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Abstract 

Background: Cyclophosphamide (CP) has been known as an anticancer drug with 

several side effects on various organs such as a male reproductive system that can 

cause infertility. 

Objective: To evaluate the possible combined effects of zinc oxide nanoparticles 

(nZno) and melatonin (Mel) on sperm parameters and histopathological changes of 

the testis in CP-treated rats. 

Materials and Methods: 42 adult male Wistar rats were divided into six groups. 

GI: control, GII: 60 mg/kg/wk CP, GIII and GIV, 10 mg/kg/wk Mel and 5mg/kg/wk 

nZno and GV: 5 mg/kg/wk nZno and 10 mg/kg/wk Mel were given 2 hr prior to CP 

injection, respectively,GVI: 5mg/kg/wk nZno and 10 mg/kg/wk Mel simultaneously. 

After 8 wk of treatment, rats were sacrificed and testis and epididymis were 

harvested for further evaluation. 

Results: The CP-treated group showed significant decreases in the body, testes and 

epididymis weights and sperm parameters (sperm count, viability, motility) with an 

increase abnormal sperms when compared with the control (p<0.001), as well as 

many histological alterations included decreased diameters of seminiferous tubules 

and Johnsen’s Testicular Score (with degeneration, desquamation, multi-nucleated 

giant cell formation), whereas combined treatment (GV), showed more protective 

effects on CP-induced reproductive system damage compared with groups III or IV 

(p<0.001). 

Conclusion: These results suggest simultaneous administration of Mel and nZno 

have more effectively protections against CP-induced reproductive damage than Mel 

or nZno alone.  
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Introduction 

 

hemotherapy is one of the most 

common approaches to treat cancer, 

but it can cause various types of 

damage to normal living cells. The high 

frequency of cellular divisions that happens in 

the cells of the seminiferous epithelium makes 

the testis a highly sensitive organ to the 

chemotherapeutical drugs (1). 

Cyclophosphamide (CP) is an alkylating 

agent used extensively as an antineoplastic 

and immunosuppressive drug. It is used to 

treat Hodgkin’s disease, lymphomas, 

leukemia, Wegener’s granulomatosis, severe 

rheumatoid arthritis, and lupus erythematosus. 

It is also used in combination with other drugs 

to treat breast cancer, leukemia, and ovarian 

cancer (2, 3). However, despite its wide range 

of application, CP also exhibit a wide range of 

adverse effects including reproductive toxicity 

in experimental animals and humans (4).  

Research shows that adult male patients 

treated with CP have indicated diminished 

sperm counts and a lack of spermatogenic 

cycles in their testicular tissue and long-term 

treatment with CP injuries progeny reduces 

the weight of the reproductive organs         

and impairs fertility. Thus, long-term side 

effects like the gonadal toxicity have become 

the main issue in the people treated with CP 

(5, 6). Although the exact mechanism of CP-

induced testicular toxicity is still not clearly 

understood, oxidative stress and the 
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generation of reactive oxygen species have 

been implicated in the pathophysiology of CP 

toxicity (7). In the recent years, concerns have 

been increased by the possible mutagenic 

effect of chemotherapy on spermatozoa. 

Previous studies have shown that treating rats 

with CP caused significant reduce in 

epididymal sperm count and motility and 

increases abnormal sperm rate (8, 9). 

There are a number of agents of which the 

protective effects have been shown against 

CP-induced male reproductive toxicity; 

however, their safety and effectiveness for 

human use remain largely ambiguous. Among 

them, melatonin has the highest potential to 

not only safely counteract the adverse effects 

of CP, but also synergize its anti-cancer 

effects (10). Several investigators believe that 

melatonin’s antioxidant properties are due to 

its ability to scavenge Reactive Oxygen 

Species and increase cellular antioxidants 

(11, 12).  

On the other hand zinc (Zn) also known as 

an antioxidant with high conservation. Zn is an 

essential trace element required for 

maintenance of germ cells, the progression of 

spermatogenesis and regulation of sperm 

motility. In vitro, Zn exerts a direct protective 

effect in human spermatozoa by protecting 

against reduced motility and increased DNA 

fragmentation (13, 14). High concentration of 

zinc found in the testes and accessory sex 

glands show that it plays a crucial role in the 

reproductive system (15). Nanoparticles are 

materials with at least one dimension ≤100 

nm, and this large surface-to-volume ratio 

results in unique characteristics compared to 

their corresponding bulk materials (16). Zinc 

oxide nanoparticles (nZno) are the new forms 

of materials with prominent biological 

properties and low toxicity that appears 

excessive potential to pass some of the 

barriers to efficient targeting of cells and 

molecules in many diseases (17).  

In a study, the effects of pinealectomy and 

melatonin administration and its relationship 

with zinc in rats was evaluated. Their findings 

showed that pinealectomy results in a 

decrease in zinc level in rats, and that 

melatonin administration to pinealectomized 

rats prevents the decrease in this parameter. 

In addition, long-term administration of 

melatonin to rats leads to an increase in zinc 

concentration and this is a noteworthy 

indicator of the correlation between melatonin 

and zinc (18).  

Since no scientific study on the effects of 

zinc along with melatonin has been reported, 

the present study was designed to investigate 

the possible combined effects of nano zinc 

oxide and melatonin on sperm parameters 

such as sperm count, motility, viability, 

abnormality and histopathological changes of 

the testis in CP-treated rats. 

 

Materials and methods 
 

Chemicals 

Cyclophosphamide (Endoxan Baxter®), 

Zinc oxide nanoparticles (Nanosany 

Company, particle size 10-30 nm [TEM], purity 

>99%), melatonin (M5250) and the other 

materials in this study were purchased from 

Sigma Chemicals Co. 

 

Animals and experimental design 

In this experimental study, 42 adult male 

Wistar rats (8-10 wk old, 200-250 gr) were 

purchased from Laboratory Animal Research 

Institute of Mazandaran University of Medical 

Sciences. The rats were kept under standard 

laboratory conditions (12 hr light/dark at 25-

28oC) with a standard pellet diet and fed and 

tap water ad libitum during the treatment 

period. The animals were randomly divided 

into six experimental groups (n=7). Treatment 

groups were as follows:  

Group I served as a control receiving saline 

vehicle throughout the experiment.  

Group II (CP group): Injected with 60 

mg/kg/wk CP (dissolved in saline) 

Group III (Mel+ CP group): Injected with 10 

mg/kg/wk Mel (dissolved in saline) followed by 

60 mg/kg/wk CP, 2 hr later 

Group IV (nZno+ CP group): Injected with 5 

mg/kg/wk nZno (dissolved in saline) followed 

by 60 mg/kg/wk CP, 2 hr later 

Group V (nZno+ Mel+ CP group): Injected 

with 5 mg/kg/wk nZno and 10 mg/kg/wk Mel 

followed by 60 mg/kg/wk CP, 2 hr later 

Group VI (nZno+ Mel group): Injected with 

5 mg/kg/wk nZno and 10 mg/kg/wk Mel 

simultaneously. 

All treatments were applied Intra peritoneal 

and maintained for 8 wk. At the end of the 

experiment, the rats were weighed then  
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under anesthesia by ketamine (200 mg/kg 

b.w.), their testes and epididymis were rapidly 

removed, and absolute weights of the 

epididymis and testes were measured and 

their weights relative to body weight were 

estimated. The right testis was used for 

histopathological examinations and right 

epididymis for sperm parameters analysis.  

 

Sperm analysis 

Epididymal sperm analysis including 

motility, viability, count and abnormal 

morphology rates were done as described 

previously (19-21). 

 

Sperm motility 

The caudal part of epididymis was minced 

finely with scissors in a petri dish containing 1 

ml of Ham’s F10 medium and incubated at 

37oC for 20 min to allow the spermatozoa to 

swim out from the epididymal tubules. 10 µl of 

sperm suspension was put on a slide, and a 

coverslip was placed over the droplet. At least 

10 microscopic fields were selected randomly 

at ×400 magnifications, and the percentage of 

motile spermatozoa was determined. 

 

Sperm viability 

A known volume of 10µl of sperm 

suspension was mixed with an equal volume 

of eosin-nigrosine And the slide was prepared. 

After drying. slides were observed using a 

light microscope with ×1000 magnification and 

the percentage of live sperms (colorless or 

light pink) and dead sperms (red or dark pink 

color) was determined. In total, 200 sperms 

were counted in each slide and viability 

percentages of sperm were calculated. 

 

Sperm count 

The sperm count was determined by 

hemocytometer. In brief, a 50 µl aliquot of 

epididymal sperm was diluted with 200 µl of 

distilled water and approximately 10 µl of this 

diluted sample was transferred to each of the 

counting chambers of the Neubauer 

haemocytometer which a stone cover slip had 

been placed on and was allowed to stand for 

5 minutes in a humid chamber to prevent 

drying. The cells were sedimented during this 

time and counted with a light microscope at 

×400. 

Sperm morphology 

A fraction of each suspension was then 

mixed (1:1) with 1% eosin Y in distilled water 

and 30 min later smears were made, allowed 

to dry in air, and were mounted under a 

coverslip. 200 sperm cells were examined per 

slide to determine the morphological 

abnormalities at ×1000 magnification. Any 

disorders in the morphology and structure of 

either head or tail were regarded as abnormal. 

 

Histopathological assay  

The right testis was taken immediately and 

fixed in alcoholic Bouin’s fluid for 24-48 hr, 

then processed into an automatic tissue 

processor system (SCILAB, England). The 

tissue processing included dehydration in 

ascending of grades alcohol 70, 80, 96% and 

absolute alcohol, then cleared in xylene 

followed by saturation in paraffin wax and 

finally, tissue blocks were prepared on paraffin 

block making Tissue Embedding Center 

(SCILAB, England). The 4-μm thick sections 

were obtained using a rotary microtome (Leica 

model RM 2145, Germany) and stained with 

hematoxylin and eosin method for microscopic 

examination. 

 

Morphometric study  

Seminiferous tubules diameter and 

germinal epithelial height of the 50 round or 

nearly round cross-sections of seminiferous 

tubules using an ocular micrometer of light 

microscopy (Nikon, Japan) were randomly 

measured in each animal and their means 

were calculated. The epithelial thickness was 

evaluated from the spermatogenic cells on the 

basement membrane through the sidelines 

cells of the tubules lumen. 

 

Spermatogenesis assessment 

To evaluate spermatogenesis, at least 100 

seminiferous tubules were examined in each 

animal and quality of spermatogenesis in each 

tubule was scored according to the maturity of 

germ cells in the seminiferous tubules. 

Modified Johnsen score system uses a grade 

from 1-10 to each seminiferous tubule 

according to the following criteria, 10: 

complete spermatogenesis with many 

spermatozoa present, 9: slightly impaired 

spermatogenesis, many late spermatids, 

disorganized epithelium, 8: less than five 
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spermatozoa per tubule, few late 

spermatids,7: no spermatozoa, no late 

spermatids, many early spermatids, 6: no 

spermatozoa, no late spermatids, few early 

spermatids, 5: no spermatozoa or spermatids, 

many spermatocytes, 4: no spermatozoa or 

spermatids, few spermatocytes, 3: 

spermatogonia only, 2: no germinal cells, 

Sertoli cells only, 1: no seminiferous 

epithelium. To calculate the Johnsen’s score, 

the sum of all scores was divided by the total 

number of seminiferous tubular sections (22).  

 

Ethical consideration 

This experimental study was conducted 

with the approval of the local ethics committee 

on use and care for animal experiments at 

Mazandaran University of Medical Sciences. 

(Code 95-135).  

 

Statistical analysis 

The obtained data were analyzed using 

SPSS version 18 (Statistical Package for the 

Social Sciences, version 18.0, SPSS Inc, 

Chicago, Illinois, USA). Results are presented 

as mean±SD, and all statistical comparisons 

were performed by means of one-way 

analysis of variance (ANOVA) followed by 

Tukey’s multiple comparison post hoc tests.  

p-value ˂0.05 was considered significant. 

 

Results 
 

Clinical signs and body weight changes 

The general effects of CP were narcosis, 

hunched posture, flaccid, low activity and a 

decreased appetite only seen in CP group 

animals. Compared to the control group, CP 

significantly decreased the body weight in CP 

and nZno+ CP groups, which may be ascribed 

to the decreased feed intake during the 

treatment (242.29±59.04 and 240.00±37.19 

vs. 364.29±18.80 gr on the day of sacrifice; 

p<0.001).  

 

Effects of nZno and Mel on reproductive 

organs weights 

As shown in table I, exposure of adult male 

rats to CP resulted in a significant decrease in 

the relative weights of the testis and 

epididymis compared to the control group. 

However, co-treatments with nZno and Mel 

caused a significant increase in the relative 

weights of testes and epididymis in 

comparison with CP group (p<0.001). 

 

Sperm examination findings 

The results of the sperm examinations are 

presented in figure 1, 2. Treatment of male 

rats with CP caused a significant decrease in 

the sperm viability, motility, count and 

increasing abnormal sperm rates, while co-

administration of nZno and Mel compared to 

nZno or Mel alone more effectively protected 

against the CP-induced changes and 

minimized the toxic effects of CP (p<0.001). 

 
Histopathological findings 

Table II shows the Johnsen’s scores, 

seminiferous tubule diameter and germinal 

epithelium height for all the groups. At the end 

of the treatment, animals treated with CP 

showed a significant decrease in the mean of 

these parameters in comparison to the control 

group. On the other hand, these parameters in 

the nZno+ Mel+ CP group (with co-

administration nZno and Mel) were 

significantly higher than Mel+CP and 

nZno+CP groups compared to CP-treated 

animals only (p<0.001 ). 

Upon microscopic examination, animals in 

control and nZno +Mel groups (I and VI) 

revealed a normal testicular architecture and 

morphology with spermatogenic cells at 

different stages of development. Compared 

with control rats, CP treatment alone induced 

various histopathological alterations in the 

seminiferous tubules such as reductions in the 

numbers of germ cell in various stages of 

spermatogenesis,degeneration,desquamation, 

disorganization, multi-nucleated giant cell 

formation and significantly fewer spermatozoa 

in tubules.  

A detachment of spermatogenic cells, 

vacuolization and exfoliation of germ cells into 

the lumen of seminiferous epithelium were 

other features of the CP group. However, 

nZno or Mel alone ameliorated the CP- 

induced pathological lesions to a certain 

extent, but co-administration of nZno+Mel 

significantly attenuated the severity of CP-

induced histopathological changes and 

impaired spermatogenesis (Figure 3 A-I). 
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Table I. Effects of zinc oxide nanoparticles, melatonin and cyclophosphamide on body and relative testis and epididymis weights of 

rats in control and treated groups 
 Control CP Mel+ CP nZno+ CP Mel+ nZno+ CP Mel+ nZno 

Initial body weight (gr) 214.00±10.00 237.70±16.23 242.29±6.80 203.14±4.74 207.86±6.46 210.00±6.65 
Final body weight (gr) 364.29±18.80 242.29±59.04

a*** 
297.71±40.08

a* 
240.00±37.19

a*** 
336.14±24.88

b** 
343.14±45.48

 

Right testis 

Absolute weight testis (gr) 1.54±1.75 1.15±1.37 1.32±0.09 1.20±0.11 1.42±0.11 1.50±0.13 

Relative weight testis (gr) 0.71±0.08 0.50±0.06
a*** 

0.54±0.04
a*** 

0.58±0.04
a** 

0.68±0.06
b*** 

0.71±0.06
 

Left testis 

Absolute weight testis (gr) 1.57±1.70 1.21±0.14 1.36±0.11 1.22±0.11 1.46±0.08 1.52±0.16 

Relative weight testis (gr) 0.73±0.08 0.52±0.08
a*** 

0.55±0.05
a*** 

0.59±0.04
a** 

0.70±0.04
b*** 

0.72±0.07
 

Right epididymis 

Absolute weight epididymis (gr) 0.60±0.07 0.43±0.12 0.51±0.05 0.48±0.11 0.57±0.05 0.62±0.10 

Relative weight epididymis (gr) 0.28±0.04 0.19±0.04
a** 

0.20±0.02
a* 

0.23±0.04 0.27±0.02
b** 

0.29±0.04
 

Left epididymis 

Absolute weight epididymis (gr) 0.63±0.07 0.44±0.13 0.51±0.06 0.44±0.09 0.61±0.07 0.65±0.08 

Relative weight epididymis (gr) 0.29±0.04 0.19±0.04
a*** 

0.21±0.02
a** 

0.21±0.04
a* 

0.29±0.03
b*** 

0.30±0.03
 

The data are expressed as mean ± SD (Standard deviation). Statistical significance is represented as follows: *p< 0.05, **p< 0.01, *** p< 0.001,  

a: compared with control group; b: compared with CP group 

nZno: nano zinc oxid   Mel: melatonin   CP: cyclophophamide 

 

 

Table II. Johnsen’s score, seminiferous tubule diameter and germinal epithelium height in different groups 

Groups Johnsen’s scores STD (µm) GEH (µm) 

Control 9.52 ± 0.10 295.14±5.69 98.64 ± 3.59 

CP 7.45 ± 0.27a 207.00 ±11.07a 60.50 ± 2.43a 

Mel+ CP 8.57± 0.39a, b 249.03 ± 6.73a, b 79.71 ± 2.56a, b 

nZno+ CP 8.45 ± 0.38 a, b 250.71 ± 17.32 a, b

 

82.25 ± 2.77 a, b 

nZno+ Mel+ CP 9.18 ± 0.21 b 287.28 ±14.32 b 95.07 ± 1.92 ab 

nZno+ Mel 9.30 ± 0.25 297.00 ± 7.70 101.21 ± 3.36 

The data are expressed as mean±SD. Statistical significance is represented as follows: 
a p< 0.001 compared with control group  b p< 0.001 compared with CP group. 

STD: seminiferous tubule diameter  GEH: germinal epithelium height  CP: cyclophosphamide 
Mel: melatonin    nZno: nano zinc oxid 

 

 

Figure 1. Sperm parameters in control and treated groups. (Mean±STD), Statistical significance is represented as follows: *p<0.05, 

**p<0.01, ***p<0.001, a: compared with control group; b: compared with CP group 
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Figure 2. Evaluation of spermatozoa viability. a: Live sperm, with uncolored head. b: dead sperm, with red head (Eosin Y Nigrosine 

×1000). 

 

 

 

 
Figure 3. A. Normal testis of the control group, notice the normal spermatogenesis. B-E: Testes in cyclophosphamide (CP)-

administered group showing degeneration, Germinal epithelium height reduction and incomplete spermatogenic series (Up down 

arrow), vacuolization (*) and exfoliation of germ cells into the lumen (*) and Multi-nucleated giant cell formation in some of the 

seminiferous tubule (arrow head). F: Mel+ CP group. G: nZno+ CP group. H: nZno+ Mel+ CP group, improvement of 

spermatogenesis of rats treated with CP plus simultaneous administration nZno and Mel. I: nZno+ Mel group. (H&E, ×400) 
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Discussion 
 

In this study, to determine the toxic effect of 
CP and possible protective roles of nZno and 
Mel in the reproductive system of male rats, 
we examined the sperm parameters and 
histopathological status of the testis. Our 
results showed a significant decrease in body 
weight, relative testis weight, and relative 
epididymis weight in animals treated with CP, 
consistent with results of previous studies (23, 
25). However administration of nZno and Mel 
in group V significantly prevented the CP-
induced reductions both in body weight and 
reproductive organ weight. According to 
Manson and kang  changes in body weight 
are indicative of toxicity in mice, whereas the 
reduction in reproductive organ weight may be 
due to parenchymal atrophy, pathologic 
changes (degeneration and necrosis) and 
decrease in testosterone and sperm 
production in rats treated with CP and 
therefore effects of these agents on the testes 
may be due to their particular toxic effects on 
the target organ and not as a result of their 
general toxicity (8, 23, 26, 27).  

In our study, administration of CP 
significantly reduced epididymal sperm 
concentration, count, motility and increased 
abnormal morphology, confirming several 
studies (23, 28). The other studies have 
shown that the administration of CP once a 
week for 5 weeks caused oligospermia, 
azoospermia, testicular damage and germ cell 
toxicity in mouse (29, 30). According to the 
previous studies, increased morphological 
imperfection and production of abnormal 
sperms may also be a result of the direct 
toxicity of CP, because cellular DNA is a 
primary purpose of CP in its anti-cancer and 
toxic function thus, DNA damage may be 
responsible for the increased level of 
abnormal sperm shapes (5, 23). Another 
mechanism for CP toxicity on sperm 
morphology may also be peroxidation of 
polyunsaturated fatty acids in plasma 
membranes of spermatozoa by free radicals 
and low antioxidant capacity. It also has been 
reported that adenosine triphosphate (ATP) is 
an energy source for sperm motility and the 
reduced sperm motility following CP treatment 
may be the result of a disruption to ATP 
supply (13, 23). 

The protective effect of melatonin against 
oxidative damage has been evaluated in both 
in vivo and in vitro studies (25). Melatonin 

prevented the CP- and cisplatin-induced 
increases in abnormal sperm. The rationale 
for the mechanism of the antimutagenic 
effects of melatonin is its ability to scavenge 
free radicals that cause oxidative DNA 
damage (23). In addition, melatonin indolent 
stimulatory effect on the production of ATP 
that according to our findings can improvethe 
motility of sperm. Zhang Showed that 
melatonin may potentially decrease testicular 
damage with improved histopathological 
changes in hyperlipidemic mice (31).  

Tuncer and co-workers investigated 
histological effects of melatonin and zinc, 
alone or in combination, on rat testes and in 
contrast to other studies reported that 4-wk 
treatment with melatonin leads to histological 
and physiological impairments of the testis. 
Moreover, zinc supplementation might have a 
protective effect against the testicular damage 
caused by melatonin (15). In another study, 
effects of zinc and melatonin deficiency on rat 
testes were examined and their results 
indicated that testicular damage caused by 
zinc deficiency may be reduced by melatonin 
deficiency. Various studies have revealed the 
antioxidant and reproductive function of zinc. 
Zinc plays an important role in the physiology 
of spermatozoa and spermatogenesis 
because the zinc levels are very high in the 
male reproductive system and seminal fluid. It 
has been documented that zinc depletion 
causes atrophy of the seminiferous tubules 
and failure of spermatogenesis in rats (5, 32). 
Zn supplementation in rats attenuated various 
types of CP-induced sperm DNA damage. It 
also ameliorated CP-induced decrease of 
sperm count and plasma testosterone (10). 

Several reports have shown that 
nanoparticles have a relatively higher toxicity 
compared to large size materials and it was 
reported that nZno has cytotoxic effects on 
some organs in time- and dose- dependent 
manners (5, 33). Talebi et al examined the 
effect of nZno on spermatogenesis in mice 
and showed that nZno has cytotoxic actions 
on testicular germ cells in a dose dependent 
manner (16). Also, Abbasalipourkabir and co-
workers 2015 investigated the effect of zinc 
oxide nanoparticles on adult male Wistar rats 
and indicated that the significant toxicity 
effects of nZno appear at concentrations 
above 50 mg/kg body weight of animals (34). 

In the present study, nZno in the doses 
utilized (5 mg/kg) showed no toxic effect on 
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spermatogenesis. In agreement with our 
results, Badkoobeh reported that 
administration of nZno prevented sperm 
damage in doxorubicin-treated adult male rats 
via an antioxidant mechanism (5). In another 
study, the chemoprotective efficacy of Nano-
Selenium against CP-induced toxicity in 
tumor-bearing mice was investigated (35). In 
this study, epididymal sperm parameters 
including sperm count, motility, viability and 
percentage of abnormality showed a 
significant improvement with co-administration 
of nZno and Mel (group V) compared to CP-
treated animals. 

One study showed that the toxic effect of 
CP on spermatogenesis in rats was detected 
from day 7 after single administration (36). 
The particular sensitivity of the reproductive 
tissues to cyclophosphamide is due to the 
high proliferating activity. Morphometrical 
parameters such as seminiferous tubule 
diameter and germinal epithelium height can 
also give information about the testicular 
damage degree as a consequence of germ 
cell death (37). In the current study, reduced 
diameter of seminiferous tubules, germinal 
epithelium height, and Johnsen’s Testicular 
Score was observed in CP-treated rats 
compared to the control group. Also, 
histological observations in CP treated group 
demonstrated morphological alterations in 
seminiferous tubules such as degeneration, 
desquamation, disorganization, reduction in 
the number of spermatogenic cells, 
vacuolization, multinucleated giant cell 
formation and interstitial edema which is 
consistent with previous studies (19, 38).  

In this study, co-administration of nZno and 
Mel significantly improved CP-induced 
histopathological changes. Although nZno or 
Mel along with CP also ameliorated these 
changes in the testis to a certain extent but 
was less effective than the co-administration 
of nZno and Mel, which can be explained the 
synergistic effect of melatonin and zinc. Al-
malki was evaluated the protective effect of 
lycopene alone or combined with Mel in 
inhibiting the oxidative stress and toxic effect 
of CP in rats and their results showed that 
supplementation of diet with lycopene and Mel 
provided the antioxidant defense with strong 
chemopreventive activity against CP-induced 
cytotoxicity (39). Also, Lu and co-workers 
observed that Zn (II)-curcumin compared to 
curcumin alone, proved more potent 

protection against the toxicity of CP in the 
testis as a result of the synergistic action of 
curcumin and Zn (13). The present study 
showed that co-administration of nZno and 
Mel to CP-treated rats significantly improved 
all studied parameters. In this mode usually, a 
combination with a low dose can intensify the 
effects of other compounds and reduce 
toxicity. 

 

Conclusion 
 

In summary, the finding of our study 

indicates that exposure of adult male Wistar 

rats to CP had deleterious effects on both 

testicular histology and all male fertility 

parameters, while simultaneous administration 

of Mel and nZno cause protection against CP-

induced reproductive damage which is more 

than the protection when Mel or nZno are 

used alone. That's probably due to the 

synergistic effect of zinc and melatonin. The 

relationship between zinc and melatonin is 

complex and not yet fully understood. Based 

on previous studies and our results, an 

apparent two-way relationship exists between 

zinc and melatonin. This observation should 

be further investigated. 
 

Acknowledgments 
 

This study was supported by the 
Immunogenetic Research Center (IRC) of Sari 
Medical Faculty and Chancellor for Research 
and Technology of Mazandaran University of 
Medical Sciences (Project No: 93-1997). 
 

Conflict of interest 
 

The authors declare no conflict of interest. 
 

References 
 
1. Caneguim BH, Serpeloni JM, Maciel MAM, de Syllos 

Cólus IM, de Fatima Paccola Mesquita S. Reduction 
of DNA-damage by croton cajucara methanolic 
extract but not the testicular alterations induced by 
doxorubicin. J Med Plants Res 2011; 5: 3277-3285. 

2. Avendaño C, Menendez JC. Medicinal chemistry of 
anticancer drugs: Elsevier; 2015. 

3. Nayak G, Vadinkar A, Nair S, Kalthur SG, D'Souza 
AS, Shetty P, et al. Sperm abnormalities induced by 
pre‐pubertal exposure to cyclophosphamide are 

effectively mitigated by Moringa oleifera leaf extract. 
Andrologia 2016; 48: 125-136. 

4. Das UB, Mallick M, Debnath JM, Ghosh D. Protective 
effect of ascorbic acid on cyclophosphamide-induced 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
7.

40
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

24
-0

5-
03

 ]
 

                             8 / 10

file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_5
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_35
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_36
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_37
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_19
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_38
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_39
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2095/95-135/95-135-4.doc%23_ENREF_13
http://dx.doi.org/10.29252/ijrm.15.7.403
https://ijrm.ir/article-1-842-en.html


Protective effect of zinc oxide nanoparticles and melatonin 

International Journal of Reproductive BioMedicine Vol. 15. No. 7. pp: 403-412, July 2017                                         411 

testicular gametogenic and androgenic disorders in 
male rats. Asian J Androl 2002; 4: 201-208. 

5. Badkoobeh P, Parivar K, Kalantar SM, Hosseini SD, 
Salabat A. Effect of nano-zinc oxide on doxorubicin-
induced oxidative stress and sperm disorders in adult 
male Wistar rats. Iran J Reprod Med 2013; 11: 355. 

6. Yuan D, Wang H, He H, Jia L, He Y, Wang T, et al. 
Protective Effects of Total Flavonoids from 
Epimedium on the Male Mouse Reproductive System 
Against Cyclophosphamide‐Induced Oxidative Injury 

by Up‐Regulating the Expressions of SOD3 and 
GPX1. Phytother Res 2014; 28: 88-97. 

7. Kim S-H, Lee I-C, Baek H-S, Moon C, Kim S-H, Kim 
J-C. Protective effect of diallyl disulfide on 
cyclophosphamide-induced testicular toxicity in rats. 
Lab Anim Res 2013; 29: 204-211. 

8. Çeribaşi AO, Türk G, Sönmez M, Sakin F, Ateşşahin 
A. Toxic Effect of Cyclophosphamide on Sperm 
Morphology, Testicular Histology and Blood 
Oxidant‐Antioxidant Balance, and Protective Roles of 
Lycopene and Ellagic Acid. Basic Clin Pharmacol 
Toxicol 2010; 107: 730-736. 

9. Sakr SA, Abdel-Samie HA. Effect of Ginkgo biloba 
extract on cyclophosphamide-induced reproductive 
toxicity and oxidative stress in male albino mice. 
World J Pharm Sci 2014; 3: 16-25. 

10. Ghobadi E, Moloudizargari M, Asghari MH, Abdollahi 
M. The mechanisms of cyclophosphamide-induced 
testicular toxicity and the protective agents. Exp Opin 
Drug Metab Toxicol 2017; 13: 525-536. 

11. Hegazy RM, Faruk EM, Elgendy FS, Mehlab EM. 
Melatonin versus amege-3 fatty acid as possible 
antioxidants against cyclophosphamide-induced 
pulmonary toxicity in adult albino rats. Int J Pharm 
Bio Sci 2015; 6: 440-452. 

12. Othman AI, Edrees GM, El-Missiry MA, Ali DA, 
Aboel-Nour M, Dabdoub BR. Melatonin controlled 
apoptosis and protected the testes and sperm quality 
against bisphenol A-induced oxidative toxicity. 
Toxicol Indust Health 2016; 32: 1537-1549. 

13. 1Lu W-P, Mei X-T, Wang Y, Zheng Y-P, Xue Y-F, Xu 
D-H. Zn (II)–curcumin protects against oxidative 
stress, deleterious changes in sperm parameters and 
histological alterations in a male mouse model of 
cyclophosphamide-induced reproductive damage. 
Environment Toxicol Pharmacol 2015; 39: 515-524. 

14. Dani V, Dhawan D. Radioprotective role of zinc 
following single dose radioiodine (^1^3^1I) exposure 
to red blood cells of rats. Ind J Med Res 2005; 122: 
338. 

15. Tuncer I, Sunar F, Toy H, Baltaci A, Mogulkoc R. 
Histological effects of zinc and melatonin on rat 
testes. Bratislavske lekarske listy 2010; 112: 425-
427. 

16. Talebi AR, Khorsandi L, Moridian M. The effect of 
zinc oxide nanoparticles on mouse spermatogenesis. 
J Assist Reprod Genet 2013; 30: 1203-1209. 

17. Suri SS, Fenniri H, Singh B. Nanotechnology-based 
drug delivery systems. J Occup Med Toxicol 2007; 2: 
1. 

18. Baltaci A, Mogulkoc R. Pinealectomy and melatonin 
administration in rats: their effects on plasma leptin 
levels and relationship with zinc. Acta Biol Hungarica 
2007; 58: 335-343. 

19. Jalali AS, Hasanzadeh S, Malekinejad H. Achillea 
millefolium inflorescence aqueous extract 
ameliorates cyclophosphamide-induced toxicity in rat 

testis: stereological evidences. Chin J Nat Med 2012; 
10: 247-254. 

20. Rezaei N, Chian R-C. Effects of essential and non-
essential amino acids on in-vitro maturation, 
fertilization and development of immature bovine 
oocytes. Int J Reprod BioMed 2005; 3: 36-41. 

21. World Health Organization. WHO laboratory manual 
for the examination and processing of human 
semen.5

th
 Ed. Switzerland;  2010. 

22. Johnsen S. Testicular biopsy score count-a method 
for registration of spermatogenesis in human testes: 
normal values and results in 335 hypogonadal 
males. Hormone Res Paediatr 1970; 1: 2-25. 

23. Ilbey YO, Ozbek E, Simsek A, Otunctemur A, 
Cekmen M, Somay A. Potential chemoprotective 
effect of melatonin in cyclophosphamide-and 
cisplatin-induced testicular damage in rats. Fertil 
Steril 2009; 92: 1124-1132. 

24. Quita SM. Evaluation of lemon fruit extract as an 
antioxidant agent against histopathological changes 
induced by cyclophosphamide in the testes of albino 
mice. Electronic Physician 2016; 8: 1824. 

25. Selvakumar E, Prahalathan C, Mythili Y, Varalakshmi 
P. Protective effect of dl-α-lipoic acid in 
cyclophosphamide induced oxidative injury in rat 
testis. Reprod Toxicol 2004; 19: 163-167. 

26. Manson JM, Kang Y. Test methods for assessing 
female reproductive and developmental toxicology. 
Principles Methods Toxicol 1994; 27: 989-1034. 

27. Rezvanfar M, Sadrkhanlou R, Ahmadi A, Shojaei-
Sadee H, Mohammadirad A, Salehnia A, et al. 
Protection of cyclophosphamide-induced toxicity in 
reproductive tract histology, sperm characteristics, 
and DNA damage by an herbal source; evidence for 
role of free-radical toxic stress. Hum Exp Toxicol 
2008; 27: 901-910. 

28. Ateşşahin A, Şahna E, Türk G, Çeribaşi AO, Yılmaz 
S, Yüce A, et al. Chemoprotective effect of melatonin 
against cisplatin‐induced testicular toxicity in rats. J 
Pineal Res 2006; 41: 21-27. 

29. Elangovan N, Chiou T-J, Tzeng W-F, Chu S-T. 
Cyclophosphamide treatment causes impairment of 
sperm and its fertilizing ability in mice. Toxicology 
2006; 222: 60-70. 

30. Tripathi D, Jena G. Astaxanthin inhibits cytotoxic and 
genotoxic effects of cyclophosphamide in mice germ 
cells. Toxicology 2008; 248: 96-103. 

31. Zhang K, Lv Z, Jia X, Huang D. Melatonin prevents 
testicular damage in hyperlipidaemic mice. 
Andrologia 2012; 44: 230-236. 

32. Ebisch I, Thomas C, Peters W, Braat D, Steegers-
Theunissen R. The importance of folate, zinc and 
antioxidants in the pathogenesis and prevention       
of subfertility. Hum Reprod Update 2007; 13: 163-

174. 
33. Mozaffari Z, Parivar K, Roodbari NH, Irani S. 

Histopathological evaluation of the toxic effects of 
zinc oxide (ZnO) nanoparticles on testicular tissue                 
of NMRI adult mice. Adv Stud Biol 2015; 7: 275-          
291. 

34. Abbasalipourkabir R, Moradi H, Zarei S, Asadi S, 
Salehzadeh A, Ghafourikhosroshahi A, et al. Toxicity 
of zinc oxide nanoparticles on adult male Wistar rats. 
Food Chem Toxicol 2015; 84: 154-160. 

35. Bhattacharjee A, Basu A, Biswas J, Sen T, 
Bhattacharya S. Chemoprotective and 
chemosensitizing properties of selenium nanoparticle 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
7.

40
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

24
-0

5-
03

 ]
 

                             9 / 10

http://dx.doi.org/10.29252/ijrm.15.7.403
https://ijrm.ir/article-1-842-en.html


Torabi et al 

412                                         International Journal of Reproductive BioMedicine Vol. 15. No. 7. pp: 403-412, July 2017 

(Nano-Se) during adjuvant therapy with 
cyclophosphamide in tumor-bearing mice. Mol Cell 
Biochem 2017; 424: 13-33. 

36. Matsui H, Mitsumori K, Yasuhara K, Onodera H, 
Shimo T, Takahashi M. Morphological evaluation of 
cyclophosphamide testicular toxicity in rats using 
quantitative morphometry of spermatogenic cycle 
stages. J Toxicol Sci 1995; 20: 407-414. 

37. Kamarzaman S, Sha’ban M, Rahman SA, Rahman 
SA. Effects on mouse spermatogenesis and DNA 
fragmentation following exposure to 

cyclophosphamide and thymoquinone. Eur Int J Sci 
Technol 2013; 2: 119-136. 

38. Abd-El hameed Edrees Z, Embaby AS. The effect of 
melatonin on the testes of rats treated with 
cyclophosphamide: histological and 
immunohistochemical study. Egypt J Histol 2012; 35: 
822-832. 

39. Al-Malki AL. Synergestic effect of lycopene and 
Melatonin against the genesis of oxidative stress 
induced by cyclophosphamide in rats. Toxicol Indust 
Health 2014; 30: 570-575. 

 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
7.

40
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rm

.ir
 o

n 
20

24
-0

5-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.29252/ijrm.15.7.403
https://ijrm.ir/article-1-842-en.html
http://www.tcpdf.org

