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Abstract- A convenient and specific spectrophotometric

determination of stilbestrcl and stilbestrol dipropio-
nate is developed by intera-tion with 2,3,5-triphenyl-
tetrazolium chloride at 5CYC for 45 minutes and subse-
quent measurement of the color formed at 485 nm. bkvidence
18 provided to account for the sipnificance of extended
conjugation of 4,J-stilbeaediol derivatives to induce
this color reaction.Ideal adherence of color absorption
to Beer'é law permitted accurate and precise determina-
tion of stilbestrol and stilbestrol dipropionate pure
forms over a range of 2-22 mcg stilbestrol/ml.Applicat-
ion of the tetrazolium reaction to the analysis of stil-
bestrol dipropionate oily dosage forms could be satisfac-
torly effected without prior hydrolytic or extraction
pTOCeSses.This offers a fundamental achievement for uti-
1ity of the propoéed procedure in automated anmalysis.
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I NTRODUCTTION

The advocated Clinicaltutility of stilbestrol (Qﬁ;ﬁj
diethyl-E—4,4:stilbenediol) for the control of menanau-
sal disorders,prostatic'and mammary carcinoma is well
documented.Usnal fdrmulation-of this estrogen in relati-
vely small doses necessitates the adoption of an espec-

ially senstive and precise means for the analysis ol its
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dosage forms. Use was made of the reactivity of the two
phenolic hydroxyl grouns of stilbestrol to develop a di-
versity of eﬂtimation orocedures based on acetylation (1,2),
nitrosation (3,4), bromination (5) and uv-irradiation (&)
pfocesses. Of the several cnromogenic reagents reported

for phenols, much interesit has been focused on the utili-
ty of molybdophosphotungstate (7), ferric (8), antimony
(9)_and vanadium (10) salts to the colorimetric analysis

of stilbeStrol dosage formes. However, most of these meth-
ods lack aepecificity and are oftenly subject to certain
limitations. The compendial uv-irradiation assay proced-
ures (11,12) though avparently specific to stilbestrol,

aré tedious and time-counsuming. Such inconveniences are
still more pronounced, when oily formulations of stilb-
ectrol dipropionate are to be analyzed.bssential prelil- A
mirary hydrolysis to stilbestrol and the further multi-

ple extraction procesces oftenly handicap accurate coti-

mation of this ester. Consequently,the need for a ravid,
direct and specific method for the determination of atilb-

estrol and stilbestrn?’ dipropionate can be appreciated.

It has been chown by this laboratory, that 2,3,5-

triphenyltetrazolium chloride (1) can be effectively re-

duced into the corrcspondingly highly colored formazan

derivative, when inveracted with o-dihydroxybenzene.This
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justified the adovtion Qf (I) for the colorimetric ana-

_ lysis of different pharmaceutical catecholamine congeners
(13). The present communication deals with the investiga-
tion of possible interaction of (I) with other aromatic
diols, As a résult of this work, a convenient and accur«
ate method for the determination of 4,4:st11benedi§ls is
‘developed. A valuable achievement of this method lies in
its utility to the direct analysis of stilbestrol diproo-

ionate olly formulations.

EXPERIMENTATL
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tometer1, a pH meterz, fitted'with a Sealed calomel and

a shielded glass electrodes, and a suitabley thermostated

water bath’were used.

estrol dipropionate were utilized as the working standa-

rds. Ethyl oleate, arachis and sesame-oils were chemical-

1y pure, other chemicals were analytically pure.

'Spektromom-203 (MOM,Hungary).
2padelkis,0P-401/2 (MOM,Hungary).
- 57-.606,MTA (MOM,Hungary).
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As dosage forms, differently markted tabletﬁ4’5and injec-

(" - ,
tions” gof stilbestrol and stilbestrol dipropionate were

analyzed.

Reagents-t-Tetrazolium Solution : 0.5 % (w/v) of (I)
in aldehyde-free absolute ethyl alcoh0119iThis reagent
can be kept stable tor at least one week, if stored in
3 dark cool place

Z-Potassium HyAdraxide Solution : dissolve O.1g¢g

carbonate-free potassium hydroxide in ca.1-ml of distil-
led water and complete to 100-ml with absolute ethyl al-

cohol,filtering if necessary This solution is preferred

to be freshly prevared every 48 hours.

otandard Solutions-Dissolve an accurately welghed
amount of stilbestroi or stiibestrol dipropionate, pre-
viously dried at BODG in vaccuo for 2 hours, in absolute

ethyl alcohol so as to afford a concentration of 200 mcg
stilbestrol/ml. - -

w—-ﬂm__‘_'*ﬂmmﬁm

4Stilbestr01,(Misr'Co.Phafm.,Egypt),contains 5.0 mg of

stilbestrol per tablet.

Syntestrin, (G.Richter,Hungary),contains 1.0 mg of stilb-
estrol dipropionate per tablet,

p

6Sti1bestrol,(MiSr~Co;fharm.,Egypt),contains 1.0 mg of

stilbestrol per 1-ml ampul.

7Syntestrin,(G.Richter,Hungary),oontains 5.0 mg of stilb-
estrol divropionate per 1-m1 ampul.

BStilbstrol Dipropionate,(Evans,kngland),contains 10.0 mg

of stilbestrol dipronionate per’1-ml.solution in ethyl
oleate,

9Cyren-B,(Bayer,Germany)w contains 5,0 mg of stilbestrol
diprovnionate per 1-m] colution in sesame oil.

1OA snectro-grade aidehyde-free alcohol (}Yrolabo-France)

was utilized allnover the work.
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“than 20 powdered tablets, accurately weigh an amount eq-
‘uivalent to ca. 5 mg of stilbestrol transfer to a 50~
ml volumetric flask, add ca. 25 ml absolute ethyl alcohol
. and allow to stand for 30 minutes with frequent.agitation.

Complete to volume with absolute ethyl alcohol, mix well
and filter through a dry filter into a dry flask, the £1ipst

 'P°rtibns of thefilterate being'rejacted. 1-m1 of this 801~
ution is supposed to contain ca. 100 meg of the cléimed~

afilbestrol contént.

gl A g wids . DR AR ummy mem S D

'“ fer 1 0 ml of the iniection solution into a, suitable vole-
;fmetric flask,rinse the pipet with 20 % (v/v) solution of
nnheptane in absolute uthyl alcohoi,the rinsingsbeing col~

”1ected in thé flask,and cOmplete quantitatiVely and step-
_'wiee with the same n-heptane-alcohol solution, so as to
sobtain ca. 140 mcg of the claimed stilbestrol Der-1ﬁm1 of

;the prepared eolution.

Procedure—Pipet 1.0 ml of the standard or approp-

e A GRS MR oy s R SN b

riately prepared sample solution intp a 10-ml wvolumetric
"f-lask +hat contains 3.0 ml of the tetrazolium reagent apdi

"1 0 ml of pota831umjhydroxide asaay-solution mix wejll

stOpUer the flask and allow the solution to stand in the

dark in a thermostated water bath maintained at 50 +0 1°G

for 45 minutes.The red.colored reactdion m;xture is cool-

ed well and brought to volume with absolute ethyl alcohol.
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Determine the absorbance of this solution as mea-
sured in 1-cm glass cell at 485 nm versus a blank
prepared from 1.0 ml absolute ethyl alcohol (for

tablets) or n-heptane-alcohol mixture (injections).

RESULTS AND DISCUSSTION

I_Tetrazolium-Stllbenediol Interaction :

The unique propérty of tetrazolium salts in pro-
viding highly colored formazans upon their reduction
advertizes the use of these salts in colorimetric
pharmaceutical analysis (13-19). The fact, that (I)
could be effectively reduced with o-benzenediol deri-
vatives (13) would presumably ascribe the p-diol iso-
Mérs with a similar reactivity. The latter was mani-
fested when 0.01 M alcoholic solutions of isomeric.
benzenediol and triol derivatives were interacted with
(I) in presence of potassium hydroxide solution, Table 1.

Selective reduction of (I) by 1,2- 1,4- and 1,2,3-

'di- and trihydroxybenzenes respectively is mostly inf-
luenced by susceptibility_of thesephenois to oxidation -
into the corresponding quinones. Such an oxidation of

the 1,%- and 1,3,5- di- and trihydroxybenzenes is not

known (20). These data would empirically imply,that aromatic
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diols can, in principle, reduce tetrazolium salts
if the appropriate quinone formation and redox po-
tential are encountered. Since 4,4istilbenediol is
amenable to oxidation into stilbenequinone (21), it
seemed worthwhile to investigate its tetrazolium-
reducing effect. When tested as for compounds in
Table I,4,i;stilbenediol effected the development
of a weak red color, that was much augmented by ap-
plication of heat. Such a feeble reducing tendency
is consistent with the high electrode potential(E0=
0.85 v),reported for the stilbenequinone-stilbene-
diol system (21).Prominent acceleration of formazan
development by heat endowed stilbenediol-tetrazol-
ium interaction with a selective and sensjtive fea-
ture, that enCOuraged further fnveétigatidn of the
utility of (1) 0o theéolorimetric analysis of phafma-

/
ceutical 4,4-stilbenediol derivatives.
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I11-Assay Development

As expected, interaction of stilbestrol with
(I) proceeded in analogy to 4,4:stilbenediol; war-
ming of the reaction mixture brOught about the de-
velbpment of a gradual increase in color intensity.
‘That 2,3%,5-triphenylformazan is the chromogen in hand

was evidenced by light absorption of {the reaction mix-

ture, with minimum and maximum extinction at 405 and

A85 nm respectively (15,17,22),Figure 1.The following
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reaction variables are shown to affect the rate of

formazan development :-

AL T A N S W R e Gl Sy

formazan1color-absorption was enhanced by rise of
the reaction temperature. For the stilbestrol con-
centration range‘stﬂdied, enpropriate absorption
readings were attained at 5O~600,Fig.2. However,at
higher than 50° temperatures, blank solutions ag-
“uired a aoticable red tinge, which can adversely
lower sensitivity levels of(I)-stilbestrol inter-
action.Consequently, the latter was carried out at

a Standard’temperature of 500.

2-Time-Investigation of the color-time curve,
Fig.3, reveals maximum formazan development when
the reaction mixture was kept in a 50%-thermosta~
- ted water bath for 45-50 minutes. Whereas heating
for longer periods seriously IOwered_color'absorp-
tion,interruption of the 45-minutes interaction

brought about a marked stability of the formazan

formed for not less than three hours, Fig. 3.
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-3-Reagent Concentration and Mode of Addition-

Under optimal temperature and time effeéts, maximal
formazan develOpmeqt was achieved by addition of 1.0
ml of the working standard solutions to %-4 m~ of
(I) reagent in presence of 1.0 ml of potassium hydro;
xide assay solution, Table II. Other modes of addition

lower color intensity.

111-Reaction Interpretation :-

Under the specified reaction conditions, neither of
'dihydrostilbestrol11 nor trahs-stilbene could induce
fOrmazan development. This behaviour would attest

the significanceofextendedrneﬁbonjugatidnof the
trans-stilbenediol structure for the successful re-
duction of (I). Coplanarity of stilbestrol molecule
- with subsequent maximum bond deloéalization should
ultimately motivate electron transfer processes (13),
Analogous to hydroquinone, 4,4 -biphenyldiol and 4,5-

stilbenediol, a two-electron transfer can effect the

oxidation of stilbestrol into the corresponding qui-

none (20,21).

_11Hexestrol.
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As formation of 2,3,5-triphenylformazan involves a
two-electron attack of (I), accompanied by a single
proton transfer (23); it might be safely suggested,

that a stilbestrol-stilbgquinone transform can account

for the reduction of (I),Scheme 1.

Scheme 1

The fact that light spectrum of the reaction mix-
ture pertained only to formazan absorption, can be
~easily accepted in terms of the. extreme instability

of stilbquinone in protic solvents (20).

——-__-——--—-——-—-l—l-u---#-—m-ﬂ- Male  wieE

mﬁﬁtal.conditions-constant, the quantity of forma~an
formed Was a function of the concentration of stilb-

estrol interacted. A linear regression analysis of
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Beer's plot at 485 nm revealed an excellent adherence (r=
0.9996), with a slope value (X) of0.0465(t1.08 X 10'38D)
anduﬁpérlimit of sensitivity of 22 mecg (A= 1.02) of stildb-
estrol/mlof the assayed solution. This permitted the de-
velopment of the investigated color reaction into a sensi-
tive spectrophotometiric analytical procedure on account

of the relativelyrhigh,apparent_molar absorptivity,é; =
1.277 x 104.Replicate analysis of working stilbestrol sol-
utions byhthepresented method,Table 111, proved to be
fairly precise, with a relative standard deviation of
2.811 X 10—3.Recovery studies,effected at different con-
_centratiqn levels,Table 1V, afforded a mean vnercent reco-
very of 99.45(t 0.93 D).

' Since (I) could be successfully utilized for the co-
lorimetric estimation of BeclomethasonézDipropionate (12,
ip-44 ) without prior hydrolysis, it seemed interesting
to develop a possible interaction for stilbestrol diprop-
ionate.Mention should be made,that a direct estimation of
this ester is not yet reported.When reacted under the stan-
dard stilbestrol assay procedure, stilbestrol dipropionate

effected a similar formazan development, with (r)and}@x)
values of the corresponding Beer's plot of 0.9994 and 0.0328

& 1.06 x 10"3) respectively.Comparison of ,_Stilbestrol_-stilb-
estrol dipropionate molecular weights ratio  to the slope

:

Fropaderm
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- velnes of the respective.Beer's plot confirmed the ﬁnan-
titative in situ generation of stilbeetrnl dnring the base-
- catalyzed interaction of (I) with stilbeetfei diprenienate.
i_Application of the investigated cblof'reaetion i&fﬂthe
. - Aanalysis of stilbestrol andetilbestrolrdipropienate feblete

was successful,Table V. Potential interference with the

- assay due to possible existence of reducing sugars in tab-
let formulations could be eliminated by alcohol extract-
ion prior to anelysie.Interference studies of some of the
ingredients commonly encountered in stilbestrol diprop-
ionate formualtions revealedﬁheirinertnese toﬁarde ne-
duction of (I):These involvéd“phenobarbitone, amethoeeine,
benzocaine, sulfathiazole, sulfathlourea and glyceryl tri-
nitrate. The presented tetrazolium interaction can be Im-
parted with specificity. ‘ -

Noteworthy was the statement, that direct spectro-
photometric determination of stilbestirol dipronionafe eily
dosage forms is unreliable ‘as the oil vehicles contribute -
a high general ebsorbance'(I,p.475).quever, neither of
seeame and olive oils nor ethyl oleate 0.8 % (w/v) hept-
'a‘ne-'alcohol solutions showed ameasurable absorbance at
485 nm .In addition, no formazan was produced, when these
solutions were interacted with (I) under the standard easdy

conditions.This motivated direct estimation of 3tilbestrol
dipropionate injections by thepfoposed tetrazolium in-
teraction, Table V.Concordant results were obtained when

these formulations were directly analyzed by'(I) or when

- 26 =
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preliminarly freed from their oily bases by par=
tition- multiple extraction due to the NF XIV
procedure (10).It should be mentioned however,
that relatively higher than the claimed stildb-
estrol dipropionate contents were shown by some
intensively yellow-colored batches. Correction
for intrinsic light absorptiOn of such'samples
could be provided by determiningiinitial absorb-
ance at 485 nm. '

The preeented-colorimetric estimation offers
several advantages over current methods for the
analysis of stilbestrol and stilbestrol diprop-
jonate in terms of convenience and accuarcy.lt

cann be also automated.
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 Table I-Interaction of (I) with aromatic diols and )
.~ tridls in presence of 0.1 % KCH solution.

“Phenol Reacted  Color Intensity®
Catechol S .
Recorcipol N
'Hydroquinone a | T
Phloroglucinol -
Pyrogallol ++.'r | ‘ ~

%)s observed after 30 minutes at EOOC, key;'
-- = no color , ++ = moderate and +++ = intense .
red. ' R )

TableII-Effect of relative reagent concentration
on (I)-stilbestrol rate of interaction.

—-==o-Zaoscloo oot =22LCC e Absorbance,485 nm -

0.5 % (I) 0.1 % KOH
1,0 0.50 0.210
2.0 ' 0.50 0.315
3.0 0.50 . 0.385
1.0 1.00 0.125
2.0 1,00 0.375

b

3.0 1.00 0.475
4.0 1.00 0.473°
2.0 1.50 0.280
3.0 1,50 0.330
4.0 1.50 0.425

W——_—*—ﬂ_ﬂ“

aContaining 10 meg stilbestrol /ml.

b,cC .
pH values of the assay solutions = 10.50 and 9.3%5
respectively.
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Tablelli-Replicate analysis of stilbestrol working
solutions (10.0 mcg / ml). ﬁ

Replication - Absofbance,485 nm

0.471
0.473
0.474
0.474
0.472
0.474
0.475
0.472

o JERSC TN NN, B O R

Average 0.47%
SD 1.2296 x 10~°

Relative SD 2.811 x 10~°

i+ I+

Table IV- Recovery-analysis of stilbestrol working
| solutions, .

' ‘Stilbestrol =
Sample GereRtTAg  analyzed>Iound® Recovery, %

WI

1 10.0 15.0  9.78 97.80

2 25.0 10.0  24.96  99.84

3 50,0 10,0  50.01  100.02

4 100.0 5.0 99.84 99.84

5 200.0 20.0 199.55 99.78
Mean percent recovery 99.45
Relative SD ¥ 9.35 x 10

: A0oncentration 1§ve1.in mcg/ml-
) .

Average of five determinations.
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Table.V—Ahélysis of stilbestrol and stilbestrol
. dipropionate commercial formulations. =~

WWW_
Preparatidha - Content,mg/unit

Label claimFOundB - Added Recovered

I-Stilbestrol

1.Tablets 5.0 4.96 10,0 14.94
- 2.Injection 1.0 .98 25.0 26.0
II-Stilbestrol
Dipropionate - - )

1 .Tablets 1.0 1.10 5.0 6.11

2. Injection 5.0 4 .98 5.0 9.96
3.Injection 10.0 10.04 - 10.0 20.00
4.Injection 5.0 4.85  10.0 14 .80

- . e "W“W

aDetailed compOSitiOn,Cf. Experimental.
bAverageaof three determinations.
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