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18. - Einesuke Koslumura and Se:uclu Okazakl- Studies on Follicular Hormones;.
VIY.  Quantitative Analysis of Estrone and Estradiol by Paper
Chromatography Measuring the Area of Colored Spot.

(Research Dwzswn, Natzonal Hygzemc Labomtory, Toyko“)

Several reports'*‘~9> on the paper chromatography of steroids have been pubhohed
recently. Zaffaroni, Burton, and Keutmann!® separated keto-steroids as the hydrazones
of Girard T reagent, using water-saturated butanol as the developer and. they obtained
‘more satisfactory results by the use of paper strips 1mpregnated with propylene glycol
or formamide prior to chromatography and toluene or benzene as a developerD,
Heftman!* - des¢ribed the paper chromatography of follicular hormones as their azo
dyes with p-nitrobenzene-azodimethoxyaniline, followed by developing with a mixture
of toluene, petroleum ether, ethanol, and water (20:10:3:7). Bush® separated fol-
licular or adrenocortical hormones using alumina-impregnated filter paper and benzene
as a developer. Heusghem?!® described paper chromatography of follicular hormones
using a mixture of chloroform, benzene, and N ammonium hydroxide solution (1:9: 1)
as a developer. in an ammonia atmosphere. Kritchevsky and Calvin!'® used quilon-
impregnated filter paper, ‘Kritchevsky and Tisselius'® described a paper chromatogr aphy
of androgens by the silica-impregnated one.

On the quantitative. analytical method by paper chromatography, several methods
such as the measuring of the area of a spot!®~*®, its color density?~?®, colorimetry of
its eluate??s»», and retension analysis®® have been described. Tennet, Whitla, el al.??
and Axelorod?® measured the color density of keto-steroids using Beckman DU spectro-
photometer. The colorimetry of eluate?” of 17-oxysteroids as «- ketol . tetrazolium salt

*  ‘Tamagawa-yoga-machi, Setagaya-ku, Tokyo (BifrSe:2Bh, RS-
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and other methods?: 2% have also been described.

- In our fourth report®, we described colorimetric assay of estrone in pregnant mare
urine by Kober’s method, but the value of estrone was overestimated by the effect of
other contaminated estrogens, such as estradiol. When the crude preparations are bio-
logically assayed by smear method or uterine welght-mcreasmg effect, estrone value is
overestimated by the same reason. Therefore, both analytical methods, biological and
colorimetric, do not give the accurate value of estrone. - Especially, for materials of
biological origin, such as pregnant mare -urine, Kober’s colorlmetnc assay gwes unsatls-
factory result. . :

In the present series of exper1ments, a mixture of estrone and estradiol was 'sepa-
rated into each component and was quantitatively determined using alumina-impregnated
filter paper described by Bush#® and Kritchevsky, et al.3® (cf. Experiment I). The
minimum detectable amount of estrone was 2.5y, 1. 25y of estradiol. Below this amount
‘no distinct coloration appeared, and the color reaction was negative by 1.25v of estrone or
0.625v of estradiol (cf. Experiment II). The relationship between areas of colored spots
- of estrone or estradiol and the logarithms of the quantity.of the steroids presented a
straight line (cf. Experiment III). - The range of straight line of estrone was observed ' .
from 2.5 to 80.0y (cf. Experiment IV). X2.Test of areas of the same quantity developed at
the same time showed no significant difference (cf. Experiment V). The result of paper
chromatography of several crude estrones prepared from pregnant mare. urine, often
showed existence of a relatively large amount of estradiol '(cf. Experiment VI). Also,
a successful result' was obtained with crude material, which was extracted with benzene
from the pre01p1tate in the pregnant mare urine hydrolysed by the bacterial method -
described in the previous report?®», Such precipitate was so crude that:it could not be
quantitatively determined by colorimetry but a satisfactory result was obtained by paper
chromatography and the use of the following equation (cf. Experlment VII). ‘

U _ (G+U,) — (Si+Sy) 10 K oo e 3
Iog S STy T(S+S) 0g seees (L)

U: ¢« of sample estrone

S: - 4 of standard estrone ‘ , -

U,: Spot area of sample estrone (high quant1ty)

U,: Spot area of sample estrone (low quantlty) )

Si: Spot area of standard estrone (high: quant1ty)

S,: Spot area of standard estrone (Iow quantﬂ:y) ‘

U /U,=S5/S;=K . S oy ‘ R ?

The authors extend their gratitude to Dr.- Kakuma Nagasawa, the Dlrector ‘of ‘the Research
Division of the National Hygienic Laboratory. : : :

Experiment

1. Quantltatnve Analysxs of Steroids by Paper Chromatography-Toyo ﬁl ter paper No.
50 (2x40cm.) for chromatography was immersed. for 30 seconds in 2095 ammonium alum- solutlon
warmed to 60°. This paper was exposed to an ammonia atmosphere for 1 hour in a. glass vessel,
which contained 28, 24 ammonium hydroxide solution in the bottom.- The paper wag. then removed
and contmuous]y Washed with tap water for 6 ‘hours and dried at 19~20° overn@ght The -alumina-

- 28) L.B. Lubln, I.R. Dorfman, G. Pincus: J Blol Chem., 203, 629 (1953)

29) B. Baggett, R.A. Kinsella, Ir., E.A. Doisy: Ibid., 203, 1013 (1953).. . i

30) K. Nagasawa, E. Koshimura: Bull. Hyg.. Lab.- (Tokyo), 7, 1(1953)

31y I.E. Bush: Biochem. J., 50, 370 (1952). ..

32) D. Kritchevsky, R. Kirk: Arch. Biochem. onphys o 35 345 (1952) ’ e

33) K. Nagasawa, E. Koshimura: ¢Studies on Follicular .Hormones: V ”: Reported at the Monthly
Meeting. of. Pharmaceutical :Society of Japan on: September ‘12,1953 S
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impregnated filter paper thus prepared must be used immediately. The alcoholic solution of steroids
(0.001 cc. of the solution contains 2.5y of estrone or estrodiol) was applied to a po;nt 5cm. from one
end of the filter paper by a micropipet, applying less than 0.003cc. at a time. Such .amount as
was further desired was applied repeatedly. The diameter of the original spot to which the solution
is applied should not be greater than 7mm. After drying, the paper was developed with benzene
saturated with 102 sodium hydroxide solution in a glass chamber at 20° for 4.5 hours. In all the
experiments, ascending method of development was used. After developing, the solvent front was
marked and the filter paper was sprayed with iodine-saturated petroleum benzine reagent [iodine
and petroleum benzine (b:p. 60~80°) being Special Analytical Grades.]. The filter paper colored
. violet-brown, the background iodine sublimed immediately, and the spot of estrone and estradiol
retained yellow-brown color for a few minutes. The reagent was further sprayed on .the spot and
filter paper was turned over. The spot of estrone and estradiol, as shown
. in Fig. 1, consisted of two portions; deeper colored inside zone (B) and a
— A Zone .., lighter colored outside zone (A) which faded more rapidly than (B). -(A)
©TTE T gnd (B) were outlined with a pencil.  This color could be produced even

5 Zone " after a few days and faded spot could be reproduced repeatedly but their
e sensitivity fell. The area of (A) and (B) was measured by a planimeter.
Fig 1. ““"he area was located on the ordinate and the logarithm of the quantity of

2 -estrone or estradiol as abscissa, by which a straight line was obtained. The
Rf value of esfrone and estradlol, developed at the same time was-almost: equal, but- some differ-
ences were generally observed, comparing ‘with other experiments. Estrone showed Rf 0.30~-0.50
and estradiol, '0.08~0.30, from Wthh it is learned that the two steroids were separated completely.
As B’zone was fairly clear but A zone was not, B zone was used for all the .experiments.

II. Limit of the Detectable Amount of Estrone and Estradiol—Various amounts of estrone
and estradiol were examined by the method described above, and the results are shown in Table I.

III. Linear Relationship. between Logarithm of Estirone and Estradiol, and the Area
of Spots—The results obtamed are shown in Tables II, III, and IV, and in Figs. 2, 3, and 4.

P

TABLE I e, Y

- wo- B o
Amount of steroid Color reactxon s SR
=) Estrone E’str’adml ‘ /
25 + + ., Qo R v
1.25 ' S C i § /
: X VLA
0.625 - - <
0.3125 ' - - &
, 200~ ‘
+ colored, - not colored 8 ‘
Tasre 1L S‘ ;
‘ : 0t
Estrone (y) B azea*. (mmZ) A area (mm?)
25 50 130,
5.0 100 '{170 \ Sy ~
75 men 135 . 0195 2530 75 70 Rd o
1000 . .. 160 o220 ¢  Logarithms of Estrone(7) ,
150 . 20 7 260 Fig. 2. , 3
20.0 D40 200 . . T e i
Rf=0.38, developed at 20° for 4.5 hrs. 00+ o e
*See Experiment.I., , o L ~
L 3 N Arﬂa/
N 5 TABLE III. 1 f‘é\?ﬂﬂ‘ . /
Estrone (7, B area* (mni?) A area (mm2) ' :’3 ’ ' / 3 p\r’a -~
2.5 60 . 80 -5 RN
5.0 - 110 200 S k-
75 - 150 - 220~ =
10.0 186 <. 260 - '
15.0 220 it 280 N T |
20.0. 250 400 AN 785 40 75 740, T 200 -
Rf=0.45, ‘developed. at 20° for:4.5.hrs. .~ b oo L. SR 40_?”-’[%’”3 ot ESZFOW//) L
*See Experiment T. T N CF S R OUE I S .. - Fig. 3 , .
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TABLE Iv.
Estradiol (y) B area* (mml) A area (mm?)
1.25 10 .30
- 25 _ 30 .. 55
- 5.0 : 65 ‘ 115
75 - 95 145
- 10.0- 120 .. 185
15.0 - . 145 235
20.0 - 170 ‘ 260

Rf=0.11, developed at 22° for 5 hrs. -
*See Experiment I.

N
S

>
3

A ren of Spot (mnm?) -

U5 25 T G0 25 TIIT A7 Ao
[ogara%ms OFiEstradiol (7) ‘
F:g 4.

IV. Difference of Area of Spots by the Same Amount of Estrone developed at the
Same TxmemThe results are shown in Tables V and VI.

TaBLE V

No. of Estrone B are;a* Differ- ngfg;_ Of
expt. <)) (mm?) ence enc e

1 75 130 o 0

2 7.5 130 0 . 0

3 75 120 10 100

4 . 75 130 0 0
575 130 - 0 0
Expectation=130, mean=128, »n=5,

p=4, x2=0.77

¢o=4, x2=0.71 ($=0.95)
Rf=0.48, developed. at 19° for 4.5 hrs.
*See Experiment I. ‘

s TAB‘LE vI?

No. of "Estrone "B area* Differ- Sqéli?;_()f
‘expt. ¢ (y)  (mm?) e “ence
1 75 . . 60~ 0
.2 ..75 . . 65 5 25
3 7.5 - 58 .. 2 4
4 75 62 2 4

5 7.5 63 - 3 9

.6 7.5 60 0 0
Expectation=60, mean=61.3, #=6,

¢=5, x*=0.65 -

=5, x2=0.75 (»=0.98)
Rf=0.43, developed at 23° for 4.5 hrs.
*See Experiment I. '

V. Range of the Straight Line—The amount from 2 5y to 80. .0y of estrone was examined.

The results are shown in Table VII and Fig. 5.

Tasre VIL
Estrone (y) . ‘ B area* (mm?)
25 43
50 100
7.5 , 130
- 10.0 S . 200
20.0 340
40.0 520
80.0 750

Rf=0.49, developed at 19° for 4.5 hrs.
*See Experiment I.

VI. Determination of Estradiol in Es-
trone Preparations by Paper Chromato-
graphy-—The results are shown in Table VIII.

VII. Determination of Estrone and Es-
tradiol in Crude Material—The precipitate
which was obtained from pregnant mare’s urine,
hydrolysed by the bacterial method, was extracted
with benzene. The benzene was washed with 102
Na,COj; solution and distilled water, and evapo-
rated. The residue was dissolved in alcohol and
taken as the sample. 5.0y and 20.0y of estrone

gm—
: 600+
Q
§4W~
Y e
L1 1 L v
N 25 00 200 00 e
Logarithms of Estrone (7]
Fig. 8.
’ Tasre VIIL
No. of - m.p. Color reaction of
sample (°C) estradiol spot
1 225 : -
2 248 -
3 195 , +
4 234 ' -
5 255 -
—~ not colored, + colored

or estradiol and the sample equivalent to 5.0, 20.0y and 80.0y of the orzgmal re51due ‘were submitted
to paper chromatography.: The result is shown in Table IX. S
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Tape IX.
tandard VL B Sample
’ estrone ' "~ . estradiol ‘ 'for?v estrone - for estradiol
—_— —— | et N -
Amount (y) 5.0 20.0 5.0 20.0 5.0 20.0 5.0 20.0 80.0
B area* (mm?) 110 . 250 .70 19 . 80 180 none none 110

*See Experiment I.

The amount of'’estrone was: calculated by the equation (1), where the values of 81-250, S,_ 110,
U,;=180, UZ_SO and S1/Se=K=4 were feplaced \

" (1804-80) — (250-+110)

log— S =~(180—80) + (250—110) xlog 4 <
S . Romb
= =100  0.6021 = —0.2509 S
240 ’ ogf
=1.7491 =anlog 0.5610 sk ;
The benzene extract contained. about 562 of § !
estrone. - < ' V
The area of the spot of estrad101 in the sample o { J
was located on the standard curve of estradiol and” =~ a’ g & 0
the amount of estradiol was obtained therefrom : « Logarithms of kstr aa’zoZ// )
(cf. Fig, 6). The benzene extract contained about .- Fig. 6.

10% of estradiol.

Summary

After developing estrone and estradiol with benzene which had been saturated with
109 sodium hydroxide solution on the alumina-impregnated filter paper, and spraying
iodine-saturated petroleum benzine reagent on it, areas of the colored spots of estrone
and estradiol were measured by a planimeter. The relation between logarithm of
amount of the steroid and area of its spot showed a straight line. From this result, by
the four-point assay or locatmg the area of steriods on the standard curve of estrone
and estradiol, both steroids were quantitatively analyzed at the same time and this
method was applied to the crude benzene extract from pregnant mare’s urine prepared
by the method reported previously. The result showed that the benzene extract con-
tained about 569 of estrone and 109 of estradiol.

(Received December 23, v1953)
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