
steroid hormone solubilization is  supported by the similarity between 
the thermodynamic parameters found in this study and those from oc- 
tanol-wat.er partit.ioning (8). 

Although the flickering cluster hypothesis seems plausible, and the 
water ordering-disordering is important for the entropy change of solu- 
hilization. other factors may be significant. I t  was proposed (10) that the 
apolar solute molecule is held rigidly in a favored rotational configuration 
in  the aqueous phase by the layer of water molecules surrounding it. In 
the micelle hydrocarbon core, its rotational oscillations are relatively 
unrestricted. This proposal is supported hy the fact that  there is no 
clearcut. correlation between water solubility and AS;. Ethisterone has 
a much lower water solubility than testosterone 11.6 against 68.7 
pmoles/lit.er at  20” ( 8 ) ]  and can be regarded as more hydrophobic. Ac- 
cording to the flickering cluster hypothesis, ethisterone should have more 
struct.ured water around it and should give a more positive AS; a t  the 
randomization of the water molecules. Thus, both the water and solute 
effects probably cont.ribute to the effective AS:, but which is quantita- 
tively the most important cannot be determined. 

The contribution of the enthalpy change to the free energy change of 
solubilization is quantitatively minor for most steroids. Hence, there are 
interesting differences in their AH: values (Table 111). The most notable 
difference is the rather large positive value of progesterone in polysorbate 
40. Because similar AH: values can be expected for steroids solubilized 
by the same mechanism, the differences obtained indicate variations in 
that respect. 

The simultaneous soluhilization of steroids cannot be predicted by 
their free energies of solubilization (2). Test.osterone and progesterone 
have less negative AH: values than ethinyl estradiol but are solubilized 
maximally in polysorbate 40, while the latter steroid has a lower solubility 
at simultaneous solubilization. These discrepancies may be explained 
by differences in the solubilization mechanism. If the solubilization loci 
of the st.eroids partly overlap, a steric hindrance to simultaneous solu- 
hilization will exist. When solubilized on its own in tetradecyltrimeth- 
ylammonium hromide, ethinyl estradiol has a considerably larger AS: 
than progesterone, but the opposite is true a t  simultaneous solubilization 
(Tables I11 and IV). 

On the contrary, progesterone and estradiol are solubilized indepen- 
dently of each other in polysorhate 40, and the AS: values of both de- 
crease to about the same extent when the steroids are solubilized together. 
Also. {he solubilizations of bo1.h testosterone and estradiol are changed 
at simultaneous solubilization in tetradecyltrimethylammonium bromide, 

and their AS; values are both lowered when the steroids are solubilized 
together. However, a t  this stage it is hard to rationalize these results in 
terms of the precise structure and ordering of the micelle and the solute 
in it. 

Of course, the thermodynamic treatment in this study has limitations. 
Although the amount of solubilizate bound in a micellar system can be 
measured with accuracy, the calculation of C: presents problems because 
it is a concentration term, and precise delineation of the micellar pseu- 
dophase boundary is difficult. Two other difficult aspects of the ther- 
modynamic calculations regarding micellar binding are the selection of 
the standard state for the micellar cosolute and the incorporation of the 
appropriate activity corrections (11). For cosolutes with low water solu- 
bility such as steroid hormones, the C!q term probably will approximate 
the activity value. However, the micellar solubilizate activity coefficients 
may differ significantly from unity. This deviation will introduce errors 
into the calculations of thermodynamic parameters derived from micellar 
binding equilibrium constants. 

Although these limitations exist, data from studies of the temperature 
effect on solubilization processes can prove useful in expanding knowl- 
edge of this important branch of surface chemistry. Clearly, further 
studies of the effect of solutes on micelle structure are required before 
a theory rationalizing micellar solubilization can be formulated. 
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Abstract  A convenient spectrophotomitric determination of di- 
ethylstilbestrol and diethylstilbestrol dipropionate was developed in- 
volving [.heir interaction with triphenyltetrazolium chloride a t  50’ for 
45 min and subsequent measurement of the formazan formed. The sig- 
nificance of extended conjugation within the 4,4’-stilbenediol molecule 
to induce the color reaction is documented. Ideal adherence of color ab- 
sorption to Beer’s law permitted accurate and precise determination of 
diethylstilhestrol and diethylstilbestrol dipropionate pure forms over 
thr range of 2-22 p g  of diethylstilhestrol/ml. Applicatiorl nf the tetm- 

zolium color reaction to the analysis of diethylstilbestrol dipropionate 
dosage forms was achieved without prior hydrolysis or extraction. 

Keyphrases Diethylstilbestrol and diethylstilbestrol dipropio- 
nate-analysis, triphenyltetrazolium chloride colorimetry Colorime- 
try-analysis of diethylstilbestrol and diethylstilbestrol dipropionate 
with triphenyltetrazolium chloride 0 Tetrazolium salts-colorimetric 
analysis of diethylstilbestrol and diethylstilbestrol dipropionate 

The usual relatively small doses of diethylstilbestrol 
[ ( E )  -n,cu’-diethyl-4,4’-stilbenediol] require especially irradiation (6). 
sensitive and precise pharmaceutical analysis. The  phe- 
nolic hydroxyl group reactivity of this stilbene derivative 
has been used to develop diverse estimation procedures 
based on acetylation (1, 2),  nitrosation (3), polarography 

of the nitrosation product (4), bromination (5), and UV 

Of the chromogenic reagents reported for interaction 
with phenols, interest has focused on the utility of phos- 
phomolybdotungstate (7), iron (8) ,  antimony (9), and va- 
nadium (10) salts for diethylstilbestrol colorimetry. Some 
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Figure 1-Temperature effect on color development using 20 pg of 
diethylstilbestrol/m1,45 min. 

of these methods lack specificity or sensitivity, and they 
often are subject to limitations. The compendia1 UV-ir- 
radiation procedures (11, la), although apparently specific 
for diethylstilbestrol, may be tedious and time consuming, 
especially when oily formulations of diethylstilbestrol 
dipropionate are analyzed. Essential preliminary hydrol- 
ysis to diethylstilbestrol and its subsequent extraction 
might interfere with the accurate estimation of this 
ester. 

Triphenyltetrazolium chloride (I) can be reduced to the 
corresponding highly colored formazan derivative by 
various dihydroxybenzene derivatives (13-15). This re- 
duction offered a basis for investigating possible interac- 
tions of I with a different aromatic diol system such as 
4,4'-stilbenediol, with the hope of introducing a new for- 
mazan-based colorimetric analysis of diethylstilbestrol and 
its dipropionate ester. 

EXPERIMENTAL 

Instrumentation-A double-beam spectrophotometer', a pH meter2 
fitted with calomel and glass electrodes, and a suitable thermostated3 
water bath were used. 

Materials-Pharmaceutical grade diethylstilbestrol and diethyl- 
stilbestrol dipropionate were the working standards. Ethyl oleate, peanut 
oil, and sesame oil were chemically pure; other chemicals were analytically 
pure. As dosage forms, commercially marketed  tablet^^.^ and parenteral 
solutions6g of diethylstilbestrol and diethylstilbestrol dipropionate were 
analyzed. 

Spektromon-203, MOM, Budapest, Hungary. 
Radelkis OP-401/2, Budapest, Hungary. 
T-606.MTA, Budapest, Hungary. 
Stilbestrol (Misr Co. for Pharmaceuticals, Cairo, Egypt) contains 5.0 mg of 

Stilbestrol Dipropionate (G. Richter, Budapest, Hungary) contains 1.0 mg of 

6 Stilbestrol (Misr Co. for Pharmaceuticals, Cairo, Egypt) contains 1.0 mg of 

Stilbestrol Dipropionate (G. Richter, Budapest, Hungary) contains 5.0 mg of 

8 Stilbestrol Dipropionate (Evans, Bristol, England) contains 10.0 mg of di- 

JStilbestrol Dipropionate (Bayer, Liverkuhsen, Germany) contains 5.0 mg of 

diethylstilhestrol/tahlet. 

diethylstilbestrol dipropionate/tablet. 

diethylstilbestrol/l-ml ampul. 

diethylstilbestrol dipropionate/l-ml ampul. 

eth lstilbestrol dipropionate/l-ml solution in ethyl oleate. 

diethylstilbestrol dipropionate/l-ml solution in sesame oil. 
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Figure t--Diethylstilbe.~trol-tetraro/ium color-time curue using 50 
pg of diethylstilbestrollml at 50° ( 0 )  and after cooling t o  room tem- 
perature (0).  

Reagents-Tetrazolium Solution-Compound I was diluted to 0.5% 
(w/v) in aldehyde-free ethanollO. This solution was kept in the dark. 

Potassium Hydroxide Solution-Carbonate-free potassium hydroxide, 
0.1 g, was dissolved in -2 ml of distilled water and diluted to 100 ml with 
anhydrous ethanol. A fresh solution was prepared every 48 hr. 

Standards-An accurately weighed amount of diethylstilbestrol or 
diethylstilbestrol dipropionate, previously dried at 80' in U ~ C U O  for 2 hr, 
was dissolved in anhydrous ethanol to a final concentration of 200 p g  of 
diethylstilbestrol/ml. 

Assay Samples-Tablets-Not less than 20 tablets were ground to 
a fine powder. An accurately weighed powder sample, equivalent to -5 
mg of diethylstilbestrol, was transferred to a 50-ml volumetric flask. Then 
25 ml of anhydrous ethanol was added, and the solution was allowed to 
stand for 30 min with frequent shaking. The solution was diluted to 
volume with anhydrous ethanol, mixed well, and filtered through a dry 
filter into a dry flask. The first portions of the filtrate were discarded. 

Injections and Solutions-A I-ml precision syringe was used to 
transfer 1.0 ml of the injection solution into a suitable volumetric flask. 
The syringe was rinsed with 20% (v/v) n-heptane in ethanol; the rinses 
were collected in the flask and diluted quantitatively and stepwise with 
heptane-alcohol to obtain -100-140 gg of the claimed diethylstilbes- 
trol/ml. 

Procedure-A 1.0-ml sample of the standard or of the sample was 
pipetted into a 10-ml volumetric flask containing 3.0 ml of the tetrazolium 
solution and 1.0 ml of the potassium hydroxide assay solution. The sample 
was mixed well, stoppered, and allowed to stand in the dark in a ther- 
mostated water bath a t  50 f O.Io for 45 min. The red-orange reaction 
mixture was cooled and brought to volume with ethanol. The absorbance 
of this solution was measured in a I-cm glass cell a t  485 nm uersus a blank 
prepared from 1.0 ml of ethanol (for tablets) or from n-heptane-ethanol 
(for injections) and treated as for the assay solution (heated a t  50' for 
45 min). 

RESULTS AND DISCUSSION 

Tetrazolium-Stilbenediol Interaction-Tetrazolium salts were 
considered for use in pharmaceutical colorimetric analysis because they 
yield highly colored formazans upon reduction (14-21). The tetrazolium 
cation may oxidize the enediol function with appreciable selectivity since 
only the 1,2- and 1,4-dihydroxybenzene derivatives induce blue tetra- 
zoliurn reduction (13). 

Reaction of the following phenols with I in 0.1% KOH at 20° for 30 min 
also gave no color with resorcinol and phloroglucinol, while a moderate 
to intense color was observed with pyrocatechol, pyrogallol, and hydro- 
quinone. The 4,4'-stilbenediol reaction mixture became faint orange-red, 
but the color was augmented by the application of heat. Neither dihy- 

lo Aldehyde-free spectrograde (Prolaho, France). 
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Table I-Effect of Relative Reagent Concentrations on the 
Diethylstilbestrol-Tetrazolium Reaction Rate  

Table 111-Recovery of Standard Diethylstilbestrol Solutions 

Milliliters Added per 10 ml of Assay Solution” 
0.5% Tet razol iu m Absorbance, 

Chloride 0.1% KOH 485 nm 

1 .@ 
2.0 
3.0 
1.0 
2.0 
3.0 
4.0 
2.0 

0.50 
0.50 
0.50 
1 .00 
1.00 
1 .oo 
1.00 
1.50 

0.210 
0.315 
0.385 
0.125 
0.375 
0.475 
0.470‘ 
0.280 

3.0 1.50 0.330 
4.0 1.50 0.425 

* Containing 10 pg of diethylstilbestroI/ml. pH 10.50. pH 9.35. 

Table 11-Replicate Analyses of Diethylstilbestrol Standard 
Solutions 

Replicationn Absorbance, 485 nm 

4 
5 

Average 

0.471 
0.473 
0.474 
0.474 
0.472 
0.474 
0.475 
0.472 
0.473 

S n f1.3562 X 
RSD 2.867 x 

Containing 10.0 pg of diethylstilbestrol/ml. 

drostilbestrol” nor trans-stilbene induced formazan development under 
these conditions. These findings, although mostly qualitative, underline 
the possible reduction of tetrazolium salts by aromatic diols with widely 
separated enediol functions when the latter are conjugated properly with 
the carrier aromatic nuclei. This possibility encouraged further investi- 
gation of I for use in the photometric analysis of pharmaceutical 4,4’- 
stilbenediol derivatives. 

Assay-lnteraction of diethylstilbestrol with I proceeded analogously 
to 4,4’-stilbenediol; heating of the reaction mixture gradually intensified 
the color. The formazan absorbed with minimum and maximum ex- 
tinctions at  408 and 485 nm, respectively, consistent with the absorption 
of triphenylformazan (17, 19, 22). 

For the diethylstilbestrol concentration range studied, appropriate 
absorptivity readings were attained at 5 M 0 °  (Fig. 1). However, at >50°, 
blank solutions acquired a red tinge that could lower the sensitivity of 
the diethylstilbestrol-tetrazolium interaction. Accordingly, 50” was a 
convenient temperature because it combined a reasonable heating time 
with the production of only a faintly colored blank. 

The color-time curve (Fig. 2) revealed maximum formazan formation 
when the reaction mixture was a t  50’ for 45-50 min; heating for longer 
periods seriously lowered color absorptivity. Interruption of the reaction 
after 45 min by efficient cooling to ambient temperature was sufficient 
to achieve good sensitivity. The formazan remained stable for >2 hr when 
kept in the dark. Under these conditions, maximum formazan develop- 
ment was effected by the addition of 1.0 ml of t,he working diethylstil- 
bestrol solution to :3-4 ml of I in the presence of 1.0 ml of 0.1% KOH 
(Table I ) .  

Quantitative Analysis-At fixed experimental conditions, the for- 
mazan absorption intensity was a function of the diethylstilbestrol con- 
centration. Linear regression analysis of a Beer’s plot at 485 nm revealed 
excellent adherence (r = 0.9994), with a slope (a) of 0.0465 (f1.08 X 
and an upper sensitivity limit of -22 fig ( A  = 1.02) of diethylstilbes- 
trol/ml. Replicate analyses of diethylstilbestrol working solutions (Table 
11) were fairly precise (RSD = 2.811 X Recovery studies at  different 
diethylstilbestrol concentrations (Table 111) afforded a mean recovery 
of 99.45 f 0.93%. 

Since I could be used successfully for the photometric estimation of 
beclomethasone dipropionate12 without prior hydrolysis (12, p. 44), a 
similar interaction for diethylstilbestrol dipropionate was considered. 

’ 1  Hexestrol. 
12 Propaderm. 

Diethylstilbestrol, pg/ml 
Sample Calculated” Found Recovery, % 

1 10.0 
2 25.0 
3 50.0 
4 100.0 
5 200.0 

Mean 
SD 
RSD 

9.78 97.80 
24.96 99.84 
50.01 100.02 
99.84 99.84 

199.55 99.78 
99.45 
f0.93 

9.35 x 10-3 
a Initial concentration. * Average of five assays. 

Table IV-Analysis of Diethylstilbestrol and Diethylstilbestrol 
Dipropionate Dosage Forms 

Content, mghnit  
Preparation“ Label Claim Foundb Added Recovered 

Diethylstilbestrol 
Tablets 5.0 4.96 10.0 14.94 
Iniection 1.0 0.98 25.0 26.00 

Diethylstilbestrol 
dipropionate 

Tablets 1 .0 1.10 5.0 6.11 

10.0 10.05 10.0 20.00 
10.0 9.75 10.0 19.80 

Injectionc 5.0 4.98 5.0 9.95 

See Experimental for composition. Average of three determinations. Found 
4.75.9.89, and 9.64, respectively, as analyzed by the NF XIV procedure. 

A direct estimation of this ester has not been reported. When reacted 
under the standard diethylstilbestrol assay, diethylstilbestrol dipro- 
pionate produced formazan with Beer’s plot r and (Y values of 0.9992 and 
0.0328 (f1.05 X respectively. Comparison of the diethylstilbes- 
trol-diethylstilbestrol dipropionate molecular weight ratio to the re- 
spective Beer’s plot slopes a t  485 nm confirmed quantitative in situ di- 
ethylstilbestrol generation during the base-catalyzed interaction of I with 
diethylstilbestrol dipropionate. 

The color reaction was applied successfully to the analysis of diethyl- 
stilbestrol and diethylstilbestrol dipropionate tablets (Table IV). Po- 
tential interference by reducing sugars in the tablets was eliminated by 
alcohol extraction prior to analysis. Interference studies of some common 
ingredients in diethylstilbestrol dipropionate formulations revealed no 
reduction of I. The compounds studied included phenobarbital, tetra- 
caine, benzocaine, sulfathiazole, sulfathiourea, and nitroglycerin. 
Pharmaceutical catecholamines oxidized by I are not likely to be in di- 
ethylstilbestrol dosage forms. 

Direct spectrophotometric determination of oily diethylstilbestrol 
dipropionate dosage forms is unreliable because of the high absorptivity 
of the oily vehicles (1, p. 475). However, neither sesame and olive oils nor 
ethyl oleate showed measurable absorptivity a t  485 nm when tested as 
0.8% (w/v) in heptane-alcohol. In addition, no formazan was observed 
when such solutions were reacted with I under the standard assay con- 
ditions. These results encouraged direct estimation of diethylstilbestrol 
dipropionate dosage forms by the proposed tetrazolium reaction (Table 
IV). Concordant results were obtained when the oily dipropionate for- 
mulations were analyzed directly by I or were preliminarily freed from 
their vehicles by the NF XIV procedure (10). However, relatively higher 
values than the claimed diethylstilbestrol dipropionate contents were 
shown by some intense yellow batches. Correction for intrinsic absorption 
of such samples was made by determining their initial absorptivity at  485 
nm. 
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Abstract 0 The effect of secretin and pancreozymin on the tissue dis- 
tribution and penetration of drugs in the rabbit pancreas was studied to 
clarify hormonally regulated drug distribution. Drugs with high liquid 
solubility were distributed easily within the pancreas even during secretin 
or pancreozymin treatment, and these hormones had little effect on drug 
distribution from the blood to the pancreas. However, secretin increased 
the concentration ratio of dimethadione in the pancreatic juice (J) to 
plasma unbound dimethadione (Po, probably because the pancreatic 
juice during secretin infusion is alkaline relative to the control. Secretin 
had no effect on the J/Pf of isonicotinamide and sulfanilamide. Secretin 
decreased the J/Pf of drugs with low lipophilicity or large molecular 
weight because the penetration rates of these drugs from cell water to 
pancreatic juice were not rapid enough to reach equilibrium. Pancreo- 
zymin was unable to change the JPf of any drug tested. These results 
suggest that the barrier between the blood and the pancreas or the barrier 
between the pancreas and the pancreatic juice is unchanged by secretin 
or pancreozymin. 

Keyphrases Pancreas-drug transport, various drugs, effect of se- 
cretin, pancreozymin, pancreatic juice flow 0 Pancreatic juice-effect 
of flow rate on pancreatic drug transport, various drugs Drug trans- 
port-pancreas, effect of secretin, pancreozymin, pancreatic juice flow, 
various drugs 

Drug distribution has received increasing attention 
during recent years because such knowledge concerning 
the blood, organs, and tissues is needed to provide optimal 
treatment or protection from adverse reactions. Previous 
papers reported tissue distribution and penetration of 
drugs in the pancreas (l), lungs, (2,3), and testes (4). 

It was suggested that the lipid barrier in the pancreas 
plays a dominant role in drug distribution from the blood 
to the pancreas and that the lipid barrier and the molecular 
sieve barrier have independent roles in transport from the 
pancreas to the pancreatic juice. In these experiments, 
pancreatic juice secretion was stimulated by secretin 
infusion to maintain a constant juice flow. However, the 
pancreatic barriers could be changed by endogenous hor- 
mones that regulate pancreatic secretion during food di- 
gestion. 

The purpose of this study was to determine experi- 
mentally whether secretin and pancreozymin, typical 
peptide hormones that stimulate pancreatic juice flow and 
bicarbonate or enzyme secretion, affect drug distribution 
and penetration in the pancreas. Some model drugs that 
exhibit remarkable lipophilicity, molecular size, and pKa 
were selected as discussed previously (1). 

EXPERIMENTAL 

Materials-Secretin’, 3110 CHR W m g ,  was used. Pancre~zymin~, 
dimethadione, isonicotinamide, isonicotinic acid, sulfanilamide, sulfanilic 
acid, sulfisoxazole, and procainamide hydrochloride were obtained 
commercially. All other chemicals were analytical grade. 

Animals-Male white rabbits, 2.0-3.0 kg, were housed in constant 
environment rooms and allowed free access to water and food. 

Drug Permeation from Blood to  Pancreatic Juice-The experi- 
mental procedures were almost identical to those described previously 
(1). Rabbits were anesthetized with pentobarbital sodium (27 mg/kg iv). 
Pancreatic juice was collected by cannulation into the pancreatic duct 
as described in the literature (5). Plasma drug concentrations were es- 
tablished and maintained by a suitable combination of priming injections 
and continuous intravenous infusion. 

As the control, pancreatic juice was collected over 75 min prior to the 
administration of secretin or pancreozymin. The secretin effect was 
studied by a priming injection (1 CHR U/kg) and continuous intravenous 
infusion (2 CHR U/kg/hr), after which the pancreatic juice flow was 
stimulated from 14 (7-24 pl/min) to 39 (15-66 pl/min) pl/min. Pan- 
creozymin also was studied using a priming injection (1 CHR U/kg) and 
continuous infusion (4 CHR LJ/kgh~r)~. In this experiment, secretin also 
was infused simultaneously to  minimize the effect of secretin contami- 
nation in the pancreozymin preparation. 

Drug Distribution-The pancreas was removed and homogenized 
a t  the end of each permeation experiment, and drug concentrations in 
the pancreas and blood were measured to determine the distribution 
ratio. 

Analytical Methods-Drug concentrations in the plasma, plasma 
ultrafiltrate, pancreatic juice, and pancreas homogenate were determined 

1 Sup lied b;y Eisai Co. Ltd., Tokyo, Japan. 
2 Cric!, Harper and Raper Unit. 
3 Boots Pure Drug Co. Ltd., Nottingham, England. 
4 Since pancreozymin is less stable than secretin, a higher dose was used. 
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