Immunohistochemistry study of testis tissue to investigate the effect of vitamin E on the proliferation and apoptosis induced by diazinon
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[bookmark: _GoBack]Background: Diazinon (DZ) is an organophosphate pesticide and today this insecticide is mostly used in agriculture in developing countries. The main effect of these pesticides which affects the human body systems consists of: blocking the acetylcholinesterase activity, oxidative stress and apoptosis. Although the antioxidant system of body is the most powerful defense against the changes caused by diazinon, sometimes it is not enough and the need to use antioxidants is to improve the changes. In this study we analyzed the effects of diazinon and vitamin E on apoptosis and the proliferation of germ cells in adult rat gonad.
Methods: 30 male wistar rats, were divided into five groups (N=6). Control group (No intervention), sham group (got pure olive oil into the peritoneum), Experimental group 1 (got 60 mg/kg diazinon, by intraperitoneal injection) Experimental group 2 (received 60 mg /kg diazinon by intraperitoneal injection and 200 mg/kg vitamin E by gavage) The vitamin receiving group (received 200 mg/kg vitamin E by gavage daily). animals were scarified after six weeks and left testis were removed for immunohistochemistry study (TUNEL and PCNA).
Results: compared to control group, diazinon in the experimental group 1 decreased the number of positive PCNA cells significantly (p< 0.001) and increased the number of TUNEL positive cells significantly (p< 0.001). and vitamin E in the experimental group 2 caused the decrease in the number of TUNEL positive cells and increase in PCNA positive cells compared to experimental group 1 (p< 0.001).
Conclusion: vitamin E can decrease the number of TUNEL positive cells and increase the number of PCNA positive cells by overcoming the poison cause by diazinon in the gonad.
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Introduction
The pesticides are used all over the world to control the pests in agriculture, veterinary, insects in houses and the insects which cause disease and to increase the production of foodstuffs and Keep up human and animal health. The wide usage of pesticides in agriculture and general hygiene cause serious problems in ecosystem and hygiene risks including crucial, pre crucial and chronic human and animal poisoning and is therefore an important concern (1,2). Organophosphate pesticides have been used instead of chlorine poisons during the four current decades and they are the most common pesticide. The main advantage of organophosphate compounds is their short sustainability and their low aggregation in ecosystem (3). 
Because of non-polar and fat friendly structure of the organophosphates, they are absorbed quickly after eating or breathing, and after the absorption they aggregate in fat, kidney, liver and salivary glands. Their long contact with the skin can cause intense poisoning.  Organophosphates are affected by different metabolism reaction and finally their metabolites are egested by urine, faeces and expiration. Some of these poisons are accumulated in fat and their excretion takes days because on aggregating in fat (4). The common structure of pesticides is as below: 
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In this structure X is the leaving group which is variable. And most of the alkoxy groups are placed in R1 and R2. And oxygen or sulfur is placed in the other stand which can connect to another phosphor and create dual band. Based on these chemical differences, the organophosphates are divided to some subgroups. phosphates and phosphorothionates are the main which are the most common organophosphate pesticides. Phosphorothionates are like parathion, diazinon, malathion and clorpirifos and phosphorothionates are more common compared to phosphates (6,5). Diazinon is one of the most well-known organophosphate pesticides which is synthetic and does not exist naturally in the environment. It is more common for paddies, fruit trees and to control the ectoparasites of the livestock. Diazinon activity is like the other organophosphates, which is to block the acetylcholinesterase enzyme.  These compounds are connected to some enzymes in the body but its effect on acetylcholinesterase has clinically important (7, 6). Diazinon creates pathological changes in body like hematology disorders, kidney, liver, cardiac and nervous toxicity and reproductive disorders in male and female, by creating oxidative stress and free radicals (8, 9). Most of the findings and statements show that organophosphate poisoning is more than blocking acetylcholinesterase enzymes and is related to the ability of these compounds to create low amount of apoptosis by activating internal and external directions (10). So that in several studies, induction of apoptosis in various tissues of the body was observed by activating the pathways of caspases by organophosphates (11, 12).  Spermatogenesis is a process in which the immature germ cells change in to mature germ cells in the testicular tubes (13). Apoptosis and cell proliferation are two important cellular processes in the normal activity of male germ cells and the normal homeostasis of sperm tubes epithelium is dependent on these two processes (14). Apoptosis has two main roles in the normal spermatogenesis: 1) decreasing the germ cells to the number which can be supported by sertoli cells. 2) the manual omission of abnormal sperms, during which most of the ineffective cells like old, immature or hurt cells are omitted (14-16). Diazinon through loosening the connective tissue and the muscles around the sperm tube, changes its diameter. The size of the germinal cells will also change and the size of these cells is smaller than normal (17). The antioxidant enzymes are responsible of detoxification of free radicals. Catalase and superoxide dismutase are the main enzymes in this system. Glutathione solves the toxins and exerts it from the kidney (18). Vitamin E as a fat soluble antioxidant, blocks the release of lipid peroxidation in cell membrane and therefore keeps the sustainability of the membrane and membrane processes. Different studies show that vitamin E has an important role in blocking oxidative stress and lipid peroxidation induced by organophosphate pesticides in laboratory animals (19).
Although the antioxidant and anti-apoptotic effect of vitamin E is shown in a vast number of studies, but we found no study which have analyzed the effect of this vitamin on testicle changes made by diazinon (including proliferation and apoptotic changes), so in this study the apoptotic changes and the proliferation of germ cells in the testicle of male rats after using diazinon with vitamin E is analyzed. 

Methods and materials
Animals
In this study 30 adult male rats of wistar race with the weight of 200 to 250 gr. were taken from the Animal House in the Medical University of Mashhad. They were taken care of in standard situation (temperature of 22±2 ℃ and light/ darkness cycle of 12 hours) and during the examination they had free access to water and food.
The rats were divided to 5 groups randomly (n=6) and their condition was as below:
Control group, received no material.
Sham group got pure olive oil into the peritoneum
Experimental group 1 got 60 mg/kg diazinon soluble in olive oil into the peritoneum daily
Experimental group 2 got 60 mg/kg diazinon and 200 mg/kg vitamin E by gavage 
The vitamin group got 200 mg/kg vitamin E by gavage daily.
After the treatment period (after 6 weeks) all group were anesthetized. After perfusion with normal saline and paraformaldehyde 4% the left testicle was removed and fixed in fixative solution (paraformaldehyde 4%) for histology protocols. This study was done in the histology laboratory of medical university of Mashhad and was approved by the Ethics Committee of Mashhad University of Medical Sciences
Testicle tissue perfusion:
Tissue perfusion is necessary to omit the blood, reduce the background color and increase the quality of colors.
To do the perfusion, first the animals were anesthetized by ether and their chest were opened with a surgical incision and the rinse solution and fixative solution perfusion was done by a 10 or 20 CC syringe through the left ventricle and perforated atrium. 
During the opening of the chest we tried to do the incision in the middle line so that the wall veins had the lowest damage and therefore we had the minimum bleeding and rupture of the vessels. Then we separated the joints of the heart and its coatings from the bone. We perforated the right atrium with a needle while we entered another syringe needle to the left ventricle and did the injection of rinse solution until the solution coming out from the right atrium hole got bright. Then the fixative solution was injected promptly and this continued until the animal’s hands and legs whitened and started to shake. After these signs the left testicle was removed to do the preparations.  (Figure 1and 2).
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Figure 1. perfusion phase through the left ventricle: the left figure (a) is the start of perfusion and all the internal guts have a normal color, but the right figure (b) is after the perfusion and as you can see the color change of the internal guts including the liver and testicles which shows that the perfusion was successful and then the initial fixation happens. 
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Figure 2. the testicle color change after the perfusion while the fixative solution replaced the vessels blood, and it is bright.





Preparation of the samples 
To prevent the autolysis by lysosomal enzymes and tissue damage by bacteria and keeping the shape and the ingredient volume of the tissues, the testicles are fixed by paraformaldehyde 4% solution in 72 hours (considering the size, type of samples and the fixative quality). After the fixation to prepare the tissue for the examination by optical microscope, the tissue processing was done. Finally, the samples were embedded by paraffin. Then the samples were cut by microtome with the diameter of 5 µm and the pieces were placed on poly L-lysine lams. After deparaffinization and hydration by alcohol with descending rates, the samples were examined by PCNA and TUNEL immunohistochemical techniques with optical microscope.
Cell proliferation examination method
The coloring is done using PCNA kit and based on the related protocol in these steps respectively (20, 21): deparaffinization of the pieces with xylol in two steps (5 minutes for each step). Placing in absolute ethanol in two steps (5 minutes for each step), 95%, 80% and 70% alcohols (3 minutes each). Tree times washing with PBS each time 2 minutes. Blocking the peroxidase activity inside the tissue with hydrogen peroxide 3% in methyl alcohol for 10 minutes. Three washing with PBS, each time for two minutes. pouring a few drops of blocking solution (100μl) on the samples and incubating them for 10 minutes in room temperature. Cleaning the blocking solution from the pieces without washing. Incubating the samples with the initial anti-PCNA biotin antibody for 30 to 60 minutes in the humid environment and the room temperature. Three time washing with PBS, each time for two minutes. Incubating the samples with chromogenic Diaminobenzidine (DAB) for 2 to 5 minutes in the room temperature. Three time washing with PBS, each one for two minutes. Incubating the samples with Alcine blue for maximum of 10 minutes. Rinsing with running water for 5 minutes and then rinsing with distilled water. Dehydration with increasing levels of Ethyl alcohol, transparency with xylene in two steps and montage using special glue.
Control lams: some positive control lams (existing in the kit) are colored with the tested slides and some negative control lams are also colored after the omission of antibody.
Cellular apoptosis examination method
The coloring was done based on the TUNEL kit and coloring protocols as below (22): in this technique the methods are like PCNA until blocking the peroxidase activity and after washing three times with PBS, the cuts are incubated for 20 minutes in the room temperature and humid environment with 50 µL protein kinase K. three times washing by PBS (each time for two minutes). The pieces with TUNEL reaction mixture containing terminal deoxynucleotidyl transferase incubate about 24 hours in 4 ° C. three times rinsing with PBS (each time for 2 minutes). Dioxygen peroxidase (Converter-POD) was added to the samples and the lams were incubated for 30 minutes in 37 ° C. three times rinsing with PBS (each time for 2 minutes). Incubating the samples with chromogenic Diaminobenzidine (DAB) for 2 to 5 minutes in room temperature. Three times rinsing with PBS (each time for two minutes). Incubating the samples with hematoxylin for 20 seconds. Rinsing with running water for 5 minutes and then rinsing with distilled water. Dehydration with increasing levels of ethyl alcohol, transparency with xylene in two steps and montage using special glue. 
Control lams: a few lams have been incubated with DNase I solution in the room temperature for 10 minutes and after rinsing with PBS the lams pass other steps of coloring. Since this enzyme cause the DNA fragmentation, the colored lams are positive control lams. The negative control lams are colored with the omission of terminal transferase.
The stereology method:
The numerical density of positive PCNA cells and positive TUNEL is calculated in the unit of surface by unbiased frames grades. To this end the testicular sections from different groups are shot by Olympus optical microscope model BX51. Then the numerical density of the positive TUNEL and PCNA cells are calculated in the unit of surface. The average cells in the unit of surface of the rats’ testicles in different groups is calculated based on this formula (23):
Na=
In this formula ΣQ is the number of calculated cells, a/f is the area of each frame, ΣP is the number of clash points in the frame area.
The statistical analysis method:
In this study SPSS version 16 is used to present the results, ANOVA test is used to analyze the immunohistochemical data of the apoptosis and proliferation, and next Tukey’s test is used to compare the differences between pairs of means. The statistical difference was P<0.05 which is significant and the results were presented based on the Mean ±SD.
Results:
Analyzing the proliferation of the spermatogonium cells and the primary spermatocytes. 
In this study the PCNA method is used to examine the amount of the primary spermatocytes and spermatogonium cells proliferation and the results are as below:
[image: ]Based on figure 3 and 4, analyzing the cell proliferation by PCNA method shows that the spermatogonium cells and the primary spermatocytes which are proliferating in diazinon group decreased significantly compared to the control group (p<0.001) and therefore this group has the lowest amount of cell proliferation. Vitamin E in the experimental group 2 caused the proliferation of spermatogonium cells and the primary spermatocytes to improve compared to the experimental group 1 (p<0.001). As you can see in chart number 1 and 2, the amount of cell proliferation in control, sham and vitamin E receiving groups did not vary significantly (p>0.05).
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Figure 3. Testis tissue sections after the PCNA technique. Control group (a). Most of the spermatogonium cells are proliferating. In the experimental group 1 (B) diazinon (DZN) caused the decrease in the proliferating spermatogonium cells. In the experimental group 2 (C) which is taking DZN and vitamin E together the number of proliferating spermatogonium increased compared to DZN receiving group. PCNA positive cells are determined by arrow. 
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Chart 1. The effect of diazinon (DZN) and vitamin E on the proliferation of spermatogonium cells in the seminiferous tubes. In the groups of this study, DZN and olive oil (oil) are prescribed inside the peritoneum and vitamin E (VitE) is prescribed by gavage one time a day for six weeks. (mean±SEM) *** Comparing to control group (P<0.001), ### comparing to DZN group (p<0.001)
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Figure 4. Testis tissue sections after the PCNA technique. Control group (a). Most of the primary spermatocytes are proliferating. In the experimental group 1 (B) DZN caused the decrease in the proliferating primary spermatocytes. In the experimental group 2 (C) which is taking DZN and vitamin E together the number of proliferating primary spermatocytes increased compared to DZN receiving group. PCNA positive cells are determined by arrow.  
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Chart 2. The effect of diazinon and vitamin E on the proliferation of primary spermatocytes in the seminiferous tubes. In the groups of this study, DZN and olive oil are prescribed inside the peritoneum and VitE is prescribed by gavage one time a day for six weeks. (mean±SEM) *** Comparing to control group (P<0.001), ### comparing to DZN group (p<0.001)

The examination of spermatogonium cells and the primary spermatocytes apoptosis
The results of the Immunohistochemistry study of seminiferous tubes using TUNEL technique to examine the amount of these two cells apoptosis is as bellow:
The histological study using TUNEL technique showed that diazinon in the experimental group 1 increased the spermatogonium cells and the primary spermatocytes apoptosis compared to the experimental group 1 (p<0.001), which shows the protective role of vitamin E. the sham and vitamin E receiving groups in the number of apoptotic cells were similar to the control group and most of their seminiferous tubes did not have apoptotic cells and one or two apoptotic cell is observed in some of the tubes (p>0.05) (figure 5 and 6).
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Figure 5. Testis tissue sections after the TUNEL technique for the apoptosis of spermatogonium cells: control group (A). Most of the seminiferous tubes do not have apoptotic cells. In the experimental group 1 (B) DZN caused the increase in the apoptotic cells compared to the control group. In the experimental group 2, vitamin E decreases the number of apoptotic cells compared to the experimental group 1. The TUNEL positive cells are marked by an arrow.
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Chart 3. The effect of DZN and Vit.E on the apoptosis of the spermatogonium cell in the seminiferous cell. The results are presented in the form of the mean± the standard error. *** Comparing to control group (P<0.001), ### comparing to DZN group (p<0.001).
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Figure 6. Testis tissue sections after the TUNEL technique for the apoptosis of primary spermatocyte cells: control group (A). Most of the seminiferous tubes do not have apoptotic cells. In the experimental group 1 (B) DZN caused the increase in the apoptotic cells compared to the control group. In the experimental group 2, vitamin E decreases the number of apoptotic cells compared to the experimental group 1. The TUNEL positive cells are marked by an arrow.
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Chart 4. The effect of DZN and Vit.E on the apoptosis of the primary spermatocyte cells in the seminiferous cell. The results are presented in the form of the mean± the standard error. *** Comparing to control group (P<0.001), ### comparing to DZN group (p<0.001).
Discussion 
Although most of the toxins in the body excrete after the detoxication in the liver, but part of it is possible aggregate in different body tissues like gonads and affect the germ cells which can cause weakness and decrease the reproduction of the animals (24). Considering the studies about different organophosphates, oxidative stress, lipid peroxidation and the increase in ROS production creates apoptosis. In this study considered the effect of diazinon on the apoptosis of the spermatogonial cells and primitive spermatocyte using TUNEL technique. Histological studies after using this technique, showed that diazinon increases the apoptosis of spermatogonial cells and the primitive spermatocyte. Using vitamin E along with diazinon also reduced the number of apoptotic cells. Another study showed that diazinon increase the number of apoptotic cells in the secondary follicles and graph in diazinon group compared to the control group and using vitamin E along with diazinon decreases the number of apoptotic cells in this follicles compared to diazinon group (25). In their study Bustos et al. showed that malathion creates apoptosis in A and B spermatogonia, spermatocyte and spermatid. Malathion also decreases the activity of serum acetylcholinesterase significantly (26). Razavi et al. reported that diazinon in sub chronic prescribing induced the significant increase in the MDA in the heart and aorta and decrease in serum acetylcholinesterase and pathologic harms in the heart tissue compared to the control group. It is also reported that diazinon caused to the apoptosis in the intracellular direction or the mitochondria dependent direction in heart and aorta. In this study it is shown that prescribing crocin and vitamin E together with diazinon reduces this damages to control group level and causes the recovery of toxic effects created by diazinon in heart and vessels (27). It is also reported that methyl parathion and dichlorvos and chlorpyrifos increases 3 and 9 caspases in tissues like endometrium and retina and the consumption of vitamin C and E together reduces the pathological and apoptosis induced by these pesticides (12, 28 and 29). Apoptosis or planned death is a normal process that keeps the homeostasis. Apoptosis is an energy- dependent process that causes the group activation of proteases named caspases. Apoptosis has special chemical characteristics. The transfer of phosphatidyl serine to the outside of plasma membrane, changes in the permeability of mitochondrial membrane, activating the caspases and finally the transfer of caspases to the core and fragmentation of DNA are the characteristics of apoptosis (30). Also based on several studies organophosphates change the gene expression level related to apoptosis like pro apoptotic Bax genes and anti-apoptotic Bcl-2 genes (31, 32). Therefore, organophosphates create apoptosis by activating the interior and exterior directions. Apoptosis in different tissues of the body is created through activating the caspases direction by organophosphates (10,11 and 33-35)
As mentioned previously the cellular damages created by organophosphate toxins have different reasons but these effects are mainly by affecting the structure and the performance of DNA. Pina-Guzman et al. confirm that the toxicity of most of the organophosphates is because of phosphorylation of some proteins like core proteins. Organophosphates have alkylation characteristics which can affect DNA. They also have electrophilic characteristics which can affect core proteins (36,37). Therefore, organophosphates including diazinon make changes in the chromatin structure and sperm DNA in the spermatogenesis phases by phosphorylation of core proteins (protamine) and also infiltrate in the testicle tissue and cause weight loss and makes the testicle diameter smaller, decreases the diameter of the semen tube and decreases the movement and survival of the sperm, germinal cell, leydig, sertoli and changes the quality of semen. It finally lowers the sperm production and increases abnormal sperms (38). In this way they can affect the normal characteristics of germ cells and their core (39). Therefore, the free radicals produced in the metabolism of diazinon toxin in liver can reduce the efficiency of the testicles in hormone synthesis and producing high quality germ cells by creating lipid peroxidation and damaging the cellular membrane of the testicle cells (17). And vitamin E can prevent the peroxidation in biological systems by blocking the free radicals and the difference of the kind of compound and the examined spices, the amount and time are the different factors considered. 
One of the known performances of cell proliferator nuclear antigen is the processing of delta and epsilon polymerase DNA. PCNA also interact with the proteins in the cellular cycle. And by interaction with complex cyclin CDK affects the cellular cycle. Testicle includes the spermatogenetic epithelium in which the germ cells transfer from margin to the lumen and from develop spermatogonium to sperm. PCNA expression has direct relation to the mitosis activity and because the spermatogonium cells and the initial spermatocyte are mitosing in the seminiferous tubes, we can use it as a cellular proliferation marker for mitotic cells of the seminiferous tubes (40-44). Using PCNA method in this article shows the maximum spermatogonium proliferation activity and the initial spermatocyte in the control group, sham and the vitamin E receiving group, while diazinon causes a significant reduction in these cells proliferation. Also consuming vitamin E together with diazinon increases the number of spermatogonia and initial proliferating spermatocyte significantly. Sargazi et al. showed that the number of proliferating cells in the secondary follicles and graph in diazinon group decreased significantly compared to the control group, and vitamin E together with diazinon increases the number of proliferating cells in these follicles significantly compared to diazinon group. In most of the studies the examination of organophosphate in vitro and their metabolites effects on the survival and the proliferation of nerve cells and glia shows that these effects are seen in the micro molar concentrations which also blocks the DNA synthesis (46). The reduction of cell proliferation due to diazinon shows that organophosphates affect the cellular responses to cytokine set up and the ability of cellular proliferation and gene expression by creating free radicals. MDA increase also makes cellular changes and apoptosis (47). In Mirjana et al. study diazinon with different doses decrease the proliferation of blood lymphocytes and the fibroblasts of human skin in the culture medium and this decrease was dependent on the dose, and diazinon blocked the AChE activity and increased the MDA level (48). Videau et al. reported that one dose of malathion creates vacuole in sertoli cells and germ cells, increases the apoptosis of germ cells in  seminiferous tubes and decreases the activity of cholinesterase plasma. Damage of spermatids at the time of the evolution of the flagella causes the immaturity of gamete in changing to sperm; it can also reduce the number of sperms, increase the number of abnormal shapes or change the sperm movement (49).
Therefore, diazinon and other organophosphate compounds can harm the testicle by affecting the different cellular steps like DNA transcription and the changes in DNA or the bond proteins and decrease the cells proliferation and eventually change the sperm by spermatocyte mutation (50, 51). Vitamin E can restrict the free radical’s activity, block the reaction of lipid peroxidation in cell membrane and therefore protect the cell membrane. This vitamin has antioxidant characteristic in blocking the harmful effects of free radicals in the testicle and sperm (19).
Conclusion:
The results of our study shows that diazinon makes the testicle toxic by increasing the apoptosis and decreasing the proliferation of testicle germ cells and vitamin E decrease this toxicity. Therefore, considering the importance of the quality of agricultural products, organophosphate toxins are more common in agriculture and this is inevitable until being replaced by biological techniques, so we should use antioxidant for people who contact these toxins. 
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