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Summary—We have reported [1-3] in immature golden hamster testis that 5§ -reductase is localized in the
tubular nongerm cells, while Sa-reductase is present in the interstitial tissue and that the
178-hydroxy-dehydrogenase activity is found predominantly in the tubular nongerm cells. Hormonal
regulation of these enzyme activities was examined in the present study. Male golden hamsters were
hypophysectomized on day 22 after birth. The hypophysectomized hamsters in groups of 3-8 were injected
daily with 10 ug NIH-LH-S19, 50 ug NIAMD-Rat-FSH-B-1, 8 or 16 ug NIAMD-oFSH-13, 8 ug
NIAMD-oFSH-13 plus 5 or 10 ug NIH-LH-S19, 1 mg testosterone propionate or saline for 5 days starting
from day 23. Testicular homogenates of the treated hamsters and intact hamsters on day 28 were incubated
with [**C]4-androstene-3,17-dione and NADPH, and enzyme activity (nmol/testes/h) was estimated. The
activities of 58- and Sx-reductases and 178-hydroxy-dehydrogenase decreased significantly 6 days after
hypophysectomy. In the hypophysectomized hamster testis, a distinct response to FSH but not to LH in
the activities of 58-reductase and 178-hydroxy-dehydrogenase was found. The injection of LH in addition
to FSH showed no significant additive effects on these enzyme activities. The 5x-reductase activity was
stimulated significantly by LH plus FSH but not by LH alone, FSH alone or androgen. These results show
that 5p8-reduction of 4-ene-3-ketosteroids takes place in the Sertoli cells under the influence of FSH while
5a-reduction occurs in the interstitial cells under the influence of LH and FSH in immature hamster testis.

INTRODUCTION

Previous studies have shown that testes from neo-
natal and adult rodents such as golden hamsters, rats
and mice can rapidly convert progesterone to testos-
terone but not to S« -C,y-steroids whereas testes from
immature rodents produce 5a-C,-steroids, such as
androsterone and Sa«-androstane-3e,17f-diol, as
major products from progesterone [1, 4-8]. Activities
of Sa-reductase have been found to be much higher
in immature than adult rodent testes [2-8]. In im-
mature rat testes, Sa-reductase is localized primarily
in the interstitial cells [9-11] and is regulated by LH
[12, 13]. Although 5«-reductase in immature hamster
testes was present largely in the interstitial cells [2],
the regulation of its activity is not known.

The formation of 5B-C-steroids from pro-
gesterone and 5f-reductase activity were much
greater in immature than adult golden hamster testes
and the enzyme activity was largely localized in the
tubular nongerm cells [1-3]. However, the regulation
of 5B-reductase activity in the testis has not been
reported. In the present paper, we demonstrate hor-
monal regulation of 5x- and 5f-reductase activities in
the testis of immature golden hamsters.
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EXPERIMENTAL

Animals

Immature male golden hamsters purchased from
Awazu Laboratory for Experimental Animals
(Osaka, Japan) were used. The hamsters were hypo-
physectomized on day 22 after birth. Starting from
day 23, the hypophysectomized hamsters in groups of
3-8 were subcutaneously injected daily with 10 ug
NIH-LH-S19, 50 ug NIAMD-Rat-FSH-B-1, 8§ or
16 ug NIAMD-0oFSH-13 or 8 ug NIAMD-oFSH-13
plus 5 or 10 ug NIH-LH-S19 dissolved in 0.5 ml
saline, 0.5 ml saline or 1 mg testosterone propionate
in 0.1 ml vehicle (0.9, NaCl, 0.4%, Polysorbate 80,
0.5%, carboxymethylcellulose and 0.9%, benzy!l alco-
hol) for 5 days. The hamsters were killed 20 h after
the end of the treatment period (on day 28) and
testicular enzyme activities were measured. The com-
plete removal of the hypophysis was confirmed.
Intact hamsters were injected daily with 0.5 ml saline.

Histology

Testes were fixed in 109 formalin, embedded in
paraffin, sectioned, and stained with hematoxylin and
eosin.

Chemicals

['“C}4-Androstene-3,17-dione (52 mCi/mmol) ob-
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Table 1. Formation of [*C]steroids from ['*Cj4-androstene-3,17-dione by 28-day old hamster testes, expressed as 7, of substrate

Hyp +
Hyp+ Hyp+ oFSH + Hyp +
LH oFSH LH TP
Intact Hyp 10 ug 8ug 10ug I mg Buffer
4-Androstene-3,17-dione 71.2 67.2 62.3 63.7 63.9 81.7 98.1
Testosterone 78 13.6 19.8 21.5 19.0 98 0.0
Su-Androstane-3,17-dione 0.6 0.4 0.3 0.2 0.7 0.2 <{.1
178-Hydroxy-5a-androstan-3-one 0.1 0.1 0.1 <0.1 0.1 <0.1 <0.1
Androsterone 3.1 28 19 09 39 0.9 0.0
38-Hydroxy-5x-androstan-17-one 0.2 0.2 0.2 0.1 0.3 0.1 0.0
Sa-Androstane-32,178-diol 0.0 0.1 0.5 0.0 0.1 0.0 0.0
Sx-Androstane-38,178-diol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
58-Androstane-3,17-dione 0.3 0.3 0.4 0.5 L) 04 <0.1
3a-Hydroxy-5f-androstan-17-one 10.2 44 7.8 9.3 7.2 4.3 0.1
178-Hydroxy-58 -androstan-3-one 0.4 <0.1 02 03 03 0.1 0.0
58-Androstane-3«,178-diol 0.1 0.1 0.8 0.6 0.2 0.1 0.0

Treatments are shown in Table 2. Testicular homogenates (20mg wet weight) were incubated with ['*Cl4-androstene-3,17-dione
(7.7 nmol/0.4 uCijtube) and NADPH at 34°C for 30 min in 0.8 ml incubation mixture. Values were obtained after recrystallization to
constant specific activity. Percentage formation of 3p-hydroxy-5f-androstan-17-one was «0.2%, in all testes. Mean value of two
estimations under the same conditions are shown, since the two estimations showed similar values.

tained from New England Nuclear Corporation,
Boston, U.S.A. were purified by paper chro-
matography using the hexane-formamide system [14]
just before use. The purified radioactive substrate
contained very small amounts {<0.1%) of con-
taminating radioactive steroids (see Table 1). Non-
radioactive steroids were obtained from Steraloids,
Inc., Wilton, NH, U.S.A. and lkapharm, Israel.
Other reagents were of analytical grade.

Incubation procedure

Testicular tissues were homogenized, and the
homogenates (2060 mg tissue) were incubated with
purified ['“C}4-androstene-3,17-dione (7.7 nmol;
0.4 uCi/tube) and NADPH in air at 34°C for 30 min
in 0.8 ml incubation mixture, as previously described
[2, 15). The incubation mixture consisted of 0.15M
potassium phosphate buffer (pH 7.4}, 0.13 M sucrose,
0.03 M nicotinamide, 1 mM MgCl,, 0.5mM EDTA
and 1.5 mM NADPH.

Estimation of activities of 5§~ and 5o-reductases and
178-hydroxy -dehydrogenase

The method for estimation of the activities of 58-
and Sa-reductases and 17f-hydroxy-dehydrogenase
was previously described {2, 15). The activities were
expressed as the sum of all 5f-reduced steroids (five

5B-steroids shown in Table 1), the sum of all
5ua-reduced steroids (six Sa-steroids shown in Table
1) and the sum of all 17f-hydroxy-steroids (six
178-hydroxy-steroids shown in Table 1) formed from
4-androstene-3,17-dione. These assays were gquan-
titative when at least 609, of the substrate remained
and the incubation time did not exceed 30 min [3, 15].
Under the assay conditions used, the rate of prod-
uction of 58-, Sx- or 17f-hydroxy-products was
proportional to the amount of tissue and the incu-
bation time, when a sufficient amount of NADPH
was added. The enzyme activities were expressed as
nmol of steroids formed per both testes/h. Because
the concentration of substrate (7.7 nmol/20-60 mg
tissue) was supraphysiological, the assumption was
made that endogenous levels of the steroid inter-
mediates can be disregarded when estimating enzyme
activities (for example, endogenous testosterone was
found to be less than 0.02 nmol/10mg testicular
tissue).

RESULTS

Weight and histological findings of testes and seminal
vesicles

The mean body, testis and seminal vesicle weights
of 28-day old hamsters used in the present studies are

Table 2. Mean weights of body, testes and seminal vesicles of 28-day old golden hamsters

Body Testes Seminal vesicles

Number Mean + 8§D Mean + SD Mean + SD

of animals (g) (mg) (mg)
Hyp 8 3447 7% +19 6.8+ 2.1
Hyp-+ LH 10 g 5 3845 74+ 15 82413
Hyp + rFSH 50 ug 3 2943 154 + 17%* 50+ 1.0
Hyp + oFSH 8 ug 4 3343 211 £ 32** 7.0+ 1.4
Hyp + oFSH 16 ug 4 3845 442 + 110** 10.3 + 4.1
Hyp+ oFSH 8 ug+ LH Sug 4 38 +4 245 + 46%* 13.3 4+3.3*
Hyp+ oFSH 8 ug+ LH 10ug 4 354+1 230 £ 41%* 14.0 +2.2**
Hyp+ TP I mg 4 28+3 171 4 21%* 44.0 4+ 3.2%*
Intact 9 42 4 3* 408 1 94** 18.9 + 4.9%

Hamsters were hypophysectomized (Hyp) on day 22 after birth. The hypophysectomized hamsters in groups of 3-8 were injected daily with
10 g NIH-LH-$19 (LH), 50 g NIAMD-Rat-FSH-B-1 (tFSH), 8 or 16 ug NIAMD-oFSH-13 (oFSH) or 8 ug oFSH + 5 or 10 ug LH
dissolved in 0.5 ml saline, 0.5 ml saline or 1 mg testosterone propionate (TP) in 0.1 ml vehicle for 5 days starting from day 23. Intact
animals were injected daily with 0.5 m! saline. The hamsters were killed on day 28. Differences from Hyp (P). * < 0.05, ** <0.01 (s-test).
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5 a-Reductase 56-Reductase 178-ol-
Mean = SD (nmol/testes/h)  Dehydrogenase
4 8 12 10 20 30 204060

T

Hyp
Hyp+LH 104g

Hyp +rFSH 50ug
Hyp + oF SH 8ug
Hyp +oF SH 16ug
Hyp+oF SH 8ug+LH Sug
Hyp+0oFSH 8ug+LH 10ug
Hyp+ TP 1mg

Intact

Fig. 1. Effect of treatment with LH, FSH, LH + FSH or androgen on activities of 5z- and 5§-reductases

and 178-hydroxy-dehydrogenase (178-ol-dehydrogenase) in testes of immature hypophysectomized ham-

sters. Treatments are shown in Table 2. For estimation of enzyme activities, 20-60 mg homogenates were

incubated with [*Cl4-androstene-3,17-dione (7.7 nmol; 0.4 uCi/tube) and NADPH at 34°C for 30 min in

0.8 ml incubation mixture. Parentheses: No. of estimations examined. Differences from Hyp (P): * < 0.05,
** < 0.01 (z-test).

shown in Table 2. Hypophysectomy caused a
significant decrease in the weights of body, testes and
seminal vesicles. The weight of testes increased
significantly from the hypophysectomized control by
treatment of FSH, FSH plus LH or androgen but not
by LH alone. The weight of seminal vesicles increased
significantly from the hypophysectomized control by
treatment of LH plus FSH or androgen, but treat-
ment by LH alone or FSH alone had no significant
effect.

In the intact testes of 28-day old hamsters, germ
cells including immature spermatids occupied the
major part of the seminiferous tubules. In the testes
of hypophysectomized 28-day old hamsters, marked
atrophy of the seminiferous tubules including a
decrease in number of germ cells and atrophy of
interstitial cell clusters were seen. The injection of
FSH, FSH plus LH or androgen in hypophy-
sectomized animals produced an increase in size and
number of germ cells of the seminiferous tubules but
the injection of LH had no significant effects. An
increase in size of interstitial cell clusters was induced
only by the injection of LH plus FSH.

Hormonal regulation of activities of 5a- and
5B-reductases and 178-hydroxy-dehydrogenase in im-
mature hamster testis

Effects of treatment with LH, FSH, LH + FSH or
androgen on the activities of 5x- and 5f-reductases
and 178-hydroxy-dehydrogenase in the testes of
28-day old hypophysectomized golden hamsters are
shown in Fig, 1.

The activities of S5x- and 5B-reductases and
178-hydroxy-dehydrogenase expressed as nmol/
testes/h decreased significantly 6 days after hypophy-
sectomy. A distinct response to rat and ovine FSH in
the 5f-reductase activity in the testis of hypophy-

sectomized immature hamster was found. The activ-
ity increased from 2.6 nmol/testes/h in the hypophy-
sectomized control to the level of 28 nmol/testes/h,
using doses up to 16 ug/day of NJAMD-oFSH-13. In
contrast, LH was not effective on the 58-reductase
activity. Similarly, the activity of 178-hydroxy-
dehydrogenase in the testis of hypophysectomized
hamster was stimulated by injection of rat and ovine
FSH but not by LH injection. Although preparations
of FSH may be contaminated by LH (for example,
50 ug NIAMD-Rat-FSH-B-1 may contain LH activ-
ity found in 0.2 ug NIH-LH-S19), the present resuits
clearly show that the stimulative effect by FSH
preparations on activities of 5f-reductase and
178-hydroxy-dehydrogenase does not arise by con-
tamination. The injection of either LH or FSH,
however, had no significant effects on the
S«-reductase activity in the testis of hypophy-
sectomized immature hamster (Fig. 1).

It was reported in the testis of immature rat [9-13]
that S«-reductase is localized in the interstitial cells
and is regulated by LH. No effects of LH injection on
the Sx-reductase activity in the testis of hypophy-
sectomized immature hamster seemed to be un-
expected, since the 5x-reductase activity in the imma-
ture hamster testis was also found to be localized in
the interstitial cells [2]. A possibility that ovine LH
(10 pg/day of NIH-LH-S19) injected was ineffective
in the hamster seemed to be ruled out, because the
5a-reductase activity in the ovary of hypophy-
sectomized immature hamster was stimulated
significantly by injection of 2.3 ug/day of NIH-LH-
S19{16). Since FSH induced responsiveness to LH in
the interstitial cells of immature rat testes [17], we
examined the effect of treatment with LH plus FSH
on testicular Sx-reductase activity in the hypophy-
sectomized immature hamsters. The 5x-reductase ac-
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tivity was stimulated evidently by the injection of
8 ug NIAMD-oFSH-13 plus 5 or 10 ug of NIH-LH-
$19, though the injection of FSH alone or LH alone
failed to increase the Sx-reductase activity. The injec-
tion of LH in addition to FSH, however, showed no
significant additive effects on the 58-reductase activ-
ity or 17B-hydroxy-dehydrogenase activity in the
same animals (Fig. 1). Although no stimulation of the
Sa-reductase activity or 178-hydroxy-dehydrogenase
activity was involved by daily injections of a
large amount of androgen (1mg testosterone
propionate/day) in the hypophysectomized immature
hamster, 58-reductase activity was stimulated slightly
by the injection of androgen (Fig. 1).

Table I shows representative metabolic patterns of
["“Cl4-androstene-3,17-dione used for the estimation
of enzyme activities shown in Fig. 1. Androsterone
was obtained as the major Sa-product. Testosterone
and 3a-hydroxy-5f-androstan-17-one were obtained
as the major 17f-hydroxy- and 5f-products, re-
spectively.

DISCUSSION

The present results demonstrate that the
SB-reductase activity is regulated by FSH but not by
LH treatment in the testis of immature hamster. Since
the 58-reductase activity has been found to be local-
ized in the tubular nongerm cells {2,3], the
5B-reductase appears to be confined to the Sertoli
cells in the immature hamster testis. Although a large
amount of testosterone propionate stimulated slightly
the activity of 5f-reductase in the testis of hypophy-
sectomized immature hamster, various doses of rat
and ovine FSH, all of which failed to increase the
weight of the seminal vesicles (Table 2), stimulated
the 58-reductase activity, suggesting that the effect of
FSH on the 5f-reductase activity is not generally
mediated by androgen. The Sf-reductase activity in
the ovary of hamster was found to be regulated
predominantly by FSH [16]. The present results on
the regulation of 5f8-reductase by FSH are consistent
with the previous findings in the hamster ovary [16].
The present and previous [2,3] results on
5f-reductase demonstrate, for the first time, the
regulation (by FSH) and localization (in Sertoli cell)
of this enzyme in the testis.

The present findings demonstrate that the
Sw-reductase activity, which is localized in the inter-
stitial tissue of the immature hamster testis [2}, is
enhanced by LH in the presence of FSH. No stimu-
lation of the 5a-reductase activity was involved by
androgen treatment in the testis of hypophy-
sectomized immature hamster, showing that the effect
of gonadotrophins on the 5x-reductase activity is not
mediated by androgen. FSH appeared to induce
responsiveness to LH in the interstitial cells of the
immature rat testis [17). The same effect of FSH was
also clearly demonstrated by the present findings in
the testis of immature hamster. Although relatively
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slight but significant increases in testosterone secre-
tion [17] and testicular Sx-reductase activity {12, 13}
were induced by treatment with LH alone in hypoph-
ysectomized immature rats, the injection of LH alone
failed to increase the seminal vesicle weight and
testicular 5a-reductase activity in hypophysectomized
immature hamsters, suggesting that the induction by
FSH of responsiveness to LH is more evident in
immature hamster testes than in immature rat testes.
However, the Sx-reductase activity in the ovary of
immature hamster has been found to be stimulated
markedly by treatment with LH alone [16]. The
present results on the induction and regulation of
5ax-reductase in the testis of immature hamster extend
previous observations by others [12, 13, 17] on those
in the immature rat testis.

The activity of 178-hydroxy-dehydrogenase was
stimulated by FSH but not by LH treatment in the
testis of immature hamster. No stimulation of the
178-hydroxy-dehydrogenase was involved by daily
injections of androgen, showing that the effect by
FSH was not mediated by androgen. The specific
activity (nmol/mg protein/h) of 178-hydroxy-
dehydrogenase was almost equal in the seminiferous
tubules and the interstitial tissue of immature
hamster testis [2, 3], indicating that the total
178-hydroxy-dehydrogenase activity (nmol/testes/h)
is much greater in the tubules than in the interstitial
tissue. These previous findings are not inconsistent
with the present findings that the injection of LH in
addition to FSH showed no significant additive effect
on the total activity of 178-hydroxy-dehydrogenase
in the testis of hypophysectomized immature ham-
ster. It is possible to speculate that additive effect
induced by stimulative effect of LH on the interstitial
tissue may be too small to be demonstrated by the
present method used. The present and previous
findings [2,3] seem to indicate that the
178-hydroxy-dehydrogenase  activity, which s
present predominantly in the Sertoli cells of hamster
testis is regulated by FSH but not by LH or
androgen. The 178-hydroxy-dehydrogenase activity
in the ovary of golden hamster was found to be
stimulated by FSH but not by LH or estrogen [16].
The previous findings in the ovary do not conflict
with the present findings on hormonal regulation of
17B-hydroxy-dehydrogenase.

In the testis of immature golden hamster,
58-reduction of testosterone and 4-androstene-
3,17-dione secreted from the interstitial cells takes
place in the Sertoli cells under the influence of FSH,
while Sa-reduction occurs in the interstitial cells
under the influence of LH and FSH.
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