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Abstract: Aims: To investigate the mechanisms of α-zearalanol (Zeranol)-induced male reproductive toxicity, the 
effects of Zeranol on spermatogenesis and sex hormone levels of male mice were studied. Methods: Forty healthy 
sexually mature male Kunming mice were randomly divided into four groups. The mice were mock-treated or treated 
with Zeranol 25, 50 or 100 mg/kg via oral gavage for 35 days. The epididymal sperms were counted and their 
morphology and motility were analyzed. The testicles were examined by light and electron microscopy. The levels 
of serum/testicular testosterone (T), serum follicle stimulating hormone (FSH) and serum luteinizing hormone (LH) 
were determined by radioimmunoassay. Results: Zeranol decreased the epididymal sperm count and sperm motility 
in a dose depend manner. While there were not significant differences in the sperm malformation rates between the 
Zeranol treated groups and the control group. Furthermore, Zeranol could decrease the weight and the organ coef-
ficient of the seminal vesicles and the testicles and lead to significant pathological changes of the testicles. Zeranol 
could also decrease the levels of serum T, FSH, LH as well as the levels of testicular T of male mice. Conclusions: 
Zeranol induced reproductive toxicity in adult male mice. It could damage spermatogenesis via its direct effects on 
the testicles and interfere with sex hormone levels of male mice through its effects on the hypothalamic-pituitary-
testicular axis.
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Introduction

α-zearalanol (Zeranol) is a nonsteroidal semi-
synthetic estrogen produced by Fusarium spe-
cies and derives from Zearalenone via hydroge-
nation [1, 2]. It is widely used as an animal 
growth promoter to improve the fattening ra- 
tes in many countries including USA. It is usu-
ally implanted subcutaneously in the animals. 
Zeranol could promote the pituitary gland to 
release growth hormone and accelerate the 
protein synthesis [3].

The toxicity and tissue residues of Zeranol are 
very low [4]. However, it could disrupt the endo-
crine system [5]. Long-term ingestion of the 
food with residues of Zeranol breaks the bal-
ance of human sex hormone and affects the 
development of secondary sexual characteris-
tics. Zeranol and its metabolites are able to 
adopt molecular conformation, which suffici- 

ently resembles 17beta-oestradiol to allow it to 
bind to estrogen receptors (ERs) and interfere 
with the functions of endocrine reproductive 
system [6, 7]. Exposure to Zeranol might intro-
duce adverse effect in pregnancy. The number 
of fetuses, fetal weight, fetal length and fetal 
survival were reduced by Zeranol implants [8, 
9]. Increased amount of plasma corticotrophin-
releasing hormone (CRH) is associated with 
pre-mature delivery. Zeranol could activate the 
signal transduction pathway of protein kinase C 
and extracellular signal-regulatedkinase-1/2 
and increase CRH expression in placental cells 
[10].

Male reproductive process involves a series of 
physical activities such as sperm production, 
maturation, transport, sperm capacitation, etc. 
Sperm production depends on the testicular 
spermatogenic cells, Sertoli cells and Leydig 
cells. Sertoli cells provide support, protection 
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and nutrition to the developing sperm cells. 
They also act as phagocytes, consuming the 
metabolites, secreting testis fluid and andro-
gen binding protein (ABP), thus providing a suit-
able microenvironment for the development 
and differentiation of sperm cells. Testosterone, 
secreted by the Leydig cells, is necessary for 
sperm maturation. Enough amounts of healthy 
sperms are important for male fertility. Changes 
in the quality of sperms in male animals may 
reflect the early reproductive damage. Sper- 
matogenesis in the testicle is also regulated by 
the hypothalamic-pituitary-testicular axis. Fo- 
llicle stimulating hormone (FSH) and luteinizing 
hormone (LH) secreted by the anterior pituitary 
in response to gonadotropin-releasing hormone 
(GnRH) released by the hypothalamus togeth- 
er with testosterone (T) secreted by the testi-
cles play important roles in sexual function and 
reproductive function, thus maintaining homeo-
stasis throughout the growth period. Mounting 
evidence suggests that environmental expo-
sures of endocrine disruptors relate to decre- 
ased male sperm count and male feminization 
of the animals [11-13]. The effects of endocrine 
disruptors with estrogenic activity on the male 
reproductive system have aroused much atten-
tion. It could lead to male genital hypoplasia, 
distortion, male infertile, decline in male fertili-
ty, etc.

Zeranol implanted in the early childhood could 
increase the growth rate of the animals. It could 
also inhibit sexual development, delay having 
sex, reduce the circumference of scrotum and 
the weight of testes and lead to the lack of 
sperm [14-18]. Subcutaneous injection of Ze- 
ranol of 20 mg/kg in prepubescent Wistar male 
rat stimulated the growth of the seminal vesi-
cles, the prostate gland and the preputial gl- 
ands. Zeranol 500 mg/kg interrupted sperma- 
togenesis and decreased the weight of the  
testicles. Zeranol 1000 mg/kg decreased the 
weight of the preputial glands and the prostate 
gland while had no effect on the seminal vesi-
cles [19]. Prenatal exposure to Zeranol could 
induce abnormal spermatogenesis in the mo- 
use [20-22]. The effects correlated with its 
estrogenic activity. Thus exposure of Zeranol in 
fetal and early childhood periods could damage 
the reproductive function of male animals. Ho- 
wever, little is known about the effects of 
Zeranol on the reproductive functions of adult 
male animals. To investigate the effects of Ze- 
ranol on the spermatogenesis of adult male 

animals, we studied Zeranol-induced reproduc-
tive toxicity in adult male mice and detected the 
levels of T, FSH, and LH using radioimmunoas-
say (RIA).

Materials and methods

Reagents

Zeranol (purity, 97.5%) was purchased from 
Shenzhen Yifei Trading Company, and solved in 
2% Tween 80. The RIA kits for T, FSH and LH 
concentration detection were purchased from 
Tianjin Jiuding Biological Products Co., Ltd.

Animals and treatment

Forty healthy adult male, specific pathogen free 
(SPF) Kunming mice (24~28 g) were provided 
by Experimental Animal Center of Shandong 
University (governmental license, SCXK Lu 
20090001). The study was approved by the 
Ethics Committee of Shandong Academy of 
Occupational Health and Occupational Medi- 
cine. The mice were divided into 4 groups of 10 
by randomization of body weights and were 
administered with Zeranol via oral gavage at 0, 
25, 50 or 100 mg/kg everyday once per day for 
35 days. The control group received 2% Tween 
80 only. The mice were maintained in SPF labo-
ratory with temperature of 20~24°C and a rela-
tive humidity of 40~50%. In the Zeranol 50 
mg/kg group, there were 3 mice with scrotal 
swelling and 1 of these 3 mice was sacrificed at 
15 days after the first administration. The other 
9 mice were subjected to Zeranol administra-
tion for the following 20 days. In the Zeranol 
100 mg/kg group, there were 4 mice with scro-
tal swelling and 2 of these 4 mice were sacri-
ficed at 15 days after the first administration. 
The other 8 mice were subjected to Zeranol 
administration for the following 20 days. The 
mice were examined for food and water con-
sumption, behavioral activity, urine and feces 
every day. The body weights of the mice were 
measured once a week. 24 hours after the last 
administration, the mice were sacrificed.

Sperm analysis

The left cauda epididymis were excised and 
weighed from each mouse, then shredded in 
small beakers containing 4 ml of pre-warmed 
normal saline (NS, 37°C) and filtered with 4 lay-
ers of lens cleaning paper. The sperm solution 
was incubated for 10 min at 37°C. For sperm 
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motion detection, 200 sperms of each mouse 
were observed by the Nikon Eclipse E600 mi- 
croscope (Nikon, Japan). The motile sperms 
and the non-motile sperms were counted. The 
sperm motility was the percentage of the ratio 
of the number of motile sperms to the number 
of total sperms (the sum of motile and non-
motile sperms) [23]. For sperm count detec-
tion, the sperm solutions were placed in the 
water bath at 60°C and the dead sperms were 
counted using hemocytometer counting cham-
ber. The relative sperm count represents the 
percentage of sperm count (×108) per cauda 
epididymis (g). For sperm morphometry detec-
tion, the sperm smears were fixed in methanol 
and stained in 2% eosin solution. The sperm 
malformation rates were calculated as report-
ed by Hu et al. [24].

Mice organ weight and organ coefficient detec-
tion

Twenty-four hours after the last administration, 
the body weights of the mice were measured. 
Then the mice were sacrificed and the testicles, 
epididymis and seminal vesicles were excised 
from each mouse. The shape and the size of 
these organs were recorded. The organs were 
weighed after excluding the adipose tissue. 
Organ coefficient was calculated as the percent 
of the ratio of the wet weight of the organ to the 
body weight.

Hematoxylin-eosin (HE) staining

Pathological changes of testis tissues of 3 mice 
randomly selected from each group respective-
ly were examined using HE staining. Briefly, the 
testis tissues were fixed, embedded in paraffin 
and cut into tissue sections. Then tissue sec-
tions were dewaxed in xylene and rehydrated  
in graded alcohols. After washing with running 
water, sections were stained with hematoxylin 
for 10-15 min. After washing again with running 
water, sections were differentiated with 1% HCl 
in alcohol. Then sections were stained with 
eosin for 1-3 min after washing with running 
water. After dehydration and differentiation in 
alcohol, sections were mounted and observed 
under microscopy.

Transmission electron microscopy

Pathological changes of testis tissues of 3 mi- 
ce randomly selected from the control group 
and the group treated with 100 mg/kg Zeranol 
respectively were observed by transmission 
electron microscopy. Briefly, the testis tissues 
were fixed in glutaric dialdehyde at 4°C for 24 
h. After rinsing with phosphate buffered saline 
(PBS) for 3 times, the testis tissues were fixed 
with 1% osmium tetroxide for 2-3 h. Then the 
testis tissues were dehydrated in a graded 
series of alcohols and a final treatment with 
acetone after washing with PBS. After dehydra-
tion, the testis tissues were infiltrated in Epon 

Figure 1. Effects of Zeranol on the scrotum of the mice. Representative pictures of the mice in the control group (A), 
in the groups treated with Zeranol 50 mg/kg (B) and 100 mg/kg (C) were shown. In the group treated with Zeranol 
50 mg/kg, there were 3 mice with scrotal swelling from 8 to 15 days after the first administration. In the group treat-
ed with Zeranol 100 mg/kg, there were 4 mice with scrotal swelling from 8 to 15 days after the first administration.
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812 resin/acetone (1:1) for 1 h, then in Epon 
812 resin/acetone (3:1) for 3 h, embedded in 
Epon 812 resin at 70°C overnight, and cut into 
untra- thin sections (50-60 nm) by a LKB V 
ultramicrotome (LKB, Bromma, Sweden). Untra-
thin sections were stained with 3% uranyl ace-
tate-citrate and examined with a transmissi- 
on electron microscope H-600 (Hitachi, Tokyo, 
Japan).

RIA

The eyeballs were extracted and the blood was 
collected from the mice 24 hours after the last 
administration of Zeranol. The blood was left 
standing for 30 minutes, followed by centrifu-
gation at 3000 rpm for 10 minutes. The serum 
was stored at -20°C. The testicles without tuni-
ca albuginea were weighed and shredded. Then 
20% (v/v) testis homogenates were prepared 
with NS. After centrifugation at 10000 rpm for 
30 minutes and left standing for a while, the 

food and water consumption, behavioral activi-
ty, urine and feces of the mice of each group. 
From 8 to 15 days after the first administration, 
3 of the 10 mice in the Zeranol 50 mg/kg group 
and 4 of the 10 mice in the Zeranol 100 mg/kg 
group showed scrotal swelling (Figure 1). One 
of the 3 mice with scrotal swelling in the Zeranol 
50 mg/kg group and 2 of the 4 mice with scro-
tal swelling in the Zeranol 100 mg/kg group 
were sacrificed at 15 days after the first admin-
istration. In all these 3 mice, a portion of the 
intestine was trapped in the scrotum. The other 
4 mice with scrotal swelling were subjected to 
Zeranol administration for the following 20 
days. Their scrotal swelling disappeared 35 
days after the first administration. Twenty-four 
hours after the last administration, the mice 
were sacrificed and there were no significant 
abnormalities in the organs such as the hearts, 
livers, lungs and kidneys of the mice of each 
group. The body weights of the mice were mea-

Figure 2. Effects of Zeranol on the body weights of the mice. The body 
weights of the mice were measured once a week during the administration 
period. There were no significant differences in the body weights of the mice 
between each Zeranol treated group and the control group (P > 0.05). The 
data represents means ± SD. One-way ANOVA.

supernatant was divided. The 
levels of serum T, FSH, LH as 
well as the levels of T of the 
supernatant of testis homoge-
nates were detected by RIA 
kits (Tianjin Jiuding Biologic- 
al Products Co., Ltd) strictly 
according to the manufactur-
er’s instructions.

Statistical analysis

All data were processed using 
SPSS13.0 statistical package. 
The measurement data were 
presented as means ± stan-
dard deviation. The one-way 
ANOVA was performed to de- 
termine statistical significance 
of the differences. χ2 test was 
used for analysis of count da- 

Table 1. The sperm count, motility and malformation 
rate of the mice exposed to Zeranol for 35 days
Zeranol dose 
(mg/kg)

Relative 
sperm count

Sperm motility 
(%)

Sperm malfor-
mation rate (%)

0 10.18±2.46 75.55±6.96 1.89±0.43
25 6.92±2.53** 72.65±3.51 1.88±0.18
50 6.33±1.99** 66.67±3.05** 2.03±0.21
100 3.95±1.53** 58.50±4.41** 2.13±0.57
Note: The relative sperm count represents the percentage of sperm 
count (×108) per cauda epididymis (g). The data represents means 
± SD. One-way ANOVA, **P < 0.01.

ta. P value less than 0.05 was considered 
statistically significant.

Results

Toxic effects of zeranol on the mice

To determine the toxic effects of Zeranol 
on the mice, the food and water consump-
tion, behavioral activity, appearance and 
the body weights of the mice were studied 
during the administration period of 35 
days. There were not abnormalities in the 
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sured once a week during the administration 
period. The body weights of the mice increased 
evenly in the control group. In the mice of 
Zeranol treated groups, the increase of the 
body weights slowed down in the late stage of 
the experiment. However, there were no signifi-
cant differences in the body weights of the 
mice between each Zeranol treated group and 
the control group (P > 0.05, Figure 2). These 
results indicate that Zeranol treatment could 
lead to pseudo scrotal swelling of the male 
mice, while does not affect the body weights.

Zeranol damages spermatogenesis of male 
mice

To investigate the effects of Zeranol on sper-
matogenesis, the number, morphology and mo- 
tility of the epididymal sperms were analyzed. 
As shown in Table 1, Zeranol decreased the 
epididymal sperm count in a dose dependent 
manner. In all the three Zeranol treated groups, 
the epididymal sperm count was significantly 
lower than that of the control group (P < 0.05). 
In the groups treated with Zeranol 50 or 100 
mg/kg, the sperm motility was significantly 

lower than that of the control group (P < 0.05). 
The abnormal sperms may have no hook, dou-
ble heads, large heads, crooked tails, etc. Th- 
ere were increased abnormal sperms in Zeranol 
treated groups. However, there differences in 
the sperm malformation rate between the 
Zeranol treated groups and the control groups 
were not significant (P > 0.05). These results 
indicate that Zeranol could decrease the epi-
didymal sperm count and sperm motility, while 
has no effects on the sperm malformation rate.

Zeranol decreases the weights and organ co-
efficients of testicles and seminal vesicles

To investigate the mechanism of Zeranol in- 
duced spermatogenesis damage, the organ 
weights and organ coefficients of the sexual 
organs of the mice were detected after 35 
days’ treatment with Zeranol. In the control 
group, the seminal vesicles were large and full 
of a large amount of milky sperm and seminal 
fluids. In all the three Zeranol treated groups, 
the seminal vesicles atrophied with a decrease 
in the size and weight and contained little 
sperm and seminal fluids. The weights and the 

Figure 3. Effects of Zeranol on organ weights and organ coefficients of the sexual organs of the mice. Organ weights 
(A) and organ coefficients (B) of the sexual organs of the mice were shown. The organs were weighed after exclud-
ing the adipose tissue. Organ coefficient was calculated as the percent of the ratio of the wet weight of the organ to 
the body weight. The data represents means ± SD. One-way ANOVA, **P < 0.01, compared with the control group.
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organ coefficients of the seminal vesicles were 
significantly lower than those of the control 

group (P < 0.05). In the group treated with 
Zeranol 100 mg/kg, the weights and organ 

Figure 4. Histopathological findings of the testicles (×200) using HE staining. A. In the control group, the spermato-
genic epithelium cells were arranged orderly. There were not exfoliated cells but a large amount of mature sperms in 
the lumen of the testicular seminiferous tubules. B. In the group treated with Zeranol 50 mg/kg, the arrangements 
of spermatogenic epithelium cells were irregular and the levels of seminiferous epithelium were reduced. C. In the 
group treated with Zeranol 50 mg/kg, the arrangements of spermatogenic epithelium cells were irregular and the 
spermatocytes were exfoliated. D. In the group treated with Zeranol 100 mg/kg, there were exfoliated cells in the lu-
men of the testicular seminiferous tubules. E and F. In the group treated with Zeranol 100 mg/kg, the arrangements 
of spermatogenic epithelium cells were irregular and the levels of seminiferous epithelium were reduced and there 
was protein fluid in the lumen of the testicular seminiferous tubules.
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coefficients of the testicles were significantly 
lower than those of the control group (P < 0.05). 
While there were not significant differences in 

the weights and organ coefficients of epididy-
mis between the Zeranol treated groups and 
the control groups (Figure 3). These results 

Figure 5. Histopathological findings of the testicles (×200) by transmission electron microscopy. (A) The spermato-
cytes in the control group were shown. (B) In the group treated with Zeranol 50 mg/kg, the cell membrane and 
nuclear membrane of the spermatocyte were incomplete (B), the nuclear membrane of the Leydig cells swelled and 
dissolved (C), there were increased lipid droplets in the the Leydig cells (D), the nuclear membrane of the sertoli cell 
was incomplete (E) and the perinuclear space and intercellular space of the sertoli cells were widened (F).
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indicate that Zeranol could decrease the wei- 
ghts and organ coefficients of testicles and 
seminal vesicles of male mice.

Effects of zeranol on the histopathological 
changes of the testicles

As mentioned above, Zeranol could decrease 
the weights and organ coefficients of testicles. 
Then the effects of Zeranol on the histopatho-
logical changes of the testicles were further 
studied by light and electron microscopy. Firstly, 
pathological changes of testis tissues of 3 mice 
randomly selected from each group respective-
ly were examined using HE staining. In the con-
trol group, the spermatogenic epithelium cells 
were arranged orderly. There were not exfoliat-
ed cells but a large amount of mature sperms in 

the lumen of the testicular seminiferous tubu- 
les (Figure 4A). However, we observed varying 
degrees of histopathological changes in the 
testicular seminiferous tubules in the Zeranol 
treated groups. In the group treated with Ze- 
ranol 25 mg/kg, we observed reduced levels of 
seminiferous epithelium in some areas. In the 
groups treated with Zeranol 50 mg/kg and 100 
mg/kg, there were irregular arrangement of sp- 
ermatogenic epithelium cells and reduced lev-
els of seminiferous epithelium. There were clus-
tered exfoliated cells but reduced mature sp- 
erms in the lumen of the testicular seminifer-
ous tubules (Figure 4B-D). We also observed 
protein fluid in certain areas of the lumen of the 
testicular seminiferous tubules in the group 
treated with Zeranol 100 mg/kg (Figure 4E, 
4F).

Figure 6. Zeranol decreases the sex hormone levels of male mice. The levels of serum T (A), FSH (B), LH (C) as well 
as the levels of T of the supernatant of testicles homogenates (D) were detected using RIA after 35 days’ treatment 
with Zeranol. The data represents means ± SD. One-way ANOVA, *P < 0.05, **P < 0.01, compared with the control 
group. T, testosterone; FSH, follicle stimulating hormone; LH, luteinizing hormone; RIA, radioimmunoassay.
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Secondly, the pathological changes of the tes-
tis tissues of 3 mice randomly selected from 
the control group and the group treated with 
100 mg/kg of Zeranol, respectively were ob- 
served by transmission electron microscopy. In 
the control group, spermatogonial cells were 
arranged orderly with condensed chromatin; 
the primary spermatocytes were large with 
large nucleus and clear nuclear membrane 
(Figure 5A); and the structures of the Sertoli 
cells and the Leydig cells were normal. In the 
group treated with 100 mg/kg of Zeranol, we 
observed partial dissolution of the cell mem-
brane and incomplete nuclear membrane (Fi- 
gure 5B). The nucleus of the Sertoli cells and 
the Leydig cells was damaged with dissolution 
of the nuclear membrane. The perinuclear sp- 
ace and intercellular space were widened with 
increased lipid droplets. There were also many 
vacuoles in the cytoplasm of these cells (Figure 
5C-F). However, there were no significant differ-
ences in the ultrastructures of the sperms 
between these two groups. These results indi-
cate that Zeranol could lead to significant path-
ological changes of the testicles.

Zeranol decreases the sex hormone levels of 
male mice

Spermatogenesis in the testicles is also regu-
lated by the sex hormones such as T, FSH and 
LH. Then the levels of serum T, FSH, LH as well 
as the levels of T of the supernatant of testicles 
homogenates were detected using RIA after  
35 days’ treatment with Zeranol. As shown in 
Figure 6, in the groups treated with 50 and 100 
mg/kg of Zeranol, the levels of serum T and 
FSH were significantly lower than those of the 
control group (P < 0.05). In the group treated 
with 100 mg/kg of Zeranol, the level of serum 
LH was significantly lower than that of the con-
trol group (P < 0.05). Zeranol also reduced the 
levels of testicular T dose dependently. In all 
the three groups treated with Zeranol, the lev-
els of testicular T were significantly lower than 
those of the control group (P < 0.05). These 
results indicate that Zeranol could decrease 
the levels of serum T, FSH, LH as well as the 
levels of testicular T of male mice.

Discussion

Zeranol has been shown to have estrogenic 
activity. Estrogen can also be detected in male 
animals [25]. Estrogen can bind to estrogen 

receptors (ERs) and stimulates spermatogene-
sis and the synthesis of steroids [26, 27]. In 
this study, Zeranol treatment decreased the 
epididymal sperm count and sperm motility. 
Furthermore, it could lead to pseudo scrotal 
swelling, atrophy of seminal vesicles and testi-
cles, significant pathological changes of the 
testicles and decrease the levels of serum T, 
FSH, LH as well as the levels of testicular T of 
male mice. These results indicate that Zeranol 
could damages the reproductive system of 
male mice, which might be due to its roles in 
the blockage of the physiological functions of 
ERs by competing with endogenous estrogen 
for binding to the ERs [28, 29].

Sperm count is an important indicator for 
detecting the effects of various toxic factors on 
the spermatogenesis [30]. In all the three 
groups treated with Zeranol, the epididymal 
sperm count was significantly lower than that  
of the control group (P < 0.05). Accordingly, 
Zeranol could also decrease the weights and 
organ coefficients of testicles. The results of 
histopathological analysis indicated that the 
Sertoli cells, Leydig cells, and spermatogenic 
cells of the testicles were damaged. The sperm 
motility is closely related to fertility and is one 
of the important indicators for evaluation of the 
functions of mature sperms [31]. In the groups 
treated with Zeranol 50 or 100 mg/kg, the 
sperm motility was significantly lower than that 
of the control group (P < 0.05). Seminal fluids 
secreted by seminal vesicles are rich in fruc-
tose and ascorbic acid and provide nutrition 
and energy for sperms. There were seminal 
vesicles atrophy and reduced seminal fluids 
production in the mice treated with Zeranol. 
This might be one of the causes of reduced 
sperm motility in Zeranol treated mice. Fur- 
thermore, it has been reported that Zeranol 
could damage the cell membrane, lead to over-
flow of intracellular potassium and interfere 
electrolyte balance. These may also correlate 
with reduced sperm motility observed in this 
study [32, 33]. Compared with the control 
group, the sperm malformation rates increas- 
ed in Zeranol treated groups. However, the dif-
ferences were not significant. It seems that 
Zeranol does not have toxic effects on DNA. It 
has been reported that Zeranol was not muta-
genic to Salmonella strains [34]. These results 
indicate that Zeranol could damage spermato-
genesis via its direct effects on the testicles.
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Spermatogenesis in the testes is also regulated 
by the hypothalamic-pituitary-testicular axis. 
Gonadotropin (GTH) cells secrete LH and FSH in 
response to GnRH. GnRH release could also be 
regulated by T through a negative feedback 
loop. LH stimulates T production in Leydig cells 
and FSH stimulates ABP production in sertoli 
cells. ABP binds to T and promotes meiosis of 
the spermatocytes. In this study, Zeranol could 
decrease the levels of both serum T and testic-
ular T of male mice. The inhibitory effects of the 
chemicals with estrogenic activities on sex hor-
mone (such as T) secretion have also been 
reported by several other groups [7, 35-37]. 
Furthermore, Zeranol could decrease the levels 
of serum FSH and LH which was consistent 
with the reports by Elsasser et al. [38]. Decre- 
ased levels of LH and the damage of Leydig 
cells account for reduced T production as well 
as decreased levels of serum T released from 
testicles. Decreased levels of serum T can sti- 
mulate GnRH release through a negative feed-
back mechanism. However, we did not observe 
increased levels of serum LH and FSH. This 
might be correlated to the inhibition effects of 
Zeranol on GTH cells [39]. Decreased levels of 
T may also lead to reduced secretion of seminal 
fluids from seminal vesicles.

In conclusion, these results indicate that Zer- 
anol could damage the reproductive functions 
of adult male animals. It decreased the sperm 
count and sperm motility via its direct effects 
on testicular spermatogenic cells, Leydig cells 
and Sertoli cells. Zeranol could also interfere 
with sex hormone levels of male mice through 
its effects on the hypothalamic-pituitary-testic-
ular axis. The effects of Zeranol on the repro-
ductive functions of male mice deserve further 
investigation. This study provided valuable in- 
formation for the application of Zeranol and 
health protection from exposure to Zeranol.
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