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ABSTRACT
E e (elV[ale e (e MOJOI [N/ Mycophenolate mofetil (MMF) is an immunosuppressant

drug that is used to inhibit organ transplant rejection and treat autoimmune diseases.
Theoretically, such medications have spermatotoxic and genotoxic effects. Nonetheless,
there is limited evidence on the effects of MMF on fertility. The present study aimed to
assess the effects of MMF and testosterone on sperm, sex hormones, and antioxidant
enzymes in male rats.

In this experimental study, 24 adult male Naval Medical Research
Institute (NMRI) rats were randomly assigned to three groups: 1- saline serum (control), 2-
MMF, and 3- MMF along with testosterone by subcutaneous injection for 65 days. Change
in body weight, sperm quality (concentration, motility, and morphology), serum level of
gonadotropin hormones, and testosterone, superoxide dismutase (SOD), glutathione
(GSH), catalase, total antioxidant capacity (TAC) in serum and epididymis were evaluated.
Both MMF treatment groups compared to control displayed a marked decrease
in body weight, number and motility of sperm, level of testosterone, antioxidant enzymes
(SOD, GSH, and catalase), and TAC (P<0.05), as well as an increase in gonadotropin
hormones and sperm morphology abnormality (P<0.05). The adverse effects on sperm
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count, gonadotropins, testosterone, and antioxidant pathway enzymes. Moreover, it was
revealed that the use of testosterone cannot reduce the adverse effects of MMF. The
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Introduction

ycophenolate  mofetil  (MMF) is an

immunosuppressive drug that is used to prevent

organ transplant rejection and also to treat

autoimmune diseases. By inhibiting the enzyme
inosine monophosphate dehydrogenase, this drug reduces
DNA synthesis and prevents the proliferation of T and B
lymphocytes. Immunosuppressive drugs including MMF
have different effects on reproduction and fertility. Most of
these drugs decrease testosterone levels, increase
gonadotropins and  have different effects on
spermatogenesis. Also, these drugs may directly and
indirectly cause sexual dysfunction and spermatogenesis
disorder and epididymal maturation change, but their effects
and exact mechanism have not yet been determined.
Immunosuppressive drugs increase reactive oxygen species
(ROS) and reduce antioxidants. Also, ROS reduces the
amount of male sex hormones and destroys the hormonal
balance of male reproduction. Antioxidant systems
including SOD, GSH and catalase can reduce ROS activity
and oxidative conditions caused by some diseases and
neutralize their cytotoxic properties. On the other hand,
testosterone plays a role in many vital processes of the body,
including reproduction and spermatogenesis. The
therapeutic benefits of testosterone in men with its
deficiency have been observed in the form of improved
sexual performance and improved anthropometric
parameters. Evidence on the effects of MMF on male
fertility is limited and controversial. Therefore, this study
aims to investigate the possible effects of MMF alone and in
combination with  testosterone on sperm indices,
gonadotropins, testosterone and antioxidant enzymes such as
SOD, GSH, catalase and TAC in the serum and epididymis
of rats. A male desertion was performed.

Methods

This experimental study was approved by the Animal
Ethics Committee of Ahvaz University of Medical Sciences
with the ethics code IR.AJUMS.REC.1397.099, and all
experimental protocols were in accordance with animal care
guidelines and standards. In this study, 24 adult male NMRI
mice (17-16 weeks) weighing 215-238 grams were
randomly divided into 3 groups and treated for 65 days. The
first group (control) received 0.1 ml of saline daily, the
second group received 60 mg/kg of MMF and the third group
received 60 mg/kg of MMF and 3 mg/kg of testosterone
daily. They received enanthate as a subcutaneous injection.
All mice were weighed before the study and on the last day
of the study, and a blood sample was taken from them. On
the 65th day after treatment, mice were anesthetized with 70
mg/kg ketamine and 7 mg/kg xylocaine by intraperitoneal
injection and were euthanized. Then left testicle and its
epididymis were separated and transferred to 2 ml of saline
solution. The optical microscope was checked and the
percentage of motile sperms was calculated. The percentage
of sperm defects or abnormalities was calculated under the

microscope. Blood samples were taken from left ventricle .
The levels of plasma and epididymal testosterone hormones,
LH and FSH in the serum were measured by ELISA method.
The levels of superoxide dismutase (SOD), glutathione
(GSH), catalase and total antioxidant capacity (TAC)
enzymes in serum and epididymis were measured by
calorimetric method. Statistical Analysis: The data were
expressed as mean = standard deviation, and the significance
level was considered p<0.05 in the tests. SPSS version 22
software was used for statistical analyses.

Results

The results showed that the body weight gain in MMF
treated groups was lower than the control group (P=0.01).
Compared to MMF alone, the group treated with
MMF+testosterone showed significant weight loss at the end
of the treatment period (P<0.05) The results showed that

MMF decreases the concentration and movement of sperm
and increases the abnormality in the shape of sperm in the
drug-treated groups compared to the control group
(P<0.001). Also, the decrease in the number and movement
of sperm and the increase in the abnormality of sperm
morphology in the combination treatment group with
testosterone was less than in the MMF group alone
(P<0.001). The effect of MMF on the changes of enzymes
and sex hormones showed that the two treatment groups with
MMF were associated with a decrease in testosterone levels
and a decrease in the levels of SOD and TAC enzymes in
serum and epididymis compared to the control (P=0.01).
Serum catalase and GSH levels did not decrease
significantly in the two treatment groups however, their
levels in the epididymis in the treatment groups showed a
significant decrease compared to the control group
(P=0.01). Testosterone levels in serum and epididymis were
more decreased in treated groups compared to control
(P<0.05). Also, epididymal testosterone decreased more in
the MMT group compared to the MMT+testosterone group
(P<0.05). The serum levels of FSH and LH in the two
treatment groups showed a significant increase compared to
the control group (P<0.05).

Conclusion

The results of this study showed that MMF has negative
effects on spermatogenesis, including a decrease in the
number and motility of sperm, an increase in sperm disorder,
an increase in the levels of sex hormones LH and FSH, a
decrease in the level of testosterone and enzymes of the
antioxidant pathway in the serum and epididymis of rats. It
has a male desert and the use of testosterone cannot prevent
the adverse effects of MMF. The negative effects of MMF
may be due to a decrease in the level of antioxidants. But
only based on the results of the present study and very
limited evidence, spermatotoxic and genotoxic potentials of
this drug cannot be rejected. Therefore, conducting more
clinical studies in a controlled manner can help to understand
the effects of MMF on the male reproductive system.
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