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Abstract A high-speed, reversed-phase partition chromato- 
graphic method is described for the identification and quantita- 
tive determination of synthetic estrogens in pharmaceutical dos- 
age forms. The method is applicable to diethylstilbestrol, dienes- 
trol, hexestrol, benzestrol, chlorotrianisene, and the dipropionic 
acid esters of diethylstilbestrol and promethestrol. Prior to UV 
spectrophotometric detection a t  254 nm, the synthetic estrogens 
are separated on either a chemically bonded hydrocarbon column 
or an ether partition column, utilizing 2-propanol-water mobile 
phase systems. Limits of detectability are at the nanogram level 
for diethylstilbestrol and dienestrol, the synthetic estrogens most 
commonly found in commercial preparations. Chromatographic 
studies were conducted after a number of the synthetic estrogens 
underwent photochemical change, and the synthetic estrogen 
4,4’-stilbenediol esters underwent controlled ester hydrolysis. The 
chromatograms of the photochemical and hydrolysis degradation 
products were found to be useful for identification. For example, 
a scheme developed for the identification of diethylstilbestrol pro- 
vides for the separation of three photochemical by-products: the 
cis-isomer of diethylstilbestrol, the phenanthrenedione (3,4,5,6- 
hexahydro-3,6-dioxo-9,lO-diethylphenanthrene), and the phenan- 
threnediol (9,10-diethyl-3,6-phenanthrenediol). Application of the 
method to the analysis of synthetic estrogens in commercial prep- 
arations is described. 

Keyphrases High-speed, reversed-phase partition chromatogra- 
phy-identification and determination of synthetic estrogens in 
pharmaceuticals Estrogens, synthetic-identification and deter- 
mination in pharmaceuticals by high-speed, reversed-phase parti- 
tion chromatography 

Recent publications have shown the application of 
high-speed (pressure) liquid chromatography to the 
separation and/or quantitative determination of an- 
algesics (1, 2), sulfonamides (3, 4), barbiturates (5, 
6), steroids (7-9), benzodiazepines (10, l l ) ,  mono- 
substituted pyridine isomers (12), purine and strych- 
nos alkaloids (13), and vitamins (14, 15). The tech- 
nique appears most promising in providing for the 
separation of highly polar, nonvolatile, and thermal- 
ly labile compounds. To  extend the usefulness of this 
analytical method, this paper describes its potential 
application to the qualitative and quantitative de- 
termination of the synthetic estrogen family of drugs. 

Various methods have been proposed for the quan- 
titative determination of synthetic estrogens present 
in pharmaceutical dosage forms. Gottlieb (16), intro- 
ducing a spectrophotometric method for the synthet- 
ic estrogenic 4,4’-stilbenediols-uiz., diethylstilbes- 
trol, dienestrol, hexestrol, benzestrol, and prometh- 
estrol, based on the formation of their corresponding 
o-nitrosophenols, gave an excellent review of a num- 
ber of conventional methods together with a discus- 
sion of their various shortcomings. The official com- 
pendia (17, 18) provide assays for the quantitative 
determination of five individual synthetic estrogens. 

These methods, although applicable to the products 
for which they are intended, are, in general, tedious 
or nonspecific and most often are not applicable 
when an unrelated drug, such as  a sulfonamide, ste- 
roid, or barbiturate, is present in combination. 

GLC has also been applied to the identification 
and quantitative determination of the synthetic es- 
trogens. For example, Fricke et al. (19) described a 
method for the synthetic estrogen dienestrol when in 
combination with methyltestosterone; the method is 
based on the formation of a bis(trimethylsily1) ether 
derivative. Other papers have also reported methods 
that  use GLC, and most of these methods require 
the formation of derivatives. 

The objectives of this paper are: (a)  to show that 
the synthetic estrogens are amenable to separation, 
identification, and quantitative determination in 
pharmaceutical dosage forms, utilizing high-speed, 
reversed-phase partition chromatography; and ( b )  to 
indicate the potential use of photolysis and ester hy- 
drolysis in synthetic estrogen identification studies. 

EXPERIMENTAL 

Apparatus-A liquid chromatograph1 equipped with a UV ab- 
sorption photometer, set at  254 nm, was utilized throughout this 
study. The instrument provides for: (a) a maximum absorbance 
unit full-scale (aufs) setting of 0.5 X and ( b )  mobile phase 
degassing by vacuum. The UV (254 nm) irradiation unit applied 
in qualitative studies is that  described in USP XVIII (17) for the 
quantitative determination of diethylstilbestrol. 

Columns and Mobile Phases-Two chemically bonded, re- 
versed-phase partition columns applied in achieving synthetic es- 
trogen separations are commercially available from the instru- 
ment manufacturer and are 1-m x 2.1-mm i.d. x 0.6-cm (0.25-in.) 
o.d., precision bore stainless steel tubes, containing the following 
stationary phases: (a) Column 1, an octadecylsilane (hydrocar- 
bon) chemically bonded to the surface of a controlled porous sur- 
face2; and ( b )  Column 2, an ether chemically bonded to the sur- 
face of a controlled porous surface3. Column 2 was the most uti- 
lized and was applied in quantitative analysis. The mobile phases 
used were simple combinations of 2-propano14 and water. Prior to 
use, the mobile phases were degassed by vacuum. 

Solvents and Standards-During chromatographic elution be- 
havior studies, methanol was used as the solvent for the synthetic 
estrogens. The synthetic estrogen 4,4’-stilbenediols were readily 
soluble in methanol; however, heating was required to achieve so- 
lution of the 4,4’-stilbenediol esters and chlorotrianisene. For 
quantitative studies, three solvent systems were utilized to both 
dissolve and extract the synthetic estrogens from pharmaceutical 
dosage forms; these were: (a) methanol, ( b )  methanol-ether (1: I ) ,  
and fc) dimethylformamide. The synthetic estrogen standards 
were of laboratory working grade, with previous assay results 

Du Pont model 820, equipped with a model 410 UV detector. E. I. du 

ODs-Permaphase, Du Pont. 
ETH-Permaphase, Du Pont. 

* Fisher Spectranalyzed (A-419). 

Pont de Nemours and Co., Wilmington, Del. 
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Figure 1-Effects of mobile phase variation on the elution 
behavior, expressed in  terms of relative retention times, of 
trans-diethylstilbestrol. Chromatography conditions were: Col- 
u m n  2; pressure a t  inlet, 1000 psig; flow rate, variable; column 
temperature, 25, 35, 45, 55, and 65O, respectively; a n d  UV de- 
tector sensitivity, 254 nm, 0.1 6 aufs. 

meeting regulatory standards. Fromethestrol was not available 
and was formed by heating promethestrol dipropionate in metha- 
nol-potassium hydroxide solution, a procedure taken from Gott- 
lieb (16). 

Qualitative Analysis-Irradiation Studies-Methanol solu- 
tions of trans-diethylstilbestrol (0.2 mg/ml), chlorotrianisene (0.2 
mg/ml), diethylstilbestrol dipropionate (0.2 mg/ml), and pro- 
methestrol dipropionate (0.5 mg/ml) were irradiated with 254-nm 
radiation for 30-60 min. This procedure was repeated for truns- 
diethylstilbestrol using equal volumes of (a) methanol-l.8% aque- 
ous dipotassium hydrogen phosphate, and ( b )  methanol-acetic 
acid. Further studies of trans-diethylstilbestrol after initial UV 
radiation involved the direct conversion of derived phenanthrene- 
dione to phenanthrenediol in sodium bisulfite-hydrochloric acid 
solution. 

Hydrolysis Studies-Hydrolysis of the 4,4'-stilbenediol esters, 
e.g., diethylstilbestrol dipropionate and promethestrol dipropion- 
ate, was carried out by adding an equal volume of 1.8% aqueous 
dipotassium hydrogen phosphate solution to the methanol solu- 
tion of the ester. 

Quantitative Analysis-Methods of analysis were developed for 
six synthetic estrogens included in this study and directly applied 
to their quantitative determination in commercial preparations 
(Table I). The methods are based on extraction and soluhilization 
of the synthetic estrogens and the use of internal standards. 

Chromatographic Conditions-The following were used: Col- 
umn 2; mobile phase, 25% 2-propanol in water (v/v); column 
temperature, 60"; pressure at  inlet, 1000 psig; and flow rate, 0.55 
ml/min. 

Sample Preparation-The various products and dosage forms 
were prepared as outlined in Table I. 

Standard Solution-A standard solution, containing internal 
standard and sample synthetic estrogen in the same quantities 
chosen for the sample solution, was prepared concurrently. 

Chromatography-Make preliminary injections of the standard 
solution to determine the UV detector setting (in terms of absorb- 
ance unit full-scale) and sample volume that  provide an accept- 
able full-scale response. When the instrumental settings and 
sample volume (usually 4-10 p l )  have been satisfactorily deter- 
mined, inject a replicate number of sample volumes for quantita- 
tive analysis. Calculate the peak areas of both the internal stan- 
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Figure 2-Chromatogram of the photochemical by-products of 
trans-diethylstilbestrol. Key:  peak I ,  methanol solvent; peak 2, 
the phenanthrenedione (3,4,5,6-hexahydro-3,6-dioxo-9,lO-di- 
ethylphenanthrene); peak 3, cis-diethylstilbestrol; peak 4 ,  trans- 
diethylstilbestrol; and peak 5, the phenanthrenediol (9,lO-di- 
ethyl-3,6-phnanthrenediol). Chromatography conditions were: 
Column 2; mobile phase, 20% 2-propanol in water; pressure at 
inlet and column temperature, 400 psig and 60°, respectively; 
and UV detector sensitivity, 254 nm, 0.04 aufs. 

dard and sample synthetic estrogen. In this work, the areas (A)  
were computed using the relationship A = #bh, where b = peak 
base, and h = peak height. Area was found proportional to con- 
centration within f50% of the quantity of synthetic estrogen 
chosen for analysis. 

Calculations-The total quantity of sample synthetic estrogen 
taken for analysis (final volumetric or glass-stoppered flask) may 
be calculated using Eq. 1: 

A~A,WLW, 
(Eq. 1) w' = A,A,W,> 

where A represents peak area; W represents weight, (milligrams); 
and subscripts 1, 2, 3, and 4 represent the sample synthetic estro- 
gen, the standard synthetic estrogen, the internal standard in the 
standard solution, and the internal standard in the sample solu- 
tion, respectively. 

Calculation of the quantity of synthetic estrogen per dosage 
unit can be achieved by introduction of appropriate factors into 
Eq. 1. 

RESULTS AND DISCUSSION 

Column Characteristics and Elution Behavior-The re- 
versed-phase partition chromatographic elution behavior on two 
chemically bonded columns, expressed in terms of relative reten- 
tion times (methanol as 1.00) of 10 synthetic estrogens, is shown 
in Table 11. 

Both columns were utilized previously for the separation of 
compounds of interest in pharmaceutical analysis. For example, 
Column 1 was found useful for the separation of several steroids 

Table 11-Chromatographic Behavior of 
Synthet ic  Estrogens 

~ 

Relative Retention 
Times. 

Column I *  C o l u m n 2 ~  

Synthet ic  Estrogens 15%d 30%d 20%d 

Methallenestril 
Dienestrol  
Diethylst.ilbestrolf 
Hexestrol 
Benzestrol 
Promethestrol 
Dienestrol  diacetate 
Chlorotrianisene 
Diethylsti lbestrol  dipropionate 
Promethestrol dipropionate 
Methanol  emergence, m i n  
Pressure at inlet, psig 
Column temperature  

2 . 5 3  
3 .03  
3 . 6 2  
3 .78  
9 . 2 0  

14.3  
20 .2  

-0 

-0 

-U 

1.34  
1000 
50 O 

~ ~~ 

-a 1 . 1 4  
- a  5 . 1 0  
-e 5 . 4 2  

5 .19  
-e 7 . 2 8  
-e 9.10  

1 . 7 0  5 . 3 2  
4.30 2 0 . 8  
5 . 2 2  1 3 . 8  
6 . 6 4  1 6 . 7  

-e 

1 . 8 5  1 . 7 3  

50 70 
loo! lO!O 

a Relative retention times are expressed relative to the solvent methanol 
as 1.00. * Chemically bonded hydrocarbon column (ODSPermaphase, 
Du Pont). C Chemically bonded ether column (ETH-Permaphase, Du 
Pont). d Mobile phase: percentage of 2-propanol in water (v/v). C Leea 
than 1.20. I Refers to trans-diethylstilbestrol. 0 Greater than 25.0. 

(8), and Column 2 was useful for the separation of barbiturates 
(6). The value of chemically bonded stationary phases in compar- 
ison with stationary fluids that are retained by physical interac- 
tion was discussed by Kirkland (20). The most apparent advan- 
tages seem to be the elimination of precolumns and presaturated 
mobile phases. The mobile phases selected to achieve satisfactory 
migrations of the synthetic estrogens are simple combinations of 
2-propanol and water. 

The retention data (Table 11) indicate that both partition col- 
umns provide for synthetic estrogen separations, with Column 1 
permitting the greater degree of separability. However, peak tail- 
ing on Column 1 greatly limits its potential use, particularly in 
quantitative analysis. Comparison of the data between columns 
shows some elution order variations. For example, chlorotrian- 
isene is shown to elute before the dipropionic acid esters of di- 
ethylstilbestrol and promethestrol on Column 1, whereas it elutes 
later on Column 2. Another important observation is the similari- 
ty in elution behavior of dienestrol and its diacetic acid ester, 
e.g., dienestrol diacetate, on Column 2 in contrast to the wide dif- 
ference in elution behavior on Column 1. 

When utilizing Column 2, the column selected for most subse- 
quent studies and applied in quantitative analysis, a further in- 
vestigation was undertaken to determine the effect of 2-propanol 
content variation in the mobile phase on elution behavior. Figure 
1 shows the relative retention times (relative to methanol as 1.00) 
of trans-diethylstilbestrol uersus 2-propanol concentration in the 
mobile phase. The study was conducted a t  five different column 
temperatures, varying in 10" intervals, and relative retention 
times were calculated for successive 2.5% increments of increasing 
2-propanol concentration. Although other synthetic estrogens are 
not shown, studies have indicated a similar response. The series 
of curves shown in Fig. 1 indicates that the analyst can rapidly 
estimate a mobile phase composition and a column temperature 
to provide a desired relative retention time. 

Although the mobile phase may be varied, some considerations 
must be borne in mind relating to sensitivity. For example, in- 
creases in the 2-propanol concentration of the aqueous mobile 
phase result in a higher mobile phase viscosity and, therefore, in 
a loss of column efficiency. This loss in efficiency leads to a great- 
er peak band width and a loss in peak height response. In addi- 
tion, lowering of the 2-propanol concentration of the aqueous mo- 
bile phase was found to provide a greater peak height response for 
the synthetic estrogen hormones diethylstilbestrol and dienestrol. 
This increase in peak height response is directly related to the in- 
crease in molar absorptivity values a t  254 nm for these synthetic 
estrogens; i e . ,  the UV absorption curves are shifting to a longer 
wavelength, with a corresponding increase in absorbance a t  254 
nm . 

Qualitative Analysis-Photochemical Behauior-A potentially 
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Figure 3-Chromatogram of the photochemical by-products of 
chlorotrianisene. Peaks 1-3 a re  unidentified, a n d  peak 4 is 
chlorotrianisene. Chromatography conditions were the same as 
in Fig. 2; howeuer, pressure at inlet was 600 psig. 

useful approach in the rapid qualitative analysis (in addition to 
their normal retention time) of a number of synthetic estrogens, 
e.g., diethylstilbestrol, chlorotrianisene, and the dipropionic acid 
esters of diethylstilbestrol and promethestrol, is their chromato- 
graphic behavior after undergoing photochemical change. 

Figure 2 presents a chromatogram of a methanolic solution of 
trans-diethylstilhestrol which was irradiated by UV light. Five 
peaks are noted. The solvent methanol (peak 1) eluted very rap- 
idly, followed closely by a tall peak [peak 2) which was found to 
be the phenanthrenedione (3,4,5,6-hexahydro-3,6-dioxo-9,lO-di- 
ethylphenanthrene). The doublet corresponds to cis- (peak 3 )  
and trans- (peak 4) diethylstilbestrol, and the final small peak 
(peak 5) is a phenanthrenediol (9.10-diethyl-3.6-phenanthrene- 
diol). 

The nature of the photochemical changes brought about by the 
irradiation of diethylstilbestrol in solution has been carefully 
studied (21, 22). In fact, formation of both the phenanthrenedione 
( 2 2 )  and the phenanthrenediol (23) has been the basis of quanti- 
tative methods of analysis for this particular synthetic estrogen. 
Diethylstilbestrol, usually present as the trans-isomer, is induced 
to equilibrate with the higher energy cis-isomer, which then rear- 
ranges to yield phenanthrenedione and, finally, phenanthrenediol. 
The presence of each of these compounds in this study was corro- 
borated as follows. The phenanthrenedione and phenanthrenediol 
were identified by elution behavior studies of reference standards 
prepared by previously reported methods (21, 23) and, in addi- 
tion, by collecting each compound after chromatographic separa- 
tion and performing a UV spectral comparison with the reference 
standards. The cis-diethylstilbestrol was identified by an elution 
behavior comparison with that of a reference standard, prepared 
by allowing a pure reference standard of trans-diethylstilbestrol 
in chloroform to equilibrate between the two isomers (24). 

Variation in solution composition results in a different chroma- 
tographic pattern. In the system composed of equal volumes of 
methanol and aqueous 1.8% dipotassium hydrogen phosphate, 
a weakly basic medium, the chromatogram shows three peaks: a 
single peak for the phenanthrenedione and a doublet once again 
corresponding to cis- and trans-diethylstilbestrol. No peak for the 
phenanthrenediol is present, as expected (21). When diethylstil- 
bestrol in acetic acid-methanol solution is irradiated, the chro- 
matogram shows the presence of the peaks corresponding to the 
cis- and trans-isomers of diethylstilbestrol and a greatly increased 
peak height response for the phenanthrenediol. The conversion of 

trans-diethylstilbestrol to the phenanthrenediol in acetic acid was 
reported previously (25). Thus, in summary, it is noticed that in 
basic methanol solution, irradiation favors formation of the phe- 
nanthrenedione, and in an acidic medium, phenanthrenediol 
forms upon irradiation. 

If the identification of trans-diethylstilbestrol at submicro- 
grams levels is to be carried out by UV conversion to phenanthre- 
nedione, difficulties are encountered. Since phenanthrenedione 
elutes relatively close to the solvent front, it will not be observed 
in most cases owing to interferences. However, the dione mobility 
may be altered and the resultant peak separated from the solvent 
front by using a 5-10% 2-propanol mobile phase system together 
with a temperature adjusted to provide for a desired retention 
time. In addition, a favorable change-uiz., stronger photometric 
absorption, would result if the detector was used a t  280 nm since 
a phenanthrenedione maximum occurs near this wavelength. 

A practical approach for the identification of trans-diethylstil- 
bestrol a t  submicrogram levels is based on the preparation of the 
phenanthrenediol directly from the phenanthrenedione. After ir- 
radiation of a methanol or basic buffered methanol solution of 
trans-diethylstilbestrol to yield phenanthrenedione, the solution 
is acidified with hydrochloric acid and a quantity of sodium bi- 
sulfite (approximately 100 mg) is added. The resulting solution is 
heated on a steam bath until the yellow color disappears and 
there is no odor of sulfur dioxide (usually 10 min). Under these 
conditions, phenanthrenediol is formed in almost quantitative 
yield. 

A second compound whose photochemical behavior was studied 
is chlorotrianisene. Figure 3 is a chromatogram of this drug after 
irradiation. The first peak to emerge is methanol; peaks 1, 2, and 
3 represent unidentified decomposition products, and peak 4 is 
the parent compound which could be totally converted into other 
products with continued irradiation. Although no effort was made 
to identify the irradiation products, studies indicated that the 
compound contributing to peak 3 is a secondary photochemical 
by-product of chlorotrianisene and is formed directly from the 
compound contributing to peak 2. Therefore, peak 3 will be the 
dominant peak when chlorotrianisene is allowed to undergo con- 
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Figure 4-Chromatogram of the ester hydrolysis decomposition 
products of promethestrol dipropionate. Peak a t  2.5 m i n  is the 
solvent methanol, a n d  peaks 1-3 are identified as noted. Chro- 
matography conditions were the same as in Fig.  3. 
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Figure 5-Chromatogram of a methanol extract of a commer- 
cial preparation, including the internal s tandard  phenothiazine. 
Chromatography conditions were: Column 2; mobile phase, 
25% 2-propanol i n  water; pressure a t  inlet a n d  column tem- 
perature, 600 psig and 50°, respectively; a n d  UV detector 
sensitivity, 254 nm,  0.08 aufs. 

tinued irradiation in methanol. At any rate, the chromatographic 
pattern is characteristic and useful for identification. 

Chromatographic studies of the dipropionic acid esters of di- 
ethylstilbestrol and promethestrol after irradiation in methanol 
also indicated the potential use of this approach in their identifi- 
cation. In each case, the synthetic estrogen underwent photo- 
chemical change and provided two additional peaks, i.e., one 
peak immediately before and one immediately after the parent 
compound. Each peak provided a greater peak height response 
than the parent compound, therefore indicating an indirect route 
to higher sensitivity. Dienestrol, hexestrol, and benzestrol did not 
appear suitable for this type of study due to their lack of useful 
chromatographic change following UV exposure. 

Ester Hydrolysis-In addition to the photochemical behavior 
studies of promethestrol dipropionate and diethylstilbestrol di- 
propionate, chromatographic studies of these synthetic estrogens 
were conducted while undergoing controlled ester degradation. 
Each synthetic estrogen was dissolved in methanol, and an  equal 
volume of 1.8% aqueous dipotassium hydrogen phosphate was 
added to provide for partial degradation prior to chromatographic 
study. Figure 4 shows a chromatogram produced after promethes- 
trol dipropionate underwent decomposition for 1 hr. In addition to 
some quantity of promethestrol dipropionate (peak 3), two addi- 
tional compounds corresponding to promethestrol (peak 1) and 
the intermediate promethestrol monopropionate (peak 2)  are 
present. Since the normal route of degradation of phenolic esters 
is ester hydrolysis, the detection of both of these compounds 
could he useful in stability studies of standard materials or dos- 
age forms. Diethylstilbestrol dipropionate was found to undergo 

Table 111-Analysis of Syn the t i c  Es t rogens  
in Commercial  Preparations 

Found,  % - 
Liquid 
Chro- Al te rna te  

Sample  Declared matography"  Method 

Dienestrol  t ab l e t s  
Dienestrol  t ab l e t s  
Dienestrol  cream 
Diethylsti lbestrol  

Diethylsti lbestrol  

Diethylsti lbestrol  

t ab le t s  

injection 

lotion 
Diethylsti lbestrol  

suppositories 
C hlorotrianisene 

capsules 
Hexestrol  tablets 
Benzestrol  tablets 
Promethes t ro l  

d ipropionate  
t ab le t s  

0 . 1  m g / t a b  
10 . O  mg/tab 
0 . 1  m g / t a b  
0.25  mg/tab 

5 . 0  m g / m l  

0.70 m g / g  

0 . 1  mg/sup  

72 . O  mg/cap  

3 . O  mg/tab 
5 . O  m g / t a b  
1 . O  mg/tab 

97.9 96.8* 
98.8 98. lC  

107 . O  109. O d  
97.2 96. O e  

101.2 99 .Of  

100 .o 98.6' 

104 . O  102.00 

99.7 99 .2h  

98.1 98.7= 
96.2 95 .Oi 

101 . O  103.0j 

0 Chemically bonded ether column (Column 2, ETH-Permaphase); 
mobile phase, 2.5% 2-propanol in water (v/v); column temperature, 60'; 
pressure at  inlet, 1000 psig; internal standards: (a) phenothiazine for 
dienestrol, diethylstilbestrol, and chlorotrianisene. (b )  benzestrol for hex- 
estrol, (c) hexestrol for benzestrol, and ( d )  chlorotriankne for promethestrol 
dipropionate. * N F  XIII, p. 229. C Extraction and UV. d N F  XIII, p. 228. 
e USP XVIII, p. 189 (modified). I USP XVIII. p. 188. 0 USP XVIII, p. 
188 (modified). * N F  XIII, p. 163. N F  XIII, p. 76. j Extraction, hy- 
drolysis, and UV. 

degradation in the same solvent medium, with quantitative con- 
version to  diethylstilbestrol in 1.3 hr. As could he expected, the 
intermediate diethylstilbestrol monopropionate separated. The 
solvent system used for the hydrolytic conversion of the diester to 
diethylstilbestrol is suitable for the irradiation studies previously 
described if further identity is desired. 

Quantitative Analysis-Six different synthetic estrogens were 
quantitatively determined in pharmaceutical dosage forms in this 
study. The commercial preparations were selected to he represen- 
tative of the various dosage forms currently marketed. 

The results for the quantitative analysis of the various dosage 
forms containing synthetic estrogens are presented in Table 111. In 
all cases except three, the liquid chromatographic results are 
somewhat higher than the alternative method. Considering the 
relatively small quantities of drug in most dosage forms, the max- 
imum difference of 1.9% is reasonable. Where the drug dosage is 
large, as in chlorotrianisene capsules, the results are closer 
(0.5%). Area integrations were carried out manually, but an elec- 
tronic integrator could minimize integration error and variation. 

The most difficult experimental tasks are the extraction and 
solubilization of the synthetic estrogens prior to  chromatographic 
injection. The solvent required varies and depends on both the 
dosage form and the individual synthetic estrogen under study. 
For example, dienestrol in solid dosage forms, i . e . ,  a tablet pow- 
der, could readily he extracted and placed in solution with meth- 
anol. When present in a cream, however, dienestrol required an 
equal mixture of ether-methanol. The ether was necessary to sol- 
ubilize the cream base, thereby preventing any undissolved dien- 
estrol from remaining in the base. 

Various internal standards were used for the quantitative de- 
termination of the synthetic estrogens. For example, phenothi- 
azine was selected for diethylstilbestrol, dienestrol, and chlorotri- 
anisene; hexestrol for benzestrol; benzestrol for hexestrol, and 
chlorotrianisene for promethestrol dipropionate. Although pheno- 
thiazine is not the ideal internal standard owing to its photo- 
chemical instability, its delayed elution position relative to di- 
ethylstilbestrol and dienestrol is desirable. 

Although both chromatographic columns were found useful in 
providing separations of the synthetic estrogens, Column 2 was 
selected for quantitative studies. The primary reasons for its se- 
lection were: (a) all of the synthetic estrogens were eluted in a 
reasonable time for quantitative analysis, and ( b )  the peaks in 
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each case were symmetrical, whereas the peaks showed some tail- 
ing on Column 1. The column selected is thermally stable at  ele- 
vated temperatures and is often used a t  temperatures up to 75”. 

Limits of detectability for the two most common synthetic es- 
trogens, diethylstilbestrol and dienestrol, reached the nanogram 
level. In fact, when 1 ng of each compound was injected onto the 
chromatographic column, using a 20% 2-propanol-water mobile 
phase and a column temperature of 70“, a peak height response 
twice that of the noise level was observed. However, there are in- 
dications that Column 1 might prove more useful in submicro- 
gram identification studies, since the synthetic estrogens can be 
eluted using a mobile phase containing a higher percentage of 
water, a solvent composition trend resulting in increasing photo- 
metric absorption. 

Figure 5 shows an actual separation of the synthetic estrogen 
hormone diethylstilbestrol from two other drugs, methyltestoster- 
one and reserpine, which are sometimes found in combination. In 
this particular case the methyltestosterone was present in ap- 
proximately a 20-fold excess. The chromatogram shows the rela- 
tive position of phenothiazine internal standard. 

SUMMARY 

The method proposed provides for the direct isolation of the 
synthetic estrogens without derivatization and appears applicable 
when these compounds are present in various dosage forms. Stud- 
ies have indicated that compounds often present in combinations 
will not interfere with the method. In addition, the chromato- 
graphic patterns that result when synthetic estrogens undergo 
photochemical or hydrolytic change may be used for identifica- 
tion as an adjunct to the retention time. 
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Abstract A sensitive, specific, and stability-indicating method 
is described for the analysis of homatropine methylbromide in 
complex pharmaceutical syrups. The procedure involves the iso- 
lation of methylhomatropinium ion on a cation-exchange resin 
column followed by on-column hydrolysis to mandelate ion by 
treatment with sodium hydroxide. The alkaline eluate is washed 
with chloroform and acidified. Ceric reagent is added to oxidize 
mandelic acid to benzaldehyde. which is then extracted into iso- 
octane and measured by UV spectrophotometry. The procedure is 

routinely applied to complex syrups and is suitable for analyzing 
aged syrup samples. 

Keyphrases Homatropine methylbromide-analysis in complex 
pharmaceutical syrups, ion-exchange separation and UV spectro- 
photometry Column chromatography, ion exchange-analysis of 
homatropine methylbromide in complex pharmaceutical syrups 

UV spectrophotometry-analysis, homatropine methylbromide 
in complex pharmaceutical syrups 

The requirements of an analytical method for drug is presently marketed in doses as low as 0.03 
homatropine methylbromide (I) in pharmaceutical mg/ml and in formulations containing several other 
syrups include both sensitivity and selectivity. The active ingredients, preservatives, buffers, flavors, 
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