4 shows the results of interaction studies with I1 extending 
beyond the concentration range of earlier investigations (29). The de- 
pendence of the partition coefficient, k ,  upon [A] is satisfactorily de- 
scribed by model calculations based on Eq. 20, assuming two classes of 
binding sites, F1 and Fz ,  on part of the polymer. The corresponding in- 
teraction constants, K,J and K,,z, are determined to be of the order of 
lo4 and lo7 M-l ,  respectively. Hence, tannic acid exceeds other model 
compounds and drugs in its interaction tendency toward I1 by several 
orders of magnitude. Similar results were obtained for the interaction 
with I but are not shown here in detail. The concentration of available 
binding sites, [F,]1 and [ F o ] ~ ,  is determined to be 0.12 and 0.06 M ,  re- 
spectively. These figures are well below the theoretical limit of 9 M for 
polyvinylpyrrolidone, underlining the fact that  one interacting molecule 
of tannic acid, owing to its extended molecular structure, covers many 
vinylpyrrolidone units in the polymer. 


The results of the binding studies with I are listed in Table 111. The 
chromatographically determined values of K p  satisfactorily agree with 
those data obtained by standard equilibrium dialysis. (In the present 
study all values of K ,  or K p  are defined by relating to the molecular 
weight of a monomer segment of the polymer. This is preferable to using 
often ill-defined molecular weight data of the polymer.) 


The application of the chromatographic technique for determining 
K p  requires a minimum interaction between the investigated active in- 
gredient and I1 used as a stationary phase. In general, the interaction 
tendencies of drugs with both I and I1 are closely corresponding (29). 
Therefore, the chromatographic technique can best be applied in cases 
where moderate to strong interaction is occurring. In studies of weak 
interaction, equilibrium dialysis yields more reliable data. 


All interaction data presented so far relate to pH conditions of gastric 
fluids. They define upper limits for the interaction constants for all 
systems where hydrogen binding dominates the complexation reaction. 
With increasing pH, the degree of dissociation of the hydrogen donating 
functional groups rises, and, correspondingly, the interaction tendency 
is expected to decrease. For example, Fig. 5 depicts the pH dependence 
of K ,  as observed with resorcinol. Other examples of a similar pH de- 
pendence were recently reported (45). Even in cases of very strong in- 
teraction, as observed with several model compounds, the interaction 
constants start to drop a t  pH values >4. With tannic acid, a decrease of 
the K ,  values was observed, starting from >>10,000 M-' a t  pH 1 and 
ending at  -50 M-' a t  pH 12. These observations further support the 
notion of hydrogen-binding being the dominating mechanism in mod- 
erate to strong interactions with I or 11, even in cases of high molecular 
weight compounds like tannic acid. In hydrophobically interacting sys- 
tems, a significant influence of pH on the strength of interaction was 
observed only with some phenothiazines (18). The reason for the decrease 
with increasing pH is not fully understood. 


The significance of the reported data for practical applications becomes 
apparent in calculations of the bound amount of an active ingredient in 
a pharmaceutical formulation or after administering the drug. Knowing 
the respective values of K, or K p ,  the assessment can be based on Eqs. 
5 or 6, since reversibility of the interaction has been proved with a rep- 
resentative selection of systems by desorption studies (29). The feasibility 
of the chromatographic technique requiring a reversible interaction of 
the involved components further supports this notion. 


In Fig. 6 the bound fraction of the active ingredient is plotted as a 


Additive eonc (1) 


INTERACTION CONSTANT, Ks, M-l 
Figure 6-Fraction o f  drug bound t o  II  as a funct ion o f  the interaction 
constant, K,, for  uarious concentrations o f  I I .  T h e  graph is ualid for 
concentrations o f  the  active ingredient [Ad, between 1 X ZO-4 and 2 
X M, covering the  range ofpract ical  interest. Thesignificance of 
t h e  shaded area is  explained in t h e  text .  


function of the interaction constant, K,,  for various concentrations of 
the polymer additive, 11. The graph is applicable for weighing-in con- 
centrations of the active ingredient between 1 X lov4 and 2 X M ,  
covering the concentration range usually encountered in practice. If the 
oral administration of two tablets containing 10% by weight of the ad- 
ditive I1 is considered as an example of practical relevance, then the ad- 
ditive concentration in the gastric fluid can hardly exceed a value of 0.5 
ghter .  In Fig. 6 the relevant area is marked by shading. Considering the 
fact that-with the exception of tannic acid and related compounds-K, 
of active ingredients is limited to values <LO M-', the bound amount can 
not excel the 3% limit. Differences in the salt concentration, not accounted 
for in this estimate, cannot affect this figure to a significant degree. As 
was pointed out before, in respect to a possible dependence upon pH, this 
figure constitutes an upper limit. 


Another way of interpreting the data is offered in Fig. 7, where the 
bound fraction of the drug is plotted as a function of the additive I con- 
centration for various values of K p .  Considering the data of Table 111, 
i t  immediately follows that for all practical purposes the fraction of the 
drug bound by the additive after oral administration is estimated in the 
range of a few percent. 


Graphs as shown in Figs. 6 and 7 offer the opportunity to transfer 
binding data that are sometimes, for experimental reasons, obtained a t  
excessively high levels of additive concentration into a concentration 
range of more practical relevance. In studies of the interaction properties 
of I, polymer concentrations as high as 50 ghiter were frequently used 
(7,10,46,47). From Fig. 7 it can be deduced that a t  this level of additive 
concentration, the bound fraction of compounds with even moderate 
binding tendency, as corresponding to K p  - 1 M-I ,  amounts to -30%. 
This is illustrated by a recent investigation of the inhibitory effect 
polyvinylpyrrolidone may exhibit on the absorption of acetaminophen 
(47). The binding constant, K, was determined (42) at pH 6.4 as 23 M-' 
with lln = 18.5. Considering Eq. 23, i t  follows that lzl = 1.24 M-l ,  which 


100 


90 ap 
0- 80 
3 6 70 


60 


g 50 


LL 40 
0 * 30 


I- 
0 
0 2o a 


10 


0 
0.010.020.050.1 0.2 0.5 1 2 5 10 20 50 100 


ADDITIVE CONCENTRATION (I), g liter-' 
Figure 7-Fraction o f  drug bound to  I as a funct ion of the  additive 
concentration (I) ,  for  various values of t h e  binding constant, K,. T h e  
graph is valid for concentrations of the actiue ingredient, [A J ,  between 
1 X and 2 X M. 


Journal of Pharmaceutical Sciences I 1025 
Vol. 71, No. 9, September 1982 







is in close agreement with Kp = 1.5 M-l of the present study. By in- 
spection of Fig. 7, a bound fraction of -35% is estimated at an additive 
concentration of 50 ghiter as was applied in the respective study. 


At  an additive concentration of 0.5 ghiter, however, considered as 
typical for the oral administration of drugs, the bound fraction of the drug 
falls to a level close to zero, as shown in Fig. 7. 


For tannic acid and related compounds in the acidic pH range, even 
a t  a polymer concentration as low as 0.5 ghiter, the bound fraction is 
>95%, a fact that is advantageously used in practice (24-26). 


CONCLUSIONS 


The chromatographic method proposed in the present study represents 
an easy to use experimental technique for a rapid assessment of inter- 
action properties of drugs in systems containing soluble or insoluble 
polymer additives. The determination of interaction constants in the 
range of >1 M-’ is reduced to the readily performed determination of 
retention volumes. As was shown in detail, only interactions with K, 
and/or Kp values above this limit are of practical interest. With the ex- 
ception of tannic acid and related compounds, all drugs investigated in 
the present study exhibited Kp- or K,-values well below an upper limit 
of 10 M-1, indicating that with commonly used additive concentrations 
of I or 11, the bound fraction of the drug after oral administration can 
hardly exceed a limit of the order of 3%. Considering further the fact that 
binding is reversible, and in view of the observed pH dependence of 
binding strength, the presence of these additives is not expected to in- 
terfere with the GI absorption of the pharmaceutical. 


However, as can be seen from Fig. 7, at additive concentrations of 10-50 
g/liter, often used in standard binding studies, the fraction of bound 
active ingredient can readily amount to 30%, even in cases of moderate 
binding. Additive concentrations of this order of magnitude are never 
applied in practice. The graphs of Figs. 6 and 7 may, therefore, assist in 
using the large body of available binding data for a sensible assessment 
of the degree of binding in systems of practical relevance. 
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Abstract Various aqueous suspensions of benzocaine containing 
nonionic surfactants exhibited the same rate of i n  uitro penetration 
through hairless mouse skin. Saturated solutions yielded a lower rate of 
benzocaine penetration due to depletion of drug from the donor portion 
of the diffusion cell. Extensive skin binding was responsible. 


Keyphrases 0 Benzocaine-effect of skin binding on percutaneous 
transport from aqueous suspensions and solutions 0 Skin binding-effect 
on percutaneous transport of benzocaine from aqueous suspensions and 
solutions 0 Percutaneous transport--effect of skin binding, of benzocaine 
from aqueous suspensions and solutions 


The effect of surfactants on drug penetration through 
skin is an important aspect of formulation of topical drug 
products. The influence of these additives depends on the 
rate-limiting step in penetration, so that the type of 
preparation and conditions of application to the skin are 
important considerations. Penetration from aqueous so- 
lutions containing a fixed benzocaine concentration de- 
pended on the extent of benzocaine solubilization by sur- 
factant included in the formula (1). Penetration flux was 
directly proportional to the unbound benzocaine concen- 
tration. A series of surfactant solutions saturated with 
benzocaine had the same rate of benzocaine penetration. 
No alteration of membrane permeability was found. This 
work was extended to aqueous gel suspensions to deter- 
mine the rate limiting step in penetration and the influence 
of nonionic surfactants in these systems. The suspensions 
were similar to those utilized in previous studies of ben- 
zocaine release (2,3).  


EXPERIMENTAL 


Materials and apparatus used for the i n  uitro penetration experiments 
were reported previously (1). Surfactants used in the formulations were 
commercially available polyoxyethylene nonylphenols'. The membrane 
was whole hairless mouse skin. The receptor solution (normal saline 
containing 0.25% chlorobutanol) was maintained a t  37' and stirred a t  
500 rpm. The donor compartment was not stirred. Further details con- 
cerning experimental procedure appeared previously (1). All donor sys- 
tems were studied in triplicate. 


All the suspensions were prepared on a w/v basis. Accurately measured 
surfactant stock solution was transferred to a wide mouth glass jar con- 
taining a magnetic stirring bar. To that solution, the required amount 
of benzocaine was added and stirring was continued for -15 min until 
all lumps were broken. A preweighed quantity of gelling agent was 
sprinkled on the top and stirring was continued for -3 hr to yield a 
smooth homogeneous suspension. A control suspension without the drug 


Igepal CO series, GAF Corp., N.Y. 


was prepared for every formulation. All the suspensions were analyzed 
for benzocaine content and were stored at 30' until needed. 


RESULTS AND DISCUSSION 


Details of the suspension formulations are listed inTable I. In the case 
of all the formulations studied, when the cumulative amount of benzo- 
caine in the receptor compartment was plotted against time, a linear 
relationship with a small lag time was observed. A typical plot is shown 
in Fig. 1. The gradual rise in penetration rate (Fig. 1) until steady state 
was achieved is typical of membrane controlled diffusion. When transport 
through the vehicle is rate limiting, the flux is initially high and then 
gradually decreases with time. A second indication that diffusion across 
the stratum corneum was the slow step in benzocaine transport is high 
flux values obtained from the suspension formulations, which will be 
discussed. 


The flux values were calculated for all formulations (Table I). ANOVA 
showed that drug concentration, gelling agent, and surfactant concen- 
tration had no statistically significant effect on flux. No influence of the 
surfactants on skin membrane integrity was evident. 


These results are similar to those with saturated benzocaine solutions 
(1). However, there is a surprising difference in the magnitude of the 
penetration values when saturated solutions are compared to suspensions. 
Mean benzocaine flux from saturated solutions was -60 gg hr-l cm-* 
( l ) ,  whereas the average flux for suspensions was 101 gg hr-' cm-2. This 
difference was unexpected since the free benzocaine concentration, which 
provides the driving force for diffusion, should have been the same in both 
types of preparation. 


In penetration experiments, the amount of drug transported during 
the course of an experiment is usually small enough to justify the as- 
sumption that the donor concentration is constant. In conducting ex- 
periments on benzocaine solutions, there had been no reason to question 
the validity of this basic assumption. However, in view of the difference 
in benzocaine flux from saturated solutions as compared to suspensions, 
it was hypothesized that depletion of drug from the donor must have been 
taking place in the solution systems during the course of the penetration 
experiments. 
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Figure 1-Penetration of benzocaine through hairless mouse skin from 
a 5% suspension containing 0.0227 M polyoxyethylene (15) nonyl- 
phenol. 
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Table I-Skin Penetration of Benzocaine from Aqueous Suspensions 
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Gelling Agent, % w/v Surfactant Concentration 
Benzocaine Hydroxypropyl Xanthan M x 103 Flux f SD, 


Formulation Concentration, ?h w/v Cellulose Gum n = 50 n = 15 mg hr-l cm-2 X lo3 


A 1 2 - 1- 22.7 97.3 f 6.5 
B 5 2 - - 22.7 109.8 f 4.3 
C 10 2 - - 22.7 98.6 f 8.1 
D 1 - 0.4 - 22.7 88.9 f 7.3 
E 5 - 0.4 - 22.7 97.3 f 8.7 


5 - 0.4 22.7 - 108.6 f 6.3 
G 5 - 0.4 - 2.27 107.8 f 6.2 
F 


- 


- 


To test this hypothesis, a set of skin penetration experiments was 
conducted using a saturated aqueous benzocaine solution as donor, and 
at regular intervals the donor and receptor solutions were sampled and 
analyzed for benzocaine content. Figure 2 shows the results of these ex- 
periments. From the start, drug concentration in the donor dropped 
rapidly. The rate of drug transport to the receptor under sink conditions 
dropped during the 24-hr period for which data were collected. However, 
for the first 8-10 hr, the usual time allotted to previous experiments, the 
penetration rate was pseudo zero-order. 


Assuming that the drug is distributed between donor, receptor, and 
skin at  any given time, the donor and receptor were analyzed and the 
amount of benzocaine present in skin as a function of time was calculated 
by difference. Results are plotted in Fig. 2. There was significant uptake 
of benzocaine by the membrane. At the end of 24 hr, the skin contained 
1.2 mg of benzocaine, while only 0.65 mg of benzocaine was left in the 
donor compartment. 


To confirm the fact that a significant amount of benzocaine was ac- 
tually retained in the skin, a new set of experiments was performed. A 
saturated aqueous solution was placed on hairless mouse skin and left 
undisturbed for 24 hr. At the end of 24 hr, the donor and receptor solu- 
tions were completely removed from the diffusion cell and analyzed for 
benzocaine content. The amount of benzocaine retained in the skin was 
estimated as the difference between the original quantity in the donor 
and that found in the analyses. The donor solution was then replaced by 
distilled water and the experiment was continued with regular withdrawal 
and replacement of receptor solution. The results are plotted in Fig. 3. 
Benzocaine release continued for the duration of the experiment (144 
hr). Approximately 70% of the benzocaine estimated to be in the skin was 
removed during this period. These data confirm that a significant 
quantity of benzocaine was bound by the skin. 


The mineral oil-water partition coefficient of benzocaine is -0.9. Based 
on the relative volumes of the skin and donor compartments, the apparent 
skin-donor partition coefficient is many times higher than this value. 
Apparently, proteinaceous material in the skin is responsible for ben- 
zocaine uptake. Although no data on protein binding of benzocaine was 
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Figure 2-Skin Penetration of benzocaine from saturated aqueous 
solution. Key: (H) donor; (a) receptor; (0)  skin. 
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Figure 3-Benzocaine release f r o m  the skin after complete withdrawal 
of donor solution. 


found, other anilide local anesthetics such as lidocaine, mepivacaine, and 
bupivacaine are bound by proteins (4). Investigation of skin binding of 
drugs has not been extensive. I n  oitro binding of testosterone and benzyl 
alcohol to human dermis was reported previously (5,6). 


A dual sorption model was used (7) to explain the sorption and skin 
penetration behavior of aqueous scopolamine solutions. The same model 
is in qualitative agreement with the findings on benzocaine transport 
through hairless mouse skin. A significant portion of the benzocaine that 
enters the stratum corneum is immobilized there without contributing 
to the flux. This material, together with the benzocaine that partitions 
in the membrane and diffuses into the receptor, causes loss of benzocaine 
from the donor. If the donor is a suspension, the solid particles act as a 
reservoir to replenish lost benzocaine and maintain a constant concen- 
tration. Sorbed benzocaine equilibrates with nonimmobilized drug, the 
system eventually reaches diffusional steady state and the sorption of 
benzocaine by the membrane has no effect on the penetration flux. 
However, with benzocaine solutions, drug that is lost from the donor by 
penetration and sorption is not replaced and the driving force for pene- 
tration is reduced. The result is a decrease in the apparent steady-state 
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Figure 4-Skin penetration of benzocaine from saturated aqueous 
solution. Key:  (H) saturated solution; (0) saturated solution with 1 
mglml of excess drug. 
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flux value, in comparison to suspensions, as well as a continuing reduction 
in flux with time. 


As a final test of this explanation, and to ensure that the surfactant 
used in the suspension formulations did not influence the results, ex- 
periments were performed using a saturated solution of benzocaine in 
water to which excess benzocaine (1 mglml) was added. 


The results are plotted in Fig. 4 for the penetration profiles with and 
without excess drug in donor. I t  is evident that the slopes for the two 
curves are different. The flux for the donor with excess drug (100 X lob3 
mg hr-l cm-2) was very close to the values obtained for the suspension 
systems (Table I). 
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Abstract  0 The protein binding and degradation rate of melphalan in 
human albumin solutions and plasma have been investigated. In plasma, 
melphalan is bound 69.0 f 3.4% (25", melphalan concentration 25 pglml). 
The stability of melphalan when bound to albumin is about three times 
higher ( k  = 3.07 X hr-l) than unbound in solution (k 
= 1.14 X 10-1 f 0.01 hr-'). 


Keyphrases Melphalan-degradation studies in aqueous solutions, 
influence of human albumin binding Binding-human albumin to 
melphalan, degradation of melphalan in aqueous solutions 0 Albumin, 
human-influence in binding with melphalan, degradation in aqueous 
solutions 


f 0.48 X 


Melphalan, an alkylating agent of the nitrogen mustard 
type, can be bound to plasma proteins as a result of a 
chemical reaction with the protein molecules as well as by 
a process of reversible adsorption (1). At least 60% of 
melphalan was bound to serum proteins (26') as studied 
by an equilibrium dialysis technique (2). However, the 
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Figure 1-Influence of albumin concentration on fraction free mel- 
phalan (25O; melphalan concentration: 25 pglml). The fraction free 
melphalan is a mean of four determinations. Key: (0) albumin solu- 
tions; ( A )  plasma samples. 


quantitative determinations were performed using an 
unselective technique, and it is unclear to what extent the 
results are affected by a codetermination of degradation 
products of melphalan formed during the dialysis proce- 
dure. Melphalan (30%) was observed previously to be un- 
dialyzable in human plasma ( 4 O ) ,  the quantitative deter- 
minations being performed by high-performance liquid 
chromatography (1). In the present study the reversible 
protein binding of melphalan in albumin solutions and 
human plasma has been determined by a modified ultra- 
filtration technique (3). Since the binding of melphalan 
to albumin might have a profound effect on its stability in 
uiuo (4), the rate constants for the degradation of pro- 
tein-bound and free melphalan have been evaluated. 


EXPERIMENTAL 


Degradation Studies-Melphalan', dissolved in 0.1 M HCI, was di- 
luted 100 times with a solution of human albuminZ in isotonic phosphate 
buffer pH 7.35 (NaC1 concentration 0.095 M )  or plasma? to a final mel- 
phalan concentration of 25 pg/ml. The mixture was incubated a t  25.0 f 
0.1' and a t  appropriate times aliquots were analyzed by liquid chroma- 
tography. 


Protein-Binding Studies-The protein binding was determined 
using a modified ultrafiltration technique (3). The studies were carried 
out a t  25 f 2' using albumin or plasma solutions containing 25 jtg/ml of 
melphalan, unless otherwise stated. The degradation of melphalan in the 
ultrafiltrate was minimized by collecting it in albumin solutions con- 
taining the same concentration of albumin as the solution inside the di- 
alysis tubing. No binding of melphalan to the dialysis membrane could 
be observed as studied by ultrafiltration of melphalan dissolved in iso- 
tonic phosphate buffer pH 7.35. 


Quantitative Analysis-The quantitative determinations of' mel- 
phalan were performed by liquid chromatography according to previous 


1 Sigma Chemical Co., St. Louis, Mo. 
2 Human albumin, essentially fatty acid free, Sigma Chemical Co. ( A  1887), St. 


Louis, Mo. 
3 Blood was obtained from drug-free volunteers and collected in tubes containing 


heparin. The plasma was separated by centrifugation and stored at  -20' until 
used. 
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Abstract  0 Analysis of urinary captopril was necessary for dosage form 
bioavailability and dose titration studies. The necessity for long-term 
storage of samples prior to analysis and the presence of an oxidation- 
prone thiol of captopril required development of an acid-chelate stabi- 
lization method for urinary captopril. An electrochemical reduction re- 
leased disulfide-conjugated captopril for thiol colorimetry. Of several 
rugged reduction cells evaluated, one with a porous glass disk separating 
the anode and the mercury pool cathode was preferred. Methylene 
chloride partitions from acidified salt-saturated urines, before and after 
reduction, allowed the measurement of free and disulfide-conjugated 
captopril. The drug partitioned into the solvent, whereas the aqueous 
phase retained acid protonated, amino group-bearing thiols like cysteine. 
Subsequent solvent evaporation volatilized other potential colorimetric 
interferences. An automated thiol colorimetry of 25 sampledhr was de- 
veloped for analysis of the aqueous reconstitutes. Results were confirmed 
by a subsequently developed HPLC method with electrochemical de- 
tection. 


Keyphrases 0 Captopril-urinary, disulfides, automated thiol color- 
imetry, solvent partition, sequential electrochemical reduction 0 Col- 
orimetry-automated thiol, urinary captopril and disulfides, solvent 
partition, sequential electrochemical reduction 0 Electrochemical, re- 
duction-sequential, solvent partition, automated thiol colorimetry, 
urinary captopril, disulfides 


Captopril, 1 -( 3-mercapto-2-D-methyl- 1 -0xopropy1) - 
L-proline ( S , S )  


MW 21 7.29 


is the first clinically potent oral hypotensive agent designed 
for highly selective inhibition of the angiotensin-converting 
enzyme (1). Captopril has been found effective for treat- 
ment of hypertension and congestive heart failure (2-4). 


BACKGROUND 


Captoprill is readily oxidized in human urine. Acidification minimizes 
excessive oxidation for only 1-2 days. However, an anticipated large 
sample load required storage for several weeks before analysis. This 
provided the impetus for a urinary captopril stability study to determine 
sample stability under various storage conditions prior to analysis. Sat- 
isfactory stabilization was attained by acidification, trace metal removal, 
and quick refrigeration. A very simple, direct automated colorimetry of 
pre- and postdosage urines, developed first, appeared adequate. Attempts 
were made to minimize the predosage urine blank by automating addi- 
tional thiol colorimetries. These included the alkaline nitroprusside (5) 
and S-nitroso-Bratton-Marshall(6) colorimetries. An automated version 
of the reaction of Ellman and Lysko (7) gave the lowest blanks. 


This simple, direct analysis was quickly found to lack sensitivity by 
comparison with thin-layer radiochromatographic analysis (8, 9) per- 
formed on divided samples from subjects dosed with radioactive capto- 
pril. Consequently, the direct colorimetry was preceded by a solvent 


Capoten, Lopirin, SQ 14,225, E. R. Squihh, Princeton, N.J. 


partition clean-up. To assay for total captopril, which includes captopril, 
its disulfide, and captopril mixed disulfides (e.g., captopril-cysteine), 
the urine sample was electrochemically reduced prior to solvent extrac- 
tion. 


The present method, intended as an interim method until development 
of an HPLC-electrochemical detection (ECD) procedure (lo), offers an 
alternative to laboratories not equipped for HPLC-ECD. 


EXPERIMENTAL 


Reagents and Apparatus-The reagents included captopril, captopril 
disulfide, captoprikysteine disulfide, 8% diethylenetriamine pentaacetic 
acid (I) in 0.8 N NaOH (refrigerate), 10.5% citric acid monohydrate in 
6.3% oxalic acid dihydrate, acid-chelating mixture of 0.4% I and 1.05% 
citric acid monohydrate in 0.63% oxalic acid dihydrate (constituted from 
the preceding concentrates), freshly water washed methylene chloride, 
sodium sulfate (anhydrous, fine, granular, or ball milled for rapid dis- 
solution), 1.86% disodium ethylenediaminetetraacetic acid dihydrate (11) 
plus 0.02% polyoxyethylene sorbitan monooleate2 in 20% triethanolamine 
(111):1, 0.08% 5,5’ dithio-bis(2-nitrobenzoic acid) (Ellman’s reagent) in 
50% methanoldO% 0.01 M sodium acetate-acetic acid bufferg (pH 4.7), 
0.1 N HCP, 10% mercuric chloride in 1 N HC1, aqueous saturated sodium 
chloride, and 0.5 M Na2COg. In constituting Ellman’s reagent, refriger- 
ated buffer was used to minimize heat generated on dilution of the 
methanol, since heat hydrolyzes the reagent to produce the same yellow 
color characteristic of its colorimetric reaction with thiols. Since it is also 
sensitive to light, the reagent was dispensed from an amber container. 
To further minimize yellow background the triethanolamine used was 
water-white rather than the yellow of amines stored for long periods of 
time. Water referred to in this report is distilled water. 


The apparatus included centrifuge tubes (50-ml round-bottom, screw 
capped, with flat polytetrafl~oroethylene~ or polyethylene cone liners), 
nitrogen evaporation assembly with a 40’ bath, ultrasonic bath, plastic 
caps5, and an autoanalysis system6 as illustrated in Fig. 1. The system 
included an automatic sampler7 equipped with a 50-2/1 cam. The cam 
facilitates 50 sample transfers per hour, with samplings twice as long as 
intermediate washes. The asterisks in Fig. 1 identify solvent resistant 
tubings, whereas the other tubingg was not required to be solvent resis- 
tant. The peristaltic pump transferred Ellman’s reagent, the 11-111 
mixture, and other solutions as indicated in Fig. 1 and in the Reagents 
section. 


Colorimetric Standards-Exactly 25.0 mg of captopril was accurately 
weighed into a 100-ml volumetric flask, dissolved, and diluted to volume 
with the acid-chelating mixture. Ten-milliliter portions of this primary 
standard were transferred to 25-, 50-, and 100-ml volumetric flasks. Each 
flask was diluted to volume with the acid-chelating mixture. These sec- 
ondary working standard solutions contained 100,50, and 25 pg of cap- 
topril/ml. The primary standard solution was refrigerated up to 1 week. 
Fresh secondary working standards were prepared daily. 


Sample Collection-Five milliliters of I concentrate was added to 
each subject’s plastic, urine collection container. Subjects voided into 
these containers and the contents were mixed by swirling. The total 
volume was immediately measured and recorded. Without delay, each 


~ 


Tween 80, I.C.I. Americas, Ihc., Wilmington, Del. 
Autoanalysis reagents were gravity filtered through a funnel with coarse sin- 


Teflon, E. I. duPont de Nemours & Co., Wilmington, Del. 
From polyethylene containers, Nalgene No. 6250, Nalge Co., Rochester, 


Technicon Sampler 11, Technicon Industrial Systems. 


Tygon, Norton Plastics and Synthetics Division. 


tered disk prior to use. 


N.Y. 
fi Technicon Autoanalyzer, Technicon Industrial Systems, Tarrytown, N.Y 


* Solvaflex, Norton Plastics and Synthetics Divison, Akron, Ohio. 
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Figure 1-Autoanalysis of Ellman colorimetry. See Reagents and 
Apparatus section. 


sample was then poured into central, plastic storage vessels (one for each 
subject), containing 100 ml of cold citric-oxalic concentrate. The solutions 
were mixed by swirling and the sample rapidly chilled to about refriger- 
ator temperature (3-5O). Each subject’s urine voided during a desired 
collection period was treated as described and collected in that individ- 
ual’s central storage vessel. The volume of urine plus stabilizers in the 
central storage vessel was measured and recorded. About 50 ml of the 
settled, measured urine was transferred to a suitably labeled tube. All 
such tubes were refrigerated during storage or transportation pending 
assay. The collections for each subject included a predosage control 
urine. 


Electrochemical Reduction Cell-The cell in Fig. 2 was a scale-up 
from that of previous study (111, and was used for most of the studies. 
The 5.05 X 1.85-cm i.d. tube contained a magnetically stirred mercury 
pool in electrical contact with a platinum wire extending to the exterior 
of the tube. An inverted U side arm (3.5-mm i.d.) was attached -2 cm 
from the bottom of the tube. The latter contained a saturated sodium 
chloride 2% agar bridge constituted and maintained as described previ- 
ously (12). The agar salt bridge isolates the negative reductive mercury 
pool cathode from the positive oxidative platinum anode. The anode is 
positioned at  the tip of the bridge in a small container of saturated sodium 
chloride. The cells were connected in series with miniature alligator clip 
jumper leads through a 0-5 milliammeter and a power supply1o capable 
of supplying 2.5 mAIhr. The integrity of the agar bridge was maintained 
optimally by storage with saturated sodium chloride solution a t  both 


Figure 2-Saetre-Rabenstein (see Ref. 11) agar bridged electrochemical 
reduction cell. 


10 Power Supply No. 6212A, Hewlett-Packard Co., Palto Alto, Calif. 


ends. During electrolysis the mercury pool-urine interface was magnet- 
ically stirred” minimizing vortexing or dispersed mercury droplets. Two 
cells were stirred over each stirrer. As many as 12 cells were operated in 
series. To minimize chlorine generation at  the anode the saturated sodium 
chloride electrolyte was made alkaline, as recommended previously (13). 
Five to six drops of 0.5 M NaZC03 were mixed in 9 ml of the anode elec- 
trolyte, and the reduction assembly was operated in a hood to sweep 
chlorine away. The alligator clips were placed well away from the anodic 
electrolyte to minimize corrosion by chlorine. To minimize chlorine re- 
tention in the gel, the bridge tip was removed from the electrolyte soon 
after a run. Near quantitative disulfide reduction was obtained without 
widely recommended (13-18) nitrogen blanketing of the cathode com- 
partment. Almost complete sulfhydryl recovery was ensured by I- 
citric-oxalic thiol stabilization, slight electrolytic hydrogen generation, 
and a minimum headspace beneath a pinhole vented plastic cap. 


Electrochemical Reduction of Sample-Prior to analysis, the sat- 
urated sodium chloride and three subsequent water washes were aspi- 
rated from the mercury in each cell. The wet mercury and stirring bar 
were then poured into a 100-ml beaker containing a generous piece of 
filter paper on the bottom. The mercury was cleaned and dried by swirling 


, i t  several times over the paper. The mercury and stirring bar were re- 
turned to the cell. The cell was then clamp mounted over a magnetic 
stirrer with its salt bridge exit tip immersed in a small container of al- 
kaline saturated sodium chloride. Washed, dried, and mounted cells were 
filled with urine samples, leaving minimal headspace beneath the pinhole 
vented plastic caps5. Moderate magnetic stirring was initiated. The cells 
were securely connected in series to the milliammeter and power supply 
with the miniature alligator clip jumper leads as follows. The black 
negative terminal of the power supply was attached with a clip lead to 
the platinum-mercury cathode of the first cell, then its positive salt bridge 
platinum anode was clip attached to the platinum-mercury cathode of 
the next cell in the series. This series clip lead connection between ad- 
joining cells was continued until the last platinum salt bridge anode was 
connected to the red positive terminal of the power source through the 
milliammeter. The power supply current was adjusted to 2.5 mA. The 
voltage across each cell was measured to locate those with abnormally 
high voltage drops due to a high resistance, deteriorated agar bridge. 
When a cell had a voltage drop greater than 5 V it was replaced. The 
electrolysis proceeded for 1 hr with adjustment of the 2.5-mA current, 
if required. The reduced urine samples were solvent partitioned as sub- 
sequently described. 


Cells were prepared for the next electrolysis by first shutting off the 
power supply and stirrers. The urine and three successive, briefly stirred 
water washes were aspirated. Saturated sodium chloride was added to 
each cell. The electrolysis as just described for urine samples was per- 
formed for 30 min. After 30 min, the electrolysis leads at  the power supply 
terminals were reversed for 10 sec. The power source was then turned off. 
Leads were disconnected. Cells were demounted for storage in large 
covered beakers with salt bridges moistened with saturated sodium 
chloride a t  both ends. 


Solvent Partition-This was performed on reduced urine (section 
above) to determine free plus disulfide conjugated captopril and on 
nonreduced urines to determine free captopril. To prepare for the solvent 
partition 1.0 f 0.1-g portions of the fine, granular, anhydrous sodium 
sulfate were weighed into screw-capped 50-ml round bottom tubes. In 
addition, methylene chloride was freshly water washed (250 ml of 
methylene chloride washed with 3 X 150 ml of water). 


Reduced urine samples were handled as follows: the electrolysis was 
allowed to proceed while exactly 5.0 ml of the urine was removed by pipet 
then gradually and vigorously swirled into the sodium sulfate in the 50-ml 
screw-capped tube to effect salt dissolution12. Nonreduced urine samples 
were likewise transferred to other sodium sulfate containing tubes. Ten 
milliliters of the washed methylene chloride was gradually added to each 
tube over the surface of the aqueous phase. Each tube was firmly capped. 
A pair of tubes was gently rocked to effect emulsion-free e~tract ion’~.  
The tubes were centrifuged for -2 min at -2500 rpm. With tissue-wiped 


11 Micro V magnetic stirrers, Cole-Parmer Instrument Co., Chicago. Ill. 
12 This was done with a vigorous, circular motion to prevent refractory caking. 


This vigorous swirling was successively repeated down a line of tubes to effect a 
gradual salt dissolution. To aid the dissolution the lower portion of the tubes was 
agitated in the active portion of an ultrasonic bath immediately after the initial 
s w i r 1 in g . 


13 The extraction was effected by enclosing a pair of tubes within both hands. 
The tubes were gently rocked 3X within 60’ from the horizontal then placed ver- 
tically in a rack for at least 30 sec to allow maximum phase separation. The rocking 
extraction-standing sequence was then repeated two more times. This gentle rocking 
technique was developed when ordinary shaking oxidized captopril and yielded 
very stable emulsions. 
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Table I-Percent Recovery of Captopril a in Pooled, 
Refrigerated. and  Frozen Human Urine 


Stabilized by 
Citric-Oxalic-I pH 2 


Storage Time, days Refrig Frozen Refrig Frozen 
Perchloric Acid pH 1 


Initial 101.0 - 94.9 - 
97.1 96.8 
- - 84.6 85.3 


6 
7 
9 92.6 91.9 


- - 


- - 
21 
27 
29 
42 
63 


- - 92.5 92.8 
91.8 86.1 73.2 57.6 
91.6 
87.5 82.4 70.5 52.0 
84.3 


- - - 


- - - 
0 25 and 50 Fg/ml. 


10-ml pipets and using a pipet filler all of the possible lower phase was 
carefully transferred to another 50-ml screw-capped tube. Two additional 
extractions were performed. The combined extracts were evaporated 
under nitrogen a t  40'. Residues were reconstituted in 5.0 ml of the acid 
chelating mixture, sonicated, and vortexed briefly to dissolve any parti- 
cles. The tubes were then centrifuged for 5 min at -2500 rpni. Automated 
colorimetry with associated blanking was then performed as described. 


Automated Colorimetry-Figure 1 shows the apparatus for auto- 
mated colorimetry. The centrifuge clarified samples were transferred to 
sample cups6 by careful de~antat ion '~.  The filled cups were then placed 
in sampler turntable slots with each sample cup bracketed by full washout 
water cups. In the same manner single cups containing the acid chelating 
mixture (reagent blank) and duplicate cups containing 25-, 50-, and 
100-pg/ml standards were placed in the turntable prior to and after the 
sample sequence. The automated analysis was allowed to proceed while 
preparing the mercuric treated samples as follows. Two milliliters of the 
above clarified urine sample and reagent blanks was transferred into 
suitable test tubes containing 0.2 ml of mercuric chloride solution. These 
were capped, mixed, then centrifuged to optical clarity. Each supernate 
was carefully transferred14 (to avoid disturbing sediment) into a sample 
cup. These were placed on the sampler, bracketed by water cups, fol- 
lowing the second set of standards. Five sample cups containing the 
primary standard dilution followed the mercuric blanked samples. The 
latter solutions were used to remove trace, potential sulfhydryl blocking 
mercuric ion from the autoanalysis system (absorbance data were dis- 
carded). 


Calculations-Percent dose voided = 1100 (X - B )  SV]/(lOOOD) = 
[ ( X  - B )  SV]/(lO D ) ,  where X is absorbance of sample minus the reagent 
blank, B is 1.1 (absorbance of mercuric treated sample minus the mercuric 
treated reagent blank), where 1.1 is the mercuric solution sample dilution 
factor, S is average of three standards calculated as (micrograms per 
milliliter)/(absorbance of standard), V is urine + stabilizers volume, ml, 
D is captopril dose, in milligrams. 


RESULTS AND DISCUSSION 


Urinary Captopril and Its Disulfides-This method was used to 
analyze captopril in 8-hr postdosage urine of normal subjects before and 
after electrochemical reduction. Results with 10 subjects expressed as 
percent of dose (100 mg) were: 


Free Captopril - 30.3 f 7.74 SD 


Captopril + Disulfides - 54.9 f 14.6 SD 


Thin-layer radiochromatography (8) indicated that human urinary 
captopril was primarily free (unchanged) and, in almost equal proportion, 
disulfide conjugated with cysteine. Relatively small amounts of captopril 
disulfide were observed. Consequently, the present results suggest that  
-25% of the dose in the 8-hr urine is principally captopril-cysteine. 


Urinary Captopril Stabilization-Long-term urinary captopril 
stabilization studies were performed by the simple, direct automated 
analysis on pooled human urine in screw-capped tubes containing 25 and 
50 pg of captopril/ml a t  room, refrigerator, and freezer temperatures. 


l4 When commercially available pasteur pipets were used to transfer the recon- 
stituted acid captopril solutions to autoanalyzer cups, the first transfer yielded 
appreciably lower results than the second transfer with the same pipet. This was 
not encountered when previously washed and dried volumetric pipets or decantation 
transfers were made. 


Direct automated analysis of the unfortified pooled urine served as a 
blank. Data obtained are presented in Table I. 


Note that long-term freezing seemed to enhance degradation relative 
to refrigeration storage particularly with perchloric acid acidified urine. 
Acid-chelate stabilized urine freezing did not seem to increase stabili- 
zation, and in the long-term slightly enhanced degradation. 


The stabilization attained by the acidxhelate mixture was attributed 
to efficient (19) trace metal binding by I a t  the pH of human urine (pH 
5-6), acidification, and refrigeration. 


Selectivity, Recovery, Precision, Sensitivity-Selectivity was 
shown by analysis of predosage 8-hr urines collected from 34 individuals. 
All yielded essentially zero colorimetric response. Interference from oc- 
casionally extracted urinary pigments is obviated by subtracting the 
colorimetric response of the mercuric blank from that of the sample (see 
Calculations). Mercuric ion added to a portion of the sample (reconsti- 
tuted from the methylene chloride extract-nitrogen evaporation residue) 
prevents captopril colorization of Ellman's reagent by formation of thiol 
mercaptides. This allows measurement and correction for nonsulfhydryl 
color. 


Pooled predosage and postdosage urines from six individuals were 
fortified with captopril a t  25 and 50 pg/ml, respectively. In two experi- 
ments the recoveries with predosage urine were 96.4 and 98.8%. The 
analysis of the unfortified postdosage pool was subtracted from that 
fortified to 50 pg/ml to yield a recovery for added captopril of 96.6%. The 
precision and sensitivity were evaluated by pooling blank urine from 12 
subjects. Six replicate assays of this pool determined the apparent mi- 
crograms of captopril per milliliter. The pooled urine was fortified with 
captopril at -46 pg/ml. Two chemists each performed eight replicate 
assays of thiol content as described. 


Chemist 1 achieved a mean of 45.1 f SD 0.26 with an RSD of 1.2. 
Chemist 2 obtained 45.4 f SD 0.72 with an RSD of 2.0. The apparent 
micrograms per milliliter of captopril in the blank pooled urine was 0.24. 
The average blank value (subtracted for the recovery data) was calculated 
from absorbances of 0.002-0.003. Zero and negative absorbance values 
in this range were frequently obtained and were considered essentially 
zero blanks. The sensitivity of this method is conservatively estimated 
a t  0.5 pg/ml, which is approximately twice the average blank found in 
this precision study. 


Solvent Partition-To reduce the large predosage blank obtained 
in direct colorimetry of the urine, the multiple methylene chloride ex- 
traction and evaporation was performed, as described in Experimental 
section. Solvent partition of highly polar captopril required salting out 
from the acidic urines. Appreciable captopril oxidation was observed 
when using sodium chloride as a salting out agent instead of sodium 
sulfate. This oxidation was attributed to chlorine from metal catalyzed, 
solvent mediated air oxidation of chloride (20). Attempts were made to 
substitute a column solvent partition in which the acidified urine-sodium 
sulfate was held by a column of polar stationary phase (e.g., diatomaceous 
earth, silica gel, or cellulose) and a readily evaporated mobile phase ( e g ,  
ethyl acetate, methylene chloride, or 10% isopropanol in methylene 
chloride) percolates through the column to efficiently perform continu- 
ous, multiple extractions. If successful, this column partition would have 
considerably decreased operator time. However, incomplete recoveries 
(60-SO%), possibly attributable to irreversible adsorption and/or oxi- 
dation, were obtained. Attempts a t  a reversed-phase partitioning into 
particulate polystyrene d i ~ i n y l b e n z e n e ~ ~  or octadecylsilane bonded to 
silica particles16 followed by solvent elution also resulted in recoveries 
of 85-90'70, short of the goal of 95% or better. 


Automated Colorimetry-In the design of the colorimetry from a 
preexisting manual colorimetry (7), the sequence of adding Ellman's 
reagent before the alkali was reversed to maintain solubility of the reagent 
within the autoanalysis system. In addition, methanol and acidic aqueous 
buffer were added to Ellman's reagent to enhance both solubility and 
stability. 


Electrochemical Reduction-The electrical characteristics of the 
cell included the resistance across the agar bridge of 1600-1700 ohms, 
a voltage drop across the cell of 3-4 V, and a cathode voltage, ucrsus sil- 
ver-silver chloride, of -0.9 to -1.0 V. These characteristics allowed ef- 
ficient disulfide reduction by minimizing parasitic reductions of hydrogen 
ion, oxalic acid (14), and I-metal complexes. 


Part  of a pool of five normal human urine, stabilized with I-citric- 
oxalic acids, was fortified with captopril disulfide a t  50 pg/ml. Table I1 
presents results of a time and current study of the electrochemical re- 


~ ~~~ 


XAD-2 Resin, Rohm and Haas Co., Philadelphia, Pa. 
I R  SEP-PAK Columns, Waters Associates, Inc., Milford, Mass. 
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Table 11-Effect of Time and Current  on Reduction of 
Captopril Disulfide a in Normal Human Urine Pool 


Table 111-Analysis of Captopril and Its Disulfides in 0-4 H r  
Predosage Urine by HPLC-ECD and the Present Method 


Percent Recoverv at  
Current, mA“ 


Min 2 2.5 5 
~ ~~ 


20 53.4 
40 84.4 
60 97.3 


- 68.7 
- 


99.3.98.1, 100.1 
92.0 
93.0 


50 Fg/ml. 


duction of this fortified urine followed by the extraction analysis. The 
unfortified human urine pool (control) reduced electrochemically at  2.5 
mA for 1 hr yielded a colorimetric response, through the extraction 
analysis, of 0.003 absorbance units. This is equivalent to  a blank (see 
preceding discussion on sensitivity of the solvent partition). 


Table I1 indicates a possible fall off of reduction at  5 mA. Subsequently, 
a current of 2.5 mA for 1 hr was used with the encouraging results indi- 
cated. Whereas a 1-hr reduction was necessary here, Saetre and Raben- 
stein (11,13) reported a complete 10-min reduction with cystine and the 
penicillamine and the glutathione disulfides. Possibly the amino groups 
of the latter three disulfides facilitate disulfide reduction by shifting 
electrons from the disulfide linkage in a manner described previously (21). 
The 1-hr electrochemical reduction was also valid for captopril-cysteine 
disulfide. However, a time-current study comparable to that in Table 
I1 was not done with the mixed disulfide. 


In view of the agar bridge fragility in routine use, several substitutes 
were considered including a sturdy polyacrylamide gel (22), sintered glass 
disks (17), tightly rolled paper wads in each end of a glass U tube con- 
taining the saturated sodium chloride17, and 4-mm porous glassI8 disk@. 
The porous (pore diameter 4 pm) glassla acts as a semipermeable mem- 
brane providing ultra-low liquid leakage rates and minimum IR drop 
through the tip (23). A rather simple porous glassI8 disk bridgeIg (Fig. 
3) had the same resistance as the agar bridge and gave captopril analyses 
very comparable to that with the agar bridge. It is considered a preferable 
substitute for the agar bridge. Incorporating the porous glass1* disk a t  


Figure 3-Porous glass l8 bridged electrochemical reduction cell. 


l 7  Dr. M. Szyper, Squibb Institute for Medical Research, New Brunswick, N.J., 


l9 The disk and heat shrink tubing were obtained as Catalog No. GO100 from 


personal communication. 


Princeton Applied Research, Princeton, N.J. 


Vycor, Corning Glass Company, Corning, N.Y. 


~~ ~ ~~ 


d m l  
Captopril Captopril Plus Disulfides 


Subject No. HPLC-ECD PM HPLC-ECD PM 


2D 13.7 14.7 22.0 23.4 
3B 30.6 32.5 47.0 49.3 
4A 32.0 33.1 50.5 51.3 
5c 
6C 
7B 


-_ .  . ~~ ~ 


25.1 33.5 39.4 32.9 
29.7 28.7 52.6 50.7 
45.6 43.3 74.2 73.5 


8B 34.4 33.2 58.1 59.6 


Present method = PM. 


its end, a tapered glass tube enters a hole in the previously needle- 
punctured plastic cap (from a 5-ml plastic ~ o n t a i n e r ) ~  at  the top of the 
cell illustrated. The 4 X 2.9 mm (diameter X width) porous glass disk in 
heat shrink polytetrafluoroethylene tubing19 was previously slipped over 
the glass taper. The heat shrink tubing, well away from the porous glass18 
disk, was then heat shrunk with a heat gun. The assembly was completed 
with a platinum electrode clipped to the wide top of the glass tube, which 
contained saturated aqueous sodium chloride. The electrochemical re- 
duction was chosen over other disulfide reduction procedures since it is 
performed at  an acid pH which stabilizes the sulfhydryl. It adds no re- 
ducing agents (dithiothreitol, mercaptoethanol, or sulfite) which colorize 
Ellman’s reagent. I t  is not toxic as is the highly effective disulfide re- 
ductant tributylphosphine (24). Finally, several reports (13-16) indicated 
that borohydride and zinc-acid reductions yielded incomplete reduction 
or reoxidations in biological samples, whereas electrochemical reductions 
were quantitative. 


The reported electrochemical reduction utilizes a meter, a relatively 
sophisticated power supply, and an integrated reduction cell. It should 
be pointed out that simpler versions using a battery, a variable resistor, 
beakers, and detached agar U-bridges have been implemented (18). 


Confirmatory Analysis via HPLC-Electrochemical Detection 
(ECD)-Analysis performed by the presently reported method and the 
subsequently developed HPLC method (10) are compared in Table 111. 
Agreement is very satisfactory. The assay conformity appears more re- 
markable when it  is learned that the HPLC-ECD assays were performed 
on samples stored for 90-120 days after their colorimetric analyses. 
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Abstract The intestinal absorption of L-lysine-p-nitroanilide, L- 
alanine-p-nitroanilide, and glycine-p-nitroanilide was studied in the 
presence of competitive inhibitors in a perfused rat  intestine. I t  was oh- 
served that L-lysine-p-nitroanilide absorption was inhibited by L-lysine 
methyl ester and L-arginine-0-naphthylamide but not by N,-acetyl- 
L-lysine methyl esters. L-Alanine-p-nitroanilide absorption was inhibited 
by L-alanine methyl ester but not by 0-alanine methyl ester. I t  was fur- 
ther observed that No-benzoyl-L-arginine-p-nitroanilide and N,-suc- 
cinyl-L-phenylalanine-p-nitroanilide were poorly absorbed. I t  was con- 
cluded that the peptidase in the brush border region that serves as the 
hydrolysis site requires a free a-amino group (an aminopeptidase), and 
that passive absorption of these compounds occurs only to a small ex- 
tent. 


Keyphrases 0 Absorption, intestinal-amino acid derivatives, impor- 
tance of the free a-amino group 0 Amino acid derivatives-intestinal 
absorption importance of the free a-amino group 0 a-Amino groups- 
importance of the free a-amino group in the intestinal absorption of 
amino acid derivatives 


Recent investigations have demonstrated that brush 
border hydrolysis of soluble derivatives of insoluble drugs 
may significantly increase the absorption rate of the drug 
(1). Since the approach is based on enzymatic hydrolysis, 
the specificity of the hydrolytic enzymes in the brush 
border region must be investigated. While many enzymes 
have been reported to be present in this region (l), the 
aminopeptidases represent a likely site for reconversion 
of compounds previously studied (2-4). Furthermore, a 
free amino group on the substrate is required for amino- 
peptidase activity. The objective of this study was to de- 
termine the importance, for absorption, of a free a-amino 
group in amino acid derivatives of drugs. 


EXPERIMENTAL 


Materials-a-N-Benzoyl-oL-arginine-p-nitroanilide, n-succinyl- 
L-phenylalanine-p-nitroanilide, L-lysine-p-nitroanilide, L-lysine methyl 
ester, N,-acetyl-L-lysine methyl ester, L-arginine-P-naphthylamide, 
L-alanine-p-nitroanilide, L-alanine methyl ester, P-alanine-p-nitroan- 
ilide, L-lysine methyl ester, 0-alanine methyl ester, glycine-p-nitroani- 
lidel, and glycine methyl ester were used as received. 


Perfusion Experiments-Drug absorption was measured in a per- 
fused rat intestine segment as previously reported (1,5). The inlet (C,) 
and exit (C,) concentrations were measured spectrophotometrically for 
the p-nitroanilide derivatives. The free p-nitroanilide was released by 
overnight (12 hr) hydrolysis of the syringe and perfusate samples after 
addition of sodium hydroxide (pH 11-12). A three-point analysis of the 
spectrum (350,375, and 400 nm) was used in order to subtract the usually 
small protein background a t  these wavelengths. 


THEORETICAL 


The method of data analysis is the same as previously reported (1,6). 
The method is appropriate as long as the boundary condition is linear: 


(Eq. 1) 


where J,) is the flux a t  the wall, P, the wall permeability, and C, the wall 
concentration. The dimensionless wall permeability (P,*) is: 


(Eq. 2) 


where R is the radius of the intestine and D the solute diffusivity. The 
wall permeability (“P,*) is calculated using the measured ratio of exit 
to inlet concentrations (C,IC,) and the Graetz number ( G z )  where Gz 
= rDLI2Q and where L is the length of the intestinal segment and Q the 
fluid flow rate. The calculations follow the method previously reported 
(6). Diffusion coefficients are given in Table I. Analysis is based on the 
uncorrected “P,* values since the correction is small (6). 


For the test compounds used in the present report (e.g., L-lysine-p- 
nitroanilide) it is assumed that hydrolysis a t  the wall provides the driving 
force for transport to the wall, with the released p-nitroanilide being 
taken up by the wall (1). The wall permeability is, consequently, a het- 
erogeneous reaction rate constant. The general case has been discussed 
(1) and gives: 


P, = aDTanh(a6E) (Eq. 3) 


P,* = nRTanh (adc) 


or 


(Eq. 4) 


a2 = k/D (Eq. 5) 


where 


where k is the first-order reaction rate constant, and 6~ is the (unknown) 
thickness of the enzyme layer. Two special cases of Eq. 4 are: 


High reactivity (as, > 1): 


P,* = aR (Eq. 6) US.  Biochemical Corp., Cleveland, Ohio. 
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Abstract Strains of Pseudomonas cepacia, isolated from packages 
of nasal spray preserved with thimerosal, showed a high degree of resis- 
tance tQ the organomercurial, as compared to low and moderate resistance 
of standard laboratory strains or isolates from water. The product isolates 
were shown to degrade the thimerosal to metallic mercury which volati- 
lized from the product or assay medium. The addition of organic nutrient 
was essential for survival of unadapted cells in the product. However, 
when cells were first grown in diluted product containing added nutrient 
and then inoculated into the full-strength product, survival and growth 
occurred even in the absence of added nutrient. The time required for 
growth to occur was inversely related to the amount of added nutrient. 
A t  low nutrient concentrations, -99.9% of the inoculated cells were killed 
rapidly, hut after a lag time of 7-12 days, the few survivors began to in- 
crease in numbers and eventually attained high cell concentrations. These 
findings should be useful in planning production and testing programs 
with thimerosal-preserved products. 


Keyphrases 0 Thimerosal-preservative, factors affecting survival of 
Pseudomonas cepacia in decongestant nasal sprays Pseudomonas 
cepacia-factors affecting survival in decongestant nasal sprays con- 
taining thimerosal as preservative 0 Decongestants-nasal sprays con- 
taining thimerosal as preservative, factors affecting survival 


Although generally considered nonpathogenic, Pseu- 
domonas cepacia can cause severe and sometimes fatal 
infections, especially when accidently introduced directly 
from contaminated materials into wounds, blood vessels, 
or the urinary tract (1-9). Recently, it has been implicated 
as the cause of contamination of decongestant nasal sprays 
produced by two different companies. In one case the af- 
fected products contained the cationic surfactant benz- 
alkonium chloride as the preservative, while in the other 
instance, the products contained the organomercurial, 
thimerosal. The present report describes studies with or- 
ganisms isolated as contaminants in the latter products. 


BACKGROUND 


The bacterium, P. cepacia, was first reported as the causative agent 
of yellow rot in onions (10) and was given the species name on the basis 
of that ability. A taxonomic study of the genus Pseudornonas described 
an organism which was versatile nutritionally (11); based on that char- 
acteristic it was named P. multiuorans. It was suggested that this species, 
which can utilize over 150 different organic compounds as sources of 
carbon and energy, had not been described earlier because of its geo- 
graphic restriction, but it is now known to occur widely in soil and water. 
The two species, P. cepacia and P. multiuorans, plus a third, P. kingii, 
have since been shown to be identical, and the designation P. cepacia has 
been adopted (12, 13). 


In addition to its nutritional versatility, P. cepacia possesses the ability 
to grow in distilled water without added nutrients (14), and most isolates 
are highly resistant to antibiotics and other antibacterial agents (15,161. 
This combination has led to numerous nosocomial problems due to its 
presence in water reservoirs, hospital aqueous solutions, and disinfectants 
(17-22). Like some of the other pseudomonads, P. cepacia has heen 
isolated from numerous commercial products and rivals P. aeruginosa 
as to its presence and persistance in various pharmaceuticals. 


In 1978, pseudomonads were isolated from several lots of both the 
regular and long-acting formulations of nasal sprays. The regular for- 


mulation contains phenylephrine hydrochloride while the long-acting 
variety contains xylometazoline as the adrenergic component. Both 
formulations contain 10 ppm of thimerosal as a preservative. Cetylpy- 
ridinium chloride also is present in the regular formulation hut not in the 
long-acting brand. A number of separate bacterial isolates from both 
formulations were identified as P. cepacia of several different bi- 
otypes'. 


The occurrence of resistance to high levels of thimerosal and other 
organomercurials has been demonstrated in numerous bacterial species 
including the pseudomonads, P. cepacia and P. aeruginosa, and, although 
the mechanism of resistance varies with the microbial strain and the type 
of mercurial compound, with organomercurials it normally involves 
plasmid-determined inducible enzymes which hydrolyze the carbon- 
mercury linkage and then reduce the released Hg+* to volatile metallic 
mercury (Hg') (23,24). 


In this report some physiological characteristics of strains of P. cepacia 
isolated from products containing thimerosal are described. They are 
compared with strains from other sources, and the conditions under which 
successful contamination may or may not occur are examined. 


EXPERIMENTAL 


The bacterial strains employed in these studies were obtained from 
various sources, as shown in Table I. 


Thimerosal sensitivity assays were performed in test tubes containing 
7.5 g/liter (one-fourth strength) trypticase soy broth' plus various con- 
centrations of thimerosa13 ranging from 0 to 10,OOO ppm in a final volume 
of 6.0 ml. Tubes were inoculated to cell densities of -5 X lo6 organ- 
isms/ml using 0.05 ml of inocula grown in 7.5 g/liter trypticase soy broth, 
and were incubated with slow shaking a t  30'. The highest concentration 
yielding growth, as indicated by visible turbidity, was noted. In the thi- 
merosal sensitivity assay, turbidity was always present by Day 5 if growth 
was to occur. Negative tubes were verified to be free of viable cells by 
streaking onto trypticase soy agar' plates. 


Chemical analyses for thimerosal were performed by determining 
mercury contents using atomic absorption spectrophotometry (25). 


Microbiological assays for thimerosal were performed on trypticase 
soy agar and Mueller-Hinton agar plates using a sensitive strain of 
Staphylococcus aureus as the indicator organism. Filter paper disks were 
12.5 mm in diameter. The plates were incubated a t  35' and read a t  24 hr. 
Challenge testing of the product was performed by growing test organisms 
in trypticase soy broth a t  30 or 35" and inoculating the product to con- 
centrations ranging from 1.5 X lo5 to 2.4 X lo7 organisms/ml. In some 
instances a second challenge was performed with the same organism. Both 
types of nasal spray were employed and were either freshly prepared or 
were from commercial lots of different ages. 


Tests to determine the ability of the isolates to utilize product com- 
ponents as sole sources of carbon and energy were performed using 
a mineral salts basal medium. The mineral medium consisted of the fol- 
lowing components per liter of distilled water: 80 mg KzHP04, 200 
mg NaHzP04, 100 mg (NH4)'S04, 14 mg MgS04.7Hz0, and 2 mg 
Fe(NH&-6H20. Organic components of the nasal sprays were tested 
separately by adding them to the mineral medium to final concentrations 
of 0.1 and 1.0 g/liter. Thimerosal could not be tested as a carbon and 
energy source, since in mineral salts medium it was lethal to all strains 
a t  concentrations >5 ppm. Inocula for these studies were grown overnight 
on mineral salts agar containing 1 g h t e r  monosodium glutamate. Cells 
were transferred to sterile distilled water and shaken overnight, then 


1 Identified by G. Gilardi, Hospital for Joint Diseases, N.Y. 


3 Sigma Chemical Co., St. Louis, Mo. 
Baltimore Biological Laboratories, Baltimore, Md. 
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Table I-Thimerosal Sensitivity of Bacterial  Strains from Various Sources 


Organism Source 


Highest Concentration 
of Thimerosal- 


Yielding Growth, ppm Inoculum Size, cells/ml 


S. aureus 19636 ATCC" 
E. coli 11303 ATCC" 
P. fluorescens 12633 ATCC" 
P. aeruginosa 10145 ATCC" 
P. aeruginosa 9027 ATCC" 
P. cepacia 25416 R. Hugh 
P. fluorescens (2  isolates) City water entering plant 
P. cepacia (4 isolates) City water entering plant 
Pseudomonas sp.  (7 isolates) City water entering plant 
P.  cepacia B7L Product Isolate 
P. cepacia CAT Product Isolate 
P. cepacia CWJ Product Isolate 
P. cepacia CWO Product Isolate 
P. cepacia CXN Product Isolate 
P. cepacia CXN Product Isolate 
P. cepacia CXN Product Isolate 


American Type Culture Collection. Standard. 


diluted in distilled water to yield the desired inoculum size, which was 
calculated to be -1 X lo2 cells/ml. The actual number of cells present at 
the time of inoculation and a t  daily intervals for 5 days was determined 
by spreading samples onto trypticase soy agar plates. 


When adapted cultures were employed, they were prepared by growing 
inocula in a fourfold dilution of product (diluted with deionized water) 
containing 300 ppm of phytone2 (soy peptone). In this medium organisms 
reached visible turbidity in 1-2 days. 


In those experiments where nutrient supplementation of the product 
was employed, individual substances or complex media were prepared 
a t  concentrations of 120 ghiter (or lower if solubilities did not permit the 
higher levels), sterilized by membrane filtration, and added to tubes 
containing product to yield the desired range of concentrations. As with 
assays for thimerosal resistance, growth was noted by observing tubes 
for turbidity. Tubes showing no turbidity were checked periodically for 
viable cells by streaking or spreading aliquots onto trypticase soy agar 
plates. 


RESULTS AND DISCUSSION 


The thimerosal sensitivities of a number of well-characterized bacterial 
strains, as well as some water and product isolates, are shown in Table 
I. A difference in resistance is evident between the ATCC strains (growth 
up to 10 ppm) and the product isolates, which grew in the presence of 


Table 11-Microbiological and Chemical Assays a for  Thimerosal 
in Uninoculated Samples and in Media Inoculated with 
Resistant Strains of P. cepacia - 


Initial Microbial 
Thimerosal Assay Chemical 


Concentration, Zone Assay, 
Sample ppm Diameter, mm ppm 


Thimerosal in deionized 
water 


Thimerosal in 
uninoculated mediumC 


Thimerosal in medium + 
strain CXN 


Thimerosal in medium + 
strain B7L 


1 19 NA 


10 26 NA 
100 36 NA 


0 No zone 0 


1 No zone Trace 
10 No zone 0.5 


100 No zone 3.3 
0 NA 0 


1 NA Trace 
3 NA Trace 


10 NA Trace 
30 N A  4.5 


100 NA 2.4 


(1 Both uninoculated and inoculated samples were assayed after 4-days incubation 
a t  3 O 0 .  Not assayed. Trypticase soy broth. 


0.03 
1 
3 


10 
3 
3 


10 
30 


10-100 
500 
300 


1000 
1000 
500 
300 
100 


5 x 106b 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 
5 x 106 


5 x 102 
5 x 104 


300-1000 ppm of thimerosal. No organism was isolated from the product 
which was not resistant to high levels of thimerosal. Thus, resistance to 
thimerosal appeared to be essential for survival in the product. Strains 
of Pseudomonas isolated from city water entering the production site 
had resistance levels intermediate between the laboratory strains and 
the product isolates. The effect of inoculum size also can be seen in Table 
I. When strain CXN was inoculated a t  concentrations 100- and 10,000- 
fold below the standard level of 5 X lo6 organisms/ml, the highest thi- 
merosal concentration yielding survival and growth fell slightly, but even 
with the lowest inoculum of 500 cells/ml, the organisms still grew in 100 
ppm of thimerosal. A similar effect was noted when strain CWJ was in- 
oculated directly from a contaminated bottle into assay tubes to produce 
an inoculum level -100-fold below the standard level (growth was to 500 
P P d .  


Table I1 shows the results of chemical and microbial assays for thim- 
erosal using various solutions containing thimerosal, both uninoculated 
and after growth of two resistant strains. Comparison of thimerosal in 
deionized water with 4-day-old uninoculated trypticase soy-thimerosal 
tubes, using the microbiological assay, showed that the one-fourth 
strength trypticase soy medium had no neutralizing effect on thimerosal. 
Tubes inoculated with P. cepacia strain CXN showed the absence of 
detectable thimerosal by microbial assay, even when the initial concen- 
tration was 100 ppm and even though this assay easily detected 1-ppm 
concentration in the uninoculated deionized water and in trypticase soy 
broth controls. Chemical analyses for thimerosal mercury confirmed the 
inactivation of thimerosal by strains CXN and B7L. Since the chemical 
assay determines mercury levels, it can be assumed that strains B7L and 
CXN are resistant to thimerosal by virtue of enzymes which liberate 
metallic mercury from the media. This also was observed by chemical 
determination of mercury levels in numerous contaminated and uncon- 
taminated packages of nasal spray. The analyses showed that 1-year-old 
uncontaminated packages all contained the expected levels of 6.8-7.4 
ppm of thimerosal, whereas contaminated packages from the same lots 
and cases contained 0.1-1.5 ppm. Thus, when the contaminating or- 
ganisms survived and grew in the product, the thimerosal was de- 
graded. 


When strains CWO and CXN were used to challenge both the regular 
and the long-acting product at  levels of 1.5 X lO"2.4 X lo7 organisms/ml, 
no viable organisms could be recovered after 1 hr. In all, over 70 challenge 
tests were performed with uniformly negative results. This was true 
whether the products were freshly prepared in the laboratory or were 
uncontaminated packages taken from cases that contained one or more 
contaminated packages. Thus, no differences were noted between old 
and fresh product or between regular and long-acting product with regard 
to survival of P. cepacia strains isolated from the product. Since the 
long-acting product does not contain cetylpyridinium chloride, while the 
regular product does, the absence of cetylpyridinium chloride did not 
allow for survival of the challenge organisms. 


I t  was assumed that the contaminating strains of P. cepacia were ca- 
pable of utilizing some component(s) of the nasal sprays as a source of 
carbon and energy. To explore this assumption, each component was 
individually tested for its ability to support growth of P. cepacia strains 
CWO, B7L, and 25416. Within 72 hr, inoculum levels increased from 
between 40 and 200 organisms/ml to -2 X lo6 organisms/ml in the 
presence of each tested component. However, the same increase in cell 
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Table 111-Effect of Organic Nutrients on Survival a n d  Growth of P. cepacia in Nasal Spray Containing Thimerosal 


Nutrient Source 


Nutrient, Trypticase Trypti- Yeast Phy- Dex- Gluta- Proteose Ace- Aspar- Pyr- sodium Mal- Aspara- 
ppm soy broth case extract tone trose mine peptone tate tate uvate Benzoate glutamate Starch tose gine 


Mono- 


- h  - 
- t" t 


t 


t 


- 20,000 
17,000 
15,000 
13,000 
10,000 
9,000 
7,500 
6,000 
5,000 t t t 
4,600 
4,100 + + + + 
3,800 
3,200 + + + t 
2,200 - + t 
1,800 
1,200 
900 
Ann 


- - - 
- - 


- - 
- - + + - 


- - - 
- 


t 


t 


t 


- t 
- - 


- - - 


- - - 
- 
- t 


+ 
- - - - 


- - - - - 
- 


- - - 
- 


- - - - - 
" G r o w t h  to >loi cellsiml. b No viable cells present. 


population occurred in the mineral salts medium without added sub- 
stances. When acid-washed glassware and ultrapure reagents were em- 
ployed, cell yields between 9 X lo5 and 1.2 X lo6 organisms/ml still were 
obtained both in mineral salts alone and with product components. When 
cells were passed repeatedly in sterile distilled water obtained from a 
quartz element glass still-fed from a deionizer unit, cell densities between 
4 and 5 X lo5 were maintained. Thus, the addition to water of usable 
organic nutrient is not necessary for the survival and growth of the 
product isolates. Growth of P. cepacia previously has been reported in 
mist therapy unit water and commercial distilled water (14). 


An explanation was needed for the apparent contradiction between 
the observed high degree of thimerosal resistance of the product isolates 
as measured by tube or plate assay in trypticase soy media and the failure 
of the isolates to survive when introduced back into products similar to 
those from which they were originally isolated. Since none of the product 
ingredients stimulated growth of the isolates in minimal media, and since 
the absence of cetylpyridinium chloride did not enhance survival, two 
other factors were studied for their effect on survival of the isolates in 
the product: the addition of nutrient and adaptation of the isolates to the 
product. 


Since the product isolates all showed high levels of thimerosal resis- 
tance in the trypticase soy tube assays, this complex medium was ern- 
ployed as a source of nutrient. As shown in Table 111, when trypticase soy 
broth was added to the regular nasal spray formulation at concentrations 
13200 ppm, survival and growth to visible turbidity was observed. When 
the organic components of trypticase soy broth (trypticase, phytone, 
dextrose) were tested individually, phytone (soy peptone) was most ef- 
fective and supported growth in the regular product a t  concentrations 
11200 ppm. Since the concentrations of nutrient required to support 
growth were higher than the nutrient levels present in the treated water 
or other components used in formulating the product, organic substances 
other than those present in trypticase soy broth were also tested in an 
attempt to find a more efficacious stimulator of successful contamination. 
The test substrates included the amino acids glutamine, glutamate, as- 
paragine, and aspartate; the organic acids acetate, pyruvate, and ben- 
z0at.e; proteose peptone and yeast extract as complex nutrients; and 
starch and maltose as nonutilizable organics (for P. cepacia). As shown 
in Table 111, none of these compounds was as effective as phytone in al- 
lowing survival of P. cepacia strain CWO. Of the single substrates, only 
dextrose and glutamate supported contamination of the product and 
neither of these was effective in concentrations that were comparable to 
those yielding growth when the complex nutrients were used. Since the 
tested organic substrates spanned a variety of utilizable and nonutilizable 
compounds, it seemed unlikely that a more effective supporter of survival 
would be found. 


Since an alternative explanation was necessary to account for the 
survival of the contaminant organisms in the product in the absence of 
high quantities of nutrient, the effect of cultivating strain CWO in diluted 
product and then inoculating this adapted culture into undiluted com- 
mercial product containing a range of phytone concentrations was de- 
termined. 


The effect of adaptation on the ability of thimerosal-resistant organ- 


isms to survive in the product is shown in Table IV. The inocula for these 
studies were grown in a fourfold dilution of product (regular formulation) 
containing 300 ppm of phytone, as contrasted with the unadapted inocula 
employed for the data shown in Table 111, which were grown in trypticase 
soy broth. Table IV shows three significant effects. First, the adapted cells 
were able to survive and proliferate in the product in the absence of any 
added nutrient. Second, the time required for growth and turbidity to 
be evident was inversely related to the added nutrient concentration. 
Third, a t  low nutrient levels (0-120 ppm) the number of viable cells de- 
clined dramatically from the initial concentration of 1 X lo6 cells/ml to 
between 1 and 15 X lo2 cells/ml and remained a t  the lower levels for up 
to 2 weeks before an increase in viable cells was noted. The third effect 
was observed by periodically plating calibrated loops (0.01 ml) of culture 
from those tubes which showed no turbidity on day 5. These were the 
tubes containing the four lowest concentrations of phytone. Samples were 
plated on days 5,7, and 12. The numbers of viable cells were low and re- 
mained stable for a t  least 7 days in the tubes containing the three lowest 
concentrations of nutrients (0,60, and 120 ppm of phytone) (Table IV).  
The tube containing 240 ppm of phytone, which was not yet turbid on 
day 5, contained -lo5 cells/ml a t  the time and became turbid on day 7. 
In the two tubes that became turbid on days 14 and 17 (0 and 120 ppm), 
increases in cell numbers were evident on day 12. The tube that became 
turbid on day 19 (60 ppm of phytone) still showed no increase in viable 
cells on day 12. Thus, inoculation into the product containing low con- 
centrations of extraneous organic matter led to the death of most resistant 
cells, but the survivors persisted and eventually grew. A similar effect 
was noted by Pinney when a strain of P. aeruginosa resistant to thim- 
erosal was inoculated into a minimal medium containing glucose as the 
energy source (26). 


As expected, the turbidy attained in each tube was related to the level 
of nutrient present; when survival and growth occurred in the absence 
of added organic nutrient, the cultures were barely turbid. Similar levels 
were observed when strain CWO was inoculated into laboratory deionized 
water containing no added components. Thus, none of the organic com- 
ponents of the nasal spray need serve as a nutrient source in order to allow 
survival and growth of certain bacteria. 


The data shown in Table IV were obtained using the product taken 


Table  IV-Persistence and Growth of P. cepacia a in Nasal 
Spray with Various Concentrations of Nutr ient  


Days Post 
Tnnciilation 0 60 120 240 360 480 


Concentration of Soy Peptone, ppm 


5 I b  6 15 -1000 TNTC' TNTC 
7 0 6 10 TNTC TNTC TNTC 


12 200 3 260 TNTC TNTC TNTC 


became turbid 
Dayonwhichculture 17 19 14 7 3 2 


Inoculum was adapted in dilutrd product IM text i and w,ia adjustrd ti1 yield 
tn.tial concentrations of 1 X lUfi cells 111:. * N,umher (11 colonies prrhenr ~1 rrypticase 
SIY agar al'trr p la t i ng  l I . t l1  mi III product. i-w numerous 111 count. 
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from commercral polyethylene containers. That product contained thi- 
merosal levels of 8.0-8.5 ppm, which is the usual concentration present 
several months after manufacture due to the absorption of some thim- 
erosal by the container. When similar challenges were performed with 
product formulated in glass containers containing thimerosal a t  10 ppm, 
the same inverse relationship between nutrient concentrations and lag 
time was observed, except that with 10 ppm of thimerosal, cultures in the 
product containing low nutrient levels took up to 37 days to hecome 
turbid. Under these circumstances, low numbers of cells persisted for as 
long as 1 month before growth occurred. It is likely that during these long 
lag periods, small numbers of surviving cells were producing thimero- 
sal-inactivating enzymes, which then reduced the thimerosal concen- 
tration to a level which allowed growth. The greater enhancement of 
survival and growth of resistant cells by peptone mixtures as compared 
with single carbohydrates or amino acids probably was due to the utili- 
zation of the peptone amino acids for efficient and rapid synthesis of the 
thimerosal-inactivating enzymes. 


When the product containing thimerosal levels >lo ppm was tested, 
strain CWO survived and grew only when nutrient was added. The re- 
quired nutrient levels increased with increasing thimerosal, e g . ,  a t  60 
ppm of thimerosal; survival and subsequent growth of adapted cells 
required the presence of 1000 ppm of phytone. I t  is suspected that in the 
presence of thimerosal, the levels of inactivating enzymes are related to 
the amount of phytone present. Thus, high phytone levels are necessary 
for survival a t  higher thimerosal concentrations. At lower thimerosal 
concentrations, higher phytone levels and, consequently, greater levels 
of inactivating enzymes more quickly reduce thimerosal below the in- 
hibitory level with the resultant shorter lag time. 


One concern emanating from this study results from the long lag period 
which may precede growth. Thus, samples of the product which are tested 
microbiologically shortly after manufacture may contain only small 
numbers of viable organisms, yet if those organisms are resistant strains, 
eventual growth to high levels may occur. Some measures that would 
reduce the risk of such an occurrence are as follows: 


Composite samples must not be made except in neutralizing so- 
lutions, since reduction or elimination of resistant cells can occur upon 
mixing with additional product. 
2. Vegetative cells isolated from the product, even in very small 


numbers, should be checked for resistance to the preservative if the iso- 
lates are of a suspect species, especially one of the Gram-negative non- 
fermentative bacilli. crobiol., 3,62 (1976). 
3. If low counts of a,, organism are obtained and the organism is 


shown to be resistant to the preservative by tube or plate testing, the 
product should be retested a t  intervals to determine whether counts are 
increasing. I t  is preferable to encode and hold individual packages for 


cells are recovered after several days, eventual increases in counts are 
likely. 
4. Challenge testing of product with suspected contaminants may 


give false assurance if the inocula for the challenges are grown in the 
absence of preservative. A 10- or 20-fold dilution of the product in water 
is a useful medium for growth of challenge organisms. In many cases it 
is not necessary to add additional nutrient to allow growth of Gram- 
negative organisms. Survival of adapted organisms in the full-strength 


product then can be compared with unadapted inocula grown in the usual 
culture media. 
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to another in untreated rats. Problems arise, however, when the method 
is used to detect changes in pharmacokinetics by some experimental 
factors. Although the tail method detected changes in antipyrine kinetics 
by short-term, low-dose treatment of phenobarbital (11) and long-term 
treatment with ethanol (9), interpretation of data is obscured by possible 
influences of the treatment on tail blood flow and tail antipyrine distri- 
bution. Further investigations of such effects on drug kinetics, therefore, 
should include in vitro studies (9) or kinetic studies with the use of ar- 
terial blood samples. 
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Abstract A detailed study of a method for solasodine analysis has been 
carried out and the suitability of chemical analysis for solasodine deter- 
mination in plant material evaluated. A number of problems with the 
analytical isolation of solasodine and its subsequent colorimetric deter- 
mination have been highlighted: oven drying of plant material >looo 
leads to solasodine loss; cell disruption of the dry plant material is re- 
quired if complete and rapid extraction of solasodine is to take place; 
hydrolysis of plant extract residues in >1 N acid leads to solasodine loss; 
the colorimetric procedure is more temperamental than past methods 
have indicated, especially with regard to the specificity of the reaction 
and the instability of the complex. 


Keyphrases 0 Solasodine-steroidal alkaloid from Solanum lacini- 
a tum,  colorimetric determination by evaluation of chemical analysis 
Steroids-colorimetric determination of the alkaloid, solasodine, in 
Solanum laciniatum 0 Colorimetry-determination of solasodine in 
Solanum laciniatum 


Since problems arose 6 or 7 years ago with the supply, 
cost, and steroid content of Dioscorea, the source of dios- 
genin for steroid drug production, there has been renewed 
interest in alternative raw materials, including solasodine 


from plants of the genus Solanum. This steroidal alkaloid 
occurs in S. aviculare and S. lacin.iatum as the glycosides, 
solasonine and solamargine. 


As part of a study into the production of solasodine from 
Solanum plant material, chemical analysis was considered 
for the determination of solasodine and its related species. 
Several important observations were made in the course 
of this investigation concerning both the isolation of so- 
lasodine from the plant (sample preparation, extraction, 
and hydrolysis) and the subsequent determination of so- 
lasodine using colorimetry. Chemical analysis was found 
not to be suitable for this study, and subsequently, a pro- 
cedure using high-pressure liquid chromatography was 
developed (1). However, chemical analysis is suitable for 
certain purposes and has the advantage of not requiring 
expensive equipment. Matters concerning the isolation of 
solasodine from the plant material are important in sola- 
sodine analysis in general (including instrumental analysis) 
and in commercial solasodine production. 


Previous methods for chemical analysis of solasodine 
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have been reviewed. In particular, a colorimetric procedure 
(2) has been studied; scale sample preparation, 
extraction Of glycosides* and de- 


also have been evaluated. 


of the Birner method were made: to ensure that the procedure was a t  
optimum conditions, to verify that the solasodine determined was the 
total solasodine content of the plant material, and to estimate the re- 
producibility of the method. To achieve these objectives it was necessary 


through the method starting a t  the colorimetric assay. 
termination of solasodine by methyl orange ComPlexing to study each step of the method separately and to work backwards 


BACKGROUND 


In Solanurn species, steroid alkaloids constitute only 0-5% of the dried 
plant, making it necessary to determine these components in the presence 
of a large amount of inert material. In most procedures for determination 
of solasodine in Solanurn, solasodine is separated from the plant matrix 
by selective extraction, then purified before analysis. 


Solasodine must be isolated in a relatively pure form before its deter- 
mination. There is only one reported method in which plant material is 
analyzed directly for solasodine without extraction or purification steps 
(3). In all other reported methods, a fairly standard procedure is followed 
involving sample preparation, extraction of glycosides, and hydrolysis 
to the aglycon. Because drying stabilizes the solasodine content of the 
plant material, most procedures start with dry material, although fruits 
have often been analyzed fresh. Refrigeration has also been used and gives 
comparable solasodine contents to oven drying of samples a t  tempera- 
tures <looo (4). Oven drying of samples >loo' may lead to loss of sola- 
sodine (4). 


It is normal to crush the dried plant material before extraction. There 
are reports which suggest that  as the average particle size is decreased, 
the amount of solasodine extracted increases (5,6). Also, defatting the 
dry powdered plant material with light petroleum prior to extraction has 
been shown to reduce significantly the error in the analysis (7). 


Solvents used for extraction include dilute aqueous acids, alcohols, and 
acidified alcohols. Dilute aqueous acid is more specific than alcohols and 
extracts fewer inert materials. However, if solasodine is present in the 
plant in partial glycoside or aglycon form because of poor drying and 
storage, it may not be extracted by dilute aqueous acid, and an alcohol 
solvent will be more suitable. It has been shown (8) that  due to this 
breakdown of glycosides, previous procedures (9-11) all gave incomplete 
extraction, and this modified method (S), avoiding acid extraction, gave 
30-50% greater solasodine contents for the same material. 


Normally solasodine is analyzed as the aglycon, since hydrolysis is a 
useful purification step, especially if aqueous extraction is used. Increased 
acid concentration gives increased hydrolysis rates but losses of solasodine 
have been reported when plant extracts are hydrolyzed with strong acid 
(4, 7). Many methods combine the extraction and hydrolysis step into 
a single, direct hydrolysis. Completeness of extraction is ensured due to 
the more rigorous extraction conditions, and because the less soluble 
aglycon is produced, mother liquor losses during precipitation, filtration, 
and washing will be lower. However, such a procedure will extract more 
inerts, and because the hydrolysis is carried out in the presence of the 
plant extract, losses of solasodine may occur. 


Isolation of solasodine as discussed so far aims only a t  determining the 
total steroid base content. To make the isolation procedure more specific, 
a chromatographic separation (paper, thin-layer, or ion-exchange chro- 
matography) can be introduced a t  some stage before the final determi- 
nation is made. If glycoalkaloids are to be distinguished, then separation 
should follow hydrolysis. In some cases in situ colorimetric analytical 
procedures have been developed using densiometry (12-19). Such 
methods are rapid but require continual calibration and are subject to 
large errors. 


Three major methods have been used for determination of the amount 
of solasodine recovered: gravimetric, titrimetric, and colorimetric. Col- 
orimetric determination is the method most widely used. Although there 
are many dyes that may be used (20,211, bromthymol blue and methyl 
orange have been the usual dyes employed. 


None of the reported procedures for solasodine determination has been 
systematically investigated to check for errors arising a t  each stage in the 
procedure. Some overall tests have been applied using repeated analysis 
of plant material to determine reproducibility. This approach identifies 
random but not systematic errors. A few investigators have used addition 
of pure solasodine to determine the percentage recovery of solasodine, 
but this technique will not identify losses during sample preparation and 
extraction. 


In the present investigation, the Birner method (2) for solasodine 
analysis was subjected to systematic evaluation. The basic procedure of 
this method was followed, but in a scaled-up form so that larger initial 
plant samples could be used (1.0 instead of 0.1 9). Three considerations 


EXPERIMENTAL 


The reagents specified previously (2) were used. Standard solutions 
of solasodine (20 and 100 pg/ml in 20% acetic acid), solasonine (100 and 
500 pg/ml in water), and solasodiene (100 pg/ml in ethanol) were prepared 
from purified compounds. In all cases S. laciniaturn' plant material was 
used. 


Analytical Procedure-Leaf material was oven dried a t  70-80' to 
constant weight, then ground to <75-pm sieve size. This material was 
divided into six 1.000-g portions, and each portion was analyzed. For the 
analysis, each portion was refluxed with ethanol (70 ml) for 40 min and 
then filtered. The filtrate and residue washings were made up to 100 ml 
with ethanol. An aliquot (20 ml) was evaporated to dryness and 1 N HC1 
(7.5 ml) was added. The mixture was heated on a steam bath (tempera- 
ture 95-98') for 5 hr to effect hydrolysis. The solution was cooled and 
neutralized with 1 N NaOH. Glacial acetic acid (5 ml) was added and the 
solution filtered and made up to 25 ml with water. Aliquots of this hy- 
drolysate (2 ml) were then taken and the solasodine content determined 
colorimetrically. For the standard solution, an aliquot of hydrolysate plus 
sodium acetate-acetic acid buffer (5 ml, pH 4.7) and aqueous methyl 
orange (1.0 ml) were added to chloroform (5 ml) in a separating funnel 
(100 ml) and the resulting mixture shaken for 4 min. The chloroform layer 
was separated and dried over anhydrous sodium sulfate and the ab- 
sorbance read in a spectrophotometer at  425 nm. The same procedure 
was carried out for the reference solution as for the standard solution, 
but without added methyl orange. 


Instability of the Complex-The solasodine-methyl orange complex 
formed from 1.0 and 2.0 ml of the lOO-pg/ml standard solasodine solution 
was kept in a capped cuvet and either exposed to room light or left in the 
spectrophotometer. The absorbance a t  425 nm was measured in the 
spectrophotometer after various time periods. 


Hydrolysis of Plant Extract-A standard ethanol extract solution 
was prepared by refluxing dry leaf material (10 g) in ethanol (1000 ml) 
for 45 min. Portions of this solution (20 ml) were refluxed with aqueous 
acid (7.5 ml) for the given period; the solution was cooled and neutralized 
with equal normality base (7.5 ml) and the solasodine content was de- 
termined. 


Hydrolysis of Standard Solasonine Solution-For 2 N HCl hy- 
drolysis, solasonine (3.2 ml of 500-pg/ml solution) was refluxed on a steam 
bath with 3.48 N HCl(4.3 ml) for the specified period. For 1 N HC1 hy- 
drolysis, solasonine (3.2 ml of 500-pg/ml solution) with 1.74 N HCI (4.3 
ml) was used. 


Hydrolysis of Plant Extract and Standard Solasodiene-Standard 
plant extract solution (20 ml) plus solasodiene (5 ml of 100 pg/ml) were 
evaporated to dryness and 2 N HCl added (7.5 ml). The solution was 
refluxed for the given period then cooled and neutralized with 2 N NaOH. 
The absorbance of the conjugated double bonds of solasodiene a t  240 nm 
was found to be linear and was used to determine the solasodiene content 
of the final chloroform extract. Reference solution was pure chloroform. 
For the zero hydrolysis time case, the residue was shaken with the acid 
for 2 min a t  room temperature before being neutralized. 


Effect of Extraction Time on Solasodine Yield from Crushed Leaf 
Material-A uniform sample of dry leaf material in the sieve range of 0.5 
to 1.0 mm was prepared. Samples (1 g) were refluxed with 70 ml of ethanol 
for set periods. 


Effect of Solid/Solvent Ratio on Extracted Solasodine-The leaf 
material was oven dried a t  70-80° and ground to pass a 1-mm sieve. 
Samples of 0.25,0.5,1.0, and 2.0 g were taken and repeatedly extracted. 
For each extraction the sample was refluxed in 70 ml of 95% ethanol for 
40 min, after which the solution was allowed to cool and settle and the 
extract solution decanted. The residue leaf material was washed with 95% 
ethanol and the washings decanted to make the extract solution up to 
100 ml. An additional 70 ml of 95% ethanol was then added immediately 


The plant material was obtained from plants grown from seeds collected from 
plants identified as S. laciniaturn Ait. by Dr. D. E. Symons (Waite Agricultural 
Research Institute, South Australia, Voucher No. ADW 47361). Seed samples JMS 
75/176 are held by Dr. Fryer. 
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NUMBER OF EXTRACTIONS 


Figure I-Combined effect of added base and size reduction on sola- 
sodine extracted from dry leaf material. Key: (1) ethanol, ground < 0.25 
mm; (2) ethanol, 2% triethylamine, ground < 0.25 mm; (3) ethanol, 2% 
triethylamine, crushed < 2.812 mm; (4) ethanol, crushed < 2.812 
mm. 


to the damp leaf material in the flask and the extraction repeated. Be- 
tween extractions 4 and 5 of the 1.0-g and 2.0-g samples, the residue leaf 
material was allowed to stand for 1 week while the analysis of the previous 
extractions was obtained. During this time the residue dried out com- 
pletely. 


Effect of Particle Size on Extracted Solasodine-A sample of leaf 
material dried at  70-80" was taken and broken into pieces by crushing. 
Material in the screen size range of 2.812-1.204 mm was retained, with 
as much of the leaf stalk material as possible being removed. A portion 
of this material was put aside and the remainder divided into four 
quantities. These were either crushed or ground in a mortar and pestle 
to pass 1.004-, 0.599-, 0.250-, and 0.075-mm screen sizes. This gave five 
samples of different average particle size, as indicated in Fig. 1. The av- 
erge sizes reported are volume average diameters based on sieve analysis, 
the particle volume estimation allowing for the platelet shape of the leaf 
particles as described previously (22). Portions of each sample were re- 
peatedly extracted and analyzed as described in the Analytical Procedure 
section. The results were corrected to allow for the contribution of fines 
(<75 pm) in the samples. 


Microscopic observation of the samples, numbered 1-5 as in Fig. 1, 
revealed sample 1, large pieces of leaf with no fines; samples 2 and 3, large 
pieces of leaf plus material of various sizes including cell-size particles; 
sample 4, mostly fine particles of cell size but also small leaf particles 
consisting of several cells together (<50 cells); and sample 5, completely 
ruptured cell material. 


The cell structure could be seen clearly on the flat surface regions of 
the leaf material. Ruptured cells only occurred along the thin edges of 
the leaf material and not on the flat surface regions. By counting cells 
along a linear dimension (e.g., I-mm length), it was found that the average 
cell size was 40 f 5 pm for the dried leaf material. 


Effect of Added Acid-Base on Extracted Solasodine-The leaf 
material used was the same as that in the section, Effect of Solid/Solvent 
Ratio on Extracted Solasodine. Three 1-g portions of this material were 
taken for repeated extraction and analysis as described in the previous 
two sections. One portion was repeatedly extracted with 70 ml of ethanol 
and 1.4 ml of glacial acetic acid (2% v/v acetic acid in ethanol); the second 
with 70 ml of ethanol and 3.5 ml of glacial acetic acid (5% v/v acetic acid 
in ethanol); and the third with 70 ml of ethanol and 5 ml of concentrated 
ammonia solution (2% v/v ammonidethanol). Each extraction was carried 
out under reflux for 40 min. 


Combined Effect of Par t ic le  Size and  Added Base on Extracted 
Solasodine-Leaf material dried a t  70-80' was divided into two portions. 
One portion was crushed to pass a 2.812-mm sieve size, the other ground 
to pass a 0.25-mm sieve size. Portions (1 g) of each of these size fractions 
were repeatedly extracted and analyzed using both 70 ml of ethanol and 
1.37 ml of triethylamine. Each extraction was carried out for 40 min under 
reflux. When the solvent was removed from the portion of the extract 
solution taken for hydrolysis, care was taken to remove all the triethyl- 


amine (bp < 90") so that it would not interfere in the subsequent color- 
imetric analysis. 


Effect of Extraction Time on Solasodine Yield from Ground Leaf 
Material-A uniform sample of dry leaf material was ground to pass a 
90-pm sieve size. Samples (0.8 g) were refluxed with 60 ml of methanol 
for set periods. For the zero-extraction time case, the sample was shaken 
with the methanol for 30 sec at room temperature before filtering. 


Effect of Oven Drying Temperature  on Solasodine Yield-Leaf 
material from the same plant and of a similar size and age was divided 
into six samples of 100-150 g each and dried a t  various temperatures in 
an air-circulated oven. Once dry, each leaf sample was ground to pass a 
90-pm sieve before extraction. Extraction was a 40-min reflux of 1.0 g/70 
ml of ethanol. 


RESULTS AND DISCUSSION 


Colorimetric Analysis-Results of the colorimetric analysis proce- 
dure outlined above showed that the absorbance of the solasodine-methyl 
orange complex obeys Beer's law over the range of 2-50 pg/ml. 


The original method (2) involves no reference for the absorbance 
readings. Normal plant colored matter, soluble in chloroform, is carried 
through the procedure and gives absorbance in the <450-nm region. It 
was found that the use of a reference solution, similar to the standard 
solution but without the methyl orange, eliminated this effect. The mass 
transfer of the solasodine-methyl orange complex from the aqueous to 
the chloroform layer is slow and was found to take up to 5 min. 


The methyl orange-solasodine complex was found to be relatively 
unstable and several precautions must be taken. Contact with rubber, 
metal, or plastics gave breakdown of the complex and led to erroneous 
results. Because of this, the complex should be contained in clean, smooth 
glassware rinsed with an acetone solution of 0.5% m-cresol before use 
(4). 


The complex was found to be stable in the dark for up to 3 days after 
formation but was unstable when exposed to room light or to light of 
wavelength 425 nm in the spectrophotometer. Losses ranging from 20 
to 50% were observed within 20 rnin of exposure to these conditions, with 
initial rates of loss from 1 to 5%/min. T o  obtain reproducible results, it 
is essential that  the time between formation of the complex and mea- 
surement of its absorbance be the same in all analysis and calibration 
tests. 


Methyl orange was found to form complexes with amines other than 
solasodine, including most simple organic amines and even ammonia. 
Such compounds may be formed during degradation of plant material 
in storage. These complexes had similar absorption characteristics to the 
solasodine-methyl orange complex. 


Hydrolysis-Only the effects of acid concentration and time on the 
hydrolysis were considered. Temperatures and solvent were left un- 
changed from the original method. I t  was found that, using 0.5 and 1 N 
HCl, hydrolysis was not complete until after 5-hr digestion on a steam 
bath. Using 1 N HC1 and a hydrolysis time of 2 hr as in the original pro- 
cedure (2), the hydrolysis is only 5&6Wo complete (Fig. 2). At higher acid 


HYDROLYSIS TIME, hr 


Figure %--Effect of acid concentration on the hydrolysis of plant ex-  
tracts (solasodine contents are expressed as a percentage of the maxi- 
mum solasodine content, i.e., that found after stable hydrolysis: 0.5 or 
1.0 N HCl for 5 hr a t  IOOO). Key: (1 )  2.0 N HCl; (2) 1.5 N HCI; (3) 1.5 N 
HzS04; (4) 1.25 N HCl; (5) 1.0 N HCl; (6) 0.5 N HCl. 
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HYDROLYSIS TIME, hr 


Figure 3-Hydrolysis of pure solasodine with aqueous hydrochloric acid 
at 100°, compared with t h e  similar hydrolysis of leaf extracts. Key:  ( I )  
2 N HCl, pure solasonine; (2) 2 N HC1, plant  extract; (3) 1 N HCl, pure 
solasonine; (4) I N HCl, plant  extract. 


concentrations, the apparent solasodine contents did not stabilize and 
dropped away after reaching a maximum value. Unstable hydrolysis, as 
shown in Fig. 2, has only been found by two workers. Unstable hydrolysis 
with 2 N HCI but stable hydrolysis with 0.5 N HCI was found (4), while 
another report (7) indicated that apparently unstable hydrolysis with 
each of 4,2, and 1 N HCI was found. For the 1 N HCI hydrolysis case in 
the latter study (7), the decrease of solasodine content after the maximum 
is reached is based on only one experimental point, and represents a <5% 
change in the apparent solasodine content. 


To investigate further the losses of solasodine during hydrolysis, two 
separate trials were made. In the first experiment, hydrolysis of pure 
glycoalkaloid (solasonine) was carried out using 1 and 2 N HCl levels. The 
results are given in Fig. 3 and show stable hydrolysis, producing the re- 
quired amount of solasodine in both cases. The comparable curves for 
the hydrolysis of the plant extract are reproduced from Fig. 2 for com- 
parison. In the second experiment, 2 N HCI hydrolysis of the leaf extract, 
to which a known amount of pure solasodine was added, gave a reduction 
of solasodiene with hydrolysis time as shown in Fig. 4. The solasodiene 
added amounted to 20 pglml. The initial increase of solasodiene con- 
centration to this value may be due to the leaching of the solasodiene into 
aqueous solution from the plant extract residue-a thin, tarry residue 
on the walls of the flask. The need for such leaching explains why, as 


HYDROLYSIS TIME, min 


Figure 4-Hydrolysis with 2 N HCl a t  ZOO' of  a leaf extract containing 
added pure solasodiene compared with t h e  similar hydrolysis of leaf 
extract. Key: (1) solasodiene from extract wi th  added solasodiene; (2) 
total steroidal base from extract with added solasodiene; (3) solasodine 
f rom leaf extract (from Fig. 3). 
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Figure 5-Effect o f  extraction t ime on extraction o f  solasodine with 
ethanol f r o m  crushed leaf material. 


shown in Fig. 3, hydrolysis of pure solasonine occurred faster than the 
corresponding hydrolysis of the plant extract: The pure solasonine was 
being hydrolyzed in solution and no leaching was necessary. The change 
in total steroidal base is also shown in Fig. 4. This was determined by the 
normal colorimetric assay procedure and represents the total solasodine 
plus solasodiene content. The 2 N HCl hydrolysis curve from Fig. 2 is also 
reproduced in Fig. 4 for comparison. The sum of the lower curves ap- 
proximates the upper (solasodine + solasodiene) curve. 


From these two experiments, it appears that  i t  is the formation and 
the subsequent further reaction of solasodiene which is causing the overall 
loss of solasodine (determined as total steroidal base). The further re- 
action of solasodiene is linked to other compounds in the plant extract 
and is important only >1 N acid. Sulfuric acid reportedly produces less 
solasodiene than hydrochloric acid for a given acid strength (23) but, as 
shown in Fig. 2, a t  the 1.5 N level, the use of sulfuric acid still does not 
give stable hydrolysis. 


Extraction-Figure 5 shows the effect of time on extraction for uni- 
form dry leaf material of a sieve size range of 0.5-1.0 mm. A 40-min ex- 
traction time appears adequate for this material as the curve tends to 
approach an upper limit after this period. For the extraction of 1 g of plant 
material with 70 ml of ethanol, the solubility limit of solasodine (in either 
glycoside or aglycon form) in ethanol is not exceeded. Because of this and 
the leveling-off of the curve in Fig. 5, it was initially assumed that com- 
plete extraction had taken place. However, when the residue of the plant 
material from the first extraction was re-extracted with ethanol as before, 
more solasodine was extracted, amounting to as much as 30-40% of that 
of the first extraction. Further extractions of this same residue yielded 
more solasodine; complete extraction was not taking place in a single 
40-min ethanolic extraction. 


To characterize further this problem of incomplete extraction, a series 
of extractions of the same material but with different solidholvent ratios 
was carried out. The results are shown in Fig. 6. The greater the solid/ 
solvent ratio, the less solasodine per weight of sample extracted. Even 
so, not all the solasodine is extracted after repeated extractions. For ex- 
ample, even after six repeated extractions of the 2.0-g sample, the sola- 
sodine extracted in the seventh extraction represents 4% of the total so- 
lasodine extracted. There is a discontinuity in the curves for 1.0- and 2.0-g 
samples between extractions 4 and 5. This corresponded to the extracted 
residue being allowed to stand for several days before the fifth extraction. 
As a result, more solasodine was extracted in the fifth extraction, but this 
has not altered the shape of the curve between the sixth and seventh 
extractions from the shape prior t o  the fourth extraction. 


Figure 7 shows the results of Fig. 6 plotted as cumulative solasodine 
extracted against sample size; the total solasodine extracted per weight 
of sample decreases with an increase in sample size, but the total sola- 
sodine extracted increases with sample size. Thus, as the solid/solvent 
ratio is increased, more solasodine is extracted (per volume of solvent), 
but the extraction process is less efficient (per weight of solid). These 
trends are more important <1 g/70 ml than above this ratio. 


The effect of decreasing the particle size on solasodine extraction was 
investigated. The results are shown in Fig. 8. Lower particle size gives 
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Figure 6-Effect of altering the proportion of dry leaf material t o  ex- 
tractant on solasodine extracted. Key: ( I )  0.25g170 ml; (2) 0.5 g/70 ml; 
(3) 1 .O gl70 ml; (4) 2.0 gl70 ml. 


increased extraction, and for the sample of the finest material, 97% of the 
total solasodine was obtained after a single 40-min extraction. The cell 
size of the dry leaf material used in this experiment was calculated at 40 
f 5 gm by viewing the material through a microscope. This means that 
for the material ground to pass the 75-pm sieve size, the majority of the 
cells are ruptured, while for the largest material [particle size (D) = 1.93 
mm] only a small proportion of the cells, those along the edges of the leaf 
pieces, are ruptured. 


It is suggested from these observations that ruptured cells have readily 
extractable solasodine, while the solasodine within intact cells can only 
be removed by much slower diffusional transport through cell walls. This 
would explain the shape of Fig. 5. The curve represents not a single ex- 
ponential type diffusional process but the combination of two diffusional 
processes, one much more rapid than the other. The apparent leveling-off 
seen in Fig. 5, therefore, is misleading and represents the much slower 
diffusional process becoming dominant in the latter stages of the ex- 
traction. This also explains why in Fig. 6 the sudden jump between ex- 
tractions 4 and 5 of the 1.0- and 2.0-g samples occurred. The greater time 
permitted to elapse before the next extraction has allowed diffusional 
processes to distribute the remaining solasodine uniformly throughout 
the plant material, enabling greater removal during the next extrac- 
tion. 


GI 5 0  o w o  1 


a SAMPLE SIZE, 9/70 ml 


Figure 7-Effect ojaltering the proportion of dry leaf material t o  ex- 
tractant on cumulatiue solasodine extracted from successiue extractions. 
Key: ( I )  first extraction; (2) second extraction; (3) third extraction; (4) 
fourth extraction; (-) sample size; (- - -) total solasodine extracted. 
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Figure 8-Effect of  average particle size, D, on solasodine extracted 
from dry leaf material. Key: (I) D < 0.075 mm; (2) D = 0.16 mm; (3) D 
= 0.42 mm; (4) D = 0.60 mm; (5) D = 1.93 mm. 


If Fig. 7 is recopsidered, from the curves of cumulative solasodine ex- 
tracted per weight of sample uersus sample size, i t  may be seen that the 
effect of sample size occurs predominantly during the first extraction. 
During subsequent extractions the effect decreases until in the fourth 
extraction an approximately equal amount of solasodine per unit weight 
is extracted for each sample size. The shape of the curves can be attrib- 
uted to an indirect effect caused by the processes being diffusion-con- 
trolled. The diffusional driving force is proportional to the difference in 
solasodine concentration between the plant material and the bulk solvent. 
At higher solidlsolvent ratios, the bulk solvent concentration will increase 
to a higher level. Consequently, the diffusion driving force will decrease, 
causing less solasodine to be extracted over a given time in such cases. 
The effect can be expected to be greater for the first extraction, where 
the large proportion of the solasodine is rapidly extracted into the bulk 
solution from the ruptured cells. The effect becomes less important in 
subsequent extractions where less solasodine is extracted, and the initial 
rapid extraction from the ruptured cells no longer occurs. 


The effect of adding acid or base to the ethanol to aid the diffusional 
processes was also investigated. Soaking of plant material in either acid 
(8,11,24) or base (25) prior to extraction has been shown to give higher 
yields of the alkaloids. The ability to improve extraction is based on the 
assumption that the solasodine is present in the plant as an ion pair, 
possibly attached to an anionic site fixed to the plant cell matrix. If this 
is the case, added acid will form a more mobile solasodine salt, while 
added base will produce the free base form of solasodine, both unattached 
to the plant wall. The results for added acetic acid at 2 and 5% (vlv) levels 
are shown in Fig. 9 for the same material as used in Fig. 6. The curve for 
extraction of a 1-g sample with pure ethanol is reproduced from Fig. 6 
for comparison. The effect is small and possibly not significant. Added 
base gives a much greater effect but only for coarsely crushed material 
(Fig. 1). When diffusion strongly limits the extraction process (coarsely 
crushed material) added base helps by making the solasodine molecule 
more mobile, but when this diffusional limitation is eliminated (finely 
ground material) the added base acts only to decrease the solubility of 
the solasodine. 


Mechanical rupture of leaf cells is not the only method of eliminating 
the cell wall diffusional barriers but is best suited to analytical extraction. 
The effect of cell disruption by freezing or by cooking under either 
pressure or vacuum on the diffusion of solasodine from S. laciniatum was 
studied (26); if disruption of the plant cells preceded extraction, then 
extraction rates, not yields, were found to he higher. The action of en- 
dogenous enzymes produces similar results to dry grinding (22). Figure 
10 shows the effect of time on the extraction with methanol of dry leaf 
material ground to pass a 90-pm sieve; very rapid extraction of the sola- 
sodine is shown, and within 10 min all the solasodine is extracted. Even 
a 30-sec wash with methanol at room temperature (the zero point in Fig. 
10) extracts -80% of the total solasodine. 


Sample Preparation-It is normal for a plant sample to be dried and 
crushed to a uniform size fraction before analysis. This stabilizes the 
solasodine content in the plant material and, if only a fraction of the total 
sample is to be analyzed, enables a representative portion to be taken. 
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Figure 9-Effect of added acid or base on solasodine extracted from 
dry leaf material. Key: ( I )  ethanol, 2% ammonia; (2) ethanol. 5% acetic 
acid; (3) ethanol, 2% acetic acid; (4) ethanol. 


The plant sample needs to be very finely ground to ensure complete ex- 
traction as already discussed. A number of workers have reported variable 
solasodine contents for the same material dried under different conditions 
(27-29). However, preliminary studies of postharvest drying (22) show 
no such effects and indicate that previous findings have been affected 
by the problem of incomplete extraction discussed above. Oven drying 
a t  80" is recommended for analytical sample preparation. Below 75" 
drying rates are slow and >looo losses of solasodine occur (4). Figure 11 
presents the results for the same leaf material dried a t  oven temperatures 
of 40-1 20'; severe reduction in extractable solasodine occurs for drying 
temperatures >lOOo. In a separate experiment, this loss of solasodine was 
shown to occur near the end of the drying process. The loss of extractable 
solasodine is accompanied by a corresponding loss of the green-colored 
material normally extracted by alcohol. It appears that for leaf material 
dried >looo, decomposition and transformation of other leaf components 
take place simultaneously with the drying process, and the decomposition 
products may restrict later extraction of the solasodine. 


Reproducibility-During this study of a previously described method 
(2) several modifications have been made to provide a method with no 
systematic errors. To establish an estimate of the reproducibility of the 
modified method, repeated analysis of the same finely ground plant 
material was carried out. This enabled calculation of the sample standard 
deviation of the overall method (s), of the combined hydrolysis-colori- 
metric assay steps ( S h r )  and of the colorimetric assay step alone (sc) (22). 
The values of the sample standard deviation (expressed as a percentage 
of the overall mean) and their associated degrees of freedom are included 
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Figure 10-Effect of extraction time on extraction of solasodine with 
methanol from ground leaf material, 
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Figure 1 I-Effect of drying temperature on solasodine extracted from 
oven-dried leaf material. 


Table I-Experimentally Determined Standard Deviations for 
Chemical Analysis 


Standard Degrees of 
Procedure Deviation, Too Freedom 


Colorimetric assay sc = 5.6 6 
Hydrolysis and assay S,h = 6.4 6 
Overall analvsis s = 6.1 10 


As percent of overall mean. 


in Table I. From these sample standard deviations, the confidence in- 
tervals for the corresponding population standard deviations (a, Uhc, and 
u r )  may be calculated. Based on the x2 distribution, the 90% confidence 
intervals for the standard deviations, expressed as percentages of the 
overall mean, are: 


3.9% < uc < 10.8% 


4.5% < u < 9.7% 


These intervals are so large that it is difficult to draw any conclusion from 
the estimates of uc, U h e ,  and u, except that the major proportion of the 
overall error occurs in the colorimetric assay and that the overall error 
in the analysis method is 4.5-9.7%. This means that the limiting feature 
of the method is the final colorimetric determination of solasodine, due 
probably to the instability of the complex. 


4.4% < Uhc < 12.2% 


CONCLUSIONS 


For samples of S. laciniatum, where solasodine is the only steroidal 
alkaloid present, total solasodine glycosides, solasodine aglycon, and 
solasodiene each can be determined. The aglycons may be extracted into 
a nonpolar solvent such as chloroform or benzene and the separate con- 
tents of total glycosides and total aglycons determined; measurement 
of solasodiene content in the aglycon fraction can be made a t  235 nm in 
a UV spectrophotometer. If chromatographic separation is incorporated 
[for examples see previously described procedures (30-33)] then the 
glycosides may be further separated before the final analysis. Theoreti- 
cally any analysis related to solasodine product ion can be performed, but 
once chromatography is incorporated, the extra errors involved make the 
results.at best semiquantitative. 


Study of this particular colorimetric assay technique shows in more 
detail the problems associated with such a technique. Difficulties have 
heen found in each aspect of the method, difficulties largely overlooked 
in previously reported methods, and difficulties which in some cases apply 
to commercial solasodine isolation. The colorimetric procedure is much 
more temperamental than past methods have indicated, especially with 
regard to the specificity of the reaction and the instability of the complex. 
I t  was implied (2) that the reaction with methyl orange was specific to 
nitrogen-containing alkaloids; whereas it appears that all amines, in- 
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cluding ammonia itself, will give similar complex formation. The insta- 
bility of the complex was also not mentioned. 


Although solasodiene can be analyzed along with solasodine to give 
a total solasodine content, severe hydrolysis conditions (>1 N HC1) have 
been found to give overall solasodine loss. This is apparently caused by 
reactions, of unknown mechanism, associated with solasodiene formation 
and in the presence of the plant extract. Using conditions where stable 
hydrolysis occurs, much longer hydrolysis times than normally specified 
in reported methods were found to be necessary to complete the hy- 
drolysis (e.g., 5 hr a t  100" for 1 N HC1 in aqueous solution). Even for 
glycosides in solution, inspection of Fig. 3 shows that a t  least 4 hr at 100' 
for 1 N HCl is necessary. 


For complete extraction of the solasodine to take place within one 
extraction, it is necessary to remove the cell wall diffusional barriers. For 
analytical purposes dry grinding of the plant material to pass a 75- to 
90-Fm sieve is suitable and allows very rapid extraction of the solasodine 
by alcohol. To stabilize the solasodine content of the plant material, oven 
drying at 75-90" is recommended. Oven drying >loo' leads to loss of 
extractable solasodine. However, a preliminary fixation a t  temperatures 
>looo to arrest biological processes within the plant material does not 
affect the extraction process. 


The final colorimetric assay is the cause of most of the error inherent 
in the method. Assuming a x2 distribution, the confidence interval for 
the true standard deviation is large, unless a large number of repeated 
analyses are made for its estimation. In most reported methods, where 
evaluation of the method is based on the results of repeated analyses, the 
number of repetitions is small, and consequently, in such cases the con- 
fidence interval for the true standard deviation will be large. Thus, the 
true error inherent in a method may differ greatly from that reported. 


The problems of chemical analysis raise doubts about the soundness 
of previous studies of solasodine production. Results may be subject to 
large systematic and random errors because of poor analytical procedures. 
In particular, the problem of incomplete extraction will introduce large 
systematic errors. 
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Abstract  This study compares one of the previously studied formu- 
lations with commercial amoxicillin capsules. The results indicate that 
the percentage of the dose absorbed is similar in both formulations; 
nevertheless, the amoxicillin capsules present a higher absorption rate. 
The in uiuo-in uitro correlations in terms of response surfaces, and the 
general correlation among all the formulations studied in the three ar-  
ticles of this series is discussed. The quantity of drug excreted in 2 hr and 
the quantity of drug dissolved in 30 min presents a correlation coefficient 
r = 0.9458 (p < 0.01) and the quantity of amoxicillin excreted in 12 hr 
and the quantity dissolved in 180 min presents a correlation coefficient 
r = 0.9761 (p < 0.01). 


Keyphrases Amoxicillin-effect of excipients on bioavailability by 
means of response surfaces, in uiuo-in uitro correlations EI Bioavail- 
ability-effect of excipients by means of response surfaces, amoxicillin, 
in uiuo-in uitro correlations Excipients-effect on bioavailability by 
means of response surfaces, amoxicillin, in uiuo-in uitro correlations 


The comparison between Formulation E (l), previously 
studied, and a commercial amoxicillin capsule (Formula- 
tion s) was carried out. This study has a double purpose: 
first, to determine whether the absorption of the drug in 
Formulation E (which showed good absorption in previous 
studies) is equivalent to the absorption shown by the 
conventional formulations; second, to determine the degree 
of the individual variation for both types of formula- 
tions. 


400 t 
300 


1 2 3 4 5 6  8 10 12 
HOURS 


Figure 1-Mean cumulative curues for urinary excretion of unchanged 
amoxicillin. 


EXPERIMENTAL 


Assayed Formulations-A comparison is made between Formulation 
E, whose composition has been described (1) and commercial capsules’ 
containing 500 mg of anhydrous amoxicillin. T o  differentiate the results 
of the present study from those obtained previously (l), Formulation E 
is termed E in the present report. 


Clinical Protocol-Urinary excretion of unchanged drug was studied 
in 12 healthy volunteers of both sexes, whose ages ranged from 20 to 30 
years and who showed no evidence of renal insufficiency. Subjects were 
divided a t  random into two equal groups of six. A Latin-square 2 X 2 
design with 6 replicates was used, and the washing period was 5 days. The 
conditions of administration and sample times are the same as those 
described in the previous two reports (1,2). 


Pharmacokinetic Analysis-The parameters employed to charac- 
terize the excretion curves obtained are the same as those described 
previously (1, 21, E z  and E12. 


Dissolution Rate Studies-The apparatus and methodology used 
were both described in Part  I (2). 


Statistical Analysis-Cochran’s test (3) confirmed the existence of 
heterogeneous variances for the treatments. Therefore, Scheffk’s test 
modified by Brown and Forsythe (4) was employed (even though the 
logarithmic transformation of data stabilized the variances) in order to 
maintain homogeneity in the statistical treatment of data. 


RESULTS AND DISCUSSION 


A commercial formulation of 500 mg was chosen because the urinary 
excretion curves obtained for Formulation E in the previous study indi- 
cated the possibility of obtaining peaks similar to those obtained with 
500-mg doses in conventional formulations. This approach, together with 
the comparison of the parameters E:! and El:!, permits the possibility of 
determining whether or not there is a prolongation in the release-ab- 
sorption process with respect to Formulation E’. This would explain the 
large individual variations observed in previous studies. 


Figures 1 and 2 show the excretion and dissolution mean cumulative 
curves for both formulations. With respect to the Ez parameter, the mean 
values and variances (in parentheses) obtained for Formulations E’ and 
S were 85.3 (2824.2) and 98.1 (2188.9), respectively. The corresponding 
figures for the El2 parameter were 354.4 (9003.6) and 253.6 (1895.9). The 
dissolution parameter D30 yielded mean values of 204.8 and 404.0 for 
Formulations E and S, respectively, whereas the D 180 parameter yielded 
mean values of 634.0 and 471.5 for the respective formulations. The 
ANOVA results, using the method of Brown and Forsythe (41, show that 
both formulations are equivalent with regards to the Ez parameter (F1.22 
= 0.392) but differ significantly (0.01) with regards to the El2 parameter 
(F1.22 = 11.190). The quantity of intact drug excreted in urine was -50% 
of the administered dose in the case of each formulation, which has been 


1 Clamoxil, lot 2L26, F. Bonet. 
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Figure 2-Mean cumulatiue dissolution curues. 


discussed previously (5). The ratio between the observed values for the 
El2 parameter, in the case of each of the formulations, is the same as the 
ratio between doses, thus indicating equal absorption extent for both 
flxmulations. With respect to the E2 parameter, statistically the ratio 
is equal to unity. This indicates a reduction in the absorption rate of 
Formulation E’ compared with Formulation S. Furthermore, there is a 
greater variation between subjects for Formulation E’, with respect to 
bmotb parameters, which is why there are heterogeneous variances. 


Response surfaces are not only useful for quantifying the effect of the 
different factors on bioavailability, but also serve as a basis for estab- 
lishing the possible i n  uiuo-in uitro correlations. Furthermore, this latter 
aspect is an important problem facing biopharmaceutics in the field of 
dosage form control. This importance is underlined by the numerous 
methods proposed for the study of such correlations (6,7). Nevertheless, 
the fact that these methods are mainly empirical is not desirable. For this 
reason, some authors (6) point out that quantitative-type correlations, 
a t  least, “should probably be derived only when there is a theoretical 
reason for relating the variables.” 


Although the conditions found in the GI tract are difficult to simulate, 
it. is possible to study a series of factors which presumably affect the 
processes of release-dissolution of the drug in a biological medium, as- 
suming that these processes are the limiting steps in absorption. The rate 
with which a drug is liberated from the dosage form is conditioned by two 
Qpes of factors: the effect of the different excipients and technological 
factors and their possible interaction with the drug and the interactions 
between the dosage form and the GI environment. Some kind of physi- 
cochemical model is necessary so that the interaction between the tech- 
nological factors of the dosage form and the physiological environment 
can be simulated i n  uitro. However, no such model is readily available. 
However, statistical models can be used, as is the case here, to see if the 
effects of the technological factors studied i n  uitro by means of certain 
parameters are comparable to the effects produced i n  uiuo. Furthermore, 
this approach affords the possibility of obtaining the optimum conditions 
for i n  uitro testing. 


Obtaining a correlation between the i n  uiuo and i n  uitro response 
surfaces implies that the polynomials obtained from both series of data 
aire related by means of any one operator; nevertheless, from a practical 


€2 


15C 


m 
E 


5 loo 
1 
0 
X 
0 
E 
a 50 


0 *F 
C 


100 300 500 D30 


AMOXICILLIN, mg 


Figure 3-Linear relationship between the  amount of unchanged 
amoxicillin excreted i n  2 hr  and the  amount  dissolued i n  30 m i n  [y = 
20.90 + 0.2169 x (r = 0.9458; F = 59.48; N < O.Ol)]. 


100 300 500 700 D,,, 
AMOXICILLIN, mg 


Figure 4-Linear relationship between the  amount  of unchanged 
amoxicillin excreted i n  12 hr  and the amount  dissolued i n  180 m i n  [y 
= 64.01 + 0.4278 x (r = 0.9761; F = 141.30; a < O.Ol)]. 


point of view, it is desirable to have a linear relationship between both, 
that is, the polynomials obtained should have linear combination. Fur- 
thermore, the use of linear relations makes the predictions more plausible. 
Due to the nature of the experimental data, obtaining linear combina- 
tions, is not expected; nevertheless, the approximation to this situation 
can be tested by means of the linear regression of the polynomial coeffi- 
cients obtained i n  uiuo uersus those obtained i n  uitro. If both polynomial 
functions are a linear combination, then a linear relationship with the 
ordinate a t  the origin, statistically equal to zero, will be obtained. This 
situation is analyzed by means of the ANOVA of the regression among 
coefficients, using as index the F value obtained for the regression term 
bo. To establish precisely the coefficients of the polynomial function used 
in uiuo, taking as a basis the in uitro counterparts, i t  is desirable to meet 
Wetz’s criterion (8). According to Wetz, the minimum value of F neces- 
sary for equating prediction errors with experimental errors is four times 
the tabulated value. Another necessary condition is that the ordinate in 
the origin should be statistically equal to zero. It should also be noticed 
that the proportion constant for the polynomial coefficients is the same 
as one obtained by means of the regression between the i n  uiuo and i n  
uitro parameters. 


The regression obtained among the polynomial coefficients corre- 
sponding to the Ez and D3o parameters, for Formulations A, B, and C 
is: 


y = 1.1419 + 0.1995 x ( r  = 0.9999; F = 25,200.8) (Eq. 1) 


in which the ordinate in origin is statistically equal to zero; the F value 
is superior to the quadruple of the value tabulated (645.6). Thus, both 
polynomials must be considered a linear combination within the exper- 
imental limits. From this the relationship between the E2 and D30 pa- 
rameters is as follows: 


E2 = 16.04 + 0.200 D3o ( r  = 0.9977; F = 226.5) (Eq. 2) 


in which they  intercept is statistically equal to zero and the slope is al- 
most equal to that obtained in the regression among polynomial coeffi- 
cients. This coincidence confirms the existence of a linear combination 
between the response surfaces i n  uiuo and i n  uitro. 


Nevertheless, the regression obtained between the polynomial coef- 
ficients corresponding to El2 and Dl80 is: 


y = -12.473 + 0.768 x ( r  = 0.9912; F = 56.47) (Eq. 3) 


where the F value is smaller than the critical value tabulated for a = 0.05. 
For this reason, the existence of a linear combination between sets of 
coefficients cannot be considered. Nevertheless, the relation between the 
parameters El2 and Dl80: 


El2 = 64.227 + 0.400 Dl8o ( r  = 0.990; F = 549.19) (Eq. 4) 


presents an excellent linear correlation, even though there is no rela- 
tionship between the i n  uiuo and i n  uitro response curves; the relation, 
in fact, is exclusively empirical. 


The existence of a linear combination between the polynomials ob- 
tained for E2 and 0 3 0 ,  but not for El2 and DISO,  suggests an alteration 
of the intensity factor (7), since the times corresponding to the in uiuo 
and i n  uitro parameters chosen are multiples in both cases. 
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In the second study carried out on Formulations D, E, F, and G, it was 
pointed out that  the two systems do not arrange the different formula- 
tions in the same way, and therefore, the existence of response surfaces 
proportional for the chosen parameters must be ruled out. 


With regards to the general correlations, Figs. 3 and 4 show the re- 
gression of Ez against D3o and El2 against D~ao,  respectively, for all the 
formulations studied. In spite of the large differences existing between 
the various formulations, a significant linear regression is obtained, 
especially in the case of El2 against Dl80. Even the F value obtained for 
the regression term, bo, of the ANOVA of the regression was higher than 
the quadruple of the critical value tabulated. The high F values indicate 
the capability of the apparatus employed for the in uitro studies. 


A study of response surfaces is not necessary for establishing a routine 
control. Nevertheless, in biopharmaceutics, a knowledge of the techno- 
logical factors which can interact with drugs, as well as of the physico- 
chemical properties responsible for this interaction, is essential. A 
mechanistic model which would include all variables, both technologically 
and physiologically dependent, is not feasible, therefore, the use of re- 
sponse surfaces to quantify the effect produced by the factor studied is 
necessary. This quantification should be independent of therapeutic 


implications and should insist on establishing the necessary guidelines 
for obtaining an exact formulation of the dosage forms. 
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Determination of Isoetharine in Plasma by 
Reversed-Phase Chromatography with Amperometric 
Detection 
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Abstract  0 A reversed-phase liquid chromatographic method for the 
determination of isoetharine in blood plasma, utilizing amperometric 
detection, is described. Plasma samples were extracted utilizing an ion- 
pair reagent, di-(2-ethylhexyl)phosphoric acid, to concentrate the cate- 
cholamine. Only minor differences were observed in the relative bio- 
availability of isoetharine hydrochloride and isoetharine mesylate after 
oral administration to rats. Observed plasma levels, at 1 hr after oral 
medication, were highly variable in dose-ranging studies a t  doses of 
800-2500 mglkglday for 2 weeks. 


Keyphrases Bioavailability-determination of isoetharine in plasma 
by reversed-phase chromatography with amperometric detection 
Reversed-phase chromatography-determination of isoetharine in 
plasma with amperometric detection 0 Isoetharine-determination in 
plasma by reversed-phase chromatography with amperometric detec- 
tion 


Isoetharine (4-[ 1-hydroxy-2-[ (1-methylethyl)-amino] - 
butyl]-l,2-benzenediol) (I) is a P-agonist which is widely 


O H  


I CH2CH3 -CH(CH3)2 


used as a bronchodilator in inhalation therapy. Re- 
versed-phase liquid chromatography with amperometric 
detection has been used extensively for the determination 
of endogenous and exogenous biogenic amines in various 
biological media (I). The most common methods for 


It H -C(CH3) 3 


sample preparation include various modifications of the 
method of Anton and Sayre (2) in which the compound of 
interest is adsorbed to alumina through the catechol 
moiety. In addition, ion exchange resins (3) and boric acid 
gels (4) have been used to concentrate the analyte and 
separate it from interfering substances. In the present 
study, the catecholamine was extracted into an organic 
solvent through the formation of an ion-pair with di-(2- 
ethylhexy1)phosphoric acid (5). 


The present report describes an analytical method de- 
veloped for the determination of isoetharine in blood 
plasma, and the application of the method to the analysis 
of rat plasma in studies comparing the oral bioavailability 
of the hydrochloride and mesylate salts (the two marketed 
salt forms of isoetharine) and in dose-ranging toxicity 
studies. 


EXPERIMENTAL 


Reagents-Isoetharine’ (hydrochloride and mesylate salts) (I), col- 
tero12 (mesylate salt, internal standard) (4-[2-[l,l-dimethylethyl)- 
amino]-l-hydroxyethyl]-1,2-benzenediol) (II), methanol3, benzene4, 
di-(2-ethylhexyl)phosphoric acid5, were used as received. Water was 
deionized, distilled, and treated with high-intensity UV radiation6. All 
other chemicals were reagent grade or better and used without further 
purification. 


A 1.5% (or 0.5%) solution of di-(2-ethylhexyl)phosphoric acid in ben- 
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Time-Dependent Kinetics VIII: Absence of 
Diurnal Oscillations in Valproic Acid 
Disposition Following Single Dose 
Administration to Rhesus Monkey 


Keyphrases Valproic acid-time-dependent kinetics, absence of 
diurnal oscillations, disposition following single dose administration to 
rhesus monkey 0 Kinetics, time-dependent-absence of diurnal oscil- 
lations in valproic acid disposition following single dose administration 
to rhesus monkey 


To t h e  Editor: 
Valproic acid exhibits an unusual pharmacokinetic 


property in the rhesus monkey, namely, extensive diurnal 
oscillations in systematic clearance. An initial study in 
three normal rhesus monkeys showed that during constant 
rate intravenous infusion, steady-state levels increased at  
night with maxima 40-140% higher than the corresponding 
minima (1). In a subsequent study in four normal monkeys, 
where levels were monitored for 48 hr, it was found that the 
diurnal fluctuations in steady-state levels were repro- 
ducible in 2 consecutive days (2). Furthermore, after re- 
versal of the 12-hr light-12-hr dark cycle, plasma con- 
centrations tended to follow the phase shift with maxima 
during the reversed dark phase (actual day time) (2). In a 
later efficacy study in 12 epileptic monkeys, valproic acid 


was infused at  a constat rate to achieve steady-state levels 
of 46,97, and 147 pg/ml (3). The diurnal fluctuations in 
valproate levels were found at  all three steady-state con- 
centrations (4). 


In each of the studies just described, the diurnal changes 
in valproate clearance were found under steady-state 
conditions. In the present study, the objective was to de- 
termine whether this phenomenon could be observed with 
an acute mode of administration. To this effect, valproate 
was administered at  different times of day by intravenous 
boluses to a group of six rhesus monkeys. In addition, this 
design would allow a detection of diurnal effects in val- 
proate distribution. 


Six chair-adapted male rhesus monkeys (mean body 
weight 4.1 kg) with two chronic venous catheters (femoral 
for valproate bolus injection and jugular for blood sam- 
pling) were used in this study. Environmental conditions 
were maintained the same as those described previously 
(1,2) (diurnal cycle: light period, 6 am-6 pm; dark period, 
6 pm-6 am). Based on the findings of previous studies 
(valproate plasma levels remained stable or decreased 
during 10 am-6 pm, increased and reached a maximum 
during 6 pm-6 am, and tended to decline from 6 am-noon), 
the following times were selected for drug administration: 
2 am, 8 am, 2 pm, and 8 pm. At  these times of the day, 
valproate intravenous bolus injections were administered 
in a randomized fashion to six monkeys. A t  least 1 week of 
rest was allowed between any two injection times. From 
2 to 4 replicate studies at  each time period were conducted 
for each of the six monkeys. 


At  each time period, including replications, each monkey 
received 63.75 mg of valproic acid equivalent as sodium salt 
in 0.5 ml of sterile saline as an intravenous bolus injection. 
An additional 5 ml of saline was used to flush the line after 
bolus administration. Blood samples (2 ml) were collected 
in vacuum tubes containing edetic acid at 2,20,40,60, and 
100 min following drug administration. Plasma was sepa- 
rated and frozen until assay. Valproate was assayed by 
GLC using the procedure of Levy et  al. (5). 


The area under the plasma concentration-time curve 
(extrapolated to infinite time) was calculated by the 
trapezoidal rule and the systemic or total body clearance 
was computed from the dose-area relationship. The 
plasma valproate concentration time data were least- 
squares fitted to a monoexponential decay equation 
(BMDX-85), and the volume of distribution was calculated 
by the ratio of total body clearance and elimination rate 
constant. The null hypothesis of equal mean values for 
clearance, volume of distribution, and elimination rate 
constant among treatments was tested using a one-way 
ANOVA for repeated measures (BMDPBV). Then Tukey’s 
method for multiple comparisons (6) was used to test for 
differences between particular pairs of treatments. 


Mean plasma valproate concentration-time profiles at  
2 am, 8 am, 2 pm, and 8 pm are shown in Fig. 1. Based on 
the findings of previous studies, which revealed the pres- 
ence of circadian rhythms in steady-state valproate plasma 
levels (1-4), lower clearance values would be expected at  
2 am and 8 pm than a t  2 pm and 8 am. However, no sig- 
nificant difference in valproate clearance was observed 
between any of the four time periods. Volume of distri- 
bution and half-life also did not exhibit any time depen- 
dence ( p  >0.05). Values of clearance, volume of distribu- 
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Figure 1-Mean plasma valproate concentration-time profiles for six 
rhesus monkeys folloroing four separate drug administrations by in- 
travenous bolus injections. 


Table I-Pharmacokinetic Parameters Following Single Dose 
Administration of Valproic Acid to Rhesus Monkey 


2am S a m  2 p m  8 p m  


Clearance, l i t e rh - ’  1.231 1.150 1.281 1.214 
Mean ( S D )  (0.369) (0.267) (0.390) (0.264) 


Volume of distribution, 0.955 0.765 0.766 0.795 
liter 
Mean ( S D )  (0.263) (0.080) (.112) (0.146) 


Constant, hour-’ 
Mean ( S D )  (0.271) (0.266) (0.392) (0.330) 


Elimination Rate 1.312 1.517 1.636 1.573 


tion, and half-life (Table I) are very similar to those found 
previously (1,3, 7). 


A consistent pattern of diurnal fluctuations in systemic 
clearance was previously found in three separate studies 
(1-4). The difference in experimental findings between 
those studies and the present one may be explained by the 
difference in the nature of the clearance obtained in both 
instances. In the former studies (1-4), valproate was ad- 
ministered by constant rate intravenous infusion and thus 
enabled the determination of an instantaneous systemic 
clearance at steady state. In the present study, however, 
valproate was administered by single bolus injection and 
resulted in the determination of an average clearance, a 
hybrid of the clearances operating during the elimination 
of the majority of the administered dose. Under steady- 
state conditions, differences in instantaneous clearance 
can be measured within a few hours and several (10-12) 


clearance determinations can be obtained in 24 hr. In 
contrast, the single dose approach revealed only four 2-hr 
hybrid samples of the diurnal evolution of drug clearance. 
Thus, in the case of valproic acid in the rhesus monkey, the 
single dose clearance represents an insensitive tool in the 
characterization of the time dependency in clearance. 


Also, comparison of steady-state clearances between any 
two time points of the diurnal cycle involves only intraday 
variability in clearance. However, since each determination 
of single-dose clearance required several blood samples, 
any two clearance determinations (at the same time or at  
different times) were separated by at least a 1-week period. 
Appreciable interday variability was present. Table 1 
shows that relative standard deviations of replicates a t  a 
given time of administration varied between 22 and 
30%. 


It may be argued that the particular group of six mon- 
keys used in the present study does not exhibit the prop- 
erty of diurnal oscillations in steady-state clearance as was 
observed in previous studies (1-4). This possibility is 
eliminated by the fact that, in a later study (of diurnal 
fluctuations in cerebrospinal fluid valproate levels) four 
of the present six monkeys exhibited typical diurnal os- 
cillations in steady-state plasma and cerebrospinal fluid 
levels (unpublished data). An alternative hypothesis to 
explain the findings of this study could be that chronic 
exposure to valproic acid is necessary to evoke a circadian 
rhythm in plasma concentration, i.e., the constant presence 
of valproate in vivo would initiate an endogenous cycle in 
metabolism. This would be possible if, for example, chronic 
infusion (as opposed to bolus administration) of valproic 
acid was associated with depletion of cofactors necessary 
in the biotransformation of valproate. Such cofactors 
would then become rate-limiting and, if their synthesis or 
turnover rate was under diurnal control, valproate clear- 
ance would also exhibit a diurnal rhythm. In relation with 
this hypothesis, it is of interest to note that diurnal oscil- 
lations in steady-state levels have been observed with other 
drugs [ethosuximide (8), carbamazepine (9) and clona- 
zepam (lo)] in the rhesus monkey under the same exper- 
imental conditions. However, no studies of diurnal varia- 
tion following single dose administration have been per- 
formed with these drugs. Therefore, several in vivo and i n  
vitro metabolic studies will be necessary before the co- 
factor depletion hypothesis can be generalized. 
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Centering Tool for Dissolution Vessels 
~~~ ~ ~ ~ 


Keyphrases 0 Drug dissolution-testing, centering tool for dissolution 
vessels Centering tool-drug dissolution testing, for basket and paddle 
methods 


To the Editor: 


Proper alignment and standardization of equipment is 
essential to obtain reliable results in drug dissolution 
testing. The USP XX requires that the shaft in both the 
basket and paddle methods be positioned so that its axis 
is not >0.2 cm a t  any point from the vertical axis of the 
vessel (1). A centering tool for alignment of the shaft was 
previously described (2), and several centering tools are 
commercially available1Y2. We have designed a centering 
tool which has been widely used in FDA laboratories and 
which we believe offers significant advantages over other 
designs. 


The tool is machined from a block of plexiglass (Fig. 1). 
The sides of the tool are tapered at an angle of 30” from the 
axis so that the tool can be used with plastic or glass dis- 
solution vessels or to align the base plates that support the 
dissolution vessels. The main slot is oversized to 10 mm to 
allow the tool to be used with 9.52-mm diameter shafts. 


~ 


Hanson Research Carp., Northbridge, CA 91324. 
Van-Kel Industries, Chatham, NJ 17928. 


7.92Ak L 
15.88 


Figure 1-Dissolution uessel centering tool. The material used was 
plexiglass and all measurements are in millimeters. 


The center portion of the slot is offset 4 5 O  from the main 
slot, so that the shaft can be accurately butted against the 
radius of the 9.50-mm center hole with a 6.35-mm screw. 
Securing the shaft against the center hole radius prevents 
the tool from accidental tipping when aligning the vessels. 
The final machining of the tapered edge is done with the 
device secured by its set screw to an arbor to ensure that 
the center hole and the tapered portion of the tool will be 
concentric. 


While in use, the tool is slipped down the shaft into the 
mouth of the vessel, and the vessel is aligned with the tool 
after tightening the set screw. The design offers these ad- 
vantages: 


1. Locking the tool to the shaft prevents the alignment 
from changing while adjusting the kettle. 


2. The circular design aligns the kettle’s total cir- 
cumference in one operation. 


3. Dimension of the tool permits it to be used to align 
the base plate. 


With proper use, most, if not all, of the centering tools 
previously described should be capable of aligning the 
shaft within USP specifications. 


(1) “The United States Pharmacopeia,” 20th rev. United States 
Pharmacopeial Convention, Rockville, Md., 1980, p. 959. 
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Isocratic High-Performance Liquid Chromatographic 
Method for the Determination of Tricyclic 
Antidepressants and Metabolites in Plasma 
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Abstract 0 An isocratic high-performance liquid chromatographic 
method for the determination of six tricyclic antidepressants and their 
major metabolites is presented. Hexane containing 0.5% diethylamine 
was used as an extraction solvent to minimize adsorption onto glass. A 
reversed-phase cyanopropylsilane column was used with a mobile phase 
consisting of 70% acetonitrile and 30% 0.03 M acetate buffer, pH 7.0. Good 
identification and quantitation were obtained by the use of both UV 
detection at  245 nm and spectrofluorometric detection with an excitation 
wavelength of 276 nm and an emission filter with a 370-nm cutoff. A 
minimum detectable limit of <5 ng/ml of plasma is possible with this 
system. The reproducibility and precision of the method are shown from 
the analysis of samples containing 20-400 ng/ml in plasma. 


Keyphrases 0 Antidepressants-tricyclic, isocratic high-performance 
liquid chromatographic method for the determination of metabolites in 
plasma 0 Metabolites-isocratic high-performance liquid chromato- 
graphic method for the determination of tricyclic antidepressants in 
plasma 0 High-performance liquid chromatography-isocratic deter- 
mination of tricyclic antidepressants and metabolites in plasma 


Tricyclic antidepressants have been used extensively 
in the treatment of psychiatric patients suffering from 
depression. The relationship between the plasma con- 
centration of these drugs and their clinical effect on de- 
pressive symptoms is controversial (l), but monitoring 
therapeutic levels is important, since the side effects of 
these drugs are quite common and mainly dose related (2). 
The major metabolic pathways are demethylation and 
hydroxylation (3). 


In a recent two-part review article (4, 5), both the 
methodology and the pharmacokinetics of tricyclics were 
reviewed. The methodology review lists several methods 
for the determination of tricyclics and their metabolites. 
Many of the methods, including UV spectrometry (6,7), 
fluorimetry (8), and TLC (9), are nonspecific, since the 
compounds are difficult to separate and the major me- 
tabolites have spectral characteristics similar to the parent 
drugs. Radioimmunoassay has been used, although many 
antisera show substantial cross reactivity (10). 


GLC methods require either derivatization of the com- 
pounds or a selective detector (11-14). Quantitation of 
tricyclic antidepressants and their metabolites have also 
been performed by high-performance liquid chromatog- 
raphy (HPLC) (15-19), but most of the reported methods 
did not include the hydroxy metabolites which have been 
shown to be pharmacologically active (20). Most methods 
also involve an elaborate multistep extraction proce- 
dure. 


The present report describes the separation and deter- 
mination of the most commonly prescribed tricyclic anti- 
depressants. The method involves one extraction step 
followed by HPLC using a reversed-phase cyanopro- 
pylsilane column and dual UV and fluorescence detection. 
The method is applicable to the direct determination of 


plasma levels in the presence of one or more of several 
drugs which might be prescribed concurrently. The ap- 
plicability of the method has been demonstrated by the 
analysis of plasma from patients receiving tricyclic anti- 
depressants. The determination of amitriptyline includes 
the simultaneous analysis of its most important metabo- 
lites in plasma. 


EXPERIMENTAL 


Instrumentation-A high-performance liquid chromatograph' was 
equipped with a fluorometric detector2 and a cyanopropyl~ilane~ column 
(250 mm long, 4.6-mm id.). The degassed mobile phase was pumped 
through the column at 3.0 ml/min (20-22 mPa). The column compart- 


Figure 1-Chromatograms of the extracts of 1.0 ml  of plasma con- 
taining 200 nglml each of I ,  11, I l l ,  and IV .  The  extracts were reconsti- 
tuted with 100 pl  of methanol, injection uolume 30 p l ,  absorbance at 245 
nm. Key: (A)  hexane; (B) hexane plus 2% isoamyl alcohol; (C) heptane 
p lus  4 %  isobutyl alcohol; (0) herane plus 0.57; diethylamine; (E) 
methylene chloride; (F) methylene chloride plus 0.5% diethylamine; 
(G) ethyl acetate. 


Model 1084B chromatograph with variable wavelength UV detector and au- 
toiniector, Hewlett-Packard Co., Avondale, Pa. 


2-FS-970, Schoeffel, Westwood, N.J. 
Ultrasphere Cyano, Beckmnn Instruments, Inc., Berkeley, Calif. 
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Table I-Precision of Tricyclic Antidepressant Assay 


Amount 
Added, ndml 


20 
50 


100 
150 
200 
300 
400 
Correlation 


coefficient 
Total n 
R2 


Amount Found, ng/mla.* 
I I1 111 IV V VI VII VIII IX 


19.6 f 1.1 14.6 f 1.4 19.3 f 2.5 17.6f 2.6 37.4 f 3.1 30.5 f 3.3 19.3 f 2.7 17.7 f 1.5 14.2 f 1.5 
42.1 f 3.9 38.3 f 2.4 48.2 f 1.4 40.8f 6.0 62.6 f 4.4 58.1 f 4.9 50.1 f 15.2 47.6 f 6.7 47.7 f 11.9 


105.5 f 2.3 96.9f 10.0 95.0f 5.0 87.5 f 10.4 116.2 f 6.8 101.8f 6.2 101.6f 11.9 95.8% 6.0 102.2 f 2.2 
150.4 f 4.8 148.4 f 5.9 134.2 i 11.4 129.0 f 8.3 182.1 f 19.7 175.5 f 25.5 159.4 f 10.7 154.2 f 14.6 149.3 f 8.1 ~ .. 


200.2 f 8.9 183.42 9.4 198.0 I10 .6  184.7 f 24.5 224.6 f 11.7 211.3 f 2.5 219.9% 12.9 203.2 f 6.6 225.2 f 13.0 
289.2 f 27.1 285.9 f 29.1 310.1 f 15.8 306.0 f 31.4 318.9 f 21.8 317.8 f 37.0 304.7 f 34.4 289.6 f 27.2 300.1 f 4.9 
403.3 f 21.0 402.5 f 21.4 400.8 f 26.5 404.1 f 25.7 407.5 f 26.7 394.2 f 38.7 393.1 f 16.4 402.0 f 15.0 403.7 f 19.3 


0.994 0.993 0.995 0.991 0.993 0.984 0.991 0.995 0.995 


32 31 35 33 30 32 32 32 29 
0.989 0.987 0.989 0.983 0.985 0.968 0.990 0.990 0.990 


0 Absorbance at 245 nm. * For each compound values are the mean fSD. 


ment was maintained at 45'. The UV was monitored at 245 nm and the 
fluorometer was set at an excitation wavelength of 276 nm. An emission 
cutoff filter (type 370 nm) was used. 


Chemicals and Reagents-Sodium acetate, sodium phosphate, acetic 
acid, phosphoric acid, diethylamine, sodium hydroxide, isoamyl alcohol, 
and isobutyl alcohol were reagent grade. HPLC grade methanol, aceto- 
nitrile, hexane, heptane, ethyl acetate, and methylene chloride were used. 
Amitriptyline hydrochloride (I)4, nortriptyline hydrochloride (W5, 
10-hydroxyamitriptyline (111)4, 10-hydroxynortriptyline hydrogen ma- 
leate (IV)4, imipramine hydrochloride (W6, desipramine hydrochloride 
(VI)7, doxepin hydrochloride (VII)8, demethyldoxepin hydrochloride 
(VIII)8, protriptyline hydrochloride (IX)4, and trimipramine hydro- 
chloride (X)9 were obtained commercially. 


Mobile Phase-Sodium acetate solution (0.03 M) was prepared in 
deionized distilled water, and the pH was adjusted to 7 by the gradual 
addition of acetic acid. The mobile phase consisted of 70% acetonitrile 
and 30% buffer. 


Solution Preparation-Drug Stock Solutions-Separate solutions 
of each drug and metabolite were made containing 5 mg of free base/lO 
ml of methanol. 


Working Drug Solutions-Dilutions to working concentrations (5 
ng/pl) were made with methanol for drug-metabolite groups (I-IV; V-VI; 
VII-VIII) or for a single drug (IX). 


Extraction Solution-The internal standard stock solution (X) was 
diluted with hexane containing 0.5% diethylamine to a concentration of 
20 ng/ml. 


Sample Preparation-An aliquot (4-80 pl) of the drug working so- 
lution containing 20-400 ng, 0.5 ml of 0.1 M NaOH, and 10 ml of ex- 
traction solution were added to 1.0 ml of heparinized plasma in a 15-ml 
screwcapped centrifuge tube. The tubes were vortexed for 10 sec and 
centrifuged for 5 min at 900Xg. A 9-ml volume of the organic phase was 


C 


A 


I 


Figure 2-Chromatograms showing the effect of solvents on adsorption 
of I and I I  onto glass. Injection volume 20 p1 of 0.2 nglpl, absorbance 
a t  245 nm. Key: (A) methanol; (B) hexane; (c) hexane plus 0.5% di- 
ethylamine. 


Merck, Sharp & Dohme Research Laboratory, Rahway, N.J. 
Eli Lilly and Co., Indianapolis, Ind. 
CIBA Pharmaceutical Co., Summit, N.J. 
Merrell-National Laboratories, Cincinnati, Ohio. 
Pfizer, Inc., New York, N.Y. 
Ives Laboratories, Inc., New York, N.Y. 


transferred to special concentration tubes'" and evaporated to dryness 
a t  30" under a gentle stream of nitrogen. 


HPLC Separation and Quantitation-The residue was dissolved 
in 100 p1 of methanol and transferred to a polypropylene micro-vial" 
before injection of 30 pl into the HPLC. A standard curve was constructed 
utilizing a minimum of four replicate plasma extractions simulating 
concentrations of drugs and metabolites from 20 to 400 ng/ml. The 
chromatograms were recorded at  a chart speed of 5 mm/min. The peak 
heights were measured, and the ratios (drughnternal standard and me- 
tabolite/internal standard) were calculated and plotted uersus concen- 
tration expressed as nanograms per milliliter of plasma. 


Interferences-Possible interferences from normal plasma constit- 
uents, as well as other drugs and metabolites, were studied. 


Factors Affecting Extraction Efficiency-The amounts of drugs 
and their metabolites extracted at pH 12 were studied using hexane, 
methylene chloride, ethyl acetate, hexane containing 0.5% diethylamine, 
hexane containing 2% isoamyl alcohol, methylene chloride containing 
0.5% diethylamine, and heptane containing 4% isobutyl alcohol. Ex- 
tractions were carried out at three different pH values (7.4,9.5, and 12) 
with the following solvents: hexane, hexane containing 0.5% diethylamine, 
and methylene chloride. 


Adsorption onto Glass-The effect of several agents on the adsorp- 
tion of tricyclics and their metabolites onto glass during extraction and 
evaporation was studied. Diethylamine, isoamyl alcohol, isobutyl alcohol, 
and silanization of glass were tried. 


YE 


A 


I 


B 


i 


L 
1 


Figure 3-Chromatograms of a mixture of 40 ng each of I, I I ,  V-X. Key: 
(A) absorbance at  245 nm; (B) fluorescence a t  276-nm excitation and 
370-nm emission cutoff filter. 


*O  Concentratubes, Laboratory Research Co., Los Angeles, Calif. 
Micro-volume sample flask, P. Weidmann & Co., Romanshorn, Switzer- 


land. 
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Figure 4-Effect of pH, percent acetonitrile, and molarity of the mobile 
phase on capacity factor ( K )  of I-IV. 


Table 11-Drugs Tested for Possible Interference 


Drug 


Diazepam 
Dextromethorphan 
Imin+ibenzyl (Metabolite of 


Desipramine) 
Lidocaine 
Loxa ine 
Fluplenazine 
Perphenazine 
Haloperidol 
Amoxapine 
Trimipramine (X) 
Thiothixene 
C hlorprothixene 
Quinidine 
Trifluo razine 
10-H ydPoxyamitriptyline (111) 
Propranolol 
Doxepin (VII! 
Chlorpromazine 
N- Acetylprocainamide 
Amitriptyline (I) 
Clomipramine 
Procainamide 
Imipramine (V) 
10-Hydroxynortriptyline (IV) 
Disopyramide 
Thioridazine 
Nortriptyline (11) 
Demethyldoxepin (VIII) 
Maprotiline 
Desipramine (VI) 
Protriptyline (1x1 
Mesoridazine 


Retention Time, 
min 


Absorb- 
ancea 


Fluo- 
rescence* 


SFr 
S F  
SF 


SF 
1.90 
2.05 
2.21 
2.29 
2.82 
3.75 
3.90 
4.02 
4.11 
4.55 
4.66 
4.82 
5.08 
5.10 
5.15 
5.22 
5.70 
5.80 
6.20 
6.41 
6.66 
6.88 
7.08 
7.12 
7.51 
7.65 
7.90 
8.75 


t 
t + 
t 
t 
t + + 
t + 
t 
t + + + 
+ 
t + 
t + 
t 
t 
t 
t 
t 
t 
t + + 
t + 


- 


a Absorbance a t  245 nm. SF is the solvent 
front. 


Patient  Samples-Heparinized plasma samples from patients re- 
ceiving oral tricyclic antidepressant therapy were extracted, in duplicate 
using the same procedure. The amounts of drug and metabolites in pa- 
tient samples were calculated by comparison with a standard curve 
prepared daily. 


Fluorescence at  276/370 nrn. 


RESULTS AND DISCUSSION 


The choice of extraction conditions is based on a compromise between 
extraction yield and selectivity of extraction. Extraction with hexane 
afforded a cleaner extract than several other solvents (Fig. 1). The ad- 
dition of 0.5% diethylamine to the hexane minimized the adsorption of 
the tricyclics onto the glass surface (Fig. 2). This observation confirms 
that  reported previously (21). Evaporation under nitrogen a t  30" mini- 
mized volatilization of drugs and metabolites and yet is sufficient for 
ready evaporation of diethylamine and hexane. In addition, the use of 
an organic phase-aqueous phase ratio in extraction of 10:1.5 made it 
possible to have a high yield in one extraction step. A slightly higher yield 
was obtained a t  pH 12 than pH 7.4 or 9.5. Reconstitution in methanol 
was chosen over the mobile phase because glass adsorption from aceto- 
nitrile considerably reduced the peak heights and prevented accurate 
quantitation. The effect was the greatest for the metabolites. 


The use of a cyanopropylsilane column in a reversed-phase mode with 
a mobile phase of 70% acetonitrile and 30% acetate buffer (0.03 M, pH 
7) produced good separation of several tricyclics (Fig. 3) and between each 
drug and its respective major metabolites. The separation of I-IV de- 
pends on the pH and molarity of the buffer as well as the percent aceto- 
nitrile in the mobile phase. This is illustrated by the change of K values 
(Fig. 4). The pH, molarity, and percent acetonitrile of the mobile phase 
may be varied slightly to obtain separation on cyanopropylsilane columns 
of different manufacturers or on a column after a period of use. The use 
of fluorescence detection is not necessary for the analysis, since all of the 
drugs and metabolites absorb at  245 nm and only V, Vl, and IX fluoresce. 
Dual detection using both absorbance and fluorescence is helpful, how- 
ever, to afford exact identification and good quantitation. The drugs may 
be monitored a t  254 nm with only a slight loss of sensitivity. Monitoring 
a t  288 nm or by fluorescence will enhance the sensitivity for IX. Tr i -  
mipramine was chosen as the internal standard because it has almost 
equal absorbance and fluorescence under the experimental conditions 
and is well separated from all the drugs and metabolites. 
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A n B  


Figure 5-Typical chromatograms of extracts of 1 ml of plasma, in- 
jection volume 30 p l ,  absorbance a t  245 nm. Key: (A)  drug free; (€I) 
patient receiving I orally. Concentrations of compounds expressed as 
ng/ml of plasma are I = 87, I I  = 50,111 = 7, and  IV = 38. 


The rat.ios of the peak heights of the drugs and metabolites to the peak 
height of the internal standard were calculated. Statistical analysis of 
the data (Table I) by linear regression indicated linearity and repro- 
ducibility in the 20-400-ng/ml range of plasma. This range includes the 
therapeutic range of the drugs. Absolute recovery of the drugs and me- 
tabolites ranged from 55 to 80% of the theoretical amounts. This low re- 
covery may be responsible for the variation in the amount found a t  low 
concentrations (Table I). The minimum detectable limit for the com- 
pounds is <5 ng/ml of plasma. 


No interference from normal plasma constituents was observed (Fig. 
5A). Also, several drugs which might be prescribed simultaneously with 
tricyclics were chromatographed. The retention times are listed in Table 
11. 


The method has been applied to  many patient samples and is being 
used routinely in the laboratory for monitoring therapeutic levels (Fig. 
5B). Major advantages of the method are its simplicity, rapidity, and high 


sensitivity. All of the drugs and metabolites, including the 10-hydroxy 
metabolites of amitriptyline and nortriptyline, are determined using a 
single procedure. Adsorbance of the drugs onto glass has been mini- 
mized. 
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Abstract Newly synthesized polymercaptal microspheres of 0.8 f 0.02 
um were shown to have a specific and fast intake of mercury compounds 


potential use as a new oral drug for  treatment i n  cases of mercury poi- 
soning. 


over a whole range of pH-while maintaining low toxicity. The  micro- 
spheres bind easily with mercury compounds which are already bound 
to the biological mercury binders, albumin or cysteine. Mercury was re- 
covered completely from the microspheres by using a solution of thiourea 
in hydrochloric acid. Due to their high surface area, low toxicity, and 
strong affinity toward mercury compounds, the microspheres have a 


Keyphrases 0 Microspheres-chelation of mercury, polymercaptal. 
new potential antidote for mercury poisoning 0 Mercury-chelation by 
polymercaptal microspheres, new potential antidote for poisoning 
Chelation-mercury, polymercaptal microspheres, new potential antidote 
for mercury poisoning 


Mercury compounds, both organic and inorganic, con- 
stitute an environmental and agricultural hazard (1, 2 ) .  
Severe poisoning is known to cause brain damage, fetal 


disabilities, and death ( 2 ,  3 ) .  The therapy for mercury 
poisoning includes intravenous administration of the 
chelating drugs dimercaprol and/or penicillamine (4). 
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flux value, in comparison to suspensions, as well as a continuing reduction 
in flux with time. 


As a final test of this explanation, and to ensure that the surfactant 
used in the suspension formulations did not influence the results, ex- 
periments were performed using a saturated solution of benzocaine in 
water to which excess benzocaine (1 mglml) was added. 


The results are plotted in Fig. 4 for the penetration profiles with and 
without excess drug in donor. I t  is evident that the slopes for the two 
curves are different. The flux for the donor with excess drug (100 X lob3 
mg hr-l cm-2) was very close to the values obtained for the suspension 
systems (Table I). 
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Abstract  0 The protein binding and degradation rate of melphalan in 
human albumin solutions and plasma have been investigated. In plasma, 
melphalan is bound 69.0 f 3.4% (25", melphalan concentration 25 pglml). 
The stability of melphalan when bound to albumin is about three times 
higher ( k  = 3.07 X hr-l) than unbound in solution (k 
= 1.14 X 10-1 f 0.01 hr-'). 


Keyphrases Melphalan-degradation studies in aqueous solutions, 
influence of human albumin binding Binding-human albumin to 
melphalan, degradation of melphalan in aqueous solutions 0 Albumin, 
human-influence in binding with melphalan, degradation in aqueous 
solutions 


f 0.48 X 


Melphalan, an alkylating agent of the nitrogen mustard 
type, can be bound to plasma proteins as a result of a 
chemical reaction with the protein molecules as well as by 
a process of reversible adsorption (1). At least 60% of 
melphalan was bound to serum proteins (26') as studied 
by an equilibrium dialysis technique (2). However, the 
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Figure 1-Influence of albumin concentration on fraction free mel- 
phalan (25O; melphalan concentration: 25 pglml). The fraction free 
melphalan is a mean of four determinations. Key: (0) albumin solu- 
tions; ( A )  plasma samples. 


quantitative determinations were performed using an 
unselective technique, and it is unclear to what extent the 
results are affected by a codetermination of degradation 
products of melphalan formed during the dialysis proce- 
dure. Melphalan (30%) was observed previously to be un- 
dialyzable in human plasma ( 4 O ) ,  the quantitative deter- 
minations being performed by high-performance liquid 
chromatography (1). In the present study the reversible 
protein binding of melphalan in albumin solutions and 
human plasma has been determined by a modified ultra- 
filtration technique (3). Since the binding of melphalan 
to albumin might have a profound effect on its stability in 
uiuo (4), the rate constants for the degradation of pro- 
tein-bound and free melphalan have been evaluated. 


EXPERIMENTAL 


Degradation Studies-Melphalan', dissolved in 0.1 M HCI, was di- 
luted 100 times with a solution of human albuminZ in isotonic phosphate 
buffer pH 7.35 (NaC1 concentration 0.095 M )  or plasma? to a final mel- 
phalan concentration of 25 pg/ml. The mixture was incubated a t  25.0 f 
0.1' and a t  appropriate times aliquots were analyzed by liquid chroma- 
tography. 


Protein-Binding Studies-The protein binding was determined 
using a modified ultrafiltration technique (3). The studies were carried 
out a t  25 f 2' using albumin or plasma solutions containing 25 jtg/ml of 
melphalan, unless otherwise stated. The degradation of melphalan in the 
ultrafiltrate was minimized by collecting it in albumin solutions con- 
taining the same concentration of albumin as the solution inside the di- 
alysis tubing. No binding of melphalan to the dialysis membrane could 
be observed as studied by ultrafiltration of melphalan dissolved in iso- 
tonic phosphate buffer pH 7.35. 


Quantitative Analysis-The quantitative determinations of' mel- 
phalan were performed by liquid chromatography according to previous 


1 Sigma Chemical Co., St. Louis, Mo. 
2 Human albumin, essentially fatty acid free, Sigma Chemical Co. ( A  1887), St. 


Louis, Mo. 
3 Blood was obtained from drug-free volunteers and collected in tubes containing 


heparin. The plasma was separated by centrifugation and stored at  -20' until 
used. 
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Figure %--Degradation rate of melphalan-influence of albumin con- 
centration (25O; melphalan concentration: 25 I,cg/ml). Key: (0) albumin 
solutions; (A) plasma samples. 


principles (I), using the same equipment as described previously (3). The 
results were evaluated using a standard curve prepared by adding known 
amounts of melphalan to albumin solutions and plasma. 


RESULTS AND DISCUSSION 
The protein binding of melphalan (25 I,cg/ml) was 69.0 f 3.4% in plasma 


obtained from five donors, the mean albumin concentration being 48 
mg/ml. No significant change in the degree of protein binding was ob- 
served in the concentration range 5-50 pg/ml of melphalan. The protein 
binding in albumin solutions was lower than in plasma containing com- 
parable albumin concentrations (Fig. 1). The protein binding was 53.5 
f 1.7% a t  an albumin concentration of 40 mg/ml. 


The influence of albumin concentration on the pseudo first-order rate 
constant for the degradation of melphalan is given in Fig. 2. The half-life 
for the degradation of melphalan is 9.88 f 0.24 hr (n = 10, r = 0.998) a t  
an albumin concentration of 40 mg/ml. The stability in plasma obtained 
from five donors is higher ( t l / ~  = 12.80 f 0.52 hr) than in albumin solu- 
tions containing comparable albumin concentrations. 


The rate constant for the degradation of melphalan in albumin solu- 
tions (kobr )  can be expressed by (3): 


kobs = k l  + f free(k2 - k l )  


where k l  and k z  are pseudo first-order rate constants for the degradation 
of protein-bound and free melphalan, respectively, and ifre, is the fraction 
of free melphalan in solution. A plot of kobs uersus /free in albumin solu- 
tions and plasma is given in Fig. 3. The fraction free melphalan in the 
albumin solutions was changed by the use of different albumin concen- 
trations (10-60 mg/ml) at a constant ligand concentration (25 pg/ml). 
Evaluation of the rate constants by linear regression analysis using the 
data obtained in albumin solutions gave k l  = 3.07 X f 0.48 X lo-' 
hr-I and k? = 1.15 X lo-' f 0.09 X 10-1 hr-] (r = 0.916, n = 24). The rate 


0.00, 0.00 1 8 0  0.20 0.40 0.60 


FRACTION FREE 


Figure 3-Degradation rate versus fraction free melphalan ( 2 5 O ) .  Key: 
(0) albumin solutions; (A) plasma samples. 


constant for free melphalan obtained from the plot is in good agreement 
with the value obtained from degradation studies in albumin-free isotonic 
phosphate buffer pH 7.35 (kobs = 1.14 X lo-' f 0.01 X lo-' hr-l, n = 14, 
r = 0.999). Thus, the stability of melphalan bound to albumin is about 
three times higher than unbound in solution. 


Since the degradation rate of nitrogen mustards is increased markedly 
with increasing dielectric constant of the solvent (5), it can be concluded 
that the nitrogen mustard group of melphalan when bound to albumin 
is in a chemical environment with solvating properties different from 
those in pure aqueous solution. It has been shown previously (3) that the 
nitrogen mustard drug, chlorambucil, was efficiently protected from 
degradation when bound to albumin, the rate constant for the bound form 
being -100 times lower than for chlorambucil being free in solution. This 
indicates that melphalan is bound to albumin in a different way than 
chlorambucil. Furthermore, it can be observed (Fig. 3) that the data 
obtained for melphalan in plasma fall on the line obtained from studies 
in pure albumin solutions. The increased stability for melphalan observed 
in plasma must, therefore, be due to a more excessive binding to albumin 
or to other plasma ligand(s) which bind the nitrogen mustard group in 
a similar way as albumin. 
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Abstract The intestinal absorption of L-lysine-p-nitroanilide, L- 
alanine-p-nitroanilide, and glycine-p-nitroanilide was studied in the 
presence of competitive inhibitors in a perfused rat  intestine. I t  was oh- 
served that L-lysine-p-nitroanilide absorption was inhibited by L-lysine 
methyl ester and L-arginine-0-naphthylamide but not by N,-acetyl- 
L-lysine methyl esters. L-Alanine-p-nitroanilide absorption was inhibited 
by L-alanine methyl ester but not by 0-alanine methyl ester. I t  was fur- 
ther observed that No-benzoyl-L-arginine-p-nitroanilide and N,-suc- 
cinyl-L-phenylalanine-p-nitroanilide were poorly absorbed. I t  was con- 
cluded that the peptidase in the brush border region that serves as the 
hydrolysis site requires a free a-amino group (an aminopeptidase), and 
that passive absorption of these compounds occurs only to a small ex- 
tent. 


Keyphrases 0 Absorption, intestinal-amino acid derivatives, impor- 
tance of the free a-amino group 0 Amino acid derivatives-intestinal 
absorption importance of the free a-amino group 0 a-Amino groups- 
importance of the free a-amino group in the intestinal absorption of 
amino acid derivatives 


Recent investigations have demonstrated that brush 
border hydrolysis of soluble derivatives of insoluble drugs 
may significantly increase the absorption rate of the drug 
(1). Since the approach is based on enzymatic hydrolysis, 
the specificity of the hydrolytic enzymes in the brush 
border region must be investigated. While many enzymes 
have been reported to be present in this region (l), the 
aminopeptidases represent a likely site for reconversion 
of compounds previously studied (2-4). Furthermore, a 
free amino group on the substrate is required for amino- 
peptidase activity. The objective of this study was to de- 
termine the importance, for absorption, of a free a-amino 
group in amino acid derivatives of drugs. 


EXPERIMENTAL 


Materials-a-N-Benzoyl-oL-arginine-p-nitroanilide, n-succinyl- 
L-phenylalanine-p-nitroanilide, L-lysine-p-nitroanilide, L-lysine methyl 
ester, N,-acetyl-L-lysine methyl ester, L-arginine-P-naphthylamide, 
L-alanine-p-nitroanilide, L-alanine methyl ester, P-alanine-p-nitroan- 
ilide, L-lysine methyl ester, 0-alanine methyl ester, glycine-p-nitroani- 
lidel, and glycine methyl ester were used as received. 


Perfusion Experiments-Drug absorption was measured in a per- 
fused rat intestine segment as previously reported (1,5). The inlet (C,) 
and exit (C,) concentrations were measured spectrophotometrically for 
the p-nitroanilide derivatives. The free p-nitroanilide was released by 
overnight (12 hr) hydrolysis of the syringe and perfusate samples after 
addition of sodium hydroxide (pH 11-12). A three-point analysis of the 
spectrum (350,375, and 400 nm) was used in order to subtract the usually 
small protein background a t  these wavelengths. 


THEORETICAL 


The method of data analysis is the same as previously reported (1,6). 
The method is appropriate as long as the boundary condition is linear: 


(Eq. 1) 


where J,) is the flux a t  the wall, P, the wall permeability, and C, the wall 
concentration. The dimensionless wall permeability (P,*) is: 


(Eq. 2) 


where R is the radius of the intestine and D the solute diffusivity. The 
wall permeability (“P,*) is calculated using the measured ratio of exit 
to inlet concentrations (C,IC,) and the Graetz number ( G z )  where Gz 
= rDLI2Q and where L is the length of the intestinal segment and Q the 
fluid flow rate. The calculations follow the method previously reported 
(6). Diffusion coefficients are given in Table I. Analysis is based on the 
uncorrected “P,* values since the correction is small (6). 


For the test compounds used in the present report (e.g., L-lysine-p- 
nitroanilide) it is assumed that hydrolysis a t  the wall provides the driving 
force for transport to the wall, with the released p-nitroanilide being 
taken up by the wall (1). The wall permeability is, consequently, a het- 
erogeneous reaction rate constant. The general case has been discussed 
(1) and gives: 


P, = aDTanh(a6E) (Eq. 3) 


P,* = nRTanh (adc) 


or 


(Eq. 4) 


a2 = k/D (Eq. 5) 


where 


where k is the first-order reaction rate constant, and 6~ is the (unknown) 
thickness of the enzyme layer. Two special cases of Eq. 4 are: 


High reactivity (as, > 1): 


P,* = aR (Eq. 6) US.  Biochemical Corp., Cleveland, Ohio. 
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Table I-Diffusion Coefficients Table  11-L-Lysine-p-nitroanilide Dimensionless Wall 
Permeability versus Concentration 


Compound D, X lo6, cm2/sec 
Concentration, 


x 105 M [c,/c0] GZ, x 102 oP",*n log c, Lysine-p-nitroanilide 
Alanine-p -nitroanilide 
Glvcine-D-nitroanilide 


6.7 
7.0 
7.4 4 0.84 1.97 5.4 


4 0.91 1.64 2.2 
4 0.75 1.64 m 


4 0.78 2.63 8.4 -4.4 
4 0.93 1.31 1.9 
4 0.90 1.23 - 3.9 


OP.,>* KZ (1.2) 


Low reactivity ( a 6 ~  < 1): 


Pw* = (U26E (Eq. 7) 


Assuming Michaelis-Menten kinetics a t  the wall and limiting substrate 
concentration to the first-order region, the first-order reaction rate 
constant ( k )  (Eq. 5) becomes: 


k = Vmax/Km (Eq. 8) 


where V,,, (moles/liter/second) is the maximal velocity and K, 
(moles/liter) is the Michaelis constant. In the presence of a competitive 
inhibitorZ (e.g., lysine-p-nitroanilide in the presence of lysine methyl 
ester) Eq. 8 becomes: 


- . ,  
8 0.87 1.074 12.2 
8 0.88 1.40 __ 4.6 -4.1 


40 0.81 2.0 8.2 
40 0.82 2.0 7.4 -3.4 
40 0.85 2.0 4.5 


80 0.85 2.0 4.3 -3.1 


OP,*  in(3.7)  


oplU. rn(1.1) 


0 Values in parentheses are the standard error of the mean. 


Table  111-L-Lysine-p-nitroanilide Dimensionless Wall 
Permeabilities 


C m / C o  C z ,  X 102 O P w *  


(Eq. 9) 


where I is the inhibitor concentration (in the enzyme layer) and KI 
inhibition constant. Combining Eqs. 5,6,7, and 9 gives: 


High reactivity case: 


Pw** = (VmR2/DKm)[l/(l + I/K,)] (Eq. 


the 


10) 
0.84 
0.91 
0.78 


1.97 
1.64 
2.63 


5.5 
2.2 
8.4 


0.91 1.23 3.9 Low reactivity case: 


Pw* = (VmhE/DKm)[1/(1 + I / K f ) ]  (Eq. 11) 


Both Eqs. 10 and 11 can be linearized, but this aspect is not explored in 
this report. The main point of Eqs. 10 and 11 is that P,* is reduced in the 
presence of a competitive inhibitor. This investigation uses as substrates 
the p-nitroanilide derivatives and the remaining compounds as com- 
petitive inhibitors. 


Rough estimates of the inhibition constants (K,) can be made on the 
basis of this model. From Eqs. 6-11 the following relationships can be 
obtained: 


High reactivity: 


KI = Z/{[Pw*(S)/P,*(I)]2 - 11 (Eq. 12) 


Low reactivity: 


KI = I/~[PW*(S)/P,*(Z)l - 11 (Eq. 13) 


where Pw*(S) is the (dimensionless) substrate permeability and P,*(Z) 
is the substrate permeability in the presence of the inhibitor. The in- 
hibitor concentration, [ I ] ,  would be the concentration in the enzyme layer 
which is unknown. However, using as [I] its value in the profusing solution 
allows the calculation of an apparent K I .  


0.87 
0.89 
0.86 
0.82 
0.82 
0.85 


1.07 
1.40 
2.0 
2.0 
2.0 
2.0 


12.2 
4.7 
4.3 
8.3 
7.5 
4.6 
K.2 
0.9 


- 
"P,"* 
SEM 


0 4 x 10-5 M .  


Table IV-L-Lysine-p-nitroanilide Dimensionless Wall 
Permeabili ty versus L-Lysine Concentration 


[L-Lysine- 
p-nitroani- 


x 105 M x 103 M [c,/c,l G ~ ,  x 102 OPw* 
lide] [Lysine] 


8 5 0.83 1.074 
40 5 0.61 2.0 


131.0 
m 


SEM 0.5 


Table  V-L-Lysine-p-nitroanilide Dimensionless Wall 
Permeability in  the  Presence of L-Arginine-8-naphthylamide 


RESULTS AND DISCUSSION 


The experimental C,/C, ratios and Graetz numbers (Gz),  along with 
the calculated dimensionless wall permeabilities ("Pa,*), are presented 
in Tables 11-XIV. Figure 1 presents a summary of the results. 


Figure 2 is a graph of the data in Table I1 where the lysine-p-ni- 
troanilide permeability was studied as a function of concentration. The 
results do not provide any evidence of saturation. While saturation would 
be expected a t  some point, it apparently would require concentrations 
above the 0.8 mM used in these studies. All subsequent studies were done 
using a lysine-p-nitroanilide concentration of 4 X M .  At this con- 
centration the enzymatic reaction at  the wall is in the apparent first-order 
region, and the analysis in the theoretical section would apply. 


The results for the L-lysine-p-nitroanilide Permeability in the presence 
of the competitive inhibitors L-lysine, L-lysine methyl ester, N,-acetyl- 
L-lysine methyl ester, and arginine-P-naphthylamide are given in Tables 
IV-VII and Fig. 1. L-Lysine and N,-acetyl-L-lysine methyl ester did not 
reduce the L-lysine-p-nitroanilide permeability a t  concentrations of 4 
X 10W4 M .  L-Lysine methyl ester and arginine-P-naphthylamide did 
significantly ( t  test) reduce the L-lysine permeability. These results are 


0.93 
0.92 
0.90 
0.95 


1.81 
1.32 


1.34 
2.45 
4.41 1.23 


1.32 1.4 ~ 


S E M  0.72 


- 
OP,* zT;i 


0 4 x 10-5 M 
consistent with the hydrolysis site being an enzyme of the aminopeptidase 
type, i.e., requiring a free a-amino group. The fact that L-lysine itself is 
not a good competitive inhibitor is probably related to the fact that  it is 
the product of the enzymatic reaction. The surface enzyme responsible 
for hydrolysis apparently does not show significant product inhibi- 
tion?. 


~~ ~~ ~ 


3 The proteolytic enzyme, trypsin, for example, does not show significant product 
inhibition. Apparently the carboxyl group generated by either amide or ester hy- 
drolysis of the substrate and its subsequent ionization significantly reduces the 
hinding constant for the product to the enzyme. 


* Compounds used are actually competitive substrates, but since the assay is 
specific for only one of the substrates, the other acts as a competitive inhibitor 
( 7 ) .  
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Table VI-L-Lysine-p-nitroanilide a Dimensionless Wall 
Permeabilities in the Presence of N-Acetyl-L-lysine-Methyl 
Ester 


Table X-L-Alanine-p-nitroanilide Dimensionless Wall 
Permeabilities in the Presence of 8-Alanine Methyl Ester 


C m I C o  Gz, x 102 "P,* 
0.843 
0.843 
0.848 
0.810 
0.853 
0.789 


1.24 
1.55 


19.6 
9.4 
5.8 


27.1 
7.5 
m 


0.86 1.55 6.1 
0.92 
0.86 
0.88 


1.23 
1.32 
1.32 


1.82 
1.56 
1.56 


8.3 
9.9 
6.7 


0.82 1.73 
0.82 1.89 


11.9 1.38 
- 10.5 
"P,* m 
SEM 0.9 


0.881 1.34 5.6 
0.827 1.38 23.1 
0.843 1.55 - 9.4 


O P u *  133 
SEM 3.0 


,, 4 X 10-5M. 4 x 10-3M. 


0 4 x 10-5~. b 4 x 10-4~. 


Table VII-L-Lysine-p-nitroanilide a Dimensionless Wall 
Permeability in the Presence of L-Lysine Methyl Ester 


CmJC, Gz, X lo2 "P,  * Table XI-N-a-Benzoyl-arginine-p-nitroanilide 
Dimensionless Wall Permeabilities 


0.91 
0.91 
0.96 
0.87 


1.32 3.1 
2.9 
1.0 
4.2 
1.8 
1.9 


1.32 
1.40 
1.73 0.963 1.48 


1.06 1.32 
0.8 
0.0 0.94 


0.94 
0.88 
0.87 


1.32 
1.20 1.03 2.64 


1.92 
3.85 


0.0 
1.8 
0.1 


0.9i3 
0.982 
0.955 
1.035 


1.81 
1.89 


3.5 
- 4.0 


SEM 0.4 
"P ,  * m 1.58 


1.23 
0.9 
0.0 


1.082 
0.978 
0.969 


1.23 
1.15 
1.15 


~ ~ 


0 4 x 10-5~. b4 x 10-4~. 


Table VIII-L-Alanine-p-nitroanilide Dimensionless Wall 
Permeabilities 0.2 


0 4 x 10-5 M. 
C m J C o  Gz,  X 


~ 


"P, * 
0.82 1.56 13.6 


32.9 Table XII-Succinyl-L-phenylalanine-p-nitroanilide a 
5.1 Dimensionless Wall Permeabilities 
8.9 
7.9 C m I C o  Gz, X "P,  * 


. ~~ 


0.78 
0.85 
0.84 


- .. 
1.82 
1.82 
1.56 


0.86 1.29 
0.88 1.29 


1.82 
0.963 
0.963 


5.4 


11.5 
14.3 


m 1.000 
1.11 
1.04 
0.969 


1.24 
1.27 
2.55 


0.0 
0.0 
0.0 


0.72 
0.88 
0.87 


1.41 0.7 0.87 1.34 - 7.2 


SEM 2.8 
"P,* IT3 0.954 


0.892 
1.003 
0.993 


2.82 
7.07 
1.65 
1.65 


0.5 
0.5 
0.0 
0.1 
0.0 
0.0 
0.0 
0;0 - 


OP,* in 
SEM 0.04 


0 4 x 10-5~. 
1.103 1.68 
1.131 
1.021 
1.004 


1.29 
1.20 
1.20 


Table IX-L-Alanine-p-nitroanilide a Dimensionless Wall 
Permeabilities in the Presence of L-Alanine Methyl Ester 


0.82 
0.87 
0.86 


1.91 
1.91 


7.5 
3.2 
3.8 
9.5 
3.2 
1.3 
0.97 


0 4 x 1 0 - 5 ~ .  


1.91 
1.91 
1.27 
1.27 
1.27 


. .~ 


0.81 
0.91 
0.95 


Table XIII-Glycine-p-nitroanilide a Dimensionless Wall 
Permeability 


0.96 
0.94 C m I C o  Gz, x 102 "P ,  * 1.37 - 1.2 


"Pw* 3 3  
SEM 1.1 0.78 


0.87 
2.19 
1.82 


13.7 
3.7 
8.6 
1.9 
4.8 
4.3 


= 4 x 10-5 M. b 4 x 10-3 M. 0.76 
0.90 
0.85 
0.87 


~ ~~ 


2.92 
2.10 
1.91 
1.64 The results for the L-alanine-p-nitroanilide permeability in the 


presence of L-alanine methyl ester and p-alanine methyl ester (Tables 
VIII-X) are also consistent with the hydrolysis site being an enzyme of 
the aminopeptidase class. The P-alanine methyl ester, with the primary 
amino group on the P-carbon rather than the a-carbon, is not a good 
competitive inhibitor. This is consistent with structural specificity of an 
aminopeptidase enzyme. 


The results for N,,-benzoyl-arginine-p-nitroanilide and N,-suc- 
cinyl-phenylalanine-p-nitroanilide, (Tables XI and XII) provide direct 
evidence for the importance of a free a-amino group. Both compounds 
are poorly absorbed as evidenced by their very low permeabilities. The 


0.89 
0.77 


1.55 
1.55 
1.55 
1.27 
1.27 


3.61 
m 


12.0 
1.32 
5.4 


. 
0.83 
0.95 
0.88 
0.88 
0.86 


1.64 
1.8 


3.54 
- 4.01 


SEM 1.1 
"P,* 53- 


0 4 x 10-5 M .  
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Table XIV-Glycine-p-nitroanilide 8 Dimensionless Wall 
Permeability in the Presence of Glycine Methyl Ester 


Gz, X lo2 


0.84 
0.88 
0.91 
0.88 
0.88 
0.91 
0.87 
0.87 
0.86 
0.90 


1.92 
1.55 
1.55 
1.55 
1.28 
1.28 
1.74 
1.74 
1.83 
1.65 


6.4 
4.6 
2.5 
4.5 
6.6 
3.1 


4 X M .  * 4 X M .  


fact that L-arginine-/3-naphthylamide is a good competitive inhibitor for 
L-lysine-p-nitroanilide, while the N,-benzoyl-arginine-p-nitroanilide 
is not absorbed well a t  all, further illustrates the importance of a free 
a-amino group. In addition, the low permeabilities for No-benzoyl-ar- 
ginine-p-nitroanilide and N,-succinyl-phenylalanine-p-nitroanilide 
suggest that passive absorption for both compounds is very small. This 
is expected since both compounds are ionized a t  pH 7.4. I t  further 
suggests that passive permeation of the other compounds studied is not 
significant, providing further evidence (in addition to the observed 
competition) that  the absorption mechanism is through membrane hy- 
drolysis (1 ). 


The results for glycine-p-nitroanilide and glycine methyl ester (Tables 
XI11 and XIV) do not fit with the above results. That is, i t  would be ex- 
pected that glycine methyl ester would be a competitive inhibitor for 
glycine-p-nitroanilide. This suggests that  glycine derivatives may be 
absorbed by a different mechanism (e.g., passive diffusion) or that  the 
enzyme binding constants for the glycine derivative are small. Peptide 
absorption studies on glycine peptides (e.g., Gly-Gly) indicate that the 
peptide is taken up intact and is not a good substrate for the brush border 
peptidases (3 ,s) .  Studies with peptide transport inhibitors need to be 


T I 
I 


Figure 1-Summary of intestinal wall permeability (“P,*) results. Key: 
(LpNA) L-lysine-p-nitroanilide; (L) L-lysine; (Lme) L-lysine methyl 
ester; (APNA) L-arginine-6-naphthylamide; (ALme) N-acetyl-L-lysine 
methyl ester; (ApNA) L-alanine- p-nitroanilide; (Ame) L-alanine methyl 
ester; (PAme) /3-alanine methyl ester; (GpNA) glycine- p-nitroanilide; 
(Gme) glycine methyl ester; (BApNA) N,-benzoyl-arginine-p-ni- 
troanilide; (SPpNA) N,-succinyl-phenylalanine-p-nitroanilide. 


I/ 
‘ 5  


lo2 0 
4 t  


3.0 3.5 4.0 4.5 
- LOG [L-Lysine-p-nitroanilidel 


Figure 2- Wall permeability of L-lysine-p-nitroanilide as a function 
of concentration in the perfusing solution. 
done to further establish the absorption mechanism for glycine-p-ni- 
troanilide. 


Using Eqs. XI1 and XIII, rough estimates of a kI value can be made 
where significant inhibition is observed. For L-arginine-P-naphthylamide 
and L-lysine methyl ester respective values of 0.7 X and 1.0 X 10-4 
M are obtained for the high reactivity case, while respective values of 2.5 
X M are obtained for the low reactivity case. The 
values for L-alanine methyl ester are 0.6 X loF4 and 2.2 X 10-4 M for the 
high and low reactivity cases, respectively. Since the inhibitor concen- 
tration in the enzyme layer is certainly lower than that in the perfusing 
solutions, these values would represent upper limits on the estimate. 


Studies on the intestinal absorption of p-nitroanilide derivatives of 
the amino acids, L-lysine and L-alanine, in the presence of various com- 
petitive inhibitors have shown that only those compounds with a free 
a-amino group are good competitive inhibitors, i.e., reduce the wall 
permeability, ‘Pw*. This suggests a free a-amino group is essential for 
good brush border peptidase activity. The fact that  N,-benzoyl-argi- 
nine-p-nitroanilide and A‘,-succinyl-phenylalanine-p-nitroanilide are 
poorly absorbed is also consistent with this inference. 


and 3.3 X 
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Abstract The rates of sorption and desorption of water in membranes 
of varying thickness of excised human callus were determined for several 
relative vapor pressures and temperatures. Under the conditions studied, 
the diffusion of water in these membranes was interpreted as non-Fickian 
in nature. I t  was concluded that at  low water concentration this type of 
membrane exists in the glassy state. The effect of the relative vapor 
pressure on the water sorption rates was examined in the context of the 
free volume theory. 


Keyphrases Diffusion-anomalous, water vapor sorption and de- 
sorption by human callus 0 Sorption-water vapor, by human callus, 
anomalous diffusion Desorption-water vapor, by human callus, 
anomalous diffusion 


The hydration of the skin has been found to increase the 
percutaneous absorption rates of several substances in 
humans (1). In uiuo studies have demonstrated this effect 
for salicylate esters (2) and methyl ethyl ketone (3); 
whereas, an in uitro study has shown the same effect for 
sarin (4). The transport of water itself in skin is affected 
similarly (5-7). In an early study (8), water was shown to 
plasticize human callus when the concentration was -10%. 
Since the glass transition temperature of stratum corneum 
is reported as 53" (9), it might be anticipated that non- 
Fickian diffusion of water in stratum corneum would occur 
below this temperature. The purpose of this study was to 
study the rates of water vapor sorption and desorption, to 
elucidate the nature of the diffusional process, and to 
provide a theoretical basis for the above observations. 


THEORETICAL 
The experimental system can be defined as consisting of water in the 


vapor state in equilibrium with sorbed water in a membrane of human 
callus. The rate of sorption to attain the equilibrium amount (Qe) ,  how- 
ever, is considered to be controlled by the rate a t  which water molecules 
diffuse in the membrane. For isothermal diffusion in a two-component 
system, the rate of diffusion is governed by Fick's second law: 


dC/dt = d/dx [D(C)(dC/dX)] (Eq. 1) 


where C is the concentration of the diffusing molecules in the system a t  
time t and distance x ,  and D ( C )  is the mutual diffusion coefficient of the 
system, assuming that diffusion is one-dimensional and the diffusion 
coefficient depends on concentration only. The initial and boundary 
conditions assumed for sorption are: 


C(x, 0 )  = 0.0 < x < L (Eq. 2) 


C(0, t )  = C ( L ,  t )  = c,, t > 0 (Eq. 3) 


C(x, 0) = c,, 0 < x < L (Eq. 4) 


C(0, t )  = C(L,  t )  = 0,  t > 0 (Eq. 5) 


where L is the thickness of the membrane, and C, is the equilibrium 
concentration at  given temperature ( T )  and pressure ( p ) .  Solution of Eq. 
1, subject to Eqs. 2-5, indicates (10) that the fractional uptake, Q(t) /Qe,  
should theoretically increase linearly with t 'I2 during the initial period 
for both sorption and desorption, and the initial slope, K(C,),  of the plot 
of Q ( t ) / Q ,  uersus t1p2 is given by (11): 


and for desorption: 


K(C,)  = 4D1/? (C,)/T'/~L (Eq. 6) 


In this instance, Q ( t )  is the amount sorbed or desorbed a t  time t and 
D(C,) is the mean value of the mutual diffusion coefficient over the 
concentration range taken. Thus, the slope will vary with C, for any given 
membrane. It was also shown that for D ( C )  increasing with C, K(C,) for 
sorption is always greater than K(C,) for desorption, the difference being 
an indication of how strongly D ( C )  depends on C for the given concen- 
tration range. For D independent of C, it can be seen from Eq. 6 that for 
a given membrane, the slope K will be independent of C,, and identical 
for both sorption and desorption. I t  can also be seen that when Q ( t ) / Q e  
is plotted against t ' /2 /L,  the slope should be independent of L .  


Deviations from these theoretical predictions for the conditions con- 
sidered, however, have been observed in many polymer-diluent systems 
(12-14). These deviations generally implicate the role of slow relaxation 
processes for glassy polymers (14, 15). 


T o  meet the conditions imposed on the mathematical representation 
of the system, thin membranes of callus devoid of lipid were used. Since 
kinetic data for the initial period were emphasized and studies were 
limited to the relative vapor pressures below unity, any swelling effect 
on the membrane thickness was considered negligible. Thus, from mea- 
surements of Q ( t )  as a function of time for varied relative vapor pressures 
and thicknesses a t  constant temperatures, the nature of the diffusion 
process for the membrane-water system can be examined. 


EXPERIMENTAL 


Sorption-Desorption System-The system, constructed of glass', 
consists of a sorption tube connected to a manifold leading to both the 
vapor source and the vacuum system. A sensitive quartz spring2 was 
placed inside the sorption tube. The entire sorption system was enclosed 
in a thermostated chamber and the temperature was controlled to within 
f0.05". A two-stage mercury-vapor diffusion pump3 backed by a two- 
stage mechanical forepump4 provided a base vacuum of torr. For 
measuring the extension of the spring, a precision ~athetometer~,  which 
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Figure 1-Sorption and desorption of uioter uapor in  human callus 
(Membrane 3) at  28", plp" = 0.84. Two repeated experiments. Key: (A )  
sorption, (0) Spring A; (0)  Spring B; (HI desorption, (0) Spring A; (0) 
Spring B. 


Pyrex. 
2 Worden. 
:3 Pope, model 20045. 
4 Welch, model 1400. 
5 Gaertner, model M912. 
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Table I-Relative Vapor Pressure ( p l p " )  of the Saturated Sal t  
Solutions 


Salt 
PIP" 


20" 30' 40" 


Sodium tartratea 0.91 0.91 0.91 
Potassium chlorideb 0.86 0.84 0.83 
Sodium chlorideb 0.75 0.75 0.75 
Cupric chlorideb 0.68 0.67 0.67 
Magnesium nitrateb 0.52 0.52 0.51 
Magnesium chlorideh 0.33 0.32 0.31 


" Data from Ref. 17. Data from Ref. 18. 


Table 11-Phvsical Constants of t he  Test Membranes 


Weight, Diameter, Thickness, Density, 
Membrane mg mm Pm g/ml, 25" 


1 1.364 f 0.005 4.85 f 0.05 57.3 f 1.6 
2 0.786 f 0.005 4.585 f 0.007 37.0 f 0.5 
3 0.826 f 0.005 5.032 f 0.007 32.3 f 0.4 * O'Oo5 
4 1.152 f 0.005 4.941 f 0.007 46.7 f 0.5 


reads to 0.01 mm, was used. Thus, with a spring sensitivity of 20 mm/mg, 
a change in weight of 0.5 Fg could be detected. This system was similar 
in principle to the one employed by Prager and Long (16). 


The quartz springs were calibrated with small standard weights which 
were weighed toO.l pg on an electrobalance6. Four quartz springs (A,  B, 
C, and D) having calibrated sensitivities of 9.36, 9.59, 18.73, and 17.60 
mm/mg, respectively, were used. 


Conventional salt solutions were employed to obtain the relative water 
vapor pressures in the system. The relative vapor pressures of these salt 
solutions (17, 18) are shown in Table I. 


Membrane Preparation and Physical Measurements-Human 
callus was used as a convenient and readily available model for stratum 
corneum in an attempt to study water sorption, desorption, and the in- 
fluences on the water transport mechanism in skin. Excised human callus 
tissue was microtomed to thin membranes of different thicknesses and 
delipidized in anhydrous ether as reported (4). T o  prepare a test mem- 
brane, the membrane was first partially hydrated and then cut with a 
4.76-mm punch. The diameter of each test membrane was measured with 
a filar eyepiece micrometer7 attached to an optical micrometer8, which 
was calibrated with a micrometer diskg. The weights of the test mem- 
branes were obtained using an electrobalance6. All test membranes were 
dried over Drierite to constant weight. The thickness of the membrane 
was calculated from its diameter, weight, and density (19). 


The weights, diameters, and calculated thicknesses of the membranes 
used in this study are given in Table 11. 


0 
10 20 30 40 50 60 7 0  80 90 


t x ,  set% 
Figure 2-Sorption and desorption of water vapor in  human callus 
(Membrane 4) at 28", plp" = 0.92. Key: (0) sorption, (@) desorption, 
Spring H; Qe (sorption) 5.58 mm. 
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Figure 3-Sorption and desorption of  water vapor in human callus 
(Membrane 4) at 28". p/p" = 0.67. Key: to) sorption, (@) desorption, 
Spring C; Qe (sorption) 3.53 mm. 


Sorption-Desorption Studies-For the sorption studies, the test 
membrane was attached to the quartz spring and kept a t  base vacuum 
a t  the given temperature until constant weight was reached. The mem- 
brane was then exposed to a given vapor pressure. The amount of water 
absorbed was followed by measuring the change in extension, Q(t ) ,  of the 
spring with the cathetometer as a function of time until Q remained 
constant for a period of 24 hr. This value was taken as Q,(T,p). Upon the 
completion of the sorption run, the sorption tube was switched to the 
vacuum to initiate the desorption experiment. A t  that time Q ( t )  repre- 
sented the amount of water desorbed at  the time t when Q was measured. 
Sorption and desorption rates were measured a t  relative vapor pressures 
of 0.32,0.52,0.67,0.75,0.84, and 0.91 and temperatures of 21,28,32, and 
39". The membrane thicknesses were 32.3, 37.0,46.7, and 57.3 pm. 


RESULTS AND DISCUSSION 


Repeated experiments with the described system showed good re- 
producibility of the experimental procedure. A typical example showing 
the reproducibility of the experimental data is given in Fig. 1. 


Effect of Relative Vapor Pressure-The rates of sorption and de- 
sorption were determined for various relative vapor pressures ( p l p " )  a t  
28' using Membrane 4. Paired sorption and desorption curves obtained 
for plp"  = 0.91,0.67, and 0.32 are shown in Figs. 2-4, respectively. The 
sorption curves obtained for four different relative vapor pressures are 
compared in Fig. 5. Similar results were obtained with test Membrane 
1. Thus, the possibility of a constant, D, for the concentration range 
studied here does not seem plausible. Also, from the sigmoidal shape of 
the sorption curves and the relative positions of the sorption and de- 
sorption curves, it can be seen that the sorption and desorption of water 
vapor by the membranes are non-Fickian in nature. This would suggest 
that  under the conditions studied, these membranes behave like glassy 
polymers, and some slow relaxation processes are taking place concur- 
rently with the diffusion process when sorption occurs. The glass tran- 
sition temperature of the callus was estimated to be -55" (20). Thus, a t  
28" all experiments were started with a test membrane which was in a 
glassy state. At low water concentrations, for which the relaxation effect 
may be expected to be small, the rates of sorption or desorption could be 
essentially diffusion-controlled. This has been shown to be the case for 
a cellulose-water system (21), a wool-water system (221, and also appears 
to be true for the human callus-water system (Fig. 4). The sorption curve 
in Fig. 4,  however, still exhibits the sigmoidal shape, which indicates that 
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Figure 4-Sorption and desorption of water vapor in human callus 
(Membrane 4)  at 28", p/p" = 0.32. Key: (0) sorption, (0)  desorption, 
Spring C; Qe (sorption) 1.14 mm.  
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Figure 5-Sorption of water vapor in  human callus (Membrane 4) at 
28', p/p' = 0.32. (W); 0.67 (0); 0.84 (0); 0.91 (a). 


some relaxation effects are still present and cannot be totally ignored. 
For a cellulose-water system (21), this was previously attributed to a 
time-dependent surface concentration which approaches its equilibrium 
value shortly after the start of the experiment. A similar explanation 
could be suggested for the present system a t  plp' = 0.32, which corre- 
sponds to an equilibrium water concentration of -5% (wlw). I t  has been 
shown (12,23,24) that sigmoidal sorption curves can be obtained from 
the solution of Eq. 1 subject to the boundary condition of a variable 
surface concentration, C, ( t ) .  Both the theoretical consideration (25) and 
experimental evidence (23) for C,(t)  have been utilized by others. 


At high water concentrations, relaxation effects became more obvious 
(Figs. 2 and 3) and are not likely to be limited only to the surface region. 
A further complication may also arise. Since the glass transition tem- 
perature of the system is a function of the diluent concentration (26), 
these membranes may undergo transition from the glassy state to a 
rubbery state as sorption proceeds at  the higher relative vapor pressures. 
Following Frisch (27), the glass transition temperature of the callus 
containing x (g/g) water can be estimated from the equation (28) based 
on the free volume theory: 


Tg = Tgo - ( P / ( Y ) x  (Eq. 7 )  


where T, is the glass transition temperature of the system, Tgo is the glass 
transition temperature of the callus, x is the water concentration (g/g) ,  
a is the dibference between the thermal expansion coefficient above and 
below the glass transition temperature, and is a parameter representing 
the contribution of water to the increase in free volume of the system. The 
value of f l  was found to be 0.16 for both collagen-water and wool-water 
systems (29). I t  also was shown (28) that for a limited range, fl  is inde- 
pendent of C and T .  Using this same value for the present system and 
the suggested value of (Y = 4.8 X (deg-') for polymeric systems (30), 
T, was calculated to be -38' for x = 0.05 (p /p"  = 0.32), and 15' for x = 
0.12 (pip" = 0.60). At p /p"  = 0.67, which corresponds to an equilibrium 
water concentration of 0.16 g/g, the lowering of Tp will be even greater. 
Thus, a t  28" and p/p' = 0.67, the callus membrane, initially in a glassy 
state, becomes rubbery whenever the concentration reaches its equilib- 
rium value or lower, as long as it is sufficient to lower the Tg to <28O. This 
is in contrast to the absorption at 28' and the lowplp' = 0.32, where the 
membrane will remain in essentially the glassy state throughout the entire 
experiment. 


While the exact shapes of the sorption curves in Fig. 5 reflect the total 
effect of both the relaxation and diffusion processes, in general they are 
in agreement with the presented analysis. In Fig. 5 the curves for plp" 
= 0.32,0.67, and 0.84 all have an extended portion centered around Q/Qe 
= 0.5, which is linear within the experimental error. The slopes of these 
linear portions are in order in accordance with an apparent diffusion 
coefficient increasing monotonically with the concentration. The slope 
of the curve for p/p' = 0.91, however, is smaller than that of the curve 
for p/p' = 0.84, indicating that the apparent diffusion coefficient de- 
creases as the concentration increases above that corresponding to plp"  
= 0.84. A similar trend was confirmed with Membrane 1. The existence 
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Figure 6-Sorption of water vapor in human callus (Membrane 4) at 
p/p" = 0.32 and T = 21'. (w); 28' (0); 39' (a). 


t x / L ,  secxlfim 
Figure 7-Sorption of water vapor in human callus. Key: Membranes 
1 (0) 57.3 pm; 2 (a) 37.0 pm; 3 (a) 32.4 pm at 28'; p/po = 0.84. 
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Figure 8-Sorption of water vapor in  human callus; Membrane 1. (0) 
57.3 pm; and a human stratum corneum membrane (a) 9.7 pm at 28' 
and p/p' = 0.75. 


of a limiting value of the diffusion coefficient was also noted in a wool- 
water system (31). Thus, as absorption proceeds a t  28' and p/p' = 0.91, 
not only is there a transition from glassy state to rubbery state for the 
callus-water system, but also a change in the functional dependence of 
D on C. This can be seen by the shapes of the curves for plp" = 0.84 and 
0.91 in Fig. 5. 


The observation made by Blank (8) that the callus tissue became soft 
and pliable a t  23' when it contained 10% water now can be understood. 
At this concentration, Tg of the system is effectively lowered to -22". 
Also, the same amount of water will not be sufficient to soften or plasticize 
the tissue a t  lower temperatures. The general effect of hydration on 
percutaneous absorption rates can be understood in the same context. 
The diffusion coefficients of organic vapors in glassy polymers are _<10-'0 
cm2/sec, while in the rubbery polymers they are in the order of 10-6 
cm2/sec (27). 


Effect of Temperature-Absorption data obtained at 21,28, and 39' 
for p/p' = 0.32 are compared in Fig. 6. The slopes of the linear portions 
of the curves increase as the temperature increases, which indicates that 
the apparent diffusion coefficient increases with the temperature, as 
would be expected. Since the relaxation time will also decrease as the 
temperature increases, the general effect of increasing the temperature 
to 39' was to reduce the role of the relaxation processes. The shape of the 
upper curve in the figure reflects this effect. A similar trend was seen for 
plp"  = 0.67 a t  these temperatures. 


Effect of Thickness-In an attempt to confirm the non-Fickian 
mechanism, membranes of different thicknesses were used for the mea- 
surements of the rates of absorption under otherwise identical conditions. 
Results obtained a t  28' and p/p' = 0.84 with Membranes 1-3 are com- 
pared in Fig. 7 in plots of Q/Qe versus t lIz/L. For a Fickian mechanism, 
the curves as plotted should be superimposable, but they are not. Re- 
peated experiments for plp"  = 0.75 gave similar results. Such behavior 
was noted in a wool-water system (31) and a methylene chloride-poly- 
styrene system (32). In both cases they were attributed to the time- 
dependence of D and/or C,. The trend shown in Fig. 7 indicates that the 
apparent diffusion coefficient of the system studied depends on the 
membrane thickness which is smaller with the thinner membrane. Similar 
results are shown in Fig. 8 where a membrane, 1, of human callus having 
a 57.3-pm thickness is compared with a stratum corneum membrane of 
9.7 pm a t  28' and p/p' = 0.75. In the present report it appears that little 
difference other than thickness exists between these two different 
membrane types; however, this requires experimental verification. 
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Abstract The pharmacokinetics of probenecid were examined fol- 
lowing single 0.5-, 1.0-, and 2.0-g oral doses to healthy male volunteers. 
Doses were administered following overnight fast, according to a ran- 
domized design. Plasma levels of probenecid were determined by high- 
pressure liquid chromatography (HPLC), using sulfamethazine as the 
internal standard. Mean peak probenecid levels of 35.3,69.6, and 148.6 
pg/ml were obtained a t  3-4 hr following the 0.5-, 1.0-, and 2.0-g doses, 
respectively. Probenecid levels from the 0.5- and 1.0-g doses declined in 
apparent monoexponential fashion, with mean elimination half-lives of 
4.2 and 4.9 hr. Interpretation of the 2.0-g data by a kinetic model incor- 
porating first-order elimination resulted in a plasma drug half-life of 8.5 
hr. When first-order elimination was replaced by a Michaelis-Menten- 
type function, the mean value of the resulting V,/K, ratios was 0.20, 
equivalent to a plasma drug half-life [0.693/( V,/K,)] of 3.8 hr. Plasma 
probenecid curves from all three dosages were successfully fitted to the 
saturable elimination model using nonlinear regression and numerical 
integration routines. The results suggest that probenecid elimination may 
be saturable a t  therapeutic dose levels. 


Keyphrases Probenecid-pharmacokinetics following oral doses to 
humans, high-pressure liquid chromatography, elimination Pharma- 
cokinetics-probenecid following oral doses to humans, high-pressure 
liquid chromatography, elimination 0 High-pressure liquid chroma- 
tography-probenecid following oral doses to humans, pharmacoki- 
netics 


Probenecid is used for the treatment of gout and gouty 
arthritis and also as an adjuvant in therapy to prolong the 
plasma levels of other compounds, particularly the 0-lac- 
tam antibiotics (1). 


Although it has been used clinically for several years, the 
pharmacokinetics of probenecid are not well documented. 
I t  is efficiently absorbed after oral doses (2-4) with peak 
plasma concentrations occurring a t  1-5 hr. Probenecid is 
83-95% bound to plasma proteins a t  concentrations of 
20-176 pg/ml (3). It is cleared from the body predomi- 
nantly by metabolism, which occurs mainly by side-chain 
oxidation and glucuronide conjugation ( 3 , 5 ) .  Only 5-11% 
of orally dosed probenecid is excreted in unchanged form 
in urine (6,7). 


The rate a t  which probenecid is cleared from plasma was 
shown to be dose-dependent in dogs (8) and humans (3). 
In the latter study, the plasma half-life of probenecid in- 
creased from 3-8 hr following a 0.5-g iv dose, to 6-12 hr 
following a 2.0-g iv dose in three subjects. 


Since probenecid is extensively metabolized, dose- 
dependent elimination may be due to saturation of one or 
more metabolic pathways. However, a subsequent study 
demonstrated an unchanged pattern of urinary metabo- 
lites from oral doses of 0.5, 1.0, and 2.0 g of probenecid 
(6). 


In view of the uncertainty regarding the nature and 
possible dose-dependency of probenecid pharmacoki- 
netics, this study was undertaken to examine plasma levels 
of probenecid following 0 5 ,  1.0-, and 2.0-g oral doses to 
healthy male volunteers. 
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Abstract The pKa1 and pKaz values of three benzhydrylpiperazine 
antihistamines, cyclizine (I), chlorcyclizine (II), and hydroxyzine (III), 
were determined a t  24.5 f 0.5' by potentiometric titration in aqueous 
solution to be 2.16 f 0.02 and 8.05 f 0.03,2.12 f 0.04 and 7.65 f 0.04, and 
1.96 f 0.05 and 7.40 f 0.03, respectively. The pKaz values were also de- 
termined by titration in seven aqueous methanol solutions in the range 
of 11.5-52.970 (w/w) methanol. The apparent dissociation constants of 
1-111 in the aqueous methanol solutions, psKa2, were plotted according 
to two linear regression equations from which the values in water, pwKa2, 
were extrapolated. The plotted variables were p,Kaz uersus methanol 
concentration (70 w/w) and psKaz + log (water concentration, M) versus 
1O00/~, where t is the dielectric constant of the aqueous methanol solution. 
The maximum difference between pKa2 and pwKaz was observed in the 
case of I1 where pwKaz was 5.23% higher. Statistical analysis of the linear 
regression data obtained from the plots showed that slightly better ac- 
curacy ( p  < 0.13) and correlation ( p  < 0.16) were obtained, but the pre- 
cision was essentially equal with both methods. The observed ratio of 
K,I/KaZ in 1-111, 2.75 X lo5-7.76 X 105, was attributed to solvent- and 
space-mediated field effects and electrostatic induction between nitrogen 
atoms in the piperazine ring. 


Keyphrases Benzhydrylpiperazines-antihistamines, pKa deter- 
mination in aqueous and aqueous methanol solutions 0 Dissociation- 
pKa determination of benzhydrylpiperazine antihistamines in aqueous 
and aqueous methanol solutions Antihistamines-benzhydrylpip- 
erazines, pKa determination in aqueous and aqueous methanol solu- 
tions 


Five benzhydrylpiperazine antihistamines are currently 
marketed in the US.: cyclizine (I), chlorcyclizine (11), 
hydroxyzine (111), meclizine (IV), and buclizine (V). 


Although some pKal data for I (1,2), I1 (1-3), I11 (4-7), 
and IV (6, 8) have been reported (Table I), much of it is 
based on titrations in 30-50% aqueous alcohols and chlo- 


I The symbul pKa is used thruughuut in r'eference to the acid dissociation con- 
stant. Formally, K,, is the acid dissociation cunstant for proton loss hv neutral and 
catiunic acids or protonated bases. and pKa = log t IIK, ). 


roform-aqueous buffer partition experiments. More recent 
values of pKal determined potentiometrically for 111 and 
IV (6) and spectrophotometrically for I11 (7) appear to 
have been conducted more precisely in aqueous solu- 
tion. 


The benzhydrylpiperazine antihistamines are popularly 
used as prescription and nonprescription dosage forms for 
their antiemetic, antipruritic, and sedative effects. It was 
the purpose of this investigation to determine the pKal 
and pKa2 values of these drugs for application to various 
pharmaceutical situations and to evaluate the accuracy of 
two methods for extrapolating an aqueous pKa estimate 
from apparent pKa values obtained in aqueous methanol 
solutions. 


BACKGROUND 


The low aqueous solubility of nonprotonated amine bases or nondis- 
sociated organic acids appears to be the consensus nemesis to determining 
pKa values of these substances by potentiometric titration. Even the 
lower limit of 5 X M for potentiometry (9) is often not achievable. 
The use of mixed solvent systems, e.g., an alcohol-water and dioxane- 
water, has been the method most commonly used to surmount this sol- 
ubility problem. There is little or no disadvantage to this practice if the 
purpose merely is to compare the relative acidities or basicities of a series 
of chemical analogs. If, however, the objective is to make judgments 
pertaining to the aqueous environments of in uiuo phenomena, the dis- 
crepancy between pKa values determined in aqueous and those in 
aqueous organic solvent solutions could be consequential. 


Estimates of aqueous pKa values for inadequately soluble substances 
have usually been obtained by plots of the apparent pKa values in 
aqueous organic solvents versus solvent concentration (e.g., % w/w) (10, 
11): 


psKa' = [solvent] t p,Ka (Eq. 1) 


where psKa' is the apparent dissociation constant in the aqueous organic 
solvent system, [solvent] is the organic concentration (% w/w), and pwKa 
is the value of psKa' extrapolated to 0% (w/w) organic solvent or 100% 
(w/w) water. This method was used extensively in pharmaceutical studies 
during the 1950s and early 1960s (1-3,12-15). The errors inherent in pKa 
estimates with this method have been addressed elsewhere (16-18). In 
1959, two authors independently proposed a relationship that they ra- 
tionalized should provide a more accurate estimate of aqueous pKa values 


Table I-Acid Dissociation Constant (pKa) Values Reported for 
Some Benzhydrylpiperazine Antihistamine Drugs 


Drug pKa1 pKaz 


Cyclizine (I) 2.54" 7.92", 8.16b 
Chlorcyclizine (11) 2.44O, 2.43c 7.7Sa, 8.15b, 7.81' 
Hvdroxvzine (111) 2.13d, 1.83e, 2.0f 7.9g 
Mkclizine (IV) 3.1h. 2.05' 6.2h 


In 50% methanol (Ref. 1). In 30-50% alcohol (Ref. 2) In 2&?0% alcohol (Ref. 
3). In aqueous 
solution a t  an ionic strength <0.001 (Ref. 6). f Spectrophotometrically in aqueous 
solution (Ref. 7). R In unspecified aqueous methanol solutions (Ref. 5). Via par- 
titioning between 0.5 M H3P04 and chloroform (Ref. 8). In aqueous solution at 
an ionic strength of 0.005 (Ref. 6). 


Via partitioning between 0.5 M HsP04 and chloroform (Ref. 4). 
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obtained by extrapolation of ps Ka’ values in aqueous organic solvent 
mixtures (19,20): 


psKa’ + log [HzO] = (e2/2.303 a k T )  - log BH (Eq. 2) 


where ps Ka’ is the apparent pKa value in aqueous organic solvent mix- 
tures uncorrected for electrode response, [HzO] is the water concentration 
(MI. t is the dielectric constant, e is the ionic charge, a is the mean cat- 
ion-anion ionic diameter, k is the Boltzmann constant, T is the absolute 
temperature, and BH is a constant based on the assumption that [H30+] 
>> [solvent H+]. The values of p,5Ka’are corrected by subtracting a con- 
stant, 6, which takes into account the variability of glass electrode re- 
sponse in aqueous methanol solutions. This gives the actual pKa value 
in the mixed solvent system, p,Ka (21, 22): 


psKa = psKa’ - 6 (Eq. 3) 


Thereafter, a plot of psKa + log [HzO] uersus l / c  that is essentially linear 
may be extrapolated to obtain the ordinate intercept value for pwKa, the 
estimated aqueous pKa when log [HzO] is 1.74 and l / r  is 0.01273 z. The 
linearity of the plots may decrease appreciably when l / c  > 0.02 (e.g., 
270% w/w methanol). This corresponds to the value of t N 50, below 
which ionic dissociation begins to diminish with a concomitant increase 
in ion-pair association and perturbation of the equilibrium between the 
neutral and ionic species (18,21). 


The original solubility method for determining pKa values (23) has 
been applied to determining pKa values of acidic, basic, and amphoteric 
substances with low aqueous solubility (9,24-26). This method has the 
advantage of providing thermodynamic pKa estimates when the ionic 
strength of the samples is low (e.g., <0.0005). Its disadvantages include 
the failure to achieve equilibrium conditions and separate emulsified or 
suspended neutral species from the saturated salt solutions in equilibrium 
with them. Potential errors in solubility estimates resulting from su- 
persaturation of ionic and/or neutral species and the instability of some 
compounds also jeopardize the accuracy of this method. Another method 
involving a single pKa titration in an aqueous organic solvent mixture 
has been proposed, but it was judged by its author to be generally inap- 
plicable to the estimation of pyKa values (27). 


I t  is reasonable to expect that  the widespread use of organic solvent- 
water mixtures for pKa titrations of substances with intrinsic water 
solubilities of <0.0005 M will continue. This is because of historical 
precedents and the expedient manipulative techniques that can be ac- 
complished using aqueous organic solutions. 


EXPERIMENTAL 


Materials-Cyclizine hydrochloride (I)3, chlorcyclizine hydrochloride 
(II)4, hydroxyzine dihydrochloride (111)5, meclizine dihydrochloride (IV)6, 
and buclizine dihydrocbloride (V)7 were used as received. Methanol, 
hydrochloric acid, and potassium hydroxide solutions were ACS ana- 
lytical reagent grade, and freshly boiled water with a resistivity ?lo7 ohm 
cm were used in the solvent systems and titrants. 


Procedures-Titrations were conducted in a 25- or 50-ml multinecked 
glass flask fitted with a thermometer calibrated in 0.1’ units. Agitation 
was provided by a polytef-coated magnetic stirring bar, and pH values 
were measured with a digital pH meters equipped with a combination 
glass electrodeg. The ambient temperature of the systems varied from 
24.0 to 25.0’ with an average value of 24.5‘. Titrant increments were 
added from a pipetlo in 0.25-ml portions. 


The psKa’2 values of 0.002 M 1-111 were determined in seven aqueous 
methanol solutions in the range of 11.5-52.970 (w/w) with a titrant of 0.020 
N KOH prepared in aqueous methanol that  contained to within 0.1% 
(w/w) the same methanol concentration as the solutions of 1-111. Values 
of pKa’2, the apparent constant in aqueous solution, were determined 
in aqueous 0.001 M I  and 111 titrated with aqueous 0.010 N KOH and in 
aqueous 0.0005 M I1 titrated with aqueous 0.005 N KOH. The pKa’1 
values of I and I1 were obtained from titrations of 0.015 M aqueous so- 


The values of log [HzO] and l / ~  correspond to [HzO] = 55.3 M and c = 78.54, 


Lot 9C0080, Burroughs Wellcome Co., Greenville, N.C. 
Lot 850053, Burroughs Wellcome Co., Greenville, N.C. 
Lot 17583-27EA, 99.6%, Pfizer Inc., Brooklyn, N.Y. 


fi Lot 2F268-81EA, 100.0%, Pfizer Inc., Brooklyn, N.Y. 
Lot AN52650, Stuart Pharmaceuticals, Wilmington, Del. 
Model 125, Corning Scientific Products, Medfield, Mass. 
No. 476050, Corning Scientific Products, Medfield, Mass. 


respectively, for water at 25”. 


lo Eppendorf Model 4700, Brinkmann Instruments Inc., Westhury, N.Y. 


lutions with aqueous 0.030 N HCl. The pKa’l of 111 was determined by 
titrating aqueous 0.015 M 111 with aqueous 0.030 N KOH. 


Activity Corrections-Values of psK.’ obtained from titrations of 
1-111 in aqueous methanol solutions were corrected to peKa values with 
Eq. 2 using 6 values reported elsewhere (22). The pKa’z values of 1-111 
were corrected for activity effects of the Kz equilibria in Scheme 1” (16, 
18,28-30): 


H B + + O H - ~ B + H ~ O  


Scheme I 


0 . 5 1 a  
pKaz = pKa’:! - 1 + 1 . 6 a  


where I is the ionic strength of the solution, and the entire negative term 
estimates the logarithm of the activity coefficient, -log yi. A similar 
activity correction was used for the K1 equilibria shown in Schemes I1 
and 111” (28): 


H ~ B + ~  + OH- S HB+ + H ~ O  


Scheme I I  


HB+ + H30+ 2 H Z B + ~  + Hz0 


Scheme III 


1 . 5 3 4 5 a  
1 + 1 . 6 a  


pKa1 = pKa’1 = (Eq. 5) 


RESULTS AND DISCUSSION 


The values of pKa1 for 1-111 were determined to be 2.16 f 0.02,2.12 
f 0.04, and 1.96 f 0.05, respectively. The corresponding values of pKaz 
are 8.05 f 0.03, 7.65 f 0.04, and 7.40 f 0.0312. 


The plots of the data for psKaz uersus methanol (% w/w) are shown 
in Fig. 1 and that for psKaz + log [HzO] uersus lOOO/c in Fig. 2 for 1-111. 
Least-squares regression lines were plotted for all 1-111 data sets to permit 
comparison of the accuracy and precision of pyKa2 extrapolations derived 
from each set of ordinate and abscissa coordinates. The t values in Fig. 
2 were calculated for each aqueous methanol solution from a linear re- 
gression equation derived from data for 10-60% (w/w) methanol (31): 


c = -0.4523C + 78.9307 (Eq. 6) 


where C is the methanol concentration (% w/w)13. The linear regression 
data for the plots in Figs. 1 and 2 are summarized in Tables I1 and 111, 
respectively. 


A comparison of R values for 1-111 (Tables I1 and 111) shows that, based 
on the Student’s t test (32), there was a better linear correlation of the 
p,Kaz titration data plotted according to Eq. 2 ( p  < 0.16). There was, 
however, essentially no difference ( p  < 0.001) in the precision of the plots 
of Eqs. 1 and 2 based on a comparison of S,,x values (Tables I1 and 111). 
The accuracy of pwKaz values for 1-111, i .e.,  the differences from pKaz 
(Tables I1 and III), was also better by Eq. 2 than Eq. 1 plots ( p  < 0.13). 
The slightly improved linear correlation of the Eq. 2 plot may explain, 
in part, why it has been advocated instead of Eq. 1 (16,18). Furthermore, 
the unreported linear regression data for plots of prKaz + log [HzO] 
uersus methanol (% w/w) were virtually identical with those reported in 
Table 111. This would be expected from the nearly linear relationship 
expressed by Eq. 6 (31). 


Doubts about the accuracy of pwKa values extrapolated from aqueous 
organic solvent mixtures containing >20% solvent have been expressed 
elsewhere (16-20); curves shaped like hockey sticks have resulted from 
Eq. 1 plots. One contributing cause of this could be plotting erroneous 
high values of psKa’ uncorrected for 6 (Eq. 3). The value of 6 ranged from 
0.02-0.12 in these titrations, increasing with methanol concentration. 
Failure to have corrected psKa’ to psKa values would have caused pro- 
gressive decreases in the slopes of Eq. 1 plots. The resulting horizontal 
inclinations, i .e.,  the hockey stick appearance, at high methanol con- 
centrations would have produced greater inaccuracy in the extrapolated 


~ ~ ~ 


B, HB+, and H Z B + ~  refer to the nonprotonated. monoprotonated, and dipro- 
tonated benzhydrylpiperazines, respectively. 


l2 Values of pKa1, pKa2, and p,Kaa represent the means f standard deviations 
of seven values in each set of ten titrations. 


l3 The correlation coefficient, R ,  is 0.9997. 
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7.0 1 1 ,  
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Figure 1-Plot of p&a versus methanol (% w/w) for cyclizine (I), 
chlorcyclizine (II) ,  and hydroxyzine (IIl). Key: (0) I; (0)  11; (0) I l l .  


pwKaz values. Therefore, the 1-111 psKaz data were calculated for 37.7% 
(w/w) 5 methanol 552.9% (w/w) and 16.2 5 lOOO/c 5 18.2 (Table IV). 
Statistical analysis showed no difference in the accuracy and precision 
of 1-111 p,KaZ values (p < 0.001) and the linear correlation of Eq. 1 and 
Eq. 2 plots (p < 0.001) between the data in Tables I1 and IV or Tables 
I11 and IV. These findings pertain only to 1-111 under the conditions 
stated, and they do not warrant general advocation of extrapolating p,Ka 
values from psKa data obtained in >35% (w/w) methanol. 


A literature search yielded one similar study of some phenothiazine 
derivatives (33). Those plots were based on fewer data (mostly three 
points) obtained in a higher methanol concentration range (mostly ?400/0) 
and lacked the statistical data necessary for comparing pKa with pwKa 
values derived from Eqs. 1 and 2. The plots apparently consisted of em- 
pirically connecting the sets of coordinates rather than calculating 
least-squares regression lines (33). 


The magnitude of error in calculating the percent of monoprotonated 
1-111 that would result from using p,Kaz values to estimate otherwise 


8.3) , , , , , , , , . , , 
12.7 13.7 14.7 15.7 16.7 17.7 18.7 


1 OOO/€ 


Figure 2-Plot of p&a + log [HzO] versus l O O O / c  for cyclizine (I), 
chlorcyclizine (II), and hydroryzine (III). Key: (a) I; (0) Il;  (0) III. 


unreported pKaz values for 1-111 was determined for pH 7.4. The error 
ranged from 0.72% for I (Table 111) to 17.70% for I1 (Table 11) (34): 


Percent HB+ = 100/[1 + 10(pH--pKaz)] (Eq. 7) 


Percent HB,' = 100/[1+ 10(pH-pwKa2)] 0%. 8) 


Error, % =(Eq. 7 - Eq. 81 (Eq. 9) 


where HB+ is the monoprotonated conjugate acid of 1-111. From Eqs. 7 
and 8, as the absolute values of the quantities pH - pKaz and pH - pwKaz 
increase, the value of Eq. 9 decreases. 


A specific reason for the differences between p,Kaz and pKaz values 
of 1-111 obtained by either Eq. 1 or Eq. 2 is not readily apparent. The fact 
that  the titrants and 1-111 solutions were prepared in the same aqueous 
methanol concentrations, i.e., within 0.1% (w/w), precluded stoichio- 
metric errors in precision resulting from the nonadditivity of volumes 
and negative heats of solution. The variability in solvation phenomena 


Table 11-Linear Regression Data for Plots of Equation 1 


Equation, Absolute Value 
Drug psKazb= pwKazC pKazd Difference, ?he R f  s,=g 


I -0.011C + 8.067 
I1 -0.012C + 8.052 


1x1 -0.006C + 7.332 


8.07 
8.05 
7.33 


8.03 
7.65 
7.40 


0.50 
5.23 
0.95 


0.983 
0.995 
0.972 


0.032 
0.015 
0.023 


When 11.5% (w/w) 5 methanol 5 52.9% (w/w). * This refers to straight line plots for 1-111 (Fig. 1) where C is the methanol concentration (% w/w). c The value of 
Calculated from I(pKa:, - p,KaZ)I p.Ka2 extrapolated to 0% (w/w) methanol. 


(100/pKaz). f Correlation coefficient. g Standard error of the estimate of p.Kez based on the methanol concentration. 


Table 111-Linear Regression Data for Plots of Eauation 2 a 


The value of pKa':! determined in aqueous solution and corrected for -log yi (Eq. 4). 


Equation, Absolute Value 
Drug ps Kaz + log [HzO] = p,KazC pKazd Difference, %e R f  SYJ 


I 
11 


111 


-0.164 ( lOOO/t )  + 11.838 
-0.164 (1000/~) + 11.785 
-0.121 (lOOO/c) + 10.584 


8.01 
7.96 
7.30 


8.03 
7.65 
7.40 


0.25 
4.05 
1.35 


0.997 0.022 
0.997 0.019 
0.994 0.023 


a When 14.5 5 lOOO/c 5 18.2. This refers to straight line plots for 1-111 (Fig. 2) where [HzO] and e are the molarity of water and dielectric constant, respectively, of 
the aqueous methanol solvents. This is the extrapolated value of p,KaZ obtained when log [HzO] = 1.743, where 55.3 is the molarity of water at 2 5 O ,  is subtracted from 
the quantity (p,Ka2 + log [HzO]) when the latter is calculated for loOO/c = 12.73 where c = 78.54 for water at 25". Footnote e ,  Table 11. f Footnote 
f .  Table 11. P Standard error of the estimate of p,Kaz + log [HzO] based on lOOO/c values. 


Footnoted. Table 11. 


Table IV-Linear Regression Data for Plots of Equations 1 and 2" 


pwKaz Difference, %* Re SWf 
Drug Eq. lb  Eq. 2c pKas Eq. 1 Eq. 2 Eq. 1 Eq. 2 Eq. 1 Eq. 2 


I 8.25 8.09 8.03 2.74 0.75 0.971 0.990 0.029 0.027 . .~ 


I1 7.97 7.87 7.65 4.18 2.88 0.985 0.997 0.014 0.012 
111 7.40 7.32 7.40 0 1.08 0.938 0.977 0.022 0.029 


a Where 37.7% (w/w) 5 methanol 5 52.9% (w/w) and 16.2 5 1oOO/c 5 18.2, respectively, for Eqs. 1 and 2. Footnote c, Table 11. Footnote c ,  Table 111. d Footnote 
d ,  Table 11. Footnote f ,  Table 11. f Footnote g, Table 11. 
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and electrolytic equilibria of 1-111 in aqueous methanol solutions may 
partially account for the discrepancies between the pKaz and pyKaz 
values (16-19,21,22,33). For example, different solvation mechanisms 
are possible with I11 than with I or I1 because the hydroxyethoxyethanol 
substituent, RI on 111, is both a hydrogen bond acceptor and donor. 
Furthermore, the Rz chloro substituent on I1 would increase its partition 
coefficient over that  of I (35, 36). In fact, 0.002 M I1 was inadequately 
soluble in 11.5% (w/w) methanol while titrating its psKa2, which is at- 
tributed to the enhanced hydrophobicity conferred by the chloro group, 
Rz (35,36). The pxKal values of 0.0005 M IV and V were obtainable only 
in solvents containing 247.8% (w/w) methanol. As noted earlier, titration 
data derived from the latter solutions would be poorly applicable to pwKal 
estimates (18,21). 


Finally, it remains to be determined why the ratios of K,1/K,z for 1-111 
show a variation of 2.75 X lo5 to 7.76 X lo5. The comparable ratio of 
Kfll/K,2 for piperazine (VI) was reported to be 1.38 X lo4 (37)14. There 
are four main types of electrochemical effects that can account for these 
K a ~ / K , z  ratios: ( a )  mesomerism or resonance in aromatic compounds, 
( b )  inductive effects of substituents in aliphatic and aromatic compounds, 
(c) field effects such as intramolecular hydrogen bonding, and ( d )  mo- 
lecular symmetry or statistical effects (38-42). 


Because the piperazine ring is nonaromatic, mesomerism does not 
explain the observed KflI/K,2 ratios. Secondly, the inductive effects of 
the R1 and benzhydryl substituents on the piperazine group in 1-111 ac- 
count for a maximum difference between K,1 and Ka2 of -62 as seen from 
the quotient of (%~/K,~)I/(K,I/K,~)“~. I t  has been shown that elec- 
tron-withdrawing ( - I )  groups have a marginal influence on K, values of 
acids when the -I and ionogenic groups are separated by more than two 
-CH2 residues (38, 40). These inductive effects account primarily for 
the differences between either K,1 or Ka2 values of 1-111. Thirdly, the 
statistical symmetry factor in VI and its analogs accounts for only a 
fourfold difference in K,1 and K,z values (38-40,42). 


Solvent- and space-mediated field effects and inductive forces between 
nitrogen atoms of the piperazine ring appear to be the most plausible 
explanation for the large K,1/Ka2 ratios in 1-111, VI, and similar com- 
pounds. Electrostatic attraction between the protonated and neutral 
nitrogen atoms of the piperazine ring has been alluded to (43), and it has 
been studied by conformational analysis using molecular orbital methods. 
(44). However, field effects mediated through solvent molecules may also 
contribute to these large observed ratios. 


CONCLUSIONS 


Aqueous pKal and pKaz values for I and 11, and pKaz for 111, appar- 
ently heretofore unpublished, were determined. These pKaZ values of 
1-111 were also obtained in aqueous solutions of 11.5-52.9% (w/w) 
methanol. There was no substantial difference in the precision of poKz 
extrapolated from linear regression plots of psKz data according to Eqs. 
1 and 2. However, Eq. 2 did yield slightly better correlation of the plotted 
coordinates. The overall accuracy of p,KaZ compared to pKaz values for 
1-111 also was better according to Eq. 2 plots ( p  < 0.13). The maximum 
difference observed between any pKaz and poKaz value occurred in the 
case I1 using Eq. 1 by which pyKaz was 5.23% higher. 


The large ratios of Kal/K,z for 1-111 and piperazine are attributed to 
field effects and intramolecular electrostatic attraction or induction in 
the piperazine ring. 
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In the second study carried out on Formulations D, E, F, and G, it was 
pointed out that  the two systems do not arrange the different formula- 
tions in the same way, and therefore, the existence of response surfaces 
proportional for the chosen parameters must be ruled out. 


With regards to the general correlations, Figs. 3 and 4 show the re- 
gression of Ez against D3o and El2 against D~ao,  respectively, for all the 
formulations studied. In spite of the large differences existing between 
the various formulations, a significant linear regression is obtained, 
especially in the case of El2 against Dl80. Even the F value obtained for 
the regression term, bo, of the ANOVA of the regression was higher than 
the quadruple of the critical value tabulated. The high F values indicate 
the capability of the apparatus employed for the in uitro studies. 


A study of response surfaces is not necessary for establishing a routine 
control. Nevertheless, in biopharmaceutics, a knowledge of the techno- 
logical factors which can interact with drugs, as well as of the physico- 
chemical properties responsible for this interaction, is essential. A 
mechanistic model which would include all variables, both technologically 
and physiologically dependent, is not feasible, therefore, the use of re- 
sponse surfaces to quantify the effect produced by the factor studied is 
necessary. This quantification should be independent of therapeutic 


implications and should insist on establishing the necessary guidelines 
for obtaining an exact formulation of the dosage forms. 
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Abstract  0 A reversed-phase liquid chromatographic method for the 
determination of isoetharine in blood plasma, utilizing amperometric 
detection, is described. Plasma samples were extracted utilizing an ion- 
pair reagent, di-(2-ethylhexyl)phosphoric acid, to concentrate the cate- 
cholamine. Only minor differences were observed in the relative bio- 
availability of isoetharine hydrochloride and isoetharine mesylate after 
oral administration to rats. Observed plasma levels, at 1 hr after oral 
medication, were highly variable in dose-ranging studies a t  doses of 
800-2500 mglkglday for 2 weeks. 


Keyphrases Bioavailability-determination of isoetharine in plasma 
by reversed-phase chromatography with amperometric detection 
Reversed-phase chromatography-determination of isoetharine in 
plasma with amperometric detection 0 Isoetharine-determination in 
plasma by reversed-phase chromatography with amperometric detec- 
tion 


Isoetharine (4-[ 1-hydroxy-2-[ (1-methylethyl)-amino] - 
butyl]-l,2-benzenediol) (I) is a P-agonist which is widely 


O H  


I CH2CH3 -CH(CH3)2 


used as a bronchodilator in inhalation therapy. Re- 
versed-phase liquid chromatography with amperometric 
detection has been used extensively for the determination 
of endogenous and exogenous biogenic amines in various 
biological media (I). The most common methods for 


It H -C(CH3) 3 


sample preparation include various modifications of the 
method of Anton and Sayre (2) in which the compound of 
interest is adsorbed to alumina through the catechol 
moiety. In addition, ion exchange resins (3) and boric acid 
gels (4) have been used to concentrate the analyte and 
separate it from interfering substances. In the present 
study, the catecholamine was extracted into an organic 
solvent through the formation of an ion-pair with di-(2- 
ethylhexy1)phosphoric acid (5). 


The present report describes an analytical method de- 
veloped for the determination of isoetharine in blood 
plasma, and the application of the method to the analysis 
of rat plasma in studies comparing the oral bioavailability 
of the hydrochloride and mesylate salts (the two marketed 
salt forms of isoetharine) and in dose-ranging toxicity 
studies. 


EXPERIMENTAL 


Reagents-Isoetharine’ (hydrochloride and mesylate salts) (I), col- 
tero12 (mesylate salt, internal standard) (4-[2-[l,l-dimethylethyl)- 
amino]-l-hydroxyethyl]-1,2-benzenediol) (II), methanol3, benzene4, 
di-(2-ethylhexyl)phosphoric acid5, were used as received. Water was 
deionized, distilled, and treated with high-intensity UV radiation6. All 
other chemicals were reagent grade or better and used without further 
purification. 


A 1.5% (or 0.5%) solution of di-(2-ethylhexyl)phosphoric acid in ben- 


Breon Laboratories, New York, N.Y. 


OmniSolve, McB, Cincinnati, Oh. 
Nanograde, Mallinckrodt, St. Louis, Mo. 
Sigma Chemical Co., St. Louis, Mo. 
ORGANICpure, SybronlBarnstead, Boston, Mass. 
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Table I-Concentrations of Isoetharine (Free Base) Found in 
Spiked Plasma Samples 


Nominal Concentration, Mean Concentration Found", 
ng/ml ng/ml 


Minimum Quantifiable Levelb 
0 


A B 


1"' 


I I I I  I I I I  


9 6 3 t  9 6 3 t  


MINUTES 
INJECT INJECT 


Figure 1-Representathe chromatograms of processed rat plasma: (A) 
control plasma containing only internal standard; (B) 4 ng/lOOpl 
stcindard. See text for chromatographic conditions. Attenuation 10 
nA/V (full scale). 


zeine was prepared by diluting 0.6 ml of reagent to 40.0 ml (or 0.5 ml of 
reagent to 100 ml) with benzene. Phosphate buffer, pH 6.9 (0.2 M ) ,  was 
prepared by dissolving 13.6 g of KHzPO4 in 300 ml of water, adding 50 
ml of 1 N NaOH, diluting to 0.5 liter, and adjusting the pH to 6.9 with 
1 A' HCl. Fresh stock standard solutions of isoetharine and colterol were 
prepared in 0.05 N H2S04 at concentrations of 100 pg/ml. All glassware 
was silanized before use. 


]Preparation of Standards-The chromatographic system was cali- 
brated by analyzing duplicate plasma standards containing 0,2.5,5,10, 
20,40,60,80, and 100 ng/ml of free base. The standards were prepared 
by adding 100-pl aliquots of isoetharine stock standards (made by serial 
dihtion of the 100 pg/ml stock standard solution with 0.05 N H2S04) to 
1.0 ml of control human plasma (oxalate anticoagulant). Fresh standards 
were prepared for each analysis set and analyzed with the prepared 
samples. Values are reported as isoetharine. 


Preparation of Spiked Plasma Samples-Two sets of samples, to 
be analyzed under single-blind conditions, were prepared in triplicate 
by adding appropriate volumes of isoetharine stock standard solutions 
to I .O ml of human control plasma. One set was analyzed upon prepara- 
tion; the other set was frozen for 7 days at -70' before analysis. 


Analytical Procedure for Spiked Samples-To each tube con- 
taining a sample or standard were added 50 ng of internal standard (100 
pl of a 500-ng/ml solution in 0.05 N H2S04), 2.0 ml of phosphate buffer 
(pH 6.9) and 10 ml of 1.5% di-(2-ethylhexyl)phosphoric acid in benzene 
solution. The tube was shaken and centrifuged. The organic phase was 
transferred, with methanol-washed disposable pipets, to a tube containing 
130 pl of 0.2 N H2SO4. The tube was shaken and centrifuged, and the 
organic phase was discarded. The tube was placed in the laboratory 
freezer (-4') until chromatographic analysis (usually the next day), a t  
which time the aqueous phase was thawed, and a 100-p1 aliquot was in- 
jected into the chromatograph. 


Chromatography-The HPLC was a modular system constructed 
of commercially available components: a reciprocating pump7, syringe- 
loaded injection valve8, a 5-pm ODS (25 cm X 4.6-mm i.d.) columns, and 
an amperometric (electrochemical) detector with a glassy carbon elec- - 


Milton Roy Minipump, Riviera Beach, Fla. 
Model 7120, Rheodyne, Cotati, Calif. 
Ultrasphere-ODS, Altex, Woburn, Mass. 


5.5 


19 


38 


% S E M  
5.7 
2.1% 


Mean % Difference +4.25% 
% CV' 5.1% 


19.4 
% S E M  0.9% 


Mean % Difference +1.9% 
% cv 2.1% 


% SEM 1.3% 
Mean % Difference +3.6% 


% cv 3.2% 


% S E M  1.0% 
Mean % Difference +3.8% 


39.4 


88 91.3 


% cv 2.4% 


n = 6. * Mean minimum quantifiable level = 0.92 ng/ml, n = 2. Coefficient 
of variation. 


trodelO. The chromatographic conditions were as follows: mobile phase, 
0.1 M Na2S04 (adjusted to pH 2.8 with phosphoric acid and then adjusted 
to pH 3.0 with Na0H)-methanol(87.5:12.5, v/v); flow rate, 1.2 ml/min 
(-150 bar); applied potential, +0.60 V uersus Ag/AgC1(3 M NaCl); a t  
ambient temperature; an injection volume of 100 pl; and approximate 
retention times of 7.5 min for colterol (internal standard) and 9.3 min for 
isoetharine. 


Animal Dosing and Sample Collection-Two groups of six Spra- 
gue-Dawley rats" each were medicated orally with isoetharine hydro- 
chloride or mesylate. Each animal received the equivalent of 120 mg of 
isoetharine base uia a stomach tube as a solution in distilled water. A 
minimum of 0.2 ml of blood was collected from the orbital sinus in mi- 
crocentrifuge tubes containing oxalate anticoagulant. Samples were 
collected prior to medication and at  1,2,4,6,8, and 10 hr after medica- 
tion. A t  12 hr after medication, blood was collected from the abdominal 
aorta. The blood was centrifuged and the plasma was separated. The 
plasma samples were stored in a low-temperature freezer (-70') until 
analysis. 


In a separate exploratory dose-ranging study, 10 ratdgroup were 
medicated orally with isoetharine hydrochloride for 2 weeks at doses of 
0,800,1400,2000, and 2500 mg/kg/day. A t  the end of two weeks, blood 
samples were obtained from the orbital sinus 1 hr after medication. 
Plasma was separated and frozen until analysis for isoetharine levels. One 
rat in the 2500-mg/kg group died during the study. 


Sample Preparation-The plasma samples were analyzed by the 
procedure described for spiked samples with several modifications re- 
quired because of the small sample volumes. Aliquots of the plasma 
samples (25-150 pl) were transferred to screw-cap tubes, and 100 pl(5.0 
ng) of a solution of colterol(50 ng/ml in 0.05 N HzS04) was added as in- 
ternal standard. Two milliliters of 2% boric acid, 2 g of ammonium sulfate, 
and 10 ml of 0.5% di-(2-ethylhexyl)phosphoric acid in benzene solution 
were added. Each tube was shaken and centrifuged, and the organic phase 
was transferred into a conical tube containing 130 pl of 0.05 N H2S04. 
The tube was shaken and centrifuged; the organic phase was aspirated 
and discarded. The aqueous phase was frozen until liquid chromato- 
graphic analysis on the following day. Duplicate standards containing 
0.0.5, 1, 2, 4, 6, 8, 10, and 15 ng of isoetharine (free base) in 100 p1 of 
control plasma were used for calibration of the chromatograph. Fresh 
standards were prepared and extracted with each analysis set. 


Statistical Analysis-A regression analysis of the peak height ratios 
(isoetharine/internal standard) obtained for the standards was performed 
to  determine the linearity of the response with respect to concentration. 
The resulting linear regression was used to estimate the concentrations 
of isoetharine in the plasma samples. The minimum quantifiable level 
of the assay was estimated as the concentration whose 80% confidence 
limit just encompassed zero12. 


lo Model LC-4 controller and model TL-5 cell, Bioanalytical Systems, West 


l1  Charles River Co. 
l2 R. W. Ross and H. Stander, paper presented at the Princeton Conference on 


Lafayette, Ind. 
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Figure 2-Plot of mean isoetharine plasma concentration after oral 
administration of isoetharine hydrochloride or isoetharine mesylate. 
Key: (0) hydrochloride salt administered; (A) mesylate salt adminis- 
tered. Vertical bars represent the standard error of the mean. 


The assayed levels for the spiked samples were expressed as the percent 
differences from the nominal values, and a two-way ANOVA with rep- 
lication was carried out to determine if there was a concentration effect, 
a time (fresh uersus frozen) effect, or a concentration times time inter- 
action. 


An ANOVA was carried out to determine differences between the two 
salt forms in terms of maximum observed concentration (C,,), the time 
of the maximum observed concentration (t,,,), apparent first-order 
elimination rate constant ( K ) ,  and the area under the plasma concen- 
tration uersus time curve (AUC).  C,,, and t,,, were determined by di- 
rect observation; the elimination half-life for each rat was determined 
from a least-squares regression on the logarithm of the 4-12-hr plasma 
concentration data with time. This assumes first-order elimination ki- 
netics. The AUC was determined from the plasma data by the trapezoidal 
rule. The data from the dose-ranging study were analyzed by a least- 
squares regression to determine if observed plasma levels were dose re- 
lated. 


RESULTS AND DISCUSSION 


Representative chromatograms of extracted rat plasma standards are 
shown in Fig. 1. Linear least-squares analysis indicated that peak height 
ratio (isoetharine/internd standard) versus concentration was linear over 
a range of a t  least 0 and 0.5-100 ng/ml. 


The results of the single-blind analysis of the spiked plasma samples 
are summarized in Table I. The accuracy of the assay, defined as the mean 
percent difference from the nominal level was >5%. The estimated assay 
precision, calculated from the overall mean square error term of the 
two-way ANOVA, was f1.9%. The mean (fSE) minimum quantifiable 


level of the assay was 0.92 (f0.20) ng/ml, n = 2. The mean (&SE) percent 
recovery of the assay, determined by comparison with unextracted 
standards, at concentrations of 10,50, and 100 ng of isoetharine/ml and 
50 ng of internal standard/ml, was 78.4 (f2.31%) for isoetharine and 79.1 
(f3.6%) for the internal standard. 


The two-way ANOVA with replication on the percent differences for 
the samples indicate neither a concentration effect nor a concentration 
times time interaction. A highly significant time (fresh uersus frozen) 
effect was indicated; however, the trend was to a higher concentration 
upon freezing. The observed differences were due to a slight difference 
in the slopes derived from the regression analysis on the standards for 
the two days, and the difference was statistically significant because of 
the good precision at each concentration. The observed time effect is 
considered of little practical significance. The stability of isoetharine and 
the internal standard in the final acid extract was shown by chromato- 
graphing the final acid extract for a set of standards twice, separated by 
8 weeks of storage at -4'. The chromatograms obtained on the two days 
indicated no apparent decomposition of either isoetharine or the internal 
standard. 


The results of the analysis of rat plasma samples, taken after the oral 
administration of isoetharine hydrochloride and isoetharine mesylate 
are plotted as means uersus time of collection in Fig. 2. The mean (fSE) 
maximum observed plasma concentrations (C,,) for the hydrochloride 
and mesylate salts were 162 (f32)  and 92.0 (f9.8) ng/ml, respectively. 
The mean (fSE) times to C,,, (t,=) were 1.2 (f0.2) and 1.3 (f0.2) hr 
for the hydrochloride and mesylate salts, respectively. 


The area under the plasma concentration uersus time (AUC) plot was 
calculated for each rat by the trapezoidal rule using the experimental 
data. The mean (5%) AUC was 498 (156) ng hr/ml for the hydrochlo- 
ride salt and 344 (f16) ng hr/ml for the mesylate salt. 


The,apparent first-order elimination rate constant, K, was determined 
for each animal using the 4- to 12-hr data. The mean ( S S E )  values of K 
were 0.21 (f0.04) hr-l for the hydrochloride salt and 0.17 (f0.03) hr-' 
for the mesylate salt. The corresponding half-lives are 3.3 and 4.1 hr, 
respectively. It should be emphasized that these are crude estimates of 
the rate constants since they were determined from data collected over 
a time period of approximately two half-lives. 


ANOVA on the means of C,,, tm=, and K for the two salts indicated 
that the differences were not statistically significant ( p  2 0.05). The 
difference between the AUC means for the two salts was significant at 
the 5% level but not at the 1% level. The hydrochloride salt had the larger 
AUC (498 ng hr/ml uersus 344 ng hr/ml). 


The observed isoetharine concentrations in rats medicated orally for 
2 weeks were highly variable. A least-squares analysis of the data was 
inconclusive in determining whether the observed plasma levels were 
proportional to dose in the range of 800-2500 mg/kg. 


The formation of an ion-pair with di-(2-ethylhexyl)phosphoric acid 
provided a simple, rapid means of isolating two exogenous catecholamines 
from plasma for subsequent quantitation by reversed-phase liquid 
chromatography. The method is applicable to small (<lo0 ~ 1 )  samples 
and samples up to 2 ml. In this study, the described extraction procedure 
proved more reliable and gave cleaner chromatograms than adsorption 
to either alumina or boric acid gels. The usefulness of the assay is dem- 
onstrated in that small samples could be analyzed, allowing serial samples 
to be taken from individual rats, and in the analysis of samples from rats 
medicated over a 20-fold range of doses. 
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Centering Tool for Dissolution Vessels 
~~~ ~ ~ ~ 


Keyphrases 0 Drug dissolution-testing, centering tool for dissolution 
vessels Centering tool-drug dissolution testing, for basket and paddle 
methods 


To the Editor: 


Proper alignment and standardization of equipment is 
essential to obtain reliable results in drug dissolution 
testing. The USP XX requires that the shaft in both the 
basket and paddle methods be positioned so that its axis 
is not >0.2 cm a t  any point from the vertical axis of the 
vessel (1). A centering tool for alignment of the shaft was 
previously described (2), and several centering tools are 
commercially available1Y2. We have designed a centering 
tool which has been widely used in FDA laboratories and 
which we believe offers significant advantages over other 
designs. 


The tool is machined from a block of plexiglass (Fig. 1). 
The sides of the tool are tapered at an angle of 30” from the 
axis so that the tool can be used with plastic or glass dis- 
solution vessels or to align the base plates that support the 
dissolution vessels. The main slot is oversized to 10 mm to 
allow the tool to be used with 9.52-mm diameter shafts. 


~ 


Hanson Research Carp., Northbridge, CA 91324. 
Van-Kel Industries, Chatham, NJ 17928. 


7.92Ak L 
15.88 


Figure 1-Dissolution uessel centering tool. The material used was 
plexiglass and all measurements are in millimeters. 


The center portion of the slot is offset 4 5 O  from the main 
slot, so that the shaft can be accurately butted against the 
radius of the 9.50-mm center hole with a 6.35-mm screw. 
Securing the shaft against the center hole radius prevents 
the tool from accidental tipping when aligning the vessels. 
The final machining of the tapered edge is done with the 
device secured by its set screw to an arbor to ensure that 
the center hole and the tapered portion of the tool will be 
concentric. 


While in use, the tool is slipped down the shaft into the 
mouth of the vessel, and the vessel is aligned with the tool 
after tightening the set screw. The design offers these ad- 
vantages: 


1. Locking the tool to the shaft prevents the alignment 
from changing while adjusting the kettle. 


2. The circular design aligns the kettle’s total cir- 
cumference in one operation. 


3. Dimension of the tool permits it to be used to align 
the base plate. 


With proper use, most, if not all, of the centering tools 
previously described should be capable of aligning the 
shaft within USP specifications. 


(1) “The United States Pharmacopeia,” 20th rev. United States 
Pharmacopeial Convention, Rockville, Md., 1980, p. 959. 


(2) D. C. Cox, C. C. Douglas, W. B. Furman, R. D. Kirchhoefer, J. W. 
Myrick, and C. E. Wells., Pharrn. Tech., 2.41 (1978). 
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Figure 5-Typical chromatograms of extracts of 1 ml of plasma, in- 
jection volume 30 p l ,  absorbance a t  245 nm. Key: (A)  drug free; (€I) 
patient receiving I orally. Concentrations of compounds expressed as 
ng/ml of plasma are I = 87, I I  = 50,111 = 7, and  IV = 38. 


The rat.ios of the peak heights of the drugs and metabolites to the peak 
height of the internal standard were calculated. Statistical analysis of 
the data (Table I) by linear regression indicated linearity and repro- 
ducibility in the 20-400-ng/ml range of plasma. This range includes the 
therapeutic range of the drugs. Absolute recovery of the drugs and me- 
tabolites ranged from 55 to 80% of the theoretical amounts. This low re- 
covery may be responsible for the variation in the amount found a t  low 
concentrations (Table I). The minimum detectable limit for the com- 
pounds is <5 ng/ml of plasma. 


No interference from normal plasma constituents was observed (Fig. 
5A). Also, several drugs which might be prescribed simultaneously with 
tricyclics were chromatographed. The retention times are listed in Table 
11. 


The method has been applied to  many patient samples and is being 
used routinely in the laboratory for monitoring therapeutic levels (Fig. 
5B). Major advantages of the method are its simplicity, rapidity, and high 


sensitivity. All of the drugs and metabolites, including the 10-hydroxy 
metabolites of amitriptyline and nortriptyline, are determined using a 
single procedure. Adsorbance of the drugs onto glass has been mini- 
mized. 
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Abstract Newly synthesized polymercaptal microspheres of 0.8 f 0.02 
um were shown to have a specific and fast intake of mercury compounds 


potential use as a new oral drug for  treatment i n  cases of mercury poi- 
soning. 


over a whole range of pH-while maintaining low toxicity. The  micro- 
spheres bind easily with mercury compounds which are already bound 
to the biological mercury binders, albumin or cysteine. Mercury was re- 
covered completely from the microspheres by using a solution of thiourea 
in hydrochloric acid. Due to their high surface area, low toxicity, and 
strong affinity toward mercury compounds, the microspheres have a 


Keyphrases 0 Microspheres-chelation of mercury, polymercaptal. 
new potential antidote for mercury poisoning 0 Mercury-chelation by 
polymercaptal microspheres, new potential antidote for poisoning 
Chelation-mercury, polymercaptal microspheres, new potential antidote 
for mercury poisoning 


Mercury compounds, both organic and inorganic, con- 
stitute an environmental and agricultural hazard (1, 2 ) .  
Severe poisoning is known to cause brain damage, fetal 


disabilities, and death ( 2 ,  3 ) .  The therapy for mercury 
poisoning includes intravenous administration of the 
chelating drugs dimercaprol and/or penicillamine (4). 
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Figure 1-Change of the absorbance a t  285 nm during the reaction 
between glutaraldehyde and pentaerythritol tetrathioglycolate. The 
reaction was carripd out by stirring 4 5 mmoles of glutaraldehyde with 
4.5 mmole of pentaerythritol tetrathioglycolate in 30 ml of HzO a t  p H  
4.0, a t  room temperature 


Recently, new types of water soluble drugs, 2,3-dimer- 
capto-succinic acid (5) and dithiocarbamate compounds 
(6) were synthesized and suggested as intravenously ad- 
ministered antidotes for mercury poisoning. Another ap- 
proach which has been tried successfully in cases of mer- 
cury poisoning, in particular methyl mercury, is based on 
the oral administration of insoluble polythiol resins which 
bind mercury compounds and thereby increase their fecal 
excretion (7-9). 


In the present study the use of insoluble chelating mi- 
crospheres specific for mercury compounds as a potential 
oral antidote for mercury poisoning is suggested. For this 
purpose polymercaptal microspheres of 0.8 f 0.02 pm were 
synthesized. The large surface area of these microspheres, 
as well as their low toxicity and strong affinity toward 
mercury compounds renders them as good candidates to 
be used in cases of mercury poisoning. 


EXPERIMENTAL 


Reagents-All reagents were of analytical grade and used as received. 
A phosphate-buffered solution was prepared by adding sodium hydrogen 
phosphate solution (0.1 M )  to an aqueous solution of sodium dihydrogen 
phosphate (0.1 M )  until a pH of 7.2 was reached. The solution was then 
diluted 10 times with distilled water. Phosphate-buffered saline solution 
was prepared by adding sodium chloride to the phosphate-buffered so- 
lution to obtain a final concentration of 0.15 M .  The following reagents 
gave a very small mercury blank value and could be used without further 
purification: sulfuric acid, hydrochloric acid, stannous chloride, hydroxyl- 
amine hydrochloride, potassium permanganate, and deionized water. 
The stock solution of mercuric chloride and of methyl mercury chloride 
was prepared in 10% HCl. Standards were prepared from the stock so- 
lution by diluting with 10% HCl. Glassware was soaked in concentrated 
nitric acid for several hours before use. 


Mercury Analysis-Mercury was determined by cold vapor atomic 
absorption with a cold vapor analyser kit1 (10). The limit of detection for 
this procedure is 0.15 ng in 1.0 ml of solution. 


Binding of Mercury Compounds to Albumin-A phosphate-buf- 
fered saline solution containing 4.0% normal human albumin was shaken 
for 2 hr with methyl mercury chloride or with mercuric chloride (20 ppm 
Hg). The binding with mercuric chloride was determined by placing the 
solution into ultrafiltration membranes2 and centrifuging it for 5 min a t  
1000 rpm. The binding with methyl mercury chloride was determined 
by ultrafiltration of the solution through a dialyzing membrane with a 
permeability corresponding to a molecular weight of 10,000. In both cases 
mercury was not detected in the ultrafiltrate, indicating that the mercury 
compounds were completely bound to albumin. 


Chelating Microspheres-An aqueous solution containing 0.2% (v/v) 


Figure 2-(A) Light microscopy photomicrograph of chelating micro- 
spheres (X3000). (B) Scanning electron microscopic photomicrographs 
of chelating microspheres (I, 3100X; 2,6300X). 


polyoxyethylene sorbitan monolaurate3 as surfactant and 5% (v/v) pen- 
taerythritol tetrathioglycolate was vigorously stirred for several hours 
until a stable aqueous emulsion of pentaerythritol tetrathioglycolate was 
produced. Thereafter, 5.5 ml of 25% glutaraldehyde was added to the 
emulsion solution which was then shaken for 12 hr. The reaction product 
was composed of a solid sticky compound that resulted from the agglu- 
tination of chelating microspheres and 60% disperse solid chelating mi- 
crospheres. The microspheres were separated by decantation from the 
sticky part and cleaned from impurities either by dialysis or by slow 
spinning. The appearance and size of the microspheres was determined 
by scanning electron and light microscopy. 


Toxicity-The acute median lethal dose (LDso orally) to 40 mice4 of 
the chelating microspheres was found to be 1.0 g/kg of body weight. 


Intake of Mercury Compound; by Chelating MiLrospheres-The 
chelating microspheres were added to a stirred phosphate-buffered saline 
solution containing mercury compounds. Samples to be tested for mer- 
cury concentration were spun a t  10,000 rpm for 10 min, thereby sepa- 
rating the solution from the precipitating microspheres. Control exper- 
iments were carried out in the same way but without chelating micro- 
spheres. (Spinning of the control samples did not show any precipitation 
of mercury compounds.) 


2 0.81 \ 
0.4 I 
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Figure 3-Aggregation properties of the chelating microspheres. The 
absorbances at  750 nm were obtained by diluting 0.05 ml of the chelating 
microsphere suspension (containing 20 mglml) with 2.5 ml of HzO. Key: 
(0) microspheres in HzO; (X) microspheres in phosphate-buffered so- 
lut ion; (0) microspheres in phosphate-buffered saline solution; (.) 
microspheres in aqueous solution a t  p H  1.1; and (0) microspheres in 
phosphate-buffered saline solution under shaking. 


Varian model 1200, Mulgrave. Victoria, Australia 
2 Amicon 2100, CF-50, Lexington, Mass. 


Tween 20, 
4 ICR mice. 


,Sigma Chemical Co., St. Louis, Mo 
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Table I-Yield of Chelating Microspheres as a Function of pH" 


Yield, % 


Table 11-Intake of Mercury Compounds by Chelating 
Microspheres in Presence of Alkali and Alkaline Earth Metallic 
Compounds a 


7.0 
4.0 
2.0 
0.5 


70 
60 
6 
1 


a Glutaraldehyde (25%,5.5 ml) was added to a shaken aqueous suspension (100 
ml) of pentaerythritol tetrathioglycolate (5 ml), at various pHs. pH 7.0 was ob- 
tained by adding sodium hydroxide to the aqueous suspension; pH 2.0 and pH 0.'5 
were obtained by adding hydrochloric acid to the aqueous suspension. 


Recovery of Mercury Compounds from Chelating Micro- 
spheres-Fast and quantitative recovery of mercury compounds bound 
to microspheres was carried out by adding thiourea and hydrochloric acid 
to a stirred solution up to a final concentration of 1.0% CHlNzS and 0.5% 
HCl. In <10 min 100% of the mercuric chloride or of the methyl mercury 
chloride were recovered from the microspheres. 


Photomicrographs-A photomicrograph of the microspheres was 
prepared by using a photographic flash light attached to a light micro- 
scope, thereby obtaining a focused picture of most of the moving micro- 
spheres. 


A sample for scanning electron microscopy was prepared by drying a 
drop of a diluted solution of the microspheres on a cover slide which was 
then coated with gold. 


RESULTS 


The chelating microspheres were prepared by carrying out the reaction 
of glutaraldehyde and pentaerythritol tetrathioglycolate in the presence 
of the mentioned surfactant. The assumed reaction is shown in Scheme 
I: 


[Hgl, 
PPm 


20 (Mercuric Chloride) 
20 (Mercuric 


Chloride) 
1 (Mercuric 
Chloride) 


Chloride) 


Chloride) 


20 (Methyl Mercury 


1 (Methyl Mercury 


Metallic 
Compounds, 


M 


0.001 CaClz 
0.15 NaCl 


0.1 NaCl + CaClz 


0.15 NaCl 
+ MgC12 


0.1 NaCl + CaC12 + Mac12 


Micro- 
spheres, 


mg 
15 
15 


10 


15 


10 


Hg 
Intake, 


% 


100 
100 


-95 


100 


-95 


Ca, Na, 
and Mg 
Intake, 


9a 


a The mercury compounds were stirred with chelating microspheres for 15 min 
in 20 ml of aqueous solution. 
lower (Table I). The stability of the chelating microsphere suspension 
was checked by following the change in the turbidity of the suspension 
(Fig. 3). Aggregation of microspheres was indicated by the decrease in 
the turbidity. The chelating microsphere suspension is stable in water 
and there was no indication of aggregation even after a year. The mi- 
crospheres tend to sink slowly to the bottom of the container and can be 
resuspended by shaking them again. The tendency of the microspheres 
to aggregate a t  acidic pH or a t  a high salt concentration was prevented 
by continuous shaking. Supporting evidence for the stability results was 
obtained by looking at  the monodispersity of the microspheres under a 
light microscope (Fig. 2A). In water, the monodispersed microspheres 


i)H 
Scheme I 


The rate of the reaction was measured by following the disappearance 
of the absorbance at 285 nm, related to the aldehyde groups of glutaral- 
dehyde (Fig. 1). The surfactant stabilized micelles of pentaerythritol 
tetrathioglycolate which were interacted with glutaraldehyde to form 
the insoluble microspheres (Fig. 2). 


The chelating microspheres were found to be monodispersed with a 
diameter of 0.8 f 0.02 l m .  They were spherical with a calculated surface 
area with an average microsphere size of 8.04 X cm2. The yield of 
the microspheres is dependent on the pH of the reaction. A t  a lower pH 
the microspheres tend to agglutinate more and therefore their yield is 


40 '""t-. 20 
f 4 I I I I I I ~ , t , , I ,  , I , ,  


4 0 12 16 20 2420 32 36 4Q.44 48 52 56 6064  6072 
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Figure 4-Comparison of the rate of intake of mercuric chloride by 
chelating microspheres and agglutinated chelating microspheres. The 
reaction was carried out by stirring M mercuric chloride (20ppm 
Hg) and 20 mg of the chelating polymer in 50 ml of phosphate-buffered 
saline solution. Key: (0) chelating microspheres; (X) agglutinated 
chelating microspheres. 


moved in a Brownian motion, and there was no indication of agglutinated 
microspheres even after a year. Under strong acidic conditions (pH 1.0) 
large aggregates slowly formed. Attempts were made to obtain a scanning 
electron microscopic photomicrograph of the microspheres (Fig. 2B-1 
and B-2). However, some small aggregates of microspheres were obtained 


8 
2 
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a 
t- 
V 
w 
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Figure 5-Rate of intake ot mercuric chloride by chelating micro- 
spheres. The reaction was carried out by stirring M mercuric 
chloride in 80 ml of phosphate-buffered saline solution in presence of: 
(X) 3.5-mg microspheres; (0) 20-mg microspheres; (0) 60-mg micro- 
spheres. 
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Table 111-Percent Reaction of Mercuric  Chloride with 
Cbelatina MicrosDheres at Various u H a  


Time, PHb 
min 2.0 4.0 7.1 8.5 


10 98 98 97 98 
120 100 100 100 97 
240 100 100 100 95 


~~ ~~ 


a Mercuric chloride M )  was stirred with chelating microspheres (25 mg) 
in 50 ml of aqueous solution. * pH 2.0 and pH 4.0 were obtained by adding hydro- 
chloric acid to 0.1 M sodium hydrogen phosphate aqueous solution. pH 8.5 was 
received by adding sodium hydroxide to 0.1 M H2Na04P aqueous solution. 


due to the drying of the sample. A photograph of higher concentration 
of microspheres could not be obtained since large aggregates of the mi- 
crospheres were formed and single microspheres could not be found. 


The chelating microspheres had a high surface area, and therefore, their 
rate of mercury intake was much higher than that of the same chelating 
compound in bulk (Fig. 4). Organic and inorganic mercury compounds 
are taken in by the microspheres very rapidly (Figs. 5 and 6), but do not 
interact with alkaline or alkaline earth metallic compounds (Table 11). 
They bind the mercury compounds over a broad range of pH (Table 111) 
and compete and bind mercury compounds which are already bound to 
albumin or to cysteine (Tables IV and V). Comparison with commercial 
resins reported to have a high affinity for mercury, e.g., styrene-divin- 
ylbenzene derivatized either with imin~diacetates~ or with Srafion 
NMRR6 (11) showed that the iminodiacetate derivative did not bind 
methyl mercury chloride, although it bound quantitatively Hg2+, while 
the Srafion NMRR bound mercury compounds under physiological 
conditions much slower than the chelating microspheres (Fig. 7). A 
quantitative elution of the bound mercury is obtained by adding thiourea 
and hydrochloric acid to the suspended microspheres. 


DISCUSSION 


The structure of the chelating compound produced by the reaction of 
the aldehyde groups of glutaraldehyde and the thiol groups of penta- 
erythritol tetrathioglycolate seems to be complicated, and does not agree 
with the ideal structure of a polymer as suggested previously (12). The 
mercury compounds are probably bound to the chelating compound 


through i ts  free thiol groups, and the S-C groups (hemi thio acetal). The 
structure of the chelating compound and of its binding to mercury 
compounds is currently being investigated. The chelating microspheres 
bind the mercury compound very strongly and reverse the binding from 
the biological receptors to the microspheres: 


9" 


Biological receptor 
Metallic compounds (R-M) 


Microspheres 
R-M - * * Biological receptor ___) 


+ R-M * * .  Microspheres + Biological receptors 
Scheme I1 


80 
z 


I$ 40 
IT 


t 


Figure 6-Rate of  intake of methyl mercury chloride by chelating mi- 
crospheres. The  reaction was carried out by stirring 10-4 M methyl 
mercury chloride in  80 ml of phosphate-buffered saline solution in the 
presence of: (0)  4.6-mg microspheres; (X) 60-mg microspheres. 


Chelex 100 prepared by Bio-Rad Lab., Richmond, Calif. 
6 NMRR prepared by Ayalon Water Conditioning Co., Haifa, Israel. 


Table IV-Rate of Intake of Mercury Compounds from 
Albumina 


Mercury Compound Time, min Reaction, % 


Mercuric chloride 10 81 
Mercuric chloride 60 81 
Mercuric chloride 120 83 
Mercuric chloride 1320 88 
Methyl mercury chloride 10 78 
Methyl mercury chloride 120 68 
Methyl mercury chloride 1320 72 


a Mercury compounds (5 pprn Hg) were stirred for 2 hr with 60 ml of 4% human 
albumin in phosphate-buffered saline solution, and then chelating microspheres 
were added (48 mg in the reaction with mercuric chloride and 60 mg in the reaction 
with methyl mercury chloride). In control experiments the loss of mercury com- 
pounds was negligible (<3%). 


Many of the heavy metallic compounds are excreted by the liver via 
the bileduct and intestinal tract, but a great part of the metallic com- 
pound (-90% of methyl mercury chloride) is reahsorbed by the intestine. 
Therefore, it seems feasible that a nonabsorptive binding material, ad- 
ministered orally might hind the metallic compound secreted uia the bile, 
prevent reabsorption of the metal, and greatly increase its fecal excretion. 
Several investigators (7-9) showed that oral administration of indigestible 
and nonabsorbable resin that hinds methyl mercury enhances the fecal 
excretion of methyl mercury from animals. I t  was also observed (7) that  
nonabsorbable polythiol resin given orally can substantially reduce the 
level of methyl mercury in the blood, brain, kidney, and liver. In an epi- 
demic of methyl mercury poisoning in Iraq (13) a group of scientists re- 
ported that oral administration of the same polythiol resin to humans 
significantly decreased their whole body levels of mercury. In most cases 
(diffusion control) the rate of mercury intake is directly proportional to 
the surface area of the mercury binder resin. For a resin with a spherical 
shape, the rate is directly proportional to the ratio l / r :  


1 1  
3v r r 2  = 0.75 V -  = k - uannr-2 = - 


4nr3 r r  (Eq. 1) 


where u is the rate of mercury intake, V is the spherical volume, and n 
is the number of spheres having a radius r. 


For example, spheres with a radius of 1 ym will intake mercury 100 
times faster than those with a radius of 100 pm. The dramatic effect of 
the high surface area of the chelating microspheres (radius of 0.4 ym as 
compared with hundreds of micrometers of the polythiol resin) are clearly 
shown in Fig. 4. In 30 min 100% of mercuric chloride was taken in by the 
microspheres while during the same period of time the agglutinated 
microspheres bound only 5% of the mercuric chloride. 


In conclusion, polymeric microspheres were shown to have a potential 
use for various applications such as cell labeling and cell separation (14, 
15), drug delivery (16), and diagnostic purposes (17). A new application 
for microspheres is suggested. Chelating microspheres may be very useful 


0 60 120 180 240 
MINUTES 


Figure 7-Rate of intake of mercuric chloride and methyl mercury 
chloride by the Srafion NMRR-styrene diuinylbenzene copolymer resin 
and the chelating microspheres. The  reaction was carried out by stirring 
50 ml of phosphate-buffered saline solution containing M mercuric 
chloride or methyl mercury chloride with 100 mg of the  chelating 
polymers. Key: (0) Srafion NMRR-styrene diuinylbenzene copolymer 
resin with mercuric chloride; (0) Srafion NMRR-styrene diuin-ylben- 
zene copolymer resin with methyl mercury chloride; (A) chelating mi- 
crospheres u i th  either mercuric chloride or methyl mercury chloride. 
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Table V-Rate of Intake of Mercury Compounds from Cysteine * 


Mercury Compounds Time, min Reaction, % 


Mercuric chloride 10 
Mercuric chloride 60 
Mercuric chloride 240 
Mercuric chloride 1320 


Methyl mercury chloride 60 
Methyl mercury chloride 240 


Methyl mercury chloride 10 


96 
97 
99 


100 
91 
91 
91 


a Mercury compounds (20 p m Hg) were stirred for 2 hr with 20 ml of lo-* M 
cysteine in phosphate-bufferecfsaline solution. Chelating microspheres were then 
added (20 mg in the reaction with methyl mercury chloride and 50 mg in the reaction 
with mercuric chloride). In control experiments the loss of mercury compounds was 
negligible. 


as an oral antidote for treatment in cases of heavy metal poisoning, due 
to their high surface area. As a model, the potential of polymercaptal 
microspheres for mercury poisoning was demonstrated in uitro and future 
experiments will have to be carried out in uiuo as well. Moreover, the 
affinity of chelating microspheres toward other heavy metallic com- 
pounds such as arsenic, cadmium, lead, and copper, etc. ,  will be investi- 
gated to evaluate their potential use for treatment of poisoning with these 
heavy metals. 
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Abstract 0 Two human bioavailability studies were conducted to assess 
the in uiuo performances of recently marketed 200-, 300-, and 400-mg 
ibuprofen capsules relative to the innovator’s 300- and 400-mg tablets 
when administered as single oral 300- or 400-mg doses. An ibuprofen oral 
solution was also administered in each trial. Within each study, the 
products were equivalent to each other and to the oral solution with re- 
spect to the extent of ibuprofen absorption. Absorption rates, however, 
differed markedly among the products studied. Ibuprofen was more 
slowly absorbed from the 300- and 400-mg capsules than from the re- 
spective strength tablets. The 200-mg capsule exhibited an absorption 
rate comparable to the 400-mg tablet but more rapid than the 400-mg 
capsule. It was concluded that two of the duplicator’s 200-mg capsules 
were bioequivalent to one of the innovator’s 400-mg tablet. The dupli- 
cator’s 300- and 400-mg capsules were bioinequivalent to the innovator’s 
300- and 400-mg tablets, respectively, due to their slower rates of ab- 
sorption. 


Key phrases Bioavailability-commercially available ibuprofen oral 
dosage forms in humans 0 Ibuprofen-bioavailability of commercially 
available oral dosage forms in humans 0 Dosage forms, oral-bioavail- 
ability of commercially available ibuprofen in humans 


Ibuprofen is a propionic acid derivative with anti-in- 
flammatory, analgesic, and antipyretic activities and is 
widely utilized in the treatment of osteoarthritis, rheu- 
matoid arthritis, and mild to moderate pain (1, 2). Re- 
cently, it has become a multiple-source drug product in 


Canada; thus, the question arises whether the new prod- 
ucts are equivalent relative to the quality and performance 
of the innovator’s products. Of particular importance is 
their in uiuo performance in terms of the extent and rate 
of ibuprofen GI absorption from the solid oral dosage 
forms. 


A previous study demonstrated the bioequivalence of 
a pilot plant lot of the 300-mg capsule product to the in- 
novator’s 300-mg tablet (3). The present studies were 
conducted to assess the bioavailability of full-scale pro- 
duction lots of the recently introduced 200-, 300-, and 
400-mg capsules relative to the innovator’s 300- and 
400-mg tablets. 


EXPERIMENTAL 


Products  Studied-Two comparative bioavailability studies were 
conducted to evaluate the five commercially available ibuprofen products 
(A, B, C, D, and E) listed in Table I. 


An aqueous solution of sodium ibuprofen (F, Table I) was utilized as 
a reference standard to which the other formulations could be compared. 
With the exception of the solution, the products were obtained from usual 
commercial sources without any attempt to procure or select specific 
lots. 


The ibuprofen dosage forms were administered as single, oral 300-mg 
doses in Study I and as single, oral 400-mg doses in Study 11. 
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HPLC Analysis of Indomethacin and Its Impurities in 
Capsule and Suppository Formulations 
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Abstract 0 Indomethacin and its impurities in suppository and capsule 
formulations were quantitatively determined by HPLC using a re- 
versed-phase, octadecyl column and a mobile phase of methanol- 
water-acetonitrile-acetic acid (55:35:101). Analysis of the suppository 
formulations provided a mean potency for indomethacin of 103.8%. The 
same formulation was found to contain 4-chlorobenzoic acid (0.02%), 
5-methoxy-2-methyl-3-indoleacetic acid (0.07%), 4-chlorobenzoic acid- 
a-monoglyceride (0.39%), and indomethacin-a-monoglyceride (0.9%) 
as impurities. The latter two impurities were a result of the interaction 
of indomethacin and 4-chlorobenzoic acid with glycerin used in the 
suppository base. Capsule formulations were likewise assayed with an 
average potency of 99.9 and 101.5% for 25- and 50-mg dosage forms, re- 
spectively. Only one of the two capsule formulations examined contained 
detectable quantities of 4-chlorobenzoic acid (0.05%). 


Keyphrases 0 Indomethacin-HPLC analysis, impurities in capsule 
and suppository formulations ~1 HPLC-indomethacin, impurities in 
capsule and suppository formulations Formulations-indomethacin, 
impurities in capsule and suppositories, HPLC analysis 


- 


Indomethacin is an anti-inflammatory and analgesic 
agent used in the treatment of rheumatoid arthritis, gout, 
degenerative joint disease, and other inflammatory con- 
ditions that do not respond to salicylates. Indomethacin 
may be synthesized by several routes (1-5), but these are 
generally modifications of the original method (1). The 
USP XX (6) contains monographs for the drug substance 
and capsule formulations, and the BP 1973 (7) includes 
monographs for these, as well as suppository formulations. 
The official pharmacopeias do not specify tests for im- 
purities, and the hydrolytic, titrimetric assay procedure 
would not be indicative of purity if substances with 
structural similarities were present. 


It has been reported that indomethacin is subject to 
hydrolysis in basic solutions (8) and in the presence of 
polysorbates (9). However, in only one instance has the 
presence of impurities in untreated capsule and supposi- 
tory formulations been noted (10). Previous HPLC assay 
methods reported for the analysis of indomethacin in 
plasma (11) or capsule formulations (12) were not con- 
cerned with the detection or determination of impurities. 
The present method offers a rapid and simple HPLC 
procedure for the simultaneous quantitation of indo- 
methacin and its major impurities in capsule and sup- 
pository formulations. 


EXPERIMENTAL 


Materials-All indomethacin (I) capsule and suppository formula- 
tions were obtained directly from the manufacturer'. Testosterone2, 
4-chlorobenzoic acid3 (II), 5-methoxy-2-methyl-3-indoleacetic acid4 (III), 
glycerin5, and I drug substance* were used without further purifica- 
tion. 


Merck Sharp & Dohme, Kirkland, Quebec, Canada. 
*Sigma Chemical Co., St. Louis, Mo. 


ICN Pharmaceuticals, Inc., Plainview, N.Y. 
Aldrich Chemical Co., Milwaukee, Wis. 


5 J. T. Baker Chemical Co., Phillipsburg, N.J. 


Methanol, water, and acetonitrile were HPLC quality6, and acetic acid7 
and ethers were reagent grade. TLC platess were precoated with silica 
gel G-25 UV (254) (20 X 20 cm, 0.25 mm). Solvents used for TLC were 
reagent grade8. 


HPLC System-An isocratic HPLC'O equipped with a single piston 
pump", 2 0 4  loop injectorI2, fixed wavelength detectorI3 (254 nm), 
electronic data system printer/pl~tter*~, and a 5 - j ~  reversed-phase (C-18) 
column (4.6 mm X 25 cm)15 were used throughout. The mobile phase 
consisted of methanol-water-acetonitrile-acetic acid (55:35:10:1) and 
was pumped a t  1 ml/min. 


Synthesis of 4-Chlorobenzoic acid-a-monoglyceride (1V)-In a 


Cl 


$OOCH2$HCH?OH 
I 
c=o 


IV @ OH 


Cl Cl 
Scheme I 


Fisher Scientific Co. Ltd., Vancouver, B.C., Canada. 
Canadian Industries Ltd., Vancouver, B.C., Canada. 


8 Caledon, Georgetown, Ontario, Canada. 
9 Machercy-Nagel and Co., Distributed by Brinkmann Instruments Inc., 


10 Altex Scientific Inc., Berkeley, Calif. 
11 Model l lOA,  Altex Scientific, Inc. 
12 Model 7125, Rheodyne Inc., Berkeley, Calif. 
13 Model 153, Altex Scientific Inc. 
l4 Model C-RlA, Shimadzu Cor 
15 Ultrasphere, Altex Scientific kc.  


Westbury, N.Y. 


Kyoto, Japan. 
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Table 11-Recovery of Indomethacin from Capsule and 
Suppository Formulations 


I V  


V I  


I 


0 5 10 15 20 
MINUTES 


Figure 1-HPLC of synthetic mixture of indomethacin and its im- 
purities. Peaks: (I) indornethacin; (II) 4-chlorobenzoic acid; (III)  5- 
methowy-2-methyl-3-indoleacetic acid; (IV) 4-chlorobenzoic acid- 
a-monoglyceride; (VI) the internal standard, testosterone. 


50-ml screw-capped culture tube, 1 g of I1 was heated with 30 ml of 
glycerin at  60' for 96 hr. During this period I1 went into solution. The 
glycerin solution was dissolved in water (50 ml) and extracted with three 
50-ml portions of ether. The combined ether extracts were evaporated 
under vacuum and the residue was dissolved in a minimum volume of 
ether, diluted with petroleum ether (bp 60-80°)5 and left at  4' until 
crystals separated. The crystalline material was recrystallized from 
ether-petroleum ether to a constant melting point (88-89'). The product 
was analyzed by HPLC to determine the absence of starting material or 
other impurities, and its structure was confirmed by PMR, IR, and mass 
spectrometric analysis. The compound exhibited identical characteristics 
to that reported earlier (10). 


Table I-Slope of the Calibration Curves for Indomethacin and 
its Impurities Determined at 254 nm 


Compound 
Correlation 


Slope Intercept Coefficienta 


Indomethacin (I) 1.05 0.17 0.999 
4-Chlorobenzoic Acid (11) 1.008 0.0 0.999 
5-Methoxy-2-methyl-3-indoleacetic 0.380 -0.008 0.999 


4-Chlorobenzoic acid-a-mono- 0.834 -0.003 0.996 
acid (111) 


elvceride (IV) 


Form and Drug Weight in Amount of Drug Recovery 
Dosage Formulation, mg Added, mg mg (%) 


Suppository, 100 mg 50.06 20.12 69.52 99.1 
Capsule, 50 mg 49.15 21.58 68.81 98.1 
CaDsule. 25 me 25.08 15.20 40.10 99.6 


Isolation and Identification of Indomethacin-a-monoglyceride 
(V)-A 100-mg suppository was crushed, suspended in 5 ml of water, and 
extracted with three 50-ml portions of ether. The combined ether extracts 
were evaporated under vacuum, the residue was taken up in 4 ml of ether, 
and applied in a narrow band to  four TLC plates precoated with silica 
gel G-25 UV. The plates were eluted with ether-acetic acid (1OO:l) for 
a distance of 15 cm. The major impurity band corresponding to V (R,  
0.25) was removed from the four plates and extracted from the silica gel 
with 100 ml of chloroform. The subsequent identity of this material was 
confirmed by PMR, IR, and mass spectrometric analysis and was iden- 
tical to that reported earlier (10). 


Standard Solutions-Stock solutions of I (175 mg/50 ml), I1 (0.5 
mg/100 ml), 111 (1 mg/100 ml), and IV (2 mg/25 ml) were prepared in 
methanol. Two working solutions of the internal standard, testosterone, 
were prepared in ether (50 mg/50 ml) and methanol (50 mg/50 ml). 


Determination of Linearity and Calibration Curves-Impuri- 
ties-To four 10-ml screw-capped culture tubes were added 0.25,0.50, 
1.0, and 1.5 ml of each of the stock solutions of 11,111, and IV, along with 
1 ml of the internal standard in methanol. The volume of each tube was 
brought to 10 ml with methanol and 20 p1 was used for analysis of each 
sample. 


fndomethacin-To four 10-ml screw-capped culture tubes were added 
0.5,1,2,3,4, and 8 ml of the stock solutions of I, along with 1 ml of the 
internal standard in methanol. The volume of each tube was brought to 
10 ml with methanol, and 20 p1 was used for analysis of each sample. 


Extraction of Capsule and  Suppository Formulations-Cap- 
sules-The contents of four capsules (25- or 50-mg dose) were removed, 
weighed, and combined. Two aliquots equivalent to 50 mg of I were 
transferred to two 50-ml screw-capped culture tubes. A 3-ml aliquot of 
the internal standard in ether was added to each tube along with 15 ml 
of water and 25 ml of ether. The tubes were tightly capped and tumbled 
for 20 min. The ether layer was removed, dried, and evaporated under 
a stream of clean, dry nitrogen. The residue was dissolved in 30 ml of 
methanol and 20 p1 was used for analysis. 


Suppositories-Four suppositories (100 mg of I/dose) were weighed 
and crushed. Five aliquots equivalent to 50 mg were placed in five 50-ml 
screw-capped culture tubes and treated as described previously. 


Recovery of Indomethacin from Formulations-An amount of I, 
equivalent to half the amount of I contained in a suppository formulation 
(-50 mg), was placed in a screw-capped tube. An aliquot of 3 ml of the 
internal standard in ether, 15 ml of water, and 25 ml of ether were added, 
and the mixture was treated as described previously. A similar recovery 
experiment was conducted on capsule formulations. 


RESULTS AND DISCUSSION 


A previous publication (10) reported the degradation of indomethacin 
and its interaction with glycerin used in a suppository base (Scheme I). 
To more precisely analyze indomethacin and its impurities, an HPLC 


Table 111-Quantitation of Indomethacin and its Impurities in 
Capsule and Suppository Formulations 


Compound 


Dosage Formsa, % 
50-ma' 25-me" 100-mab 


Supposiiory CapsGe Caps& 


Indomethacin (I) 103.800 f 2.160 101.50 99.85 
4-Chlorobenzoic Acid (11) 0.020 f 0.002 0.05 None 
5-Methoxy-2-methyl-3-indole- 0.070 f 0.007 


4-Chlorobenzoic acid- 0.390 f 0.023 


Indomethacin-a-mono- 0.919 f 0.067 


acetic acid (111) 


a-monoglyceride (IV) 


glyceride (V) 
a All dosage forms were obtained from the same manufacturer. * Values are the 


mean of five determinations and are presented as the percentage based on labeled 
claim of indomethacin (*SD). L. Values for capsules were taken from the average 
of two determinations O n = 4  
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Figure 2-HPLC of extract of indomethacin suppository formulation. 
Peaks: ( I )  indomethacin; (II)  4-chlorobenzoic acid; (III) 5-methoxy- 
2-methyl-3-indoleacetic acid; (IV) 4-chlorobenzoic acid-a-monogly- 
ceride; (V) indomethacin- a-monoglyceride; (VI) the internal standard, 
testosterone. 


method was investigated. The chromatogram shown in Fig. 1 was ob- 
tained for a standard mixture of I and its impurities 11-IV. Impurity V 
could not be included in this chromatogram due to lack of sufficient 
quantities of pure material. Calibration curves for I and the impurities 
11-IV were determined by dissolution in methanol containing the internal 
standard, testosterone. I t  was not possible to isolate a sufficiently pure 
crystalline form of V, therefore, the response factor for this impurity was 
equated to that of I. This was considered sufficiently accurate, as little 
difference in the UV absorptivity at  254 nm would be expected for these 


two compounds, due to the identical nature of the basic chromophore 
portion of both molecules. To establish the reliability of the calibration 
curves determined by dissolution in methanol, a single mixture of I and 
the impurities 11-IV were likewise partitioned between the water-ether 
mixture used to extract the formulations. The recoveries of the drug and 
impurities from the aqueous phase into ether were quantitative. The 
response factors and correlation coefficients for I-IV are given in Table 
I. 


The extraction of I from capsule and suppository formulations was 
determined by analysis of an aliquot of the formulation to which a 
quantity of indomethacin, equivalent to half of the theoretical amount 
of indomethacin, was added. The extraction efficiencies thus determined 
are summarized in Table 11. The apparent high recovery indicates that 
the formulation excipients do not interfere with such a simple, single 
extraction. 


The results obtained for the analysis of I and its impurities 11-V in both 
capsule and suppository formulations are given in Table 111. A repre- 
sentative chromatogram for a suppository formulation is shown in Fig. 
2. Impurities 11-V account for a total of 1.4% of the amount of indo- 
methacin in the suppository formulation, while only small quantities of 
4-chlorobenzoic acid were detected in one of the two capsule formula- 
tions. 


Examination of the chromatogram of a suppository formulation (Fig. 
2) reveals an impurity at  12.5 min following the internal standard. Several 
attempts to isolate and identify this material were unsuccessful, No at- 
tempt was made to isolate the minor components appearing between 
impurities I11 and IV. However, the remaining impurities 11-V were 
confirmed by comparison of their retention times with authentic sam- 
ples. 


All formulations analyzed by the HPLC procedure described fall within 
the limits specified for capsule and suppository formulations in the USP 
(6) and BP (7). The presence of impurities, particularly in the suppository 
formulations represents a distinct example of the interaction of a drug 
with an excipient, glycerin, Although the amount of the a-monoglyceride 
impurities were less than 1.4% of the amount of indomethacin, these levels 
could be increased several-fold by holding the suppository at  its melting 
point. Since all formulations were obtained fresh from the manufacturers, 
the rate of this reaction under normal storage conditions could not be 
determined, and accelerated stability studies were not considered due 
to the relatively low softening temperature of the suppository base. 
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Determination of Sulfadiazine and N4-Acetylsulfadiazine 
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Abstract  0 Sulfadiazine and N4-acetylsulfadiazine were determined 
in biological fluids by the direct injection (plasma after protein precipi- 
tation and urine after dilution 100 times) of 20 pl on a silica gel column. 
The  mobile phase was an aqueous citrate buffer (pH 4.0) and UV de- 
tection was a t  264 nm. Chromatographic selectivity was optimized by the 
silica gel surface and pH of the mobile phase. Detection limits were -0.4 
pg/ml for sulfadiazine in plasma and -5 and 7 pg/ml for sulfadiazine and 
N4-acetylsulfadiazine in urine, respectively. In quantitations by peak 
heights relative to an internal standard (sulfamerazine), within-run 
precisions ( ~ ~ ~ 1 % )  for sulfadiazine were 1.7 and 4.0% a t  40 and 2 pg/ml, 
respectively, in plasma and 0.76 and 1.7% a t  750 and 25 pg/ml, respec- 
tively, in urine. 


Key phrases 0 Sulfadiazine-N4-acetylsulfadiazine, determination in 
biological fluids by liquid chromatography 0 Biological fluids-deter- 
mination of sulfadiazine and N4-acetylsulfadiazine by liquid chroma- 
tography 0 Liquid chromatography-determination of sulfadiazine and 
N4-acetylsulfadiazine in biological fluids 


It has been demonstrated recently that the antibacterial 
(1) and pharmacokinetic (2-4) properties of sulfadiazine 
indicate that it is a suitable sulfonamide for combination 
with trimethoprim in order to utilize optimally the syn- 
ergistic antibacterial effect that is exerted by such a com- 
position. 


Sulfonamides have been determined by tradition in 
biological material by the colorimetric Bratton-Marshall 
technique (5) or modifications that partly overcome its lack 
of specificity. The most important of these was developed 
by Rieder (6). Recently, the Bratton-Marshall reaction has 
been automated for determination of sulfisoxazole and 
sulfamethoxazole in biological fluids (7). Sulfasalazine 
could be determined in biological samples by direct spec- 
trophotometric measurement at 455 nm (8). Sulfameth- 
oxazole has been determined in serum by spectrofluo- 
rometry after extraction with n-butyl chloride (9). There 
have also been published methods in which gas chroma- 
tography with both flame ionization (10) and electron 
capture detection (1 l ) ,  thin-layer chromatography with 
spectrophotometric scanning (12, 131, and spectrofluori- 
metric scanning after derivatization with fluorescamine 
(14), have been used. 


Most new methods have utilized HPLC as the separa- 
tion tool, either after a preliminary extraction (15-17), or 
by the direct injection of the biological fluid after a pre- 
liminary precipitation of proteins and/or dilution (18-24). 
Nonpolar bonded phases have been used mainly as the 
support, but underivatized silica gel (15), amino-bonded 
(18) and cyano-bonded (20) reversed-phase materials have 
also been utilized. Thus far, no method has been published 
for determination of sulfadiazine and its main metabolite, 
N4-acetylsulfadiazine, in biological material by HPLC. To 
study in detail the pharrnacokinetics of sulfadiazine, the 
desired limit of determination should be -1 pglml for 
plasma and -10 pg/ml in urine. 


The present method relies on the direct injection of bi- 
ological fluid: either plasma after precipitation of proteins 
or urine after dilution onto the chromatographic column. 
The support was silica gel with a large specific surface area, 
and the chromatogram was developed with an aqueous 
buffer as the mobile phase. The UV absorbance was re- 
corded at  264 nm. 


EXPERIMENTAL 


Apparatus-The chemicals were weighed on analytical' or microan- 
alytica12 balances. Samples were vortexed3, and precipitated proteins 
and tissue were removed by centrifugation4 a t  1OOOXg. The pH was 
measured5 when necessary. For column packing a constant pressure gas 
amplifier pump6 was used connected to a 30-ml reservoir7. 


The liquid chromatograph consisted of a reciprocating piston pumps, 
an injection valveg equipped with a 20-4 loop, and a variable wavelength 
UV detectorlOJ1 monitored a t  264 nm by a recorderi2. 


Chemi~als-Sulfadiazine~~, N4-acetylsulfadiazine13 and sulfamera- 
zine13 were from approved batches. The buffer substances, citric acidI4, 
phosphoric acidI4, sodium dihydrogen phosphateI4, and sodium hy- 
droxideI5, were of analytical quality. From stock solutions of the sul- 
fonamides (0.5 mg/ml in 0.01 M NaOH), suitable dilutions were made 
with deionized and doubly distilled water, which also was used for 
preparation of the chromatographic mobile phases. 


Chromatographic Technique-A spherical silica ge116 with a mean 
particle diameter of 5 pm and a specific surface area of 500 m2/g was 
packed into a precision bore stainless steel column17 (150 X 4.0 mm) by 
an upwards slurry packing technique (25). The slurry (1.5-g support in 
25 ml of methyl isobutyl ketonel8) was sonicatedlg for 5 min and forced 
into the column by methylene chloride a t  400 bars. After packing, the 
column was washed with methanol and water (100 ml each), and the 
mobile phase was deaerated by vacuum. Equilibrium was obtained after 
the passage of -25 ml of mobile phase a t  a flow rate of 0.85 ml/min. The 
column void volume (-1.3 ml) was determined by the injection of po- 
tassium nitrate. 


Sample Preparation-Plasma-A 0.5-ml sample of plasma con- 
taining sulfadiazine and 125 pl of sulfamerazine (internal standard) so- 
lution (1.0 pg/pl) were acidified by the addition of 25 pl of hydrochloric 
acid. The proteins were precipitated by the addition of 1 ml of 45% am- 
monium sulfate solution, mixing, and keeping a t  room temperature for 
0.5 hr. After centrifugation a t  lOOOXg for 10 min, the clear supernatant 
was transferred by a Pasteur pipet, equipped with a piece of cotton a t  the 


Analytical balance HL 52, Mettler Instrumente AG, Greifensee, Switzer- 


Microbalance M5 SA, Mettler Instrumente AG, Greifensee, Switzerland. 
Fisons Whirlimixer, Fisons Scientific Apparatus, Loughborough, U.K. 
F P  10 Centrifuge, Labsystems Oy, Helsinki, Finland. 
pH-Meter 26, Radiometer, Copenhagen, Denmark. 
Haskel A 0  15, Haskel Engineering & Supply Co., Burbank, Calif. 
Specac packing bomb, Anal. Accessories Ltd., Orpington, Kent, U.K. 


Rheodyne Model 7120, Rheodyne Inc., Berkeley, Calif. 
Cecil C E  212, Cecil Instruments Ltd., Cambridge, U.K. 


Tekrnan T E  200, Tekman Electronics Ltd., Bicester, U.K. 


land. 


8 Model 711-47, Laboratory Data Control, Riviera Beach, Fla. 


l 1  Spectromonitor 111, Laboratory Data Control, Riviera Beach, Fla. 


l3 Department of Organic Chemistry, Astra Lakemedel AB, Sodertalje, 
Sweden. - . . - - - ... 


l4 Merck, Darmstadt, West Germany. 
EKA, Bohus, Sweden. 


16 Nucleosil50-5, Macherey-Nagel & Co, Duren, West Germany. 
l7 Handy & Harman, USA. 
18 Fisher Scientific Co., N.J. 
l9 Bransonic 220, Branson, Heusenstamm, West Germany. 
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tip, to another tube, and 20 pl of the filtrate was injected onto the column. 
A standard curve (2-40 gg/ml) was obtained by treating 0.5 ml of pooled 
plasma, 100 pl of sulfadiazine standard solution (0.01-0.20 pg/pl), and 
25 gl of sulfamerazine solution (0.5 pg/pl) in the same way as the sam- 
ples. 


Urine-Urine (containing sulfadiazine) (0.5 ml) and 200 p1 of sul- 
famerazine solution (0.5 pg/pl) were diluted to 50.0 ml with water, and 
20 p1 was injected onto the column after careful mixing. A standard curve 
(25-750 pg/ml) was obtained by adding 25-750 pl of sulfadiazine and 
N4-acetylsulfadiazine solutions (0.5 pg/p1) to 0.5 ml of pooled urine 
portions, which were treated equivalently to the samples. 


Chromatography-Plasma and urine samples were run with the same 
mobile phase, citric acid buffer (pH 4.0; ionic strength = 0.1; 70 ml of 1 
M citric acid-83 ml of 1 M NaOH were diluted to 1000 ml with water). 
The flow rate was 0.8-0.9 ml/min and the UV absorbance was recorded 
at 264 nm. After continuous running the chromatographic performance 
slowly changed (decreasing capacity ratios and efficiencies), probably 
because of the adsorption of endogenous compounds onto the support. 
For column maintenance after each working day, the column was washed 
first with water (50 ml), then overnight with methanol a t  a low flow rate 
(0.1 ml/min), and again just before use with 50 ml of water. By treating 
in this way, a column could be used for routine analysis (300 plasma or 
urine samples per week) giving reproducible results for several 
months. 


RESULTS AND DISCUSSION 


Chromatography-Sulfadiazine is an amphoteric polar compound 
which is difficult to extract quantitatively into an organic phase. I t  is 
possible to achieve such an extraction, but this necessitates the use of a 
strongly polar organic medium and/or the addition of ion-pairing counter 
ions. As a consequence, the obtained extract will contain many coex- 
tracted endogenous compounds that may disturb the chromatogram 
when nonselective UV detection is used. Under such circumstances the 
introduction of an extraction step only means an unnecessary and 
roundabout way and time loss in the analytical method. The method was 
developed to avoid extractions and design the necessary selectivity within 
the chromatographic system to allow for the direct injection of biological 
fluids. Preliminary experience with a conventional reversed-phase system 
(LiChrosorb RP-8 with an acidic methanolic mobile phase) showed sig- 
nificant chromatographic interferences that were hard to control, espe- 
cially within the retention times for N4-acetylsulfadiazine. 


Underivatized silica gel has been used successfully with aqueous mobile 
phases for forensic purposes (26, 27) for the determination of the new 
antidepressant, zimelidine (28), and in studies on ion-pair retention 
mechanisms (29). A system of this kind was tried for the sulfonamides. 
I t  was found a t  an early stage during the method development that the 
addition of even small amounts (2%) of organic modifier (e.g., methanol) 
to the aqueous mobile phase causes the compounds to elute with the front, 
so neat aqueous buffer solutions had to be used for optimization of the 
chromatographic system. The actual sulfonamides are only slightly re- 
tained by the support in systems of this kind, and it is important to use 
supports with the largest possible effective surface area. The capacity 
ratios of sulfadiazine, N4-acetylsulfadiazine, and sulfamerazine were 
nearly linearly related to the nominal specific surface area of three dif- 
ferent commercial supports (Fig. 1); a citrate buffer (pH 4) was used as 
the mobile phase in all cases. The pore diameter of the supports decrease 
with increasing surface area, and this may account for the retentions 
obtained for the support with the largest area, since all the area may not 
be available to the comparatively large eluates in this case. 


The chromatographic performance of the 800-m2/g support was, 
however, not acceptable, giving low efficiency and tailing peaks. Fur- 
thermore, it gave coincident retention times for sulfadiazine and sulfa- 
methoxazole, as well as for their N4-acetylated metabolites. Therefore, 
the 500-m2/g support was utilized for further studies. 


There is not a marked dependence of the retention on pH (Fig. 2). The 
capacity ratios are generally somewhat larger a t  higher pH, but a reten- 
tion reversal between sulfamerazine and N4-acetylsulfadiazine occurs 
with an acidic mobile phase. Crommen (29) has shown that in this kind 
of chromatography the support seems to work as the more unpolar phase 
relative to the aqueous mobile phase, and demonstrated that the addition 
of counterions gave an ion-pair effect similar to that obtained in con- 
ventional reversed-phase liquid chromatography. It was found that a large 
hydrophobic counterion (tetrahexylammonium) was required to give an 
ion-pair effect in this system. At pH 6.5 the capacity ratios increased 
about three times in the presence of this counterion, but the time needed 
for column stabilization was long (-15 hr). Later experience also showed 
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Figure 1-The dependence of capacity ratios on the support surface 
area. Mobile phase: citrate buffer (pH 4, gm = 0.1) Column packings: 
( I )  Partisil5; (2) Nucleosil50-5;(3) Spherosil XOA-800. Key: (0) sul- 
famerazine; (0) N4-acetylsulfadiazine; (A) sulfadiazine. 


that  in blank chromatograms from body fluids, endogenous compounds, 
whose retention times also were influenced by the hydrophobic coun- 
terion, interfered with the sulfonamides. 


The chromatographic efficiency is typically in the range of 35-45 pm 
(HETP), while the asymmetry factor (back/front a t  10% of peak height) 
normally is in the range of 1.3-1.8. 


The selectivity against trimethoprim is high for all three sulfonamides 
(a  = 2.2) a t  pH 4 which is used in the bioanalysis, but with this mobile 
phase it is not as satisfactory relative to other sulfonamides. N4-Acetyl- 
sulfadiazine almost coelutes with sulfamethoxazole (a = 1.07) and N4- 
acetylsulfamethoxazole interferes with sulfamerazine ( a  = 1.05). 
Changing the pH of the mobile phase, however, will also change the se- 
lectivity, since the retentions in this system are dependent on the pKa 
values of the compounds. 


Analysis in Biological Material-The only useful parameter re- 
maining for optimization of the mobile phase for bioanalytical work is 
pH. The result of such a procedure for urine is demonstrated in Fig. 2. 
Sulfadiazine is severely interfered with by endogenous compounds a t  
most pH values, but a t  pH 4 all three actual eluates are resolved from the 
main interfering compounds. An equivalent optimization for plasma 
determinations resulted in the same mobile phase pH as for urine. Un- 
fortunately, however, endogenous compounds severely disturbed the 
N4-acetylsulfadiazine peak and prevented quantitative determination 
in plasma by the present method at the very low concentrations of this 


2 3 4 5 6 
PH 


Figure %-Optimization of mobile phase p H  for urine determinations. 
Mobile phase: pH 2 4  citrate buffer (pm = 0.1); pH <4 plhosphate buffer 
(pm = 0.1). Key: (A) sulfadiazine; (0) N4-acetylsulfadiazine; (0) 
sulfamerazine (internal standard); (.....) endogenous peaks. 
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Figure 3-Chromatograms for determinations in urine (column: 200 
X 3.8 mm). Spiked with: (I) sulfadiazine (100 pglml); (2) N4-acetyl- 
sulfadiazine (100 mglml); (3) sulfamerazine (400 pglml). See text for 
experimental details. 


compound that normally are encountered in most volunteers and pa- 
tients. Representative chromatograms from spiked urine and plasma 
samples are shown in Figs. 3 and 4, respectively. 


For plasma determinations, the proteins are precipitated by the ad- 
dition of ammonium sulfate followed by acidification; this procedure was 
found to give reasonably clean blank chromatograms and acceptable 
recoveries. The addition of acetonitrile or methanol for this purpose is 
not possible, since the chromatographic performance (decreased retention 
times, the appearance of double peaks, etc.) is affected by the presence 
of an organic solvent in the injected sample. A comparison of peak heights 
of sulfadiazine (1-15 pglml) obtained from plasma samples after protein 
precipitation by the adopted method and from pure buffer samples, re- 
spectively, indicated that the absolute recovery from pooled plasma 
samples is -76%. A similar comparison of peak height ratios of sulfadi- 
azine and sulfamerazine, the internal standard, gave congruent standard 
curves (1-15 pg/ml) from pure mobile phase and plasma, respectively, 
showing that the recovery of sulfamerazine from plasma is of the same 
magnitude as for sulfadiazine. 


The concentrations of sulfadiazine and N4-acetylsulfadiazine in human 
urine are high after the recommended dose (0.82 g X 1 or X 2), even after 
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Figure 4-Chromatograms for determinations in plasma. Spiked with: 
(1) sulfadiazine (25 pglml) in plasma; (2) N4-acetylsulfadiazine (15 
pglml) in plasma; (3) sulfamerazine (20 pglml) in plasma. See text for 
experimental details. 


Table I-Studies on Quantitative Determinations and Within- 
Run Precisions 


Added u d m l  of Plasma S , ~ I Q  Mode" 


Plasmab 
Sulfadiazine 


Sulfadiazine 


Sulfadiazine 


N4-Acetylsulfadiazine 


Sulfadiazine 


N4-Acetylsulfadiazine 


Urined 


40 
40 


2 
2 


750 
750 
750 
750 
25 
25 
25 
25 


1.68 IS 
2.85 NIS 
3.97c IS 
3.74 NIS 


0.76 IS 
2.12 NIS 
0.69 IS 
1.73 NIS 
1.67 IS 
3.42 NIS 
2.46 1s- 
4.16 NIS 


IS, with internal standard NIS, without internal standard. b Internal standard 
25 pg of sulfamerazine/ml of plasma (n = 10). Change of detector sensitivity during 
the run. Internal standard sulfamerazine 500 pg/ml and 200 pg/ml, respectively 
(n  = 8). 


a single dose, so that a simple dilution of the urine 100 times and the in- 
jection of 20 pl of the resultant solution is an adequate procedure for 
quantitative determinations. The limits of detection for sulfadiazine and 
N4-acetylsulfadiazine are -5 and 7 pglml, respectively, under these 
conditions, corresponding to the injection of 1-1.4 ng of the compounds. 
It was observed, however, that  the selectivity of the chromatographic 
system may differ between different batches of the support. In some cases 
the N4-acetylsulfadiazine peak was interfered with by endogenous 
compounds also in the urine determinations. In plasma determinations 
the detection limit for sulfadiazine is 4 . 4  pglml, i e . ,  an injected amount 
of 2.4 ng. 


For characterization of the methods, some repeatability studies were 
performed where the results were calculated in two ways on the same 
sample: by peak height measurements of sulfadiazine (i.e., no internal 
standard involved in the calculations) and by peak height ratio calcula- 
tions (Table I). In accordance with some earlier studies (30,31), the in- 
corporation of an internal standard, structurally related to the com- 
pounds of interest, significantly improves the within-run precisions of 
the method, presumably by the compensation for the slight changes in 
chromatographic performance of the column that occur during a working 
day, and by the elimination of deviations due to small differences in 
volume between the samples. 
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Abstract 0 The binding of phenol and four of its derivatives to whole 
human serum and several human serum proteins was investigated. 
‘4C-labeled derivatives were utilized and binding was studied by either 
equilibrium or dynamic dialysis. Phenol itself was bound least to most 
of the serum proteins as compared to the derivatives and albumin, and 
whole human serum exhibited the highest percent binding of the proteins 
used. Percent binding to albumin and serum paralleled molecular weights 
of the derivatives, but no definite pattern was observed in ranking the 
percent binding of the other derivatives to the other serum proteins. 
Binding constants (K1, Kz, n l  and nz) were determined from Scatchard 
plots for all the derivatives except p-chloro-m-xylenol. Phenol was found 
to have the highest association constant (K1) and p-tert-amylphenol, 
the lowest. For the entire group of five derivatives and albumin as the 
protein, a direct, statistically significant correlation was found between 
percent binding and Hansch ?r values. No correlation could be found with 
Hammett u values. It is concluded that binding of the phenol derivatives 
to albumin involves primarily hydrophobic bonds. 


Keyphrases 0 Binding-selected phenol derivatives, human serum 
proteins Phenol-selected derivatives, binding, selected human serum 
proteins 0 Serum-human, binding of selected phenol derivatives to 
proteins Derivatives-phenol, selected, binding to human serum 
proteins 


Since the discovery of phenol in 1834 and its introduc- 
tion to antiseptic surgery by Lister in 1867 (l), both phenol 
and many of its derivatives have become firmly established 
as germicidal agents (2,3). Phenol derivatives, unlike many 
other germicides, have been shown to be less active in the 
presence of organic matter (2-4). Blood is a common or- 
ganic contaminant in materials to be sterilized. Prelimi- 
nary investigations of the binding of phenol derivatives to 
human serum proteins were carried out as part of the work 
in this study on the mechanism of action of phenol deriv- 
atives ( 5 , 6 ) .  These preliminary studies were expanded to 
include individual major human serum proteins, percent 
binding to each, and binding parameters for human serum 
albumin for a selected group of phenol derivatives. 


EXPERIMENTAL 


Materials-The phenol derivatives used were obtained with carbon-I4 
labels]. The compounds used and specific activities were as follows: 


~ 


1 New England Nuclear Carp. 


Table I-Binding of [ 14C]Phenol and [14C]-p-tert-Amylphenol to 
Human Serum Proteins * 


Lieands 
Serum Proteins Percelt Boundb 


Concentrationc, p-tert- 
Fraction mg/ml Phenol Amylphenol 


Albumin 40.0 48.7 (0.68) 89.1 (0.74) 


+-Globulin 
Human serum - 


(I Each system contained a total of 1.00 X 10-7 mole of Wjphenol or 1.86 X 10-7 


Concentrations used 
mole of [14C]p-tert-amylphenol. * The values in parent 6 eses are standard devia- 
tions. Data obtained using equilibrium dialysis method. 
approximate those normally found in human serum. 


[I4C]phenol, 1.57 mCi/mmole; (2,4-14C]dichlorophenol, 0.68 mCi/mmole; 
(2,4,6-14C]trichlorophenol, 0.68 mCi/mmole; [‘4C]p-tert-amylphenol, 
0.27 mCi/mmole; [14C]p-chloro-m-xylenol, 0.0027 mCi/mmole. Phenol 
stock solutions were made in distilled water and those of the other de- 
rivatives were made with 0.1% NaOH as the solvent. Crystalline human 
serum albumin and the other human serum proteins were obtained 
commercially2 and the whole human serum was of tissue culture quality3. 
All other chemicals used were of reagent grade. 


Methods-Dialysis methods (equilibrium and dynamic) were carried 
out as previously described (7). Radioactivity was determined in a liquid 
scintillation system using techniques previously described (7.8). Esti- 
mates of binding parameters were calculated using the method of 
Sandberg (8) and standard Scatchard techniques. All averages were based 
on a minimum of three replicates. 


RESULTS AND DISCUSSION 


The values obtained for percent binding to whole human serum and 
the several serum proteins for the five derivatives studied are listed in 
Tables I and 11. Weakest binding was found with phenol and the latter 
was bound primarily to albumin. Although phenol was bound to the other 
serum proteins, the extent was <lo% except for a-globulin IV-4. The 
addition of alkyl groups or halogens to the phenol molecule has been 
found to increase the latter’s germicidal activity (9). It would appear from 
the results in Tables I and I1 that alkylation and/or halogenation of 
phenol also increases the latter’s binding affinity for serum proteins. The 
addition of a tertiary amyl group to phenol increased percent binding of 
phenol almost twofold (Table I) for albumin and whole human serum and 


2 Nutritional Biochemicals Division of ICN Life Sciences Group. 
3 Difco Laboratories (desiccated TC human serum). 
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Abstract The pharmacokinetics of probenecid were examined fol- 
lowing single 0.5-, 1.0-, and 2.0-g oral doses to healthy male volunteers. 
Doses were administered following overnight fast, according to a ran- 
domized design. Plasma levels of probenecid were determined by high- 
pressure liquid chromatography (HPLC), using sulfamethazine as the 
internal standard. Mean peak probenecid levels of 35.3,69.6, and 148.6 
pg/ml were obtained a t  3-4 hr following the 0.5-, 1.0-, and 2.0-g doses, 
respectively. Probenecid levels from the 0.5- and 1.0-g doses declined in 
apparent monoexponential fashion, with mean elimination half-lives of 
4.2 and 4.9 hr. Interpretation of the 2.0-g data by a kinetic model incor- 
porating first-order elimination resulted in a plasma drug half-life of 8.5 
hr. When first-order elimination was replaced by a Michaelis-Menten- 
type function, the mean value of the resulting V,/K, ratios was 0.20, 
equivalent to a plasma drug half-life [0.693/( V,/K,)] of 3.8 hr. Plasma 
probenecid curves from all three dosages were successfully fitted to the 
saturable elimination model using nonlinear regression and numerical 
integration routines. The results suggest that probenecid elimination may 
be saturable a t  therapeutic dose levels. 


Keyphrases Probenecid-pharmacokinetics following oral doses to 
humans, high-pressure liquid chromatography, elimination Pharma- 
cokinetics-probenecid following oral doses to humans, high-pressure 
liquid chromatography, elimination 0 High-pressure liquid chroma- 
tography-probenecid following oral doses to humans, pharmacoki- 
netics 


Probenecid is used for the treatment of gout and gouty 
arthritis and also as an adjuvant in therapy to prolong the 
plasma levels of other compounds, particularly the 0-lac- 
tam antibiotics (1). 


Although it has been used clinically for several years, the 
pharmacokinetics of probenecid are not well documented. 
I t  is efficiently absorbed after oral doses (2-4) with peak 
plasma concentrations occurring a t  1-5 hr. Probenecid is 
83-95% bound to plasma proteins a t  concentrations of 
20-176 pg/ml (3). It is cleared from the body predomi- 
nantly by metabolism, which occurs mainly by side-chain 
oxidation and glucuronide conjugation ( 3 , 5 ) .  Only 5-11% 
of orally dosed probenecid is excreted in unchanged form 
in urine (6,7). 


The rate a t  which probenecid is cleared from plasma was 
shown to be dose-dependent in dogs (8) and humans (3). 
In the latter study, the plasma half-life of probenecid in- 
creased from 3-8 hr following a 0.5-g iv dose, to 6-12 hr 
following a 2.0-g iv dose in three subjects. 


Since probenecid is extensively metabolized, dose- 
dependent elimination may be due to saturation of one or 
more metabolic pathways. However, a subsequent study 
demonstrated an unchanged pattern of urinary metabo- 
lites from oral doses of 0.5, 1.0, and 2.0 g of probenecid 
(6). 


In view of the uncertainty regarding the nature and 
possible dose-dependency of probenecid pharmacoki- 
netics, this study was undertaken to examine plasma levels 
of probenecid following 0 5 ,  1.0-, and 2.0-g oral doses to 
healthy male volunteers. 
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Table I-Mean Plasma Probenecid Concentrations Following Single Ora l  Doses of 0.5,1.0, o r  2.0 g of Probenecid 


Concentration of Probenecid , pg/ml 
Dose 0.5hr 1 hr 1.5hr 2 hr 2.5hr 3 hr 4 hr 6 h r  12hr  24hr  30hr  36hr 48hr  


- - 0.5 g 
Mean 3.4 13.8 22.2 25.6 
SDb 2.1 8.2 14.9 19.3 17.2 8.5 4.5 4.0 1.7 0.6 


1.0 g 
Mean 1.8 15.5 31.2 40.6 
SD 


32.9 31.7 23.1 9.1 1.7 - a  
- 


27.7 


48.6 51.6 65.7 56.3 32.2 5.7 2.6 - 
1.8 19.7 30.3 41.9 40.3 34.6 28.0 12.3 7.5 3.0 2.0 - 


- - 


- 
- 


2.0 g 
Mean 11.3 39.4 61.7 85.2 124.2 103.5 120.1 122.4 79.7 32.6 18.9 7.5 1.1 


11.6 28.2 33.2 45.1 77.8 60.1 31.7 21.6 12.6 9.9 6.7 3.6 1.1 SD 


0 Below the limit of detection. * n = 5 .  


EXPERIMENTAL 


Protocol-Five healthy male volunteers (20-39 years, 53-86 kg), 
whose weight-height relationships were within f10% of normal (9), 
participated in the study after giving informed consent. Subjects were 
instructed to take no other medication for 1 week before the study and 
during the study. Subjects received single doses of 0.5,1.0, and 2.0 g of 
probenecid' on three separate occasions, a t  least 1 week apart, according 
to a randomized design. Doses were administered with 250 ml of water 
a t  8 am following an overnight fast. The tablets were swallowed whole. 
Food and water were withheld until 4 hr postdose, then normal eating 
and drinking were resumed. 


Blood samples (-10 ml) were taken from a forearm vein into hepari- 
nized evacuated tubes2 immediately before and then serially to 48 hr 
postdose. Plasma was separated by centrifugation and stored a t  -20' 
until assayed. No deterioration of samples was observed during 
storage. 


Assay-Probenecid concentrations in plasma were determined by a 
modification of a previously described high-pressure liquid chromato- 
graphic (HPLC) procedure (10). Plasma (1 ml), pH 4 phosphate buffer 
(1 ml), sodium chloride (1 g), 0.1-0.3 ml of methanol containing 25-75 
pg/ml sulfamethazine as internal standard, and ether (8 ml) were com- 
bined in a 15-ml centrifuge tube, vortex mixed for 15 sec, and shaken for 
30 min on a horizontal shaker. After centrifuging a t  3000Xg for 10 min, 
5 ml of the ether layer was transferred to a clean tube, and evaporated 
to dryness in a water bath a t  40" under nitrogen. The residue was re- 
constituted in 1.0 ml of chromatographic mobile phase by vortex mixing 
for 30 sec, and 20 pl of this was injected onto the column. 


The chromatographic system consisted of a solvent pump3, a fixed- 
volume (20 pl) sample injection valve4, a 10-pm particle size reversed- 
phase octadecyl column (4.6 mm X 250 mm)5, and a fixed-wavelength 
(254 nm) UV detector6. All chromatograms were recorded at  a chart speed 
of 10 cm/hr. 


The mobile phase was 27.5% acetonitrile in 0.01 M phosphate buffer, 
a t  pH 6, and the flow rate was 1 ml/min. Under these conditions, the re- 
tention times of probenecid and sulfamethazine were 9 and 6 min, re- 
spectively. There was no interference from endogenous substances. 
Concentrations of probenecid were determined by peak height ratios. 
Standard curves using each individual's predose plasma were run together 
with each batch of postdose plasma samples. 


The extraction efficiency of probenecid in this system was 94.3 f 5.8% 
SD (n  = 20). The chromatographic assay was linearly responsive to 
probenecid concentrations between 1 and 200 pglml, and assay repro- 
ducibility was within 10% of the mean in this concentration range. Pro- 
benecid metabolites, all of which are more polar than the parent com- 
pound, do not interfere with the assay for probenecid under these assay 
conditions (10). 


Reagents-Human plasma for assay development was purchased7. 
Probenecid8 and s~lfamethazine~ were of reference standard quality. All 
other chemicals and solvents were analytical reagent grade and were used 
as received. 


Data  Analysis-Individual probenecid profiles in plasma resulting 


I Probenecid 500-rng tablets USP, lot No. E002Er1, Mylan Pharmaceuticals Inc., 
Morgantown, W.Va. 


2 Vacutainer. 
Model 110, Altex Scientific Inc., Berkeley, Calif. 
Model 210, Altex Scientific Inc., Berkeley, Calif. 
Lichrosorb C-18, Altex Scientific, Berkeley, Calif. 


6 Model 153, Altex Scientific, Berkeley, Calif. 
American Red Cross, Madison, Wis. 


8 Merck, Sharp and Dohme, West Point, Pa. 
9 Sigma Chemical Co., Saint Louis, Mo. 


from the three doses were examined using two different pharmacokinetic 
models. The first of these was a one-compartment kinetic model with 
first-order appearance of drug into and loss of drug from plasma and an 
absorption lag time. With this model, plasma concentrations of pro- 
benecid were fitted to Eq. 1 in which F is the fraction of the oral dose ( D )  
which is absorbed into the systemic circulation, v d  is the apparent ho- 
mogenous distribution volume for probenecid, k, and ke, are first-order 
rate constants for appearance and loss of drug, respectively, and t o  is the 
absorption lag time (11): 


Initial estimates of parameter values were obtained by standard 
graphical procedures. Final estimates were obtained by nonlinear re- 
gression analysis using the program NREG (12) on a digital com- 
puter'O. 


The second model, which was investigated primarily as a result of the 
plasma data resulting from the 2.0-g dose of probenecid, is different from 
the first in that the elimination phase is described in terms of a saturable 
Michaelis-Menten-type term. The rate equation for time-dependent 
change in probenecid plasma levels with this model is: 


(Eq. 2) 


where V,,, and K ,  are Michaelis-Menten-type functions describing the 
maximum rate of probenecid elimination and the drug concentration 
when the rate of elimination is one-half the maximum value, respectively, 
and all other parameters are as described for Eq. 1. This rate equation 
cannot be solved analytically, and nonlinear regression analysis was done 
by coupling the program NREG with the numerical integration program 
DGEAR (13). Initial estimates of the values of V ,  and K ,  were obtained 
graphically by a previous method (14). Final computer estimates of values 
fork, and FD/Vd from Eq. 1 were used as initial estimates for these pa- 
rameters when fitting data to Eq. 2. 


100: . ol a 
d 
5 


4 
n 


v) 


z_ 10: 
E 
0 
u1 
2 
Lu 
m 
0 
E 


0-  
L I  1 L I I I I I I I 
0 5 10 15 20 25 30 35 40 45 50 


HOURS 


Figure 1-Mean plasma levels of probenecid in fiue subjects folloiuing 
single oral doses. Key:  0.5-g (0); 1.0-g (0);  and 2.0-g (0) doses of pro- 
benecid. 


lo Univac model 1100. 
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Table 11-Pharmacokinetic Parameter  Values (f 1 SD) for 
Probenecid * 


Value 
Parameter 0.5-g Dose 1.0-g Dose 2.0-g Dose Statisticb 


I 
- I  


d 


CmaXc (pg/ml) 35.3 f8.5 69.6 526.9 148.6 f47.4 C > B > Ad 
tmaXe (hr) 3.1 f0.9 3.9 f1.3 3.5 f1.5 NSDf 
A UCO-4Shrg 292 f 6 6  772 f237  2109 f429  C > B >A 


(pg hr/mU 


(hr/ml X 
AUCo'4shrlDh 584 f131 772 f237  1054 f214 C > A, B 


k ,  (hr-l) 0.98 f0.49 0.56 f0.41 0.66 f0.29 NSD 
t o  (hr) 0.80 f0.71 1.1 50.6 0.56 f0.32 NSD 
he1 (hr-l) 0.18 +0.05 0.15 f0.03 0.08 f0.004 A, B > C 
t 112 (hr) 4.2 fl.1 4.9 f0.8 8.5 f0 .4  C > A , B  
F D ~ J  (pg/ml) 5 0 f 1 0  109f22  176 f 3 0  C > B > A  
F / V k  (10V/ml) 100 f 2 1  109 f 2 2  80 f 1 0  B > C 
r21 0.98 40.02 0.98 f0.02 0.95 f0.07 NSD 


0 The model-dependent parameter values were obtained by fitting plasma data 
to Eq. 1. b Differences between doses are significant if p < 0.05. Observed maxi- 
mum concentration of probenecid in plasma. A = 0.5-g dose, B = 1.0-g dose, and 
C = 2.0-g dose. Time of Cmm. f No significant differences. g Area under 
plasma-probenecid curve (0-48 hr), calculated by trapezoidal rule. Area nor- 
malized for administered dose. ' Calculated from t l / q e l )  = In 2/k,l.  ' Fraction of 
the dose absorbed, expressed as a concentration in its volume of distribution. 


FD/Vd normalized for administered dose. Coefficient of determination, r2 = 
(Zobs2 - Zdev2)/Zobs2. 


Statistical analysis of plasma levels, and also pharmacokinetic pa- 
rameter values, resulting from the three doses were examined by ANOVA 
for crossover design. Significant effects between specific doses were ex- 
amined by Tukey's test (15). Differences between pharmacokinetic pa- 
rameter values, and also coefficients of determination, obtained by 
nonlinear regression analysis of plasma data using the first-order and 
saturable kinetic models were examined by paired t -test. 


RESULTS 


The mean plasma levels of probenecid obtained from the three doses 
are given in Table I, and the data are summarized graphically in Fig. 1. 
Some model-independent pharmacokinetic parameter values and also 
pharmacokinetic constants obtained after fitting individual data sek to 
Eq. 1 are given in Table 11. 


Following the 0.5-g dose, plasma probenecid levels reached a mean peak 
value of 35.3 pg/ml at  3 hr and then declined in apparent monoexpo- 
nential fashion. Probenecid could be detected in all subjects up to 24 hr 
postdose. Following the 1.0-g dose, the mean peak probenecid level in- 
creased twofold to 69.6 pglml and occurred at  4 hr postdose. Drug levels 
again declined in apparent monoexponential fashion and could bkde- 
tected in all subjects up to 30 hr postdose. 


Individual plasma probenecid profiles following the 2.0-g dose were 
different from those resulting from the lower doses. The mean peak level 
was again doubled, compared with that from the 1.0-g dose, to 148.6 pg/ml 
and occurred at 3.5 hr. After peak levels had been reached from this dose, 
plasma levels of probenecid declined initially a t  a slower rate compared 
with the lower doses, and the rate of decline in the logarithm of plasma 
levels versus time during this period was curvilinear. I t  was not until 
2430  hr after dosing, when probenecid plasma levels had fallen to similar 
values to those obtained from the 0.5- and 1.0-g doses, that the rate of 
loss of probenecid from plasma became log-linear, with a similar rate to 


Table 111-Pharmacokinetic Parameter  Values ( f l  SD) 
Obtained by Analyzing Plasma Probenecid Levels from the  2.0-g 
Dose According to First-order or Saturable Kinetic Models 


Value 
Parameter First-Order Model" Saturable Modelb StatisticC 


ha (hr-') 0.66 f 0.29 0.63 f 0.26 NS 
0.56 f 0.32 0.40 f 0.52 NS 


K i  ipi/ml) - 46.6 f 26.5 
V d K ,  (hr-*) - 0.20 f 0.06 
F D / v d  176 f 30 160 f 19 NS 
r2 0.95 f 0.07 0.96 f 0.04 NS 


Data was fitted to Eq. !. * Data was fitted to Eq. 2 with numerical integration. 
Not significant (p > 0.05). Does not apply. 


f Calculated from t1/2(el) = In 2/k,,.  8 Calculated from t l / ~ ( ~ l )  = In 2/(Vm/K,). 
Data compared using a paired t test. 


Significant ( p  < 0.05). 
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Figure 2-Plasma levels (0) of probenecid in two subjects and non- 
linear regression curves obtained from Eq. 1 (-.-) and Eq. 2 (- - -). Key: 
(A) subject 1; (B) subject 2. 


that obtained from the lower doses. Following the 2.0-g dose, probenecid 
could be detected in the plasma of all subjects a t  36 hr, and in three of 
the five subjects a t  48 hr, postdose. 


Although the value of C,,, was dose-proportional between the three 
dosages of probenecid, the 0-48-hr area under the plasma curve, 
AUC0'48 hr, increased 2.6-fold between the 0.5- and 1.0-g doses, and 
2.9-fold between the 1.0- and 2.0-g doses. When the areas were normalized 
for the administered dose, there appeared to be a progressive increase 
in the values with increasing dose, and the value for the 2.0-g dose was 
significantly larger than those from the other two doses. 


While the increases in area values were greater than expected with 
increasing dose size, the opposite effect was observed in the values of 
FDIVd, which is a rate-independent measure of drug availability to the 
systemic circulation. The value of this parameter increased 2.2-fold be- 
tween the 0.5- and 1.0-g doses, hut only 1.5-fold between the 1.0- and 2.0-g 
doses. Normalizing this value for the administered dose resulted in a 
somewhat lower FIVd value for the 2.0-g dose compared with the other 
two doses, but only the difference between the 2.0- and 1.0-g doses 
reached the 95% significance level. 


No significant differences were observed in the lag times or in the ab- 
sorption rate constants between doses. The elimination rate constant was 


1240 I Journal of Pharmaceutical Sciences 
Vol. 71. No. 11,  November 1982 







similar for the 0.5- and 1.0-g doses, yielding mean plasma half-lives of 
4.2 and 4.9 hr, respectively. Following the 2.0-g dose, however, the elim- 
ination half-life of probenecid was significantly increased to a mean value 
of 8.5 hr. The coefficient of determination for nonlinear regression 
analysis of data using Eq. 1 was slightly lower following the 2.0-g dose 
compared to the other two doses, but differences in this value between 
treatments were not significant. 


The discrepancies observed in the AIYCO’~*/D values between the 2.0-g 
dose and the 0.5- and 1.0-g doses, and the similar dose-dependency of the 
value of k,l and t 1 1 2 ( ~ l ) ,  prompted the analysis of the 2.0-g data in terms 
of Eq. 2. The results obtained using this equation are compared with those 
using Eq. 1 in Table 111. No significant differences were observed in the 
values of k,, to,  or FD/vd calculated by the two methods. The coefficient 
of determination r2 was also similar, indicating that neither equation 
described the overall data significantly better than the other. However 
the ratio V,,,/K,, which is analogous to he] a t  low drug concentrations, 
of 0.20 yielded a drug half-life in plasma of 3.8 hr. This value is less than 
one-half the value calculated using Eq.1, and is not statistically different 
from the values obtained from the two lower doses. 


Although the saturable elimination model did not provide a better fit 
to the 2.0-g data compared to the first-order elimination model, it did 
provide a superior fit to the elimination phase of each drug profile. This 
is clearly demonstrated for two subjects in Fig. 2. The mean coefficient 
of determination between observed and predicted probenecid levels for 
all subjects during the 12-48-hr sampling period was 0.973 when Eq. 2 
was used for nonlinear regression analysis. This value was significantly 
higher than the value of 0.953 obtained when the data were fitted by 
means of Eq. 1. 


To determine whether Eq. 2 also described the probenecid data re- 
sulting from the 0.5- and 1.0-g doses, nonlinear regressions were carried 
out on these data using k, ,  to ,  and FD/vd values obtained from the 
analysis using Eq. 1, and V ,  and K,,, values obtained from the 2.0-g dose 
data for each individual. The mean coefficients obtained by this method 
were 0.96 and 0.97 for the 0.5- and 1.0-g doses, respectively. These values 
were not significantly different from those obtained when these data were 
fitted to Eq. 1. 


DISCUSSION 


The data generated in this study provide evidence that the elimination 
of probenecid from plasma is saturable at therapeutic dose levels. Fol- 
lowing the 0.5- and 1.0-g oral doses of probenecid, plasma curves could 
be described adequately by a kinetic model incorporating first-order 
absorption and elimination. Although a satisfactory description of pro- 
benecid plasma levels following the 2.0-g dose was obtained also with this 
model, the probenecid elimination half-life obtained was twice that fol- 
lowing the lower doses. When saturable elimination of probenecid from 
the 2.0-g dose was assumed, however, the terminal elimination half-life 
of probenecid was similar for all three dosages. Also a more satisfactory 
description of the elimination phase of probenecid plasma levels following 
the 2.0-g dose was obtained by incorporating a saturable component in 
the kinetic model. 


These observations are consistent with previous suggestions that the 
elimination of probenecid is dose-dependent (3, 8), the drug half-life 
increasing with increasing dose size. In this respect probenecid behaves 
similarly to salicylate (16,17), phenytoin (18), theophylline (19,20), and 
alcohol (21); all of which exhibit saturable elimination kinetics a t  drug 
levels below those considered to be toxic. 


An alternative explanation for the prolonged probenecid profiles in 
plasma following the 2.0-g dose, and to a smaller extent following the 1.0-g 
dose (Fig. l ) ,  involves drug absorption rather than elimination. This 
argument, which was used previously in this context (6), is based on the 
low aqueous solubility of probenecid, and proposes that slow dissolution 
of the drug in the GI tract from larger doses may give rise to prolonged 
absorption. While the data obtained in the present study do not preclude 
this possibility, the similar absorption rate constants, absorption lag 
times, and times that maximum drug concentrations occur in plasma from 
the three dosages make it unlikely. Also, dose-dependent elimination of 
probenecid was previously demonstrated in humans following intrave- 
nous doses (3). Although the value Of F/Vd from the 2.0-g dose was sta- 
tistically smaller than that from the 1.0-g dose (Table II), it cannot be 
determined from the present data whether this is due to a change in drug 
absorption or in drug distribution a t  the higher dose. 


The plasma levels a t  which Michaelis-Menten-type elimination be- 
came evident in this study, 40-50 pg/ml, are in excellent agreement with 
the observation (3) that probenecid levels measured in the 50-220-figlml 
range declined a t  slower rates than levels in the 10-55-pg/ml range. The 


higher levels in that study were obtained following a 2.0-g iv dose, while 
the lower levels were obtained following a 0.5-g dose. Unfortunately, the 
plasma sampling in that study was not extended for a sufficient time 
following the 2.0-g dose to monitor plasma levels in the lower concen- 
tration range. 


The mechanism causing slower elimination of probenecid at  high cir- 
culating levels is uncertain. Altered renal clearance is unlikely. Probenecid 
is actively secreted into the kidney tubules, but it is efficiently reabsorbed 
into the peritubular capillaries, and only a small fraction of the drug is 
cleared by this route. Probenecid is extensively metabolized, the principal 
metabolites involving side-chain oxidation (-70%) and glucuronide 
conjugation (-20%) (1). The dose-dependency of the amounts of these 
metabolites formed in two individuals has been investigated (6), and 
relative urinary recoveries of unchanged drug, probenecid acyl glucuro- 
nide, and the mono-N-propyl, carboxylic acid, and secondary alcohol 
metabolites from 0.5-,1.0-, and 2.0-g doses were obtained. The investi- 
gators concluded that no individual metabolic pathway was saturated 
a t  high probenecid levels as this would have altered the relative amounts 
of the different metabolites that  were formed. However, some of the 
side-chain oxidation metabolites of probenecid may be formed through 
a single intermediate, i .e. ,  an epoxide. Saturation of this common step 
may lead to a reduced rate of metabolism without affecting the ratio of 
formation of some of the major metabolites (22). One also cannot exclude 
product inhibition by one or more of the metabolites formed or saturation 
of a transport step governing access of probenecid to the site(s) of me- 
tabolism, causing clearance of drug from plasma to be delayed. More 
studies are needed to identify the rate-limiting process(es), and also the 
possible influence of other drugs on the saturable elimination of pro- 
benecid. 


While attempting to describe plasma probenecid data in terms of Eq. 
2, the authors are aware of the problems inherent in applying this type 
of equation to drug-concentration profiles, and also to the uncertainty 
regarding the numerical values assigned to the parameters V ,  and K ,  
(23). However, notwithstanding these limitations, use of the saturable 
model is felt to be justified in terms of the similarity of the pharmacoki- 
netic parameters which were common to the saturable and first-order 
models from the different doses, the realistic values of V,,, and K ,  ob- 
tained, and also the close agreement between the drug elimination half- 
lives obtained from the V,/K, ratios and from k,l. 


The clinical significance of saturable probenecid elimination is un- 
certain. In view of the profound effect that  saturable elimination may 
have on the degree of drug accumulation with repeated doses (24), it is 
likely that probenecid levels may increase with repeated dosing to an 
extent greater than might be predicted if first-order elimination is as- 
sumed. The clinical implication of saturable probenecid elimination may 
be further complicated, as the uricosuric potency of the oxidized me- 
tabolites has been shown to be approximately the same as the parent drug 
in experimental animals (25,26). 
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Abstract  0 High-performance liquid chromatography (HPLC) in the 
reversed-phase mode was used for the purity analysis of three pteroyl- 
glutamic acid-type reference substances (folic acid, leucovorin calcium, 
and methotrexate). The influence of the pH of the mobile phase on the 
separation of an artificial mixture of six pteroylglutamic acid derivatives 
and three potential impurities was studied. Results of purity analysis of 
current lots of USP reference standards are reported. A better separation 
of methotrexate from its major impurities was achieved by using a 
standard buffer, rather than an ion-pairing mobile phase. A separation 
of methotrexate and its biologically inactive 7-isomer is reported. 


Keyphrases 0 Pteroylglutamate-purity profiles, reference substances, 
high-performance liquid chromatography, methotrexate 0 High-per- 
formance liquid chromatography-pteroylglutamate, purity profiles, 
reference substances, methotrexate 0 Methotrexate-pteroylglutamate, 
purity profiles, reference substances, high-performance liquid chroma- 
tography 


Three USP drug substances, available as USP reference 
standards, belong to the class of pteroylglutamic acid de- 
rivatives: folic acid (I), methotrexate (II), and leucovorin 
calcium (111) (authentic substance as calcium formyltet- 
rahydrofolate). This class of compounds exhibits high 
hydrolytic and oxidative reactivity. High-performance 
liquid chromatography (HPLC) has proved to be the 
method of choice for purity analysis in this laboratory 
because of similarities of structure within this series. Ad- 
ditional purity profile data were gained from 5 to 8 col- 
lateral determinations, but are not reported here as these 
results are independent of chromatographic purity. 


Almost all the HPLC techniques have been used for the 
separation and analysis of this class of compounds. 
Anion-exchange columns were used first in 1973 for the 
separation of folic acid from a mixture of water-soluble 
vitamins (1) and then for the separation of folic acid and 
its reduced and N5- and NlO-substituted derivatives (2). 
Anion-exchange chromatography alone, or coupled with 
an amine column operated in the reversed-phase mode, has 
also been used for the analysis and quantitative determi- 
nation of methotrexate (3). 


An extensive study (4) resulted in the development of 


a reversed-phase HPLC assay and purity analysis method 
for folic acid. The assay was made the object of a collabo- 
rative study (5), and it has been adopted into the folic acid 
monograph in the USP (6). 


For the reversed-phase chromatographic analysis of 
methotrexate, mixtures of methanol or acetonitrile with 
the following buffers have been suggested as mobile phases: 
pH 3.5, 0.005 M ammonium formate (7); pH 5, 0.005 M 
ammonium acetate (7); pH 6.7,O.l M KH2P04 (8); pH 6.8, 
2-amino-2-hydroxymethyl- 1,3-propanediol (tris) (9); pH 
7.2, 0.05 M KH2P04’; pH 6, 0.1 M citric acid-0.2 M 
Na2HP042. The latter is used in the assay of methotrexate 
in USP XX-NF XV (10). Mobile phases consisting of pH 
5 phosphate buffer-acetonitrile (9 )  and pH 4 citrate buf- 
fer-dioxane (1 1) were recommended for the analysis and 
assay of leucovorin calcium. The effect of pH on the re- 
tention behavior of pteroyloligo-glutamates in reversed- 
phase HPLC has also been reported (12). 


A third technique, ion-pair chromatography, separated 
21 UV-absorbing impurities in a clinical sample of meth- 
otrexate (13) and has also been utilized in the separation 
of folic acid and its dihydro- and tetrahydro derivatives 
(14). 


The object of this investigation was to study the influ- 
ence of the pH of the mobile phase on the chromatographic 
separation of some pteryolglutamic acid derivatives and 
to determine optimum conditions for the purity analysis 
of the USP reference standards by HPLC. 


EXPERIMENTAL 


Apparatus-An isocratic high-performance liquid chromatograph:’ 
with a 254-nm detector and a gradient chromatograph4 equipped with 
a variable wavelength UV detector5 were used. The instruments were 


United States Pharmacopeia, Drug Research and Testing Laboratory, un- 


Lederle Laboratories, private communication. 
Altex Model 110, Altex Scientific Inc., Berkeley, Calif. 
Model 3500B, SpectraPhysics, Santa Clara, Calif. 


published research. 


5 Model 770 Spectrophotometric detector, SpectraPhysics, Santa Clara. 
Calif. 


1242 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 11, November 1982 


0022-35491821 1100- 124250 1.0010 
@ 1982, American Pharmaceutical Association 












Vaginal Absorption of a Potent Luteinizing Hormone- - 
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Abstract  0 The absorption of a potent luteinizing hormone-releasing 
hormone analog (leuprolide) through different routes was evaluated by 
determining the ovulation-inducing activity in diestrous rats. Vaginal 
administration showed the greatest potency among nonparenteral routes 
and was followed successively by rect.al, nasal, and oral administration. 
Mixed micellar solution with monoolein-bile acids improved the intes- 
tinal absorption of leuprolide, and nasal absorption was enhanced by 
adding sodium glycocholate, surfactin, or polyoxyethylene 5 lauryl ether, 
but these bioavailabilities were still insufficient. The vaginal absorption 
was enhanced by organic acids: citric, succinic, tartaric, and glycocholic; 
the absolute bioavailability increased to -20%. The vaginal absorption 
from jellies, as practical dosage forms, yielded sufficient activity of leu- 
prolide, but absorption was slightly reduced with highly polar polymers 
or with higher concentrations of polymers. I t  was concluded that vaginal 
administration of leuprolide can be a rational dosage method for a 
long-term antitumor therapy. 


Keyphrases 0 Leuprolide-vaginal absorption, potent luteinizing 
hormone-releasing hormone analog in rats, ovulation-inducing activity 


Absorption, vaginal-potent luteinizing hormone-releasing hormone 
analog (leuprolide) in rats, ovulation-inducing activity 0 Hormones- 
potent luteinizing hormone-releasing hormone analog (leuprolide) in rats, 
vaginal absorption 


Leuprolide (I), a luteinizing hormone-releasing hormone 
(11) analog synthesized previously (l), has a high gonado- 
tropin-releasing activity (2) and ovulation-inducing po- 
tency (50-80 times greater than 11) (3). Recently, this an- 
alog 
(Pyro)Glu-His-Trp- 


Ser-Tyr-D-Leu-Leu-Arg-Pro-NH-CH2CHs 
I 


(Pyro)Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH~ 
I1 


a t  relatively large doses, was found to effect regression of 
hormone-dependent mammary tumors (4-6). In addition, 
it appears to have birth control potential, without toxic 
side-effects, in both sexes (7-11). 


Peptides are generally absorbed poorly, subject to de- 
composition in the GI tract, and have short biological half 
lives after parenteral administration. To establish a con- 
venient and reliable method for nonparenteral self-ad- 
ministration of I1 and the analogs for long-term therapy, 
numerous studies have been carried out on the pharma- 
cological effects after oral (12-14), sublingual (15), nasal 
(15-23), rectal (24), and vaginal (12, 14, 24) administra- 
tion. 


In the present study, the absorption of leuprolide 
through nonparenteral administration routes for an anti- 
tumor therapy was assessed by determining its ovula- 


tion-inducing activity in rats. The absorption enhance- 
ment was attempted in oral, nasal, and vaginal routes, and 
a study was also conducted on an experimental dosage 
fqrm designed for vaginal administration. 


EXPERIMENTAL 


Animals-Mature female Sprague-Dawley rats' aged 120-1 50 days 
and weighing 250-330 g were used. Animals exhibiting two or more con- 
secutive 4-day estrous cycles on daily morning examination of vaginal 
smears were used in the diestrous stage. 


Materials-Leuprolide acetate2 was used after dehydration a t  50' 
under vacuum for 5 hr. Sodium glycocholate", sodium taurocholate', and 
polyoxyethylene 9 lauryl ether4 of commercial grade were used without 
further purification. The other chemicals were of reagent grade 
quality. 


Ovulation-Inducing Activity by Different Routes-The absorption 
of leuprolide through various administration routes was estimated by 
ovulation-inducing activity as described previously (25). A 0.9Tc NaCl 
solution of the analog containing 0.1% bovine serum albumid, 20 U/ml 
of aprotinin6, and 0.1 N HC1 was used for intravenous, subcutaneous, 
nasal, and oral administrations. For rectal administration, the analog was 
dispersed in an oleaginous base7 molded in a cylindrical shape (+S X 8 
mm). For vaginal administration, the analog was dissolved in 0.9% NaCl 
solution containing 0.1% bovine serum albumin and 20 U/ml of aprotinin 
or dispersed in an oleaginous base7. After the suppository was placed by 
a glass inserter, the orifice was closed with a surgical adhesive agent. 
Although the rectal and vaginal administration using an oleaginous base 
were carried out a t  a dose per rat, their dose and EDso are shown by dose 
per kilogram using mean body weight. 


Enhancement of Oral, Nasal, and Vaginal Absorption-For the 
oral administration, a mixed micellar solution with monoolein", sodium 
taurocholate, and sodium glycocholate was prepared according to a 
previous method (26). One percent sodium glycocholate, surfactid, or 
polyoxyethylene 5 lauryl ether was added to the analog solution for the 
nasal administration. For the vaginal administration, the following ad- 
juvants were dissolved or dispersed as fine particles a t  a concentration 
of 10% (as a free acid), except lactic acid (801, in the oleaginous base: citric 
acid, succinic acid, tartaric acid, lactic acid, ascorbic acid, gluconic acid, 
taurine, glycine, boric acid, dipotassium edetate, sodium citrate, sodium 
glycocholate, and sodium oleate. 


The concentration effect of citric acid and succinic acid was also ex- 
amined a t  a range of 2-20% in the oleaginous base. 


Leakage of Evan's Blue from the Vaginal Membrane-Under 
pentobarbital anesthesia, a dose of 1 ml/kg of 1% Evan's blue solution 


~~~ 


I Clea Japan, Inc., Tokyo, Japan. 
Takeda Chemical Ind.. Ltd., Osaka, Japan. The analog was synthesized in the 


.1 Tokyo Chemjcal Ind.. Ltd.. Tokyo, Japan. 
Nikko Chemical Ind., Ltd.. Tokvo. Japan. 
Wako Pure Chemical Ind., Ltd:, Osaka, Japan. Bovine serum albumin was 


added to prevent any loss by adsorption to the glass surface. 
Trasylol, Bayer A. G., Leverkusen-Bayerwerk, W. Germanv. This peptidase 


inhibitor was added to inhibit a small quantity of peptidases d&ed from bovine 
serum alhumin. 


Central Research Division. 


-. - . - . . . .. . . . . 
WITEPSOL W3S (rectal) or WITEPSOL SSS (vaginal), Dynamit Nobel A k -  


tiengesellshaft. W.  Germany. " A bacterial peptide lipid surfactant isolated from Aari[/u.s .subtilis (27).  
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DOSE OF LEUPROLIDE, Ng/kg 


Figure I-Ovulation-inducing activity of leuprolide after intravenous, 
subcutaneous, oral, rectal, nasal, and vaginal administration to dies- 
trous rats. Key: (0) intravenous; (.) subcutaneous; (0) vaginal in 
0.9% NaC1; ((3) vaginal in oleaginous base; (@) vaginal with 10% citric 
acid; (0) rectal; (a) nasal; (A) oral. 


was injected intravenously 2 hr after the vaginal administration of the 
suppository containing 10% organic acids (citric, succinic, tartaric, and 
aspartic acids), sodium glycocholate, sodium citrate, calcium citrate, or 
dipotassium edetate. The rats were sacrificed by decapitation 30 min la€er 
and their vaginas were isolated and examined for the intensity of stain 
in the mucous membranes. 


Vaginal Absorption from Jel ly  and  Tablet-Methylcellul~se~ 
(2-7%), a mixture of xanthan gum2 and locustbean gum2 (2-3%), carra- 
geenan2 (5%), starch (7 and lo%), agar (lo%), tragacanth gum2 (4%), so- 
dium carboxymethylcelluloselo (5%), sodium polyacrylate5 (5%), gly- 
cerogelatin”, succinated gelatin12 (Sl%), and polyethylene glycol 400013 
(70%) were used as a jelly base. The concentration was adjusted to provide 
almost the same viscosity for each jelly. The jelly was prepared by dis- 
solving the hydrophilic polymer in 5% citric acid solution (pH 3.5) con- 
taining various amounts of leuprolide. Each jelly was administered into 
the upper vagina by a glass inserter a t  a dose of 100 mglrat. 


Three kinds of tablets were prepared by a conventional method. The 
granules with the analog, citric acid, lactose, corn starch, and hydroxy- 
propyl~el lulose~~ were formed by a wet method and blended with corn 
starch and magnesium stearate for compression into a cylindrically 
shaped tablet. The concentration of citric acid was 10% for tablet A, 5% 
for tablet B, and 10% as a sodium salt for tablet C. The pH value of the 
solution of tablet C dissolved in 3 ml of distilled water was 4.22. 


The leakage of Evan’s blue from the vaginal membrane was determined 
to compare the local reaction by methylcellulose jelly with 5% citric acid 
(pH 3.51, oleaginous suppository with 10% citric acid, and tablet A. Evan’s 
blue was injected intravenously 30 min after vaginal administration of 
the suppositories. 


RESULTS 


Ovulation-Inducing Activity by Different Routes-The ovula- 
tion-inducing activities of leuprolide after intravenous, subcutaneous, 
vaginal, nasal, and oral administration to diestrous rats are shown in Fig. 
1. The EDSO’S of the activity calculated by Finney’s probit analysis (28) 
were 38 nglkg by intravenous, 58 nglkg by subcutaneous, 112 pgJkg by 
oral, 33.4 pgJkg by nasal, 3.12 pglkg by rectal, and 1.0 pgJkg by vaginal 
administration. The activity of the analog by the oral route was 2950 times 
less than that by intravenous injection. Vaginal administration exhibited 
the greatest potency of all nonparenteral routes examined; the absolute 
bioavailability estimated by comparison with the potency of the intra- 
venous injection was 3.8% in both the 0.9% NaCl solution and oleaginous 
suppository. 


Enhancement of Oral, Nasal, and Vaginal Absorption-The ov- 
ulation-inducing activity of leuprolide after oral administration in the 
mixed micellar solution with monoolein and bile acids is shown in Table 


METOLOSE (90SH4000,90SH8000,90SH15000, and 90SH30000), Shinetsu 
Chemicals Co., Tokyo, Japan. Four types of methylcellulose were used. In SH type, 
4-1210 of the methoxy groups was substituted by the hydroxypropoxy groups to 
raise the thermal gelation temperature. The former numbers represent the thermal 
gelation temperature and the latter the molecular weight. 


lo  SMF type, Hercules Inc., Wilmington, Del. 
l1 Prepared as described in “Remington’s Pharmaceutical Sciences,” 15th (1975), 


Mack Publishing Co., p. 1545. 
l2 Nitta Ce la th  Co.; Ltd., Tokyo, Japan. 
lR Sanyo Kasei Ind., Ltd., Kyoto, Japan. 
l4 1, type, Nippon Soda Co., Ltd., Tokyo, Japan. 


I. The absorption was enhanced 1.6 times more than that of the 0.9% NaCl 
solution, but the ED50 was still 1870 times larger than that after intra- 
venous injection. 


Three surfactants employed as absorption promoters markedly in- 
creased the potency of the analog applied nasally by the same degree: the 
absolute bioavailabilities were 1.8-3.0% (Table 11). 


For the vaginal administration, the polybasic carboxylic acids (citric, 
succinic, and tartaric acids) and glycocholic acid increased almost 5 times 
the ovulation-inducing activity of the analog (Table 111). Acidic amino 
acids (glutamic and aspartic acids), the carboxylic acids having hydroxyl 
groups (ascorbic and lactic acids), and dipotassium edetate exhibited 
weak promoting effects, whereas taurine, boric acid, oleic acid, caproic 
acid, sodium oleate, and polyoxyethylene 9 lauryl ether scarcely enhanced 
the activity of the analog and glycine reduced it. The promoting effect 
of the carboxylic acids was reduced by using sodium citrate and sodium 
glycocholate salts. The concentration effects of citric acid and succinic 
acid on the vaginal absorption of the analog are shown in Fig. 2. These 
acids increased the activity of the peptide in concentrations <lo%, and 
the activity approached a maximum level of >lo%. 


Leakage of Evan’s Blue on Vaginal Membrane-Staining of the 
vaginal mucous membrane by Evan’s blue injected intravenously after 
vaginal administration of a suppository containing an additive was ex- 
amined. The organic acids (citric, succinic, and tartaric acids) and di- 
potassium edetate, both of which enhanced the vaginal absorption of 
leuprolide, induced deep staining of vaginal membrane, whereas little 
staining was observed with sodium glycocholate, sodium citrate, and 
calcium citrate. 


Vaginal Absorption from Jel ly  and Tablet-The ovulation-in- 
ducing activities of leuprolide after vaginal administration of various 
hydrophilic jellies are shown in Table IV. The activity was affected by 
the jelly material and its concentration. Polymers having a highly polar 
functional group (sodium carboxymethylcellulose, sodium polyacrylate, 
and gelatin) tended to reduce the activity of the analog, whereas poly- 
saccharides with less polar functions (methylcellulose, xanthan gum, 
locustbean gum, carrageenan, and starch) showed higher activity. In both 
polymer types, the activity was reduced as the polymer concentration 
increased. 


Tablets containing the analog with 5% citric acid and 10% sodium ci- 
trate exhibited one third of the activity of tablet A with 10% citric acid, 
which induced the highest ovulation effect (Table V). 


Staining of the vaginal membrane by Evan’s blue injected after vaginal 
administration of the jelly, oleaginous suppository, and tablet, which were 
expected to show similar pharmacological effects, was compared. The 
oleaginous suppository and tablet induced deep blue staining, but the 
jelly induced only faint or no staining. 


DISCUSSION 


Determination of the ovulation-inducing activity of leuprolide after 
administration by different routes revealed that the absorption was good 
by vaginal administration, which was followed successively by rectal, 
nasal, and oral administration. The absorption of the analog from 0.9% 
NaCl solution and oleaginous suppository applied vaginally was almost 
identical. Their absolute bioavailabilities estimated by the pharmaco- 
logical effect were 3.8%. 


The vaginal absorption of a drug depends on its release from the sup- 
pository and on its ability to pass through the vaginal membrane. For the 
penetration of a drug, a physical model has been proposed (29) comprising 
an aqueous diffusion layer in series with a membrane consisting of 
aqueous pores and lipoidal pathways. The considerable absorbability of 
the analog, a hydrophilic compound, may indicate that its main ab- 
sorption is thorough a pore-like route, such as intercellular channels, 
rather than through partition to the membrane cell. 


Attempts were made to enhance absorption through the oral, nasal, 
and vaginal routes. Mixed micelles with lipid-bile salts are known to 
enhance the intestinal absorption of poorly absorbable polar drugs such 
as insulin (26), aminoglycosides (301, and heparin (31). The mixed mi- 
cellar solution with bile salts and monoolein also improved the absorption 
of leuprolide, but its absolute bioavailability was 0.05%. 


The bioavailability following nasal administration was 0.11% from the 
aqueous solution and was increased to 2-3% when sodium glycocholate, 
surfactin, or polyoxyethylene 9 lauryl ether was added. The absorp- 
tion-enhancing effect with the promoters is in agreement with the effect 
observed previously with insulin (32). 


The vaginal absorption of leuprolide was markedly facilitated by the 
polybasic carboxylic acids, and slightly increased with the hydroxy car- 
boxylic acids and acidic amino acids. All of the carboxylic acids that 
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Table I-Ovulation-Inducing Activities of Leuprolide a f t e r  Oral  Administration to Diestrous Rats  a 


Dose of Leuprolide, pg/kg 
Preparation 10 20 40 60 80 100 120 EDSO, p g / k  


5/10 5/10 112 (81-155)b 
- 71 (46-190) 


NaCl solution, 0.9% - - - 2/10 3/10 
Mixed micellar solution' 0/5 2/10 2/10 4/9 5/10 7/10 


Number of rats with induced ovulation per number of rats examined. * Fiducial limits (95%). c Themixed micellar solution of leuprolide was prepared with 15 mM 
of monoolein, 20 mM of sodium taurocholate, and 20 mM of sodium glycocholate by sonicatmn (Ref. 26). 


Table  11-Ovulation-Inducing Activity of Leuprolide a f t e r  Nasal Administration with Surfactants  to Diestrous Rats  


Dose of Leuprolide, pg/kg 
Additives, 1% 0.8 1 2 3 4 5 10 20 30 40 EDSO, d k g  


- 0/5 - 015 1/10 5/10 6/10 33.4 (25.7-69.8Ib 
- 5/5 515 - - - 1.28 (1.05-1.70)' 


None - 


Sodium glycocholate Oh0 3/10 9/10 - 
Surfactin 0/10 2/10 4/10 10/10 - - - - - - 1.77 (1.38-2.35)c 
Polvoxvethvlene 9 laurvl ether - 0/10 6/10 7/10 - - - - - - 2.08 (1.52-2.93)c 


- 0/5 


a Number of rats with induced ovulation per number of rats examined. b Fiducial limits (95%). c Significant ( p  <0.05). 


Table  111-Ovulation-Inducing Activity of Leuprolide a f t e r  Vaginal Administration with Additives to Diestrous Ra t s  a 


Dose of Leuprolide, ng/rat Relative 
Additives (10%) 20 40 60 80 100 150 200 400 600 800 EDSO, ng/rat potency 


None - 0/10 - 3/10 8/10 9/10 10/10 270 (194-353)b 1 
10/10 10/10 5/5 5/5 56 (38-69) 4.9C 
- - - - 50 (37-63) 5.4c 


Citric acid 2/10 6/10 8/10 9/10 - 


- - - 82 (69-97) 3.3c 
Succinic acid 0 x 0  4/10 6/10 8/10 9/10 


- - - 47 (32-62) 5.6c 
1/10 5/10 8/10 5/5 - 


- - - 113 (80-161) 2.4' 
l / l O  5/10 5/10 8/10 9/10 


Tartaric acid 
Glycocholic acid 


- - 117 (95-184) 2.3' 
Ascorbic acid - - 3/10 2/10 4/10 7/10 - 
Lactic acid, 2% - - 2/10 0/10 3/10 8/10 


Glutamic acid - - 0/10 - 7/10 10/10 10/10 5/5 177 (133-243) 1.6 
- - - 104 ( 87-134) 2.6c 


- 182 (112-373) 1.5 
Dipotassium edetate - - 0 x 0  3/10 5/10 8/10 - 


Taurine - 0/5 - 2/10 3/10 - 5/10 8/10 - 
Glycine - - - - 0/10 - 0/5 1/10 3/10 6/10 755 (570-5904) 0.4' 
Boric acid - - - - 1/10 3/15 5/10 - - - 200 (153-261) 1.3 


Oleic acid - - - 0/5 1/10 - 3/10 4/10 7/10 9/10 358 (244-541) 0.7 


Sodium oleate - - - - 0/10 - 1/10 8/10 8/10 10/10 323(237-461) 0.8 


- 


Aspartic acid - - - 2/10 4/10 - 9/10 9/10 l$O 5/5 122 (79-167) 2.1c 


Caproic acid - - - .- 1/10 2/10 5/10 8/10 9/10 - 341 (249-484) 0.8 


Polyoxyethylene 9 lauryl ether - - 0/10 1/10 6/10 7/10 9/10 - 254 (193-348) 1.1 


Sodium citrate - - - 0/10 3/10 - 5/10 6/10 8/10 9/10 245(160-365) 1.0 


Sodium glycocholate - - 3/15 6K5 2/15 - 10/15 - - - 151 (107-666) 1.9c 


0 Number of rats with induced ovulation per number of rats examined. * Fiducial limits (95%). Significant ( p  < 0.05). 


showed an absorption promoting effect possess a chelating ability. The 
absolute bioavailability of the analog after vaginal administration in- 
creased to -20% on the average by adding these polybasic carboxylic 
acids. The absorption was poorly enhanced with surfactants such as so- 
dium glycocholate, sodium oleate, and polyoxyethylene 9 lauryl ether, 
which are known to enhance greatly the rectal and nasal absorption of 
hydrophilic drugs, and was reduced with glycine. The difference between 
the enhancement effects of surfactants on vaginal and rectal absorption 
may be attributed to structural differences of the membranes, i.e., the 
vaginal epithelium, consisting of stratified squamous cells, may resist 
cleavage or  desquamation of epithelial cells by the surfactants. Glycine 
seems to possess a stabilizing activity on the epithelium that results in 
the reduced vaginal absorption of ~alicylate '~.  


An intimate relation was observed between the absorption-enhancing 
effect of leuprolide and the leakage from the vaginal membrane of Evan's 
blue injected intravenously after treatment with the promoters. Distinct 
staining of the vaginal epithelial membrane was elicited after vaginal 
administration of carboxylic acids with chelating ability, but not of cal- 
cium citrate. This indicates that the blood-vaginal epithelium barrier 
has been loosened by the organic acids and that the chelating ability may 
contribute to the absorption enhancement by expanding the channel bore 
through reversible electrical uncoupling with calcium ions as demon- 
strated in gap junctions (33), or by cleaving the intercellular tight junction 
through uptake of the calcium ions of binding proteins. Sodium citrate, 
which did not promote absorption, had no effect on the leakage of Evan's 
blue. The decrease of membrane permeability of the acid and/or of in- 
teraction between membrane and acid by dissociation, as a consequence 
of pH elevation, may reduce the effects. 


~~ ~~ 


I5 To be published. 


Citric acid and succinic acid showed a similar concentration uersus 
effect relation, i.e., the activity increased with concentration to attain 
a maximum activity >lo%. The exudation of body fluid out of the vaginal 
mucous membrane because of the hypertonicity of the acids may be one 
of the factors causing saturation of the promoting effect. 


300 r 


0 2  5 10 20 
PERCENT OF ORGANIC ACID 


Figure 2-Ooulation-inducing act iv i ty  o f  leuprolide af ter  vaginal ad- 
minis trat ion wi th  citric acid and succinic acid at  the  di f ferent  concen- 
trations to  diestrous rats. T h e  analog was administered in  an  oleaginous 
base containing the  acid dispersed as f i n e  powders. Bars represent 95% 
fiducial limits. Key:  (0) citric acid; (@) succinic acid 
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Table IV-Ovulation-Inducing Activity of Leuprolide after Vaginal Administration in Various Kinds of Hydrophilic Jelly to 
Diestrous Hatsa 


Dose of Leuprolide, ng/rat 
Jelly base * 30 40 50 60 70 80 100 120 150 200 EDSO, n d r a t  


Methylcellulose, 3'70, 
Met hylcellulose, 5?bd 
Methylcellulose, 70/d 
Methylcellulose, 5%' 
Methylcellulose, 3 % /  
Methylcellulose. 2%' 
Mixed gum, 2?hh 
Mixed gum, 3?oh 
Carrageenan, 5%' 
Starch, 7% 
Starch, 10% 
Agar, 10% 
Tragacanth gum, 4% 
Sodium carboxymethylcellulose, 5% 
Sodium polyacrylate, 5% 
Glycerogelatin. 44.5% 
Succinated gelatin, 61.2% 
Polvethvlene glvcol4000. 70% 


219 
1/10 


1/10 
2/10 
0110 
315 
7/10 
215 
115 
1/10 
015 


- 


- 
- 
- 
- 
- 
- 


319 
3/10 
015 
4/10 
5/10 
3/10 
- 
- 
- 


215 


015 


- 
- 


- 
- 
- 
- 
- 


619 
9/10 
7/10 
5/10 
9/10 
8/16 


919 
5/10 


515 
415 


1 /7 
1 /5 
2/10 


015 


- 


- 


- 


- 


81.8 (54.2-123)' 
75.0 (67.1-86.4) 


103.0 (82.7-153) 
93.6 (70.1-125) 
67.4 (.S4.8- 83.2) 


105.0 (82.2-133) 
44.0 
45.4 (38.2-53.6) 
55.0 
65.0 
69.0 
74.0 


.- 


105.0 
160.0 
179.0 (145-349) 


~~ ~~~ ~~ ~~ 


(I Numher of rats with induced ovulation without 
tiducial limits was estimated by using the a G u a t e  slope of the dose- response curve. d 90SH4000. 90SHR000. 9 0 S H l W .  90SH30000. h Xanthan gum and Iwusttwan 
gum were mixed at  the same weight ratio. 


r number of rats examined. Each jelly was prepared in 5 4  citric acid solution (pH 3.5). (' I.'iducial limits (95%). 


Table V-Ovulation-Inducing Activity of Leuprolide after Vaginal Administration in Tablet to Diestrous Rats a 


Dose of Leuprolide, ng/rat 
Tableth 10 15 25 50 60 75 100 150 200 ED;,). n d r a t  


A 0110 1/10 8/15 5/10 7/10 loll0 8/10 - .- 34.6 (2.S.1-46.7)' 


C - - -_ 1 /5 - 4/10 4/10 5/10 8/10 114.3 (57.4-256.6) 


Each tablet consists of leuprolide, citric acid. lartose, corn starch. hydr~~xy~~r~~pylce l lu lose ,  
and magnesium stearate. Citric acid was dispersed as fine powders a t  the concentration of 10% for tablet A, 5W for tablet 8, and 10% as a sodium sa!i !or tablet ('.< Fiducial 
limits (95%). 


- - H - .- -_ - 015 6/10 - 


- 
Number of rats with induced ovulation per number of rats examined. 


T h e  absorbability of leuprolide from jellies or tablets containing citric 
acid was examined to determine a practical dosage form. Jellies with a 
highly polar polymer such a s  carboxymethylcellulose and polyacrylate 
reduced the absorption of the analog, whereas those with a less polar 
polysaccharide elicited sufficient absorption. Since the  absorption was 
reduced by all polymers a t  a high concentration, the interaction of the  
analog with the  jelly materials appeared to  cause the suppression. T h e  
tablet containing 10% citric acid allowed considerable absorption of the 
analog and gave a smaller ED50 than the oleaginous suppository. 


T h e  local reaction of these suppositories, examined by the leakage of 
Evan's blue from the vaginal mucosa after a 1-hr treatment, revealed that 
the tablet and oleaginous suppository exhibited deep staining, while the 
jelly exhibited only faint staining, or none. This difference may be ex- 
plained by the fact that  citric acid, dispersed as  fine particles in the tablet 
and the oleaginous suppository, is dissolved in exuded body fluids at close 
to the  saturated concentration, resulting in an irritation to  the  vaginal 
mucosa. Discernible changes of the mucous membrane, such a s  de- 
struction or exfoliation of vaginal tract surface cells ot'rats, were rarely 
observed by scanning electromicroscopy after 10 consecutive days of 
administration of jelly containing 5% citric acid15. These results indicate 
tha t  the  vaginal jelly will be the most suitable practical dosage form be- 
cause of' the  activity with lower concentrations of citric acid, less local 
reaction, and easy handling due to a high water solubility. 


Vaginal administration of leuprolide resulted in a high ovulation- 
inducing activity, which was enhanced by addition of the carboxylic acids: 
citric, succinic, tartaric, and glycocholic. I t  is suggested tha t  vaginal ad-  
ministration of leuprolide in humans can be a rational dosage method 
especially from the standpoint of self-administration for long-term an-  
titumor therapy. 
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Abstract 0 The friability and dissolution of a formulation of compressed 
tablets were studied by varying the granulation moisture and tablet 
crushing strength. A general quadratic response surface model was used 
to analyze the data. The response surface contour plots of tablet friability 
consisted of a series of ellipsoidal curves. The optimum friability corre- 
sponding to a granulation moisture content and a tablet crushing strength 
was a simple minimum. The in uitro dissolution contour plots showed 
a stationary ridge system. Along the ridge, a large number of combinations 
of tablet crushing strength and granulation moisture represented 100% 
drug dissolution. The contour overlays of friability and dissolution con- 
tour plots showed a region where both the friability and dissolution re- 
quirement could be met. The analysis of the data by means of multiple 
linear regression was helpful in understanding the role of granulation 
moisture and tablet crushing strength on tablet friability and in uitro 
dissolution. 


Keyphrases 0 Dissolution--in uitro, effect of moisture and crushing 
strength, tablet friability Crushing strength-effect on tablet friability 
and in uitro dissolution Friability-tablets, effect of moisture and 
crushing strength 


~ ~~~~ 


Previous studies (1-3) from these laboratories discussed 
the interrelationships between moisture, crushing 
strength, and in uitro drug dissolution in compressed 
tablets. Another physical parameter of importance to the 
tablet formulators, especially in coating and packaging 
operations, is friability of compressed tablets. The fria- 
bilator’ (4) provides falling as well as frictional abrasion 
to the tablet sample and is used to measure the resistance 
to abrasion or attrition of tablets. The loss of weight is 
measured after a fixed number of revolutions of a drum 
rotating at a controlled rate. In the development of tablet 
dosage forms, formulation factors are generally checked 
to reduce comparative loss in friability testing. Two types 
of friabilator1,2 apparatuses were compared (5) using 10 
tablet formulations differing in method of granulation or 


1 Roche type friabilator A. 
Erweka Friability Apparatus B. 


choice of binder. In all instances the percentage of weight 
loss was higher with friabilator Al, the differences ranging 
from 6.2 to 39.796, depending upon the formulation. After 
25 years of use, it was concluded (6) that the weight loss of 
not more than 0.8% by friabilator A was valid for the con- 
trol of most pharmaceutical tablets. 


Although friability is generally considered important 
in the development of tablet formulations, factors affecting 
friability have not been fully explored. The present report 
describes a study of the interdependence of tablet friability 
and in uitro drug dissolution on granulation moisture 
content and tablet crushing strength. The data were ana- 
lyzed using a general quadratic response surface model and 
the analysis suggested that rational specifications on the 
in-process variables such as the granulation moisture and 
initial tablet hardness could ensure proper control of the 
tablet friability and in uitro dissolution. 


EXPERIMENTAL 


Materials-The drug, ticlopidine hydrochloride3, 5-(o-chloroben- 
zyl)-4,5,6,7-tetrahydrothieno-[3,2-c]pyridine hydrochloride was a t  least 
99.0% pure. The excipients used were microcrystalline cellulose4 NF, 
povidone5 USP, citric acid6 USP, stearic acid powder7 NF, corn starch8 
NF, and lactoseg USP. 


Granulation-The formulation used in this study contained 64.1% 
drug, 22.4% microcrystalline cellulose, 10% starch, 1% citric acid, 2% 
povidone, and 0.5% stearic acid. The drug and microcrystalline cellulose 
were mixed together in a small planetary mixer for 10 min. Povidone and 
citric acid were dissolved in water and the powder mixture was granulated 
with the binder solution. The wet granulation was mixed for 10 min and 
passed through a 1.4-mm aperture and dried in a forced-air oven a t  60° 


3 Sanofi Research Co. Inc. New York, NY 10019. 
Avicel pH 101, FMC Corp., Philadelphia, PA 19103. 
GAF Corp. New York, NY 10020. 


6 Mallinckrodt, Inc., St. Louis, MO 63147. 
Emery Industries, Inc., Cincinnati, OH 45232. 


8 Staley Manufacturing Co., Decatur, IL 62525. 
9 Regular grade, Foremost Co., San Francisco, CA 94104 
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Table V-Rate of Intake of Mercury Compounds from Cysteine * 


Mercury Compounds Time, min Reaction, % 


Mercuric chloride 10 
Mercuric chloride 60 
Mercuric chloride 240 
Mercuric chloride 1320 


Methyl mercury chloride 60 
Methyl mercury chloride 240 


Methyl mercury chloride 10 


96 
97 
99 


100 
91 
91 
91 


a Mercury compounds (20 p m Hg) were stirred for 2 hr with 20 ml of lo-* M 
cysteine in phosphate-bufferecfsaline solution. Chelating microspheres were then 
added (20 mg in the reaction with methyl mercury chloride and 50 mg in the reaction 
with mercuric chloride). In control experiments the loss of mercury compounds was 
negligible. 


as an oral antidote for treatment in cases of heavy metal poisoning, due 
to their high surface area. As a model, the potential of polymercaptal 
microspheres for mercury poisoning was demonstrated in uitro and future 
experiments will have to be carried out in uiuo as well. Moreover, the 
affinity of chelating microspheres toward other heavy metallic com- 
pounds such as arsenic, cadmium, lead, and copper, etc. ,  will be investi- 
gated to evaluate their potential use for treatment of poisoning with these 
heavy metals. 
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Abstract 0 Two human bioavailability studies were conducted to assess 
the in uiuo performances of recently marketed 200-, 300-, and 400-mg 
ibuprofen capsules relative to the innovator’s 300- and 400-mg tablets 
when administered as single oral 300- or 400-mg doses. An ibuprofen oral 
solution was also administered in each trial. Within each study, the 
products were equivalent to each other and to the oral solution with re- 
spect to the extent of ibuprofen absorption. Absorption rates, however, 
differed markedly among the products studied. Ibuprofen was more 
slowly absorbed from the 300- and 400-mg capsules than from the re- 
spective strength tablets. The 200-mg capsule exhibited an absorption 
rate comparable to the 400-mg tablet but more rapid than the 400-mg 
capsule. It was concluded that two of the duplicator’s 200-mg capsules 
were bioequivalent to one of the innovator’s 400-mg tablet. The dupli- 
cator’s 300- and 400-mg capsules were bioinequivalent to the innovator’s 
300- and 400-mg tablets, respectively, due to their slower rates of ab- 
sorption. 


Key phrases Bioavailability-commercially available ibuprofen oral 
dosage forms in humans 0 Ibuprofen-bioavailability of commercially 
available oral dosage forms in humans 0 Dosage forms, oral-bioavail- 
ability of commercially available ibuprofen in humans 


Ibuprofen is a propionic acid derivative with anti-in- 
flammatory, analgesic, and antipyretic activities and is 
widely utilized in the treatment of osteoarthritis, rheu- 
matoid arthritis, and mild to moderate pain (1, 2). Re- 
cently, it has become a multiple-source drug product in 


Canada; thus, the question arises whether the new prod- 
ucts are equivalent relative to the quality and performance 
of the innovator’s products. Of particular importance is 
their in uiuo performance in terms of the extent and rate 
of ibuprofen GI absorption from the solid oral dosage 
forms. 


A previous study demonstrated the bioequivalence of 
a pilot plant lot of the 300-mg capsule product to the in- 
novator’s 300-mg tablet (3). The present studies were 
conducted to assess the bioavailability of full-scale pro- 
duction lots of the recently introduced 200-, 300-, and 
400-mg capsules relative to the innovator’s 300- and 
400-mg tablets. 


EXPERIMENTAL 


Products  Studied-Two comparative bioavailability studies were 
conducted to evaluate the five commercially available ibuprofen products 
(A, B, C, D, and E) listed in Table I. 


An aqueous solution of sodium ibuprofen (F, Table I) was utilized as 
a reference standard to which the other formulations could be compared. 
With the exception of the solution, the products were obtained from usual 
commercial sources without any attempt to procure or select specific 
lots. 


The ibuprofen dosage forms were administered as single, oral 300-mg 
doses in Study I and as single, oral 400-mg doses in Study 11. 
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Table I-Descriution of Ibuurofen Dosage Forms Tested Table 11-Latin-Square Crossover Designs for  Ibuprofen 
Bioavailability Studies 


Formulation Type Lot Number Formulation Code 


8E08N f" E284 
Capsule, 300 m 
Tablet, 300 mg 
Capsule, 400 mga 9D079 


8E07N fa E426 
Ca sule, 200 m 
Taglet, 400 mg 
Solution, 20 mdmlc 18.025-6 


Amersol capsules; manufactured and marketed by Frank W. Horner Ltd., 
Montreal, Quebec, Canada. * Motrin tableta; manufactured and marketed by The 
Upjohn Co. of Canada, Don Mills, Ontario, Canada. Manufactured by The Upjohn 
Co., Kalamazoo, Mich. 


Human Subjects-Eighteen normal volunteers between the ages of 
18 and 35 years and 20 normal volunteers between the ages of 20 and 33 
years were selected to participate in Study I and Study 11, respectively. 
They were accepted into the studies following informed consent, a 
physical examination, and blood and urine analyses. 


Study Design-In Study I, Formulations A, B, and F were adminis- 
tered according to a 3 X 3 Latin-square crossover design with six repli- 
cations. In Study 11, Formulations C, D, E, and F were administered ac- 
cording to a 4 X 4 Latin-square crossover design with five replications 
(Table 11). The ibuprofen doses were separated by 4 days. Each dose was 
administered with 180 ml of water following an overnight fast. The fasting 
period continued for 2 hr following the dose. No food or beverage other 
than water was permitted during the fasting period. 


Blood (7 ml) was collected from a forearm vein by individual veni- 
punctures just prior to dosing and at 0.17 (10 min), 0.33 (20 min), 0.5.1, 
1 .5 ,2 ,3 ,4 ,6 ,8 ,10,  and 12 hr following drug administration. Serum was 
harvested from the blood samples -40 min after collection, immediately 
frozen, and kept in a frozen state until assayed. 


The serum specimens were quantitatively analyzed for unchanged 
ibuprofen utilizing GLC with flame ionization detection as described 
previously (4). 


THEORETICAL 


Symbols-The following symbols were used in the calculations and 


AUCt = area under the serum ibuprofen concentration-time 


AUC, = area under the serum ibuprofen concentration-time 


AUMCt = area under the (first) moment curve from time zero 


AUMC, = area under the (first) moment curve from time zero 


Ct = ibuprofen serum concentration at  time t (measured) 
ct = ibuprofen serum concentration at time t (calculated) 
C,,, = peak ibuprofen serum concentration 
CFA,,, = cumulative fraction absorbed relative to the oral 


solution 
MDT = mean in uiuo dissolution time 
MRT = mean residence time 
t = elapsed time after ibuprofen administration 
T = time at which the last measurable ibuprofen serum 


concentration (11.0 pg/ml) was observed 
tmax = time at which C,,, occurred 
A, = apparent ibuprofen elimination rate constant 
Model Independent Parameters-AUCt and AUMCt were calcu- 


lated by trapezoidal rule. Extrapolations through infinite time uti- 
lized: 


are defined as follows: 


curve from time zero through time t 


curve from time zero through infinite time 


through time t 


through infinite time 


(Eq. 1) CT 


A, 
AUC,  = AUCT + - 


(Eq. 2) 


The apparent elimination rate constant (A,) was estimated by fitting 
the ibuprofen serum concentrations following administration of the oral 
solution (Formulation F) to a biexponential equation using nonlinear 
least-squares regression (NONLIN) (5). Estimates of CT following ad- 
ministration of Formulation F were calculated from the same biexpo- 
nential equation. Estimates of CT following administration of the solid 
dosage forms were calculated from the equation of the line resulting from 
linear least-squares regression of lnCl uersus t using those data points 


Study I (Dose = 300 mg) 


Group Subiects Phase I Phase I1 Phase 111 
Formulation 


1 5,7,  8, 10, 13, 16 A B F 
2 1, 2,4,6,  12,18 B F A 
3 3,9, 11,14,15,17 F A B 


Study I1 (Dose = 400 mg) 


Formulation 
Group Subiects Phase I Phase I1 Phase 111 Phase IV 


1 2,10, 17a, 18,20 C D F E 
2 7. 13. 14. 15. 19 D E C F 
3 1; 4 9 ,  ii, 16 E F D C 
4 3 ,5 ,6 ,8 ,12  F C E D 


a Subject dropped from study following Phase I for reasons unrelated to the 
study. 


in the terminal log-linear region. Attempts to estimate A, from the slope 
of that line resulted in significantly smaller values for Capsules A and 
C (Table III), suggesting prolonged GI absorption of ibuprofen. The 
elimination rate constant estimated from the oral solution data was 
considered a more reliable description of the elimination rate and was 
utilized in all subsequent calculations. This decision required the as- 
sumptions that Az remained constant for each volunteer throughout the 
study and that absorption was essentially complete by 12 hr following 
drug administration. 


The mean residence time of drug in the body (MRT)  was calculated 
using (6): 


AUMC, 
AUC, MRT = - (Eq. 3) 


The difference between the MRT for a solid oral dosage form and the 


30r n STUDY I 


TIME AFTER DRUG ADMINISTRATION, hr 


n STUDY I1 


TIME AFTER DRUG ADMINISTRATION, hr 


Figure 1-Mean serum ibuprofen concentration-time curves. Key: 
Study I: (A) 300-mg capsule (A); (e) 300-mg tablet (B); (m) oral solu- 
tion (F); Study II: (A) 400-mg capsule (C); (m) 200-mg capsule (0); (e) 
400-mg tablet (E); (+) oral solution (F). 


Journal of Pharmaceutical Sciences 1 1035 
Vol. 71, No. 9, September 1982 







Table 111-Mean Serum Ibuprofen Concentrations and Related Parameters  


Formulation Pairwiseb 
A B F Pa Comparisons 


C,, pg/ml at: 
0.0 hr 
0.167 
0.333 
0.5 
1 
1.5 
2 
3 
4 
6 
8 
10 
12 


AUC, ,  pg hr/ml 
Cmam d m l  
t,,,, hr 
A,, hr-' 


0.00 
0.06 
3.59 
7.79 


13.3 
14.5 
16.9 
16.6 
11.9 
6.31 
3.54 
1.36 
0.63 


91.5 
21.1 
2.17 
0.347 


0.00 
0.16 
7.96 


14.7 
21.1 
19.6 
22.5 
14.3 
9.09 
4.76 
2.25 
1.23 
0.46 


89.9 
32.4 
1.32 
0.414 


0.00 
17.8 
29.0 
29.7 
25.7 
19.7 
17.0 
11.0 
7.10 
3.82 
1.44 
0.57 
0.38 


88.5 
31.9 
0.46 
0.455 


- 
< 0.0001 
< 0.0001 
< 0.0001 


0.0066 
0.075 
0.0021 


< 0.0001 
< 0.0001 


0.0006 
< 0.0001 


0.018 
0.23 
0.75 


< 0.0001 
< 0.0001 


0.0002 


F B A  
F B A  


F B A  
F B A  


A B F  
A =  
A B F  
U F  
A m  
A B F  
A B F  
B F A  
A B F  
F B A  


Lij 


BFA 


- 


Formulation Pairwiseb 
C D E F P a  Comparisons 


Ct ,  pg/ml at: 
0.0 hr 0.00 0.00 0.00 0.00 - 
0.167 0.12 0.22 0.06 29.4 < 0.0001 F -  
0.333 6.09 10.4 2.12 39.7 < 0.0001 F -  
0.5 12.0 18.0 11.4 40.0 < 0.0001 F m  
1 21.6 33.1 27.1 34.2 0.0067 F D n  


E m  1.5 24.3 30.5 34.1 28.2 0.0058 
2 23.5 29.0 30.2 21.0 0.0001 E D C F  
3 20.7 18.4 18.7 13.0 0.0030 C E n  


6 7.33 5.58 5.06 3.58 < 0.0001 C D n  
8 3.11 2.61 2.42 1.55 0.0022 C D n  


-- 


4 13.7 11.4 11.1 8.51 0.0006 C m  


10 1.52 1.10 0.92 0.72 0.025 X7T-T 
12 0.91 0.36 0.48 0.29 0.0074 C E D F  


AUC,, pg hr/ml 116 119 112 110 0.48 D U F  
Cmam Irglml 31.4 39.0 37.9 45.5 < 0.0001 F D n  


2.00 1.25 1.39 0.53 < 0.0001 C D F  tmam hr 
A,, hr-' 0.364 0.390 0.415 0.499 < 0.0001 F E n  


Level of significance for test of equal treatment means. The means for formulations connected by overhead bars were not significantly different ( p  > 0.05). 


MRT for an oral solution (Eq. 4) has been termed the mean in uiuo dis- 
solution time (MDT) by Riegelman and Collier (7): 


MDT = MRTsolid - MRTsolution (Eq. 4) 


Theoretically, MDT is an estimate of the mean time which a drug 
molecule remains as a solid in the GI tract. In reality, MDT is probably 
not an absolute estimator of dissolution rate due to the differing influ- 
ences of stomach emptying rate on solid and solution dosage forms. It is, 
nonetheless, an excellent tool for comparing absorption rates among 
treatments administered to the same subjects in a bioavailability trial. 


Model Dependent Parameters-The serum ibuprofen concentra- 
tions following the administration of the oral solution to each subject were 
well described by a biexponential equation. This indicated that the 
pharmacokinetics of ibuprofen could be explained in terms of a one- 
compartment open model. As a result, cumulative absorption profiles 
could be constructed according to the method of Wagner and Nelson (8). 
Modification of that method resulted in Eq. 5, which was utilized to es- 
timate the cumulative amount of ibuprofen absorbed from the solid 


dosage form divided by the total amount absorbed from the oral solution, 
e.g., cumulative fraction absorbed relative to the oral solution 
(CFA red: 


(Eq. 5) 


Estimates of cumulative fraction absorbed relative to the oral solution 
(CFA,I) provided both visual and statistical comparisons of absorption 
rate and extent among the treatments. 


Statistical ComparisongWithin each study, statistical comparisons 
of C t ,  C,,, t,,,, and A U C ,  data were performed utilizing ANOVA with 
group, subject within group, phase, and treatment as factors. In cases 
where treatment effects were significant ( p  < 0.05), pairwise comparisons 
were evaluated with Tukey's multiple range test. A two-tailed paired t 
test was applied to MDT and CFA,,] data from Study I. The described 
ANOVA model was utilized to evaluate MDT and CFA,,l data from 
Study I1 except that the pairwise comparisons were performed using 
linear contrasts of the regression coefficients resulting from the ANOVA 
(9). 
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Table IV-Mean Estimates of Cumulative Fraction Absorbed 
Relative to the Oral Solution ( CFArel) and Mean In Vivo 
Dissolution Time (MDT) 


Study I ( N  = 18) 


Formulation 
A B P a  


CFA,,, at: 
0.0 hr 
0.167 
0.333 
0.5 
1 
1.5 
2 
3 
4 
6 


MDT, hr 


0.00 0.00 - 
0.00 0.00 0.16 
0.10 0.23 0.16 
0.22 0.44 0.071 
0.43 0.73 0.046 
0.55 0.79 0.044 
0.70 0.96 0.0023 
0.89 0.96 0.15 
0.93 0.96 0.54 
1.00 1.00 0.89 
1.44 0.73 0.0052 


Study I1 ( N =  18) 


Formulation Pairwiseb 
C D E p o  Comparisons 


CFA,,, at: 
0.00 hr 0.00 0.00 0.00 - 


0.333 0.13 0.21 0.04 0.028 D C E  
0.167 0.00 0.00 0.00 0.51 CDE 
0.5 0.25 0.38 0.23 0.16 - D C E  
1 0.52 0.77 0.63 0.021 D E C  
1.5 0.68 0.88 0.91 0.012 E D C  
2 0.78 0.99 0.99 0.0056 C 
3 0.93 1.02 1.00 0.0052 C 
4 0.97 1.03 0.99 0.12 DEC 
6 1.04 1.08 1.02 0.25 DCE 


-.-a - --/------- 
a 


r-- 
/ 


STUDY I 


.3 4 5 6 
TIME AFTER DRUG ADMINISTRATION, hr 


B 


0 1 2 3 4 5 6 
TIME AFTER DRUG ADMINISTRATION, hr 


MDT, hr 1.27 0.80 0.79 0.0016 C Figure 2-Modified Wagner-Nelson absorption plots of mean cumu- 
lathe fraction absorbed relatiue to the oral solution (CFA,L) versus time. 
Key.' s tudy  I: (A) 300-m&' capsule (A); (0) 300-mg tablet 03); Study 11: 
(A) 400-mg capsule (C); (m) 200-mg capsule (D); (0) 400-mg tablet 


a Level of significance for test of equal treatment means. b The means for for- 
mulations connected by overhead bars were not significantly different (P > 
0.05). 09. 


AUC, for the solid dosage forms to the mean AUC,  for the oral solution RESULTS 


All 18 subjects enrolled in Study I successfully completed the three 
treatment phases. Of the 20 subjects enrolled in Study 11, one (Subject 
17) discontinued participation following Phase I for reasons unrelated 
to the study. Another (Subject 18) exhibited such unusual ibuprofen 
concentration-time courses that the person was considered unrep- 
resentative of a normal subject population. Neither of these subjects' 
results were utilized in any subsequent data analyses. 


Concentration a t  Each Sampling Time (C, )-Table 111 and Fig. 
1 present the mean serum ibuprofen concentrations at each sampling time 
which resulted from the administration of Formulations A, B, and F as 
single, oral 300-mg doses in Study I and formulations C, D, E, and F as 
single, oral 400-mg doses in Study 11. 


In Study I, statistically significant ( p  < 0.05) differences were observed 
among the treatments at all but two sampling times. The pairwise com- 
parisons indicated that those differences were predominantly the result 
of a concentration-time profile for the oral solution which differed 
markedly from those for the two solid dosage forms. Tablet B, however, 
did exhibit significantly lower concentrations than Capsule A at  2,4,6, 
and 8 hr following drug administration. 


In Study 11, statistically significant differences among the formulations 
were observed at each sampling time. Most of those differences were 
attributable to solid dosage form uersus solution comparisons. Concen- 
trations following Capsule C administration did differ significantly from 
those following Capsule D administration at  1,6,  and 12 hr, and from 
those following Tablet E administration at 1.5,2, and 6 hr postdose. No 
significant differences were observed for Formulations D uersus E 
comparisons at any sampling time. 


Area Under the Concentration-Time Curve (AUC,)-The av- 
erage areas under the serum ibuprofen concentration-time curves 
(AUC,) resulting from administration of each formulation are also shown 
in Table 111. Within each study, no statistically significant differences 
were observed among the formulations. The following ratios of mean 


were observed: 
A/F B/F C/F DIF EIF 
1.03 1.02 1.05 1.08 1.01 


Those results indicated that the tablet and capsule products were 
equivalent to each other and to the oral solution with respect to the extent 
of ibuprofen absorption. 


Peak Concentration ( Cmax) and Peak Time ( t,.,)--Statistical 
analyses of the C,,, and t,,, values observed following the administra- 
tion of the various ibuprofen formulations (Table 111) yielded significant 
differences among the treatment means in both studies. The oral solution 
exhibited the most rapid rate of absorption with an average th,, in both 
studies of -0.5 hr and average C,,, estimates of 31.9 and 45.5 pglml in 
Studies I and 11, respectively. 


In Study I, the 300-mg capsule (A) resulted in an average C,,, which 
was 35% less and a tmal which was 64% greater than those achieved by 
the 300-mg tablet (B). Those differences were statistically significant and 
indicated that ibuprofen was more rapidly absorbed from the tablet than 
from the capsule. 


In Study 11, the results of pairwise comparisons between the 400-mg 
tablet (E) and capsule (C) were similar to those seen in Study I for the 
300-mg formulations. Capsule C produced an average C,,, which was 
17% less and a tmax which was 44% greater than those resulting from 
Tablet E. Only the tmax difference was statistically significant. The mean 
C,,, and tmax results for the 200-mg capsule (D) were similar to those 
for the 400-mg tablet (E) and significantly different from those for the 
400-mg capsule (C). These results indicated that Formulations D and 
E were absorbed a t  similar rates and that both were absorbed more 
rapidly than Formulation C. 


Mean In Vivo Dissolution Time (MDT)-The average MDT esti- 
mates shown in Table IV distinguish the solid dosage forms on the basis 
of absorption rate. The 300-mg capsule (A) exhibited an average MDT 
nearly twice that for the 300-mg tablet (B) (1.44 uersus 0.73 hr). In Study 
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11, the 200-mg capsule (D) and the 400-mg tablet (E) resulted in ap- 
proximately equal MDT estimates (0.80 uersus 0.79 hr). The 400-mg 
capsule (C), however, was more slowly absorbed with an average MDT 
of 1.27 hr. The differences for the pairwise comparisons of A uersus B, 
C uersus D, and C uersus E were statistically significant. 


Cumulative Fraction Absorbed Relative to the Oral Solution 
(CFA,,I)-Modified Wagner-Nelson plots of mean CFA,,I uersus time 
for the ibuprofen products are presented as Fig. 2. Inspection of the plots 
suggests that, on the average, Formulations A and C required 4-6 hr to 
achieve an extent of absorption within 95% of the oral solution. Formu- 
lations B, D, and E, however, reached the same endpoint by the 2-hr 
sampling time. 


Statistical comparisons of the CFA,] estimates a t  each sampling time 
up to 6 hr are shown in Table IV. The 300-mg tablet (B) resulted in sig- 
nificantly greater mean CFA,,] values a t  1,1.5, and 2 hr than the 300-mg 
capsule (A). The 400-mg tablet (E) and the 200-mg capsule (D) exhibited 
similar mean CFA,1 estimates with a significant difference occurring only 
at the 20-min sampling time. The 400-mg capsule (C) results were sig- 
nificantly l e s  than those for Formulation D at  1,1.5,2, and 3 hr and those. 
for Formulation E at  1.5,2, and 3 hr. Since no differences were observed 
in the extent of absorption among the products studied, the relatively 
low estimates of CFA,,] resulting from Formulations A and C were in- 
dicative of their slower rates of absorption. 


DISCUSSION 


Though all of the commercially available ibuprofen products studied 
were equivalent with respect to the amount of drug absorbed from the 
dosage forms, they differed markedly in terms of absorption rate. Spe- 
cifically, the 300-mg tablet (B) was more rapidly absorbed than the 
300-mg capsule (A), and the 400-mg tahlet (E) and the 200-mg capsule 
(D) were more rapidly absorbed than the 400-mg capsule (C). 


The results of a previously reported study indicated that a pilot plant 
lot of the 300-mg capsule was bioequivalent to the innovator’s 300-mg 
tablet (3). The present study suggested that some change associated with 
scale-up to commercial production resulted in a less rapidly absorbed 
dosage form. 


Since bioequivalence has been defined as equivalence in both extent 
and rate of drug absorption (lo), it has been concluded that Formulations 
A and C were bioinequivalent to the innovator’s products (B and E) due 
to their slower absorption rates. Whether this conclusion could be 
translated to indicate clinical inequivalence could not be determined from 
these studies. It would be hypothesized, however, that differences in 
clinical efficacy might be observed when ibuprofen is administered as 
single doses for the relief of mild to moderate pain. 


A more general conclusion resulting from these studies was that the 
potential exists for bioavailability problems among ibuprofen solid oral 
dosage forms. 
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Abstract 0 The ability of surfactants to accelerate the in uitro disso- 
lution of very slightly soluble drugs has been ascribed to wetting and/or 
micellar solubilization. Deflocculation as a mechanism to accelerate 
dissolution has not been investigated. In the present study, the effect of 
a surfactant on the dissolution kinetics of prednisolone from tablets and 
the mode of action of the surfactant were investigated. The dissolution 
of prednisolone a t  37’ in 0.1 N HCI containing different concentrations 
of the nonionic surfactant, octoxynol9, followed zero-order kinetics. The 
rate constant was increased by 15, 150, and 950% when octoxynol was 
added to the dissolution medium at 0.0039 and 0.032% ( 4 . 5  and 4.0 times 
the critiwl micelle concentration) and incorporated into the tablets (for 
a final concentration of 0.0039%), respectively. The surface tensions of 
the dissolution media were 71, 35, and 31 dyne/cm for 0, 0.0039, and 
0.032% octoxynol, respectively. The largest decrease in surface tension 
corresponded to the smallest increase in dissolution rate, indicating that 


The most likely mechanisms by which surfactants could 
speed up the release of very slightly soluble drugs from 
tablets are wetting, micellar solubilization, and defloccu- 


~ ~~ 


wetting was unimportant. The micellar solubilization capacity of oc- 
toxynol was much too small to account for the increases in dissolution 
rate. Microscopic particle size measurements and sedimentation volume 
determinations showed the pronounced deflocculation of prednisolone 
by the surfactant. The observed increases in specific surface area a t  the 
two octoxynol concentrations were in good quantitative agreement with 
the increases in dissolution rate according to the Noyes-Whitney equa- 
tion. 


Keyphrases 0 Deflocculation -surfactants, release of very slightly 
soluble drugs, tablets, dissolution kinetics 0 Surfactants-release of very 
slightly soluble drugs, tablets, dissolution kinetics Kinetics-disso- 
lution, surfactants, release of very slightly soluble drugs, tablets, de- 
flocculation 


lation (1). The purpose of the present study was to assess 
their relative importance in accelerating the dissolution 
of prednisolone by octoxynol. 
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BOOKS 


REVIEWS 


Concepts in Drug Metabolism (in Two Parts) Part B (Drug and 
Pharmaceutical Sciences, Vol. 10.) Edited by PETER JENNER 
and BERNARD TESTA. Dekker, 270 Madison Ave., New York, NY 
10016. 1981.627 pp. 15 X 23 cm. Price $65.00. 
Concepts i n  Drug Metabolism is a two volume, multiauthored col- 


lection of essays on major topics in drug metabolism and allied fields. The 
various chapters reflect the state of knowledge from the viewpoint of each 
of the respective authors. 


The contents of Part B are divided into nine chapters which deal with 
the following topics: The role of the endoplasmic reticulum in physio- 
logical and pathological situations; the hepatic cytochrome P-450 drug 
metabolizing systems; toxification and detoxification as a result of 
xenobiotic metabolism; enzyme induction and inhibition related to drug 
action and interactions; genetic aspects of drug metabolism; some evo- 
lutionary considerations regarding drug metabolism and toxicity; i n  uiuo 
assessment of hepatic drug disposition; altered drug disposition in disease 
states; and is drug metabolism due to necessity, chance, mishap, or none 
of the above? 


Since each chapter has been written by a different author, some 
overlapping has occurred. However, this demonstrates the relationship 
and interdependencies of the various topics. The reader will find that 
most of the chapters in Part  B are more factual and less philosophical 
than some of the chapters found in Part A. 


The chapters are well referenced and, although not being all inclusive, 
reflect a command of the most important research in each area. A 
drawback is that with few exceptions, Part B represents a review of the 
literature through 1978. The area of drug metabolism is a rapidly moving 
field, and many significant contributions have been made in the interval 
between the time the book was finished and the date of publication. This 
is a problem which is common to an active area of research. 


Concepts in Drug Metabolism is intended for use by postgraduate 
students and research workers in the fields of biomedicinal chemistry, 
pharmacology, toxicology, and biochemistry. The two volume set makes 
an excellent text for a graduate level course in drug metabolism. Unfor- 
tunately, the cost of the books tends to prohibit purchase by students. 
The volume serves as a valuable guide in the area of drug metabolism; 
however, it is also an important source of new ideas since many of the 
chapters go beyond the basic facts, providing a conceptual, almost phil- 
osophical, approach to some of the topical areas. 


Part B of Concepts in Drug Metabolism in conjunction with Part  A 
provides an authoritative overview of basic topics and developments in 
drug metabolism and related areas. The two volume set is highly rec- 
ommended for persons working in the general area of xenobiotic me- 
tabolism. 


Reviewed by Sidney J .  Stohs 
Uniuersity of Nebraska 
College of Pharmacy 
Lincoln N E  68508 


Pharmaceutical Analysis: Modern Methods, Part A (Drugs and the 
Pharmaceutical Sciences Series, Vol. 11). Edited by JAMES W. 
MUNSON. Dekker, 270 Madison Ave., New York, NY 10016. 1981. 
504 pp. 15.5 X 23.2 cm. Price $55.00 (Special Student Price $29.75). 
As stated in the preface, this text is intended to “provide an interme- 


diate level of coverage . . . (it) is designed for the graduate student 
studying pharmaceutical analysis and for the researcher. . . who wishes 
to increase his personal awareness and understanding of modern tech- 
niques of pharmaceutical analysis.” 


The first three chapters offer a review of the theory, instrumentation, 
and applications to pharmaceutical analysis of gas chromatography (GC), 
pyrolysis GC, and GC-mass spectroscopy. The authors of each chapter 
have incorporated and harmonized theory and practice and have written 
three well-integrated chapters. The topics are covered at  a depth suitable 
for a graduate course covering the GC aspects of pharmaceutical anal- 
ysis. 


The last three chapters deal with luminescence (fluorescence and 
phosphorescence) spectroscopy, liquid scintillation counting, and ra- 
dioimmunoassays. The chapter authors have done an excellent job of 
presenting the underlying theory and applications of their individual 
topics: there is greater detail and breadth of coverage than is usually 
found in other textbooks devoted to pharmaceutical analysis. However, 
the interrelationship of these chapters with each other, or with the rest 
of the text, does not meet the high standard established in the first three 
chapters. In fact, if there is a fault with this text, it is in the organization 
and integration of the individual chapter topics with one another. For 
example, in terms of material, the logical arrangement would have been 
to incorporate the chapters on high-performance liquid chromatography 
and quantitative thin-layer chromatography, which are to be covered in 
Part  B, with the chapters on GC found in this volume. 


Nevertheless, the presentation and content of material in each chapter 
is excellent, and taken individually they are well-suited for graduate 
courses in pharmaceutical analysis. However, the ordering and ar- 
rangement of the topic chapters in both Part  A and Part  B make it ill- 
suited for courses that may be segregated into spectroscopic and sepa- 
ration techniques. 


Reviewed by Wallace J. Murray 
College of Pharmacy 
University of Nebraska Medical Center 
Omaha. N E  68105 
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Abstract Some N-alkyl derivatives of 5-fluorouracil were designed 
to act as latent depot forms of 5-fluorouracil. A general and efficient 
method for the syntheses of the alkylated derivatives is described. As 
expected, the alkylated derivatives of 5-fluorouracil did not show any 
cytotoxicity in cell culture systems even up to M concentration. The 
synthesis of 1,3-dimethyl-5-fluoro-5,6-dihydrouracil is also described. 


Keyphrases 5-Fluorouracil-N-alkylated derivatives, synthesis, 
cytotoxicity Derivatives-N-alkylated, 5-fluorouracil, synthesis, 
cytotoxicity Cytotoxicity-5-fluorouracil, N-alkylated derivatives, 
synthesis 
- 


5-Fluorouracil (I) and its deoxyribonucleoside deriva- 
tive, flouridine (II), have been found to be highly effective 
compounds for the treatment of various solid tumors (1-3). 
The tetrahydrofuryl derivative (111) of 5-fluorouracil has 
also been found to be clinically active (4). Efforts have been 
made to improve upon the efficacy of these drugs (5- 
11). 


0 


R 


I .  R = H  
II . R = 2-DEOXYRIBOSE 


D. R = ( O y  
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Recently, 1-alkyl carbamoyl derivatives (IV) of 5-fluo- 
rouracil have been tested as masked forms of 5-fluorouracil 
and several of them have been found to be promising (12, 
13) .  The synthesis and antitumor properties of various 
A'-acyl and N-(alkoxycarbonyl)-5-fluorouracil derivatives 
(V) which probably act as depot forms of 5-fluorouracil 
have been reported (14). 5'-O-Glucuronide of 5-fluo- 
rouridine (VI) has been described recently (15). This is 
expected to be activated by the 0-glucuronidase activity 
in tumor cells. 


0 0 


n 


In view of the success of the various acyl, alkoxycar- 
bonyl, and carbamoyl derivatives of 5-fluorouracil, the 
authors became interested in suitable N-alkyl derivatives 
of 5-fluorouracil in which an activated methylene group 
is attached to the nitrogen atom of the fluorouracil ring. 
These compounds could act as latent depot forms of 5- 
fluorouracil (Scheme I). In this report, a general method 
for the syntheses of various N1, N3-dialkyl (VII-X) and 
N1-monoalkyl (XI and XII) derivatives of 5-fluorouracil 
and the study of their toxicities in cell culture systems are 
reported. In addition, the synthesis of N1, N3-dimethyl- 
5-fluoro-5,6-dihydrouracil (XIII), a model for 5-fluoro- 
5,6-dihydrouracil, which is an intermediate in the catab- 
olism of 5-fluorouracil, is also described. 


0 0 


R R 


I 
CH3 
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RESULTS 


Chemistry-The direct N-alkylation of 5-fluorouracil has been 
studied previously (16). It was observed that by using dimethyl sulfoxide 
as solvent and potassium carbonate as base, alkylation of 5-fluorouracil 
with unreactive halides led to N3-alkylation, whereas with reactive ha- 
lides, alkylation was found to be N1-alkylation. However, formation of 
N1, N3-dialkyl derivatives was not described. Since among the acyl de- 
rivatives of 5-fluorouracil, the diacylated derivative, N1-acetyl-N3-0- 
toluyl-5-fluorouracil was found to be the most promising (14), there has 
been a greater interest in studying the dialkylated species of 5-fluo- 
rouracil. Preformation of the potassium salts' of 5-fluorouracil and 
subsequent reaction of the potassium salts with different alkylating 
agents led to excellent yields of the alkylated species. The formation of 
the potassium salts of 5-fluorouracil was accomplished in dimethyl- 
formamide as a solvent in the presence of potassium carbonate as a base. 
The process was found to be relatively slow at room temperature and was 
completed by overnight stirring when a thick gel of the potassium salts 
of 5-fluorouracil was formed. Reaction of the gel with different alkylating 
agents yielded either a mixture of monoalkyl and dialkyl products or, 
exclusively, the dialkyl products dependent upon the amount of the al- 
kylating agents used. However, in all cases the total yields of the alkylated 
species (as shown in Table I) were very high compared with the other 
reported methods (16-18) of alkylation. In Table I1 are shown the dif- 
ferent proportions of mono- and dialkylated species which could be ob- 
tained by using different amounts of the alkylating agents. 


~ ~~ 


Probably a mixture of NI-mono, N3-mono, and N1, Ns-dipotassium salts is 
formed. 
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Table I-N- Alkylated Derivatives of 5-Fluorouracil 


Melting Yield, Molecular Analysis, % 
Compound Pointo % Formula Calc. Found 


VII 130-1 3 1 90 CsH7NzOzF C 45.57 45.48 
H 4.43 4.33 
N 17.72 17.52 


CisHi5NzOzF C 69.68 69.40 
90 H 4.84 4.64 


N 9.03 8.95 
F 6.13 6.25 


6 CiiH9NzOzF C 60.00 60.17 
H 4.09 4.25 
N 12.73 12.75 
F 8.64 8.83 


CioHiiNz02F C 57.14 57.36 


VIII oil 


H 5.24 5.31 
N 13.33 13.32 
F 9.05 9.36 


32.4 C+hNzOzF C 49.41 49.61 
H 4.12 4.32 
N 16.47 16.48 
F 11.18 11.47 


X 98 92 CioH7NzOzF C 58.25 58.26 
H 3.40 3.53 
N 13.59 13.50 
F 9.22 9.44 


XI11 51 98.5 CsHgNzOzF C 45.00 45.28 
H 5.63 5.80 
N 17.50 17.54 
F 11.18 11.84 


84 I 
41.5 1 73.9 


XI 166- 168 


IX 38 


XI1 125 


The structures of the alkylated species were established by elemental 
analyses and by spectroscopic methods. The compounds gave satisfactory 
carbon, hydrogen, nitrogen, and fluorine analyses (Table I). In mass 
spectral measurements (see Experimental) all the compounds showed 
the molecular ions, and their fragmentation patterns confirmed their 
structures. The UV absorption spectra (Table 111) of the dialkylated 
species showed them to be the N1, N3-dialkylated species. The monoal- 
kylated species were found to be the N1-alkylated derivatives by com- 
parison of their melting points with those reported in the literature (16, 
17) and also from the independence of their UV absorptions in neutral, 
acidic, and basic media (Table 111). No N3-alkylated compounds were 
isolated under the reaction conditions. A comparison of the PMR spectra 
of the mono- and dialkylated derivatives (Table IV) showed that N1-CH3 
and NI-CH2- groups have higher field chemical shifts than the corre- 
sponding N3-CH3 and Nj-CHz-groups. This provides an independent 
method for the identification of N1- and N3-substituted alkyl derivatives 
of 5-fluorouracil. 
5-Fluoro-5,6-dihydrouracil is an intermediate in the catabolic degra- 


dation of 5-fluorouracil, and has been synthesized (2) in an extremely 
small yield by the catalytic hydrogenation of 5-fluorouracil. Lithium 
tri-sec-butyl borohydride has been used for the reduction of a,p-un- 
saturated ketones and esters to the corresponding saturated ketones and 
esters (19,20). Recently, this reagent has been used successfully for the 
reduction of the 5,6-double bond of uracil and 5-fluorouracil derivatives 
(21). When 1,3-dimethyl-5-fluorouracil was reduced with lithium tri- 
Table 11-Ratios of N1, N3-Diallyl and N~-Allyl5-Fluorouracils 
Formed 


Potassium Ally1 
5-Fluorouracil Carbonate Bromide Diallyl/Monoallyl 


1 mole 1.04 mole 1.30 mole 1.28 
1 mole 1.6 mole 1.63 mole 3.3 


Table 111-UV Spectroscopic Data for N-Alkylated Derivatives 
of 5-Fluorouracil 


Com- Ln,, (4 
pounds 95% Ethyl Alcohol 0.1 M HCl 0.1 M NaOH 


VII 274 (7413) 271 (7260) 271 (7820) 


XI 274 (8930) 275 (9220) 273 (6760) 
VIII 276 (7560) a a 


IX 273 (6570j 275 i74ioj 271 (707oj 
XI1 274 (8240) 273 (8640) 272 (6270) 


X 267 (7330) 271 (7980) 264 (7600) 
XI11 - - - 


0 0 a 


0 ANY - 0 0  ANY 


Hod Ho-i-od 0 
OH HO 


XIP 
Scheme I 


sec- butyl borohydride, a quantitative yield of crystalline 1.3-dimethyl- 
5-fluoro-5,6-dihydrouracil (XIII) was obtained. Its structure was es- 
tablished by elemental analysis, lack of UV absorption, and its PMR 
spectrum. In the mass spectrum, a very strong peak due to the parent 
molecular ion was seen, confirming the structure of the compound. 


Growth Inhibition Studies-The growth inhibitory effects of the 
compounds (VII-XII) were studied against L-1210 (22) and CCRF-CEM 
leukemic cells in culture (23). As expected, none of the compounds 
showed any significant cell inhibitory effects even at concentrations up 
to 10-4 M. 


DISCUSSION 


N1, N3-Dialkylated (VII-X) and N1-monoalkylated (XI and XII) 
derivatives of 5-fluorouracil were synthesized by a simple and highly 
efficient method. These compounds were chosen since they either have 
a small alkyl group (e .g . ,  methyl) or an active methylene group (attached 
to an unsaturated center) on nitrogen. These compounds, as expected, 
were found to have very little toxicity against leukemic cells in culture. 
However, like many anticancer agents (24,25), these compounds could 
ae activated by an oxidative mechanism (26,271 in the whole animal as 
shown in Scheme 12. A slow formation of 5-fluorouracil (I) could provide 
the active compound (XIV) in a small steady state. Also, since the al- 
kylated derivatives are much more soluble in nonpolar solvents in con- 
trast to 5-fluorouracil, they are expected to have different pharmaco- 
logical characteristics compared with 5-fluorouracil. Further biological 
studies of these compounds are in progress. 


* Alternative metabolic transformation leading probably to inactive products 
are not ruled out by Scheme I. 0 The absorptions could not be determined due to  a solubility problem. 
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Table IV-PMR Spectral  Data  for N-Alkylated Derivatives of 5-Fluorouracil 


VII 


VIII 
XI 


IX 


XI1 


X 


XI11 


7.45 (d) 


a t  7.34 
(JH,,F = 4.5 Hz) 


3.4 (s) 3.5 (s) 


3.13 (9) 3.23 (9) 


5-Fluoro-5,6-dihydrouracil is an intermediate in the catabolism of 
5-fluorouracil. There is no convenient method available for the synthesis 
of this compound. A highly efficient method for the synthesis of 1,3- 
dlimethyl-5-fluoro-5,6-dihydrouracil has been developed. This compound 
i n  combination with 5-fluorouracil may show different toxicities to tumor 
systems. This aspect is also under extensive study. 


EXPERIMENTAL3 


N1, Ns-Dimethyl 5-Fluorouracil (VII)-5-Fluorouracil (2.0 g, 15.4 
mmoles) was dissolved in dimethylformamide (50 ml) when a clear so- 
lution was formed. To this solution powdered anhydrous potassium 
carbonate (4.2 g, 30.4 mmoles) was added, and the mixture was stirred 
overnight a t  room temperature when a thick white gel of the potassium 
salts of 5-fluorouracil was formed. Methyl iodide (4.2 g, 29.6 mmoles) was 
added and the mixture was stirred for 3 days a t  room temperature. Di- 
niethylformamide was removed under high vacuum and the residue was 
partitioned between chloroform (200 ml) and water (100 ml). The aqueous 
layer was again extracted with chloroform (2 X 100 ml). The combined 
chloroform extract was dried over anhydrous magnesium sulfate, filtered, 
and solvent was removed to yield a crystalline white solid (2.2 g, 13.9 
nnmoles, 90%), single spot on TLC, Rf = 0.12,0.25, and 0.91 in Solvents 
P,, B, and C, respectively. On crystallization from absolute ethanol this 
yields long white needles, mp 130-131" [lit. (18) mp 128-130°]; v,, 3070, 
1702, and 1650 cm-l; MS m/z 158 (M+, 100%). 
N~,N3-Dibenzyl-5-fluorouracil (VIII) and N1-Benzyl-5-fluo- 


rouracil  (XI)-Benzyl bromide (7.8 g, 45.6 mmoles) was added to the 
potassium salts of 5-fluorouracil made by stirring 5-fluorouracil(3 g, 23 
mmoles) and anhydrous- potassium carbonate (6.3 g, 45.6 mmoles) in 
dimethylformamide (80 ml). The mixture was stirred at  room tempera- 
ture for 6 days. Dimethylformamide was removed and the residue par- 
titioned between chloroform and water. The chloroform extracts on re- 
moval of solvent yielded an oil which was chromatographed on silica gel. 
The column was washed with petroleum ether (bp 35-60', 300 ml) and 
then the dibenzyl derivative (VIII) was eluted with chloroform-ethyl 
acetate (15:l Fractions 2-4, total volume 250 ml) and was obtained on 
removal of solvent as a gum (6 g, 19.4 mmoles, 84%); TLC, Ri = 0.38,0.90, 
and 0.95 in Solvents A, B, and C respectively; IR vmB, 3040,3080,1710, 
1720,1660,1650 cm-'; MS m/z 310 (M+, 51.7%), 219 (M+ - 91,19.3%), 
91 (CsH7+, 100%). 
N~-Benzyl-5-fluorouracil (XI)-N~-Benzyl-5-fluorouracil was 


eluted with chloroform-methanol (101 fractions 6-7). On removal of 
solvent, a white solid (300 mg, 1.4 mmoles, 6%) was obtained. This was 
crystallized from absolute ethanol as white plates, mp 170' [lit. (16) mp 
170-171']; TLC Rf 0.06,0.08, and 0.81 in solvents A, B, and C, respec- 


3 Melting points were determined on a Thomas-Hoover melting point apparatus 
and are uncorrected. The UV spectra were recorded on a Beckman model 25. 
Spectra were taken in 95% ethanol unless otherwise mentioned. The IR spectra were 
done on a Beckman 4210 in a fluorinated hydrocarbon. PMR spectra (6) were re- 
corded on a Varian EM-390 90-MHz NMR spectrometer in deuterated chloroform, 
using tetramethylsilane as internal reference. Elemental analyses were performed 
by Galbraith Laboratories, Inc., Knoxville, Tenn., or Spang Microanalytical Lab- 
oratory, Ann Arbor, Mich. Mass spectra were taken on a Hewlett-Packard, model 
5985 spectrophotometer. TLC was performed on an Eastman Chromagram sheet 
(I;060 silica gel with fluorescent indicator) in the indicated solvents: Solvent A, 
chloroform; Solvent B, methylene chloride-ethyl acetate (151); Solvent C, chlo- 
roform-methanol (10:l); RI'S for 5-fluorouracil are 00.0, 00.0, and 0.26 in Solvents 
A ,  B, and C, respectively. 


4.8 (9) 
4.84 (s) 


4.38 (d) 
(J  = 6 Hz) 
4.33 (d) 
(J  = 6 Hz) 
4.65 (d) 
( J  = 3 Hz) 


- 


5.1 (5) 


4.63 (d) 
( J  = 6 Hz) 


4.75 (d) 
(J = 3 Hz) 


- 


- 


- 


7.34 (aromatic) 
7.38 (aromatic) 


5.25 (m, CH2 of vinyl) 
5.87 (m, CH of vinyl) 
5.32 (m, CH2 of vinyl) 
5.92 (m, CH of vinyl) 
2.2 (t, J = 3 Hz) and 
2.57 (t, J = 3 Hz) 


(acetylenic Hs) 
3.7 (m, 2H, Cs-H) 
5.1 (2t, lH,  Cs-H, 


J n J  = 48 Hz) 


tively; IR urnax 3070, 1720, 1665 cm-I; MS m/z 220 (M+), 91 (C7H7+, 
100%). 
N1, N~-Diallyl-5-fluorouracil (IX) a n d  N1-Allyl-5-fluorouracil 


(XI1)-The potassium salts of 5-fluorouracil (10 g, 76.6 mmoles) were 
made by stirring with anhydrous potassium carbonate (11 g, 79.7 mmoles) 
in dimethyformamide (50 ml). Ally1 bromide (12 g, 100 mmoles) was 
added and the mixture was stirred for 1 week a t  room temperature. Di- 
methylformamide was removed under vacuum and the residue was 
treated with water (100 ml) and 6 N HCl to pH 4. The mixture was ex- 
tracted with methylene chloride. The methylene chloride layer was 
washed with water, dried over anhydrous magnesium sulfate, and solvent 
was removed yielding a gummy semisolid residue which was chromato- 
graphed on silica gel (40-140 mesh). The column was washed with pe- 
troleum ether (bp 40-60') and then diallyl-5-fluorouracil (IX, 6.7 g, 31.9 
mmoles, 41.5%) was eluted with methylene chloride. The monoallyl-5- 
fluorouracil (XII, 4.24 g, 24.9 mmoles, 32.4%) was eluted with methylene 
chloride-ethyl acetate (15:l) and chloroform-methanol (101). N1, 
N~-Diallyl-5-fluorouracil was crystallized from absolute ethanol in the 
cold as long white needles, mp 38'; TLC, Rf  = 0.27, 0.69, and 0.98 in 
solvents A, B, and C, respectively; IR vmax 1650,1680 cm-'; MS m/z 210 
(M+, 26.5%). N~-Monoallyl-5-fluorouracil was crystallized from absolute 
ethanol in small white needles, mp  125-126'; TLC, Rf = 0.07,0.08, and 
0.71 in Solvents A, B, and C, respectively; IR vmQI 1650,1680 cm-l; MS 
m/z 170 (M+). 
N~,N3-Dipropargyl-5-fluorouracil (X)-To the potassium salts 


made from 5-fluorouracil(5 g, 38.5 mmoles) and anhydrous potassium 
carbonate (8.0 g, 57.9 mmoles) in dimethylformamide (160 ml), propargyl 
bromide (9.5 ml of 80% solution in toluene) was added and stirred at  room 
temperature for 4 days. Dimethylformamide was removed under high 
vacuum and the residue was partitioned between water (10 ml) and 
methylene chloride (300 ml). The methylene chloride layer was washed 
with water, dried over anhydrous magnesium sulfate, and solvent re- 
moved to obtain a residue (7.3 g, 35.42 mmoles, 92%) which crystallized 
readily a t  room temperature. The material was crystallized from meth- 
ylene chloride into long colorless needles, mp 98'; TLC, Rf 0.23,0.67, and 
0.98 in solvents A, B, and C, respectively; IR v,, 3280 (=CH), 1655,1670, 
1718 cm-'; MS mlz 206 (M+), 167 (M+--CHz-C=CH). 
N~,N~-Dimethyl-5-fluoro-5,6-dihydrouracil (XIII)-N', N3- 


Dimethyl-5-fluorouracil(316 mg, 2 mmoles) was dissolved in dry tetra- 
hydrofuran (10 ml) and cooled in a dry ice-acetone bath under argon 
atmosphere. Lithium tri-sec-butyl borohydride (2.2 ml of 1 M solution 
in tetrahydrofuran) was injected and the mixture was stirred in a dry 
ice-acetone bath for 10 min. The mixture was decomposed with saturated 
ammonium chloride solution which was injected and stirred in the cold 
bath for another 10 min. Tetrahydrofuran was removed under aspirator 
and the residue was extracted with methylene chloride. The methylene 
chloride layer was washed with water, dried over anhydrous magnesium 
sulfate, and solvent was removed to obtain a thick liquid which was 
chromatographed over silica gel. Compound XI11 was eluted with 
methylene chloride-ethyl acetate (15:l). On removal of solvent, a thick 
colorless liquid (315 mg, 1.97 mmoles, 98.5%) was obtained which crys- 
tallized from ethanol, mp 51'; TLC, Rf = 0.15,0.33, and 0.94 in Solvents 
A, B, and C, respectively; IR urnax 1728, 1690 cm-'; MS m/z 160 (M+, 
100%). 


Growth Inhibition Assay-L-1210 cells and CCRF-CEM cells were 
grown in medium4 supplemented with 10% dialyzed fetal calf serum with 


Roswell Park Memorial Institute (RPMI) 1640. 
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a doubling time of 10-12 and 18-24 hr, respectively. The solutions were 
diluted to a stock solution of loM3 M with phosphate-buffered saline, 
sterilely filtered, and aseptically diluted by half-log increments. Each 
concentration (0.7 ml) was added to duplicate 13- X 75-mm test tubes. 
Cells from logarithmically growing stock culture were suspended in 
prewarmed medium4 supplemented with 10% dialyzed fetal calf serum, 
10 mM (morpholine-propanesulfonic acid, and 20 mM [N-(2-hydroxy- 
ethyl)piperazine-N’-2-ethanesulfonic acid]. Cell suspension (1.8 ml) was 
added to each tube. The tubes were incubated upright at  37’ in a warm 
room or dry incubator. Under these conditions, L-1210 cells grew expo- 
nentially 15- to 25-fold from an initial density of 2-2.5 X 104/cm3; 
CCRF-CEM cells grew exponentially 8- to 10-fold. After 48 hr (for L-1210 
cells), or 72 hr (for CCRF-CEM cells), the incubation was terminated and 
the cell densities were determined5. The degree of proliferation of each 
2-ml culture was expressed as the ratio of the final cell density to the 
initial cell density; this index was plotted against the drug concentration 
employed. The concentration of drug which depresses the ratio to 50% 
of control (the ICm) was graphically determined. For the clinically ef- 
fective drug, 5-fluorouracil, ICso = 1.9 X 10-6 M for CCRF-CEM cells 
in culture. 
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Abstract 0 Two rapid, specific, and sensitive high-pressure liquid 
chromatographic (HPLC) assays were developed for cloxacillin in serum 
and urine. A reversed-phase column (RP-8) was selected for use with two 
different sets of HPLC conditions and sample pretreatment procedures. 
cloxacillin extraction efficiencies are reported from serum and urine, 
Equations are presented for linear relationships between peak height or 
peak area ratios of cloxacillin to nafcillin (internal standard) and the 
cloxacillin concentration over a range of 0-80 pg/ml. The sensitivity limit 


of these assays was 4 . 3  pg/ml of a standard solution for one method and 
0.05 pg/ml for the other HPLC assay. 


Keyphrases 0 Cloxacillin-high-pressure liquid chromatographic assay, 
serum, urine, n a f c i h  0 Nafcillin-cloxacillin, high-pressure liquid 
chromatographic assay, serum, urine 0 High-pressure liquid chroma- 
tography-cloxacillin in serum and urine Penicillins-high-pressure 
liquid chromatography Of cloxaci’lin 


Cloxacillin sodium (I), [3-(o-chlorophenyl)-5-methyl- 
4-isoxazoyl] penicillin sodium, is a semisynthetic penicillin 
synthesized in 1962 (1). It can be administered both par- 


enterally and orally. Like other penicillins, I is sensitive 
to nucleophilic and electrophilic attack catalysed by gen- 
eral bases and acids, respectively. Maximum stability of 
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Abstract 0 The binding of phenol and four of its derivatives to whole 
human serum and several human serum proteins was investigated. 
‘4C-labeled derivatives were utilized and binding was studied by either 
equilibrium or dynamic dialysis. Phenol itself was bound least to most 
of the serum proteins as compared to the derivatives and albumin, and 
whole human serum exhibited the highest percent binding of the proteins 
used. Percent binding to albumin and serum paralleled molecular weights 
of the derivatives, but no definite pattern was observed in ranking the 
percent binding of the other derivatives to the other serum proteins. 
Binding constants (K1, Kz, n l  and nz) were determined from Scatchard 
plots for all the derivatives except p-chloro-m-xylenol. Phenol was found 
to have the highest association constant (K1) and p-tert-amylphenol, 
the lowest. For the entire group of five derivatives and albumin as the 
protein, a direct, statistically significant correlation was found between 
percent binding and Hansch ?r values. No correlation could be found with 
Hammett u values. It is concluded that binding of the phenol derivatives 
to albumin involves primarily hydrophobic bonds. 


Keyphrases 0 Binding-selected phenol derivatives, human serum 
proteins Phenol-selected derivatives, binding, selected human serum 
proteins 0 Serum-human, binding of selected phenol derivatives to 
proteins Derivatives-phenol, selected, binding to human serum 
proteins 


Since the discovery of phenol in 1834 and its introduc- 
tion to antiseptic surgery by Lister in 1867 (l), both phenol 
and many of its derivatives have become firmly established 
as germicidal agents (2,3). Phenol derivatives, unlike many 
other germicides, have been shown to be less active in the 
presence of organic matter (2-4). Blood is a common or- 
ganic contaminant in materials to be sterilized. Prelimi- 
nary investigations of the binding of phenol derivatives to 
human serum proteins were carried out as part of the work 
in this study on the mechanism of action of phenol deriv- 
atives ( 5 , 6 ) .  These preliminary studies were expanded to 
include individual major human serum proteins, percent 
binding to each, and binding parameters for human serum 
albumin for a selected group of phenol derivatives. 


EXPERIMENTAL 


Materials-The phenol derivatives used were obtained with carbon-I4 
labels]. The compounds used and specific activities were as follows: 


~ 


1 New England Nuclear Carp. 


Table I-Binding of [ 14C]Phenol and [14C]-p-tert-Amylphenol to 
Human Serum Proteins * 


Lieands 
Serum Proteins Percelt Boundb 


Concentrationc, p-tert- 
Fraction mg/ml Phenol Amylphenol 


Albumin 40.0 48.7 (0.68) 89.1 (0.74) 


+-Globulin 
Human serum - 


(I Each system contained a total of 1.00 X 10-7 mole of Wjphenol or 1.86 X 10-7 


Concentrations used 
mole of [14C]p-tert-amylphenol. * The values in parent 6 eses are standard devia- 
tions. Data obtained using equilibrium dialysis method. 
approximate those normally found in human serum. 


[I4C]phenol, 1.57 mCi/mmole; (2,4-14C]dichlorophenol, 0.68 mCi/mmole; 
(2,4,6-14C]trichlorophenol, 0.68 mCi/mmole; [‘4C]p-tert-amylphenol, 
0.27 mCi/mmole; [14C]p-chloro-m-xylenol, 0.0027 mCi/mmole. Phenol 
stock solutions were made in distilled water and those of the other de- 
rivatives were made with 0.1% NaOH as the solvent. Crystalline human 
serum albumin and the other human serum proteins were obtained 
commercially2 and the whole human serum was of tissue culture quality3. 
All other chemicals used were of reagent grade. 


Methods-Dialysis methods (equilibrium and dynamic) were carried 
out as previously described (7). Radioactivity was determined in a liquid 
scintillation system using techniques previously described (7.8). Esti- 
mates of binding parameters were calculated using the method of 
Sandberg (8) and standard Scatchard techniques. All averages were based 
on a minimum of three replicates. 


RESULTS AND DISCUSSION 


The values obtained for percent binding to whole human serum and 
the several serum proteins for the five derivatives studied are listed in 
Tables I and 11. Weakest binding was found with phenol and the latter 
was bound primarily to albumin. Although phenol was bound to the other 
serum proteins, the extent was <lo% except for a-globulin IV-4. The 
addition of alkyl groups or halogens to the phenol molecule has been 
found to increase the latter’s germicidal activity (9). It would appear from 
the results in Tables I and I1 that alkylation and/or halogenation of 
phenol also increases the latter’s binding affinity for serum proteins. The 
addition of a tertiary amyl group to phenol increased percent binding of 
phenol almost twofold (Table I) for albumin and whole human serum and 


2 Nutritional Biochemicals Division of ICN Life Sciences Group. 
3 Difco Laboratories (desiccated TC human serum). 
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Table 11-Binding of [2,4-*4C]Dichlorophenol, [2,4,6-14C]Trichlorophenol, and [14C]-p-Chloro-m-Xylenol to Human Serum Proteins 8 


Serum Proteins Ligands Percent Bound 
Concentration, 2.4-Dichloro- ~-Chloro-m- 


Fraction mglml phenol 2,4,6-Trichlorophenol xylenol 


Albumin 
a-Globulin IV-1 
a-Globulin IV-4 
0-Globulin 111 
y-Globulin I1 
Human serum 


40.0 
1.0 
5.0 
7.0 


11.0 - 


87.7 (0.45) 
17.3 (0.30) 
57.5 (0.28) 
20.5 (0.53) 
8.0 (0.51) 


94.6 (0.40) 


94.1 (0.36) 


55.2 (0.93) 
8.09 (0.139) 


6.4 io.55j 
95.8 (0.15) 


85.2 (2.32) 
23.8 (0.20) 
10.9 (0.88) 
23.8 (2.57) 
14.9 (1.12) 
89.8 (2.99) 


a Each system contained a total of 1.56 X mole of [2,4-i4C~ichlorophenol, or 2.21 X mole of [2,4,6-i4C]trichlorophenol or 2.04 X mole of [“C]p-chloro- 
rn-xylenol. b The values in parentheses are standard deviations. 


Table 111-Binding Parameters a (Albumin) of Phenol, 2,4-Dichlorophenol, 2,4,6-TrichlorophenoI, and p-tert-Amylphenol 


ata obtained using equilibium dialysis method. 


Percent 
Ligand Binding KiC nl  K2 n2 


Phenol 48.7 
2,4-Dichlorophenol 87.7 
p- tert- Amylphenol 89.1 
2,4,6-Trichlorophenol 94.1 


67,200,000 
1,010,000 


64,600 
30,200.000 


0.0487 
0.1930 
0.3670 
0.2940 


16,020 
71,900 
21,500 


1.470.000 


0.186 
0.345 
0.714 
0.323 


~ ~~ 


Data obtained by dynamic dialysis method. * Initial number of moles added to each system: phenol, 1.03 X p-tert-amylphenol, 9 x 10-7; 2,4-dichlorophenol, 
9.2 X 2,4,6-trichlorophenoI, 9.95 X lo+. Dynamic dialysis method was used to obtain data. C Liters per mole. 


Table IV-Ranking of Phenol Derivatives a in Order of Percent 
Binding to Various Serum Proteins 


Serum Protein 
~ ~~ 


Ranking by Percent Binding 
~~ 


Whole human serum 111 > IV > I1 > v > I 
Human serum albumin I11 > IV > I1 > v > I 
a-Globulin IV-1 IV > v > I1 > I11 > I 
a-Globulin IV-4 I1 > I11 > IV > I > v 
&Globulin 111 IV > v > I1 > 111 > I 
?-Globulin I1 v > IV > I > I1 > 111 
Ranking on basis of molecular weight 111 > IV > 11 > V > I 


Phenol derivatives above are: phenol, I; 2,4-dichlorophenol, 11; 2,4,6-trichlo- 
rophenol, 111; p-terf-amylphenol, IV; and p-chloro-rn-xylenol, V. 


also substantially for the other serum proteins. Again, the serum protein 
showing the highest percent binding was albumin, and a-globulin IV-4 
also exhibited substantial binding (46.5%). 


Halogenation of phenol also caused a great increase in binding with 
whole serum and the serum proteins. 2,4,6-TrichlorophenoI was found 
to be bound to a higher percent to whole serum and albumin than 2,4- 
dichlorophenol (p < 0.05), but binding to the other serum proteins did 
not show a similar pattern. The derivative that was both a halogenated 
and alkylated derivative of phenol, p-chloro-m-xylenol, exhibited a higher 
percent binding to whole serum and most of the serum proteins than 
phenol itself, but not higher than the two halogenated derivatives for 
albumin and human serum. 


The Scatchard plot for p-tert-arnylphenol and albumin is shown in 
Fig. 1. Data for Scatchard plots were limited, in this study, to albumin 
as the protein, because all of the derivatives showed the highest percent 
binding to albumin. The plots for phenol, 2,4-dichlorophenol, and 
2,4,6-trichloropheno1 were similar, differing only in values for the axes. 
I t  can be seen that the curve is not a straight line as would be expected 
for a single binding system. It appears that the curve has two distinct 
segments indicative of two binding systems. The binding parameters 
calculated are given in Table HI4. The two derivatives exhibiting the 
highest percent binding to whole serum and albumin, did not yield the 
largest K1 association constants. Phenol itself had the highest calculated 
association constant (K1) and p-tert-amylphenol’s constant ( K , )  was 
the lowest of all. All of the n values, the number of binding sites, were 
fractional. Values for n <1 have been reported in other studies (10-12) 
and present difficulties in interpretation in terms of a physical model. 


The ranking by percent binding of the several phenol derivatives to 
the protein fractions studied is illustrated in Table IV. The only obvious 
pattern is that ranking of the phenols with respect to binding to albumin 
or whole human serum is exactly the same as ranking by molecular weight. 
No clearcut pattern is apparent for the other proteins. Hansch (13-15), 
in his studies of the relationships between structure and biological ac- 


~ ~~ 


It was not possible to obtain binding parameters for p-chloro-m-xylenol because 
a sufficient quantity of the labeled compound was not available. 


tivity, found correlation of the latter with partition coefficients expressed 
as the constant, A. An additional constant, u, was developed by Hammett 
(16) to express the electronic activity of the substituents on an organic 
molecule. Thus, A is an expression of the degree of lipophilicity of a 
compound and u is the electronic (polar) nature of a compound. The 
Hansch equation attempts to take into account the contribution of both 
lipophilic and electronic properties of a compound with respect to its 
biological activity. The latter is usually represented as the log of the re- 
ciprocal of the measure of biological activity. 


The A and u values for the phenol derivatives were determined, either 
from literature values reported (15) or calculated on the basis of the sum 
of the values of substituent groups (14-17). The log of the reciprocal of 
percent binding to each protein was analyzed by regression analysis with 
the A and u values to search for possible correlations. The results obtained 
are listed in Table V. For those values ( A  or u values and log of l/percent 
bound) yielding a correlation coefficient of a t  least 0.900 (p 5 0.05), 
correlation coefficients are listed. A direct relationship with A values 
would indicate that the percent binding increased with an increase in 
lipophilic properties. Significant correlation with u values would suggest 
increased binding with more polar properties if the relationship was direct 


‘O 
Ob? 


- “-1 X 0 


V 


0, 


1 . 0 4  


0.9 1 
0 . i 2  0. i5 0.18 0.21 0.24 0.27 


NUBAR 
Figure 1-Scatchard plot of data for binding of p-tert-amylphenol to 
human serum albumin, determined by dynamic dialysis. A total of 9.3 
X moles of p-tert-amylphenol were added a t  the beginning of the 
run and albumin concentration in the bag (5 ml volume) was 5.797 X 


M (40 mglml). Nubar is equal to total bound moles of ligand di- 
vided by moles of albumin in the system and Dr is the molar concen- 
tration of unbound ligand. 
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Table V-Relationships Between Percent  Binding of Phenol Derivatives to Various Se rum Proteins and r o r  u Values o r  Molecular 
Weights of Phenol Derivatives 


~ ~~ 


Phenol Relationship* 
Derivative“ ae U Molecular 


Groups Serum Protein Values Values Weight 


I-v Albumin Direct - Direct 
(0.963) (0.964) 


11-v a-Globulin IV-1 - Inverse - 


P-Globulin I11 - Inverse - 


(0.98) (0.979) (0.98) 


(-0.964) 


(-0.954) 
1-111 Albumin Direct Direct Direct 


a-Globulin IV-4 Direct Direct Direct 
(0.924) (0.920) (0.924) 


I, IV, v Albumin Direct - Direct 


a-Globulin IV-1 Direct - Direct 


b-Globulin I11 Direct - Direct 
(0.998) (0.966) 


y-Globulin I1 Direct 
(0.931) 


K Values for I-V, respectively, were 1.46,3.0,3.69,3.27, and 3.59. u Values, respectively, were -0.36,0.10,0.33, -0.47, and 0.85. 


(0.979) ( 1 .O) 


(.997) (1.0) 


(I Phenol derivatives above are: I, phenol; 11, 2,4-dichlorophenol; 111, 2,4,6-trichlorophenol, IV, p-chloro-m-xylenol; V. p-tert-amylphenol. b Figures in parentheses 
are coefficients of correlation. 


and the reverse, if inverse. For the entire group of five phenol derivatives, 
correlation was direct with increasing molecular weight (as pointed out 
previously) and with increasing a values. The relationship with u values 
was not statistically significant. 


I t  would appear that for the entire group of five derivatives, the more 
lipophilic the molecule, the higher the binding to albumin. Other sta- 
tistically significant relationships were found when the phenol derivatives 
were divided into other’groups. Namely, either the halogenated phenols 
plus phenol or the alkylated phenols (includingp-chloro-m-xylenol) and 
phenol. The data in Table V also suggest something about the hydro- 
philic-hydrophobic properties of several of the proteins. Albumin appears 
to have both hydrophobic and polar binding sites in that there was a di- 
rect relationship between binding and a values and also with u values 
for the more polar derivatives (Group 3). On the other hand, a-globulin 
IV-1 had a direct relationship with T values and an inverse relationship 
with u values for the more polar derivatives (Group 2.) suggesting capa- 
bility for a polar binding primarily. Like albumin, a-globulin IV-4 appears 
to have both nonpolar and polar binding sites as indicated by the direct 
relationship with both a and u values for the more polar derivatives. 


In one form of the Hansch equation (17): 


log 1/C = a a  + bu + c (Eq. 1) 


where C represents the measure of biological activity. The values a ,  b ,  
and c are constants characteristic of the system, while a is the Hansch 
constant and u is the Hammett constant. It was possible to fit this 
equation with statistical significance ( p  = 0.05) only in the cases of 
binding of the five phenols to either albumin or human serum. The con- 
stants obtained were: 


For albumin: 


log l/percent binding = - 0 . 1 3 ~  + 0.016u - 1.51 (Eq. 2) 


For human serum: 


log l/percent binding = - 0 . 1 2 ~  + 0 .0091~  - 1.56 (Eq. 3) 


In studies of the toxicity of phenol derivatives to two microorganisms (18) 
the Hansch equations calculated suggested that the u value was of little 
consequence. This would also appear to be true in the equations de- 
scribing the binding of the phenol derivatives to either albumin or human 
serum in that the coefficient for the u term is relatively small. 


In conclusion, it would appear from the data obtained that for the 
derivatives of phenol studied, serum protein binding is significant, 
especially to whole human serum and albumin and that binding is related 
to molecular weight and Hansch T values. Binding to albumin apparently 


involves primarily hydrophobic bonds rather than polar bonding. This 
conclusion would be consistent, with the findings of Teresi (19) that 
treatment of bovine serum albumin to remove epsilon-amino positive 
charges had little effect on binding of 2,4-dichlorophenolate (pH 7.6). 
In addition, Scholtan (20) concluded that nonspecific hydrophobic 
binding to human serum albumin is the major mechanism for a wide 
variety of organic molecules. 
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Abstract  0 High-performance liquid chromatography (HPLC) in the 
reversed-phase mode was used for the purity analysis of three pteroyl- 
glutamic acid-type reference substances (folic acid, leucovorin calcium, 
and methotrexate). The influence of the pH of the mobile phase on the 
separation of an artificial mixture of six pteroylglutamic acid derivatives 
and three potential impurities was studied. Results of purity analysis of 
current lots of USP reference standards are reported. A better separation 
of methotrexate from its major impurities was achieved by using a 
standard buffer, rather than an ion-pairing mobile phase. A separation 
of methotrexate and its biologically inactive 7-isomer is reported. 


Keyphrases 0 Pteroylglutamate-purity profiles, reference substances, 
high-performance liquid chromatography, methotrexate 0 High-per- 
formance liquid chromatography-pteroylglutamate, purity profiles, 
reference substances, methotrexate 0 Methotrexate-pteroylglutamate, 
purity profiles, reference substances, high-performance liquid chroma- 
tography 


Three USP drug substances, available as USP reference 
standards, belong to the class of pteroylglutamic acid de- 
rivatives: folic acid (I), methotrexate (II), and leucovorin 
calcium (111) (authentic substance as calcium formyltet- 
rahydrofolate). This class of compounds exhibits high 
hydrolytic and oxidative reactivity. High-performance 
liquid chromatography (HPLC) has proved to be the 
method of choice for purity analysis in this laboratory 
because of similarities of structure within this series. Ad- 
ditional purity profile data were gained from 5 to 8 col- 
lateral determinations, but are not reported here as these 
results are independent of chromatographic purity. 


Almost all the HPLC techniques have been used for the 
separation and analysis of this class of compounds. 
Anion-exchange columns were used first in 1973 for the 
separation of folic acid from a mixture of water-soluble 
vitamins (1) and then for the separation of folic acid and 
its reduced and N5- and NlO-substituted derivatives (2). 
Anion-exchange chromatography alone, or coupled with 
an amine column operated in the reversed-phase mode, has 
also been used for the analysis and quantitative determi- 
nation of methotrexate (3). 


An extensive study (4) resulted in the development of 


a reversed-phase HPLC assay and purity analysis method 
for folic acid. The assay was made the object of a collabo- 
rative study (5), and it has been adopted into the folic acid 
monograph in the USP (6). 


For the reversed-phase chromatographic analysis of 
methotrexate, mixtures of methanol or acetonitrile with 
the following buffers have been suggested as mobile phases: 
pH 3.5, 0.005 M ammonium formate (7); pH 5, 0.005 M 
ammonium acetate (7); pH 6.7,O.l M KH2P04 (8); pH 6.8, 
2-amino-2-hydroxymethyl- 1,3-propanediol (tris) (9); pH 
7.2, 0.05 M KH2P04’; pH 6, 0.1 M citric acid-0.2 M 
Na2HP042. The latter is used in the assay of methotrexate 
in USP XX-NF XV (10). Mobile phases consisting of pH 
5 phosphate buffer-acetonitrile (9 )  and pH 4 citrate buf- 
fer-dioxane (1 1) were recommended for the analysis and 
assay of leucovorin calcium. The effect of pH on the re- 
tention behavior of pteroyloligo-glutamates in reversed- 
phase HPLC has also been reported (12). 


A third technique, ion-pair chromatography, separated 
21 UV-absorbing impurities in a clinical sample of meth- 
otrexate (13) and has also been utilized in the separation 
of folic acid and its dihydro- and tetrahydro derivatives 
(14). 


The object of this investigation was to study the influ- 
ence of the pH of the mobile phase on the chromatographic 
separation of some pteryolglutamic acid derivatives and 
to determine optimum conditions for the purity analysis 
of the USP reference standards by HPLC. 


EXPERIMENTAL 


Apparatus-An isocratic high-performance liquid chromatograph:’ 
with a 254-nm detector and a gradient chromatograph4 equipped with 
a variable wavelength UV detector5 were used. The instruments were 


United States Pharmacopeia, Drug Research and Testing Laboratory, un- 


Lederle Laboratories, private communication. 
Altex Model 110, Altex Scientific Inc., Berkeley, Calif. 
Model 3500B, SpectraPhysics, Santa Clara, Calif. 


published research. 


5 Model 770 Spectrophotometric detector, SpectraPhysics, Santa Clara. 
Calif. 
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Table I-Chromatographic Separation of Some Pteroylglutamic Acid Derivatives and  Potential Contaminants 
~ ~ ~~~~ 


3.0-Methanol 4.0-Methanol 5.0-Methanol 6.0-Methanol 7.0-Methanol 7.5-Methanol 
Mobile Phasea (100:18) (100:14) ( 100  14) (100:13) (100:15) (100:13) 


ml/min 2.0 2.2 2.0 1.8 2.0 1.8 
Flow Rate, 


tR:i? tR:i t tR,i, tR,i 9 tr,i t t R ? ,  
Compound min ailb min a11 min a11 min a11 min a11 min a11 


1.06 0.12 1.1 0.12 1.15 0.12 IX 


1.55 0.17 
VIII 
Leucovorin (111) 4.4 0.46 3.0 0.31 2.0 0.21 1.57 0.17 1.45 0.16 


Aminopterin (V) 5.9 0.61 5.1 0.53 4.0 0.41 3.45 0.38 3.1 0.34 3.45 0.37 
3.25 0.36 3.05 0.33 Methopterin (VI) 12.2 1.27 9.55 1 5.85 0.61 3.65 0.40 


7-Methotrexate (IV) 10.3 1.03 9.9 1.03 8.8 0.91 8.1 0.88 8.15 0.90 8.25 0.88 


VII 15.7 1.64 25.2 2.64 26.8 2.78 19.0 2.07 14.35 1.59 13.35 1.43 


retention time; air = tR . iER. i i .  


1.2 0.12 
- 


1.5 0.16 1.25 0.13 
- - 0.9 0.09 1.0 0.10 - - - - - 


Folic acid (I) 7.9 0.82 6.0 0.63 3.45 0.36 2.1 0.23 1.8 0.20 1.8 0.19 


Methotrexate (11) 9.6 1 9.55 1 9.65 1 9.17 1 9.05 1 9.35 1 


0 0.05 M,KH2P04 brou h t  to either pH 3.0 or 4.0 with 85% H3P04 and to pH 5.0,6.0,7.0,7.2, and 7.5 with 1 N NaOH (Buffers pH 3-7.5, respectively). t ~ , ~  = individual 


fitted with a recorder6 and an electronic integrator”. Stainless steel col- 
umns containing reversed-phase packing materials were operated at  room 
temperature. The samples were introduced by means of a loop injectorg 
with a fixed volume of 10 or 20 pl. A digital pH meterlo was used to 
measure the pH value of the buffers. 


Samples, Reagents, and  Solvents-Three methotrexate samples (a 
candidate lot for USP reference standard referred to as Lot A and two 
old lots kept at room temperature, referred to as Lots B and C), USP folic 
acid reference standard Lot J, and USP leucovorin calcium reference 
standard Lot F were analyzed for chromatographic purity. The following 


Position 
side chain RI R2 R.1 


I: 6 OH H L-G~u  
11: 6 NH2 CH3 L-G~u  


IV: I NH2 CH3 L-Glu 
V: 6 NHz H L-G~u  


VI: 6 OH CH3 L-Glu 
VII: 6 NH2 CH3 OH 


OH THO 


I11 


OH 
I 


IX VIII 


L-G~u = -NH-CH--CHa--CHa-COOH (L-form) I 
COOH 


fi Linear model 261, Linear Instruments Corp., Irvine, Calif. 


8250 X 4.0-mm RP-18, Chromanetics, Baltimore, Md.; (b) 300 X 3.9-mm 
p-Bondapak C-18, Waters Associates, Milford, Mass.; (c) 250 X 4.6-mm Zorbax 
ODS, DuPont, Wilmington, Del.; (d) 250 X 4.6-mm Partisil-10 ODS Whatman, Inc., 
Clifton, N.J. 


Altex 210, Altex Scientific Inc., Berkeley, Calif. or Valco sample injector 
CV-6-UHPa-NGO. 


System I Computing Integrator, SpectraPhysics, Santa Clara, Calif. 


10 Model 701A, Orion Research Inc., Cambridge, Mass. 


materials were used as received: 7-methotrexate (IV)”, aminopterin 
(V)12, methopterin (V1)l3, 4-amino-4-deoxy-N10-methylpteroic acid 
(V11)l2, N - ( p  -aminobenzoyl)-L-glutamic acid (VI1I)l3, 2-amino-4-hy- 
droxypteridine-6-carboxylic acid (IX)13. Solvents were chromatographic 
grade. Tetrabutylammonium bromide and the materials used in the 
preparation of the buffers were reagent grade. 


Mobile Phases-Premixed, degassed solvents were used. The fol- 
lowing buffers were used as the aqueous component of the mobile phase: 


L I 1 


3.0 4.0 5.0 6.0 7.0 7 .5  
PH 


Figure 1-Order of  elution and separation as a function of the mobile 
phase pH.  Key: (X) VII; (+) methopterin; (e) 7-methotrenate; (0) folic 
acid; (0) arninopterin; (M) leucovorin; (*) VIII.  


11 Received on a complimentary basis from the Oncological Institute, Bucharest, 


12 Lederle Laboratories Division, American Cyanamid Company, Pearl River, 
Romania. 


N.Y. 
Sigma Chemical Company, St. Louis, Mo. 
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Table 11-Purity Analysis of Methotrexate a 


Lot A, 4 mdml Lot B, 4 mg/ml 


Ion-Pairing Mobile Phaseb Standard BufferC Ion-Pairing Mobile Phaseb Standard Bufferd 


Peak No. tR,min Yoc PeakNo. tR,min % p  PeakNo. tR,min 70' PeakNo. tR,min %' 


1 A X  n.ni 1 2.6 0. I 1 3.9 0.03 1 2.3 0.09 - _ _  - _  .~ 


2 5.1 0.03 3 4.7 0.45 2 4.5 0.09 2 2.5 0.10 
3 5.8 0.08 3n 5.1 0.20 3 4.8 0.09 3 3.1 0.37 
4 6.6 0.15 4 6.7 0.02 4 5.5 0.22 4f 4.1 6.18 
5 f  7.1 0.72 5 7.1 0.01 5f 6.7 7.67 5R 5.9 0.16 
I1 9.0 98.53 6 8.2 0.03 I1 8.6 90.16l 6 6.8 0.11 


11.2 0.10 I1 9.7 98.84 6 9.8 0.38 I1 8.0 90.64 6 
7 13.7 0.04 7 12.9 0.03 7 12.9 0.02 7 9.5 0.03 
8 14.7 0.02 8 13.5 0.05 8 13.3 0.01 8 11.1 0.06 
9 15.1 0.02 9 20.1 0.04 9 14.4 0.22 9 15.6 0.53 . .~ 


21.0 0.05 10 17.9 0.07 10" 18.9 1.44 ;% 23.5 0.26 11 21.3 0.04 11 35.8 0.3 (est) 
10 18.4 0.30 


12 25.6 0.07 
13 29.2 0.93 


Instrument-Spectraphysics 3500B, column-1-Bondapak C-18 300 X :3.9 mm, detector 302 nm-0.1 aufs. 0.005 M Tetrabutylammonium bromide in pH 7.5  0.05 
M KHZP04-acetonitrile (82:18), flow rate 0.8 ml/min. ' Buffer A-acetonitrile ( IOl) ,  flow rate 1 ml/min. d Buffer A-acetonitrile (10:1), flow rate 1.2 ml/min. e By area 
normalization. f Eluted at  the same retention time as an authentic sample of methopterin. p Eluted at  the same retention time as an authentic sample of aminopterin. 


pH 6.0, 0.1 M citric acid-0.2 M Na2HP04 (37:63, Buffer A); 0.05 M and the separation has been studied over a pH range limited by the sta- 
KHzP04 brought to either pH 3.0 or 4.0 with 85% H3P04 and to pH 5.0, bility of the packing material (3.0-7.5). Buffers of 0.05 M KH2P04 were 
6.0, 7.0, 7.2, and 7.5 with 1 N NaOH (Buffers P-3-P-7.5, respectively); prepared in this range in increments of whole pH units, and the amount 
and pH 7.2,0.05 M KHxP04-0.25 M NaC104 (Buffer B). of methanol in the mobile phase was adjusted to keep the retention time 


As an ion-pairing mobile phase a 0.005 M solution of tetrabutylam- of the methotrexate peak between 9 and 10 min at  a flow rate of 2 f 0.2 
monium bromide in pH 7.5,0.05 M KH2P04 buffer was used. ml/min. 


Sample Solutions-Mixtures of 0.254 mg of compound/ml of mobile No attempts were made to obtain baseline separation of all nine 
phase were sonicated for 15-20 min and filtered through a 5-pm mem- compounds, since their simultaneous presence in any one specimen is 
brane filter prior to inje~t ion '~.  Fresh solutions were prepared daily. unlikely. The results are presented in Table I and Fig. 1. 


A few aspects of the strong influence of the pH value of the buffer on 
the separation and order of elution of the peaks can be outlined as fol- 


Eluted at  the same retention time as an authentic sample of 4-amino-4-deoxy-N'a-methylpteroic acid. 1 Poorly resolved from Peak 5. 


RESULTS AND DISCUSSION 


Analysis-In Table I and Fig. 1 the results are presented both as ab- 
solute values of the retention times (obtained from chromatograms of 
individual compounds) and as their ratios to the retention time of 
methotrexate ((~11). The quantitative data were calculated by area nor- 
malization. Unless otherwise mentioned, all the analyses were run in 
duplicate. 


Influence of Buffer pH-Only a few of the impurities typical of 
commercial production of compounds in this class have been identified. 
To gain information on the influence of buffer pH on the chromato- 
graphic behavior, a synthetic mixture of Compounds I-IX was prepared 


1 


I 


0 3 6 9 1 2 1 5  0 3 6  9 1 2  
MINUTES MINUTES 


Figure 2-High-pressure liquid chromatograms of a synthetic mixture. 
Key: (A) mobile phase pH 3.0; (B) mobile phase pH 7.5; peak identity: 
(1) VIII; (2) leucouorin; (3) aminopterin; (4) folic acid; (5) 7-metho- 
trexate; (6) methotrexate; (7) methopterin; (8) VII. 


14 Fluoropore membrane filter, Millipore Corp., Bedford, Mass. 


lows: 
1. The (YII values for methopterin, aminopterin, folic acid, and 


leucovorin calcium increase with the decrease of pH value of the buffer. 
The most pH-sensitive is the methopterin peak. At pH 7.5 it elutes before 
the aminopterin peak; a t  pH 7.0 this order is reversed; a t  pH 4.0 it over- 
laps the methotrexate peak; and at  pH 3.0 it is eluted after both metho- 
trexate isomers. 


2. At pH 3.0, methotrexate elutes before the 7-isomer; a t  pH 4.0 the 
two peaks overlap and the order of elution is reversed at  all pH values 
above 4.0. 


3. A reversal in the elution order of the folic acid and aminopterin 
peaks takes place at  a pH value between 4.0 and 5.0. 


4. The retention time of Compound VII reaches a maximum at pH 5.0. 
For practical reasons (long analysis time) it is probably better to avoid 
the use of this pH value in the analysis of mixtures containing VII. 


The change in the order of elution is illustrated by the chromatograms 
a t  pH 3.0 and 7.5 (Fig. 2). 


It is apparent that in this class of compounds the pH value of the buffer 
is the most powerful parameter in adjusting the separation of any given 
combination of components in a mixture, with optimization of a particular 
separation making use of other capabilities of HPLC such as selection 
of a percentage of the organic solvent or gradient elution. 


Puri ty  Analysis-Folic Acid-Using Buffer B and UV detection at 
254 nm, the chromatographic purity of the current lot of USP folk acid 
RS (J) was found to be 99.8%. Four minor impurities were separated 
(three before the main peak, one after), none of them at  the locus of 
formyltetrahydrofolate, which as calcium salt is used as an internal 
standard in the USP assay of folic acid. 


Leucouorin Calcium-A 2-year-old sample was recently reanalyzed 
using two mobile phases. With Buffer B-methanol mixtures a 95.6% 
chromatographic purity was obtained, eight impurities being separated 
before the main peak and one after it. 


Using a mobile phase recommended in the literature, pH 5.0,0.05 M 
KHnPO4-acetonitrile (95:5) (9), a chromatographic purity of 95.8% was 
obtained (average of seven injections, 10 impurities separated). 


Methotrexate-From the data in Table I, it appears that the best 
separation of methotrexate from closely related compounds takes place 
in the pH range of 6.0-7.5. A comparison between the pH 6.0 citrate buffer 
and the pH 7.5 phosphate buffer in the purity analysis of a 2-year-old 
sample (C) shows that the same number of impurities (13) was separated. 
Quantitation by area normalization indicated a chromatographic purity 
of 92.7% with either pH 6.0 or 7.5 mobile phases. 
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To compare the pH 6.0 citrate buffer and the ion-pairing mobile 
phases, two methotre'xate samples (A and B) were analyzed for chro- 
matographic purity by the two procedures. The results are shown in Table 
11. The two methods separate the same number of major impurities, but 
there are significant advantages for the citrate buffer method: 


1. The resolution between the peaks corresponding to methotrexate 
and methopterin (the major degradation product) is considerably larger 
using the citrate buffer. The average ratio of the retention times of the 
two peaks is 2.1 for the citrate buffer method and 1.3 for the ion-pair 
method. As a result, the resolution of the two peaks by the ion-pair 
method is acceptable a t  rather low concentrations of methopterin (V) 
(Sample A, <I%), hut the peaks overlap at a 6% concentration (Sample 
B) (Fig. 3A). In Reference 13, although the methotrexate peak has a re- 
tention time of >40 min, V still elutes as a shoulder on the main peak. The 
better separation of the two peaks by the citrate buffer method is illus- 
trated in the chromatogram of Sample B (Fig. 3). 


2. Another potential impurity in methotrexate is 4-amino-4-deoxy- 
A""-methylpteroic acid (VII). Again, the citrate buffer provided better 
separation. In the reported ion-pair chromatography13, VII is well sep- 
arated from methotrexate (tR,VII = 18 min, tR,II > 40 rnin). However, in 


conditions that, for practical purposes, bring the retention time of the 
methotrexate peak <10 min, the two peaks overlap (tR.vlI = 8.4 min; tR,II 
= 8.5-8.6 rnin), and VII could not be identified by spiking a methotrexate 
sample. Using the citrate buffer mobile phase, with the methotrexate 
peak eluting between 8 and 10 min, the retention time of VII was -20 
min. 


3. The ion-pairing procedure did not separate methotrexate and its 
7-isomer. Without giving baseline resolution, the citrate buffer method 
allowed the detection of 0.2% of the 7-isomer in a spiked sample of 
methotrexate. 


The ion-pairing method proved to be an excellent tool for biochemical 
studies on methotrexate and its metabolites, but from the previously 
mentioned considerations it may be concluded that standard buffers 
should be used as mobile phases for the purity analysis of metho- 
trexate. 


The chromatogram of the candidate lot for USP methotrexate refer- 
ence standard is presented in Fig. 4. Additional chromatograms with 
mobile phases containing 5-20% acetonitrile ascertained the absence of 
late-eluting peaks or of potential impurities overlapping the main peak 
in Fig. 4. The chromatographic purity by area normalization with UV 
detection a t  302 nm was 98.8%. 


Separation of the 6- and 7-Isomers of Methotrexate-The for- 
mation of 6- and 7-pteridyl isomers in the reaction between 4,5-diami- 
nopyrimidines and polyfunctional 3-carbon compounds is well known 
(15,16). Isomerically pure 6- and 7-methotrexate have been synthesized 
and it was found that the position of the side chain is mainly a function 
of the pH of the reaction mixture in the pteridine ring closing step and 
that 7-methotrexate is biologically inactive (17). The two isomers have 
similar physical chemical characteristics, differing significantly only in 
the NMR spectra. By TLC or paper chromatography they could be sep- 
arated only after a preliminary hydrolysis and oxidation to the 2-hy- 
droxy-pteridine-6-carboxylic acid and 2-hydroxy-pteridine-7-carboxy- 
lic acid (17). 


6 
7 1  


0 . 0 2  AU (Ill 
0 9 18 24 


MINUTES 


Figure 4-High-pressure liquid chromatogram of a candidate lot for 
CJSPmethotrexate reference standard. Mobile phase-Buffer A: aceto- 
nitrile 10t1, flow rate 1 mllmin. Key: ( X )  attenuation 32. 


0 9 18 27 
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Figure 5-HPLC separation of t h e  6- and 7-isomers of  methotrexate. 
Mobile phase-Bu f fer  P-?-CH3OH; initial 100:5; final 100:12.5; sweep 
t ime  15 min, flow rate 2 mllmin. Sample 0.25 mg eachlml. 
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Reversed-phase HPLC has been used for the separation of 6- and 7- 


A nearly baseline separation of 6- and 7-methotrexate ( R  = 1.4) was 
methyl- (and-methanol-)2,4-diaminopteridines (9). 


obtained using a gradient elution system illustrated in Fig. 5. 
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Abstract  Vindoline occurs structurally intact in the clinically im- 
portant Vinca alkaloids vinblastine and vincristine. It is oxidized by 
human ceruloplasmin and fungal and plant laccases into a reactive in- 
termediate which undergoes intramolecular cyclization to an enamine 
which ultimately dimerizes. Transformations of vindoline by these copper 
oxidases are enhanced when enzyme incubations are performed with 
cofactors such as chlorpromazine. The role of copper oxidases in alkaloid 
metabolic interconversions and the possible implications of these reac- 
tions in Vinca alkaloid toxicity are discussed. 


Keyphrases 0 Vindoline-microbial transformations, natural antitumor 
agents, conversions with copper oxidase, Vinca alkaloids 0 Alkaloids, 
Vinca-vindoline, microbial transformations, natural antitumor agents, 
conversions with copper oxidase 0 Antitumor agents-vindoline, mi- 
crobial transformations, natural antitumor agents, conversions with 
copper oxidase, Vinca alkaloids 


~~ 


Vincristine (11) and vinblastine (I) are widely used di- 
meric antitumor alkaloids obtained from species of Ca- 
tharanthus rosea. These compounds differ structurally 
only in the oxidation state of one carbon atom which is 
attached to the dihydroindole nitrogen atom of the Aspi- 
dosperma portion of the molecule. Studies concerned with 
the metabolism of I and I1 are intended to reveal pathways 
of metabolic transformations which might ultimately be 
implicated in mechanismb) of action and/or the toxicities 
associated with their use. Several attempts have been made 
to date (1-5) to study the metabolism of Vinca alkaloids, 
but no metabolites of these compounds have been isolated 
and fully identified. Low amounts of metabolites pro- 
duced, very low doses of compounds employed, high mo- 


lecular weights, and structural complexities probably 
rendered the identification of presumed metabolites dif- 
ficult in previous studies. 


Copper oxidases are widely occurring enzymes found in 
mammals, plants, and microorganisms. Enzymes from 
these different sources possess different physical charac- 
teristics including molecular weight, the number and ox- 
idation states of copper, and the nature of copper ligands 
at presumed active sites (6,”). Recognized similarities also 
exist among these enzymes, and direct comparisons be- 
tween the catalytic capabilities of ceruloplasmin and lac- 
cases have been made previously (8, 9). The enzymes 
achieve the oxidation of substrates by the direct removal 
of substrate electrons and protons with the subsequent 
transfer of electrons to molecular oxygen oia copper (6,7, 
10 , l l ) .  True substrates interact directly with copper oxi- 
dase enzymes to yield products, while pseudosubstrates 
require substances capable of interfacing between them 
and the enzyme during oxidations (6). The requirement 
for such cofactors has been noted primarily in work with 
ceruloplasmin in the oxidation of xenobiotics such as ar- 
ylamines, phenols, and some centrally acting drugs and 
their analogs (6). 


It was discovered that vindoline, a dihydroindole 
monomer found in the structure of I undergoes oxidation 
in the presence of copper oxidase enzymes including 
human ceruloplasmin, fungal, and plant laccases. This 
report describes the types of chemical transformations of 
vindoline catalyzed by the copper oxidases which result 
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Abstract 0 The friability and dissolution of a formulation of compressed 
tablets were studied by varying the granulation moisture and tablet 
crushing strength. A general quadratic response surface model was used 
to analyze the data. The response surface contour plots of tablet friability 
consisted of a series of ellipsoidal curves. The optimum friability corre- 
sponding to a granulation moisture content and a tablet crushing strength 
was a simple minimum. The in uitro dissolution contour plots showed 
a stationary ridge system. Along the ridge, a large number of combinations 
of tablet crushing strength and granulation moisture represented 100% 
drug dissolution. The contour overlays of friability and dissolution con- 
tour plots showed a region where both the friability and dissolution re- 
quirement could be met. The analysis of the data by means of multiple 
linear regression was helpful in understanding the role of granulation 
moisture and tablet crushing strength on tablet friability and in uitro 
dissolution. 


Keyphrases 0 Dissolution--in uitro, effect of moisture and crushing 
strength, tablet friability Crushing strength-effect on tablet friability 
and in uitro dissolution Friability-tablets, effect of moisture and 
crushing strength 


~ ~~~~ 


Previous studies (1-3) from these laboratories discussed 
the interrelationships between moisture, crushing 
strength, and in uitro drug dissolution in compressed 
tablets. Another physical parameter of importance to the 
tablet formulators, especially in coating and packaging 
operations, is friability of compressed tablets. The fria- 
bilator’ (4) provides falling as well as frictional abrasion 
to the tablet sample and is used to measure the resistance 
to abrasion or attrition of tablets. The loss of weight is 
measured after a fixed number of revolutions of a drum 
rotating at a controlled rate. In the development of tablet 
dosage forms, formulation factors are generally checked 
to reduce comparative loss in friability testing. Two types 
of friabilator1,2 apparatuses were compared (5) using 10 
tablet formulations differing in method of granulation or 


1 Roche type friabilator A. 
Erweka Friability Apparatus B. 


choice of binder. In all instances the percentage of weight 
loss was higher with friabilator Al, the differences ranging 
from 6.2 to 39.796, depending upon the formulation. After 
25 years of use, it was concluded (6) that the weight loss of 
not more than 0.8% by friabilator A was valid for the con- 
trol of most pharmaceutical tablets. 


Although friability is generally considered important 
in the development of tablet formulations, factors affecting 
friability have not been fully explored. The present report 
describes a study of the interdependence of tablet friability 
and in uitro drug dissolution on granulation moisture 
content and tablet crushing strength. The data were ana- 
lyzed using a general quadratic response surface model and 
the analysis suggested that rational specifications on the 
in-process variables such as the granulation moisture and 
initial tablet hardness could ensure proper control of the 
tablet friability and in uitro dissolution. 


EXPERIMENTAL 


Materials-The drug, ticlopidine hydrochloride3, 5-(o-chloroben- 
zyl)-4,5,6,7-tetrahydrothieno-[3,2-c]pyridine hydrochloride was a t  least 
99.0% pure. The excipients used were microcrystalline cellulose4 NF, 
povidone5 USP, citric acid6 USP, stearic acid powder7 NF, corn starch8 
NF, and lactoseg USP. 


Granulation-The formulation used in this study contained 64.1% 
drug, 22.4% microcrystalline cellulose, 10% starch, 1% citric acid, 2% 
povidone, and 0.5% stearic acid. The drug and microcrystalline cellulose 
were mixed together in a small planetary mixer for 10 min. Povidone and 
citric acid were dissolved in water and the powder mixture was granulated 
with the binder solution. The wet granulation was mixed for 10 min and 
passed through a 1.4-mm aperture and dried in a forced-air oven a t  60° 


3 Sanofi Research Co. Inc. New York, NY 10019. 
Avicel pH 101, FMC Corp., Philadelphia, PA 19103. 
GAF Corp. New York, NY 10020. 


6 Mallinckrodt, Inc., St. Louis, MO 63147. 
Emery Industries, Inc., Cincinnati, OH 45232. 


8 Staley Manufacturing Co., Decatur, IL 62525. 
9 Regular grade, Foremost Co., San Francisco, CA 94104 
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TABLET CRUSHING STRENGTH, SCU 
Figure I-Plots of tablet friability versus tablet crushing strength at 
diffwent granulation moisture contents. T h e  moisture contents i n  the 
granulation at the time of compression were: (0) 0.9%; (A) 1.6%; (V) 
2.0%; (0) 3.0%; (0) 3.6%; (0) 4.3%. 
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Table I-Results of Multiple Linear Regression Analyses 


Regression Coefficient Values 
Factors > Tablet Friability, Dissolution, 


Coefficients Interactions YI Y., 


bo 
br 


~~ ~~~ 


2.0186 79.8802 
-0.2844 - 11.4638 


b -; X, -0.1808 6.8757 
b i  
b4 
bs 


.. . 


-0.06228 -4.6829 


X, 0.005389 -0.7470 
-0.000093 3.3677 


x? xp2 
MultiDle correlation coefficient 0.9407 0.7256 
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Figure 3-Calculated plots of tablet friability versus tablet crushing 
strength at different granulation moisture contents using Ey. 1.  
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TABLET CRUSHING STRENGTH, SCU 
Figure 2-Plots of percent in vitro drug dissolution at the 10-min time 


lation moisture contents. The  moisture contents at the t ime of com- 
pression were: (0) 0.9%; (A) 1.6%; (v) 2.0%; (0) 3.0%; (0) 3.6%; (0) 
4.3%. 


point as a function of the tablet crushing strength at different granu- 0 1 2 3 4 5 
GRANULATION MOISTURE, % 


Figure 4-Calculated plots of tablet friability versus percent granu- 
lation moisture at different tablet crushing strengths using Ey. 1. 
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Figure 5-Response surface contour plots of a two variable system, tablet crushing strength, and granulation moisture content and a response 
uariable, friability. 


until the desired moisture levels were obtained. The dried granulations 
were screened through a 1.2-mm aperture. Starch and stearic acid were 
then blended with the granulations for 5 min. The granulations were 
stored in tightly closed jars. The moisture content of the final granulations 
were determined prior to compression. 


Compression--Tablets were compressed with a rotary tablet ma- 
chinel" to a targeted crushing strength. The punches and dies were 10.32 
mm in diameter, and the punches were standard concave in shape. 


Moisture Determination-The granulation moisture was determined 
with a moisture balance" by exposure to a 125 W IR lamp for 15 min a t  
the 90 V setting. The percent weight loss on drying was read directly from 
the instrument. 


Tablet  Crushing Strength-The initial tablet crushing strength was 
determinedI2 immediately after compression. For each determination 
10 tablets were tested and the mean calculated. 


Friability Determination-At least 20 tablets were brushed with a 
soft camel hair brush to remove all adhering particles and placed in a 
friabilator'. After accurate weighing, the tablets were placed in the drum. 
The drum was rotated for 4 min or 100 revolutions. At the end of 4 min, 
the tablets were removed, brushed to remove adhering particles, and 
accurately weighed. The loss of weight was calculated. The test was run 
in duplicate and the mean percent friability was calculated. 


In Vitro Dissolution-The USP Method I1 was used. For each sam- 
pling point six tablets were tested. The apparatus consisted of USP pa- 
ddles driven by a multiple-spindle drive with a variable speed control13, 
1-liter round-bottom plastic flasksI4, and a water bath. The dissolution 
medium was 700 ml of deaerated water equilibrated a t  37' and stirred 


l o  Model B-2, Stokes. 


l2 Schleuniger-2E Hardness Tester, Vector Corp., Marion, IA 52303. 
I n  Model 72 R! Hanson Research Corp., Northridge, Calif. 
" Elanco, Indianapolis, Ind. 


Cenco, Central Scientific Co. Chicago, IL 606'23. 


a t  50 rpm. The dissolved drug was analyzed by recording the absorbance 
a t  236 nm using an automated monitoring system consisting of a peri- 
staltic pumpIs, l-mm spectrophotometer flow cells, and automatic sample 
changer/spectrophotorneterl6. The absorbances were plotted on a re- 
corder every minute until complete dissolution was achieved. 


The dissolution apparatus was calibrated using USP dissolution cali- 
brator tablets (prednisone 50 mg). The mean dissolution and the standard 
deviations were within the required range. 


RESULTS AND DISCUSSION 


The effects of granulation moisture and tablet crushing strength on 
tablet friability are given in Fig. 1. The results suggest that the tablet 
friability depends on moisture content and tgblet crushing strength 
(controllable variables). I t  is possible to reduce tablet friability a t  higher 
crushing strengths and a t  optimum moisture contents. 


Figure 2 gives the results of drug dissolution a t  the 10-min time point 
versus tablet crushing strength a t  different moisture contents. A t  lower 
moisture contents (1.6 and 2.0%), the drug dissolution is strongly de- 
pendent on tablet crushing strength. The higher the tablet crushing 
strength, the lower the percent drug dissolved and vice versa. However, 
a t  higher moisture contents (3.0.3.6, and 4.3%), the dissolution of the drug 
shows very little dependency on crushing strength of the tablets. 


A general multiple linear regression analysis of the results was per- 
formed using a program packageI7, RSKEG, on a computerla. The 
RSREG procedure fits the parameters of a complete quadratic response 
surface and then determines critical values to optimize the response with 
respect to the factors in the model. A general quadratic response surface 


Is Model 1210, Harvard Apparatus, Millis, Mass. 


l8 IBM 3033. 


Model 25. Beckman Instruments, Fullerton, Calif. 
SAS Institute Inc, Cary, NC 27511. 
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Figure 6-Response surface contour plots of a two oariable system, tablet crushing strength, and granulation moisture content and a response 
uariable. dissolution fa t  10 m i d .  


FRIABILITY, % 


4.5 - 
4.0 - 


3.5 - 
# 


3.0 - 
UI 
I- z 
0 
0 2.5 - 
[r 
2 
I- v, 2.0 - 
0 z 


UI 


Figure 7-- 
the ranges 


DI SSO LUTl ON 


636 
03, 1 


82.3%- 0.6°5 82.3% 


1374 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 12, December 1982 







model is written: 


Y = bo + b l X l +  b2Xz + bsXI t bdXIX2 + bsXz  + Error (Eq. 1) 


where Y is the response surface such as tablet friability or drug dissolu- 
tion, X I  and X 2  are controllable variables such as granulation moisture 
and tablet crushing strength, and the coefficients 60, b l ,  . . . bg are the 
least-square regression coefficients. 


The results of the regression analysis are given in Table I. The re- 
gression coefficients were substituted in Eq. 1, and by fixing the moisture 
content, the calculated plots of tablet friability uersus tablet crushing 
strength were obtained (Fig. 3). Similarly, by fixing the tablet crushing 
strength, calculated plots of tablet friability uersus moisture content were 
obtained (Fig. 4). These plots suggest that  the moisture content in the 
range of -1.5-3.0% and tablet crushing strength in the range of -14-17 
Strong Cobb units (SCU) give the least possible tablet friability. Similar 
conclusions could be drawn from the data given in Fig. 1. 


The response surface contour plots of friability and dissolution are 
given in Figs. 5 and 6. The response surface contour plots illustrate the 
geometric relationships between the controllable variables and their 
responses. The predicted values of responses for a grid of the controllable 
variable data points can be generated. The friability contour plot consists 
of a series of ellipsoidal curves. The solution for optimum response in- 
dicated that the predicted value of friability a t  optimum was 0.17%, 
corresponding to a moisture content of 2.3% and a tablet crushing 
strength of 16.8 SCU. 


In tableting, tablet crushing strengths are generally limited to between 
8 and 20 SCU because of compression, friability, and dissolution limi- 
tations. From Fig. 5 one can obtain a range of crushing strengths 
(14.2-19.4 SCU) and a range of moisture content (1.5-3%), which gives 
friability in the minimum possible range of 0.17421%. At a fixed tablet 
crushing strength of 16 SCU, friability decreases as the moisture content 
increases until it reaches its optimum value. Further increase in moisture 
content results in an increase in friability. Similarly, a t  a fixed moisture 
content of 2%, friability decreases as the crushing strength is increased 
until an optimum value is reached, after which time material is generally 
incompressible due to the tablet density approaching the calculated true 
density of the formulation. 


The response surface contour plots of dissolution given in Fig. 6 show 
a stationary ridge system. The stationary ridge system has parallel 
straight line contours running in a direction determined by the relative 


effect of X I  and X p ,  which are controllable variables. The response sur- 
face contour plots using Eq. 1 can take a number of different forms de- 
pending on the csefficients bo, b l ,  . . . bs. 


Within the practical limitations of tableting, there are a large number 
of combinations of tablet crushing strength and granulation moisture 
content all along the ridge which is expected to give 100% drug dissolution. 
At constant crushing strength, an increase or decrease in the granulation 
moisture content moving away from the ridge in either direction results 
in lower dissolution. Similarly, a t  constant granulation moisture content, 
an increase or decrease in crushing strength moving away from the ridge 
results in lower drug dissolution. 


In this investigation, not only in uitro dissolution but also tablet fria- 
bility were considered important and both were measured experimentally. 
If it was desired that the specifications for dissolution in 10 min were 
>46% and to maintain friability <0.3%, Figs. 5 and 6 could be superim- 
posed. The contour overlays are shown in Fig. 7. The shaded area shows 
the region where both the friability and dissolution requirements are met. 
From the deeply shaded rectangle, specifications on granulation moisture 
and tablet crushing strength could be set. If these specifications were 
unsatisfactory from a bioavailability or production viewpoint, other 
factors affecting friability and dissolution such as formulation and pro- 
cessing factors would have to be explored. I t  also may be possible to re- 
duce tablet friability by considering the punch shape factor. 


In conclusion, this study shows that a general multiple linear regression 
analysis is helpful in understanding the role of the granulation moisture 
and tablet crushing strength on tablet friability and in uitro dissolution. 
By superimposing the contour plots of tablet friability and drug disso- 
lution, it is possible to set in process specifications for the granulation 
moisture content and tablet crushing strength. 
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Abstract 0 The influence of viscosity on the dissolution rate of benzoic 
acid in aqueous solutions of methylcellulose, hydroxypropyl cellulose, 
and guar gum was investigated. The viscosities were measured by capil- 
lary and rotational viscometers and were calculated from experimental 
diffusion coefficients by means of the Stokes-Einstein equation. The 
relationship of the dissolution rate to viscosity may be represented by 
a single curve. An equation is presented relating the dissolution rate of 
benzoic acid to solubility, diffusion coefficient, and viscosity for these 
nonionic viscosity-enhancing agents. T o  demonstrate that  additional 


factors affect the dissolution rate, similar data were determined using 
solutions of xanthan gum, which is anionic. The electrical effect modified 
mass transport so the quantitative relationship of dissolution rate and 
viscosity was not the same as in the nonionic carbohydrate solution. 


Keyphrases 0 Dissolution, rate-relationship to viscosity of polymeric 
solutions, benzoic acid Viscosity-relationship of dissolution rate of 
polymeric solutions, benzoic acid Benzoic acid-relationship of dis- 
solution rate to viscosity of polymeric solutions 


Although viscosity-enhancing polymers are present in 
many pharmaceuticals, little research has been reported 
on the influence of viscosity on the dissolution rate. Dif- 
fusion-controlled dissolution would be expected to  de- 


crease in rate with an increase in viscosity (14). Numerous 
empirical equations, which show the dissolution rate to be 
a function of the viscosity raised to  a power ranging from 
-0.25 to  -0.8, have been proposed (5-7). 


0022-3549/82/ 1200- 1375$0 1.0010 
@ 1982, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 1375 
Vol. 71, No. 12, December 1982 












Correlation of Antitumor Activity and Electron 
Deficiency of Nitrofuranylhydrazone Compounds 
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Abstract Phenylhydrazone derivatives of 5-nitro-2-furaldehyde were 
tested for antitumor activity against L-1210 murine leukemia in vitro. 
A substantial increase in antitumor activity was observed in these series 
of compounds as the electron deficiency of the six-membered aromatic 
ring was increased. A possible mechanism of action involving drug re- 
duction as well as antibacterial and antitumor efficacy is discussed. 


Keyphrases 0 Nitrofuranylhydrazones-correlation, antitumor activity, 
electron deficiency 0 Electron deficiency-correlation of antitumor 
activity, nitrofuranylhydrazone compounds 0 Antitumor activity- 
electron deficiency, nitrofuranylhydrazone compounds 


Nitrofuran compounds exhibit a wide range of useful 
pharmacologic activity. Nitrofurazone, for example, is a 
broad spectrum topical antibacterial agent used primarily 
in the treatment of mixed infections of wounds and dis- 
eases of the skin. Nitrofurantoin, a chemically related 
compound, is a urinary tract antiseptic quite active against 
many strains of common urinary pathogens. In addition 
to their current use as antibiotics, nitrofuran compounds 
have in the past been considered useful against selected 
neoplasias. cis- Dichlorodiammine platinum and bleo- 
mycin are currently considered two of the drugs of choice 
for the treatment of testicular carcinomas (1). However, 
the use of nitrofurazone and nitrofurantoin in testicular 
tumor therapy has been reported frequently during the 
past three decades (2-6). 


Although there are a few reports of structure-activity 
relationships for nitrofurans as antitumor agents (7-101, 
this area has not been fully explored. This is especially true 
for simple phenylhydrazone derivatives of 5-nitro-2-fur- 
aldehyde. There still exists, therefore, potential for the 
development of new drugs in this class for the treatment 
of testicular or other tumor types. 


The most thorough synthetic and pharmacologic studies 
on new types of antineoplastic nitrofuran derivatives are 
those of Ujiie and Miura et al. (7, 8, 10). These authors 
have prepared a series of compounds like Compounds I, 


R 


I 


I1 


ry, University of Vermol; 


11, and 111, and have screened these in a variety of experi- 
mental tumor systems. Certain derivatives of Compounds 
I and I1 were found to completely cure Ehrlich ascites 
carcinoma in mice. The compounds are relatively nontoxic 
and doses of up to 1000 mgkg did not cause any drug- 
related deaths. Moderate antitumor activity was also seen 
with Schiff base derivatives like Compound 111. 


The present study describes the in uitro antitumor ac- 
tivity of a new series of phenylhydrazone derivatives of 
5-nitro-2-furaldehyde. An examination was made of the 
correlation of electron withdrawing potential of each 
compound as a contributing factor to the possible mech- 
anism of antibacterial and antitumor activity of this series 
of drugs. 


EXPERIMENTAL 


Cell Culture-Mouse leukemic L-1210 cells' were maintained in 
medium containing 10% fetal calf serum2. Stock cultures of cells were 
diluted with the medium to give final concentrations of 5 x 105 cells/ml. 
The compounds were dissolved in dimethyl sulfoxide and diluted to a 
concentration 500 times greater than the experimental level desired, so 
the 10 pl of the compound solution could be added to 5 ml of the inocu- 
lated growth medium. No precipitation occurred during this addition. 
This amount of compound in solution yielded a final dimethyl sulfoxide 
concentration of 0.2%, which itself had no effect on cell growth. 


Each ID% experiment (i.e., the determination of that dose which results 
in 50% inhibition of L-1210 growth) was run four times. Cell cultures were 
incubated at  37' in a 95% O r 5 %  C02 humidified atmosphere and were 
counted after 96 hr. All cell counts were done by diluting the cell culture 
1:40 and then counting with an electronic cell counter. The concentration 
of cells in the control tubes of L-1210 after 96 hr was -2.5 x 106/ml. 


Hydrazone Syntheses-The hydrazones were prepared from com- 
mercially available hydrazines and 5-nitrofurancarboxaldehyde by 
heating an ethanolic solution of these precursors containing a small 
portion of glacial acetic acid. The hydrazones that precipitated were re- 
crystallized from ethanol and all had satisfactory elemental analyses. 
Elemental analyses and melting point data are listed in Table I. 


RESULTS AND DISCUSSION 


The series of nitrofuranylhydrazones like Compound IV clearly show 
a substantial and significant increase in antitumor activity as the electron 
deficiency of the six-membered aromatic ring increases. 


The in vitro L-1210 screening data for the various compounds, the sum 
of u values for the six-membered ring substituents, as well as pertinent 
'H-NMR shifts, are represented in Table 11. 


The metabolic reaction first occurring with most nitrofurans in animals 
involves reduction of the furanyl nitro group to a hydroxylamine (12). 
This is followed by further reduction to the amine and finally ring opening 
and fragmentation (13). Hydrolysis of the azomethine linkage can also 


IV 
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Table I-Elemental Analysis and Melting Point Data of 
Nitrofuranylhydrazone Compounds 


Table 11-Antitumor Activity and Electron Deficiency 
Determinations of Nitrofuranvlhvdrazone Comoounds 


Theoretical, Found, Melting 
Compound Formula % % Point 


IVaa CizHllN304 same as lit. (11) 
IVb CllHgN507 C 57.14 56.90 


H 3.92 3.88 181-185 dec. 
N 18.17 18.05 


IVa p-OCH3 


IVC O-cl 
IVb p-H 


IVC' CllH8N303CI same as lit. (11) I V ~  P-SO~CHF~ 
IVd C1~HgN305SFz C 41.74 41.71 IVe p-NO2 


H 2.63 2.73 237-239dec. IVf o-NOz 
N 12.17 12.05 


IVe" C11HeN405 same as lit. (11) 
C 47.83 48.04 
H 2.92 2.94 220-223 dec. 


IVf CiiHsN405 


N 20.28 20.15 
IVP CinH,NnOs C 43.33 43.32 


N 21.80 21.60 
IVi CioH6Ns07 C 37.28 37.54 


H 1.88 2.02 242-245dec. 
N 26.08 25.38 


occur, followed by oxidation to 5-nitrofuroic acid. The latter is found in 
the urine of experimental animals (14). 


It should be noted that nitrofurans are reduced in a number of bacterial 
enzyme systems, and a number of researchers have advanced the theory 
that in accepting electrons, the nitrofurans interfere with the oxida- 
tion-reduction linked metabolism of the organism. It has been suggested 
that nitrofurazone interferes with normal metabolism by virtue of its 
capacity to be reduced (15). In addition, previous authors have concluded 
from a study of nitrofurans, nitrothiophenes, nitrobenzenes, and related 
compounds, that ease of reducibility plays a major role in the antibacterial 
effectiveness of heterocyclic nitro compounds (16). These authors also 
proposed a relationship between the redox potential developed by the 
organism in culture and that required by the inhibitory nitrofuran, 
implying that interference with microbial reproduction was associated 
with formation of a reduction product (hydroxylamine) from the nitro 
compound (17). Other workers have measured these reduction potentials 
and confirmed these proposals (18). 


I t  is reasonable to assume that the well-known antibacterial activity 
of nitrofuranyl hydrazones and the in uitro antitumor activity observed 
against mouse leukemia L-1210 may have similarities with regard to their 
mechanisms of action. The dramatic increase in cytotoxicity with in- 
creasing electron deficiency of the pi system in IVi, (see Table 11) suggests 
that  biological activity may well be associated with a reductive process. 
The furanyl nitro group in IVi should be much more readily reduced than 
that in IVa. The relationship between L-1210 cytotoxicity and electron 
deficiency can qualitatively be seen by examining measures of the latter, 
i .e . ,  the summation of the up and uo values for the six-membered ring 
substituents, and/or the methine 'H chemical shifts (Table 11). Sur- 
prisingly, the antibacterial activity of IVi, one of the more active com- 
pounds against L-1210, was negligible against 18 Gram-positive and 
Gram-negative organisms compared with nitrofurazone and nitrofu- 
rantoin. It possessed somewhat better activity against two staphylococci 
(64 pg/ml minimal inhibitory concentration) but not as much activity 
as nitrofurazone (8 pg/ml) or nitrofurantoin (16-32 pg/ml). In contrast, 
the cytotoxicity of IVi is still very high against both HeLa cells and P-388 
cells. The differential activity of IVi in the antineoplastic and antihac- 
terial screens could result from an inability of the compound to penetrate 
the bacterial cell wall. The compound is extremely insc~luhle and is 
completely inactive in an in uiuo L-1210 screen. 


Perhaps the most surprising result of this report is that 5-nitrofuran- 
carboxaldehyde is more cytotoxic than any of the hydrazones studied 
(Table 11). This introduces the interesting possibility that  hydrazone 
activity may, in part, result from hydrolytic cleavage to the parent al- 


>10 -.27 7.7 
3 0 7.7 
5 +.23 7.8 
4 +.73 7.8 


IVg 2-azar6-nitro 
IVh 2,4-dinitro 
IVi 2-aza-4,6-dinitro 0.5 +2.21 9.1 
5-nitrofurancarboxaldehyde 0.1 - 
0 Substituent constants (a) were obtained from Ref. 19. In calculating the sums 


(Ba), the assumption was made that 'ortho = Opara. * NMRspectra were obtained 
in dimethyl sulfoxide ds solution with tetramethylsilane as an internal reference. 
They were recorded on a JEOL MH-100 NMR spectrometer. 


dehyde. The variation in hydrazone cytotoxicity may, in fact, be partially 
related to the variable rates of hydrolytic cleavage. 


Toxicological studies of many nitroheterocycles have revealed a sub- 
stantial mutagenic and carcinogenic liability. Since mutagenic and an- 
tibacterial modes of action are probably intimately related a t  the mo- 
lecular level, it is unlikely that important nonmutagenic antibacterial 
nitroheterocycles will be found. Because most antineoplastic agents have 
substantial carcinogenic acitivity, a liability of this type associated with 
an antineoplastic nitrofuran is not severe, and the potential use of such 
compounds in cancer chemotherapy should not be overlooked. 
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a doubling time of 10-12 and 18-24 hr, respectively. The solutions were 
diluted to a stock solution of loM3 M with phosphate-buffered saline, 
sterilely filtered, and aseptically diluted by half-log increments. Each 
concentration (0.7 ml) was added to duplicate 13- X 75-mm test tubes. 
Cells from logarithmically growing stock culture were suspended in 
prewarmed medium4 supplemented with 10% dialyzed fetal calf serum, 
10 mM (morpholine-propanesulfonic acid, and 20 mM [N-(2-hydroxy- 
ethyl)piperazine-N’-2-ethanesulfonic acid]. Cell suspension (1.8 ml) was 
added to each tube. The tubes were incubated upright at  37’ in a warm 
room or dry incubator. Under these conditions, L-1210 cells grew expo- 
nentially 15- to 25-fold from an initial density of 2-2.5 X 104/cm3; 
CCRF-CEM cells grew exponentially 8- to 10-fold. After 48 hr (for L-1210 
cells), or 72 hr (for CCRF-CEM cells), the incubation was terminated and 
the cell densities were determined5. The degree of proliferation of each 
2-ml culture was expressed as the ratio of the final cell density to the 
initial cell density; this index was plotted against the drug concentration 
employed. The concentration of drug which depresses the ratio to 50% 
of control (the ICm) was graphically determined. For the clinically ef- 
fective drug, 5-fluorouracil, ICso = 1.9 X 10-6 M for CCRF-CEM cells 
in culture. 
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Abstract 0 Two rapid, specific, and sensitive high-pressure liquid 
chromatographic (HPLC) assays were developed for cloxacillin in serum 
and urine. A reversed-phase column (RP-8) was selected for use with two 
different sets of HPLC conditions and sample pretreatment procedures. 
cloxacillin extraction efficiencies are reported from serum and urine, 
Equations are presented for linear relationships between peak height or 
peak area ratios of cloxacillin to nafcillin (internal standard) and the 
cloxacillin concentration over a range of 0-80 pg/ml. The sensitivity limit 


of these assays was 4 . 3  pg/ml of a standard solution for one method and 
0.05 pg/ml for the other HPLC assay. 


Keyphrases 0 Cloxacillin-high-pressure liquid chromatographic assay, 
serum, urine, n a f c i h  0 Nafcillin-cloxacillin, high-pressure liquid 
chromatographic assay, serum, urine 0 High-pressure liquid chroma- 
tography-cloxacillin in serum and urine Penicillins-high-pressure 
liquid chromatography Of cloxaci’lin 


Cloxacillin sodium (I), [3-(o-chlorophenyl)-5-methyl- 
4-isoxazoyl] penicillin sodium, is a semisynthetic penicillin 
synthesized in 1962 (1). It can be administered both par- 


enterally and orally. Like other penicillins, I is sensitive 
to nucleophilic and electrophilic attack catalysed by gen- 
eral bases and acids, respectively. Maximum stability of 
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[ occurs at pH 6.3 (2). The pKa of the carboxylic hydrogen 
iis reported as 2.70-2.73 in water a t  25" (3). Cloxacillin is 
!34-96% bound to serum proteins (4). 


Previously reported assays for I include those based on 
spectrophotometry (5-lo), titrimetric methods (6), mi- 
Icrobiological methods (6, 7), an electrophoretic method 
(1 l), a polarimetric procedure (12), and an HPLC method 
for aqueous solutions (13). 


Paper chromatograms of urine and serum samples fol- 
lowing oral administration of I showed a similar ratio of 
unchanged I and a metabolite (14). Intramuscular injection 
o f  I is reported to give rise to metabolite formation as well. 
Cole et al. (15) reported that 21.6% of I appeared as the 
penicilloic acid metabolite in urine collected within 12 hr 
of a 500-mg oral dose but that none was found at  half this 
Idose. 


Prompted by the apparent absence of any reported 
HPLC assay for cloxacillin in human serum or urine, two 
;such methods were developed and are reported in this 
paper. These methods were developed for clinical studies 
and preliminary pharmacokinetic evaluation of I (16). 


EXPERIMENTAL 


The two distinct sets of HPLC assay conditions reported here will he 
referred to as HPLC Systems I and 11. System I: RP-8 column; mobile 
phase, methanol-aqueous 0.04 M NaH2P04 (4.1:5.9), pH 4.5; flow rate, 
1.1 ml/min; detection wavelength, 225 nm; chart speed, 0.508 cm/min; 
retention time, cloxacillin, 8.75 min and nafcillin, 15.80 min. System 11: 
RP-8 column; mobile phase, acetonitrile-aqueous 0.04 M NaH2P04 
(6.2:20), pH 4.5; flow rate, 1.6 ml/min; detection wavelength, 210 nm; 
fchart speed, 0.508 cm/min; retention time, cloxacillin, 5.10 min and 
nafcillin, 6.60 min. Likewise, two different sample pretreatment proce- 
rdures were used and are referred to as Procedures A and B. 


Materials-A 10-cm X 4.6-mm i.d. stainless steel column' containing 
;3 chemical bonded reversed-phase (C8) on 10-pM silica was selected. The 
modular HPLC system was comprised of a pump2, an injection valve3, 
;3 guard column4, a variable wavelength UV-detector5, and an integra- 
tor-plotter6. Other equipment used included a centrifuge7 and mechanical 
mixers. All inorganic buffer salts and acids were analytical grade and were 
dissolved in reagent grade waterg. Organic solvents were acetonitrilelo 
and methanollO. 


Mobile Phases I and I1 were deaerated and filtered through 1.0-pM 
pore membranes" under reduced pressure. 


Standard Solutions-Cloxacillin sodium12 (I) and nafcillin sodium13 
(11) were used as received for weekly preparation of stock standard and 
stock internal standard solutions, respectively. Human control serum14 
and control urine were used in the daily preparation of working standard 
solutions as well as simulated samples. Standard solutions of I were 
prepared in water, control serum, and control urine as follows: to each 
of seven appropriately labeled tubes15 was added in succession 0.5 ml of 
water (or urine or serum), 0.01 ml of one of the working standards of I in 
the 0-54.3-pg range, and 0.05 ml (equivalent to 12.0 pg of 11) of internal 
standard solution. The contents of each tube were thoroughly mixed by 
the mechanical mixer. These standards and similar simulated samples 


MPLC Concept RP-8 column and holder, Brownlee Labs, Santa Clara, CA 


Model 6000A, Waters Associates Inc., Milford, MA 01757. 
Model U6K, Waters Associates, Milford, MA 01757. 
Column survival kit packed with C O  Pel1 ODS (No. 6561-403), Whatman, Inc., 


Model 450, Waters Associates, Milford, MA 01757. 
Data module, model 730, Waters Associates, Milford, MA 01757. 


holders, Du Pont Co., Wilmington, DE 19898. 
Vortex-Genie, Cat. No. 12-812-VI, Fisher Scientific Co. 
Millipore Corp., Bedford, MA 01730. 


lo Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 
11 Gelman Instrument Co., Ann Arbor, MI 48106. 


Beecham Laboratories, Pointe Claire, Quebec, Canada. 
Wyeth Limited. 


l4 Grand Island Biological Co., Grand Island, NY 14072. 
l5 12-mm X 75-mm polypropylene or glass tubes closed with polyethylene 


35050. 


Clifton, N J  07014. 


7 Sorvall Centrifuge, model GLC-2 with head adapter HL-4 and No. 575 tube 


caps. 


8 loot 90 6 80 


! 7 0  


u 60 
0 
U 


0 40 
L 


b a 30 


Iu 10 


[r 
I- 20 
X 


il 
I c 


0 1 2  3 4 5 6 7 8 9 10 
PH 


Figure 1-Extraction efficiency of c loxacdh  (0 )  and nafcillin (A) 
from urine QS Q function of p H  of the 0.04-M sodium dihydrogen phos- 
phate buffer. 


were subjected to one or the other of the pretreatment Procedures A or 
B, to compensate for recovery losses and other systematic errors. 


Standard a n d  Sample Pretreatment  Procedures-Procedure 
A-Protein precipitation was performed by adding dropwise 0.5 ml of 
acetonitrile to a 0.5-ml sample of serum (or urine) in a small tube. This 
was followed by agitation for 20 sec by the mixer and centrifugation a t  
3000 rpm for 1 min. The clear supernate was filtered16, and 10 pl of the 
filtrate was injected onto the column. 


Procedure B-A drug extraction and hack extraction procedure was 
performed as follows: to 0.5 ml of serum (or urine), in a small test tube, 
was added 0.05 ml of internal standard solution, equivalent to 12.0 pg of 
11. Then 0.05 ml of 1 M HzS04 was added and the tube was mixed for 5 
sec. Two milliliters of methylene chloride17 was added and the tube was 
shaken for 2 min prior to centrifugation a t  2000 rpm for 2 min. The or- 
ganic layer was transferred to a second tube containing 1.0 ml of aqueous 
0.04 M NaHZP04, pH 6.80. This tube was stoppered and the shaking and 
centrifugation steps were repeated. An aliquot equivalent to -75% of the 
aqueous layer containing the penicillins was transferred to a third tube, 
which was agitated vigorously on the mixer for 20 sec to dispel the volatile 
methylene chloride carried over in the aqueous layer. Injections (10 pl) 
of the final assay solution were used. Either integrated peak area ratios 
or peak height ratios of 1-11 were calculated and referred to a standard 
curve similarly constructed with standard solutions of I in accordance 
with the internal standard assay method. The sample concentrations were 
reported as micrograms of I per milliliter of serum or urine. 


Precision and sensitivity limits were estimated for these assays. 


RESULTS AND DISCUSSION 


Preliminary trials were made using three reversed-phase columnslS 
and mobile phases consisting of various ratios of aqueous buffers and 
either methanol or acetonitrile. Simple mixtures of water and methanol 
or acetonitrile proved inadequate for these assays. The effect of buffer 
pH was studied (16). The best results were bbtained with an RP-8 column 
using aqueous 0.04 M NaH2P04, pH 4.5, blended with methanol or ace- 
tonitrile in HPLC Systems I and 11, respectively. These systems provided 
adequate resolution a t  desirable retention times. The wavelength of de- 
tection was selected to give maximum sensitivity consistent with mini- 
mum interference from trace endogenous biological materials. The 
method of sample pretreatment was developed to minimize interferences 
arising from the biological fluids. 


Pretreatment Procedure A involving a simple protein precipitation 
step produced good results when HPLC System I was used. However, the 
addition of acetonitrile diluted the sample and, hence, decreased the level 
of sensitivity for I in the method. Procedure B involved the extraction 
of the undissociated acid forms of penicillins I and I1 with methylene 
chloride, followed by back-extraction of the ionized forms into aqueous 
phosphate buffer, pH 6.8. This procedure reduced the level of endogenous 


I6 Type FA, Teflon, 0.5-fim pore diameter, Millipore Corp. 
l7 Methylene chloride, HPLC-grade, UV-Cutoff 230 nm, Caledon Laboratories, 


Brownlee Labs, Santa Clara, CA 95050, MPLC Concept RP-2, RP-8, and 
Ltd. 


RP-18.10-cm X 4.6-mm i.d. columns. 
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B 1  


Figure 2-(A) Representative chromatogram of a serum extract of (1) 
cloxacillin (9.04 min) and (2) nafcillin (11.42 min) on a 25-cm X 4.6-mm 
i.d. RP-8 column with a columnguard. (B) Same as A except the column 
guard was removed: (1) cloxacillin (7.22 rnin), and (2) nafcillin (9.4 
rnin). 


material interference and enhanced the sensitivity of the assay for I and 
I1 through the use of a detection wavelength of 210 nm. 


Figure 1 shows the pronounced effect of buffer pH on the extraction 
efficiency of penicillins I and I1 in pretreatment Procedure B. A pH of 
6.80 gave near optimal recovery and remains within the pH range of 
compatibility for these reversed-phase columns. A greater level of in- 
terference by endogenous biological materials occurs as the buffer pH 
becomes >pH 7.0 (16). The methylene chloride volume used in Procedure 
B also markedly affects the overall extraction efficiency of I and 11. A 1:l  
volume ratio of methylene chloride-serum produced a troublesome ge- 
latinous globule due to proteins present. Although volume ratios of 4:l  
or 5:l gave similar and good drug recoveries, 6 1  or larger ratios caused 
lower recoveries of these drugs (16). The 4:l volume ratio of methylene 
chloride-serum was selected for the sample (or standard) serum pre- 
treatment Procedure B. The length of exposure of drugs I and I1 to sul- 
furic acid (Procedure B) is critical. This exposure to acid must bemini- 
mized and fixed at a value of <5 min. It has been found that -1.5% of 
cloxacillin and 6.4% of nafcillin are degraded during 5 rnin when exposed 
to this strong mineral acid. Fortunately, this exposure to acid can easily 
be reduced if only a few serum samples are extracted at one time. The 
absence of degraded I and I1 peaks on HPLC chromatograms of samples 
pretreated by Procedure B indicates that insignificant, if any, degradation 
occurred during this short extraction period. 


Figure 2 shows a representative chromatogram of cloxacillin and in- 
ternal standard, nafcillin, extracted by Procedure B and chromato- 


A 


1 
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Figure 3-Cloxacillin extracted from serum and chromatographed on 
a 10-cm X 4.6-mm i d .  RP-8 column. (A) Blank serum extract showing 
Peak 1 due to unremoved methylene chloride (3.70 min); (B) serum 
extracted cloxacillin (Peak 2, 5.3 min) and nafcillin (Peak 3, 6.85 
min). 
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Figure 4-Comparison of the serum cloxacillin concentrations from 
two human males as assayed by the internal standard method using 
peak height ratio and peak area ratio of cloxacillin to nafcillin. Linear 
regression analysis of this plot yields the equation y = 1.0117~ - 0.0452, 
with a coefficient of correlation, r = 0.9990. A 250-mg iu dose of cloxa- 
cillin was given to each volunteer. 


graphed by System 11, except that a longer column1g of the same type 
packing was used. Figure 2 also shows the influence of the guard column. 
Figure 3 shows a typical chromatogram obtained with the shorter RP-8 
columnlS, using otherwise identical conditions. Note the small peak at  
3.70 min due to residual methylene chloride, which was not adequately 
removed from this sample as it was in the normal procedure for Procedure 
B. This shorter RP-8 column had an advantage in that time and solvents 
were saved due to the shorter retention times for penicillins I and 11. 


The mean absolute extraction efficiencies for six replicate cloxacillin 
standards using Procedure B were 83.4 f 1.4% SD,  coefficient of variation 
(CV)  = 1.6 and 91.4 f 3.574 CV = 3.870, from serum and urine standards, 
respectively (16). Similarly determined mean extraction efficiencies for 
nafcillin (internal standard) were 78.9 f 1.4%, CV = 1.8% and 84.5 f 2.8%, 
CV = 3.3% for serum and urine standards, respectively. Neither serum 
nor urine standards containing both penicillins I and I1 gave rise to any 
extra peaks which could not be accounted for when the assay involved 
the pretreatment Procedure B with HPLC System 11. This suggests the 
absence of any significant in uitro acid degradation of I and 11. These 
reproducible high recoveries from both biological fluids ensure rather 
acceptable sensitivity for these assays of cloxacillin. 


The precision of the HPLC System I1 was determined using a simu- 
lated serum sample containing 5 pg of I and 1.5 pg of I1 as well as 0.5 ml 
of control human serum. Sample pretreatment Procedure B was used and 
six replicate 10-pl injections of the final assay solution were assayed ac- 
cording to HPLC System I1 in which peak height ratios were calculated. 
The mean peak height ratio of 1-11 was 3.273 f 0.032, CV = 1.0%. 


The minimum quantitative limit, defined here as a signal-noise ratio 
of 3, for cloxacillin in an aqueous standard was -0.3 pg/ml using HPLC 
System I and 0.05 pg/ml using HPLC System 11. These do not represent 
overall assay sensitivity limits, since no pretreatment procedures were 
employed. 


In the assay of cloxacillin using sample pretreatment Procedure Band 
HPLC System 11, either peak height ratios or integrated peak area ratios 
of 1-11 can be used. Twelve serum samples were obtained from two male 
humans after different times following infusion of 250 mg iv of cloxacillin. 
Duplicate aliquots of each sample were extracted using Procedure B and 
assayed with HPLC System 11. Figure 4 shows a comparison of the two 
methods of plotting, through regression analysism, in which the coefficient 
of correlation ( r  = 0.9990) indicates excellent agreement. Therefore, ei- 
ther 1-11 ratio can be used in the preparation of the internal standard 
method calibration curve for I. Figure 4 also confirms the excellent re- 
producibility of this assay over the concentration range used. The 
equation obtained by regressional analysis of the serum calibration curve, 
using peak height ratios of 1-11 versus concentration of I in six cloxacillin 
serum standards assayed by the same procedure, was y = 0 .591~  + 0.0162, 
(r = 0.9976). 


Since both penicillins were somewhat more efficiently extracted 


l9 Lichrosorb RP-8 packing in a HiBar I1 column, 25-cm X 4.6-mm i.d., EM Lab 


Hewlett-Packard calculator model 9100A; Plotter, model 9125B and program 
Inc., E. Merck, Darmstadt, W. Germany. 


cards, model 9100. 


940 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 8, August 1982 







(Procedure B) from urine than from serum, the calibration curves for I 
in these two biological fluids differed slightly. These calibration curves 
can be represented by equations obtained through linear regressional 
analysis: y = 0.0437~ + 0.0070, ( r  = 0.9991) and y = 0.0462~ + 0.0270, 
( r  = 0.9985) for serum and urine cloxacillin standards, respectively. In 
these equations, y equals the integrated peak area ratio of 1-11, and x 
equals the cloxacillin standard concentration in the serum or urine. HPLC 
System I1 was used to obtain these calibrations. The cloxacillin concen- 
tration covered the 0-80 jtg/ml range of biological fluid. 


The specificity of either HPLC System I or I1 is indicated by the fact 
that no endogenous material, metabolite of I, or degradation product of 
I or I1 gave peaks having the same retention times of I or I1 in chro- 
matograms of in uiuo serum or urine or of simulated in uitro serum or 
urine samples. The same was true for aqueous solutions of I or I1 delib- 
erately degraded under acidic or alkaline conditions (16). No interfering 
peaks were detected in HPLC System I1 from extracts of human or rabbit 
serum or of human urine following intravenous administration of clox- 
acillin. Many other drugs which might be administered during cloxacillin 
therapy failed to interfere with this HPLC assay. The specific drugs 
tested for interference were penicillin G, amoxicillin, ticarcillin, car- 
benicillin, cephalexin, ampicillin, theophylline, acetaminophen, hydro- 
cortisone acetate, vitamins A, C, D and E, and chloramphenicol (16). 
While this is not an exhaustive list, it represents many drugs that might 
be found in conjunction with I in urine or serum. Diazepam might par- 
tially interfere with this HPLC assay if its serum level is high (16). 


The assay method involving pretreatment Procedure A and HPLC 
System I was initially developed to assay cloxacillin in human serum and 
urine but has also been used todetermine I in rabbit plasma and serum. 
The same assay was used to establish that 51.35% of an intravenous dose 
of cloxacillin was excreted unchanged in the urine of one 75-kg human 
male volunteer within 24 hr. An extra peak was observed not previously 
seen in in uitro urine samples of cloxacillin. The peak may represent a 
metabolite, since, it is not identical to any acidic or alkaline-degraded I 
peak. Cloxacillin had half-life values ( t l l z )  of 26.9 and 26.5 min in two 
healthy human male volunteers who received intravenous doses of I (16). 
These values are in reasonable agreement with a reported value of 33 min 
in normal human adults (17). The overall elimination rate constants 
determined in the same two persons were 0.0258 min-’ and 0.0262 rnin-’ 
(16) and compare favorably with a reported value of 0.021 f 0.003 min-l 
(17). 


In summary, two successful HPLC assays, together with serum and 
urine sample pretreatment procedures, have been developed. Pretreat- 
ment Procedure A used with HPLC System I, while slower, is superior 
for the resolution of peaks for I and I1 from each other and all biological 


endogenous materials or degradation compounds of I or 11. The assay 
including pretreatment Procedure B and HPLC System I1 is preferred 
for the rapid assay of unchanged cloxacillin in urine and serum. This assay 
is specific, sensitive, rapid, precise, and has sufficient accuracy for the 
intended purposes. 
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BOOKS 


REVIEWS 


Concepts in Drug Metabolism (in Two Parts) Part B (Drug and 
Pharmaceutical Sciences, Vol. 10.) Edited by PETER JENNER 
and BERNARD TESTA. Dekker, 270 Madison Ave., New York, NY 
10016. 1981.627 pp. 15 X 23 cm. Price $65.00. 
Concepts i n  Drug Metabolism is a two volume, multiauthored col- 


lection of essays on major topics in drug metabolism and allied fields. The 
various chapters reflect the state of knowledge from the viewpoint of each 
of the respective authors. 


The contents of Part B are divided into nine chapters which deal with 
the following topics: The role of the endoplasmic reticulum in physio- 
logical and pathological situations; the hepatic cytochrome P-450 drug 
metabolizing systems; toxification and detoxification as a result of 
xenobiotic metabolism; enzyme induction and inhibition related to drug 
action and interactions; genetic aspects of drug metabolism; some evo- 
lutionary considerations regarding drug metabolism and toxicity; i n  uiuo 
assessment of hepatic drug disposition; altered drug disposition in disease 
states; and is drug metabolism due to necessity, chance, mishap, or none 
of the above? 


Since each chapter has been written by a different author, some 
overlapping has occurred. However, this demonstrates the relationship 
and interdependencies of the various topics. The reader will find that 
most of the chapters in Part  B are more factual and less philosophical 
than some of the chapters found in Part A. 


The chapters are well referenced and, although not being all inclusive, 
reflect a command of the most important research in each area. A 
drawback is that with few exceptions, Part B represents a review of the 
literature through 1978. The area of drug metabolism is a rapidly moving 
field, and many significant contributions have been made in the interval 
between the time the book was finished and the date of publication. This 
is a problem which is common to an active area of research. 


Concepts in Drug Metabolism is intended for use by postgraduate 
students and research workers in the fields of biomedicinal chemistry, 
pharmacology, toxicology, and biochemistry. The two volume set makes 
an excellent text for a graduate level course in drug metabolism. Unfor- 
tunately, the cost of the books tends to prohibit purchase by students. 
The volume serves as a valuable guide in the area of drug metabolism; 
however, it is also an important source of new ideas since many of the 
chapters go beyond the basic facts, providing a conceptual, almost phil- 
osophical, approach to some of the topical areas. 


Part B of Concepts in Drug Metabolism in conjunction with Part  A 
provides an authoritative overview of basic topics and developments in 
drug metabolism and related areas. The two volume set is highly rec- 
ommended for persons working in the general area of xenobiotic me- 
tabolism. 


Reviewed by Sidney J .  Stohs 
Uniuersity of Nebraska 
College of Pharmacy 
Lincoln N E  68508 


Pharmaceutical Analysis: Modern Methods, Part A (Drugs and the 
Pharmaceutical Sciences Series, Vol. 11). Edited by JAMES W. 
MUNSON. Dekker, 270 Madison Ave., New York, NY 10016. 1981. 
504 pp. 15.5 X 23.2 cm. Price $55.00 (Special Student Price $29.75). 
As stated in the preface, this text is intended to “provide an interme- 


diate level of coverage . . . (it) is designed for the graduate student 
studying pharmaceutical analysis and for the researcher. . . who wishes 
to increase his personal awareness and understanding of modern tech- 
niques of pharmaceutical analysis.” 


The first three chapters offer a review of the theory, instrumentation, 
and applications to pharmaceutical analysis of gas chromatography (GC), 
pyrolysis GC, and GC-mass spectroscopy. The authors of each chapter 
have incorporated and harmonized theory and practice and have written 
three well-integrated chapters. The topics are covered at  a depth suitable 
for a graduate course covering the GC aspects of pharmaceutical anal- 
ysis. 


The last three chapters deal with luminescence (fluorescence and 
phosphorescence) spectroscopy, liquid scintillation counting, and ra- 
dioimmunoassays. The chapter authors have done an excellent job of 
presenting the underlying theory and applications of their individual 
topics: there is greater detail and breadth of coverage than is usually 
found in other textbooks devoted to pharmaceutical analysis. However, 
the interrelationship of these chapters with each other, or with the rest 
of the text, does not meet the high standard established in the first three 
chapters. In fact, if there is a fault with this text, it is in the organization 
and integration of the individual chapter topics with one another. For 
example, in terms of material, the logical arrangement would have been 
to incorporate the chapters on high-performance liquid chromatography 
and quantitative thin-layer chromatography, which are to be covered in 
Part  B, with the chapters on GC found in this volume. 


Nevertheless, the presentation and content of material in each chapter 
is excellent, and taken individually they are well-suited for graduate 
courses in pharmaceutical analysis. However, the ordering and ar- 
rangement of the topic chapters in both Part  A and Part  B make it ill- 
suited for courses that may be segregated into spectroscopic and sepa- 
ration techniques. 


Reviewed by Wallace J. Murray 
College of Pharmacy 
University of Nebraska Medical Center 
Omaha. N E  68105 
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11, the 200-mg capsule (D) and the 400-mg tablet (E) resulted in ap- 
proximately equal MDT estimates (0.80 uersus 0.79 hr). The 400-mg 
capsule (C), however, was more slowly absorbed with an average MDT 
of 1.27 hr. The differences for the pairwise comparisons of A uersus B, 
C uersus D, and C uersus E were statistically significant. 


Cumulative Fraction Absorbed Relative to the Oral Solution 
(CFA,,I)-Modified Wagner-Nelson plots of mean CFA,,I uersus time 
for the ibuprofen products are presented as Fig. 2. Inspection of the plots 
suggests that, on the average, Formulations A and C required 4-6 hr to 
achieve an extent of absorption within 95% of the oral solution. Formu- 
lations B, D, and E, however, reached the same endpoint by the 2-hr 
sampling time. 


Statistical comparisons of the CFA,] estimates a t  each sampling time 
up to 6 hr are shown in Table IV. The 300-mg tablet (B) resulted in sig- 
nificantly greater mean CFA,,] values a t  1,1.5, and 2 hr than the 300-mg 
capsule (A). The 400-mg tablet (E) and the 200-mg capsule (D) exhibited 
similar mean CFA,1 estimates with a significant difference occurring only 
at the 20-min sampling time. The 400-mg capsule (C) results were sig- 
nificantly l e s  than those for Formulation D at  1,1.5,2, and 3 hr and those. 
for Formulation E at  1.5,2, and 3 hr. Since no differences were observed 
in the extent of absorption among the products studied, the relatively 
low estimates of CFA,,] resulting from Formulations A and C were in- 
dicative of their slower rates of absorption. 


DISCUSSION 


Though all of the commercially available ibuprofen products studied 
were equivalent with respect to the amount of drug absorbed from the 
dosage forms, they differed markedly in terms of absorption rate. Spe- 
cifically, the 300-mg tablet (B) was more rapidly absorbed than the 
300-mg capsule (A), and the 400-mg tahlet (E) and the 200-mg capsule 
(D) were more rapidly absorbed than the 400-mg capsule (C). 


The results of a previously reported study indicated that a pilot plant 
lot of the 300-mg capsule was bioequivalent to the innovator’s 300-mg 
tablet (3). The present study suggested that some change associated with 
scale-up to commercial production resulted in a less rapidly absorbed 
dosage form. 


Since bioequivalence has been defined as equivalence in both extent 
and rate of drug absorption (lo), it has been concluded that Formulations 
A and C were bioinequivalent to the innovator’s products (B and E) due 
to their slower absorption rates. Whether this conclusion could be 
translated to indicate clinical inequivalence could not be determined from 
these studies. It would be hypothesized, however, that differences in 
clinical efficacy might be observed when ibuprofen is administered as 
single doses for the relief of mild to moderate pain. 


A more general conclusion resulting from these studies was that the 
potential exists for bioavailability problems among ibuprofen solid oral 
dosage forms. 
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Abstract 0 The ability of surfactants to accelerate the in uitro disso- 
lution of very slightly soluble drugs has been ascribed to wetting and/or 
micellar solubilization. Deflocculation as a mechanism to accelerate 
dissolution has not been investigated. In the present study, the effect of 
a surfactant on the dissolution kinetics of prednisolone from tablets and 
the mode of action of the surfactant were investigated. The dissolution 
of prednisolone a t  37’ in 0.1 N HCI containing different concentrations 
of the nonionic surfactant, octoxynol9, followed zero-order kinetics. The 
rate constant was increased by 15, 150, and 950% when octoxynol was 
added to the dissolution medium at 0.0039 and 0.032% ( 4 . 5  and 4.0 times 
the critiwl micelle concentration) and incorporated into the tablets (for 
a final concentration of 0.0039%), respectively. The surface tensions of 
the dissolution media were 71, 35, and 31 dyne/cm for 0, 0.0039, and 
0.032% octoxynol, respectively. The largest decrease in surface tension 
corresponded to the smallest increase in dissolution rate, indicating that 


The most likely mechanisms by which surfactants could 
speed up the release of very slightly soluble drugs from 
tablets are wetting, micellar solubilization, and defloccu- 


~ ~~ 


wetting was unimportant. The micellar solubilization capacity of oc- 
toxynol was much too small to account for the increases in dissolution 
rate. Microscopic particle size measurements and sedimentation volume 
determinations showed the pronounced deflocculation of prednisolone 
by the surfactant. The observed increases in specific surface area a t  the 
two octoxynol concentrations were in good quantitative agreement with 
the increases in dissolution rate according to the Noyes-Whitney equa- 
tion. 


Keyphrases 0 Deflocculation -surfactants, release of very slightly 
soluble drugs, tablets, dissolution kinetics 0 Surfactants-release of very 
slightly soluble drugs, tablets, dissolution kinetics Kinetics-disso- 
lution, surfactants, release of very slightly soluble drugs, tablets, de- 
flocculation 


lation (1). The purpose of the present study was to assess 
their relative importance in accelerating the dissolution 
of prednisolone by octoxynol. 


1038 I Journal of Pharmaceutical Sciences 
Vol. 71. No. 9, September 1982 


0022-35491 821 0900- 1038$0 1.001 0 
@ 7982, American Pharmaceutical Association 







Table I-Tablet Compositions 


Ingredients" 
Weight in Formulation, mg 
I I1 


Microcrystalline cellulose 75 75 75 
Octoxynol - 35 35 
Lactose 100 100 100 
Prednisolone 25 25 
Magnesium stearate 5 5 5 


26n Lactose 
Total 


- 


E E 500 


a Listed in order of addition. 


BACKGROUND 


Wetting-The wetting process consists in replacing a solid-air in- 
terface with a solid-liquid interface. Wetting agents speed up the pene- 
tration of gastric fluid into the tablets and, hence, tablet disintegration. 
This effect, which is due to the lowering of contact angles and of surface 
and interfacial tensions of the aqueous medium by the surfactants, has 
been well documented (2-22). 


The improper use of surfactants could conceivably retard the disso- 
lution of solid drugs by dewetting. When hydrophilic solid surfaces of 
relatively high charge density come into contact with aqueous solutions 
of ionic surfactants of the opposite charge, the surface-active ions are 
chemisorbed by an ion-exchange mechanism with their hydrocarbon 
chains oriented toward the aqueous phase. This process reduces the zeta 
potential of the solid surface to very low values or even zero (23). I t  also 
covers that  surface with hydrocarbon chains, rendering it more hydro- 
phobic and poorly wetted. The contact angles of water on such hydro- 
philic surfaces as barium sulfate (24) and glass (25) were thus increased 
from 0 to 60' or more. 


The following observation also illustrates this point. The addition of 
the anionic surfactant, dioctyl sodium sulfosuccinate, to water increased 
the rate of penetration into a powder bed of negatively charged aspirin 
particles but lowered the rate of penetration into a bed of positively 
charged magnesium oxide particles (8). 


Solubilization-Micellar solubilization occurs only when the dissolved 
surfactant is present a t  concentrations exceeding its critical micelle 
concentration. In most instances, the amount of surfactant that can be 
conveniently incorporated into a tablet supplies less than that needed 
to exceed the critical micelle concentration once the surfactant is dis- 
solved and uniformly distributed throughout the gastric fluid. Owing to 
their size, shape, and chemical nature, most drug molecules capable of 
being solubilized by micelles cause little or no reduction in the critical 
micelle concentration. 


Immediately after ingestion, aqueous fluid penetrates into tablets and 
begins to dissolve the surfactant contained therein. This process could 
temporarily produce, inside the tablets, a surfactant solution of con- 
centration well in excess of the critical micelle concentration. This 
transitory micellar solution may temporarily dissolve a very slightly 
water-soluble drug by micellar solubilization. After the tablets disinte- 
grate and/or the surfactant is leached out, the surfactant solution inside 
the tablets is diluted by the entire volume of gastric fluid and its con- 
centration drops below the critical micelle concentration. As the micelles 
dissociate, the mlubilized drug precipitates. However, this precipitation 
produces a colloidal dispersion of the drug characterized by a large spe- 
cific surface area, and, therefore, by a high subsequent dissolution rate. 
The fine particle size of the drug during precipitation is maintained by 
the low drug solubility and a small concentration. This combination re- 
sults in a low degree of supersaturation and provides little precipitating 
solid drug for growth of the nuclei. Adsorption of the surfactant and of 
pepsin and mucin dissolved in the gastric fluid onto the nuclei further 
limits their growth. 


Numerous publications deal with the effect of micellar solubilization 


Table 111-Tablet Disintegration Times 


Tablet Liquid Disintegration Times, min 
Compositiona Mediumb Mean' f S D d  Range 


I 
I 
I 


I1 


A 
B 
C 
A 


107.0 f 9.3 23.2 
104.3 f 14.5 44.6 
67.4 f 3.7 9.5 
18.5 f 0.8 2.0 


a See Table 1. * Medium A ia 0.1 N HC1, B is 0.1 N HCl + 0.003990 octoxynol, and 
Mean of 6 tablets. 


Standard deviation. 
C ia 0.1 N HCI t 0.032% octoxynol. See text for properties. 


on the dissolution rate of very slightly soluble drugs from tablets (26- 
38). 


Miscellaneous-A few investigators found that surfactants incor- 
porated into tablets or dissolution media had no effect on the disinte- 
gration and/or dissolution times (39,40). Others observed reduced dis- 
solution times in the presence of surfactants but did not identify the mode 
of action of the surfactants (41). Still other investigators rejected surface 
tension lowering and micellar solubilization as causes for the observed 
increase in dissolution rate, because these factors were not large enough 
to account for the magnitude of that  increase, but offered no alternative 
explanation (42). 


In the case of relatively hydrophilic tablets, surfactants reduced the 
disintegration times by weakening adhesion, as shown by reduced tablet 
hardness, rather than by enhancing the penetration of the dissolution 
medium (43-45). Nonionic surfactants increased the rate of dissolution 
according to their hydrophile-lipophile balance. Increases in the rate of 
disintegration depended on the chemical category of the nonionic sur- 
factant (46). 


Deflocculation-Deflocculation, deaggregation, or peptization is the 
breaking up or dispersing of aggregates or secondary particles into smaller 
aggregates or primary particles. This process increases the specific surface 
area of the solid drug particles and, thereby, their rate of dissolution. It 
enhances the bioavailability of very slightly soluble and practically in- 
soluble drugs, whose absorption is limited by their dissolution rate. 


The role of surfactants in deflocculating or deaggregating the solid 
phage in lyophobic aqueous and nonaqueous dispersions and suspensions 
is well recognized (47). However, the possibility that surfactants employed 
as tablet excipients increase the dissolution rate of very slightly soluble 
drugs by peptization or deflocculation has, to the best of our knowledge, 
neither been explicitly recognized nor documented (48). 


However, it was postulated that the presence of sodium lauryl sulfate 
dissolved in the granulating liquid greatly increased the rate of dissolution 
by preventing the formation of agglomerates of hydrophobic drug par- 
ticles in the tablet (49). The increase in the dissolution rate of aspirin from 
tablets in the presence of surfactants (17) was ascribed to "a wetting 
and/or deaggregation effect" (21). 


The present data on the release of prednisolone from tablets in the 
presence of a nonionic surfactant show that the major mechanism through 
which the surfactant increased the dissolution rate of this very slightly 
soluble drug was a deflocculating or peptizing action. 


EXPERIMENTAL 


Materials-Prednisolone was anhydrous, USP grade, and micron- 
ized'. Octoxynol9, an anhydrous, viscous liquid2, and microcrystalline 
cellulose3 were NF grade. Magnesium stearate4, supplied as an impal- 
pable powder, and spray-dried lactose5 were USP grade. All other 
chemicals were American Chemical Society reagent grade. Water was 
twice distilled. 


Tablet  Preparation-Three formulations of 500-mg tablets were 
prepared by triturating 5.000 g of the ingredients, enough to make 10 
tablets, in a mortar and pestle in the order of addition listed in Table I. 
Microcrystalline cellulose was included to absorb the liauid octoxvnol 
and prebent it from rendering the tablet excessively soit. The 7i-mg 
portion of microcrystalline cellulose was the minimum amount required 
to  absorb 35 mg of octoxynol and maintain their mixture as a nonsoggy, 
free-flowing powder. The lactose was incorporated in two portions. The 


Table 11-Tablet Characterist ics 


Property Formulation I Formulation I1 


Weight f SEa, mg ( N ) *  
Diameter f SE, mm ( N )  
Thickness f SE, mm (N) 
Prednisolone Content f SE, 


Harfiness f SE, kg ( N )  


499.7 f 1.0 (30) 
12.77 f 0.01 (14) 
2.76 f 0.02 (30) 
25.1 f 0.1 (6) 


8.1 f 0.1 (4) 
m ( N )  


500.0 f 1.0 (10) 
12.84 f 0.02 (5) 
2.76 f 0.02 (5) 
Not assayed 


1.4 f 0.1 (4) 


Schering Corp., Bloomfield, N.J. 
Triton X-100 of Rohm & Haas Co.. Philadelphia, Pa. It is a branched txtyl- 


phenol adduct with an average of 9-10 ethylene oxide units. 
Avicel PH 102, FMC Corp.. Marcus Hook, Pa. 


Foremost Dairies. Inc.. SUDDlied bv Smith Kline & French Labs.. Philadelohia. 
' Mallinckrodt Inc., St. Louis, Mo. 


. . .. - . .  
0 Standard error. b Number of determinationa. Pa. 
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Figure 1-Surface tension of octoxynol solutions in 0.1 N HC1 a t  37: 
as a function of surfactant concentration. Key: (a) equilibration time 
I hr; (0) equilibration time 24 hr. 
first was added between the surfactant and the prednisolone to minimize 
direct contact between the latter two ingredients. 


A cylindrical stainless steel die with a diameter of 1.27 cm (0.5 in) and 
a flat-faced punch were used on a hydraulic p r e d  equipped with a 
pressure gauge. The 500-mg aliquots were compressed for 30 sec with a 
weight of 4536 kg (l0,OOO lbs), which corresponds to a pressure of 50,900 
psi. This weight produced tablets of more uniform disintegration times 
than did 2268 kg (5000 lbs). 


Tablet hardness was measured with a manual, spring-operated 
tester7. 


Liquid Media-The three media used for disintegration and disso- 
lution studies consisted of 900 ml of 0.1 N HCl maintained at 37.0 f 0.2'. 
Medium A contained no other additives. Its surface tension was 71.1 
dyne/cm. Medium B contained 0.0039%0 (w/v) octoxynol, i.e., 35 mg in 
900 ml, and had a surface tension of 35.4 dyne/cm. Medium C contained 
0.032% (w/v) octoxynol and had a surface tension of 30.9 dyne/cm. Since 
the critical micelle concentration of octoxynol in 0.1 N HCl at  37" is 
0.0083%, the surfactant concentrations in Media B and C correspond 
approximately to 0.5 and 4.0 times the critical micelle concentration, 
respectively. 


Tablet Disintegration-Disintegration times were measured with 
the USP apparatus8. The plastic disks (50) were omitted. The 1-liter 
beaker was jacketed, and water from a constant-temperature bath at 37" 
was circulated through the jacket. Individual disintegration times, 
measured for each tablet, were the times required for all fragments to fall 
through the 10-mesh bottom screen. 


Prednisolone Dissolution-A USP single-position dissolution ap- 
paratus (50) was used with the basket rotating at  100 f 5  rpms. Aliquots 
were withdrawn at predetermined intervals and filtered before analyzing 
for dissolved prednisolone to remove suspended, insoluble tablet ingre- 
dients as well as any colloidally dispersed prednisolone that may have 
been present. Pressure filtration through membrane filterse with a pore 
size of 0.22 pm was employed. The stainless steel barrel of the pressure 
filter holder was thermostated at  37". 


Prednisolone assay by direct UV absorption spectroscopy was not 
sensitive enough. Therefore, a colorimetric assay based on the Porter and 
Silber method (51) was developed. It will be described in a separate 
publication. Its accuracy and reproducibility in the presence of the tab- 
leting ingredients were evaluated as follows: A tablet containing 25.0 mg 
of prednisolone was triturated with 10 ml of methanol to dissolve the 
prednisolone and the entire mass was diluted to 1.000 liter with 0.1 N 
HCl. Prednisolone assays were performed in duplicate on filtered ali- 
quota. This procedure was repeated with two additional tablets, for a total 
of six determinations. 


Four to six dissolution experiments were conducted at each of the four 
experimental conditions. Octoxynol interacted with the acid phenylhy- 
drazine solution to produce a faint yellow tint. To compensate for this 
effect, comparable concentrations of octoxynol were incorporated into 
the blank solutions. 


Octoxynol Dissolution-The release rate of octoxynol from tablets 
made according to Formulation I11 was determined by measuring the 


~~ 


Carver Laboratory Press. model C, Fred C. Carver Inc., Summit, N.J 
'Stokes Hardness Tester, Pennwalt Corp., Warminster, Pa. 
8 Scientific Glass Apparatus Co., Bloomfield, N.J. 
9 Millipore Corp., Bedford, Mass. 
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Figure $-Dissolution profile of octoxynol; Ci,corr represents the con- 
centration of dissolved octoxynol in percent (wlv) calculated according 
to Eq. 2. Key: (@) Tablet 1; (0) Tablet 2. 


surface tension of the dissolution medium as a function of time. A cali- 
bration plot of surface tension uersus octoxynol concentration was pre- 
pared at  37' in 0.1 N HCl. When the octoxynol concentration in the 
dissolution medium exceeded the critical micelle concentration, octoxynol 
determinations were made by surface tension measurements at 37' on 
aliquots after appropriate dilution with 0.1 N HCl to concentrations 
below the critical micelle concentration. 


Surface tensions were measured with a Wilhelmy balancelo equipped 
with a sand-blasted platinum blade on 40-ml portions of octoxynol so- 
lutions or aliquots of the dissolution medium. These solutions were 
equilibrated at  37.0 f 0.1" for 1 hr or 24 hr prior to the measurements. 


Micellar Solubilization of Prednisolone-The solubility of pred- 
nisolone in 0.1 N HCl solutions containing octoxynol at concentrations 
ranging from 0 to 0.128% was determined by colorimetric and gravimetric 
assays. In both methods, 50-mg portions of prednisolone triturated to 
a fine powder were mixed with 50-ml portions of the dissolving media in 
amber glass bottles. The bottles were flushed with nitrogen, stoppered, 
and shaken on an oscillating water bath" at 37'. 


For the colorimetric assay, 5-ml aliquots were withdrawn after 2,6, and 
16 days of shaking, filtered through O.l-pm membrane filters, and assayed 
according to the modified Porter and Silber method (51). The blank so- 
lutions contained octoxynol at the same concentrations as the test solu- 
tions. 


In the gravimetric method, the suspensions were shaken at  37' for 3, 
6, or 22 days. The entire 50-ml suspension volumes containing 50 mg of 
prednisolone were then filtered through tared fritted glass filtering 
crucibles. The filters, containing the undissolved prednisolone, were 
washed and dried to constant weight at 100'. 


Sedimentation Volumes of Prednisolone Suspensions-suspen- 
sions containing 50 mg of prednisolone in 50 ml of 0.1 N HCl with dif- 
ferent octoxynol concentrations were prepared as described under Mi- 
cellar Solubilization. Each suspension was vigorously shaken on the 
shaker bath for 3 days at  140 oscillations/min and poured immediately 
into a glass funnel with a top diameter of 12 cm connected to a 12-ml 
graduated glass centrifuge tube with a conical bottom. The volume of the 
bottom milliliter could be read with an accuracy of f O . O 1  ml. 


Particle Size Distribution of Prednisolone Suspensions-The 
number and sizes of the coarse particles contained in 0.1 ml of suspensions 
prepared as in the preceding section were determined by withdrawing 
a 0.1-ml aliquot immediately after vigorous shaking, using a graduated 
pipet with a tip of 2-mm i.d. The size of every coarse particle in that 
volume was measured with a magnifying glass and a ruler. Since the 
coarse particles were irregular, their equivalent spherical diameters were 
recorded. 


The number and sizes of the fine particles were measured with a he- 
macytometer. A drop of a suspension was put into the counting chamber. 
When the cover glass was placed over it, the liquid layer was reduced to 
a thickness of 0.1 mm. The dimensions of every particle in four adjacent 


10 Surface Tensiometer, VWR Scientific, Baltimore, Md. 
11 Shaker bath, model 50, Precision Scientific Co., Chicago, Ill. 
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Table IV-Dissolution Rate of Prednisolone from Tablets in Three Dissolution Media and Zero-Order Dissolution Rate Constants 


Tablet Dissolution Dissolution Prednisolone Dissolved, %c Rate Constant f SDf, ( N P  
Composition0 Medium* Time, min Mean f SDd (N’P %/min 


I 


I 


A 


B 


10 
30 
50 
75 


105 
10 
30 
50 
80 


120 
10 
25 
40 
60 ~~ 


90 
5 


10 


3.5 f 0.8 
6.7 f 2.7 


12.3 f 1.4 
18.8 f 2.7 i5j 
23.4 f 3.2 (5) 


1.9 f 0.5 (4) 
7.7 f 1.3 (4) 


13.3 f 3.0 (4) 


0.218 f 0.011 (32) 


0.251 f 0.007 (20) . .  
20.5 f 2.5 i4j 
29.5 + 3.1 (4) 
6.4 f 2.1 (4) 


13.7 f 2.3 (3) 
22.0 f 3.4 (3) 0.547 f 0.010 (20) 
32.0 f 1.8 
48.3 I 2 . 9  
15.8 f 0.5 
24.9 f 4.6 


15 30.8 f 0.2 (2) 
20 46.7 f 5.8 (4) 2.284 f 0.067 (16) 
25 56.3 f 2.0 (3) 
30 96.7 f 3.8 (4) 
35 104.2 f 0.2 (2) 
40 98.7 f 2.0 (3) 
60 100.2 f 5.1 (3) 


a See Table I. b See Footnote b of Table 111 for composition and text for properties. The amount in each tablet, namely, 25 mg, represents 100%. Standard deviation. 
e Number of tablets. f Standard deviation calculated by Eqs. 5 and 6.8 Total number of measurements; N - 1 is the degree of freedom. 


0.2-mm squares, corresponding to a volume of 4 X (0.2 mm)* X 0.1 mm 
= 0.016 mm3, was measured by means of a microscope equipped with an 
eyepiece micrometer. Since the fine particles were rod-shaped, their 
lengths and diameters were recorded. 


RESULTS 


The tablet characteristics are listed in Table 11. The small standard 
errors of the averages indicate that the properties were reproducible. 


Tablet Disintegration-Disintegration times are listed in Table 111. 
All tablets, regardless of the presence or absence of octoxynol, retained 
their integrity during most of the duration of the disintegration test. Only 
toward the end did they break up into separate fragments. 


In liquid Medium A (0.1 N HCl), the tablets disintegrated into coarse 
grains which settled quickly. When octoxynol was added to the disinte- 
grating liquid (Media B and C) or incorporated into the tablets, they 
disintegrated into fine granules that remained suspended in the liquid, 
turning it turbid. 


Comparing the mean disintegration time of 107.0 min in the absence 
of octoxynol with the mean value of 104.3 min in the presence of O.O039% 
octoxynol by means of the t test shows that their 2.5% difference is not 
statistically significant even at  the 20% probability level. 


Increasing the octoxynol content of the liquid medium to 0.032% re- 
duced the disintegration time by 37% compared to no octoxynol and by 
35% compared to 0.0039% octoxynol. These differences are statistically 
significant because the two calculated t values are larger than the 0.1% 
critical value for t. Incorporation of octoxynol into the tablets reduced 
the disintegration time by 82%. 


The observation that the shortest disintegration times were obtained 
when octoxynol was incorporated into the tablets may in part be due to 
their reduced hardness (Table 11). However, the major cause is probably 
the temporary high concentration of dissolved octoxynol inside the tablets 
as the disintegration liquid penetrates them and leaches the surfactant 
out of the microcrystalline cellulose granules. 


The spread of the individual disintegration times about their mean, 
as represented by the standard deviation and range, was largest when the 
medium contained 0.0039% octoxynol and smallest when the octoxynol 
was incorporated into the tablet, paralleling the rank order of the disin- 
tegration times themselves. The rank order of the breadth of the statis- 
tical dispersion of the individual values about their means remained the 
same regardless of whether the standard deviation and range were ex- 
pressed as percent of the means or as absolute values. 


Octoxynol Dissolution Rate-Micelles of nonionic surfactants are 
slow to dissociate and the nonassociated surfactant molecules are slow 
to reach equilibrium adsorption at  the air-water interface. While most 
measurements to establish the concentration-surface tension relationship 
were made after equilibrating the octoxynol solutions at  37O for 1 hr, some 
surface tensions were measured after 24 hr of equilibration. As is seen 


in Fig. 1, longer equilibration times did not result in noticeably lower 
surface tensions. 


The calibration plot of surface tension uersus the log of concentration 
is linear between the critical micelle concentration of 0.0083% (w/v) 
(surface tension = 30.9 dyne/cm) and 0.0008% (surface tension = 44.7 
dynehm). This concentration range corresponds to the region of satu- 
ration adsorption of the surfactant a t  the air-water interface. The 
least-squares correlation between surface tension, 7, in dyne/cm and 
octoxynol concentration, C %, (w/v), valid for this concentration range, 
is: 


7 = 2.59 - 13.62 log C (Eq. 1) 
with a correlation coefficient of 0.993 ( N  = 8). 


When determining the dissolution rate of octoxynol from tablets, 40-ml 
aliquots were withdrawn from the 900-ml medium for surface tension 
measurements. These withdrawals represented substantial reductions 
in the volume of the medium and in the amount of dissolved surfactant. 
Correction was made by the following equation, derived for that pur- 
pose: 


where CiPwrr is the surfactant concentration in the dissolution medium 
at  the time when the ith aliquot was withdrawn, corrected for the with- 
drawal of all previous aliquots, i.e., Ci,mrr is the concentration that would 
have been measured if no aliquots had been withdrawn previously. The 
surfactant concentration in the ith 40-ml aliquot is C,,ob. Both C,,mm and 
Ci,ob are expressed as percent (w/v). The summation term starts with 
the second aliquot, i .e.,  with i - 1 = 1 or i = 2; in this term, i # 1. The 
summation term is always one aliquot behind the other two terms of Eq. 
2. 


The values for ci,oba were obtained from the surface tensions either 
by means of the calibration plot of Fig. 1 or a t  octoxynol concentrations 
between 0.008% and the critical micelle concentration, by Eq. 1. 


The presence of debris of insoluble tablet ingredients suspended in the 
dissolution medium did not affect the surface tension measurements, nor 
was there substantial adsorption of octoxynol by the debris. The surface 
tensions of the following media were identical within the precision of the 
measurements, namely, fO.l dynehm, at comparable nominal octoxynol 
concentrations: (a) octoxynol solutions in 0.1 N HCl, before and after 
filtration through membrane filters with pore sizes of 0.22 and 0.1 pm; 
( b )  octoxynol solutions in dissolution media containing disintegrated 
tablets, before and after filtration through 0.22- and 0.1-pm filters. 


Tablets made from Formulation I11 and a dissolution medium of 0.1 
N HCl were used to study the rate of release of octoxynol. A plot of the 
octoxynol concentration in the dissolution medium versus time, obtained 
with two tablets, was linear and went through the origin (Fig. 2). A plot 
of the logarithm of the concentration of dissolved octoxynol versus time 
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Figure 3-Effect of octoxynol on the dissolution rate of prednisolone 
in 0.1 N HC1 a t  3 7 O .  Key: (A) no octoxynol; (0) 0.0039%, (0) 0.032%; 
and (A) 0.0039% equivalent octoxynol in tablet but none added to 
medium. 
was concave toward the time axis. After a dissolution period of 35 min, 
a t  which time all of the octoxynol had been dissolved, the tablets disin- 
tegrated completely and all fragments fell through the screen of the 
dissolution basket. 


The dissolution of octoxynol from tablets follows zero-order kinetics. 
The slope of Fig. 2, calculated by the method of least squares, is 0.000112% 
(w/v)/min, the correlation coefficient is 0.990. The total amount of oc- 
toxynol present in the tablet, 35 mg, dissolved in the 900-ml volume of 
dissolution liquid, would have produced a concentration of 0.00389% 
(w/v). Therefore, the dissolution rate constant of octoxynol is: 


'Oo' ] = 2.88%/min k = - -  dC - 0.000112% (w/v)) ( 
dt ( min 0.00389% (w/v) 


(Eq. 3) 


where percent refers to the amount of octoxynol released, expressed as 
percent of the total amount present or C,. 


Prednisolone Dissolution Rate-Octoxynol is an effective defloc- 
culating agent and may have dispersed some of the solid prednisolone 
into colloidal particles. If these particles passed the 0.22-pm membrane 
filter, they would be assayed together with the dissolved prednisolone, 
resulting in an excessively high dissolution rate. 


When three 5-ml portions of a dissolution medium were filtered in 
succession through a membrane filter with a pore size of 0.22 pm and an 
additional three 5-ml portions of the same medium were filtered in suc- 
cession through a membrane filter with a pore size of 0.1 pm, all six fil- 
trates had identical prednisolone contents. Moreover, the filtrates were 
clear and did not exhibit Tyndall beams. These facts indicate that only 
molecularly dissolved prednisolone, and possibly prednisolone solubilized 
in micelles, were present in the filtrates, and that the membrane filters 
did not absorb measurable quantities of the steroid. No colloidally dis- 
persed and undissolved prednisolone was present in the filtrates. 


The accuracy and reproducibility of the prednisolone assay in the 
presence of the tableting ingredients was evaluated by assaying three 
tablets containing 25.0 mg each of prednisolone as described above. After 
trituration with methanol to dissolve the steroid, the entire mass was 
diluted to 1.000 liter with 0.1 N HC1. Duplicate assays on filtered aliquots 
for each tablet gave the following results: The mean of six values of 
Table V-Sedimentation Volumes of Pretlnisolone Suspensions 
at Different Octoxynol Concentrations 


Octoxynol Sedimentation Volume, ml 
Concentration, Coarse Fine 


% (w/v) Particles Particles Total 


0 0.20 0.65 0.85 
0.0039 0.19 0.23 0.42 
0.012 0.16 0.39 0.55 
0.016 
0.032 
0.128 


0.14 
0.13 
0.05 


1.02 1.16 
1.32 1.45 
2.00 2.05 


Figure 4-Sedimentation volume of prednisolone suspensions in 0.1 
N HC1 at  2 5 O  as a function of octoxynol concentration. Key: (0) coarse 
aggregates; (0) fine; and (A) total volume. Arrow indicates critical 
rnicelle concentration. 


prednisolone concentration was 25.05 mgfliter, the standard error 0.07 
mg/liter, and the range 0.4 mgfliter. The standard error represents only 
0.3% of the mean. 


The dissolution data are summarized in Table IV. Plots of the loga- 
rithms of percent prednisolone dissolved versus dissolution time were 
concave toward the time axis. Plots of percent prednisolone dissolved 
uersus dissolution time were straight lines going through the origin, in- 
dicating that the dissolution was zero order (Fig. 3). 


Dissolution studies were conducted for up to 2 hr. In that period, tablets 
of Formulation I (no surfactant) in Media A and B released 25-30% of 
the prednisolone. Under these conditions, tablet disintegration times were 
somewhat under 2 hr. Nearly half of the prednisolone was dissolved 
within 1.5 hr in Medium C, where the disintegration time was somewhat 
>I  hr. When octoxynol was incorporated into the tablet, complete dis- 
solution of the prednisolone occurred in -30 min, compared with disin- 
tegration times of <20 min. Thus, tablet disintegration always preceded 
complete prednisolone dissolution. 


The zero-order rate constants for the dissolution of prednisolone were 
calculated by (52): 


(Eq. 4) 


where p represents the percent prednisolone dissolved, based on the total 
amount of prednisolone present in the tablets, namely, 25 mg, and t 
represents dissolution time. 


The standard deviation of k .  S k ,  was calculated by (52): . .. . 


s h = @  


The variance of regression is: 
N - 1  1 


(Eq. 5) 


(Eq. 6) 


where N is the number of measurements and N - 1 the number of degrees 
of freedom. 


Zero-order dissolution rate constanta for the four systems and their 
standard deviations are listed in Table IV. The mean rate constant in 
Medium B,'containing octoxynol at a concentration of 0.0039% (w/v) or 
47% of the critical micelle concentration, is somewhat larger than the one 
in Medium A without octoxynol. However, the difference between the 
two values is not statistically significant because the observed t value of 
1.816 is smaller than the critical t value at the 5% level for N1 + Nz - 2 
= 50, namely, 2.008 (52). 


A higher level of octoxynol in the dissolution medium, 3.9 times the 
critical micelle concentration, doubled the rate of dissolution. However, 
the rate of dissolution was increased tenfold when the surfactant was 
incorporated into the tablet rather than dissolved in the dissolution 
medium. 


Micellar Solubilization of Prednisolone-To ascertain whether 
micellar solubilization of prednisolone by octoxynol could play a role in 
speeding up its dissolution from tablets, the solubility of prednisolone 
in 0.1 N HC1 solutions containing different concentrations of octoxynol 
up to 0.128% (w/v) was measured at 37'. 


To ensure that equilibration was attained, prednisolone suspensions 
in 0.1 N HC1 containing different octoxynol concentrations were shaken 
at 37O for 2,6, and 16 days prior to the colorimetric assay, and for 3,6, and 
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Table VI-Particle Size Distribution of Prednisolone SusDensions at Different Octoxvnol Concentrations 


Octoxynol 
Concentration, 


% (w/v) 


0 


0.0039 


0.032 


Size Range, Mid-point, 
wm Do,  wm N b  


0-5 
5-10 


10-15 
15-20 
20-25 
25-30 
30-35 


0-200 
200-400 
400-600 
600-800 
800-1,000 


Total 


0-5 
5-10 


10-15 
15-20 


0-200 
200-400 
400-600 
600-800 


Total 


0-5 
5-10 


10-15 


0-200 
200-400 
400-600 
600-800 


Total 


17.5 


100 
300 
500 
700 
900 


Rod-Shaped Particles 
2.5 
7.5 


12.5 
17.5 


Coarse Particles 
100 
300 
500 
700 


Rod-Shaped Particles 
2.5 
7.5 


12.5 
Coarse Particles 


100 
300 
500 
700 


187,500 
375,000 
187,500 
125,000 
62,500 
62,500 
62,500 


380 
220 
110 
70 


10 
1,063,290 


625,000 
375,000 
437,500 
250,000 


890 
360 
190 
20 


1,688,960 


5,562,500 
3,812,500 


687,500 


370 
220 
140 
20 


10,063,250 


Defined by Eq. 8. * Number of particles per milliliter. 


22 days prior to analysis by the gravimetric method. In both methods, 
the longer shaking times did not significantly increase the amount of 
prednisolone solubilized, indicating that equilibrium had been reached 
within the shortest shaking times. 


The linear relation between the solubility of prednisolone in 0.1 N HCl 
containing octoxynol at concentrations above the critical micelle con- 
centration and the concentration of octoxynol was calculated by the 
least-squares method. If the solubility limit of prednisolone was expressed 
in milligrams per liter and the octoxynol concentration in percent (w/v), 
the colorimetric method yielded an intercept of 309 and a slope of 453. 
The gravimetric method yielded an intercept of 367 and a slope of 510. 
According to the t test (52), the difference between the two intercepts 
is not statistically significant a t  the 5% probability level. Moreover, the 
intercepts do not differ significantly from the solubility of prednisolone 
in 0.1 N HCl solutions with octoxynol levels between zero and the critical 
micelle concentration. 


Because the difference between the slopes of the two regression lines 
was not statistically significant either, the two sets of data were pooled. 
The critical micelle concentration of 0.0083% was subtracted from the 
total octoxynol concentration C to give the concentration of octoxynol 
associated into micelles, expressed as percent (w/v). With the solubility 
of prednisolone S in milligrams per liter as the dependent variable, the 
equation of the regression line ( N  = 17) was: 


S = 342 + 326 (C - 0.0083) (Eq. 7) 


with a correlation coefficient of 0.804. 
The intercept, 342 mgfliter, represents the solubility of prednisolone 


in the aqueous environment. It is identical with the mean solubility value 
of prednisolone in 0.1 N HCl containing between 0 and 0.008% octoxynol, 
343 f 42 (N = 14). 


The slope, 326 mgfliter of prednisolone/% (w/v) micellar octoxynol, 
represents the solubilizing capacity of octoxynol micelles for prednisolone. 
For Medium C, containing 0.0320 - 0.0083 = 0.0237% micellar octoxynol, 
the total solubility of prednisolone S is 350 mgfliter according to Eq. 7. 
Of this amount, only 8 mg/liter (350 - 342 = 0.0237 X 326 = 8) is solu- 
bilized in micelles. 


Sedimentation Volumes of Prednisolone Suspensions-The sed- 


Number Weight 
Distribution, Distribution, 
Frequency, % Frequency, % 


17.6 
35.3 
17.6 
11.8 
5.9 
5.9 
5.9 


0.036 
0.021 
0.010 
0.007 
o.001 
100.075 


37.0 
22.2 
25.9 
14.8 


0.053 
0.021 
0.011 
0.001 


99.986 


55.3 
37.9 
6.8 


0.0037 
0.0022 
0.0014 
0.0002 


100.0075 


0.005 
0.28 
0.65 
1.18 
1.26 
2.29 
3.78 


0.67 
10.5 
24.2 
42.3 
12.9 
100.015 


0.02 
0.36 
1.96 
3.07 


2.04 
22.3 
54.5 


15.7 
99.95 


0.26 
4.77 
3.98 


1.10 
17.6 
51.9 
2!x 
100.01 


imentation volumes of 50-ml suspensions containing 50 mg of prednis- 
olone in 0.1 N HC1 and different octoxynol concentrations are listed in 
Table V. Constant sedimentation volumes were reached within 24-48 
hr. In the absence or at low concentrations of octoxynol, the suspensions 
consisted mostly of coarse particles, which were granular aggregates. At  
intermediate concentrations, in the vicinity of the critical micelle con- 
centration, octoxynol broke these up progressively into fine particles 
which were rod-shaped. The latter tended to agglomerate into loose flocs 
a t  high octoxynol concentrations. 


The sediments were stratified into two distinct layers consisting of the 
coarse and fine particles, respectively, separated by a sharp boundary. 
The sedimentation volumes of both types of particles were recorded 
separately and added together in Table V. Octoxynol decreased the 
sedimentation volumes of the coarse particles in two ways. With in- 
creasing concentration, the surfactant peptized progressive amounts of 
the coarse particles into fine, rod-shaped particles. It also caused the 
remaining coarse particles to pack more tightly into sediments that were 
more compact and, hence, occupied progressively smaller volumes. 


The sedimentation volume of the fine, rod-shaped particles was not 
a monotonic function of the octoxynol concentration but went through 
a minimum in the vicinity of the critical micelle concentration (Fig. 4). 
The initial decrease was caused by deflocculation of the fine particles into 
primary rods. Flocs were rarely seen under the microscope below the 
critical micelle concentration. 


As the surfactant concentration increased above the critical rnicelle 
concentration, the sedimentation volume of the fine particles increased 
in two ways. Their number increased because of the progressive breaking 
up of coarse particles. Moreover, the rod-shaped particles became more 
extensively aggregated into loose flocs of progressively larger size. Many 
flocs containing 40-60 rod-shaped particles were observed in 0.128% 
octoxynol. 


Flocculation of the rod-shaped primary particles may be due to 
bridging by octoxynol micelles. As the surfactant concentration increased, 
the number and size of the micelles increased, thereby increasing their 
ability to bridge and bind together rod-shaped prednisolone particles. 
At  concentrations exceeding the critical micelle concentration tenfold 
or more, cylindrical micelles probably begin to form which, at still higher 
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concentrations, produce the middle phase (53). Increasing micellar 
asymmetry increases the number of prednisolone particles on which a 
single micelle may be adsorbed, cementing them together into flocs. 


Particle Size Distribution of Prednisolone Suspensions-Micro- 
scopic measurements were conducted on three suspensions in 0.1 N HC1 
containing 0,0.0039, and 0.032% octoxynol, corresponding to dissolution 
Media A, B, and C, respectively. The fine particles were rods of length 
L and width or diameter W. To obtain a particle size distribution which 
included the fine rod-shaped particles and the coarse irregular particles, 
a single dimension was needed for the former. The dimension chosen wan 
the surface diameter D (54,55), i.e., the diameter of a sphere having the 
same surface area as the rod, because the dissolution rate of very slightly 
soluble drugs depends largely on their surface area: 


ynol/mole of solubilized prednisolone. This value is typical for micellar 
solubilization of steroids by nonionic surfactants (57,58). 


The following two fads demonstrate that micellar solubiliition cannot 
play a significant role in the enhancement of the dissolution rate of 
prednisolone by octoxynol. Medium C, with 0.0320 - 0.0083 = 0.0237% 
micellar octoxynol, dissolves 350 mghiter prednisolone at saturation, or 
a maximum of 315 mg for the actual 900-ml volume of tRe dissolution 
medium. Of the latter amount, only 7 mg is solubilized in micelles, while 
most of the prednisolone is dissolved in the aqueous environment. 


Of the 25 mg of prednisolone contained in a tablet, only a small fraction 
will besolubilized by micelles, <3% if the partition coefficient of pred- 
nisolone dissolved in the aqueous phase and in the micelles of a 0.032% 
octoxynol solution equals the ratio of its solubility limits, namely, (350 
- 8)/8 or 43:l. 


D = d W ( L  + W/2) (Eq. 8, The ereatest enhancement of the dissolution rate of Drednisolone was 
The particle size distribution data for the three media are listed in 


Table VI. Number- and weight-distribution frequencies were calculated 
by standard procedures (54-56). Cumulative plots yielding median di- 
ameters were not made because the size distributions are bimodal. 
However, mean volume-surface diameters D ,  (54-56) were calcu- 
lated: 


where Di is the diameter of the midpoint of the ith size range. For the 
rod-shaped particles, the D values were calculated by Eq. 8. 


The D,, values a t  different octoxynol concentrations and the corre- 
sponding specific surface areas, estimated as 6/D,, are listed in Table 
VII. The surfadant increased the specific surface area A of the suspended 
prednisolone particles by only 10% below the critical micelle concentra- 
tion but more than doubled it  above that concentration. 


Within the range of data of Table VII, there is a linear relation between 
the specific surface area A in cm2/cm3 and the octoxynol concentration 
C in % (w/v): 


D,, = XNiDfICNiDH (Eq. 9) 


A = 347 + 12,900 C (Eq. 10) 
with a correlation coefficient of 0.99956. This proportionality cannot 
extend to higher octoxynol concentrations at  which the coarse particles 
are completely broken down because, a t  these concentrations, the sur- 
factant flocculates the primary, rod-shaped particles extensively. 


DISCUSSION 
The experimental data afford an assessment of the relative contribu- 


tions of wetting, micellar solubilization, and deflocculation towards the 
enhancement of the dissolution rate of prednisolone by octoxynol. 


Wetting-The first step in the disintegration of tablets and dissolution 
of the active ingredient is the displacement of air from the internal surface 
of the tablet by the dissolution medium, replacing the solid-air with a 
solid-liquid interface. This wetting process is expedited if the dissolution 
medium makes a small or zero contact angle on the solid surface. Small 
contact angles are generally produced by liquids of low surface ten- 
sion. 


The following facts demonstrate that wetting affected neither the 
disintegration time of the tablets nor the dissolution rate of the active 
ingredient. Medium A, consisting of 0.1 N HCl with a surface tension of 
71.1 dyne/cm at 37O, produced only marginally greater disintegration 
times than Medium B, which consisted of 0.100 N HCl + 0.0039% oc- 
toxynol with only half the surface tension. Medium C, consisting of 0.1 
N HCl + 0.032% octoxynol with a surface tension of 30.9 dyne/cm, which 
is only 4.5 dyne/cm below that of Medium B, reduced the disintegration 
time by one-third (Table 111). 


No additional air bubbles were released from the disintegrating tablets 
after the initial immersion time of 1 min. Therefore, wetting, i .e.,  the 
penetration of the dissolution medium into the pores of the tablets and 
the displacement of the air therein, was completed within that period. 


The dissolution rate of prednisolone in Medium B was only marginally 
higher than that in Medium A, despite the fact that the latter had twice 
the surface tension of the former. The dissolution rate in Medium C was 
twice that in Medium B (Table IV), despite the small difference in their 
surface tensions. 


Since wetting depends markedly on surface tensipn, while the disin- 
tegration times and dissolution rates were not correlated with surface 
tension, wetting was not a rate-determining step for these processes. 


Micellar Solubilization of Prednisolone-According to Eq. 7,326 
mghter prednisolone is solubdized by 1% (w/v) or 10,oOO mghter micellar 
octoxynol a t  saturation. The solubilizing capacity of octoxynol is thus 
0.0326 g of prednisolone/g of micellar octoxynol; i.e., 0.057 mole of 
prednisolone/mole of micellar octoxynol, or 18 moles of micellar octox- 


observid with Formulation 111 (Tables I and IV), where octoxynol was 
incorporated into the tablets. This 35 mg of octoxynol, if it existed entirely 
in the micellar form, could solubilize a maximum of 1.1 mg of predniso- 
lone according to Eq. 7, i e . ,  no more than 5% of the prednisolone present 
in the tablets. Thus, micellar solubilization cannot play a major role in 
speeding up the dissolution of prednisolone even in the hypothetical 
situation where the dissolution medium flowing into a tablet dissolves 
all of the octoxynol contained therein, and where the micellar solution 
thus produced becomes saturated with prednisolone inside the tablet 
before octoxynol begins to diffuse out. 


Deflocculation-The tablet disintegration experiments provided a 
visual demonstration of deflocculation. Even at  octoxynol concentrations 
below the critical micelle concentration, the tablets broke up into fine 
granules that remained in suspension, compared with coarse, quickly 
sedimenting grains in the absence of surfactant. 


The data of Table VII and E!q. 10 indicate that &xynol deflocculated 
the suspended prednisolone and that the extent of deflocculation was 
proportional to the surfactant concentration. It is interesting to compare 
quantitatively the increase in dissolution rate with the increase in specific 
surface area measured at  comparable octoxynol concentrations to as- 
certain whether the deflocculation was extensive enough to produce the 
observed increases in dissolution rate. 


The Noyes-Whitney (59) and Nernst-Brunner (60) equation relates 
the rate of change of drug concentration C in the dissolution medium with 
time t to the specific surface area A of the drug particles, the thickness 
h of the stagnant saturated solvent layer surrounding the drug particle, 
the solubility limit of the drug, C,, which is its concentration in the 
stagnant layer, and the drug concentration Ct in the bulk solvent a t  time 
t :  


where D represents the diffusion coefficient of the drug molecules in 
solution. 


The maximum values of Ct in the present experiments, attained when 
the 25 mg of prednisolone present in the tablets is completely dissolved 
in the 0.9-liter volume of dissolution medium, is 25 mg/0.9 liter or 28 
mghiter. This value is <LO% of the lower prednisolone solubility limit 
of 342 mghiter obtained in the absence of octoxynol. Therefore, C, >> Ct 
and C. - Ct a C,. The left term in Eq. 11 represents the zero-order dis- 
solution rate constant k obtained from Fig. 3 and listed in Table IV. Thus, 
Eq. 11 simplifies to: 


k = DAC,/h (Eq. 12) 
indicating that k should be directly proportional to A if h is independent 
of A .  


The last column of Table VII lists the ratios &/A. They increased by 
a mere 16% while A and k more than doubled. The slight increase in the 
&/A ratio with increasing k and A values may not be statistically signif- 
icant despite the consistent trend. If the increase is significant, it can be 
ascribed to a slight decrease in h caused by an increase in A .  A slight 
decrease in the thickness of the stagnant layer caused by a large reduction 
in particle size is to be expected. 


Of the three possible mechanisms by which octoxynol could have in- 
creased the rate of dissolution of prednisolone, only deflocculation was 
extensive enough to account for the magnitude of the observed rate en- 
hancement. Neither wetting nor micellar solubilization made significant 
contributions to the observed effect. 


Higher octoxynol concentrations, e.g., 16 times its critical micelle 
concentration, produced extensive flocculation of the primary rod-shaped 
particles. However, these surfactant concentrations were much larger 
than those attainable in a practical situation. 
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Table VII-Mean Volume-Surface Diameters and Specific 
Surface Areas of Prednisolone Suspensions and Their Relation 
with Dissolution Rate Constants 


(24) J. H. Schulman and J. Leja, Trans. Faraday SOC. ,  50, 598 


(25) L. Ter Minassian-Saraga, J. Chim. Phys., 57,lO (1960). 
(26) D. E. Wurster and P. W. Taylor, J. Pharm. Sci., 54,169 (1965). 
(27) P. W. Taylor and D. E. Wurster, ibid., 54, 1654 (1965). 


Concentration, D,,, A, k”, k / A ,  (28) E. L. Parrott and V. K. Sharma, ibid., 56,1341 (1967). 


(1954). 


Octoxynol 


% (w/v) Fm cm2/cm3 %/min 104(%/min)/(cm2/cm3) (29) T. R. Bates, S.-L. Lin, and M. Gibaldi, ibid., 56,1492 (1967). 
(30) M. Gibaldi, S. Feldman, R. Wynn, and N. D. Weiner, ibid., 57, 0 170 353 0.218 6.2 


0.0039 154 390 0.251 6.4 
0.032 79 760 0.547 7.2 (31) P. Singh, S. J. Desai, D. R. Flanagan, A. P. Simonelli. and W. I. 


787 (1968). 


a Values of zero-order dissolution rate constant from Table IV. 


The highest dissolution rates were obtained when the octoxynol was 
incorporated into the tablets. The transient, relatively concentrated 
octoxynol solutions produced inside tablets when the octoxynol was ex- 
tracted from the microcrystalline cellulose by the inflowing dissolution 
medium produced the most extensive deflocculation of prednisolone. 
Even these solutions, however, broke up the coarse particles without 
flocculating the resulting rod-shaped particles. Moreover, flocs of the 
rod-shaped particles dispersed readily when the suspending medium of 
concentrated octoxynol was diluted with water or 0.1 N HCI. 


Relation between Tablet Disintegration Time and Prednisolone 
Dissolution Rate-Octoxynol reduced the tablet disintegration time 
and increased the prednisolone dissolution rate considerably. Therefore, 
the mean tablet disintegration times t in minutes (Table 111) and the 
zero-order rate constants for the dissolution of prednisolone k ,  in percent 
per minute (Table IV), were compared for tablets of Composition I in 
Media A, B, and C and for tablets of Composition I1 in Medium A. 


The relation between log k and t was linear: 
log k = 0.546 - 0.0113 t (Eq. 13) 


with a correlation coefficient of 0.997. While it is to be expected that a 
given factor, such as the presence of a surfactant, which reduces disin- 
tegration times also increases dissolution rates (61, 621, no physical 
meaning is ascribed to the fact that the two parameters were related by 
a linear relationship on a semilogarithmic scale. 
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Abstract  Bacmecillinam is an amdinocillin prodrug designed to  be 
easily hydrolyzed in biological materials, so special procedures were de- 
veloped for the collection of blood specimens. Whole blood was collected 
in tubes containing bacampicillin as an adsorption inhibitor and kept 
a t  -70"; the extracting solvent, hexane-methylene chloride (9:1, v/v), 
was added to the cold tubes, and the extraction was performed during 
the thawing of the samples. The organic phase was partially evaporated 
before a reextraction to a small volume of acidic aqueous phase was made. 
The separation was performed on a microparticulate CIS-alkyl bonded 
silica packed in glass-lined stainless steel columns. Mobile phase was a 
buffer (pH 6)-acetonitrile mixture containing N-hexyl-N-methylamine 
as an adsorption inhibitor. The detection limit was 600 pg/ml of whole 
blood, and the within-run precision (s,,lyo) was -8% a t  the 5-ng/ml 
level. 


Keyphrases 0 Bacmecillinam-determination in biological fluids by 
reversed-phase liquid chromatography 0 Biological fluids-determi- 
nation of bacmecillinam by reversed-phase liquid chromatography 0 
Reversed-phase liquid chromatography-determination of bacmecilli- 
nam in biological fluids 


Amdinocillin, a 6P-amidinopenicillanic acid, is a rela- 
tively new antibiotic agent for which a synergistic effect 
in uitro and in viuo has been demonstrated, in combination 
with P-lactam antibiotics, against many strains of Gram- 
negative bacteria. Since amdinocillin is poorly absorbed 
after oral administration, prodrugs such as amdinocillin 
pivoxil and bacmecillinam have been developed in order 
to enhance the oral drug absorption efficiency. Bacmecil- 
h a m ,  the 1'-ethoxycarbonyloxyethyl ester, is rapidly 
hydrolyzed by endogenous esterases in blood and tissues 
releasing ethanol, acetaldehyde, and carbon dioxide. Re- 
cently (I), the superior pharmacokinetic properties of 
bacmecillinam compared with amdinocillin pivoxil were 
demonstrated in studies on healthy volunteers, resulting 
in statistically significant differences regarding areas under 
the curve, urinary excretion, and peak plasma concentra- 
tions. 


During the evaluation of the toxicological and clinical 
properties of the drug, a need for the determination of the 
intact prodrug, bacmecillinam, arose. This report presents 
such a method for the quantitative determination of the 
compound in whole blood and bile. Since the compound 
is very unstable in the presence of biological fluids, special 
precautions in sample handling had to be developed. A t  
the very low concentration levels encountered, severe ad- 
sorption tendencies of the compound had to be overcome 
by careful handling of the sample. An extraction procedure 
comprising a base extraction and a reextraction to an acidic 
aqueous phase precedes the chromatographic step which 
relies on reversed-phase liquid chromatography and UV 
detection. Amdinocillin pivoxil was utilized as the internal 
standard. 


EXPERIMENTAL 


Apparatus-Chemicals were weighed on analytical' or microanalyt- 
icaP balances; a shaker3 was used for extraction, speed control 6.5; and 
the extraction tubes were centrifuged at 300Xg4 (Step 1 in the extraction) 
or a t  650Xg5 (Step 2). The equipment for liquid chromatography was 
comprised of a dual reciprocating piston pump6, an injection valve7 
equipped with a 20- or 200-p1 loop, an injection syringe8 with a total 
volume of 1 ml, a variable UV detectorg monitored at 230 nm, and a re- 
corderlo with an input of 10 mV and a paperspeed of 40 cm/hr. 


Chemicals-Bacampicillin", bacmecillinam", and amdinocillin pi- 
voxil12 were from released batches. N-He~yl-N-methylarnine~~ of pure 
quality, phosphoric acid (85%) l4 of analytical quality, and acetonitrile13 
of HPLC quality were used for preparation of the mobile phases. Meth- 
ylene chloride13 of HPLC quality and n-hexane14 of spectroscopic quality 
were used in the extractions. The water was deionized. 


Standard S o l u t i o d o l u t i o n  S consisted of 5 mg of bacmecillinam/ 
250 ml of water in a polypropylene flask15; Solution I amdinocillin pivoxil, 
internal standard, 1.25 mg/250 ml of water in a polypropylene flask; So- 
lution A: bacampicillin, adsorption inhibitor, 100 mg/100 ml of water in 
a polypropylene flask. Solutions S, I, and A were divided into 1-ml por- 
tions and stored a t  -70" in tube@. Each day of analysis, appropriate 
amounts were thawed, and out of Solution S, a series of seven twofold 
dilutions (S1-S7), containing 10-0.156 pglml, were made in tube@. 


Solution IA was made by mixing 1.0 ml of I and 0.5 ml of A in a tube16 
and Solution ID was made by mixing 1.0 ml of I and 0.5 ml of water in a 
tube16. Solvent for extraction (Solvent E): methylene chloride (50.0 ml) 
was added by pipet into a 500-ml flask and n-hexane was added to  the 
mark. Solution Sq (200 bl), 300 p1 of Solution IA, and 3500 pl of 0.01 M 
H3P04 were mixed to  make the chromatographic test solution. 


Control of Standards-Two independent weighings for the prepa- 
ration of standard solutions were made. The solutions were diluted with 
an equal volume of deionized water and the absorbances a t  220 nm were 
measured on a spectrophotometer. If the absorbances agreed within 2%, 
one of the standard solutions was prepared and stored according to  the 
described procedure. If the absorbances deviated, new sets of dilutions 
were prepared and the control performed once more. If disagreement still 
persisted, new weighings had to be made. 


Instrument  Control-The performance of the HPLC instrumenta- 
tion was controlled each day of operation by the injection of two standard 
solutions (S2 and S5). The slope of this standard curve was calculated, 
and the baseline noise level was observed. If data were in accordance with 
previously reported data (results within f10% of established data) the 
instrument performance was approved. 


Sample Collection- Whole Blood-Whole blood (0.25-2 ml) was 
collected by means of a cannula17 in 5-ml tubes18, containing 10-100 pl 
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of Solution A, diluted 10 times, with each dilution containing 10 pg of 
bacampicillin. Care was taken to avoid blood coming into contact with 
the stopper. The content was then rapidly poured into preweighed cen- 
trifuge glass tubes, which were placed in a carbon dioxide-ethanol bath 
in order to rapidly freeze the content. The whole procedure had to be 
performed within 10 sec. 


Bile-Bile from dogs was collected directly in preweighed centrifuge 
tubes, containing -10 pg of bacampicillin as an adsorption inhibitor, and 
kept in a carbon dioxide-ethanol bath, which was i ~ o l a t e d ' ~  to prevent 
the freezing of the bile in the tube coming from the dog. 


Sample Preparation-For preparation of standards, 2.00 ml of 
human whole blood or 1.00 ml of canine whole blood or bile was added 
by pipet into 14 centrifuge tubes and the tubes were chilled in an ice bath. 
A 20 p1 volume of Solutions S1-s~ was added to the standard tubes, each 
solution to two tubes leaving two tubes as blanks; the tubes were mixed 
for 5 sec and put in a carbon dioxide-ethanol bath (--70°) in a fast and 
reproducible manner. All sample handling from then on was performed 
by keeping the samples cold in the carbon dioxide-ethanol bath. The 
sample tubes were weighed on an analytical balance and put in the 
freezing mixture. Solution IA (30 pl) was added to all standard tubes, and 
30 p1 of Solution ID was added to all sample tubes. 


Extraction-While keeping the tubes at  -70°, 5.00 ml of Solvent E/ml 
of sample was added to each tube. The stoppers were sealed by rubber 
bands and the tubes were put in the shaker horizontally for 20 min. After 
loosening the stoppers, the tubes were centrifuged4 for 10 min. The or- 
ganic phase was carefully transferred to new glass centrifuge tubes (10-ml 
volume) and evaporated to 4 ml under a gentle stream of air or nitrogen 
at  room temperature, 400 pl of 0.01 M H3P04 was added, the stoppers 
were sealed by rubber bands, and the tubes were put in the shaker hori- 
zontally for 15 min. After centrifugation5 for 5 min the organic phase was 
removed carefully by a Pasteur pipet and remaining traces were evapo- 
rated by compressed air. The aqueous phase (200 p1) was injected'into 
the chromatographic column. 


Chromatography-The support?O was packed in glass-lined stainless 
steel columnsz1 (100 X 4-mm, i.d.) by an upwards slurry packing tech- 
nique (2) with methylene chloride as solvent. Mobile phase was pH 6 
phosphate buffer (ionic strength = 0.05)-acetonitrile (6:4, v/v) containing 
N-hexyl-N-methylamine M ) ;  the mixture was degassed for 2 hr 
by magnetic stirring before use. The chromatographic procedure was as 
follows. The column was equilibrated with the mobile phase for -1 hr 
before starting the analysis. Samples (200 pl) were injected in the fol- 
lowing order: ( a )  0.01 M H3P04 for control of chromatographic purity; 
( b )  chromatographic test solution; (c)  extract from a whole blood blank 
sample; ( d )  Standard S1, ( e )  sample; ( f )  Standard SZ and so on from there. 
(This sequence of injections is not critical to the outcome of the analysis 
but is recommended in order to get as reliable results as possible from 
the quantitations.) The standard injecting frequency depended on the 
number of samples and was distributed as evenly as possible among the 
samples. Finally, the injections were concluded by another sample of the 
chromatographic test solution, and its chromatographic appearance was 
compared with the first sample injected in order to confirm the column 
retention throughout the study. 


For quantitation a standard curve was constructed by plotting the peak 
height ratio of sample-internal standard against the concentration of 
bacmecillinam in the standards. 


RESULTS AND DISCUSSION 


Sample Handling-Bacmecillinam as a prodrug is designed to be 
unstable in biological material, and the compound is rapidly hydrolyzed 
in whole blood as demonstrated in Fig. 1 (-30% of the compound is lost 
within 1 min at  37O). The enzyme systems responsible for the degradation 
are not identified, but similar studies on other prodrugs, amdinocillin 
pivoxil, talampicillin, and bacampicillin (3), have revealed that blood, 
plasma, and serum, as well as homogenates from liver, gastric, and duo- 
denal mucosa from humans, dogs, and rats, are capable of efficiently 
hydrolyzing these types of prodrugs. A fast procedure for collection of 
samples, involving an immediate freezing of the sample to -70" and 
subsequent storage a t  this temperature, therefore, is an essential step 
in the method. 


In bile the compound was more stable: after 10 min at  23O and 37", -4.0 
and 6.570, respectively, was lost. 


I9 Frigolit, Plastolit, Taby, Sweden. 
2o Nucleosil CIS ( 5  pm), Macherey-Nagel & Co., Diiren, West Germany. 
21 Srientific Glass Engineering, Australia. 


Table  I-Stability of Bacmecillinam in Canine Biological 
Fluids * 


Day of Mean, Confidence 
Analysis ng/ml s ,  ng/ml Intervalb n 


Whole Blood 
2 1 7480 - - 


42 7310 134 7090-7520 4 
2 


42 83 6.2 73-92 4 
- - 1 89 


Bile 
1 105 4.8 93-117 3 


42 100 1.7 97-103 4 


At -70'. * p = 0.05. 


Bacmecillinam is stable both in canine whole blood and bile (Table I) 
at -70" for at least 40 days; although, the mean values of the analyses 
indicate a small decrease in concentration after this time, it is not sta- 
tistically significant. 


Extraction-The extraction was optimized by mixing a nonpolar 
organic solvent, n-hexane, with a more polar one, methylene chloride. 
Preliminary experiments gave log k,j X K :  = 6.3 and 2, respectively, for 
the two solvents (k,j is the partition coefficient, K ;  is the acid dissociation 
constant = 10-6.s3 at  21" and ionic strength = 0.122). The extraction yield 
was optimized at  pH 7.4, ionic strength = 0.5 (equal to the plasma pH) 
to eliminate the need of buffer addition to the whole blood. Under these 
conditions the percent extraction from buffer increased from 92 to 97% 
(Fig. 2) by adding 10% methylene chloride. It can be calculated that with 
a phase ratio (Vorg/Vaq) equal to three, a quantitative extraction (99%) 
is achieved with such an organic phase, compared to Varg/Vaq = 9 re- 
quired with pure n-hexane. In extractions from biological fluids, a phase 
ratio of five was used in order to compensate for the influence of biological 
material on the extraction. 


For a quantitative reextraction of bacmecillinam to an aqueous phase, 
0.01 M H3P04 was used. It was found empirically that even with Varg/Vaq 
= 20, the compound is completely reextracted onto the aqueous phase. 
In the analytical procedure, the initial organic extract is partially evap- 
orated to about half the volume prior to extraction resulting in Vl,rg/Vaq 
= -12. 


In extractions from bile using a mechanical shaker, a heavy emulsion 
was obtained. It could be decreased by mixing the phases more gently 
in a rotating devicez3, but to break up the emulsion completely, it was 
necessary to freeze the samples to -25" after a preliminary centrifugation 
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Figure 1-Stability of bacmecillinam i n  whole blood at 37'. 
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2 4 6 8 10 
METHYLENE CHLORIDE, % (v/v) 


Figure 2-Extraction of bacmecillinam: Aqueous phase: phosphate 
buffer pH 7.4 (ionic strength = 0.1); organic phase: n-hexane-methylene 
chloride; D = distribution ratio = total concentration in organic 
phase-total concentration in aqueous phase. 


(9OOXg for 5 min), followed by another identical centrifugation. Bac- 
mecillinam also has a tendency to adsorb a t  certain interfaces. This was 
first observed in studies on extraction properties of the compound during 
method development when nonreproducible results initially were ob- 
tained. Silanization of glassware or use of plastic (polypropylene) tubes 
did not improve the results; only by the addition of a comparatively large 
excess (100-5000 times) of a related prodrug, bacampicillin, the results 
became reproducible. The adsorption of bacmecillinam to glass surfaces 
was further illustrated in an experiment (Table 11) where whole blood 
containing bacmecillinam was transferred by Pasteur pipets. The re- 
covery in the transferred samples was -57% (median value), and with 
a large variation, the difference was statistically significant compared 
with controls. 


Considering the facts on hydrolysis and absorption, the blood is col- 
lected in sampling tubes which contain an aqueous solution of the ad- 
sorption inhibitor, bacampicillin. The content is then rapidly poured into 
preweighed centrifuge tubes of glass placed in a freezing bath. The whole 
procedure must be performed within 10 sec to avoid significant hydrolysis 
of the compound. 


Chromatography-Nucleosil CIS (5 pm) has been found suitable for 
the chromatography of hydrophobic amines (4) and was chosen as the 
support in this study. Initial experiments indicated that bacmecillinam 


Table 11-Adsorption of Bacmecillinam onto Pasteur Pipets a 


Range Median 
Found, Median, Recovery, 


Treatment nglg nglg % 


Not transferred 20.7-32.0 27.6 99.3 
Transferred 0.5-16.8 15.8 56.8 


Procedure: From five centrifuge tubes with 4 ml of whole blood, each containing 
bacmecillinam (27.8 ng/g). -2 ml was transferred to new centrifuge tubes by Pasteur 
pipets during 30 sec maximally. The tubes were then immediately frozen to -70" 
and later analyzed by HPLC. 


Table 111-Adsorption of Bacmecillinam onto Glass-Lined 
Stainless Steel Columns a 


Amount Peak Height Peak Height 
Mobile Phase Injected, ng Range, mm Median, mm n 


~~ ~ 


Without 23 30-68 61 7 
N-hexyl-N- 
methylamine 


With 20 78-80 79 6 


a Procedure: Bacmecillinam was dissolved in water and anal zed by HPLC with and without the addition of N-hexyl-N-methylamine (10- 2 M) to the mobile 
phase. 
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Figure 3-Relation of pH in mobile phase with capacity ratio and ef- 
ficiency. Mobile phase: phosphate or citrate buffer (ionic strength = 
0.1)-acetonitrile (4:6, uIu). Key: X = H a n d  0 = k'. 


gave unacceptable asymmetric peaks (Aslmo = 2.63.0) when the support 
was packed in conventional stainless steel columns and run with phos- 
phate buffer (pH 7; ionic strength = 0.05)-acetonitrile (3.5-4.0-6.5-6.0, 
vlv) as mobile phase. With glass-lined stainless steel columns, however, 
the peaks were symmetrical (As1046 = 1.0-1.2) and had equally good ef- 
ficiencies (h - 5 h .= reduced plate height; HETPIdp; dp  = support 
particle diameter). With this system, however, nonreproducible peak 
heights were obtained, although other chromatographic parameters were 
unaffected. The phenomenon was interpreted as being due to adsorption 
of the compound to the glass walls, similar to the problems encountered 
during the development of the described extraction procedure, and the 
effect could be avoided by the addition of a secondary amine (N-hexyl- 


U - - 
1 0 8 6 4 2 0  1 0 8 6 4 2 0  


MINUTES 
Figure 4-Blank and sample chromatograms of (1) bacmecillinam (21 
ng) and (2) amdinocillin pivoxil (20 ng). Analysis was performed as 
described in the text. 
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Table IV-Repeatability in Quantitative Determinations of 
Bacmecillinam a 


Added, 
ndml 


Found, 
% 


cv, 
% 


4.7 
18.6 


100.4 
95.7 


8.3 
4.1 


a Four samples were analyzed as described in Experimental relative to five 
standards in the range of 3.3-53 ng/ml. 


N-methylamine) as an adsorption inhibitor (Table 111). The chromato- 
graphic parameters (efficiency, peak symmetry, and capacity ratio) were 
virtually unaffected by the amine addition. Later experiments with 
stainless steel columns indicate that peak asymmetries observed initially, 
and described above, were also eliminated by the presence of N-hexyl- 
N-methylamine in the mobile phase. 


The capacity factor of bacmecillinam was optimized by varying the 
pH of the mobile phase while keeping the volume ratio between buffer 
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Figure 5-Mean levels of bacmecillinam from three volunteers. Dose: 
244 mg of bacmecillinam hydrochloride orally. 


and acetonitrile constant (46, v/v) (Fig. 3). At pH 6 the retention time 
is suitable and the chromatographic efficiency is acceptable, while a t  pH 
5 the capacity ratios are too low and the efficiencies are about half of those 
at  higher pH. The compound used as the adsorption inhibitor for the 
extraction, bacampicillin, is almost nonretained at the chosen conditions 
and elutes near the front of the chromatogram. Amdinocillin, the anti- 
biotically active compound, also elutes near the front in this chromato- 
graphic system, and the compound, furthermore, is not extracted to a 
significant amount in the extraction step. The quantitative determination 
of amdinocillin in biological fluids still requires the methodology de- 
scribed earlier (5). 


Representative blank and sample chromatograms from whole blood 
(Fig. 4) illustrate that the chosen conditions are suitable for the analysis 
of bacmecillinam, and that the internal standard, amdinocillin pivoxil, 
elutes largely unaffected by blank disturbances. 


The injected sample differs in composition from the mobile phase, and 
some of the small peaks that appear in the chromatogram originate from 
the resulting composition disturbance and not from the biological sample. 
Late in the chromatogram, after -2 hr, an additional broad composition 
disturbance peak elutes and has to be taken into account in routine de- 
terminations in order to avoid interferences. This kind of disturbance 
can be reduced by the injection of smaller sample volumes. Some pre- 
liminary experiments have indicated the possibility of reextracting and 
injecting a volume 10 times smaller (ie., 20 fi1 instead of 200 11). 


Quantitative Determinations-The limit of detection, defined as 
a signal equal to twice the background noise level of the baseline, is -600 
pg/ml of whole blood. The repeatability of the method (Table IV) is -8% 
( C V )  at the level of 5 ng/ml, and it is estimated that a t  1-2 ng/ml, the 
precision still is acceptable (i.e., 15-20%, C V )  for quantitative determi- 
nations. 


Mean levels from three volunteers receiving 244 mg of bacmecillinam 
as a single dose are in the range of 1-3 ng/g of whole blood (Fig. 5). 


The method has also been applied to determination of the compound 
in canine portal and peripheral whole blood as well as bile. 
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Reversed-phase HPLC has been used for the separation of 6- and 7- 


A nearly baseline separation of 6- and 7-methotrexate ( R  = 1.4) was 
methyl- (and-methanol-)2,4-diaminopteridines (9). 


obtained using a gradient elution system illustrated in Fig. 5. 
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Abstract  Vindoline occurs structurally intact in the clinically im- 
portant Vinca alkaloids vinblastine and vincristine. It is oxidized by 
human ceruloplasmin and fungal and plant laccases into a reactive in- 
termediate which undergoes intramolecular cyclization to an enamine 
which ultimately dimerizes. Transformations of vindoline by these copper 
oxidases are enhanced when enzyme incubations are performed with 
cofactors such as chlorpromazine. The role of copper oxidases in alkaloid 
metabolic interconversions and the possible implications of these reac- 
tions in Vinca alkaloid toxicity are discussed. 


Keyphrases 0 Vindoline-microbial transformations, natural antitumor 
agents, conversions with copper oxidase, Vinca alkaloids 0 Alkaloids, 
Vinca-vindoline, microbial transformations, natural antitumor agents, 
conversions with copper oxidase 0 Antitumor agents-vindoline, mi- 
crobial transformations, natural antitumor agents, conversions with 
copper oxidase, Vinca alkaloids 


~~ 


Vincristine (11) and vinblastine (I) are widely used di- 
meric antitumor alkaloids obtained from species of Ca- 
tharanthus rosea. These compounds differ structurally 
only in the oxidation state of one carbon atom which is 
attached to the dihydroindole nitrogen atom of the Aspi- 
dosperma portion of the molecule. Studies concerned with 
the metabolism of I and I1 are intended to reveal pathways 
of metabolic transformations which might ultimately be 
implicated in mechanismb) of action and/or the toxicities 
associated with their use. Several attempts have been made 
to date (1-5) to study the metabolism of Vinca alkaloids, 
but no metabolites of these compounds have been isolated 
and fully identified. Low amounts of metabolites pro- 
duced, very low doses of compounds employed, high mo- 


lecular weights, and structural complexities probably 
rendered the identification of presumed metabolites dif- 
ficult in previous studies. 


Copper oxidases are widely occurring enzymes found in 
mammals, plants, and microorganisms. Enzymes from 
these different sources possess different physical charac- 
teristics including molecular weight, the number and ox- 
idation states of copper, and the nature of copper ligands 
at presumed active sites (6,”). Recognized similarities also 
exist among these enzymes, and direct comparisons be- 
tween the catalytic capabilities of ceruloplasmin and lac- 
cases have been made previously (8, 9). The enzymes 
achieve the oxidation of substrates by the direct removal 
of substrate electrons and protons with the subsequent 
transfer of electrons to molecular oxygen oia copper (6,7, 
10 , l l ) .  True substrates interact directly with copper oxi- 
dase enzymes to yield products, while pseudosubstrates 
require substances capable of interfacing between them 
and the enzyme during oxidations (6). The requirement 
for such cofactors has been noted primarily in work with 
ceruloplasmin in the oxidation of xenobiotics such as ar- 
ylamines, phenols, and some centrally acting drugs and 
their analogs (6). 


It was discovered that vindoline, a dihydroindole 
monomer found in the structure of I undergoes oxidation 
in the presence of copper oxidase enzymes including 
human ceruloplasmin, fungal, and plant laccases. This 
report describes the types of chemical transformations of 
vindoline catalyzed by the copper oxidases which result 
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I: R = CH3 
II: R = CHO 


in the formation of a reactive enamine intermediate which 
dimerizes. 


EXPERIMENTAL 


Compounds-Vindoline (1II)I was fully characterized (melting point, 
NMR, UV,and IR spectra) before being used in these experiments (12). 
Dihydrovindoline ether (IV) and the enamine dimer (V) were authentic 
standards from previous work (12,13). These compounds were previously 
characterized by high resolution mass spectral, carbon-13 and proton 
NMR analyses. 


General-IR spectra2 were determined using potassium bromide 
disks, UV spectra3 were measured in alcohol solution, proton NMR 
spectra4 were obtained using deuterochloroform as the solvent and tet- 
ramethylsilane as an internal standard, and low resolution mass spectra5 
were obtained using a direct inlet probe. 


Chromatography-TLC was performed on 0.25-, 0.50-, or 1.0-mm 
thick layers of silica gel GF25d6 on glass plates. Prior to use, TLC plates 
were activated a t  120' for 30 min. Solvent systems employed were: A, 
ethyl acetate-methanol (31); B, ethyl acetate-benzene (31); C, ethyl 
acetate-benzene (1:l); and D, ethyl acetate 100%. Compounds were de- 
tected an developed chromatograms by fluorescence quenching <254- 
or 365-nm UV light and were later visualized by spraying with cerium 
(VI) ammonium sulfate (1% in 50% H3P04, v/v). Column chromatography 
was performed with silica gel7 activated far 30 min at  120' prior to use. 
Columns were packed wet by slurrying silica gel in developing solvent. 
High-performance liquid chromatography (HPLC) was performed using 
a reversed-phase columns (0.4 X 30 cm), a septumless injectorg, a solvent 
delivery system consisting of a dual-piston pumplo, and a dual fixed 
wavelength 254-nm UV absorbance detector". Separations were best 
achieved using acetonitrile and 0.1% (NH.&C03-water (5050) a t  an 
average flow rate of 1 ml/min, and an operating pressure of 2000 psi. 
Authentic standards were injected singly to establish individual retention 
volumes, and mixtures of metabolites were well-resolved. The identities 
of individual metabolite peaks were confirmed by spiking with analytical 
standards. Retention volumes of various compounds were: III,6.59 ml; 
IV, 7.78 ml; and V, 23.95 ml. 


Enzymes-Methods used in the production, isolation, and analysis 
of Polyporus anceps laccase enzyme were described previously (14). 
Laccase enzyme activities were determined using a simple colorimetric 
assay procedure based on the oxidation of syringaldazine (14-16). For 
these assays, a standard laccase unit was defined as the amount of enzyme 
catalyzing the oxidation of 1 Fmole of syringaldazine to its quinone form 
( c  = 65,000 at  526 nm)/min at  25' in pH 5.0, 0.2 M phosphate 


Rhus uernicifera laccase12 enzyme activities were determined in pH 
(K2HP04-KH2P04) (14). 


7.5,O.l M phosphate buffer using the syringaldazine method. 


1 Eli Lilly and Co., Indianapolis, Ind. 
Model 267, Perkin-Elmer, Norwalk, Conn. 
Model SP1800, Pye Unicam Ltd., Cambridge, England. 
Model EM360, Varian Associates, Palo Alto, Calif. 
Model 3200, Finnigan Corp., Sunnyvale, Calif. 


Baker 3405, J.T. Baker Chemical Co., Phillipsburg, N.J. 
pBondapak phenyl, Waters Associates, Milford, Mass. 
Model U6K, Waters Associates, Milford, Mass. 


lo Model 6000, Waters Associates, Milford, Mass. 
l1 Model ALC/GPC 202, Waters Associates, Milford, Mass. 
l 2  H .  B. Gray, California Institute of Technology, Pasadena, Calif. 


6 Merck and Co., Rahway, N.J. 


The purity of ceruloplasmin (human, type 111)13 was ascertained by 
determining the ratio of absorbances at  610/280 nm, which was measured 
at  0.046. Pure crystalline enzyme was reportedly measured at  A610/A280 
of 0.047 (17). Enzyme concentrations were calculated from the 610-nm 
absorption (c = 10,9OO/M) (18) based on a molecular weight of 132,000 
(19). Ceruloplasmin activity was standardized in terms of international 
units according to a previous procedure (20). A single variation of this 
procedure was the use of the sulfate rather than the oxalate salt of 
N,N-dimethyl-p-phenylenediamine for this determination. Based on 
these measurements, human ceruloplasmin contained a specific activity 
of 123 U/mg of protein. ceruloplasmin activity was significantly lower 
at  25O, providing a measured specific activity of only 29 U/mg of pro- 
tein. 


Enzyme Incubation Procedures-Most incubations were conducted 
in 50-ml flasks which were shaken at  250 rpm14. 


Laccase incubations of P. anceps were conducted at 27O. Incubation 
mixtures were prepared by adding 2 mg (4.39 X moles) of vindoline 
in 0.1 ml of methanol to 7 ml of phosphate buffer (pH 5.0,0.2 M )  con- 
taining 1.05 U of laccase. 


Incubations with R. uernicifera laccase were also conducted at 27O, and 
incubation mixtures were prepared by adding 2 mg of vindoline in 0.1 ml 
of methanol to 5.2 ml of phosphate buffer (pH 7.0,O.l M) containing 0.019 
U of Rhus laccase. 


Incubations with human ceruloplasmin were conducted at  37O. These 
were prepared by adding 2 mg of vindoline in 0.1 ml of methanol to 7.05 
ml of acetate buffer (0.2 M ,  pH 5.5) containing 54 U of ceruloplasmin 
activity. 


Several cofactors were also employed in enzyme incubation mixtures. 
Where used, they were employed in molar ratios of 1:1 and 31 uersus the 
substrate vindoline. Cofactors examined in this work were 3-hydroxy- 
4-methoxyphenethylamine; harmine; harmol hydrochloride; histamine; 
levodopa; syringaldazine; hydroquinone; N,N-dimethyl-p-phenylendi- 
amine; and chlorpromazine. Cofactors were added to incubation mixtures 
in 0.1 ml of methanol. 


Controls consisted of incubations containing enzyme alone, mixtures 
containing only substrates plus cofactors, and complete incubations 
containing boiled enzymes. No reactions were observable when boiled 
enzymes were used or when no enzymes were present in incubation 
mixtures. 


Rates of enzyme reactions were determined by measuring oxygen up- 
take with an electrode15 connected to a stirred, water-jacketed reaction 
chamber 3.73 ml in volume (21). Incubations were conducted as described 
before using 54 U of ceruloplasmin, and 0.25 U of P. anceps laccase. 
Vindoline (1.02 mg, 2.24 X moles) was added to incubations in 0.05 
ml of methanol, and chlorpromazine (9.4 mg, 2.65 X moles) was 
added as a cofactor for most incubations. 


Analyses of enzyme incubation reactions were also performed by 
withdrawing samples of 1.0 ml a t  various time intervals. Reaction 
samples were adjusted to pH 10 with 58% NH4OH and extracted with 
1 ml of ethyl acetate. Extracts were examined by TLC using solvent 
systems A and B or by HPLC. 


Preparative Scale Production of t he  Dimer (V) Using P. anceps 
Laccase-Vindoline (300 mg) dissolved in 25 ml of dimethylformamide 
was added to 300 ml of pH 5.0,0.2 M phosphate buffer containing 66 units 
of P. anceps laccase enzyme and 3.2 mg of syringaldazine added in 2 ml 
of methanol. This mixture was incubated for 24 hr a t  room temperature 
to ensure a complete bioconversion reaction before being adjusted to pH 
10 with 58% NH40H and extracted four times with equal portions of ethyl 
acetate. The extracts were dried over anhydrous sodium sulfate and 
concentrated to a red oil (0.635 9). The oil was dissolved in 1 ml of ethyl 
acetate, applied to a silica gel column (3 X 33 cm, 100 g) and eluted with 
solvent system C at  a flow rate of 2 ml/min while 10-ml fractions were 
collected. Fractions 269-300 contained the major reaction product, and 
these were combined, dried over anhydrous sodium sulfate, and con- 
centrated to a brown solid (143 mg). This material was further purified 
by dissolving in 1 ml of acetone and applying to a 0.5-mm silica gel pre- 
parative layer TLC plate which was developed in solvent system B. The 
band at  Rf  0.39 was scraped from the plate, mixed with 10-ml portions 
of acetone (4X), stirred, and filtered. Evaporation of the combined fil- 
trates yielded 81 mg of pure V as an amorphous glass. 


Trapping a Reactive Enamine Intermediate (VI) by Reduction 
to  IV with Sodium Borohydride-Two milligrams of 111 dissolved in 
0.1 ml of methanol was added to 7 ml of 0.2 M phosphate buffer, pH 6.5, 


Sigma Chemical Co., St. Louis, Mo. 
l4 Delong, Model G24, New Brunswick Scientific Co., Edison, N.J. 
15 Clark, YSI Co., Yellow Spring, Ohio. 
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Scheme 11--Pathways for the flow of electrons in the oxidation of uindoline by the copper oxidases. 
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containing 1.2 units of P. anceps laccase. The mixture was incubated for 
2.5 hr before being adjusted to pH 9.6 with 58% NHdOH and extracted 
with 7 ml of ethyl acetate. TLC of the crude extract on silica gel plates 
(solvent system A) uersus authentic standards revealed the presence of 
111 Rf 0.7, V R/ 0.82, and the presumed enamine VI, Rf 0.9. The extract 
was evaporated to dryness, redissolved in 1 ml of methanol and treated 
with 10 mg of sodium borohydride. After 30 min, this reaction mixture 
was evaporated to 1 ml, quenched with 5 ml of water and extracted with 
ethyl acetate. This extract was evaporated to dryness and TLC exami- 
nation on silica gel GF254 (solvent system A) revealed the presence of a 
substance with chromatographic mobility of Rf  0.25, identical to known 
dihydrovindoline ether (IV). The extract was dissolved in ethyl acetate, 
applied to a preparative 0.5-mm silica gel plate, and developed with 
solvent system A. The band a t  Rf 0.25 was removed and extracted from 
silica gel with acetone. TLC and HPLC (retention volume of 7.78 ml) 
determined that the eluted compound was identical to authentic IV. 


RESULTS AND DISCUSSION 


The monomeric Vinca alkaloid I11 has been the subject of a previous 
metabolic study. This compound is the most abundant and available of 
the alkaloids of C. rosea, and it is found essentially intact in the dimeric 
structures of I and 11. Enzymatic transformations observed with 111 also 
might be expected to occur in the appropriate functionalities of the di- 
meric alkaloids like I and 11. 


Early work with microorganisms as metabolic tools (22) resulted in the 
elaboration of a unique vindoline metabolic pathway (Scheme I) (12,13). 
Streptonyces griseus whole cells oxidized vindoline to V and IV, both 
of which accumulated in incubation media in high yield. A reactive ena- 
mine VI was identified as a key intermediate in transformations of I11 
(13). Although the enzyme systems of S. griseus responsible for the bio- 
transformation reactions remain unknown, it is possible to postulate four 
different pathways by which I11 might undergo initial oxidation to VI 
(Scheme I). The first pathway involves initial N-oxidation of 111 to VIII, 
conjugation through the N-oxide and elimination of ROH to form VII; 
and subsequent intramolecular cyclization to VI. This pathway would 
represent a biochemical equivalent to the modified Polonovsky reaction 
observed in the chemical treatment of these alkaloids (12). A second path 
involves direct oxidation of vindoline to VII by the removal of two elec- 
trons and a proton. The third possibility would invoke a direct hydrox- 
ylation of vindoline a t  position 3 to form a carbinolamine (IX) which 
provides VII by elimination of a hydroxide ion. Finally, and perhaps least 
likely, initial epoxidation of the 14,15-double bond followed by intra- 
molecular etherification and subsequent dehydration could also provide 
VI. The need to elaborate the precise steps involved in oxidations of I11 
has stimulated a search for more highly defined enzyme systems such as 
the copper oxidases. 


Since crude fungal laccase could be reproducibly obtained in relatively 
large amounts, it was employed in preparative scale incubations designed 
to afford sufficient amounts of metabolites for isolation and structure 
elucidation. Incubations of 111 with P. anceps laccase (14) produced two 
metabolites with similar TLC mobilities to 111 derivatives VI and V (12, 
13). The major and stable metabolite produced by P. anceps laccase was 
obtained by column and preparative layer chromatography in 27% yield 
from 300 mg of 111. This metabolite was identified as V by spectral and 
chromatographic comparison with an authentic sample of the dimer (12). 
Pertinent spectral properties included the UV spectrum in ethanol with 
A,,, values a t  252 nm (log t, 4.13) and 309 (log t, 3.84). Highlycharac- 
teristic NMR signals were also obtained for the metabolite and included 
the following: ppm, 0.8 (6H, m, 2 overlapping 18H), 1.9 (3H, s, COCHd, 


s, two overlapping C02CH3 and OCH3 groups), 4.05 ( lH,  m, 15’H), 4.2 
(1H, s, 15H), 5.35 (2H, d,  J = 2 Hz, overlapping 17H), 5.99 (2H, d, J = 
2 Hz, overlapping 12H), 6.05 ( lH ,  s, 3H), 6.25 (2H, q, overlapping lOH), 
6.9 (2H, dd, overlapping 9H). Confirmation of the structure of the major 
and stable laccase metabolite as V is a significant finding, because the 
mechanism of copper oxidase reactions is reasonably well understood. 


It was mechanistically important to confirm the involvement of the 
enamine (VI), in copper oxidase transformations of vindoline. The second 
and unstable laccase metabolite possessed similar TLC mobility to VI 
previously obtained from S. griseus incubations. Since the presumed 
enamine intermediate was considerably more stable a t  pH values near 
neutrality, enzyme incubations were conducted a t  pH 6.5 to favor its 
accumulation. Extracts of laccase incubation mixtures were concentrated, 
and reduced with sodium borohydride to convert the enamine to the 
known dihydrovindoline ether IV. This technique was employed earlier 
as a means of stabilizing and identifying the enamine VI ( I  2,131. Chro- 


2.0 (3H, S, COCHB), 2.65 (3H, S, NCH3), 2.75 (3H, S, NCH3), 3.75 (12H, 
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Figure I-Rate of oxidation of vindoline by ceruloplasmin as shown 
by the uptake of molecular oxygen using a Clark oxygen electrode. 


matographic (HPLC, retention volume 7.78 ml; TLC, Rf 0.25) analysis 
of the reduced laccase extract clearly demonstrated the presence of IV. 
Thus, it has been shown that the copper oxidase oxidations of 111 result 
in the formation of VI as well as V. 


The involvement of chlorpromazine and other cofactors in copper 
oxidase oxidations of I11 is illustrated in Scheme 11. When 111 is a true 
substrate for ceruloplasmin, it is directly oxidized by the transfer of 
electrons through the copper oxidase enzyme to molecular oxygen (A). 
With chlorpromazine and syringaldazine, I11 is a pseudosubstrate which 
is oxidized directly by a chlorpromazine radical species which serves as 
a cycling intermediate between it and ceruloplasmin (Scheme IIB) (23). 
The oxidation of chlorpromazine to a radical species by ceruloplasmin 
has been associated with the formation of a red pigment with an ab- 
sorption maximum a t  529 nm by simultaneous optical-absorption, elec- 
tron paramagnetic resonance measurements (23). With both laccase and 
ceruloplasmin, chlorpromazine forms a visible red pigment with an ab- 
sorption maximum a t  529 nm. Similar radical intermediates have been 
implicated in other oxidation reactions catalyzed by ceruloplasmin 
(23-26). 


Human ceruloplasmin and R. uernificera laccase also oxidized 111 to 
the dimer (V). As with P. anceps laccase, I11 was an apparent true sub- 
strate for serum ceruloplasmin, forming products in the absence of added 
cofactors. However, reaction rates were increased sixfold when an -1- 
mole equivalent of chlorpromazine was added to the reaction mixtures. 
A similar effect was observed when 111 was incubated with laccase alone 
or in the presence of laccase plus chlorpromazine. Results obtained using 
the oxygen electrode illustrate the rate enhancements obtained when 
chlorpromazine was added to enzyme incubation mixtures, and these are 
shown in Fig. 1. No reactions were observed at  all with Rhus laccase unless 
cofactors were present. 


Chlorpromazine clearly enhanced oxidation rates with all of the copper 
oxidases examined. Of the other cofactors examined, only syringaldazine, 
a known substrate for laccase (14), increased Rhus and P. anceps laccase 
oxidations. However, this compound had no measurable effect with ce- 
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ruloplasmin. Other substrates listed in the Experimental section had 
no effect on copper oxidase reactions. This was surprising since these 
compounds had previously been shown to facilitate oxidations of biogenic 
amine substrates with ceruloplasmin (23,24, 27,28). 


This is the first report of any type of metabolic conversion of a Vinca 
alkaloid by mammalian enzymes, and the first demonstrating the oxi- 
dation of a nitrogen heterocycle of the Aspidosperma class of alkaloid 
by copper oxidases. It is an excellent example of the principle of microbial 
models for mammalian drug metabolism (22), and it clearly demonstrates 
the similarities with which microbial and mammalian enzymes achieve 
xenobiotic transformations. By their nature, copper oxidases most likely 
cause the elimination of two electrons and a proton from I11 as the first 
step in the biotransformation pathway. It appears that protons at  position 
3 of I11 are activated toward copper oxidase oxidations by virtue of their 
allylic nature and their proximity to the heterocyclic nitrogen atom. It 
can be expected that similar functionalities in other substrates will also 
be oxidized by the copper oxidases. While N-oxides, carbinolamines, and 
epoxides may be ruled out as possible intermediates in copper oxidase- 
mediated transformation of the Vinca alkaloids, it is possible that de- 
rivatives such as VIII and IX may be formed as a result of oxidation 
catalyzed by other types of enzymes such as the mixed function oxyge- 
nases found in mammalian liver (29-31). 


This work provides a biochemical basis for understanding possible 
interactions of drugs like chlorpromazine and perhaps others with 
compounds like vindoline (111) and other copper oxidase substrates. The 
presence of cofactors that enhance conversions of their alkaloids and their 
congeners to chemically reactive species may have profound toxicological 
implications. The potential for chemically reactive imminium and ena- 
mine species to partake in reactions of pharmacological significance is 
enhanced by virtue of the stabilities of these substances in aqueous media 
(12, 13), which would allow for their facile distribution throughout the 
body. In this connection, ceruloplasmin levels are elevated in individuals 
afflicted with various types of cancer (32,331. Further studies designed 
to elaborate enzymatic transformations of Iboga alkaloids representing 
the other half of dimers such as I and Vinca dimers themselves are in 
progress. 
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model is written: 


Y = bo + b l X l +  b2Xz + bsXI t bdXIX2 + bsXz  + Error (Eq. 1) 


where Y is the response surface such as tablet friability or drug dissolu- 
tion, X I  and X 2  are controllable variables such as granulation moisture 
and tablet crushing strength, and the coefficients 60, b l ,  . . . bg are the 
least-square regression coefficients. 


The results of the regression analysis are given in Table I. The re- 
gression coefficients were substituted in Eq. 1, and by fixing the moisture 
content, the calculated plots of tablet friability uersus tablet crushing 
strength were obtained (Fig. 3). Similarly, by fixing the tablet crushing 
strength, calculated plots of tablet friability uersus moisture content were 
obtained (Fig. 4). These plots suggest that  the moisture content in the 
range of -1.5-3.0% and tablet crushing strength in the range of -14-17 
Strong Cobb units (SCU) give the least possible tablet friability. Similar 
conclusions could be drawn from the data given in Fig. 1. 


The response surface contour plots of friability and dissolution are 
given in Figs. 5 and 6. The response surface contour plots illustrate the 
geometric relationships between the controllable variables and their 
responses. The predicted values of responses for a grid of the controllable 
variable data points can be generated. The friability contour plot consists 
of a series of ellipsoidal curves. The solution for optimum response in- 
dicated that the predicted value of friability a t  optimum was 0.17%, 
corresponding to a moisture content of 2.3% and a tablet crushing 
strength of 16.8 SCU. 


In tableting, tablet crushing strengths are generally limited to between 
8 and 20 SCU because of compression, friability, and dissolution limi- 
tations. From Fig. 5 one can obtain a range of crushing strengths 
(14.2-19.4 SCU) and a range of moisture content (1.5-3%), which gives 
friability in the minimum possible range of 0.17421%. At a fixed tablet 
crushing strength of 16 SCU, friability decreases as the moisture content 
increases until it reaches its optimum value. Further increase in moisture 
content results in an increase in friability. Similarly, a t  a fixed moisture 
content of 2%, friability decreases as the crushing strength is increased 
until an optimum value is reached, after which time material is generally 
incompressible due to the tablet density approaching the calculated true 
density of the formulation. 


The response surface contour plots of dissolution given in Fig. 6 show 
a stationary ridge system. The stationary ridge system has parallel 
straight line contours running in a direction determined by the relative 


effect of X I  and X p ,  which are controllable variables. The response sur- 
face contour plots using Eq. 1 can take a number of different forms de- 
pending on the csefficients bo, b l ,  . . . bs. 


Within the practical limitations of tableting, there are a large number 
of combinations of tablet crushing strength and granulation moisture 
content all along the ridge which is expected to give 100% drug dissolution. 
At constant crushing strength, an increase or decrease in the granulation 
moisture content moving away from the ridge in either direction results 
in lower dissolution. Similarly, a t  constant granulation moisture content, 
an increase or decrease in crushing strength moving away from the ridge 
results in lower drug dissolution. 


In this investigation, not only in uitro dissolution but also tablet fria- 
bility were considered important and both were measured experimentally. 
If it was desired that the specifications for dissolution in 10 min were 
>46% and to maintain friability <0.3%, Figs. 5 and 6 could be superim- 
posed. The contour overlays are shown in Fig. 7. The shaded area shows 
the region where both the friability and dissolution requirements are met. 
From the deeply shaded rectangle, specifications on granulation moisture 
and tablet crushing strength could be set. If these specifications were 
unsatisfactory from a bioavailability or production viewpoint, other 
factors affecting friability and dissolution such as formulation and pro- 
cessing factors would have to be explored. I t  also may be possible to re- 
duce tablet friability by considering the punch shape factor. 


In conclusion, this study shows that a general multiple linear regression 
analysis is helpful in understanding the role of the granulation moisture 
and tablet crushing strength on tablet friability and in uitro dissolution. 
By superimposing the contour plots of tablet friability and drug disso- 
lution, it is possible to set in process specifications for the granulation 
moisture content and tablet crushing strength. 
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Abstract 0 The influence of viscosity on the dissolution rate of benzoic 
acid in aqueous solutions of methylcellulose, hydroxypropyl cellulose, 
and guar gum was investigated. The viscosities were measured by capil- 
lary and rotational viscometers and were calculated from experimental 
diffusion coefficients by means of the Stokes-Einstein equation. The 
relationship of the dissolution rate to viscosity may be represented by 
a single curve. An equation is presented relating the dissolution rate of 
benzoic acid to solubility, diffusion coefficient, and viscosity for these 
nonionic viscosity-enhancing agents. T o  demonstrate that  additional 


factors affect the dissolution rate, similar data were determined using 
solutions of xanthan gum, which is anionic. The electrical effect modified 
mass transport so the quantitative relationship of dissolution rate and 
viscosity was not the same as in the nonionic carbohydrate solution. 


Keyphrases 0 Dissolution, rate-relationship to viscosity of polymeric 
solutions, benzoic acid Viscosity-relationship of dissolution rate of 
polymeric solutions, benzoic acid Benzoic acid-relationship of dis- 
solution rate to viscosity of polymeric solutions 


Although viscosity-enhancing polymers are present in 
many pharmaceuticals, little research has been reported 
on the influence of viscosity on the dissolution rate. Dif- 
fusion-controlled dissolution would be expected to  de- 


crease in rate with an increase in viscosity (14). Numerous 
empirical equations, which show the dissolution rate to be 
a function of the viscosity raised to  a power ranging from 
-0.25 to  -0.8, have been proposed (5-7). 
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Table I-Solubility and Diffusion Coefficient of Benzoic Acid in 
Various Concentrations of Polymeric Solutions a t  25" 


Viscosity -Enhancing Solubility, Density, 105 D ~ ~ ~ ~ ,  
Agent Percent mdml d m l  T J , ~ I ~  cmVsec 


Methylcellulose 0.1 
0.3 
0.5 
0.6 


Hydroxypropyl 0.1 


0.2 
0.3 


cellulose 


0.1 
0.15 


3.25 
3.26 
3.32 
3.31 
3.32 


3.29 
3.30 
2.96 
3.18 
2.75 
- 


3.17 
3.18 
3.10 


0.9976 
0.9979 
0.9983 
0.9985 
0.9978 


0.9979 
0.9981 
0.9975 
0.9982 
0.9983 
0.9977 
0.9977 
0.9984 
0.9985 


1.47 
3.65 
8.01 


12.90 
4.71 


8.71 
14.19 
3.30 ~ ~~ 


9.31 
25.86 
2.53 
3.83 
8.07 


15.72 


1.036 
0.678 
0.298 
0.240 
0.650 


0.372 
0.186 
1.055 
0.446 
0.167 


0.787 
0.284 
0.101 


- 


Capillary method. 


The influence of viscosity of polymeric solutions on the 
dissolution rate of soluble inorganic salts was studied (8). 
No one equation relating rate and bulk viscosity fitted the 
data. By utilizing an effective viscosity, a plot of the data 
was approximated by a single curve, which was represented 
by an empirical equation. 


There appears to be no general expression relating the 
dissolution rate to viscosity. Assuming that, with various 
solutes and polymeric solutions of markedly different ionic 
and chemical nature, factors other than viscosity act and 
affect the dissolution rate a t  a given viscosity, three non- 
ionic carbohydrate polymers were studied with the thought 
that the interactions would be essentially constant and 
that the relation of dissolution rate to viscosity could be 
better expressed. 


EXPERIMENTAL 


Dissolution Rate  Determinations-The procedure for tablet pro- 
duction and the dissolution apparatus were similar to those previously 
described (9). Spherical 1.273 f 0.005-cm tablets of pure benzoic acid 
were compressed a t  2270 kg of force by a hydraulic press'. All determi- 
nations were made in triplicate at  25 f 0.1' and at  a stirring speed of 324 
rpm. The 2 liters of dissolution medium was changed a t  appropriate in- 
tervals so that the concentration of dissolved benzoic acid was not per- 
mitted to exceed 3% of its solubility. With each change of dissolution 
medium, the sphere was weighed and its diameter was measured with a 
micrometer. Solutions were prepared by a conventional method and al- 
lowed to stand 24 hr before use as the dissolution media. Dissolution rates 
were determined in various concentrations of aqueous methylcellulose*, 
hydroxypropyl cellulose3, xanthan gum4, and guar gum5 solutions. 


Other Parameters-The solubilities of benzoic acid in various con- 
centrations of polymeric solutions as given in Table I were determined 
as reported earlier (9). The densities of the solutions were measured using 
a pycnometer. Viscosities were measured by using a capillary6 and a ro- 
tational" viscometer. The diffusion coefficients were determined by use 
of a diffusion cell previously described (10). The value in Table I is an 
average of three determinations for each concentration. 


RESULTS AND DISCUSSION 


Bulk Viscosity-For the concentrations observed, the addition of 
methylcellulose, hydroxypropyl cellulose, guar gum, and xanthan gum 


Carver press, model C, Fred S. Carver, Inc. 


Klucel, grade HF, Hercules Inc. 
Kelzan, Kelco Division of Merck & Co., Inc. 
Colony Impt. & Expt. Corp. 
Ostwald-Fenske. 
Brookfield model LVT synchro-lectric, Brookfield Engineering Lab. 


* USP, type 1500 cp, City Chemical Corp. 


50 - 


40.- I) 


t c 


0.1 0.2 0.3 0.4 0.5 0.6 0.1 0.2 0.3 0.4 0:5 0.6 
PERCENT, w/v 


Figure 1-Relative viscosity (q,L) as a function of concentration in 
water a t  25'. Key: (0) methylcellulose; (A) hydroxypropyl cellulose; 
(0) guar gum; and (e) xanthan gum. 


in solution increases the viscosity by at  least 15-fold as shown in Fig. 1. 
The addition of these polymer molecules in solution decreases to less than 
one-half the dissolution rate of benzoic acid as shown in Fig. 2. The sol- 
ubility of benzoic acid in water is not significantly affected by the presence 
of any of these polymers as shown in Table I. 


With no significant change in solubility, the only experimental variable 
affecting the dissolution rate appeared to be viscosity. Thus, one would 
anticipate that a t  a given viscosity of the dissolution medium, the dis- 
solution rate of benzoic acid would be the same regardless of the nonin- 
teracting dissolution medium. 


Figure 3 shows the relation of the dissolution rate and relative viscosity 
as determined by a capillary viscometer. I t  does not appear that one 
equation will relate the dissolution rate and bulk viscosity. Since the 
viscosity measured by the capillary method is a single shear rate viscosity, 
it probably does not represent the actual viscosity in the dissolution en- 
vironment. 


The viscosity-enhancing polymers studied form pseudoplastic solu- 
tions, which possess viscosities that vary with shear rate. The viscosities 
of the polymeric solutions were measured a t  rotational speeds from 0.3 
to 60 rpm. Similar to the example of the methylcellulose solutions shown 
in Fig. 4, all of the polymeric solutions exhibited pseudoplastic flow a t  
low rotational speed (<lo rpm), but at  speeds >10 rpm, the viscosity did 
not decrease as the shear rate was increased. The constant viscosity at  
high shear has been called the upper Newtonian viscosity for dilute so- 


l \  
1 I 


0.1 0.2 0.3 0.4 0.5 0.6 
PERCENT, w/v 


Figure 2-Dissolution rates of benzoic acid in various concentrations 
of aqueous polymeric solutions. Key: (0) methylcellulose; (A) hy- 
droxypropyl cellulose; (0)  guar gum; and (e) xanthan gum. 
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Figure 3-Influence of relative viscosity of various polymeric solutions 
on dissolution rates of benzoic acid a t  25". Key: (0) methylcellulose; 
(A) hydroxypropyl cellulose; (0) guar gum; and (0) xanthan gum. 


lutions (11). At high shear rates, dissolved polymer chains are wholly 
disentangled and aligned in the direction of flow. As there is no remaining 
structure to be broken by further increases in shear rate, the viscosity 
reaches a constant value. In the viscometer at 60 rpm, the shear rate is 
-200 sec-I (12). The viscosity determined at speeds >10 rpm should 
represent the bulk viscosity in the dissolution apparatus (in which the 
324 rpm provided a shear rate >200 sec-') better than the capillary vis- 
cosity. 


The influence of viscosity measured at 1.5 rpm on the dissolution rate 
of benzoic acid a t  25" in aqueous methylcellulose, hydroxypropyl cellu- 
lose, guar gum, and xanthan gum solutions is shown in Fig. 5. For the 
nonionic polymers (methylcellulose, hydroxypropyl cellulose, and guar 
gum) the dissolution rate is decreased rapidly to almost the same extent. 
At rotational speeds >10 rpm, the experimental values of dissolution rate 
and viscosity of solutions of methylcellulose, hydroxypropyl cellulose, 
and guar gum essentially fall on a single curve (Fig. 6) indicating that for 
a dissolution medium of similar ionic and chemical nature, there is a 
correlation between dissolution rate and viscosity. 


Microviscosity-The dilemma with polymeric solutions is to express 
an observed viscosity, which is a true reflection of the impedance to 
molecular transport in solution. Since in solutions of macromolecules the 
bulk viscosity as measured by a viscometer does not necessarily represent 
the viscosity through which the solute molecules travel, a viscosity 
measured without the mechanical influence of a viscometer was consid- 
ered. In the Stokes-Einstein equation, there is an inverse relationship 
between the viscosity and the diffusion coefficient. Thus, an attempt was 
made to relate the diffusivity of benzoic acid in the polymeric solution 
to viscosity by use of the Stokes-Einstein equation, as the concentration 
of benzoic acid was dilute and the radius (2.95 A) of the benzoic acid 
molecule is smaller than that of the solvent molecule (13). The viscosity 


loo€ 


0.6% 


0.6% I- 


8 0.3% 


> 
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!!? 0.1% 


t 
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Figure 4-Influence of rotations per minute on viscosities of aqueous 
solutions of various concentrations of methylcellulose. 
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Figure 5-Influence of viscosity a t  1.5 rprn on the dissolution rate of 
benzoic acid in aqueous polymeric solutions. Key: (0) methylcellulose; 
(A) hydroxypropyl cellulose; (0)  guar gum; and (a) xanthan gum. 


( 7 ~ )  of the midoenvironment was calculated using the experimental 
diffusion coefficients (DexpJ in various concentrations of polymeric so- 
lutions by: 


where k is the Boltzmann constant, T is the absolute temperature, and 
r is the radius of the benzoic acid molecule. For example, with benzoic 
acid dissolving in 0.1% methylcellulose solution a t  2 5 O ,  the Dexpt is 1.036 
X cm2/sec, and: 


(1.38066 X 10-16)(298) 
67 (1.036 X 10-5)(1.95 X 


9D = 


= 0.0071 poise 


According to a previous report (14), the Dexpt in polymeric solutions 
may be corrected for the obstructive effect of the polymer chains by the 
relation: 


Dexpt 
(1 - 1.5 6) &rue = (Eq. 2 )  


30 4L 


10 20 30 40 50 60 
VISCOSITY, cps 


Figure 6-Influence of viscosity a t  60 rprn on dissolution rate of benzoic 
acid in aqueous polymeric solutions. Key: (0) methylcellulose; (A) 
hydroxypropyl cellulose; (0) guar gum; and (0)  xanthan gum. 
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Table 11-Dissolution Rate  of Benzoic Acid in Various 
Concentrations and  Viscosities of Polymeric Solutions at 25" 


~ ~~~ ~~ 


Viscosity-Enhancing ll0, R ,  && 
Agents Percent cpsa f ( q ) b  mg/cm2/hr R 


Methylcellulose 0.1 0.71 0.864 32.41 1.00 
0.3 1.09 0.925 22.79 1.20 . -  


0.5 2.48 1.707 18.82 0.99 
0.6 3.08 1.848 16.36 0.96 


H ydroxypropy 1 0.1 1.14 1.117 26.79 0.99 
cellulose 


0.2 1.99 1.500 20.39 
0.3 3.98 1.704 11.66 


Guar gum 0.1 0.70 0.841 29.26 
0.2 1.66 1.487 23.51 
0.3 4.43 1.592 8.15 


Xanthan gum 0.025 - - 32.11 
0.05 0.94 - 21.33 
0.10 2.60 - 6.55 
0.15 7.33 - 2.91 


Calculated by Eq. 7. a Calculated by Eq. 1. * Calculated by Eq. 5. 


1.03 
1.00 
1.02 
0.95 
1.01 
- 
- 
- 
- - 


where q5 is the volume fraction of the polymer. The volume fraction can 
be calculated from the concentration of the solution using the partial 
specific volume obtained by density measurements. The partial specific 
volume of each type of polymeric solution was evaluated by a plot of 
density against concentration according to the relationship: 


P = PH2O t (1 - v P H 2 O ) c  (Eq. 3) 


where p and P H ~ O  are the densities of the solution and the solvent, re- 
spectively, C is the concentration, and V is the partial specific volume. 
The volume fraction of the polymer was calculated from the partial 
specific volume and used in Eq. 2 to calculate Dtrue. In none of the systems 
studied did the difference between the Dtrue and Derpt exceed 0.3%. 


The viscosity calculated by Eq. 1 and the dissolution rate are given in 
Table 11. As seen in Fig. 7, as the viscosity of the dissolution media is in- 
creased, the dissolution rates are slowed to approximately the same ex- 
tent. A single curve could be constructed to fit the experimental 
values. 


Relation of Dissolution Rate and Viscosity-When the dissolution 
of a one-component, nondisintegrating sphere occurring in a nonreactive 
medium a t  sink conditions is diffusion controlled, the dissolution rate 
(R)  may be expressed as (9): 


(Eq. 4) 


where D is the diffusion coefficient of the solute molecule, h is the ef- 
fective film thickness, and C, is the solubility. The experimental condi- 
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Figure 7-Influence of TD on dissolution rate of benzoic acid in aqueous 
polymeric solutions. Key: (0) methylcellulose; (A) hydroxypropyl 
cellulose; (0) guar gum; and (@) xanthan gum. 
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Figure 8-Relationship of Derpt to l / q D  and dissolution rate for 
aqueous polymeric solutions. Key: (0) methylcellulose; (A) hydroxy- 
propyl cellulose; and (0) guar gum. 


tions used in determining the dissolution rate suggest that the diffusion 
layer model is operative (10). As shown in Fig. 8 there is a linear rela- 
tionship between Dexpt and 1/90. It has been shown that a t  a fixed bulk 
viscosity the dissolution rate is not a linear function of Dexpt (10). Simi- 
larly, as shown in Fig. 8, the relationship between dissolution rate of 
benzoic acid and Dexpt in polymeric solutions is nonlinear. As the rela- 
tionships of dissolution rate to viscosity and diffusion coefficient are 
curvilinear, a viscosity function f ( 7 )  was introduced into Eq. 4: 


(Eq. 5) 


Experimentally all terms were evaluated so that the viscosity function 
could be calculated, assuming that h remained constant. For example, 
the viscosity function for 0.1% methylcellulose solution a t  25' is: 


32.42 X 32.2 X lo-* 
f ( s )  = 1.036 X X 3600 X 3.25 


= 0.864 


The values of the viscosity function for various polymeric solutions are 
given in Table 11. 


The relationship of the viscosity function to the 90 is shown in Fig. 9, 
and the equation for this relationship in these nonionic polymeric solu- 


0.01 0.02 0.03 0.04 
qD. w i s e  


Figure 9-Relation of VD to uiscosity function. Key: (0) methylcellu- 
lose; (A) hydroxypropyl cellulose; and (0) guar gum. 
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100 200 300 
VISCOSITY, cps 


Figure 10-Influence of rotations per minute on uiscosity and disso- 
lution rate in uarious polymeric solutions. Broken curue is a composite 
fur solutions of nonionic polymers. Key: (0) methylcellulose; (A) hy-  
droxypropyl cellulose; (0) guar gum; and (0) xanthan gum. 


tions is: 


f ( q )  = 0.295 + 8 9 . 9 7 ~  - 13607; (Eq. 6) 


Determination of 70 of a solution permits the calculation of the viscosity 
function, which is then used i n  Eq. 7 to calculate the dissolution rate. For 
example, in a 0.1% methylcellulose solution at  25' the TJD is 0.0071 poise, 
and the viscosity function is: 


f(0.0071) = 0.295 + (89.9 X 0.0071) - (1360 X 0.0071*) 


= 0.86.5 


Thus, the dissolution rate of benzoic acid in solutions of carbohydrate 
polymers of similar chemical and nonionic nature may he expressed 
as: 


(Eq. 7) 


where D and C, are the diffusion coefficient and solubility in the disso- 
lution medium, respectively, possessing a microviscosity of q~ poises. 
The dissolution rate calculated by use of Eq. 7 and the experimental 
dissolution rates are compared in Table 11. 


Influence of Ionization of Polymer-Xanthan gum, which is 
chemically similar to the viscosity-enhancing polymers studied and is 
anionic, was selected to demonstrate the influence of electrical interac- 
tions on dissolution. In Figs. 1-3 the relations of concentration, relative 
viscosity, and dissolution rates are shown for xanthan gum. The influence 
of xanthan gum is more marked than the nonionic polymers. In Figs. 3 
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Figure 11-Influence of rotations per minute on uiscosity of solutions 
of various concentrations of xanthan gurn. 
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Figure It-Log-log relationship of viscosity and rotations per minute 
for solutions of xanthan gurn. The  viscosities at 100,200, and loo0 rpm 
aregiven i n t h e  figure. Key: (0) 0.025%; (0) 0.05':t.; (0) 0.17A;and (0) 
0.159;. 


and 5 the rate-viscosity curve in solutions of the xanthan gum does not 
appear to have the same relationship as in solutions of the nonionic 
polymers. 


As the shear rate is increased by faster speeds of the rotational vis- 
cometer, the rate-viscosity curve in solutions of xanthan gum moves 
downward approaching the curve in solutions of the nonionic polymers, 
as shown in Fig. 10. Thus, the solutions of xanthan gum are pseudoplastic, 
but a shear rate greater than that provided by the rotational viscometer 
is required to reach the upper Newtonian viscosity, as shown in Fig. 11. 
The viscosity measured a t  60 rpm does not represent the bulk viscosity 
of the solution of xanthan gum in the dissolution apparatus. To estimate 
the viscosity of the solution of xanthan gum at greater shear rates, the 
logarithm of viscosity was plotted against the logarithm (rpm) for the 
various concentrations of xanthan gum. The linear portions of the curves 
were extrapolated to estimate the viscosities a t  100,200, and lo00 rpm, 
as shown in Fig. 12. 


In Fig. 13 the dissolution rates of henzoic acid are plotted as a function 
of the extrapolated viscosities at  100,200, and lo00 rpm. The relationship 
of dissolution rate to viscosity in solutions of xanthan gum is not the Same 
as that for the solutions of the nonionic polymeric solutions studied. 
Although the chemical nature is similar for all the polymers, the xanthan 
gum is anionic. Thus, the transport of benzoic acid in solutions of xanthan 
gum is complicated by the electrical charge on the xanthan gum chain. 
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Figure 13-Influence of uiscosity at 100,200, and ZOO0 rprn on disso- 
lution rate of  benzoic acid in  aqueous solutions of xanthan gum. Broken 
curue is a composite for solutions o f  nonionic polymers. Key: (0) 
methylcellulose; (A) hydroxypropyl cellulose; (0) guar gum; and (0) 
xanthan gum. 


Journal of Pharmaceutical Sciences f 1379 
Vol. 71, No. 12, December 1982 







It was reported (15) that for ferricyanide ions diffusing in solutions of 
xanthan gum, the diffusion coefficient was decreased as much as 20-fold 
and was decreased as the shear rate was increased. It is thought that the 
shear causes the xanthan gum molecule to extend, exposing charge sites, 
and then the interaction between the solute and the charge sites changes 
diffusivity. 


In addition, the viscosity measured by the viscometer may not repre- 
sent the actual resistance to solute molecule transport. The values of the 
70 of solutions of xanthan gum were calculated by Eq. 1. The relation 
of dissolution rate to viscosity of solutions of xanthan gum shown in Fig. 
7 is not the same as the relation of dissolution rate to viscosity of solutions 
of the nonionic polymers. The difference may be caused by the interaction 
between the benzoic acid molecule and the anionic segments of the 
xanthan gum. 


I t  appears that for viscosity-enhancing polymers of similar chemical 
and nonionic nature, a relationship may be expressed between the vis- 
cosity of the dissolution medium and the dissolution rate of a solid. 
However, if the chemical or ionic nature of the polymers is different, 
additional factors that influence dissolution rate are introduced and must 
be considered. 
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Abstract Poly(His-Asp-Ser-Gly) was synthesized from the fully 
protected tetrapeptide active ester hydrochloride, which was prepared 
by stepwise coupling, using pentachlorophenyl ester and mixed anhydride 
methods. Complete deprotection of the protected tetrapeptide polymer 
was achieved by using 90% trifluoroacetic acid. The free polymer was 
dialyzed for 24 hr using a membrane (which retains molecules with mo- 
lecular weights >5000). The catalytic activity wits determined by studying 
the hydrolysis of p-nitrophenyl acetate in 0.2 M phosphate buffer (pH 
7.4) at  37”. The catalytic coefficient of the dialyzed polymer was found 
to be 138 liters/mole/min. 


Keyphrases Poly-L-His+ Asp-L-Ser-Gly-synthesis and catalytic 
activity, polymer, pentachlorophenyl ester, hydrolysis Polymer- 
synthesis and catalytic activity of poly-L-His-L-Asp-L-Ser-Gly, penta- 
chlorophenyl ester, hydrolysis Hydrolysis-synthesis and catalytic 
activity of poly-L-His-L-Asp-L-Ser-Gly, pentachlorophenyl ester, 
polymer 


The use of poly(amino acids) as esterase models for 
structural and mechanistic problems of proteolytic en- 
zymes has been very useful (1,2). The poly(amino acids) 
that have been used for this purpose include homopoly- 
mers, copolymers, and sequential polypeptides. Sequential 
polypeptides provide one of the best means to study the 
factors affecting the folding of various enzymes, since they 
permit the placement of specific side chains at specific 
locations on a polypeptide backbone. Thus, suitable 


folding brings important side chain functionalities re- 
quired for the activity into closer proximity, even though 
these amino acids lie a t  different distances in the enzyme 
sequences. 


Considerable attention has been focused recently on the 
role played by L-histidine and L-serine in the active site 
of chymotrypsin and other proteolytic enzymes toward the 
hydrolysis of various esters such as p-nitrophenyl acetate 
(3, 4). Synthesis and catalytic activity of a number of 
peptides incorporating histidine and serine have been re- 
cently reported (5-7) as esterase models. The synthesis of 
the pentapeptide; L-Ser-y-aminobutyry1-L-His-y-a- 
minobutyryl-L- Asp which had a catalytic coefficient of 147 
liters/mole/min has been reported (5). The synthesis of a 
relatively more potent esterase model, L-His-Gly-L-Asp- 
L-Ser-L-Phe which had a catalytic coefficient of 179 li- 
ters/mole/min has also been reported (6). The comparison 
of the catalytic activity of various peptide esterase models 
led to the conclusion that peptides that incorporated L- 
aspartic acid in addition to L-histidine and L-serine showed 
considerable increase in catalytic activity (7). For example, 
L-His-L- Ala-L- Asp-Gly-L-Ser showed a catalytic activity 
of 210 liters/mole/min. The corresponding pentapeptide, 
L-His-L-Ala-L-Glu-Gly-L-Ser, where aspartic acid was 
replaced by glutamic acid, had a catalytic activity of 87 
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Abstract  The presence of edetate disodium decreased the suscepti- 
bility of a particular strain of Pseudornonas cepacia to chloramphenicol. 
The mechanism of this edetate disodium effect, which may be unique to 
this strain, remains obscure. Tests showed no enzymatic destruction by 
the microorganism of the chloramphenicol nor any chemical complexa- 
tion of the antibiotic by the salt. The possibility does exist that  edetate 
disodium alters the cell envelope or cytoplasmic membrane so as to block 
the transport of chloramphenicol to its site of action within the cell. This 
possibility is now under investigation. 


Keyphrases 0 Edetate disodium-mediated chloramphenicol resistance 
in Pseudornonas cepacia Pseudomonas cepacia-edetate disodium- 
mediated resistance Chloramphenicol-edetate disodium-mediated 
resistance in Pseudomonas cepacia 


A house isolate (Strain 2487l) of Pseudomonas cepacia 
lost its normal susceptibility to chloramphenicol in the 
presence of edetate disodium. This was considered unusual 
since edetate disodium has been shown to reverse antibi- 
otic resistance in some species of Pseudomonas (l), and 
chloramphenicol is one of the few antibiotics effective 
against P. cepacia. This report presents the results of an 
investigation of this phenomenon. 


EXPERIMENTAL 


Cultures of Strain 2487 and, for comparison, other house isolates or 
strains2 were maintained on agar slants3, incubated a t  35O, and sub- 
cultured weekly. The desired concentration of sterile-filtered edetate 
disodium4 was added to assay plates, either under aseptic conditions or 
just prior to autoclaving the media. The plates were seeded by swabbing 
over the agar surface in three planes dilutions of cultures of the or- 
ganisms as grown for 24 hr in broth5 at  35'. Susceptibility determinations 
were done with disks6 impregnated, respectively, with chloramphenicol 
(30 pg), colistin (10 pg), sulfisoxazole (50 pg), gentamicin (10 pg), and 
polyrnyxin B (50 pg), and applied to the surfaces of the seeded agar. These 
plates, in turn, were incubated for 24-48 hr at 35O, the longer period being 
necessary in some instances because high concentrations (0.1%) of edetate 
disodium slowed the growth of P. cepacia. 


RESULTS AND DISCUSSION 


The effect of edetate disodium on the activity against Strain 2487 of 
various antibiotics was mixed (Table I): Susceptibility to gentamicin was 
increased; susceptibility to chloramphenicol was decreased; and the ac- 
t ivity of the other three agents was not altered. 


The observed degree of resistance of Strain 2487 to chloramphenicol 
was related directly to the concentration of the salt. A linear response was 
obtained over a range of 0.0-0.1% of edetate disodium in the assay me- 
dium. This suggested the possibility that edetate disodium triggers the 
release of a substance from P. cepacia cells which destroys chloram- 
phenicol or modifies the antibiotic to render it ineffective against the 
organism. 


Accordingly, an experiment was carried out following the procedure 
of Miyamura (2) to determine whether edetate disodium promoted the 
release of a cell wall-bound enzyme such as chloramphenicol acetyl- 


' Richardson-Vicks, Inc. 
American Tvpe Culture Collection (ATCC). 
Eugon Agar'slants. Becton Dickinson and Co. 
Sequestrene, Ciba-Geigy Corp. 
Eugon broth, Becton Dickinson and Co. 
Bacto-Sensitivity Discs, Difco Labs. 


transferase which would inactivate the antibiotic, as is known to occur 
in other organisms (3). 


Results (Table 11) indicate there is present in P. cepacia no enzymatic 
inactivating mechanism for chloramphenicol. Apparently, this is not so 
in the case of P. aeruginosa; -25-50% of the chloramphenicol was lost 
in the cultures of this species. This suggests, as previously reported (4), 
some uptake or destruction of the antibiotic. 


Another possibility, that  edetate disodium cbelates chloramphenicol 
to make it unavailable to act upon P. cepacia, does not seem likely. In 
fact, additional sensitivity tests showed that edetate disodium actually 
enhanced the action of the antibiotic against P. aeruginosa and Esche- 
richia coli (Table 111). The data in Table I11 further suggest that this 
phenomenon may not be a uniform characteristic in P. cepacia. Strain 
254162 failed to grow in the presence of edetate disodium, while another 
wild strain (Strain C) was essentially resistant to chloramphenicol. 


In the apparent absence of enzymatic destruction or chemical com- 
plexation of chloramphenicol, the actual mechanism of the edetate di- 
sodium effect remains obscure. The possibility exists that  edetate diso- 
dium chemically alters the cell envelope or cytoplasmic membrane so that 
transport of chloramphenicol to its point of action within the cell is 
blocked. More direct evidence might be obtained with the use of labeled 
chloramphenicol, and this is a subject for further investigation. 


Table  I-Sensitivity Pattern of P. cepaciaa 


Agarb, 
Antibiotic Agar +0.1% Edetate Disodium 


Chloramphenicol Susceptible Resistant 
Colistin Resistant Resistant 
Sufisoxazole Susceptible Susceptible 
Gentamicin Resistant Susceptible 
Polymyxin B Resistant Resistant 


~~ 


a Vick Strain 2487. * Eugon agar, Becton Dickinson and Co. 


Table 11-Recovery of Chlorarnphenicol Following Incubation 


Organism 


C hloram - 
phenicol, Recovery, 


Mdml % 


P. cepacia" 25.0 100.0 
P. cepaciaa, with medium containing 24.5 98.0 


P. aeruginosab 18.5 74.0 
P. aeruginosa 14.5 58.0 
Medium Control 23.0 92.0 
Medium plus Edetate Disodium Control 23.5 94.0 


a Vick Strain 2487. * Ps 28. ATCC 15442. 


0.1% edetate disodium 


Table 111-Effect of Edetate Disodium on Chloramphenicol 
Susceptibility Pattern of Gram-negative Bacteria 


~ ~~ 


C hloramphenicol 
Agar" 
+0.1% 


Organism Agarn, mm Edetate Disodium, mm 


P. cepaciab 12.0c 0.0 
P. cepaciad 18.0 8.6 
P. cepaciae 5.4 No growth 
P. cepaciaf <LO 0.0 
P. aeruginosag 2.0 12.1 
E. colih 16.6 31.5 


Eugon agar, Becton Dickinson and Co. 


ATCC 25416. f Vick Strain C. g ATCC 9027. 


Vick Strain 2487. 


ATCC 8739. 


Diameter of in- 
American Type Culture Collection (ATCC) 17759. hibition zone surrounding disk. 
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Abstract A simple detection test for phytonadione (vitamin K1) in 
vegetable oil is presented. A saturated sodium ethoxide solution was used 
to saponify vegetable oil and react with the freed phytonadione to form 
a blue compound. The specificity and mechanism of the colored com- 
pound formation is discussed. 


Keyphrases 0 Phytonadione-detection in vegetable oil 0 Vegetable 
oil-detection of phytonadione Vitamins-detection of phytonadione 
in vegetable oil 


Although many methods are available in the literature 
for the determination of phytonadione in standard solu- 
tions, pharmaceuticals, and infant formulas, no simple 
detection procedure for phytonadione determination in 
oil has been reported. Detection of phytonadione in oil is 
of use since vegetable oil solutions of phytonadione are 
used in the manufacture of multivitamin preparations and 
elemental diets (1, 2). The present report discusses the 
chemical (noninstrumental) detection of phytonadione in 
vegetable oil and aspects of the specificity and mechanism 
of the reaction. 


Reviews for the determination of phytonadione by gas 
chromatography (3), fluorometric analysis (4), and thin- 
layer and paper chromatography (5) are available. Circular 
TLC (6), thin layer silica gel impregnated with silver ni- 
trate or paraffin (7), and more recently UV derivatization 
(8) and electrochemical detection (9) have been employed 
for phytonadione analyses. Any of the described phyto- 
nadione determinations can be used if the phytonadione 
is contained in hexane, petroleum ether, acetone, or eth- 
anol standard or sample solutions. Few determinations of 
phytonadione in vegetable oil samples have, however, been 
reported. 


Phytonadione in vegetable oil presents complex sam- 
ple-handling problems. The lipophilic nature of phyto- 
nadione prevents easy extraction and its alkaline sensi- 
tivity prohibits saponification of the vegetable oil without 
destroying the vitamin (10, 11). Phytonadione is photo- 
sensitive (12). Determination of phytonadione in vegetable 
oil has only been accomplished after time-consuming and 
complex sample preparation such as reduction by Raney’s 
nickel catalyst (13) or enzymatic hydrolysis (ll), condi- 
tions not desirable for a simple detection procedure. 


Quality control laboratories, and others with similar 
time and financial limitations, may not find the time- 
consuming and complex methods presented thus far sat- 


isfactory for the detection (presence or absence) of phy- 
tonadione. In nonlipid media, some simple chemical de- 
tection tests have been reported. Phytonadione may be 
detected visually in ethanolic solution by reaction with 
sodium diethyldithiocarbamate (15), or 2,4-dinitro- 
phenylhydrazine (16). No color tests have been reported 
for phytonadione in vegetable oil solutions. 


A procedure has been developed in which detection of 
phytonadione in vegetable oil is based on the blue complex 
formed by sodium ethoxide. The procedure differs from 
that described previously (14) insofar as a saturated (3.4 
N )  sodium ethoxide solution saponifies the lipid medium. 
The sensitivity of the test is increased by the white back- 
ground provided by saponification of the vegetable oil. The 
saponification results in the extraction of some solvent- 
dissociated phytonadione, which then reacts with sodium 
ethoxide. 


EXPERIMENTAL 


Reagents-All chemicals were analytical reagent grade and were used 
without further purification. 


Procedure-One milliliter of a safflower oil solution of phytonadione 
was added to 1 ml of a saturated (3.4 N) solution of sodium hydroxide 
in ethanol. After the saponification process, a solid blue mass remained. 
Standards (in ethanol) and samples ranged in concentration from 50-5000 
pg phytonadione/ml. In samples containing 2500 pg/ml, an intensely 
blue-colored solution was formed almost immediately. The color then 
faded to gray or brown over a 10-min period. A blank of safflower oil 
treated with the alkaline alcoholic solution yielded a white soap. Cotton 
and peanut oil samples yielded identical results. Ascorbyl palmitate and 
polysorbate 80 did not interfere. The procedure was then applied to 
1,4-naphthoquinone, menadione, and the bromination product of phy- 
tonadione. 


The standards and samples were then tested with sodium diethyldi- 
thiocarbamate and 2,4-dinitrophenylhydrazine reagents using the re- 
ported procedures (15, 16). 


RESULTS AND DISCUSSION 


The standard solutions reacted with sodium ethoxide, sodium 
diethyldithiocarbamate, and 2.4-dinitrophenylhydrazine to form the 
colors reported in the literature. The sensitivity was found to be satis- 
factory to repetitively detect (6 trials) 50-pg/ml phytonadiondml stan- 
dard with sodium ethoxide and IO-pg/ml standard with sodium 
diethyldithiocarbamate. The 2,4-dinitrophenylhydrazine was formed 
an average of 50% of the trials at the IOO-pg/ml level. No further inves- 
tigation of this procedure was attempted. Neither the sodium ethoxide 
nor diethyldithiocarbamate procedure detected phytonadione in sam- 
ples. 


Detection of phytonadione in vegetable oil then was attempted by 
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Abstract A simple detection test for phytonadione (vitamin K1) in 
vegetable oil is presented. A saturated sodium ethoxide solution was used 
to saponify vegetable oil and react with the freed phytonadione to form 
a blue compound. The specificity and mechanism of the colored com- 
pound formation is discussed. 


Keyphrases 0 Phytonadione-detection in vegetable oil 0 Vegetable 
oil-detection of phytonadione Vitamins-detection of phytonadione 
in vegetable oil 


Although many methods are available in the literature 
for the determination of phytonadione in standard solu- 
tions, pharmaceuticals, and infant formulas, no simple 
detection procedure for phytonadione determination in 
oil has been reported. Detection of phytonadione in oil is 
of use since vegetable oil solutions of phytonadione are 
used in the manufacture of multivitamin preparations and 
elemental diets (1, 2). The present report discusses the 
chemical (noninstrumental) detection of phytonadione in 
vegetable oil and aspects of the specificity and mechanism 
of the reaction. 


Reviews for the determination of phytonadione by gas 
chromatography (3), fluorometric analysis (4), and thin- 
layer and paper chromatography (5) are available. Circular 
TLC (6), thin layer silica gel impregnated with silver ni- 
trate or paraffin (7), and more recently UV derivatization 
(8) and electrochemical detection (9) have been employed 
for phytonadione analyses. Any of the described phyto- 
nadione determinations can be used if the phytonadione 
is contained in hexane, petroleum ether, acetone, or eth- 
anol standard or sample solutions. Few determinations of 
phytonadione in vegetable oil samples have, however, been 
reported. 


Phytonadione in vegetable oil presents complex sam- 
ple-handling problems. The lipophilic nature of phyto- 
nadione prevents easy extraction and its alkaline sensi- 
tivity prohibits saponification of the vegetable oil without 
destroying the vitamin (10, 11). Phytonadione is photo- 
sensitive (12). Determination of phytonadione in vegetable 
oil has only been accomplished after time-consuming and 
complex sample preparation such as reduction by Raney’s 
nickel catalyst (13) or enzymatic hydrolysis (ll), condi- 
tions not desirable for a simple detection procedure. 


Quality control laboratories, and others with similar 
time and financial limitations, may not find the time- 
consuming and complex methods presented thus far sat- 


isfactory for the detection (presence or absence) of phy- 
tonadione. In nonlipid media, some simple chemical de- 
tection tests have been reported. Phytonadione may be 
detected visually in ethanolic solution by reaction with 
sodium diethyldithiocarbamate (15), or 2,4-dinitro- 
phenylhydrazine (16). No color tests have been reported 
for phytonadione in vegetable oil solutions. 


A procedure has been developed in which detection of 
phytonadione in vegetable oil is based on the blue complex 
formed by sodium ethoxide. The procedure differs from 
that described previously (14) insofar as a saturated (3.4 
N )  sodium ethoxide solution saponifies the lipid medium. 
The sensitivity of the test is increased by the white back- 
ground provided by saponification of the vegetable oil. The 
saponification results in the extraction of some solvent- 
dissociated phytonadione, which then reacts with sodium 
ethoxide. 


EXPERIMENTAL 


Reagents-All chemicals were analytical reagent grade and were used 
without further purification. 


Procedure-One milliliter of a safflower oil solution of phytonadione 
was added to 1 ml of a saturated (3.4 N) solution of sodium hydroxide 
in ethanol. After the saponification process, a solid blue mass remained. 
Standards (in ethanol) and samples ranged in concentration from 50-5000 
pg phytonadione/ml. In samples containing 2500 pg/ml, an intensely 
blue-colored solution was formed almost immediately. The color then 
faded to gray or brown over a 10-min period. A blank of safflower oil 
treated with the alkaline alcoholic solution yielded a white soap. Cotton 
and peanut oil samples yielded identical results. Ascorbyl palmitate and 
polysorbate 80 did not interfere. The procedure was then applied to 
1,4-naphthoquinone, menadione, and the bromination product of phy- 
tonadione. 


The standards and samples were then tested with sodium diethyldi- 
thiocarbamate and 2,4-dinitrophenylhydrazine reagents using the re- 
ported procedures (15, 16). 


RESULTS AND DISCUSSION 


The standard solutions reacted with sodium ethoxide, sodium 
diethyldithiocarbamate, and 2.4-dinitrophenylhydrazine to form the 
colors reported in the literature. The sensitivity was found to be satis- 
factory to repetitively detect (6 trials) 50-pg/ml phytonadiondml stan- 
dard with sodium ethoxide and IO-pg/ml standard with sodium 
diethyldithiocarbamate. The 2,4-dinitrophenylhydrazine was formed 
an average of 50% of the trials at the IOO-pg/ml level. No further inves- 
tigation of this procedure was attempted. Neither the sodium ethoxide 
nor diethyldithiocarbamate procedure detected phytonadione in sam- 
ples. 


Detection of phytonadione in vegetable oil then was attempted by 
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saponification of the oil with sodium hydroxide. Potassium hydroxide 
did not consistently saponify the vegetable oil a t  room temperature. In 
the absence of degradation or dissolution in the saponified matrix or 
remaining lipid material, reaction with sodium ethoxide or sodium 
diethyldithiocarbamate should be possible. The sodium diethyldithio- 
carbamate color test was negative on all sample solutions. The limit of 
detectability was found to  be 50 ppm for the sodium ethoxide color re- 
action. Of the reactions mentioned, only the sodium ethoxide reaction 
gave a positive test in vegetable oil, and then, only when the vegetable 
oil was saponified. 


The specificity of the reaction of phytonadione with sodium ethoxide 
has not been reported. Some confusion concerning even the family of 
compounds that react to form a blue complex in dilute sodium ethoxide 
appears in the literature. I t  was noted (17), in part, that phytonadione 
dissolved in petroleum ether yielded a positive (blue) test with dilute 
sodium ethoxide, whereas the vitamin dissolved in oil gave a negative test. 
It was speculated that phytonadione was less stable in petroleum ether 
than in oil and that a reaction with an unspecified degradation product 
of phytonadione was actualIy responsible for the blue color. The selec- 
tivity of the reaction towards phytonadione analogs, therefore, has not 
been specified. I t  also is not clear whether the reaction occurs with a 
parent species or a degraded species. 


In an attempt to examine the selectivity of the ethoxide reaction, 
1,4-naphthoquinone (I) was subjected to the detection test. The absence 
of blue color indicated the 1,4-naphthoquinone nucleus was not sufficient 
for reaction. Menadione (vitamin KB, 11) did not give a positive test. Since 
phytonadione (111) differs only from menadione by a phytyl group, the 
phytyl group was found essential for the blue complex formation. Bro- 
mination of the double bond originating on the 0-carbon of the phytyl 
group of phytonadione yielded a product that did not form a blue com- 


plex. The blue complex formed in the reaction with phytonadione was 
soluble in water, and i t  eluted before phytonadione on a reversed-phase 
LC column. The polar species farmed was consistent with the structure 
of IV. The structure predicts that vitamin Kz (which contains a 
polyprenyl group in place of the phytyl group) would form the same ex- 
tended conjugation system. The vitamin KZ family of compounds yield 
blue colors with ethoxide (16,17). The shift from yellow (in phytonadione) 
to blue (IV) is consistent with increasing the conjugation of 1,4-na- 
phthoquinone to the phytyl side chain to form an extended A or quasi-* 
system (18). 


A previous report (17) has been cited (15,161 as evidence that the re- 
action between phytonadione and ethoxide ion may actually be a reaction 
with a degradation product of phytonadione. It now appears that the 
reason ethoxide reacted with petroleum ether samples, but not with 
vegetable oil samples, may have been due to the lipophilic nature of 
phytonadione and solution conditions conducive to the formation of IV 
rather than with the selectivity of the reaction. 


A simple detection method for phytonadione in vegetable oil has been 
developed in which an alkaline ethanolic solution simultaneously 
transforms the vitamin into a blue compound (consistent with IV) which 
can be easily visualized on a background of white, saponified vegetable 
oil. The reaction in standard ethanol solutions and vegetable oil samples 
is sensitive to phytonadione and vitamin Kz. The test is postulated to be 
specific to  1,4-naphthoquinones containing alkyl side chains with 
@-carbon double bonds which may form extended conjugation systems. 
The selectivity was found to be identical in ethanol standards and veg- 
etable oil samples. 
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Abstract 0 Desmethyldiazepam pharmacokinetics were determined 
after oral administration of its precursor, clorazepate, to 12 obese subjects 
(mean weight 105.4 kg; mean percent ideal body weight: 170%) who were 
matched for age, sex, and smoking habits with 12 normal controls (66.5 
kg; percent ideal body weight: 103.3%). After an overnight fast, a single 
15-mg clorazepate capsule, equivalent to 10.3 mg of desmethyldiazepam, 
was administered. Multiple plasma samples drawn 10-42 days postdose 
were analyzed for desmethyldiazepam by electron-capture GLC. Obese 
subjects compared to controls had a prolonged desmethyldiazepam 
elimination half-life ( t  112) (154.1 hr uersus 57.1 hr; p < 0.005). Assuming 
quantitative conversion of clorazepate to desmethyldiazepam and 100% 
systemic availability, volume of distribution (vd) was greatly increased 
in the obese (158.8 liters uersus 63.3 liters; p < 0.001). The value of vd 
remained greater even after correction for body weight (1.52 liter/kg 
uersus 0.94 litedkg; p < 0.005). However, clearance of desmethyldia- 
zepam was not different between groups (13.2 ml/min in obese uersus 13.4 
ml/min in controls). The percent ideal body weight was highly correlated 
with v d  ( r  = 0.82), as was total body weight ( r  = 0.86). The value of tl/2 
was correlated highly with vd ( r  = 0.89) but only weakly with clearance 
( r  = -0.38). Therefore, the large increase in the desmethyldiazepam tl/z 
value seen in obese subjects is predominantly due to the disproportionate 
distribution of this lipid-soluble drug into body fat as opposed to lean 
tissue. The contribution of clearance to desmethyldiazepam t1/2 was of 
much less importance than was vd in this obese study population. 


Keyphrases 0 Desmethyldiazepam-prolongation of drug half-life due 
to obesity 0 Pharmacokinetics-prolongation of drug half-life due to 
obesity, desmethyldiazepam Obesity-prolongation of drug half-life, 
desmethyldiazepam 


The elimination half-life ( t1 /2 )  of drugs has often been 
equated with the rate of biotransformation and clearance 
(1). However, principles of pharmacokinetics indicate that 
half-life is a hybrid variable, depending upon both drug 
distribution and clearance (2): 


0.693 X Volume of Distribution ( v d )  
t 1 / 2  = 0%. 1) Clearance 


To date only a few experimental circumstances have 
been described in which a high inverse correlation between 
clearance and elimination half-life did not exist, with a 
significant contribution to variability in elimination 
half-life being attributable instead to changes in the vol- 
ume of distribution (3, 4). Clorazepate, a prodrug which 
is converted to desmethyldiazepam after oral adminis- 
tration (5), has been used in this laboratory and by others 
as a means of evaluating desmethyldiazepam pharmaco- 
kinetics (6, 7). The present study demonstrates that in 
obese individuals, comprising perhaps 20% of the popu- 
lation of the United States (8), a potentially serious mis- 
interpretation of drug metabolizing capacity may occur 
with some lipid-soluble drugs when elimination half-life 
is used as a measure of drug metabolism. 


EXPERIMENTAL 


Subjects-Twelve obese (>133% ideal body weight) and 12 control 
(<125% ideal body weight) subjects participated in the study (Table 
I). 


Table  I-Subject Characterist ics and  Kinetic Variables for  
Diazepam 


Mean (with range) Valuesa 
Obese Control 


( n  = 12) ( n  = 12) 


Subiect Characteristics 
Age, years 
Sex, F/M 
Total body weight, kg 
Ideal body weight, kg 
Percent ideal body weight 
Smoking, no/yes 


33(23-61) 
8/4 
105(77-197) 
62(41-77) 
170( 134-257) 
9/3 


33(24-74) 
7/5 
67(51-91)b 
65i50-82j 
103(86-125) 
9/3 


Kinetic Variables of Absorption 
Absorption lag time, hr 0.20(0.06-0.25) 0.40(0.18-0.73)c 


Time to peak plasma 1.3( 0.5-2.5) 1.5( 0.5-3.0) 
Half-Time for absorption, hr 0.94(0.25-2.03) 0.48(0.02-1.85) 


Peak plasma concentration, 149(90-239) 249(89-590) 
concentration, hr 


ng/ml 


Kinetic Variables of Elimination 
Elimination half-life, hr 154(64-369) 57(30-77) 
vd, liter 159(91-340) 63(38-119) 
vd/kg total body weight, liter/kg 1.52(1.00-2.51) 0.94(0.63-1.30) 
Vd/kg ideal body weight, liter/kg 2.58(1.49-4.43) 0.98(0.60-1.45)c 
Clearance, ml/min 13.2(7.&18.2) 13.4(5.7-21.8) 
Clearance/kg total body weight, 0.14(0.05-0.23) 0.20(0.10-0.31) 


Free fraction, percent 
ml/min/kg 


2.4(1.5-3.1) 2.5( 1.8-3.7) - 
a Student t test for difference between control and obese groups; p < 0.005. 


c p < 0.001. p < 0.02. 


The ideal body weight was defined from life insurance tables as follows 
(9): 


Ideal body weight (males) = 50 kg f 0.9 kg/cm above or below 150-cm 
height. 


Ideal body weight (females) = 45 kg f 0.9 kg/cm above or below 150-cm 
height. 


The percent ideal body weight was calculated as the ratio of actual or 
total body weight to ideal body weight. Other measures of adiposity such 
as weight/height and weight/height2 (10) have been evaluated in such 
populations, but it was found that none of these other indexes provides 
more information than dose comparison of total body weight and ideal 
body weight. 


Obese and control subjects were matched for age, sex, and cigarette 
smoking habits. No subjects were on a special diet designed for weight 
loss and all remained at the same weight during the study. 


Procedure-After an overnight fast, all subjects received a capsule 
containing 15 mg of clorazepate dipotassiuml with 75 ml of water. 
Subjects remained fasting for 3 hr after drug ingestion. Venous blood 
samples were drawn into heparinized tubes before the dose, a t  5,15,30, 
and 45 min, and 1,1.5,2.0,2.5,3,4,6,8,12, and 24 hr, and every 1 to 2 days 
for 10-42 days. An indwelling butterfly cannula, kept patent by a slow 
infusion (20 ml/hr) of physiologic saline, was used to obtain blood samples 
during the first 8 hr postdosing. All other samples were drawn by separate 
venipuncture. Samples on subsequent days were drawn in the nonfasting 
state. Blood specimens were centrifuged, and the plasma was separated 
and stored a t  -20" until assayed. 


Analysis of Samples-Plasma desmethyldiazepam concentrations 
were determined by electron-capture CLC (6). The extent of diazepam 
binding to plasma protein for each subject was determined from pooled 
samples drawn in the nonfasting state a t  least 72 hr postdose. Binding 
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.? - 400.01 


0 2 4 6 8 1 0 1 2  
HOURS POSTDOSE 


Figure 1-Mean plasma desmethyldiazepam concentrations over the 
initial 12 hr after drug administration. Each value is the mean (*SE) 
for the 12subjects in obese and control groups at  the corresponding time. 
Pharmacokinetic variables of absorption are listed in Table I. Key: (m) 
control; (A) obese. 


was determined by equilibrium dialysis using duplicate 2-ml samples 
spiked to contain 500 ng of desmethyldiazepam/ml. Recovery of 
desmethyldiazepam from the dialysis system was 100% and the variation 
for replicate samples was <lo%. Binding was independent of the total 
desmethyldiazepam plasma concentration up to levels of 5000 ng/ml(11, 
12). 


Data Analysis-Plasma desmethyldiazepam concentrations were 
analyzed by weighted iterative nonlinear least-squares regression tech- 
niques as described previously (13-15). Since desmethyldiazepam derived 
from orally ingested clorazepate is 100% bioavailable*, coefficients and 
exponents from the function of best fit were used to calculate the fol- 
lowing kinetic variables: lag time prior to the start of absorption, ab- 
sorption half-life, total volume of distribution (vd) using the area method, 
elimination half-life, and total clearance (16,17). The data were further 
analyzed by determination of kinetic parameters for the fraction not 
bound to plasma protein (18, 19). Assuming that protein binding of 
desmethyldiazepam for a given subject was constant over time and in- 
dependent of total concentration, values for vd and clearance were di- 
vided by the subject's unbound fraction yielding values of unbound vd 
and unbound (intrinsic) clearance. 


Differences in kinetic variables between obese and control groups were 


T 3001 A, 
MALE. 23 yr. 175 kg (2.26 x IEW) 


11/2=12.9 days 


I t,/2=34.7 hours 


0 3 6 9 12 15 18 21 
DAYS POSTDOSE 


1 +  n. 


2 


Figure 2-Plasma desmethyldiazepam concentrations and phar- 
macokinetic functions following oral chlorazepate administration to 
a representative obese male [(A); 23 years; 175 kg (2.26 X IBW); t l / 2  
= 12.9 days] and to a matched control male of normal weight [(B); 26 
years; 64 kg (0.93 X IBW); t l j z  = 34.7 hr]. 


2- 
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a 


I- 300.0 
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[r ti 200.0 - 
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0.0- ' 
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Figure 3-Relation of percent ideal body weight (abscissa) to 
desmethyldiazepam absolute volume of distribution (top) and corrected 
for total body weight (r = 0.82) (bottom). Solid lines were determined 
by least-squares regression analysis. Key: (m) male; (0) female. 
assessed by Student t test. Relationships among kinetic variables and 
subject characteristics were evaluated by linear regression analysis. 


RESULTS 
Lag time elapsing prior to the appearance of desmethyldiazepam in 


plasma after clorazepate was significantly shorter in the obese than in 
the control subjects (p < 0.001). However, absorption half-life and the 
time to peak plasma concentration did not differ significantly between 
groups (Table I). Peak plasma concentrations were much lower in the 
obese subjects (p < 0.02), presumably reflecting the much more extensive 
distribution of desmethyldiazepam in obesity (Fig. 1, Table I). 


Elimination of desmethyldiazepam from plasma after ingestion of 
clorazepate was adequately described in all subjects by a linear sum of 
exponential terms (Fig. 2). Pharmacokinetic variables (Table I) reveal 
a significantly prolonged elimination half-life ( p  < 0.001) in obese as 
compared to control subjects. This is not explained by a change in 
clearance, as total metabolic clearance was nearly identical in the two 
groups (Table I). Since the extent of protein binding was similar in obese 
and control groups (Table I), intrinsic (unbound) clearance was also 
similar in the two groups. 


The Vd value, in liters, as well as vd corrected for total body weight 
(vd/kg of total body weight) and vd  corrected for ideal body weight 
(Vd/kg of ideal body weight), were significantly larger in obese subjects 
than controls (Table I). Represented as a continuous function among all 
subjects, there was a highly significant ( r  = 0.82; p < 0.001) positive 
correlation between percent ideal body weight and absolute vd, as well 
as vd/kg total body weight ( r  = 0.49, p < 0.05) (Fig. 3). This indicates 
disproportionate distribution of desmethyldiazepam into excess body 
weight over ideal body weight that is greater than distribution into ideal 
body weight. Using mean values for total body weight and Vd, distribu- 
tion of desmethyldiazepam into excess body weight over ideal body 
weight is approximately twice as extensive as distribution into ideal body 
weight. 


The difference in elimination half-life between groups is the result of 
the marked increase in vd in the obese group. This is demonstrated by 
the highly significant correlation between elimination half-life and Vd 
( r  '= 0.89; p < 0.001) and the nonsignificant correlation between elimi- 
nation half-life and clearance ( r  = -0.38; N S )  (Fig. 4). 


DISCUSSION 
Many drugs are administered on the basis of dose per unit body weight. 


This assumes that drug clearance is proportional to weight, and that drug 2 Unpublished observation. 
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Figure 4-Relation of desmethyldiazepam uolume of distribution (top) 
and total clearance (bottom) t o  desmethyldiazepam elimination half- 
life (abscissa). Volume of distribution was highly correlated with half- 
life (r = 0.89), but clearance is not significantly related to half-life (r 
= -0.38). Key: (m) male; (0) female. 


distribution per unit weight is unchanged with large variations in body 
weight. However, such assumptions may not be warranted since obese 
individuals may have a significant incidence of hepatocellular disease 
(20), changes in renal blood flow (21), and marked deviation in body 
composition from normal (8). A recent report demonstrates a marked 
increase in tissue enflurane uptake and an increase in the rate and amount 
of metabolite appearing in peripheral blood in the obese state in the ab- 
sence of other pathological processes (22). In addition, drug distribution 
may be quite different in the obese individual as compared to one of 
normal body weight. Evaluation of the kinetics of digoxin (23), gentamicin 
(24), tobramycin (24,25), and amikacin (26) in obesity suggest that  dis- 
tribution of these drugs is mainly into lean body mass, such that an in- 
correct drug dosage may result from calculation based on total body 
weight. Similar results are reported for theophylline (27). In contrast, 
fat-soluble drugs such as diazepam may be much more extensively dis- 
tributed into body weight in excess of ideal body weight than into ideal 
body weight (3). Again, this may result in incorrect drug dosage and/or 
prolongation of time to steady-state plasma concentration if loading and 
maintenance doses do not take the degree of obesity into consider- 
ation. 


The present study assessed the effect of obesity on the absorption, 
distribution, and clearance of desmethyldiazepam, a lipid-soluble ben- 
zodiazepine antianxiety agent. Subjects in both obese and control groups 
varied in age, sex, and cigarette smoking habits, all of which can influence 
drug disposition. However, these factors are unlikely to have influenced 
the results, since control and obese subjects were matched for these 
characteristics. The findings indicate that distributional changes in 
obesity can remarkably alter the apparent half-life of elimination despite 
no change in metabolic clearance. Furthermore, the extent of distribution 
into excess body weight over ideal body weight is even more extensive 
than into ideal body weight. This is presumably due to the lipophilic 
character of desmethyldiazepam. 


Thus, elimination half-life of lipid-soluble drugs changes greatly in 
obese patients in the absence of change in total metabolic clearance. Total 
clearance is the appropriate pharmacokinetic parameter to use for 
evaluation of the rate of biologic drug removal, as drug dose required to 
achieve a given steady-state plasma level is a function of this independent 
variable, not the dependent variable elimination half-life. 
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Abstract Condensation of 5-formyl-6-methoxy-2,3-diphenylbenzo- 
furan (I) and 6-formyl-5-methoxy-2,3-diphenylbenzofuran (11) with al- 
iphatic or aromatic primary amines led to the formation of the corre- 
sponding anils (IIIa-k and IVa-c). The anils (IIIaf,k or IVa-c) reacted 
with ethyl cyanoacetate, ethyl acetoacetate, or diethyl malonate to form 
the respective esters (Va-c or VIa-c). When Va-c or V1a-c were treated 
with pyridine hydrochloride, demethylation occurred followed by cy- 
clization to form the corresponding furocoumarins (VIIa-c or VIIIa-c). 
Reduction of the anils using sodium borohydride furnished the corre- 
sponding Mannich bases (Xa-d and XI). The antimicrobial activity of 
compounds IIIi, IVc, Va, VIa, and VIIIa was investigated. 


Keyphrases Benzofurm-derivatives, synthesis for possible biological 
activity 0 Furocoumarin-derivatives, synthesis for possible biological 
activity Antimicrobial activity-synthesis of some benzofuran and 
furocoumarin derivatives for possible biological activity 


Furocoumarins (1-3) are used as photosensitizing 
agents, and some of their derivatives possess tuberculo- 
static (4) as well as molluskicidal(5) activity. Following up 
a previous investigation (6), synthesis of some new furo- 
coumarins (VII and VIII) derived from 5-formyl-6-me- 
thoxy-2,3-diphenylbenzofuran (I) (7) and 6-formyl-5- 
methoxy-2,3-diphenylbenzofuran (11) (6, 7) was under- 
taken to investigate these compounds. 


DISCUSSION 


Condensation of I or I1 with equimolar quantities of the appropriate 
amines gave the corresponding anils (111 or IV), respectively. The amines 
employed were propyl-, isopropyl-, hexyl-, cyclohexyl-, benzylamine; 
aniline; rn-toluidine; p-toluidine; p-anisidine; and m-chloro- and p -  
chloroaniline. 


The structure assigned to these anils was supported by IR spectra, 


I I1 


which showed absorption at  1625-1635 cm-1 assignable to -CH=N (8). 
The PMR spectrum of IIIe showed singlets a t  d 3.92 (OCH3,3H), 4.84 
(CH2--, 2H), 7.08 ((2-4, lH), and 8.18 (C-7,lH). The aromatic protons 
appeared as multiplets a t  7.40-7.66 (15H). The mass spectra of IIIe and 
k showed intense molecular ions (M+) at  m/z (relative intensity) 417 and 
437/439, respectively. In both spectra the imino moieties were eliminated 
yielding a base peak at  m/z 311. 


Compounds IIIe, f, or k and IVa-c reacted with ethyl cyanoacetate in 
dry benzene to give the respective esters, Va and VIa. Compounds Va 
and VIa were also obtained by the reaction of I and I1 with ethyl cy- 
anoacetate in the presence of piperidine. The IR spectrum of Va revealed 
a band at  2220 cm-' characteristic for C=N group and a band at 1705 


V 


VI 


a, R=CN 
b, R=COCH, 
c, R=COOC,H, 


VII VIII 


a, R = H  
b, R=COCH, 
c,  R=COOC,H, 


I11 


a, R=(CH,),CH, 
b, R=CH(CH,), 
c,  R=(CH,),CH, 
d ,  R=cyclohexyl 
e, R=CH,C,H, 


g, R=C,H,CH, (rneta) 
h, R=C6H,CH, @ma) 
i, R=C,H,OCH, @am) 
j, R=C,H,Cl (meta) 
k, R=C,H,Cl (para) 


f, R=C6H5 


IV 


a, R=C,H, 
b,  R=C,H,CH, (para) 
c,  R=C,H,OCH, (para) 


IX 


X XI 


a, R=(CH,),CH, 
b, R=C,H, 
c ,  R=C,H,OCH, @ m a )  
d, R=C,H,Cl @mu) 
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Table I-Physical Data fo r  Anils IIIa-k and IVa-c 


Yield, 
% 


An a 1 y s i s 
Calc. Found Compound Formula mp 


IIIa 


IIIb 


IIIC 


IIId 


IIIe 


142-144 


138-140 


146-148 


154-156 


163-165 


74 


79 


67 


78 


85 


C 81.31 C 81.10 
H 5.96 
N 3.52 
C 40.96 


H -6.23 
N 3.79 
C 81.31 
H 6.23 
N 3.79 


H 5.91 
N 3.47 


C 81.75 
H 7.06 
N 3.40 


C 8I112 
H 6.89 
N 3.49 


C 82.15 C 82.40 
H fi.30 H 6.60 


N 3.42 
C 83.45 


~~ 


N 3.47 
C 83.60 
H 5.55 H 5.52 


N 3.36 N 3.25 
IIIf 


I&? 


IIIh 


IIIi 


111; 


192-194 


155-157 


180-182 


148-150 


148-150 


91 


74 


63 


77 


86 


C 83.37 
H 5.21 
N 3.47 
C 83.45 


C 83.62 
H 5.53 
N 3.35 
C 83.68 


H 5.52 
N 3.36 
C 83.45 
H 5.52 
N 3.36 
C 80.37 


H 5.50 
N 3.26 
C 83.32 
H 5.61 
N 3.01 
C 80.68 


H 5.31 
N 3.23 
C 76.80 


H 5.52 
N 3.43 
C 76.82 


H 4.57 
N 3.20 
C1 8.12 
C 76.80 
H 4.57 
N 3.20 
C1 8.12 


H 4.83 
N 2.84 
CI 7.89 


IIIk 162-164 78 
~ 


C 76.62 
.H 4.83 
N 6.92 c1 7.79 


IVa 128-130 72 CzsHziNOz C 83.37 C 83.44 
H 5.46 H 5.21 


N 3.47 N 3.24 
IVb 150-152 76 CzsHz3NOz C 83.45 C 83.51 


H 5.52 H 5.77 
N 3.09 N 3.36 


H 5.32 H 5.31 
N 3.23 N 2.94 


IVC 163-165 61 CzgHz3N03 C 80.37 c 79.99 


Table 11-Physical Data fo r  Esters Va-c and  VIa-c 


Yield, 
% 


Analysis 
Calc. Found Compound Formula 


Va 192-194 74 C 76.60 C 76.82 
H N 4.96 3.31 


C 76.36 
H 5.45 


H 5.07 
N 3.72 
C 76.50 Vb 


VC 


VIa 


177-179 


167-169 


192-194 


71 


73 


86 


H 5.73 
C 74.46 C 74.04 


H 5.53 
C 76.60 
H 4.96 


H 5.74 
C 76.45 
H 5.23 
N 2.99 N 3.31 


C 76.36 
H 5.45 
C 74.04 
H 5.53 


VIb 


VIC 


168-170 


103-105 


76 


75 


C 76.68 
H 5.50 
c 74.39 
H 5.29 


The mass spectrum of Vb and c showed an M+ at mlz 440 and 470, 
respectively. 


Treatment of Vb and c and VIb and c with pyridine hydrochloride 
yielded the corresponding acetyl and carboethoxyfurocoumarin deriva- 
tives, VIIb and c and VIIIb and c,  respectively. 


The structures of VIIb and c and VIIIb and c were confirmed by their 
melting points and mixed melting points with authentic samples prepared 
by the reaction of I and I1 with ethyl acetoacetate and diethyl malonate 
in the presence of piperidine (7). 


Sodium borohydride reduction of the benzofuran anils, IIIa, /, i, and 
k and IVa, were carried out in ethanol and gave the corresponding 
Mannich bases Xa-d and XI. 


The IR spectrum of X b  showed absorption a t  3380 cm-l due to NH 


cm-l, indicating an ester carbonyl (-COOCzHs). The mass spectrum 
of Va showed an M+ a t  m/z (relative intensity) 423. 


When Va or VIa were treated with pyridine hydrochloride, the furo- 
coumarins VIIa or VIIIa were formed, respecfively. The reaction involved 
demethylation followed by cyclization to form the intermediate derivative 
IX, which underwent hydrolysis followed by decarboxylation. 


The IR spectrum of VIIa showed a band at 1725 cm-' characteristic 
for the >C=O vibration of coumarins (9). Moreover, absorption bands, 
corresponding to C=N and ester >C=O, were not present as in the 
parent ester Va. The mass spectrum of VIIa showed an M+ a t  m/z (rel- 
ative intensity) 338. 


In a similar manner, reaction of IIIf or IVa with ethyl acetoacetate and 
diethyl malonate yielded Vb and c or VIb and c, respectively. 
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Table 111-Physical Data  of Mannich Bases Xa-d and  XI 


Yield, Analysis 
Compound mP % Formula Calc. Found 


Xa 184-186 69 C Z ~ H Z ~ N O Z  c 80.86 C 81.23 
H 6.74 H 7.01 


N 3.98 N 3.77 
Xb 154-156 80 CznHzdOz C 82.96 C 83.17 


H 5.68 H 5.82 
N 3.46 N 3.58 


x c  148-150 66 CmH26N03 C 80.00 C 79.69 
H 5.75 H 5.60 


C 76.71 
H 5.35 
C1 8.24 
N 3.22 


and no absorption characteristic for C=N appeared. The PMR spectrum 
of Xb revealed singlets at 6 3.85 (OCHJ, 3H), 4.40 (CH2,2H), 6.75 (C-4, 
lH), and 7.72 (C-7,lH). The NH proton appeared as a broad band at 6 
4.00 which disappeared after adding deuterium oxide. Finally, the mul- 
tiplets at d 7.17-7.46 corresponded to 15 aromatic protons. The mass 
spectrum of Xb showd an M+ a t  m/z (relative intensity) 405 as a base 
peak. 


EXPERIMENTAL' 


Studies for Antimicrobial Activity-The activity of some com- 
pounds were tested on Bacillus subtilis, NRRL 543; Escherichia coli, 
NRRL 210; Klebsiella pneumoniae, NRRL 117; Proteus mirabilis; 
Sarcina lutea; Salmonella typhosea, NRRL 537 (bacteria); Candida 
lypolitica; Candida pellicula; Sacharomyces cerviceae, NRRL Y567 
(yeasts); Aspergillus nigar, NRRL 599; Fusarium moniliforme, and 
Penicillium funiculosum (fungiz). 


Preparation of Benzofuran Anils (IIIa-k and  1Va-c)-The ap- 
propriate amine (0.03 mole) and piperidine (0.5 ml) were added to a so- 
lution of I or I1 (0.03 mole) in benzene or ethanol (50 ml). The reaction 
mixture was refluxed for 3 hr, then concentrated to -10 ml and left to 
cool. The solid was filtered and crystallized from ethanol to give IIIa-k 
and IVo c as white-yellow crystals (Table I). 


Preparation of the Esters (Va-c and  VIa-c)--Method A-A 
mixture of 111 or IV (1 g) in dry benzene (20 ml) and either ethyl cy- 
anoacetate, ethyl acetoacetate, or diethyl malonate (1.5 ml) was stirred 
for 0.5 hr and left overnight. The solvent was evaporated under reduced 
pressure and 5 ml of water was added. The solution was heated and then 
left to cool. The solid that separated was filtered and crystallized from 
ethanol to give Va-c or VIa-c as yellow crystals. 


Method B-A mixture of I or I1 (1 g), 1.5 ml of ethyl cyanoacetate, ethyl 
acetoacetate, and diethyl malonate esters and piperidine (0.5 ml) in 
ethanol (50 ml) was refluxed for 1 hr and left to cool. The solid that 
formed was crystallized from ethanol as yellow crystals. 


Methods A and B gave the name products (melting point and mixed 
melting point gave no depression) (Table 11). 


Action of Pyridine Hydrochloride on Va-c and VIa-c-A mixture 
of Va-c or VIa-c (1 g) and freshly prepared pyridine hydrochloride (3 
g) was kept a t  200" for 20 min, left to cool, then acidified with dilute hy- 
drochloric acid. The solid was filtered and crystallized from an appro- 
priate solvent. 


Compound VIIa was obtained a t  a 56% yield as pale brownish crystals 
from ethanol, mp 223-225'. 


Anal.-Calc. for C23H1403: C, 81.66; H, 4.14. Found: C, 81.93; H, 
3.99. 


Compound VIIb was crystallized from ethanol as pale brownish crys- 
tals, mp 256-258'; yield 55% (melting point and mixed melting point with 
an authentic sample (7) gave no depression). 


Compound VIIc was obtained as pale brownish crystals from ethanol, 
mp 196-198'; yield 34% (melting point and mixed melting point with an 
authentic sample (7) gave no depression). 


' All melting pointa are not corrected. The IR spectra were recorded on Carl-Zeias 
Spectrophotometer model UR 10. The PMR spectra were run in CDCll at €4 MHz. 
with tetramethyleilane an internal standard on a Varian instrument. Maas apectra 
were carried out at 70 eV on a Varian Mat 1 I2 Spectrometer. 


The or anisms with no identification numbere were isolated locally and were 
iaolated b y h .  M. Fahim, Y. A. Abduo. and M. M. Atalla, Third Egypt. Phytopathol. 
Congress. Cairo, pp 734-744 (1979). 


Compound VIIIa gave a 53% yield as pale brownish crystals from 
methanol, mp 220-222". 


Anal.-Calc. for C23H1403: C, 81.66; H, 4.14. Found: C, 81.41; H, 
4.36. 


Compound VIIIb produced a 49% yield as pale brownish crystals from 
ethanol, mp 256' (melting point and mixed melting point with an au- 
thentic sample (7) gave no depression). 


Compound'VIIIc gave a 52% yield as pale brownish crystals from ac- 
etone, mp 195' (melting point and mixed melting point with an authentic 
sample (7) gave no depression). 


Preparat ion of the  Mannich Bases (Xa-d and XI)-A mixture of 
IIlc, f ,  i ,  k ,  or IVa (1 g) and sodium borohydride (2 g) in ethanol (50 ml) 
was heated at 50" for 5 min to start the reaction. The reaction mixture 
was stirred for 2 hr, and 20 ml water was added and left overnight. The 
solution was filtered, and the solid washed with water and crystallized 
from ethanol to give the Mannich bases Xa-d and XI as colorless needles 
(Table 111). 


Antimicrobial Activity-A freshly prepared suspension of the test 
organisms was used to inoculate three plates, each with nutrient agar 
(bacterial strain), media containing glucose (10 g), yeast extract (3 g), 
peptone (5 9). and agar (20 9). All ingredients were dissolved in 1 liter of 
distilled water and adjusted a t  pH 6.0. The fungi were cultivated on Dox's 
agar plates. Fungal inoculum was prepared from 14-day old cultures. The 
paper disk method was used to test IIIi, IVc, Va, VIa, and VIIa; one 
representing each series selected a t  random to screen their antimicrobial 
activity. A filter paper disk (5-mm diameter) containing 100 pg from each 
compound was soaked, dried, and firmly applied to the surface of the 
inoculated agar plates and then the plates with the bacterial strain were 
incubated a t  37" for 48 hr, while those containing yeast and fungi were 


Table  IV-Antimicrobial Activity of Compounds IIIi, IVc, Va. 
VIa. and  VIIa  Auainst Bacteria. Yeasts. and Funr i  


Micro- 
organism 


Compound 
VIa VIIa TIIi IVC Va 


- Bacillus 70 11 7 7 


Escherichia 7 11 7 7 7 


Klebsiella - 


Proteus - 11 - 


Salmonella 7 9 7 7 


Sarcina lutea 8 11 7 10 - 
Candida 8 14 8 8 


Candida 8 - 7 8 -  


9 - 8 -  


subtilis 


coli 


pneumoniae 


mirabilis 


typhosae 


lypolitica 


pellicula 


cerviceae 


nrgar 


moniliforme 


- 7 


7 7 


- 9 


- 


- 


Sacharomyces - 


Aspergillus - - - - - 


- - - Fusarium - - 


Penicillium funiculosum 7 17 8 - - 


a Diameters of inhibition zone in millimeters. 
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incubated at 30” for 4 b 7 2  hr. The inhibition zone was measured around 
each disk (Table IV). 


CONCLUSIONS 
The present results indicate that the microorganisms tested were 


sensitive to the action of the anils ( I I F  and IVc) and the esters (Va and 
VJa) except for A. nigar and F. moniliforme. The results also illustrated 
that the anils potentiate the activity more than the esters. However, it  
was observed that the presence of the methoxy group in the para position 
to the benzofuran oxygen (IVc and VIa) increased the activity. The cy- 
clization of V a  blocked the activity against most of the microorganisms 
tested. Such preliminary results would encourage further studies to 
elucidate the relationship between structure and activity. 
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Abstract The results of a national survey on the quality of enteric 
coated aspirin tablets and aspirin suppositories are presented. The tablets 
were analyzed for strength, salicylic acid content, in uitro dissolution rate, 
and related aspirin impurities. The suppositories were analyzed for 
strength and salicylic acid content. The methods of analysis and vali- 
dation of data are also presented. 


Keyphrases 0 Aspirin-semiautomated procedure for enteric coated 
tablets Dissolution-automated in uitro profiles of enteric coated as- 
pirin tablets Analgesics-determination of aspirin and impurities in 
enteric coated tablets 


A national survey of aspirin tablet products was con- 
ducted at the National Center for Drug Analysis in 1978 
and 1979 to ascertain the quality of these products. 


Parts 1-111 (1-3) of this series deal with the analysis of 
aspirin, salicylic acid, and aspirin related impurities in 
plain and buffered tablets. Part IV (4) compares in uitro 
dissolution results for these dosage forms using both the 
USP XX paddle and basket procedures (5). The present 
report describes the quality of enteric coated tablets with 
respect to content uniformity, dissolution characteristics, 
and impurities. Suppository formulations were also 
checked for content uniformity and impurities. 


The official compendia do not provide a method or cri- 
terion for the in uitro dissolution of enteric coated tablets. 
Embil and Torosian (6) described the dissolution behavior 
of two brands of enteric coated tablets using a basket 
procedure. Over 60% of the aspirin content in the two 
brands dissolved within 3 hr, but there were significant 
differences in the release rates. Johansen (7) investigated 
the correlation between dissolution and absorption rates 
for plain and enteric coated aspirin tablets. The dissolution 


rate determinations were made with both a Sartorius ap- 
paratus and a USP XIX basket apparatus. Johansen found 
that the USP XIX basket apparatus, when applied to en- 
teric coated tablets, gave a poor in uitrolin uiuo correlation. 
He attributed this to the fact that the USP apparatus 
dissolved aspirin rather quickly after changing from sim- 
ulated gastric fluid to intestinal fluid. To obtain a better 
correlation he recommended decreasing the rotational 
speed of the basket. 


The purpose of this study was to investigate a semiau- 
n 


C 


WASTE 


n 1 . 2 5  R A  WASTE 
W 


F Q 


Figure I-Flow diagram of automated system for enteric coated aspirin 
dissolution. Key: (T) Tygon pump tube; (RA) red acidiflex pump tube; 
(C) B-turn X 2.4-mm i.d. mixing coil; (0) 28-turn X 2.4-mm i.d. mixing 
coil with one double end; (E) 5.5-turn setting coil; (F) UVspectropho- 
tometer; (G) recorder; (A) six-spindle dissolution apparatus; (B) au- 
tomatic sampler. Pump tube sizes are in milliliters per minute. C-3, C-5, 
A6, and PC-1 are commercially auailable glass fittings. 
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Abstract 0 The metabolic disposition of I4C-labeled nitromethaqualone 
was investigated in rats. Unlabeled nitromethaqualone was used for 
studies on humans. Nitromethaqualone was eliminated from the body 
after most of it had undergone biotransformation. Both humans and rats 
reduced the nitro group of nitromethaqualone to the corresponding amino 
derivative, which was partially transformed to the corresponding acety- 
lated form. Cleavage of the quinazolinone nucleus resulting in 2-me- 
thoxy-4-nitroaniline was also observed in humans. In rats additional 
major metabolites arose from the oxidation of the 2-methyl group into 
hydroxymethyl resulting in 2-hydroxymethyl-3-(2’-methoxy-4’-nitro- 
phenyI)-4(3H)-quinazolinone and concomitant in t h o  reduction of the 
latter resulting in 2-hydroxymethyl-3-(2’-methoxy-4’-aminophenyl)- 
4(3H)-quinazolinone. Both metabolites were also excreted as glucuro- 
nides. In rats fecal excretion accounted for 55-6070 of the administered 
dose, while 24-27% was excreted in the urine. Protracted excretion in both 
humans and rats indicated an extensive enterohepatic circulation. 


Keyphrases 0 Biotransformation-excretion, nitromethaqualone in 
rats and humans, metabolism 0 Nitromethaqualone-biotransformation 
and excretion in rats and humans, metabolism 0 Metabolism-bio- 
transformation and excretion of nitromethaqualone in rats and hu- 
mans 


Nitromethaqualone’ (I) or 2-methyl-3-(2’-methoxy- 
4’-nitrophenyl)-4(3H)-quinazolinone has been available 
in Europe since 1967 as a nonbarbituric hypnotic of the 
quinazolinone series, which includes methaqualone [2- 
methyl-3-0 - tolyl-4( 3H) -quinazolinone (11)] and meclo- 
qualone [2-methyl-3-(2’-chlorophenyl)-4(3H)-quinazoli- 
none (III)]. 


R, = OCH,, Rz = NO2 (Nitromethaqualone, I) 
R, = CH3, Rz = H (methaqualone, 11) 
R1 = C1, Rz = H (mecloqualone, 111) 


The abuse of methaqualone (1-3) and mecloqualone (4) 
has been reported previously. Both drugs are metabolized 
extremely well in humans and animals (5-12), with de- 
tection of the unchanged drug in the urine being difficult 
when therapeutic amounts have been ingested. Detection 
in urine samples is usually done by means of the metabo- 
lites (13, 14). 


Neither the metabolism of nitromethaqualone nor its 
analysis in urine samples has been established previ- 


The present report deals with the metabolism of nitro- 
methaqualone in humans and rats, along with the detec- 
tion of the drug in urine samples for clinical and medico- 
legal practice. The excretion in rats was studied with 
[2-14C]2-methyl -3- (2’-methoxy-4’-nitrophenyl)-4(3H)- 
quinazolinone. 


ously. 


1 Parnox. Sopar, Brussels, Belgium 


EXPERIMENTAL 


Synthesis of [2-14C]2-Methyl-3-(2‘-methoxy-4‘-nitrophenyl)- 
4(3H) - quinazolin0ne-[2-~~C]2-Methyl-3-(2’-methoxy-4’-nitro- 
phenyl)-4(3H)-quinazolinone was synthesized as shown in Scheme I by 
condensation of labeled N-acetylanthranilic acid with 2-methoxy-4- 
nitroaniline in toluene in the presence of phosphorus trichloride according 
to a procedure described previously (15). Labeled N-acetylanthranilic 
acid was prepared by refluxing 1 mmole of anthranilic acid in toluene with 
1 mmole of [ l-I4C)acetyl chloride (specific activity, 5.0 mCi/mmole) until 
no more hydrochloric acid was liberated. The reaction mixture was cooled 
to 70”. 2-Methoxy-4-nitroaniline (1 mmole) was added followed by the 
addition of phosphorus trichloride in toluene over a 10-min period 
(Scheme I). The mixture then was mixed thoroughly and refluxed for 2 
hr in an oil bath. Toluene was evaporated under vacuum and the yellow 
residue was shaken with 10% aqueous sodium carbonate and extracted 
twice with 50 m1 of chloroform. After evaporation of the solvent, the 
residue was taken up in benzene and purified on a 10-g column2. The 
column was eluted with 1 liter of benzene. Benzene was removed under 
vacuum and the residue recrystallized from methanol-water. 


The specific activity determined by liquid scintillation counting was 
5.0 mCi/mmole. The purity of the prepared compound was tested by TLC 
using two different solvents: chloroform-acetone-ammonia (50501) and 
cyclohexane-chloroform-diethylamine (70:20:10). In both solvent sys- 
tems only one spot could be detected accounting for the complete ra- 
dioactivity with an Rf value identical to a standard of unlabeled nitro- 
methaqualone. The radioactive spots were localized with a thin-layer 
scanner3. 


Animal Experiments-A single 2-mg dose of [14C]nitromethaqualone 
with an activity of 5 gCi/mg suspended in medicinal oil was introduced 
directly into the stomach of two male Wistar rats, 260 and 312 g, re- 
spectively. The rats were housed in metabolic cages; urine and feces were 
collected separately a t  12-hr intervals over 6 days. Urine samples were 
counted without any treatment; feces samples were counted as described 
under quantification of radioactivity. Two other rats were each given 30 
mg of unlabeled nitromethaqualone. Urine was collected during 6 days 
and examined for metabolites. 


Clinical Study-Two male volunteers were administered single 25-mg 
nitromethaqualone tablets’. Urine was collected a t  2-4-hr intervals on 
the first day and 12-hr specimens were sampled over the next 6 days. 


Quantification of Radioactivity-The isotope disintegration rates 
of all specimens were determined by liquid scintillation spectrometrg. 
Counting mixtures were prepared as follows: 2-ml urine samples were 
taken up in 15 ml of scintillation liquid5; 20- to 40-mg feces samples were 
rehydrated for 2 hr with 200 g1 of water in plastic counting vials and 1 ml 
of tissue solubilizer6 was added. The mixtures were incubated for 5 hr 


* 
4- CH,COCl - 


a C O O H  NH, 


Scheme I-Synthesis of [14C]nitromethaqualone 


* Florisil column. 
Dunnschicht Scanner LB 2723, Berthold Instruments. 
Liquid scintillation counter, model BF 5000/300, Berthold Instruments 
Insta-Gel, Packard. 
Soluene-350, Packard. 
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Table I-TLC and GLC of Nitromethaqualone and  Metabolites (Rr  a n d  Rt Values) 


TLC 
Solvent Systemn 


A B C GLC ( R t ,  min)b 


2-Methyl-3-(2'-met~hoxy-4'-nitrophenyl)-4(3H)-quinazolinone (nit;omethaqualone) 0.79 0.90 0.60 10.6 
- 9.0 


2-Hydroxymethyl-3-(2'-methoxy-4'-nitrophenyl)-4(3H)-quinazolinone (Metabolite I) 0.77 0.84 0.30 Decomposition 
2-Methyl-3-(2'-methoxy-4'-aminophenyl)-4(3H)-quinazolinone (Metabolite 11) 0.52 0.70 0.00 12.8 
2-Hydroxymethyl-3-(2'-methoxy-4'-aminophenyl)-4(3H)-quinazolinone (Metabolite 111) 0.45 0.61 0.00 Decomposition 
2-Methyl-3-(2'-methoxy-4'-acetylaminophenyl) -4(3H)-quinazolinone (Metabolite IV) 0.52 0.61 0.00 38.4 
4-Nitro-2-methoxyaniline (Metabolite V) 0.75 0.92 0.08 1.0 
2-Methyl-3-(2'-hydroxy-4'-aminophenyl)-4(3H)-quinazolinone (Metabolite VI) 0.25 0.16 0.00 Not eluted 
2-Methyl-3-(2'-hydroxy-4'-nitrophenyl)-4~3H)-quinazolinone 0.18 0.05 0.00 Not eluted 
Trimethylsilyl derivative of Metabolite I - - 
Trimethylsilyl derivative of Metabolite 111 - - 


2-Methyl-3-(4'-nitrophenyl)-4(3H)-quinazolinone (internal standard for GLC) - - 


- 13.4 
- 16.6 


Solvent A: benzene-n -propanol-ammonia ( 8 0 2 0  1); Solvent B: chloroform-acetone-ammonia (50501);  Solvent C: cyclohexane-chloroform-diethylamine (702010). * OV-I7/QF, (1.5%); 260'. 


a t  60". After cooling to room temperature, 0.5 ml of isopropanol was 
added followed by 0.2 ml of hydrogen peroxide (30%) for bleaching. The 
mixtures were kept a t  room temperature for 4 hr until transparent. 


Finally, 15 ml of a mixture of 9 parts scintillation liquid5 and 1 part 0.5 
N HCI was added and the sample counted. Counting efficiency was de- 
termined by the internal standard method with 14C-labeled toluene. 
Efficiency of the different urine samples examined varied between 85 
and 99% and of the feces between 65 and 90%. Silica gel zones scraped 
from thin-layer chromatograms were suspended in 15 ml of scintillation 
fluid. Solvent extracts were measured following evaporation of the solvent 
and dissolution of the residue in 15 ml of scintillation liquid7. 


Extraction and  Fractionation of D r u g  Components f rom Urine 
Samples-Urine samples were extracted on prepacked kieselguhr col- 
umns8. Twenty-milliliter samples were poured onto the columns, the 
aqueous solution was distributed as stationary phase on the chemically 
inert support, and then eluted with 100 ml of extraction solvent consisting 
of a mixture of dichloromethane-n-propanol (85:15). In this way the 
lipophilic substances were extracted from the aqueous phase into the 
organic phase, the aqueous phase remaining on the support (16,17). The 
solvent was evaporated under vacuum and the residue taken up in 100 
p1 of methanol for TLC, GC, and GC-MS examination. 


For the study of glucuronides, urine samples were extracted with 
chloroform a t  pH 3.0 followed by an extraction with ethyl acetate a t  pH 
9.0. The remaining aqueous phases were submitted to an enzymatic hy- 
drolysis. Therefore, 5 ml of the previously extracted samples were ad- 
justed to pH 5.2 and incubated for 24 hr at  37' with 0.1 ml of P-glucuro- 
nidaseg. The treated samples were handled on columns as described for 
the direct extraction. TLC examination of radioactive extracts was per- 
formed on precoated silica gel platesl0. 


The presence of intact [*4C]nitr~methaqualone was determined by 
one-dimensional TLC of extracts8 using System C (Table I). For me- 
tabolites, Systems A and B (Table I) were used. Measurements of the 
isotope disintegration rates of the silica gel areas were carried out as de- 
scribed. For nonradioactive extracts, different metabolites were located 
by spraying the plates with different reagents specific for definite 
chemical functions. Aromatic amino functions were detected by the 
Bratton-Marshall reaction. The plates were sprayed first with a 1:l 
mixture of 1% sodium nitrite in water and 1 N HCI followed by a solution 
of 200 mg of N-(1-naphthy1)ethylenediamine dihydrochloride in meth- 
anol. 


Aromatic acetyl amino functions were detected in the same way as 
described for the aromatic amino functions following acid hydrolysis on 
the TLC plate to the free amino function. Plates were first sprayed with 
2 N HpSO4 and put in an oven a t  130" for 15 min. After cooling, the plates 
were sprayed as described earlier. Aromatic nitro functions were first 
reduced to an aromatic amino function by spraying the plates with a 1% 
titanium trichloride solution. After drying with warm air, the aromatic 
amino function was detected as described. Phenols were detected by the 
Folin-Ciocalteu reagent. 


The metabolites present in the extracts from human urine samples 
were isolated by preparative TLC. Silica gel plates (20 X 20 cm, 250-pm 
thick") were used. The extracts were applied as a band across the plate. 


7 LipoLuma, Lumac Systems AG, Basel, Switzerland. 
8 Extrelut, Diagnostica Merck, Darmstadt, West Germany. 
9 P-glucuronidase Escherichia coli, 100 U/ml, Boehringer, Mannheim, West 


lo Sil G-25UV254+366, Machery-Nagel. Duren, Germany. 
Germany. 


DC Fertig Platten Kieselgel60, F 254, Merck, Darmstadt, West Germany. 


Following development with Solvent System B, the separated zones were 
scraped off and eluted in minicolumns with 10 ml of methanol. The sol- 
vent was evaporated.under a stream of nitrogen. The residues were then 
analyzed by GC and GC-MS. 


Metabolite Characterization-Metabolites were identified by 
comparing their mass spectra and chromatographic data (TLC and GLC) 
with those of synthesized metabolites. The structure of the synthesized 
nitromethaqualone was confirmed by comparing the obtained physico- 
chemical data with those of the literature (18). The structure of the 
synthesized metabolites was proved by NMR and mass spectrometry. 


The mass spectra were recorded on a single-focusing apparatusL2 op- 
erated at  8-kV accelerating voltage, 100-pA trap current, and 70-eV 
ionization energy. The spectra were recorded either by the direct inlet 
method for isolated metabolites or synthesized products or by coupling 
the gas chromatograph to the mass spectrometer. 


Optimal GC conditions were as follows: mixed phase, 1.5% OV-17-1.5% 
'QFI on 80-100 mesh Gaschrom Q (180 cm X 2-mm i.d.) a t  260' or with 
temperature programming (4"/min from 100 to 260O). The carrier gas 
was either helium a t  60 ml/min (GC-MS) or nitrogen a t  30 ml/min 
(GC). 


Products were detected with a nitrogen-phosphorus detector for 
conventional GC. Identity of the proposed structures from the metabo- 
lites were confirmed by synthesis, and NMR spectral3 were recorded in 
deuterochloroform as a solvent and tetramethylsilane as an internal 
standard. 


Synthesis of Metabolites-2-Methyl-3-(2'-hydroxy-4'-nitrophe- 
nyl)-4(3H)-quinazolinone-Acetylanthranilic acid was condensed with 
2-hydroxy-4-nitroaniline (15). White crystals with mp 225" were ob- 
tained. 


2-Methyl -3- (2'-rnethoxy -4'- nitrophenyl) - 4(3H) - yuinazolinone 
(Nitromethaqualone)-The previous product was dissolved in methanol 
and a solution of diazomethane in ether added in excess. After 30 min the 
solvents were evaporated and the residue was crystallized. Light yellow 
crystals with mp 193' were obtained. The structure was identical with 
the product isolated from commercial nitromethaqualone tablets and 
confirmed by mass spectrometry and NMR (18). Nitromethaqualone was 
also prepared by direct condensation of acetylanthranilic acid with 2- 
methoxy-4-nitroaniline, yield 70%. 


2-Methyl-3-(2'-methoxy-4'-am~nophenyl)-4 (3H )-qu~nozolinone- 
Nitromethaqualone (0.5 g) was dissolved in 200 ml of warm 0.2 N NaOH; 
1 g of sodium dithionite was added and the mixture kept at  80' for 10 min, 
then it was cooled and extracted twice with a mixture of chloroform-l- 
propanol (85:15). The solvent was evaporated under vacuum and the 
yellow residue recrystallized from ethanol. White crystals (mp 205-206") 
were obtained, yield 80%. The NMR spectrum of the synthesized com- 
pound showed a broad singlet integrating for two protons at  d = 4.9 
proving the presence of an amino group. The latter gave a positive reac- 
tion with the Bratton-Marshall reagent proving its aromatic nature. The 
mass spectrum (Table 11) confirmed the proposed structure. 


And-Calc. for ClfiH15N302: C, 68.31; H, 5.37; N, 14.94. Found: C, 
68.26; H, 5.41; N, 14.82. 


%Methyl -3- (2'-rnethoxy -4' -acetylarnrnophenyl)-4(3H)-quinozo- 
hone--2-Methyl -3- (2'-methoxy -4'- aminophenyl)-4(3H)-quinazoli- 
none (250 mg) was heated in 200 ml of dry toluene, an equivalent quantity 


12 A Kratos AEI MS-12 apparatus was used. 
13 NMR spectra were obtained with a Hitachi Perkin-Elmer R 24,60-MHz ap- 


paratus. 
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Table 11-Mass Spectra of Nitromethaqualone and Synthesized Metabolites 


Molecular Ion Major Peaks mlz (Relative Intensity) 


2-Methyl-3-( 2’-methoxy-4’-nitrophenyl)-4( 3H)-quinazolinone 311 
(8.51 \ - - ,  


2-Hydroxymethyl-3-(2’-methoxy-4‘-nitrophenyl) -4(3H )-quinazolinone A 327 
(52) 


Corresponding trimethylsilyl derivative B 384(M-15) 
(30) 


2-Methyl-3-(2’-methoxy-4’-aminophenyl)-4(3H)-quinazolinone 


Corresponding trimethylsilyl derivative 


~~~I 


C 281 
(100) 


D 369 
(53) 


2-Hydroxymethyl-3-(2’-methoxy-4’-aminophenyl)-4(3~)-quinazolinone E 297’ 
(41) 


2-Methyl-3-(2’-methoxy-4’-acetylaminophenyl)-4(3~)-quinazolinone F 323 
(75) 


2-Nitro-2-methoxyaniline G 168 
(100) 


2-Methyl-3-( 2’-hydroxy-4’-aminophenyl)-4(3H)-quinazolinone H 267 
(100) 


250 143 


250’ 143 
(80) (35) 
248 
(53) 


281 250 143 
(45) (50) (90) 
58 


of acetic anhydride was added, and the mixture refluxed for 30 min. The 
reaction mixture was allowed to cool then neutralized and extracted with 
ether. The extract was dried on anhydrous sodium sulfate and evapo- 
rated. The residue was recrystallized from methanol. White crystals (mp 
256”) were obtained, yield 82%. The NMR spectrum showed a singlet a t  
6 = 2.15 integrating for three protons proving the presence of an acetyl 
group in the molecule. The mass spectrum from this compound (Table 
11) confirmed the proposed structure. 


Ann[.-Calc. for C18HlvN303: C, 66.86; H, 5.30; N, 13.00. Found: C, 
66.91; H, 5.21; N, 13.09. 


2-Hydroxymethyl -3- (2’-methoxy -4’ -nitrophenyl) -4(3H)- quina- 
zolinone-The synthesis of an analogous methaqualone metabolite 
(Scheme 11) was carried out using a procedure described previously (19). 
Glycolic acid was taken up in an excess of thionyl chloride and the mixture 
kept a t  room temperature for 25 hr. The excess thionyl chloride was then 
evaporated and the residue taken up in dry toluene, along with an 
equivalent amount of anthranilic acid, and refluxed for 1 hr. The solvent 
was evaporated under vacuum, and the residue was taken up in acetic 
acid and treated with sodium acetate and acetic anhydride in slight excess 
[1.5 mole of both for 1 mole of N-(hydroxyacety1)anthranilic acid]. The 
mixture was heated to 100’ for 2 hr and then concentrated in uacuo. The 
residue was taken up in chloroform and washed with 5% sodium car- 
bonate. The chloroform was evaporated under vacuum and the resulting 
N-(acetoxyacety1)anthranilic acid condensed with 2-methoxy-4-nitro- 
aniline in the usual way (15). 


The obtained ester was dissolved in a 10025 mixture of dioxane-5 M 
HCI. The mixture was boiled for 10 min then cooled and the hydrochlo- 
ride filtered off. The base was isolated by dissolving the hydrochloride 
in chloroform and adding 0.2 N NaOH. The chloroform was evaporated 
and the residue crystallized from methanol-water. White crystals with 
mp 169-170’ were obtained, yield 10%. The NMR spectrum of this 
compound showed a singlet a t  6 = 4,2 integrating for two protons re- 
placing the singlet a t  6 = 2,2 integrating for three protons in nitro- 
methaqualone. An additional broad singlet integrating for one proton 
was observed a t  6 = 3,4 corresponding to an hydroxyl proton. 


Anal.-Calc. for C I ~ H ~ ~ N ~ O S :  C, 58.72; H, 4.00; N, 12.84. Found: C, 
58.62; H, 3.94; N, 12.77. 


2-Hydroxymethyl -3- (Z’-methoxy -4’- aminophenyl)-4(3H)-quina- 
rolrnone-This compound was prepared by alkaline reduction of 2- 


II I ~ - L I I  I 


NHCOCH,OH 


OCH, Af 
NHCOCH20COCH3 


w 


Scheme II-Synthesis of 2-hydronymethyl-3-(2‘-methoxy-4’-nitro- 
phenyl)-4(3H)-quinazolinone. 


methyl-3-(2’-methoxy-4’-nitrophenyl)-4(3H)-quinazolinone in alkaline 
medium with sodium dithionite. The reaction product was extracted with 
a mixture of chloroform-2-propanol (85:15). White crystals (mp 290°, 
dec.) were obtained, yield 92%. The NMR spectrum of the compound 
showed an additional broad singlet at  6 = 4,9 in comparison to the starting 
compound proving the presence of an amino group. The last gives a 
positive Bratton-Marshall reaction proving its aromatic nature. The mass 
spectrum (Table 11) confirms the proposed structure. 


And-Calc. for CleH15N303: C, 64.64; H, 5.09; N, 14.13. Found: C, 
64.69; H, 5.13; N, 14.22. 


RESULTS 


R a t  Experiments-Identification of Urinary Metabolites-After 
counting the individual urine samples, the residual collected samples were 
pooled and extracted on columns8, and 21-25% of the total urinary ra- 
dioactivity was extracted. TLC of the extract using Solvent System C 
separated a compound with R, = 0.30 (Metabolite I). The remaining 
radioactivity was located a t  the start of the chromatogram. Intact 
[14C]nitromethaqualone (Rj = 0.6) could not be detected. The same plate 
was now run with Solvent System B allowing the detection of two addi- 
tional radioactive zones with R, = 0.7 (Zone 11) and 0.61 (Zone 111). This 
made it possible to locate on a plate the corresponding zones of metab- 
olites in urine extracts of rats treated with unlabeled nitromethaqualone. 
The latter were applied in 10-cm bands across the plates. One centimeter 
of this band was overspotted with the extract from [14C]nitrometha- 
qualone-treated rats and the plates run in Solvent System B. After lo- 
calizing the radioactive zones, the corresponding nonradioactive zones 
were scraped off and extracted with methanol. The solvent was evapo- 
rated and the residue examined by GC and GC-MS. 


Metabolite I-The metabolite isolated from Zone I appeared to consist 
of one single spot on TLC with all solvent systems, A, B, and C. GC of the 
product, however, showed a broad peak of two maxima with R, = 13.4 
and 13.6 min, respectively. Following silylation with trimethylsilylim- 
idazoleI4, only one homogeneous peak was observed. The mass spectrum 
of the product recorded uia solid probe (Table II,A) was different from 
the product recorded by GC-MS indicating that the metabolite decom- 
posed under the described gas chromatographic conditions. The mass 
spectrum of Metabolite I recorded by the direct inlet method indicated 
a molecular ion at  mlz 327 representing an addition of one oxygen to 
nitromethaqualone. The mass spectrum of the trimethylsilyl derivative 
(Table I1,B) showed one silylated function, indicating the presence of 
an hydroxyl group in the molecule. This, however, is not located on one 
of the phenyl nuclei as could be shown from the fragmentation pattern 
of both silylated and underivatized metabolites. This metabolite proved 
to be identical with the synthesized 2-hydroxymethyl-3-(2’-methoxy- 
4’-nitrophenyl)-4(3H)-quinazolinone. 


Metabolites 11, I l l ,  and IV-The product isolated from Zone I1 was 
examined by GC and showed one homogeneous peak with an Rt value 
of 12.8 min (Metabolite 11). The mass spectrum obtained with GC-MS 
(Table II,C) revealed a molecular ion a t  mlz 281 and a fragment ion a t  
m/z 250 indicating the loss of a methoxy fragment. The metabolite 
showed a positive Bratton-Marshall reaction. All those characteristics 


l4 Pierce Eurochemie NV, Rotterdam, Holland. 
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Table 111-Excretion of Total Radioactivity in  Urine and  Feces 
of 114C1Nitromethaaualone-Treated Rats  a 


Dose Excreted. % 
Urine Feces 


Excretion, End of Period, hr Rat I Rat I1 Rat I Rat I1 


24 
48 
72 
96 
120 
144 


10.0 10.2 9.8 13.1 
23.5 18.2 45.5 26.3 
26.0 22.0 56.8 48.1 
27.0 24.0 58.7 54.2 
27.2 24.4 59.7 54.9 
27.3 24.6 59.9 55.0 


LI Expressed as cumulative percent. 


Table IV-Percent of [ *4C]Nitromethaqualone and Metabolites 
Present in the Direct Extracts  from R a t  Urine 


Recovered Radioacti- 
vity (Extract, 9’0). Drug and Metabolites 


Nitromethaqualone 
Metaboliteb I 
Metabolite I1 
Metabolite 111 
Metabolite IV 
Not identified 


0 
8 
40 
19 
14 
19 


a The values are averages of results on two rats. * Symbols correspond to me- 
t.abolites given in the text. 


were identical with those of synthesized 2-methyl-3-(2’-methoxy-4’- 
aminophenyl)-4(3H)-quinazolinone. 


Zone 111, isolated with Solvent System B, was reexamined with Solvent 
System A and consisted of two distinct products with Rf values of 0.45 
and 0.52. In this way both compounds of Zone I11 were separated on a 
preparative scale and examined separately with GC and GC-MS. The 
zone with R, = 0.52 on GC showed different peaks when analyzed without 
derivatization. Following silylation with trimethylsilylimidazole, one 
homogeneous peak eluted with Rt = 16.6 min. The mass spectrum of this 
product obtained with the direct inlet method indicated a molecular ion 
a t  rnlz 297 (Table 11,E). The silylated derivative showed one silylated 
hydroxyl function (Table 11,D). Fragmentation patterns of both the 
underivatized metabolite and silylated derivative showed that this is not 
located on one of the phenyl nuclei of the molecule. The metabolite 
showed also a positive Bratton-Marshall reaction. These characteristics 
suggest 2-hydroxymethyl-3-(2’-methoxy-4’-aminophenyl)-4(3H)- 
quinazolinone as a possible structure for this metabolite. This structure 
was confirmed by synthesis of the expected metabolite (Metabolite 111). 
The zone with an Rl value of 0.45 in Solvent System A showed one ho- 
mogeneous peak with an Rt value of 43 min on GC (Metabolite IV). 


The mass spectrum recorded by GC-MS indicated a molecular ion a t  
rnlz 323 (Table 11,F). The transition mlz 292 to rnlz 250 proved by the 
presence of a metastable peak corresponds to the loss of ketene and in- 
dicates the presence of an acetyl group in the molecule. The metabolite 
showed only a positive Bratton-Marshall reaction on the plate following 
acid hydrolysis, indicating the presence of an aromatic acetylamino group. 
Those characteristics suggest that  Metabolite IV is the acetylated form 
of Metabolite 11. The structure could be confirmed by synthesis of the 
metabolite. Table I represents the TLC and GC data of nitrometha- 
qualone and its metabolites. 


Quantitation of the Metabolites-The cumulative urinary and fecal 
excretion of nitromethaqualone after a single oral dose of 10-pCi [I4C]- 
nitromethaqualone is given in Table 111. Within 6 days, 55-60% of the 
dose is excreted in the feces while 25-27% is excreted in the urine. 


Aliquots of the collected urine samples were extracted on kieselguhr 
columns. In this way 21 and 25%, respectively, of the radioactivity present 
in the urine of the two rats could he extracted. 


The concentrated extracts were chromatographed on silica gel plates 
using the described solvent. The radioactive zones were scraped off and 
counted as described. The quantitative amounts of the different me- 
tabolites present in definite areas are given in Table IV. Metabolite I1 
is the major metabolite (40%). Unchanged nitromethaqualone could not 
be detected. The measured radioactivity (19%) remained a t  the start of 
the chromatogram and was not further examined. From the kieselguhr 
columns used for extraction, remaining polar metabolites, probably 
consisting of glucuronides, could not he eluted. Following enzymatic 
hydrolysis with P-glucuronidase of urine samples previously extracted 
with chloroform and ethyl acetate a t  pH 3.0 and 9.0, only Metabolites 


DAYS 
Figure 1-Cumulative excretion graph of nitromethaqualone Metab- 
olites 11, IV, and Vin humans. 


I and 111 could be identified in the same way as described above, proving 
their excretion as conjugates with glucuronic acid. No quantitative data, 
however, could be obtained due to the instability of the amino compound 
during the reaction procedure. 


Human Studies-The metabolism in humans was studied only with 
unlabeled nitromethaqualone. Aliquots of the different urine samples 
were pooled and extracted as described. The extracts were examined by 
analytical and preparative TLC as for the study on urine from rats. Sol- 
vent System C was used for detecting unchanged nitromethaqualone and 
the hydroxymethyl derivative (Metabolite I). Neither nitromethaqualone 
nor Metabolite I could be detected in human urine. TLC with Solvent 
System B resulted in three spots showing a positive Bratton-Marshall 
reaction corresponding to R, values of 0.90,0.70, and 0.16 and one addi- 
tional spot a t  R, = 0.61 reacting positively only following acid hydrolysis 
on the plate. Preparative TLC allowed isolation of all four metabolites. 
The zone with Rf = 0.90 showed on GC one single homogeneous peak at 
170’. The mass spectrum (Table II,G) revealed a molecular ion at  mlz 
168. Loss of 31 indicates the presence of an intact methoxy group. 


Furthermore, a positive Bratton-Marshall reaction indicates the 
presence of an aromatic amino group. The spectrum is compatible with 
2-methoxy-4-nitroaniline as a possible structure of this metabolite 
(Metabolite V). This product could be obtained from a commercial 
source15 and proved to be identical with the isolated metabolite. The zone 


Figure 2-Typical gas chromatogram from a urine extract. Key: (A)  
internal standard; (B) Metabolite I l l ;  (C) Metabolite IV .  


~ 


l5 Riedel-de-Haen AG, Seelze, Hannover, West Germany 
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t t Human 


I 


1 Rats 
Humans I I1 


Humans 


OCH3 8 \  


I11 
Scheme Ill-Metabolic pathways of nitromethaqualone in humans and rats 


N 


with an Rf value of 0.70 showed one peak on GC at  260". The mass 
spectrum proved to be identical with the spectrum of Metabolite I1 al- 
ready identified in the urine of treated rats. Likewise, the zone with Rf 
= 0.61 appeared to be identical with Metabolite IV. The zone with Rf  = 
0.16 reacts not only positively with the Bratton-Marshall reagent but 
also with the Fohn-Ciocalteu reagent. The product could only be analyzed 
by GC following methylation with diazomethane. The resulting peak 
showed the Rf value of Metabolite I1 along with an identical mass spec- 
trum. The most important fragment ions of the mass spectrum of the 
metabolite prior to methylation are represented in Table II,H. The mo- 
lecular ion shows a t  m/z 267. All these characteristics suggest 2- 
methyl-3-(2'-hydroxy-4'-aminophenyl)-4(3H)-quinazolinone as a possible 
structure (Metabolite VI). This structure was proved to be correct by 
synthesis. After enzymatic hydrolysis with @-glucuronidase, Metabolite 
VI could be detected in the extract. No quantitative data could be ob- 
tained, since the metabolite was not stable in the course of the reac- 
tion. 


Cumulative excretion curves (Fig. 1) in humans were established for 
Metabolites 11, IV, and V. Therefore, following administration of nitro- 
methaqualone, urine samples were collected at  regular intervals and the 
metabolite concentration per milliliter determined. Upon multiplication 
by the volume of urine excreted during the collecting period, the amount 
of metabolites was obtained. The additive amounts excreted for each 
collecting period were then plotted uersus time of collecting intervals. 


Metabolites I1 and IV were determined by GC. Therefore, 20-ml urine 
samples, to which 2-methyl-3-(4'-nitrophenyl)-4(3H)-quinazolinone had 
been added as an internal standard, were extracted as described above. 
The concentrated extracts were injected on a mixed phase 1.5% OV-17, 
1.5% QF1 column at  260" and detected with a nitrogen-phosphorus de- 
tector. Figure 2 shows a typical gas chromatogram of a urine extract. 
Metabolite V was determined by TLC. The violet color of the spots fol- 
lowing a Bratton-Marshall reaction was measured on the plate in com- 
parison with known amounts of the reference compound. 


DISCUSSION 


Nitromethaqualone is eliminated from rats and humans by biotrans- 
formation. No unchanged drug can be detected in urine samples. In both 
rats and humans, 2-methyl-3-(2'-methoxy-4'-aminophenyl)-4(3H)- 
quinazolinone is quantitatively the most important unconjugated me- 
tabolite. Both species excrete this metabolite partially in the acetylated 
form. In rats but not in humans, oxidation of the 2-methyl group to 2- 
hydroxymethyl-3-(2'-methoxy -4' -nitrophenyl)-4(3H)-quinazolinone 
along with reduction of the nitro function of the latter to 2-hydroxy- 


methyl-3-(2'-methoxy-4'-aminophenyl)-4(3H)-quinazolinone represents 
two other important metabolites, both being excreted also as conjugates 
with glucuronic acid. The slow urinary excretipn along with the protracted 
fecal excretion of carbon 14 in the rats suggests an extensive enterohepatic 
circulation. In addition, human subjects excrete 2-methoxy-4-nitroaniline 
indicating cleavage of the quinazolinone nucleus. 0-Demethylation fol- 
lowed by reduction of the nitro group is a minor metabolic pathway in 
humans (Scheme 111). The slow urinary excretion in the urine of the 
formed metabolites in humans may be related to a continuous reab- 
sorption of the biliary fraction. The method, as described for the ex- 
traction and analysis of urine extracts, using Solvent System B and the 
reagents for the Bratton-Marshall reaction, makes it possible to dem- 
onstrate nitromethaqualone intake even in a therapeutic dose. For legal 
practice, a GC-MS examination for the presence of the major metabolite 
in humans [2-methyl-3-(2'-methoxy-4'-aminophenyl)-4(3H)-quinazol- 
inone] should confirm the TLC results. 
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Abstract  0 A new animal model for in uiuo percutaneous absorption 
utilizing the hairless, relatively thick skin of the guinea pig ear is pro- 
posed. Topical absorption studies were carried out with [14C]hydrocor- 
tisone and [14C]testosterone. Systemic studies were also conducted to 
correct for incomplete urinary excretion. In addition, a single stratum 
corneum correction factor was developed from published data to enable 
the guinea pig ear skin to be directly compared with human forearm skin. 
A comparison of human percutaneous absorption with the corrected 
guinea pig ear absorption shows a high correlation for both hydrocortisone 
and testosterone. The effects of ambient changes in relative humidity 
are also discussed with respect to in uiuo percutaneous absorption. 


Keyphrases 0 Guinea pig ear-model for in uiuo percutaneous ab- 
sorption, hydrocortisone, testosterone 0 Absorption-percutaneous, 
guinea pig ear, in uioo model, hydrocortisone, testosterone 0 Hydro- 
cortisone-guinea pig ear, model for in uiuo percutaneous absorption, 
testosterone Testosterone-guinea pig ear, model for in uiuo percu- 
taneous absorption, hydrocortisone 


Various animal species have been used to study percu- 
taneous absorption in uiuo. Percutaneous absorption rates 
of common laboratory rodents such as rats and rabbits 
have been studied (1). These studies have shown that the 
back skin of these animals absorb a selected number of 
substances much more rapidly than the ventral surface of 
the human forearm ( 2 , 3 ) .  Higher species of mammals in- 
cluding hairless dogs (4), rhesus monkeys (5), and minia- 
ture swine (1) have also been studied. Of these species, it 
has been concluded ( 6 )  that the rhesus monkey and the 
miniature swine percutaneous absorption characteristics 
correlated best with human penetration. The obvious 
disadvantage of using swine and monkeys include cost and 
the need for special animal facilities. 


One important determinant of percutaneous absorption 
is the thickness of the stratum corneum. If two areas of skin 
are sufficiently similar, then one would expect percuta- 
neous absorption to be inversely proportional to the 
number of stratum corneum layers in the skin. The per- 
cutaneous absorption of hydrocortisone from a number of 
different anatomical sites in humans has been determined 
previously (7). The number of stratum corneum layers a t  
these sites has also been determined (8). If a proportional 
relationship between thickness and absorption can be es- 
tablished in humans, this provides a rationale to correct 
animal model data for thickness. However, the problem 
with most animal models is that skin with fur generally has 
a thin stratum corneum (9). Consequently, changes of one 


or two layers could cause corrections as much as 50% if the 
stratum corneum is very thin. An ideal animal surface 
would have to be relatively large and essentially hairless. 
The guinea pig ear appeared to meet the desired cri- 
teria. 


EXPERIMENTAL 


Male albino guinea pigs, 250-300 g, were individually acclimated for 
1 day in metabolism cages'. Water and guinea pig chow were given ad 
libitum. For topical application of [14C]hydrocortisone (I) or [14C]tes- 
tosterone (II), the animals were lightly anesthetized in a bell jar with 
methoxyflurane*. One ear of an animal was sandwiched with medium 
pressure between two halves of Karush-type dialysis chambers without 
caps3. A 4 @g/cm3 volume of one of the 14C-labeled compounds recon- 
stituted in acetone was applied in a 40-p1 volume to a 1.77-cm2 area with 
a flat tip 5O-pl syringe4 to the dorsal surface of the ear. After the acetone 
had evaporated, the dialysis chambers were removed, and the animals 
were returned to their metabolism cages. For systemic administration, 
the 14C-compounds were solubilized first in 50 pl of ethanol and then in 
1 ml of sterile saline. The animals were then dosed intraperitoneally with 
a 0.5-ml volume. 


Urine samples were collected daily. The urine was acidified with glacial 
acetic acid t o  a pH of 5 to  solubilize the magnesium and calcium phos- 
phate precipitates. A 1-ml aliquot was counted on a liquid scintillation 
counter5 using 10 ml of liquid scintillation cocktail6. The internal stan- 
dard method using [14C]toluene7 was used to correct for quench. Relative 
humidity readings were taken daily using a wet-dry thermometer. 


RESULTS 


Thickness of the S t ra tum Corneum and Absorption-Table I 
presents the determination of: 


N X A = K  (Eq. 1) 


where N is the number of cell layers in the stratum corneum (8), A is the 
percent of drug absorbed in 5 days (7) ,  and K is the inverse proportion- 
ality constant. These results from human data show that K (forearm) 
differs from K (back) by only 9.8%. It would be desirable to have more 
data to confirm this result for different compounds besides bydrocorti- 
sone in humans. Nevertheless, one form of verification would be to use 
a single correction factor to relate guinea pig ear data to the human 
forearm for a number of different compounds. If Eq. 1 holds, then this 
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Determination of Captopril in Human Blood and Urine by 
GLC-Selected Ion Monitoring Mass Spectrometry after 
Oral Coadministration with Its Isotopomer 
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Abstract  A modified electron-impact GLC-selected ion monitoring 
mass spectrometric method for captopril is described. Positive chemical 
ionization GLC-selected ion monitoring and direct chemical ionization 
confirms the specificity of this procedure for captopril and establishes 
the chemical ionization techniques as potential analytical methods. This 
procedure has been adapted to the simultaneous measurement of cap- 
topril and its isotopomer. The results of a pilot oral bioavailability study 
of four subjects receiving either 100 mg of captopril as a direct com- 
pression tablet or a solution concomitantly with a 100-mg solution of 
isotopomer is discussed. 


Keyphrases o Captopril-determination in human blood and urine, 
GLC-selected ion monitoring mass spectrometry, oral coadministration 
with isotopomer GLC-selected ion monitoring mass spectrometry- 
determination of captopril in human blood and urine, oral coadminis- 
tration with isotopomer 0 Urine, human-determination of captopril 
in urine blood, GLC-selected ion monitoring mass spectrometry, oral 
coadministration with isotopomer 


Captopril (I) is an orally active inhibitor of the angio- 
tensin-converting enzyme (1, 2). A specific determination 
of I was performed by GLC-selected ion monitoring mass 
spectrometry (3). The succinimide (Ia) was formed in 
whole blood by the addition of N-ethylmaleimide (IV), 
which was then adsorbed onto XAD-2 resin, eluted, 
methylated, and measured as the ester (Ib). The collabo- 
rative studies obtained by the GLC selected ion monitoring 


CsHsN02 I, Ia, Ib, 111, IIIa, IIIb 


11, IIa, IIb 
x MH+ 


M W  El PCI 


217 
342 
356 230 357 
224 
349 
363 237 364 
235 
360 


--- 


374 248 


and radiometric-TLC methods (4) established a high de- 
gree of specificity for the determination of the adminis- 
tered compound, in the presence of other captopril bio- 
transformation products (5 ) .  Other recent assays for cap- 
topril in blood and urine employ GC (6) and high-perfor- 
mance liquid chromatography (HPLC) (7 ,8) .  


BACKGROUND 


Based on the experience gained from the analysis of blood samples from 
more than 200 normotensive subjects, a number of modifications of the 
method (3) evolved to achieve more ease and reliability in processing 
samples as well as increased precision in making measurements. Cur- 
rently, 1000 samples, typically collected in one multiple crossover bio- 
availability study, are processed monthly. 


This highly specific and precise analytical method has shown the 
variability that exists in the disposition of the drug by individual subjects. 
Using the statistical criteria, a significant subject population is required 
to demonstrate bioequivalence of formulations. A number of investigators 
have successfully employed the coadministration of a drug with an iso- 
topomeric formulation in absolute (9) and relative bioavailability (10-15) 
studies with fewer subjects and at a substantial savings in expense and 
time. Use of coadministered formulations places more emphasis on a 
comparison of intra- and intersubject variabilities and a t  the same time 
provides data better suited to the evaluation of pharmacokinetic pa- 
rameters (16). 


EXPERIMENTAL 


Reagents-Captopril (I, l-(S(2)-mercapto-2-methylpropionyl]-~- 
proline, CAS registry 62571-86-2), its heptadeutero-isotopomer(I1) and 
l-[(~,4S)-4-fluoro-l-(D-3-mercapto-2-methyl -1- oxopropyl)]-L-proline 
(111) were pharmaceutical grade materials' used with additional purifi- 
cation. Methanol, N-ethylmaleimide (IV), hydrochloric acid, sodium 
bicarbonate, diethylenetriaminetetraacetic acid2 (V), citric acid, oxalic 
acid dihydrate, sodium phosphate dibasic (Na*HP0&7H20), ammonium 
phosphate dibasic, instant methanolic hydrochloric acid kits, 80-200 
mesh Brockman Activity 1 neutral alumina, and sodium chloride were 
used without purification. Purified XAD-2 resin3 was conditioned as 
previously described (3). Ethyl acetate was purified immediately before 
use by passing 600 ml through a neutral alumina 2.5 X 40-cm column to 
remove oxidizing impurities (3). Preparation of the phosphate buffer (pH 
7.0) and methanolic hydrochloric acid have been previously described 
(3). 


The solutions used for processing urine samples were prepared by a 
previous method (17). The 0.8% V solution was prepared by dissolving 
4 g of V in 500 ml of 0.08 M NaOH, sonicated for -30 min in an ultrasonic 
bath. The 0.08 M NaOH solution was prepared by dissolving 3.2 g in 1 
liter of distilled water. The citric acid-oxalic acid solution was prepared 
by dissolving 105 g of citric acid monohydrate and 63 g of oxalic acid in 
1 liter of distilled water. 


Blood and Urine Collection-From 12 to 15 ml of blood was drawn4 
and processed as previously described (3) by the addition of 75 mg of IV 
to each sample. Frozen citrated whole blood was used for calibration and 
control samples. Urine samples were collected according to a previous 
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Table I-Summary of Calibration Data GLCSe lec t ed  Ion Monitoring Mass Spectrometry 


Internal 
Sample Ion Reference Ion Intercept Slope 
Type Analyte mlz Standard mlz n I, kn 


Blood Captopril I 
Captopril I 
Isotopomer 11 


Urine 
High Captopril I 


IsotoDomer I1 
Low Captbpril I 


Isotopomer I1 


230.1 Isotopomer I1 237.1 1 0.0192 1.2991 
230.1 Fluoroanalog 111 248.1 2 0.0275 2.0463 
237.1 Fluoroanalog 111 248.1 3 0.0047 1.7396 


230.1 Fluoroanalog 111 248.1 2 0.0911 1.9316 
237.1 Fluoroanalog 111 248.1 3 0.0595 1.7111 
230.1 Fluoroanalog 111 248.1 2 0.0157 2.3417 
237.1 Fluoroanalog 111 248.1 3 0.009 2.0428 


Table 11-Comparison of Captopril Blood Levels Determined by Electron-Impact and  Chemical Ionization GLC-MS 


Captopril Blood Levels, 
n d m l  


Subject A 
Time, hr EI CI 


Diff, A 
EI-CI 


Captopril Blood Levels, 
n d m l  


Subject B Diff, A 
EI CI EI-CI 


0.0 
0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 


12.0 


2.3 
21.1 


272.0 
432.0 
375.0 
186.0 
104.0 
31.4 
21.1 
7.8 
1.8 
0.8 


7.4 
26.1 


265.0 
437.0 
378.0 
176.0 
98.3 
28.4 
14.8 
16.6 
1.6 
2.2 


-5.1 
-5.0 


7.0 
-5.0 
-3.0 
10.0 
5.7 
3.0 
6.3 


-8.8 
0.2 


-1.4 


4.1 
59.8 


318.0 
450.0 
337.0 
165.0 
69.9 
20.4 
10.3 
6.4 
2.2 
2.0 


1.7 
61.5 


317.0 
433.0 


2.4 
-1.7 


1.0 
17.0 


344.0 -7.0 


81.7 -11.8 
20.9 -0.5 
10.3 0.0 
5.6 0.8 


148.0 17.0 


2.9 -0.7 
1.8 0.2 


procedure (17) for the colorimetric determination of captopril. The urine 
for each subject was collected over the prescribed time period, and 5 ml 
of refrigerated solution was added to the temporary container. Each 
subject's sample was swirled and added to the permanent container which 
contained 100 ml of citric acid-oxalic acid solution. The permanent 
container was returned to a 5' refrigerator, and a t  the end of the collection 
period the pH was tested with pH 2-4 paper. An additional 100 ml of citric 
acid-oxalic acid solution was added if the pH exceeded 2. Each volume 
of urine and citric acid-oxalic acid solution added to the container was 
measured and recorded, and 50-100 ml of this solution was transferred 
to a smaller container for storage in a refrigerator. 


Before an elapsed time of 48 hr, 0.2 ml of a solution of IV (5 g/ml in 
acetone) was added to 5 ml of refrigerated urine sample, followed by 5 
ml of ammonium phosphate dibasic solution (250 g/liter in water). After 
standing for 15 min, the solution was sampled for analysis or frozen if the 
analysis was to be performed a t  a later date. 


Extraction of Blood Samples-The extraction procedure remained 
essentially the same (3), except that  the samples were processed in 
batches of 11 plus one control. For samples containing the isotopomer, 
2.5 pg of 111 was added as an internal reference to each 5-ml aliquot of 
blood sample, while 2.5 pg of I1 was added as the internal reference for 
the measurement if only captopril was administered. For coadministra- 


Table 111-Comparison of Captopril  Blood Levels Determined by 
Electron-Impact GLC-MS and Direct Chemical Ionization 


Electron Impact Direct Chemical Diff, GLC-MS-Direct 
GLC-MS, nelml Ionization. nelml Chemical Ionization 


0.0 
2.3 
5.4 
9.6 


13.3 
15.0 
30.5 
84.6 
77.1 


196.0 
213.0 
312.0 
408.0 
430.0 
447.0 
500.0 
642.0 


5.8 
2.5 
5.8 
1.3 


13.8 
0.6 


26.7 
81.9 
78.1 


180.0 
204.0 
303.0 
417.0 
430.0 
443.0 
479.0 
621.0 


-5.8 
-0.2 
-0.4 


8.3 
-0.5 
14.4 
3.8 
2.7 


-1.0 
16.0 
9.0 
9.0 


-9.0 
0.0 
4.0 


21.0 
21.0 


tion studies, the control was composed of 5 pg each of I and I1 and 2.5 pg 
of the internal reference 111. For the single administration samples, the 
control sample was 5 pg of I and 2.5 pg of the internal reference 11. The 
samples were methylated after extraction, and just prior to measurement 
they were reconstituted with 20 pl of acetone. 


Extraction of Urine Samples-Urine samples collected just prior 
to and 4 hr after administration were processed in the same manner as 
the blood samples (3). To each 3-ml aliquot, 0.1 ml of the fluoro internal 
reference I11 containing 2.5 pg was added. 


Samples collected during the first 4 hr after administration, were 
processed by adding 0.1 ml of internal reference containing 25 fig of in- 
ternal reference 111 to a 2-ml aliquot of urine sample. The control urine 
sample contained 50 pg each of I and I1 and 25 pg of 111. T o  each 150-mm 
screw-capped culture containing the urine sample, 2 g of sodium chloride 
and 2 ml of 6 N H3P04 were added, the tubes covered with caps, and 
agitated on a shaker for 5 min. Five milliliters of purified ethyl acetate 
was added, the tubes were shaken for 5 min, and then centrifuged at  2000 
rpm for 5 min. Five-tenths milliliter of the ethyl acetate layer (top) was 
then transferred to a 1-ml reaction vial5 and the solvent was evaporated 
under nitrogen6. The contents of the reaction vials were then further dried 
under vacuum a t  room temperature for 15 min in an oven or dessicator. 
The samples were then methylated as described (3) and stored in a 
freezer. Just  prior to measurement, the samples were dissolved in 20 pl 
of acetone. 


Calibration and  Preparat ion of Control Blood and  Urine Sam- 
ples-Varying amounts of I (and an equal amount of I1 for simultaneous 
measurements) were added to 5 ml of citrated blood (containing 25 mg 
of IV, in a 150-mm screw-capped culture tube), to yield blood concen- 
trations of &15O ng/ml. For the simultaneous measurements of captopril 
and its isotopomer, 0.1 ml of solution containing 2.5 pg of internal ref- 
erence 111 was added, while an equivalent amount of internal reference 
I1 was added if only I was to be measured. The control sample represents 
the calibration point of 1000 ng of analyte(s) and 500 ng of internal ref- 
erence per milliliter of blood. 


The standard curve for the low-concentration urine samples was pre- 
pared from 3-ml urine samples containing 0-7.5 pg of I and I1 and 2.5 pg 
of internal reference 111, which were processed as described for urine 
samples collected during the first 4 hr after administration. Control 
urines, containing either 5 or 50 pg of analytes I and I1 and 50% of internal 
reference 111 were processed for either low or high concentrations of 
captopril. 


5 Hewlett-Packard, Palo Alto, Calif. 
6 Mini-Vap. 
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Table IV-Statistical Evaluation of Captopril  Blood Calibration 
Data  


- 
v) 


0 0.60- 
> 
>- 


5 


k 
v) 


f 
I- - 


Ratio 
ng Captopril I Intm/z zso/Intmi= 231 


ng Isotopomer IIn Meanb Standard Deviation (s) sIMean I 


I INTx 1 INTx 1 INTx 1 


r n h  364.1 


0 . 4 0 - ~  I 


0.0 0.01915 0.002783 0.145 
0.0625 0.09775 0.01099 0.112 
0.125 0.19146 0.02515 0.131 
0.25 0.34287 0.01893 0.055 
0.50 0.68678 0.02410 0.035 
1.0 1.3050 0.04248 0.033 
2.0 2.5694 0.1344 0.052 
3.0 3.8928 0.1659 0.043 


__ ~~ 


0 2500 ng internal reference standard added. * Based on nine measurements. 


The ratio of the maximum peaks heights, R,, was plotted uersus the 
respective nanogram ratio R,: 


n Rn Rb 
1 Im/z 23dIrn/z  237 112 
2 I m l z  23dIm/z  248 113 
3 Im/z 231/Im/z 248 213 


The intercept, I,, is the ratio R,  for the blank extract (Rh = 0). Linear 
regression: 


R, = I ,  + k,Rh (Eq. 1) 


establishes the slopes, k,, and the intercepts I ,  for Eq. 1 (Table I). 


Selected Ion Monitoring-From 1 to 2 pl of solution, added to the 
tip of a GLC solids injector7, was allowed to evaporate. The appropriate 
ion profiles ( rn lz  230.1, rn l z  237.1, mlz 248.1) were obtained by selected 
ion monitoring. The maximum peak heights were measured using a 
program written especially for the batch processing of the dataa. The 
program selects the baseline-corrected maximum peak heights of the 
requested ions. The mean ratio, R, ,  and standard deviation for three to 
five injections of the control sample bracketing the samples were deter- 
mined for subsequent use to correct the data for differences in response 
from the calibration slope, k,. The adjustment factor, A ,  is related to the 
calibration slope and the measured ratio of the control, R:,  by Eq. 2: 


(Eq. 2) A = -  R: 
I ,  + 2k, 


The measured ratio of the sample, R i ,  is related to R,  by Eq. 3: 


R, = R i I A  (Eq. 3) 


which is then used to calculate the ng (or pg) ratio of analyte to internal 
reference, R,: 


R,  = R ; / A  = I ,  + k,Ri  (Eq. 4) 


The concentration of analyte, C,, is calculated from Eq. 5: 


C, = R , ( F / M )  (Eq. 5) 


where C, is the concentration of analyte in nanograms per milliliter 
(blood) or micrograms per milliliter (urine), F is the quantity of internal 
reference (ng for blood; pg for urine) added to M milliliters of sample, 
and R ,  is the ratio of analyte to internal reference calculated from Eq. 
1. 


Instrumental  Procedure-The combined GLC-MS with data sys- 
temg was operated under selected ion monitoring mode. The instrument 
was tuned1° for electron-impact (EI) MS from 69 to 502 Daltons using 
perfluorotributylamine a t  an ionization voltage of 70 eV and at an 
emission of 300 pA. The ion source was controlled a t  a constant tem- 
perature of 200". 


A septum guide" was attached to the GLC injector. The analyses were 
carried out on an 80- cm X 2-mm i.d. silanized glass column packed with 
3% OV-lOlla which was connected through a single-stage jet separator. 


7 Scientific Glass Equipment Co., SI-IRDS, Penzias Assoc., Roslyn Heights, 


8 The BASIC program for the HP 5985B GCL-MS is available upon request. 


1" ACJTOTUNE. 
l 1  Supelco, Cat. No. 2-0839, Bellefonte, Pa. 
12 On 80/100 Supelcoport, Supelco, Bellefonte, Pa. 


N.Y. 


Hewlett-Packard, Model 5985B, Palo Alto, Calif. 
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Figure 1-Direct chemical ionization of captopril blood samples con- 
taining500 nglml of internal reference as I Ib  and (A) 442, (B) 13.8, and 
(C) 2.5 nglml of captopril as Ib 


The separator and transfer line were maintained a t  275" while the column 
was kept a t  an isothermal temperature of 260' and the injector was 
heated to 290". A typical retention time of 0.6 min was obtained a t  a he- 
lium flow rate of 30 cm3/min. Slight adjustments in the column temper- 
ature were made to keep the retention time within the desired time 
window, when necessary. Helium, otherwise diverted, was allowed to flow 
into the ion source from 0.1 to 1.3 min after sample injection. The mul- 
tiplier and electron voltages were only applied during the data collection 
period from 0.3 min until the termination of the GLC run. When required, 
portions of the column packing or the entire column was replaced to 
maintain optimum chromatographic conditions. The septum was re- 
placed each day. 


Positive chemical ionization GLC-MS was obtained with methane as 
the GLC carrier gas, a t  a flow rate of 20 cm3/min, directly into the source 
to create a 1-torr source pressure. Otherwise, the chromatographic con- 
ditions were identical to that of the electron impact-GLC-MS. 


Direct chemical ionization mass spectra and measurements were taken 
on a modified quadrupole mass ~pectrometer '~  equipped with a data 
acquisition system14. The respective emission and electron energy were 
1000 pA and 300 V. Resolution, sensitivity, and mass calibration were 
made according to the recommended procedures. Water was employed 
as the reagent gas, admitted from behhd the sample and from a separate 
line into the chemical ionization source. The selected ion monitoring data 
were recorded on the MH+ a t  a nominal source pressure of 1 torr and a 
source temperature of 250'. For the direct chemical ionization experi- 
ments -1 pl of solution was deposited on a quartz probe. 


RESULTS AND DISCUSSION 


While the extraction procedure remains essentially unchanged (3), 
organizational efficiencies permitted each of four technicians'to extract 
daily 11 samples plus the control. The sample data collection procedure 
was modified to increase the daily capacity to approximately twice the 
number of samples extracted. An isothermal column, a solids sample 
injector, and a retention time of the analyte of 0.6 min allowed sample 
injections a t  the rate of 12-15lhr. There was also a noticeable decrease 
in the background from the elimination of the solvent. Otherwise diverted 
by a dump valve, the helium carrier gas flowed into the source only during 
data acquisition to reduce column bleed. Instrument maintenance was 
also reduced by operating the ion source and multiplier only while col- 
lecting data. 


Because the manual peak height measurement routine provided with 
the instrument was time consuming, a program was written to scan each 
data file, determine the baselines, the net peak heights for each acquired 
ion, and calculate the peak height ratios and concentrations. As elabo- 


13 SIMULSCAN, Extranuclear Corp., Pittsburgh. Pa. 
14 Model 69KD, Technivent Corp., St. Louis, Mo. 
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Table V-Comparative and Relative Bioavailability Parameters of 100-mg Direct Compression Tablet and Solution Formulations of 
Captopril Coadministered with Isotopomer Solution 


Mean Bioavailability Parameter 
Direct Compression Tablet" Solution Relativec 


Parameter Captopril Isotopomer Parameter 


C m a n  pg/ml, Meane 0.931 0.678 CmI 1.59 - (& SEMI (0.156) (0.180) Cm2 (0.38) 
T,.,, hr Mean 0.63 0.63 1.0 


( & S E M )  10.07) (0.071 (01 
AUCo-12 hr Mean 


(f S E M )  


C,.,, pglml Mean 


T,,,, hr Mean 


AUCo-12, hr Mean 


(& S E M )  


(& S E M )  


(& S E M )  


'1.209 
(0.099) 


Solutiond 
Captopril 


0.790 
(0.054) 
0.75 


(0)  
1.065 


(0.065) 


'0.903 
(0.187) 


Solution 
IsotoDomer 


0.?53 
(0.052) 
0.81 


(0)  
1.061 


(0.039) 


AUCl 
AUC2 


\-, 
1.59 


(0.44) 


1.06 
(0.07) 
0.94 


(0.06) 
1.01 


(0.07) 


Direct compression tablet (100 m ) coadministered. Solution of isotopomer (100 mg) coadministered. Parameter direct compression tablet (or solution)/parameter 
isotopomer. Solution (100 mg) coafministered. For four subjects. 


rated in the experimental section, multiple measurements of the control 
sample allows for the single-point calibration to increase the accuracy 
of the measurements. It is also essential to keep the ion source at  a con- 
trolled temperature to achieve the most precise measurements. Changes 
in the control ratio value may result from contaminant deposits on the 
source and quadrupole rods. In the case of the low-concentration urine 
extracts, the repeller was frequently shorted out because of the extraneous 
materials present in the extract. When this occurred, a sudden loss in 
sensitivity and a drastic change in the value of the control ratio was noted. 
While not capable of the same limit of detection, the extraction procedure 
for the higher concentration urine is preferred. 


The specificity of the measurements of captopril was independently 
validated using positive chemical ionization GLC-selected ion monitoring 
by measuring the MH+ of the reference (IIb) and analyte (Ib) derivatives. 
A comparison with the electron-impact data of two subjects demonstrates 
good correlation between the two data sets (Table 11) reconfirming the 
specificity of the electron-impact method and also qualifying the positive 
chemical ionization GLC-selected ion monitoring procedure as an al- 
ternate method. 


A limited set of data compares the electron-impact GLC-selected ion 
monitoring data with results obtained by direct chemical ionization. 
Nanogram quantities of a sample deposited on the direct insertion probe 
produce readily measureable intensities (Fig. 1) that can be used in the 
quantitative measurement of captopril related compounds (Table 111). 


The limit of detection and sensitivity of the method using the isoto- 
pomer as the internal reference was established (18) (Table IV). Three 
sets of calibration extracts were each measured three times to provide 
a total of nine measurements per calibration point. The weighted re- 
gression was chosen because the ratio of the standard deviations (s) to 
respective mean varies over the concentration range. From 0 to 60 ng/ml, 
the coefficient of variation (CV)  is 13%. The 3s value of the lowest cali- 
bration point puts the limit of detection a t  13 ng/ml (99% confidence 
limit). The actual distribution of 108 zero-hour samples has two-thirds 
of the values a t  4 6  ng/ml and 95% of the values a t  4 14.5 ng/ml (Fig. 2), 
in good agreement with the value derived from the detection limit of the 
lowest nonzero calibration 3s value. The limit of detection and the sen- 
sitivity could have been enhanced if a low level calibration curve were 
employed using one-tenth the amount of internal reference. No signifi- 
cant benefit would have been derived for these bioavailability studies, 
however. 


Table VI-Comparative Bioavailability Parameters of 100-mg 
Direct Compression Tablets and Solution Formulations of 
Captopril 


~~~ 


Direct Compression Tablet" Solution * 
Parameter Captopril Captopril 


C,,, pg/ml MeanC 0.90 0.82 
(SEW (0.05) (0.05) 


T,,, hr Mean 0.74 0.84 
(SEM) (0.04) (0.07) 


AUCo-12, hr Mean 1.23 1.16 
pg X hr/ml (SEM) (0.05) (0.04) 


solution. For 18 subjects. 
Captopril (100 mg) as a direct compression tablet. Captopril (100 mg) as a 


The relative standard deviation (RSD)15 of 53 pairs of duplicate ex- 
tracts of 0.75-hr blood samples is 3.9%, which is in good agreement with 
the CV 15.5% calculated from the 125 to 1500 ng/ml calibration data. 


Because of intra- and intersubject variation in the disposition of drugs, 
a significant number of subjects, usually 116, are required to demonstrate 
bioequivalence in a multiple crossover study. Using simultaneous ad- 
ministration with isotopomeric formulations (9-15), superior bioavail- 
ability data may be obtained with fewer subjects. A pilot two-way 
crcwsover study was performed to compare the bioavailability of a 100-mg 
direct compression tablet with a 100-mg solution of I, given orally, along 
with a coadministered solution of 100 mg of the isotopomer, 11. 


The mean bioavailability parameters determined for the tablet and 
oral solution given to four subjects in this study compare favorably (Table 
V) with data obtained from 18 subjects administered in the usual way 
(Table VI). No significant difference was found for the mean bioavail- 
ability data derived from the coadministration of captopril and isoto- 
pomer as solutions (Tables V and VII). Consequently, the relative bio- 
availability parameters, Cm1/Cm2 and AUC1/AUC216 are approximately 
in unity. However, the relative bioavailability parameters, Cml/Cm:! and 
AUCJAUCZ, for the direct compression tablet and isotopomer solution 
are significantly different. Examination of the data (Table VIII) reveals 
the captopril blood levels of subject 1 were approximately three times 


'oot-=R- 
75  1 !I 
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' I  
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Figure 2-Distribution of measured values of 108 zero-hour blood 
samples as a percent of total number of samples: maximum concen- 
trations containing 67and 95% of values are shown. 


l 5  RSD = (A/M)X 100; A = (Exti - EXtz), = (Exti + EXtz)/2. 
l6 Cm1/C,~-relative maximum concentrations of captopril (I) and isotopomer 


(11) AUCI/AUCz-relative area under the curve of I and 11. 
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Table VII-Concentrations of Captopril and Isotopomer Each Sampling Time-Solution versus Solution 
~ ~~ ~ 


Captopril Solution", ng/ml Isotopomer Solution b, ng/ml 
Subject No. Subject No. 


Time. hr 1 2 3 4 Mean 1 2 3 4 Mean 


0.25 50 175 239 197 165 50 121 208 125 126 
0.5 281 637 761 550 557 311 573 674 466 506 
0.75 714 788 944 716 790 834 727 828 612 750 
1.0 554 755 698 648 664 708 738 630 591 667 
1.5 314 327 377 336 339 408 324 346 322 350 
2.0 169 239 159 176 186 214 240 146 165 191 
2.0 48 58 53 69 57 66 61 48 67 61 ~~ ._ ._ 


4.0 24 27 18 29 25 32 27 21 27 27 
6.0 10 11 6 11 10 14 12 8 13 12 
8.0 9 5 0 4 5 10 7 2 6 6 


12.0 0 5 0 1 2 4 5 0 2 3 


Captopril(100 mg) coadministered as a solution. Isotoporner (100 mg) coadministered as a solution. 


Table VIII-Blood Concentrations of Captopril and Isotopomer at Each Sampling Time-Tablet versus Solution 


Direct Compression Tablet", ndml  Isotopomer Solutionb, ng/ml - - 
Subject No. Subject No. 


Time, hr 1 2 3 4 Mean 1 2 3 4 Mean 


0.25 
0.5 
0.75 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 


i2.n 


83 157 361 
424 455 991 
840 572 969 
827 497 604 
411 308 29 1 
139 278 133 
67 81 76 
31 29 38 
13 8 11 
6 1 6 
1 0 0 


299 225 
1322 806 ~~~~ 


962 836 
785 678 
395 351 
183 183 
65 72 
33 33 
11 11 
18 8 
1 1 


43 131 321 230 181 
199 360 892 1068 630 
310 440 856 824 608 
277 415 54 1 656 472 
126 260 270 327 246 
59 242 126 175 151 
23 76 71 61 58 
9 28 42 33 28 
4 9 12 10 9 
1 6 8 6 5 
0 0 3 3 2 


0 Captopril(100 mg) coadministered as a direct compression tablet. b Isotopomer (100 rng) coadministered as a solution. 


Table IX-Urinary Excretion of Captopril and Isotopomer as a Percent of Dose 


Captopril 
Direct Compression Tableta, % of Dose Isotopomer Solutionb, ?h of Dose 


Subject No. Subject No. 
Time, hr 1 2 3 4 1 2 3 4 


0-4 22.0 18.3 78.4c 22.8 8.0 14.6 72.4c 21.7 
4-8 2.4 3.0 1.7 4.2 0.87 2.6 1.5 3.7 
a 1 2  0.67 0.63 0.31 0.28 0.25 0.51 0.30 0.28 


Total 0-12 25.1 20.3 - 27.3 9.1 17.7 - 25.7 


Captopril Solutione, % of Dose Isotopomer Solutionb, 70 of Dose 
Subject No. Subject No. 


1 2 3 4 1 2 3 4 


0-4 19.2 24.3 8.2 8.2 22.9 23.1 7.2 7.4 
4-8 3.3 1.5 1.7 2.7 4.3 1.5 1.5 2.4 
8-12 0.38 0.45 0.29 0.48 0.58 0.51 0.28 0.54 


Total 0-12 22.9 26.3 10.2 11.4 27.8 25.1 8.7 10.3 


a Captopril(100 mg) coadministered as a direct compression tablet. Isotopomer (100 mg) coadministered as a solution. Urine appears to be in error. Total isotopomer 
excreted from 0-12 hr is - one-third of excreted captopril for this subject. Captopril(100 mg) coadministered as a solution. 


greater than the isotopomer levels, as were the levels of compounds ex- 
creted in urine (Table IX). Significantly, this difference would have gone 
undetected in a conventional study. If the data for this subject are 
eliminated, the relative bioavailability parameters, while not in unity, 
are significantly lower. Previous bioavailability studies have also shown 
that a small difference in bioavailability parameters exists between direct 
compression tablet and solution formulations (Table VI). 


The statistical evaluation of the coadministration bioavailability data 
was made to determine the power of the method to meet criteria for es- 
tablishing differences in bioavailability. Excluding the suspect data of 
subject 1, data from only two of the three remaining subjects would be 
sufficient to establish differences in bioavailability that might require 
14-40 subjects in a conventional study. However, from a practical point 
of view, it would seem more appropriate to expand such a study as this 
to -6 subjects to provide a wider range of disposition, which would still 
result in a substantial savings in clinical and laboratory expense. 


REFERENCES 
(1) M. A. Ondetti, B. Rubin, and D. W. Cushman, Science, 196,441 


(1977). 


(2) Drugs of the Future, 5,576 (1980). 
(3) P. T. Funke, E. Ivashkiv, M. F. Malley, and A. I. Cohen, Anal. 


Chem., 52,1086 (1980). 
(4) B. H. Migdalof, S. M. Singhvi, and K. J. Kripalani, J .  Liquid 


Chromatogr., 3,857 (1980). 
(5) K. J. Kripalani, D. N. McKinistry, S. M. Singhvi, D. A. Willard, 


R. A. Vukovich, and B. H. Migdalof, Clin. Pharmacol. Ther., 27, 636 
(1980). 


(6) Y. Matsuki, K. Fukuhara, T. Ito, H. Ono, N. Ohara, T. Yui, and 
T. Nambara, J.  Chromatogr., 188,177 (1980). 


(7) Y. Kawahara, M. Hisaoka, Y. Yamazaki, A. Inage, and T. Morioka, 
Chem. Pharm. Bull., 29,150 (1981). 


(8) B. Jarrott, A. Anderson, R. Hooper, and W. J. Louis, J .  Pharm. 
Sci., 70,665 (1981). 


(9) J. M. Strong, J. S. Dutcher, W.-K. Lee, and A. J .  Atkinson, Jr., 
Clin. Pharmacol. Ther., 18,613 (1975). 


(10) R. L. Wolen, R. H. Carmichael, A. S. Ridolfo, L. Thompkins, and 
E. A. Ziege, Biomed. Mass Spectrom., 6,173 (1979). 


(11) H. d'A. Heck, S. E. Buttrill, Jr., N. W. Flynn, R. L. Dyer, M. 
Anbar, T. Cairns, S. Dighe, and B. E. Cabana, J .  Pharmacokinet. Bio- 


Journal of Pharmaceutical Sciences I 1255 
Vol. 71, No. 11,  November 1982 







pharm., 7,233 (1979). 


J. A. VandenHeuvel. J. Pharm. Sci., 69.1111 (1980). 
(12) J. R. Carlin, R. W. Walker, R. 0. Davies, R. T. Ferguson, and W. 


(13) D. Alkalay, W. E. Wagner, Jr., S. Carlsen, L. Khemani. J. Volk, 
M. F. Barlett and A. LeSher, Clin. Pharmacol. Ther., 27,697 (1980). 


(14) P. J. Murphy and H. R. Sullivan, Annu. Reu. Pharmacol. Toxicol., 
20,609 (1980). 


(15) R. L. Wolen and C. M. Gruber, Jr., in “Drug Absorption and 
Disposition: Statistical Considerations,” K. S. Albert, Ed., Academy of 
Pharmaceutical Sciences, American Pharmaceutical Association, 
Washington, D.C., 1981, pp. 69-76. 


(16) J. G.  Wagner, Pharmacol. Ther., 12,537 (1981). 
(17) H. Kadin and R. B. Pacl, J. Pharm. Sci., 71,1134 (1982). 
(18) Clin. Chim. Acta, 98,145F (1979). 


ACKNOWLEDGMENTS 


The statistical evaluation of the data, provided by A. G. Itkin and M. 
Stern, and the technical advice concerning the processing of urine sam- 
ples, given by H. Kadin, is gratefully acknowledged. One of the authors, 
A. I. Cohen, acknowledges the timely consultation by Dr. Myra Gordon, 
Merck of Canada, that  stimulated this study. 


Pharmacokinetics of Procainamide in Rats with 
Extrahepatic Biliary Obstruction 


PETER J.  BASSECHES*X and G. JOHN DiGREGORIO 
Received August 3,1981, from the Department of Pharmacology, Hahnemann Medical College, Philadelphia, PA 19102. 
publication January 19,1982. 
Rochester, MN 55905. 


Accepted for 
*Present address: Division of Developmental Oncology Research, Department of Oncology, Mayo Clinic, 


Abstract The pharmacokinetics of the widely used antiarrhythmic 
agent, procainamide, was studied in rats with extrahepatic biliary ob- 
struction produced by ligation of the common bile duct. Various biological 
fluids, including plasma, saliva, and urine, were analyzed for procain- 
amide and/or its major metabolite, N-acetylprocainamide. Ligation of 
the common bile duct immediately prior to intravenous administration 
of 50 mg/kg procainamide did not alter plasma, saliva, or urine concen- 
trations of procainamide, indicating that biliary excretion was of minor 
importance in the elimination of procainamide. However, bile duct li- 
gation allowed to persist for 4 days significantly elevated plasma, saliva, 
and urine levels of procainamide. While the increase in urinary pro- 
cainamide paralleled the increase observed in plasma, salivary concen- 
trations did not. Bile duct ligation did not appear to impair nonmicro- 
soma1 acetylation of procainamide, although a significantly greater 
amount of unchanged drug was found in the urine after 24 hr. Phar- 
macokinetic analysis uia the two-compartment open model showed that 
bile duct ligation caused a decrease in overall clearance from -61.94 to 
28.71 ml/kg/min. This reduction probably resulted from the decreased 
microsomal metabolism of procainamide. The significant reduction in 
the apparent volume of distribution from 3.76 to 2.72 l i terkg could be 
the result of reduced binding sites. There was also a significant increase 
in the elimination half-life of procainamide from 47.39 to 78.64 min in 
bile duct ligated rats. 


Keyphrases 0 Pharmacokinetics-procainamide, rats with extrahepatic 
biliary obstruction Procainamide-pharmacokinetics in rats with 
extrahepatic biliary obstruction 0 Biliary obstruction-extrahepatic, 
pharmacokinetics of procainamide in rats 


Biliary stasis in humans can be caused by tumors, drugs, 
or various pathophysiological alterations. Many patients 
with biliary stasis are also critically ill with other serious 
conditions and therefore are under treatment with a 
number of pharmacological agents. Inhibition of bile flow 
and/or biliary excretion may have profound consequences 
on the pharmacokinetics of drugs, not only because bile can 
be a route of irreversible elimination, but also because 
cholestasis may affect microsomal drug metabolism. Ta- 
volini and Guarino (1) demonstrated altered disposition 
of doxorubicinl, an antineoplastic agent eliminated ex- 
tensively in the bile. Other investigators (2-5) demon- 


’ Adriamycin. 


strated that microsomal metabolism of a number of drugs 
that are not extensively excreted in bile is significantly 
decreased, thus prolonging the elimination half-life ( t  l j2p) .  
However, the effects of biliary stasis on the pharmacoki- 
netics of drugs with minimal biliary excretion and minimal 
microsomal metabolism are unclear. The antiarrhythmic 
agent procainamide (I) is such a drug. It was the purpose 
of this investigation to study the effects of cholestasis, 
induced by mechanical obstruction of the common bile 
duct, on the pharmacokinetics of I. Salivary levels were 
measured as an index of drug distribution to the peripheral 
tissue compartment, and urine levels were assayed to ob- 
tain an estimate of the renal clearance of procainamide and 
the relative urinary metabolic profile. 


EXPERIMENTAL 
Urine, saliva, and plasma were obtained from a group of normal Wistar 


rats (weight 190-260 g) for the quantitation of I. Rats were anesthetized 
with 50 mgkg  ip pentobarbitaP. Initially, a tracheotomy was performed 
to facilitate breathing, and then the animals were prepared for collection 
of parotid saliva according to a previously described method (6). Stim- 
ulation of salivation was accomplished by infusing pilocarpine3 (0.25 
mg/ml) into the right brachial artery a t  a rate of 0.11 ml/min for 90 min. 
For the administration of I4 (50 mghg), the femoral vein was cannulated. 
Urine was collected uia cannulation of the ureters. Urine and saliva were 
collected over three 30-min collection periods, and 1.5 ml of whole blood 
was collected a t  30,60, and 90 min postinjection from a cannula placed 
in the femoral artery. From a separate group of normal rats, plasma was 
obtained a t  30,60, and 90 min following administration of 50 or 100 mghg 
of I for the quantitation of the acetylated metabolite, N-acetylprocain- 
amide (11). 


In anticipation of the fact that saliva was to be collected simultaneously 
with the other biological fluids, preliminary studies were performed to 
determine the effects of pilocarpine infusion of plasma procainamide 
concentration and urinary procainamide excretion. Ten control (no pi- 
locarpine) and 10 test rats were used for plasma collection, and another 
group of five controls and five test animals were used for urine collec- 
tion. 


Extrahepatic biliary obstruction was produced in another group of 


2 Nembutal, Ahhott Laboratories, North Chicago, Ill. 
3 Sigma Chemical Co., St. Louis, Mo. 
4 Squibb Institute for Medical Research, Princeton, N.J 
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It was reported (15) that for ferricyanide ions diffusing in solutions of 
xanthan gum, the diffusion coefficient was decreased as much as 20-fold 
and was decreased as the shear rate was increased. It is thought that the 
shear causes the xanthan gum molecule to extend, exposing charge sites, 
and then the interaction between the solute and the charge sites changes 
diffusivity. 


In addition, the viscosity measured by the viscometer may not repre- 
sent the actual resistance to solute molecule transport. The values of the 
70 of solutions of xanthan gum were calculated by Eq. 1. The relation 
of dissolution rate to viscosity of solutions of xanthan gum shown in Fig. 
7 is not the same as the relation of dissolution rate to viscosity of solutions 
of the nonionic polymers. The difference may be caused by the interaction 
between the benzoic acid molecule and the anionic segments of the 
xanthan gum. 


I t  appears that for viscosity-enhancing polymers of similar chemical 
and nonionic nature, a relationship may be expressed between the vis- 
cosity of the dissolution medium and the dissolution rate of a solid. 
However, if the chemical or ionic nature of the polymers is different, 
additional factors that influence dissolution rate are introduced and must 
be considered. 
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Abstract Poly(His-Asp-Ser-Gly) was synthesized from the fully 
protected tetrapeptide active ester hydrochloride, which was prepared 
by stepwise coupling, using pentachlorophenyl ester and mixed anhydride 
methods. Complete deprotection of the protected tetrapeptide polymer 
was achieved by using 90% trifluoroacetic acid. The free polymer was 
dialyzed for 24 hr using a membrane (which retains molecules with mo- 
lecular weights >5000). The catalytic activity wits determined by studying 
the hydrolysis of p-nitrophenyl acetate in 0.2 M phosphate buffer (pH 
7.4) at  37”. The catalytic coefficient of the dialyzed polymer was found 
to be 138 liters/mole/min. 


Keyphrases Poly-L-His+ Asp-L-Ser-Gly-synthesis and catalytic 
activity, polymer, pentachlorophenyl ester, hydrolysis Polymer- 
synthesis and catalytic activity of poly-L-His-L-Asp-L-Ser-Gly, penta- 
chlorophenyl ester, hydrolysis Hydrolysis-synthesis and catalytic 
activity of poly-L-His-L-Asp-L-Ser-Gly, pentachlorophenyl ester, 
polymer 


The use of poly(amino acids) as esterase models for 
structural and mechanistic problems of proteolytic en- 
zymes has been very useful (1,2). The poly(amino acids) 
that have been used for this purpose include homopoly- 
mers, copolymers, and sequential polypeptides. Sequential 
polypeptides provide one of the best means to study the 
factors affecting the folding of various enzymes, since they 
permit the placement of specific side chains at specific 
locations on a polypeptide backbone. Thus, suitable 


folding brings important side chain functionalities re- 
quired for the activity into closer proximity, even though 
these amino acids lie a t  different distances in the enzyme 
sequences. 


Considerable attention has been focused recently on the 
role played by L-histidine and L-serine in the active site 
of chymotrypsin and other proteolytic enzymes toward the 
hydrolysis of various esters such as p-nitrophenyl acetate 
(3, 4). Synthesis and catalytic activity of a number of 
peptides incorporating histidine and serine have been re- 
cently reported (5-7) as esterase models. The synthesis of 
the pentapeptide; L-Ser-y-aminobutyry1-L-His-y-a- 
minobutyryl-L- Asp which had a catalytic coefficient of 147 
liters/mole/min has been reported (5). The synthesis of a 
relatively more potent esterase model, L-His-Gly-L-Asp- 
L-Ser-L-Phe which had a catalytic coefficient of 179 li- 
ters/mole/min has also been reported (6). The comparison 
of the catalytic activity of various peptide esterase models 
led to the conclusion that peptides that incorporated L- 
aspartic acid in addition to L-histidine and L-serine showed 
considerable increase in catalytic activity (7). For example, 
L-His-L- Ala-L- Asp-Gly-L-Ser showed a catalytic activity 
of 210 liters/mole/min. The corresponding pentapeptide, 
L-His-L-Ala-L-Glu-Gly-L-Ser, where aspartic acid was 
replaced by glutamic acid, had a catalytic activity of 87 
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Table I-Analytical Data  of Peptide Intermediates 


Microanalysis (calc) 
Compound mP [.IF IR Peaks C H N Formula 


I 


I1 


111 


IV 


V 


VI 


VIII 
Dialysed 


161-163" 


159-160" 


143-144" 


189-190" 


138-139" 


179-180" 


229-230" 
decornp. 


+7.9 (1.5, 
dioxane) 


+12.50 (1.5 
dioxane) 


+8.4 (1.0 
dioxane) 


-6.7 (1.0, 
dimethyl- 
formamide) 


-14.50 (1.0 
dimethyl- 
formamide) 


-9.80 (1.0, 
dimethyl- 
formamide) 


(0.05, water) 
-17.05 


0 
I1 


5.6pm c-o-c&15 
6.05pm Amide I 
6.55pm Amide I1 


0 


6.05pm Amide I 
6.55pm Amide I1 


0 


5.6pm c-o-c&15 
6.051m Amide I 
6.55pm Amide I1 


0 


5.6pm c-o-c&15 
6.05pm Amide I 
6.55pm Amide I1 


0 


5.6pm C-~-c&15 
6.05pm Amide I 
6.55pm Amide I1 


0 


II 
5.6pm c-O-c&15 


I /  


I1 


II 


II 
5.6pm c-o-c(jcl5 
6.05pm Amide I 
6.55pm Amide I1 


45.88 


(45.96) 


35.70 


(35.79) 


48.28 


(48.22) 


41.04 


(40.95) 


49.89 


(49.98) 


44.82 


(44.79) 
45.29 


(45.46) 


3.81 


(3.83) 


3.60 


(3.57) 


4.62 


(4.67) 


4.56 


(4.60) 


4.99 


(5.06) 


5.09 


(5.05) 
4.97 


(5.05) 


4.68 


(4.66) 


5.59 


(5.57) 


5.50 


(5.45) 


6.20 


(6.23) 


8.39 


(8.33) 


9.14 


(9.22) 
21.07 


(21.21) 


liters/mole/min. Generally, the incorporation of aspartic 
acid instead of glutamic acid in the peptide sequence led 
to a threefold increase in catalytic activity. The increased 
catalytic activity of peptide esterase models containing 
aspartic acid may be justified on the basis that in the case 
of chymotrypsin, aspartic acid occupies position 194, which 
is adjacent to postulated active serine at  position 195. The 
same is true of trypsin, in which case aspartic acid is at  
position 184, adjacent to active serine at  position 185. 


While the catalytic activity of a number of peptide es- 
terase models incorporating L-histidyl, L-serine, and L- 
aspartyl showed an appreciable increase in activity com- 
pared with previously reported peptide esterase models, 
the catalytic activity of these esterase models was con- 
siderably lower than that of chymotrypsin. It was, there- 
fore, considered worthwhile to carry out the synthesis of 
a sequential polypeptide incorporating L-histidyl, L-as- 
partyl, L-serine, and glycine. 


EXPERIMENTAL 


All melting points are uncorrected and were taken on a capillary 
melting point apparatus'. Results of microanalyses2 were within f0.4% 
of theoretical and are shown in Table I. Unless otherwise stated, IR 
spectra were determined in potassium bromide pellets on an IR spec- 
tr~photometer~. UV spectra were determined on UV spe~trophotometer~. 
Optical rotations were measured with a precision polarimeter5. Before 
incorporation all intermediates were purified to homogeneity on TLC 


Thomas-Hoover Uni-melt. 
Schwarzkopf Microanalytical Lab., Woodside, N.Y. 
Perkin-Elmer model 257. 


4 Perkin-Elmer Hitachi 200. 
Rudolph model 50. 


in the following solvent systems: (a) butanol-glacial acetic acid-water 
(4:l:l); (b) butanol-glacial acetic acid-water-pyridine (153:12:10); (c) 
hexane-ethyl acetate-glacial acetic acid (2010:l; and (d) heptane- 
tert-butyl alcohol-glacial acetic acid (3:21). Ninhydrin was used to detect 
free amino group-containing peptide intermediates. Fluorescent plates 
were used so that ninhydrin-negative peptides could be visualized. Di- 
alyses were carried out in an ultrafiltration apparatus6. 


All solvents were analytical grade and were distilled before use. Tet- 
rahydrofuran was refluxed with sodium hydroxide and distilled over 
sodium strips. All intermediates were dried over sodium hydroxide and 
phosphorus pentoxide in a vacuum dessicator. Triethylamine was purified 
by storing over N-carbobenzoxyglycine pentachlorophenyl ester to re- 
move primary and secondary amines to avoid termination of polymer- 
ization reactions (8). 


N-Carbobenzoxy-( 0 - tert - butyl)-Ser-Gly-pentachlorophenyl 
Ester (I)-N-Carbobenzoxy-0-tert-hutyl-Ser (9) (10 g, 34 mmoles) was 
dissolved in tetrahydrofuran (50 ml). N-Methylmorpholine (3.4 ml, 34 
mmoles) was added and the solution was cooled to 20". Isobutyl chloro- 
carbonate (4.7 ml, 37 mmoles) was added to this solution in two portions 
with constant stirring. After stirring for 30 min, glycine pentachloro- 
phenyl ester hydrochloride (8) (11.03 g, 34 mmoles) was added in small 
portions as a suspension in tetrahydrofuran. N-Methylmorpholine (3.4 
ml, 34 mmoles) diluted with tetrahydrofuran (20 ml) was added dropwise 
over a period of 1 hr. The reaction mixture was stirred in an icebath and 
gradually allowed to reach room temperature overnight. The precipitated 
material was removed by filtration and the filtrate was evaporated under 
vacuum. 


The residual oil was dissolved in ethyl acetate (50 ml) and washed twice 
with 5% citric acid solution (50 ml), once with water (50 ml), twice with 
2 N KHC03 solution (50 ml), and twice with water (50 ml). The combined 
aqueous washes were washed with a portion of fresh ethyl acetate. The 
ethyl acetate solutions were combined, dried with anhydrous magnesium 
sulfate, filtered, and the solvent was evaporated under vacuum. The re- 
sidual oil was crystalized from hexane by cooling at dry ice temperature. 
The resulting solid was filtered, air dried, and recrystallized from aqueous 
ethanol by seeding with solid from the hexane product. The product was 
dried over phosphorus pentoxide and sodium hydroxide pellets (13.1 g), 
64% yield. 


DM5 membrane, Amicon Corp. 
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(0- tert-Buty1)-Ser-Gly-pentachlorophenyl Ester Hydrochloride 
(11)-Palladiunxharcoal catalyst (10%. 0.5 g) suspended in glacial acetic 
acid (1 ml) and anhydrous methanol (20 ml) was hydrogenated at  at- 
mospheric pressure. Dry methanol containing 0.140 g of hydrogen chlo- 
ride gas per milliliter (0.45 ml, 1.7 mmoles) was added to the hydroge- 
nated catalyst, and the hydrogenation was continued until no further 
uptake of hydrogen occurred. A suspension of active ester (I, 1.0 g, 1.67 
mmoles) in methanol was added to the reaction mixture and the hydro- 
genation was carried out until no further uptake of hydrogen occurred 
(10 min). The reaction mixture was filtered to remove the catalyst and 
the filtrate was concentrated under reduced pressure to a volume of 2 ml. 
Anhydrous ether was added and the hydrochloride was crystallized, (0.78 
g), 93% yield. 


N-Carbobenzoxy-( 0 - tert - buty1)-Asp-( 0 - tert -butyl)-Ser-Gly- 
pentachlorophenyl Ester (111)-N-Carbobenzoxy(0-tert- butyl) as- 
partic acid (10) (3.23 g, 0.01 mole) and N-methylmorpholine (1.0 ml, 0.01 
mole) in tetrahydrofuran (50 ml) was coupled to pentachlorophenyl ester 
hydrochloride (II,5.03 g, 0.01 mole). The residue obtained after evapo- 
ration of the ethyl acetate was crystallized from ethyl acetate-ether- 
petroleum ether to give N-protected tripeptide active ester (111) (2.14 
g), yield 67%. 


(0 - tert-Buty1)-Asp-( 0 - tert-buty1)-Ser-Gly-pentachlorophenyl 
Ester Hydrochloride (1V)-Active ester (11, 1.0 g, 1.3 mmoles) was 
hydrogenated to give hydrochloride (IV, 0.69 g), yield 78%. 
N-Carbobenzoxy(imbutyloxycarbony1)-His-( 0- tert-buty1)-Asp- 


( 0- tert-buty1)-Ser-Gly-pentachlorophenyl Ester (V)-N-carbo- 
benzoxy(imbutyloxycarbony1)-histidine (11) (2.6 g, 6.7 mmoles) in tet- 
rahydrofuran (50 ml) was coupled to tripeptide ester hydrochloride (IV, 
4.5 g, 6.8 mmoles). The product obtained after evaporation of the ethyl 
acetate, was crystallized from ethyl acetate-ether-petroleum ether to 
give compound V (4.35 g), yield 71%. 


(Imbutyloxycarbonyl) -His- (0 -tert-butyl) -Asp- (0-tert-buty1)- 
Ser-Gly-pentachlorophenyl Ester Hydrochloride (V1)-A suspen- 


sion of active ester (V, 1.0 g, 0.99 mmole) was hydrogenated to produce 
the tetrapeptide hydrochloride (VI, 0.53 g), yield 64%. 
Poly(imbutyloxycarbony1) -Hi- (0 - t e a  -butyl)-Asp-(0 -tert- 


buty1)-Ser-Gly (VI1)-Fine powder of tetrapeptide active ester hy- 
drochloride (VI, 2.5 g, 2.8 mmoles) was slowly added to dimethylform- 
amide at  room temperature with continuous shaking. To this suspension 
was added purified triethylamine (0.78 ml, 5.6 mmoles) and shaking was 
continued at  room temperature for 48 hr. After trituration with anhy- 
drous ether (20 ml), the reaction mixture was centrifuged, and the ether 
layer was decanted. This step was repeated three more times, and the 
residue was dried under a stream of nitrogen. Further drying of the res- 
idue was carried out in a vacuum desiccator over phosphorus pentoxide 
to yield 1.1 g, the protected polymer (VII, 1.1 g). 


Poly(His-Asp-Ser-Gly) (VII1)-A solution of protected polymer 
(VII, 0.9 g) in 90% trifluoroacetic acid (4 ml) was kept a t  room tempera- 
ture for 1 hr and the product was precipitated with ether to yield 0.5 g 
of unprotected polymer (VIII). 


Dialysis of Unprotected Sequential Polymer-Crude unprotected 
polymer (VIII, 450 mg) was dissolved in water (10 ml) and dialyzed for 
14 hr in a continuous filtration apparatus6. The concentrates were ly- 
ophilized over a period of 24 hr to give 180 mg of a white fluffy solid. 


Optical Purity of Poly(His-Asp-Ser-G1y)-A solution of the free 
dialyzed polymer (VIII, 39.4 mg) in 6 N HCl (0.5 ml) and glacial acetic 
acid (0.5 ml) was refluxed for 24 hr in an atmosphere of nitrogen. The 
clear hydrolysate was evaporated to dryness under reduced pressure. The 
residue was dissolved in 5 N HCl so that the final volume was 2 ml (50 
mM). A control sample using histidine (15.5 mg), aspartic acid (13.3 mg), 
serine (10.5 mg), and glycine (7.5 mg) was treated similarly with 6 N HCl 
and glacial acetic acid, then evaporated and dissolved in 5 N HC1 as above 
(50 mM). Observed rotations of both were measured at 25O; control was 
+0.830° and polymer-derived material was +0.831°. 


Determination of Catalytic Activity-For the measurement of 
catalytic activity of a sequential polypeptide (VIII) a modified method 
(3) was used. The rate of hydrolysis of p-nitrophenylacetate was calcu- 
lated from the rate of appearance of the p-nitrophenoxide ion as mea- 
sured by the increase in optical density a t  400 wm. The catalytic coeffi- Z-SFFOH + H-Gly-OPCP Z - 6 ~ 1 l y - O P C P  


I 
tBu 


I cient kzis defined as k l  - k , / C ,  wherekl is the'observed firscorder rate 
constant of hydrolysis measured in the presence of catalyst, k ,  is the 
constant in absence of catalvst (both expressed in rnin-'). and C is the 


tBu 
I 


H1 PdlC 


HCl 


molar concentration of the catalyst. 
I - HC1.H-SeHly-OPCP 


RESULTS AND DISCUSSION I 
tBu 


I1 While a number of approaches have been utilized for the synthesis of 
sequential polypeptides, there have been problems encountered with 
racemization, intramolecular cyclization, and the low degree of poly- 


IBC I1 + Z-Fp-OH - Z--l;lsp-Se~ly-OPCP 
I I I 
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Scheme I-tBu, tert-butyloxy; OPCP, Pentachlorophenoxy; tBoc, 


tert-butyloxycarbonyl; IBC, Isobutylchloroformate; TFA, 
Trifluoroacetic Acid. 


merization. 
In order to limit some of these problems a suitable synthetic method 


for simple sequential polypeptides was reported (12). In this approach, 
C-terminal activation was provided by the pentachlorophenyl ester, and 
the peptide chain was extended from the C-terminal residue by mixed 
anhydride activation of the incoming N-protected amino acid. A desired 
sequence of N-protected, C-activated molecules was prepared by de- 
protection of the N-protected group, followed by coupling with the next 
amino acid in the sequence. Coupling was achieved by using mixed an- 
hydride followed by a repetition of this procedure. Satisfactory poly- 
merization was achieved up03 removal of the final N-protection. One of 
the main advantages of this approach is the avoidance of the use of al- 
kaline conditions which can lead to racemization and other undesirable 
side reactions (13). In addition, as the peptide chain is extended from the 
C-terminal residue of the amino acids, the degree of racemization is 
further limited, since the possibility of racemization of the penultimate 
residue is nonexistent (14). 


This successful approach for the synthesis of simple sequential poly- 
peptides was employed for the synthesis of poly(His-Asp-Ser-Gly). Se- 
lection of glycine as the C-terminal amino acid component was based 
upon the observation that it occurs around the active site of the proteo- 
lytic enzymes. Also, the incorporation of glycine at  the C-terminal will 
minimize the degree of racemization during the polyacylation step. 


Scheme I outlines the synthesis of the fully protected tetrapeptide. 
N-Carbobenzoxy(0-tert-buty1)-Ser was coupled with glycine penta- 
chlorophenyl ester hydrochloride uia the mixed anhydride method using 
isobutyl chlorocarbonate and N-methylmorpholine as base, to yield di- 
peptide active ester (I). 


This product, as well as subsequent ones, were characterized by the 
presence of both amide I and I1 bonds and pentachlorophenyl ester bands 
in the IR spectrum as indicated in Table I. 
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Table 11-pH Dependence of t he  Catalytic Coefficient for the 
Hydrolysis of p-Nitrophenylacetate by the Sequential 
Polypeptide (VIII) 


Table 111-Catalytic Coefficients (k) for the Hydrolysis of p- 
Nitrophenylacetate by the Sequential Polymer (VIII) and  Othe r  
Catalysts 


PH k (liter mole-’min-’) 


6.4 
6.9 
7.4 
7.9 
8.4 


47 
81 


138 
64 
39 


a In 0.2 M phosphate buffer containing 3.5% dioxane (v/v) at 37’. 


Dipeptide (I), was successfully deprotected by catalytic hydrogenolysis 
to give the dipeptide active ester hydrochloride (11). Using the same 
procedures, N-carbobenzoxy(0-tert -butyl)-aspartic acid was coupled 
with dipeptide active ester hydrochloride (11) to give protected tripeptide 
active ester (111). This tripeptide was deprotected to produce O-tert- 
butyl-Asp-( 0-tert- buty1)-Ser-Gly pentachlorophenyl ester hydrochloride 
(IV). N-Carbobenzoxy(imbutyloxycarbony1)-His was coupled with tri- 
peptide active ester hydrochloride (IV) to give the protected tetrapeptide 
active ester, N-carbobenzoxy (imbutyloxycarbony1)-His-(0-tert- 
buty1)-Asp-(0-tert -butyI)-Ser-Gly pentachlorophenyl ester (V). This 
was followed by hydrogenolytic deprotection to give (imbutyloxycar- 
bony1)-His-( 0- ter t -  buty1)-Asp-( 0 - t e r t  -butyl)-Ser-Gly-pentachloro- 
phenyl ester hydrochloride (VI). 


Synthesis of Free Sequential Polymer Poly(His-Asp-Ser-Gly) 
-Tetrapeptide active ester hydrochloride (VI) was allowed to polymerize 
in presence of dimethylformamide and triethylamine to  yield crude 
protected polymer (VIII), which was converted to deprotected polymer 
without further purification as characterization. 


A suitable method to remove the t-butyl protecting groups was that 
of a previous study using trifluoroacetic acid (15). Using conditions 
previously reported (8) produced the unprotected polymer (VIII). The 
completion of reaction was established by the absence of t-butyl group 
absorption in the IR spectrum as well as titration of free carboxyl groups. 
After dialysis employing a membrane6 which retains compounds with 
molecular weight >5000, a polymeric product containing >15 or 16 re- 
peating units was obtained. 


Optical Purity of Sequential Polymer-The optical purity of poly- 
(His-Asp-Ser-Gly) was calculated by determining the optical activity of 
the total hydrolysate and comparing it with that of a control. It was found 
that no significant racemization occurred during the polyacylation re- 
actions. Since all intermediates a t  each stage were extensively purified 
prior to use in the synthesis of the tetrapeptide, the optical purity of se- 
quential polymer was relatively high, as expected. 


Determination of Catalytic Activity-The catalytic hydrolyses of 
p-nitrophenylacetate by various copolymers have been previously studied 
(1,2). Hydrolytic activity of the copolymers was found to depend on pH, 
temperature, and concentration of the substrate. Stereoselectivity is also 
a striking characteristic of true enzyme action. A previous study (5) re- 
ported the stereoselectivity of synthetic peptide esterase models as a 
catalyst, suggesting that some of the polyfunctional effects associated 
with the enzyme active site might indeed be operative in these peptide 
models. A further study (3) showed that in all cases, first-order kinetics 
are followed over most of the reaction. 


Table I1 describes the catalytic coefficient for the hydrolysis of p- 
nitrophenylacetate by the sequential polypeptide (VIII) at different pH 
values a t  37’. Highest activity was obtained a t  pH 7.4. Thus, catalytic 
activity of the sequential polymer (VIII) was done a t  p H  7.4, and the 
results are shown on Table 111. While it has a higher catalytic coefficient 
than histidine, imidazole, or mixture of component amino acids, this 


Catalytic Coefficient 
Catalyst ( k )  liter moles-’min-’ 


L-His-HC1 7 
I m i d a z o 1 e 48 
Sequential Polymer (VIII) 138 
L-His+ Asp+L-Ser+Gly 18 
a-Chymotrypsin 104 


In 0.2 M phosphate buffer, pH 7.4, containing 3.5% dioxane (v/v) at 37’. 


sequential polymer failed to give a high catalytic coefficient. This oc- 
curred even though the polymer-incorporated amino acids were known 
to be present in the active sites of various proteolytic enzymes. The low 
activity may be due to lack of sufficient interactions between the imid- 
azole group of histidine, the hydroxyl group of serine, and the carboxyl 
group of aspartic acid. 


The synthesis and catalytic activity of the sequential polypeptide in- 
corporating histidine, aspartic acid, and.serine was achieved. The active 
ester method of polymerization gave excellent yields and moderately high 
molecular weight polymer with little or no racemization as evidenced by 
the high degree of optical purity. The successful synthesis of sequential 
polypeptide H-(His-Asp-Ser-G1y)-OH suggests that  this method can be 
utilized for synthesis of polypeptides containing other functional groups. 
This sequential polypeptide, containing residues known to be involved 
in the catalytic activity of chymotrypsin, failed to show significant cat- 
alytic activity. 


Determination of the absolute value of activity per catalytic center is 
difficult because the number of active sites depends on the shape of the 
molecule. Also, this work does not provide any information on the ste- 
reospecific hydrolysis of the substrate. 
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Abstract This investigation was designed to determine the in uitro 
release of indomethacin from suppository bases and the in uiuo bio- 
availability in rabbits. Suppositories containing 25 mg of indomethacin 
were made by the fusion method with theobroma oil, esterified fatty acids 
(Clo-Cls), and polyethylene glycol 1000. To produce an exact dosage 
form, a formula for the determination of the displacement value was 
derived, and it was found that theobroma oil > esterified fatty acids 
(Cl&l8) > polyethylene glycol 1000. The suppository hardness was 
determined by using appropriate apparatus and it was found that the 
esterified fatty acids (ClO-Cl8) allowed the formation of more brittle 
suppositories. The release rates were determined with the USP dissolu- 
tion apparatus, with or without cellophane membrane, and it was found 
that polyethylene glycol 1000 > esterified fatty acids (Clo-ClS) > theo- 
broma oil. The bioavailability of indomethacin after rectal administration 
was greater with polyethylene glycol base. Significant correlation was 
obtained during the first 45 min between the in uitro release (dialyzing 
tubing) and the in uiuo bioavailability. 


Keyphrases Indomethacin-physicochemical characteristics, bio- 
availability, rabbits, suppository bases Bioavailability-indomethacin 
physicochemical characteristics, rabbits, suppository bases Supposi- 
tories-bases, indomethacin, physicochemical characteristics, bio- 
availability, rabbits 


giddiness, mental changes, faintness, drowsiness, and 
blurring of vision. An attractive route of administration 
for patients with peptic ulcers and for those who are unable 
to tolerate the drug could be the rectal route. 


Previous studies on the rectal administration of indo- 
methacin (17-20) have given little information regarding 
the suppository bases used, the influence of the supposi- 
tory base on the release of the drug, or the effects of the 
physicochemical properties such as hardness or melting 
range on in uitro and in uiuo drug release. In this study, 
indomethacin suppositories in three different bases, 
polyethylene glycol 1000, esterified fatty acids (C10-C18), 
and theobroma oil were used to evaluate their physico- 
chemical properties, to examine the in uitro release of in- 
domethacin, its in uiuo release in rabbits, and to correlate 
if possible the in uitro with in uiuo data. 


EXPERIMENTAL 


Chemicals-Indomethacin', polyethelene glycol 10002, esterified fatty 
acids ( C l & ! l ~ ) 3 ,  theobroma oil4, heptane4, phosphate buffet' solutions, 
(pH 7-91, sodium hydroxide4, and hydrochloric acid4. All reagents were 
analytical or reagent grade purity. 


Preparation of Suppositories-All suppositories were prepared by 
the fusion method using a metal mold with 12 cavities (10). Drug dis- 
placement (3) in polyethylene glycol lOOO, esterified fatty acids (Cl&ls), 


O l  
2 4 6 8 1 0  14 18 


MINUTES 


Figure 2-Time interual for complete melting of indomethacin-poly- 
ethyleneglycol base as a function of temperature using the commercial 
disintegration apparatus. 


Merck. Sham and Dohme. West Point. Pa. * J. T. Baker chemical Co.,Philipsburg,'N.J. 
Witepsol H-15, Kay-Fries Chemical Inc., Montvale, NJ  07645. 
Fisher Scientific Co., Springfield, N.J. 
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Figure 3-Breaking load of the indomethacin suppositories as a 
function of temperature. Key: (m) polyethylene glycol; (A) esterified 
fa t t y  acids (Clo-Cla); (0) theobroma oil. 
and theobroma oil was first determined, and then the amount of indo- 
methacin required was calculated. 


Weight Variation-Twenty suppositories from each base were 
weighed, and the average weight and percent deviation for each sup- 
pository was calculated. 


Content Uniformity Test-Although the USP does not specify a 
content uniformity for suppositories, the relative potency of the sup- 
positories was determined. Thirty suppositories were randomly selected 
from each base, 10 of which were assayed individually. A preweighed 
suppository was melted and dissolved in 15 ml of phosphate buffer so- 
lution (pH 8). The buffer solution was added to a final yield of l liter. The 
adsorbance was measured on a ~pectrophotometer~ a t  318 nm. Blank 
suppositories were tested, and it was determined that the suppository 
vehicles had no effect on the UV absorbance a t  318 nm. The concentration 
of indomethacin in the samples was determined from a standard 
curve. 


Melting Range Test (Macro-Melting Range Test)-It has been 
shown (4,5) that a narrow melting range is important in maintaining the 
shape of the suppository in ambient temperatures and in controlling the 
melting time of the suppository after insertion. The melting range test 
is a time measure for complete melting or dispersal of the suppository 
when immersed in a constant temperature water bath. Two apparatuses 
were used for the determination of the melting range. The USP tablet 
disintegration apparatus6 was set as required in USP XIX, using water 
as the immersion fluid. A suppository, stored for at least 24 hr a t  room 
temperature, was placed in each tube of the basket, and each tube was 
covered with a disk. The time required for each suppository to completely 
melt a t  a specific temperature was determined. The temperature for this 
study ranged from 36 to 43'. The melting point testing apparatus for 
suppositories7 was also used. 


MINUTES 
Figure 4-Percentage of indomethacin not released from different 
suppository bases versus the time (min) ,  using the U S P  dissolution 
apparatus. Key: (m) polyethylene glycol; (A) esterified fa t ty  acids 
(Clo-Cla); (0) theobroma oil. 
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Figure 5-Percentage of indomethacin not released from different 
suppository bases versus the time (min),  using the U S P  dissolution 
apparatus and cellophane membrane. Key: (U) polyethylene glycol; 
(A) esterified fa t ty  acids (Clo-Cla); (0) theobroma oil. 


Breaking Test (Hardness)-The breaking test was designed to 
measure the brittleness and fragility of suppositories (1). This was 
measured by the weight in kilograms under which a suppository collapses 
a t  a specific temperature. The hardness of each suppository was deter- 
mined by utilizing the fracture point testing apparatus for supposito- 
ries7. 


Release of Indomethacin from Suppository Bases-Three different 
methods were used for the determination of the release rates: 


Method A-The USP rotating basket dissolution apparatus was used 
for the determination of release rates by this method. Each suppository 
was placed in the wire basket, which was lined from the inside with filter 
paper, and lowered into a flask containing 600 ml of phosphate buffer 
solution (pH 8). (The filter paper was used as a barrier for the diffusion 
of the suppository base.) The basket was rotated at  100 rpm a t  a constant 
temperature (37 f 0.5'). Five-milliliter samples were withdrawn a t  ap- 
propriate time intervals and assayed to obtain a dissolution profile. Five 
milliliters of phosphate buffer was added to the dissolution medium to 
compensate for sampling. The absorbances of these solutions were 
measured a t  318 nm on a spectrophotometer and the concentrations were 
determined from the standard curve. 


Method B-The same apparatus and the conditions as previously 
described were employed. The modification was to place the suppository 
in a cellophane membranes before exposure to the buffer solution. 


Method C-This method employed dialysis. The dialyzing bags were 
prepared from dialysis tubing tied with plastic cord and soaked overnight 
in the phosphate buffer solution (pH 8). After rinsing the bags twice, 20 
ml of phosphate buffer (pH 8) and one suppository were placed in each 
bag and suspended in a 500-ml wide-mouth bottle containing 400 ml of 
the phosphate buffer solution. The bottle was placed in a water bath a t  
a constant temperature9 of 39 f 0.5' and agitated with a magnetic stirrer. 
At constant time intervals, a 5-ml sample was removed from the bottle 
and assayed to obtain a dissolution profile. Five milliliters of phosphate 
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MINUTES 


Figure 6-Percentage of indomethacin not released from different 
suppository bases versus the t ime (min) using the dialyzing tubing 
method. Key: (m) polyethylene glycol; (A) esterified fa t ty  acids 
(Clo-Cla); (0)  theobroma oil. 


Dupont Co. 
9 The temperature, 39O, was chosen in order to initiate the in uiuo conditions 


as closely as possible (the temperature of the rectum of the rabbits was 39") and 
ensure complete melting of the suppositories. 
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Table I-Related Bioavailability Parameters  from Se rum Level Date  


Parameter 


Treatment A: Treatment B: 
Polyethylene Esterified Fatty Treatment C: Treatment D: 
Glycol 1000 Acids (Clo-Cls) Theobroma Oil Powder 


Suppositories Suppositories Suppositories Suspension 


Average of Peaks of Individual Serum Concentrations (Time 1.35 1.12 1.17 1.64 


Time of Peak Value of Individual Serum Concentration-Time 60 90 90 90 
Curve), pg/ml 


Curves, min 


Curves, pg/ml min 
Average of Area under Individual Serum Concentration-Time 178.53 182.42 177.92 215.10 


buffer (pH 8) was added to the dissolution medium to compensate for 
sampling. The absorbances were measured a t  318 nm in a spectropho- 
tometer and the concentrations of indomethacin were obtained from the 
standard curve. 
In Vivo Studies-Twelve healthv white New Zealand male rabbits 


(3-4.5 kg) were randomly divided in& four groups of three animals each. 
Four different dosage forms of indomethacin were administered, and each 
dosage form provided 25 mg of indomethacin. 


At time zero, each rabbit received indomethacin as follows: Group A, 
one polyethylene glycol 1000 suppository; Group B, one esterified fatty 
acids (Clo-Cls) suppository; Group C, one theobroma oil suppository; 
and Group D, 25 mg of indomethacin suspended in -100 ml of water 
administered orally. Retention of the suppositories by the rabbits was 
ensured by the use of an appropriately sized styrofoam disk taped to the 
rectum after insertion. Blood (2-5 ml) was taken by cardiac puncture 
from each rabbit a t  different time intervals up to 4 hr. 


Assay of Serum-The serum samples were assayed by modifying a 
method described previously (17). One milliliter of serum was pipeted 
into a glass stoppered centrifuge tube containing 2 ml of a 1 M citrate 
buffer and 25 ml of heptane containing 5% isoamyl alcohol. The test tube 
was mechanically agitated for 30 min and then centrifuged. Twenty 
milliliters of the heptane phase was pipeted into a second centrifuge tube 
containing 5 ml of a 0.2 M citrate buffer. This was agitated for 25 min and 
then centrifuged. Ten milliliters of the organic phase was pipeted into 
a third centrifuge tube containing 3 ml of 0.1 N NaOH and shaken for 
5 min. The organic phase was removed by aspiration and 2 ml of the 
aqueous phase transferred to a quartz cell for immediate spectrofluoro- 
photometric determination (activation maximum, 305 nm; fluorescence 
maximum, 400 nm)lo*ll. 


RESULTS AND DISCUSSION 


In the preparation of suppositories some difficulty is experienced in 
achieving the exact dosage. This is because the volume of suppositories 
from a particular mold is uniform, but its weight will vary because the 
density of the drug usually differs from the density of the base with which 
the mold is calibrated. Each mold should be calibrated before use by 
preparing suppositories using the base alone, weighing the blank sup- 
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Figure 7-Average serum indomethacin concentrations (pglml)  ob- 
tained for three rabbits after receiuing 25 mg of indomethacin giuen as: 
(a) polyethylene glycol; (A) esterified f a t t y  acids (Clo-Cla); (0) 
theobrorna oil; (0) oral dose. 


~ ~~ 


lo Amlnc+Browman Spectrofluorophotometer, American lnstrument Co 
l1 Prolonged exposure to daylight or delay in taking readings must be avoided 


because indomethacin is light sensitive 


positories, and taking the mean weight as the calibration factor. There- 
fore, to prepare accurate suppositories, it is essential to derive a general 
expression (Eq. 1) to account for the displacement value of a drug, which 
is defined as the number of parts by weight of the drug that displaces one 
part by weight of the base: 


XB F =  
100 ( A  - B )  + X B  (Eq. 1) 


where F is the displacement value of a drug; X is the percentage of drug 
used; B is the weight of n suppositories containing X %  of a drug; and A 
is the calibration factor, i.e., weight of unmedicated n suppositories. 


According to the definition, the displacement value of a drug is: 
Amount of the drug in each suppository 


Amount of base displaced in each suppository 
F =  (Eq. 2) 


Since the amount of drug in each suppository is X/100 B,  and the amount 
of base displaced by the above amount of drug is ( A  - (100 - X)/100 B ) ,  
Eq. 2 becomes: 


A - R  


(Eq. 3) 
XB - - 100 


100 - x 
100 


F =  
100 ( A  - B )  + X B  


A - -  B 


Therefore, the quantity of base required is calculated using the fol- 
lowing equation: 


D P = ( N  x S )  -- 
F (Eq. 4) 


where P is the amount of base required (in grams); N is the number of 
the prepared suppositories; S is the size of the mold used (in grams); and 
D is the amount of drug (in grams) that is required. 


The displacement values of indomethacin were calculated in the 
polyethylene glycol 1000, esterified fatty acids (Clo-Cls), and theobroma 
oil suppository bases, and were found to be 1.72 f 0.21,2.06 f 0.14, and 
2.44 f 0.39, respectively. 


The weight variation of 20 randomly selected indomethacin supposi- 
tories containing 25 mg of the drug in the three bases was determined and 
found to be from 1.71 to 1.84 g for polyethylene glycol 1000,1.38 to 1.48 
g for esterified fatty acids (Cl&ls), and 1.09 to 1.17 g for theobroma oil. 
All the suppositories prepared met the acceptable limits of the German, 
Russian, and Nordica pharmacopeias (21), which state that  individual 
weight variations of rectal suppositories can vary by f 5 ,  f 5 ,  and f10% 
of their average weight, respectively. The USP does not have any limits 
for acceptable weight variation of rectal suppositories. Although the USP 
does not specify content uniformity standards, the content uniformity 
of indomethacin suppositories in polyethylene glycol 1O00, esterified fatty 
acids (Cl&ls), and theobroma oil was determined and found to be within 
-5.2 to +12.2, -8.2 to +9.8, and -8.2 to +12.2 of the labeled amounts, 
respectively. 


The definitions of rectal suppositories as reported in different phar- 
macopeias, specifically state the “suppositories should soften, melt, or 
dissolve a t  body temperature.” However, these are of little value, as 
pointed out previously (22), unless the method of determining these 
characteristics is given. This is because different methods give different 
results and, consequently, suppositories may be accepted as satisfactory, 
although they do not melt, soften, or dissolve in the rectal environment. 
Furthermore, if a uniform met.hod for determining the melting range 
could be developed, it would be quite useful in deciding if a suppository 
is sulficiently firm to be introduced into the rectum or handled and stored 
a t  ordinary room temperature or in warm environments. The melting 
range was determined by using the USP disintegration apparatus and 
a commercial disintegration apparatusfi. Figure 1 shows the time for 
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Table 11-Analysis of Variance of Plasma Concentration a Table IV-Analysis of Variance For the 12-15-Min Time Period 


Source of Degreesof Sumof Mean F -  Source of Degrees of Sum of Mean 
Variation Freedom Squares Square ratio Variation Freedom Squares Square F-Ratio 


0.1618 0.0539 Treatments 3 0.6134 0.2045 8.127O Treatments (T ) ,  3 


Rabbits/Treatment ( R )  
Within Treatments 8 0.2013 0.0252 


8 3.9365 0.4921 Total 11 0.8146 
(A,!, C, D) 
(Error-Tb 


Time Period, (P) 10 21.7512 2.1751 
T X P interaction 30 2.9795 0.0993 2.31b 
(T X R ) / D  Error P 80 3.4433 0.0430 
Total 131 32.2723 


a Based on a split-strip-plot configuration (31.32). Implies that the interaction 
is significant (p < 0.05). 


complete melting of indomethacin suppositories as a function of tem- 
perature. It is apparent from Fig. 1 that the polyethylene glycol 1000 
indomethacin suppositories require a longer time for complete dissolution 
than that of esterified fatty acids (Cl&la) and theobroma oil in the USP 
disintegration apparatus. Figure 2 shows the time that is required to 
dissolve the polyethylene glycol 1000 indomethacin suppository as a 
function of temperature in the commercial disintegration apparatus6. 
This apparatus can be used for bases having densities >1 g / ~ m - ~ .  Poly- 
ethylene glycol lo00 can be measured in the apparatus but esterified fatty 
acids (Cl~Clg)  (0.97 g/cm-3) and theobroma oil (0.86 g / ~ m - ~ )  cannot. 


The breaking load of the indomethacin suppositories in the three bases 
as a function of temperature is shown in Fig. 3. As can be seen from these 
curves, it is possible to determine the degree of deformation. A steep curve 
(esterified fatty acids, Clrj-Clg) indicates a brittle base, whereas a flat 
curve (theobroma oil) indicates greater elasticity of the suppository base 
and a longer softening interval. A large number of methods are available 
for determination of the release of medicament from suppository bases 
(23-30); however, to our knowledge none have been proven to be totally 
satisfactory in correlating in uitro release with in uiuo bioavailability. The 
release of indomethacin from the three suppository bases was determined 
by using three methods: two existing methods and a new, modified 
method. 


Using the USP dissolution apparatus, the percent of indomethacin 
released is shown in Fig. 4. The data indicate that the time required to 
release the total amount of indomethacin from the polyethylene glycol 
lo00 suppository base was -10 times less than that of the other two bases 
due to the water solubility of polyethylene glycol 1000 base. Therefore, 
the USP dissolution apparatus cannot be used for the determination of 
the medicament release from water soluble suppository bases without 
the use of membranes or filters. The inability of the USP dissolution 
method to be used with water soluble bases led to the use of membranes 
to hinder the erosion process. 


The plot of indomethacin released using Method B is shown in Fig. 5. 
The data indicate that in the first hour the order of release was theobroma 
oil > esterified fatty acids (Clo-Clg) > polyethylene glycol 1O00, but after 
the first hour, the order changed to polyethylene glycol 1000 > esterified 
fatty acids (ClwCls) > theobroma oil. The use of cellophane membranes 
and the dialysis technique, Methods B and C (Fig. 6), may represent an 
additional slow step in the overall release of indomethacin from sup- 
positories, which may prevent a comparison of the methods. Therefore, 
an investigation is under way to determine and calculate the possible lag 
time in the methods. 
In Vivo Studies-The plasma indomethacin concentration-time 


relationshihps obtained for three rabbits after administration of single 


Table 111-Analysis of Variance for Each Time Period 


Time Period, min Levene Test' ANOVAb Test 


n 
5 


12-15 
30-40 


60 
90-95 


120 
145-155 


180 
205-210 


240 


no test 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 


no test 
NS 


d - 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 


0 Levene Test is used for the comparison of variabilities. ANOVA: Analysis 
of variance. NS: Not significant at p = 0.05. Highly significant (p < 0.01). 


a Highly significant (p < 0.01). 


25-mg doses of indomethacin are shown in Table I and Fig. 7. As can be 
seen from the data, the peak levels obtained were 1.35 pg/ml for Treat- 
ment A, 1.12 pg/ml for Treatment B, 1.17 pg/ml for Treatment C, and 
1.64 pg/ml for Treatment D. Furthermore, the average peak of indo- 
methacin concentration obtained after rectal administration of 25 mg 
of indomethacin was 82.31,68.29, and 71.34% for Treatments A, B, and 
C, respectively, of that when given orally. 


The absorption of indomethacin from all suppository bases, as well as 
from those administered orally, was rapid, as reflected by the relatively 
short time to attain the peak plasma indomethacin level (Fig. 7 and Table 
I). The time of occurrence of the maximum peak level was considerably 
less after Treatment A (60 min) than that after Treatments B, C, and D 
(90 rnin). 


The area under the plasma concentration-time curve (AUC) was cal- 
culated hy the trapezoidal rule. The values of AUC measurements, as well 
as the average of peaks of individual serum concentration-time curves 
and the time of peak value of individual serum concentration-time curves, 
are given in Table I. 


Statistical Analysis-The mean plasma concentration of indo- 
methacin associated with polyethylene glycol 1000, esterified fatty acids 
(Clrj-Cls), theobroma oil, and suspension was statistically compared, 
based on three rabbits per each treatment and 11 sampling time periods. 
The ANOVA for a split-strip-plot (31-32) design suitable for time- 
dependent responses was conducted and the results presented in Table 
11. 


The ANOVA indicated that there is an interaction between treatment 
and time periods. The interpretation of the significant interaction indi- 
cates that there exists one or more time periods in which the mean plasma 
concentration of the treatments are significantly different. This infor- 
mation led to the second set of analyses in which an ANOVA was con- 
ducted for each time period to identify the time period in which the 
treatments were significantly different. These results are provided in 
Table 111. Some of the collection times in Table I11 show a range of time 
periods and not a specific collection time, because the ANOVA is used 
to identify the time period in which the treatments are significantly 
different. Therefore, the exact collection time should be used. The 12-15 
min time period indicates that some blood samples at the third collection 
time were collected at 12 min, while others at 15 min. Specifically, the 
collection time for the indomethacin-polyethylene glycol 1000 supposi- 
tories was 12 min, while for the other treatments it was 15 min. 


It can be seen that there is a significant difference among the treat- 
ments in the 12-15-min time period. This is the most critical information 
of the experiment. The ANOVA for this period is given in Table IV. A 
Duncan's Multiple Range Test was conducted, and the results (Table 
V) revealed that Treatment C (c = 0.70) was significantly higJer) ( p  > 
0.05) than that of Treatment A (A = 0.18) and Treatment D (D = 0.12). 
There was no significant difference between Treatments B and C. As time 
increased, the variability of the plasma concentration increased, and thus, 
no significant differences among the treatments were detected (31, 
32). 


The present results indicate that the indomethacin is well absorbed 
from the rectum, although the peak serum concentration and AUC were 
less than after an equivalent oral dose, which is in accordance with pre- 
vious experiments (17). 


Table V-Analysis of Variance According To Duncan's Multiple 
Range Test 


Significance Triangle 
D A B C 
- a -a O b  0.6967 C 


0.400 B 0 
0.1800 A 0 
0.1200 D 


a Implies significant difference between C and D and between C and A ( p  < 0.05). 
b 0 implies no significant difference at p = 0.05. 


948 I Journal of Pharmaceutical Sciences 
Vol. 71, No. 8, August 7982 







An attempt to correlate the in vivo with the in vitro release of the in- 
domethacin proved to be unsatisfactory because of the wide variance in 
the results from three in vivo treatments and three dissolution methods. 
However, the dialyzing tubing method gave the best correlation with the 
in vivo data in three suppository bases, whereas the USP dissolution 
method gave the best correlation only with the use of fatty suppository 
bases (esterified fatty acids (Clo-Cla) and theobroma oil). Attempts to 
use a sequential order correlation between the three dissolution methods 
and the in uivo results show that the best correlation was found during 
the first 45 min of the experiment. 
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Abstract 0 A rapid and sensitive method for determining the anticho- 
linergic agent, proglumide, in plasma by high-performance liquid chro- 
matography is described. Samples were acidified with hydrochloric acid 
and extracted with chloroform. The dried extract was resolved in &lo- 
roform and chromatographed on an adsorption chromatographic column 
using a mobile phase of chloroform-methanol (24:1) on a high-perfor- 
mance liquid chromatograph equipped with a UV absorbance detector 


(240 nm). The detection limit for proglumide was 0.05 pg/ml. 


Keyphrases 0 Produmide-high-per formance liquid chromatographic 
determination in Plasma 0 High-performance liquid chromatogra- 
PhY-analYsis, proglumide in plasma 0 Anticholinergic agent-pro- 
glumide, high-performance liquid chromatographic determination in 
plasma 


Proglumide (xylamide, ~L-4-benzamido-N,N-dipro- 
pylglutaramic acid) is a derivative of the amino acid that 
was developed as an anticholinergic agent (1-7). The GLC 
methods have been reported for the assay of proglumide 


in plasma (8-10). Proglumide has been assayed for its 
methyl derivative (8,9), and its trimethylsilyl derivative 
determined (10). 


The present report describes a rapid, precise, and sen- 
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Abstract A method is described for the direct analysis of tetracycline 
in human urine using circular dichroism spectropolarimetry. The general 
applicability of the method to other drugs is discussed. 


Keyphrases 0 Circular dichroism-spectropolarimetry, tetracycline 
analysis in urine 0 Tetracycline-analysis in urine, circular dichroism 
spectropolarimetry Spectropolarimetry-tetracycline analysis in urine, 
circular dichroism 


Circular dichroism is the effect caused by the simulta- 
neous absorption and rotation of an incident beam of plane 
polarized light measured as a function of wavelength (1). 
Ordinarily the technique is used in the study of electronic 
transition polarizations and in the investigation of mo- 
lecular conformations or configurations (2). 


In previous work its analytical potential was demon- 
strated in the qualitative analysis (3,4) and quantitative 
determination of drugs of abuse, such as opiates (5 ) ,  L- 
cocaine (6), and lysergide (7). The analyses were made 
directly on confiscated solid samples of forensic interest, 
meaning no prior sample preparation or separation was 
performed, nor was it necessary. 


This report describes the preliminary results from the 
first application of circular dichroic spectropolarimetry 
to the direct analysis of drugs in biological fluids, namely 
tetracycline in human urine. 


EXPERIMENTAL 


An analytical standard sample of tetracycline hydrochloride was ob- 
tained'. Urine samples were taken from 10 volunteers who were known 


0.8 


0.6 


T 
240 260 280 300 320 340 


WAVELENGTH, nm 
Figure 1-UVabsorption spectra of (a) urine (50 times dilution) and 
(b) urine with tetracycline (50 times dilution). 


* From the Drug Enforcement Administration uia the Oklahoma State Bureau 
of Investigation. 


not to be on a program of administering drugs, legal or illegal. One vol- 
unteer was maintaining an established program of a 1.0-g daily dosage 
of tetracycline2 using 500-mg capsules. 


Circular dichroic spectra were taken on a spectropolarimetd over the 
240-360-nm wavelength range. Measurementa were made on freshly 
collected specimens which had been diluted 50 times with distilled water. 
The pH of the solution was not controlled. Samples were placed in a 1-cm 
cell and measurements were made against a distilled water blank. 


RESULTS 


The UV absorption spectra of urine with and without tetracycline from 
the prescribed volunteers are shown in Fig. 1. The principal difference 
in absorption, -270 nm, is insufficient to quantitate with any degree of 
certainty. Even qualitative identification is speculative. Circular dichroic 
spectra of the same specimens are shown in Fig. 2. Samples had been 
diluted 50 times to prepare these solutions. The observed circular dichroic 
spectrum for urine shows small deviations from the baseline: negative 
at  -310 nm and positive at  -280 nm. Tetracycline in urine shows a large 
positive Cotton band a t  295 nm and two smaller negative bands at  323 
and 270 nm, respectively. Superimposed on the urine spectra of Fig. 2 
is the spectrum for a 2.0 X M or 8.9 pg/ml aqueous tetracycline so- 
lution. Positive qualitative identification is elementary. 


The quantitativeness of circular dichroic spectropolarimetry in analysis 
can be demonstrated from a linear plot of experimental ellipticity, *, at 
295 nm versus molar concentration of standard tetracycline' in water. 
The slope of the calibration curve is the molar ellipticity coefficient [elm5 
and is calculated to be equal to +540. Using this value in the analysis of 
the urine samples, the concentration of dissolved tetracycline was cal- 
culated to be 2.4 X M after dilution by 50 times, or 11 pg/ml in the 
excreted specimen. 


With the present instrument, the limit of detection was found to be 
-1.8 pg/ml for tetracycline. 


+a01 0 


+0.006. 


-0.005- 


-0.010 


Figure 2- 
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Xrcular dichroic spectra of fa) urine (50 times dilution). (b) 
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urine with tetracycline (50 times dilution), and (c) 2 X 10-5 M aqueous 
solution of tetracycline. 


Panmycin, Upjohn Chemical Co. 
3 Cary 61, Varian Instruments, Inc. 
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DISCUSSION 


Circular dichroic spectropolarimetry is a modified form of UV ab- 
sorption spectrophotometry applicable to  compounds which are both 
optically active and absorb light (2). All of the accepted procedures for 
UV absorption apply equally well to circular dichroism, and the data obey 
the simple Beer’s Law dependence. Adjusting instrument parameters 
is not a problem as it is with GC, high-pressure liquid chromatography, 
or mass spectrometry (8) which reduces the routine analysis time. The 
time is reduced even further where separation is not a prerequisite to 
identification. 


The detection limit for tetracycline in urine is 1.8 pg/ml. This value 
easily could be improved with a more modern instrument equipped with 
computer data handling accessories. A lower limit of detection is also 
possible if tetracycline is first separated from other species which absorb 
in the UV because of an improved signal-noise ratio. Based upon known 
[O]  values for other drugs such as morphine (5), codeine (5), cocaine (6), 
and lysergide (7), and comparing these to  the value for tetracycline, cal- 
culations show that these drugs also can be quantitated, hut only at  
overdose levels with the ~pectropolarimeter~. 


In general terms the most difficult analytical problem will arise when 
a mixture of optically active drugs are present (7); then separation will 
again be necessary. Dissolved sugars or proteins and glucuronide deriv- 


atives of extracted metabolites do not absorb for the most part, and they 
are not interfering. 
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Abstract Acetamides derived from ethylene glycol were synthesized 
and evaluated as repellents for the brown dog tick Rhipicephalus san- 
guineus. Several of these compounds showed repellency equal to the 
standard repellents, N,N-diethyl-m-toluamide and butopyranoxyl. 


Keyphrases Tick repellents-ethylene glycol acetamides, synthesized 
Acetamides-ethylene glycol, synthesized, tick repellents 0 Ethylene 


glycol-synthesized acetamides, tick repellents 


A previous study of insect repellents showed that alkyl 
triethylene glycol monoethers had good mosquito repel- 
lency, being superior to N,N-diethyl-m-toluamide in 
certain tests against Aedes aegypti mosquitoes (1). Amides 
in general are known to be repellent to mosquitoes and 
other insects, the most widely used amide repellent being 
N,N-diethyl-m-toluamide. 


During World War 11, an extensive repellent screening 
program took place a t  the USDA Laboratories in Orlando, 
Florida. Compounds were screened for repellency both to 
yellow fever and malaria mosquitoes, and against fleas and 
ticks (2,3). The ticks used for that program were the lone 
star tick, and about one thousand compounds were eval- 
uated as tick repellents. 


Since that time, major emphasis has been on mosquito 
repellents, largely supported by the U S .  Army Medical 
Research and Development Command. However, recently 
more emphasis has developed with regard to other mili- 
tarily important insects: sand flies and ticks. 


A previous study (3) evaluated a series of amides against 
ticks (Amblyomma americanum) and found that the di- 
n-butyl toluamides were best. Another study (4) found 
that certain amides and esters were effective against hard 
and soft ticks (Ixodes persulcatus P. Sch., Dermacentor 


pecitus Herm., D. marginatus Salz., Hyalomma asiaticum 
P. Sch., and Alectorobius tholozan papillipas Birula). 
Evaluated were butylacetanilide, tetrahydroquinoline, a 
mixture of ethyleneoxide-carbon dioxide (1:9)l, dibutyl 
adipate, dimethyl phthalate, N,N-diethyl-m-toluamide 
benzimide, isoamyl acetamide, and benzoyl piperidine. 


In the present study, a combination of the amide func- 
tion with the ethylene glycol moiety were examined for 
repellent activity against ticks. 


EXPERIMENTALz 


2-(Hydroxyethyoxy)acetamides-2-(2-Hydroxyethoxy) - N, N - 
diisopropylacetamide was prepared as follows: Sodium (1.4 g, 0.006 mole) 
was dissolved in 13 ml(0.24 mole) of ethylene glycol. After cooling to room 
temperature, 12 g (0.0676 mole) of N,N-diisopropyl-chloroacetamide 
(prepared from chloroacetylchloride and diisopropylamine) was added. 
The mixture was stirred at  90° for 1 hr. The ethylene glycol was distilled 
under reduced pressure and the residue taken up in ether, filtered to 
remove the sodium chloride, evaporated in uacuo, and distilled3 to give 
10.6 g of product, 125’ air bath temperature/0.8 mm Hg. 
2,2‘-Ethylenedioxy-bis(iV,iV - dialky1acetamides)-2,2’- Ethyl- 


enedioxy-bis(N,N-diisopropylacetamide) was prepared as follows: A 
150-ml three-necked flask was fitted with a stirrer, a reflux condenser, 
and a dropping funnel. Sodium (0.78 g, 0.034 mole) was suspended by 
vigorous stirring in 20 ml of boiling xylene. Ethylene glycol (1.05 g, 0.017 
mole) was dropped slowly into the sodium suspension at  reflux temper- 
ature, the suspension stirred and refluxed for an additional 7 hr, and then 
6 g (0.034 mole) of N,N-diisopropyl-chloroacetamide in 15 ml of xylene 
was dropped into the stirred suspension at  reflux temperature during 1 
hr. The reaction mixture was refluxed and stirred for an additional hour. 


Carboxide. 
Elemental analyses were performed by the Microanalytical Laboratory, De- 


Distilled with a Kugelrohr. 
partment of Chemistry, Stanford University, Stanford, Calif. 
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EDITORIAL 


Antibiotic Certification-An Anachronism 
All too often it is human nature to continue to operate 


in a certain way or to do a certain thing, even though the 
reasons for performing that action have long ceased to 
exist. Moreover, in government and bureaucratic circles, 
the propensity for such behavior is all the more pro- 
nounced. 


For these reasons, the Food and Drug Administration’s 
current proposal to phase-out its antibiotic certification 
program comes as a refreshing change. Many of us on the 
Washington scene have become skeptics because we usu- 
ally see “business as usual” from the federal government 
despite campaign promises to the contrary from politicians 
when they are running for office. 


For those readers not familiar with the history of this 
certification program, a brief review would be appro- 
priate. 


When the first several antibiotic drugs initially were 
marketed in the 1940s, they were extremely crude con- 
centrates of extracts obtained from microbial culture 
media. At that time, conventional chemical or instru- 
mental methods of drug analysis were not applicable to 
them; in particular, those analytical procedures could not 
provide a true measure of the biological potency of the 
antibiotic test samples. 


To meet this immediate problem, between 1945 and 
1948, Congress passed legislation providing for the batch 
certification of the five antibiotics then available. The 
certification program was conducted by a laboratory within 
the Food and Drug Administration, and it used microbi- 
ological test procedures to measure growth inhibition of 
various organisms when tested against a relatively purified, 
standard reference sample of the crude antibiotic. 


However, rapid advances in the manufacturing processes 
of production, synthesis, and purification soon made it 
possible to produce these antibiotics as essentially pure, 
homogeneous, crystalline substances with a degree of pu- 
rity comparable to other fine chemicals. 


In light of these modernized production procedures- 
along with the development of many new analytical tech- 
niques-it was not considered necessary to add to the 
certification program any of the dozens of newer antibiotics 
which subsequently came onto the market during the 
1950s and very early 1960s. Indeed, because of these de- 
velopments, by 1962 it was difficult to rationalize the 
continuation of the antibiotic certification program in any 
form, much less its wholesale expansion to cover all anti- 
biotics as provided for in the 1962 Drug Amendments to 
the Federal Food, Drug, and Cosmetic Act. 


Both APhA and the Pharmaceutical Manufacturers 
Association-as well as several other groups including the 
United States Pharmacopeia-testified in opposition to 
the antibiotic certification provision during 1959-1962 
Congressional hearings conducted by Senator Kefauver 
and Representative Cellar. However, drug industry op- 


position suddenly evaporated, apparently as the result of 
a closed-door political compromise in which the industry 
agreed to accept antibiotic certification as a trade-off for 
having Congress not disturb the exclusivity of drug pat- 
ents. At any rate, the bill passed by Congress and signed 
into law by President Kennedy in October 1962 included 
the section extending certification to all antibiotics. 


Over the years, experience convincingly showed the 
antibiotic certification program to be a needless and costly 
exercise, because batch after batch was found to be well 
within compliance. 


In light of this track record, in the late 1970s, the FDA 
began to exempt certain antibiotic dosage forms from the 
certification requirement. Then, in a somewhat surprise 
action, FDA Commissioner Arthur Hull Hayes, Jr., pub- 
lished a sweeping proposal in the Federal Register of May 
7,1982, calling for the elimination of the entire certification 
program for all antibiotic drugs. In essence, Dr. Hayes was 
saying that, rather than go through the lengthy and un- 
necessary process of a gradual phase-out, decisive action 
was clearly preferable. In our personal view, this action is 
both administratively logical and scientifically sound. 
Moreover, it will greatly minimize paperwork and proce- 
dural processing. 


As an aside, one might properly wonder how the FDA 
is able to nullify or revoke a program enacted by Congress. 
It is because of the unique construction of the language 
used in the Act as it relates to the certification program. 
Specifically, FDA has the authority to grant exemptions 
from certification, and any antibiotic drugs so exempted 
no longer are subject to section 507 of the Act (the special 
category of antibiotic drugs), but are then automatically 
covered by section 505 of the Act (the so-called “new 
drugs’’ provision which covers drugs generally). 


In concert with the FDA’s proposed decertification ac- 
tion, the USP is actively preparing and promulgating re- 
vised monographs to ensure the continued existence of 
public standards of quality for these pharmaceutical 
products. Consequently, even in the absence of the FDA 
certification program, the combination of (a )  compendia1 
standards, ( b )  manufacturers’ quality control testing, and 
(c) FDA market surveillance and enforcement will ensure 
the continued high quality of antibiotics in exactly the 
same manner as with all other pharmaceutical products 
(except for insulin and biologicals). 


In a way, this FDA action makes such good sense that 
one is inclined simply to say, “fine,” and then dismiss it 
from his or her mind. However, as noted in our opening 
paragraphs, society generally, and the government in 
particular, very rarely halts an activity or discards a pro- 
cedure simply because it has become obsolete and 
outdated. 


Consequently, we feel that Dr. Hayes, the FDA, and the 
Administration should be commended for this bold and 
decisive action. 


-EDWARD G. FELDMANN 
American Pharmaceutical Association 


Washington, DC 20037 
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incubated at 30” for 4 b 7 2  hr. The inhibition zone was measured around 
each disk (Table IV). 


CONCLUSIONS 
The present results indicate that the microorganisms tested were 


sensitive to the action of the anils ( I I F  and IVc) and the esters (Va and 
VJa) except for A. nigar and F. moniliforme. The results also illustrated 
that the anils potentiate the activity more than the esters. However, it  
was observed that the presence of the methoxy group in the para position 
to the benzofuran oxygen (IVc and VIa) increased the activity. The cy- 
clization of V a  blocked the activity against most of the microorganisms 
tested. Such preliminary results would encourage further studies to 
elucidate the relationship between structure and activity. 
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Abstract The results of a national survey on the quality of enteric 
coated aspirin tablets and aspirin suppositories are presented. The tablets 
were analyzed for strength, salicylic acid content, in uitro dissolution rate, 
and related aspirin impurities. The suppositories were analyzed for 
strength and salicylic acid content. The methods of analysis and vali- 
dation of data are also presented. 


Keyphrases 0 Aspirin-semiautomated procedure for enteric coated 
tablets Dissolution-automated in uitro profiles of enteric coated as- 
pirin tablets Analgesics-determination of aspirin and impurities in 
enteric coated tablets 


A national survey of aspirin tablet products was con- 
ducted at the National Center for Drug Analysis in 1978 
and 1979 to ascertain the quality of these products. 


Parts 1-111 (1-3) of this series deal with the analysis of 
aspirin, salicylic acid, and aspirin related impurities in 
plain and buffered tablets. Part IV (4) compares in uitro 
dissolution results for these dosage forms using both the 
USP XX paddle and basket procedures (5). The present 
report describes the quality of enteric coated tablets with 
respect to content uniformity, dissolution characteristics, 
and impurities. Suppository formulations were also 
checked for content uniformity and impurities. 


The official compendia do not provide a method or cri- 
terion for the in uitro dissolution of enteric coated tablets. 
Embil and Torosian (6) described the dissolution behavior 
of two brands of enteric coated tablets using a basket 
procedure. Over 60% of the aspirin content in the two 
brands dissolved within 3 hr, but there were significant 
differences in the release rates. Johansen (7) investigated 
the correlation between dissolution and absorption rates 
for plain and enteric coated aspirin tablets. The dissolution 


rate determinations were made with both a Sartorius ap- 
paratus and a USP XIX basket apparatus. Johansen found 
that the USP XIX basket apparatus, when applied to en- 
teric coated tablets, gave a poor in uitrolin uiuo correlation. 
He attributed this to the fact that the USP apparatus 
dissolved aspirin rather quickly after changing from sim- 
ulated gastric fluid to intestinal fluid. To obtain a better 
correlation he recommended decreasing the rotational 
speed of the basket. 


The purpose of this study was to investigate a semiau- 
n 


C 
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Figure I-Flow diagram of automated system for enteric coated aspirin 
dissolution. Key: (T) Tygon pump tube; (RA) red acidiflex pump tube; 
(C) B-turn X 2.4-mm i.d. mixing coil; (0) 28-turn X 2.4-mm i.d. mixing 
coil with one double end; (E) 5.5-turn setting coil; (F) UVspectropho- 
tometer; (G) recorder; (A) six-spindle dissolution apparatus; (B) au- 
tomatic sampler. Pump tube sizes are in milliliters per minute. C-3, C-5, 
A6, and PC-1 are commercially auailable glass fittings. 
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Table I-Aspirin in Enteric Coated Tablets by Semiautomated 
Procedure and Salicylic Acid as Percent of Aspirin Declaration 


Tablet 
Dosage, Aspirinb, Salicylic Acid, 


Manufacturera mg % % 


A 324 101.1 (1.85) 0.3 
A 648 96.8 (1.34) 0.2 .. . ~. 


A 648 95.8 ( 2 4  0.1 
A 324 99.8 (3.58) 0.1 
B 324 100.5 (2.32) C 


B 324 100.3 (2.57) C 


R 324 99.8 i2.11i C 


C 320 100.0d (! 
n 648 100.2 (1.91)' 0.2 - 
D 
D 
D 


. ~- 
648 -99.9 (i.66j 
648 100.5 (1.63) 
325 99.8 (2.52) 


0.1 


1.2 
C 


D 325 96.1 (1.57) 0.6 
D 486 99.5 (1.95) 0.4 
D 324 100.8 (2.14) 0.1 
D 324 100.4 (1.84) 0.5 
D 650 97.3 (2.15) 0.6 
D 325 99.3 (2.30) 1.6 


a (A) Eli Lilly & Co., Indianapolis, Ind.; (B) Smith Kline Corp., Philadelphia, 
Pa.; (C) Vale Chemical Co., Allentown, Pa.; (D) Standard Phannacal Co., Chicago, 
Ill. * Each value represents 60 determinations unless otherwise noted. Number in 
parentheses is standard deviation. C Met compendia1 requirements. Represents 
30 determinations. 


tomated UV (1) method for the determination of aspirin 
in enteric coated tablets, an automated method for the 
determination of the in uitro dissolution rate of aspirin 
from enteric coated tablets, and a manual UV method for 
the determination of aspirin in suppositories. In addition, 
five batches of enteric coated tablets were tested for as- 
pirin-related impurities by the procedures described 
previously (3). 


EXPERIMENTAL 
Content Uniformity of Enteric Coated Tablets-Apparatus, Re- 


agents, and Determination-These have been described previously 
(1). 


Standard Preparation-About 325 mg of USP reference standard 
aspirin was accurately weighed and dissolved in 50.0 ml of buffer-ethanol 
solution (1:l). The standard solution was prepared fresh daily. 


Sample Preparation-Each 325-mg enteric coated tablet was cracked 
and partially crushed in a piece of weighing paper' with a hammer and 
then transferred to separate 50-ml volumetric flasks. Alcoholic pH 2.2 
buffer solution was added, and the flasks were placed in an ultrasonic 
bath2 for -1.5 hr with frequent shaking. The flasks were kept cool with 
circulating tap water. The flasks then were removed and the contents 
diluted to volume with alcoholic pH 2.2 buffer solution. After settling for 
30 min, the solution in the flasks was analyzed as described previously 
(1). 


Dissolution-Apparatus-A dissolution apparatus3, equipped with 
a paddle [apparatus 2, (5)), and an automated sampler described previ- 
ously (8) were used. The USP paddle method was used because it has 
been preferred historically in the laboratory. 


For the determinative step, an automatic analyzer with a pump', 
manifold, spectrophotometer6, flowcel16, and recorder' was connected 
to the automatic sampler (8). 


Reagents-American Chemical Society (ACS) grade chloroform was 
washed with water and filtered through paper on the day of use. The 0.4 


~~~ ~~~~ ~ 


1 Glassine pa er (8 5 X 8.5 cm), Scientific Products, McGaw Park, IL 60085. * Sonicor Mdel  S C W ,  ultrwnic cleaner with timer, Randall Manufacturing 


Model 72RL, Eaai-Lift multiple spindle dissolution drive, Hanson Research 


PAutoAnalyzer proportioning pump 111,133-AO14-04, Technicon Instruments 


PModel PM2DL, Carl Zeiss, Oberkochen, West Germany 
Ten millimeters, 18 pl (886881), or 80 pl (886878), Beckman Instruments, 


7 Servo/Riter 11, PSOIWGA, Texas Instruments, Houston. TX 77001. 


Co., Hillside, NJ 08406. 


Cor ., Northridge, CA 91324. 


Cor ., Tarrytown, NY 10591. 


Fullerton, CA 92634. 


N HCl was prepared by diluting 34.0 ml of concentrated hydrochloric 
acid to 1.0 liter with water. The simulated gastric fluid and simulated 
intestinal fluid was prepared according to the procedure in the USP XX 
(5) but without enzyme. 


Standard Preparation-About 324 mg of USP reference standard 
aspirin was accurately weighed and dissolved in 500.0 ml of simulated 
intestinal fluid. The standard was prepared fresh daily and used without 
delay. Similar standards were prepared for the 486- and 648-mg tab- 
lets. 


Sample Preparation-One tablet was placed in each dissolution vessel, 
which contained 500 ml of simulated gastric fluid. The paddles were ro- 
tated at  50 rpm for 1 hr, then the fluid was replaced with 500 ml of sim- 
ulated intestinal fluid. 


Automated Sampling-The aliquota were removed automatically 
every 15 min. The six dissolution sample probes were first placed into 
the standard solution, and the standard was sampled through the first 
cycle. The probes were then removed from the standard solution and 
placed in the dissolution medium. The aliquots were diluted with simu- 
lated intestinal fluid and stored in the holding-mixing coil. As the aliquota 
were pumped sequentially out of the holding-mixing coil, the stream was 
acidified with 0.4 N HCl and mixed. 


Automated Determination-The automated system was assembled 
as shown in Fig. 1. Air was first removed from the acidified stream, which 
was drawn continuously into the manifold. The acidified stream was 
extracted with chloroform and resampled. The absorbance of the chlo- 
roform solution was monitored at 280 nm. The standard reading obtained 
through each probe was used to calculate the result from the sample 
reading obtained through that probe. 


Suppositories-A recording spectrophotometers and ACS reagent 
grade chloroform and glacial acetic acid were used. 


Standard Preparation-About 100 mg of USP reference standard 
aspirin was accurately weighed and dissolved in 100.0 ml of chloroform. 
A 5.0-ml aliquot was diluted to 100.0 ml with a 1% acetic acid in chloro- 
form solution. 


Sample Preparation-Each suppository was dissolved in chloroform 
and diluted to volume with chloroform in an appropriate volumetric flask. 
An aliquot was taken and diluted with 1% acetic acid in chloroform to give 
a concentration similar to the standard. 


Quantitation-The absorbance of both the standard and sample was 
measured from 350 to 220 nm in a 1-cm cell with 1% acetic acid in chlo- 
roform as the reference solution. The corrected net absorbance at 280 nm 
was used for the calculation of aspirin in each suppository. 


Aspirin Identification and Salicylic Acid Limit Test-An as- 
cending chromatography tankg (use unlined), silica gel plates'O, and a 
fluorescence detector" were used. Petroleum ether (bp range 30-60°), 
ethyl acetate, chloroform, glacial acetic acid, methanol, and ferric chloride 
hexahydrate were ACS reagent grade and/or suitable for chromatography. 
The mobile phase consisted of petroleum ether-ethyl acetate-glacial 
acetic acid (85:183). 


Standard Aspirin Preparation-A concentration of 20.0 mg/ml of 
aspirin in chloroform was prepared and used as quickly as possible. 


Standard Salicylic Acid Preparation-Solutions containing 0.02,0.05, 
0.10,0.20,0.40, and 0.80 mg/ml of salicylic acid in chloroform were pre- 
pared by quantitative dilution of a stock solution. 


Sample Preparation-For the tablets a portion of a powdered com- 
posite was mixed with a 1.5% acetic acid in methanol solution to give an 
aspirin concentration of 20 mg/ml. The solution was centrifuged to obtain 
a clear supernate. 


The suppositories were dissolved in chloroform to give a concentration 
of 20 mg/ml, except the 60-mg dose, which was diluted to a final con- 
centration of 10 mg/ml. 


Determination-About 100 ml of mobile phase was poured into the 
developing tank. The TLC plate was prewashed. The plate was removed 
and protected from evaporation by covering with two clear glass plates. 
The protective glass plates were separated to expose the origin or spotting 
line. One-microliter aliquots of each sample and standard were spotted 
2 cm apart on the origin line. The mobile phase used for prewash was 
replaced with fresh mobile phase. The plate was developed until the 
solvent front had migrated at  least 10 cm from the origin line. Theplate 
was removed and dried on a hot plate until only a faint odor of acetic acid 
remained. 


Cary 118C. Varian Corp., Sunnyvale, CA 94086. 
Brinkmann Instruments, Inc., Westbury, CT 11590. 


*O Silica gel 60 F-254,250 pm on a 20 X 20-cm plate, Curtis Matheson Scientific, 


I I  Schoeffel Model SD 3000 spectrodensibmeter. Excitation 310 nm, emission 
Inc., Maryland Heights, MO 63043. 


440 nm. Schoeffel Instrument Corp., Westward, NJ 07675. 
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Table 11-Dissolution Results. of Enteric Aspirin (Percent of Label Declaration) with Paddle at 50 rpm 


Manufacturer/J3atchb 


Time, Dosage; mg 
min 324 648 324 324 324 486 486 


15 
30 
45 
60 
75 
90 


105 
120 
135 
150 
165 
180 
195 
210 
225 
240 
255 
270 
285 
300 


49.5 (3.30) 
63.3 (6.02) 
70.3 (5.09) 
74.3 (3.73) 
77.6 (3.07) 
79.0 (2.42) 
81.3 (3.26) 
82.4 (3.88) 
82.8 (4.57) 
84.4 (4.57) 
83.4 (6.91) 
84.8 (9.47) 
83.0 (12.13) 
82.6 (8.57) 
83.4 (10.54) 
81.7 (12.01) 
- 
- 
- 
- 


40.0 (3.37) 
52.8 (2.82) 
61.9 (4.41) 
67.1 (4.50) 
71.3 (4.92) 
74.4 (5.83) 
75.1 (7.64) 
76.9 (8.74) 
76.9 (8.74) 
76.6 (11.01) 
75.8 (11.17) 


- 
- 
- 
- 
- 
- 
- 
- 


44.8 
55.9 
61.1 
65.7 
68.4 
69.8 
69.8 
68.6 
67.9 
66.2 
62.3 
57.8 
56.0 
52.3 - 
- 
- 
- 
- 
- 


(9.40) 0 0 0.1 (0.01) 0 
(7.03) 0 0.1 (0.19) 0.1 (0.01) 0 
(6.05) 0 1.0 (0.58) 0.6 (0.01) 0 
(4.91) 0 1.7 (0.99) 1.1 (0.01) 0.9 (0.43) 
(4.87) 0 2.6 (0.99) 1.5 (0.31) 1.5 (0.46) 
13.23) 0.2 10.39) 3.2 11.11) 2.1 (0.39) 2.0 11.02) 
(1.53) 0.6 (0.7oj 3.7 (1.34 2.1 i 0 . 4  2.9 i0.82) 
(3.59) 1.2 (1.12) 4.3 (1.59) 2.1 (0.52) 3.5 (0.90) 


4.1 (1.18) (4.58) 1.7 (1.49) 5.0 (1.70) 2.4 (0.67) 
(6.54) 2.5 (1.86) 5.5 (1.86) 2.7 (0.81) 4.7 (1.21) 


3.7 (3.22) 5.6 ii.54j 
14.22) 4.3 (3.48) 7.2 (2.23) 3.3 (1.00) 6.0 (1.68) 
11.33) 5.3 (4.60) 7.8 (4.24) 3.5 (0.97) 6.6 (1.47) 


6.3 (5.46) 8.3 (2.53) 3.6 11.02) 6.8 (1.83) . ,  
7.2 (6.09) 9.0 i2.74 - 
8.4 (7.04) 9.5 (2.88) - 
9.3 (7.79) 10.2 (2.96) - 


7.3 i2.02) 
7.7 (2.13) 
8.4 (2.25) 


10.4 (8.89) - - - 
11.7 (10.09) - - - 


a Average of six tablets; number in parenthesis is standard deviation. b See Table I, footnote a.  


Salicylic acid was determined by scanning the plate with the densi- 
tometer. The spot intensities of the standard and sample were compared. 
An amount of salicylic acid in the spotted sample corresponding to the 
0.20-mg/ml standard would be equivalent to the 1% limit. After the limit 
test, the remaining spots were visualized by spraying with ferric chloride 
Table 111-National Survey Results (Percent of Label 
Declaration) for  Aspirin in Suppositories and Salicylic Acid 
Results 


Dosage, Aspirinb, Salicylic 
Manufacturera me: % Acid. % 


A 
A 
A 
A 
A 
A 
A 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
F 
G 
G 
G 
G 
G 
G 
G 
G 
H 
H 


648 
648 
648 
648 
324 
324 
324 
600 
300 
300 
200 
200 
150 
120 
120 
60 


120 
600 
600 
120 
120 
120 
60 
60 
60 


600 
600 
600 
600 
300 
300 
300 
125 
125 
650 
325 


100.2c 
100.8' 
99.9c 


102.0c 
102.4c 
102.7c 
104.7c 
102.8 
103.1 
105.0 
104.8 
104.2 
102.5 
106.1 
105.1' 
107.4 
101.0 
103.2 
102.8 
104.7 
103.5 
103.8 
105.8 
107.0 
106.3 
103.8 
102.8 
100.9 
101.9 
97.3 
94.4 
95.3 


102.1 
96.5 


102.9= 
106.4c 


(2.12) 
(1.15) 
(2.99) 
(2.07) 
(2.50) 
(2.84) 
(2.99) 
(1.60) 
(2.69) 
(3.00) 
(1.31) 
(1.70) 
(0.98) 
(2.12) 
(3.88) 
(1.79) 
(1.88) 
(4.32) 
(1.61) 
(0.99) 
(1.56) 
(1.63) 
(2.53) 
(1.09) 
(2.88) 
(2.23) 
(4.03) 
(3.63) 
(3.56) 
(1.14) 
(2.27) 
(2.64) 
(1.71) 
(1.29) 
(4.44) 


:12.29) 


0.3 
0.6 
0.3 


0.7 
0.8 
0.6 
0.2 
0.4 
0.2 
0.5 
0.4 
0.8 
0.7 
0.8 
0.9 
0.3 
0.2 
0.2 
0.7 
0.6 
0.4 
1.7= 
1.9f 
2.0g 


0.3 
0.3 
0.3 
0.5 
0.7 
0.4 
0.4 
0.4 
0.1 
0.1 


d 


d 


(A) Eli Lilly & Co., Indianapolis, Ind.; (E) Suppositoria Labs, Inc., Farmingdale, 
N.Y.; (F) Wyeth Labs, Inc., Malvern, Pa.; (G) G&W Labs, Inc., So. Plainfield, N.J.; 
(H) Dr. Rose, Inc., Madison, Conn. * Eachvalue representa 10 determinations unless 
otherwise noted; number in parentheses is standard deviation. Thirt determi- 
nations. Met compendia1 requirements. The result for salicylic acidlusing the 
USP procedure was 2.3%. 1 The result for salicylic acid using the USP procedure 
was 1.5%. 8 The result for salicylic acid using the USP procedure was 2.1%. 


Table IV-Comparison of Salicylic Acid (Percent of Aspirin) 
Data from the TLC and USP XX Procedures 


Material TLC USP 


648-mg Enteric coated tablet composite 1.3 1.3 


324-mg Enteric coated tablet composite 0.6 0.5 
648-mg Suppository composite 0.7 0.6 
120-mg Suppository composite 0.2 0.3 


TS (5) and heating at 110' for 10 min. Aspirin was identified by com- 
parison of the Rf of the sample and standard spots. 


Aspirin powder 0.1 0.1 


RESULTS AND DISCUSSION 


Tablet Content Uniformity Validation Test-The original vali- 
dation for the content uniformity determination was described previously 
(1). Portions of a ground tablet composite equivalent to single tablets were 
analyzed by the proposed method and the USP XX (5). The ground 
tablet composite was prepared from a commercial 648-mg enkric coated 
tablet. The average of 22 results was 102.0% with a coefficient of variation 
of 1.91%. The USP XX result was 103.2%. The results obtained for the 
content uniformity determination of aspirin and the salicylic acid con- 
centrations in enteric coated tablets are given in Table I. No batches were 
found outside USP XX specifications for strength or salicylic acid. 


Dissolution Validation Tests-A series of validation tests were 
performed on the automated dissolution system. A linear response was 
obtained when four solutions of standard containing from 0.324 to 1.296 
mg of aspirin/ml (corresponding to 50-200% of a 324-mg label declara- 
tion) were tested. Carry-over for 100-200-100-50% series of aspirin so- 
lutions was also determined with satisfactory results. A portion of the 
ground composite equivalent to one tablet was accurately weighed and 
subjected to the dissolution test for 5 hr. The analysis obtained for aspirin 
was 101.3% of that declared. The hydrolysis rate of aspirin determined 
on this sample over 5 hr was calculated to be 2.l%/hr. 


Table V-Impurities as Percent of Label Declaration of 
Aspirin Found in Enteric Coated Aspirin Tablets 


~ 


Tablet 
Manufacturer Dosage, 


Batch mg I,% II,% HI,% 
C d 324 - 0.243 - 


d -c 0.224 - 648 
324 


-c 0.050 -d 324 
d 


A1 
A2 
Bi 
C1 Dz 486 0.006 0.087 - 


e 0.094 Tracee - 


Impurities: I, acetylsalicylic anhydride; 11, acetylsalicylsalicylic acid; 111, 0- 
See Table I, footnote Q. Assay could not be performed on 


Not detected. e Trace 
salicylsalicylic acid. 
this formulation. Colloidal suspension in benzene layer. 
= 0.01%. 
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Table I1 shows the dissolution rates for the batches representing var- 
ious manufacturers. The batch results are not corrected for aspirin hy- 
drolysis. Only three of the seven batches showed significant amounts of 
dissolution in the 3 4  hr period. A physical inspection of the residues from 
batches C1, D1, Dz, and DS revealed that the tablets were still firm and 
90% intact. Batch DB, which gave one of the lowest percentage rates, was 
analyzed again a t  a paddle speed of 100 rpm. There was no increase in 
dissolution. The percentages were almost identical to the results obtained 
at 50 rpm. No sample showed signs of dissolution in the 1-hr pretreatment 
with gastric fluid. 


Both batch A, and D1 gave similar salicylate blood level concentra- 
tions12. Therefore, this dissolution test, in i ts  present form, is not satis- 
factory for predicting bioavailability. 


Suppository Validation Test-Portions of a composite prepared from 
a commercial 324-mg suppository were analyzed by the USP XX and the 
dilute-and-read procedures. The result for the USP procedure was 102.5% 
of declared and 104.9% for the proposed procedure. The UV curves ob- 
tained from the standard and sample solutions were nearly identical and 
showed very little background interference from the suppository excip- 
ients. The results obtained for the content uniformity determination of 
aspirin and the salicylic acid concentrations in suppositories are given 
in Table 111. Three batches from Manufacturer E exceeded the USP XX 
limit for aalicylic acid. 


Salicylic Acid Limit Test Validation by TLC-A linear calibration 


12 R. D. Kirchhoefer, unpublished data. 


NOTES 


curve was obtained for salicylic acid when concentrations from 0 to 800 
nglpl were spotted. The fluorescent readings were made by scanning the 
chromatogram with the spectrcdensitometer in the reflectance mode a t  
a fluorescence excitation wavelength of 310 nm and an emission wave- 
length of 410 nm. Table IV shows the data obtained by the TLC and USP 
XX ( 5 )  procedures on commercial samples. Salicylic acid has a relative 
Rf  value of 1.7 compared to aspirin. In addition, five batches of enteric 
coated tablets (Al, Az, B1, CI, and Dz) were analyzed for aspirin-related 
impurities by the HPLC method described previously (3). Table V shows 
the amounts of impurities found in these batches. Suppository samples 
were not tested for impurities. 
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Abstract  0 A series of new 3-hydroxy-3-substituted oxindoles were 
prepared and screened for anticonvulsant activity. A number of these 
3-hydroxyoxindoles had activity in the maximal electroshock seizure 
test. 


Keyphraees Anticonvulsants-condensation of isatin, benzoylacetone, 
isopropyl methyl ketone 0 Isatin-anticonvulsants, condensation, 
benzoylacetone, isopropyl methyl ketone 0 Benzoylacetone-anticon- 
vulsants, condensation of isatin, isopropyl methyl ketone 0 Isopropyl 
methyl ketone-anticonvulsants, condensation of isatin, benzoylace- 
tone 


The anticonvulsant activity' of 3-hydroxy-3-phenacyl- 
oxindole (I) (1) and 3-hydroxy-3-acetonyloxindole (11) has 
been reported previously. In a study of analogs of I and I1 
(2) it was found in initial screening that 111, derived from 
isatin and benzoylacetone and having features of both I 
and 11, was inactive at  600 mg/kg in the maximal electro- 
shock seizure test (MEW1 but was active at 100 mgkg  in 
the pentylenetetrazol seizure threshold test (Met)'. 
Compound IV related to I1 and derived from isatin and 
isopropyl methyl ketone, was active at  100 mg/kg in the 
MES test and inactive in the Met test. This report de- 


1 Anticonvulsant screenin was carried out throu h the Antiepileptic Drug De- 
velopment hogram, Nationaf Institutes of Health. d e  standard screening protocol 
of that group was followed. 
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Abstract  0 A new animal model for in uiuo percutaneous absorption 
utilizing the hairless, relatively thick skin of the guinea pig ear is pro- 
posed. Topical absorption studies were carried out with [14C]hydrocor- 
tisone and [14C]testosterone. Systemic studies were also conducted to 
correct for incomplete urinary excretion. In addition, a single stratum 
corneum correction factor was developed from published data to enable 
the guinea pig ear skin to be directly compared with human forearm skin. 
A comparison of human percutaneous absorption with the corrected 
guinea pig ear absorption shows a high correlation for both hydrocortisone 
and testosterone. The effects of ambient changes in relative humidity 
are also discussed with respect to in uiuo percutaneous absorption. 


Keyphrases 0 Guinea pig ear-model for in uiuo percutaneous ab- 
sorption, hydrocortisone, testosterone 0 Absorption-percutaneous, 
guinea pig ear, in uioo model, hydrocortisone, testosterone 0 Hydro- 
cortisone-guinea pig ear, model for in uiuo percutaneous absorption, 
testosterone Testosterone-guinea pig ear, model for in uiuo percu- 
taneous absorption, hydrocortisone 


Various animal species have been used to study percu- 
taneous absorption in uiuo. Percutaneous absorption rates 
of common laboratory rodents such as rats and rabbits 
have been studied (1). These studies have shown that the 
back skin of these animals absorb a selected number of 
substances much more rapidly than the ventral surface of 
the human forearm ( 2 , 3 ) .  Higher species of mammals in- 
cluding hairless dogs (4), rhesus monkeys (5), and minia- 
ture swine (1) have also been studied. Of these species, it 
has been concluded ( 6 )  that the rhesus monkey and the 
miniature swine percutaneous absorption characteristics 
correlated best with human penetration. The obvious 
disadvantage of using swine and monkeys include cost and 
the need for special animal facilities. 


One important determinant of percutaneous absorption 
is the thickness of the stratum corneum. If two areas of skin 
are sufficiently similar, then one would expect percuta- 
neous absorption to be inversely proportional to the 
number of stratum corneum layers in the skin. The per- 
cutaneous absorption of hydrocortisone from a number of 
different anatomical sites in humans has been determined 
previously (7). The number of stratum corneum layers a t  
these sites has also been determined (8). If a proportional 
relationship between thickness and absorption can be es- 
tablished in humans, this provides a rationale to correct 
animal model data for thickness. However, the problem 
with most animal models is that skin with fur generally has 
a thin stratum corneum (9). Consequently, changes of one 


or two layers could cause corrections as much as 50% if the 
stratum corneum is very thin. An ideal animal surface 
would have to be relatively large and essentially hairless. 
The guinea pig ear appeared to meet the desired cri- 
teria. 


EXPERIMENTAL 


Male albino guinea pigs, 250-300 g, were individually acclimated for 
1 day in metabolism cages'. Water and guinea pig chow were given ad 
libitum. For topical application of [14C]hydrocortisone (I) or [14C]tes- 
tosterone (II), the animals were lightly anesthetized in a bell jar with 
methoxyflurane*. One ear of an animal was sandwiched with medium 
pressure between two halves of Karush-type dialysis chambers without 
caps3. A 4 @g/cm3 volume of one of the 14C-labeled compounds recon- 
stituted in acetone was applied in a 40-p1 volume to a 1.77-cm2 area with 
a flat tip 5O-pl syringe4 to the dorsal surface of the ear. After the acetone 
had evaporated, the dialysis chambers were removed, and the animals 
were returned to their metabolism cages. For systemic administration, 
the 14C-compounds were solubilized first in 50 pl of ethanol and then in 
1 ml of sterile saline. The animals were then dosed intraperitoneally with 
a 0.5-ml volume. 


Urine samples were collected daily. The urine was acidified with glacial 
acetic acid t o  a pH of 5 to  solubilize the magnesium and calcium phos- 
phate precipitates. A 1-ml aliquot was counted on a liquid scintillation 
counter5 using 10 ml of liquid scintillation cocktail6. The internal stan- 
dard method using [14C]toluene7 was used to correct for quench. Relative 
humidity readings were taken daily using a wet-dry thermometer. 


RESULTS 


Thickness of the S t ra tum Corneum and Absorption-Table I 
presents the determination of: 


N X A = K  (Eq. 1) 


where N is the number of cell layers in the stratum corneum (8), A is the 
percent of drug absorbed in 5 days (7) ,  and K is the inverse proportion- 
ality constant. These results from human data show that K (forearm) 
differs from K (back) by only 9.8%. It would be desirable to have more 
data to confirm this result for different compounds besides bydrocorti- 
sone in humans. Nevertheless, one form of verification would be to use 
a single correction factor to relate guinea pig ear data to the human 
forearm for a number of different compounds. If Eq. 1 holds, then this 
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Table I-Inverse Relationship for Hydrocortisone Between 
Absorption and Stratum Corneum Thickness (Cell Layers) 


Number of Absorbed/ Inverse 
Cell Layersa 5 Daysb, % ConstantC 


( N )  ( A  ) ( K )  


Forearm (ventral) 21.9 1.04 22.78 
Back 16.3 1.26 20.54 


See ref. 8. * See ref. 7. K = N A .  


Table 11-Recovery of Radioactivity in Urine Following 
Intraperitoneal (ip) and Topical (t)  Administration 


Pene- Admin. DoseDay (d), % Total Absorption 
trant n d l  d 2  d 3  d 4  d 5  Dose,% Range 


1,ip 2 82.1 4.9 1.3 0.9 1.3 93.1 (89.1,96.8) 
I,ta 4 0.3 0.8 1.0 0.9 0.9 3.9 (2.8,5.5) 
II,ip 2 62.9 7.2 2.1 1.3 1.0 74.5 (74.4,74.6) 
II,tn 3 7.5 7.3 6.4 1.8 2.5 25.9 (22.8, 29.3) 


a Corrected for recovery following intraperitoneal administration and for stratum 
corneum thickness of the guinea pig ear. 


correction factor would be determined from the relation: 


(Es. 2) 


where the subscripts h and g refer to the human forearm and the guinea 
pig ear, respectively. The values, N g  is 11 and Nh is 21.9, have been de- 
termined previously (8, 10). The correction factor, Ng/Nh,  is therefore 
0.502. 


Guinea Pig Ear Absorption-Table I1 shows the recovery of 14C- 
labeled compound following intraperitoneal and topical administration 
of hydrocortisone and testosterone for a 5-day period. The intraperitoneal 
data were used to correct the topical studies for incomplete excretion. 
Equation 2 was also used to correct the topical studies for stratum cor- 
neum thickness. Figure 1 shows a comparison of the corrected percent 
of topical hydrocortisone not absorbed for humans (2) and for the guinea 
pig ear. Similarly, Fig. 2 shows a comparison for testosterone between 
humans (2), rats ( l ) ,  rabbits (I), and the guinea pig ear. In Fig. 3, the 
corrected percent of the dose absorbed is shown for hydrocortisone and 
testosterone on days 1 and 5. On day 1, the ratio of guinea pig ear to 
human forearm absorption is nearly 1, whereas by day 5, this ratio is 
nearly 2. 


Effect of Ambient Relative Humidity-In Fig. 4, the corrected 
percent of drug absorbed by the guinea pig ear is shown for hydro- 
cortisone and testosterone over a 10-day period. Each point is plotted 
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Figure 1-Percutaneous absorption of hydrocortisone in  humans and 
guinea pig ear. Key: (0) human (2); (e) guinea pig. All data are cor- 
rected for recovery following systemic administration. Guinea pig ear 
data are also corrected for thickness using Eq. 2. 
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Figure 2-Percutaneous absorption of testosterone in humans, rats, 
rabbits, and guinea pig ear. Key: (0) human (2); (0) guinea pig; (A) 
rat (1 ) ;  (0) rabbit (1). All data are corrected for recovery following 
systemic administration. Guinea pig ear data are also corrected for 
thickness using Eq. 2. 


a t  the end of its respective 24-hr collection period. Figure 5 shows the 
relative humidity a t  the time of urine collection for the hydrocortisone 
and testosterone experiments. Note in Fig. 4 the drop in the testosterone 
curve on day 4 and the rise in the hydrocortisone curve on day 5. Corre- 
sponding changes in relative humidity can be seen in Fig. 5.  It appears 
that  these countertrend changes in percutaneous absorption reflect 
changes in the ambient relative humidity. Moreover, these changes in 
relative humidity are also reflected in the volume of urine excreted (Fig. 
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Figure 3-Comparison o f  percutaneous absorption in  guinea pig ear 
and humans (2) 1 day and 5 days following topical application. Key: (G) 
guinea pig; (H) humans. 







Figure 4-Percutaneous absorption of hydrocortisone and testosterone 
over a 10-day period. Key: (A) testosterone; (a) hydrocortisone. Each 
point is the average of two animals. 


6) and in the urine color quench (Fig. 7). This can be seen by comparing 
Fig. 5 with Figs. 6 and 7. 


DISCUSSION 


To be useful, an animal model should correlate with the desired pa- 
rameter, and it should be accessible to a large number of researchers. Use 
of the guinea pig ear as a model for human percutaneous absorption may 
meet these criteria. 


The animal is relatively inexpensive to acquire and house, its ears each 
have an area of -3 cm2, and are essentially hairless. Hairless guinea pig 
ear skin, as in humans, would be expected to have a thicker stratum 
corneum than back skin with hair because it must adapt to greater me- 
chanical and temperature stress (1). 


Human stratum corneum is on the average of 15 cells thick with a viable 
layer of 6-10 cells (9,lO). The guinea pig ear skin compares favorably with 
human skin, having a viable thickness of 7-8 cell layers and a stratum 
corneum thickness of 10-12 cells (12, 13). In addition, the correlation 
between epidermal thickness and turnover time (maturation) for human 
and guinea pig ear epidermises are nearly identical (14). This is impor- 
tant, since the structural organization of normal stratum corneum is 
dependent upon a slow rate of cell maturation (14). 


Percutaneous absorption studies presented here using the guinea pig 
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Figure 5-Relatiue humidity during 10-day hydrocortisone and tes- 
tosterone experiments. Key: (A) testosterone; (a) hydrocortisone. 
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Figure 6-Volume of urine excreted during 10-day hydrocortisone and 
testosterone experiments. Key: (A) testosterone; (a) hydrocortisone. 


ear show that for hydrocortisone and testosterone the initial 24-hr period 
of absorption is comparable to human absorption if a correction is made 
for differences in stratum corneum thickness. Five-day cumulative ab- 
sorption in this model is twice as great as in humans. This might be at- 
tributed to three possible factors. First, in the human studies (2,3), the 
subjects were allowed to wash the application site after the first 24 hr. 
Thus, some material could have been removed. Second, in our studies 
no attempt was made to prevent exfoliation of the stratum corneum. It 
is possible that radioactive squama contamination could have elevated 
the urine counts. We did not attempt to prevent this because almost any 
attempt to prevent exfoliation would most likely increase the local 
moisture content of the stratum corneum. As the relative humidity 
studies have shown, this can increase absorption. Finally, there may be 
physical differences between human stratum corneum and guinea pig 
squama as there may be human differences (15). 


In a recent study (16), the guinea pig back skin was used as a model for 
percutaneous absorption; the much thicker and hairless skin of the guinea 
pig ear was used as a model in this study. A comparison of the 1-day 
guinea pig back skin to human forearm absorption ratio (GIH)  for hy- 
drocortisone and testosterone (0.30 and 2.23, respectively) showed a much 
larger variation than the ratios of 0.86 and 1.22, respectively, obtained 
with the ear model in this report. Similarly, the GIH for the 5-day ab- 
sorption studies for hydrocortisone and testosterone (1.33 and 3.83, re- 
spectively) also showed a much greater variation than the ratios of 2.11 
and 2.00, respectively, obtained in this study with the guinea pig ear. The 
ear skin model would be expected to be a superior model compared to the 
back skin because the stratum corneum is thicker in accordance with the 
inverse relationship between stratum corneum thickness and hairiness 
(9) and the ear is hairless so that no depilation is necessary as it is for the 
furred back skin. 


Hydrocortisone and testosterone were chosen for this study because 
these compounds are among the slowest and the fastest steroids absorbed 
by humans. If further studies show that the ratio between the guinea pig 
ear model and human percutaneous absorption remain constant as they 
do for these steroids, the guinea pig ear model may prove to be an inex- 
pensive, accessible model for human percutaneous absorption. 
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Figure 7-Urine color during 10-day hydrocortisone and testosterone 
experiments. Key: (A) testosterone; (a) hydrocortisone. Urine color 
was quantified as quench changes in the external standard ratio (ESR) 
standardization during liquid scintillation counting. 
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Abstract 0 A stability-indicating high-pressure liquid chromatographic 
(HPLC) method for the assay of erythromycin in enteric film-coated 
tablets was developed. The method used a reversed-phase column at 70” 
with a mobile phase of acetonitrile-methanol-0.2 M ammonium ace- 
tate-water (45:101035) a t  pH 7.0. The column effluent was monitored 
a t  215 nm. Several reversed-phase columns were evaluated for the anal- 
ysis of erythromycin. The HPLC method was also applicable for the 
analysis of salts and esters of erythromycin. The linearity and precision 
of the HPLC assay method for erythromycin in the solid dosage form were 
examined by spiking erythromycin into a tablet placebo a t  60-120% of 
the label. The recovery of erythromycin was 99.9% with a relative stan- 
dard deviation of <1% The correction factors to express the results of 
HPLC in terms of antimicrobial bioequivalency against Staphylococcus 
aureus ATCC 6538P for erythromycins A, B, and C were determined to 
he 1.0,0.92, and 0.48, respectively. Eight lots of tablets were assayed by 
t,he HPLC method, and the results, expressed in terms of erythromycin 
bioequivalency, showed no statistically significant difference from those 
of the microbiological assay method. 


Keyphrases  0 High-pressure liquid chromatography-improved 
method for the analysis of erythromycin in solid dosage forms 0 Dosage 
forms-improved high-pressure liquid chromatographic method for the 
analysis of erythromycin 0 Erythromycin-solid dosage forms, improved 
high-pressure liquid chromatographic method for analysis 


Erythromycin, a macrolide antibiotic, is normally ad- 
ministered orally and is marketed in several forms. These 
include the free base, salts such as the stearate, and esters 
such as ethyl succinate and 2’-O-propionyl. Erythromycin 
free base is formulated as an enteric coated tablet to pro- 
tect erythromycin from acid degradation and to allow 
absorption in the intestinal tract. 


High-pressure liquid chromatographic (HPLC) methods 
for the determination of erythromycin free base and an 
ester of erythromycin, erythromycin ethyl succinate, have 
been reported (1-4). The HPLC assay method for eryth- 
romycin ethyl succinate uses an elevated column tem- 
perature at 70’ to minimize peak tailing and to improve 


peak resolution (4). This HPLC method was adopted for 
monitoring the clinical blood level of erythromycin and 
erythromycin ethyl succinate by use of a postcolumn ex- 
traction and derivatization technique for fluorimetric 
detection (5). 


Since the HPLC method reported for the assay of 
erythromycin uses ambient column temperature (l), 
considerable peak tailing and lack of peak resolution have 
been experienced. The method reported in this paper uses 
elevated column temperature for optimum peak resolution 
and minimum peak tailing for the assay of erythromycin 
in a solid dosage form. 


EXPERIMENTAL 
Apparatus-A modular liquid chromatograph equipped with a vari- 


able wavelength detector at  215 nm’, a high-pressure pump2, and a 1oO-pl 
fixed loop injector? were used. A reversed-phase HPLC column4 was 
water jacketed and maintained at  70’ with a circulating water bath5. The 
peak area was electronically determined by use of an electronic inte- 
gratorfi. 


Reagent-All the solvents used were distilled in glass and were UV 
gradei. Ammonium acetate used was analytical reagent grade. The mobile 
phase composed of acetonitrile-methanol-0.2 M ammonium acetate- 
water (45101035) was filtered through a membrane filterx. The flow rate 
of the mobile phase was -1.0 ml/min. 


The 0.2 M ammonium acetate was prepared by weighing 15.5 g of 
ammonium acetateg into a 1-liter graduated cylinder and adding water 
to volume. 


’ Model 1201 Spectromonitor 1, Laboratory Data Control, Riviera Bearh, 


- Model 196-0066-05 High-Pressure Mini Pump, Laboratory Data Control. :’ Model 50-10 Loop Injector, Rheodyne, Berkeley, Calif. 


Fla; 


18-5A. LiChrosorh RP-18, Brownlee Labs, Santa Clara, Calif. 
Lauda K-2/R controlled-temperature rirculating water bath, Brinkmann, 


‘ Chromatopac-ElA, Shimadzu Seisakusho, Ltd., Kyoto, Japan. 
Burdick and Jackson Labs. Muskegon, Mich. 
Catalog No. FHLP04700 Fluoropore Filter. Millipore Corp., Bedford. Mass. 
Mallinckrodt, Inc., Paris, Ky. 


Lauda, GFR West Germany. 
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Abstract The pharmacokinetics of the widely used antiarrhythmic 
agent, procainamide, was studied in rats with extrahepatic biliary ob- 
struction produced by ligation of the common bile duct. Various biological 
fluids, including plasma, saliva, and urine, were analyzed for procain- 
amide and/or its major metabolite, N-acetylprocainamide. Ligation of 
the common bile duct immediately prior to intravenous administration 
of 50 mg/kg procainamide did not alter plasma, saliva, or urine concen- 
trations of procainamide, indicating that biliary excretion was of minor 
importance in the elimination of procainamide. However, bile duct li- 
gation allowed to persist for 4 days significantly elevated plasma, saliva, 
and urine levels of procainamide. While the increase in urinary pro- 
cainamide paralleled the increase observed in plasma, salivary concen- 
trations did not. Bile duct ligation did not appear to impair nonmicro- 
soma1 acetylation of procainamide, although a significantly greater 
amount of unchanged drug was found in the urine after 24 hr. Phar- 
macokinetic analysis uia the two-compartment open model showed that 
bile duct ligation caused a decrease in overall clearance from -61.94 to 
28.71 ml/kg/min. This reduction probably resulted from the decreased 
microsomal metabolism of procainamide. The significant reduction in 
the apparent volume of distribution from 3.76 to 2.72 l i terkg could be 
the result of reduced binding sites. There was also a significant increase 
in the elimination half-life of procainamide from 47.39 to 78.64 min in 
bile duct ligated rats. 


Keyphrases 0 Pharmacokinetics-procainamide, rats with extrahepatic 
biliary obstruction Procainamide-pharmacokinetics in rats with 
extrahepatic biliary obstruction 0 Biliary obstruction-extrahepatic, 
pharmacokinetics of procainamide in rats 


Biliary stasis in humans can be caused by tumors, drugs, 
or various pathophysiological alterations. Many patients 
with biliary stasis are also critically ill with other serious 
conditions and therefore are under treatment with a 
number of pharmacological agents. Inhibition of bile flow 
and/or biliary excretion may have profound consequences 
on the pharmacokinetics of drugs, not only because bile can 
be a route of irreversible elimination, but also because 
cholestasis may affect microsomal drug metabolism. Ta- 
volini and Guarino (1) demonstrated altered disposition 
of doxorubicinl, an antineoplastic agent eliminated ex- 
tensively in the bile. Other investigators (2-5) demon- 


’ Adriamycin. 


strated that microsomal metabolism of a number of drugs 
that are not extensively excreted in bile is significantly 
decreased, thus prolonging the elimination half-life ( t  l j2p) .  
However, the effects of biliary stasis on the pharmacoki- 
netics of drugs with minimal biliary excretion and minimal 
microsomal metabolism are unclear. The antiarrhythmic 
agent procainamide (I) is such a drug. It was the purpose 
of this investigation to study the effects of cholestasis, 
induced by mechanical obstruction of the common bile 
duct, on the pharmacokinetics of I. Salivary levels were 
measured as an index of drug distribution to the peripheral 
tissue compartment, and urine levels were assayed to ob- 
tain an estimate of the renal clearance of procainamide and 
the relative urinary metabolic profile. 


EXPERIMENTAL 
Urine, saliva, and plasma were obtained from a group of normal Wistar 


rats (weight 190-260 g) for the quantitation of I. Rats were anesthetized 
with 50 mgkg  ip pentobarbitaP. Initially, a tracheotomy was performed 
to facilitate breathing, and then the animals were prepared for collection 
of parotid saliva according to a previously described method (6). Stim- 
ulation of salivation was accomplished by infusing pilocarpine3 (0.25 
mg/ml) into the right brachial artery a t  a rate of 0.11 ml/min for 90 min. 
For the administration of I4 (50 mghg), the femoral vein was cannulated. 
Urine was collected uia cannulation of the ureters. Urine and saliva were 
collected over three 30-min collection periods, and 1.5 ml of whole blood 
was collected a t  30,60, and 90 min postinjection from a cannula placed 
in the femoral artery. From a separate group of normal rats, plasma was 
obtained a t  30,60, and 90 min following administration of 50 or 100 mghg 
of I for the quantitation of the acetylated metabolite, N-acetylprocain- 
amide (11). 


In anticipation of the fact that saliva was to be collected simultaneously 
with the other biological fluids, preliminary studies were performed to 
determine the effects of pilocarpine infusion of plasma procainamide 
concentration and urinary procainamide excretion. Ten control (no pi- 
locarpine) and 10 test rats were used for plasma collection, and another 
group of five controls and five test animals were used for urine collec- 
tion. 


Extrahepatic biliary obstruction was produced in another group of 


2 Nembutal, Ahhott Laboratories, North Chicago, Ill. 
3 Sigma Chemical Co., St. Louis, Mo. 
4 Squibb Institute for Medical Research, Princeton, N.J 
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Table I-Mean 24-hr Urinary Excretion of Procainamide and 
N-Acetylprocainamide before and a f t e r  4-Day Bile Duct  
Lination Followine Procainamide Administration 


Administered Procainamide N-Acetylprocainamide 


Before Bile Duct Ligation 


After Bile Duct Ligation 


dose, mg excreted, %a excreted, % 


11.59 f 0.90 36.6 f 3.38 26.2 f 1.66 


11.92 f 0.63 45.5 f 3.22b 30.58 f 1.12' 


a Percent excretion corrected for 90% recovery. * p < 0.001. Not significant. 


animals by double ligation of the common bile duct following anesthesia 
with 100 mg/kg of 98% ketamine5-2% acepromazine6 ip. The animals were 
then sutured and allowed to recover for 4 days. On the fourth day, bile 
duct ligated animals were prepared for the simultaneous collection of 
saliva, urine, and plasma after administration of 50 mg/kg iv of I as de- 
scribed above, and the samples were quantitated for I. Plasma samples 
were also quantitated for 11. Animals that did not exhibit jaundice, as 
evidenced by yellowish skin and bright yellow urine, were not used. Sham 
operated animals (with laparotomies) were also prepared in a manner 
identical to actual bile duct ligated animals. A group of six animals were 
utilized for I determinations immediately after bile duct ligation (Day 
0). 


To determine the effects of bile duct ligation on the metabolic dispo- 
sition of I, control rats were injected with 50 mg/kg ip and placed in 
metabolic cages7 for 24-hr urine collection. During this period the animals 
were allowed no food but were given water ad  libitum. After the 24-hr 
period of urine collection, a period of 3 days was allowed to elapse to 
permit the animals to regain a normal metabolic profile. The animals were 
then anesthetized and the bile ducts were ligated. After 4 days these 
animals were again administered 50 mgkg ip of I and placed in metabolic 
cages for 24-hr urine collection. 


Six control and six bile duct ligated animals were prepared for phar- 
macokinetic studies by performing tracheotomies and cannulating the 
femoral vein and artery. After administration of 50 mg/kg iv of I, 0.4-0.5 
ml of blood was sampled a t  5,15,30,45,60,90, and 120 min for analysis 
of the plasma I kinetics. To prevent major perturbation of drug levels, 
a separate group of six control and six bile duct ligated animals were used 
to obtain 1- and 5-min levels. The 1-min levels were then included with 
the values for the other animals for mathematical analysis on the basis 
of how closely matched the 5-min values were. The two-compartment 
open pharmacokinetic modei wzs used to describe the kinetics of I, uti- 
lizing the biexponential function: 


Ct = Ae-"' + Be-Bt (Eq. 1) 


where Ct is the plasma concentration at  time t ,  A and B are the zero-time 
intercepts of the fast and slow linear components, respectively, and LY and 
p are the distribution and elimination rate constants, respectively. The 
pharmacokinetic parameters, A ,  B ,  a, and p, were calculated by linear 
regression of the two linear components of the plasma disappearance 
curve. Distribution half-life ( t , / z J ,  elimination half-life ( t l / z p ) ,  volume 
of distribution (V,j), and clearance ( C l )  were calculated by conventional 
techniques (7). 


Analysis of I in all fluid samples and I1 in urine involved organic ex- 
traction of samples into 10 ml of methylene chloride and quantitation 
uia a gas chromatograph8 using dipr~pylprocainamide~ as an internal 
standard as previously described (8). For reasons of sensitivity, plasma 
of 11 was quantitated uia an enzyme-immunoassay methodg. All statis- 
tical determinations of significance were done using the Student's t test. 
In all cases, except the 24-hr urinary disposition studies (Table I), the 
unpaired t test was used; in the case of the latter, the paired t test was 
employed. 


RESULTS 


Preliminary studies on the effect of pilocarpine infusion indicated that 
infusion of 0.25 mg/ml pilocarpine at  a rate of 0.11 ml/min for 90 min had 
no effect on the plasma I concentration a t  any time period studied; 
however, urinary excretion did show significant decreases during the 
second and third 30-min collection periods (Table 11). 


Bristol Inc., Syracuse, N.Y. 
6 Ayerst Laboratories, New York. N.Y. 
7 Wahman Co. 
8 Model 3920, Perkin-Elmer Corp., Norwalk, Conn. 
9 EMIT, Syva Co.. Palo Alto, Calif. 
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Figure 1-Plasma disappearance of procainamide. 


The results of GC analysisrof plasma, saliva, and urine samples from 
normal animals receiving a dose of 50 mg/kg iv of I are shown in Table 
111. The mean I levels in the three biological fluids of sham-operated rats 
were not significantly different from those of the normal rats a t  any time 
period studied. Similarly, in rats whose bile ducts were ligated immedi- 
ately prior to administration of I (day 0), there were no significant dif- 
ferences in I levels of any of the biological fluids a t  any time period 
compared to normal rats. However, when bile duct ligation was allowed 
to persist for 4 days, significantly higher plasma, saliva, and urine levels 
were observed at all time periods. Plasma I concentrations increased 100, 
125, and 105% a t  30,60, and 90 min, respectively. The increase in urinary 
excretion paralleled the increase in plasma levels with increases of 94, 
125, and 133% over the three respective 30-min collections, indicating 
that renal excretion is not impaired by bile duct ligation. Salivary I 
concentrations also increased, but the increases did not parallel those 
observed in plasma except during the last collection periods. The salivary 
levels increased -47,77, and 125% over the three respective time periods 
(Table 111). 


Figure 1 illustrates the disappearance of I from plasma with time for 
normal animals and animals with 4-day bile duct ligation. The mean 
pharmacokinetic parameters for both groups are shown in Table IV. 
Distribution half-life (tllz,) in 4-day bile duct ligated rats is not signifi- 
cantly different compared to normal rats. Elimination half-life ( t l l z ~ ) ,  
however, is significantly prolonged (p < 0.025). Volume of distribution 
(Vd) is significantly decreased in 4-day bile duct ligated rats compared 
to normals ( p  < 0.05). Clearance (Cl) is also decreased by 115% (p < 
0.025). 


To determine whether the observed pharmacokinetic alterations were 
the result of bile duct ligation-induced metabolic changes, the urinary 
disposition of I was examined. Table I shows that in the 4-day bile duct 
ligated rats, the percentage of the drug excreted as I1 did not change 
significantly compared to controls. However, the amount of drug excreted 
unchanged increased significantly ( p  < 0.025). The absence of a change 
in the production of I1 during 4-day bile duct ligation was confirmed by 
measurement of plasma I1 concentrations in normal and 4-day bile duct 
ligated rats. In normal rats mean plasma I1 concentrations at  30,60, and 
90 min were 4.48 f 0.48,5.43 f 0.59, and 7.72 f 4.77 pg/ml, respectively. 
In 4-day bile duct ligated rats, mean plasma I1 concentrations at  the same 
time periods were 4.54 f 0.36, 7.06 f 0.72, and 8.96 f 0.06 kg/ml, re- 
spectively. 
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Table 11-Effects of Pilocarpine Infusion on Plasma Procainamide Concentration and Urinary Excretion 


30 rnin 60 rnin 90 min 
n C" P b  C P C P 


Plasma procainamidec 10 7.49 f 0.60 8.65 f 0.73 4.44 f 0.43 4.53 f 0.68 3.24 f 0.28 2.95 f 0.46 
0.20 f 0.04 Urinary procainamided 5 0.76 f 0.17 0.65 f 0.26 0.50 f 0.07 0.30 f 0.10 


0 C = control (no pilocarpine). 


0.33 f 0.06 


P = pilocarpine (0.25 mg/ml) infused at a rate of 0.11 ml/min; the dose was 50 mg/kg iv procainamide. Data expressed as micrograms 
per milliliter (* SE) .  d Data expressed as milligrams (* SE).  


Table 111-Mean Procainamide Concentrations in Various Biological Fluids 
~~ 


Plasma Salivab UrineC 
Condition n 30min 60 rnin 90 min 30 min 60 rnin 90min 30min 60min 90min 


Normal rats 8-10 8.65 f 0.73 4.53 f 0.68 2.95 f 0.46 16.73 f 1.69 7.75 f 1.32 2.82 f 0.35 0.65 f 0.26 0.30 f 0.10 0.20 f 0.04 
Sham-operated 5 8.58 f 0.59 5.42 f 0.69 3.20 f 0.33 16.62 f 1.17 8.00 f 1.15 3.5 f 0.41 0.61 f 0.11 0.33 f 0.08 0.22 f 0.06 


Day 0 bile 6 9.40 f 0.69 5.43 f 0.96 4.23 f 0.85 17.48 f 1.84 7.56 f 1.46 3.55 f 0.60 0.51 f 0.08 0.31 f 0.03 0.21 f 0.05 


4-day bileduct 5-8 17.32 f 2.15 10.20 f 2.13 6.06 f 1.06 24.55 f 2.23 13.71 f 1.98 5.68 f 0.92 1.26 f 0.19 0.70 f 0.11 0.46 f 0.10 


Data expressed 


rats 


duct ligation 


ligation 


0 Dose of procainamide = 50 mg/kg iv; 0.25 mg/ml pilocarpine infused at a rate of 0.11 ml/min. Data expressed as micrograms per milliliter (A SE) .  
as milligrams ( i ~  SE) .  


It was thought that  the higher plasma I levels observed in bile duct li- 
gated animals should result in higher plasma I1 levels, since more I was 
apparently available to the liver for acetylation. Since no increase was 
noted, it was theorized that either bile duct ligation was inhibiting 
acetylation due to liver damage or that  the enzyme responsible for con- 
version of I to 11, N-acetyltransferase, was being saturated. To test these 
alternative hypotheses, a 100-mgAg dose of I was administered to control 
animals to achieve blood levels comparable to those in bile duct ligated 
animals receiving 50 mg/kg. Plasma I concentrations in normal rats re- 
ceiving 100 mg/kg iv at  30,60, and 90 rnin were 18.22 f 2.45,10.93 f 1.69, 
and 6.48 f 1.25 Wg/ml, respectively, while plasma I1 concentrations in 
those animals were 5.28 f 0.47,6.90 f 0.66, and 7.53 f 0.75 pg/ml a t  the 
three respective time periods. These data show that while plasma I levels 
in these animals did approximate those seen in bile duct ligated animals 
receiving half the dose, plasma I1 levels did not differ from either control 
or bile duct ligated animals receiving half the dose, suggesting that a 
saturation of the acetylation process was occurring even a t  the 50-mgkg 
dose. 


DISCUSSION 


It has been demonstrated (9) that the transport of I into bile is an active 
process, since the biliary excretion exhibited a concentrative mechanism 
that was saturable and could be competitively inhibited by other tertiary 
and quaternary amines. However, since ligation of the bile duct imme- 
diately prior to intravenous administration of I did not significantly el- 
evate plasma, saliva, or urine levels of the drug at any time period studied, 
it is apparent that biliary excretion of I is a minor component in its overall 
elimination (Table 111). This is in agreement with previous findings (lo), 
which state that renal excretion is the major route of elimination for this 
drug. Furthermore, simply shutting off the biliary route of excretion 
cannot be invoked as the primary explanation for pharmacokinetic al- 
terations observed in 4-day bile duct ligation in the case of I. However, 
the small amount of I that  normally appears in bile, which according to 
a previous report (11) amounts to 3-5% of the administrated dose, would 
be reabsorbed and contribute to elevated plasma levels. 


The most logical hypothesis concerning the underlying mechanism for 
the altered kinetics would be that the metabolism of I was being inhibited 
due to liver damage resulting from the reflux of bile acids in a manner 
similar to that proposed for a number of drugs by various investigators 
(2-5) ( i . e . ,  destruction or decreased synthesis of cytochrome P.m). 


Table IV-Mean Pharmacokinetic Parameters of Procainamide 
in Normal and 4-Day Bile Duct Ligated Ratsa 


Parameters 
Bile Duct 


Control Ligated 


t I PL. min f SE 4.87 f 1.06 2.95 f 0.90 
t ;;;;I min f SE 
v d ,  liter/kg f SE' 3.72 f 0.47 2.76 f 0.21 
C1, ml/kg/min f SEb 61.94 f 13.68 28.71 f 3.80 


47.39 f 3.81 78.64 f 13.13 


Dose of procainamide was 50 mg/kg iv; n = 6 rats. p < 0.025. p < 0.05. 


However, the 24-hr urinary I1 levels as well as plasma I1 levels indicate 
that there is no difference in the amount of I1 produced by &day bile duct 
ligated rats compared to normal rats. Since 11, the major metabolite of 
I, is a product of a nonmicrosomal metabolism ( i .e . ,  not dependent on 
the mixed-function oxidase system), it appears that nonmicrosomal 
acetylation of I is relatively resistant to inhibition by ligation of the 
common bile duct. Furthermore, the studies with 100 mg/kg I in normal 
rats indicate that the acetylation enzyme, N-acetyltransferase, is satu- 
rable a t  the 50-mg/kg dose level of I, and thus, the activity of the enzyme 
in normal and 4-day bile duct ligated animals is apparently the same. 
These results also indicate that decreased production of I1 is not the 
primary mechanism responsible for the elevation of I concentrations in 
the various biological fluids. 


However, inhibition of microsomal metabolism may play a contributing 
role in the altered kinetics of I, since a small percentage of the drug 
undergoes some microsomal metabolism. Recently, two other metabolites 
of I were found (12): desethylprocainamide and N-acetyldesethylpro- 
cainamide; the former being the primary intermediate in the formation 
of the latter. Since bile duct ligation has been shown to inhibit microsomal 
metabolism and the data in this study show significantly greater amounts 
of unchanged drug excreted (Table I), it is probable that these metabo- 
lites are not produced to the normal extent, thereby contributing to higher 
plasma levels of the parent compound. This may explain the prolonged 
t 1 / 2 0  calculated in this study. 


Since elimination by the biliary route of excretion or decreased acet- 
ylation apparently are not the major mechanisms underlying the bile duct 
ligation-induced alteration in the pharmacokinetics of I, other mecha- 
nisms must be operative. Calculation of various pharmacokinetic pa- 
rameters (Table IV) revealed that there is a significant reduction in vd 
of I in 4-day bile duct ligated rats. The reduction in v d  suggests that the 
drug is not leaving the central compartment as readily as in normal rats, 
thus contributing to higher than normal plasma concentrations. The 
fact that  there was no significant difference in the calculated t 1 / 2 n  indi- 
cates that  the rate of distribution is not affected by 4-day bile duct liga- 
tion, only the extent of the distribution is. The idea that bile duct ligation 
can induce a change in drug distribution has also been advanced in a 
previous report (2) where it was postulated that increased thiopental 
sleeping times may be due to this phenomenon. The decreased distri- 
bution to the peripheral compartment observed in this study is borne out 
by the salivary excretion data which showed that while there was an in- 
crease in saliva I concentration, it was not of the same magnitude as the 
increase in plasma except a t  the 90-min mark. One possible explanation 
for the decreased v d  may involve elevated bilirubin levels, which result 
from bile duct ligation (13). High levels of bilirubin have been associated 
with displacement of drugs from plasma proteins. Since plasma protein 
binding of I is negligible (10-15%) but tissue protein binding is extensive, 
it is possible that hyperbilirubinemia caused a significant reduction in 
tissue binding. Such an idea has been suggested previously (14). A sig- 
nificant decrease in tissue binding of a drug, which is normally bound to 
tissues extensively, would cause a decrease in the v d  of the drug. 


Thus, although biliary excretion of I is of minor importance as a route 
of elimination, this study demonstrates that  extrahepatic biliary ob- 
struction induced by bile duct ligation can still lead to a significant al- 
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teration in the pharmacokinetics of I through a combination of effects 
including decreased microsomal metabolism and decreased volume of 
distribution. Furthermore, this study shows that nonmicrosomal hepatic 
metabolism, such as acetylation, is relatively resistant to pathological 
insults such as bile duct ligation. 
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Abstract  u The relative bioavailability of tolazamide was determined, 
in healthy male volunteers, from four different tablet formulations 
manufactured by direct compaction or granulation processes and the 
results were compared with in uitro disintegration and dissolution values. 
Serum tolazamide levels were determined by a high-pressure liquid 
chromatographic method developed in this laboratory. Serum tolazamide 
levels from the formulation that gave rise to rapid absorption were de- 
scribed by one-compartment model kinetics with a mean absorption 
half-time of 1.0 hr and an elimination half-life of 4.6 hr. Peak serum levels 
occurred a t  3.3 hr after drug administration. Marked differences were 
observed in drug bioavailability from the four tablets, and the mean cu- 
mulative relative fraction of dose absorbed was 1.0,0.42,0.75, and 0.91 
from Formulations A, B, C, and D, respectively. The hypoglycemic effect 
was closely related to serum tolazamide levels. Disintegration times did 
not predict in uiuo tolazamide bioavailability. Dissolution rates provided 
an approximate rank order correlation with in uiuo absorption but failed 
to be predictive among formulations. Currently available in uitro tests 
do not accurately predict tolazamide in uiuo bioavailability characteristics 
among different formulations and manufacturing processes but may be 
useful to ensure lot-to-lot uniformity in bioavailability for a given for- 
mulation and specific method of manufacture. 


Keyphrases 0 Bioavailability-tolazamide from tablets, comparison 
of in uitro and in uiuo results, humans o Tolazamide-bioavailability 
from tablets, comparison of in uitro and in uiuo results, humans 0 
High-pressure liquid chromatography-determination of tolazamide 
bioavailability from tablets, comparison of in uitro and in uiuo results, 
humans 


The hypoglycemic effect of oral sulfonylureas is related 
to the size of the dose and to the bioavailability of admin- 
istered drug to the systemic circulation (1, 2). Large dif- 
ferences in circulating levels of chlorpropamide (3,4) and 
tolbutamide (5) have been reported from different generic 
brands, and the in uiuo bioavailability of tolbutamide did 
not correlate well with in uitro dissolution rates (6). 


Although the sulfonylurea tolazamide has been used 


clinically since 1965, there appears to be little or no in- 
formation on its pharmacokinetic or bioavailability char- 
acteristics. Therefore, this study was designed to investi- 
gate the pharmacokinetics of tolazamide after adminis- 
tration of oral tablets to healthy volunteers and to compare 
relative in uiuo bioavailability of different tablets with 
their in uitro disintegration and dissolution rates. 


EXPERIMENTAL 


Tolazamide Formulations-The four tolazamide tablet formulations 


A: Tolazamide 250-mg tablets, marketed Formulation’ 
B: Tolazamide 250-mg tablets, experimental Formulation l2 
C: Tolazamide 250-mg tablets, experimental Formulation 2” 
D: Tolazamide 250-mg tablets, experimental Formulation 34 
Formulation A was the commercial brand of tolazamide. Formulations 


B, C, and D were experimental tablets containing similar excipients as 
Formulation A but in different quantities to produce different in uitro 
dissolution characteristics. Tablets A and D were wet granulation for- 
mulations; B and C were direct compression formulations. 


In Vitro Studies-Disintegration times were determined by the of- 
ficial USP XX method for uncoated tablets (7). 


Tablet dissolution rates were determined by a rotating paddle proce- 
dure. The apparatus5 consisted of a 1000-ml flask containing 900 ml of 
0.05 M tris(hydroxymethy1)aminomethane aqueous buffer (pH 7.6) and 
a paddle stirring rate of 75 rpm. Drug dissolution was monitored by 
continuously pumping the dissolution medium through a 0.5-mm path- 
length flow cell6 and measuring UV absorbance a t  224 nm. 
In Vivo Studies-Subjects-Subjects7 were 20 healthy male volun- 


selected for study were: 


1 Tolinase tablets, Lot No. 901HK, The Upjohn Co., Kalamazoo, Mich. 
2 No. 19356, The  Upjohn Co., Kalamazoo, Mich. 
3 No. 19357, The Upjohn Co., Kalamazoo, Mich. 
4 No. 19358, The Upjohn Co., Kalamazoo, Mich. 
5 SPADRA. The Upjohn Co., Kalamazoo, Mich. 
6 Kintrac VII, Beckman Instruments, Fullerton, Calif. 
7 Technical and administrative staff and graduate students. 
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Abstract D A colorimetric determination of acetplcysteine, penicilla- 
mine, and mercaptopropionylglycine is described. The method is based 
on the oxidation of mercapto-compounds with iron(II1) in the presence 
of 1,lO-phenanthroline. The iron(l1) formed was quantitatively and 
rapidly converted to the stable trid 1,lO-phenanthroline)iron(II) complex 
measured spectrophotometrically a t  515 nm. The results obtained from 
various commercial formulations indicate that the method proposed 
allows a simple, sensitive determination of these mercapto-drugs with 
good accuracy (99.5-101% recovery) and remarkable precision (RSD 
f0.6-1.66). 


Keyphrases 0 Acetylcysteine-colorimetric determination in phar- 
maceutical dosage forms, penicillamine, mercaptopropionylglycine 
Penicillamine-colorimetric determination in pharmaceutical dosage 
forms, acetylcysteine, mercaptopropionylglycine 0 Mercaptopropian- 
ylglycine--colorimetric determination in pharmaceutical dosage forms, 
acetylcysteine, penicillamine o Colarimetry----analysis of penicillamine, 
acetylcysteine, and mercaptopropionylglycine in pharmaceutical dosage 
forms 


A number of thiol (SH)-containing drugs are commer- 
cially available and are utilized in various therapeutic 
applications. Among the most widely used are acetylcys- 
teine, a topical pulmonary mucolytic agent; penicillamine, 
a therapeutic agent for the treatment of Wilson's disease 
and heavy metal poisoning; and mercaptopropionylglycine, 
a drug used in hepatic disorders. 


Numerous analytical methods have been developed for 
the quantitative assay of the thiol group (1-3). The USP 
method (4) for acetylcysteine determination, based on the 
potentiometric titration of the thiol group with mercuric 
nitrate using a calomel-gold electrode system, was con- 
sidered affected by some possible ambiguities due to the 
divalency of mercury (5). Other procedures reported for 
determining this drug in pharmaceutical dosage forms 
include spectrophotometric (6) and colorimetric tech- 
niques (5,7). 


Numerous extensive studies on the chelating properties 
of penicillamine versus a variety of metals have been re- 
ported (8-19), but analytical procedures for its quantita- 
tive determination have been developed more for biological 
(20-24) than for pharmaceutical systems (25). The official 
USP method (26) involves the use of the highly toxic 
mercuric acetate, and recently a study (25) investigated 
alternative procedures such as nonaqueous m i n e  titration, 
nonaqueous acid titration, and hydroxylamine colorimetric 
assay. 


A few studies on the chelating ability of mercaptopro- 
pionylglycine have appeared (27, 28), but no analytical 
procedures for its determination in pharmaceutical for- 
mulations are available to the authors' knowledge. 


I t  is highly desirable to provide a single colorimetric 
procedure suitable for all these mercapto-compounds, for 
which a direct spectrophotometric method is unwarranted 
due to interference from excipients. 


In this report a simple and sensitive colorimetric pro- 
cedure, based on the formation of the tris( 1,lO-phenan- 
throline)iron(II) complex, is described for determining 
acetylcysteine, penicillamine, and mercaptopropionyl- 
glycine in various commercial formulations. 


EXPERIMENTAL 


Instruments-A digital single-beam spectrophtrtometerL. a double- 
beam spectrophotometer', a pH meter3, and a microanalytical balance4 
were used. 


Materials-Pharmaceutical grade acetylcysteine5, penicillamine5, 
and mercaptopropionylglycineJ were used as working standards. All re- 
agen t  were analytically pure and were used without further purification. 
Commercially coated tablets, injectable solutions, syrup of mercapto- 
propionylglycine, and injectable salutions of acetylcysteine and capsules 
of penicillamine were analyzed as dosage forms. 


Reagents-The 0.25% aqueous solution of 1.10-phenanthroline was 
prepared hy dissolving 0.25 g of the compound in distilled water and di- 
luting to 100 ml after gentle heating. This solution was stored for 53 days, 
in a tight light-resistant container. For the iron(II1) 4 X 10-3M solution, 
1.92 g of ferric ammonium sulfate dtdecahydrate dissolved in distilled 
water was treated with 10 ml of concentrated hydrochloric acid and di- 
luted with water to a 1000-ml volume. This solution was also protected 


Table I-Parameters and Correlation Coefficients of 
Calibration Plots * for  Mercapto-Compounds 


~~ ~ 


Mercapto-Compound A R r 


Acetylcysteine 10791 -0.001 0.9998 
Penicillamine 11100 0.01 0.9999 
Mercaptopropionylglvcine 11267 -0.001 0.9999 


0 Calibration plots are expressed as regression lines of the form y = Ax + B; with 
y = absorbance, x is the molar concentration of mercapto-compounds. B is the 
y-intercept. A is the slope of the line; r is the correlation cmfficient of the line. 


2 4 6 8 10 12 14 
[FE( I I I I 1  I [R-SH 1 


Figure 1 --Absorbance versus molar ratro of iron(lIIJ to  mercapto- 
compound (R-SH) for a 0.3 X M acetylcysteine solution, p H  
9.4.  


I Model IJVIDEC 4 Jasco, Japan. 
2 Model 402 Perkin-Elmer Coro.. Ennland . .. 


Model 325 Amel, Italy. 
4 Metler type 5, Switzerland. 
5 Fluke. Switzerland. 
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Table 11-Assay Results of Commercial Pharmaceutical  Dosage Forms 


Declared, Founda, Recovery, RSD, 


Penicillamine Capsules 150 151.0 100.7 0.72 
Mercapto- Ampuls 100 101.0 101.0 1.60 


propionylgl y cine Syrup 100 99.5 99.5 0.60 
Coated Tablets 250 252.0 100.8 1.50 


Acetylcysteine Ampuls 100 100.1 100.1 0.63 


Drug Dosage Form mg mg % % 


a Average of five determinations. 


from sunlight. A pH 4 buffer was prepared by mixing 75 ml of 0.1 M 
CHaCOOH with 25 ml of 0.1 M CH3COONa. Whenever necessary, 0.2 
M CH3COONa was also used to adjust the pH. 


Standard Solutions-For acetylcysteine, 0.163 g of the drug was 
dissolved in water up to a 500-ml volume; dilution to a 1:5 ratio gave the 
desired concentration. For penicillamine, 0.149 g of the drug was dissolved 
in water up to a 500-ml volume, and the solution was diluted five times 
to give the desired concentration. For mercaptopropionylglycine, 0.167 
g of the drug was dissolved in water up to a 500-ml volume; dilution to 
a 1:5 ratio gave the desired concentration. 


Calibration Curves-For calibration of acetylcysteine, penicillamine, 
and mercaptopropionylglycine serial volumes of 1-5 ml (in 1-ml steps) 
of standard solution were transferred to  25-ml volumetric flasks. Six 
milliliters of iron(II1) solution, 2.5 ml of phenanthroline, 3.5 ml of sodium 
acetate (0.2 M ) ,  and 4.5 ml of buffer and water to volume were added in 
succession. After 20 min (after 1 hr for penicillamine) the absorbance a t  
515 nm was measured against a blank, prepared simultaneously without 
thiol solution. 


T o  evaluate a possible disodium edetate interference, 1-10% of this 
compound was added to a 3 X M thiol solution, and absorbance was 
measured under the described conditions. 


Determination of Acetylcysteine-For the determination of ac- 
etylcysteine in injectable solution, a volume equivalent to 100 mg of ac- 
etylcysteine was diluted to 200 ml with distilled water and 10 ml of this 
solution was further diluted five times. The procedure for the calibration 
curve was followed using 2 ml of the final solution. 


Determination of Penicillamine-For the determination of peni- 
cillamine in capsules, the contents of 10 capsules were mixed, and an 
amount equivalent to 150 mg of the drug was accurately weighed and 
dissolved in water to a 500-ml volume. After stirring, the solution was 
filtered. T o  10 ml of the filtrate were added 10 ml of 0.2 M CH3COONa, 
15 ml of pH 4 buffer, and water to a volume of 50 ml. Using 3 ml of this 
solution, the procedure for the calibration curve was followed. 


Determination of Mercaptopropionylglycine-For the determi- 
nation of mercaptopropionylglycine in syrup, 16 mg of powder was dis- 
solved in water up to a 250-ml volume. Using 3 ml of this solution, the 
procedure for the calibration curve was followed. For the determination 
of mercaptopropionylglycine in injectable solutions the content of one 
ampule (2 ml), equivalent to 100 mg of the drug, was diluted with water 
to 200 ml; 10 ml of this solution was further diluted five times. Using 2 
ml of this solution, the procedure for the calibration curve was followed. 
For the determination of mercaptopropionylglycine in commercial coated 
tablets, 10 coated tablets were powdered and mixed. A portion of this 
powder (117 mg) was transferred to a 500-ml volumetric flask, and water 
was added with stirring for 10 min before filling to volume. Using 3 ml 
of this solution, suitably filtered, the procedure for the calibration curve 
was followed. 


RESULTS AND DISCUSSION 


The proposed method is based on the ability of mercapto-compounds 
to reduce iron(II1) to iron(I1) (reaction l ) ,  which is rapidly converted to 
the highly stable and colored tris(1,lO-phenanthroline)iron(II) complex 
(reaction 2) with A,,, = 515 nm and t = 11,100 (29,301. 


2 Fe3+ t 2 R-SH - 2 Fez+ + R-S-S-R + 2 H+ (1) 
(2) Fez+ + 3 (C12H8N2) - [Fe(ClzHsN2)3I2+ 


Scheme I 


The conditions under which the reaction of each mercapto-compound 
with iron(II1) in the presence of 1,lO-phenanthroline fulfills the necessary 
analytical requirements were investigated. The amount of phenanthroline 
added must be at  least in a 3:l ratio with respect to the iron(II), according 
to reaction 2. The time necessary for the completion of the reaction de- 


pends on temperature, pH, and on the amount of iron(II1) added. At room 
temperature, which was chosen to meet the practical requirements of 
analytical speed, the influence of pH and iron(II1) concentration was 
investigated. It was observed that under the described experimental 
conditions, the optimum pH range for the reaction was 2.5-4.5. This is 
markedly different from the 7-8 pH range selected previously for the 
colorimetric determination of cysteine (31) and thioethylamine (32) by 
means of nitrilotriacetateferrate(II1). 


The influence of iron(II1) concentration on the color development is 
illustrated in Fig. 1, where the absorbance uersus molar ratio of iron 111 
to mercapto-compound is reported. By increasing the iron 111 concen- 
tration, the reaction can be forced to completion, as indicated by the 
constant value of absorbance for iron(II1) concentration in up to tenfold 
excess of mercapto-compound. 


All absorbance readings (515 nm) were taken for acetylcysteine and 
mercaptopropionylglycine after 20 min uersus the blank, which contained 
all the reagents except thiol; for penicillamine, color development was 
found to be complete in longer times (1 hr). In all cases the absorbance 
was constant for a t  least 2 br. Under these experimental conditions, good 
reproducibility was obtained (RSD = 0.34%). 


A calibration curve of absorbance uersus concentration was constructed 
for each mercapto-compound in the range of 4.5-80 p M .  The parameters 
and correlation coefficients of calibration plots, expressed as regression 
lines of the form of y = Ax t B ,  are listed in Table I. As can be seen from 
the equations obtained, the lines pass very close to the origin and the 
slopes remain relatively constant for all three drugs investigated. 


Regression analysis of all of the data by least squares gave the line y 
= 11015x + 0.01 (correlation coefficient of 0.998), which reproduces 
satisfactorily the experimental absorbance values obtained for various 
concentrations of all three mercapto-compounds. These results indicate 
that acetylcysteine, penicillamine, and mercaptopropionylglycine, ac- 
cording to reaction 1, similarly reduce iron(II1) to iron(II), which suc- 
cessively forms the phenanthroline complex. The calibration curve ob- 
tained for mercapto-compounds was also compared with the calibration 
plot for iron(I1) solutions treated by phenanthroline under the described 
experimental conditions. The comparison showed that reaction 1 was 
quantitative, since the absorbance values for the mercapto-compounds 
and those for iron(I1) solutions a t  the same molar concentration were 
essentially identical. 


The proposed colorimetric method was applied to analysis of com- 
mercially available pharmaceutical dosage forms of acetylcysteine, 
penicillamine, and mercaptopropionylglycine. The results obtained 
(Table 11) indicate that the proposed method is suitable for analyzing 
various types of formulations. No interference due to air oxidant effect 
or due to excipients such as magnesium stearate, titanium dioxide, lac- 
tose, etc.  has been observed. The possible interference by disodium ed- 
etate salt present in some preparations containing penicillamine and 
acetylcysteine was investigated. I t  was found that under the described 
experimental conditions, concentrations of disodium edetate as high as 
10% of the thiol compound did not interfere with the analysis, at  variance 
with some volumetric procedures reported previously (25). 


In summary, the proposed method allows a simple, sensitive deter- 
mination of the thiol-group containing drugs investigated, with good 
accuracy (99.5-101% recovery) and remarkable precision (RSD f 0.6- 
1.6%). The fact that  this method requires more time in the case of peni- 
cillamine than some methods previously proposed (20,251, is compen- 
sated by the high stability of the colored complex and by the lack of di- 
sodium edetate interference. 
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Abstract  0 The pharmacokinet.ics of griseofulvin were evaluated si- 
multaneously using both arterial and venous plasma in three dogs and 
one rabbit after a rapid bolus intravenous dosing. Initial arterial-venous 
ratios 20 sec after injection were the highest and ranged from 15- to 
752-fold for dogs; the ratio was 3240-fold for the rabbit. Both curves de- 
cayed paralleling each other a t  the terminal phase with the venous levels 
higher than arterial levels by 14-43 and 8.4% for the dogs and the rabbit, 
respectively. The use of the instantaneous input principle was found to 
overestimate the total area under the plasma level-time curve by as much 
as 166%. An exponential term with a negative coefficient was used to 
account for the short and steep rising phase of plasma levels after injec- 
tion. Detailed analyses showed significant differences in various calcu- 
lated pharmacokinetic parameters based on arterial or venous data. The 
present study exemplifies the need for careful assessment and interpre- 
tation of classical pharmacokinetic parameters. I t  appeared that short 
intravenous infusion rather than the instantaneous or rapid bolus in- 
travenous injection should be preferred for routine pharmacokinetic 
studies. 


Keyphrases 0 Griseofulvin-pharmacokinetics, arterial and venous 
blood sampling 0 Pharmacokinetics-arterial and venous blood sam- 
pling, griseofulvin 0 Blood sampling-arterial and venous pharmaco- 
kinetics of griseofulvin 


Preliminary results showing marked and persistent ar- 
terial-venous (A-V) plasma concentration differences of 
six drugs (propranolol, lidocaine, procainamide, furo- 
semide, theophylline, and griseofulvin), following intra- 


venous administration to dogs or rabbits, were recently 
reported from this laboratory (1). The pharmacokinetic 
consequences of data analysis by using arterial or venous 
data on propranolol also has been described (2). 


The present report describes in detail arterial and ve- 
nous plasma level profiles of griseofulvin in three dogs and 
one rabbit and discusses the resulting effects on phar- 
macokinetic analysis. 


EXPERIMENTAL 


Bolus Injection Studies-Griseofulvin’ (40 mg/ml) in polyethylene 
glycol 40O2 (1,3) was injected as a bolus over 20 sec to the cephalic vein 
in three male mongrel dogs and to the ear vein in one male New Zealand 
white rabbit. Dogs 1 and 2 were conscious while dog 3 and rabbit 1 were 
anesthetized with nitrous oxide during the study. The doses administered 
to each animal are summarized in Table I. The midpoint of the injection 
was timed zero. Femoral arterial and venous blood samples were with- 
drawn simultaneously from permanent cannulas in the dogs and a spe- 
cially designed T-loop in the rabbit. The preparation of the cannulas and 
the surgical procedure were described elsewhere (2).  Heparinized normal 
saline (10 U/ml) was used for flushing of the cannula during the study. 
The sampling times, also midpoints of collection, were usually at  0.33, 
0.66, 1, 1.33,1.66,2,3,6,9, 15,30,60,80, 100,120,140, 160,and 180min 


Si ma Chemical Co., St. Louis. Mo. 
J.%. Baker Chemical Co.. Phillipsburg, N.J.  
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