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            Abstract

            
               
Background: Metformin is a famous drug used to reduce blood glucose level. It could be used in treatment of polycystic ovarian syndrome.
                  Metformin also demonstrated an anticancer activity. Bax, is one of the cellular apoptotic markers. Metformin was documented
                  to increase the level of Bax protein. 
               

               Aim of the Study: Based on the known facts about metformin and its new role as a potential inducer of cellular apoptosis, the current study
                  has been designed to investigate the probable effects of the in-vivo metformin administration on the pancreatic and testicular
                  tissues in normoglycemic rats, and its probable effect on Bax expression as one of the markers of cellular apoptosis
               

               Materials and Methods: Twenty  rats divided in two groups; control and treated. Metformin treated rats were given 400mg/kg /day through oro-gastric
                  tube for one month. After one month, rats in all groups were sacrificed, the pancreas and testis were dissected out to prepare paraffin sections, stained by hematoxylin&eosin, Masson’s trichrome stains and Bax immunohistochemical stain.
               

               Results: Metformin treated group showed reduced pancreatic islets’ size with degenerated cells in both endocrine and exocrine parts,
                  more fibers surrounding pancreatic acini, islets and blood vessels. Bax immunostaining showed intense reaction especially
                  in the islets of Langerhans. The seminiferous tubules (STs) of the testis were irregular with disturbed degenerated spermatogenic
                  cells. Extensive fibers surrounding seminiferous tubules and in the wall of the blood vessels were detected. Bax immunostaining
                  showed intense reaction in the testis germinal cells of the treated group.
               

               Conclusion: Our study revealed that metformin induced expression of Bax in pancreatic and testicular tissues of normal rats when used
                  for one month, which will affect their viability and function. Its effect on Bax expression might be promising as a possible
                  treatment in case of cancer, however, it should be used with caution. 
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               Introduction

            Metformin is a famous drug which is used safely to reduce blood glucose level. It could be used in treatment of polycystic
               ovarian syndrome.1 Metformin also demonstrated an anticancer activity in human. It affected the cell viability with induction of cellular apoptosis
               in hepatocellular carcinoma2 and in cancer breast.3 It induced cellular apoptosis in colorectal cancer,4  cervical cancer,5  ovarian carcinoma6  and leukemia.7

            Metformin as a drug has its side effects; lactic acidosis and pancreatitis has been reported with its use.8  Metformin induced pancreatitis was reported as a result of drug overdose and acute renal failure.9  However, it was reported in a healthy person without any pre-existing factor.8   Metformin was found to induce seminiferous tubules degeneration and atrophy when used with glibenclmide, oral anti-diabetic
               medication, in non diabetic rats for 21 days.10, 11 
            

            The exact mechanism of metformin toxicity in pancreas is not clear. It might be a result of acinar cell degeneration in patients
               with renal faliure leading to leakage of digestive enzymes from pancreatic ducts to the intercellular space.12 
            

            BCL2-associated X protein (Bax), is one of the essential proteins that regulates the mitochondrial permeability apoptotic
               signaling. It enhances release of mitochondrial cytochrome c to the cytosol to react with the apoptotic peptidase activating factor, forming the
               apoptosome which induces caspase 9 and finally results in cell death. It was documented that in-vitro incubation of cells
               with metformin increased the level of Bax protein and reduced the anti apoptotic proteins Bcl2, hence, it was confirmed that
               metformin induced mitochondrial mediated apoptosis.13

            Based on the known facts about metformin and its new role as a potential inducer of cellular apoptosis, the current study
               has been designed to investigate the probable effects of the in-vivo metformin administration on the pancreatic and testicular
               tissues in normoglycemic rats, and its probable effect on Bax expression as one of the markers of cellular apoptosis.
            

         

         
               Material and Methods

            
                  Experimental animals

               Twenty adult male Sprague dawley rats (200-250 gm) were used in this study. The animals were housed in clean separate cages,
                  in adequate temperature (18°C) and humidity (45%). Food and water were available with free access according to the rules.
                  This experiment was carried out according to the instructions of the Ethical Committee, Mansoura Faculty of Medicine, Egypt.
               

            

            
                  Experimental protocol

               The animals were divided into 2 groups on random base,10 rats each. 

               Group 1 (CN): Rats received oral vehicle for one month.
               

               Group 2 (ME): Metformin treated rats; the drug was given through oro-gastric tube in a dose of 400 mg/kg/day for one month. This dose is
                  approximately equivalent to≈2000 mg/day in human (the maximum allowed daily dose), based on Reagan-Shaw equation ; human dose
                  =  animal dose × animal (km)/human (km).14

            

            
                  Biochemical study

               
                     Fasting blood glucose level

                   It was measured  by obtaining a drop of blood from the tail vein in control and treated rats  at the beginning and the end
                     of the experiment. Glucose level was checked by using ACCU-CHEK glucose test strip (Roche Diagnostic Co., Germany).
                  

               

               
                     Serum level of pancreatic lipase enzyme

                   It was measured by collecting blood samples from control and treated rats at the beginning and the end of the experiment.
                     
                  

               

               
                     Sacrifice of rats and specimens collection

                  After one month, rats in all groups were sacrificed after anaesthetia using  Ketamine intraperitoneal injection (60 mg/kg).
                     The pancreas and testis were dissected out to prepare paraffin sections. Sections were stained by hematoxylin and eosin (H&E), Masson’s trichrome  stains and Bax immunohistochemistry.
                  

                  For Bax  immunohistochemistry, sections (5μ) were prepared. Antigen retrieval was performed in citrate buffer solution in
                     microwave oven at 700 W. The sections were allowed to cool, and washed in distilled water. The primary antibody was applied
                     overnight. Secondary antibody was applied for 20 min. Then exposed to streptavidin-peroxidase for  about 20 min. Counterstaining
                     was done with Hematoxylin and washed in tap water for 3 min then in distilled water for 3 min. Finally, the slides were mounted.15  All chemicals were obtained from Sigma Aldrich, USA.
                  

               

            

            
                  Morphometric study

               The area % of excess fibers formation in the pancreas and testis was measured in Masson’s trichrome stained sections in 10
                  non overlapped fields randomly. The area % of Bax immunostaining was measured in 10 random non overlapped fields selected randomly. Diameter of pancreatic islets and seminiferous tubules was measured in 10 random non overlapped fields per unit area.
               

               Morphometric study was carried out through NIH Image J program (USA).

            

            
                  Statistical analysis

               Data were expressed as means ± SEM. The analysis of variance between different groups was done by (ANOVA). P < 0.05 was considered
                  as significant. The statistical analysis was done by SPSS program, version 22.
               

            

         

         
               Results

            
                  Histological results

               Histological examination revealed that metformin induced changes in pancreatic and testicular tissues of treated rats. The
                  H&E sections of control group pancreas showed well defined exocrine and endocrine parts. The islets of Langerhans appeared
                  spherical in shape, cells were arranged in trabecular pattern with acidophilic cytoplasm, and rounded nuclei. The Beta cells
                  were in the center and Alpha cells were in the periphery (Figure  6 A). Masson trichrome sections showed thin connective tissue septa surrounding pancreatic acini and islets (Figure  6 C). Bax immunostaining showed negative reaction especially in the Islets of Langerhans (Figure  6 E).
               

               On the other hand, the metformin treated group showed in H&E sections reduced islets’ size with deeply stained degenerated
                  cells in both endocrine and exocrine parts (Figure  6 B). Masson trichrome sections revealed excess fibers surrounding pancreatic acini, islets and blood vessels with thickened
                  wall (Figure  6 D). Bax immunostaining showed intense reaction especially in the islets of Langerhans and also exocrine pancreas(Figure  6F). 
               

               Histological examination of testicular tissue in both groups revealed that in the treated rats the seminiferous tubules (STs)
                  were irregular in outline, disturbed organization of germinal epithelium, spermatogenic cells were separated from basement
                  membrane with signs of degeneration (Figure  7  B). The diameter of STs showed significant reduction in the treated group in comparison with the control group. While, in
                  the testicular tissue of the control group, the seminiferous tubules had well organized germinal cells arranged in layers.
                  (Figure  7 A). Masson trichrome section in treated group showed extensive fibrosis between STs and surrounding them. Fibrosis was detected
                  also in blood vessels (Figure  7 D). Bax immunostaining showed intense reaction in the germinal cells of the treated group (Figure  7 F,H), in contrast to the negative reaction in control testicular tissue (Figure  7 E,G.).
               

            

            
                  Biochemical results

               
                     Fasting blood glucose level

                   The fasting blood glucose level showed insignificant change between the control and treated group (Figure  1).
                  

                  

                  
                        
                        Figure 1

                        The fasting blood glucose level showed insignificant change between the control and treated group (P value >.05)
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                     Pancreatic enzymes

                  Serum level of pancreatic lipase enzyme showed significant elevation in the treated group at the end of the experiment (Figure  2).
                  

                  

                  
                        
                        Figure 2

                        Serum level of pancreatic lipase enzyme showed significant elevation in the treated group at the end of the experiment (P
                           value <.05)
                        

                     
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/6a1afc24-f332-4537-b2cd-2116876ae061/image/ff67b6f2-efd4-4181-af76-82433198f66a-uimage.png]

                  

               

            

            
                  Morphometrical results

               
                     Mean area % of collagen fibers in pancreas and Testis:

                  The mean area % of collagen fibers accumulation in treated pancreas and testis showing significant increase in comparison
                     to control group (Figure  3).
                  

                  

                  
                        
                        Figure 3

                        The mean area % of collagen fibers accumulation in treated pancreas and testis showing significant increase in comparison
                           to control group (P value <.05).
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                     Mean area % of Bax immunostaining in pancreas and Testis:

                  The mean area % of Bax immunostaining in treated pancreas and testis showing significant increase in comparison to control
                     group (Figure  4).
                  

                  

                  
                        
                        Figure 4

                        The mean area % of Bax immunostaining in treated pancreas and testis showing significant increase in comparison to control
                           group (P value <.05) 
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                     Diameter of pancreatic islets and STs

                  Significant reduction in pancreatic islets and seminiferous tubules diameters in treated group when compared to control group
                     (Figure  5).
                  

                  

                  
                        
                        Figure 5

                        Significant reduction in pancreatic islets and seminiferous tubules diameters in treated group when compared to control group
                           (P value <.05).
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                        Figure 6

                        A): Photomicrograph of a control pancreas showing acinar cells in the exocrine part (AC), well defined islets of Langerhans with
                           Alpha cells (A), Beta cells; B): Metformin treated pancreas, showing atrophied islets with degenerated vacuolated cells in endocrine and exocrine pancreas
                           (arrows). (H&E X 400); C): Control pancreas showing delicate fibers of collagen surrounding the Langerhans islets, pancreatic acini and blood vessels
                           (arrows); D): Metformin treated pancreas with dense collagen fibers around the islets and acinar cells (arrows), thickened blood vessels
                           media (arrow heads). (Masson trichrome X 400); E): Control pancreatic section showing negative reaction for Bax in endocrine and exocrine parts (arrows); F): Metformin treated pancreas showing positive reaction for Bax in endocrine and exocrine parts (arrows). (Bax immunereactivityX400).
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                        Figure 7

                        A): Photomicrograph of control testicular tissue showing normal seminiferous tubule with regular basement membrane (arrows) and
                           well organized spermatogenic cells (arrow heads); B): Metformin treated testicular tissue, showing disturbed organization of germinal epithelium, spermatogenic cells are separated
                           from basement membrane with sign of degeneration (arrows), vacuoles (V), inter-tubular acidophilic exudate (**). (H&E X 100);
                           C): Control testicular tissue showing delicate fibers of collagen surrounding the seminiferous tubules (arrows); D): Metformin treated testis with dense collagen fibers between STs and surrounding them (arrows). (Masson trichrome X 400);
                           E, G): Control testis showing negative reaction for Bax in spermatogenic cells (arrows); F, H): Metformin treated testis showing positive reaction for Bax in spermatogenic cells (arrows); E, F): Bax immunereactivity X400; G,H): Bax immunereactivity X1000)
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               Discussion

            This study aimed to clarify the effect of Metformin drug administration in a normo-glycemic condition on the pancreatic and
               testicular tissues. Metformin is a common drug used in treatment of type 2 diabetes.16   It can be also used in case of polycystic ovary as it affects the ovarian size.1  Metformin demonstrated an anticancer activity in different types of malignancies.2, 3, 4

            This study revealed that metformin caused no significant change in fasting blood sugar level between control and treated rats.
               However, it induced changes in pancreatic tissue of treated rats. The treated pancreatic tissue showed reduced islets’ size
               with deeply stained degenerated cells. In contrast to this finding, it was reported that the fetal pancreatic tissue for metformin
               treated mother rats showed preserved structure of pancreatic islets with no signs of degeneration or inflammation.11  However, this finding might be explained by different doses of metformin, they used the drug in a dose of (36.43 mg/kg)
               which is much less than the dose used in this study. 
            

            In our study, there was significant increase in the serum lipase level in the treated group at the end of the experiment (200.8±23.6
               U/L in contrast to 43.7±4.9 U/L at the beginning of the experiment). In parallel to our finding, it was reported that metformin
               induced pancreatitis in a patient with high serum lipase level was due to overdose administration of metformin.17  So, our finding could be due to high dose of metformin used in this study (400 mg/kg which is equivalent to 2000 mg human
               (the maximum allowed daily dose).14  Another case of metformin induced pancreatitis was reported in a patient with acute renal failure.9   The changes in the treated pancreatic tissue and elevated lipase enzyme didn’t cause significant change in the fasting
               blood glucose. This could be explained by the short duration of treatment that induced early stage of pancreatitis. In addition,
               metformin is known to induce cellular glucose uptake of and glycogen storage. This action is insulin independent, however
               it can’t replace the hormone.18 
            

            Our finding after histological examination of testicular tissue in both groups revealed that in the treated rats the seminiferous
               tubules (STs) were irregular in outline, disturbed organization of germinal epithelium, spermatogenic cells were separated
               from basement membrane with sign of degeneration. 
            

             It is well known that androgen hormone is important in maintenance and maturation of spermatogenesis in testis.19  The target cells for the androgen hormone are the nuclei of Leydig, Sertoli and myoid cells in the testis.20  It was also demonstrated that metformin reduced adrenal androgen production in treated mice,21, 22  this might explain the effect of metformin on the spermatogenic cells in testis.
            

            It is well known that metformin attenuates fibrosis by different mechanisms. One mechanism is through inhibition of connective
               tissue growth factor.23  In contrast to this finding, our study revealed fibrosis surrounding pancreatic acini, islets and extensive fibrosis between
               STs and surrounding them with thickened blood vessels in the treated group. This finding could be explained by inflammation
               and degeneration in the pancreatic and testicular tissues that led to fibrosis. Similar result was reported in pancreatic
               fibrosis induced by inflammation of acinar cells in experimental rats received high fatty diet for a long duration.24  One of the possible mechanisms for degeneration in metformin treated pancreatic and testicular tissues is the thickened blood which alter blood supply to tissues and cause degenerative changes.25 
            

             According to our findings, Bax immunostaining showed intense reaction especially in the islets of Langerhans, exocrine pancreas
               and in the germinal cells in testis of the metformin treated group. In agreement with our result, it was reported that the
               pro-apoptotic proteins, Bax, expression was induced in the ovarian cancer cells treated with metformin.26  In addition, Bax and caspase-3 were significantly induced in the pituitary adenoma in mice treated with metformin in a dose of 5mM.27   In contrast to those reports, it was documented that metformin reduced Bax expression in mononuclear cells only when used
               with irradiation, but when tested by its own, it showed no difference in Bax expression.28   Another interesting report, that metformin reduced Bax expression in neuronal cells in case of Quinolinic Acid-Induced
               toxicity.29  These finding were in parallel to the previous studies which reported that metformin reduced the ethanol-induced elevation
               of Bax expression in prenatal cortical neurons of rats.30   So, the effect of metformin on the expression of Bax may be variable according to the associated pathology.
            

         

         
               Conclusion

             Our study revealed that metformin induced expression of Bax in pancreatic and testicular tissues of normal rats when used
               for one month, which will affect their viability and function. Its effect on Bax expression might be promising as a possible
               treatment in case of cancer, however, it should be used with caution. 
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