
For cations, the points of ionic cloud point shift values versus either lyotropic 
numbers or standard free energies of formation in water are scattered and do 
not fall on a single curve. This lack of correlation is ascribed to the fact that 
all cations except sodium, potassium, ammonium, rubidium, and cesium form 
complexes with the ether groups of octoxynol 9. The cloud points of polyoxy- 
ethylated surfactants are thus affected by cations in two ways. First, all cations 
tend to become hydrated, binding water and altering its structure. Second, 
there is a specific interaction by complexation between the ether groups of 
the surfactants and most cations, which predominates over their dehydrating 
effect to various degrees, resulting in net salting in or positive A values ( 4 , s ) .  
The ionic cloud point shift values for the complexing cations arc probably 
related to the stability constants of the complexes they form with the ether 
linkages of the polyoxyethylated surfactants and the standard free energy 
changes of complexation. 

Anions do not form complexes with the ether groups. Therefore. their effect 
on the cloud points of nonionic surfactants depends entirely on their interaction 
with water, which is also the dominant factor in ranking the anions in the 
Hofmeister series. 

The ionic cloud point shift values of Table IX refer to wtoxynol 9. They 
are higher than the corresponding absolute A values for polyoxyethylated 
surfactants having practically the same average number of ethllene oxide units 
per molecule and the same HLB but lacking an aromatic ring. Calculating 
the ionic cloud point shift values with the aid of Eq. 2 from the data of Ref. 
5 .  it was found that polyoxyl IOcetylcther and polyoxyl 10 stearyl ether had 
the lowest absolute A values. Those of polyoxyl 10 oleyl ether were somewhat 
higher, but still well below the corresponding values for octoxynol9. As the 
polarity of the hydrocarbon moiety of the surfactants decreased, the ionic cloud 
point shift values at a given W also decreased. Since the HLB values of the 
four surfactants were the same within one unit, this observation points up the 
major shortcoming of the HLB system, namely. that it does not take into ac- 
count the nature of the hydrophobic moiety of the surfactants (8, 38). 

REFERENCES 

(1)W. N Maclay, J .  ColloidSci., 11,272 (1956). 
(2) M. J. Schick, J. ColloidSci., 17,801 (1962). 
(3) H .  Saito and K. Shinoda, J .  Colloid Interface Sci., 24, 10 (1967). 
(4) H. Schott, J .  Colloid lnterface Sci., 43, I50 ( I  973). 
(5) H. Schott and S. K. Han, J .  Pharm. Sci., 64,658 (1975). 
(6) F. A. Long and W. F. McDevit. Chem. Rev., 52, I19 (1952). 
(7) J. M. Corkill and J. F. Goodman. Ado. Colloid InterfaceSci., 2,297 

(8) H. Schott. J .  Pharm. Sci., 58, 1443 (1969). 
(9) K. Shinoda, in  “Solvent Properties of Surfactant Solutions,” K. 

Shinoda, Ed., Dekker, New York. N.Y.. 1967. chap. 2. 

(1969). 

(10) H. Schott and S. K. Han, J .  Phorm. Sci..  65,979 (1976). 
(1  I )  H. Schott. J .  Chem. Eng. Data. 11,417 (1966). 
( 1 2 )  H. Sch0tt.J. ColloidInterfoceSci.. 24, 193 (1967). 
(13) J.  L. Kavanau, “Water and Solutewater Interactions,” Holden-Day, 

(14) G. E. Walrafen, J .  Chem. Phys.. 55,768 (1971). 
(15) M. A. Khan, D. P. Wolf, and M. Litt. Biochim. Biophys. Acto. 444, 

(16) P. S. Richardson, Eur. J .  Respir. Dis., 61, (suppl 1 lo), 67 (1980). 
(17) W.-Y. Wen, in “Water and Aqueous Solutions,” R. A. Horne. Ed., 

(1 8) H. Schott and S. K. Han, J. Pharm. Sci., 66,165 ( 1  977). 
(19) T. M. Doscher, G. E. Myers, and D. C. Atkins, J .  ColloidSci.. 6,223 

(20) A. Voet, Chem. Reu., 20, 169 (1937). 
(21) J.  M. Corkill. J.  F. Goodman, and J. R. Tate, Trans. Faraday Soc., 

(22) F. Tokiwa and K. Tsujii, J .  Phys. Chem., 75,3560 (1971). 
(23) S. Saito and H. Hirata, Kolloid-Z., 165, 162 (1959). 
(24) S. Saito. J .  ColloidInterfaceSci.. 24, 227 (1967). 
(25) S. Saito, Kolloid-2. u. Z .  Polymere, 215, 16 (1967). 
(26) M. N. Jones, J .  Colloid Interface Sci.,  23.36 (1967). 
(27) B. Cabane, J .  Phys. Chem., 81, 1639 (1977). 
(28) T. Sasaki, K. Kushima, K. Matsuda, and H. Suzuki, Bull. Chem. Soc. 

Jpn ,53, 1864 (1 980). 
(29) P. H. Elworthy, A. T. Florence, and C. B. Macfarlane, “Solubilization 

by Surface-Active Agents,” Chapman and Hall, London, England, 1968, 
chaps. 2 and 3. 

San Francisco, Calif., 1964. 

369 (1976). 

Wiley-Interscience. New York, N.Y., 1972, chap. 15. 

(I95 I ) .  

60,986 (1964). 

(30) M. Aoki and Y. Iwayama. Yakugaku Zosshi, 79,516 (1959). 
(31) H. Sasaki and N. Sata, Kolloid-Z. u. 2. Polymere, 199, 49 

(32) P. Becher, J .  Colloid Sci., 20,728 (1965). 
(33) H. Arai, J. Colloid InterfaceSci., 23,348 (1967). 
(34) L. Marszall, J .  Colloid Interface Sci., 60, 570 (1977). 
(35) T. Higuchi and J. L. Lach, J .  Am. Phorm. Assoc., Sci. Ed., 43,465 

(36) W.  P. Evans, J .  Pharm. Pharmacol.. 16,323 (1964). 
(37) L. H. N.  Cooper, Nature, 139,284 (1937). 
(38) H. Schott, J .  Pharm. Sci., 60,649 (1971). 

(1964). 

( 1954). 

ACKNOWLEDGMENTS 

Support by the National Institutes of Health under Grant GM 27802 is 
gratefully acknowledged. 

Dissolution Profile Determination of a Multicomponent 
Product Using a Rapid Liquid Chromatographic Analysis 

RICHARD SOLTERO *“, JOHN ROBINSON t, and DENNIS ADAlR 8 

Received June 9, 1982, from the Research and Development Department. Pharmaceuticals Division, Ciba-Geigy Corporation, Summit, NJ 
07901. 
Florham Park, NJ: SSchering Corp., Bloomfield, N J  07003. 

Accepted for publication May 9, 1983. Present address: *Berlex Labs., I10 E. Hanover Ave.. Cedar Knolls, NJ 07927; Warian Corp., 

Abstract 0 A system wasdeveloped which is capable of monitoring the dis- 
solution profiles of each of the active components in a two-component corn- 

profiles. The HPLC system and equipment, can monitor six samples of this 
product a t  5-min intervals in real analysis time. 

bination product. The UV spectra of the two drugs (metoprold and hydro- 
chlorothiazide) overlap considerably, making conventional UV analysis of 
either component unrealistic. By resolving the two drugs on a high-perfor- 
m n c e  liquid chromatographic (HPLC) system both can be quantitated after 
%oaration. The analvsis is sufficientlv short to allow for the of a six-station 

Disso~ution-mu~ticom~nent product* rapid HPLC, me- 
tOprOlOl. hydrwhlorothiazide 0 Metoprolol-dissolution profile. multi- 
component product with hydrochlorothiazide, rapid HPLC 0 Hydrwhlo- 
roth-@ide-diMlUtiOn Profile. multicomponent product with metoprolol rapid 

dissolution tester iniandem with an‘HPLC for determination of dissolution HPLC. 

The determination of the release rate of an active drug from 
pharmaceutical dosage forms has become a standard technique 
in pharmaceutical development, research, and quality control 

testing laboratories. This information is valuable to formula- 
tors in selecting an optimum solid dosage formulation. I n  
uiuo-in uitro correlations can often be established which are 
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Figure I--Schematic diagram of the sampling and injection hardware. Key: ( I )  six-way rolary value driven by a 60" stepping actuator; ( 2 )  loop injector 
ofthe liquid chromatograph. 

useful for predicting bioavailability, and at times it is possible 
to employ dissolution to satisfy the FDA requirements con- 
cerning the bioavailability of a product. 

Many dissolution techniques have been proposed, and sev- 
eral are in general usage. The most frequently used techniques 
are the USP rotating basket and USP rotating paddle methods 
(1). Other methods that have been employed are the spin filter 
(2,3), the rotating flask (4), and the USP disintegration basket 
( 5 ) .  Typically, samples of the test solution are taken at one or 
more time points, and the concentrations of the active com- 
ponent(s) are determined. Various analytical techniques are 
employed for evaluation concentrations. Wet chemistry 
techniques can be used to prepare the sample for analysis, or 
the samples can be analyzed directly without preparation de- 
pending on the particular drug excipients and the relative 
concentration ranges. Several automated dissolution methods 
have been proposed (6-8). In  addition, several commercial 
instruments are available which will sample, store, and prepare 
samples for UV analysis'. The development of high-perfor- 
mance liquid chromatographic (HPLC) techniques and 
equipment has simplificd the analysis of aqueous samples. This 
method can be employed for analyzing samples taken from the 
dissolution medium using a fraction collector, or the solution 
can be sampled automatically (9). 

This paper presents HPLC tcchniques and equipment which 
can be used in conjunction with most dissolution test methods. 
The system is capable of sequentially sampling six streams 
from the dissolution apparatus and subjecting these samples 
to chromatographic analysis in <5 min. In operation, all six 
streams from a dissolution test unit2 are continuously pumped, 
through in-line filters, into a six-way rotary valve3, which se- 
lects one stream to be diverted to the injection loop of a chro- 
matograph, while the other streams are returned to the dis- 
solution flasks. Kent et al. (10) used a similar valve to monitor 
the U V  absorbance of six dissolution streams. This system has 
the advantage of performing an HPLC separation and analysis 
of several components of a multicomponent product during the 
dissolution experiment. 

I SASDRA: 'Technician Industrial S \temc. Tarrytown. N.Y.; DISOGRAPI-I; ' 

Hanson, multiple, six-station, variable-speed model 72R-QC; Ilanson Research 
llanson Research Corp. Northridge. Cal ip  

Cor Northridge. Calif. 
h l t e x  model 50- I I .  six-way Teflon rotary valves. 

EXPERIMENTAL 

Equipment-An HPLC4 with programmable external events and a pneu- 
matic loop valve injector was used. The position of the injection valve was 
controlled by a program in  the chromatograph that used solenoids tocontrol 
the pneumatic pressure to the valve. "Tee" fittings were placed in the pneu- 
matic lines to control the action of a 60' stepping actuator. This actuator was 
used to rotate a six-way rotary valve5. As shown in Fig. I ,  each of six streams 
of dissolution medium from a dissolution unit is pumped to the six-way valve, 
where one stream is selected to go to the injection valve and the rest are re- 
turned through polytcf tee fittings to the dissolution unit. The stream going 
to the injection valve flows through the injection loop and then to waste (-2-3 
mL of medium is lost in  a 30-min analysis). 

On program command (external event), the injection valve switches from 
the load position to the inject position, and the sample is washed onto the an- 
alytical column. At the same time, the pneumatic pressure switches the 60' 
stepping actuator to the return position. The next external events command 
causes the injector valve to return to the load position, and the stepping ac- 
tuator is advanced simultaneously to select the next stream from the dissolution 
unit and send it through the injection loop. The injection loop is thus contin- 
uously flushed with new sample throughout the time required for the chro- 
matographic separation. 

Chromatographic Conditions-Since rapid turnaround is required for this 
application. thechromatography was optimized with a short (5-cm) column 
and a high flow rate. An analysis time of 30-45 s/sample was the targeted 
range. 

The rapid HPLC method used a 50 X 2.5-mm column packed with nuclensil 
5 SA. At ambient temperature. an isocratic mobile phasecomposed of0.015 
M KMeSO,. 0.025 M tetramethylammonium chloride, and 50% acetonitrile 
was employed at a flow rate of 2.7 mL/min (-1 50 atm) with a 10-pL injection 
loop. The detection was a t  212 nm, with 0.2 AUFS attenuation; resolution 
of the two components was achieved within 0.8 min. The samples in  the dis- 
solution experiment were started at  0.8-min intervalsso that the timing of the 
analysis would be synchronized with the dissolution time. This process allowed 
six samples to be analyzed in sequence within 5 min. 

Additionally, as an alternate system, a microprocessor6 was used to control 
the sequence of steps and provide the timing in an automated HPLC system. 
All of the instrument conditions were kept constant. except for the pneumatic 
actuation and the HPLC pumping system. I n  this case. two solenoid valves' 
were used under the control of the microprocessor. The microprocessor has 
16 1/0 ports, which are extensions of a resident versatile interface adapter. 
Two of these ports were used to control the solenoid valves. The pneumatic 
prcssure released by the solenoid valves was used to simultaneously power an 
itutomatic injector and 60" stepping actuator8. The timing and the sequence 

Model 5020LC with  external events and pneumatic loop valve injector; Varian 
Instrument Co. 

leflon rotary valves. 
Rheodyne model K 50-03 60' stepping actuator with two model 50-1 I six-way 

A I M  65: Rockwell Inrernntional. Anaheim. Calif. ' Rheodyne Model 7 I63 solenoid valve. 
Rheodyne Model 7010 sample injector valve with Rheodyne Model 7001 R V  

pneumatic actuator 
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Figure 2-UV spectra of metoprolol and 
hydrochorothiazide. Key: ( A )  metoprolol, 
0.1 mgfmL; ( B )  hydrochlorothiazide, 0.025 
mg/mL: (C)  metoprolol-hydrochlorothia- 
zide 0.1-0.025 mg/mL. 
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of steps were programmed in BASIC. Driving the injector to the load or inject 
positions was done by sending the appropriate signals through the 1/0 port 
to the appropriate solenoid (one for inject position, one for load position). 
System delays were easily accomplishcd by sending the BASIC program into 
;I loop for the appropriate period of time. 

The advantages of the microprocessor-based system arc that ( a )  it can be 
rctrofittcd to an existing HPLC pump and detector, ( h )  all of the hardware 
is commcrcially available and is relatively inexpensive, and ( c )  the pro- 
gramming on the microprocessor can be tailored to specific applications and 
is independent of another operating system (such as the timed event functions 
necessary on the chromatograph for this procedure). 

Dissolution Apparatus and UV Analyses-The USP paddle method was 
used at 50 rpm employing I L of distilled water as the dissolution medium. 
Thc dissolution profiles were determined by continuously monitoring the 
absorbance of the media through a series of flow cells in  a UV-visible spec- 
trophotometerY. The media were circulated through polytef tubing with an 
in-line filter holderlo using a thick prefilter". A wavelength of 252 nm was 
selected. where the sum of the absorbance is due to the hydrochorothiazide 
and the absorbance due to the metoprolol will be in a convenient range for 
;inalysis. 

~~ ~ 

Zciss Model DM-4. with mulliplc cell attachment; Karl Zciss. New York. N.Y. 

C a t .  No. AP25 040 00; Millipore Corp.. Hedford, Mass. 
l o  Swincx. 47 mm; Millipore Corp.. Bedlord. Mass. 

C 

I l l  I I 1 I 

320.09 

295 .OO 

270.00 

215 .OO 

223.00 

RESULTS AND DISCUSSION 

This system is applicable for either single-component products (which have 
low extinction coefficients or some inactive material in the formulation that 
interferes with normal analysis) or multicomponent products. The obvious 
advantage is that the release rate profiles of the individual components in  
multicomponent products can be determined. The system proposed here can 
analyze six scparate dissolution samples within a 5-min turnaround time. This 
B I I O W S  for the dissolution experiment and the HPLC analysis of the active 
components to be conducted simultaneously. 

In developing an HPLC method for use in conjunction with a standard 
six-sample dissolution apparatus, analysis time is the prime consideration. 
f:or example. if the required dissolution profile allows for 5-min time intervals 
txtween groups of six samples for this apparatus, -0.8 min is available for 
each chromatogram. For separations which cannot be performed this quickly, 
longer sampling intervals such as 10 or I5 min would be required. 

The product, metoprolol-hydrochorothiazidc, was prepared in three 
strengths: 50:25, 100:25, and 100:50 mg. Each of the strengths was analyzed 
for dissolution profiles and each compared using the two different analytical 
methods. All results are the mean of six tests. 

The UV spectra of metoprolol and hydrochorothiazide are shown in Fig. 
2. The spectra are seen to overlap at  all points of the CjV spectrum. I t  would 
nearly be impossible to develop an accurate multiple-wavelength analysis for 
this combination product. HPLC analysis would bc an obvious method of 
choice in this case. 
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Figure 3-Comparison of rhe dissolution rates of ( A )  50:25-, ( B )  100:25-, 
and ( C )  IOa:50-mg combinations of metoprolol-hydrochlororhiazide. Key: 
(+) UV analysis (combination); (x)  HPLC analysis of meroprolol; (0 )  
HPLC analysis of hydrochlorothiazide. 

\ 
Figure 4-Chromarogram showing six injections made in a 5-min period. 

The three strengths of metoprolol-hydrochlorothiazide were tested using 
this rapid HPLC method, and comparison data were generated using the UV 
analysis method (Fig. 3). It  can be seen that the U V  analysis yields a disso- 
lution profile which is a composite of the individual release rates measured 
by the rapid HPLC method. For these sets of experiments, the analysis time 
for each batch of tablets required -1 .5 h using the rapid HPLC technique. 
For a conventional HPLC analysis technique, the time required to pull manual 
aliquots and analyze each sample is much greater. Before this technique was 
introduced intoour laboratory, it required -5 h to  analyze a similar dissolu- 
tion. 
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Table I-Peak Heights of Metoprolol-Hydrochlorothiazide Standard S l u t i o n s  

Concentration in Simulated Gastric Fluid, mg/L 
105 20: I0 60:30 80:40 10050 

METa H C T ~  MET HCT MET HCT MET HCT MET HCT 
~~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ 

6.3 4.2 17.1 8.4 58.7 24.8 75.0 32.0 98.0 41.0 
6.3 4.1 17.2 9.1 58.1 32.5 75.0 32.0 98.0 42.0 
6.3 4.2 17.0 8.6 56.5 23.7 74.2 31.2 98.0 41.0 
6.1 4.0 17.0 8.2 56.5 24.3 75.7 31.6 96.5 40.5 

Mean 6.3 4.1 17.1 8.6 57.5 24.1 75.0 31.7 97.6 41.1 
SD 0.1 0.1 0.1 0.4 1.1 0.6 0.6 0.4 0.8 0.6 

MET, metoprolol. 6 HCT. hydrochlorothiazide. 

The advantage of a rapid screening technique for monitoring individual 
release rates of the active components of a multicomponent product is shown 
in Fig. 3. The composite release from the 100:25- and 100:50-mg formulations 
appear similar; however, the hydrochlorothiazide is the faster component in 
Fig. 3B (lOO:25 mg) and the slower component in Fig. 3C (l00:50 mg). 

A typical chromatogram is shown in Fig. 4. where six analyses were com- 
pleted. Peak height measurements for a series of standards are listed in Table 
I. Linear regression analysis on the mean peak height values of metoprolol 
and hydrochlorothiazide versus concentration yielded correlation coefficients 
of 0.9996 and 0.9994, respectively. 

The intent of these experiments was to demonstrate the utility of a novel 
approach to analyzing the dissolution rate profile of combination products. 
For this article, we selected an example of a dual-entity product which was 
manufactured in several strengths. The ease of operation and facility of this 
technique is demonstrated in the reduced time required for quantitative 
analysis of each of the two Components of this combination product. The 
progress being made in  HPLC techniques and equipment should allow this 
technique to be developed for other combination products and for single-entity 
products which have excipients that interfere in normal U V  analyses. 
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Abstract 0 1-(2,4-Dichlorophenyl)-4dimethylaminomethyl-l-nonen-3-one 
hydrochloride (Id) was shown to inhibit the growth of Escherichia coli GK-19 
at a concentration of 50 pg/mL in a medium of pH 6.5. Maximal antibacterial 
activity was found during the logarithmic growth phases rather than at the 
early stationary phase. Electron microscopy revealed that Id caused lysis. and 
inhibition of respiration and retardation of RNA and protein syntheses OC- 
curred in the bacteria with this compound at 50 pg/mL. 

Keyphr& 0 1 -(2.4-Dichlorophenyl)-4-dimethylaminomethyl-1 -nonen-3-one 
hydrochloride-antibacterial activity in Escherichia coli, effects of concen- 
tration, temperature, and medium pH 0 Antibacterial activity-l-(2,4- 
dichlorophenyl)-4-dimethylaminomethyl- 1 -nonen-3-one hydrochloride against 
Escherichia coli. effects of concentration, temperature, and medium pH 

Previous work from these laboratories showed that a number 
of Mannich bases derived from conjugated styryl ketones had 
antibacterial properties ( 1  -3). The aim of the present inves- 
tigation was twofold. First, it was hoped to unravel some of the 
factors affecting the action of a representative Mannich base 
on bacterial growth, and second, to discern the site or sites of 
action of the compound toward the bacteria. 

EXPERIMENTAL 

Synthesis of Compounds-Compound la was prepared by the literature 
method (4); Ib, d-f were synthesized by a previously described procedure ( 5 ) .  
as was Ic (6). 

h: R1 = R1 = R3 = H 
Ib: R' = R' = H; R3 = (CH,),CH, 
Ic: R' = 3-OH; R' = H; R' = (CHI)ICH, 
Id: R' = 243; R' = 4-Cl; R3 = (CH,),CH, 
Ie: R' = 2421; R' = 643; R3 = (CH1)4CH3 
If: R' = 3-Cl; R' = 4-Cl; R3 = (CHi),CH, 

Measurement of Bacterial Growth-In this study, an isolate of Escherichia 
coli K-I2 strain designated GK- I9 (7) was employed. The bacteria were grown 
in a minimal salts medium (8) to which casamino acids (0.5% w/v) and thi- 
amine (7.5 pg/mL) had been added. Adjustment of the pH was made using 
Srensen's buffer solutions (9). The cultures were grown in Erlenmeyer flasks 
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