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CHROM. 5509 

Thin-layer separation and detection of free estrogens 

A variety of clrromatographic techniques have been applied to analysis of 
estrogens. It has already been shown that estrogens which differ only by one double 
bond can be separated and quantitated by gasr and liquid chromatography2. The 
availability of uniform pre-coated thin-layer plates and versatile spectrodensitometers 
has also led to several publications of quantitative igz sitzt thin-layer methods for some 
estrogen compounds”-“. The recently reported 4v s thin-layer separation and quanti- 
tation of estrone, estradiol and estriol azobenzene-4-sulfonate and r-dimethylamino- 
naphthyl-5-sulfonyl chloride derivatives is quite sensitive and precise; however, 
derivatization and extraction of estrogens prior to chromatography is rather time- 
consuming. Furthermore, since derivatization tends to obscure minor differences 
between the structures of closely related estrogens (e.g. estrone and equilin), separa- 
tion of derivatized estrogens yields intrinsically lower selectivity, The above limitation 
is revealed by the observed relative Xp values of derivatized estrone and estradiol”t 5; 
the degree of this separation is insufficient to quantitatively delineate a more comples 
mixture of estrogens containing es&one, equilin, equilenin and estradiol. 

A mixture of the above estrogens in an underivatized state has been partially 
separated on a silica gel plate by a combination of two amine (containing triethyl- 
amine and/or collidine component) solvent systems which yielded different overlap- 
ping pairs of estrogens ‘ia Thus, complete analysis of the mixture involved either two 
independent thin-layer chromatography (TLC) plates or one two-dimensional de- 
velopment. Since our quantitation is based on direct comparison of an unknown 
estrogen mixture with a known standard mixture, both applied to the same plate, it 
was desirable to develop a solvent system which would separate the entire misture in 
one uni-dimensional sample channel. 

This communication describes a continuous and dual elution TLC system each 
part of which separates a misture of six. naturally occurring estrogens7vs: estrone, 
equilin, equilenin, x7a-estradiol, r7a-dihydroequilin and ITa-dihydroequilenin (Table 
I). Several independent means of detection and quantitation were also investigatecl. A 
comparative study of the relative magnitude of the igz sitz~ densitometric response is 
presented. Since the chromatographic system is uni-dimensional, several unknown 
and reference samples may be chromatographed on one plate. 

E,?$vrimc~ttnL 
A+$aratacs am! wnterials. A dual-beam spectrophotometer (Model SD-3000), 

with a high-pressure mercury xenon arc source lamp, reflectance attachment, Model 
SIX-300 density computer and a IOO mV Honeywell recorder with a disc integrator 
?‘.’ ; \ .s obtained from Schoeffel Instruments Corp. (Westwood, N.-J., U.S.A.). Pre- 

a.: ted silica gel (91) plates were supplied by Quantum Industries (Fairfielcl, N. J., 
%,A.). A rectangular (8& x 44 x 84 in.) chromatographic tank which was obtained 

.:,II Brinkmann Instruments Inc. (Westbury, N.Y., U.S.A.) was used for multiple 
‘j .tion chromatography. The continuous elution TLC apparatus (SAB-2852) was 
_._ .- x-ained from Shandon Scientific Company, Inc, (Sewickley, Pa, U.S.A,). All estrogen 

dtpou, ! ,. :,tI 1 *re obtained from Ayerst ‘Research Laboratories (Mor~t$eal, P.Q., 
‘\‘;,+:l+d ! 1; ,. I ~7 isals were reagent grade. h. ,, .I.. 
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Estrone 

Equilin 

Equilenin 

Estracliol (cc) 

Dihyclroequilin (a) 

Dihyclroequilcnin (4 

Snnz$~le nfi;hZicntiolz. The chromatographic plates were scored to yield I cm wide 
channels (Schoeffel Model SDA320 scorer was used for this purpose) and activated 
for 30 min in a 120~ oven. A 1-0.1 m&ml benzene-methanol (9: I) solution of a given 
estrogen was spotted under a stream of dry nitrogen on alternate channels of the plate. 

Clzromatogra~hy. Continuous elution was carried out at 4” in a refrigerator. The 
developing tray contained cyclol~exane-chloroforn~-trietl~yla.mine-collidine (670 : 2!0 : 

17: 46) solvent while the bottom of the tank was covered by cyclohexane-chloro- 
form.-collidine (67 : 2s : IO) solvent. To reduce the humidity, a beaker containing silica 
gel &:siccar\t was placed within the tank. The chromatographic plate was developed 
for 4iY46 i, 

: Mi&t 

;;;;;e;l *I 

,_.,+ ,ellution was carried out at room temperature in a saturated tak 

g 1. jined a silica gel desiccant in a so-ml beaker. The plate was first d& 

,;.,i: $. :lol~esane-cl~loroforrn-trietl~ylanline-collidine (66 : ZCJ : 2 : 3) solvent, Tn 
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each development, the solvent front was allowed to reach the top of the plate. The 
plate was dried in air IO-IS min after the first development, The dual-development 
required approximately 4& 11. 

Detection. The chromatographed plates were dried for I h at room temperature, 
then scanned at 280 mu with the reflectance attachment. Subsequently, some plates 
were sprayed with g N sulfuric acid solution then heated for 7 min in a 125’ oven 
and scanned within 24 h. To stabilize the colors, the sprayed plate was covered with 
another glass plate during storage. The remaining plates were sprayed with the $- 
nitrobenzenediazonium fluoroborate-acetic acid solution (500 mg of the diazonium 
compound in IOO ml of glacial acetic acid-water, I : I) and scanned at any time, I h 
after spraying. The sulfuric acid-sprayed plates were scanned with the reflectance 
attachment set at 360 and 550 rnp and by transmittance at 550 rnp. It was not pos- 
sible to scan by transmittance at 360 m,u. The $+nitrobenzenediazonium fluoroborate- 
sprayed plates were scanned by reflectance and transmittance at 435 m,u. 

Results and discatssion 
Pig. I illustrates the chromatograms of the six estrogens separated by continuous 

development of the plate and scanned by reflectance at 280 m,u, The plate was then 
sprayed with sulfuric acid and scanned by reflectance at 360 and 550 rnp and trans- 
mittance at 550 rnp. Each scari corresponds to the same sample channel scanned 

: ORlGlN FRONT 

Fig. 1. Scparntion of cstrogcns by continuous clcvelopmcnt. Sample : x0.0 pg of %troK2 $I%), 
S:o pg of cquilin (EQ), 2.0 pg of cquilcnin (EQN), 3.5 t&g of 17cwstradiol (ED) y .dpg 01 17~ 
c~~!~yclroequilin (DI-IEQ) and 2.0 pg of r7a-dihyclrocquilellitl (DI-IEQN). Detecllo Ii ,+n$ty range 
0.4; (-. l -) rcflcctnncc at zS0 m/d, (-e-m- ) reflectance at 300 m)4 after sulfuric a+/~ ’ 
tdflcctance at ,550 m/c after sulfuric wit1 spray, ( 

.d\;,’ (- - - -) 

ndicl spray. , 
) transmittance at 56i; o*lt~‘cb.k stilfuric 

: ? 1’ 

J. Cl/ro~~~nfog~., ~1 (rg7 I ),ir&y,,-: q 
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Fig. 2. Separation of estrogens by continuous clcvclopmcnt. Sample: as specified under Fig. 1. 
Detection : clensity range 0.4 ; (- * - * - * -) reflectance at 250 mj.4, (- - 
after +-nitrobenzenecliazonium fluoroborate spray, (- ) 

- -) transmittance at 435 m/r, 

bcnzenecliazonium fluoroboratc spray. 
rcflcctance at 435 m/d after fi-nitro- 

r 

f 
DHEQN 

i 
I 
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ORIGIN FRONT . !I 
Fig. 3. ‘Scpa,r&ion of cstrogcns by multiple clevclopmcnt. Snmplc: as spccificcl under Fig: I. 
Detection :’ ‘dens ty range 0.4; (- . - l - l -) refectnncc at 280 m/l, (- - - -) reflectance at 550 m/l’ 
aftC1 *;ulflJY’ * :icl spray, ( -) transmittance at 550 m/t. after sulfuric acid spy ay. 
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before or after sulfuric acid treatment. Pig. 2 illustrates another sample channel 
also chromatographed by continuous development and scanned by reflectance at 
ZSO rnp, but subsequently sprayed with fi-nitrobenzenediazonium fluoroborate and 
scanned by reflectance and transmittance at 435 mp. Fig. 3 illustrates the clrromato- 
grams of the six estrogens separated by multiple development of the plate and scanned 
as described above under Fig. I. Since equal volumes of the standard solution of 
mixed estrogens were spotted on each cllannel and scanned at the optical density range 
(0.4) of the spectrodensitometer, the sensitivity range of each scan can be espanded 
by a factor of 4. 

The results observed leacl to tile following conclusions : (I) Sulfuric acid treatment 
followed by transmittance scan at 550 rnp yielded the most sensitive response. By 
expanding the scale one could qu.antitate less than I ,ug of estrone and less than 
0.1 ,ug of equilenin. In contrast, the reflectance scan at 550 nip is approsimately 
half as sensitive. The advantage of transmittance over reflectance scanning has al- 
ready been shown by application of the KUBELICA-MUNIC theoryDt 10, It has also been 
illustrated by empirical application of spectroclensitometry to transmittance and 
reflectance scanning 11*12. Our results with the sulfuric acid-treated plates conform 
to the previously observed results. 

(2) However, comparison of the transmittance with the reflectance mode of 
detection of the $-nitrobenzenediazonium fluoroborate-sprayed plates does not reflect 
the same relationship as that observed with the sulfuric acid-treated plates. One 
possible explanation of this observation is based on the fact that the fluoroborate 
spray does not penetrate the silica gel layer as well as the sulfuric acid spray and thus 
only the upper surface layers of the plate are derivatized. Since the upper surface 
layers of the plate may contribute relatively more to the observed reflectance signal 
than to the observed transmittance signal, incomplete derivatization of the lower 
layers would tend to diminish the transmittance signal more than the reflectance 
sign.al. In this connection, it is of interest to note that chromatography and densitom- 
etry of derivatized steroids 12 did not lead to the discrepancy which we observed with 
the fluoroborate spray ; in this case transmittance yielded greater response than re- 
flectance, This discrepancy will be investigated further. 

(3) Comparison of Pig. I with Fig. 3 indicates that the continuous development 
yields significantly higher separation efficiency with no increase of development time. 
Furthermore, continuous development requires less analyst attention and plate 
manipulation and thus is less prone to reproducibility complications. 

The selection of continuous and multiple mode of plate development was made 
on the basis of preliminary results observed with single elution development. Pre- 
liminary results indicated that considerable improvement in the degree of separation 
was obtained when the single elution was replaced by either continuous or multiple 
elution development. 

As specified under MctJzods, all separations presented in this communication 
were obtained with Quantum (91) plates; other commercial TLC plates did not yield 

,..,equivalent results. Neither was it possible to obtain an equivalent separation on 
‘TTX plates which were prepared in this laboratory with E. Merck Silica Gel G. 
:,& 

‘f 
The quantitative aspect of the above procedures is being esamined by statis- 

ti ,:tl analysis. A, detailed presentation of the quantitative data will b:g_ publishe$ at 
a 161.‘f.>r date. _ I’ ‘,! ! J. .:I . 



192 NOTES 

The, authors gratefully acknowledge helpful discussion and critical review of 
the manuscript by Dr. W. HAUSMANN. 

1 

Aycvst Lnbomto&s Inc., G. J. I<ROL 

Romas Poi??t, N.Y. I297C-J (U.S.A.) G. R. BOYDEN 
R. 13. Moouu 
J. c. COMEAU 

B.T. I<HO 

I T. LUIUUINEN, W. J. A. VANDENIIJEUVEL AND E. C. I-IORNING, Bioclrim. Biofil~ys. Ada, GZ 

(w62) 153. 
2 G. J. KROL, 12. I?. IMASSERANO, J. I?. CARNEY AND I3.T. KS-IO, J. Phavm. ScL, 56 (1970) 1453, 
3 J, C. TOUCHSTONE, A. BAILEY ANII) P. KNAPSTBIN, Sleroz'ds, 13 (1969) Igg. 
4 L. I?. I?ENZE~ AND G. W. O~RTEL,J. Clwomato.q., 51 (1970) 322. 
5 L, P. PENZES AND G. W. OERTEL, J. Ch’omatogv., 51 (1970) 325. 
G G. SCHILLING AND G. PAPINEAU-COUTURE, Ayerst Researcll Laboratories, Montreal, P.Q., 

Canacla, unpublished data. 
7 G. A. GRANT AND D. BEALL, in G. PINCUS (Eclitor), Rccem Progress in Honno~~zs Reseavclr, 

Vol. 5, Academic Press, New York, 1950, pp. 307-320. 
S L, F. FIESER AND M, FIESER, Slevoids, Reinhold, New York, 1959, pp. 477 and 475. 
I) P. KUBELKA AND F. MuNK,%. Tech. Phys., 12 (1931) ,593. 

IO J. GOLDMAN AND R. R. GOODALL,J. Clbvomato@'., 32 (1968) 24. 
II V, NOVACEIC,A~~~. Lab., Deccrnber (19%) 27. 
12 J, C.TOUCEISTONE, S. S. LEVIN ANDT. MURAWEC, Easterlz AwzZyticaZ Symposizrm, New York, 

1970, p. 86. 

Received May sth, 1971 

J. Ckvomato~r., GI (1971) 187-192 


