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Study about the protective effect of allicin (Thiosulfanate) against testicular toxicity of oxidant agent (zinc oxide) in male rats
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Abstract: 
The aim of this study is to investigate the protective role of the allicin (thiosulfanate) on the histological alterations of testes induced by oxidant agent zinc oxide (ZnO). The first group of the rats was negative control group. The second treatment groups were received 5o ppm of allicin, the third by ZnO the fourth group treated with allicin +ZnO, All treated doses were given orally by gastric intubation with allicin and ZnO by injection, the experiment was continued daily for 30 days. Due to experimental intoxication with ZnO, the microscopic examination for the testes in rats revealed numerous histological lesions in the seminiferous tubules and the interstitial tissue. In contrast, the histopathologic changes of testes were partially reversed by treatment with allicin extraction and the testes appeared with nearly normal structure. It may be concluded that allicin revealed protective effect against the reproductive toxicity of ZnO.                                                                                                                                 
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دراسة حول التاثير الوقائي للاليسين (الثايوسولفانيت) ضد التغيرات النسجية لعامل الاكسدة (اوكسيد الزنك) في خصى ذكور الجرذان

الخلاصة: 
ان الهدف من هذه الدراسة هو تقصي الدور الوقائي للمادة الفعالة في الثوم وهي الاليسين (الثايوسولفانيت) ضد التغيرات النسجية في خصى الجرذ المستحثة عن طريق عامل الاكسدة (اوكسيد الزنك)، تم تخصيص المجموعة الأولى من الجرذان كمجموعة سيطرة (المجموعة السالبة), أما المجاميع الثلاثة المعاملة فقد اعطيت الاولى مادة الاليسين والثانية اوكسيد الزنك والثالثة مزيج من الاليسين واوكسيد الزنك واستمر الاعطاء يوميا لمدة ثلاثون يوما ً, بسبب السمية التجريبية من جراء المعاملة بأوكسيد الزنك, بينَّ الفحص المجهري للخصى حدوث أضرار نسجية عدة في النبيبات المنوية وفي النسيج البيني للخصية، بالمقابل, فإن التغيرات النسجية-المرضية للخصى قد تحسنت جزئيا من جراء المعالجة باللسين وظهرت الخصى قريبة من تركيبها الطبيعي، لذا يمكن الاستنتاج بأن الالسين او الثايوسالفيتيت  قد أظهر تأثيرا وقائيا ضد السمية التكاثرية لأوكسيد الزنك.                                      

INTRODUCTION
Allium sativum (Garlic Family Amaryllidaceae) is one of the most plants that using in the  researches ,it is  an important component of the diet so it commonly used herb for both culinary (as a flavor enhancer) and medicinal purposes  (1). In present time, there is a much interest for using  medical plants due to their medicinal characteristics to depress the dangerous of diseases (2). Allium sativum has abundant amount of antioxidants, flavonoids and it is a rich in bioactive organosulfur compounds such as allicin, alliin, diallyl disulfide, diallyl trisulfide, S-allylcysteine and S-allyl mercaptocysteine. (3,4) . Thiosulfinates are the chief bioactive compound present in aqueous garlic extract have biological effects (5).  recently, the researchers has been attending to treat diseases by replacing chemical drugs with some natural plant components (6). Once , it demonstrated  that oral administration of garlic acts as insulin which lower  blood sugar levels in diabetic patients (7) .  Allium sativum preparations are known for their cardioprotective effects (8,9) and  reduce the risk of atherosclerosis (5) , with ability to lower blood pressure (10) in people with high blood pressure and lower lipid levels so it  have been used for the treatment of cardiovascular diseases and hypertension ; (11 , 12) , hypercholesterolemia and diabetes mellitus (13, 14) . as well as for bacterial infection due to  the sensitive of microorganisms including, bacteria, fungi, protozoa and viruses to crushed Allium sativum preparations  (15,16).  Allium sativum and its bioactive constituents have been used also for the protection against many types of cancers; (17) ,  increasing  of immunity (18,19) , reduce the risk of inflammation (20) as well as for protection against neurotoxicity (21) and oxidative stress (OS) (22) in experimental animals and humans. Infertility is the most common health problem in couple life and approximately about 30 % of this problem is attributed to male factors (23).  Several factors can effect on  spermatogenesis and decrease sperm quantity and quality leading to lower the sex fertility. a lot of  sicknesses and cases such as coronary heart diseases, diabetes mellitus, chronic liver diseases, chronic smoking, alcohol intake, prolonged exposure insecticide contaminants, air pollutants and insufficient vitamins intake have harmful effects on spermatogenesis (24-27). On the other hand, the intake of natural antioxidants , vitamins E , C and others etc. can be protect sperm DNA and other cells from oxidative stress (OS) in rats (28-30). Zn is one of  metals that found  in the body in trace amounts and it will be essential for development, growth and health, but these elements may produce toxic effects following excessive exposure, due to be  at high levels (31).Enhanced generation of reactive oxygen species (ROS) can overwhelm cells' intrinsic antioxidant defenses, and result in "oxidative stress". Cells under the effect of OS exposed various injurious caused by ROS effects of lipids, proteins and DNA at these cells, so that the naturally or synthetically  antioxidants may play an important role in diminishing some hazards of heavy metal (32) .The present study aims to investigate the histological toxic effects of zinc oxide (ZnO) in the testis of albino male rats and protective role of the allicin towards the ZnO toxicity.                                              
Materials and Methods
Preparation of Allicin Solution 
Allicin liquid is made from fresh, raw garlic. Heads of garlic are specifically selected to ensure that they contain a significant enzyme activity (allinase enzyme). Garlic heads are split into cloves, which are left unpeeled and then subjected to filtration and a temperature controlled extraction process designed to produce pure liquid allicin dissolved in distilled water and kept in the Refrigerator for 12 hours. The solution was thereafter filtered, and the filtrate was concentrated in a water bath at a temperature of 40oC, into the paste form, from which the required dosage (500 mg/kg/d) were prepared. Allicin DISOLVID IN :0.5X1000ML DW.                  
Experimental animals
Healthy adult albino Sprague-Dawley rats weighing between 190-210 gm aged 60-70 days were used in this experiment. They were housed in separated plastic cages(35x15x20) cm at the College of Science / University of Dhi Qar / Iraq, and kept in controlled environment of 22-24 °C and the lighting was an average of 12 Light-hour to 12-hour darkness and made a standard diet.
Commercial food (pellets) and tap water were provided to animals ad libitum. Rats were left to acclimatize for two weeks before the start of the experiment. None of the rats had any clinically evident infections.                                                    
Experimental design
Twenty four sexually mature male rats were randomly distributed into four groups (6 rats each group). Group 1 was negative control and group 2 was dealt  with drinking water and diet plus standard dosages to animals as allicin extract specific focus 50 ppm for the duration of the experiment, while the animals in group 3 injected textured zinc oxide according to the specified concentration 50 ppm (Zinc Oxide 0.5x 500m  DW) of experiment to induce testicular toxicity and served as a positive control. Group  4, the animals injected textured zinc oxide and  dosage by allicin extract specific focus 50 ppm for the duration of the experiment . The current study relied on staying immune poisoning standards Immunotoxicological parameters referred to in the International Toxicology Program NTP's Guideline for estimating the immune poisoning in mice (33).

Histological technique
At the end of the experimental period, all rats anesthetized using a mixture of ketamine and xylazine i.m., and then they were sacrificed (34).Ordinary histological technique was followed to prepare slides from specimens of testes from all animal groups to study the alterations that may be found in treated animal groups when compared to control groups. The histological sections of Retic- endothelial system, which included the preparation of endothelial study by following the steps described by Luna (35), and colored dye hematoxylin and Eocene acid.                                                     
Histopathological examination
The stained sections of testes from each animal were observed under the compound microscope to evaluate the histological features and structural changes. Photomicrographs were taken by camera mounted microscope at different magnifications.
Results and Discussion
Histopathological examination of testes of normal control rats showed normal histological structure of mature functioning seminiferous tubules associated with complete spermatogenic
series and the lumen was filled with mature sperms. Photomicrographs of testes showed closely packed seminiferous tubules with little spaces between them in addition to obvious successive spermatogenic stages. Clumps of Leydig cells were obvious in the sections inside the interstitial spaces (Figure1). The treating with allicin alone revealed no obvious alteration in the histological testicular structure compared to the control group as in (Figure 2) .     In ZnO-treated group the histological appearance of testis showed structural alterations as compared to the control group. The main histopathological changes were vacuolar degeneration of spermatogenic cells and Sertoli cells with clear necrotic debris in the seminiferous tubules which attained different shapes, appearance of multinucleated giant cells and/or pyknotic cells, irregularity of germ cell layers, abnormal distribution of spermatozoa or no sperms in the lumen, irregular basement membrane, interstitial edema, hyperplasia of Leydig cells, congestion of blood vessels , and intertubular space expansion  (Figures 3&4&5&6).On the contrary, the results demonstrated that dealing of allicin together with ZnO causing in progress improvement in histologic testicular structure. Serious deleterious effects of ZnO on testicular structure were reversed by treating with allicin. The treatment of male rats with allicin  showed removel  effectual damage induced by ZnO on the testis tissue, with occurrence of marked edematous fluid and spermatogenic arrest at spermatids stage (Figures 7). The enhancement was include the restore arrangement of seminiferous tubules with apparently normal distribution of cellular elements. Also, sperm bundles retain to present in lumen of tubules (Figures 8).                                               
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Figure (1): Photomicrograph of testis section from control group showing spermatogenic epithelium (SE) ( see normal spermatogenic cells with mature sperms (S)) and  interstitial connective tissue with Leydig cells (LC)  . (H & E, 10×).
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Figure (2): Photomicrograph of testis section from Allicin -treated group showing the same histological feature of seminiferous tubules to control  . Note: different stages of normal spermatogenic cells (SC) with presence of sperm bundles (SB), and few areas of oedematous fluid (OF). (H & E, 10×).                    
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Figure (3): Photomicrograph of testis section from ZnO -treated group showing alterations of the general architecture in some seminiferous tubules with inhibition of spermatogenesis. Note: degeneration (D) and disorganization of the germinal epithelium with occurrence of several large vacuoles (V), spermatogenesis arrest in some tubules and few fragmented spermatozoa (S) in the lumen, and irregular basement membrane (BM), most of spermatogonia had pyknotic nuclei (PN), marked increase in the intertubular spaces (IS).   (H & E, 10×).
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Figure (4):  Photomicrograph of testis section from ZnO -treated group showing sever lesion in some seminiferous tubules. Note: Degeneration (D) of spermatogenic cells and in the interstitium, Oedematous fluid (OF), congested blood vessels ( CB) , hyperplasia (H) of interstitial Leydig cells and  formation of multinucleated giant cells (GC) with pyknotic nuclei (PN).  (H & E, 10×).
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Figure (5): Photomicrograph of testis section from ZnO-treated group  showing serious deleterious effects on testicular structure. Note: degeneration (D) and necrosis (N) of germinal epithelium and  spermatogenic arrest at various stages of spermatogenesis, and pyknotic nuclei (PN)  of spermatogonia (H & E, 10×).         
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Figure (6): Photomicrograph of testis section from ZnO-treated group  showing alterations of the general architecture in some seminiferous tubules. Note: disorganization of the germinal epithelium and occurrence of several large vacuoles (V), spermatogenesis arrest in some tubules and few fragmented spermatozoa (S) in the lumen.(H & E, 10×). 
[image: C:\Users\Pavilion G6\Desktop\سطح المكتب 2015\HUSAIN+Allicin\CL testes10x.jpg]Figure (7): Photomicrograph of testis section from Allicin + ZnO -treated group  showing marked enhancement histological feature of seminiferous tubules. Note: different stages of normal spermatogenic cells (SC) with presence of sperm bundles (SB) and arrest at the spermatid level in seminiferous tubule. (H & E, 10×).                                                                                                                          PN
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Figure (8): Photomicrograph of testis section from Allicin + ZnO -treated group showing successive stages of normal spermatogenic cells (SC) with presence of sperm bundles (SB) of seminiferous tubule and normal distribution of epithelial lining.  (H & E, 10×).                                                                                                  

Concerning histopathological examination of testes, the present results revealed that allicin (thiosulfanate) induced amelioration of testicular lesions (necrosis and degeneration) induced by ZnO in rats. also, the using of allicin alone at the concentration 50ppm  will proved that is a good bioactive to protect the tissue from damage by using in this experiment, this is the purpose for treating with allicin alone of rats. The present results  referred to the presence relationship between zinc oxide exposure and male reproductive toxicity, the microscopic examination of ZnO- treated rats revealed sever damages of histological testes this may be due to ZnO is responsible for increased oxidative stress (OS) and reactive oxygen species (ROS) which causing the damage of cellular lipids , proteins and DNA . Consequently, these alterations might be representing the cause of degeneration and necrosis that revealed in the histology of testis.  Moreover, the cell membrane contains several highly unsaturated fatty acids which are easily attacked by free radicals leading to imitation lipid peroxidation which considered the rout for many pathological events (36). ROS are generated by metals, particularly transition metal ions can overcome the spin restriction of O2  and donate a single electron, giving raise to free radical species and chain reaction will be leading to inhibit protection mechanism against  ROS, e.g., SOD, glutathione, in addition to other cytotoxic effects like DNA damage and inhibition of cellular respiration (37,38).  In addition to, after releasing Zn2+ and O2- will be to increase the local concentrations of metal ions and can disrupt metal cation cellular homeostasis. It has been reported that the oxidative stress can stimulate the increase of the intracellular Ca2+ concentration (39).In the present study, the microscopic examination of ZnO- treated rats revealed the occurrence of multinucleated giant cells of some tubules. Chinoy et al., (2005) (40) suggested that giant cells could be the result of faulty or failed chromosomal replication or cell division leading to arrest sperm formation.
The hyperplasia of interstitial Leydig cells can be as a compensatory attempt in order to face the decline which occurred in testosterone level. This may result in alteration of GnRH levels which may affect LH secretion from the anterior pituitary lobe that stimulates Leydig cells to proliferate as a compensatory mechanism (41) . Presence of interstitial edema and congestion may result from the oxidative damage of capillaries endothelial cells through interference with their membranes leading to increasing their permeability changes in capillary permeability and blood flow (42) . In addition to , one study has reported that the congestion in blood vessel walls is attributed to hypertension in the surface blood vessels (43) . On the basis of our findings , histological observations in the present study proved the excellent recovery of testes after allicin treatment ,  this may be due to the effect of allicin because of one of  the beneficial biological properties of allicin components exhibit an antioxidant capacity and improved endogenous antioxidant the cellular antioxidant enzymes , (such as superoxide dismutase , catalase, glutathione peroxidase , etc) thereby protecting the cells against disease-causing oxidative damage on the contrary for using ZnO treatment. About the effects of Allium sativum on male reproductive system has not been clearly defined , some studies reported that feeding Allium sativum impaire testicular function in rats (44) and had a spermicidal effect on spermatozoa in vitro (45-49),Garlic causes increase in the percentage of empty seminiferous tubules , thereby altering spermatogenesis and reducing testosterone secretion (50,51) . On the hand, other researches demonstrated that Allium sativum had beneficial effects on the 
defense system as well as enhancing testicular function and improved spermatogenesis in rats (52-55).Meanwhile, studies by Oi et. al., (56) found an increased testicular testosterone with garlic supplementation. Correlated with garlic use is the inhibition of Leydig 
steroidogenic enzyme expression and Sertoli cell markers, which are capable of inducing apoptosis in testicular germ cells ( spermatocytes and spermatids) ,  characterized by increased levels of active Caspase 3 (CASP3)(57). The present study has established the ameliorating effect of allicin in the testicular structure and spermatogenesis process.


Conclusion
This study showed that allicin has alleviating effect and protective role in testicular tissue, in the condition of ZnO -induced oxidative stress. Moreover, it will be improved sexual efficiency of male rats.
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