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SUMMARY

In incubated testes of young rats (30 days old), Sx-reduction predominates over 7a-hydroxylation. This
Sa-reductase activity appears to be located predominantly in the interstitial tissue. In incubated testes
of mature rats (120 days old) 7a-hydroxylation is more important than 5a-reduction. This 7a-hydroxyla-
tion mainly occurs in the interstitial tissue, while Sa-reduction predominates in the seminiferous tubules.
During long term treatment with HCG, 7x-hydroxylation in the incubation of whole testes and of
interstitial tissue decreases to low levels and the steroid metabolism shifts to Sa-reduction.

INTRODUCTION
It is well established that androgen target organs
metabolize testosterone according to specific patterns,
and that the metabolites produced have different
androgenic potencies or can even exert specific
effects [1].

Androgen metabolism also occurs in the testes,
where it depends mainly upon the activity of a
Sa-reductase [2-7], a 7a-hydroxylase [8-10], and
NADP-linked oxido-reductases for 3§ (or 3a)- and
17B-hydroxysteroids [2, 11-17].

In incubated preparations of whole testes of the
rat the activity of the first two enzymes seems to be
age-dependent. The Sa-reduction is very high in
young animals and decreases progressively during
sexual maturation to reach low values in the adult
rat [3-6, 18-24]; conversely, the 7x-hydroxylase ac-
tivity, which is very low in the young animal, gradu-
ally increases with age to become very high in the
adult rat [10, 23, 25].

Metabolization pattern in adult rat testes is modi-
fied by the administration of Human Chorionic
Gonadotrophins (HCG). Acute administration of
HCG results in an increased formation of testosterone
and 7a-hydroxy-testosterone by the incubated testes,

Testosterone, 178-hydroxy-4-androsten-3-one: Andro-
stenedione, 4-androstene-3,17-dione: Sa-Androstanedione,
Sa-androstane-3,17-dione: Sx-Androsterone, 3a-hydroxy-
S«-androstan-17-one: epi-Androsterone, 3f-hydroxy-5o-
androstan-17-one: Sa-Androstanediol-3¢, Sa-androstane-
3o, 17p-diol: 58-Androstanediol-3x, SB-androstane-3¢,178-
diol: Sx-Androstanediol-3f, 5x-androstane-3,17p-diol: 58-
Androstanediol-38, S5B-androstane-38,178-diol: Sa-Dihy-
drotestosterone, 178-hydroxy-5a-androstan-3-one: 7a-Hy-
droxytestosterone,  7a,178-dihydroxy-4-androsten-3-one:
7x-Hydroxyandrostenedione, 7a-hydroxy-4-androstene-
3.17-dione.
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and to a smaller extent of Sa-reduced testosterone,
mainly 5a-androstanediol [26]. When HCG adminis-
tration is prolonged for at least 4 days, increased
testosterone production is maintained, but the forma-
tion of 7a-hydroxy-testosterone is depressed well
below the pretreatment levels and the formation of
Sa-androstanediol is enhanced [25-28].

It is generally assumed that Sa-reduction in the
adult rat testis occurs mainly in the seminiferous
tubules [21, 29-32]. In the young animal, the location
of 5a-reduction activity in the testes is controversial
[6, 20, 21, 24, 30, 33]. No direct measurements are
available concerning the location of the 7a-hydroxy-
lase.

In the present experiments, the 7a-hydroxylation
and the Sa-reduction capacity of incubated semini-
ferous tubules and interstitial cells was studied in
young and mature rats, and in mature rats submitted
to a prolonged treatment with HCG.

EXPERIMENTAL

Material

The experiments were performed on rats from
either the inbred laboratory strain or the Wistar
strain. Human Chorionic Gonadotrophin (HCG
Organon) was injected intraperitoneally and the ex-
periments were carried out 24 h after the last injec-
tion. All reagents used for steroid analysis were of
analytical grade. Non-labelled steroids, used as refer-
ence compounds, were obtained from Ikapharm,
Israel; [4-'*C]-testosterone (specific activity 56 mCi/
mmol) was obtained from the Radiochemical Centre,
Amersham, England.
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Methods

a. Tissue preparation. For each experiment two rats
were sacrificed by decapitation and the testes were
excised and decapsulated. Two testes, one from each
animal, were cut in six to eight pieces and immedi-
ately submitted to the wet dissection technique de-
scribed by Christensen and Mason[34] to separate
the testicular tissue into a seminiferous tubules and
an interstitial cell fraction. Seminiferous tubules and
interstitial cells were put in separate centrifuge tubes
containing 10 ml ice-cooled Krebs—Ringer solution.
The tubes were centrifuged at 800g for Smin, the
supernatant aspirated and the remaining tissue
weighed. The two remaining testes were kept undis-
sected, decapsulated, and, after weighing, incubated
as such.

The separated tissues were controlled by histologi-
cal examination or by the histochemical method of
Wattenberg[35] for demonstration of 3f-hydroxy-
steroid dehydrogenase activity. Incompletely separ-
ated tissues were discarded, but a slight cross-
contamination in this isolation procedure cannot
be entirely avoided.

b. Incubations. The interstitial tissue, the semini-
ferous tubules and the pair of undissected testes were
incubated in separate flasks containing 7ml Krebs—
Ringer buffer, enriched with glucose (6 mmol/l),
NADP (1.8mmol/l) and glucose-6-phosphate
(5 mmol/l). Incubation was carried out at 37°C for
2 h under continuous shaking and under a constant
stream of carbogen (959 O, and 5% CO,). The incu-
bation was stopped by addition of 50ml acetone-
methanol (1:1, V/V).

Two types of incubation experiments were per-
formed. In the first series (metabolization experiments)
25 ul ethanol, containing 1000 ng [4-'*C]-testosterone
(corresponding to 326,000 c.p.m.), were added to the
incubation medium to study the metabolism of testo-
sterone. Testicular material from young rats (30 days),
mature rats (120 days) and mature rats treated for
ten days with HCG (101.U./day intraperitoneally)
was used in these experiments.

In the second series (production experiments), no
[4-1*C]-testosterone was added and the amount of
testosterone, 7a-hydroxy-testosterone and 5x-andro-
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stanediol produced from endogenous precursors was
measured. The production experiments were per-
formed with testicular material from mature rats (120
days) of which a number had been treated with HCG
(101.U./day intraperitoneally) for 10 days.

c. Endogenous steroid content. The endogenous
testosterone, Ta-hydroxy-testosterone and S5a-andro-
stanediol content of the interstitial tissue, semini-
ferous tubules and whole testes of untreated and
HCG treated mature rats was measured; therefore,
the separate tissues or the whole testes were immedi-
ately transferred in 50ml acetone-methanol (1:1,
V/V) without incubation.

d. Measurement of the steroids. Non-labelled
steroids in the testicular preparations were measured
by fluorimetry (testosterone, 7a-hydroxy-testosterone),
gas chromatography (S5z-androstanediol) or radio-
immune assay (testosterone) according to methods
described previously [23]. The labelled metabolites
produced from [4-'4C]-testosterone by the incubated
tissues were separated by column and paper chroma-
tography and measured by liquid scintillation count-
ing [23].

RESULTS

Weight of testicular tissue (Table 1)

The amounts of interstitial and tubular tissue that
could be isolated represent respectively about 20°,
and 40%, of the whole testes weight of the young ani-
mals of the inbred strain, and about 10% and 50°,
of the testes weight of the mature animals of both
strains.

A 10 day treatment of the mature rats with HCG
did not significantly modify the weight of the whole
testis and of the separated tubular tissue, but it in-
creased significantly (about 17%) the weight of the
isolated interstitial tissue.

Metabolization studies

All metabolites are expressed as percentages of the
amounts of [4-'*C]-testosterone metabolized after 2 h
of incubation.

a. Young rats. In the incubation period of 2 h whole
testes metabolized [4-!'*C]-testosterone to a large
degree (nearly 80°;) (Table 2). Less [4-'“C]-testoster-

Table 1. Weights of intact testes and dissected testicular tissues (values obtained with
pairs of testes)

Weight (mg)
Age of
the rats Seminiferous Interstitial
(days) Treatment n Intact testes tubules tissue
30 Controls 3 252 + 60 100 + 53 55 + 31
120 Controls 18 2496 + 249 1329 + 209 242 + 39
HCG (101.U./day 16 2587 + 255* 1304 + 219* 284 + 43%

for 10 days)

Results expressed in mg + S.D. (n = number of experiments).
* Not significantly different from controls.
t Significantly different from controls (P < 0.01).
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Table 2. Metabolism of [4-'4C]-testosterone by incubated whole testes, seminiferous
tubules and interstitial tissue from young rats (30 days old)

Seminiferous Interstitial
Metabolites Whole testis tubules tissue
Metabolized testosterone 77.8 + 6.0 324 + 33 532+ 78
Androstenedione 7.0 +£ 0.3 350+ 45 292+ 14
7a-OH-Testosterone 1.3+ 0.2 1.6 +02 1.5+02
TJa-OH-Androstenedione 1.0+ 03 25+05 1.4 +02
Sum of 7¢-OH-steroids 23+02 4.1 + 0.5 29+ 03
Sa-Androstanedione 93 + 2.7 0.8 + 0.2 7.5 + 0.5
5a-Dihydrotestosterone
Sx-Androsterone 37.1 + 40 52+05 212 + 6.3
Epi-androsterone
Se-Androstanediol-3x 23.6 + 6.0 27+ 1.6 9.6 + 3.3
Sa-Androstanediol-38 09 + 0.7 0.3 + 0.2 04 +0.2
Sum of Sa-reduced steroids 709 + 6.1 9.0 + 2.2 38.6 + 9.9
5p-Androstanediol-(3a + 3f) 0.6 + 0.7 04 + 0.2 03+02

Mean values (+S.D.) of three experiments. Metabolites are expressed as % of meta-

bolized testosterone.

Whole testes and testicular compartments were incubated with 1000 ng [4-'4C]-
testosterone (corresponding to about 326,000 c.p.m.).

one was metabolized by the interstitial cells (53%;) and
by the seminiferous tubules (32%). In whole testes,
testosterone was mainly metabolized to 5a-reduced
steroids (71%). In the dissected testicular tissues,
Sa-reduced steroids were formed to a much larger
extent in the incubations of Leydig cells (38.6%;) than
in the incubations of tubules (9.0%).

In both tissues, the relative contribution of the dif-
ferent 5a-reduced metabolites was similar to what was
found in whole testes. Besides 5a-reduced metabolites,
and in contrast to the whole testes, both isolated tis-
sues also produced important amounts of androstene-
dione.

Only very small amounts of 7a-hydroxylated and

5B-reduced metabolites were formed in both the
whole testes and the separated tissues.

b. Mature rats. After 2h of incubation a much
larger fraction of [4-'*C]-testosterone was metabo-
lized by the whole testes (80.1%) and by the interstitial
cells (80.3%) of normal untreated rats than by the
seminiferous tubules (49.8%;) (Table 3).

In the incubations of whole testes and interstitial
tissue the conversion to 7a-hydroxylated metabolites
predominated (41.8 and 61.8% respectively), while the
conversion to S«¢-reduced metabolites was very small
(11.0 and 3.3% respectively). In the incubations of
seminiferous tubules, however, the transformation to
Sa-reduced metabolites was relatively more important

Table 3. Metabolism of [4-'4C]-testosterone by incubated whole testes, seminiferous tubules and interstitial tissues
from normal (N) or HCG treated (HCG) mature rats (120 days old)

Seminiferous Interstitial
Whole testes tubules tissue
Isolated metabolites N HCG N HCG N HCG
Metabolized 801 +92 572+78 498+33 463+19 803+114 3586+ 10
[4-'*C]-testosterone
Androstenedione 44 + 09 119 + 28 98 + 09 9.7 + 09 107 + 85 470+ 55
72-OH-testosterone 352 +99 63 + 24 54 +35 29+ 1.7 358+ 157 32409
7x-OH-Androstenedione 6.5+ 0.5 27 +£08 33+08 27+05 260+438 47+ 04
Sum of 7a-OH-steroids 418 + 102 90 +29 8.7 +4.7 56 +21 618+237 79+16
Sa-Androstanedione 1.1 + 09 23+ 14 31+ 05 29 +20 04 + 0.2 25+ 10
5a-Dihydrotestosterone .
Sa-Androsterone 3.1 +£09 9.6 + 29 70 + 03 70+ 09 1.5 + 09 48 + 20
Epi-androsterone
5a-Androstanediol-3a 40+03 107+22 187+47 151424 1.t +09 1.4 + 0.5
Sa-Androstanediol-38 2.8 + 0.7 76 + 0.2 1.3+03 19 + 0.5 04 +03 04 +0.2
Sum of Sa-reduced steroids 11.0+1.7 302+29 300+67 269+38 33+ 16 92+ 133
58-Androstanediol-(3a + 38) 28 +0.7 1.5 +0.7 57+ 24 6.7 + 4.7 04 +02 0.6 + 0.3

Mean values (£S.D.) of three experiments. Metabolites are expressed as %, of metabolized testosterone.
Whole testes and testicular compartments were incubated with 1000 ng [4-'*C]-testosterone (corresponding to about

326,000 c.p.m.).

S8, 10/5—c
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Table 4. Steroid content of, and steroid production by whole testes, seminiferous tubules and interstitial tissue from
normal or HCG treated mature rats (120 days old)

Amounts of steroids (ng)

Testosterone 7x-OH-testosterone Sa-Androstanediol
Control rats
Content 142 + 32 n=7 29 + 12 n=17 27+ 4 n=4)
Whole testes Production 384 + 56* (n=8  7I9E109* (n=8  112£37*  (n=6)
Seminiferous Content 62 + 13 n=7 <20 =7 25+ 7 (n=4)
tubules Production 49 +5 (n=28) <20 (n=238) 31 +8 (n=26)
Interstitial Content 56 + 5 m=7 <20 n=7 <10 (n=4)
tissue Production 94 + 30 (n=28) 295 + 61* (n=238) 15+9 {(n = 6)
HCG treated rats (10 1.U./day for 10 days)
Whole testes Content 554 + 127** (n=6) <20 (n = 6) 23+ 16 (n=4)
Production 1736 + 144*** (n=T7) 185 + 34**¢ (n=17) 427 + 67*** (n=19)
Seminiferous Content 167 + 36** (n = 6} <20 (n = 6) 35+3 (n=23)
tubules Production 159 + 24%* (n = 6) <20 (n=6) 99 + 21**% (n = 4)
Interstitial Content 236 + 95%* (n=26) <20 (n =6) <10 - o n=4
tissue Production 1855 +£ 296*** (n=17) 110 + 19*** n=17 100 + 30*** (n=135)

Seminiferous tubules and interstitial tissue were obtained from pairs of testes.
n = number of experiments. Mean values + standard error of mean (S.E.M.).

* Significant difference between production and content.

** Significant difference between control and HCG treated rats.
+ Number of experiments too small to apply statistics between content and production,

(30°,) than the conversion to 7a-hydroxylated meta-
bolites (8.7%,).

Treatment with HCG for 10 days caused both a
considerable reduction of the metabolization rate of
[4-'*C]-testosterone, and a profound modification of
the metabolization pattern in whole testes and inter-
stitial cells. Indeed, the conversion to 7a-hydroxylated
steroids decreased from 41.8 to 9% for the whole
testes, and from 61.8 to 7.9%, for the interstitial cells,
while the transformation to Sa-reduced metabolites
increased, respectively, from 11 to 30.2%, and from
3.3 to 9.2%,. Moreover, larger amounts of androstene-
dione were formed in the incubations of whole testis
and interstitial tissue. HCG treatment did not in-
fluence neither the rate nor the pattern of testosterone
metabolism in the incubations of the seminiferous
tubules. Whole testes and (particularly) seminiferous
tubules converted [4-'*CJ-testosterone to SpB-andro-
stanediol to some extent, and this conversion was not
influenced by HCG treatment.

Production studies

Two series of experiments were performed, one
with rats from the inbred strain and one with Wistar
rats. As the results were qualitatively and quantitat-
ively comparable they were pooled into one group
(Table 4).

A steroid production is called “net production”
when the amounts of a steroid measured in the incu-
bations after 2h are higher than the endogenous
content.

For the whole testes under control conditions, a
net production was observed for the three steroids
studied, and particularly for 7a-hydroxy-testosterone.
In the separated tissues only a net production of
Ta-hydroxy-testosterone was observed in the incuba-
tions of interstitial cells; the amounts of testosterone

and So-androstanediol in the incubations of both in-
terstitial and tubular tissues were not statistically dif-
ferent from their endogenous content.

In the whole testes treatment with HCG for 10 days
resulted in a marked increase of both the endogenous
content and the net production of testosterone. A
considerable decrease of the net production of
Ta-hydroxy-testosterone was observed, while the net
production of Sa«-androstanediol was markedly
enhanced when compared to controls.

In both the tubular and the interstitial tissues,
HCG treatment increased the endogenous content of

‘testosterone, but not that of the other steroids. In

the tubular tissue there was a net production of
Sa-androstanediol, while the 7a-hydroxy-testosterone
content remained below the detection level. In the
interstitial tissue, on the contrary, there was a net pro-
duction of all three steroids; compared to the controls
the production of testosterone and Sa-androstanediol
was significantly increased, while that of 7a-hydroxy-
testosterone was significantly decreased.

DISCUSSION

Most information on compartmental steroid meta-
bolism in the testis has been obtained from studies
in which the wet dissection technique, originally de-
scribed by Christensen and Mason[34], was used,
One of the main advantages of this technique is that
the integrity of most of the cells is preserved [22].

The weights of the interstitial tissue and the semini-
ferous tubules, isolated in the present study, are in
good agreement with data reported by several authors
who found that the isolated interstitial tissue rep-
resents about 109 of the testicular mass in adult
rats [34, 36-39].

The combined weight of interstitial and tubular tis-
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sues is about 40%, lower than the weight of the whole
testes. This is probably due to procedural losses of
tissue and tissue fluid, particularly through the
broken ends of the tubules.

The metabolism of [4-!*C]-testosterone by incu-
bated testicular tissues of rats leads to the formation
of at least 24 metabolites [23]. The quantitatively
most important metabolites are androstenedione,
Jo-hydroxy-testosterone and 7a-hydroxy-androstene-
dione (7a-hydroxysteroids), Sa-dihydro-testosterone,
Sx-androsterone, Sa-epiandrosterone, Sa-androstane-
dione, S5a-androstanediol (3¢ and 3B) (Sa-reduced
steroids) and S5f-androstanediol. Other metabolites
are produced in minimal amounts (less than 0.2%, of
the incubated [4-'“C]-testosterone) and were not
further considered in this study.

The metabolization experiments indicate that the
high Sa-reductase and the low T7a-hydroxylase ac-
tivity, which characterizes the metabolic pattern in
the incubations of whole testes of young rats [23, 40]
is mainly determined by the activity of the interstitial
tissue. Indeed, in the separated tissues the metabolism
is characterized by a more extensive conversion of
{4-'*C]-testosterone, and a much higher Sa-reduction
activity, in the incubations of interstitial cell prep-
arations than in those of the seminiferous tubules,
notwithstanding the lower weight of the incubated in-
terstitial tissue; the 7a-hydroxylase activity of both
tissues is, as in the whole testes, very low.

The high S5o-reductase activity observed in the
whole testes of young rats is in agreement with the
literature [3-6, 18-21, 24, 25]; its predominant loca-
tion in the interstitial tissue, observed in our study,
corroborates the view of most of the investigators [6,
21, 24, 30], but not that of Rivarola et al.[20, 33].

In the testes of mature rats important modifications
of the steroid metabolism are observed; incubations
of whole testes show that during the maturation pro-
cess the Sa-reduction activity decreases, while that of
the 7a-hydroxylase increases progressively to become
predominant in the mature testis [10, 23].

Both the metabolization and the production experi-
ments with separated tissues indicate that the 7a-hyd-
roxylation activity is mainly located in the interstitial
tissue. The minor conversion of [4-'4C]-testosterone
to 7a-hydroxylated metabolites by the incubated
seminiferous tubules represents either some enzymatic
activity of the tubular cells or can be due to slight
contamination with interstitial cells. Inano et al.[9,
25] have reported that the 7a-hydroxylase activity is
higher in testes from irradiated and cryptorchid rats
compared to normal animals; however, since both the
Sertoli cells and the interstitial cells are more or less
radio- and heat-resistant, their data provide no infor-
mation concerning the location of the 7a-hydroxylase
activity.

The remaining 5a-reduction activity observed in the
whole testis of the mature rats seems to be located
mainly in the seminiferous tubules, at least when the
metabolization experiments are considered. The fact
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that no net production of Sx-androstanediol could be
observed by the incubated tubular tissues does not
invalidate this view. Indeed, as the tubules form little
or no testosterone [41-43], they are unable to form
appreciable amounts of 5a-reduced metabolites when
they are incubated without substrate.

The predominant location of the remaining
Sa-reduction activity in the tubular compartment
agrees with the observations of several authors [21,
29-32, 44]. According to some, this reduction could
occur in the spermatids [45], according to others, in
the Sertoli cells and the spermatocytes [46, 47].

Several investigators [22, 45, 48-50] emphasize that
the most characteristic biochemical event of the
maturation process of rat testes is the progressive de-
crease of the Sa-reductase activity in the interstitial
cells and its progressive increase in the seminiferous
tubules. Our results show that the maturation process
of the interstitial cells is characterized not only by
a decrease of the Sa-reductase activity, but also by
a progressive and important increase of the 7a-
hydroxylase activity.

Both the metabolization and the production experi-
ments also show that the drastic changes observed
in the metabolization pattern of the whole testes after
administration of HCG during 10 days result mainly
from modifications of the metabolism of the inter-
stitial cells.

Long-term HCG administration increases the
endogenous testosterone content of both seminiferous
tubules and interstitial tissue, but it only increases
the net production of testosterone in the interstitial
tissues, as has also been observed by Van der Vusse
et al.[39, 43] after a five day treatment with very large
doses of HCG (700 1.U./day).

The increase in testosterone production in the in-
terstitial tissue is accompanied by a considerable
depression of the normally very active 7a-hydroxyla-
tion processes. The high quantities of testosterone and
its reduced metabolization through 7a-hydroxylation
can explain the increased transformation of [4-1#C]-
testosterone into androstenedione, which was
observed in the metabolization experiments with both
whole testis and interstitial tissue, on the basis of a
mass action of the larger amounts of unmetabolized
testosterone.

Our experiments do not permit us to conclude
a specific activation of interstitial Sa-reductase
activity as a cause for the increased formation of
Sa-androstanediol in the incubations of whole testes
after long-term HCG administration. It is possible
that tubular 5e-reduction contributes more to this
increase through availability of larger amounts of
testosterone under these conditions.
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