
Rapid, Sensitive Colorimetric Method for 
the Determination of Estrogens 

By TIBOR UKBANYI and C. K. REHM 

A colorimetric method has been developed for the routine determination of estro- 
gens in pharmaceutical preparations. The  method is based on the formation of an 
azo dye from the condensation of diazotized 4-amino-6-chloro-m-benzene disulfon- 
amide with estrogens which contain a phenolic hydroxyl group. The condensation 
product exhibits a red color with an absorption maximum at 500 mp in alkaline 
solution. The most reproducible results are obtained when coupling is carried out 
at pH 5 buffered solution. The color formation obeys Beer's law over a range of 
0.05-0.25 mg. of estrogens per ml. of sample solution. Optimum conditions for 
the color formation have been determined, and the application of this procedure to 

pharmaceutical products is given. 

HE OFFICIAL U.S.P. procedure for the deter- 
Trnination of ethinyl estradiol, estradiol 
benzoate, estradiol dipropionate, and estrone 
are based on the Kober reaction in which a violet 
color is developed on reaction of thc estrogens in 
a sulfuric acid-phenol-iron reagent (1). The 
Kober reaction, in spite of many modifications 
over the years, still leaves much to  he  desired in 
an analytical procedure. The method is time- 
consuming, and the color development is critically 
dependent upon reagent composition, reaction 
time, and temperature. Furthermore, inter- 
ference by  other nonphenolic steroids can occur 

Colorimetric methods, based on the coupling of 
the phenolic hydroxyl group with diazotized 
amines, have been reported for a number of the 
estrogens. These include coupling with diazo- 
tized p-nitroaniline (3), with diazotized sulfanilic 
acid (4, 5)  and its derivatives (6 ) ,  and with 
tetrazotized dianisidine (7) .  These methods 
have been used primarily in the determination of 
estrogens in biological samples. 

It has been observed in these laboratories that  
diazotized 4-amino-6-chloro-m-benzene disulfon- 
amide couples with phenolic compounds to form 
products with extremely stable colors (8) The 
suitability of this reagent for the determination 
of a number of estrogens has been investigated. 
As a result of these studies, a rapid and sensitive 
colorimetric method for the determination of 
ethinyl estradiol, estradiol, estradiol esters, 
and estrone has been developed. 

EXPERIMENTAL 

(2). 

A Bcckman model DU spectropliotometer was 
used to determine the absorbance values reported. 
A Cary model 11 recording spectrophotomcier was 
used to obtain thc spectra presented. 
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Determination of Ethinyl Estradiol and 
Other Phenolic Estrogens 

Reagents and Solutions.4-Anii1io-G-cliloro-nz- 
benzene disulfonamide, 0.27; methanolic solution; 
sodium nitrite, 1% aqueous solution; hydrochloric 
acid, 1 N;  sulfuric acid, 18 A'; sodium acctate, 2 N 
solution; sodium hydroxide, 0.1 and 1 N aqueous 
solutions; sodium hydroxide, 10% aqucous solu- 
tion; sodium hydroxide, 10% in 80% methanol- 
water. 

Standard Estrogen Solution.-Weigh accurately 
about 50 mg. of the estrogen into a 50-ml. volumetric 
flask and dissolvc it in methanol. Make up to 
volume. with methanol, then dilute 10.0 to 100 ml. 
with 0.1 N sodium hydroxide. Concentration: 
approximately 0.1 mg./ml. 

Preparation of Assay Solutions.-Solid Dosage 
Forms.-Extract an accurately weighed sample of 
the powder or powdered tablets equivalent to about 
5 mg. of the estrogen with thrcc 10-ml. portions of 
methanol. Centrifuge each portion and filter the 
methanol extracts into a bcaker and evaporate the 
methanol to dryness. Transfer the contents of the 
beakcr quantitatively with 0.1 N sodium hydroxide 
to a 50-nil. volumetric flask and dilute to volume 
with additional 0.1 N sodium hydroxide. This is 
the assay solution 

Oil SolzLtiom-Pipet 5.0 Inl. of 1 0 ( ~ ~ 1  sodium 
hydroxide solutiou in 807; methanol-water into a 
40-ml. centrifuge tube. Accurately pipet a volume 
of thc oily sample solution containing approximately 
5 mg. of estradiol or estradiol esters and shake 
mechanically for a niininiurri of 15 min., add 20 ml. 
of pctrolcum ether and 5 tnl. of 1O'X aqueous sodium 
hydroxide, shake for 2 min., and centrifuge. Re- 
move the lower layer with a syringe equipped with 
a blunt, 14-gauge needle and filtcr the solution 
through a paper filter into a 50-ml. volumetric flask. 
Add 10 ml. of 105; sodium hydroxide to thc ccntri- 
fugc tubc, shake 2 min., centrifuge, a n d  filtcr the 
lower layer to the flask as beforc. Add sulfuric 
add dropwise until the sulution is approxiniatcly 
neutral (test with indicator paper, pH bctrvcen 6 
and 8). Dilute the solution to volunie with 0.1 N 
sodium hydroxide. 

Color Development.-Into separate 10-ml. vol- 
umetric flasks pipet successively 1.0 1111. each of 4- 
amino-6-chloro-m-betizeue disulfonamide, sodium 
nitrite, and hydrochloric acid solutions, and mix well. 
Allow to stand 1-2 min. and add 2.0 ml. of the stand- 

This is the assay solution. 
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Fig. 1.-Ab- 
sorption spectra 
of coupled prod- 
ucts of: 1, estra- 
diol; 2, estrone; 
3, ethinyl estra- 
diol; 4, estradiol 
dipropionate. 

TABLE I.-MOLECULAR AUSORPTIVITIES 

Compd. 
Estradiol 
Ethinyl cstradiol 
Estradiol dipropionate 
Estrone 

E (500 mp) 
8.17 X lo3 
7.93 x 103 
8.07 x 103 
8.04 X lo3 

Fig. 2.-Ef- 
fect of pH on the 
absorption spec- 
trum of the cou- 
pled product of 
estradiol. Kev: 
1, pH 5.3; b, 
pH 10.1; 3, pH 
13.0. 
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TABLE II.-sTABILITY OF COLOR O F  COUPLING 
PRODUCT OF ESTRADIOL 

-Absorbance at 500 mp----. 

Time, hr. Dark Lighting Sunlinht 
Laboratory 

0 ,525 ,525 .525 
0 . 5  .525 ,525 -525 
1.0 . ,525 ,525 .525 
1.5 ,525 ,520 ,525 
2 . 0  ,535 ,535 ,540 
3 . 0  ,530 ,530 ,540 
4 . 0  .530 ,530 ,540 

C O N C  mg/lOml OF F I N A L  SOLUTION 

Fig. 4.-Plots of absorbance vs. conccntration for 
diazo products of various estrogens. 

ard solution, 2.0 ml. of the assay solution, and 2.0 ml. 
of 0.1 N sodium hydroxide solution to separatc 
flasks. Add 2.0 ml. of sodium acetate solution to 
each flask and allow to stand exactly 6 min. Dilute 
each flask to volume with 1 N sodium hydroxide 
and determine the absorbance of the standard and 
samplc solutions at 500 mp in I-cm. cells against the 
blank, using a suitable spcctrophotorrieter. 

DISCUSSION 

Thc absorption spectra of alkaline solutions of the 
coupled products, resulting from the reaction of 
cthinyl cstradiol, cstradiol, estradiol dipropionate 
after saponification, and estronc with diazvtized 4- 
~tmino-Ci-chloro-m-benzene disulfonamide arc shown 
in Fig. 1. I t  is seen that similar spectra are obtaincd 

Fig. :3.-Absorbancc of fiiial du t io i l  
us. coupling reaction timc for estradiol; 
coupling reaction carried out a t  pH 5.0. 
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TABLE 111.- CCJL(0RIhlETRIC 1)F;TERMINATION OF ESTROGENS I N  THE P R E S E S C E  CJb' C O M M O N  E X C I P I E N T S  
~ ~~~~ ___ ~~ ~ ~ ~ ~ _ ~ _ _ _  

Excipient Estradiol Flthioyl Estiadiol Estrone Estradiol 1)ipropionate 
Lactose 

Added, mg./Gni. 1.00 
Found, mg./Gm." 1.02 
yo Recovery 100 

Added, mg./Gm. 3.30 
Found, mg./Gm.Q 3.23 

Recovery 98 

Starch 

1.00 
1.00 
100 

1.00 
1 .OO 
100 

3.30 3.30 
3.30 3.26 
100 99 

Sesame Oil 
Added, mg./Gm. 
Found, mg./Gm.& 
yo Recovery 

. .  . . .  

. .  . . .  

. .  . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

1.00 
0.99 
99 

a Average of duplicate determinations. 

for thc four compounds, each exhibititig a broad 
absorption maximum a t  500 nip. Esters of estradiol 
exhibit spectra identical to that of estradiol when 
coupled with the reagent after saponification, as 
shown in Fig. 1. Saponification of mono- and di- 
esters of estradiol proceeds rapidly iu alkaline solu- 
tion a t  room temperature and is complete in 10 min. 
or less in aqueous media which is 0.1 M or stronger 
in hydroxyl ion. The structure of the coupled 
products has not been determined; however, it  is 
logical to assume that coupling occurs in one of the 
positions nrtho to the phenolic hydroxyl group. 

The molecular absorptivities of these four estro- 
gens as calculated from the curves in Fig. 1 are listed 
in Table I. 

It can be seen from these data that the molar 
absorptivities of the four compounds are nearly 
identical within experimental error. 

The p H  dependency of the absorption spectrum 
of the reaction product of estradiol u-ith diazotized 
4-amino-6-chloro-m-benzene disulfonamide is shown 
in Fig. 2. 

It can be seen from these spectra that the red 
color of the coupled product is produced only in a 
highly alkaline medium (pH > 12). At pH 5 or 
below, the coupled product in solution exhibits a 
yellow color, the absorption spectrum exhibiting a 
shoulder a t  450 nip. At pH values between pH 5 
arid 12, varying shades of orange are produced. 
The absorption band at  500 nip increases in intensity 
up to a pH of about 13; a t  pH values abovc this no 
further increase in intensity occurs. The spectra 
exhibit an isosbestic point a t  about 450 mp as shown 
in Fig. 2. The absorptiori spectra of the coupled 
products of cthinyl cstradiol and estrone with the 
diazotized disulfonamidc exhibit similar pH de- 
pendencies. 

The initial reaction between nitrous acid and 4- 
amino-6-chloro-m-benzene disulfonamide appears to 
be somewhat more complex than a simple diazotiza- 
tion rcaction since it has been observed that ap- 
proximately 2 moles of nitrous acid are consumed 
by the conipourid (8). Conditions for diazotization 
of the disulfonamide do not appear to be critical. 
Diazotization of the disulfonamide in 1 N hydro- 
chloric acid is complete in 2 min. in the presence of 
excess nitrous acid. Destruction of the e.xccss 
nitrous acid was not found to be necessary sincc no 
iiiterfereiice in the subsequerit color developinelit 
and measurement was observed. Coupling or the 
estrogens studied with diazotized 4-amino-6-chloro- 

m-benzene clisulfonamide does not proceed readily 
in acid solution but was found to proceed rapidly 
when carried out a t  pH 5 or above. The most re- 
producible absorbance values merc obtained when 
coupling was carried out a t  about pH 5. When 
coupling was carried out in alkaline solution, i t  was 
found that the rcsulting ahsorbance (color intensity) 
was critically dependent upon the rate of addition 
of alkali. This indicated a rapid dcstruction of the 
diazotized disulfoiiatiiide in highly alkaline solution. 
By coupling a t  pH 5 ,  however, this problem is 
avoided and day to day variation in color intcnsity 
never excecded 276. This is consisteut with the 
observation of Kehni arid Smith, who found that 
coupling or the reagent with chromotropic acid 
under similar conditions of pH also gave highly 
consistent absorbance values (8). The effect of 
coupling time a t  pH ,5 before the addition of alkali 
upon the absorbance of the final solution a t  500 
nip is shown in Fig. 3. I t  is seen that color intensity 
increases during the first 6 miu. and then remains 
constant over a period of a t  least 26 min. This 
indicates that the resulting diazo compound is quite 
stahle a t  this pH. 

The extreme stability of the red color as measured 
a t  ,500 m p  is shown by the data in Table 1 1 .  These 
data indicate no significant changes in absorbance 
of the final solution over a 4-hr. period in the dark 
and under riornial laboratory illumination. An in- 
crease of about 3Yh in absorbance is noted after 2 hr. 
for solutions placed in direct sunlight. 

The relationship between absorbance a t  500 mp 
and concentration was found to be quite linear for 
etliitiyl estradiol, estradiol, estradiol dipropionatc, 
and cstronc as showu in Fig. 4. 

The specificity of thc nicthod for these compourids 
in  the presence of several frequently encountercd 
excipients is demonstrated by the da ta  shown in 
Table 111. Recoveries of 98-100$<) were obtaincd 
for the various estrogens in the presence of lactose, 
starch, and sesame oil. Other phcnols will, of course, 
interfere in the determination of these estrogens by 
this method as they would in the ca5e of the Kohrr 
reaction; howevcr, such intrrfrrcnces would not 
normally be expected. 

The reproducibility, sensitivity, and rapidity of 
this proccdurc rcprcscnt a considerable improve- 
ment ovcr t h e  presently usrtl Kobrr reaction for thc 
tlcterniiii;rtioIi of these estro#cns. 

The application of this rcactioii to thc drtcrniina- 
tion of other compounds of pharmaceutical interest 



504 Journal of Pharmaceutical Sciences 

containing phenolic hydroxyl groups such as pyr- tose, starch, and sesame oil were found not to intcr- 
idoxine will be presented in a future report. ferc in the determination of these estrogens. 
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Effects of Adsorbents on Drug Absorption I1 

Effect of an Antidiarrhea Mixture on Promazine Absorption 

By DONALD L. SORBY and GRACE LIU 

An antidiarrhea mixture containing attapulgite and citrus pectin was studied for 
its potential effect on the absorption of promazine from the human gastrointestinal 
tract. Test conditions were established so that results would have maximum 
applicability to the clinical use situation. Drug and adsorbent were not equili- 
brated prior to administration. Under these conditions, the antidiarrhea mixture 
decreased the rate and extent of absorption of the test drug. An in vitro adsorption 
study established that the antidiarrhea mixture had a strong affinity for the test drug. 

Results are in general agreement with the previous report in this series. 

PREVIOUS report (1) showed that activated A charcoal and activated attapulgite both 
altered the absorption of promazine from the 
gastrointestinal tract. Prior to administration to 
human subjects, a 50-mg. quantity of promazine 
was equilibrated with the particular adsorbent 
material. The resulting test doses contained 
38.5 nig. of the total 50-mg quantity of prom- 
azine adsorbed to activated attapulgite or 24.7 
mg. bound to activated charcoal. Under these 
conditions, activated attapulgitc slowed the rate 
of absorption; however, it  had no significant 
effect on the total availability of the drug. 
Activated charcoal, on the other hand, appeared 
not to relcase any of the adsorbed drug while 
within the gastrointestinal tract and only prom- 
azine, which was free in solution in the test dose 
a t  the time of administration, was absorbed. 
In  elitvo studies of desorption rates from ad- 
sorbates demonstrated that promazine release 
was rapid from activated attapulgite and very 
slow from activated charcoal. 
~ _ _  
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Several pharmaceutical products containing ad- 
sorbent materials are intended to control diarrhca 
by exerting their action within the gastroin- 
testinal tract. In this respect they are thought 
to adsorb certain toxic amines produced by 
putrefaction or as by-products of bacterial me- 
tabolism, and thus prevent their undesirable 
actions on thc human body (2).  The question 
arises concerning whether the presence of such 
adsorbent materials within the gastrointestinal 
tract might also interfere with absorption of 
amine-type drugs, many of which are known to be 
strongly adsorbed in sitro by the materials in- 
cluded in antidiarrhea preparations (2-6). 

The observed effects of adsorbents on drug ab- 
sorption ( I )  are applicable only to the situation 
where drug and adsorbent are equilibrated before 
administration to test subjects. The question 
concerning whether the samc cffccts will be ob- 
tained if drug and adsorbent do not meet until 
both are within the confines of the gastroin- 
testinal tract was left unanswcred. 

The purpose of this research was to determine 
whether the presence of an adsorbent anti- 
diarrhea mixture within thc gastrointestinal 
tract would interfere with the absorption of an 
amine-type drug. Promazine hydrochloride (50 




