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Abstract A sensitive, reproducible, fluorometric procedure for 
the determination of estrogens in pharmaceutical preparations is 
presented. The estrogens are determined fluorometrically fol- 
lowing their reaction with dansyl chloride. The optimum condi- 
tions for the reaction such as pH, reaction solvent composition 
variations, and speed of reaction are discussed. In addition, a line- 
arity study of the relationship between concentration and fluores- 
cence intensity for estrone, estradiol, and ethinyl estradiol is re- 
ported. Solvent extraction procedures based on acid-base behavior 
or column chromatography are used when necessary to isolate the 
estrogen prior to reaction with dansyl chloride and fluorometric 
measurement. The recovery of estrogens from spiked samples indi- 
cated that the proposed method is efficient and reproducible. 
Comparison of the dansyl procedure with the official N F  method 
in the analysis of estrone aqueous suspension showed the proposed 
method to be accurate and more precise than the NF assay. Es- 
trone aqueous suspension, estradiol in sesame oil, estradiol valer- 
ate in castor oil and in sesame oil (in the latter case, in the pres- 
ence of testosterone), estradiol benzoate in sesame oil, and ethinyl 
estradiol tablets (0.5 mghablet) from commercial sources were sat- 
isfactorily analyzed, with average results within cornpendial limits 
and no coefficient of variation greater than 2%. 

Keyphrases Estrogens-determination in dosage forms, fluo- 
rescence using dansyl chloride, pH, reaction solvent composition, 
and speed of reaction, compared to compendial method Dansyl 
chloride-preparation of estrogen-dansyl derivatives, fluorometric 
determination of estrogens in pharmaceutical preparations, com- 
pared to compendial method Fluorometry-analysis, estrogens 
in dosage forms 

Estrogens are important therapeutic agents that 
have been used as replacements or supplements for 
inadequate supplies of the natural hormone or in 
suppressive therapy to counter the effects of other 
hormones. Many analytical procedures have been de- 
scribed for the CIS estrogens, all of which are charac- 
terized by a phenolic substituent in the 3-position. 
Some methods are based on the modified iron-Kober 
colorimetric procedure (1-7), analyses that are noto- 
riously laborious and time consuming, with the pro- 
duction of interfering background color as a result of 
the charring effect of the sulfuric acid on nonestro- 
genic impurities (7). 

Analyses of estrogens have been developed that de- 
pend on the formation of derivatives. IR quantitative 
analysis has been used to measure estrone, equilin, 
and equilenin after formation of the benzenesulfo- 
nate phenolic esters (8). The reaction with Girard’s 
reagent T is the basis of another IR spectrophoto- 
metric procedure that is somewhat nonspecific (9). 
Polarographic analysis of the Girard T (10) and ni- 
trosophenol (11) derivatives of estrogens has been re- 
ported. Unfortunately, since the half-wave potentials 

for all of the different estrogens are the same, the po- 
larographic ‘analyses are also nonspecific. 

The application of chromatographic methods to 
the separation and measurement of estrogens has 
been reported. Separations by GC have involved pure 
standards, pharmaceuticals, and steroids in biological 
media. For example, equine estrogens have been sep- 
arated after silylation (12), conjugated estrogens have 
been analyzed after preliminary hydrolysis (13), es- 
trone has been measured in dermatological dosage 
forms (14), estrogens have been monitored in human 
plasma (15), urinary estrogens have been determined 
after a preliminary TLC separation (16), and halo- 
genated estrogens have been estimated by electron- 
capture behavior (17). A high-speed liquid chromato- 
graphic procedure has been described for the separa- 
tion of equine estrogens (18). Conventional partition 
chromatography has been successful in the separa- 
tion of most constituents of conjugated estrogens 
(19). An interesting application of the adsorptive 
properties of a cross-linked dextran gel1 has been 
made to the separation of three common estrogenic 
steroids (20). 

The phenomenon of fluorescence offers the clear 
advantage of sensitivity in estrogen analysis. Al- 
though estrogens do exhibit native fluorescence, the 
observed intensity is not great enough to be useful. 
Until this point, fluorescence procedures for estro- 
gens were based on the Kober reaction that employs 
sulfuric acid to produce an analytically useful fluoro- 
phore (21-24). Simple solvent extraction could sepa- 
rate the estrogen from any interferences prior to the 
fluorogenic step (25,26). Reaction of dansyl chloride, 
a substituted naphthalene sulfonyl chloride, with the 
phenol at the 3-position of all estrogens, is an excel- 
lent procedure that results in a fluorescent deriva- 
tive. This reagent has been used in the TLC separa- 
tion of estriol in pregnancy urine (27), the TLC sepa- 
ration of dansyl derivatives of estrone, estradiol, and 
estriol, and the quantitative measurement of these 
steroids by fluorodensitometry (28, 29). Other appli- 
cations of dansyl derivative fluorescence have been 
made to primary and secondary amines (30-34), 
amino acids (30-34), and terminal amino group anal- 
ysis in proteins and peptides (32-34) as well as to 
phenols (32-35). 

This paper reports a study using the formation of 
the dansyl-estrogen followed by fluorescence mea- 
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surement for estrogen analysis in pharmaceutical 
dosage forms. Reaction conditions were investigated 
as to solvent composition, reagent concentration, and 
rate factors. The dosage form analyses were carried 
out under the determined conditions and yield re- 
sults that were quite satisfactory. 

EXPERIMENTAL* 

Chemicals and Reagents-All reagents were of analytical re- 
agent grade (ACS) purity and were used without further purifica- 
tion. Petroleum ether was ACS certified. Dansyl chloride3 (l-di- 
methylaminonaphthalene-5-sulfonyl chloride) was stored in a des- 
iccator over silica gel. Acid-washed siliceous earth4 was used. 

The following estrogen standards were used: estrone5, 3-hydrox- 
yestra-l,3,5(10)-trien-17-one, ClsH2202, mp 254-256’, mol. wt. 
270.4; estradio16 ((3-estradiol), estra-1,3,5(10)-triene-3,17@-diol, 
C18H2402, mp 177-179’, mol. wt. 272.4; estradiol benzoate6, estra- 
1,3,5(10)-triene-3,17~-diol 3-benzoate, CzsH2803, mp 191-196’, 
mol. wt. 376.5; ethinyl estradio15, 17a-ethinyl-l,3,5( 10)-estratriene- 
3,17a-diol, C20H2402, mp 141-143”, mol. wt. 296.4; and estradiol 
valerate5, estra-1,3,5(10)-triene-3,17/3-diol 17-valerate, C23H3203, 
mp 144-145’, mol. wt. 356.5. Commercial estrogen dosage forms 
were selected for analysis. 

Preparat ion of Reagents-O.OI% (0.000371 M) or 0.02% 
(0.000742 M) Dansyl Chloride Reagents-Dissolve 50 or 100 mg, 
respectively, of dansyl chloride in 500 ml of acetone. If necessary, 
filter the solution through fluted filter paper7, 18.5 cm. Dansyl 
chloride is stable in acetone. However, the solution was prepared 
freshly approximately every 3 weeks. 

Sodium Carbonate Aqueous Acetone Solution-Dissolve 1.00 g 
of sodium carbonate decahydrate in a solution of 300 ml of water 
and 150 ml of acetone. 

Water- Washed Ether-Shake equal volumes of ether and water 
for 2 min in a separator. Discard the aqueous phase. 

The following were all aqueous solutions: 2.5 N sodium hydrox- 
ide solution, 50% sulfuric acid solution (18 N ) ,  1 M sodium bicar- 
bonate solution, and dilute sulfuric acid (1 + 2). 

Analytical Applications-Procedures are provided for the 
preparation of estrogen standard solutions and the treatment of 
the various dosage forms for the isolation of the estrogens prior to 
the application of the dansyl chloride reaction and fluorometric 
measurement. 

Estrogen Standard Solutions-These solutions were prepared 
according to the following directions. Dissolve the appropriate 
quantity of estrogen, accurately weighed and dried as indicated, in 
about 25 ml of acetone and dilute to exactly 100 ml with acetone: 

quantity to be 
estrogen drying conditions weighed, mg 

estradiol 105”, 4 hr 2 
estrone 105”, 4 hr 2 
ethinyl estradiol silica gel, room temperature, 2 

estradiol benzoate 105”, 3 hr 3 
estradiol valerate lOY, 3 hr 2 

Aqueous Suspensions for Injection-Vigorously shake the sus- 
pension to be sampled to obtain a homogeneous dispersion. Using 
a “to contain” pipet, transfer accurately a volume of the estradiol, 
estrone, or other estrogen suspension equivalent to about 4 mg of 
the estrogen into a 200-ml volumetric flask, wash the pipet inner 
bore with several increments of acetone and retain the washings in 
the flask, and add additional acetone in increments t o  the flask to 
a volume of about 125 ml, swirling after each addition and heating, 
if necessary, to aid in dissolving the estrogen. Dilute to volume, 

4 hr 

* A Perkin-Elmer model MPF-3 spectrofluorometer equipped with a 
xenon lamp and power source (model 150) and a Hitachi recorder (model 
QPD-33) were used. 

Aldrich Chemical Co., Cedar Knolls, NJ 07927 
Celite 545, Johns-Manville, Denver, CO 80217 
USP Reference Standard, United States Pharmacopeial Convention, 

N F  Reference Standard, American Pharmaceutical Association, Wash- 

Whatman, 2V. 

Inc., Rockville, Md. 

in ton, DC 20037 

mix well, and filter the solution through filter papers into a glass- 
stoppered conical flask, discarding the first 25 ml of filtrate. Using 
this sample solution, continue with the procedure Fluorometric 
Determination Using Dansyl Chloride. 

Oleaginous Solutions for Injection-Using a “to contain” pipet, 
transfer a volume of estradiol, estrone, or other estrogen solution 
equivalent to about 5 mg of the estrogen into a 125-ml separator. 
To ensure complete transfer, wash the pipet inner bore with two 
10-ml and a third 5-ml portion of petroleum etherQ, retaining the 
washings in the funnel. Add 15 ml of 2.5 N sodium hydroxide solu- 
tion, shake vigorously for 2 min, and allow the phases to separate 
completely. Transfer the aqueous phase to a second 125-ml separa- 
tor and repeat the extraction of the petroleum ethe? with two ad- 
ditional 10-ml portions of 2.5 N sodium hydroxide solution, adding 
each extract to the second separator. 

Wash the combined alkaline extracts with 25 ml of petroleum 
ether, and discard the petroleum ether phase. Add 50% sulfuric 
acid dropwise to acidify the combined alkaline portion to pH 1, 
using pH indicator paper, and cool the solution. Then add 25 ml of 
benzene and shake for 2 min. Transfer the acid layer to another 
125-ml separator and extract with another 25-ml portion of ben- 
zene. Discard the aqueous layer. Wash the combined benzene solu- 
tions with two 5-ml portions of 1 M sodium bicarbonate solution 
and two 5-ml portions of water; discard the aqueous phases. 

Pass the benzene solution through benzene-washed cotton into a 
beaker, and evaporate to dryness on a steam bath with the aid of a 
current of air. Dissolve the residue in acetone, warming if neces- 
sary to aid dissolution. Transfer the solution quantitatively to a 
volumetric flask of a size such that a final concentration of 0.020 
mg/ml will result. Dilute to volume with acetone, and continue 
with the procedure Fluorometric Determination Using Dansyl 
Chloride. 

Estradiol Benzoate Injectable Solution in Sesame Oil-Pre- 
pare a chromatographic column using acid-washed diatomaceous 
earth4 as described by James (37). 

Using a “to contain” pipet, transfer a volume of sample equiva- 
lent to 15.0 mg of estradiol benzoate in oil to 9 100-ml volumetric 
flask. Wash the pipet inner bore with several portions of n-hep- 
tane, retaining the washings in the flask, and dilute to volume with 
n- heptane. 

Transfer 2.0 ml of sample solution to the column, and wash the 
column with 75 ml of n-heptane, discarding the washings. Change 
receivers to a 250-ml glass-stoppered (TS 24/40) erlenmeyer flask, 
and elute the estrogen with approximately 200 ml of n-heptane. 
Evaporate the eluate to dryness, dissolve the residue in 10 ml of 
acetone, and add 20 ml of sodium carbonate aqueous acetone solu- 
tion. Similarly, transfer 10.00 ml of the estradiol benzoate stan- 
dard solution to a glass-stoppered (TS 24/40) erlenmeyer flask, 
and add 20 ml of sodium carbonate aqueous acetone solution. 
Equip both the sample and standard flask with water condensers 
(TS 24/40 joint), and heat at reflux for 45 min. Then quantitative- 
ly transfer the contents of the conical flasks to separate 50-ml vol- 
umetric flasks, wash each flask with two successive 3-ml portions 
of the sodium carbonate aqueous acetone solution, and transfer 
each portion quantitatively to the appropriate 50-ml volumetric 
flask. Add 10.00 ml of 0.02% dansyl chloride reagent, and dilute to 
volume with the sodium carbonate aqueous acetone solution. For a 
blank, add 10 ml of acetone and 10.00 ml of 0.02% dansyl chloride 
reagent to a 50-ml volumetric flask and dilute t o  volume with the 
sodium carbonate aqueous acetone solution. Continue with the 
procedure Fluorometric Determination Using Dansyl Chloride, 
beginning with “Then let the solutions stand . . . .” 

Tablets-Weigh accurately 20 tablets, reduce them to a fine 
powder by trituration, and pass the powder through a 60-mesh 
sieve. Accurately weigh a portion of the sample equivalent to about 
1.0 mg of ethinyl estradiol or other estrogen into a 125-ml separa- 
tor. Add 10 ml of water and 0.5 ml of dilute sulfuric acid (1 + 2). 
extract with 25 ml of chloroform, separate the phases, and then ex- 
tract with two additional 25-ml portions of chloroform. 

Wash the combined chloroform solutions with two 5-ml portions 
of 1 M sodium bicarbonate solution and two 5-ml portions of 
water, and discard the aqueous phases. Pass the total chloroform 

Whatman No. 42. 
For the castor oil-containing estradiol valerate dosage form, the solvent 

used was n-heptane. 

Vol. 64, No. 4 ,  April 1975 1675 



80 

70 

60 

50 
> 
t 
Z 40 z 
W 
I- z 30 

20 

10 

0 

C 

200 260 320 380 440 500 560 
WAVELENGTH, nm 

Figure 1-Excitation spectra of dansyl-estrone versus the 
blank in chloroform; wavelengths of excitation are  264 a n d  
355 n m  (with emission a t  502 nm). Key: A ,  dansyl-estrone; 
B, blank; a n d  C, scattered radiation. 

extract through the chloroform-washed cotton. Evaporate the 
chloroform to dryness on a steam bath with the aid of a current of 
air. Dissolve the residue in acetone, warming if necessary to aid in 
dissolution, and dilute to a final concentration of 0.020 mg/ml with 
acetone. Continue with the procedure Fluorometric Determina- 
tion Using Dansyl Chloride. 

Fluorometric Determination Using Dansyl Chloride-Take 
exactly 10 ml of the sample solution, and transfer to a 50-ml volu- 
metric flask. Add exactly 10 ml of 0.01% dansyl chloride reagent, 
and dilute to volume with sodium carbonate aqueous acetone solu- 
tion (Solution A). 

Similarly, transfer exactly 10 ml of the appropriate estrogen 
standard solution and exactly 10 ml of acetone to serve as a blank 
into separate 50-ml volumetric flasks. Add exactly 10.00 ml of 
0.01% dansyl chloride reagent, and dilute to volume with the sodi- 
um carbonate aqueous acetone solution (Solution A). Then let the 
solutions stand in the dark for 60 min. When the time has elapsed, 
transfer exactly 10.00 ml from Solution A into a 125-ml separator. 
Extract with three 10-ml portions of water-washed ether, filter 
each fraction through ether-washed cotton into a 50-ml glass-stop- 
pered conical flask, and evaporate the combined ether fractions to 
dryness on a steam bath under a stream of air. Dry the residue for 
15 min in a vacuum desiccator containing silica gel. Transfer ex- 
actly 10.0 ml of chloroform to each flask (Solution B). Read the so- 
lutions in l-cm quartz cells in a spectrofluorometer, setting the 
standard solution fluorescence to read 70% full-scale deflection; 
the excitation and emission wavelengths are 355 and 502 nm, re- 
spectively (Figs. 1 and 2). 

Calculations-The fluorescence intensity (F) of the standard 
and sample is measured a t  their maximum a t  502 nm. The fluores- 
cence intensity of the blank, measured at the same wavelength, is 
subtracted from the readings of both the sample and standard. 
The concentration of estrogens in injectables is calculated as: 

F,,I - Fblank 

F a r d  - Fblank 

weight of standard, mg 
X X 

volume of sample taken, ml 
dilutions of standard 
dilutions of sample X 

volume of initial 
sample solution, ml 

volume of initial 
standard solution, ml 

mg of estrogen 
ml of injection taken 

- (Eq. 1) 

Alternatively, the concentrations can be determined from standard 
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Figure 2-Emission spectra of dansyl-estrone versus the 
blank in chloroform; wavelength of emission is 502 nm (with 
excitation at 355 nm). Key: A, dansyl-estrone; B, blank; a n d  C, 
vcattered radiation. 

curves. The concentration of estrogens in tablets is calculated as: 

X 
FspI - Fblsnk 

Fstd - Fblank 

weight of standard, mg 
dilutions of sample 

dilutions of standard 
weight of sample X 

(Eq. 2) 
mg of ethinyl estradiol 

tablet 
average tablet weight = 

RESULTS AND DISCUSSION 

Formation of Dansyl-Estrogen Derivatives-Dansyl Chlo- 
ride Reactions-The chemical reaction of interest may be conve- 
niently described by Scheme I. 

Scheme I 

The scheme is presented in a generic manner in that the base B: 
may be any base such as OH- or C03-*. I t  seems clear that the 
reaction should proceed well in an alkaline solution or in the pres- 
ence of a base since the chemical change involves the displacement 
of the chloride ion by the phenolate species. 

Solution conditions not only have an effect on the desired reac- 
tion (Scheme I)  but promote a concomitant change since the base 
can also cause reaction of the dansyl chloride to yield an undesired 
product. Thus, if hydroxyl ion is the base, the reaction produces 
1-dimethylaminonaphthalene-5-sulfonate. In addition, an unfortu- 
nate solvent choice could cause hydrolysis of the dansyl-estrogen 
derivative. The reaction conditions must permit complete forma- 
tion of the dansyl-estrogen derivative and yet minimize the unde- 
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Table I-Recovery S t u d y  of Estrone, Estradiol, a n d  Estradiol  Benzoate  in Dosage Forms  

Prepared Percent Range  of 
Concentration, Recovered Percent Coefficient of 

Sample Replicates mg/ml (Average) Recovered SD Variation, % 

Es t rone  aqueous 4 20 

Estrone aqueous 4 5 a  
suspension 

100.1 99.8-100.3 f 0 . 3  0.264 

102.6 101.9-103.8 f 0 . 8  0.813 
suspension 

oil solution hvn the t i c  
Estradiol in sesame 7 1.018b 9 9 . 3  95.8-101.1 h l . 9  1.92 

preparation j " 

oil solution (synthetic 
preparation) 

sesame oil (synthetic 
preparation) 

sesame oil (synthetic 
preparation) 

Estradiol  in sesame 6 0 .994b 100.6 98.6-102.9 f l . 5  1.51 

Estradiol benzoate in 4 2.99b 99.9 98.1-101.8 f 2  . o  2.03 

Estradiol benzoate in 4 4.94b 99 .2  97.1-101.5 h 1 . 8  1.82 

Spiked with 2.892 pg of estrone. 3% (v/v) benzyl alcohol. 

sired reactions of the dansyl chloride and the dansyl-estrogen hy- 
drolysis. The various reaction conditions studied are treated in the 
following sections. 

Reaction Solvent Composition-Two factors must be consid- 
ered when selecting a solvent system-viz., the maintenance of a 
homogeneous system and the preservation a t  a reasonable rate of 
the reaction described by Scheme I. The dansyl chloride reagent is 
soluble in acetone, but a high proportion of acetone in the solvent 
reduces the velocity of the reaction (34). On the other hand, water 
increases the speed of the dansyl derivatization reaction but it can 
likewise accelerate the rate of the undesired hydrolytic conversion 
of the dansyl chloride to the corresponding sulfonic acid and of the 
desired dansyl-estrogen to the parent estrogen. 

Experiments have indicated that acetone-water mixtures offer 
desirable advantages (27, 34). As the ratio of acetone to water is 
decreased from a 1:l ratio, the solvent polarity increases and the 
effect is that  there is a net loss of dansyl-estrogen by hydrolysis 
(with a resultantly diminished fluorescence) as well as an increase 
in the hydrolysis of dansyl chloride. The optimum solvent compo- 
sition was an acetone-water system in a 2:3 volume ratio; this me- 
dium was used in the various estrogen analyses to be described. 

Reagent and Base Concentrations and Reaction Rate-Study 
of Scheme I indicates that a 1:l stoichiometric relationship exists 
between estrogen and dansyl chloride. However, to ensure the 
completeness of the reaction, a five- to 10-fold excess of dansyl 
chloride reagent was chosen and used satisfactorily. 

Since the dansyl-estrogen reaction (Scheme I) proceeds by 
means of the estrogenic phenolate ion, the need for a base must be 
incorporated into the analytical solvent system. When using aque- 
ous properties as a guide only, calculations show that there is very 
little phenolate species in solution a t  pH 8, the predominant form 
being the conjugate acid, phenol. At pH 9, 25% of the total phenol 
is present as the phenolate ion; at pH 12 the percentage rises to 
more than 99% phenolate ion. However, a t  very alkaline conditions 
the hydrolysis of dansyl chloride and the dansyl-estrogen deriva- 
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Figure I-Efiect of apparent pH on the fluorescence intensity 
of dansyl-estrogen derivatives. 

tive becomes significant, depleting the reagent and resultantly af- 
fecting the desired derivatization reaction (Scheme I). 

The means to establish optimum alkaline conditions was taken 
as the production of maximum fluorescence when the dansyl-es- 
trogen reaction was conducted under particular conditions. The re- 
sults of such a study are presented in Fig. 3, and the plot indicates 
that an apparent pH range of 11-12 is optimum. Sodium carbonate 
was chosen as the base since i t  is convenient to use and is strong 
enough to achieve, but not exceed, the desired alkalinity. 

T o  determine an effective sodium carbonate concentration, a se- 
ries of studies (Fig. 4) was carried out. The concentration of sodi- 
u m  carbonate was varied, and the fluorescence intensity achieved 
by the dansyl chloride-estrogen reaction was measured as a func- 
tion of time. The results indicate that  in each case the maximum 
fluorescence is attained in about 30 min. The intensity of fluores- 
cence is seen to be smallest when the largest quantity of 40 mg of 
sodium carbonate decahydrate is in solution. This phenomenon is 
probably ascribable to an increase in the reverse reaction (Scheme 
I) causing hydrolysis of the fluorescent dansyl-estrogen derivative 
and the dansyl chloride reagent. The intermediate concentration 
of sodium carbonate decahydrate results in a fluorescence that 
reaches a maximum within 30 min and is relatively stable for long 
periods. These results suggest that  the best concentration of base 
is about 20 mg of sodium carbonate decahydrate in 30 ml of solu- 
tion. 

The described study that established the concentration of sodi- 
um carbonate to be used also permitted the selection of tempera- 
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Figure 4-Speed of reaction at various concentration levels 
of sodium carbonate decahydrateat 22 =k 2'. The symbols used 
indicate the weight of sodium carbonate decahydrate in milli- 
grams dissolved in 30 ml of 40% H 2 0  in acetone for each study. 
Key: A, 10; Q20; and 0, 40. 
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Table 11-Determination of Estrogens in Various Dosage Forms 

Sample 

Declared, 
mg/ml or  Average, 

Replicates mg/Tab le t  % Range  SD 
Coefficient of 
Variation, % 

Estrone aqueous 8 1 1 . 0 6  (106) 1.04-1.07 =to ,0119 1 . 1 2  
suspension-1 

suspension-2 

suspension-3 

suspension-4 

oil injection 

castor oil-1 

sesame oil-2 

tablets 

Estrone aqueous 8 2 1 . 9 8  (99) 1.91-2.02 2 ~ 0 . 0 3 8 9  1 . 9 7  

Estrone aqueous 5 2 2 . 0 0  (100) 1 .98-2.05 f O  ,0306 1 . 5 3  

Estrone aqueous 6 5 4 . 8 2  (96.4)  4.80-4.85 f O  ,0177 0 .367  

Estradiol in sesame 10 1 0.955 (95.5)  0.940-0 ,970 f O  ,010 1 . 0 5  

Estradiol valerate in 4 20 2 0 . 2  (101) 19.8-20.6 f O  ,370 1.83 

Estradiol valerate in 4 4a 3.91 (97.8)  3 .87-3.98 f O  ,0497 1 . 2 7  

Ethinyl  estradiol 8 0 .5  0 .487  (97 .4 )  0.475-0 ,499 f O  ,00998 2 . 0 4  

a With testosterone enanthate, 90 mg/ml. 

ture and time variables. From Fig. 4 it is seen that a constant fluo- 
rescence intensity is reached after 30 min a t  22O. To ensure com- 
plete reaction, 60 min a t  room temperature was chosen as the reac- 
tion conditions for each estrogen analysis. 

In this work, the manner of preparation of the reaction solution 
system is an important consideration, since the solvent is an ace- 
tone-water mixture with dissolved sodium carbonate. Since sodi- 
um carbonate is insoluble in acetone, aqueous solutions seem like a 
good way to introduce sodium carbonate. However, if an aqueous 
solution of sodium carbonate is added to acetone, an undesired 
two-phase system results. To have a homogeneous solvent, the so- 
lute sodium carbonate must be dissolved in the mixed acetone- 
water system. 

Isolation of Dansyl-Estrogen Derivatives-Although the de- 
sirable analytical reaction may be expected to proceed to comple- 
tion, the reaction solution may contain dansyl-estrogen derivative, 
excess dansyl chloride reagent, and dansyl hydroxide, formed by 
hydrolysis of the reagent. TLC monitoring of reaction solutions 
showed that any excess dansyl chloride is hydrolyzed to the corre- 
sponding sulfonic acid after 30 min, the analytical reaction time. 
Thus, to avoid interference, i t  becomes necessary to separate the 
dansyl hydroxide (a fluorescent sulfonic acid) from the dansyl-es- 
trogen derivative. 

Since the dansyl hydroxy is acidic, it forms a sodium salt and 
the dansyl-estrogen can be conveniently extracted from the alka- 
line reaction solution with a suitable organic solvent. Two of the 
organic solvents tried, isooctane and chloroform, were judged un- 
suitable because of turbidity. Ether did not give rise to turbidity 
and, in addition, the desired solute possessed a high partition coef- 
ficient in the ether-alkaline reaction solution. Calculations show 
that almost 99% of the dansyl-estrogen is extracted with the first 
10-ml portion of ether. Thus, three 10-ml portions will extract vir- 
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Figure 5-Relationship between fluorescence intensity and  
concentration for three estrogens including a least-squares plot. 
Key: 0, ethinyl estradiol; A, estradiol; and 0, estrone. 

tually 100% of the dansyl-estrogen from the alkaline reaction solu- 
tion. 

Emission and  Excitation Spectra  of Dansyl-Estrogen De- 
rivatives-The emission and excitation spectra (uncorrected) of 
dansyl-estrone and the blank in chloroform, the solvent to be used 
analytically, are shown in Figs. 1 and 2. For dansyl-estrone, two ex- 
citation maxima a t  264 and 355 nm are observed. The intensity of 
the peak a t  355 nm is approximately five t i m i  greater than the 
peak a t  264 nm. Both excitation peaks produce an emission peak 
a t  502 nm. Since all of the derivatives have the same fluorophore, 
all dansyl-estrogen derivatives have similar emission and excita- 
tion spectra. 

The blank is run under identical reaction conditions utilizing 
the same reagents and solvents as the estrogen, except that  the es- 
trogen solution is replaced by an identical solvent volume (ace- 
tone). The blank has a different emission spectrum than dansyl- 
estrone, indicating that it is composed entirely of trace amounts of 
unextracted, intact and hydrolyzed dansyl chloride. The emission 
peak is a t  490 nm, and the excitation peak is at 355 nm. 

To minimize errors, it is highly recommended that a blank be 
run parallel to any estrogen determinations and that its fluores- 
cence intensity be subtracted from that of the estrogen. 

Fluorescence Intensity, Concentration, and  Sensitivity- 
The relationship of the fluorescence intensity of the dansyl-estro- 
gen to estrogen concentration was studied using estrone as a gener- 
ic model. This type of class representation is possible since, in this 
instance, the fluorophore is the same for all estrogens-uit., the ar- 
omatic ring A with a dansyl phenolic ester a t  the 3-position. Figure 
5 is a least-squares plot of the fluorescence intensity of the dansyl- 
estrone derivative at  14 different concentrations with all solution 
components constant, estrone being the sole variable. The fluores- 
cence intensity is linear with estrone concentration up to a concen- 
tration of 3 Wg/ml; the correlation coefficient was calculated to be 
0.996. The deviation from linearity a t  high concentrations is taken 
to be concentration quenching. Studies with estradiol and ethinyl 
estradiol showed linearity up to 6 and 4 fig/ml, respectively. These 
results indicate that the dansyl-estrogen system is amenable to an- 
alytical applications. 

The sensitivity level was estimated to be 0.5 figlml for the final 
concentration of estrogens based on a minimum exhibited dansyl- 
estrogen fluorescence intensity of three times the blank. Below this 
concentration level, there are interferences due to residual and hy- 
drolyzed dansyl chloride reagent. By using the USP XVIII proce- 
dure as a guide, i t  was estimated that the iron-Kober method has a 
sensitivity of about 1 pg/ml (36). Thus, the proposed method is 
about twice as sensitive. 

APPLICATIONS 

Isolation of Estrogens from Dosage Forms-As is usually the 
case, an analytical step cannot be applied until the material to be 
measured has been isolated from other dosage form components. 
The liquid-liquid extraction systems used in this work rely on the 
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obvious acid-base properties of estrogens. These compounds, 
being phenols, conveniently form water-soluble sodium salts 
whereas the phenol itself is soluble in a number of organic sol- 
vents. 

Although the organic solvents used in the described labora- 
tory procedures work well, some circumstances may require differ- 
ent solvents. This behavior is used where necessary to remove the 
estrogens from their dosage form matrixes. In those instances 
where the acid-base behavior cannot be used, chromatographic 
separations may be applied. 

Dosage Form Analyses-To evaluate the proposed method in 
terms of its ability to isolate and measure estrogens, a recovery 
study was carried out on an aqueous suspension and an oil solution 
(Table I). In the case of the estrone aqueous suspension, a stan- 
dard estrone was added to each sample of estrone suspension. The 
percentage recovery reported is based on the total estrogen pres- 
ent, i.e., the quantity present in the original dosage form as well as 
the amount added. The recovery percentages and standard devia- 
tions (<1%) indicate the proposed procedure to be quite efficient 
and capable of measuring estrone in aqueous suspension. 

The recovery and measurement of estradiol in an oleaginous me- 
dium were studied with solutions prepared in the laboratory and 
hence labeled “synthetic.” To make the situation realistic, benzyl 
alcohol was included since, in some instances, it is added as a bac- 
teriostatic agent as well as a local anesthetic. The results are excel- 
lent, with recoveries at  100.096 and standard deviations of less than 
2%. These results demonstrate that the separation and measure- 
ment procedure used separates the estrogen from any interferen- 
ces and that the benzyl alcohol does not interfere. Replicate analy- 
ses indicate the expected reproducibility. 

It should be mentioned that phenol or phenolic compounds, e.g., 
the parabens, used on occasion in estrogen dosage forms, would be 
expected to, and do in fact, interfere in the analysis. Thus, since 
the separation procedure presented here does not separate other 
phenols from the phenolic estrogens, another separation scheme 
would be required if nonestrogenic phenols are present or the in- 
terference is anticipated in some manner. Chlorobutanol, another 
preservative, did not interfere. 

The use of estradiol benzoate in dosage forms in the recovery 
study introduces a problem heretofore not encountered since the 
benzoate is a phenolic ester. Since the benzoate ester does not offer 
a free phenolic function, the acid-base liquid extraction used for 
other estrogens could not be employed. A chromatographic column 
procedure was adopted (37,38) to  isolate the estrogen from the oil. 
Once the separation is complete, the ester needs to be hydrolyzed 
to make the phenol available for the dansyl reaction. By using the 
procedure described in the Experimental section, the analysis was 
carried out and the results are presented in Table I. These results 
are excellent (based on label statement) and are reproducible to 
within 2%. 

The dansyl-estrogen proposed procedure was studied compara- 
tively by using a common estrone aqueous suspension as the test 
sample. The latter sample was analyzed by the official NF XI11 
procedure, a gravimetric analysis based on reaction of the 17-keto 
group with a hydrazide, and the dansyl-estrogen method. The 
coefficient of variation for the analyses are as follows: NF XIII, 
3.20%; and dansyl, 0.68%. Although the basis for each method is 
different, the results are comparable with a standard deviation for 
the NF XI11 of 2.04 f 0.065 and for dansyl of 2.06 f 0.014, indicat- 
ing that the dansyl procedure yields reliable results with accept- 
able reproducibility. 

A number of commercial estrogen injectables and suspensions 
and one estrogen tablet were analyzed by this method (Table 11). 
Inspection of these results indicates that, in each instance, the 
values are within acceptable limits, with the minimum percentage 
of 94.3%. The reproducibility is satisfactory, with only 1 SD slight- 
ly greater than 2%. For those products that are official compendia1 
dosage forms, these analyses indicate them to be within rubric lim- 
its. 

The analysis of estradiol valerate, although an ester, may be car- 
ried out by the general procedure since the ester is a t  the 17-posi- 
tion and does not interfere with the dansyl reaction. There is a 
complication, however, owing to the nature of the oil solvent used 
in the dosage form. In this study, the castor oil-based estradiol val- 
erate dosage form required the use of n-heptane as the organic sol- 
vent. The remainder of the procedure is the same. As may be seen 
from Table 11, one estradiol valerate sample analysis was conduct- 

ed in the presence of testosterone enantliate. Since no interference 
is observed, as is evident from the assay values, the procedure 
would be expected to  function satisfactorily in the presence of an- 
drogenic steroids. 

One sample of ethinyl estradiol tablets (0.5,mg/tablet) was ana- 
lyzed (Table 11). The procedure was also applied to the analysis of 
single tablets satisfactorily. Although the results are more than ad- 
equate, lower potency ethinyl estradiol tablets, 0.05 mghablet, 
were difficult to analyze and results were inconsistent and nonre- 
producible. At this low estrogen level, the behavior may be due in 
part to the interference of tablet excipients and excess dansyl chlo- 
ride reagent. The method of James (39) is suggested as an alterna- 
tive. 

A t  present, work is proceeding.in the study of the application of 
the dansyl-estrogen system to the analysis of the components of 
conjugated estrogens. 
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Determination of Acetaminophen in Pharmaceutical 
Preparations and Body Fluids by High-Performance Liquid 
Chromatography with Electrochemical Detection 

RALPH M. RIGGIN, ALLEN L. SCHMIDT, and PETER T. KISSINGERx 

Abstract A sensitive and very rapid assay for acetaminophen 
was developed based on the combination of high-performance 
chromatographic columns with a thin-layer electrochemical detec- 
tor. Application to liquid and solid dosage forms and body fluids 
has been demonstrated. Great advantage derives from the detector 
selectivity, which permits discrimination against many potentially 
interfering substances without need for extensive separations or 
formation of derivatives. As little as 0.005% of the hydrolysis prod- 
uct, p-aminophenol, can be detected in the presence of the intact 
drug following cation-exchange chromatography. Acetaminophen 
can be quantitatively determined in serum on the 50-ng/ml level 
by liquid chromatography using a pellicular polyamide packing. 

Keyphrases 0 Acetaminophen-analysis in dosage forms, serum, 
and urine, high-performance liquid chromatography with electro- 
chemical detection 0 Liquid chromatography, high performance- 
determination of acetaminophen in pharmaceutical preparations 
and body fluids, electrochemical detection p-Aminophenol-de- 
termination of trace amounts in acetaminophen preparations, 
high-performance liquid chromatography with electrochemical de- 
tection 

Fundamental advances recently have been made in 
liquid chromatography and analytical electrochemis- 
try. Both fields depend on heterogeneous processes, 
which are now sufficiently well understood to permit 
optimization of the controlling parameters. This 
knowledge has resulted in a new enthusiasm for 
methods that only a few years ago were thought to be 
outmoded. Liquid chromatography, while easy 
enough to use, continues to suffer from the lack of a 
completely satisfactory detector, particularly one 
with sufficient sensitivity to compete with GC. On 
the other hand, modern electrochemical techniques 
have attained considerable sensitivity but suffer from 
rather poor resolution, chronic irreproducibility, and 
poor human engineering. 

It is not surprising that great advantages accrue 
from combining the two technologies. Strong paral- 
lels exist with the more established association of liq- 

uid chromatography and electronic spectroscopy 
(both absorption and emission). In both cases, two 
phenomena of modest specificity are combined into a 
single high-resolution device. The optical instrumen- 
tation presently used in liquid chromatography is 
often insufficiently sensitive or selective for quanti- 
tating body fluid levels for many clinically important 
compounds. Although less generally applicable than 
optical devices, electrochemical detectors can some- 
times form the basis for successful assay procedures. 

Recently, a thin-layer electrochemical transducer 
was developed that has significant advantages over 
conventional electrochemical cells when coupled to 
high-performance liquid chromatography (1, 2). The 
principles of operation of this detector and other de- 
velopments in hydrodynamic electrochemistry have 
been described (2, 3). In brief, the column effluent is 
passed between two plates separated by a thin spacer 
(typically 50 pm). Electrodes imbedded in the walls 
of the channel efficiently convert sample molecules 
into the product due to the short diffusional pathway 
across the moving solution film. It is possible in this 
manner to detect as little as 1 pg of an electroactive 
material while maintaining a detector dead volume of 
less than 1 bl. 

In view of the large number of electrochemically 
reactive pharmaceuticals, liquid chromatography 
with electrochemical detection could have wide utili- 
ty in quality control and drug metabolism studies. 
The present paper describes several procedures de- 
veloped for acetaminophen (N-acetyl-p- aminophe- 
nol) in dosage forms and body fluids. 

Acetaminophen is most commonly assayed in dos- 
age forms by spectrophotometry. The drug may be 
monitored directly (4 ,  5) or following conversion to 
2-nitro-4-acetamidophenol (6). Many published pro- 
cedures are based on acid hydrolysis to p-aminophe- 
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