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Effect of Paracetamol on Spermatozoa Characteristics and Testis Histology of Mus musculus, along with the Protective Role of Trigonella foenum-graecum (Fenugreek)



ABSTRACT
The prolonged use of Paracetamol (PC) causes adverse effects on the male reproductive system. In the present study, the effects of PC on spermatozoa characteristics and testicular histology in Mus musculus are investigated with the recovery effects of fenugreek (Trigonella foenum-graecum). A slight variation in testis weight and testiculosomatic (TSI) index was observed in treated mice and a significant reduction in sperm count (29.7%) was observed in the PC induced mice compare to control (118.4 ± 6.1 x 104/ml). Additionally, the frequency of abnormal spermatozoa increased significantly in the PC group (43.2 ± 1.7%) compared with the control group (10.66 ± 0.93%). Histological examination showed irregular and shrunken seminiferous tubules with damaged germinal epithelium in the PC-treated testes. Administration of PC with fenugreek indicates significant protection in reproductive parameters, which leads to improvement in sperm count (11%) and reduction in sperm abnormalities (21.8 ± 1.52%). Histological observations further indicate the partial restoration of normal seminiferous tubule architecture and spermatogenic activity. These findings suggest that PC induces significant reproductive toxicity in male mice, while fenugreek supplementation exhibits restorative effects on sperm quality and testicular structure.
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INTRODUCTION
	Paracetamol (N-acetyl-p-aminophenol) is an acylated aromatic amide. It was discovered in 1946, as the major constituent of phenacetin, a white crystalline substance used to reduce body temperature and relieve pain (Ucheya and Igweh, 2006). Excessive intake of Paracetamol (PC) causes hepatotoxicity (AL-Khan, 2010; Marzouk et al., 2011; McGill et al., 2012) and renal toxicity in humans and experimental models (Guo and Nzerue, 2002). It has also been reported to exhibit genotoxicity (Telez et al., 2000), interfere with DNA synthesis, and have carcinogenic effects (Abreu et al., 2011). 
Early PC exposure has also been known to cause a decrease in testosterone levels with subsequent alterations in its gene expression (Blecharz-Klin et al., 2022). Repetitive use of PC causes distortion of the histological architecture of the seminiferous tubules, a substantial drop in blood testosterone, and deterioration in seminal quality (Yassen, 2012; Banihani, 2012). PC has also been linked to the synthesis of Reactive Oxygen Species (ROS) (Trettin et al., 2014) and elevation of oxidative stress (Bkhairia et al., 2018), Oxidative stress resulting from unbalanced production of ROS (Almansa-Ordonez et al., 2020), impairs male and female reproductive functions (Agarwal et al., 2018). Oxidative stress is a primary pathogenic process that causes DNA damage in the germ line and male infertility (Alahmar et al., 2019) by decreasing sperm concentration, motility and sperm quality (Hussain et al., 2023).  The restitutive properties of several herbs and spices viz., Withania somnifera, Curcuma longa and Allium sativum have been reported by several workers against diclofenac, cypermethrin, chlorpyrifos and dimethoate on Mus musculus (Iqbal et al., 2024; Nawaz et al., 2024; Divyanshu et al., 2022; Divyanshu et al., 2025). 
	Fenugreek (Trigonella foenum-graecum) seeds are rich in diverse phytoconstituents, including carbohydrates (galactomannan), proteins (albumins), alkaloids (trigonelline and choline), flavonoid glycosides (vicenin-1), furostanol glycosides (trigoneoside Ib), free amino acids (notably 4-hydroxyisoleucine, arginine, lysine, and histidine), saponins (diosgenin and yuccagenin), vitamins and mucilage (Taylor et al., 2002). Fenugreek has a long history of traditional use as a medicinal herb for diabetes and its antidiabetic potential has been experimentally evidenced (Kaviarasan et al., 2007b). Hypoglycemic, hypolipidemic, antifertility, antinociceptive and wound-healing properties of fenugreek seeds have also been reported in rats (Baset et al., 2020).  The preventive role of fenugreek against cytogenetic alterations and testicular damage in Adriamycin and Cisplatin-induced rats has also been observed (Kaur and Sadwa, 2020; Hamza et al., 2016). An improvement in sperm count and motility in male mice has also been reported by Al-Yaha (2019). 
In the present investigation, the effects of PC on spermatozoa characteristics and testicular histology, as well as the protective role of fenugreek seed extract against PC-induced mice, were investigated.
2. MATERIALS AND METHODS 
2.1 Chemicals: The paracetamol (DOLO-500) manufactured by Micro Labs Ltd. was purchased from a local pharmacy in Bhagalpur, Bihar, India, while other chemicals were purchased from Merck, Himedia, and Loba Private Limited.
2.2 Fenugreek aqueous extract: 50 grams fenugreek seeds were purchased from a local market and were soaked in 100 ml of distilled water and boiled for five minutes. The mixture was then filtered twice to obtain the aqueous extract, which was stored at 4°C until use (Badry et al., 2021).
2.3 Model animal and treatment protocol: Adult Swiss albino mice (Mus musculus) weighing between 25 to 30 grams were selected for the experiment. The mice were kept in the animal house at the University Department of Zoology, T.M. Bhagalpur University, Bihar. They were housed in colony rooms maintained at a temperature (22 ± 2 °C) and experienced a 12-hour light/dark cycle throughout the experimental period. Food and water were provided ad libitum using a mixed feed that was prepared in the laboratory. An experimental protocol was conducted following the guidelines of the Institutional Animal Ethics Committee and CPCSEA India.  Mice were divided into different groups in which Group I received only distilled water (control group), Group II were given PC (112.3 mg/kg) once daily for 28 days. Group III were given fenugreek extract (100 mg/kg) along with PC (112.3 mg/kg) for 28 days.
2.4 Estimation of testiculosomatic index (TSI): TSI was calculated from the weights of each testis recorded immediately after collection using the formula (Ademola et al., 2020). 
                                      		 TSI = 
2.5 Sperm Count: The epididymal fluid was diluted with normal saline by adding 0.9 ml to 0.1 ml of the crushed epididymis. The improved Neubauer’s counting chamber was next covered with a cover slip until a rainbow picture was seen at the edges. This chamber was then filled with sperm fluid and placed under a binocular light microscope using an adjustable light source. The ruled part was then focused and the number of spermatozoa counted in five, 16-celled squares. The sperm concentration was then calculated and multiplied by 104 and expressed as (X) × 104 /ml, where X is the number of sperm in a 16-celled square (Akang et al., 2010) 
                                      Sperm Count = Total no of sperm counted x 104
2.6 Sperm abnormalities: Following the method of Wyrobek et al. (1983) the sperm film from epididymis was prepared with slight modification. The epididymis was put in a small petri-dish containing 90% of normal saline. Then the sperm were extracted, smeared and stained using 1% Eosin for 10 min. Sperm were counted and the data were analyzed by completely randomized design (CRD). Then, sperm were examined with microscope to determine the abnormalities. 
                 Total Sperm Abnormality (%) =  x 100
2.7 Histological Examination: For histological examination the testes were fixed in 10% of buffered formalin solution. The tissues were processed (dehydration, cleaning and infiltration). Then, they were embedded in paraffin wax and sectioned with a microtome to produce 5-μm paraffin wax tissue sections. After that, the sections were stained with Haematoxylin and Eosin and by mounting with DPX for further study.
3. RESULTS AND DISCUSSION 
3.1 Testis weight: 
	Testis weight is an important morphological parameter reflecting the status of spermatogenic activity and structural integrity of testicular tissue. The testis weight (0.102 ± 0.004 g) of PC-induced male mice was reduced (3.77%) as compare to the control group (Table 1), which is statistically insignificant (F = 0.428, P = .05). Similarly, insignificant differences between the control group and PC-treated groups were observed up to a dose of 1000 mg/kg in Wistar rats (Axelstad et al., 2011). In the fenugreek-treated recovery group, the testis weight was 0.105 ± 0.002 g, representing only a 0.94% decrease compared with the control group (0.106 ± 0.004 g); however, it was a 2.94% increase compared with the PC-treated group (Figure 1), which is also insignificant (F = 0.428, P = 0.05). This percentage recovery suggests that fenugreek helps in preserving testicular mass and counteracts PC-induced damage. Fenugreek is rich in antioxidant compounds that reduce oxidative stress and support tissue repair in reproductive organs.  Similarly, Alsuliam et al. (2022) reported the ameliorative effect of fenugreek seeds in preventing pancreatic and testicular lesions induced by gentamicin. 
3.2 Testiculosomatic Index (TSI): 
	TSI is a widely used parameter for evaluating the relative weight of the testes in relation to body weight and serves as an indicator of reproductive organ development and functional status. The TSI values showed minor variations among the experimental groups (Table 1), representing an approximate 9.6% increase (Figure 1), compare to control group. In the present study, PC treatment produced a mild increase in TSI, however, this change is statistically insignificant (F=1.79, P = .05). This indicates that the treatment did not markedly alter testicular weight relative to body weight. Similar findings have been reported in earlier studies where exposure to moderate doses of drugs or phytochemicals failed to induce measurable changes in testicular mass despite subtle histological or biochemical alterations (Creasy, 2001; Amann, 1981). In PC with fenugreek-treated group, the TSI value further increased to 0.370 ± 0.009, showing a 10.78% increase compared to the control group, which is also statistically insignificant (F=1.79, P = .05), indicating that neither PC administration nor fenugreek supplementation produced a marked alteration in testicular weight relative to body weight. Similar antioxidant-based recovery has been reported in reproductive function without significant alterations in testicular indices, particularly in short-term or moderate toxicity models (Agarwal et al., 2014).


3.3 Sperm count:
	Sperm count is a sensitive indicator of male reproductive function and spermatogenic efficiency. A pronounced reduction in sperm count was observed in PC administrated mice (83 ± 1.9 ×10⁴/ml) as compare to control (118.4 ± 6.1 ×10⁴/ml) (Table 1), which is about 30% reduction (Figure 1). This reduction is statistically significant (F=12.215; P = .05). These findings are consistent with earlier reports showing that PC-induces male reproductive toxicity through oxidative stress, germ cell apoptosis, and disruption of steroidogenesis (Oyedeji et al., 2013; Trans-Guzan and Culty, 2022). 
	However, in PC and fenugreek-treated mice, the reduction in sperm count is less as compared to PC-treated mice (83 ± 1.9 × 10⁴/ml), showing 26.5% increase (Figure 1). This is statistically significant (F = 12.215, P = .05). The improvement in sperm count observed in the PC and fenugreek-treated mice suggests that fenugreek may exert a protective effect against PC-induced impairment of spermatogenesis. This effect may be attributed to the presence of biologically active constituents, including steroidal saponins, flavonoids, polyphenolic compounds, and other antioxidant constituents. A similar protective effect was reported by Tanushree et al. (2024), who demonstrated the mitigating role of fenugreek aqueous extract against permethrin-induced gonadotoxicity. These findings are also consistent with those of Maheshwari et al. (2017), who reported an improvement in sperm count in 85.4% of male volunteers after supplementation with a Protodioscin-enriched fenugreek seed extract, along with increase in free testosterone levels.
3.4 Sperm abnormalities: 
	High proportion of morphologically normal spermatozoa, characterized by intact head, midpiece, and tail structures was observed in control group (Table 1, Plate 1. A). In contrast, the toxicant-treated group (Group II) exhibited a marked increase in abnormal sperm forms (43.2±1.7%) which include head defects (detached heads - Plate 1. B), midpiece abnormalities (Plate 1. C, D), and tail defects (coiled, folded- Plate 1. E, F, G). This study suggests that the drug may permeate the blood-testis barrier, altering the microenvironment of the seminiferous tubules, as it has been reported that chemical agents reduce sperm motility (Oyedji et al., 2013). A notable improvement in sperm morphology, with a significant reduction in abnormal sperm forms (21.8±1.52%) and a corresponding increase in normal spermatozoa was observed in Group III compared to Group II. These values indicate a partial restoration of spermatogenic function. It was demonstrated that administration of fenugreek seed extract to diabetic rats significantly decreased sperm shape abnormalities (Hamden et al., 2010). Singhmura et al. (2024) also reported that fenugreek supplementation reduced sperm abnormalities and improved sperm morphology in Monosodium glutamate-induced mice.
3.5 Testis Histology: 
	During the histological study of testis of control mice, round to oval seminiferous tubules with well-defined basement membranes and an intact germinal epithelium were observed. All stages of spermatogenesis, spermatogonia, primary and secondary spermatocytes, spermatids, and mature spermatozoa were clearly visible and orderly arranged. The tubular lumen was densely packed with spermatozoa, indicating active spermiogenesis. Interstitial spaces showed normal Leydig cells with no signs of degeneration, edema, or inflammatory infiltration (Plate 2 A).
However, Histological alterations were observed in PC-treated group, i.e., seminiferous tubules appeared irregular, shrunken, and distorted, with thinning and disorganization of the germinal epithelium. Degeneration and exfoliation of germ cells into the lumen were prominent, resulting in reduced or empty luminal sperm content. Vacuolization within the seminiferous epithelium, pyknotic nuclei, and disrupted basement membranes were frequently observed. The interstitial tissue showed reduced Leydig cell number, suggesting impaired steroidogenic activity (Plate 2 B). Many studies have established that PC acts as an endocrine disruptor that produces significant changes in testicular morphology.  Similar research indicated that administering PC to experimental animals for 50 days resulted in various alterations in testicular structure, including altered seminiferous tubules and a few degraded tubules (Khayyat, 2021). Another study showed that a single dose of PC (5 g/kg) administered to male mice resulted in abnormal morphological and degenerative changes in some seminiferous tubules, fragmentation of Sertoli cells, abnormal chromosomes in the nucleus and changes in sperm structure (Qader and Othman, 2014).
Group III mice showed a marked improvement in histological architecture of testis compared with the PC-treated group (Plate 2 C). Seminiferous tubules appeared to have a more regular shape with partial restoration of germinal epithelium thickness. Spermatogenic cells at different stages were clearly visible, and luminal sperm content was increased. Degenerative features such as vacuolization and germ cell loss were also markedly reduced. Interstitial Leydig cells appeared near normal, indicating recovery of endocrine function, although complete normalization to control levels was not fully achieved. These results are in accordance with Sakr et al. (2012), who reported that the fenugreek seed extract improved the histoarchitecture of the testes.
Table-1:  Effect of PC and PC + Fenugreek on reproductive parameters of mice
	
	Group I
	Group II
	Group III
	     F value

	Testis wt (g)
		0.106±0.004 

	



		0.102±0.004 

	



		0.105±0.002



	      0.428

	Testiculosomatic Index 
		0.334±0.017 

	



		0.366±0.011 

	



		0.37±0.009 



	      1.79

	Sperm count (104/ml)
		118.4±6.1

	



		83±1.9* 

	



		105±4.6* 



	      12.215

	Frequency of sperm abnormality (%)

	  10.66±0.93
	  43.2±1.7*
	  21.8±1.52*
	      131.3


*Significant at P= .05 by ANOVA


		       

Figure 1. Effect of PC and PC + fenugreek on reproductive health in M. musculus
		(BW = Body weight;   TW = Testis weight;   SC = Sperm count;     TSI = Testiculosomatic index)
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Plate 1. Different types of Morphological Abnormalities in sperm: normal sperm (A), Broken head (B), Bent tail (C), Bent middle piece (D), Proximal bent tail (E), Coiled tail (F), Distal bent tail (G)
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Plate 2. Histological changes in testis. (A) Normal structure of seminiferous tubule in control mice (B) Paracetamol-treated mice (Arrow showing damage of germinal epithelium and seminiferous tubules) (C) Partial recovery in germinal epithelium in PC + Fenugreek-treated mice

4. CONCLUSION
	The present study demonstrates that PC induces significant reproductive toxicity in Mus musculus, as evidenced by impaired spermatozoa characteristics and altered testicular histology. PC-treated mice showed reduction in sperm count and motility, along with increased morphological abnormalities, indicating disrupted spermatogenesis. These effects are consistent with the known ability of PC to interfere with testicular function, possibly through oxidative stress and hormonal imbalance.
During histological study of the testis, several degenerative changes in seminiferous tubules, including disorganization of the germinal epithelium, reduced spermatogenic cell layers, and alterations in interstitial tissue were observed. Such structural damage reflects the vulnerability of germ cells to toxic agents and may be associated with impaired Leydig cell function and reduced testosterone support for spermatogenesis.
Fenugreek administered with PC exposure resulted in noticeable improvement in sperm parameters and testicular architecture.These findings suggest that fenugreek exerts a protective and restorative effect on testicular tissue.
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