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Two mechanisms can [be postulated to ex- 
plain the specificity of action of the estrogen- 
ic substances on such organs as the vagina, 
uterus, oviducts, mammae and pituitary. 
These reactive organs may have the ability 
of concentrating estrogenic compounds from 
the circulating blood, or, alternabely, the 
estrogenic susceptible tissues may prove to 
be unusually sensitive, the characteristic re- 
actions resulting directly from the minute 
amounts of the circulating hormone without 
especial concentration of the hormone by the 
tissue involved. 

Because of the many technical difficulties 
in the extraction and analysis of the minute 
amounts of the estrogenic steroids which are 
necessary to produce tissue reactions, ltttle is 
known concerning the localization and dis- 
tribution of estrogenic compounds in the 
organism. With the recent development of 
tracer technics with radioactive isotopes, a 
new approach to the problems of estrogen 
metabolism has been made available. The 
development of these methods permits the 
determination of physiologic quantities here- 
tofore impossible by ordinary chemical analy- 
ses. Estrone sulfate labeled with S35 is not 
the most desirable compound to employ in a 
study of some of the aspects of estrogen 
metabolism inasmuch as the sulfate can 
readily be removed from the est+rone molecule 
by hydrolysis. However, since estrone sul- 
fate is a naturally occurring substance which 
possesses estrogenic potency, tracer studies 
with it might be expected to reveal some of 
the characteristics of the metabulism of this 
substance, its localization in tissues, and its 
susceptibility to hydrolysis by the organism. 

Materials and methods. A total of 24 

*This work was aided by the Dr. Wallace C. and 
Clara Abbott Memorial Fund and the Douglas Smith 
Foundation for Medical Research of the University 
of Chicago. 

female rats of inbred Sprague Dawley stock 
maintained in our laboratory were used in 
this study. Th~ee types of experiments were 
performed, In the first, 4 rats were injected 
intravenously with radioactive estrone sul- 
fate. The second group of experiments con- 
sisted of 10 animals. In  this group the 
labeled hormone was administered subcutan- 
eously and the animals sacrilficed 17 hours 
later. In b t h  groups selected tissues were 
analyzed for total radioactivity and extracted 
for radioactive est.rone sulfate. In a third 
experiment 10 animals received a single sub- 
cutaneous injection of varying doses of the 
radioactive hormone. In these animals the 
urinary and fecal excretion of total and es- 
trone sulfate radioactivity was determined. 
The easily measured radioactivity of the S35 
labeled estrone sulfate afforded a convenient 
method for studying the completeness and 
specificity of procedum for the extraction of 
estrone sulfate added to biological material. 
The procedure described below was found 
to give quantitative recovery of added radio- 
activity when 0.2 mg or more of non-radio- 
active estrone sulfate wa3 ad'ded to the 
sample before extraction. Extraction pro- 
cedures without added carrier gave less uni- 
form results. 

The methods used for analysis are as fol- 
lows. The tissue and excreta to be analyzed 
are weighed and a 20% homogenate is made 
using distilled water. One cubic centimeter 
of the 20% homogenate is dried on a 10 cm2 
copper plate for counting( I ) .  A 1 cc aliquot 
of a h o r n  dilution of the radioactive estrone 
sulfate solution used for injection is prepared 
for counting in a similar manner. Another 
aliquot of the homogenate is extracted for 
estrone sulfate in the following manner. Two- 
tenths (0.2) mg of non-radioactive estrone 
sulfate is added to the hamogenate as a car- 

1. Kelsey, F. E., Science, 1949, v109, 566. 
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TABLE I. 
Average % of In jeeted Dose Recovered/g Tissue. 

Intravenous after 10 and 15 min. Subcutaneous after 17 hr 
< \ < \ 

Organ Direct count -4fter extraction Direct count After extraction 

Blood 
Heart 
Liver 
Kidney 
Spleen 
Uterus vagina 
Ovaries 
Adrenals 
Urine 
Feces 
Small intestine 

.9 

.1 

.4 
2.3 
.1 
.5 
.2 
.2 

~ 

.8 

.1 

.1 
1.1 
.1 
.2 
.1 
.I 

.03 

.02 
-04 
2 0  
.05 
.07 
.16 

21.9 
4.7 

.4 

.01 

.o 2 

.02 

.06 

.04 

.02 
-05 

13.3 
.7 
.3 

rier. The homogenate is transferred to a 
125 cc separatory funnel and 95 cc of abso- 
lute methanol is added after rinsing the 
homogenizer several times with 2 5  cc portions 
of methanol. Twenty-five grams of anhy- 
drous sodium sulfate is added to the mixture 
and the separatory funnel is shaken for 2 
minutes. The material is then filtered with 
suction through a sinterced glass filter. The 
precipitate is washed with rinsings of the 
separatory funnel, two 25 cc portions of 
absolute methanol being used. The filtrate 
is then concentrated employing gentle heat 
to approximately 5 cc. The volume is ac- 
curately measured and a 1 cc portion is 
plated for counting. The activity (cpm/mg) 
of radioactive estrone sulfate in the original 
sample is determined ( 1 ) . The total radio- 
activity of the tissue is determined by count- 
ing the tissue homogenate. This represents 
the tissue content of estrone sulfate plus the 
radioactive sulfate derived from the hydroly- 
sis of the radioactive estrone sulfate admin- 
istered to thse animal. The radioactivity of 
the extracted estrone sulfate is a measure of 
the unhydrolysed material present in the 
tissue examined. 

Results. I. Intravenous Injection of Radio- 
active Estrone Sulfate. Four female rats 
weighing between 150-200 g were used in #this 
experiment. Eight milligrams of the radio- 
active estrone sulfate was injected intra- 
venously into the saphenous vein which was 
exposed under ether anaesthesia. Two ani- 
mals were sacrificed after an interval of 10 
minutes; the remaining 2 after 15 minutes. 

The following tissues were treated according 
to the foregoing procedures: blood, heart, 
liver, kidney, spleen, uterus, and vagina, 
ovaries and adrenals. In  all four animals the 
greatest concentration of S35 was found in 
the kidneys. Other tissues contained much 
smaller amounts. As early as 15 minutes 
after the injection there was some indica- 
tion of concentration of the radioactivity in 
the liver and genital tract. There wa3 also 
some indication that considerable hydrolysis 
of the estrone sulfate had occurred. With 
the exception of 'the blood, heart, and spleen 
there were marked differences between the 
amounts of S35 present in the whole tissue 
and that present in the extracted estrone 
sulfate fraction (Table I).  

11. Subcutaneous Injection of Radioactive 
Estrone Sulfate. Ten femalle rats were in- 
jected subcutaneously with a dose of 8.5 mg 
of radioactive (estrone sulfate. The animals 
were sacrificed for analysis 17 hours after 
injection. Urine and feces were collected 
and analyzed. 

The tissues analyzed showed no great 
tendency to localize the radioactivity. As in 
the intravenous experiment the kidney showed 
the highest concentration of radioactivity in 
both total and extracted fractions. Also as 
in the preceding experiment there is evidence 
of hydrolysis of the estrone sulfate. 

The urine contained 21.9% of the injected 
dose of radioactivity in this period while 
only 4.7% was found in the feces. As with 
the tissues the recoveries from urine and 
feces indicate marked hydrolysis of the hor- 
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FIG. 1. 
Average rate of excretion in  2 animals each receiving 0.2 mg of the labeled hormone. Note 

that the greatest amount of radioaetivity after extraetion was excreted in the urine during the 
first 24 hr. During this interval no radioactivity after extraction was found in the feces. 
.-a total radioactivity; 0 - - - 0 radioactivity after extraction. 
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FECES 

H O U R S  H O U R  S 
FIG. 2. 

Average rate of excretion in 3 animals each reeeiving 10 mg of the labeled hormone. In 
this case also the greatest amount of radioactivity after extraction was excreted in the urine 
during the first 24 hr. @-a total  radioactivity; 0 - - - 0 radioactivity after extraction. 

mone (Table I).  The animals uniformly 
showed marked distension. of the uterus as 
a result of the injection. 

Ten 
female rats weighing approximately 150 g 
were injected subcutaneously with a single 
dose of the hormone. The rate of excretion 
at 24 hour periods following various dosages 
was determined. Following the excretion 
study the animals were sacrificed, the uterus 
and small intestine were analyzed for re- 
tained radioactivity. None was found. 

111. Excretion of Estrone Sulfate. 

Two animals receiving 0.2 mg of the hor- 
mone completely eliminated the measurable 
radsioactivity at the end of 96 hours. During 
this period 27.5% of the total radioactivity 
was recovered. When the excreta was ex- 
tracted only 9% of the radioactivity was 
found to be in combined form. The highest 
percent recovery was during the first 24 hour 
period. During this period the feces con- 
tained no extractable radioactive est$rone sul- 
fate (Fig. 1). 

Three animals received a single 5 mg dose 
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FIG. 3. 

Excretion ra.te in a single animal receiving 250 mg of the labeled hormone. Note that the 
This was followed by a 

0-0 fotal radioactivity; 0 - - -  0 
greatest percentage of radioactivity was excreted in the first 96 hr. 
relatively constant rate of excretion up t o  288 hr. 
radioactivity after extraction. 

of estrone sulfate subcutaneously. Measur- 
able excretion was completed within 144 
hours. In  these animals 41% of the total 
radioactivity was recovered while 1970 of the 
injected dose was extractable as estrone sul- 
fate. 

Three additional animals received a 
single dose of 10 mg of ,estrone sulfate. In 
these animals the total radioactivity recov- 
ered was 73%. The extractable portion was 
47% (Fig. 2). 

-4fter thee measurable excretion was com- 
pleted attempts to find additional raqdioactiv- 
ity in the uterus and small intestine failed. 

A single animal received 250 mg of the 
hormone subcutaneously in one dose. Ex- 
cretion of radioactivity continued for 288 
hours. Fifty-three percent of the total dose 
was -recovered but only 10% in the combined 
form (Fig. 3) .  Another animal receiving 
a single subcutaneous injection of 500 mg 

developed convulsions and died after 192 
hours. All animals receiving the hormone 
showed characteristic signs of estrus. 

Discussion. Thle results presented indi- 
cate that there is no marked ability of the 
estrogen sensitive organs to concentrate es- 
trone sulfate. This finding is in harmony 
with that of Frank(2) who demonstrated that 
normal female muscle contained as much 
estrogenic activity as fibromyomatas of the 
uterus. More recently Twombly et aL(3) 
using radioactive dibromestrone were unable 
to demonstrate localization of this substance 
in any target organ. The same findhgs are 
reported by Albert, et aL(4) who used iodin- 

2. Frank, R. T., PROC. SOC. Em. BIOL. AND MED., 

3. Twombly, G. H., McClintock, L., Engelman, 

4. Albert, S,, Heard, R. D. H., Leblond, C. P., 

1935, v32, 1665. 

M., Am. J .  Obst. and Gynec., 1948, v56, 260: 

and Saffran, J., J. BioZ. Clzem., 1949, vl77, 247. 



ACQUIRED BACITRACIN RESISTANCE OF p HEM. STREP. 505 

ated derivatives of estradiol. These latter 
two reports dealt with substances which had 
little or no estrogenic activity. The estrone 
sulfate used in thlese experiments had marked 
estrogenic potency but still did not show any 
marked localization in the estrogenic suscep- 
table tissues, the highest concentration en- 
countered was in the kidney which is one of 
the routes of excretion. This is borne out 
by thle high amount found in the urine. That 
some of this hormone is excreted by way 
of the gastrointestinal tract is demonstrated 
by the presence of radioactive estroae sulfate 
in the small intestine and feces. This obser- 
vation substantiates the finding of Levin ( 5 )  
who reported large amounts of estrogen in 

5. Levin, L., J .  Biol. Chem., 1945, ~1.57, 407. 

the feces of pregnant cows. 
Summary and comlusions. 1. Radioactive 

estlrone sulfate shows no definite localization 
in any of the target organs following intra- 
venous or subcutaneous injection into mature 
female rats in spite of marked estrogenic 
response. 2. Estrone sulfate is rapidly hy- 
drolyzed in the body. 3. Estrone sulfate is 
excreted not only by way of the urinary 
tract but considerable amounts find thbeir way 
into feces. 

We wish to thank Dr. Edward C. Reifenstein, 
Jr., and Ayerst, McKenna and IEarrison for the 
labeled and non-labeled estrone sulfate which they 
generously supplied. 
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Acquisition of bacitracin resistance by beta 
hemolytic streptococci has not been reported 
to date. Meleney( 1) found no increase in 
resistance to bacitracin in 5 strains of group 
A beta hemolytic streptococci after 26 serial 
transfers on bacitracin agar. Stone( 2 )  studied 
4 strains of Staphylococcus aurem and re- 
ported an increase in resistance of a maximum 
of 125-fold in one strain after 62 exposures 
to bacitracin md a minimum of 3-fold in 
another strain after 35 exposures. The re- 
sistance decreased rapidly on serial transfers 
in bacitracin-free broth but was stable on 
storage in a refrigerator for a period up to 

*This investigation was supported (in part) by a 
research grant from the Division of Research Grants 
and Fellowships of the National Institute of Health, 
U. S. Public Health Service, and by a research grant 
from The Abbott Laboratories. 

Bacitracin was supplied by the Commercial Sol- 
vents Corporation, through the Antibiotics Study 
Section of the National Institute of Health. 

1. Meleney, Frank L., Personal communication. 

-- 

2. Stone, Joseph L., J .  Inj. Dis., 1949, v85, 91. , .  

29 days. 
The present study was undertaken (1) to 

determine whether or not streptococci of 
groups A, B and C would develop bacitracin 
resistance in the manner similar to that ob- 
served for other antibiotics and (2) to deter- 
mine whether or not bacitracin altered the 
biology of streptococci in a manner similar to 
that produced by penicillin( 3-6), streptomy- 
cin ( 7), and aureomycin (8). 

Materials and methods. The 23 strains of 
beta hemolytic streptococci, 8 of group A, 8 

3. Gezon, H. M., PRoc. Soc. EXP. BIOL. AND MED., 
1948, v67, 208. 
4. Gezon, H. M., PROC. Soc. Em. BIOL. AND MED., 

1948, 176’1, 212. 
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