300 PROGESTERONE PRECURSOR
tween adrenal tumors and adrenal hyperplasia
seems to be possible.

The authors wish to express their sincere thanks
to Professor C. W. Emmens of Svdney for so
kindly having made available full facilities for per-
forming this work in his Department.

1. Butler, G. C., and Marrian. G. F.. J. Biol.
Chem., 1937, v119, 365.

2. Finkelstein, M., v. Euw, J., and Reichstein, T..
Helv. Chim. Acta, 1933, v36, 1266.

3. Mason, H. L., and Kepler, E. J.. J. Biol. Chem.,
19435, v161, 235.

Progesterone a Precursor of Testicular Androgens in Sheep.*

oF TESTICULAR ANDROGEN

4. Cox, R. 1., and Marrian, G. F., Biochem. J,,
1933, v34, 353.

5. Goldberg, S., and Finkelstein, M., Bull. Res.
Counc. Israel, 1956, v3A, 310.

6. Finkelstein, M., and Goldberg, S., J. Clin.
Endocrinol. and Met., in press.

7. Marrian, G. F., and Atherden, S. M., Acta
Endocrinol., 1953, v13, 263.

8. Cox, R. 1., Biochem. J., 1952, v32, 339.

9. —, Austral. J. Sci., in press.

10. Zaffaroni, A., and Burton, R. B., J. Biol.
Chem., 1951, v193, 749.

Received March 5, 1937, PS.E.BM, 1957, v95.

(23200)

James 1. Raesie (Introduced by C. W. Turner)
Massev Agricultural College, University of New Zealand, Palmerston North.

Recent studies have provided evidence for
a possible relation between fecal androgen
and progesterone metabolism in the bovine
(1). Furthermore, several androgenic com-
pounds have been identified in the feces of a
pregnant cow following the administration of
progesterone(2). While feces from normal
bulls and steers are inactive(3.4) it is inter-
esting to note that progesterone administra-
tion to a bull produced statistically significant
increases in the androgen content of the feces
(1). In vitro formation of testosterone and
A*-androstene-3, 17-dione from progesterone
has been demonstrated for rat testis(5) and
human testicular tissue(6).

In view of this finding, the results of an ex-
periment in which progesterone was given to
a ram and a castrate male sheep are presented
as indicating possible conversion of proges-
terone to androgens by the ovine testis.

Materials and methods. Collections of
feces were made daily from 2 male sheep, one
of which had been castrated as a lamb. The
ram was a 2-year-old New Zealand Romney
x Lincoln and weighed approximately 140 1lb
during the period of experimentation. The
second animal was a New Zealand Romney

* This work was supported by grant from New
Zealand Department of Scientific and Industrial
Research.

wether. 14 months of age, weighing 80 Ib.
After preliminary collection period of one
week each animal received daily during the
next week a subcutaneous injection of 0.5 g
and 0.25 g respectively, of progesterone in
arachis oil. Total feces were dried daily for
48 hours in an oven at 45°C and ground to a
fine powder in a Wiley mill. White Leghorn
cockerels from the College Farm were fed the
dried feces as 10% of the control ration for
21 days, starting when chicks were 4 days old.
The increase in comb weight was used to as-
sess androgen content of the fecal samples
when compared with the comb response to
methyl-testosterone incorporated in the feed.
In a preliminary trial a sample of dried feces
from a ewe in the last month of pregnancy
was tested against 3 levels of methyltestos-
terone and one level of A*-androstene-3,17-
dione in the chick feed. The latter fecal sam-
ple had been stored in a dry condition for 2
vears.

Results. The chick comb response revealed
some androgenic activity in the feces of a
pregnant ewe (Table I), whereas the response
to the feeding of feces from both the un-
treated ram and wether was slight (Table IT).
When progesterone was administered, andro-
gen excretion in the feces of the ram was very
markedly increased. This finding was in con-
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TABLE I. Effect of Oral Administration of Androgens to 6 Groups of Male Chicks.

No. of Body wt Comb wt Comb ratio Testes wt
chicks Treatment () (mg) + S.E. + S.E. (mg)
15 Control 110.9 52.5 473+ 5.0 214 + 1.8
20 Dried feces* (pregnant ewe) 124.5 202.7 159.2 +17.2 27.9 + 2.3
20 Methyltestosterone 10 mgt 119.5 391.3 320.8 + 28.4 244+ 1.6
20 ,20 7t 125.5 546.4 418.8 + 32.7 19.5 + 2.3
20 ” 40 ” 1 117.9 792.6 661.5 + 38.1 209 + 135
11 A‘-Androstenedlone, 10 mgt 115.2 892.3 788.1 + 714 149 + 1.5

* Incorporated as 10% of control ration.

t Wt of compound/kg feed.

TABLE II. Effect of Progesterone on Excretion of Fecal Androgens in 6 Groups of Male

Sheep.

No. of Body wt Comb wt Comb ratio Testes wt
chicks Treatment (g) (mg) + S.E. + S.E. (mg)
20 Control 124.2 122.6 92.2 + 12.1 273 + 1.8
20 Ram dried feces*! 146.0 226.9 149.6 =+ 15.7 36.2 + 2.6
22 Idem *2 135.9 959.0 695.7 + 50.5 198+ .9
20 Methyltestosterone, 10 mgt 141.1 496.9 345.6 + 21.7 31.8 + 2.4
20 Castrate male dried feces** 154.6 207.3 127.9 + 15.6 32.2 + 2.1
13 Idem *2 163.2 204.4 113.8 +- 15.9 31.4 + 3.4

* Incorporated as 109% of control ration.
* Collected before progesterone injections.

trast to the results from injecting progester-
one in the castrate male sheep (Table II).

When comb growth was greatest there was
a depression of testes weight(4), but hyper-
trophy of the combs was not always associ-
ated with a decrease in testes weight. The
activity of A*-androstene-3,17-dione was
much greater than methyltestosterone in
causing an increase in comb weight.

Discussion. A difference in the ability to
transform progesterone to fecal androgen
seems apparent in the present data from an
experiment with an entire and castrate male
sheep. The amount of progesterone adminis-
tered daily to the ram was twice that given
to the castrate animal but so, also, was the
approximate body weight. The data show a
greater power of conversion of progesterone
to androgen in the male with testes.

Since oral administration of progesterone
to chicks does not stimulate comb growth
(1,4), no significant activity would result
from excretion of progesterone as such by the
sheep. Conversion of progesterone to andro-
gens by microorganisms of the gastrointes-
tinal tract(1,2) might explain the slight an-
drogenic activity in the feces of castrate sheep,
but would hardly account for the great in-
crease in fecal androgen of the ram. It would
appear that the tissues of the ram played a

t Wt of compound/kg feed.
2 Collected during progesterone injections.

major part in transformation of progesterone
to androgenic compounds in the feces of this
animal. While adrenal tissue may be impli-
cated(7), it seems likely that activity of the
testes was of more significance. Further sup-
port is given to this conclusion by the recent
demonstration of conversion of progesterone
to androgenic compounds in vitro by rat and
human testis(5,6). The present data there-
fore provide evidence that progesterone may
be a precursor of testicular androgens in vivo.

Summary. Daily administration of proges-
terone by subcutaneous injection to a ram
and a castrate male sheep for one week re-
sulted in a great increase in the fecal andro-
genic activity of the ram. This observation
suggests that progesterone may serve as a
precursor of testicular androgens in the sheep.
Some androgen excretion in the feces of a
pregnant female sheep was noted but little
fecal androgen from untreated males.

The author wishes to thank Professor A. L. Rae
and Mr. T. S. Ch’ang for statistical analysis.
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The presence of intracellular proteolytic
activity in mitochondria isolated from rat
liver homogenates has been demonstrated(1.
2). deDuve et al.(2) utilized a modified
hemoglobin substrate that may have been at-
tacked by many enzyvmes. Maver and Greco
(1) used benzoyl-r-argininamide. but their
mitochondrial preparations were contami-
nated with large cyvtoplasmic granules. prob-
ably nuclear material.

Two intracellular proteinases have heen ex-
tensively puritied and studied(3.4.5). These
enzymes have been designated cathepsins B
and C. Previous work has shown that a syn-
thetic substrate suitable for the assay of
cathepsin B is benzovl-r-argininamide. while
one for cathepsin C is glvcyl-L-argininamide.
while one for cathepsin C is glvevl-L-tyrosin-
amide. This paper offers additional informa-
tion about localization of the intracellular
proteolytic enzymes of rat liver obtained by
using synthetic substrates and cellular frac-
tionation procedures.

Materials and methods. Liver tissue from
170 g Wistar strain rats was used in all ex-
periments. Four grams of liver were homo-
genized in 36 ml of sucrose solutions by the
method of Potter and Elvehjem(6). The 0.25
M sucrose plus 7.5% polyvinylpyrrolidone
(PVP) solution of Novikoff* and 0.88 M su-

* This work was supported by grants from the
James Hudson Brown Memorial Fund of the Yale
University School of Medicine, and the Howard
Hughes Medical Institute.

t Reported in Fed. Proc., 1956, v15, 322.

crose were used as fractionation media. Frac-
tionation of the homogenates was obtained by
differential  centrifugation following the
schemes presented by Schneider and Hoge-
hoom(7) with minor modifications. Follow-
ing fractionation, 5 components were avail-
able for testing: 1) homogenate, 2) nuclei
and debris. 3) mitochondria, 4) microsomes,
and 35) supernatant fluid. 0.88 M sucrose
was added to bring the final volume of each
fraction to 40 ml. Tmmediately thereafter,
the enzyvme activity was determined at 37°C
in a reaction mixture with the following com-
position: 1) 0.4 ml of citrate buffer 0.04 M,
2) 0.1 ml of cysteine hydrochloride 0.04 M,
31 0.2 ml of the above components. 4) 0.2 ml
of substrate 0.05 M, and 5) sucrose to a final
volume of 1 ml and a pH of 5. Samples were
removed from the incubation mixtures at one
and 2 hours for analysis in duplicate Conway
vessels. The analysis was performed with the
use of a glass electrode system and the addi-
tion of alkali by a microcapillary burette cali-
brated in lambdas(8). The substrates util-
ized were benzoyl-L-argininamide hydrochlor-
ide monohydrate (BAA), and glycyl-L-tyro-
sinamide acetate (GTAA). The rates of hy-
drolysis were linear in all instances. Results
are listed as cathepsin units (C.U.). A
cathepsin unit is defined as that amount of
enzvime or enzyme-containing material that
provides 1% hydrolysis per minute. Analysis
for protein nitrogen was done by the micro
Kjeldahl technic(8) or the biuret method(9).

Results. The data given in Table I indi-
cate that the enzymes which hydrolyse BAA



