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Abstract
Polystyrene-based microplastics (PS-MPs) induce excessive oxidative stress in testicular tissues. The present study evaluated the role of PS-MP induced oxidative stress on spermatogenesis and consequent fertility in male rats. Five groups of Wistar albino rats, each consisting of seven animals, were formed. Group I served as the sham-treated control, while Groups II-V received oral administrations of 5, 50, 500, and 5000 µg/kg body weight (b.w.) of PS-MPs, respectively, for 120 days. Fertility rates and testicular functions, specifically spermatogenic activity, were assessed using stereological and histological analyses. Oxidative stress in testicular tissues was evaluated to determine its potential impact on testicular function. Results showed a significant decline in testicular weight across all treated groups compared to controls, irrespective of the PS-MP dose. Notably, a maximum fertility reduction of 30% was observed in rats treated with 5000 µg/kg b.w. of PS-MPs after 120 days. Groups exposed to lower doses exhibited a 10–20% decrease in fertility compared to controls. Stereological analysis revealed substantial reductions (40-50%) in the volumes of spermatogonia and spermatids, while the number of spermatocytes remained largely unaffected. Histological examination indicated depleted luminal contents with fewer spermatozoa in higher-dose groups. Furthermore, more than a 50% decrease in glutathione (GSH) levels, accompanied by significant reductions in the enzymatic activities of glutathione peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT), was evident in testicular tissues of rats treated with 500 and 5000 µg/kg b.w. of PS-MPs. In conclusion, PS-MPs significantly impair spermatogenic performance, leading to reductions in germ cell populations and sperm production. This disruption in spermatogenesis contributes to decreased fertility rates and potential regression in testicular development. Further research on the long-term effects of microplastics is warranted to better understand their implications for reproductive health and population dynamics.
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Introduction
Microplastics are ubiquitously present in the environment including marine, freshwater, soil and air[1]. Interestingly and scaringly, presence of microplastics has also been found in snow and rain water [2-3]. In the 20th century, plastics and plastic products were used extensively without any robust restriction.Due to its light weight, low density, low thermal and electrical conductivity and resistanceagainst rusting,encouraged industries for maximum use [4]. Production and applications of plastics have grown substantially in the last five decades, based on the report published by Statista [5] nearly450 million tonnesof plastic produced in year 2023.Biodegradability of plastics are low; however, it disintegrates into fragments, turning in micro- and nano-plastics. 
The fragments of plastics having a diameter of less than or equal to 5 mm, and 1000 nm are regarded as microplastics (MPs) and nano-plastics (NPs)[6]. It may enter human body through inhalation, ingestion and open wound. It is important to note that ultra small size of particles have higher uptake rate in cells,according to previous study these particles can move conveniently between tissue barriers [7]. This is the most likely case behind most adverse health effects that is caused byMPsamong humans. Many studies have reported that endocytotic pathways such as phagocytosis and micropinocytosis mediated uptake of micro- and nano-plastics [8-9]. Once inside the cells it can induce several toxic effects such as inflammation [10], oxidative stress [11], apoptosis [12]. Besides, previous studies have also claimed that micro- and nano-plastics can also interfere with metabolic pathways causing damages to lung[13]and gut tissues [14].
MPs have been associated with infertility, and adverse pregnancy outcomes. A recent study by Hunt et al. [15] reported that MPs of different polymer types were detected in placental and meconium samples. Reports suggest that MPs cause placental dysfunction, ovarian atrophy, endometrial hyperplasia and fibrosis in female [16]. Similarly, MPs have been detected in semen samples,recent study claimed that it originated from epididymis, seminal vesicles and prostate [17].A study by Zhang et al. [18]reported that MPs may significantly impact male fertility, by lowering quality of sperm. The present study intended to evaluate dose dependent effects of MPs on testicular tissues and spermatogenesis. The current study also attempted to evaluate role of induced oxidative stress on the testicular functions and fertility in Wistar rats.
Materials and methods
Test chemical
Micro particles (0% cross-linked of density 1.05 g/cm3) based in polystyrene of size 5 µm (SD <0.1 µm, CV <2%) was purchased from Sigma Aldrich, Merck, Darmstadt, Germany. Chemical was stored at 4 ºC throughout the period of investigation.
Animal model
Wistar albino male rats (Rattus norvegicus) of proven fertility weighing in range of 250-280 g, 3-4 months old were used in the present study. Rats were precautionarily maintained at the departmental facility of University of Rajasthan. A well-designed photoperiod of 12 h: 12 h light and dark was retained throughout the study for experimental groups housed in polypropylene cages (432715 cm). Temperature of the animal house was maintained at 21-25 ºC with humidity within 32-70%. Animals were allowed to eat pellet diet purchased from Ashirwad Ind. Ltd., Chandigarh, India, drinking water was provided ad libitum. 
Ethical approval
Approval certificate was procured from Institutional Animals Ethics Committee (IAEC), well in advance pre-commencement of experiments. Guidelines explained in the Indian National Science Academy (INSA), New Delhi for Care and Use of Animals were stringently followed throughout the experimental tenure. Experiments were performed under guidance of Committee for the Purpose of Control and Supervision of Experiments on Animals [19].
Experimental design
A graded concentration of doses of polystyrene based microplastics (PS-MP) was prepared from manufacturer suspension (1 ml contains 1.05 g of MPs). These dosescontained 5, 50, 500 and 5000 µg of PS-MP/kg body weight, which was delivered orally dissolved in olive oil. Equal volume of olive oil was administered to the parallel control for comparison. Control group was labelled as Group I, while graded doses of PS-MPs were labelled as groups II-V, respectively, each group consisted of 7 male rats of proven fertility (Table 1). Doses were given once daily for 120 days, on the 121st day animals were sacrificed and testes were collected for further evaluation. Doses used in the present study were selected on the basis ofan earlier study carried out by Ijaz et al. [20]and followed OECD guidelines for testing chemical, Section 4 - protocol 423: Acute oral toxicity[21].
Parameters
Body and testicular weight
Body weights were taken at the commencing of experiments and at the completion of experimental tenure. Following schedules termination testes were dissected out freed from unwanted tissues and weighed individually. 
Fertility record
Periodical fertility tests were conducted following commencement of experimental schedule by cohabitating the male rats with fertile female rats at 1:2 ratio. Success of mating was confirmed by vaginal plug/appearances of spermatozoa in the vaginal smear.

Stereological evaluation
Optical dissector method was used to determine the number of germ cells in testicular tissues [22-23]. One cell was considered one nuclear number. Sections were analysed using a 40 lens on an axioscopic microscope equipped with camera. Therefore, cells were counted manually with the help of Image J software (National Institute of Health (NIH), USA) for enhanced imaging and precise nuclear counting. Microscopic fields for counting were selected using a systematic uniform random sampling scheme [24]. Thirty frames of 100 µm2, corresponding to 3000 µm2 were evaluated per animal. Sertoli cells and germ cells (spermatogonia, spermatocytes, and spermatids) were counted. The numerical density (NV) of each cell type was calculated by dividing the number of cells counted by the volume of all dissectors: 

The number of cells (Nc) per testis was calculated as:


Testicular histology
A portion of testis was fixed in 4% paraformaldehyde for overnight. Further, dehydrated in ethanol, cleared by Xylene and embedded in paraffin wax. A 5 µm thin section was stained with Harris’s haematoxylin and eosin. Following staining specimens were observed under light microscope at various magnifications.
Oxidative stress parameters
Testicular tissues stored at – 20 ºC were thawed and homogenized in 10% w/v potassium phosphate buffer (PPB) (pH 7). The tissue homogenate was used to calibrate TBARS and GSH. A portion of homogenate was centrifuged for 60 min centrifugation at 40000 g and supernatant was used for estimation of SOD and CAT.Concentration of protein was estimated according to the method explained by Bradford[25].
GSH
Testicular glutathione was estimated according to the method described by Hissin and Hilf[26]. In short, 250 mg of cell pellet was resuspended in metaphosphoric acid and PPB (pH 8). The tissue suspension was sonicated for 10 min and later centrifuged at 30000 g for 30 min. The supernatant was aspirated and stored at 0 ºC, which was used for the GSH assay. The assay was performed the same day to avoid discrepancies in results. A 0.2 ml of supernatant was incubated with PPB (pH 8) and 0.1 ml of fluorescence reagent o-phthalaldehyde for 15 min. Level of GSH was measured fluorometrically in spectrophotometer at 420 nm emission and 350 nm excitation wavelengths. 
GPx
Activity of GPx in the testicular tissue was estimated according to the method explained in Wood [27]. Briefly, tissue homogenate was centrifuged at 14000 g for 25 min, later 50 µl of supernatant aspirated and added with glutathione reductase solution (25 µl), sodium azide (25 µl), Na2EDTA (50 µl) and phosphate buffer solution (700 µl). The solution was mixed properly at room temperature and later added with hydrogen peroxide to commence the reaction. The decline in absorbance due to NADP conversion was quickly noted spectrophotometrically at 340 nm emission wavelength at every 1 min for 5 min.
SOD
Superoxide dismutase was measured in testicular tissues samples spectrophotometrically by method described by Marklund and Marklund[28]. Spectrophotometer was set to zero by Tris EDTA buffer (pH 7.9). Later Pyrogallol solution was prepared by adding pyrogallol (2.6 mM) was dissolved in conc. HCl (10 mM) to achieve a final 0.13 mM concentration of pyrogallol. Control and test samples (1:4, w/v)were centrifuged at 30000 g for 30 min and supernatant was collected. A 5 µl of supernatant was pipetted in to test tube containing 100 µl of Pyrogallol solution. Later,increase in absorbance was noted at zero time and 1 min post reactive incubation,autooxidation of pyrogallol solution was measured at 420 nm.
CAT
The activity of catalase was estimated according to method explained by Aebi [29]. Briefly, catalase was estimated by measuring its utilization during decomposition of H2O2. To perform this 475 µl of phosphate buffer (pH 7.0) was mixed with 25 µl of H2O and 250 µl of H2O2 and allowed to settle. This solution acted as control. Similarly, test solutions were prepared replacing 25 µl of H2O with tissue samples. Rate of decomposition of H2O2 was measured spectrophotometrically at 240 nm and expressed in µmol H2O2 decomposed/min (U)/mg tissue.
Statistical analysis
The numeric values of parametric analysis were represented in Mean ± SEM. The mean values of test groups were compared with control through Student t-test (MS-EXCEL, Microsoft, SV, US) and One-Way Analysis of Variance (ANOVA) in conjunction with Tukey’s multiple comparison tests (MINITAB, Pennsylvania, US). Significance of variance was assessed based on confidence intervals (CIs) referring 95%, 99%, and 99.99% as significant, highly significant and extremely significant, respectively.



Results
Body and organ weight
Animal’s appetite responded to the treatment with PS-MPs. Results showed a constant dose dependent decline in appetite and respective weight gain. Regardless, change in weight gain among groups II-IV remained statistically non-significant (Figure 1). However, decline in percentage weight gain of Group V was significant, showing mere 9.66% increase in weight during 120 days of treatment, comparing to control’s 16.55% growth (Figure 1). Interestingly, highly and extremely significant decline in testicular weight was observed in animals treated with increasing doses of PS-MPs (Figure 2). Both groups IV and V showed extreme decline in testicular weight comparing to control, which was recorded as 1.52±0.01 and 1.49±0.02 g, respectively. It appeared that PS-MPs treatment was directly involved in causing serious decline in testicular growth during 120 days of experimental tenure. 
Fertility record of PS-MPs treated male rats
Results of fertility test indicated significant impact on male rats following 7th week of continuous administration of PS-MPs. It is important to note that no change in fertility rate was recorded in Group II until 11th week of exposure, and therefore comparable to control (Table 2). Maximum decline in fertility rate of 30% was recorded in Group V from 105th day of treatment and continued until 120th day. Likewise Group IV indicated maximum of 20% decline in fertility and consistently persisted between 105 to 120th day of investigation. Mild change (10%) in fertility was recorded in groups II and III although fertility rate appeared normal in both groups (Table 2).
Stereological evaluation of germ cells and Sertoli cells
Decline in testicular growth was reflected in stereological evaluation of germ cells and Sertoli cells. Although groups II and III mostly remained similar to that of the control, role of PS-MPs was evident on all test groups regardless. Most affected group on the basis of stereological gains were Group V. Administration of 5000 g/kg b.w. PS-MPs for 120 days reduced density of Sertoli cells highly significantly (Figure 3A). Similarly, densities of spermatogonia (Figure 3B), and spermatids (Figure 3D) also got highly depleted comparing to the control and other test groups with lower doses of PS-MPs. Surprisingly no change in volume of spermatocytes was observed in this group. However, the same was significantly higher in groups III and IV when compared with control (Figure 3C). Since germ cells have entirely different division system than Sertoli cells, Figure 4 showed the actual depreciation in spermatogenesis highly dependent on dose of PS-MPs. The exception was number of estimated spermatocytes which surprisingly increased group III and IV and later in Group V came close to number of spermatocytes estimated for control (Figure 4). Thus, PS-MPs have dose dependent role on progression of spermatogonia to spermatids, nonetheless, unexpected growth in number of spermatocytes indicated obstructive interference with dose related optimality.
Histological architecture of testis
The histological attributes of PS-MPs treated rats showed unrelenting damage to spermatogenic progression. It is little apparent at lower doses such as 5, and 50 g/kg b.w., nonetheless, its impact is visible in the lumen of seminiferous tubules. In all test groups a consistent reduction in freshly formed sperms. Although all spermatogenic events were appeared in test groups regardless of strength of doses of PS-MPs the inconsistencies begin to appear at higher doses (500 and 5000 g/kg) (Figure 5D-5E) more prominently comparing to lower doses (5 and 50 g/kg) (Figure 5B-5C). The germinal epithelium of Group I showed appropriate positioning of Sertoli cells, and germ cells closely associated with this basal lamina. Whereas, disorientation in germ cell progression begin to appear in lowest dose group (5 g/kg b.w. of PS-MPs).Though it did not affected spermatogenesis significantly, disassociation between basal lamina and spermatogonia was conspicuously evident. The decline in number of germ cells was visible in later higher dose groups, however, spermatogenic events were clearly present. In groups IV and V consistent decline in number of spermatids and spermatogonial cells was apparent leading to appearances of comparatively emptied lumens. Although normal interstitial space and thick basal lamina was present obstruction in spermatogenesis was noted. Germinal layer was less intact and lumen showed dose dependent increase in irregularities. Exclusive presence of pyknotic spermatogonial cells in groups IV and V indicate nuclearshrinkage and possible necrosis or apoptosis (Figure 5D-5E).
Oxidative stress in testicular tissues
Determination of oxidative stress in testicular tissues in response to PS-MPs through participants of Glutathione cycle revealed a dose dependent decline in the level of GSH while non-dependent response of GPx (Figure 6A-6B). Significant decline in the activity of GPx was only evident in groups IV and V (Figure 6B). The activity of GPx in groups IV and V were noted as 2.45±0.20 and 1.98±0.33 nmol/min/mg protein comparing to 4.16±0.31 nmol/min/mg protein of control (Group I). Likewise, significant decline was noted for level of GSH in the same groups, which was measured as 9.67±1.04 and 5.88±0.91 M/g testicular tissue against 15.05±1.19 M/g testicular tissue of control. A higher than 3-fold depreciation in the activity of GPx in Group V relate to a severely exaggerated production of reactive oxygen species. 
Extremely important contributors of oxidative homeostasis in cellular compartments, the SOD and CAT also responded similarly to that of the GPx. Both antioxidants fated significant decline in activities among groups IV and V (Figure 7A-7B). Although groups II and III tolerated the induced oxidative pressure reasonably. Interestingly, optimal activity of SOD was observed in Group III which was noted as 7.12±0.75 U/mg protein against 7.22±0.55 U/mg protein of Group I. Likewise, optimal activity of CAT was evident in Group II which was recorded as 6.49±0.20 U/mg protein against 5.60±0.34 U/mg protein of control. It explained that both antioxidants have an optimal activity against PS-MPs induced oxidative stress (Figure 7A-7B). 
Discussion
Spermatogenesis is a complex process that is regulated by precise contributions of gonadotropins, androgen, and growth factors. The process of germ cell development requires successive mitotic and meiotic divisions also known as spermatocytogenesis. Oxidative stress plays crucial role in development of germ cells, therefore can affect eventual sperm production and lead to reduced sperm count [30]. It can also affect the defence system of sperms during maturation process by reducing levels of antioxidants in the seminal plasma [31]. Oxidative stress is one of the most reported adverse activities of microplastics[32-34]. Microplastics have negative impact on male reproducibility and oxidative damages are the most likely player in executing crucial impairments. In the present study an attempt was made to find association between microplastics induced oxidative stress in the testicular tissues and spermatogenic performance. 
The present study showed strong influence of PS-MPs on the body weight, where 5000 g/kg b.w. lead to least weight gain during the period of investigation. Although other test groups did not show statistically significant decline in weight gain, however, consistent decline in weight gain based on increase doses of PS-MPs was clearly evident. The result observed for 5000 g/kg PS-MPs was in accordance with a study carried out by Wang et al. [35], the referred study showed lower weight gain in rats exposed to 2000 g/kg of PS-MPs. Nevertheless, with lower doses authors of the referred study observed significant increase in the weight gain, which was in contrast to the present study. The study carried out by Wang et al. [35] was investigated for 4 weeks which was substantially minor to the >17 weeks investigation. Authors of the present study assume the daily administration of low doses of PS-MPs (i.e. 5 and 50 g/kg b.w.) may have induced high weight gain for a brief period of time and later begin to decline. It is however important to note that the weight gain remained statistically insignificant comparing to the control for remaining three doses (i.e. 5, 50 and 500 g/kg b.w.). However, it would be interesting to study weight gain response against long-term exposure (i.e. >120 days). 
Although no significant reduction in body weight gain was observed for first three doses (i.e. 5, 50 and 500 g/kg b.w.), significant dose dependent decline in testicular weight provides direct response of PS-MPs on the testicular growth. A study by Gao et al. [36] reported that though PS-NPs increased testicular weight in mice, while administration of PS-MPs slightly declined the testicular weight. Though it is again important to note that the study by Gao et al. [36] was carried out for 12 weeks, thus, following 17 weeks of administration of PS-MPs is highly likely to induce significant reduction in testicular weight. It is also important to note that Gao et al. [36] exclusively reported that MPs were more toxic to testis than NPs.
The significant decline in testicular growth was reflected in the fertility tests, although animals were able to impregnate female with significant rate of success, decline in success rate was considerable. The present study unequivocally showed gradual and consistent decline in fertility rate of rats administered with 5000 g/kg b.w. of PS-MPs. Beginning of significant decline in fertility rate was visible from 45th day onwards, which consistently dropped to 70% success rate by the end of investigation (i.e. 120th day). On the other hand, both low dose exposures (5, and 50 g/kg b.w.) least impact on overall fertility rate, nonetheless, 10% decline was consistent from 90th day onwards. Though there were no parallel study to compare the present observations, it is mostly accepted that PS-MPs affect male fertility due to ubiquity and persistent toxicity, and have associated with reproductive toxicity in various organisms [35, 37-39]. Based in the present fertility record the current study assumes that PS-MPs have direct and long-term impact on the male fertility rate.
Spermatogenesis is progression of germ cells to eventually form a healthy sperm. There are multiple well-regulatedcellular divisions that accomplish successful formation of mature sperms. Thus, slight change in the complex homeostasis of regulatory factors (such as gonadotropins, androgen, and other factors) may deviate number of incumbent cells in sequence of progress during spermatogenesis. The present study recorded no significant change in volume of spermatogonia, and spermatocytes in animals administered with 5 and 50 g/kg b.w. of PS-MPs, while there was a peculiar increase in the number of spermatocytes among animals treated with 50 and 500g/kg b.w. of PS-MPs. Primary and secondary spermatocytes are formed through spermatocytogenesis, where spermatogonium accumulates large number of nutrients besides chromatins and enlarge (primary spermatocytes). Later the enlarged spermatogonium or primary spermatocytes divide into secondary spermatocytes through Meiosis I, which further divides to haploid spermatids during Meiosis II. The present study counted both primary and secondary spermatocytes as one thus increases in number of these germ cells amounts to possible obstruction in Meiosis II. A study by Li et al. [40] reported that reproductive toxicity by specific chemical agents may affect androgen receptor expression system inhibiting two important secretions i.e. cortisol and melatonin that eventually obstruct meiotic pathway. The present study assumes that surprise increase in number of spermatocytes may be related to PS-MPs induced change in androgen receptor signalling. To support this hypothesis, a study by Jin et al. [37] reported that PS-MPs inhibited expression of testosterone in the mice Leydig cells, leading to significant decline in testosterone synthesis. On the other hand, the densities of all evaluated germ cells including Sertoli cells declined significantly in rats treated with maximum dose (i.e. 5000 g/kg b.w.) of PS-MPs, indicating robust regulation of spermatogenesis through limiting effects of natural factors. 
The limiting effects of PS-MPs on factors that regulate spermatogenesis was evidently present in the histological architecture.  Results showed a graded decline in sperms in the lumen of seminiferous tubules. Though stages of spermatogenic events were present in all test groups number of germ cells continued to decline as the doses of PS-MPs increased. There could be multiple reasons for a low count germ cell spermatogenesis, such as; low synthesis of testosterone, interference in gonadotropins release, and/or dysregulation of multiple cell signalling factors that support spermatogenesis. Previous studies have associated all three reasons with PS-MPs [37,20,41]. The current study also noted apoptotic spermatogonium in the animals treated with 5000 g/kg b.w. of PS-MPs, which explains not only obstructive spermatogenesis but also enduring damages in spermatogonial stem cells. This also reflects differential adversities of PS-MPs on testicular function at low dose and high dose variations. It was important to note that unlike other toxic chemicals the activity of PS-MPs on testicular tissues are less destructive but more obstructive.
Oxidative stress plays important role in homeostasis of cell regulation during spermatogenesis. The present study noticed adequate toleration against potential oxidative damages induced by low dose PS-MPs (i.e. 5 and 50 g/kg b.w.), while significant alterations in animals treated with higher doses (i.e. 500 and 5000 g/kg b.w.). GSH and GPx indicated separate pattern in response to increasing doses of PS-MPs. Where GSH level declined consistently as the doses increase, GPx noted with high activity in animals treated with low doses (5 and 50 g/kg b.w.) while significantly low activity among animals treated with higher doses (500 and 5000 g/kg b.w.). This implies that low dose and high dose groups acted differently in response to induced oxidative stress. It is important to note that induction of oxidative stress though H2O2 in general leads to upregulation of GPx expression [42]. Thus, induction of oxidative stress through PS-MPs could possibly be through generation of H2O2. It is also important to note that H2O2 in an endogenous ROS and can be produced through almost every oxidative stimulus [43]. A study by Yu et al. [44] reported that PS-MPs induced oxidative stress through hydrogen peroxide inhibited JNK and activated caspase 3 in C. elegans. It is therefore anticipated that PS-MPs induce oxidative stress through generation of hydrogen peroxide. A study by Chaube et al. [45] reported that hydrogen peroxide can arrest meiotic cell cycle and induce apoptosis. This confirmed earlier claim made in the current study that meiotic interreference may have caused obstructive spermatogenesis in the PS-MPs administered rats.
Catalase and superoxide dismutase are two important participants in disproportionation of hydrogen peroxide and dismutation of resulting superoxide anions. It was interesting to witness similar activity by both enzymes as evident in performance of GPx. Better toleration was observed in groups administered with 5 and 50 g/kg b.w. of PS-MPs, while significant decline in activities of CAT and SOD was observed in groups exposed to 500 and 5000 g/kg b.w. of PS-MPs. A study by Liu et al. [46] explained that MPs reach cells through endocytosis or pinocytosis where it triggers inflammatory response, thus, generate high amount of ROSs. Large quantity of PS-MPs (in present study 500 and 5000 g/kg) and its accumulation in the cells lead to exhausting pressure on antioxidants leading to possible depletion of CAT and SOD. It appeared that oxidative stress induced by PS-MPs plays important role in regulation of testicular functions specifically in groups of animals administered with higher doses of PS-MPs. 
Conclusion
The present study confirmed that PS-MPs induce significant decline in testicular weight affecting overall fertility rate. Stereological evaluation of germ cells and histological analysis of testis indicated dose dependent pattern in loss of germ cells. Extraordinary increase in the number of spermatocytes regardless of consistent decline in spermatogonia and spermatids reflected obstruction during second meiotic stage. Thus, it can be predicted that PS-MPs potentially cause obstructive spermatogenesis. Response of GPx, CAT, and SOD to PS-MPs induced oxidative stress provided strong evidence of generation of intracellular hydrogen peroxide. Presence of pyknotic spermatogonia in higher dose groups reveal apoptotic eventuality of excessive generation of hydrogen peroxide. However, more study is required to ascertain exclusive generation of hydrogen peroxide and its potential role in meiotic division of spermatocytes.
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[bookmark: _Hlk172028652]Table 1: Group of albino rats were formed for investigation and their respective specifications

	Groups
	Specification (n=7)

	Group I
	Control – Administered olive oil for 120 days

	Group II
	Administered 5 g/kg b.w. PS-MP for 120 days

	Group III
	Administered 50 g/kg b.w. PS-MP for 120 days

	Group IV
	Administered 500 g/kg b.w. PS-MP for 120 days

	Group V
	Administered 5000 g/kg b.w. PS-MP for 120 days






Figure 1: Percentage weight gain among rats exposed to PS-MPs for 120 days in comparison to parallelly sham treated control. Level of significance was assessed against control, *P<0.05 was considered significant.




Figure 2: Mean testicular weight of PS-MPs exposed rats in comparison with control. Level of significance was compared against control. **P<0.01, ***P<0.001.


Table 2: Fertility rate (FR) of rats exposed to PS-MPs during every 15 days interval along with control. *FR<10%, **FR<20%, and ***FR<30%.
	Fertility (%)

	
	Group I
	Group II
	Group III
	Group IV
	Group V

	Pre-Treatment
	100
	100
	100
	100
	100

	Treatment Phase

	15 days
	100
	100
	100
	100
	100

	30 days
	100
	100
	100
	100
	100

	45 days
	100
	100
	100
	100
	90*

	60 days
	100
	100
	100
	90*
	80**

	75 days
	100
	100
	90*
	90*
	80**

	90 days
	100
	90*
	90*
	90*
	80**

	105 days
	100
	90*
	90*
	80**
	70***

	120 days
	100
	90*
	90*
	80**
	70***













Figure 3: Limiting effect of PS-MPs on the densities of A. Sertoli cells, B. Spermatogonia, C. Spermatocytes, and D. Spermatids. Level of significance was compared against control (Group I). *P<0.05, **P<0.01, and ***P<0.001.



Figure 4: Estimated count of germ cells per testis in animals treated with various doses of PS-MPs. Significant changes were noted in groups IV and V when compared with control. Level of significance was compared against control. *P<0.05, **P<0.01, and ***P<0.001.
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Figure 5: A. Group I showed oval shaped seminiferous tubules (ST) filled with newly formed sperms. Lumen (L) was tightly packed with newly formed sperms. Epithelium was intact containing Sertoli cells (SC) and the Basal lamina was thick showing close association with spermatogonia (SG) and spermatocytes (S). Likewise close association between spermatocytes and spermatids were evident in control. B. While proper continuation of spermatogenic evident was apparent in the ST of Group II, it appeared that L was comparatively less filled with sperm than control. Basal membrane was thick and closely associated with SC. Leydig cells (LC) remained normal. C. Group III indicated significant reduction in sperms with irregular epithelium (IE) of lumen. The spermatogenic events were substantially briefed (shown with double sided arrow). Besides basal lamina (BL), interstitial space (IS) and epithelial layer appeared was normal. D. Irregular epithelium was more severe in Group IV, sperms in the lumen of seminiferous tubules were substantially low. Appearances of pyknotic spermatogonial cells was found. Although basal layer and interstitial space remained normal and comparable to control. Spermatogenic events were irregular and loosely associated. E. Similar results were apparent in Group V with slightly higher impact. Lumen was only partially filled with sperm. Although spermatogenic progress was evident it was highly disoriented. Exclusive disorientation of basal lamina was sighted comparatively higher than low dose test groups. 




Figure 6: Level of A. GSH and activity of B. GPx in the testicular tissue following administration of PS-MPs in comparison with control (Group I). Level of significance was compared against control. *P<0.05, **P<0.01, and ***P<0.001.




Figure 7: Activities of A. SOD and B. CAT in the testicular tissue following administration of PS-MPs in comparison with control (Group I). Level of significance was compared against control. *P<0.05, **P<0.01, and ***P<0.001.
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