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STEROIDOGENESIS IN THE TESTES AND THE
ADRENALS OF ADULT MALE RATS AFTER
y-IRRADIATION IN UTERO AT LATE PREGNANCY
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Summary—Pregnant rats were irradiated with 2.1 Gy y-ray of ¥Co at day 20 of gestation.
Seventy days after birth, the body weight of the fetally irradiated male pups was significantly
fower than the control. The testes, ventral prostates and seminal vesicles were atrophied by
irradiation, whereas no decreased weight of the adrenals was observed. Histological examina-
tion of the testes of the irradiated rats revealed a complete disappearance of germinal cells.
Sertoli cells and Leydig cells appeared normal, and no apparent histological difference was
observed in the adrenals between the control and the irradiated rats.

Activities of microsomal A’-3f8-hydroxysteroid dehydrogenase (HSD) + isomerase, 17a-
hydroxylase/C,, ,-lyase, 178-HSD and 7x-hydroxylase per pair of testes were decreased in the
irradiated rats (36-86% of the control). In contrast, no decreased activity of 20a-HSD in
the cytosol fraction was observed by irradiation. No decreased activity of adrenocortical
enzymes, such as A’-38-HSD + isomerase, 21-hydroxylase, 118-/18-hydroxylase and Sax-
reductase, was also observed in the irradiated group.

Concentrations of LH, FSH, TSH, prolactin, testosterone, progesterone and aldosterone in
serum were measured by radioimmunoassay. Only the FSH concentration was significantly
increased by the irradiation, while no difference was found in the concentration of other
hormones.

It was concluded that irreversible damage was induced in spermatogenesis and androgen
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production by the fetal irradiation, whereas corticoidogenesis was not affected.

INTRODUCTION

It is known that spermatogenic cells are radio-
sensitive {1]. On the other hand, it was supposed
that androgen secretion was radioresistant [2-4],
because the accessory sex organs were not atrophied
by a local testicular irradiation of X-ray (5-15 Gy) or
y-ray (5.27 Gy) to adult rats. However, local testicu-
lar X-irradiation of 10 Gy to prepubertal rats caused
a marked reduction of androgen production after
maturation, as assessed by decreased weight of
ventral prostates and seminal vesicles [S]. Although
there are abundant reports concerning radiation
effects upon gonads, not many studies have been
carried out on the effect of irradiation upon corti-
coidogenesis. Recently, we have examined the effect
of radiation during the fetal period upon steroido-
genic enzymes after birth, and have reported already
that y-irradiation of a rat fetus in wtero markedly
decreased steroidogenic enzyme activities in testes,
ovaries and adrenals as measured in the prepubertal
period [6].
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In this paper we examined steroidogenesis in the
testes and adrenals of mature rats which were irradi-
ated previously by 2.1 Gy y-ray in utero on day 20 of
pregnancy. The present results were compared with
our previous findings obtained from irradiation in the
fetal [6], prepubertal [S] and adult [2] periods.

EXPERIMENTAL

Radiochemicals

{4-“C}-Labeled pregnenolone (57.2 mCi/mmol),
17a-hydroxyprogesterone (50 mCi/mmol), andros-
tenedione (52 mCi/mmol) and DOC (60 mCi/mmol}
were purchased from New England Nuclear
(Boston, Mass). [4-"*C]Progesterone (56 mCi/mmol)
and [4-"*Clestosterone (56.9 mCi/mmol) were ob-
tained from Amersham International (Amersham,
U.X.). The radiochemical purity was confirmed with
TLC immediately before use.

Animals and enzyme preparation

Fetal rats of the Wistar strain were given in utero

a dose of 2.1 Gy whole body y-irradiation by *Co

on day of gestation. When male pups were 70-days
old, they were bled by cardiac puncture under pento-
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barbital anesthesia. The sera were stored at —20°C
until assay of hormones. Each pair of testes was
individually homogenized in S ml of 0.25 M sucrose-
10 mM Tris-HCI buffer (pH 7.4). The microsomal
fraction was obtained from the homogenate as the
precipitate at 10,000-105,000 g, and was suspended in
I ml of the sucrose-Tris buffer. The cytosol fraction
was obtained as the supernatant of the centrifugation
at 105,000 g. A pair of adrenals was homogenized
in 2ml of 0.33M sucrose-10 mM Tris—HCI buffer
(pH 7.4). The mitochondrial fraction (a precipitate
at 800-6000 g) obtained from the homogenate was
suspended in 1 ml of the 0.33 M sucrose-Tris buffer.
The adrenal microsomal fraction was also obtained in
the same manner as in the case of the testis.

Incubation

Enzyme reaction was performed at 37°C for 30 min
in 2ml of 0.25M sucrose-10 mM Tris—~HCI buffer
(pH 7.4), if not specified. The testicular microsomal
fraction (0.1-0.7 mg protein) was incubated with
[4-"*C]pregnenolone (50 nmol, 5.0 x 10*cpm) in the
presence of 1.5 umol of NAD*. The microsomal
fraction was also incubated with [4-'*C]-labeled
progesterone (50 nmol, 5.0 x 10*cpm), 17a-hydroxy-
progesterone (50 nmol, 5.0 x 10*cpm), or andros-
tenedione (50 nmol, 5.0 x 10* cpm) individually in the
presence of 1.2umol NADPH, or with [4-'“C]-
testosterone (50 nmol, 5.0 x 10° cpm) in the presence
of 1.3 umol NADP*. The testicular cytosol fraction
(1.4-9.4 mg protein) was incubated with [4-1*C]17a-
hydroxyprogesterone in the presence of 1.2 umol
NADPH.

The adrenal microsomal fraction (0.03-0.08 mg
protein) was incubated with [4-'*C]pregnenolone
(25 nmol, 6.4 x 10*cpm) in the presence of 1.5 umol
NAD*, or with [4-"“C]progesterone (50 nmol,
7.8 x 10* cpm) in the presence of 1.2 umol NADPH.
The mitochondrial fraction (1.1-1.4 mg protein) was
incubated with [4-*C]DOC (50 nmol, 9.0 x 10° cpm)
in the presence of 1.2 umol NADPH. Only when the
mitochondrial fraction was employed, the concentra-
tion of sucrose in the buffer was 0.33 M. Enzyme
reactions were terminated by mixing with 5ml of
CH,Cl,.

Extraction, separation and quantitation of radioactive
metabolites

Steroids were extracted twice from the incubation
mixture with 5 ml of CH,Cl,. Nonradioactive proges-
terone, 17x-hydroxyprogesterone, androstenedione,
testosterone and 11-deoxycortisol were added to the
extract as markers (70 nmol each) if not specified.
Corticosterone was also added, when DOC was used
as a substrate. The extract was subjected to TLC on
silica gel plates (0.25mm in thickness, 5 x 20 cm,
E. Merck, Darmstadt, Germany). The solvent system
was benzene—acetone (4: 1, v/v) if not specified. When
progesterone was incubated with adrenal micro-
somes, 70 nmol of DOC were added to the extract as
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markers for TLC, and the plate was developed in a
cyclohexane—ethylacetate (1:1, v/v) system. Marker
steroids were detected under an u.v. lamp (wave-
length 254 nm). Radioactive spots on the chro-
matogram were autoradiographically detected. Each
radioactive spot was scraped off the plate, and the
radioactivity was measured with a liquid scintillation
spectrometer. Enzyme activity was calculated by
summing up amounts of all metabolites which were
produced by the enzyme, and expressed on the basis
of a pair of organs. The protein concentration of a
tissue preparation was measured by the Bradford
method [7] using bovine plasma y-globulin as a
standard.

Measurement of hormones in serum

LH, FSH, TSH and prolactin were assayed with
NIADDK radioimmunoassay kits kindly supplied by
Dr A. F. Parlow, Pituitary and Antisera Center,
Harbor-UCLA Medical Center, Torrance, Calif. and
National Hormone and Pituitary Program, Balti-
more, Md, U.S.A.

For measurement of steroid hormones in serum,
“Progesterone-I-125-kit” (Sorin Biomedica, France),
“Testosterone Eiken kit” (Eiken Chemical Co.,
Tokyo) and “Aldosterone-RIAKIT II” (Dainabot,
Tokyo) were used.

Histology

Testes and adrenals were fixed in 10% formalin
and embedded in paraffin. 4-um sections in thickness
prepared from the fixed organs were stained with
hematoxylin and eosin.

Statistical analysis

The level of significance of the difference was
assessed by Student’s t-test after homogeneity of
the variances between the two groups had been
confirmed.

RESULTS
Effect of y-irradiation upon body and organ weights

As shown in Table 1, the body weight of the
irradiated male rats was significantly lower compared
with the control when they were 70-days old. Not
only testes, but also the weight of seminal vesicles and
ventral prostates was significantly decreased in the
irradiated group. But no effect upon the adrenal
weight was observed by the fetal irradiation.

Histological observations

While active spermatogenesis was observed in the
control testis (Fig. 1A), germinal epithelium had
disappeared completely in seminiferous tubules of the
irradiated testis (Fig. 1B). The diameter (170 um) of
the seminiferous tubules in the irradiated testis was
smaller than the non-irradiated one (300 um). Leydig
cells and Sertoli cells appeared histologically intact in
the irradiated testis.
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Table 1. Biological effect of fetal irradiation on rats

Body Testes Prostates Seminal Adrenals
No. of wt wt wt vesicles wt
Group rats ® ® (mg) wt (mg) (mg)
Control 5 282+ 7 2.25+0.03 158 +17 451 + 40 376+ 1.7
Irradiation 5 227+7 0.48 + 0.02 4+ 7 179 + 38 373+ 0.6
Difference P < 0.001 P < 0.001 P < 0.001 P <0.01 NSP

“Mean + SE; "Non-significant.

No apparent morphological change of the adrenals
was observed after irradiation. Adrenocortical cells
of the irradiated rat appeared normal, and zonal
structure of the cortex was also intact.

Steroid metabolism in testes of the irradiated rats

The amounts of the metabolites produced by a pair
of testes of the control and the irradiated rats are
listed in Table 2. A similar metabolic pattern was
qualitatively observed in both groups. Incubation of
pregnenolone with the microsomal fraction yielded
only progesterone. After irradiation, the production
of progesterone was decreased to 60% of the control.
Progesterone was further metabolized to 17a-hy-
droxyprogesterone, androstenedione and testos-
terone. The production of each metabolite was
reduced in the irradiated rats. The amount of testos-
terone was especially reduced to one-third of the
control. From 17a-hydroxyprogesterone, andros-
tenedione production in the irradiated rats was
71% of the control, whereas testosterone was 37%.
Using androstenedione as a substrate, testosterone
and 7a-hydroxyandrostenedione were produced, and
their production rates were also decreased to 36
and 41% respectively by irradiation. When testos-
terone was incubated with the microsomal fraction to
examine the reverse reaction, androstenedione pro-
duction was reduced to 36% by irradiation. No
Sa-reduced metabolites were obtained throughout
the incubations using the microsomal fraction.
When the testicular cytosol was incubated with 17ax-
hydroxyprogesterone, only one product, 17e,20a-
dihydroxy-4-pregnen-3-one, was obtained. The pro-
duction rate of the metabolite was not affected by
irradiation.

Steroidogenic enzyme activities in the testis of the
irradiated rats

Testicular enzyme activities of the irradiated and
the control rats were shown in Fig. 2. Fetal y-irradi-
ation in the late pregnancy caused significant damage
to the enzymes related to testosterone production.
The activity of A>38-HSD coupled with A’-A*
isomerase was depressed to 60% of the control level.
Both of the activities of 17x-hydroxylase and
C,;0-lyase, which are derived from a single enzyme,
were also significantly decreased by 49 and 44%
respectively. 178-HSD, which catalyzes both the
forward and reverse reactions between androstene-
dione and testosterone, was damaged to 36% of

the unirradiated value as assessed with both sub-
strates. The irradiation also reduced the activity of
Ta-hydroxylase as low as 40%. Among the enzymes
assayed, 178-HSD was the most sensitive to radi-
ation, while 20a-HSD was radioresistant.
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Fig. 1. Micrographs of testes stained with hematoxylin and
eosin. (A) Intact testis and (B) fetally irradiated testis.
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Table 2. Steroid metabolism in testes and adrenals obtained from irradiated rats

Control Irradiation
nmol/pair of testes
Substrate Metabolite =5 {n=15) Difference
Pregnenolone Progesterone 458 + 4.5 27.7+29 P <0.01
Progesterone 17« -Hydroxyprogesterone 574+ 1.7 29.6 + 4.8 P < 0.001
Androstenedione 3.6+0.2 3.1+04 NS®
Testosterone 9.7+1.0 3.5+05 P <0.001
1 7¢-Hydroxyprogesterone Androstenedione 340+ 3.6 240+26 N§
Testosterone 253403 94+038 P <0.001
Androstenedione Testosterone 29.0 +2.0 104+ 1.7 P <0.001
7o-Hydroxyandrostenedione 46403 1.9+ 0.t P < 0.001
Testosterone Androstenedione 363+ 2.1 13.2423 P < 0.001
17a-Hydroxyprogesterone 172,202 -Dihydroxy-4-pregnen-3-one 64.8 + 5.7 61.9 + 8.1 NS
nmol/pair of adrenals
(n=4) (n =4)
Pregnenolone Progesterone 278 + 44 288 + 26 NS
Progesterone DOC 259+ 4.8 2194+ 3.6 NS
So-Pregnane-3,20-dione 59+1.5 82425 NS
DOC Corticosterone 1.4+02 L1401 NS
18-Hydroxy-DOC L1+£02 0.8 +0.1 NS

“Mean + SE; ®non-significant.

Steroid metabolism in the adrenal of the irradiated rats

Steroid metabolism by the adrenal of the irradiated
rats (Table 2) showed the same pattern as the control.
Pregnenolone was transformed to progesterone by
A’-38-HSD coupled with A’-A* isomerase in the
microsomal fraction, and progesterone was further
metabolized to DOC by 2l-hydroxylase and to
Sa-pregnane-3,20-dione by Sa-reductase in the same
fraction. The mitochondrial fraction converted DOC
to corticosterone (118-hydroxylase) and 18-hydroxy-
DOC (18-hydroxylase). The enzyme activity in the
adrenal of the irradiated rats was not different from
the control.

Total activit
(nmol/ pair of lyesus)

40 80

£5-3p-Hydronysteroid
e
+ isomerase
e
———
173~ Hydroxysteroid
dehydroge:

nase a
{Androstenedione)

lyase

{ Testosterone) a

Ta-Hydroxylase a

20a -Hydroxysteroid
dehydrogenase

Fig. 2. Testicular enzyme activities of rats irradiated
with ®Co at the late pregnancy. [J Control (n =5); B
y-irradiation (n = 5). (a) P <0.001; (b) P <0.05.

Effect of fetal irradiation upon peptide hormone and
steroid hormones in serum

Among the measured adenohypophyseal peptide
hormones, the concentration of FSH in serum was
significantly increased by the irradiation (Table 3).
However, no statistical difference was assessed in the
concentration of LH, prolactin and TSH between
both groups. The concentration of testosterone, pro-
gesterone and aldosterone in serum of the irradiated
rat was not affected by the fetal irradiation.

DISCUSSION

In adult rats, it has been discussed whether irradi-
ation to testes causes steroidogenic dysfunction in
Leydig cells. Wang et al. [8] observed a maximum
decrease in the weight of seminal vesicles at 21 days
after 5.27 Gy y-irradiation, and then a restoration to
the control level until 52 days. On the other hand,
5 Gy of X-ray induced a weight loss of prostates of
adult rats between 8 and 24 weeks after irradiation,
but no significant decrease at 2 and 36 weeks [9].
Therefore, the time when androgen production is
decreased by the irradiation cannot be determined
from the two experiments. In contrast, many papers
reported that the testicular androgen production was
radioresistant [2-4]. This discrepancy might partly
arise from different doses of radiation used during the

Table 3. Concentration of pituitary peptide hormones and steroid
hormones in serum

Control frradiation
Hormone n=5 (n=175)
LH (ng RP-2/ml) 0.57 + 0.06* 0.70 £ 0.04
FSH (ng RP-2/ml) 109+0.5 15.7 £ 0.4**
Prolactin (ng RP-3/ml) 19.1+£74 162+ 1.7
TSH (ng RP-2/ml) 2.16 +0.59 2.03 +0.25
Progesterone (ng/ml) 8.14 £ 0.87 965+ 1.25
Testosterone (ng/mi) 4.48 + 0.89 381 +£0.79
Aldosterone (ng/mi) 0271004 0.33+0.02

*Mean + SE; **P « 0.001.
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experiments. Concerning the case in which a reduc-
tion of the activity of steroidogenic enzymes was not
detected, it is possible that the investigator used the
animals before an appearance of dysfunction or after
the functional restoration of Leydig cells. On the
other hand, the irradiation to the prepubertal animals
markedly damaged androgen production in their
testes as measured after puberty [5]. Furthermore, it
was recognized in the present paper and our previous
study [6] that a fetal irradiation decreased the activi-
ties of A3B-HSD (+isomerase), 17a-hydroxy-
lase/lyase, 178 -HSD and 200 -HSD as assessed before
puberty, and that the activities were not restored in
the postpubertal period, except for that of 20a-HSD.
These results confirmed a higher radiosensitivity of
androgen production in the fetal and the prepubertal
rat testes.

The adrenal weight and corticoidogenesis of the
immature rats irradiated in utero were significantly
lower than the control[$], and then subsequently
recovered during the maturation as shown in this
study despite the observed lower body weight of the
treated animals. Studies have demonstrated that even
the fetal y-irradiation of a higher dose (2.6 Gy)
revealed a recovery of the weight and corticoidogen-
esis of adult rat adrenals (unpublished data).

Among the testicular enzymes measured, 20¢-HSD
was the only one which was not affected by the
irradiation. This may be due to a different intratestic-
ular distribution of 20a-HSD from the other affected
enzymes, as 20¢-HSD is located in Sertoli cells, and
17a-hydroxylase/lyase in Leydig cells [10].

An increased FSH secretion after the local irradia-

. tion to testes had been reported previously[11, 12].
Secretion of FSH is regulated by inhibin produced in
Sertoli cells [13]. The decreased concentration of
androgen binding proteins (ABP}, which are secreted
from Sertoli cells, has also been demonstrated follow-
ing fetal y-irradiation [11], suggesting a radiation-
induced dysfunction of Sertoli cells. Therefore, it is
possible that the decrement of the inhibin secretion
from Sertoli cells after irradiation resulted in an
elevated FSH secretion in this experiment. In con-
trast, the activity of 200-HSD in Sertoli cells was
restored after puberty, while it was reduced in the
prepubertal period [6]. It may be due to a different
regulation of 202-HSD from inhibin and ABP in
Sertoli cells.

The testosterone concentrations in serum of the
control and the irradiated rats were not significantly
different in the present study, while the enzyme
activities related to the synthesis of testosterone
were severely damaged by irradiation. One of the
reasons for the discrepancy might be the lesser blood
volume due to the body weight reduced by irradia-
tion. Weights of prostates and seminal vesicles were
markedly reduced in the irradiated rats, probably
because of the decreased androgen production and/or
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the direct effect of y-ray upon the accessory sex
organs.

Delic et al. reported that spermatogenesis partially
continued in some seminiferous tubules 24 weeks
after a local X-irradiation (5Gy) to adult rat
testes [9]. However, our results showed that fetal
germinal cells were more sensitive to radiation than
those of adult rats, as no spermatogenesis was
observed.
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