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Abstract

Treatment with anticancer drugs such as cyclophosphamide can harm the male reproductive system. Vitamin C and zinc are micro-
nutrients with antioxidant activity and are the essential components of semen. Therefore, this study aimed to evaluate whether cyclo-
phosphamide-exposed mice can recover from fertility with vitamin C and zinc therapy.

In this experimental study, fitty male mice were divided into five groups. Groups 1-4 received cyclophosphamide (100 mg/kg, once a
week for eight weeks). Also, group 2 received zinc (200 mg/kg), group 3 received vitamin C (300 mg/kg), group 4 received zinc and
vitamin C (200 mg/kg and 300 mg/kg, respectively), five times per week for eight weeks, and group 5 received normal saline once a
week and water five days a week for eight weeks. The data collected were statistically analyzed using SPSS 22.

Results showed a significant increase in mount latency and a significant decrease in the number of sperms in the cyclophosphamide
group compared to the control group. However, mount latency has been significantly decreased in mice treated with cyclophosphamide
plus zinc compared to the cyclophosphamide group. The study also showed that the sperm count in the group that received cyclophos-
phamide and zinc had been increased compared to the cyclophosphamide group; the other treatments have decreased mount latency
and increased the sperm count compared to the group treated with cyclophosphamide but not significantly. The Tubule Differentiation
Index showed an increase in the cyclophosphamide-Zinc-Vitamin C group in comparison with the cyclophosphamide group.

The current study showed that zinc could improve cyclophosphamide-induced toxicity of the reproductive system in male mice.
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Introduction mal sperm rate, and manifest biochemical and histological

alterations in testis [7]. CP toxicity in the testis and sperma-
Many infertility cases can be explained by male-only fac-  tozoa is caused by oxidative stress-induced biochemical
tors [1]. Male-related factors that cause infertility can be  and physiological damage [8].
an alteration in sperm concentration, sperm morphology, The studies have shown that some nutritional thera-
and motility [2], and these abnormalities have dietary, envi-  pies improve sperm counts and sperm motility. These in-
ronmental, genetic, or medical origins [3]. Medical factors  clude arginine, zinc, selenium, and vitamin C [9]. Vitamin
such as drugs, chemotherapy, and radiotherapy can in-  C (Vit C) has been found to help in preventing cell damage
crease the production of intracellular reactive oxygen spe- by neutralizing free radicals [10].
cies (ROS) [4]. ROSs have a significant effect on spermat- Antioxidants like vitamin C (ascorbic acid) has been
ogenesis and sperm quality. An imbalance between ROS  proven to ameliorate the oxidative stress and sperm tox-
levels and physiologic antioxidants can result in oxidative  icity induced by endosulfan in rats [11]. The protective
stress, with subsequent adverse impact on the reproduc-  effects of vitamin C on genotoxicity and cytotoxicity have
tive system [5]. also been confirmed in mice [12]. Vitamin C comprises
Most of the chemotherapeutic drugs cause various  65% of the antioxidant capacity of semen and is the most
types of damage to healthy living cells. Cyclophosphamide  critical seminal antioxidant [13]. However, a study showed
(CP) exhibits potent anticancer effects, and CP therapy is  that vitamin C has controversial effects on sperm parame-
a common problem in the treatment of a variety of diseas-  ters and pregnancy rate in subfertile males with idiopathic
es and leads to gonadal toxicity as a side effect of the drug ~ oligoasthenoteratozoospermia [14]. Vitamin C is a power-
[6]. Previous studies have shown that CP increases abnor-  ful antioxidant, and it has been found to enhance sperm
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quality and prevent sperm agglutination, thus making them
more motile with more forward progression [15, 16].

Because the effect of vitamin C in spermatogenesis
is still controversial, this study tends to evaluate the role
of supplemental vitamin C as an antioxidant nutrient af-
ter chemotherapy with CP for its probable improvement of
sperm quality.

Zinc is a critical nutrient for proper male hormone
metabolism and sperm production [9]. On the other hand,
studies have shown that CP exposure significantly reduced
the levels of zinc (Zn) in the serum and testes [17]. Since
Zn is an essential element required for the maintenance
of germ cells, progression of spermatogenesis, and regu-
lation of sperm motility, it was found that supplementation
with this element protects against CP-induced testicular
damage [18]. Zinc deficiency can lead to impotence, and
zinc therapy may improve sexual performance [19]. Previ-
ous studies have found that zinc levels are lower in infertile
men with diminished sperm count, and supplemental zinc
is useful in treating male infertility [20]. Zinc has an antiox-
idative activity and plays a vital role in the scavenging of
ROS [21]. Thus, Zn deficiency is associated with increased
oxidative stress and subsequent oxidative damage, such
as low sperm quality [22]. The rats fed a zinc-deficient diet
have shown a significant increase in the malondialdehyde
(MDA) level, and a decrease in glutathione (GSH) content
and superoxide dismutase (SOD) activity, and zinc supple-
mentation reversed these effects [23].

The current study attempts to investigate the antiox-
idative effect of Zn and vitamin C on sperm quantity and
determine whether these micronutrients could cause dele-
terious changes in sperm count and promote behavioral al-
terations in male mice models with cyclophosphamide-in-
duced reproductive damage.

Material and Methods

Animals

In this experimental study, fifty healthy adult male mice (8
weeks old) were used. The animals were obtained from
the Razi Vaccine and Serum Research Institute and were
housed under standard laboratory conditions (temperature
24 + 3°C, humidity 40-60%, 12-hour light-dark cycle). A
commercial feed pellet and fresh drinking water were of-
fered ad libitum.

The animals were randomly divided into five experi-
mental groups of ten rats each. CP was administered to
the animals at a dose of 100 mg/kg once a week for eight
weeks, intraperitoneally. The groups were arranged as fol-
lows:

«  Group 1 - CP: received CP and water as a pla-
cebo by gavage for five days a week for eight
weeks.

Group 2 — CP and Zn: treated with CP and zinc at
a dose of 200 mg/kg by gavages for five days a
week for eight weeks.
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Group 3 - CP and Vit C: treated with CP plus vi-
tamin C at a dose of 300 mg/kg by gavage for five
days a week for eight weeks.

Group 4 - CP, Zn and Vit C: received CP plus a
mixture of zinc (200 mg/ kg) and vitamin C (300
mg/kg) by gavage for five days a week for eight
weeks.

Group 5 - Control: received standard saline solu-
tion once a week and water five days a week for
eight weeks intraperitoneally and orally, respec-
tively.

Sexual behavior assessment

After the treatment period, control and treated male rats
with no previous sexual experience were placed in a Plex-
iglas cage for analysis of masculine sexual behavior. The
test was done under dim red lights, two hours after the
onset of the dark phase of the light-dark cycle. Masculine
sexual behavior was assessed by placing the male 5 min-
utes before a female was presented. After the presenta-
tion of the female rat, the tests lasted 30 minutes, and the
following parameters were recorded: the mount number,
number of intromissions, latency to the first mount, and la-
tency to the first intromission.

Hormonal assay

After the sexual behavior assessment, all mice were an-
esthetized using ketamine/xylazine. Blood was collected,
and plasma was separated by centrifugation and stored
at -20°C for testosterone determination by radioimmu-
noassay.

Sperm count

The cauda epididymis was removed and was punctured
with a needle; a mass of sperm was squeezed out into
a Petri dish containing 1 ml of phosphate-buffered saline
(PBS, pH 7.2). The sperm suspension was poured into a
tube, and the tube was immediately placed into the incu-
bator at 37°C. After 30 minutes, the sperm suspension of
0.5 ml was diluted with 9.5 ml PBS. The dilution was mixed
thoroughly and charged into Neubauer’s chamber and
covered with a coverslip and viewed under a light micro-
scope. The sperm count was conducted in eight randomly
picked boxes from the counting chamber. The total count
was then multiplied by the correction factor.

Histological Preparation

Left testes were rapidly removed and fixed in 10% buff-
ered formalin solution for 48 hours, dehydrated in a graded
series of ethanol and embedded in paraffin. Thin sections
(5-6 um) were stained with hematoxylin and eosin and ex-
amined using a light microscope (Olympus, CX41). A total
of 250 seminiferous tubules were analyzed microscopi-
cally, and the germinal epithelium height and tubule dif-
ferentiation index (TDI) were obtained, the percentage of
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seminiferous tubules containing at least three generations
of spermatogenic cells [24].

Statistical analysis

The statistical interpretation for parametric data (sperm
counts data) was made using one-way ANOVA followed
by Tukey’s or Dennett's Post Hoc test to find out whether
the variances of groups were equal or not, using SPSS 22.
Data with non-parametric distribution (behavioral and hor-
mone data) were analyzed using the Kruskal-Wallis test,
followed by Dunn’s test if multiple comparisons were need-
ed, using the R statistical software. The significance level
of tests was considered as 5%. All the data are expressed
using the mean = the standard error (SE) of the mean.

Results

Sexual behavior test

As shown in Figure 1, compared to control animals,
CP-treated mice (CP group) exhibited a significant in-
crease in first mount latency (p<0.05). Moreover, Zn de-
creased mount latency significantly (p<0.05) in mice treat-
ed with CP and Zn compared to the mice that received only
CP. The mice supplemented with vitamin C also showed a
decreased mount latency compared to those that received
only CP, but not significantly (p>0.05). Figure 1 indicates
that the CP, Zn and Vit C group did not show a significant
decrease in mount latency in comparison to the CP group
either (p>0.05).

The results also showed there were no significant dif-
ferences between groups regarding other items such as

1000.00-

800.00

600.00-

T Il

200.00-

Mean latency to first mount

-

T T T
Crt CP CP& Zn

Group

Error bars: +/-1 SE
Figure 1: Mount latency (S) in all groups. The latency to first
mount increased significantly in the CP group, but the CP and
Zn group showed a significant decrease this time as compared
with the CP group. Data are shown as Mean + SE. *p <0.05,

significant differences between groups.

the mount number, number of intromissions, or latency to
the first intromission (Table 1).

Hormone analysis

The effects of CP, zinc and vitamin C on the testosterone
level are presented in Table 2. The results showed that
chemotherapy decreased the level of this hormone in the
CP group compared to the control group, but the reduction
is not significant (p>0.05). As shown in Table 2, the plasma
level of the hormone in the CP and Zn, CP and Vit C and
CP, Zn and Vit C groups have been increased compared to
the CP group, but not significantly (p>0.05).

Sperm count

The effects of cyclophosphamide and different treatment
on total sperm count are presented in Figure 2. The re-
sults showed that chemotherapy significantly decreased
the sperm count in the CP group compared to the con-
trol group (p<0.05). As shown in Figure 2, the number of
sperms in the CP and Zn group has been significantly in-
creased compared to the CP group (p<0.05). The results
also showed that the number of sperms in the CP and Vit
C, as well as CP, Zn and Vit C groups showed an increase
compared to the CP group but not significantly (p>0.05).
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Figure 2: Effect of CP, Zn and vitamin C on sperm count. The
number of sperms decreased significantly in the CP group, but
the CP and Zn group showed a significant increase in sperm
count as compared with the CP group. Data are shown as Mean

+ SE. *p <0.05, significant differences between groups.

Histological Findings

As shown in Table 3, germinal epithelium height increases
very little (from 65.75 £ 2.99 in the control group to 70.81 +
2.01 in the CP group). Changes of the germinal epithelium
height between the groups were not significant. A com-
parison of the tubule differentiation index (TDI) between
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Table 1: Mount number, number of intromissions and intromission latency (S) in all groups (Mean + SE).

Groups Mount number Number of intromissions Intromission latency (S)
Control 7.00 £ 1.51 7.37£2.76 580.62 + 155.44
CP 3.62+0.80 3.12+1.20 909.75 + 86.87
CP and Zn 2.87 £0.55 1.37 £ 1.01 31035.62 + 108.60
CPand VitC 4.00+0.71 0.87 £0.39 977.12 £ 121.82
CP, Zn and Vit C 5.00 + 4.40 2.20+1.35 1089.60 + 83.13
Note: CP - Cyclophosphmide, Zn - Zinc, Vit C - Vitamin C
Table 2: The level of testosterone (ng/dl) in all groups (Mean+SE).
Groups Hormone level
Control 2.40 £ 0.61
CP 0.87+0.54
CP and Zn 1.79+0.77
CPand VitC 2.06 +1.01
CP, Zn and Vit C 122 +1.12
Note: CP - Cyclophosphmide, Zn - Zinc, Vit C - Vitamin C
Table 3: Germinal epithelium height and TDI in all groups (MeanzSE).
Groups Germinal epithelium height (um) TDI (%)
Control 65.75 £2.99 93.75
CcP 70.81 £ 2.01 78.12
CP and Zn 68.12 +2.99 78.12
CPand VitC 63 +£2.58 81.25
CP,Zn and Vit C 69.05 £+ 3.79 95

Note: CP - Cyclophosphmide, Zn - Zinc, Vit C - Vitamin C

groups showed that TDI came back to the optimum level in
the CP, Zn and Vit C group, but not significantly.

Discussion

One of the main aims of the present study was to answer
whether chemotherapy as a stressor may alter sexual be-
havior. Compared to controls, CP-treated mice exhibited
an increased latency for the first mount that might be sug-
gestive of a lower sexual motivation [25]. Many neurotrans-
mitters and neuropeptides play a role in the control of male
sexual behavior. An increase in the activity of brain noradr-
energic and dopaminergic correlates with the improvement
of parameters of copulatory activity [26]. The effect of do-
pamine on male sexual behavior occurs by interacting with
testosterone [27; 27]. Also, a proper androgenic status is
also necessary for normal sexual performance [26]. The
oxidative stress may be a mechanism that mediated the
downregulation of testicular steroidogenesis and reduction
of testosterone levels in CP-exposed mice. Thus, impair-

ment of testicular steroidogenesis might associate with the
generation of large amounts of ROS in testicular tissue
[29], leading to sexual activity reduction.

Chemotherapy, as an exogenous factor (like pesti-
cides and environmental pollutants), has negative effects
on testicular function by inducing oxidative stress, while
consumption of antioxidants has demonstrated to protect
the testicular function in animal models [30].

In our study, the sperm count decreased after chemo-
therapy compared to the control animals; the administra-
tion of zinc was effective on sperm count and provided
significant protection against CP-induced reductions in the
number of sperms. However, no statistically significant dif-
ferences in the sperm count in the vitamin C-treated mice
or zinc and vitamin C-treated mice were observed, indicat-
ing that an antagonistic effect between vitamin C and zinc
may exist.

We also observed that CP decreased the plasma
testosterone level; this may be due to the abnormality of
Leydig cells caused by oxidative stress [31]. Zinc admin-
istration could improve the antioxidative status and tes-
tosterone levels by increasing the concentration of zinc in
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seminal plasma and serum [32]. In the present study, zinc
and vitamin C did not affect testosterone plasma levels.
However, previous studies have shown that zinc—curcumin
dose-dependently enhanced the level of testosterone in
the testis of CP-treated mice. This suggests that the lower
concentration of zinc (lower than 200 mg/kg) supplemen-
tation may alleviate the CP-induced reduction in the tes-
tosterone level more potently. The free radical scavenging
action of zinc in the testis and the ability to protect Leydig
cells are mechanisms that increase the testosterone level
in animals treated with CP, and our results indicate that
these mechanisms may be dose-dependent.

On the other hand, vitamin C supplementation had
positive effects on sperm count and hormone level in male
mice treated with CP; but it was not significantly effective.
This means that Vitamin C could positively affect the quan-
titative characteristics of sperm analysis, and maybe high-
er doses of ascorbic acid used could result in a significant
increase in these parameters. Previous studies that used
the same dose of Vitamin C showed that it could increase
motility and normal morphology after varicocelectomy sur-
gery but not sperm count. These findings confirmed our
results [33].

The evaluation of the effects of different dosages of
vitamin C on the qualitative and quantitative characteristics
of sperm needs more elaborate research; however, one
study has shown that an increase in vitamin C dosage to
1000 mg per day significantly improved these parameters
in smokers [34].

One study on mice showed that higher doses of vita-
min C could prevent sperm toxicity induced by pesticides
and improve the sperm count and morphology after pesti-
cide exposure [35]. Another study proved that water-sol-
uble vitamins improve semen quality and increase motile
sperm counts in boars [36].

Animal studies have shown that vitamin C can reduce
the oxidative stress induced by various factors and de-
crease the number of abnormal sperms [37, 38]. A study
on humans has also illustrated that vitamin C and vitamin E
administration in men with a high percentage of DNA-frag-
mented spermatozoa decreased the fragmentation of DNA
significantly [39].

Crocin (10 and 20 mg/kg) was able to repair dimin-
ished germinal epithelium height induced by CP (p<0.05
and p<0.01, respectively) [40]. Zinc oxide nanoparticles
(ZnONPs) (5 mg/kg, daily for eight weeks), increased ger-
minal epithelium height from 207 pm in the CP group to
250.17 um (p<0.001) [41].

Also, Spirulina platensis (3 mg/kg and 30 mg/kg)
has been able to change TDI from 12% in the CP group
to 66.33 and 72%, respectively, which shows a relatively
good condition compared to the control group (95%) [42].
In this study, CP was injected only once a week compared
with long-term and daily injections in other studies, which
did not result in a decrease in germinal epithelial thickness.
It seems that sperm maturation delay due to testosterone
level production has been able to lead to a slight increase
in germinal epithelium height. The TDI level in the CP, Zn
and Vit C groups reached 95%, which is higher compared
to the control group (p>0.05).
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Conclusion

Our findings suggest that zinc, which is a cheap supple-
ment, might have possible therapeutic effects in CP-ex-
posed men, and the administration of these micronutrients
could be a safe way to improve semen quality and fertility.
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