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Yet these homofermentative lactobacilli 
which fermented readily at least 2 or, in some 
cases. all 3 pentoses showed no growth stimu- 
lation in the presence of the pentoses and 
some of them were inhibited. 

.An increase in the amount of glucose in the 
medium to equal the percent of glucose plus 
pentose did not alter the result: L. ferrncnti 
cultures in increased glucose were not stimu- 
lated as were the same cultures when supplied 
the pentoses and a smaller amount of glucose. 
The stimulation evidently is not simply a 
matter of an increased amount of fermentable 
sugar. Khen glucose was omitted from the 
medium, leaving the 3 pentoses. most of the 
lactobacilli failed to grow while a few grew 
very slo\vly. Autoclaving of the 3 pentoses 
along with glucose in the semisynthetic nie- 
dium. instead of separate sterilization and 
later addition of the pentoses. did not decrease 
their stimulatory effect for L. fcrnzcuti; on 
the contrary, i t  seemed to augment it in some 
cases. KO detailed study was made of the 
effect of individual pentoses on I,. fernzcnti. 
-4 few tests showed that the growth accelera- 
tion produced by single pentoses differed 
somewhat from one strain to another. some- 
what in the manner noted by Camien and 
Dunn( 1 ) .  

Summary. Growth of the heterofermenta- 
tive Lactobacillus fermenti (9 strains) was 
stimulated by a mixture of 3 pentoses: L- 
arabinose, D-xylose, and D-ribose when 
added to glucose-containing media. The pen- 
tose stimulation was observed in two different 
media but was more evident in a semisyn- 
thetic medium than in a medium containing 
yeast extract (APT medium). In contrast, 
no such stimulation was observed with any 
homofermentative lactobacilli classed as L. 
cusci, L.  plantarum, and L. acidophilus. 
Some of these cultures were slightly inhibited 
by the pentoses. Two heterofermentative 
lactobacilli from discolored meat products 
differed from L. fcrmenti; their growth was 
not appreciably affected by the pentoses. 
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During human pregnancy. the plasma con- 
centration of progesterone is very low and 
does not parallel the rapid increase of its 
urinary metabolites( 1 1. This observation 
raised some doubt as to whether pregnanediol 
and pregnanolone excreted into the urine dur- 
ing pregnancy are actuall~. the metalmlic 
products of progesterone. On the other 
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hand. it could be explained by the assump- 
tion that progesterone disappears quite rap- 
idly from blood circulation in pregnancy. 
The latter explanation seemed to be more 
likely since Klein and Ober(2) were not able 
to increase plasma concentration of proges- 
terone (as determined by the Hooker-Forbes 
test) in plasma of pregnant women by intra- 
muscular administration of very large doses 
of progesterone (1000 to 1200 mg),  although 
urinary pregnanediol is excreted in relatively 
large amounts following such an injection. 
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Our own studies(3) revealed that after intra- 
muscular administration of C14-4-progester- 
one during 11th and 17th week of pregnancy 
plasma concentration of radioactivity rose 
sharply to a peak value within 24 hours and 
declined more slowly thereafter over 9 to 12 
days. The peak concentration of radioactiv- 
ity in plasma was relatively low, whereas 
large amounts of radioactivity appeared in 
urine at  the same time. The concentration 
curve in plasma closely resembled that found 
for urinary samples obtained a t  frequent in- 
tervals after injection of the tagged hormone. 
In view of this parallelism and the observa- 
tion of Klein and Ober it appeared proper to 
assume that the rise in concentration of radio- 
activity in plasma was due to an increase in 
concentration of metabolites rather than to 
the hormone. Substantial amounts of radio- 
activity derived from injected C14-4-proges- 
terone are eliminated by the feces(3) after 
having been secreted into the gastrointestinal 
tract by way of the bile. However, prompt 
excretion of inactivation products of proges- 
terone into urine and feces does not fully ex- 
plain the fact that large intramuscular doses 
of progesterone do not raise plasma level of 
the hormone during pregnancy. Intravenous 
administration of progesterone is followed by 
a rapid decline of plasma concentration with- 
in 2 hours( 4). N o  progesterone could be de- 
tected in the plasma 24 hours after intra- 
venous injection ( 5 )  although pregnanediol is 
excreted over a period of several days( 4,6). 
There is no fundamental difference in excre- 
tion patterns of pregnanediol in the urine after 
intramuscular or intravenous injections or 
progesterone, indicating that absorption of 
the hormone from an oily intramuscular de- 
pot must be a fast and efficient process.$ 

The following experiments were under- 
taken to study the possibility that proges- 
terone absorbed from an oily depot in the 
muscle diffuses rapidly into the tissues. In 
the experiments reported here, the distribu- 
tion of radioactivity in maternal and fetal 
tissues removed at  various time intervals fol- 

This is likewise true for estrogens since there is 
no difference between daily amoun,ts of radioaotivity 
excreted into urine after intramuscular and intra- 
venous injection of C*4-labelled estrogens( 7 ) .  

lowing intramuscular injection of Cl4-4-pro- 
gesterone, was determined. 

Methods.  C14-4-progesterone prepared by 
the method of Thompson et aZ.(8) ,  and puri- 
fied by chromatography on alumina, was ad- 
ministered intramuscularly to 3 pregnant pa- 
tients. Therapeutic abortions were performed 
at  various time intervals after the injections. 
Maternal and fetal tissues obtained a t  sur- 
gery were combusted to carbon dioxide in a 
vacuum combustion line and counted in an 
ionization chamber, using a vibrating reed 
electrometer according to the method of 
Brownell and Lockhart (9) .  ,411 measure- 
ments were done for periods long enough to 
give a standard error of less than t 5%. 

Results.  Patient C.C. This patient (gra- 
vida 111, para 11) was 37 years old and had 
a severe bronchial asthma which required al- 
most constant medical care. Seven months 
before she became pregnant she had hyper- 
thyroidism. Treatment with and pro- 
pylthiouracil resulted in a good therapeutic 
response, but it did not have a favorable ef- 
fect upon the asthmatic condition. The pa- 
tient was l l weeks pregnant when 28.1 pc of 
C14-4-progesterone were injected intramuscu- 
larly 48 hours before a therapeutic abortion 
was performed. The distribution of radioac- 
tivity found in maternal and fetal tissue is 
reported in Table I. The results are ex- 

TABLE I. Radioactivity i n  Maternal and  Fe ta l  
Tissue. 

Dose of C14-4-progestcrone, 28 pc (intramusc.). 48 
h r  interval between inj. and  therapeutic abortion. 

11 wk of pregnancy. 

yo of ad- 
pc/ ministered 

pc/g organ radioactiv- 
Tissues Wt ,  g X X lo-" i t p i n o r g a n  

Maternal 
Corpus luteum 
Rest of ovary 
Decidua 
Myonie triuiii 
Fat 
Skin 

Feial 
Placenta 
Liver 
Lungs 
Heart  
Intestine 
Brain 

3.67 
2.58 

46. 
.62 
.25 
.12 
.46 

1.85 

153 562 
45 116 

1 i O  
368 
815 

i 2  

52 2395 
26 16 
10 3 
14 2 
11 5 

0 

.00.200 

.00041 

19.6 * 

.00851 

.00005 

.oooo 1 
.OO 0 0 0 i 
. 00 002 
- 

* Calculated from total  body irt of patient. 
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TAIBI,E IT. Rndioactirity in  Maternal and Fetal 
Tissue. 

Dose of C11-4-i)r~gt~stci.onc, 12 pc (intramusc.). 24 
111. iiitcrwl bctiv-ccii inj. aiitl t l ic~~ipeutic  abortion. 

1 7  irk of prcgiiaiiq-. 

7c  of ad- 
ini ni s t er cd 

pc /g  orgaii radioactiv- 
Tizhiim IYt, g x 10-c X 10-o itTin organ 

pc / 

Tot;il w t  of t*i i i l ) t i (vl  i i t c h r w .  
t (’;~lvul;~tc~il ~ I W I I I  t o t a l  body wt of p;iticlit. 

pressed in p.c:g of tissue. Table I also gives 
percentage of administered dose of radioac- 
tivity found in various organs. The myo- 
metrium, decidua and corpus luteum had rela- 
tively high concentrations of radioactivitj’ 
whereas moderate amounts were detected in 
the rest of the ovary. maternal skin and fetal 
placenta. Relatively small amounts of ra- 
dioactivity derived from labelled progester- 
one were found in all fetal tissues with the 
exception of the brain where no radioactivity 
was detected by the method used. However. 
by far the highest concentration of radio- 
activity was present in a sample of maternal 
fat obtained from subcutaneous tissue of ab- 
dominal wall. Assuming that 18% of total 
body weight of this patient consisted of fat. 
approximately 19.6% of the administered 
dose of radioactivity was present in the fat 
compartment 48 hours after administration of 
the tagged hormone provided that radioac- 
tivity was evenly distributed in the fat. 

This patient (gravida \‘TIT. 
para V) was 37 years old and had a huge 
goiter for many years which enlarged quite 
rapidly during a 5-month period preceding 
date of admission to hospital. At that time 
she was 11 weeks pregnant. There were no 
symptoms of thyrotoxicosis. Growth of the 

Patient J.O. 

goiter continued during the following weeks 
and the pregnancy was terminated during the 
17th week because of possible carcinoma of 
the thyroid. The patient received 12 pc of 
(’I4-4-progesterone intramuscularly 24 hours 
before surgery. The values of radioactivity 
found in the various tissues are shown in 
Table 11. Again, the highest concentration 
oi radioactivity was detected in a sample of 
maternal fat. Only moderate amounts of ra- 
dioactivity were present in the myometrium, 
decidua, corpus luteum, maternal skin and 
fetal placenta. Concentration of radioactiv- 
ity in fetal organs was lower than that found 
in maternal tissues. S o  radioactivity could 
be detected in the fetal liver. testes and brain. 
-4 relatively high concentration of activity 
was present in fetal adrenals when compared 
with that found in other fetal organs. 

Patient M.P. This patient (gravida 11, 
para 0)  was 27  years old and had lupus 
eryt hematosus. The patient’s condition be- 
came progressively worse during the first half 
of pregnancy and a therapeutic abortion was 
performed during the 18th week of gestation. 
This patient died of her diseases 6 weeks after 
pregnancy termination. She received 15.5 
pc of C14-4-progesterone intramuscularly 12 
hours before the hysterotomj- was performed. 
-4s shown in Table TIT, considerable amounts 

I..\ 1:I.E TII .  R:itlioactivity iik Jl:iti.iiinl and Fetal 
Tissue. 

I ) ( I \ ( ,  of C”-4-1)rogc.stcroiie, 15.5 p c  (intraniusc.). 
12 111. iiitwval b(1tiveen inj. and therapeutic abor- 

tion. 18 irk of pregnancy. 

yc of ad- 
pc/ ministered 

pc/g organ radioactiv- 
Ti\>iit>> IYt, g x lo-“ X lkc i ty in  organ 

1 .I0 

490 * 

1 1 1  
5.39 
0.54 
5.51 
1.02 

18.4 

-- a3 
46 
89 -- 9.38 

1 ti8 

3 1.5 
41  

112 
14 

7 
0 

61 .00039 

4361 0 28135 
1 i . i  t 

12it;Z .082 35 
3 1  .00143 
61 .00039 
7 7  .00050 

7 .00004 - 

* Wt of emptied uterus. 
+ (‘;ilciilatccl from total body wt of patient. 



TISSUE PROGESTERONE CONCENTRATIONS IN PREGNANCY 95 

of radioactivity were found in maternal fat 
and skin obtained from the abdominal wall 
during the operation. Comparatively small 
amounts of activity were present in the myo- 
metrium, decidua, and corpus luteum. The 
largest amounts of radioactivity in the fetal 
organs were found in the placenta and 
adrenals, whereas no activity could be de- 
tected in the fetal brain. 

Discussion. Following intramuscular ad- 
ministration of C14-4-progesterone to 3 preg- 
nant patients the highest concentration of 
radioactivity was found in maternal fatty 
tissue. Assuming an even distribution of 
radioactivity in the fat of the body, about 
17.770, 33.770, and 19.6% of the adminis- 
tered dose were present 12, 24, and 48 hours, 
respectively after administration of the la- 
belled hormone. These calculations are based 
on the assumption that 18% of total body 
weight of the patients consisted of fat. 

These findings indicate that progesterone 
and/or its metabolites diffuse promptly from 
the blood circulation into the fat of the body 
when this steroid hormone is administered in- 
tramuscularly. We have not determined 
whether the radioactivity found in fat was 
derived from the hormone or from its metabo- 
lites. However, it appears very likely that 
the radioactivity is principally due to the 
presence of unchanged hormone since Kauf- 
mann and Zander ( 10) found relatively high 
concentrations of progesterone in fatty tis- 
sues of pregnant women which were 6 times 
greater than that found in fat of non-pregnant 
women during the luteal phase of the men- 
strual cycle. 

Our results explain the following observa- 
tions: (1)  failure of large doses of proges- 
terone injected intramuscularly to raise blood 
level of progesterone and rapid disappearance 
of progesterone from blood after intravenous 
injection ; ( 2 )  delayed excretion of progester- 
one metabolites after intravenous injection ; 
( 3 ) the previous observation ( 3 , l l )  that spe- 
cific activity of urinary C14-pregnanediol de- 
rived from injected C''-acetate declined dur- 
ing a 48 to 72  hour period after removal of 
principal sources of the hormone, the placenta 
and the corpus luteum. We explained this 
phenomenon previously as a dilution of the 

radioactive pregnanediol with inert steroid 
molecules derived from the maternal adrenals. 
In view of our findings it is more likely that 
the urinary Cl*-pregnanediol was diluted by 
molecules derived from progesterone stored in 
maternal fat. 

It further demonstrates that erroneous con- 
clusions may be drawn from the values ob- 
tained for urinary pregnanediol in regard to 
progesterone production. Pregnanediol may 
continue to be excreted into the urine in ap- 
preciable amounts although production of the 
hormone has already ceased, a fact which has 
been recently demonstrated in one of our pa- 
tients who was in spontaneous labor (3, l l ) . 

It is of interest to note that only moderate 
amounts of radioactivity derived from tagged 
progesterone were found in the myometrium 
and the decidua in 2 patients with advanced 
pregnancy (17th and 18th week of gestation), 
whereas a relatively higher concentration was 
found for both tissues in a patient who was 11 
weeks pregnant. The decidua as well as the 
myometrium are considered to be the most 
important target organs for progestational ac- 
tivity. In mice and rats a low level of radio- 
activity derived from C1"2 1-progesterone was 
found in the uterus ( 12). Progesterone could 
not be isolated from the myometrium and the 
decidua of pregnant women when a very sen- 
sitive method of chemical assay was used( 13). 
At present, we have no knowledge about the 
actual mechanism by which a hormone exerts 
its biological effect on the target organ. 

Low to moderate concentrations of radio- 
activity derived from C14-4-progesterone were 
found in the corpus luteum and the placenta. 
This is logical for these endocrine glands are 
unfavorable sites for absorption and storage 
of the hormone which they elaborate. 

Radioactivity was found in all fetal tissues 
in relatively small amounts with exception of 
the brain (negative radio-assay in all 3 cases), 
the testes (negative assay in one case) and the 
liver (negative assay in one of 2 cases). 
The comparatively highest concentration of 
radioactivity in fetal organs was found in the 
adrenal glands of 2 fetuses 1 7  and 18 weeks 
old. Progesterone is regarded as an impor- 
tant intermediate of adrenal cortical steroids. 
However, only small amounts of corticoids 
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can be detected in fetal adrenal glands at  this 
stage of embryonic life. On the other hand: 
the relatively high concentration of proges- 
terone may be due to accumulation of lipids 
in the fetal cortex. However. histochemical 
studies indicate that lipoid material is present 
in only relatively small amounts in the fetal 
cortex. but these amounts may be still higher 
than that found in other fetal organs. T n  
\view of this finding it is of interest that Kie- 
gel cf a / . (  1 2 )  found a relatively hiyh concen- 
tration of radioactivity in the adrenals of 
mice after administration of C' '-2 1 -proges- 
terone. 

SziiiiiiiurJl. C*4-4-progesterone was admin- 
istered intramuscularly to pregnant women 
who were scheduled for therapeutic abortion. 
Distribution of radioactivity in maternal and 
fetal tissue removed at  various time intervals 
follo\vi-ing injections was determined. The 
highest concentration of radioactivity was 
found i n  the maternal fat .  X rough calcula- 
tion revealed that it contained about 17.770 oi 
the administered radioactivity 12  hours. 
33.7% 24 hours. and 19.6% 48 hours after 
administration of the labelled hormone. 
These findings indicate that progesterone 
and or its metabolites diffuse promptly from 
the blood circulation into the fat compart- 
ment of the body. Only moderate amounts 
of radioactivity were found in the myo- 
metrium and the decidua. the 2 principal tar- 

get organs of progesterone. Low to moderate 
concentrations of radioactivity were detected 
in the organs which serve as principal sources 
of the hormone, the corpus luteum and the 
placenta. Radioactivity was present in all 
fetal tissues in relatively small amounts with 
the exception of the fetal brain, and the testes. 
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Transamidination in mammalian kidney with the use of isotopic technics( 2-5). 
slices and homogenates was first reported by This paper reports a simple assay for tis- 
Borsook and Dubnoff (1 ) .  The reaction has sue transamidinase activity. The assay was 
since been confirmed by other investigators used to determine the following effects: addi- 

tion of sulfhydryl inhibitors both in vivo and 
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