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ported their findings a t  the November 1949 (St. Louis) 
meeting of the Acoustical Society of America. 
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Identification of Estrogens by 
Paper Chrolnatography 
Erich Heftmann 

National Cancer Institute, Bethesda, Maryland 

I n  animals, estrogenic steroids occur almost invariably 
i n  mixture, but in spite of the great differences in  their 
biological activity, chemical and biological assays are 
usually reported in terms of a single estrogen, owing 
to the technical difficulties in their separation and identi- 
fication. Partition chromatography on paper can be used 
for separating closely related compounds, provided they 
show a difference in distribution coefficients and can be 
detected in sniall amounts. This technique has been 
applied successfully to the identification of ketosteroids 
by Zaffaroni et nl. (8). A simple and rapid procedure 
for the identification of minute amounts of estrone, 
estradiol, and estriol by paper chromatography is pre- 
sented here, which may be applicable to differential deter- 
mination of estrogen content of biological specimens. 

Colored derivatives of the estrogens are prepared by 
coupling with diazotized p-nitrobenzeneazodimethoxyani-
line (Fast Black Salt K1). This reagsnt, proposed by 
Marx and Sobotka (1)for the determination of equilenin 
and dihydroequi!enin, was reported as not coupling 
readily with estrone, estradiol, or estriol. However, I< 
salt Ean be made to react with these steroids in a 
strOll!gly alkaline medium, either by heating the mixture 
or by allowing it to stand overnight. A saturated aque- 
ous solution of K salt is prepared freshly and filtered2 
The estrogens are dissolved in absolute ethanol and 0.1 
in1 of each solution, containing a minimum of 3 vg of any 
steroid, is plaxed in a test tube, and a tube containing 
0.1 ml alcohol is used as a blank. Then 0.2 ml of the 
diazo reagent and 0.1 ml of 20% Na,CO, solution are 
aCdcd and the contents of the tubes are mixed and heated 
in a boiling water bath for 10 min and later cooled in 
water. To checlr evaporation, a glass bulb is in 
the mouth of each tube. Coupling also takes place if 
the mixture is allowed to stand overnight. The color 
deepens on standing and, once developed, it  is stable for 
weeks. To extract the dyes, 0.2 ml benzene is added, and 

1Emil Greiner Co., New York City. 

2The solution keeps at least a day at room temperature 
and several days at 5' C, hut it should be filtered before use 
t o  minimize the blank. 

the tubes are shaken vigorously. The contents of each 
tube are drawn up into a medicine dropper with a fine 
tip, allowed to separate, the aqueous phase is expelled, 
and the entire benzene solution is applied to the filter 
paper. 

TABLE 1 

COLOR AND LOCATIONO F  SPOTSI N  THE PAPERCHROMATOGRAnl 
OR ESTROGENS RELATEDAND CO~~POUNDS 
Compounds ~o lorof  i j G t s ~ i v a l u 7  

Estrone* purple 0.95 + .OR 
Estradiol* " 0.81 t .06 
Estriol* " 0.07 +_ .03 
Estrone and estradiol j " 0.06 and 0.85 
Estrone and cstriolt " 0.96 and 0.09 
Estradiol and estriolt " 0.85 and 0.09 
Estrone, estradiol, and estriolt " 0.96, 0.85 and 0.09 
Estrone sulfate$ " 0.05 
Equilins " 0.96 
Phenol red 0.50 
Catechol yellow 0.00 
Diethylstilbesteroll none . . . 
1-Methylestradiol diacet;ile$ purple 0.81 and 0.96 
Dehydrocorticobterone acetatell yellow 0.95 
Progesterone* " 0.74 
Pregnanediolq none .. . 
Dehydroisoandrosterone acetate* " . . . 
cis-Testosterone*+ yellow 0.21 
Isoandrosteronett none . . . 
A<-Androstene-3,17-dionefl yellow 0.60 and 0.97 
A1-Androstene-3,17-diones none . . . 
Al,4-Androstadiene-R,17-dione~ " .. . 

* Courtesy of Schering Co. 

7 Equal parts. 

1Courtesy of Ayerst, McKenna, and Ilarrison, Ltd. 

5 Courtesy of Dr. Martin I. Rubin, Georgetown Univprsity. 


' 
II l\lerck and Co., Inc. 
f Bios Laboratories, Inc. 
* *  Courtesy of Ciba Pharmaceutical Products, Inc. 
$7 Courtesy of Orgnnon, Inc. 

The solvent mixture found most suitable for the sepa- 
ration of the three dyes is prepared by mixing 200 ml 
toluene, 100 ml petroleum ether (boiling range 35"-60" 
C) ,  and 30 ml ethanol with 70 ml water in a separatory 
funnel. After overnight equilibration, the water layer 
js drawn off into an open vessel and used in keeping ths 
:~trnosphere of the chromatographic chamber saturated 
with respect to this phase. Erluilibration and chromatog- 
raphy are carried out in an air-conditioned laboratory 
kept a t  75" 2 3 "  F. The ascending method of chroma-
tography (2) is used. The solvent mixture is placed di- 
rectly on the bottom of a cylindrical glass jar, 12 in. high 
and 8 in. inside diain. The vessel, a so-called museum 
jar, has a flat glass cover with a rubber sealing ring and 
can be made airtight by means of a screw clamp. The 
bottom is raised in the center, which results in a saving of 
solvent. Sheets of Whatman filter paper No. 1, 18: x 
223 in., are cut in half, and subseqi~ently either cut into 
strips, which are suspended from hooks inside the lid 
of the jar, or, for up to 15 chromatograms, stapled to- 
gether as cylinders 112 in. high and 184 in. in circum- 
ference. 

The paper is held over a hot plate and the benzene 
solution of the dye is placed on a pencil line, 13 in. fro111 
the bottom edge. By repeatedly delivering small amounts 
of solution from the medicine dropper the entire benzene 
solution can be evaporated without making the spot un- 
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duly large. The solvent is allowed to rise to a prescored 
pencil line, 10 in. from the bottom edge of the filter 
paper. This takts 1; hr. The blank produces a yellow 
spot on the finish line, and estrogens give in  addition 
n purple3 spot. 

Table 1gives t l ~ e  average Rf values of spots obtained 
by ehromatograpl~ing estrone, estradiol, and estriol, 
singly and in mixture. As expected from the theory of 
partition chromatography, the R, values of the three 
cowpounds decrease with increasing number of hydroxyl 
groups. Mixtures are readily resolved and identified. 
Only steroids containing a phenolic group give purple 
spots ; this includes the equine estrogens. Diethylstil-
bestrol does not give the test. Double spots indicate a 
cl~nmical change during the test, e.g., hydrolysis, or a n  
impurity in the compound tested. Certain 3-ketosteroids, 
having a double bond in ring A, give yellow spots. 
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The chloroplasts of higher plants derive from the mito- 
chondrial elements of the cell (4, 6), and possess extra- 
nuclear hereditary entities (chondriogenes [ I ]). Al-
though it has been shown that  isolated chloroplasts carry 
oxidizing enzymes ( 7 ) ,  and tha t  the activity of these 
enzymes may be deranged following chondriogene muta- 
tion ( 9 ) ,  we are not aware of any reports dealing with 
the enzymic properties of the undifferentiated mito-
chondria i n  comparison with the chloroplasts. Furtber-
more, it is  important to know whether plant plastids and 
mitochondria carry all or the major part  of certain 
respiratory enzymes, as do animal mitochondria (3, 5 ) .  
It has been demonstrated tha t  certain animal neoplasms 
are characterized by peculiarities in mitochondria1 en-
zyme systems ( 2 ) .  Besides providing more information 
on extent 04 hoaology between plant and animal mito- 
chondria, such data  should also be of value in deter-
mining the role of mutant mitochondria i n  cell pathol- 
ogy, particularly in relation to  disturbed metabolism and 
growth. 

The genetically controlled plant material consisted of 
freshly harvested- lesves of Nicotiana tabacum L. and 
Lon ice~a  japonica Thunb.l The reriegated (plastid mu- 

lAcknon'ledgn~entis dne to the Department of Botany of 
the University of Maryland for furnishing greenhousc 
fucilitice. 

tant )  Nicottana material was secured by crossing an  
emasculated plant carrying the desired line of mutant 
mitochondria with a normal male parent. The F, plants 
were of the Maryland Medium Broadleaf type and, by 
virtue of somatic segregation of mitochondria, the leaves 
of the same plant often contained mesophyll cells with 
either normal, mutant, or normal and mutant mitochon- 
drial elements. These mutant nlitochondria are sexually 
inherited in non-Mendelian fashion through the female 
gametes and tlevelop into chlorophyll-deficient plastids 
with cytological characteristics similar to  type I I c  varie- 
gations ( 8 ) .  The enzymic activity of centrifugally puri- 
fied plastids and mitochondria of this material was com- 
pared with similar elements of normal cells. 

Extractions were carried out a t  8" C by grinding fresh 
leaf tissues in a Waring Blendor, in approximately four 
parts by weight of unbuffered sucrose solutlon (0.15 to  
0.5 molar), and filtering through glass wool on a Buch-
ner funnel. T l ~ e  filtrate ( a  cell-free homogenate) was 
compared with respect to  its activity with fractions of 
two aliquots, fractionated by differential centrifugation in 
a Servall Superspeed angle-head centrifuge. One ali-
quot, subjected to 19,000 G for  20 min, yielded a ' ( total  
pellet" and a supernatant devoid of microscopically vis- 
ible particulates. The other aliquot, subjected to  frac- 
tional centrifugations in order to remove nuclei, etc., 
yielded on sedimentation a t  120 G fo r  10 min a pellet 
composed almost entirely of plastids, or plastids and 
starch. The plastids were sometimes subjected to  addi- 
tional cycles of suspension and sedin~entation in fresh 
sucrose solution. The mitocl~ondrial fraction was ob-
tained by centrifugation of the supernatant a t  19,000 G 
fo r  20 min following removal of the plastids. The mito- 
chondria formed a compact browni~h-gray pellet. Micro-
scopically, they appeared mainly as colorless granules 
varying from 0.3 to 1 y in diarn. Some plastid frag- 
ments were always present in this fraction. 

Considerable variability in enzymic activity, determined 
by Warburg technique, was encountered in leaves fro- 
plants of different ages or growth conditions. This vari- 
ability was diminished by making comparisons between 
normal and mutant tissues derived either from eql~al  
areas of mutant and normal tissue of each leaf used, o r  
from different leaves of a p p m x i d y  the-same -phpio- 
logical age. Table 1 presents the results of some repre- 
sentative experiments i n  which composite tissue samples 
of normal and variegated leaves of approximately the 
same age were compared. Since preliminary data  
showed tha t  the tissue extraets decreased auto-oxidation 
of the substrates, corrections were not made h r . au to -
oxidation blanks. It was also dztermined tha t  addition 
of cytochrome C to P P D A  (paraphenylehe diamine) did 
not stimulate oxidation in the absence of tissue frae-
tions. 

Thrre is  little difference between normal and mlltaut 
fractions with respect to the oxidation of PPDA with and 
without cytochrome C. Pronounced inhibition of oxygen 
uptake following addition of azide occurred mainly in  
the fractions containing particulates, indicating tha t  the 
particulates are  the main carriers of the cytochrome 
system. As would be expected, there was some decrease 


