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together with standard biological procedures, 
indicates that the eggs of the American lobster 
a t  the time of attachment to the caudal ap- 
pendage contain estrogenic activity estimated 
a t  a minimum of 100 international units per 

100 g of eggs. That a substantially increased 
yield may be affected by further refinements 
in extraction methods is now being investi- 
gated. 
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Microdetermination of Steroid Estrogens in Urine by Fluorometry." 

M. FINKELSTEIN. (Introduced by Bernhard Zondek.) 
1 .  From the Hormone Research Laboratory, Hebrew University, Jerusalem, Palestine. 

We have previously describedl a fluoro- 
metric method for determination of estradiol, 
estrone and estriol in pure solution, which 
was much more sensitive and accurate than 
the colorimetric methods used in determining 
these substances. The fluorometric method 
was only slightly less sensitive for estradiol 
and estrone than the biological tests, while 
estriol could be determined a t  levels too low 
for biological assay. In  all cases the accuracy 
of the fluorometric method exceeded that 
of the biological method and the range of 
error was found to be t 3%. 

The specificity of the new reaction was 
high, only very few substances interfering 
with the determination of the estrogens; and 
since none of these w.ere phenols they could 
easily be separated from the estrogens and 
therefore represented no problem in the 
assay. 

The present paper deals with adaptation 
of the fluorometric method to determination 
of estradiol, estrone and estriol in urine. 

Experimental. (With the assistance of 
Mrs. B. Wolman.) The following apparatus 
and r2agents were employed in the tests: 

1. Coleman Electronic Photofluorometer, 
Model 12.4, with filters B2, B1 (optical), PC2 
and PC!,. 

2.  All-glass distillation apparatus. 

* W e  are deeply indebted to nr. B. Y. Brent for  
supplying us with estmdiol and estronc, and to 
Dr. Oliver Kamm for estriol. 

1 Finkelstcin, M., IIcstrin, S., and Koch, W., 
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3. 
(Pyrex, 15 ccm). 

4. Reagents. 

Test tubes with ground glass stoppers 

a. Ether, peroxide, free, redistilled. 
b. Sodium bicarbonate, anhydrous, 

pro anal. 
c. Sodium carbonate, anhydrous, pro 

anal. 
d. Hydrochloric acid, concentrated, pro 

anal. 
e. Sulfuric acid, pro anal., diluted with 

distilled water 4: 5. 
f.  Sodium hydroxide, pro anal. 
g. Ethanol, redistilled. 
h. Benz,ene, triophene free. 
i. Phosphoric acid, purest, s.g. 1.75. 
j. Sodium chloride, pure. 
k. Crystalline estr0gens.t 

A. Determining the standard estrogen 
c i m e s .  The Coleman fluorometer provided 
with the B2 primary filter and the PC:! 
secondary filter was calibrated with 7 cc 
of a sodium fluoresceinate solution (0.05 y / 
cc), so that the value 80 was recovered on the 
galvanometer scale. 

Crystalline estradiol, estrone and estriol 
dissolved in pure ethanol 96% were used 
in pr.eparing the standard curves. Substan- 
tially smaller amounts of estrogen were used 
in determining the standard curve than in 
our previous study,l as the response in the 
Coleman fluorometer was much higher than 

t We are deeply indebted to Dr. B. Y. Brcnt for 
supldying us with cstradiol and estrone, and to  
Dr. Olivcr Kamm for  estriol. 

_ - _ _  -~ 
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solution was extracted 5 times with 20 cc 
of benzene in a separatory funnel. The pooled 
benzene extracts (100 cc) were washed in 
the funnel with 3 cc of sodium bicarbonate 
9%, following which the benzene was con- 
centrated to 30 cc. The benzene extract was 
then shaken in a separatory funnel once with 
30 cc and twice with 15  cc of sodium car- 
bonate 976, and once with 7 cc of water; and 
the aqueous washings and the sodium carbon- 
ate extracts were pooled. Following this 
procedure all the estradiol and estrone re- 
mained in the benzene fraction, while the es- 
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Tlic standard curre of estrogens. 

that obtained in the Lumetron fluorometer 
previously employed. The curves of estradiol, 
estrone and estriol were linear throughout the 
scale and the limits were 0.05 y to 0.20 y 
for estradiol and 0.1 y to 0.6 y for estrone 
and estriol. 

Our procedure in preparing the standard 
curves was essentially similar to that in our 
earlier paper, except that 7 cc rather than 
2.5 cc of phosphoric acid was used in develop- 
ing and reading the fluorescence. The stand- 
ard curves are presented in Fig. 1. 

B. Fractionation of urine in the estradiol- 
estrone and estriol fraction. We generally 
followed the method of Bachmann & Yettit? 
in fractionation though some of the steps in 
the original method were modified and simpli- 
fied. Only 10 cc of urine were required in 
our method, compared with 100 cc in the 
original method. The recovery percentages, 
however, fell within the same limits as those 
described by Bachmann & Pettit.2 The pro- 
cedure was as follows: 

The estriol fraction. The pooled carbonate 
extract was rendered acid (less than pH 6 )  
with concentrated H&l and then 3 times ex- 
tracted with 35 cc of ether. The pooled 
ether extracts were washed twice in a clean 
separatory funnel with 10 cc of sodium bi- 
carbonate 9% and twice with 10 cc of water. 
The ether was then evaporated and the resi- 
due was taken up in a measured volume of 
ethanol, between 10 and 20 cc, and aliquots 
of this solution were used for fluorometry. In  
cases when the ether residue was colored, the 
following additional purification was em- 
ployed. The residue was taken up in 0.5 
cc of ethanol and the solution was diluted 
with 50 cc of benzene, washed with 2 cc of 
sodium bicarbonate 975, and extracted 3 
times with half its volume of 0.01 N NaOH 
and once with 10 cc of water. The pooled 
extracts were made acid with concentrated 
HCl and extracted 3 times with half their 
volume of ether. The ether was evaporated 
to dryness and the residue was taken up in 
a measured volume of ethanol, and aliquots 
of this solution were used for fluorometry. 
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TABLE I. 
Recovery of Estradiol, Estrone or Estriol from 10 cc Urine Samples. 

y of estrogen 
observed after 

subtraction % 
Estrogen y of estrogen of the blank of 

added value recovery 
--- 

added 
- - - - - _  - - ______ 

Estradiol 1 0.6 60 
9 ,  10 8 80 
1 ,  100 84 84 

Estrone 50 37 74 
9 )  50 35 70 
Y J  100 80 80 

Estriol 100 56 56 
7 ,  100 42 42 
, f  50 28 56 
9 ,  50 30.5 6 1  
J 9  25 12.5 50 
), 25 17 68 

extracts were concentrated to about 50 cc, 
washed once (with 10 cc of dilute sulfuric acid, 
twice with 20 cc of sodium carbonate 9% 
and twice with 20 cc of water. The ether 
extract was evaporated, the residue was taken 
up in a measured volume of ethanol, and 
aliquots of this solution were used for fluoro- 
metry. 

C. The fEuorometric measurement. Ali- 
quots in Pyrex test tubes with ground glass 
stoppers were evaporated to dryness in an 
electric oven at  about 120°C with the stoppers 
removed. After cooling, 7 cc of phosphoric 
acid were added to each, the tubes were 
stoppered and heated in a boiling water bath 
in the dark for half an hour. When the 
tubes were cooled, the fluorescence was 
measured in the Coleman fluorometer, using 
filters B2 + PCr. For blank readings the 
measurement was repeated using filter B1 
(optical) + PC2, and this value was sub- 
tracted from the first readings. 

In the recovery experiments the 
tested estrogen was added to 10 cc of hy- 
drolyzed urine. A blank experiment for this 
sample was run at  the same time, and the 
value thus obtained was subtracted from 
the experimental reading. Table I summarizes 
the results of the recovery experiments. 

As may be seen from the table, the best 
estrogen recoveries (above 80%) were ob- 
tained with estradiol. As little as 1 y of estra- 
diol added to 10 cc of urine could be demon- 
strated. with 60% recovery. The recoveries of 

Results. 

estrone were in the range of 70%: and those 
of estriol were lower, between 50 and 60%. 
Since an inhibitory effect was observed when 
concentrated aliquots of the estriol fraction 
were used, we recommend the use of diluted 
samples of this estrogen for fluorometric assay. 

Discussion. The present study describes 
an accurate and time-saving method for the 
determination of urinary estrogens, which is 
also specific and is not influenced by sub- 
stances accidentally occurring in the urine. 
Its particular advantage is its sensitivity, 
which permits the use of a urine sample as 
small as 10 cc of normal urine and even less 
of pregnancy urine. The fluorometric read- 
ings are not complicated by interfering sub- 
stances in the urine, as are the colorimetric 
readings according to K ~ b e r . ~  Thus the es- 
trogen concentration may be calculated in a 
single reading. Recently, Jailer4 adapted our 
fluorometric method to the analysis of estro- 
gens in urine. I n  a preliminary study he 
reported the recovery of estrone and estradiol, 
using diluted sulfuric acid instead of phos- 
phoric acid. This modification, however, 
proved to be of less value than the original 
method, since estriol was not detectable by 
this method, and since his recoveries of es- 
tradiol and estrone were in the range of 
507.. Furthermore, some of the sterolic 
substances which did not fluoresce when phos- 

3 Kober, S., Biocliem. J., 1938, 32, 357. 
4 Jailcr, W., Endocriirology, 1947, 49, 198. 
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phoric acid was used yielded fluorescent prod- 
ucts with sulfuric acid. 

A detailed study of metabolism of estro- 
gens in normal, pregnant and pathological 
conditions will be published elsewhere. 

Summary. 1. -4 quantitative method for 
the determination of estradiol, estrone and 
estriol in urine, based on the fluorescence of 
these substances when treated with phosphoric 
acid, is described. 2 .  The method is more ac- 
curate. sensitive and specific than other known 

biological or colorimetric tests. 3. The re- 
coveries of estradiol were above 80%; of es- 
trone between 70 and 80%; and of estriol 
betw.een 50 and 60%. The mean experimental 
error was t 10%. 4. The described method 
permits the determination of estriol in urine in 
quantities not hit herto detectable. 

The author wishcs to exprcss his indebtedness 
to Prof .  Rernlinrd Zondck for his kind interest 
;ind su1q)ort of this investigation. 
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Isotopic Studies of Fixation by Rhizobia in Presence of Hemoprotein." 

Claims of fixation by free-living species of 
Khizobiuni i n  the presence of plant extracts. 
growth factor.< and other organic supplements 
frequently have been made but not verified.l 
The most recent, that hemoprotein from the 
root nodule can induce fixation in vilro, was 
suggested by the observation that the pigment 
occurs in the red state during active fixation 
but disappears from ineffective or old nodules. 
Although attempts to substantiate the posi- 
tive experiments failed,":: such negative find- 
ings are not necessarily critical. Fixation by 
pure cultures might be stopped by the accu- 
mulation of an intermediate, and pure cul- 
tures, long cultivated on combined nitrogen in 
the laboratory, might lose their ability to as- 
siniilate molecular nitrogen. These objections 
can be overcome by testing for fixation with 
the stable isotope, X'.', and by using species of 

* Supported in part by grants from the Rocke- 
fcllcr Fouiidation and from tlic Rescarcli ('ominit- 
tee of the Graduate School froin funds provided by 
the Wisconsin Alumni Rese:\rcli E'ound:ition. 

1 Wilson, P. W., Tlie Rioclrc.,uistry o f  S'yt,ibiolic 
S i t r o g o i  Fimt io t i ,  T'nivcmity of I\-isc.oiisin Press. 
1940. 

2 Siss ,  11. F., and Wilson, P. If'., I'ROC. SOC. 
EXP. 13101,. A X D  NED., 1!)47, 66, 533. 

:% Virtanen, *I. I., .Jor~na, J., Linkola, IT., and 
Linnns:ilma, A., Actn  C h m t .  Sccind., 194i, 1, 90. 

Khizobium taken directly from the nodules. 
Whereas the conventional Kjeldahl method 
requires fixation of 1.0 mg or more for positive 
claims, the isotopic method readily detects 
fixation of as little as  0.01 mg and practically 
eliminates sampling errors. 

Materials and Methods. By "pigment" is 
meant an aqueous extract from nodules 
actively fixing S, and red with hemoprotein. 
This extract, after filtration through cheese- 
cloth and centrifugation in a Beams centri- 
fuge, is sterilized by passase under pressure 
through a Seitz filter. The preparations are 
usually gummy and difficult to filter. In  
initial experiments with such filtrates fixa- 
tion was obtained. I n  agreement with our 
earlier results2 the increases in nitrogen con- 
tent were too small to have been detected by 
the Kjeldahl method, 'but were definite with 
the isotopic technic. Microscopic and cul- 
tural tests revealed a large number of organ- 
isms, primarily the root nodule bacteria. 
Inability to secure sterile filtrates did not arise 
from faulty technic or poor filters since no 
difficulty was experienced with laboratory 
cultures of the rhizobia. These observations 
suggest a sub-microscopic filterable form in 
the nodule (Almon and B a l d ~ i n ) . ~  We be- 
lieve, however, it is more likely that the effect 




