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Abstract : It has been recently reported that 2-bromopropane (2-BP) induces male repro-
ductive toxicity in both human and experimental animals. However, delayed effects of 2-BP on
male reproductive system have not been investigated in detail. The present study was conducted
to investigate the testicular toxicity of 2-BP and to determine the recovery of normal spermato-
genesis in Sprague-Dawley rats. Male rats aged 5 weeks were administered 1,000mg/kg 2-BP by
gavage daily for 4 weeks and sacrificed sequentially at 1, 2, 3, 4 and 12 weeks after initiation of
2-BP treatment. Testicular toxicity was evaluated qualitatively by histopathological examinations
and quantitatively by reproductive organ weights, spermatid head count, and repopulation index.
In the 2-BP treated rats, the body weights was significantly suppressed and the weights of testes
and epididymides were also decreased in a time-dependent manner. On histopathological exami-
nation, spermatogonia in stages I-VI and preleptotene and leptotene spermatocytes in stages VII-
IX were strongly depleted at 1 week of dosing. Spermatogonia were depleted extensively in all
spermatogenic stages at 2 weeks. Continuing with the evolution of spermatogenic cycle, zygotene
spermatocytes, pachytene spermatocytes, and round spermatids were sequentially depleted at 2, 3,
and 4 weeks of dosing due to the depletion of their precursor cells. Vacuolization of Sertoli cells
and spermatid retention were also observed at all time points, suggesting that 2-BP induced Sertoli
cell dysfunction. At 12 weeks, after 8 weeks recovery, most of the tubules appeared severely
atrophic and were lined by Sertoli cells only. Leydig cell hyperplasia in the interstitial tissue was
also found. In addition, dramatic reductions in the number of spermatid heads and repopulation
index were observed, indicating that 2-BP-induced testicular injury is irreversible. These results
indicate that 4 weeks repeated-dose of 1,000mg/kg 2-BP results in a progressive germ cell loss
due to the depletion of spermatogonia followed by long-term testicular atrophy in SD rats.
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Introduction

2-bromopropane (2-BP), a halogenated propane analogue,
is a substitute for chlorofluorocarbones (CFCs) which have
a great potential to destroy the ozone layer and to warm the
carth's environment. Because this chemical is nonflammable
and volatile and is easily broken down in the environment
and is less destructive to the ozone layer than CFCs, the
amount used in industry has been increased. Therefore,
there has been great concern about its toxic potential in hu-
man.

In 1995 a cluster of patients with amenorrhea, oligozoo-
spermia, and anemia were discovered in Korean workers ex-
posed to solvent containing 2-BP'. An epidemiological sur-
vey suggested that 2-BP might be the causative agent of
‘these health disorders™. The toxicity of 2-BP has been stu-

died in some aspects™"’

. However, several aspects remain
obscure. Conceming male reproductive toxicity, 2-BP in-
duced reductions in male reproductive organ weight, ep-
idydimal sperm count, and motile sperm percentage, an in-
crease in abnormal sperm shape, and a depletion of germ
cells in a 9 weeks repeated-dose toxicity study in rats at
dose levels of 300ppm or more'” and produced depletion of
germ cells and testicular atrophy in a 4 weeks repeated-dose
toxicity study in rats at 1,000mg/kg”. Omura et al™ re-
cently reported that 2 weeks subcutaneous injection of 1,
355mg/kg 2-BP to rats produced decreased number of sper-
matogonia and spermatocytes and increased number of de-
generative pachytene spermatocytes, suggesting that sper-
matogonia are the primary targets for testicular toxicity in-
duced by 2-BP. More recently, Omura and his colleague™
confirmed that spermatogonia are the target cells of 2-BP in
rat testes. In spite of the reports describing the adverse ef-
fects of 2-BP on spermatogenesis, the recovery of sper-
matogenesis has not been investigated in detail.

The present study was conducted to further evaluate the
testicular toxicity induced by 4 weeks repeated-dose of 1,
000mg/kg 2-BP and to determine the recovery of normal
spermatogenesis in male Sprague-Dawley rats. We evaluated

reproductive organ weights and histopathological examina-

tions at 1, 2, 3, 4 and 12 after initiation of 2-BP treatment,
and measured spermatid head count and repopulation index
at 12 weeks after 8 weeks recovery.

Materials and Methods

Animals : Male Sprague-Dawley rats aged 4 weeks were
obtained from the Toxicology Research Center Breeding Fa-
cility, KRICT, Daejeon, Korea and used after one week of
quarantine and acclimatizaton. Because immature animals
are more sensitive for testicular toxicants than mature an-
imals, 5 weeks old rats were chosen in this study. Two an-
imals per cage were housed in an air-conditioned barrier-sys-
tem animal room with ambient temperature of 23+37, re-
lative humidity of 50+10%, and a 12-hr light/dark cycle.
They were free access to sterilized tap water and comm-
ercial rodent chow (Jeil Feed Co., Daejeon, Korea) before,
during, and after treatment.

Test substance : The test agent 2-BP (CAS No. 75-26-
3) was purchased from Aldrich (Aldrich Chemical Co.,
Milwaukee, WI, USA) and was dissolved in corn oil vehicle
(Sigma Chemical Co., St. Louis, MO, USA). Its purity was
>99% and no significant contaminants were detected. It has
the chemical structure of CH;CHBrCH; and has a molecular
weight of 122.99.

Experimental design : One hundred male rats were ran-
domly assigned to ten groups with ten rats in each group
and administered com oil or 1,000mg/kg 2-BP by gavage
daily for 4 weeks. Although human exposure to 2-BP would
most likely occur via the respiratory tract or the skin, we re-
jected these routes because they provide limited accuracy in
estimating the amount of 2-BP taken into the organism. The
dose level used in the present study were selected by the
result of previous study". The dosage volume was 10ml/kg
and calculated according to the body weight.

Clinical observation and body weights : All males were
observed at least once a day for any mortalilty and signs of
intoxication to the treatment, and body weights were measured
weekly.

Necropsy and organ weights : Male rats were killed by
carbon dioxide asphyxiation 1, 2, 3, 4, and 12 weeks fol-

- 362 -



lowing the initiation of 2-BP exposure, and testes and ep-
ididymides were weighed and their weight relative to body
weight calculated. Control animals were also sacrificed at
all time points.

Tissue preparation : To examine the morphological ap-
pearance of seminiferous tubules following 2-BP exposure,
the right testis was fixed with Bouin's solution for approxi-
mately 24h, stored in 70% ethyl alcohol for several days,
embedded in paraffin, sectioned, stained with hematoxylin
and eosin (H& E) for histologic examination. Transversal
testicular sections were evaluated considering testicular charac-
teristics and spermatogenic stages.

Histopathological examination : Equatorial transverse testi-
cular sections were examined for the presence and integrity
of different cell types and cell association, utilizing the des-
cription of the rat spermatogenesis by Russell ef al '°. Sem-
iniferous tubules were considered to be ‘atrophic if they
lacked germ cells more mature than spermatogonia. The
spermatogonia in seminiferous tubules were further categorized
as either type A spermatogonia or intermediate plus type B
spermatogonia. Type A spermatogonia were defined by their
nuclear morphology, presence of a visible and limited cy-
toplasm, and basal location in the seminiferous tubules. In-
termediate and type B spermatogonia were identified by
their more condensed and basophilic nuclear morphology.
To estimate the Sertoli cell damage by 2-BP exposure, we
also evaluate the morphology of Sertoli cell nuclei and cy-
toplasm, degeneration or exfoliation of germ cells, and sper-
matid retention'’.

Spermatid head count : To count the number of sper-
matid heads per testis at 12 weeks after 8 weeks recovery,
decapsulated left testis was weighed, homogenized, and son-
icated with 12ml distilled water according to the method des-
cribed by Meistrich®®. The homogenates were counted in a
Neubauer improved hemocytometer using the red-cell field
and standard hemocytometer technique.

Repopulation index : To evaluate the recovery of sper-
matogenesis at 12 weeks after 8 weeks recovery, a repopula-
tion index was obtained by all seminiferous tubules in an in-
tact paraffin section of the right testis. A tubule was scored
as repopulating if it contained three or more germ cells that

had clearly reached the type B spermatogonial stage or later
' The repopulation index is the percentage of tubules show-
ing repopulation.

Statistical analysis : All values are expressed as mean
and standard deviation. The differences between the treat-
ment and the control group were analyzed using Student's r-
test. Differences were considered significant at p values of
less than 0.05.

Results

Clinical signs : None of the control and 2-BP treated rats
showed any changes in general health condition.

Body weight changes : Body weight changes of male
rats are shown in Fig 1. The body weights of 2-BP treated
rats from 3 to 8 weeks after initiation of treatment were sig-
nificantly lower than those of control animals.
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Fig 1. Changes in body weight of male rats treated with 2-BP.
*p (0.05.

Macroscopic findings : Decreases in the size of testes at
1, 2, 3, 4 and 12 weeks and that of epididymides at 12
weeks were found in the treatment group. Except for this re-
flection of organ atrophy, no abnormalities were observed.

Organ weights : The absolute and relative weights of
reproductive organs measured at necropsy are shown in Fig
2 and Fig 3. The absolute weights of testes at 2, 3, 4 and 12
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weeks and those of epididymides at 12 weeks in the treat-
ment group were significantly lower than those of the con-
trol group. The relative weights of testes at 1, 3, 4 and 12
weeks and those of epididymides at 12 weeks were also sig-
nificantly decreased in a time-dependent manner.
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I Absolute weights of control group
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Fig 3. Epididymides weights of male rats treated with 2-BP.
*p ( 0.05.

Histopathological examination : Control rats showed
normal spermatogenesis at all time points (Fig 4A). Rats ex-
posed to 2-BP for one week exhibited minor histologic in-

jury (Fig 4B). The characteristic findings at this time were
depletion of intermediate and type B spermatogonia in stages
I-VI and that of preleptotene and leptotene spermatocytes in
stages VII-IX, some spermatid retention, small vacuoles, and
a few degenerative germ cells in the basal region of the sem-
iniferous tubules. Testicular damage was severer at two
weeks of 2-BP treatment (Fig 4C). The depleted cell types
included not only spermatogonia in all spermatogenic stages
and preleptotene and leptotene spermatocytes, but also zy-
gotene spermatocytes in stages XII-XII and early pachytene
spermatocytes in stages I-IV were strongly missing. Small
vacuoles, a mass degeneration of pachytene spermatocytes,
and spermatid retention were also observed in these animals.
At three weeks of 2-BP exposure, the lesion had pregressed
severely (Fig 4D). This included degeneration and depletion
of pachytene and diplotene spermatocytes, in addition to the
germ cells described in the previous time points. At this
time, a few pachytene and diplotene spermatocytes were
obeserved in later stages, but most of these cells exhibited
degenerative changes characterized by pyknotic and/or karyor-
rhectic nuclei. At four weeks of 2-BP dosing, besides the ef-
fects described in the previous time points, complete de-
pletion of pachytene and diplotene spermatocytes, degeneration
and depletion of step 1 to 6 spermatids, and large vacuoles
were observed. The retention of step 19 spermatids were
also observed near the lumen of Stage IX to XI tubules in
all rats (Fig 4E). At 12 weeks, 8 weeks after last dosing,
most of the tubules were atrophic and lined by Sertoli cells
only or few stem spermatogonia. The nonrepopulating tu-
bules were shrunken to about 50% of the diameter of nor-
mal tubules in controls (Fig 4F). The basement membrane
was more prominent and appeared to thicken slightly. Ser-
toli cells in seminiferous tubules completely devoid of dif-
ferentiating germ cell exhibited an altered morphology. The
Sertoli cell nuclei were irregularly shaped and were oc-
casionally located towards the tubular lumen away from
basement membrane. The Sertoli cell cytoplasm was present
as only a thin rim of cytoplasm surrounding as empty sem-
iniferous tubular lumen. Leydig cell hyperplasia in the in-
terstitial tissue was also found.

Spermatid head count : The number of spermatid heads
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Fig 4. Representative photographs of testis cross sections from control and 2-BP treated rats stained with hematoxylin and eosin. (A)
Stage VII seminiferous tubule of a control rat, showing normal spermatogenesis. (B) Stage V seminiferous tubule of a 2-BP treated
rat at 1 week, showing depletion of spermatogonia. (C) Stage X seminiferous tubule of a 2-BP treated rat at 2 weeks, showing de-
pletion of spermatogonia and leptotene spermatocytes and spermatid retention. (D) Stage VII seminiferous tubule of a 2-BP treated
rat at 3 wecks, showing depletion of spermatogonia and preleptotene and pachytene spermatocytes. (E) Stage X seminiferous tubule
of a 2-BP treated rat at 4 weeks, showing depletion of spermatogonia, leptotene and pachytene spermatocytes, and spermatid re-
tention. (F) Seminiferous tubules of a 2-BP treated rat at 12 weeks, showing severe atrophy of tubules, complete loss of germ cells,
vacuolization of Sertoli cells, and Leydig cell hyperplasia. Scale bar is 20pm.

at 12 weeks in the treatment group was dramatically de- Repopulation index : Data for repopulation index is shown
creased when compared with the control value (Fig 5). in Fig 5. An average of 583149 tubules (range: 488 to
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Fig 5. Spermatid head count and repopulation index of male
rats treated with 2-BP at 12 weeks. *p ( 0.05. ( )Numerical
data.

671) were examined per testis to determine the repopulation
index. The repopulation index at 12 weeks in the treatment
group was remarkably lower than that of the control group.
Two out of 10 rats treated with 2-BP had a few re-
populating tubules at the rate of 1-2% and other two rats
also exhibited some recovery in about 45% of seminiferous
tubules. However, the remaining six rats showed no re-

covery of spermatogenesis in all seminiferous tubules.

Discussion

We have demonstrated that adminstration of 2-BP to
male rats produces a progressive germ cell loss in a time-de-
pendent manner followed by testicular atrophy and that 2-
BP-induced testicular atrophy is largely irreversible. Because
the defects are present after a treatment-free period approxi-
mately equal to a cycle of the spermatogenic epithelium and,
therefore, reflect effects upon the spermatogonial stem cell,
2-BP may be considered to induce chronic damages of the
testis rather than temporary.

This study was undertaken in an attempt to evaluate the
effects of 2-BP on testicular function of male rats at 56 days
after treatment. The design of the present study allowed for

an estimation of the severity of stem cell destruction in rats.
Fifty-six days should provide sufficient time for the sur-
viving stem cells to progress through the differentiation path-
way and to produce the final stage of spermatid'’. This time
span is also short enough to ensure that only a minimal re-
generation of stem cell number occur. Since the period of
spermatogenesis is shorter than 8 weeks in rats, it is con-
sidered that the testicular sperm head count method can de-
tect testicular lesions even if the testicular toxicant attacks
an early phase of spermatogenesis.

A time-dependent reduction in the weights of testes and
epididymides may have been a consequence of the progres-
sive germ cell loss induced by 2-BP treatment. A reduction
in these organ weights has been previously reported in the
toxicity studies of 2-BP in rats™'>",

It has already been described that the chemical structure
and toxicologic properties of 2-BP are very similar to those
of an alkylating agent 1,2-dibromo-3-chloropropane (DBCP,
CAS No. 96-12-8, C,HBr,Cl) which has been reported to
cause severe reproductive functional damage in both ex-
perimental animals and humans®*'. According to Lag et al
2, renal and testicular necrotic effects of halogenated pro-
pane analogues in rats correlated with their ability to induce
renal and testicular DNA damage in vivo and also testicular
DNA damage in vitro. Maeng et al® reported that 2-BP
showed a very similar mutagenic activity in Salmonella
typhimurium TA100 and TA1535 when compared with that
of DBCP reported by McKee et al . Although the mechan-
ism of the male reproductive toxicity of 2-BP has not been
elucidated, we speculate that 2-BP as an alkylating. agent
might inhibit rapidly proliferating cells such as germ cells of
testis because of the similarities of these chemicals.

Testicular histopathologic evaluation showed that the pri-
mary target cells of 2-BP are intermediate and type B sper-
matogonia, which were strongly depleted at stages I to VI
tubules at one week of dosing. These findings are in agree-
ment with the results of Omura et a!'* who observed de-
creased number of spermatogonia at early stages after treat-
ment with 1,355mg/kg 2-BP for 1-5 days in rats. Since sper-
matogonia are the major proliferative cells of the testis that

undergo mitotic division'®, these cells are the primary target
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for alkylating agents such as cyclophosphamide® and mi-
tomycin C*. In the rats, there are three types of sper-
matogonia in the seminiferous tubules, type A, intermediate,
and type B spermatogonia®. The depletion of spermatogonia
at stages I to VI indicates that differentiating spermatogonia
such as intermediate and type B spermatogonia are more
vulnerable to 2-BP treatment than type A spermatogonia in
rats. Recently, a similar effect was reported by Son et al”
who observed degeneration or depletion of spermatogonia in
stages [-IV after 3 consecutive oral doses of 3,500mg/kg 2-
BP in rats.

According to Nolte et al®, spermatocytes, spermatids,
and spermatozoa past the DNA-synthesizing stages are gen-
erally resistant to DNA damaging agents. The decreased
number of preleptotene and leptotene spermatocytes in stages
VII-IX at one week of dosing are considered to result from
the depletion of their precursor cells. Considering the du-
ration of spermatogenic cycle, the results suggest that 2-BP
affects differentiating spermatogonia immediately after the
exposure and that the depletion of differentiating sper-
matogonia results in the progressive germ cell loss in a time-
dependent manner followed by testicular atrophy. This pat-
tern of germ cell destruction is very similar to the effects of
treatment with anticancer agents such as adriamycin® and
cyclophosphamide™.

Stem spermatogonia, a subclass of type A spermatogonia,
were also strongly affected by two weeks or more repeated-
dose of 2-BP, suggesting that the testicular lesions induced
by 2-BP were irreversible in rats. This result is also con-
sistent with the data of Omura et al ™ who found a reduc-
tion in the number of spermatogonia at stages I, V, VII, and
XII after treatment with 1,355mg/kg 2-BP for 2 weeks.
Stem cell kinetics and recovery of spermatogenesis have
been examined in numerous germ cell toxicants’*. The
number of stem cells remaining after cytotoxic treatment is
directly related to the duration of sterility and the degree of
spermatogenic recovery™. If there are no stem spermatogonia
remaining after cytotoxic treatment, the testicular injury will
be irreversible obviously. On the contrary, after irradiation™
or 2,5-hexanedione exposure®, no recovery of spermatogenesis
was seen despite the presence of stem spermatogonia. Of

the nonrepopulating tubules in the current study, some tu-
bules contained a few stem spermatogonia that had become
unable to produce differentiated germ cells to enter the sper-
matogenic pathway. However, the majority of these tubules
contained only Sertoli cells. Accordingly, the failure of sper-
matogenic recovery observed in this study is considered to
result from the depletion of stem spermatogonia that was
also observed at 12 weeks after 8 weeks recovery. Long
term effects of DBCP on reproductive system were also re-
ported by Sod-Moriah et al >, It was shown that in rats in-
jected once a week for three weeks with 20mg DBCP/kg,
the weight of testes at 50 weeks post injection was about
one-third of controls with 100% of the seminifeous tubules
damaged.

The dramatic reduction in spermatid head count and re-
population index confirmed the subjective estimate of failure
of spermatogenic recovery. On the other hand, 4 weeks repeat
oral doses of 330mg/kg 2-BP and 3 consecutive oral doses
of 3,500mg/kg 2-BP also induced germ cell depletion, but
most of the affected tubules were repopulated after 56 or 70
days recovery'>”. This apparant discrepancy between the
published data and our findings may be explained by the
differences in dose level and exposure time. Previous studies
indicated that the recovery of testicular dysfunction induced
by DBCP was dependent on dose level, exposure time, and
recovery time”*",

Sertoli cells are commonly accepted as performing a crit-
ical role in support of spermatogenesis. They provide the ap-
propriate structural and nutritional environment for germ cell
development, create the blood-testis barrier, and remodel the
seminiferous epithelium as germ cells mature®. According
to the report of Creasy'’, Sertoli cell damage is frequently
recognized by inter- or intracellular vacuoles or by swelling
of the basal Sertoli cell cytoplasm, and disturbances in Ser-
toli cell function result in germ cell degeneration or ex-
foliation into the tubular lumen and spermatid retention. The
vacuolization of Sertoli cell cytoplasm and the spermatid re-
tention observed in this study may be suggestive of Sertoli
cell damage. This findings also suggest that the failure of
spermatogenic recovery after 2-BP exposure is associated
with Sertoli cells dysfunction. Although spermatid retention
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is a relatively subtle change, this finding suggests a dis-
turbance of Sertoli cell junctions because release of mature
spermatids is a function of the Sertoli cells mediated by
specialized cell-to-cell junctions between these cells and the
spermatids”. Sertoli cell toxicants such as boric acid®, cy-
clohexylamine®, and 1,3-dinitrobenzene® have shown to cause
this effect, accompanied by other germ cell effects. Whether
the effect on the Sertoli cell is due to a direct toxic action
of 2-BP or to an indirect effect caused by depletion of germ
cells producing an impaired modulation of Sertoli cell func-
tion could not be determined in the current study, because
the vacuolization of Sertoli cells and the depletion of germ
cells which have also been reported by Yu et al® and
Ichihara et al™* were observed simultaneously. Further in-
vestigations should be carried out to clarify this point. On
the contrary, the results observed in this study are in con-
trast to the data reported by Omura et al **** showing that 2-
BP rarely induces Sertoli cell damage in rats. This dis-
crepancy may be due to the differences in administration
route, dose level, or exposure time between these studies.
Among these factors, the difference in exposure time is con-
sidered to be the most plausible.

Spermatocytes and spermatids have been shown to be im-
portant modulators of Sertoli cell function®, raising the pos-
sibility that the atrophy persists because of the absence of
these cells. However, after irradiation® or vinylcyclohexene
diepoxide treatment™, spermatocytes and spermatids are com-
pletely eliminated from the seminiferous epithelium, but full
recovery can occur”. Chemotherpeutic agents such as an-
thracycline derivatives affect the DNA synthesizing activity
of spermatogonia, but high doses of these agents also have
damaging effect on Sertoli cell function**. It is considered
that the formation of multinucleated giant cell at 12 weeks
is an indicator of continuing degeneration of the sper-
matogenic epithelium.

It is well known that hyperplasia of Leydig cell is gen-
erally observed as a compensatory reaction to chemically or
experimentally induced testicular atrophy. In the present study,
the Leydig cell hyperplasia at 12 weeks, accompanied by tu-
bules substantially devoid of germinal epithelium, may be
due to interstitial shrinkage from testicular atrophy and not

a toxicologic effect. Recent studies also showed 2-BP-in-
#1277 Son et al”

firmed this finding using immunohistochemical staining with

duced interstitial hyperplasia in rats con-
proliferating cell nuclear antigen (PCNA).

The present study concluded that 4 weeks repeated-dose
of 1,000mg/kg 2-BP results in a progressive germ cell loss
in a time-dependent manner due to the depletion of sper-
matogonia followed by long-term testicular atrophy in SD
rats.
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Y=ol §lojA] 2-bromopropanec]] 8} fiE F4EAS] B}

AEFE - ol¥s - A" - AT
YIBYITE FIYRTAE
Futieha Solshfet Selta)
(20004 3¥ 249 AHAE<1)

ZEEM : 2 2-bromopropane(2-BP)o] AlE T AYPFEANAN FAFEHE FEdvn
Bag b ok 28y £33 A7 A QoA 2-BPY A AR T tisiM e AFEH R
ZAHE vzt itk 2 A& Sprague-Dawley oA 2-BPS] A5 FALAY o] 3
Eg ZAE7] Y8t 33t 5589 3 A=) A 2-BPE 1,000mgkg & F o=
4T NERAQGG T, FAANRFE 1, 2,3,4 D 2F ] FH3AT. BLEAY Hris
gz A4grtet YAV R 5F, AAFES € AR F T FAHAPAE F
YA NP A 2-BPE FAH A== AFH FAx L F2AH FFo| 2T
Hjs) A zh]EAQ W2log A EE FASAT. B RAAANME o 1575
stage [ ~IVol A HZAME9} stage VI-IXoN M MALAZ] © AALZS HEAE7 @A 3HA
2AHUTG AZAEE o 23R o] B E stageo| A B9 & A 24 on, Ay
F717y Ao e} 2,3 DL 4F A= FE7) AEZAE, v 37 ARANE € 948 HAA
AX7t AFAE] Aed 98 FAHoz A2AHAT AR HEY 715 A oA A
e AXNAZY FE3} ARAE AFE A7 BE A7)oA BEHAG 8F &
FA 2FANE R FAFHC] ASA AFH AAMNEYL FFHAUoH, >
ZHAME HAMAEY Ao AAFHUTE E3F 2-BPY) 9 fEE i &40 v
A HY S A HFE AFEFG QAT AT 727 BHEHJUGT

47 A3 A=o) 2-BPE 1,000mg/kge] £ F 22 4730 ERAEH Jx A2 F
& g3 FAH o2 FAMET} A 0|2 Q& FIAHA FAaHFe] faEn
= A& gAEE.

Key words : testis, atrophy, spermatogonia, Sertoli cell, Leydig cell, spermatogenesis, recovery.
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