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Summary: 

              This study showed the current concept of toxicological effect of 

gold nano particles(Au NPs) on the male reproductive system of male rats 

(Rattus nirvegicus).It investigated the  histological and physiological, the 

study also included tissue changes for each components of testes ,epididymis 

,prostate and seminal vesicle, measurement standards such as hormonal 

(Testosterone hormone(T), Luteinizing hormone (LH) ,Follicle stimulating  

hormone(FSH) and Estradiol  hormone(E)) as well as effect gold 

nanoparticles on total antioxidant(T.A.O.). It also includes the result of a 

study Histomorphometric for testis, measure the  diameter of seminiferous 

tubules , lumen of seminiferous tubules and thickness of germinal epithelium 

,as well as weight changes for body and organs. 

            This studied had been conducted at the animal house of the Faculty of 

Science/ University of Babylon according to the where this study has been 

conducted in the laboratories of the tissues of the Faculty of Sciences, 

University of Babylon, laboratories of AL-Fadhel  Institution and Hilla 

general teaching hospital. The study has included 42 male white rats sexually 

mature , their ages ranged between 10-12week , and their weights  ranged 

200-230mg.The study had been conducted during the period from November 

2021 to April 2022.The rats had been distributed randomly  into 6 groups  

each group had 7 rats in each group as follows: 

-GroupI : Control animals divided into two sub groups each group 

containing 7 rats injected intraperitoneally with normal physiological saline 

solution for 30 and 60 days . 

-Group II: include 7 rats injected intraperitoneal with 40 µg/Kg body 

weight of Au Nps diluted  in distilled water( D. W.) for 30 days       
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-Group III include 7 rats injected intraperitoneal with 80 µg / Kg body 

weight of Au Nps  dissolved in diluted water( D. W.) for 30 days .  

-Group IV: include 7 rats injected intraperitoneal with 40 µg/kg body weight 

of Au NPs diluted in distilled water( D. W.) for 60 days.  

-Group V: include 7rats injected intraperitoneal with 80 µg /kg body weight 

of Au NPs dissolved in diluted water( D. W.) for .60 days. 

-Note : 

The injection was every 15 days, per month twice the full duration of the 

injection 4 times within 60 days. Injected gold particles  sized 5-20nm.  

              After completing the injection the rats had been sacrificed after 30 

and 60 days as the injection of gold nanoparticles causes a histological and 

physiological effects, but less than the rest of the toxicity of metals and this 

characteristic of gold nanoparticles as a chemically inert material, but this 

does not prevent there to be toxic when treated on the long time .It produced 

decrease significantly difference(p≤0.05)(p≤0.01) in both total antioxidants, 

and hormone level Testosterone hormone(T), Luteinizing hormone(LH), 

Follicle Stimulating hormone(FSH). But according to the duration of 

exposure and histological changes were disparate after injection for 60 days. 

Causing degeneration and exfoliation of germ and leydig cells  and 

penetration of the  blood testicular barriers causing high estradiol  cause of 

hyperaromatase syndrome.   

                As for the weight changes there is an increasing in body weight as 

for the members, the weight changes varied as weight of the testicles, 

epididymis and seminal vesicles decreased and increased prostate weight 

causing benign prostatic hyperplasia compared to control group.This study 

concluded that the gold nano particles had the effects of less  on the male 
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reproductive system depending on concentration and exposure period,  so the 

harmful effects remain dependent on the concentration of 80µg/kg for 60 day 

of the duration of exposure.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

IV 
 

List of Contents 

Heading Subject Page 

 Summary I 

 List of Contents III 

 List of tables VIII 

 List of figures IX 

 List of Abbreviation XIV 

 CHAPTER ONE: Introduction 1-3 

1. Introduction 1 

1.2 The Aim of study 3 

 CHPTER TWO: Literature Review 4-30 

2 Literature Review 4 

2.1 Nanotechnology 4 

2.1-1 Gold Nanoparticles (Au NPs) 4 

2.1-1.1 Gold Nanoparticles Synthesis 5 

2.1-1.1.1 Chemical Synthesis of Gold Nanoparticles 5 

2.1-1.1.2 Green Synthesis 6 

2.1-1.1.2.1 Microorganism Based Au NPs Synthesis 6 

2.1-1.1.2.2 Plant, Fruit, Waste Extracts Based Au  NPs 7 

2.1-1.1.3 Physical Synthesis 7 

2.1-1.2 Properties of Gold Nanoparticles 8 

2.1-1.3 Application of Au NPs Bio-nanotechnology 8 

2.1-1.4 Therapeutic  9 

2.1-1.5  The use of Gold Nanoparticles  as Therapeutic Agent 10 

2.1-1.6 Gold Nanoparticles as Drug Carriers 11 

2.1-1.7 Immunologic Properties of Gold Nanoparticles 12 



 

V 
 

2.1-1.8 Bio-Distribution and Toxicity of  

Gold Nanoparticles  

13 

2.1-1.9 Toxicity Effect of Au NPs on Male Reproductive System 13 

2.2-1.10 Genotoxic Effect 14 

2.1-1.11 ROS Production 14 

2.1-2 Mechanism of Nanoparticles  Implicated in Somatic Cell 

Toxicity and Male Germ Cell Toxicity:  

16 

2.1-3 NPS Induced DNA Damage 17 

2.1-4 NPs Induced Oxidative Stress  18 

2.1-5 NPs Disrupted Hormone 18 

2.2 Anatomy of Male Rat Reproductive System 19 

2.2-1 Testis 20 

2.2-1.1 Histological Structure of the Testicle Seminiferous 

Tubules 

21 

 Interstitial Tissue 24 

2.2-2 Epididymis 24 

2.2-3 Prostate 26 

2.2-4 Seminal vesicle 27 

2.3 Seminal Fluid     28  

 2.4 Spermatogenesis 29 

2.5 Mature Sperm 30 

2.6 Hormones Control the Process of Spermatogenesis 30 

 CAPTERH THREE: Materials and Methods 33-48 

3 Material and Methods 33 

3.1  Materials 33 

3.2 Methods 35 

3.2-1 Animals 35 



 

VI 
 

3.3 Experimental Groups 35 

3.3-1 Experimental Design   36 

3.4  Gold  Nano Particles (Au Nps) Solution Preparation 37 

3.5 Blood Collection 38 

3.6 Collection of Organs 38 

3.7 Measure the Weight Changes 38 

3.8 Measurement of  Hormone Levels 38 

3.9 ELISA Working Principle 39 

3.9-1 Estimation of Testosterone Hormone 40 

3.9-2  Measuring the level of follicle- stimulating hormone 

(FSH) and intercellular- stimulating hormone (LH)  

41 

3.9-2.1 Principle 41 

3.9-2.2 Reagent 41 

3.9-3 Determination of Estrogen Hormone 42 

3.10 Bio Chemical Parameters . 43 

3.10-1 Total Antioxidant Capacity Assay. 43 

3.10-1.1 Principle 43 

3.10-1.2 Reagents 43 

3.10-1.3 Procedure 44 

3.11 Histological Study 45 

3.11-1 Dehydration 45 

3.11-2 Clearing 45 

3.11-3 Infiltration 45 

3.11-4 Embedding 46 

3.11-5 Sectioning 46 

3.11-6 Staining & Mounting 46 

3.12 Histological Morphometry 48 



 

VII 
 

3.12-1 Calculation of the Average Diameter of the Seminiferous 

Tubules, the Thickness of Germ Layer in the Testis and 

the Lumen Diameters 

48 

3.13 Photo Micro Graph 48 

3.14 Data Analyses 48 

 CHAPTER  FOUR: result and discussion  49-83 

4 Result and Discussion 49 

4.1 Histological  Study 49 

4.1-1 Effect of Au NPs on Testes 49 

4.1-2 Effect  of Au NPs on Epididymis. 52 

4.1-3 Effect of Au NPs on Prostate 56 

4.1-4 Effect of Au NPs on Seminal Vesicle. 60 

4.2 Physiological Study 63 

4.2.1 Effect of Au NPs on Body Weight  63 

4.2-2 Effect Gold Nanoparticles (Au  NPs) on some 

Reproductive Organs Weight 

68 

4.2-2.1 Effect on Testis Weight 68 

4.2-2.2 Effect on Epididymis Weight 69 

4.2-2.3 Effect on Prostate Weight 69 

4.2-2.4 Effect on Seminal Vesicle Weight 70 

4.2-3 A Effect of Au NPs  at a Concentration of 40µg/kg ,80µg/kg 

on  Some Reproductive Hormone Levels  such as 

Testosterone, LH,FSH and Estradiol for 30 days 

70 

4. 2-3B Effect of Au NPs at a Concentration of 40µg /kg, 80µg/kg 

on Some Reproductive Hormones Levels such as 

Testosterone ,LH,FSH and Estradiol for 60 day. 

72 

4.2-4  Effect Au NPs on Total Antioxidant(T.A.O.)  75 



 

VIII 
 

4.3 Measurements of the Average Diameters of the 

Seminiferous Tubules, their Lumen Diameters and the 

Average Thickness of the Epithelial Germ Layer 

Measured in Micro Meters for Male Rats Treated with Au 

NPs for 30  and 60 days. 

 

77 

 

4.4 Correlation Coefficient between Parameters the Result of 

Injecction with Gold Nanoparticles(Au NPs)  . 

79 

4.4-1 Correlation between Organs Weight and Sexual 

Hormones with Duration of Exposure to Specific 

Concentrations 40µg/kg,80µg/kg . 

80 

 Conclusions and Recommendations 89-90 

 Conclusions 89 

 Recommendations 90  

 References 91-125 

  الخلاصة بالمغة العربية 

 

 

 

 

 

 

 

 

                                      

 



 

IX 
 

                                   List of Tables 

Heading Figure Page 

3-1 List of chemical, reagents and their suppliers 33 

3-2 
The an Equipment and tools used in study with 

suppliers. 
34 

3-3 A-Shows Hematoxylin Stain preparation. 46 

3-4 B-Shows Eosin Stain preparation. 47 

4-1 

Showing the Effect of Au NPs at Concentration of 

40µg/kg , 80µg /kg for 30  and 60 day on body weight 

and the weight of reproductive organs. 

65 

4-2 
Showing Effect Gold Nanoparticles on some Levels of  

Reproductive Hormones. 
71 

4-3 

4-4 

Measurements of the average diameters of the 

Seminiferous Tubules, their Lumen diameters and the 

average thickness of the epithelial germ layer measured 

in micro meters for male rats treated with Au NPs for 

30  and 60 days. 

77-78 

4-5 Pearson Correlation Coefficient. 79 

 

 

                                     

 

 

 

                                  

 



 

X 
 

List of Figure 

Heading Figure Page 

2-1 
Representation of gold nanoparticles of different 

synthesis. 
5 

2-2 
Representation mechanism of gold nanoparticles, 

explain ROS and apoptosis formation. 
16 

2-3 

Schematic of mechanism and potential biological effects 

of NPs on the reproductive system of male, the 

cytotoxic effect of NPs on supporting and germ cell. 

17 

2-4 

(A)overview of human male reproductive 

system.(B)schematic diagram of the testes is showing 

the epididymis and seminiferous tubes of cross-

section.(C)sectional view of cells forming the 

seminiferous tubules and surrounding interstitium 

26 

2-5 
showing the mechanism action of the of hypothalamic-

pituitary-testicular axis 
32 

3-1 Experimental Design .  36 

3-2 
Show gold nanoparticles by (scanning Electron 

microscope). 
37 

 

4-1 

Cross section of control rat testis show seminiferous 

tubules ,seminiferous tubules lumen(star) leydig cell 

(arrow) sertoli cell(head arrow). 

49 

4-2 

Cross section of the testis (1)showed abnormal 

widening of  interstitial spaces with degeneration of 

interstitial cells(star). 

(2)germinal epithelium degeneration,(arrow),and 

disorganization and vacuolization in the spermatogenic 

series(arrow head) 

49 

4-3 Cross section of the rat testis,(1)showed some 50 



 

XI 
 

seminiferous tubules are dilated and increased 

interstitial space(star).(2) detachment of germ cell from 

basal lamina(arrow heads), degeneration and pyknosis 

of nuclei of some cells(arrow) . 

4-4 

Cross section of the rat testis (1) showed increased 

interstitial space with reduced interstitial cells(star).(2) 

detachment of germ cells from basal lamina(arrows) and 

decrease in the number of spermatogenic cells (arrow 

heads) 

51 

4-5 

Cross section of the rat testis.,(1)showed these 

seminiferous tubules are dilated and hypospermia (star) 

.(2)degeneration is characterized by disorganized 

arrangement of germ cells in seminiferous tubules, 

vacuolation , and the presence of necrotic  germ 

cells(arrows); shrinkage artefact and poor cellular 

morphology and vacuolation of interstitial cells (arrow 

heads). 

51 

4-6 

Cross section of rat  epididymis ,showed normal 

structure of the epididymis,(2)(arrow A)psedostratified 

columnar epithelial cells with stereocilia (arrow 

B)spermatozoa in lumen. 

52 

4-7 

Cross section of rat epididymis (1) showed dilation of 

the epididymal ducts.(2) reduce of muscular layer and 

interstitial tissue between the epididymis 

canal(stars),vacuolization of epithelial cells(arrows)and 

oligospermia(arrow head). 

53 

4-8 

Cross section of the rat epididymis (1)showed reduce of 

muscular layer and interstitial tissue between the 

epididymis canal(stars)and dilation of the epididymal 

ducts( arrows double head).(2) massive degenerative 

53 



 

XII 
 

change and disruption of architecture with necrotic 

cellular(arrows head). 

4-9 

Cross section of the rat epididymis (1)showed dilated 

with irregular ducts in the epididymis of rat and increase 

of interstitial fibro-muscular (stars).(2) vacuolization of 

epithelial cells(arrows),and exfoliated germ cell (arrows 

head). 

54 

4-10 

Cross section of the rat epididymis(1)showed the 

hypospermia (star)(2)denuded epididymal showed 

hyperplasia(arrows head) and hyperplasia of clear 

cells(arrow). 

54 

4-11 

cross section of control rat prostate gland showing 

glandular epithelium cell (acinus epithelial)(arrow) 

aligned in one layer with epithelial folds. 

56 

4-12 

C ross section of the rat prostate, (1)showed stromal 

connective tissue was increased between the secretory 

alveoli (star),(2)Arrows indicate multiple areas of 

hyperplasia 

56 

4-13 

Cross section of  the rat prostate,(1) showed increase in 

alveoli folding is considerable(star) (2)atypical 

hyperplasia(arrow) and showing focus crowded with 

epithelial cells(arrow head). 

57 

4-14 
Cross section of the rat prostate(1)showed the acinar 

dilation (star).(2)atypical hyperplasia(arrow) 
57 

4-15 

cross section of the rat prostate(1) showed the 

expanding of secretory alveoli (arrow double head) and 

thin-walled considerable( arrow heads).(2)epithelial 

degeneration is characterized by granular to foamy 

cytoplasm alteration of enlarged acinar epithelial cells 

that from a single lining layer (arrow). 

58 



 

XIII 
 

4-16 

Cross section of control rat seminal vesicle with normal 

tissue show Glandular epithelial(arrow)primary fold in 

the mucosa(arrow head)lamina propria(star). 

60 

4-17 

Cross section of the rat seminal vesicle (1) showed the 

shrinking of the epithelial cells(stars).(2) some acini, 

lined by simple cuboidal (arrow)and( arrow head) point 

epithelial necrosis but the larger cells with degenerative 

atypia and vacuolation observed in the cytoplasm. 

60 

4-18 

Cross section of the rat seminal vesicle (1)showed bleb-

like apical projections(arrow head).(2)epithelial 

hypeplasia,note papillary growth(stars) and epithelial 

necrosis but the larger cells with degenerative atypia 

occasional nuclei are hypertrophied(arrow). 

61 

4-19 

Cross section of the rat seminal vesicle (1)showed the 

shrinking of the epithelial cells(star).(2)hyperplasia of 

seminal vesicle epithelium with degenerative  atypia 

and vacuolation (arrow) and arrow heads indicate 

typical hyperchromatic nuclei. 

61 

4-20 

Cross section of the rat seminal vesicle (1)showed the 

enlargement and shorting acini (arrow head).(2) tightly 

clustered glands with plump, hyperchromatic 

nuclei(arrow) and sub-epithelial stromal 

degeneration(star). 

62 

4-21 
Figure demonstrates Body weight depending on the 

dose and duration of exposure. 
64 

4-22 

Figure effect Au NPs on body weight, appositive  

relationship between body weight and gold 

nanoparticles according  time and dose. 

66 

4-23 Demonstrates Total antioxidants. 75 

4-24 Effect Au NPs on testis weight.          85 



 

XIV 
 

4-25 Effect Au NPs on prostate weight. 85   

4-26 Effect Au NPs on epididymis weight. 86 

4-27 Effect Au NPs on seminal  vesicle weight. 86 

4-28 Effect Au NPs on testosterone hormone. 87 

4-29 Effect Au NPs on FSH hormone. 87 

4-30 Effect Au NPs on LH hormone.      88 

4-31 Effect Au NPs on Estradiol hormone. 88 

 

 

 

 

 

 

 

 

 

 

 

 

                                    

 

 

 

                                 

 



 

XV 
 

List of Abbreviation 

ABP Androgen –binding protein 

Au NPs Gold nanoparticles 

        BTB Blood  testis- barrier 

CAT Catalase 

D.W. Distiled water 

DHEA Dehydroepiandrosterone hormone 

DHT Dihydrotestosterone 

DPX. Distrine Plasticizer Xylene 

E Estradiol 

EDCS Endocrine disruption chemicals 

FSH Follicle stimulating hormone 

GnRH Gonadotropin –releasing hormone 

GPX Glutathione Peroxidase 

GSH Glutathione 

H&E Hematoxylin and Eosin 

IL Interleukin 

L.S.D. Least Significant deference 

LH Luteinizing  Hormone 

MDA Malondiadehyde 

Nm Nanometer 

NP Nanoparticles 

OD Optical density 

ROS Reactive Oxygen Species 

SOD Super oxide dismutase 

Spss Statistic Package for Social Sciences 

T Testosterone 

T.A.O Total anti- oxidant 

TLRs Toll –Like Receptors 

TNF Tumor necrosis factor(cytokine) 

 



 

 

 

 

 

 

Chapter one 

Introduction 
 

 

 

 

 

 

 

 



Chapter One                                                                            Introduction  

1 
 

1. Introduction: 

Nanoparticles becomes more common in commercially available 

products, Nano particles is defined according to ASTM (American Society 

for testing) as standard from (1-100 nm ) length range in two or three 

dimensions " ASTM international  , 2006".  Therefor the nanotechnology can 

be defined as a branch of biotechnology engineering (Beer 𝑒𝑡 𝑎𝑙., 2012) The 

uses of nanoparticle (NPs) and Nano delivery system in the medical field 

such us diagnosis and drug delivery this application become  more  

important in medicine   (Habas  𝑒𝑡 𝑎𝑙., 2021). Applications and  large 

production of nanoparticles, NPs lead to environment impact of releasing 

such meterials  ( Khan 𝑒𝑡 𝑎𝑙 ., 2019 )and then cause  harm to human health 

(Massarasky 𝑒𝑡 𝑎𝑙 ., 2014 ) . Nps enter into the cells easily via free 

penetration interact with cellular components as ( proteins , lipid , genomic 

DNA) and receptor - mediated endocytosis , when released into the 

environment ( Shalviri 𝑒𝑡 𝑎𝑙 ., 2012 ) . The male reproductive system has 

more liable to different tension from other organs system ( Ban 𝑒𝑡 𝑎𝑙 ., 

2018). 

Nps enter body of human by skin adsorption, breathing, ingestion and 

via  given intravenously when used for medicine (Chen 𝑒𝑡 𝑎𝑙., 2010) . One 

of the most important nano materials is gold nanoparticles (Au NPs) which 

have been widely used in drug delivery (Singh 𝑒𝑡 𝑎𝑙., 2017 ) , cancer 

targeted and photo thermal therapy PTT ( Chen 𝑒𝑡 𝑎𝑙., 2015) and imaging 

diagnosis (Wilson ,2008) .They were easily synthesized , chemically inert , 

combine ligand and high stability. Gold has higher bioactivity in biomedical 

fields but the increasing use of Au Nps has raised concerns regarding in 

body fate and its harmful effects in human (Liu  et 𝑎𝑙., 2020). Au NPs have 

toxicity effects on important  members such as  lung, kidney, liver (Vines 

and Faunce , 2009). But they have  more  effect on the male reproductive  
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system as it weakens testicular function including decreased sperm quality 

and fertility, changes in testicular histology and alteration in testosterone 

levels (Velikorodnaya 𝑒𝑡𝑎𝑙.,2015). 

More efficiently spherical Au Nps than gold nano rods (Chithrani 𝑒𝑡 

𝑎𝑙., 2006). Small Au Nps (4 and 13 nm)  have longer residence time and 

more widespread organs distribution than large gold nanoparticles (l00 

nm).(Cho 𝑒𝑡 𝑎𝑙., 2010). Oxidative Stress is one of the reasons for the 

deterioration of human male reproductive system . (Wright 𝑒𝑡 𝑎𝑙., 2014; Guz 

𝑒𝑡 𝑎𝑙., 2013 ). NPS increase in production  reactive oxygen species lead to 

inflammation and cancer (Hsin  𝑒𝑡 𝑎𝑙., 2008). Few studies have been 

reported on the potential adverse effects of AuNps on male reproductive 

health despite concerns (Wiwanitkit 𝑒𝑡 𝑎𝑙., 2009). Au NPs can penetrate the 

blood testes barrier ( BTB ) there is limited evidence that declare enter  the 

testis in animal models ( Li 𝑒𝑡 𝑎𝑙 ., 2013 ) .The average concentration of Au 

element in normal people of whole  blood is about 0.05 ng /g  ( Brune 𝑒𝑡 𝑎𝑙 

.,1966 ) ,and  is about 0.23 ng/g in platelets ( Kaspersk 𝑒𝑡 𝑎𝑙., 1979). The 

reported number of NPs studies induce on reproductive system cytotoxic 

effects of male on man fertility ( Pinho etal., 2020 ). There are several 

investigations that have linked reproductive cancer and the use of NPs in 

targeted therapy (Barkalina 𝑒𝑡 𝑎𝑙., 2014). Gold NPs have been used (Au 

Nps) for the treatment of prostate cancer have been used widely (Wang 𝑒𝑡 

𝑎𝑙., 2008; Kim 𝑒𝑡 𝑎𝑙., 2010). Development and function of reproductive 

organ , Physiological structure of germ cell and fertility  NPs may have 

negative effects  on it, in humans and animals (Brohi  𝑒𝑡 𝑎𝑙., 2017). 
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1-2 Aims of the Study: -  

          Based on the above literature, little research about histological effect 

of gold nanoparticles and their association with reproductive system in male 

rats. and little or no study related to their association of this subject (the 

histological and physiological effect) has yet been undertaken in our country. 

Therefore, the current study has been conducted to evaluate the histological 

and physiological effect of male rats . 

The current study aims to: 

1- Determine the effect of gold nanoparticles on reproductive organs 

(Testes, Epididymis, Prostate, Seminal vesicles) and study histological 

morphometric . 

2- Study the histological changes  

3- Evaluate the effect of gold nanoparticle on (T, LH, FSH, E) hormone 

levels.  

4- Determine the total antioxidant. 

5- Explain the effects of Au NPs on body and organs weight.                                          
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2-Literature Review 

2.1Nanotechnology:  

The word " Nano " which means  "dwarf " is derived  from the Greek 

word , therefore a nanometer ( nm )  is equivalent to one part of billion as 

example a cold virus measures it is about 100 nm (Hulkoti and Taranth , 

2014 ). The use of nanoparticles has developed quickly in different fields , 

because to their possessing developed properties that depend on size , shape 

and ranges should be from ( 1-100 ) nanometers ( Rao and Gan ,2015 ).NPs 

have different properties from material which they were formed. 

Nanotechnology is the science that deals with nano materials (Madkour , 

2019 ). In recent years interest has increased in the production of metallic 

nano materials due of their uses in different fields industrial , biomedical , 

agricultural , and environmental fields ( Singh  𝑒𝑡 𝑎𝑙., 2017 ) . 

2.1-1 Gold Nano Particles ( Au NPs ): 

 Au NPs are highly used in bio nanotechnology because of their 

unique properties and multiple surface functionalities ( Yeh 𝑒𝑡 𝑎𝑙.,  2012 ) . 

Bio conjugates of Au NPs  design of biomaterials for the investigation of  

biological  system, as the nane biological assemblies with "antibodies" 

(Mukherjee et al.,  2007 ),"oligonucleotides" ( Zhang 𝑒𝑡 𝑎𝑙., 2010a  ; Guo 𝑒𝑡 

𝑎𝑙., 2010 ; Park 𝑒𝑡 𝑎𝑙.,  2010 ), " Protein "( Calzolai 𝑒𝑡 𝑎𝑙. 2010) ,because 

their use  in bio nanotechnology easy in Au NPs functionalization . Au NPs 

have the Physicochemical properties such as redox  behavior , conductivity 

and surface plasma resonance ( Uehara , 2010 ). And high surface area of Au 

NPs  serves as therapeutic agents , e.g. ( drugs ), ( Brown 𝑒𝑡 𝑎𝑙., 2010 ) . And 

(targeting agents ) , ( Khan 𝑒𝑡 𝑎𝑙.,  2019 ).  
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2.1-1.1Gold nanoparticles Synthesis: 

Gold nanoparticles Synthesis by using two Pathways:  

1-top - down  

2- down - top  

The first strategy is the breaking down gold for generating 

nanometerials with different dimensions that includes methods like 

spattering, laser ablation , thermal de composition , bulk metal grinding and 

lithography . Second Strategy is the down – top, the atoms are arranged to 

forming nanomolecular  This Strategy uses chemical and green methods 

(Zhoa 𝑒𝑡 𝑎𝑙., 2013 and Kumari 𝑒𝑡 𝑎𝑙., 2019).As shown in the  figure(2-1) 

(Soto et al., 2021) . 

Figure( 2-1)Representation of Gold Nanoparticles of Different Synthesis 

(Soto et al., 2021) .  

2.1-1.1.1Chemical Synthesis of Gold Nanoparticles :  

Au Nps  were created by a developed synthetic method in 1951 by 

treating(  HAuCl4) in boiling water with Citric acid ( Turkevich 𝑒𝑡 𝑎𝑙., 1951 

) .Citric acid acts as Stabilizing  and reducing agent ,  this method is  

improved by Frens to control particle size , by changing the gold to citrate 

ratio . ( Frens ,1973) . This protocol is used to prepare dilute solution of 
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spherical stable from Au NPS with different diameters of 10-20 lager 100 

nm .  During functionalization of these citrate stabilized for Au Nps can 

undergo irreversible including using surfactant ( tween 20 ) conquer this 

problem to prevent aggregation (Aslan and Prerez , 2002) .In 1994 Brust and 

Schrieffin made a progress through in Au Nps synthesis, by creating organic 

soluble alKanethiol- stabilized Au NPs by using sodium borohydride ( Na 

BH4 ) as the reducing agents and tetra-octylammonium bromid as the phase 

transfer reagent (TOAB ) ( Brust 𝑒𝑡 𝑎𝑙., 1994 ). Thiol - gold interaction have  

higher stability because the synergic effect  and Van der  waals  attraction 

(Hostetle et al. , 1998). 

2.1-1.1.2 Green Synthesis: 

Researchers have developed new methods to synthesize safe gold 

nanoparticles based on biological system like bacteria , plants , yeasts and 

fungi better from traditional chemicals method that generation toxic 

chemicals and solvents ( Teimouri 𝑒𝑡 𝑎𝑙.,  2018 ; Kumari 𝑒𝑡 𝑎𝑙., 2019and  

Majoumouo 𝑒𝑡 𝑎𝑙.,  2020) . 

2.1-1.1.2.1 Microorganism Based   Au Nps Synthesis : 

 Au NPs are synthesised by using of microorganism because low cost , 

non - toxic products and production on a large scale, include viruses , 

bacteria , yeast , and mycetes It can produce   Au NPs in two  shapes : 

Intracellular synthesis contain transport ions into the cell wall and then 

enzymes present convert into nontoxic  nanoparticles from the toxic metal as 

reductive components. Other shape of extracellular Synthesis includes 

reductive enzymes such as hydrogenase , nitrate (Menon 𝑒𝑡 𝑎𝑙., 2017; 

Teimouri 𝑒𝑡 𝑎𝑙.,  2018). The extracellular production is very important in bio 
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imaging , sensor technology , optoelectronics ( Rana 𝑒𝑡 𝑎𝑙., 2020 ; Rajasekar 

𝑒𝑡 𝑎𝑙. , 2020 ) . 

2.1-1.1.2.2 Plant , Fruit , Waste Extracts  Based Au Nps Synthesis: 

  Synthesis of Au Nps plant is done through two methods, the first is 

intracellular Synthesis which Puts plant in medium fulled with metal ions. 

This ion transport from the medium to plant from 4-6 nm  is  size( Noruzi , 

2015) .The second method of synthesis is by using plant part such as 

flowers, stems, leaves, roots. This route is more promising than 

microorganisms because extracts are not needed when making the complex 

process , cheaper , safer and easily obtainable . Less toxic nanoparticles are 

based on shapes ,size ,temperature , extract Concentration and PH ( Islam 𝑒𝑡 

𝑎𝑙., 2019 ). This type of synthesis is used as an anti -fungal because these 

particles presented by antioxidant . Plant extract have large amount of 

antioxidant compounds able of reducing metal salts such as phenolic 

compounds , ascorbic acid and other vitamins (Kumar et al., 2020 ; Botteon 

𝑒𝑡 𝑎𝑙., 2021),and flavonoids polysaccharides. These components not only 

serve as reducing agents but also as stabilizers and prevent agglomeration , 

involves the extraction of  juice  or pulp mixed with metal  salt  ( Xin 𝑒𝑡 𝑎𝑙., 

2016; Soto ,  2019). 

2.1-1.1.3 Physical Synthesis : 

Producing stable gold nanoparticle colloids by laser fragmentation in 

liquids used femto - second laser radiation to gold target ( plate) to produce 

nanoparticle c olloids in aqueous β -cyclodextrin  solution ( Sylvester 𝑒𝑡 𝑎𝑙., 

2004 ) . Laser ablation is suitable for further applications for produce pure 

colloids ( Tsuji  𝑒𝑡 𝑎𝑙., 2002).  
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2.1-1.2 Properties of gold nanoparticles : 

  Size and shape are useful attributes related to optoelectronic properties 

of spherical Au Nps ( Hu 𝑒𝑡 𝑎𝑙.,  2006; Sau and Rogach, 2011  ). Low 

toxicity and excellent bio compatibility happen large surface to  volume ratio 

( Khlebtsov and Dykman ,2011). These qualities make Au NPs important in 

bio nanotechnology, ability to fluorescence and surface plasmon resonance 

from important physical properties , exhibit a range  of color brown , red , 

orange and Purple of  spherical Au Nps .The core size increases from (1-100 

nm )in aqueous solution (Jain 𝑒𝑡 𝑎𝑙.,  2006 )  by incident photons that cause 

the resonant excitation by the collective oscillation of the conduction 

electrons, and this absorption band is called  a" surface plasmon band" ( 

Mie,1908 ) .This phenomenon is influenced not only by surface  ligand but 

also by temperature , shape , size , solvent and core charge, sensitive to 

proximity of other nanoparticles ( Toderase 𝑒𝑡 𝑎𝑙., 2008 ). Even in the 

presence of 1 nm Au Nps observed fluorescence resonance energy transfer 

phenomenon, (FRET ) in the photo induced electron transfer ( PET )Process 

( Bigioni 𝑒𝑡 𝑎𝑙., 2000;Mohamed et al.,2000; Dulkeith et al.,2005). 

2.1-1.3 Application  of  Au NPs  Bio– nanotechnology : 

Antibodies or oligonucleotides readily conjugated with Au Nps and 

this bonding makes them important in detection and diagnosis in vitro and in 

vivo  (Fang 𝑒𝑡 𝑎𝑙.,  2009 ; Huo 𝑒𝑡 𝑎𝑙., 2011 ).  Au NPs that combine between  

selectivity and affinity of aptamers therefor conjugate  with aptamer for 

detect Cancer (Medley 𝑒𝑡 𝑎𝑙., 2008 ; Zang  𝑒𝑡 𝑎𝑙., 2010a). Conjugates of Au 

NPs and flurophore ( lock and key) to provide high sensitivity sensing of bio 

detection method  contain from quaternary ammonium and functionalized 

Au NPS the initial sensor system with poly paraphenylene ethynylene(PPE   

) as a fluorescence transduction element ( Bunz and Rotello, 2010 ; Bajaj 𝑒𝑡 



Chapter Two                                                                     Literature Review  

9 

 

𝑎𝑙., 2009 ). PPE can disrupt by cation Au NPs . This Strategy is a rapid and 

accurate assay, it is used differentiate normal and cancerous and metastatic 

cell (Bajaj 𝑒𝑡 𝑎𝑙. , 2009) and is replaced the polymer transducer by GFP 

(green fluorescent protein ) to provide more sensitivity in mammalian 

Cancer. 

2.1-1.4 Therapeutic:  

Several research groups are used to transport of therapeutic agents to 

cell by functionalized Au NPs to investigate the interaction with cell 

membrane (Arvizo 𝑒𝑡 𝑎𝑙., 2010; Verma  and Stellacci 2010 ;Cho 𝑒𝑡 𝑎𝑙., 

2011), important process in bio medical. Demonstrated that Can regulate cell 

membrane Penetration by  surface ligand arrangement ( Verma 𝑒𝑡 𝑎𝑙., 2008 ; 

Chou 𝑒𝑡 𝑎𝑙. , 2011 ) .There are passive or active targeting mechanisms for 

delivered Au NPs therapeutics into cell . Passive targeting based on the 

retention or enhanced Permeability . Au NPs ordered arrangement and 

amphiphilic molecules penetrate the cell membrane . But the Au Nps coated 

and random arrangement trapped vesicula bodies ( Perrault 𝑒𝑡 𝑎𝑙. , 2009; 

Kennedy 𝑒𝑡 𝑎𝑙., 2011).  

Active - targeting provide specificity and selectivity based on surface 

functional ligand designed for target analysis ( Li 𝑒𝑡 𝑎𝑙., 2011 ). Using of  

Au Nps is developed for therapeutic methods such as photo thermal therapy   

( Huang 𝑒𝑡 𝑎𝑙.,2010 ;Van de et al., 2011  ) ,for controlling protein expression 

in cell used intracellular gene regulation agents such as Au Nps  - 

oligonucleotide ( Rosi et al. , 2006 ), or Conjugates RNA – Au NPs 

luciferase expression  (Giljohann 𝑒𝑡 𝑎𝑙. , 2007) . Au NPs are used for loading 

of drugs by covalent interactions or non-covalent conjugation that use 

hydrophobic or hydrophilic pockets monolayer to drug encapsulation with 

Au Nps (Cheng 𝑒𝑡 𝑎𝑙., 2008 ;  Kim 𝑒𝑡 𝑎𝑙.,  2009). Drug release mechanism 
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is done through the non - covalent conjugates with Au Nps and passive 

accumulation lead to penetrated deeply into tumor , and released their drugs 

quickly with- in hours, Au NPs conjugated to drugs covalently by 

glutathione GSH displacement or through split linkers can be released (Hong 

𝑒𝑡 𝑎𝑙. , 2006 ; Nakanishi 𝑒𝑡 𝑎𝑙., 2009). Cationic ligand ( Cationic Surface) 

and fluorescent genic ligands of Au NPs facilitate penetration the cell 

membranes and the payload release through intracellular by GSH ( Podsiadlo 

𝑒𝑡 𝑎𝑙.,2008 ) . In tumor model , GSH investigate the movement Au NPs that 

Carrying doxorubicin or Fluorescein molecules (Kim 𝑒𝑡 𝑎𝑙., 2010) . Anionic 

Au Nps deliver drug deep into tissue but cationic Au NPs more active to 

delivering payloads to majority of tumor cell .Using Au NPS mixed thiol 

monolayer as coated inhibition bacterial growth ( Bresee 𝑒𝑡 𝑎𝑙.,2011) . 

2.1-1.5 The Use of Gold Nanoparticles as Therapeutic Agent : 

Gold nanoparticles were  used not only in cell photo thermolysis and 

diagnosis but also in therapy in 1997. Colloidal gold is used in therapy 

rheumatoid arthritis Patient (Abraham and  Himmel ,1997). There are  

positive results  when using colloidal gold into rats upon intra articular  

introduction in a patient with rheumtoid arthritis ( Tsai 𝑒𝑡 𝑎𝑙.,  2007 ),due to 

the binding between gold nanoparticles and vascular endothelial growth 

factor, increase anti- angiogenic activity. Therefore, it reduces macrophage 

infiltration and inflammation in  (solid tumors) that uses a colloid gold 

vector to carry the TNF in mice (Paciotti  𝑒𝑡 𝑎𝑙., 2004  ; 2006 ) .AuNP 

conjugates with TNF when intravenous injection rapidly accumulates in 

Tumor cell in mice ( Tumor Necrosis factor TNF). The colloidal gold -TNF 

vector has higher efficacy and lower toxicity in tumor therapy. Au NPs 

inhibit  activity  heparin , binding glycoproteins ,growth factor of  cardiac  

endothelium , vascular permeability factors and fibroblasts when Au NPs 

interact them and these agents mediate angiogensis .The Process of 
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formation of new blood vessels in tumor tissues , Au NP prevent angiogensis 

that is considered as one of the main tumor growth  factors ( Mukherjee 𝑒𝑡 

𝑎𝑙., 2005 ) . AuNP properties can make promises for cancer therapy, and 

enhance the  apoptosis  of the leukemia cells (lymphocytes) (Mukherjee 𝑒𝑡 

𝑎𝑙., 2007).  

 2.1-1.6 Gold Nanoparticles as Drug Carriers : 

The medical use of gold nanoparticles is for targeted drug delivery 

(Duncan 𝑒𝑡 𝑎𝑙., 2010 ; Pissuwan 𝑒𝑡 𝑎𝑙., 2011).The most popular objects of 

target delivery antitumor agents and antibiotics conjugated with Au NPs 

(Paciotti 𝑒𝑡 𝑎𝑙., 2006) such as methotrexate (Chen 𝑒𝑡 𝑎𝑙., 2007).The 

conjugation with Au NPs  via the use of simple physical absorption or use of 

alkanethiol  linkers .   

There are several therapeutic agents both (hydrophilic and 

hydrophobic) and auxiliary agents when a gold nanoparticle is loaded it. 

Such as dyes for photodynamic therapy, target molecules (Kim 𝑒𝑡 𝑎𝑙.,  2009 

) , example :  antibiotic and antibacterial agents can be delivered by gold  

nanoparticles such as: vancomycin and colloidal gold against intestinal 

pathogenic Strains (Gu 𝑒𝑡 𝑎𝑙., 2003 ) , ciprofloxacin and colloidal gold show 

antibacterial against E. coli (Rosemary 𝑒𝑡 𝑎𝑙., 2006). The anti- leukemia 

drug conjugates with gold, (5 - fluorouracil + Colloidal gold ) show 

antibacterial and  antifungal against Micrococcus luteus , Staphylococcus 

arueus , Psedomonas , E. Coli , Aspergillus ( Selvaraj and Alagar,2007 ) .It 

is noted that all of the listed  drugs with gold nano particles are stable , but 

there are some antibiotics when they are mixed with  colloidal gold, they are 

not stable complexes such as Ampicillin and Streptomycin  . ( Saha 𝑒𝑡 𝑎𝑙., 

2007; Grace & Pandian , 2007 ) . 
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Nevertheless, their activity when mixed with gold from using alone by 

12-4% when insulin conjucates with gold give to models that suffer of 

diabetes mellitus a decrease in blood sugar levels comparable with effect of 

giving them under the skin ( Joshi 𝑒𝑡 𝑎𝑙.,2006 ).Gold nanoparticles are used 

as an efficient agent  in gene therapy for therapeutic purposes delivering the 

genetic material into cell nucleus and cytoplasm( Patel 𝑒𝑡 𝑎𝑙., 2010 ). The 

desired effect due the expression of inserted gene or gene suppression of the 

damaged or over expressed gene ( Zilber 𝑒𝑡 𝑎𝑙., 1929 ). 

2.1-1.7  Immunologic Properties of  gold Nanoparticles: 

Researchers show interst colloidal metals in the immunological , 

Zilber succeeded  to oabtain agglutinating sera from colloidal gold ( Zilber 

𝑒𝑡 𝑎𝑙. ,  1929). By number of studies inter a  rigorous antigen with colloidal 

gold lead to production antibodies and introduction  haptens  adsorbed on 

colloidal Particles also production antibodies ( Dykman ,2020). The effect of 

colloidal gold on immune reactions (non-specific )  is noted when introduced 

intravenously after 2 hour 5 mL of colloidal gold into rabbits increases the 

Leukocytes content in 1 mL of blood from ( 9900 to 19800), decreasing 

monocytes from (5200 to 4900 ), and increasing in Neutrophil 

(Polymorphonuclear) from (4700 to 14900) , but not been observed when 

introduction  other colloidal  metals. It is known that the antibody synthesis 

need agents that have  developed structure (immunogenicity ) such as 

proteins , polysaccharides, polymers (synthetic) contrary biologically active 

compounds as vitamins, antibiotics, hormones ... etc  was low molecular 

weight therefore they cause a lower immune response known ( haptens )are 

chemically bound to high molecular - weight ( carriers ) such as proteins 

carrier to produce specific antisera ( Kovalev 𝑒𝑡 𝑎𝑙., 1985 ) .  In 1986 study 

by Japanese researchers was a successful attempt that used colloidal gold 

particles as a carrier to glutamic acid at producing antibodies (Shiosaka 𝑒𝑡 
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𝑎𝑙., 1986 ). It noticed that when produce specific antisera contain accompany 

antibodies to antigenic  structures who used as  Carrier ( kovalev 𝑒𝑡 𝑎𝑙. , 

1985).These methods were developed and applied  to produce antibodies to 

the following rigorous  antigens and haptens ( Dykman 𝑒𝑡 𝑎𝑙., 2010 ) . In 

1993 it suggested that when production of antibodies hapten be bound to the 

carrier protein  before conjugated with colloid  gold, it  obtained high 

specificity antibody ( Pow & Crook,1993 ) . 

In 1996 colloidal gold was used in vaccine of the antiviral as carriers 

of antigen of  the tick - borne encephalitis virus ( Demenev 𝑒𝑡 𝑎𝑙., 1996). 

Despite the vaccine  did not contain adjuvants but the experimental vaccine 

that used colloidal gold had better protective properties.  

2.1-1.8 Bio-distribution and Toxicity of  Gold  Nano Particles: 

More from the acute question concerning Toxicity and bio-distribution 

of Au NPs took place during the Past years ( Bioisselier & Astruc , 2009 ). 

The main target for the accumulation Au NP of the organs the reticular 

endothelial system , need 3-4 months to be excreted from the liver and 

Spleen ( Dykman & Khlebtsov , 2011 ) .Common mechanism of Au NPs is 

oxidative stress induced toxicity which activates NF - KB signaling of pro- 

inflammatory genes as TNF and IL - 1 , IL - 6 , IL - 8 result in apoptosis and 

DNA damage  ( Khanna 𝑒𝑡 𝑎𝑙., 2015 ) .  

2.1-1.9 Toxicity Effect of Au Nps on Male Reproductive 

System: 

The male reproductive system in human subject for exogenous 

material causes  for its deterioration ( Guz 𝑒𝑡 𝑎𝑙.,  2013 ). Gold nanoparticles 

induced ROS can cause damage in sperm cells and impaired fertility may 

result in congenital defects in offspring ( Van Gelder 𝑒𝑡 𝑎𝑙., 2010 ). AuNPs ( 
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10-30 nm ) repeated intraperitoneal injection result increased number of 

abnormal spermatozoa and Au NPS penetrate the BTB, and  accumulation in 

testicular tissue ( Nazar 𝑒𝑡 𝑎𝑙., 2016 ). Au NPs may impair testicular 

function ( Velikorodnaya 𝑒𝑡 𝑎𝑙 ., 2015 ). Potential health and environmental 

risk due Au Nps present with the widespread use in biomedical fields 

necessary known their fate in vivo and toxicology effects especially on male 

reproductive system ( Liu 𝑒𝑡 𝑎𝑙., 2021 ). After  incubation of human sperm 

with Au Nps  the  internalization inside the nucleus of human sperm 

compared to other cells ,the humane sperm nucles is relatively complex , 

relating not only to physicochemical properties of Au NPs but also to the 

state of sperm membrane (Acrosome reaction ) ,and may alter as soon as 

particles reach the sperm fluidity and composition ( Moretti 𝑒𝑡 𝑎𝑙., 2013 ). 

2.2-1.10 Genotoxic  Effect  of Au NPs : 

AuNPs interact directly or indirectly with DNA that cause DNA break 

, oxidative DNA , Point mutation  )Asharani 𝑒𝑡 𝑎𝑙.,  2009 ;  Foldjerg  𝑒𝑡 𝑎𝑙.,  

2011 ) , in direct interaction by time and concentration dependent result of 

DNA damage and cytotoxicity against TM3 cell ( leydig cell). 

2.1-1.11 Ros production:   

Au NPs not induced apoptosis in TM3 but enhanced ROS production - 

the intercellular lead to DNA damage and apoptosis.as shown in the 

figure(2-2) (Soto et al.,2021). Therefore the production of ROS is the main 

cause of toxicity , but unstable ROS  molecular do not travel from their site 

(Wells 𝑒𝑡 𝑎𝑙., 2005 ) .Which induced inflammation , leydig cell responsible 

on production and secretion hormone testosterone , Au NPs treatment is 

reduced from production the TM3 cell of testosterone and significant 

reduced plasma testosterone level because repeated dose of Au Nps of 

intraperitoneal injection (Behnammorshedi 𝑒𝑡 𝑎𝑙., 2015 ).Au NPs treatment 
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induced testosterone production inhibition are analyzed both TM3 and 

testicular tissue lead to reduce the expression of 17 α - hydroxylase , which 

inhibit the conversion to Pregnenolone to dehydroepiandrosterone (DHEA) 

and the end reduce the secretion of luteinizing hormone ( LH ) and follicle 

stimulating hormone ( FSH ) it should regulated by the hypothalamic 

pituitary gland ( Zuber 𝑒𝑡 𝑎𝑙.,  1986 ; Behnammorshedi  𝑒𝑡 𝑎𝑙., 2015 ).BTB 

blood testicular barrier that located between seminiferous tubules and blood 

vessels form tight junction in the animel testis between sertoli cell prevent 

cytotoxic agents inter seminiferous ( Sharma 𝑒𝑡 𝑎𝑙., 2018 ), but NPs 

exposure expanding the size  of BTB gap induce inflammatory and promote 

cytokine secretion ( Park 𝑒𝑡 𝑎𝑙., 2010). Testosterone hormone can support 

integrity of BTB ( Meng 𝑒𝑡 𝑎𝑙., 2005) . Se Nps (Selenium nanoparticle) with 

antioxidant prevent lipid peroxidation and protect reproductive system . 

Therefore the potential negative impact of Au NPs on male reproductive 

function should  be  carefully in their biomedical application. 

Figure(2-2)representation mechanism of gold nanoparticles(Soto et 

al.,2021) explain ROS and apoptosis s formation . 
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2.1-2 Mechanisms of Nanoparticles Implicated in Somatic Cell 

Toxicity and Male Germ Cell Toxicity: 

Nano Particles enter the reproductive system by  different methods  of 

drug delivery. when penetration is used in many medicine applications it 

may cause induce DNA damage and negative effects on sperm motility and 

morphology ( Taylor 𝑒𝑡 𝑎𝑙.,2012 ), dermatological therapy and skin care ( 

Niska 𝑒𝑡 𝑎𝑙., 2018 ) . When exposure to 7 or 28 day it declines HL and FSH  

hormone with histological abnormalities , and reduces motility and number 

sperm in the testicles of male rat (Olugbodi 𝑒𝑡 𝑎𝑙.,2020 ) .Enter by absorbed 

in gastrointestinal ( Hansson , 2012 ) oral  administration reduce number  of 

sperm in male rats ( Sleiman  𝑒𝑡 𝑎𝑙., 2013). Entering the human in 

respiratory tract ( lung ) induce inflammation , necrosis generation of ROS  

is resulted( Del Vento 𝑒𝑡 𝑎𝑙., 2019).The important potential adverse health 

effect of NPs to produce ROS , molecules and free radicals are the main 

pathway for toxicity ( Wells et al., 2005 ), and there is an imbalance between 

oxidants and antioxidant .The Particles traveling end up in the reproductive 

system throughout the body and enter  the circulation systemic causes  

inflammation ( Erdely 𝑒𝑡 𝑎𝑙., 2011 ). Further inflammation by receptors 

(TLRS) contributes to the inflammatory reaction brought on by exposure to 

NPs ( Koga 𝑒𝑡 𝑎𝑙 ., 2014 ) .Recent researches the toxicity of NPS caused 

inflammatory response and generation of  ROS in male reproductive system . 

Induced more toxicity for NPs by inhibition of antioxidant (defense systems) 

and increased  ROS generation . These effects depend on  concentration 

increasing and duration of exposure inducing DNA damage with apoptosis 

of germ cell ( yan 𝑒𝑡 𝑎𝑙., 2016) .Nps pass through the gonads ‗ outer  

membranes stimulate the damage antioxidant result generation of free 

radicals and disrupting metabolism of cells ( Perez - Labrada 𝑒𝑡 𝑎𝑙., 
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2019).Whereas,AuNPs negatively affect somatic cells and germ cells 

simultaneously as shown in following figre(2-3) (Habas et al.,2021). 

 

Figure( 2-3 ) Schematic  of Mechanism and Potential Biological Effects 

of NPs on the Reproductive System of Male, the Cytotoxic Effect of NPs 

on Supporting and Germ Cell(Habas  et al.,2021) 

 

2.1-3 NPS induced DNA damage: 

NPs cause oxidative damage to DNA on the 2-deoxyribose and on 

DNA bases, DNA back bone result single strand break ,and oxidized DNA 

bases ( Carrière 𝑒𝑡 𝑎𝑙., 2017 ) . Inducing genotoxic effects when used NPS 

average size 40-70 nm  on  human sperm ( Gopalan 𝑒𝑡 𝑎𝑙., 2009 ) . DNA 

damage is in spermatocytes because increased ROS production that result 

from NPs are a dose and time dependent ( liu 𝑒𝑡 𝑎𝑙., 2016 ) . 
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2.1-4 NPs Induced Oxidative  Stress:  

The  male reproductive system in human susceptible has many to 

exogenous material ( Knez ,2013 ). Oxidative stress effects reducing the 

thickness of spermatogenic epithelium and effect after reach to target on the 

quantity and quality of Sperm ( Bai 𝑒𝑡 𝑎𝑙.,  2010 ) . 

The most vital  causes of male infertility and deterioration is the reproductive 

system because oxidative stress ( Hussien 𝑒𝑡 𝑎𝑙.,  2016 ). Oxidative stress is 

mitochondrial apoptosis by NPs comprises mitochondrial respiration and 

depletion of antioxidant enzymes ( Manke 𝑒𝑡 𝑎𝑙., 2013). Daily oral exposure 

decreases mitochondrial function and damage the plasma membrane and 

acrosome of sperm ( Mathias 𝑒𝑡 𝑎𝑙.,  2015 ) .NPs induce toxicity causing 

oxidative stress , damage DNA and apoptosis of cells ( Khanna 𝑒𝑡 𝑎𝑙., 2015) 

.Industrial Au cause the potential spermatotoxicity as well as epididymitis 

and male sterility ( Manin 𝑒𝑡 𝑎𝑙., 2007 ) .NPs induce cell apoptosis and 

necrosis because they induce  damaged mitochondrial and membrane 

function ( Braydich - Stolle  𝑒𝑡 𝑎𝑙., 2005 ). ROS formation leads to nuclear 

DNA damage and results apoptosis and necrosis in sertoli and leydig cell. 

Testicular tissue induce apoptosis and autophagy because exposure Nps by 

cleaved caspas 8, cleaved caspas 3and increases in gene and protein  ( Shen 

𝑒𝑡 𝑎𝑙., 2019 ).  

2.1-5 NPS disrupted hormones : 

 In Studies there are endocrine disruption  chemicals (EDCs) effect on 

essential hormones of the male reproductive system , and cause a number of 

damaging such as testicular cancer , poor semen quality , prostate diseases , 

and high number and low number abnormal Sperm (Knez, 2013) .The 

number leydig cell and sperm parameter indices have interruption in function 

of sex hormones  ( Baki 𝑒𝑡 𝑎𝑙., 2014 ). NPS in  adult male rat show 
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significant differences in LH , FSH , and testosterone h. ( Negahdary 𝑒𝑡 𝑎𝑙., 

2015 ). When exposure of NPS can cause alteration or modulation in the cell 

, in the cell  processes involving signaling ,NPs act as EDCS, cause 

hormonal disorder , effect on fertility and EDCS   disrupt the bodies  ( Dagar 

and Bagchi , 2020 ) .Au NPS decrease testosterone production in leydig  cell 

when accumulate in testes by decrease the expression 17 - α hydroxylase, 

and NPs can diminish an  influencing sperm quality (Liu 𝑒𝑡 𝑎𝑙 . , 2020). 

2.2 Anatomy of Male Rat Reproductive System : 

The reproductive System in male rats Consists of a pair of gonads , the 

testes which are mixed glands ,and these gland are characterized by their two 

main functions . The first one is the production of sperm from seminiferous 

tubules in this case the testicle is an exocrine gland, and the second function 

includes the production of steroid hormones from the interstitial cells of the 

testicle , which are Known  leydig cells , and are located between the tubules 

that make the sperm and these cells under  the influence of hormonal control 

coming from the pituitary gland .The secretes androgen  which is essential 

and important in males  is called the testosterone hormone in which case the 

testicle is an endocrine gland (Osman and Ploen , 1986 ). Each testicle 

consists of a head extremity that connects to the head of the epididymis and a 

Tail extremity  it matches to the tail of the epididymis , and each testicle 

includes an epididymis border. This edge is weakly connected with the body 

of the epididymis consisting of the epididymis sinus and free border . It is 

located in the opposite side of the epididymis border and it is usually convex 

. The testes contain two surface , the medial nearly concave surface , and 

lateral convex surface . There are differences in the size , weights and shapes 

of the testicles depending on the type of animal .The testes of rodents are 

large and disproportionate to the size of the body ( 3002التويوي ,  ) . Either the 

male sheep , goats and pigs are be relatively large , but be a small testes in 
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dogs , cats and camel compared with animal size . The male reproductive 

system consists of two testes and genital channels transfer of sperm (efferent 

ductules which includes vas deferens , epididymis , ejaculatory duct and 

Penis , either the additional gland extension of the male reproductive are 

prostate , seminal vesicles and cowpers glands(Wilson,1979) 

2.2-1 Testes: 

It is an oval - shaped gland ,Mixed  glandular installation with external 

and internal secretion. The left testes is larger and more effective because to 

the increased amount of blood in it. and also located at a level below the 

right testicle and during embryonic development the testicle grows in the 

abdominal cavity and  then descends before  or after birth in a little while in 

scrotal sac . It is a dermal cyst that produces external dent of skin and shaped 

like an external pocket of the body wall which is divided into two parts by a 

superficial connective tissue called (superficial Raphe) ( 0990, الحسني والهيتي) . 

The scrotum consists of several muscle layer smooth shrinks in the cold and 

flatters in the heat , the function of the scrotum is to preserve the testicles at 

a temperature lower than body temperature one to one and a half degrees 

lower than body temperature ( 34-35 ) C° .The reason for this is that the 

process of sperm  production in the testicles cannot stay for  long time at 

body temperature and the low temperature of the scrotum is maintained  by 

the special muscles that extend between the body  and the scrotum sac . 

When the temperature go down these muscles contract and bring the testicles  

closer to the body ( Berne 𝑒𝑡 𝑎𝑙., 1998 ) , the testicle is surrounded by a 

serous membrane on all of its anterior and lateral surfaces except for the 

posterior surface called Tunica Vaginalis. This tunica  consists of inner 

visceral layer and outer partietal layer, under this tunic the testicle is 

surrounded by a sheath or capsule of dense connective tissue that includes 

Some smooth muscle fibers called the tunica albuginea , which thickens the 
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posterior surface of the testicles to form an inner layer of loose connective 

tissue rich in blood vessels from vascular testicle cover, the structure  that 

lies under the tunica albuginea is called Tunica Vasculosa and from the 

thickened posterior part of the tunica albuginea , fibrous septa extend inside 

the testicle dividing to ( 250-300 ) cubby or pyramidal lounge, which are 

called testicular lobules , it contains each lobule of ( 2-5 ) many of tubules 

twisted to each other abundantly  are called seminiferous tubules 

( 3002الحسيني, ) .It produces sperm and the process of producing sperm is 

called spermatogenesis ( Hickman 𝑒𝑡 𝑎𝑙 ., 1993 ). 

2.2-1.1 Histological Structure of the testicle : 

The testes Consists of two main parts : -  

1. Seminiferous tubules.  

2. Interstitial tissue .  

first : seminiferous tubules : 

The Seminal ducts, are located between the lobes , the number of 

which reaches 840 tubule the length 30-70 cm and diameter 0.2 mm and 

each tubule loses  torsion at the apex of the lobule and becomes a straight 

tubule these tubules are  scattered in the primary connective tissue or the 

stromal which is rich in blood vessels and nerves. The spermatic tubule is 

either mouthful with an adjacent tubule or with blocked end . the end of each 

of collecting tubes opens into testis Rete which is located close to the head of 

the epididymis (Athur et al., 1996) .The seminal tubule is lined with 

seminiferous epithelium and is called Germinal epithelium which is a 

stratified epithelial tissue made up of cubic or  columnar epithelial cell and 

this tissue rests on a thin basal plate covered from the outside by a sheath of 

fibrous tissue called the determinant tissue . It contains many connective 

tissue cells , fibers and some smooth muscle fibers . It is believed that the 



Chapter Two                                                                     Literature Review  

22 

 

contraction of smooth muscle cell can lead to a change in the diameter of 

convoluted tubules , which helps in the movement of sperm along the 

convoluted tubule . (Kalthoff , 1996 ) .The convoluted tubules occupy 

approximately 75 % of volume of the testes and these tubules are lined 

internally by a layered epithelium consisting of two types of cells( Dekretser 

, 2002 )  : 

 Sertoli Cells  

 Spermatogenic cell  

Sertoli Cell : 

It is called by the supporting cells which are large cells , long , pyramidal 

to columnar, irregular in shape and they are found along the spermatic tubule 

between the generative sex cell . 

Its broad base rests  on the basement membrane perpendicularly and its 

funnel edge is open at the lumen of seminiferous tubule ( Pineda & Dooly , 

2003) . The cell includes an oval nucleus that is few distances above the base 

of the cell and has one or more large and clear nucleoli . It is located towards 

the base of the nucleus and the cytoplasm  contains a smooth and rough 

endoplasmic reticulum and mitochondrion and many fat droplets , the Golgi 

apparatus , and glycogen , as well as the cytoplasm of sertoli cells in human 

includes crystalloids function unknown . The lateral rims of the cell also 

include tubules and intermediate filaments , which are believed to contribute 

to the movement of cells from the baseal region to the adjacent region for the 

lumen of the Seminiferous tubule , and its side walls are united by tight 

links. Its function is to prevent the passages of large particles from interstitial 

space into the seminiferous tubules , Sertoli cells perform multiple functions 

as they contribute to the regulation of Spermatogenesis and its development 

and continuity by preparing the formed Sperm with the necessary nutrients,  
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support and Protection , and devouring the diseased decomposing sperms. It 

also allows the passage of Some materials necessary for the formation of 

Sperm through the formation of a special compound that regulates the 

secretion of testosterone and the return of Some harmful substances that 

hinder the development of sperm . Thus, preparing the blood - testicular 

barrier, which prevents the formation of antibodies to new Sperm cells 

(Johnston et al., 2004 ) .  

Sertoli cells also secrete the androgen - binding protein ( ABP) under the 

control of testosterone and FSH which participates in the regulation of 

spermatogenesis by transporting and  concentrating male androgens around 

the  germ cells   and the concentration of  testosterone in the spermatic 

tubule . (Chaudhary 𝑒𝑡 𝑎𝑙.,  2004 ).As shown in the following figure 

(2-4)(Fraser et al.,2021). 

Spermatogonia : 

  It is an epithelial layer that compose the biggest part of the seminal 

epithelial tissue and the cells are arranged in multiple rows ( 4-8 ) from cells 

lining the seminiferous tubule . They are arranged in the form central layers 

of different ages , starting from the basal  region of the tube to its lumen , 

and when they multiply , grow and specialize they rush towards the cavity 

and turn into sperm to separate from the epithelial tissue and become free in 

the cavity ( white , 1976 ) .The types of cells that create sperm from the 

basement membrane of the tubule to the inside include the 

following(Hussien et al.,1997) :  

1. Spermatogonia . 

2. primary spermatocytes. 

6- Secondary Spermatocytes. 

7- Spermatides. 
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8- Immature Spermatozoa.  

9- Mature Spermatozoa  

Interstitial tissue : 

 It is a tissue that located with-in the lobules and between the 

seminiferous tubules . It consists of loose connective tissue rich in blood and 

lymphatic vessels, nerves , and endocrine cells called leydig cells .They are 

large , round or polygonal cells that are found  either singly or  in groups in 

the interstitial tissue between the seminiferous tubules so they are also 

Called interstitial cells (Payne 𝑒𝑡 𝑎𝑙., 1996 ). Its nucleus is oval or spherical 

containing pigment granules and a single nucleolus the cells contain of two 

nuclei is a common case while the cytoplasm contains the smooth 

endoplasmic reticulum , which manufactures hormones ( Hooker , 1970 ) .  

2.2-2 Epididymis: 

Cummins 𝑒𝑡 𝑎𝑙., ( 1986 ) defined the epididymis as , it is long often 

torsional tube approximately 7M and lind with columnar cells and a ciliated 

pseudo – layer resting on a basement membrane , consists of a loose 

connective tissue rich in blood vessels and smooth muscle fibers , and the 

epididymis is located with the testicle within the scrotal cavity. 

It is attached to edge of the testicle from behind by a connective tissue 

composed of narrow efferent ducts through which sperms move from the 

testicle to the Vas deferens . The epididymis consists of three regions , the 

first of which is the head of the epididymis caput and represents its enlarged  

front end close to the testicle , the head of epididymis is connected to testicle 

by efferent ducts . Their number ranges from 13-23 coiled helical cannulas 

surrounded by connective tissue and the length of each cannula is 6-8 cm  

has a diameter 0.05 mm . These ducts are irregularly undulating separated , 
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and have a smooth regular surface , they are lined with simple epithelium 

consisting of columnar ciliated cells and some cuboidal non- ciliated 

secretory cells which rest on the basement membrane and frequently 

exchange groups of long columnar cells with other groups of short cells due 

to the different heights of the epithelial tissue cells . The lining of the long 

cells contain the cytoplasm which has lipid droplets and pigment granules 

these cells contain cilia whose function is to transport sperm through the 

canals .For the short cells the cytoplasm contains lysosomes and micro villi 

located on its free surface , they are also absorbing cells its function is 

because it absorbs a large proportion of the secreted fluid in the 

Seminiferous tubules and their lining becomes columnar . It is only at the 

end of the efferent canals and its lumen is flat , the cannulas twist on each 

other to form the head of the epididymis then they unite with each other to 

form a large canal called the epididymis ducts which  extends from the head 

of the epididymis to the body of the epididymis which is a narrow middle 

region that ends in the tail of the epididymis called Cauda it is located at the 

bottom and connects with the vas deferens and occurs in the head and body 

region the process of sperm maturation. As for the tail of the epididymis , it 

is the main region for Sperms to acquire the ability to move and fertilize 

(  . (  3002 كاظن,

 also indicated( , 3002 العسب ) that storing and  preserving live sperm is 

one of the most important functions of the epididymis as it contains some 

nutrients necessary for its activity. In addition, the development and 

maturation of sperms and their transfer takes place inside the epididymis , as 

the sperms gain the ability to move when they pass through the epididymis 

canal. 
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Figure(2-4)(A)Overview of Human Male Reproductive System. 

(B)Schematic Diagram of the Testes is Showing the Epididymis and 

Seminiferous Tubes of cross-section.(C)Sectional View of Cells Forming 

the Seminiferous Tubules and Surrounding Interstitium(Fraser et 

al.,2021). 

2.2-3 Prostate : 

           The prostate is a small walnut – like, gland located below the urinary 

bladder surrounding the posterior upper urethra. The part of urethra passing 

through it. Consists four lobes anterior , dorsal, ventral and lateral lobes 

(Latayia Aaron et al.2016) ,surrounded by a network of veins called prostatic 

cluster (Villers ,1994).Prostate consists of two parts the first glandular 

located inside  the other is fibrous muscular tissue ,the prostate is made up of 

three glandular regions the central zone surrounding the ejaculatory duct ,the 

transitional zone surrounding the urethra ,peripheral zone surrounds both of 

them(Mc Neal,2008).It participates in formation of semen containing 
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nutrients that give sperm the ability to motility and fertilize. hyperplasia 

prostate occurs in the transitional zone while cancer is happening in 

peripheral zone, prostate contains three unique types of epithelial cell basal, 

luminal, and endocrine cells(Hudson et al.,2001). 

2.2-4 Seminal vesicle: 

Seminal vesicles are a pair of glands sited behind the bladder, lateral to the 

vas deferens in front of your rectum., and in linking with the base of the 

prostate, Function of Seminal vesicles release up 60% from the fluid set up 

in semen(Tjionas et al., 2015).The histological structure of the sminal 

vesicles is lining with columnar epithelium and smooth muscle that from 

mucosal folds,  composed three layer  of pseudostratified columnar epithelial 

include goblet cells and lamina propria,  layer of muscular outer longitudinal 

inner circular from smooth muscle and finally  layer adventitial loose 

connective tissue(Zang et al.,2018). 

             The vesicles may also be called seminal glands or vesicular glands. 

The seminal vesicles are accessory glands of the male reproductive system. 

They are a pair of contorted or twisted tubes, which are located between the 

bladder and the rectum(Mikuz ,2019). The vesicle secretion Alkaline fluid 

that survival of spermatozoa, Fructose too facilitate survival of sperm, 

Prostaglandins have role suppressing the immune response of semen  in 

female(Druart and Graaf ,2018).One of substances contained in vesicular 

secretion is the clotting factors that maintain semen in the female 

reproductive tracts (wang ,2018). 
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2.3- Seminal Fluid:  

               The prostate and seminal vesicles are responsible for producing 

most of the semen. The latter is defined as the fluid that work to prepare the 

food needed for the sperm's metabolism and movement while it forms %60 

from the volume of semen , which is secreted from the seminal vesicle and 

the ratio is 13- 33%  the semen has a milky  appearance from the prostate 

gland. The secretion  contains citric acide , calcium , acid phosphate and 

proteolytic enzyme the latter is responsible for dissolving semen and also 

secretes cholesterol whose function is to protect the sperm from 

environmental shocks as for the lowest percentage of  secreted fluids it is 

from the epididymis and cowper gland at a  rate of 5 % ( , عبذ الطيف والبازي

3002).One of the most important qualitative measures of semen 

characteristics is the movement of sperms , as it is a good indicator that 

positively correlates with the percentage of normal live  sperms, and 

negatively with the percentage of dead and deformed sperms , and this 

movement is evidence of the vitality of the sperms and their ability to 

penetrate the barriers that they encounter and intercept in the reproductive 

system for the purpose of reaching the fertilization site ( Saake , 1982 ).  

Sperm can live in the ducts for several weeks , but after ejaculation their 

maximum life span is 72 hours . If it is frozen at ( 100- ) degrees celsius ,it 

will remain for one year , one of the important characteristics of good quality 

semen , which gives a higher percentage of pregnancy , is the one in which 

the high percentage of  live sperms with forward movement . 
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2.4 Spermatogenesis : 

             This process is conducted in seminiferous tubules , which leads to 

mature sperm production spermatozoa , and begin during the duration of 

puberty and continues throughout male life and include the process of 

spermatogenesis involves a complex series of specialized cell divisions 

during which entire number of chromosomes is reduced Diploid ( 2n ) 

actress of animal type to half Haploid (1n ) .If the sex cells develop and go 

through various stages  transformation  then leads to the production of sperm 

(Hickman 𝑒𝑡 𝑎𝑙 . , 1993 ) .This process includes two stages , the first stage is 

the stage of mitotic and meiosis divisions  and the doubling of the  number 

of cells while the second stage is  

spermiogenesis ( 3000, الوختار والراوي) .The process of spermatogenesis begins 

with the division of germ cells to form spermatozoa. 

A. Type A spermatogonia : Most of which are divided to form intermediate , 

Spermatogonia. and most of them are divided to form 

B. Type B spermatogonia. that undergo last mitosis to form primary 

Spermatocytes , they contain the full number of chromosomes and then 

these cells move away from the basement membrane and increase in size 

and prepare to enter the stage of meiosis the mediastinum of the 

chromosomes which form secondary spermatocytes and then spermatids 

which undergoes a series of morphological changes to transform them 

into sperm a process  that called (cellular specialization) of the sperm 

spermiogenesis ( Ganong , 2010 ). The process of spermatogenesis pass 

through a series of stages  and this causes the different arrangement of the 

spermatogonia, Primary and secondary spermatocytes , spermatids and 

spermatozoa from across section in the seminiferous tubules to another 

for this reason absorbed a series of  interconnected cells arranged in a 
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certain way along the seminiferous tubule  , and the  sequential  changes 

in all stages along the length of the seminiferous tubules between two 

types of cells are called cycle of the seminiferous epithelium . As for the 

total changes in the cells that start from the activation of the germ cells or 

sperm progenitors  until the release of the sperm into the lumen of  the 

seminal tubule they are called spermatogenic cycle which takes 30 days 

in  rats ( Beamer 𝑒𝑡 𝑎𝑙. , 1983 ; Guyton & Hall , 2006) . 

2.5 Mature Sperm: 

A mature human sperm consists of a head, a middle  piece and tail 

(0990, الحسني والهيتي  ) .The head consists of the nucleus and the vertical cap 

containing the terminal body at its front edge and the bulk of the head 

occupies the nucleus, which in turn contains the geneti material DNA . There 

is a belief that the function of the terminal body is to form a substances of an 

enzyme nature called sperm lysins in mammals. This enzyme is called 

(hyaluronidase )as these enzyme  degrade the egg membranes in the region 

where the sperm meets the egg to facilitate the passage of the Sperm to the 

surface of the egg  as for the middle piece separated from the head . By 

narrow neck , it contains an axis of longitudinal tubules forming what is 

called a (axial filament complex) surrounded by nine thick fiber and 

surrounded by a sheath of mitochondria . It is believed that the midsection 

controls the movement of the tail ( 3000 الوختار والراوي ,  ). 

2.6 Hormones Control the process of Spermatogensis: 

The process of activating the male reproductive system is involved in 

three endocrine glands ,which are the hypothalamus which secrete a 

hormone gonadotropin - releasing hormone (GnRH), pituitary gland and 

testis, which secrete testosterone and inhibin hormone . The overlap among 

the functioning of these glands is called the hypothalamic - pituitary - testis 
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axis  who is in habited before Puberty ( Kuiri - Hanninen ét al., 2014) . The 

hypothalamus is activated upon reaching puberty and secretes a hormone 

GnRH which is less than ten minutes old and then destroyed by enzymes  

found in the cells of the pituitary gland then it travels through the 

hypothalamic - pituitay – portal system by blood vessels  it is affects the 

cells of the anterior part of the pituitary ,which in turn respond to secretion 

of stimulating hormones FSH , LH ( Popa 𝑒𝑡 𝑎𝑙., 2008 ; Clasadonte and 

Prevot , 2018 ) .FSH travels in the blood to the seminiferous tubules and 

binds to receptors on sertoli cells urging them to secrete androgen - binding 

protein to male  hormones ABP which binds testosterone leading to an 

increase in its concentration on the surfaces of sertoli cells . Thus 

contributing to the maturation and differentiation of sperm is one of the basic 

and most important functions of the testicle ( Allan 𝑒𝑡 𝑎𝑙 ., 2010 ; Lindgren 

𝑒𝑡 𝑎𝑙., 2012). As for the LH hormone , it travels in the blood to the testicles 

to affect the leydig cells , which are located between the seminiferous 

tubules to  build and secrete the Testosterone which is important in the 

formation, growth and development of sperm. That's a working mechanism 

axis hypothalamic - pituitary- testis axis regulated by negative feedback as 

shown in figure(2-5)( Tornoe et al., 2007) ,the increase in testosterone  

inhibits  the formation of  the ( GnRH) hormone.  

 FSH  is inhibited by a hormone Inhibin which is secreted by sertoli 

cells inside the seminiferous tubules , and when the number of sperm is 

increased, this hormone is transmitted through blood to affect the pituitary 

and inhibits the secretion of  FSH by the negative feedback process . 

(Mclachlan 𝑒𝑡 𝑎𝑙., 2002 ; Mcneilly 𝑒𝑡 𝑎𝑙. , 2003 ). It should be noted that 

sexual stimuli send nerve signals through the sacral parasympathetic nerves 

(the second , third and fourth vertebrae of the spinal cord ) which affect the 

smooth muscles in the arteries ( pudendal ) the internal nutrients of the penis 
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lead to the secretion of nitrogen oxide, which causes relaxation in the 

muscles of the arteries and their widening and increase the flow of blood 

from them towards the cavernous bodies where they became engorged with 

blood , which lead to an erection ( 3003, العبذ الله ). 

   

Figure ( 2-5 )showing the mechanism action of the of hypothalamic-

pituitary-testicular axis(Tornoe et al.,2007)
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3- Material and Methods 

3.1  Materials :  

Chemical materials, kits,  tools,  and   equipment used  in present study with 

their suppliers are listed in tables(3.1 and 3.2 ). 

  

Table (3-1) List of chemicals, reagents and their suppliers. 

Chemical  material, Kits Supplier 

Chloroform SDFCL ,India 

D.P.X. SDFCL ,India 

Distilled water AL-joud company, Iraq 

Eosin Fulka, Germany 

Ethanol BDH,UK 

Formaldehyde Sigma ,USA 

Gold nanoparticles (Au NPs) VCN Materials , Iran 

Hematoxyline Fulka, Germany 

Kit measurement of Total 

antioxidant 

Elabscience , Biotechnology 

China 

Kits to measurement of 

Hormone T,FSH, LH,E 

Elabscience, Biotechnology 

China 

Methanol   LAB-SCAN, Ireland 

Normal physiological salin 0.9% SDI, Iraq 

Paraffin wax Merek,  Germany 

Xylene Alfasan, Woerden. Hlland 
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Table (3-2) The  an equipment and tools used in study with  supplier 

Equipment, Tools Supplier 

Centrifuge Hermlse, Germany 

Disposable Insulin Syringes Shan chuan ,China 

Disposable Syringes Shan chuan ,China 

Dissecting Set Pakistan 

Electronic Balance Germany 

Elisa device Organ Teknika,Beelchum 

Eppendrof  tube China 

Gel Tube Asco, Jordon 

Hot plate Gallen-Kamp ,UK 

Incubator Memmert Germany 

Light Microscope Olympus,Japan 

Micro pipette Germany 

Rotary Microtome Duran Germany 

Sensitive Scale Memmert Germany 

Slides Shenzhen  BDJK Technology 

Industry ,China 

Slides Cover Shenzhen  BDJK Technology 

Industry ,China  

Vortex China 

Water path Histoline,Italy 
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3.2  Methods  

3.2-1 Animals : 

In this study adult white male laboratory rats were used (Rattus 

norvegicus) and aged 10-12 week, with 200- 230g weight. The number was 

42 rats that were raised in the animal house of  the College of Science 

University of Babylon.The animals remained in animal house for 

acclimatization Then divided to five groups each group was placed in the 

floor Covered cage with sawdust as Plastic Cages covered with metal lid its 

dimensions (20 x 20 x 40) cm, taking care of cleanliness of cages, irrigation 

bottles, and shelter room from appropriate laboratory conditions, such as the 

appropriate temperature range 20-24C°, and light 12 hours  dark 12 hours . 

All of the procedures were carried out with minimal stress . The animals 

were provided with water and standard diet. 

3.3 Experimental Groups: 

Five groupings were created from the animals 

1-  Groups 1 : Control animals divide into two subgroups, contains 7 rats 

injected intraperitoneally with normal physiological salin for 30 and 60 

days. 

2- Group II: includes 7 rats injected intraperitoneal with 40 µg/Kg body 

weight of Au Nps diluted  in( D. W.)   for 30 days  

3- Group III includes 7 rats injected intraperitoneal with 80 µg / Kg body 

weight of Au Nps  diluted in( D. W.) for 30 days .  

4- Group IV: includes 7 rats injected intraperitoneal with 40 µg/kg body 

weight of Au NPs diluted in (D. W.) for 60 days.  

5- Group V: includes 7rats injected intraperitoneal with 80 µg /kg body 

weight of Au NPs diluted in( D. W.) for .60 days 
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After 30 days half animals were sacrificed after anesthetized with 

chloroform of injection with Au gold nano particles solution intraperitoneal. 

Continue dosing for another 60 day to study the accumulation in 

reproductive system for the rest of the animals. Figure (3-1) 

3 .3-1 Experimental Design  :   
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3.4 Gold Nano Particles (Au Nps) Solution Preparation : 

Au NPs that used in the current study were obtained from (Iran), Au NPs 

have characteristic 

 Appearance : Color Red Solution  

  weight Concentration : 100 ppm 

 additives: Au 

 morphology: Spherical 

 Size range : 5-20 nm 

 Product Number : VCN 4021 W 

 Iran Address: Science and Technology Incubator persian gulf. 

university intersection mahini street. 

 Malaysia Address: B-12-10, Scott Garden, Klang Lama, 

Kuala Lumpur, Malaysia . it was examined with a Scanning electron 

Microscope, figure (  3-2 ) Shows gold nanoparticles   prepared dose 

(40- 80) µg/kg by dilute it in D.W. ( weight of Au NPs was 

determined based on the weight of the animal). 

 

Figure( 3-2 )Show Gold Nanoparticles by (scanning Electromicroscope) 
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3.5 Blood Collection:  

The animals were anesthetized using a cotton swab containing the 

anesthetic substance chloroform in a large box containing the rat by 

breathing, blood sample were obtained from animals by using 5ml syringe 

from the heart by stabbing the heart to get the biggest amount of blood. then 

using gel tube was placed in centrifuge (3000 RPM for 5 min to separate the 

serum and kept them in eppendrof tubes and them stored in refrigerator at 

atemperature (-20º) to complete the chemical testes a measuring hormone of 

T, LH, FSH,E and (T.A.O.). 

3.6 Collection of Organs: 

The ventral cavity of the animal is opened by a scalpel and scissors 

after anesthesia, then organs (testis, epididymis, prostate and seminal 

vesicle)  were left out and weighed and placed in petri dish contain normal 

saline for washing then dried by filter paper and saved in formalin at a 

concentration of 10% . 

3.7 Measuring the Weight Changes: 

Using electronic balance, the weights of animals were measured 

before the start of experiment, then average for weight were taken after end 

the experiment to know changes that obtained from the beginning  the 

experiment to end the experiment of each group and the rest, organs which 

removed also their weight was taken. 

3.8 Measurement of  hormone levels: 

Serum hormone concentrations has been measured by using a device 

ELISA reader (Enzyme linked Immune Sorbent Assay), which is a special 

Kit made by China ,Elabscience company . Hormones level of serum were 
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measured and the absorbance was read at a wavelength of 450 nm. The 

hormonal tests were carried out in physiology laboratories of the university 

of Babylon .For assessment of T ,FSH ,LH,E level. 

3.9 ELISA Working Principle:  

(ELISA) 

 (Enzyme linked  Immuno  Sorbent  assy ) 

 There are two type of reactions:  

1-  Immunological Reaction (Antibody (Ab) - Antigen (Ag)) 

2-   Chemical Reaction (Enzyme (E) 

Three main Steps: 

1- Specimen (Anglyte). 

2- Conjugate (enzyme. lobled Ab or (enzyme lobled Ag) 

3- Substrate (chromogen) 

These steps include Sub- steps, except for the last step which contains a 

stopping solution instead of wash, Solution :  

a- Incubation. 

b- washing  

 Type of  ELISA 

 Non-Competitive (conjugate take from animals) 

1- Direct  

2. Indirect 

3. Sandwish 

Competitive (conjugate take from human) 
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3.9-1 Estimation  testosterone hormone: 

Concentration of the hormone was measured according to the way (Tietz , 

1995). 

 The appropriate number of wells was provedabove its own Stand, which 

is equipped with the hormone. 

 An amount of 20µL of each of the serum and standard substance was 

taken and then placed in the wells Prepared for it. 

  Added 50 µL from Testosterone -HRP (Horse  rich Peroxidase) Reagent 

to each well. 

  Added 50 µL from Rat anti testosterone Reagent rat extract for each well 

mixed the contents of the well thoroughly for 20-30 Seconds.  Then the 

plate was a incubated at temperature of 37C° for 60  min 

  The Mixture was poured from wells then washed by wash buffer 5 times, 

in interrupted form . 

 Added 100 µL from (Tetramethyl benzidine) TMB (Substrate Solution) 

for each well.. 

 Wells were placed in a dark, covered incubator for 20 minutes between 

18 and 28 degrees Celsius.. 

 For each well then added 50 mL of the stop solution   (HCL) 1N and 

gently mix for 15-20 seconds.  

 Use an ELISA reader, the absorbance reading for each well was 

calculated at a wavelength of 450 nm. 
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3.9-2 Measuring the Level of Follicle- Stimulating Hormone 

(FSH) and Intercellular- Stimulating Hormone (LH)  : 

Concentration of the hormones was measured according to the 

way(Kosasa,1981;Simoni et al., 1997) 

3.9-2.1 Principle: 

The sandwich ELISA concept is employed by this ELISA kit. Samples 

(or standards) are put to the micro ELISA plat wells on the kit's included 

micro ELISA plate, which has been pre-coated with an antibody specific to 

rat FSH, LH Next, a biotinylated detection antibody that is specific for rat 

FSH is applied gradually to each microplate well, followed by the removal 

of the incubated free components. When the substrate solution is added to 

each well, the only wells that become blue are those that contain rat FSH, 

biotinylated detection antibody, and Avidin-HRP conjugate. The enzyme-

substrate process can be interrupted by including stop solution, which causes 

the color to become yellowA wavelength of +/- 2 nm 450 is used to 

spectrophotometrically quantify the optical density (OD). Rat FSH 

concentration and OD value are inversely related. One may figure out the 

concentration of Rat FSH in the samples by comparing the OD of the 

samples to the standard curve. 

3.9-2.2 Reagent :  

Note. Before use, bring all reagents to room temperature (between 18 and 

25 °C). Standard working solution, Biotinylated detection Ab working 

solution, and wash buffer -Working solution for concentrated HBR 

conjugate 

1. Determine the correct number of wells above its own stand for  the 

diluted standard, add a blank and a sample, and then add 100µl of each 

dilution of the standard the plate was then sealed with the kit‘s included 
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sealer. kit .At 37Cº,incubate for 90 min. Note: To avoid foaming ,solution 

should only be added to the well at the bottom of the microplate.  

2.  Do not wash, just  solution from each well should be decanted. Insert 100 

ml of away. After one hour at 37°C, cover with a fresh incubate.  

3. After adding 350 µl of Wash Buffrr to each well, decant the solution from 

each well. After soaking for one minute, decant or Take the solution out 

of each well, and then wipe it dry with new absorbent paper. 3 times total 

should be shaved. NOT: This step and others involving washing may be 

completed with a micro plate washer. As soon as the wash phase is 

finished, put the tested strips to use. Keep wells from drying out.  

4. Fill each well with 100 µlof the HRP conjugate working solution. Apply 

fresh sealer to the plate. for 30 minutes at 37 °C. 

5.  Pour the solution from each well, then carry out steps 3 and 4 five more 

times.  

6. Pour 90 l of the substrate reagent into each well. Over the plate, smear 

some new sealant. Incubate for approximately 15 minutes at 37 °C. while 

shielding the plate from light. Reaction times can be lowered or 

prolonged depending on the actual color shift, but not beyond 30 minutes. 

Pre-heat the Micro plate Reader for the OD measurement for around 15 

minutes. 

7.  Fill each well with 50 µl of stop solution. It should be noted that the stop 

solution should be added similar to how the substrate solution did 

8.  Calculate the optical density (OD value) of each well using a microplate 

reader set to 450 nm. 

3.9- 3 Determination of Estrogen Hormone: 

The kit for estimating estrogen manufactured by Elabscience company 

was used and the test was conducted according to the instructions of the 

producing company as follows ,Concentration of the hormone was measured 

according to the way (Tietz ,1995). :  
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1. Put The wells of the plate were first filled with 50 ml of the standard 

or sample, followed by the addition of 50 ml of the biotinylate 

detection Ab as a working solution, and finally, after the plate had 

been incubated for 45 minutes at 37Co.  

2. The plate was washed and aspirated three times. 

3.  Pour 100 ml of the After applying the HRP conjugate working 

solution to the plate, it was incubated for 30 minutes at 37 °C. The 

plate was washed three times. 

4. Add 90 ml of the substrate reagent, and then incubate the plate for 15 

minutes at 37 °C. 

5.  Fill each well of the plate with 50ml of the stop solution. 

6. Immediately at 450nm, the optical density was read, and the results 

were computed (according to the Elabscience firm). 

3.10 Bio chemical Parameters:  

3.10-1Total Antioxidant Capacity Assay 

3.10-1.1 Principle: 

 According to the test's guiding principle (Apak 𝑒𝑡 𝑎𝑙., 2005) 

Total antioxidants + Cu 
+2

                     Cu 
+ 

Maximum at 450 nm: Cu + (2,9-dimethyl-1,10-phenanthroline complex) 

3.10-1.2  Reagents: 

1.  Chloride of copper (II), one CuCl2. 2H2O, weighing 0.4262g, was 

dissolved in water, and 250 mL of water was added to create a solution 

with a concentration of 10-2 M.  

2.  Dilution Buffer: Ammonium acetate (NH4 Ac) buffer with a pH value of 

7.0 was made by dissolving 19.27g of NH4 Ac in water and completing 

250 milliliters are the total volume. 
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3.  Trolox the Standard Solution of Sample antioxidant were Prepared at 

1.0*10-3 M Trolox 

4.  Stop Solution : Neocuproine (Nc) { 2,9 - dimethyl - 1.10 Phenanthroline 

} Solution at a Concentration of 7.5*10-3M was prepared 

by dissolving 0.039 g Nc in 96% Et OH, the Volume was Completed to 

25ml with Ethanol. 

3.10-1.3 procedure: 

Copper Solution, dillution buffer, and stop solution 30 minutes should 

pass for the assy to reach room temperature before use. In the dilution buffer, 

dilute both the standards and the sample 1:40 (for example, 15 mL serum + 

585 ml buffer). 

1. Fill each well with 50 l of diluted samples or Standards. 

2. For a reference measurement, read the plate at 450 nm. 

3. Add 1mL of the Cu Solution to each well, then let it sit at room 

temperature for 30 minutes. 

4. Add 1mL to the Stop Solution. 

5. Next time 450 nm reading of the plate Test tubes were vortexed a 

spectrophotometer was used to measure the absorbance at 450 nm 

after being prepared and incubated for 30 minutes at 37°C. 

Calculation : 

Total antioxidant levels = 
      

     
 * Cons of STD (mmol/L) 
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3.11 Histological study: 

After the animal was Sacrificed the organs were removed and washed 

with normal saline and then transferred for preservation in 10% formalin 

solution and after 48 hours it was extracted from formalin and washed with 

ranning water for two hours after which a series of steps were performed on 

it depending on method described in (Suvarna 𝑒𝑡 𝑎𝑙., 2013). This method 

called (fixation) for link proteins and inactivate degradation enzyme which  

preserves cell and tissue . 

3.11-1 Dehydration :  

The tissue transferred through Series of concentrated ethyl alcohol 

(70% , 80% , 90%, 100%,100%) to remove all water, for an (1 hour) at each 

concentration.  

3.11-2Clearing : 

The samples placed in Xylene for removing alcohol for a period (2 minute). 

3.11-3Infiltration :  

The tissue is then placed in melted paraffin until completely infiltrated 

with substance Paraffin wax (57-60c°) melting point the process repeated 2-3 

time for a period (1hours) inside an electric oven at a temperature of 60 in 

order to keep the wax melted the number of times of wax change depends on 

the type of sample so that it decreases whenever the sample is soft and 

increases whenever the sample is solid . Wax gives it a strong support to 

prepare it for microtome cutting and help to keep tissue along time with any 

harm. 
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3.11-4 Embedding : 

The paraffin - infiltrated tissue is placed in melted paraffin and 

allowed to harden  in room temperature, inside iron molds or special 

capsules in which the models were buried. 

3.11-5 Sectioning : 

Used for Cut the models (Rotary Microtome)  is fixed and cutes to a 

thickness of 5 micrometers then the strips of the Sections placed in a water 

bath (45- 50 c°) for (1-2 min) and then were carried on glass slides and put 

the slides on hot plate to dry left in room temperature 37C" for (1 hour). 

3.11-6 Staining and Mounting : 

The dyeing was done using two dyes Haematoxylin - Eosin stain, 

placed the slides are placed in xylene to clean slides from wax residue for (5 

minutes) and then passed on series from descending ethyl alcohol (100%, 

100% , 90%, 80%, 70%) and for two minutes in each concentration then 

stained of the histological Sections. 

A-Table (3-3) A-shows hematoxylin stain p  reparation 

Material Quantity 

Haematoxylin Powder 2.5gm 

AIK (So4)2. 12H₂0² or NH4Al 

(S04)2. 12H₂o 

50gm 

Absolute ethanol 25mL 

D.W 500 mL 

Oxide of mercuric red 1.25gm 

Acetic acid in ice 20ml 
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    Hematoxylin preparation according to (suvarna 𝑒𝑡 𝑎𝑙, 2013) 

dissolved the hematoxylin powder by absolute alcohol, then  it is added to 

the AlK (S04)2 -12 H₂o in warm distilled water, and Add red mercury oxide 

to the mixture after bringing it to a boil.. cool the mixture by placing it in a 

beaker of cold water and then add glacial Acetic acid but filter the mixture 

before use it. 

B-Table( 3-4  )B-shows eosin stain preparation 

Material Quantity 

Eosin Powder 1 gm 

Glacial Acetic acid 1 mL 

Alcohol 70% Ethel 99mL 

 

Dissolved the Eosin Powder by Ethel alcohol and add Glacial Acetic 

acid but filter the mixture before use it according (suvarna 𝑒𝑡 𝑎𝑙., 2013). 

Transfer the slide to containers containing the dyes, where they are colored 

with hematoxylin dye for one minute then it was washed with distilled water 

for two minutes then dipped in alcohol two or three times to remove the 

excess dye, then it was colored with eosin and then transferred to an 

ascending chain of ethyl alcohol (70%, 80%, 90%, 100%, 100 %) for two 

minutes except for the last concentration put in it for 5 minutes then clearing 

with Xylene for 10 minutes and then we Perform mounting process by using 

(D.P.X.) Distrine plasticizer xylene to fixed cover on slide and left the slide 

to dry on hot plate for 8 hours to be ready for examination. 
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3.12 Histological mophometry : 

3.12-1Calculation of the Average Diameter of the Seminiferous Tubules, 

the Thickness of Germ Layer in the Testis and the Lumen Diameters: 

Diameter of the seminiferous tubule was measure by using  an optical 

microscope with an objective lens 40X on average, the diameter of 10 

seminiferous tubules of regular, circular shape in each section was 

calculated, then the general average was calculated to extract the average 

seminiferous tubules' diameter, as well as the thickness of the germ layer 

measured by measuring the thickness from the basement membrane to the 

space of seminiferous tubule with 10 readings for each animal and then 

extracting the general average (Akderek 𝑒𝑡 𝑎𝑙., 2015). 

3.13 Photo Micro Graph : 

 The tissue Sections were taken after preparation and the glass slides 

were examined and changes in the studied tissue sections were determined 

using the light microscope type olympus equipped with digital camera of 

Carl Zeiss type, the pictures was taken and checked at the appropriate 

locations of them, then measurement radicals and cell by objective lens on 

magnification 40X,10X. 

3.14 Statistical Analyses : 

The data was analysed using SPSS(version 23,SPSS Inc .Chicago, 

Illinois,USA). Descriptive statistics(mean ,standard deviation),and 

differences were compared by one-way ANOVA ,by using Duncan‘s test .As 

well as ,it was carried out using student‘s-t test, followed by chi-square. A 

statistically significant result was one with a( p<0.05). The relationship 

between studied parameters was determined by person‘s correlation 

coefficient (r).Analyses of statistical according (Duncan ,1955)  
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4.Result and Discussion: 

4.1 Histological  study: 

4.1-1 The Effect of Au NPs on Testes: 

 
Figure(4-1):cross section of control rat testis show seminiferous tubules ,seminiferous 

tubules lumen(star) leydig cell (arrow) sertoli cell(head arrow) (H&E,10X, 40X).  

 

Figure ( 4-2 ) :cross section of the testis represent 40µg/kg for30 day (1)showed 

abnormal widening of interstitial spaces with degeneration of 

interstitialcells(stars)(10X). 

(2)germinal epithelium degeneration(arrow),and disorganization and vacuolization in 

the spermatogenic series(arrow head)(H&E,100X). 
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Figure (4-3): Cross section of the rat testis represent 80µg/kg for30day ,(1)showed 

some seminiferous tubules are dilated and increased interstitial space(star) (10X).(2) 

detachment of germ cell from basal lamina(arrow heads), degeneration and pyknosis 

of nuclei of some cells (arrows) (H&E, 100X). 

             The histological study showed the effect of injection for a period of 

30 days for doses 40, 80µg/kg when compared to the control group. An 

abnormal widening of the interstitial spaces was noted with cell degeneration, 

disorganization of the spermatogenetic chain ,emptying and enlargement of 

some nuclei of the cells of the spermogenic layer. This agree with Nazar 𝑒𝑡 

𝑎𝑙.,(2016)by interaperitoneal injection at dose of 40µg/kg and 200µg/kg for 

7-35 days to know the acute and chronic effect of Au NPs  ,as he showed that 

small particles penetrate the blood testes  barrier which is considered as a 

filter composed of Sertoli cell junction aimed at protecting the process of 

meiosis as he showed that small particles Au NPs penetrate this barrier( 

Moretti 𝑒𝑡 𝑎𝑙., 2013) causing toxic effect such as  creating disturbances in the 

function of enzymes by the effect of these particles on the genetic structure 

.That sperm chromatin and DNA are very sensitive to external and internal 

influences during mitotic changes unlike the chromatin of somatic cell which 

contains histones while sperm contains protamine , the current study also this 

agree with (Lasagna-reeves 𝑒𝑡 𝑎𝑙., 2010). Since the period of sperm 
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formation in mice is about 31 days, and to ensure the effect of gold, It is made 

for 5.  

Figure( 4-4)Cross section of the rat testis 40µ/kg for 60 day (1) showed increased 

interstitial space with reduced inte rstitial cells(star)(10X).(2) detachment of germ 

cells from basal lamina(arrows) and decrease in the number of spermatogenic cells 

(arrow heads)(H&E ,40X). 

 
Figure(4-5)Cross section of the rat testis 80µg/kg for 60 day,(1)showed these 

seminiferous tubules are dilated and hypospermia ( star)(10X).(2)degeneration is 

characterized by disorganized arrangement of germ cells in seminiferous tubules, 

vacuolation , and the presence of necrotic  germ cells(arrows); shrinkage artefact and 

poor cellular morphology and vacuolation of interstitial cells (arrow heads). 

(H&E,40X). 

           The result of dosing for 60 days showed a clear histological effect, 

after chronic exposure to gold nanoparticles increased interstitial space 

,detachment of germ cell from basal lamina ,necrosis, cellular weakness this 
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agree with Thakur 𝑒𝑡 𝑎𝑙.,(2014)who used Ag NPs 20µg /kg for 90 days 5 -

20nm;as well  Gupta 𝑒𝑡 𝑎𝑙., (2018) who used Au NPs 20 µg /kg also for 90 

days ,If we compare it between the two metal to the same concentration we 

notice that the silver is more toxic than gold, where it was observed and 

depleted the largest germ cells than gold where the degenerative changes 

were moderate as the least toxic mineral with penetration BTB but with- out 

great damage (Morishita 𝑒𝑡 𝑎𝑙.,2012) . 

            However toxicity remains dependent on time and exposure. 

Cytotoxicity mechanism of Au NPs is their relationship with the 

comoposition of types of oxygen interactive free ROS which  lead to 

oxidative  stress(Pawar and Kaul ,2012). The process of sperm formation is 

very coordinated with all affected by external and internal conditions and 

there is consistent with our results current( Xia 𝑒𝑡 𝑎𝑙.,2019 )and can cause 

gold  particles cellular changes during the formation of sperm, which affects 

the function of cells.  

4.1-2 Effect  of Au NPs on Epididymis:- 

 

Figure( 4-6 )Cross section of  rat  epididymis ,showed normal structure of the 

epididymis(10X),(2)(arrow B)psedostratified columnar epithelial cells with stereocilia 

(arrow A)spermatozoa in lumen(H&E stain,40X). 
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Figure( 4-7 )Cross section of rat epididymis  represent 40µg/kg for30 day (1) showed 

dilation of the epididymal ducts(10X). 

(2) reduce of muscular layer and interstitial tissue between the epididymis 

canal(stars),vacuolization of epithelial cells(arrows)and oligospermia(arrow 

head)(H&E,40X). 

 

Figure(4-8).Cross section of the rat epididymis represent 80µg/kg for 30 

day(1)showed reduce of muscular layer and interstitial tissue between the epididymis 

canal(stars)and dilation of the epididymal ducts( arrows double head)(10X).(2) 

massive degenerative change and disruption of architecture with necrotic 

cellular(arrows head)(H&E,40X). 
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Figure( 4-9).Cross section of the rat epididymis (1) 40µg/kg for 60 day showed dilated 

with irregular ducts in the epididymis of rat and increase of interstitial fibromuscular 

(stars)(10X). 

(2) vacuolization of epithelial  cells(arrows),and exfoliated germ cell (arrows 

head)(H&E,40X) 

 
Figure(4-10 )Cross section of the rat epididymis 80µg/kg for 60day ,(1)showed the 

hypospermia (star)(10X). (2)denuded epididymal showed hyperplasia (arrows head) 

and hyperplasia of clear cells(arrow)(H&E, 40X). 

                  The results showed histological effect on the epididymis of the 

doses40µg /kg ,80µg/kg according to the duration of exposure, as it was 

shown after intraperitoneal injection for30 days .The expansion appears in the 

ducts of epididymis and  reduce of muscular layer and vacuolization of 

epithelial cells and disorder in structure with cell necrosis and degenerative 

changes due to  in malondialdehyde increases (MDA) in the epididymis and 
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testes ,while  decreased antioxidant GSH,SOD , where gold particles cause 

epididymitis and sperm reduction causing reproductive toxicity and 

generation of    ROS and as a result of oxidative stress causing reduced 

reproduction this agree  with (Manin 𝑒𝑡 𝑎𝑙.,2007) . 

            Recently, attention has been directed to the reproductive toxicity of 

nano materials as they can pass through the blood-testicular barrier and the 

epithelial barrier that protects the reproductive tissues and lead to damage to 

the testicles and epididymis causing dysfunction in the cells of leydig and 

sertoli cells as a whole and  negatively affecting the quality, quantity and 

morphology of sperm and disrupting the level of hormones altered sexual 

behaviour and oxidative stress and this corresponds with(Wang 𝑒𝑡 𝑎𝑙., 2018) 

.As for the injection for 60 days it was noticed the lack of sperm benign 

enlargement in the epididymis(hyperplasia), dilated with irregular ducts and 

increase of interstitial fibro muscular, vacuolization of epithelial cell and 

exfoliated germ cell.  There is very important  that the potential impacts of 

toxic substances on the epididymis and understood as a member who happens 

where the differentiation of sperm after testicular of storage and maturation of 

sperm where the show changes epididymals textile occur after deprivation of 

androgen toxic indirect death epithelial apoptosis lead to a decline in 

epithelial cells was this is a clear dosage  30 days ,but as for the direct toxicity 

of the epididymis epithelial it show necrotic and exfoliated  the main cells 

often causing the height of the hyperplasia it appears common in certain areas 

in the epididymis in head and body and direct toxicity often result 

disappearance of clear cells in the epididymis tail  this agree with(De Grava 

&Klinefelter , 2015) .  
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4.1-3 Effect of Au NPs on prostate: 

               

Figure(4-11):cross section of control rat prostate gland showing glandular epithelium 

cell (acinus epithelial)(arrow) aligned in one layer with epithelial folds(H&E,40X). 

 

Figure(4-12)Cross section of the rat prostate represent 40µg/kg for30 day ,(1)showed 

stromal connective tissue was increased between the secretory alveoli (star)(10X). 

(2)Arrows indicate multiple areas of hyperplasia (H&E,40X). 
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Figure( 4-13 )Cross section of  the rat prostate  represent 80µg/kg for 30day,(1) 

showed increase in alveoli folding is considerable(star) (10X) (2)atypical hyperplasia 

(arrow) and showing focus crowded with epithelial cells(arrow head)(H&E,40X). 

 

 

Figure( 4-14 )Cross section of the rat prostate 40µg/kg for 60 day,(1)showed the 

acinar dilation (star)(10X) (2)atypical hyperplasia(arrow)(H&E,40X) 
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Figure ( 4-15 )cross section of the rat prostate 80µg/kg for 60 day(1) showed the 

expanding of secretory alveoli (arrow double head) and thin-walled considerable( 

arrow heads)(10X) .(2)epithelial degeneration is characterized by granular to foamy 

cytoplasm alteration of enlarged acinar epithelial cells that from a single lining layer 

(arrow)(H&E, 40X) 

           The results showed a clear tissue effect in the prostate section that 

were treated40µg/kg ,80µg /kg for 30 days, and compared it with the control 

group that appears normal section a columnar epithelium aligned in one layer 

with epithelial fold in acinus . The section of the prostate shows an increased 

in alveoli folding ,increased connective tissue(stromal) between the secretory  

alveoli and atypical hyperplasia . It is known that the effects Au NPs depend 

on the dose given, duration of exposure and the size of surface area of gold 

particles and this corresponds with(Al-tarad 𝑒𝑡 𝑎𝑙.,2019)where morphological 

abnormalities were found with more spread in the glandular epithelium area 

and abundant folds with simultaneous administration of Au NPs led to 

exacerbation and development of BPH and promotion of the inflammatory 

process. It was found that when the level of the transformed  growth factor 

TGF-β1 causes the proliferation of the appearance cells, and this corresponds 

with(Kyprianou 𝑒𝑡 𝑎𝑙.,1996;Descazeaud𝑒𝑡 𝑎𝑙.,2011). 

          Also, increased expression of vascular endothelial growth 

factor(VEGF), an angiogenesis process  was also observed in BPH ,as it is the 
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main driver of its formation increased VEGF expression is implicated in the 

formation of BPH(AL-tarad 𝑒𝑡 𝑎𝑙.,2017)  . Research has shown that excessive 

TGF leads to fibrosis, which contributes to the formation of tumours while it 

is considered as cytokine that has a major role in limiting cellular 

proliferation and thus leads to apoptosis, but it may act as a traitorous friend 

by increasing cellular transformation  and low apoptosis this agree with(Lee 

&Peehl, 2004;Zang 𝑒𝑡 𝑎𝑙.,2006). 

          The elevated expression of the interleukins IL-17, IL-6  and IL-8 the 

two major pathways in stromal epithelial growth in BPH, stimulate an 

inflammatory response that can exacerbate BPH development this agree with 

(Briganti 𝑒𝑡 𝑎𝑙., 2009; De Nunzio 𝑒𝑡 𝑎𝑙., 2016;Gandaglia 𝑒𝑡  𝑎𝑙., 2013)  . But, 

when dosed for 60 days, it leads to the expanding of secretory vesicles and 

their thin walls, accompanied by cell degeneration due to the decrease in 

testosterone which appeared  in the current results resulting from oxidative 

stress in the production of ROS in ledyig cells accompanied by decrease in 

DHT which is one of the by-products of testosterone, where10% of 

testosterone is converted  to DHT Dihydrotestosterone  by enzyme Alpha-

reductase , which it produced in the testes, prostate and ovaries and plays a 

role in the development of prostate this agree with(Page 𝑒𝑡 𝑎𝑙.,2006). 
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4.1-4 Effect of Au NPs on Seminal Vesicle: 

 

Figure ( 4-16  ):Cross section of control rat seminal vesicle with normal tissue show 

Glandular epithelial (arrow) primary fold in the mucosa(arrow head) lamina propria 

(star) (40X). 

 

Figure( 4-17 )Cross section of the rat seminal vesicle 40µg/kg for30 day (1) showed 

the shrinking of the epithelial cells(stars),(10X).(2) some acini, lined by simple 

cuboidal (arrow)and( arrow head) point epithelial necrosis but the larger cells with 

degenerative atypia and vacuolation observed in the cytoplasm(H&E,40X). 
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Figure( 4-18 ).Cross section of the rat seminal vesicle  80µg/kg for 30 day,(1)showed 

bleb-like apical projections(arrow head)(10X).(2)epithelial hypeplasia,note papillary 

growth(stars) and epithelial necrosis but the larger cells with degenerative atypia 

occasional nuclei are hypertrophied (arrow) (H&E. 40X). 

 

Figure(4-19 )Cross section of the rat seminal vesicle 40µg/kg for 60 day,(1)showed the 

shrinking of the epithelial cells(star)(10X). (2)hyperplasia of seminal vesicle 

epithelium with degenerative  atypia and vacuolation (arrow) and arrow heads 

indicate typical hyperchromatic nuclei(H&E,40X). 
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Figure( 4-20 )Cross section of the rat seminal vesicle 80µg/kgfor 60 day,(1)showed the 

enlargement and shorting acini (arrow head)(10x).(2) tightly clustered glands with 

plump, hyperchromatic nuclei(arrow) and sub-epithelial stromal degeneration(star), 

(H&E,40X). 

              The result show the effect of Au NPs on seminal vesicle where 

epithelial cell shrinkage with epithelial necrosis and cytoplasm vacuolation 

with atypia degeneration at a concentration of 40µg /kg ,80µg /kg for 30 days 

comparative with the control group it was observed that normal structures of 

muscle tissue surrounding the folds lined with columnar epithelial tissue or 

columnar psudo stratified . When the dosing for 60 days, tissue sections 

showed shrinkage of the epithelial cells with atypical degeneration 

hyperplasia and degeneration of the sub-epithelial stromal this agree with 

(Taha,2017) using Cu NPs at concentration of 100ppm. It is found that NPs 

easily pass through the testicular and brain barriers.   

            The seminal vesicle gland is important in male animals as it is one of 

the accessory glands that secretes about 60 % of seminal plasma rich in 

proteins, complex carbohydrates  and fructose (Noorafshan&Karbalay-

Doust,2012) . The seminal vesicle is highly dependent on androgenic 

hormones, including testosterone to maintain its structure and function ,which 

is very sensitive to blood levels of androgens this agree with(Nishino 𝑒𝑡 

𝑎𝑙.,2004). The researchers  confirmed  the role of testosterone inhibiting the 
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action of substances that affect the activity of the seminal vesicle agree 

with(Sastry&Gupta,2011).  The results showed a decrease in seminal vesicle 

weight hypertrophy, necrosis and atrophy ,the reason is due to the decrease in 

the secretory activity of the leydig cells of this hormone (Testosterone ) .This 

result is in agreement with(Behnmmorshedi 𝑒𝑡 𝑎𝑙., 2015) which observed a 

significant decrease in the level of T hormone when the rat was treated with 

100mg of Au NPs. 

4.2 physiological study: 

 4.2-1 Effect Au NPS on body weight: 

            The results of table(4-1) showed that there was no change in the  body 

weight of the male rats that had been dosed with40µg/kg and significant  

differences (p≤0.05)when dosing with 80µg/kg Au NPs for30 and 60 days 

and there was an increase in prostate weight, but it did  reach the significant 

level compared to male rats in the control, with lower weight of the testis , 

epididymis and seminal vesicles .The result of this study showed that low 

concentration of gold nanoparticles (Au NPs ) did not cause a significant 

change in the body weight even after its  collapse in vivo. Whereas, high 

concentrations of gold nanoparticles cause a slight increase in body weight. 

And as shown in the figure(4-21). 
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The histogram show the comparison of body weight for two periods of 30 

and60 days, compare with the control : 

 

 
 

Figure (4-21) demonstrates body weight depending on the dose and 

duration of exposure. 
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Table(4-1) Showing the Effect of Au NPs at Concentration of 40µg/kg , 

80µg /kg for 30  and 60 day on body weight and the weight of 

reproductive organs of male rats : 

 
 Au NPs-gold nanoparticles (p≤0.05)(p≤0.01)compared to control ;results 

presented as p-value. 

 indicate the significant p< 0.05 ٭ 

 indicate the significant p<0.01٭٭ 

Different letters indicate the significant( p<0.05) presented as mean ±S.D. 
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Figure( 4-22  )effect Au NPs on body weight, appositive  relationship between body 

weight and gold nanoparticles according  time and dose. 

 

  Even at a high concentration slight change may occur in the organs of 

animals, this may be due to a exposure period that is the exposure to a longer 

period causes more toxicity ,these result agreement with(Yahyaei 𝑒𝑡 

𝑎𝑙.,2019).The method of administration also affects body weight. The result  

of this current study correspond  with Zhang 𝑒𝑡 𝑎𝑙.,(2010) which indicated 

that oral administration of gold nanoparticles caused a significant decrease in 

body and spleen weight among the three methods of administration it also 

showed that the oral and  intraperitoneal pathways were more toxic and that 

intravenous injection was less toxic. Thus, It has been suggested that gold 

nanoparticles are that targeted by vein, may be suitable for enhancing 

radiotherapy and diagnostic procedures . Gold nanoparticles are known as one 

of the biocompatible agents due to their large area and smaller size, but It 

must be considered that particles size ,dose, shape , method of entry, immune 

response, surface chemistry and metabolism are all important factors for 

determining toxicity(Zang 𝑒𝑡 𝑎𝑙.,2010). When peak luminescence in particle 

size, shape,dosing and exposure duration is taken into consideration, there 
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was a typical minor difference in the mass of every organ studied in male 

rats(Abdelhalim ,2013).  

  In the administered dosage starts to go through the blood and builds 

up in organs depending on the size from 5-20nm, as 5nm has a greater 

distribution in tissues compared to large  nanoparticles they can also cross the 

blood-brain barrier and this agree Sonavane 𝑒𝑡 𝑎𝑙., (2008 ) ,and disagreement 

with( Nkansah,2013;Khan 𝑒𝑡 𝑎𝑙.,2019) who demonstrated that nervous 

system drugs failed to cross the blood brain barrier .But in the current study 

of gold particles through histological anatomy of the reproductive organs ,it 

was proven that nanoparticles cause uneven bio-distribution and toxic 

features, and this is consistent withYang 𝑒𝑡 𝑎𝑙., (2017). Gold at the nanoscale 

is toxic, but is safe in bulk shapes (Schrand 𝑒𝑡 𝑎𝑙., 2010 ; Jaclyn 𝑒𝑡 𝑎𝑙., 

2011).Accumulated Au NPs preserved abdominal adipose tissue mass without 

altering the daily calorie intake and body weight of the rats.  

           The toxicity of nano materials has also been reported, as it indicates  

the effect of gold particles they are nanoparticles of large sizes without 

causing any harm to the body weight, sizes has injured the brain and liver .It 

was noted that the nanoparticles in the cytoplasmic areas caused 

damage(Stefan 𝑒𝑡 𝑎𝑙., 2013). 

Au NPs cause oxidative stress and reduce antioxidant enzymes such as 

glutathione and peroxidase activity in the brain and testicles of mice, where 

5mg/kg causes blood sugar and an increase in LDL cholesterol in mice which 

causes weight gain because complications of hyperlipidemia(metabolic 

syndrome) and increased concentrations cause inflammation 

(Aravinthan,2016). 
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4.2-2Effect Gold Nanoparticles (Au  NPs) on Some 

Reproductive Organs Weight: 

4.2-2.1 Effect on Testis Weight: 

The results of the current study elucidate  that despite chronic exposure 

to Au NPs, no effect were observed on testicular weight from atrophy in 

treated animals just a slight  decrease in testes weight  for 30 day . Gold 

nanoparticles have many therapeutic potential due to their ability to cross the  

blood  testicle barrier, and this has been proven in previous studies , where 

our results reported a 60 day chronic exposure to peritoneal injection to 

particles ranging in size from 5-20nm in male  rat .  

It showed that there was a significant decrease (P≤0.01) compared to  

the injection for 30 day at a concentration 80µg /mg , this demonstrating 

capability  to cross the blood -testis barrier(BTB), histological examination 

indicates that there is slight toxicity to the process of spermatogenesis, this 

agreement with result  of Gupta 𝑒𝑡 𝑎𝑙.,(2018) who used gold nanoparticles 

with the same diameters at a concentration of 20 µg/kg for 90 days, The 

research proved by scanning electron microscope that  Au NPs is present in 

various cells of the testes such as sperm cells, sertoli ,leydig cell which 

corresponds(Sopjani 𝑒𝑡 𝑎𝑙., 2008 ; Thakur 𝑒𝑡 𝑎𝑙., 2014), research shown that  

its distribution is much higher after exposure for 90 days compared to 

exposure for a week, where studies have proven that prolonged exposure 

causes genitourinary toxicity through degeneration and exfoliation of the 

tissues of the epithelium the germ cells based on basement membrane and 

decrease of germ cells and the gold reduces the movement of  this sperm 

corresponds to Comier 𝑒𝑡 𝑎𝑙.,(2006) with a slight weight effect. 
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4.2-2.2 Effect on Epididymis weight: 

           The results of the current study showed a significant 

decrease(p≤0.01)in weight of the epididymis at doses 40µg/kg , 80µg /kg for 

30 day, 60day  depending on the duration of exposure the reason for decrease 

in weight is probably due to decrease in the hormone of testosterone as an  

important element in construction and growth of the reproductive organs the 

basic structure of body‘s muscle growth, due to exposure to Au NPs. 

Performance and the decrease in size of the epididymis depends on the dose 

and concentrations of hormones T, LH, FSH as any hormone imbalance 

causes induction of oxidative stress in the testicle and epididymis ,and this 

explanation agreement with a study Maitra and Mitra (2008). Possible 

mechanisms of weight loss include  oxidative stress,  apoptosis ,ROS 

stimulation, inflammation that cause pronounced histological change and 

disruption of hormone levels(Wang 𝑒𝑡 𝑎𝑙.,2018). Any dysfunction of the 

reproductive organs negatively affects the quality of sperm and this is 

consistent with Manin 𝑒𝑡 𝑎𝑙.,(2007) which showed that gold bars cause 

epididymistis which is important because inflammation reduces sperm 

motility. 

4.2-2.3Effect on prostate weight:  

 Through it study, it was found that there was a significant increase 

(p≤0.05)in the weight of the prostate as it was  found that nano-gold as well 

as nano- silver had harmful effects on the prostate . It is worth mentioning 

that silver particles were more toxic than gold particles through research 

,where it has been linked to its well-known work mechanism and this 

corresponds to (K alynovskyi 𝑒𝑡 𝑎𝑙., 2016).They showed that both have  toxic 

effects on prostate . 

During the research, it was found that the weight of the prostate at the 

dose was 40µg/kg , 80µg/kg there was a slight increase in weight when 

injected for30 day when compared with the control, but with the continuation 
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of injection for 60 day it was found that the gold particles reflected negatively 

on  prostate and possibility of benign prostate hyperplasia which consistent 

with AL-Trad 𝑒𝑡 𝑎𝑙.,(2019).  This study showed that high and low 

testosterone induces benign prostate hyperplasia(BPH) which causes prostate 

enlargement after forty for men , and the simultaneous administration of 

50nm Au NPs with testosterone lead to an  increase in weight of the prostate.  

4.2-2.4 Effect on Seminal Vesicle Weight  :  

The experiments showed slight decrease in weight as shown in the 

tables due to the decrease in testosterone, and this interpretation is consistent 

with Sastry and Gupta( 2011) as a  result of treatment  with Au NPs causing  

degeneration of glandular tissues depending on the dose and duration of 

exposure. Morgan 𝑒𝑡 𝑎𝑙.,(2015)showed that treatment with nano materials it 

causes tissue breakdown, thus, a defect occurs in the secretion of the gland 

that have key role in the intensification of sperm to improve fertility and 

maintain the survival of epididymal sperm and prevent the immune response 

to sperm in the uterus(Bedford ,2015). 

4.2-3 A- Effect of Au NPs  at a Concentration of 40µg/kg 

,80µg/kg on  Some Reproductive Hormone Levels  such as 

Testosterone, LH,FSH and Estradiol for 30 days:  

             The results showed a slight significant decrease(p<0.05)(p<0.01) at 

the 40µg/kg ,80µg/kg compared to the control group, that different doses of 

gold particles  have an effect on testosterone secretion in the testes. The aim 

of the study is to know the toxicity resulting from nano-gold according to 

different doses and duration  of exposure. As shown in the table(4-2). 

             This hormonal  disorder resulting  from the treatment is due to the 

negative effect on leydig cells (interstitial cells) , whereby the activity of 

mitochondria decreases and this consistent with Carlson 𝑒𝑡 𝑎𝑙.,(2008),  and  

Yan 𝑒𝑡 𝑎𝑙.,(2016)  who were reported  similar observation ,due to the high 
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free radicals reactive oxygen species ROS which works on oxidation of 

molecules(proteins) and cyclooxygenase . 

 

Table (4-2) Showing Effect of Gold Nanoparticles on some Levels of  

Reproductive Hormones and total  antioxidants for 30 and 60 days. 

Au NPs-gold nanoparticles (p≤0.05)(p≤0.01)compared to control 

;resultpresented as p-value. Different letters indicate the significant 

difference( p<0.05) presented as mean ±S.D. 

 ,indicate the significant p< 0.05 ٭ 

 indicate the significant p<0.01٭٭ 

            The decrease in antioxidant enzyme causes the onset of oxidative  

stress on polyunsaturated n fatty acids, which make up a high percentage of 

tissue cells as a result of being affected by  reactive oxygen species, causes 

degeneration of leydig cells and  low testosterone hormone, responsible for 

perpetuating the work and functions of the reproductive system of the testes, 

epididymis and gonads(Sikka 𝑒𝑡 𝑎𝑙.,1995; Sharma &Agarwal,1996).  
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              In another study, Omar & Kamar (2021)showed that a concentration  

40µg/kg of Au NPs  able to cause apoptosis in secretory and hypothalamic 

cells. the expression of Bax and Caspase3, an intrinsic route for apoptosis, is 

significantly increased as a result of the accumulation of Au-NPs., thus  

reducing the hormone FSH, LH. the result of the current study also show that 

there is a significant increase in the hormone  estradiol as a result of 

injections with different doses and at spaced intervals .The hormone estradiol 

has a substantial impact on the male reproductive system and sexual function. 

with the aromatase enzyme that converts testosterone into estradiol in the 

presence of estrogen  receptors in the brain, penis, and testicles  . 

              Estradiol creates the highest level in the brain associated with sexual 

arousal and aromatase this agree with Savic 𝑒𝑡 𝑎𝑙 (2005)  . It has been shown 

that there is a significant difference between low testosterone and high 

Estradiol, causing infertility and weak sexual desire  due to the accumulated 

doses of gold particles  and a hormonal disorder occure in the pituitary gland 

or hypothalamus as a result of oxidative stress and  formation of ROS this 

corresponds to(Mancini 𝑒𝑡 𝑎𝑙., 2005) ,where there is an indispensable 

hormonal interaction highly regulated by estrogen in male.                     

4.2-3 B- Effect of AuNPs at a Concentration of 40µg /kg, 

80µg/kg on Some Reproductive Hormones Levels such as 

Testosterone ,LH,FSH and Estradiol for 60 Day:   

 The result showed a significant differences(p≤0.05)(p≤0.01) in sex 

hormone according to duration of exposure to gold nanoparticles, which is the 

most common mechanism behind the reproductive toxicity of NPs, this 

corresponds with Morgan 𝑒𝑡 𝑎𝑙.,(2017) which showed that TiO2 

nanoparticles have a toxic effect on the rat's male reproductive system 

depending on the exposure time ,and this agree with(Li 𝑒𝑡 𝑎𝑙.,2009). Au NPs 

may cross the blood-testicular barrier and accumulate in the genitals 
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damaging  sertoli, leydig and germ cells causing dysfunction disruption of the 

levels of secreted hormones such as a result of  inflammation and oxidative 

stress and apoptosis (Wang 𝑒𝑡 𝑎𝑙 ., 2018; Hussein 𝑒𝑡 𝑎𝑙 .,2016) . 

 Another hypothesis is that the hormonal  imbalance due to the gold 

particles reduces the gene expression of the protein (star) and prevents the 

transfer of cholesterol in the mitochondria to inner membrane and thus 

prevents the conversion of cholesterol to pregnenolone   and reduce the level 

of T hormone  , where LH binds to its receptors on leydig cells to produce 

pregnenolone by gene expression of  the protein( star)  is an acute regulatory  

protein steroidal origin and this is consistent with Waterman and Keeney 

(1992). Also, in agreement with Liu 𝑒𝑡 𝑎𝑙.,(2020) who suggested that gold 

particles reduce T hormone production in leydig cells by inhibiting the gene 

expression of 17 α-hydroxylase after repeated administration, an enzyme 

important in androgen synthesis. Higher doses of Au NPs cause LH and FSH 

readings have significantly decreased as a result of pituitary gland disturbance 

due to increased oxidative of stress and an increase in reactive oxygen species 

and this is consistent with (Mclahan  𝑒𝑡 𝑎𝑙.,2002) and the reduction of 

antioxidant that lead to oxidation of lipids in cell membranes including the 

brain. Where Knol,(1991) showed that oxidative stress of all kinds leads to 

activation of the hypothalamic-pituitary-adrenocortical axis which leads  to 

inhibition  hypothalamus –pituitary –testis axis and hormone secretion CRH 

corticotropin releasing hormone  inhibits   GnRH hormone and latter inhibits  

and reduces the hormone FSH,LH from the pituitary gland then decrease in 

level of testosterone which effect on process of spermatogenesis . 

             Also, a significant increase(P≤0.01) is noticed  in estradoil hormone 

during the  60 day dosing, considering that all cells that  participate in the 

production of sperm contain aromatase and estradiol  receptors  because of 

the important  role of estradiole  in formation of sperm, as the source of 

estrogen in adult testes in leydig cell and immature sertoli cell . As a result of 
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repeated administration of Au NPs, it is increased in estraoiol as a result of 

hormonal imbalances, which led to the possibility of developing hyper- 

aromatase syndrome as a result of genetic mutations, affecting the gene 

encoding the aromatase enzyme(Yauk 𝑒𝑡 𝑎𝑙.,2008 ),or cerebral 

hypogonadism may occur as  a result of hypothalamic or gonadotropic 

disorders as a result of nano toxicity ,it is pathological condition in which the 

body does not produce enough testosterone and an increase in the production 

of estradiol   which are necessary for gonad growth and sperm production, 

making them compatible with  ( Dadhich 𝑒𝑡 𝑎𝑙.,2017 ;Rastrelli 𝑒𝑡 𝑎𝑙.,2018 ).                              

There is evidence to suggest that estrogen affects the gonadotropins and then 

inhibits LH on the leydig cells thus affecting T.hormone and sperm reduction 

this is consistent with(Cigorrage 𝑒𝑡 𝑎𝑙., 1980;Atanssova 𝑒𝑡 𝑎𝑙.,1999), and 

Newsholme and Leech,(2010) who show that estradiol appears to be involved 

in regulating Gonadotropin .  

               Another assumption is that Au NPs have an effect not only on the 

reproductive system in terms of hormone production, but also on binding of 

hormones to their receptors thus affecting the biology of hormone 

concentration ,as nano materials adopt protein adsorption on surface of the 

Au NPs this agree with(Lynch 𝑒𝑡 𝑎𝑙.,2007 ;Lynch and Dawson, 2008), it 

mean the concentration of the receptor has a necessary role in the effect on 

the gold particles on hormones associated with the receptor.              

             Because the mechanism of endocrine hormones does not work 

directly, but  rather combines with receptors  which are large protein 

substances located on the cell membrane ,cell  cytoplasm, or the nucleus 

which contains most of the receptors for  steroid hormones (Dahlman- wright 

𝑒𝑡 𝑎𝑙., 2006). 
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4.2-4The Effect of Au NPs on Total Antioxidant(T.A.O.):  

The histogram show the comparison of total antioxidant for two periods 

of 30 and 60 days, compare with the control : 

 

Figure( 4-23) demonstrates total antioxidants depending dosing and 

duration of exposure . 

The result of the current study showed a significant decrease(p≤0.01) 

in level of T.A.O. in serum of male rat that received different doses of Au 

NPs for 30 days and 60 days for the same dose and  comparison with the 

control group reason for the decrease is the sequence of events of apoptosis 

signals that occur after a state of cellular free radical generation, oxidative 

stress, and stimulation of reactive oxygen species generation  that inhibit and 

deplete antioxidants , these  result are  in agreemet with (Esworthy 𝑒𝑡 𝑎𝑙., 

1997 ;Langer 𝑒𝑡 𝑎𝑙., 1996),that exposure to gold particles caused the 

production of ROS and a decrease in glutathione GSH, which is the best 

defense against potential toxicity of H2O2, as the metabolism of H2O2 is 

mainly by glutathione peroxidase .Higher concentration and exposure time 

appear to cause more NPs toxicity by increasing the generation of ROS, 

resulting in DNA damage  ,cell cycle arrest, inhibition on antioxidant 



Chapter Four                                                            Results and Discussion     
 

76 

 

defensive system , apoptosis of male germ cells (Yan 𝑒𝑡 𝑎𝑙.,  2016). Metal 

nanoparticles metabolism, i.e. releases metal ions inside cells  leads to 

cytotoxicity (Derfus 𝑒𝑡 𝑎𝑙 ., 2004;Fukw 𝑒𝑡 𝑎𝑙.,2012). 

According to a research  mice with a diet deficient in antioxidants had low 

levels of LH, FSH, T and semen, and deficiency in antioxidant enzyme , an 

increase in DNA damage indicates the role of antioxidants in oxidative stress 

as a primary mechanism for sperm DNA damage, as well as hormonal 

disruption in the testicles(Appasamy 𝑒𝑡 𝑎𝑙.,2007).  

  These results agreed with(Richthoff 𝑒𝑡 𝑎𝑙 .,2002;Saleh 𝑒𝑡 𝑎𝑙., 2003) 

.The bulk of GSH is found in the cytosol and ranges from 2-10mM, and there 

is a small percentage in the mitochondria of total  cellular glutathione 

(%15±10) in the mitochondria  (Circu and Aw,2008). GSH depletion is 

observed in mitochondria within 48 hours, after which the production of 

H2O2 increases ,GSH is depleted intra cellular  by Au NPs that have a strong 

bond with GSH  (AU-s) ,where it was  proved that exposure to Au NPs leads 

to depletion of enzyme glutathione, which is produced by the conjugation 

thiol that occur in the reaction between Au NPs and GSH(Chen and Chang 

,2004). A  study showed that excessive high levels of free radicals lead to 

excessive production of MDA, where its level is a sign of oxidative stress 

with a decrease in the level SOD,GPX and CAT  after repeated doses of 

treatment with Au NPs. In the same study there was no significant change in 

oxidative stress as indicated by a significant decrease in MDA and a 

significant increase in SOD, GPX, and CAT after administration of a single 

dose of Au NPs after 15 day( mehanna 𝑒𝑡 𝑎𝑙., 2022 ;Ayala 𝑒𝑡 𝑎𝑙., 2 014), and 

compatible with Mangalampalli 𝑒𝑡 𝑎𝑙., (2017)  when using Mg NPs . This is 

inconsistent with(Hassan 𝑒𝑡 𝑎𝑙.,2020;Orabi 𝑒𝑡 𝑎𝑙., 2019). The antioxidant 

enzymes CAT, GPX, and SOD that protect the body from ROS-induced 

intracellular cellular damage (Ighodaro and Akinloye  2018). 
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4.3 Measurements of the Average Diameters of the 

Seminiferous Tubules, their Lumen Diameters and the Average 

Thickness of the Epithelial Germ Layer Measured in Micro 

Meters for Male Rats Treated with Au NPs for 30  and 60 days: 

It is evident from the current study of the testicular tissue of the control group 

treated with physiological saline, as it was noted that the seminiferous tubules 

are full of  sperm and the layer of germ epithelial cells is regular and the cells 

that form them are distributed naturally from the first layers based on the 

basement membrane represented by a layer of spermatogenic cell. The results 

of the current study of the morphological and histological measurements are 

shown in the tables and pictures of the testicles of a group of rats that were 

dosed Au NPs 40µg/kg ,80µg/kg for 30 days showed a slight decrease in the 

average diameters of the seminiferous tubules and a slight elevation in lumen 

of the seminiferous tubules and in thickness of the germ layer, measured in  

micro meters. As  shown in the table(4-3)(4-4). 

Table(4-3)  show the measurements of the seminiferous tubule diameters 

,the lumen of the seminiferous tubule, and the thickness of the germinal 

layer for 30  days : 
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Table(4-4) show the measurements of the seminiferous tubule diameters 

,the lumen of the seminiferous tubule, and the thickness of the germinal  

layer for  60 days : 

 

Both table(4-3)(4-4)different Letters refer to significant difference at( 

P≤0.05). 

The disorder in the structure of the testis and the process of generating 

sperm is characterized by morphometric and infrastructural change where 

there is an abnormal widening of interstitial spaces with the onset of 

degeneration and enlargement of some cell nuclei in the germinal epithelium 

and disorganization and vacuolization of the spermatogenic  series this agree 

with (AL mansour 𝑒𝑡 𝑎𝑙. 2017; Souza 𝑒𝑡 𝑎𝑙., 2021) which confirmed a current 

study aimed at systematic and histomorpho metric to know toxic effects of 

NMs has progress since 2012 demonstrating its capability to pass across the 

blood-testes barrier and biological accumulation on the male of reproductive 

system including testes, epididymis, prostate, seminal vesicle.  

But Repeated injection of the same dose for 60 days showed seminal 

tubular dilation of seminal tubules ,lack of sperm, degeneration  germ cell 

deterioration and  necrosis , shrinkage and poor cellular morphology,  and 

vacuolaization of leydig cells appeared during the histological section when 

compared with the control. Because to damage caused by oxidative stress 
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caused by ROS(Hubbs 𝑒𝑡 𝑎𝑙.,2011  )the reason is weak and oligospermia it is 

due to low testosterone due to a defect in leydig cells. 

4.4 Correlation Coefficient between Parameters the Result of 

Injecction with Gold Nanoparticles(Au NPs)  :           

Table( 4-5 )Pearson Correlation Coefficient. 

 
 Correlation is significant at the(P≤0.05) level (2-tailed) ٭

 Correlation is significant at the(P≤0.01) level(2-taild) ٭٭

(-)Negative is an inverse relationship 

(+)Postive is an positive relationship 
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4.4-1Correlation between Organs Weight and Sexual Hormones with 

Duration of Exposure to Specific Concentrations 40µg/kg,80µg/kg: 

Figure (4-24 )Effect  of Au NPs on Testis Weight 

Figure(4-25 )Effect of Au NPs on Prostate Weight. 
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 Figure( 4-26 )Effect Au NPs on Epididymis Weight. 

 

 
Figure ( 4-27 )Effect Au NPs on Seminal  Vesicle Weight 
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Figure( 4- 28 )Effect of Au NPs on Testosterone Hormone 

 

 
Figure (4-29) The Effect of Au NPs on FSH Hormone 
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Figure ( 4-30  )The Effect of Au NPs on LH hormone 

 

 
Figure(4-31)Effect Au NPs on Estradiol hormone. 
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Conclusions and Recommendations 

Conclusions: 

This study reached the following conclusion 

1. Gold nanoparticles have less toxic effects, gold is a chemically inert 

substance that  activates when it becomes  nanoparticles, and the toxic 

effects depend on the concentration and duration of exposure and method 

of administration. 

2. Au NPs causes dysfunction in male rats due to oxidative stress and ROS 

formation as a result of the ability of the particles to penetrate the blood-

testis barrier and affect the leydig and sertoli cells according to duration of 

exposure. 

3. Gold nanoparticles reduce hormones(T,LH, FSH.)causes of a defect in the 

hypothalamic-pituitary gonad axis and  increased Estradiol hormone 

causing hyper aromatase syndrome. 

4. Gold nanoparticles increase body weight due to complications of hyper-

lipidemia(metabolic syndrome) and reduce some of the weight of male 

reproductive organs. 

5. Gold nanoparticles at low concentration of 40µg/kg have slight tissue and 

hormonal effects compared to the control , but harmful effect appear after 

exposure for the longest period at concentrations of 80µg/kg for 60 days. 

6. Gold nanoparticles have ability to penetrate the brain barrier and cause 

hormonal disorder ,when accumulating for 60 days. 

7. The effect of some organs such as the prostate and epididymis as a result 

of indirect toxicity, which is androgen deficiency. 

8. The total antioxidant capacity decrease through 30 and 60 days. 
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Recommendations  

Based on the result of this study, the following recommendations were 

included for future work: 

1. Study of genetic expression for aromatase gene that were inhibited as a 

result of treatment Au NPs according conclusion of previous studies. 

2. Repeating the experiment on female animals and studying the effect of 

gold nanoparticles on the uterus, ovaries and some hormones of the female 

reproductive system. 

3. Study immunohistochemical with specific histology kits. 
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 المصادر العربية

لمشذخ . الظبعة الاولى .دار السيدخة  عمؼ وعائف الاعزاء.(.2102) العبدالله , شتيهي 
 56 -46والتؾزيع والظباعة. عسان .

لمشظف دراسة نديجية لمحؾادث الجورية لمخلايا السشذئة .( 2112 التميمي, وداد عبد جهاد .)
 .في الشبيبات السشؾية لخشديخ غيشيا .رسالة ماجدتيخ .كمية التخبية . جامعة القادسية

فدمجة ا لحيؾان . كمية ( .0991.) والهيتي , صادق محمد امينالحدني , ضياء حدن  
 الظب البيظخي . جامعة بغجاد.

لمشذخ  .دار اسامة مؾسؾعة الظب الباطشي. الظبعة الاولى .( 2112) .الحديني,  اسماعيل
 . 563ص الاردن. . والتؾزيع

 الشغام اليخمؾني في المبائؽ (. 2112).عبد المطيف , سعد حمد والبازي , وفاق الجبهري 
 066 .مظبعة وزارة التعميؼ العالي والبحث العمسي .ص

 عمؼ الشدج .مجيخية دار. ( 2111عبد الحكيم احمد .) المختار, كهاكب عبد القادر والراوي,
  الكتب لمظباعة والشذخ, بغجاد.

الشظف والتخكيب ثيخ كمؾريج الدئبقيػ في معالؼ تأ.( 2112. شيماء عبد الهادي. )كاظم
 . 3. جامعة بابل. كمية العمؾم.ص.رسالة ماجدتيخ لخرى وبخابخ الفئخان البيض جييالشد

 رعاية الاغشام والساعد. مجمة البيظخية العخبية, مجيشة (. 2112.)العزب ,محمهد عبد الدلام

 . 04-2مرخ. ص –مبارك للأبحاث  والتظبيقات التكشؾلؾجية. جامعة بشيا 
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 الخلاصة
 

 

 

                          الخلاصة :
الدسية الشانؾية عمى  ,التأثيخات الدسيو الشاتجة عؽ جديسات الحىب الشانؾية بيشت الجراسة الحالية

 Gold nanoparticles  (Au NPs) ) Rattusالجياز التشاسمي الحكخي لحكؾر الجخذان  
norvegicus ) ون يخ خ اليخمؾنية مثل ىخمؾن التدتؾستوقياس السعايي دراسة نديجية و فديؾلؾجية  

Testosterone hormone (T)  واليخمؾن المؾتيشيLuteinizing hormone (LH)   واليخمؾن
       ؾل يوىخمؾن الاستخادFollicle stimulating hormone (FSH) السحفد لمجخيبات

Estradiol hormone (E)  وقياس مدتؾى مزادات الاكدجة الكميةTotal antioxidant(T.A.O) 
والبخوستات  epididymis البخابخو  testes لكل مؽ الخرى  كسا شسمت دراسة التغيخات الشديجية

prostate و والحؾصمة السشؾيةseminal vesicle تزسشت الشتائج دراسة  كسا 
Histomorphometeric وسسػ  قياس قظخ الشبيبات السشؾية وتجؾيف الشبيبات السشؾية , لمخرى

والتغيخات الؾزنية لمجدؼ والاعزاء تؼ اجخاء  ىحه الجراسة في . طبقة الغيارة الجخثؾمية  لمشبيب السشؾي 
تست السعاممة حيث اجخيت ىحة الجراسة في   ابل ووفقا لحلػيؾاني التابع لكمية العمؾم/جامعو بالبيت الح

 خات مؤسدة الفاضل/بابل ومدتذفى الحمو جامعة بابل في مختبخات الاندجة التابعة لكمية العمؾم ومختب
يا التي تخاوحت البالغة جشدمؽ ذكؾر الجخذ الابيض الستعافي  22حيث شسمت الجراسة العام التعميسي 

م .تست الجراسة خا(غ256-266اوزانيا ما بيؽ )  معجل (اسبؾع تخاوحت02-06ما بيؽ) معجل اعسارىا
( 4(,وزعت الجخذان عذؾائيا ال 2622 لغاية نيدان 2620خلال السجة مؽ شيخ تذخيؽ الثاني 

 مجاميع بؾاقع سبعة جخذان في كل مجسؾعة وعى الشحؾ التالي:
  ذان( حقشت جخ 5)مجسؾعتيؽ كل مجسؾعة :مجسؾعة الديظخة الدالبة شسمتالسجسؾعة الاولى

 يؾم. 46و 56سحمؾل السمحي الفدمجي, لسجة الب داخل الرفاق
 (حقشت داخل الرفاق  5السجسؾعة الثانية :شسمت )40جخذانµg/kg    مؽ وزن الجدؼ

 يؾم. 56سجة في الساء السقظخ ل السخففةAu NPsمؽ
 (حقشت داخل الرفاق 5السجسؾعة الثالثة :شسمت )80جخذانµg/kg  مؽ وزن الجدؼ مؽAu 

NPs يؾم 56لسجة  الساء السقظخ في السخففة. 
 (حقشت داخل الرفاق 5السجؾعة الخابعة: شسمت )40جخذانµg/kg مؽ وزن الجدؼ مؽAu 

NPs يؾم. 46سجة ل الساء السقظخ في سخففةال 
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 (حقشت داخل الرفاق 5السجسؾعة الخامدة: شسمت )80جخذانµg/kg  مؽ وزن الجدؼ
 يؾم اي 03يؾم ملاحغة: الحقؽ كان كل  46لسجة  في الساء السقظخ سخففوال Au NP sمؽ

يؾم, حقشت بجديسات  46مخات خلال ال  2 مختيؽ بالذيخ حيث كانت مجة الحقؽ كاممة
 . nm3-26الحىب حجؼ 

يؾم حيث ان الحقؽ بجديسات الحىب  46و 56داخل الرفاق تؼ التزحية بيا بعج بعج اتسام الحقؽ
ولكؽ بدسية اقل مؽ بقية السعادن وىحا ما يسيد الحىب  نديجية وفديؾلجية تأثيخات اعيخت الشانؾية

الشانؾي عؽ غيخه مؽ السؾاد الشانؾية باعتباره مادة خاممو كيسيائيا ولكؽ ىحا لايسشع ان تكؾن ىشاك سسية 
 يخمؾناتلم (p≤0.01)(p≤0.05)معشؾيا اعيخت الشؾاتج انخفاضاج اذ الامج البعي عشج السعاممة عمى

(testosterone hormone, Follicle Stimulating hormone, Luteinizing, hormone  ) 
كانت اكثخ تأثيخا  لكؽ حدب مجة التعخض وتغيخات نديجية متفاوتة حيثومزادات الاكدجة الكمية 

 الخلايا الجخثؾمية والخلايا الخلالية )لايجك( واختخاق يؾم مدببا تشكذ وتقذخ 46بعج الحقؽ لسجة 
 ؾليمدببا انخفاضا في ىخمؾن التدتؾستيخون وارتفاع ىخمؾن الاستخاد الحاجد الجمؾي لمخرية

(Esradiol hormone ( مدبب متلازمة فخط الاروماتيد. اما التغيخات الؾزنية  فقج كان ىشاك ارتفاع
اما بالشدبة للأعزاء  فان التغيخات الؾزنية متبايشة حيث  لسعشؾيةولكؽ لؼ يرل الى ا في وزن الجدؼ

انخفض وزن الخريتيؽ والبخابخ والحؾصمة السشؾية وارتفاع وزن البخوستات مدبب تزخؼ البخوستات 
يا تأثيخ اقل الجراسة ان جديسات الحىب الشانؾية ل هالحسيج مقارنو مع مجسؾعة الديظخة. ندتشتج مؽ ىح

وتبقى يؾم  46لسجة   80µg/kgالتخكيد عشج ويكؾن اكثخ تأثيخا ,الجياز التشاسمي الحكخي  ىعم سسية
 .لتعخضالاثار الزارة معتسجة عمى التخكيد و مجة ا



 

 

 

 جوهىريت العراق       

 وزارة التعلين العالي  والبحث العلوي

 جاهعت بابل                    

 قسن علىم الحياة -العلىم للبناثكليت 
 

 

عه تأثيرات جسيمات الذهب  وفسيولوجية دراسة وسيجة
   الىاووية على بعض الاعضاء التكاثزية في ذكور الجزذان

 ) ( Rattu norvegicus 

 

 الى رسالة مقدمة
ئي لمتطمبات نيل جامعة بابل عن استيفاء جز  -مجمس كمية العمهم لمبنات

 في عمهم الحياة شهادة  ماجدتير
                                                            

 هن قبل الطالبت

 ناديت كاهل محمد الواشطت

 (2110جامعة الكهفة )/كمية العمهم /بكالهريهس عمهم الحياة
 

 بأشراف

 حسن  أ.م.د هنار محمد
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