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Abstract 
Objective: Nanoparticles include primary particles with at least 

one of their dimensions being less than 100 nm. The goal of this 

research was to determine the possible protective role of Nigella 

sativa (NS) against toxic effects mediated by titanium oxide 

nanoparticle (TNP). 

Materials and Methods: 30 adult mice (10 males and 20 females) 

were used. After mating, the pregnant female mice were randomly 

divided into 4 study groups (n=5 mice in each group). From the 

13th day of gestation until delivery, the mice were given TNP and 

NS. After delivery, 10 newborn male mice were selected from 

each group and kept under standard conditions until puberty 

according to the previous grouping (4 groups). The epididymis of 

each mouse was removed and the sperm was collected for the 

evaluation of in vitro fertilization and testis for histopathology and 

spermatogenesis of in vitro fertilization of first-generation mice. 

Results: No significant difference was observed between the NS 

group and the control group (p>0.05). In the TNP, a degree of 

epithelial lysis and a significant decrease in sperm motility was 

observed (p<0.05) compared with the control group. In the TNP 

and NS group, NS had an ameliorating effect on TNP-induced 

testicular germ cell damage (p<0.05). 

Conclusion: In the present study, it was found that NS had no 

destructive effect on the germinal epithelium. However, NS had an 

ameliorating effect on TNP-induced testicular germ cell damage in 

mice. 
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Introduction 
Spermatogenesis is a series of events, 

leading to the formation of spermatozoids. 

Many factors can affect spermatogenesis,  

 

leading to reduced fertility or infertility 

(Jiang et al., 2014). The balance between 

differentiation, germ cell proliferation, and 

apoptosis is crucial for controlling 
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spermatogenesis. Altering any of these 

processes may lead to the onset of 

testicular diseases (de França et al., 1993). 

Due to the complexity of the cellular 

interactions that occur in the testis, toxic 

compounds can disrupt sperm production 

(Krzastek et al., 2020). 

Many experimental studies have 

demonstrated the negative and destructive 

effects of nanoparticles on male and 

female germ cells (Han et al., 2016). 

Nanoparticles encompass primary particles 

with at least one of their dimensions being 

less than 100 nm (Hasan, 2015). Previous 

studies have shown the accumulation of 

nanoparticles in various tissues and the 

destruction of the blood-testis and blood-

brain barriers (McCarthy et al., 2014). 

Among various metal nanomaterials, 

titanium oxide nanoparticles (TNPs) are 

used in a variety of consumer products 

(Abouzaripour et al., 2019). Today, TNPs 

are used in the production of all types of 

paints, cosmetics, sunscreens, clothes, 

electronics, supplements or additives in 

food and candy, surface coatings, and 

many other things (such as window 

glasses, walls, and asphalt) (Lee et al., 

2010). Previous studies have shown TNP 

as a cause of disruption in mitosis, DNA 

damage and oxidative stress) Gurr et al., 

2005). Nanomaterials can accumulate in 

the mitochondria and nucleus of the cell 

and cause the formation of reactive oxygen 

species (ROS), become a gene mutation 

(Alkilany et al., 2010). According to a 

previous study, TNPs can cause harmful 

effects on the testis and other tissues in 

mice (Orazizadeh et al., 2014). Nigella 

sativa (NS) is an annual flowering plant in 

the family Ranunculaceae. It is native to 

eastern Europe and western Asia and has 

several therapeutic effects (Hannan et al., 

2021). NS has an antioxidant function 

since its main components are p-cymene 

and thymoquinone. Thymoquinone is the 

major active principle of the oil of NS and 

has been shown to exhibit anti-tumor 

activity against breast, lung, prostrate, 

liver, colon and pancreatic cancer 

(Karunamoorthi et al., 2013; Akram Khan 

and Afzal, 2016). Previous studies have 

shown the protective effect of NS on 

sperm count, actively moving sperms, and 

sperm normal morphology( Saied M et al., 

2020). It has also been demonstrated that 

NS improves the levels of follicle 

stimulating hormone (FSH), luteinizing 

hormone (LH), and testosterone 

(Soleimani et al., 2014; Miri et al., 2020).  

The aim of this study was to determine 

the possible protective roles of NS against 

the toxic effects )high dose 100 mg/kg) 

mediated by TNPs. Concerning the 

extensive usage of TNP in industries and 

its existence in air pollution, the protective 

effect of NS was investigated on the TNP 

in the first generation.  

 

 

Materials and Methods 
Essential oil extraction of NS  

In order to extract the essential oil of 

NS, 100 g of the seeds was ground and 

immediately distilled by water distillation 

using a Clevenger apparatus for 3 hr 

(Tongnuanchan and Benjakul, 2014). 

Anhydrous sodium sulfate was used to 

take the moisture content of the essential 

oil samples. The collected essential oil was 

placed in a dark glass bottle and kept at 

4°C. 

 

Essential oil analysis 

Gas chromatography analysis of the 

essential oil was performed on a 6890 

series instrument (Agilent, Wilmington, 

DE, USA) equipped with a flame 

ionization detector. The fused silica 

capillary column (30 m × 0.25 mm) with 

0.25 μm film thickness. The temperature 

was programmed from 60-245°C at 

5°C/min; held for 8 min at 60°C and for 10 

min at 250°C. The carrier gas was 

nitrogen. The injector and detector 

temperatures were 280°C and 300 °C, 

respectively. The components of the 

essential oil were identified by comparing 

their mass spectra with those stored in the 

Adams mass spectral-retention index 
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libraries (Tongnuanchan and Benjakul, 

2014). The identified components are 

shown in (Table 1).  
 

Table 1. Chemical composition of black cumin 

(Nigella sativa L.) essential oil 
No. Compounds RI percentage 

1 α-Thujene 932 8.3 

2 α-Pinene 937 7.6 

3 Camphene 955 0.1 

4 Sabinen 977 1.4 

5 β-Pinene 979 2.9 

6 β-Myrcene 991 0.1 

7 α-Phlandrene 1005 0.1 

8 p-Cymene 1030 36.1 

9 Limonene 1035 1.1 

10 γ-Terpinene 1058 2.7 

11 α-Terpinolene 1121 7.99 

12 Thymoquinone 1257 14.2 

13 Thymol 1292 0.09 

14 Carvacrol 1305 1.3 

15 (E) -Caryophyllen 1424 0.1 

RI: Retention Index 

 

Animals  

In this study, 30 adult Naval Medical 

Research Institute mice (10 male and 20 

female mice) with the age of 6-8 weeks 

and a weight of 25-30 g were used. The 

animals were kept under standard 

laboratory conditions (12 hr dark and 12 hr 

light cycle, relative humidity of 50±5%, 

and temperature of 22±3°C) for at least 1 

week before mating. The male and female 

mice were kept separately before mating. 

 

Experiment 

In the first step, one adult male mouse 

and two adult female mice were placed in 

a cage for mating. The next day, a vaginal 

plaque was considered the first day of 

gestation. In the second step, the pregnant 

female mice were divided into 4 groups 

and received NS and TNP from the 13th 

day of pregnancy. The control group 

received normal saline for 7 days. The NS 

group was gavaged 5 mg/kg of NS for 7 

days. The TNP group was administered 

with 300 mg/kg of TNP by gavage for 7 

days (Hooley et al., 2009). The TNP+NS 

group received 300 mg/kg of TNP and 5 

mg of NS by gavage for 7 days.  

After delivery, 10 male mice in each 

group were kept with their mothers until 

puberty. The adult mice were then 

sacrificed under anaesthesia with 

ketamine-xylazine for further experiments. 

This thesis has ethical code number IR. 

MUK 96.54 

 

Histopathology 

The right testis of each animal was 

fixed in Bouin’s fluid. The testes were 

embedded in paraffin, sectioned (5 µm), 

and stained with hematoxylin and eosin 

(H&E) for histopathology and 

spermatogenesis. Six slides for each mouse 

and three fields for each slide were 

provided to check the following 

parameters: detachment (separation of 

cells from the seminiferous tubules), 

sloughing (separation of the cell mass from 

the germ cells), and cell vacuole (creation 

of empty space in the seminiferous 

tubules). In each field, the number of 

tubules with vacuole, detachment, and 

sloughing was divided by the total number 

of tubules in that field and multiplied by 

100 (Oatley et al., 2005). 

 

Spermatogenesis 

To evaluate spermatogenesis, the 

germinal epithelium was assessed using 

Johnson’s scoring method (Esmaili-Nejad 

et al., 2015). Three fields were checked in 

each of the prepared slides. In each field, 

50 seminiferous tubules were examined at 

a magnification of 40 and 100. Each tubule 

was given a score of 1-10. Based on this 

scoring system, the testicular biopsies were 

evaluated and given a score of 1 to 10. 

Complete spermatogenesis was given a 

score of 10. 

 

Sperm preparation for in vitro 

fertilization  

After sacrificing 10 male mice in each 

group through cervical dislocation, their 

abdomens were opened. Then, the testicles 

and epididymis of 10 male mice in each 
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group were separated and three oblique 

cuts were made on the tail of the 

epididymis and the beginning of the vas 

deferens. In this way, the sperms were 

obtained and added to a 150 μl drop of 

human tubulin fluid (HTF) for 10 min at 

37°C under 5% CO2. Then, using a 

hemocytometer and under an optical 

microscope, the sperm movements (fast, 

inactive, and slow) were evaluated and 

analyzed. In addition, for in vitro 

fertilization, sperm capacitation was 

allowed to proceed in humidified air for 1-

2 hr at 37°C and under 5% CO2. 

 

Oocyte collection 

The female mice were super-ovulated 

by intraperitoneal (IP) injection of 5 IU of 

pregnant mare’s serum gonadotropin 

(PMSG) (Sigma-Aldrich Germany). After 

48 hr, 5 IU of human chorionic 

gonadotropin (HCG) (Sigma-Aldrich 

Germany) was injected. The ova were 

collected 14 hr post-HCG injection. The 

oviducts were completely removed and 

placed into 1 ml human tubulin fluid 

(HTF) at 37°C. The cumulus cells were 

obtained and then, transferred to 200 µl of 

HTF medium (Figure 1). 

 

In vitro fertilization (IVF) 

In vitro fertilization was carried out in 

200 µl drops of HTF. The sperm was 

added to 50 µl IVF drops containing 

cumulus-oocyte complexes in the HTF 

medium. Then, the mixture was incubated 

at 37ºC for 6 hr. afterward, the ova were 

washed three times with M2 medium and 

finally incubated in 50 μl KSOM
AA

. 

Fertilization was assessed by recording the 

number of 2-cell embryos 24 hr after the 

completion of IVF (Figure 1).

 

Figure 1. The in vitro fertilization and in vitro development of mouse embryo. A; the fertilized egg 

after IVF. B; the 2 and 4 cells after IVF. C; the blastocyst after IVF. 

 
In vitro development (IVD) 

It was observed under a microscope 

with a magnification of ×100 that the 2-

cell embryos were not fragmented or 

degenerate. The number of zygotes that 

developed to the blastocyst stage was 

calculated in each group. 

 

Statistical analysis 

The data were compared using one-way 

analysis of variance (ANOVA). The 

statistical analysis was performed using 

the SPSS software (version 20) and p<0.05 

was considered significant. 

 

 

Results 

Histopathology 

The examination of testicular sections 

showed normal spermatogenesis in the 

control group. The normal thickness of the 

normal spermatogenesis was also seen in 

the NS group. Also, no significant 

difference was observed between the 

control and NS groups regarding the 

thickness of the germinal epithelium. In 

the TNP group, there was epithelial lysis, 

detachment (appearance of breaking off of 

cohorts of spermatocytes from the 

seminiferous epithelium), slough (release 

of clusters of germ cells into the lumen of 

the seminiferous tubule), vacuole 
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(appearance of empty spaces in the 

seminiferous tubules), and atrophy of the 

seminiferous tubules could also be seen. 

However, in the NS+TNP group, epithelial 

lysis, detachment, slough, vacuolar, and 

atrophy of the seminiferous tubules were 

significantly less than that of the TNP 

group (p<0.05) (Table 2) (Figure 2). 
 

  
Table 2. Histopathological results in seminiferous tubules in different groups 
 

Vacuolated Sloughing  Detached Normal Percentage tubules   

3.52±.83 

3.11±.85 

20.52±5.1* 

12.48±2.3 # 

1.11±.52 

2.11±.79 

20.55±4.6* 

11.46±2.4 # 

2.83±1.15 

2.66±.88 

41.9±5.1* 

12.95±2.3 # 

92.16±8.3 

90.21±9.4 

18.42±3.5* 

61.42±5.3# 

Control 

NS 

TNP 

NS+TNP 

Control group: Their mothers received normal saline from the 13th day of pregnancy for 

7 days. NS group: Their mothers received 5 mg/kg NS by gavage from the 13th day of 

pregnancy for 7 days. TNP group: Their mothers received 300 mg/kg of TNP by gavage 

from the 13th day of pregnancy for 7days. NS+TNP group: Dissimilar letters indicate a 

significant l difference between different groups. p<0.05 was considered significant. 

Values are expressed as mean±SD. * and # symbols respectively indicate comparison to 

the control and TNP groups. 

 

Figure 2. H & E staining of seminiferous tubules. A. Control group: Their mothers 

received normal saline from the 13th day of pregnancy for 7days. B. NS group: Their 

mothers received 5 mg/kg NS by gavage from the 13th day of pregnancy for 7days. C. 

TNP group: Their mothers received 300 mg/kg of TNP by gavage from the 13th day of 

pregnancy for 7days. D. NS+TNP group: Their mothers received 300 mg/kg TNP and 5 

mg NS by gavage from the 13th day of pregnancy for 7days. S: sloughing. V: vacuole. D: 

detachment.  

 

Spermatogenesis 
Spermatogenesis was analyzed in the 

different groups using Johnson’s 

technique. Spermatogenesis was normal in 

the NS group and had no significant 

difference with that of the control group. 

In the TNP group, the seminiferous tubules 

of spermatogenesis were incomplete in 

some of the sections. In addition, 

according to Johnson’s score, the score of 

the TNP group had a significant decrease 

compared with that of the control group 

(p<0.01). In the NS+TNP group, fewer 

tubules had abnormal spermatogenesis 

compared with the TNP group (p<0.01) 

(Figure 3). 

 

Sperm motility 

In this study, different types of sperm 

motility were studied. There was no 
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significant difference between the control 

and NS groups in terms of sperm motility 

(p<0.01). A significant change in sperm 

motility was seen in the TNP group 

compared with the control group. Sperm 

motility was compensated in the NS+TNP 

group compared with the TNP group, 

except that immotile sperm reduced in the 

NS+TNP group, but no significant 
compared with the TNP group (Figure 4) 

(p<0.01). 

 

 

Figure 3. Johnson’s scoring in the control group and different groups. Control group: Their mothers received 

normal saline from the 13th day of pregnancy for 7days. NS group: Their mothers received 5 mg/kg NS by 

gavage from the 13th day of pregnancy for 7days. TNP group: Their mothers received 300 mg/kg of TNP by 

gavage from the 13th day of pregnancy for 7days. NS+TNP group: Their mothers received 300 mg/kg TNP and 

5 mg NS by gavage from the 13th day of pregnancy for 7days.  *shows the significant difference between the 

TNP group and the  

Control group. mean±SD . p<0.01.  

 

Figure 4. Evaluation of sperm motility in the control and experimental groups. Control group: Their mothers 

received normal saline from the 13th day of pregnancy for 7days. NS group: Their mothers received 5 mg/kg 

NS by gavage from the 13th day of pregnancy for 7days. TNP group: Their mothers received 300 mg/kg of TNP 

by gavage from the 13th day of pregnancy for 7days. NS+TNP group: Their mothers received 300 mg/kg TNP 

and 5 mg NS by gavage from the 13th day of pregnancy for 7days. Values are expressed as mean±SD (n=10). 

p<0.05. * and # symbols respectively indicate comparison to the control and TNP groups. 
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In vitro fertilization and development 

The 2-cell stage for IVF and the 

blastocyst stage for IVD were considered 

to be positive outcomes. All the collected 

oocytes were at the M2 stage (mature 

oocyte). Among the 110 oocytes used for 

IVF in the control group, 40 reached the 2-

cell stage and then 15 of them reached the 

blastocyst stage. Among the 110 oocytes 

used for IVF in the NS group, 45 reached 

the 2-cell stage of which 17 reached the 

blastocyst stage (p>0.05). Among the 110 

oocytes used for IVF in the TNP group, 25 

reached the 2-cell stage of which 5 reached 

the blastocyst stage. The difference 

between the TNP group and the control 

and NS groups were significant (p<0.01). 

Among the 110 oocytes used for IVF in 

the TNP group, 8 reached the 2-cell stage 

of which 2 reached the blastocyst stage. 

The difference between the NS+TNP 

group and the TNP group was not 

significant (Figure 1, Table 3). 
 

Table 3. IVF and IVD results in in different groups 
Group Number of 

oocyte 

Number of two-

cells stage 

Number of 

blastocysts 

Control 110 40 (36.36%) 15 (13.63%) 

NS 110 45 (40.90%) 17 (15.45%) 

TNP 110 8 (7.27%) * 2 (1.81%) * 

NS+TNP 110 25 (22.72%) # 5 (4.54%) # 

Control group: Their mothers received normal 

saline from the 13th day of pregnancy for 7days. 

NS group: Their mothers received 5 mg/kg NS by 

gavage from the 13th day of pregnancy for 7days. 

TNP group: Their mothers received 300 mg/kg of 

TNP by gavage from the 13th day of pregnancy for 

7days. NS+TNP group: The 2-cell stage for IVF 

and the blastocyst stage for IVD. Dissimilar letters 

indicate a significant level between different 

groups. Values are expressed as mean±SD. * and # 

symbols respectively indicate comparison to the 

control and TNP groups. 
 

 

Discussion 
In recent years, many studies have 

examined the toxic effects of 

nanoparticles. However, little attention has 

been paid to reducing these toxic effects. 

In this study, the protective effects of NS 

on spermatogenesis, histopathology, sperm 

parameters, and in vitro fertilization in 

mice exposed to TNPs were studied. The 

results of this study showed that TNPs 

disrupted spermatogenesis and sperm 

parameters, while NS greatly reduced the 

toxicity of TNPs.  

The histopathological observations in 

the present study revealed that TNPs 

caused morphological changes in the 

seminiferous tubules. Previous studies 

have shown that nanoparticles have the 

ability to cross the blood-testicular barrier 

and some of them have deleterious and 

toxic effects on germ cells (Hajshafiha et 

al., 2013). Therefore, TNPs can enter the 

seminiferous tubules by destroying the 

blood-testicular barrier and directly affect 

the germ cells or the Sertoli cells. A 

previous study demonstrated that poly 

(ethyl methacrylate) nanoparticles passed 

through biological barriers In another 

research, the authors showed that 

nanoparticles impaired the functioning of 

the genital system of the experimental 

model. Yamaqishi et al. reported that 

diesel exhaust nanoparticles cause 

hypothalamus-pituitary-testis axis 

disruption and spermatogenesis disruption 

in rats. They also reported that the 

production of sex steroids in female rats is 

also reduced under the influence of diesel 

exhaust (Yamaqishi, 2011). They also 

showed, in another study, that exposing 

mouse embryos to carbon nanotubes 

disrupted the reproductive system and 

caused the testicles to degenerate 

(Vasyukova et al., 2015). 

In the present study, it was shown that 

TNPs significantly reduced Johnson’s 

score, indicating the disruption of 

spermatogenesis by TNPs. In addition, the 

results showed that NS effectively 

increased the Johnson’s score, indicating 

the beneficial effects of NS on the 

spermatogenesis process.  

The results of the current study showed 

that the TNPs reduced the chances of 

success of IVF and IVD in the mice, 

whereas NS had no significant effect on 

the IVF and IVD of the mice. Previous 
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studies have shown the beneficial effects 

of NS on the reproductive system of rats 

(Parhizkar et al., 2016). Histopathological 

changes such as the loss of the germinal 

epithelium and the presence of vacuoles in 

the germinal epithelium were observed in 

the testicles of mice exposed to TNPs. The 

occurrence of vacuoles in Sertoli cells 

showed the degradation of these cells. The 

separation (sloughing) of premature germ 

cells from seminiferous tubules by TNPs 

indicated the effect of this drug on the 

function of Sertoli cells. According to 

previous reports, these morphological 

abnormalities are the symptoms of 

testicular tissue degradation (Talebi et al., 

2013). It has been shown that when the 

supportive role of Sertoli cells is 

undermined, the germinal epithelium 

degenerates. In a similar study, the effects 

of N-ethyl-N-nitrosourea on testicular 

tissue were investigated which showed that 

it impaired spermatogenesis (Yin et al., 

2015). The separation of cells (sloughing) 

from the germinal epithelium is probably 

due to the chemical effects of toxic 

compounds on the microtubules and 

cytoskeleton of Sertoli cells (Kopera et al., 

2010). In a previous study, the authors 

found that titanium dioxide nanoparticles 

crossed the intestinal epithelial cells by 

transcytosis (Koeneman et al., 2010). An 

ultrastructural examination was not carried 

out in this study. However, according to 

the histopathological results, TNPs 

probably destroyed the blood-testicular 

barrier by changing the structure of the 

skeletal system of the Sertoli cells and 

penetrated the germinal epithelium. The 

changes in the cytoskeleton of Sertoli cells 

may weaken their supportive role in the 

germ cells. In vivo and in vitro studies 

have shown that nanoparticles cause 

histopathological changes in testicular 

tissue and thus have a significant effect on 

sperm production and sperm count 

(Thakur et al., 2014). By improving the 

quality and quantity of semen and 

decreasing lipid peroxidation in rat 

testicles, NS had a protective effect against 

testicular damage caused by  chlorpyrifos 

(Rachid et al., 2014). Therefore, the 

protective effect of NS may be due to its 

antioxidant properties. In general, previous 

studies have shown that NS improves 

sperm production (Ahmad et al., 2013). 

The protective effect of NS may be due to 

its antioxidant properties (Cho Ping et al., 

2014).  

In the present study, it was found that 

NS had an ameliorating effect against 

TNP-induced testicular germ cell damage 

in mice. NS may be a valuable protective 

agent to ameliorate spermatogenesis 

dysfunction and cell loss. Further 

experiments are needed to clarify the 

mechanisms of the effect of NS on 

nanoparticle toxicity. 

  

Acknowledgment 

The authors express their gratitude to 

Kurdistan University of Medical Sciences 

for the financial support of Fariba Amiri’s 

thesis (grant number: 96/54).  

 

Conflicts of interest 

The authors have declared that there is 

no conflict of interest. 

 

 

References 
Abdul H, Ataur R, Abdullah Al M Sohag, J, 

Raju D, Mahmudul H. 2021. Black 

Cumin (Nigella sativa L.): A 

Comprehensive Review on 

Phytochemistry, Health Benefits, 

Molecular Pharmacology, and Safety. 

Nutrients, 13: 1784-1794. 

Abouzaripour M, Hosaini Bae M, Rezaie    

MJ, Nikkho B, Allahveisi A, Roshani D, 

Khalesro SH, Daneshi E. 2019. Protective 

effect of Nigella sativa on sperm 

parameters in mice exposed to titanium 

dioxide during embryonic development. 

Sci J Kurd Univ Med Sci, 100: 66-73. 

Ahmad A, Husain  A, Mujeeb M, Khan SA, 

Najmi AK, Siddique NA, Damanhouri 

ZA, Anwar F. 2013. A review on 

therapeutic potential of Nigella sativa: A 

miracle herb. Asian Pac J Trop Biomed, 

3: 337-352. 

Akram Khan M, Afzal M. 2016. Chemical 



Nigella sativa on the testicular function 

 

AJP, Vol. 13, No. 5, Sep-Oct 2023                                                 549 

composition of Nigella sativa Linn: Part 

2 Recent advances. Inflammopharmacol, 

24: 67-79. 

Alkilany AM, Murphy CJ. 2010. Toxicity and 

cellular uptake of gold nanoparticles. 

Nanopart Res, 12: 2313-2333. 

Cho Ping N, Hashim NH, Hasan Adli DS. 

2014. Effects of Nigella sativa Habbatus 

sauda oil and nicotine chronic treatments 

on sperm parameters and testis 

histological features of rats. Evid Based 

Complement Alternat Med, 2014: 

218293. 

De França LR, Ghosh S, Ye S J, Russell LD. 

1993. Surface and surface-to-volume 

relationships of the Sertoli cell during the 

cycle of the seminiferous epithelium in 

the rat. Biol Rerprod, 49: 1215-1228. 

Esmaili-Nejad  MR, Babaei H, Kheirandish  

R. 2015. The effects of long-term leptin 

administration on morphometrical 

changes of mice testicular tissue. Iran J 

Basic Med Sci, 18: 1176-1182. 

Gurr JR, Wang ASS, Chen CH, Jan KY. 

2005. Ultrafine titanium dioxide particles 

in the absence of photoactivation can 

induce oxidative damage to human 

bronchial epithelial cells. Toxicology, 

213: 66-73. 

Hajshafiha M, Ghareaghaji R, Salemi S, 

Sadegh-Asadi N, Sadeghi-Bazargani H. 

2013. Association of body mass index 

with some fertility markers among male 

partners of infertile couples. Int J Gen 

Med, 6: 447-451. 

Han  JW, Jeong  JK , Gurunathan S, Choi YJ, 

Das J, Kwon DN, Cho SG, Park C, Seo 

HG, Park  JK, Kim JH. 2016. Male- and 

female-derived somatic and germ cell-

specific toxicity of silver nanoparticles in 

mouse. Nanotoxicology, 10: 361-373. 

Hannan MA, Rahman MA, Sohag AM, Uddin 

MJ, Dash R, Sikder MH, Rahman MS, 

Timalsina B, Munni YA, Sarker PP, 

Alam M, Mohibbullah M, Haque MN, 

Jahan I, Hossain MT, Afrin T, Rahman 

MM, Tahjib-Ul-Arif M, Mitra S, 

Oktaviani DF, Khan MK, Choi HJ, Moon 

IS, Ki B. 2021. Black cumin (Nigella 

sativa L.): A comprehensive review on 

phytochemistry, health benefits, 

molecular pharmacology, and safety. 

Nutrients, 13: 17-24. 

Hasan S. 2015. A Review on nanoparticles: 

Their synthesis and types. Res J Recent 

Sci, 4: 9-11. 

Hooley RP, Paterson  M, Brown P, Kerr K, 

Saunders PT. 2009. Intra-testicular 

injection of adenoviral constructs results 

in Sertoli cell-specific gene expression 

and disruption of the seminiferous 

epithelium. Reproduction, 137: 361-370. 

Jiang XH, Bukhari I, Zheng W, Yin S, Wang 

Z, Cooke H, Shi QH. 2014. Blood-testis 

barrier and spermatogenesis: lessons 

from genetically-modified mice. Asian J 

Androl, 16: 572-580. 

Karunamoorthi K, Jegajeevanram K, 

Vijayalakshmi J, Mengistie E. 2013. 

Traditional medicinal plants:A source of 

phytotherapeutic modality in resource-

constrained health care settings. ECAM, 

18: 67-74. 

Koeneman BA, Zhang Y, Westerhoff P, Chen 

Y, Crittenden JC, Capco DG. 2010. 

Toxicity and cellular responses of 

intestinal cells exposed to titanium 

dioxide. Cell Biol Toxicol, 26: 225-238. 

Kopera IA, Bilinska B, Cheng CY, Mruk DD. 

2010. Sertoli-germ cell junctions in the 

testis: a review of recent data. Philos 

Trans R Soc Lond B Biol Sci, 365: 1593-

1605. 

Krzastek  SC, Farhi  J, Gray M, Smith RP. 

2020. Impact of environmental toxin 

exposure on male fertility potential. 

Transl Androl Urol, 9: 2797-2813. 

Lee J, Mahendra S, Alvarez PJ. 2010. 

Nanomaterials in the construction 

industry: a review of their applications 

and environmental health and safety 

considerations. ACS Nano, 4: 3580-3590. 

McCarthy D, Malhotra M, O'Mahony A, 

Cryan J, O'Driscoll C. 2015. 

Nanoparticles and the blood-brain 

barrier: Advancing from in-vitro models 

towards therapeutic significance. Pharm 

Res, 32: 1161-1185. 

Miri S, Abouzarypor M, Rezaie MJ, Fathi F, 

Nikkho B, Roshani D, Khalesro Sh, 

Daneshi E. 2020. The protective effect of 

Nigella sativa on sperm parameter in 

mice treated with dexamethasone. SJKU, 

25: 99-105. 

Najahi-Missaoui W, Arnold  RD, Cummings 

BS. 2021. Safe nanoparticles: Are we 

there yet? Int J Mol Sci, 22: 385. 

Oatley JM, Tibary A, de Avila DM, Wheaton 

JE, McLean DJ, Reeves JJ. 2005. 

Changes in spermatogenesis and 



Abouzaripour et al. 

AJP, Vol. 13, No. 5, Sep-Oct 2023                                                 550 

endocrine function in the ram testis due 

to irradiation and active immunization 

against luteinizing hormone-releasing 

hormone. J Anim Sci, 83: 604-612. 

Orazizadeh M, Khorsandi L, Absalan F, 

Hashemitabar M, Daneshi E. 2014. 

Effect of beta-carotene on titanium oxide 

nanoparticles-induced testicular toxicity 

in mice. J Assist Reprod Genet, 31: 561-

568. 

Parhizkar S, Latiff  LA, Parsa  A. 2016. Effect 

of Nigella sativa on reproductive system 

in experimental menopause rat model. 

Avicenna J Phytomed, 6: 95-103.  

Rachid M, Ibrahim Yousef  M, Maranghi F, 

Mantovani A. 2014. Protective role of 

Nigella sativa oil against reproductive 

toxicity, hormonal alterations, and 

oxidative damage induced by 

chlorpyrifos in male rats. Toxicol Ind 

Health, 32: 456-462. 

Soleimani MM, Shariatzadeh S, Azadpour M. 

2015. Protective effect of Nigella sativa 

oil on the Bisphenol A induced -testicular 

toxicity in adult mice NMRI. Cell Tissue 

Res, 6: 87-96. 

Talebi AR, Khorsandi L, Moridian M. 2013. 

The effect of zinc oxide nanoparticles on 

mouse spermatogenesis. J Assist Reprod 

Genet, 30: 1203-1209. 

Thakur M, Gupta H, Singh D, Mohanty IR, 

Maheswari U, Vanage G, Joshi  DS. 

2014. Histopathological and ultra 

structural effects of nanoparticles on rat 

testis following 90 days (Chronic study) 

of repeated oral administration. J 

Nanobiotechnology, 12: 42. 

Tongnuanchan P, Benjakul  S. 2014. Essential 

oils: Extraction, bioactivities, and their 

uses for food preservation. J Food Sci, 

79: 1231-1249. 

Vasyukova  I, Gusev A, Tkachev A. 2015. 

Reproductive toxicity of carbon 

nanomaterials: a review. IOP Conf Ser: 

Mater Sci Eng, 98: 123-132. 

Yamagishi N, Ito Y, Ramdhan DH, Nakajima 

T. 2011. Effects of nanoparticle-rich-diesel 

exhaust on steroidogenesis in rats and the 

mechanism underlying such effects. Nihon 

Eiseigaku Zasshi,  66: 634-637. 

Yin J, Sun  K, Chen B. 2015. Time-dependent 

toxic effects of N-ethyl-N-nitrosourea on 

the testes of male C57BL/6J mice: a 

histological and ultrastructural study. Int 

J Clin Exp Pathol, 8: 1830-1843.

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamagishi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramdhan%20DH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakajima%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakajima%20T%22%5BAuthor%5D

