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       ABSTRACT  

Introduction: Nowadays, zinc oxide nanoparticles are considered 

one of the commonly used nanoparticles.  They  are utilized  in 

numerous fields as agriculture, industry and biomedicine. Zinc 

oxide nanoparticles are widely used as food additive and in food 

packaging because of their antibacterial properties. Many 

commercial products as sun protection creams and daily-care 

products contain zinc oxide nanoparticles. Aim : The  aim of the 

study was to evaluate the subacute toxicity of different doses of 

orally administrated zinc oxide nanoparticles on testis. Methods: 

The study was conducted on forty adult male albino rats divided 

into four groups (10 rats per  group); Group I: control group,  

Group II:  received 10 mg/kg/day zinc oxide nanoparticles, Group 

III:  received 100 mg/kg/day zinc oxide nanoparticles, Group IV:  

received 200 mg/kg/day zinc oxide nanoparticles orally for 28 

days. Serum testosterone level and oxidative stress biomarkers in 

testicular tissue including malondialdehyde, glutathione peroxidase  

and superoxide dismutase were estimated. Histopathological 

examination of the testis by  light microscope was also, performed. 

Results: Zinc oxide nanoparticles induced significant decrease in 

serum testosterone, elevation of  malondialdehyde and decrease the 

activity of superoxide dismutase and glutathione peroxidase  in 

testis in a dose dependent manner as toxicity was more obvious in 

high doses. Significant histopathological changes were detected. 

Conclusion: The study concluded that  subacute oral exposure to 

zinc oxide nanoparticles might cause toxic effects on testis through 

oxidative stress and high doses have more toxic action. 

Recommendations: Great attention must  be given  about the field 

of nanotoxicology to evaluate the potential  toxic effects of  

nanoparticles on human health. 
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I. Introduction : 

Nanotechnology has recently 

grown in popularity and considered as  

one of the most promising technologies 

of the twenty-first century. It is 

concerned with the  manufacture  and 

applications of nanoparticles (NPs) 

(Bayda et al., 2020). Nanoparticles are 

tiny materials with a size of around    

(1 - 100 nm). Because of  their high 

surface area and nanoscale size, they 

have unique chemical and physical 

properties  (khan et al., 2019). 

Entrance of NPs into human body 

occurs through many routes as 

inhalation, ingestion and injection. 

They  may then translocate to the 

blood stream,  triggering harmful 

biological  effects in several organs  

(De Matteis, 2017 ). The term 

nanotoxicology has gained interest 

from the last two decades onwards. It 

is a subfield of toxicology that is 

concerned with the adverse health 

effects of nanoscale structures or 

particles with a diameter of less than 

100 nm (Krug, 2014 ; Singh et al., 

2019). Previous researches studied the 

potential toxicity of many NPs (Amer 

et al., 2020; Elkhateeb et al., 2020 and 

Sakr et al., 2021). 

Zinc oxide nanoparticles (ZnO 

NPs) are one of the widely utilized 

NPs in consumer items.  The  annual 

global manufacture of ZnO NPs is 

estimated to be between 0.1 to 1.2 

million tons (Kumar et al., 2013). They  

are widely found in commercial items 

such as sun protection creams and 

personal  care  products. Furthermore, 

they are  utilized  in numerous fields as 

agriculture, industry and biomedicine.  

Zinc oxide nanoparticles have 

antimicrobial and fungicidal activity 

so,  they are commonly used as food 

additive and in food packaging (Sruthi 

et al., 2018 ; Pinho et al., 2020). 

Food and Drug Administration 

(FDA) graded ZnO as a generally 

recognized as safe (GRAS) substance. 

On the other hand, researchers detected 

that the toxicological properties of NPs 

are different from their corresponding 

bulk materials and have unique 

physicochemical characters. Recent 

research papers proposed that ZnO 

NPs may induce undesirable effects on 

human health (Morris and Salem, 2017 

; Mohd Yusof et al., 2019). 

Zinc oxide nanoparticles possess  

the ability to cross the cell membrane 

and the blood- barrier of some vital 

organs. The solubility of these particles 

and ability to generate free radicals are 

the main factors that contributed to 

their toxicity. Some studies reported 

that oxidative stress, cytotoxicity and 

genotoxicity could be exhibited by 

ZnO NPs (Ng et al., 2017). Nemenqani 

et al. (2015) stated that  small amounts 

of ZnO NPs can enter into  the cells  

and lead to production  of reactive 

oxygen species (ROS) in large 

amounts. Zinc oxide nanoparticles 

stimulate oxidative stress inside the 

cells by making imbalance between the 

oxidant and anti-oxidant mechanisms 

and  this explain  the  low activity of 

antioxidant enzymes. 

Nanoparticles can prompt 

toxicity on male reproductive system 

via crossing the blood–testis barrier  

and eventually  producing damage in 

the spermatoza (Habas et al., 2021). 

Harmful effects as testicular lesions, 

sperm malformations, changes in 

serum levels of sex hormone and 

testis-specific gene expressions may 

occur due to accumulation of NPs 

(Baek et al., 2012 ; Gao et al., 2013 

and Hong et al., 2015). Many studies 

were conducted to evaluate  ZnO NPs 

toxicity on lungs, livers and kidney, 

while,  in vitro and in vivo studies
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about ZnO NPs toxicity on 

reproductive system started to be  

increased nowadays. Recent researches 

revealed  that ZnO NPs were able to  

accumulate in the testis and epididymis 

(Tang et al., 2019 and Kong et al., 

2020).   

The present study aimed to 

evaluate the subacute toxic effects of 

different doses of orally administrated 

Zinc oxide nanoparticles on testis of 

adult male albino rats. 

II. Material and methods 

II.1. Chemicals:  

ZnO NPs were purchased from 

Nano-Gate Company, Cairo, Egypt. 

ZnO NPs powders were white in color, 

spherical in  shape with an average size 

of ≈ 20nm. 

II.2. Animals: 

The present study was conducted 

on 40 sexually mature male albino rats 

(7 weeks old) weighing (185–215gm) 

for 28 days. They were purchased from 

the animal Facility Centre of Faculty 

of Medicine Helwan University. 

Animals were fed with standard pellet 

food and water. They were 

acclimatized to the laboratory 

condition for one week before starting 

the treatment protocol. The protocol of 

ethics and husbandry conditions of 

animal research were considered 

according to the guide of laboratory 

animals care and use that approved by 

the ethical committee of  Faculty of 

Medicine, Sohag University.   

Rats were randomly divided into 4 

groups, 10 rats per group:  

Group I: control group, animals were 

not received any treatment. 

Group II:  received ZnO NPs in a dose 

of 10 mg/kg /day (about 1/500 of 

LD50) (Wang et al., 2008). 

Group III: treated with 100 mg/kg /day 

ZnO NPs (about 1/50 of LD50).  

Group IV: treated with 200 mg/kg /day 

ZnO NPs (about 1/25 of LD50).  

Zinc oxide nanoparticles powder 

was  dissolved  in distilled water and 

dispersed by sonicator for 10 minutes 

then  administered orally to the rats by 

gavage tube once daily for 28 days. 

II.3. Methods: 

Collection of blood samples 

After 28 days of treating animals 

with ZnO NPs , blood samples were 

taken before scarification of animals 

from retro-orbital plexus into clean dry 

tubes (Johnson, 2007). Later on , blood 

samples were centrifuged and  serum 

was separated to be transferred into 

sterile screw capped vials for 

measurement of  serum testosterone 

levels by using testosterone  ELISA 

kits according to Tietz. (1995). . 

Tissue samples: 

Rats were sacrificed at the end of 

the study after being anaesthetized by 

ether  inhalation then dissected to 

expose testes. According to the method 

of  Kheradmand et al. (2009) , left  

testis samples  were perfused via using 

a phosphate-buffered saline (PBS) 

solution pH 7.4 containing 0.16 mg/ml 

heparin for removing any red blood 

cells clots then stored at -80 oC for
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measurement of oxidative stress 

biomarkers. Finally,  500 mg of testis 

tissue was homogenized in 3 ml of 

PBS and the  homogenates were 

centrifuged at 300 rpm for 15 min then  

supernatants were used for  estimation 

of malondialdehyde (MDA),  

superoxide dismutase (SOD) and 

glutathione peroxidase (GPx) enzymes 

activity. They were purchased from 

Bio-diagnostic company, Giza, Egypt. 

II.4. Histopathological examination: 

Right  testis samples were 

cleaned with physiological saline and   

fixed in bouin’s solution then absolute 

ethyl alcohol was used for dehydration 

of the samples. The specimens were 

embedded in blocks for sectioning at 5 

micro thicknesses. Finally, sections 

were processed to be stained with 

hematoxylin and eosin (H&E) stain 

and examined by light microscope then 

photographed (Bancroft and Layton, 

2013). 

Statistical analysis: 

 The provided data were  

analyzed  by using SPSS software 

version 24. One way  ANOVA 

(analysis of variance) test and  post-

hoc Tukey HSD (honestly significant 

difference) test were  used for 

comparing the differences  between 

groups.  Probability values of 

significance (P- values)  < 0.05 were 

considered as significant groups.  .  

III.  Results  

III.1. Serum testosterone 

This study detected a very  

highly significant decrease in serum 

testosterone hormone level between 

the studied groups as shown in table 1. 

Results revealed a non-significant 

difference in serum testosterone of  

group II (10 mg/kg /day ZnO NPs) 

compared to group I ( control group). 

On the other hand,  a highly significant 

decrease in serum testosterone level of 

group III (100 mg/kg /day ZnO NPs) in 

comparison to  group I and a very 

highly significant decrease  in group 

IV (200 mg/kg /day ZnO NPs) 

compared to group I were detected as  

illustrated  in table 1. Statistical 

analysis between ZnO NPs treated 

groups showed a highly significant 

decrease in serum testosterone of  

group III in comparison to group II and  

a very highly significant decrease in   

group IV compared to group II. On the 

other hand, comparison between group 

IV and III revealed a highly significant 

decrease in serum testosterone level as 

shown in table 2. 

III.2. Oxidative stress parameters 

Estimation of oxidative stress 

biomarkers in testis showed a very 

highly significant increase in MDA 

level and a very highly significant 

decrease in the activity of  SOD and 

GPx enzymes between the studied 

groups as illustrated in table 3. 

Table 3 showed a non-significant 

difference in MDA level of group II 

compared to group I. On comparing 

group III to group I, results revealed  a 

significant increase in MDA level. 

Furthermore,  there was a very highly  

significant increase in MDA of group 

IV compared to group I .Comparison  

between ZnO NPs treated groups 

revealed a non-significant difference in 
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MDA of group III compared to group 

II,  while, there was a very highly 

significant  increase in group IV 

compared to group II. Comparison 

between group IV and III revealed a 

significant increase in the values of 

MDA as shown in table 4.  

Regarding SOD enzyme activity, 

table 3  showed a non- significant 

difference in SOD  activity in group II 

compared to group I. On the other 

hand, there was a highly significant 

decrease in the activity  of SOD 

enzyme of  group III in comparison to 

group I. Results also revealed a very 

highly significant decrease in the 

activity  of SOD enzyme of  group IV 

in comparison to group I. Statistical 

analysis between ZnO NPs treated 

groups showed a significant decrease 

in the SOD activity in group III 

compared to group II and a highly 

significant decrease in group IV 

compared to group II. On the other. 

hand, comparison between group IV 

and  group III showed  a non-

significant difference as  illustrated in 

table 4.  

Regarding GPx enzyme activity, 

table 3 showed  a non- significant 

difference in GPx  enzyme activity in 

group II compared to group I, while a 

highly significant decrease in GPx  

enzyme  activity of  group III 

compared to group I was detected. 

Furthermore,  comparison between 

group IV and group I revealed  a very 

highly  significant decrease.  Results  

of comparison between ZnO NPs 

treated groups revealed a significant 

decrease in the activity of GPx in 

group III compared to group II and  a 

very highly significant decrease in 

group IV compared  to group II. Also, 

comparison between group IV and III 

revealed a significant decrease in GPx 

enzyme activity as shown in table 4. 

 

Table (1): Statistical comparison between control and ZnO NPs treated groups regarding 

mean values of serum testosterone hormone level by using one way ANOVA test and post-

hoc Tukey HSD test. 

 

p-values   ♦ > 0.05 Non significant    ** < 0.01 Highly significant       *** < 0.001 Very 

highly significant    SD: Standard deviation    ANOVA: Analysis of variance         ZnO NPs: 

Zinc oxide nanoparticles. 

 

 

 

 

 

 

    

Mean± SD 

 

ANOVA 

 

 

 

 

 

 

p-value by Tukey-test   

Group I 

(control) 

 

Group II 

(10 mg/kg 

ZnO NPs) 

Group III 

(100 mg/kg 

ZnO NPs) 

Group IV 

(200 mg/kg 

ZnO NPs) 

Group 

 II 

versus 

Group 

 I 

 

Group 

 III 

Versus 

 Group  

I 

Group  

IV 

versus 

 Group  

I 

 

Serum 

Testosteron

e (ng/ml) 

2.82 ±0.19 2.49±0 .16 1.67 ±0.21

  

0.81 ± 0.19 < 

0.001*** 

♦0.226 

 

 

0.001** <0.001

*** 
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Table (2): Statistical comparison between ZnO NPs treated groups regarding  mean values of 

serum testosterone hormone level by using post-hoc Tukey HSD test.             

p-values: ** < 0.01 Highly significant    *** < 0.001 Very highly significant      SD: Standard 

deviation         ANOVA: Analysis of variance      ZnO NPs: Zinc oxide nanoparticles. 

 

Table (3): Statistical comparison between control and  ZnO NPs treated groups regarding  

mean values of testicular MDA, SOD and GPx by using one way ANOVA test  and post-hoc 

Tukey HSD test. 

p-values ♦ > 0.05 Non significant  * < 0.05 significant  ** < 0.01 Highly significant            

*** < 0.001 Very highly significant       SD: Standard deviation          ANOVA: Analysis of 

variance           MDA: Malondialdehyde    SOD: Superoxide dismutase                              

GPx: Glutathione peroxidase ZnO NPs: Zinc oxide nanoparticles.

 

 

 

 

 

 

 
 
 
 

 
 

Mean± SD 

 
p-value by Tukey-test 

Group II 

(10 mg/kg 

ZnO NPs) 

Group III 

(100 mg/kg 

ZnO NPs) 

Group IV 

(200 mg/kg 

ZnO NPs) 

Group  

III 

versus 

 Group  

II 

 

Group  

IV 

versus 

 Group 

 II 

 

Group 

IV 

versus 

Group 

III 

 

Serum 

Testosterone 

(ng/ml)   

2.49 ± 0.16 1.67 ± 0.21

  

0.81 ± 0.19 0.003** < 0.001*** 0.002** 

 

 

 

 

 

 

 

Mean± SD 

 

ANOVA 

 

 

 

 

 

 

p-value by Tukey-test 

Group I 

(control) 

 

Group II 

(10 mg/kg 

ZnO NPs) 

Group III 

(100 mg/kg 

ZnO NPs) 

Group IV 

(200 mg/kg 

ZnO NPs) 

Group II 

versus 

Group I 

 

Group 

 III 

Versus 

 Group  

I 

 

Group 

 IV 

versus 

 Group  

I 

 

MDA 

Level 

(nmol/ gT) 

33.36 ±3.07 38.50± 3.33 44.74 ±  2.96 55.15 ±2.19 <0.001*** 

 

♦0.215 0.006* <0.001*** 

 

SOD 

Activity 

(U/gT)   

359.92±17.2 354.25±11.8 297.95±13.6 284.7±14.4 <0.001*** 

 

♦0.961 0.003** <0.001*** 

 

GPx 

Activity 

(U/gT )  

59.06 ±  5.84 53.91±  3.71 42.04 ±  2.89 31.67 ±2.15 <0.001*** 

 

♦0.422 0.002** <0.001*** 
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Table (4): Statistical comparison between ZnO NPs treated groups regarding  mean values of  

testicular MDA, SOD and GPx by using post-hoc Tukey HSD test. 

p-values  ♦ > 0.05 Non significant    * < 0.05 significant   ** < 0.01 Highly significant          

*** < 0.001 Very highly significant    SD: Standard deviation    ANOVA: Analysis of 

variance   MDA: Malondialdehyde   SOD: Superoxide dismutase  GPx: Glutathione 

peroxidase ZnO NPs: Zinc oxide nanoparticles. 

III.3. Histopathological findings: 

Light microscopic examination 

from testis sections of  group I (control 

group) revealed normal appearance of 

seminiferous tubules that were 

separated by interstitial tissue. 

seminiferous tubules were lined with a 

sort of stratified epithelium which 

consist of spermatogenic or germ cells 

and sertoli cells in-between. The lining 

spermatogenic cells were 

spermatogonea, primary 

spermatocytes, spermatids and sperms 

as shown in (figure 1.A). Hematoxylin 

and eosin stained sections from testis 

of group II (10 mg/ kg ZnO NPs) 

revealed that seminiferous tubules 

have normal spermatogenic lining and 

mild irregular thickened basement 

membrane.  The  interstitial tissues 

have some homogenous exudate as 

shown in (figure 1.B). Hematoxylin 

and eosin stained sections from testis 

of group III (100 mg/ kg ZnO NPs) 

showed that seminiferous tubules are 

small and have few large vacuoles. 

Their spermatogenic cells are 

dislocated and disarranged. The 

basement membrane is irregular and 

thickened. Furthermore, Interstitial 

tissue shows  acidophilic homogenous 

exudate, cellular hyperplasia and 

markedly dilated and congested blood 

vessels with thickened wall as in 

(figure 1.C). Hematoxylin and eosin 

stained sections of testis of group IV 

(200 mg/ kg ZnO NPs) revealed that 

seminiferous tubules are small with 

large vacuoles and few spermatogenic 

cells. Some tubules have multiple giant 

cells which have many nuclei and 

acidophilic cytoplasm. There is marked 

irregularity of the basement membrane 

surrounding the seminiferous tubules. 

Transudate edema, marked widening 

of interstitial tissue, cellular 

hyperplasia and congested, dilated 

blood vessels with thickened wall are 

obvious as in  (figure 1.D)

 

 

 

 

 

 

 

 

Mean± SD 

 

p-value by Tukey-test 

Group II 

(10 mg/kg 

ZnO NPs) 

Group III 

(100 mg/kg 

ZnO NPs) 

Group IV 

(200 mg/kg 

ZnO NPs) 

Group 

 III 

versus 

 Group 

 II 

Group 

 IV 

versus 

 Group 

 II 

 

Group  

IV 

versus 

Group  

III 

 

MDA Level 

(nmol/ gT) 

38.50 ±  3.33 44.74 ±  2.96 55.15 ±2.197 ♦0.114 <0.001*** 

 

0.010* 

SOD Activity 

(U/gT)   

354.25 ± 1.81 297.95 ±13.63 284.70±14.43 0.006* 0.002** ♦0.685 

GPx Activity 

(U/gT )  

53.91 ±  3.71 42.04  ±  2.89 31.67 ±  2.15 0.024* <0.001*** 

 

0.044* 
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Figure (1): H&E-stained sections in the testes of the study groups. A: A 

photomicrograph of testis section of group I (control group) showing; parts of 

seminiferous tubules (ST). The lining spermatogenic cells are spermatogonea (s), 

primary spermatocytes (ps), spermatids (sp) and sperms. In between there are Sertoli 

cells (sr) Notes: interstitial tissue in between seminiferous tubules (IC)  (H&E, x 400).  

B: A photomicrograph of testis section of group II (10 mg/kg/day ZnO NPs) showing, 

seminiferous tubules (ST) with normal spermatogenic lining and mild irregular 

basement membrane (BM). Furthermore, interstitial tissues have some homogenous 

exudate (IC) (H&E, x 400). C: A photomicrograph of testis section of group III (100 

mg/kg/day ZnO NPs) showing; parts of seminiferous tubules. Large vacuoles (v) and 

dislocated with disarrangment of spermatogenic cells (s) are observed   Notes: 

transudate edema, widening of interstitial tissue (IC) and  markedely dilated 

congested blood vessels (H&E, x 400). D: A photomicrograph of testis section of 

group IV( 200 mg/kg/day ZnO NPs) showing; parts of seminiferous tubules. The 

tubules are small (ST) with large vacuoles (v) and few spermatogenic cells (*st) 

Notes: transudate edema , widening of interstitial tissue (IC) and dilated congested 

blood vessels. Multiple giant cells are seen in seminiferous tubule (G). Irregularity of 

the basement membrane surrounds the seminiferous tubules (H&E, x 400). 

 

IV. Discussion                                   

Male reproductive system has 

been known to be  more susceptible to 

environmental stress including external 

toxicants and NPs (Tang et al., 2019). 

Zinc oxide nanoparticles could enter in 

the male reproductive system via 

crossing the blood–testis barrier,  

leading to  disruption in  the endocrine 

system and eventually causing 

reproductive toxicity  ( Lu et al ., 2013 

; Pinho et al., 2020).  The present study 

evaluated effects of orally  

administrated ZnO NPs on serum 

testosterone level in adult male albino 

rats by using 3 different doses (10, 100 

and 200 mg/kg/day) for 28 days. 
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Testosterone hormone plays  a 

major role in stimulating  

spermatogenesis process . Suppression 

of testosterone hormone  leads to  

apoptosis and changes in the structure 

of germinal epithelium (Blanco-

Rodríguez and Martínez-García 1998). 

Results of this study revealed 

that the higher the ZnO NPs dosage, 

the lower the serum testosterone level. 

There was a highly significant decrease 

in  serum testosterone level in the 

group that received 100 mg/kg/day 

ZnO NPs and  a very highly significant 

decrease in the group that received 200 

mg/kg/day ZnO NPs compared to the 

control group. While,  results of the 

group that received 10 mg /kg revealed 

a non-significant difference in 

comparison to the control group. 

Our findings are in line with 

those recorded by Tang  et al. (2019). 

They studied the change in serum  

testosterone level of  male mice after 

administration of 50,150, and 450 

mg/kg/day ZnO NPs orally for 14 

days. The results showed that 

increasing the dosage of the ZnO NPs 

leads to  more decrease in the serum 

testosterone level compared to  the 

control group. Data revealed a 

significant decrease in testosterone 

level in the group that treated with  150 

mg/kg/day and  a highly significant  

decrease in those treated with 450 

mg/kg/day.  

Go in harmony with the present 

study, a significant decrease in serum 

testosterone level  in male rats  treated 

with  50 mg/kg/day ZnO NPs by oral 

route for 35 days was noticed by 

Rafiee et al. (2019). They stated that 

the significant decrease in the 

testosterone hormone indicates that 

ZnO NPs can affect the function of 

Leydig cells in androgen synthesis. 

The results of the present study 

were in accordance with Moridian et 

al. (2015) who studied the effects  ZnO 

NPs on the mouse testicular tissue at 

doses  of 5, 50 and 300 mg/kg/day 

orally for 35 days. There was a 

significant decrease in serum 

testosterone level in the dose of 50 

mg/kg and a highly significant 

decrease in the dose of 300 mg/kg 

comparing to the control group. 

Male infertility is one of the first 

reproductive functions shown to be 

vulnerable to oxidative stress , as ROS 

and free radicals can affect the sperm 

function and DNA integrity (Aitken, 

2020). Some studies have proposed  

that ZnO NPs can  induce cytotoxicity 

in both , testis and male germ cells. 

Furthermore , this toxicity not only  

dependent on dose but also on the time 

of exposure (Pinho et al., 2020).  

In the present study estimation of 

oxidative stress biomarkers in 

testicular tissues revealed a significant 

increase in MDA and a s decrease in 

SOD and GPx enzymes activity  in the 

groups that received 100 and 200 

mg/kg/day in a dose dependent manner 

as toxicity was more severe with 

increasing the dose . 

In accordance with the present 

study Rafiee et al.(2019) stated that  

ZnO NPs  induced oxidative stress  in 

the testis of mice by decreasing the 

level of catalase (CAT) and SOD 

enzymes and increasing MDA level. 

Mice  in this study  treated with 50 

mg/kg/day ZnO NPs orally for 35 

days. 

Go in harmony with the present 

study, the reproductive toxicity of ZnO 

NPs in male albino rats was studied by 

Hussein  et al. (2016). Rats received 

100 and 400 mg/kg/day ZnO NPs 

orally. Results revealed a significant 

increase in MDA as a lipid 
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peroxidation marker  and decrease in 

the activity of GPx, SOD, and CAT in 

the testicular tissue of ZnO NPs treated 

groups.  

Yousef et al. (2019) evaluated 

ZnO NPs reproductive toxicity in male 

rats after oral administration of 

100mg/kg/day.  Results showed a 

significant decrease in the activities of 

plasma and testes GPx, CAT, and  

SOD and a significant increase in 

MDA level comparing  to control 

group. 

Regarding histopathological 

changes , no abnormal finding was 

detected in the testis section of group I 

(control group). There was minimal 

histopathological changes in  group II 

(10 mg/kg/day ZnO NPs). On the other 

hand marked changes in group III (100 

mg/kg/day ZnO NPs)  and   group 

IV(200 mg/kg/day ZnO NPs)  were 

observed .  The severity of the changes 

observed was dose-dependent, as the 

changes were more severe at the 

highest dose. The histopathological 

changes  in   group II were  mild 

irregularity in the basement membrane 

of seminiferous tubules and 

homogenous exudate in the interstitial 

tissues. While, group III showed large 

vacuoles in the seminiferous tubules 

and dislocated with disarrangment of 

spermatogenic cells. In addition, 

transudate edema , widening of 

interstitial tissue and markedly dilated 

and congested blood vessels were 

observed. Group IV showed that 

seminiferous tubules were  small with 

large vacuoles and few spermatogenic 

cells. Transudate edema, widening of 

interstitial tissue , multiple giant cells 

and irregularity of the basement 

membrane were also observed .  

Alazouny et al. (2014) stated that 

free radicals can affect the cell 

membrane by oxidative 

phosphorylation causing loss of  its 

integrity. Furthermore, they  enhance 

the lysosomal enzymes release  in 

cytoplasm and oxidation of cellular 

protein causing  their disruption. These 

effects lead to appearance of vacuoles 

through producing  degeneration in 

germ cells and increasing the spaces 

in-between Sertoli cells. 

Hussein  et al. (2016) evaluated  

the histopathological changes  in testis 

of  male albino rats following oral  

administration of 100 and 400 

mg/kg/day ZnO NPs. Pathological 

changes showed more damage with 

increasing the dose. The testes in the 

group that treated with 100 mg/kg ZnO 

NPs showed  mild focal testicular 

degeneration of single or multiple  

layers of vacuolated spermatocytes and  

congested interstitial blood vessels. 

While, testes in the group that treated 

with 400 mg/kg  ZnO NPs showed 

more lesions as seminiferous tubules 

were small, disorganized and appeared 

with irregularity in the basement 

membrane and incomplete 

spermatogenesis. In addition, some 

seminiferous tubules were empty from 

spermatids and spermatozoa . 

Rafiee et al. (2019)  studied the  

histopathological changes  that 

occurred in testis of male mice after 

treatment  with 50 mg/kg/day ZnO 

NPs orally for 35 days. There was 

degenerative changes in the form of  

loss of the elongated spermatid ,  germ 

cell layer disorganization, detachment 

and sloughing of germ cells and 

vacuolization and atrophy of germinal 

epithelium 

V. Conclusion :  

This study concluded that  

subacute oral exposure to ZnO NPs  

have toxic effects on testis functionally 

and pathologically and these effects 

were attributed to oxidative stress in 

testicular tissue.  ZnO NPs have a dose 
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dependent toxicity and higher doses 

have more toxic action 

VI. Recommendations   : 

 More studies to evaluate 

toxicity of ZnO NPs on 

different organs are needed.  

 Great attention must be given  

about the field of 

nanotoxicology that was 

proposed as a new branch of 

toxicology , concerned with 

studying the adverse health 

effects caused by nanoparticles. 

 

 The wide spread use of ZnO 

NPs in many applications as 

food industry, medicine and 

cosmetics ,increase the alarms 

about their potential adverse 

effects on human and animal 

health. 
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 الملخص العربى

تحت الحاده لجزيئات أكسيد الزنك المتناهية الصغر على الخصية في ذكور التأثيرات السٌمية 

 البيضاء البالغة الفئران

 1عصام محمد عبدالله على ,1هند جمال عارف ,2إيمان خليفه أحمد  ,1 أحمد محمد سعيد ,1سهير على محمد 

                                            .مصر - جامعة سوهاج - البشرى كلية الطب - الإكلينيكيةقسم الطب الشرعي والسموم  ١

 .مصر - سوهاججامعة  -البشرى كلية الطب  - الهستولوجىقسم  ٢

شائعة الاستخدام  في الوقت الجزيئات النانوية  من واحدة جزيئات أكسيد الزنك المتناهية الصغر  عتبر: ت  المقدمة 

 ستخدمت  كما أنها  يتم استخدامها في العديد من المجالات مثل الزراعة والصناعة والطب الحيوى.حيث  . الحاضر 

 .كذلك  للبكتيريا المضادة خصائصهال نظرا  الغذائية المواد تغليف وفي غذائية كمضافاتعلى نطاق واسع 

جزيئات  على اليومية العناية ومنتجات الشمس من الحماية كريمات مثل التجارية المنتجات من العديد حتويت

 . أكسيد الزنك المتناهية الصغر 

جزيئات أكسيد  من المختلفة للجرعات الحادة تحت ميةالس   التأثيرات تقييم هو الدراسة من الهدف كان: الهدف. 

 . الخصية على الزنك المتناهية الصغر 

 04 و مجموعات 0 إلى مقسمة البالغة البيضاء الفئران ذكور من فأرا 04  على الدراسة أجريت:  طريقة البحث

/  مجم 04 فأرتم إعطاء كل : الثانية المجموعة ، الضابطة المجموعة: الأولى المجموعة. مجموعة كل في فئران 

من   يوم/  كجم/  مجم 044 فأرتم إعطاء كل : الثالثة المجموعة.  من جزيئات أكسيد الزنك المتناهية   يوم/  كجم

من جزيئات   يوم/  كجم/  مجم 044 فأرتم إعطاء كل : الرابعة المجموعة ، جزيئات أكسيد الزنك المتناهية 

 في  التستوستيرونمستوى هرمون  تقدير مت. يومًا 02 الفم وذلك  لمدة طريق عن الصغرأكسيد الزنك المتناهية 

كسيد ديسميوتيز والمالوندالدهيد والسوبر أ ذلك في بماالخصية  أنسجة في التأكسدي الإجهاد دلالاتو  الدم

  بالمجهر الضوئى الخصية لأنسجة المرضية الأنسجة فحص إجراء تم كما(. وكسيديزأوالجلوتاثيون بير

. كذلك لوحظ وجود  الدم في التستوستيرون هرمون في ذو دلالة إحصائية اانخفاض أظهرت النتائج  :النتائج

كسيد ديسميوتيز و الجلوتاثيون والسوبر أ إنزيمات في وانخفاض المالوندالدهيد في ا ذو دلالة إحصائية ارتفاعً 

كما . العالية الجرعات في وضوحًا أكثر السمية كانت حيث الجرعة على تعتمد بطريقة الخصية  وكسيديز فيأبير

 . الخصية في مرضية نسيجية تغيرات وجود عن الكشف تم

 قد يسببجزيئات أكسيد الزنك المتناهية التعرض الفموى تحت الحاد ل أن إلى الدراسة هذه  صتخل  : الخلاصة

 .ميةس   أكثر لها تأثير العالية الجرعات سامة علي الخصية عن طريق الاجهاد التأكسدى وأن تأثيرات

التأثيرات الس مية   لتقييم النانوية السموم علم مجالب : توصى هذه الدراسة بضرورة إعطاء إهتمام كبير التوصيات

     الم حتملة للجزيئات النانوية على صحة الإنسان


