Ameliorative potential of aqueous extract of Syzygium aromaticum on cisplatin-induced testicular damage in male wistar rats
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Abstract 
The ameliorative potential of aqueous extract of Syzygium aromaticum (cloves) on cisplatin-induced testicular damage in male Wistar rats was investigated in this study. Forty male Wistar rats weighing 100-120g were grouped into eight of five rats per group. Group 1served as the normal control. Group 2 (negative control), Group 3 (positive control), and Groups 4-8 were administered 8mg/kg bodyweight of cisplatin for 5 days to induce testicular damage. Group 3 was treated with 50mg/kg bodyweight clomiphene citrate, a reference drug while Groups 4-8 were treated with 500, 1000, 1500, 2000, 2500 mg/kg bodyweight S. aromaticum aqueous extract respectively for 28 days. All the animals were fed normal rat chow and water ad libitum. Serum hormonal profile, hematolgical indices, seminal fluid analysis, serum and testis oxidative stress enzymes, testis histology were investigated in treatment groups in relation to controls using standard designated methods. Results of Groups 4-8 showed significant increase (p<0.05) increase in testosterone, luteinizing hormone, follicle stimulating hormone, sperm viability, normal sperm cells, active sperm cells and count, with a significant decrease (p>0.05) in abnormal cells, sluggish cells, dead cells, plasma and tissue superoxide dismutase, nitric oxide, catalase, reduced glutathione, malondialdehyde activities in relation to the negative control. Photomicrographs from histopathology report showed distorted seminiferous tubules which resulted in lesion in the negative control. However, they were modulated by different concentrations of aqueous extract of S. aromaticum and the tissues were restored to normal in treatment groups 4-8. Aqueous extract of S. aromaticum at 2500 mg/kg bodyweight showed enhancing effect on serum hormonal profile levels, spermatogenesis and a reduction in oxidative stress caused by cisplatin in both the plasma and issue and can therefore be harnessed in the management of testicular injury. 
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INTRODUCTION 
Infertility is defined as the inability to achieve a successful pregnancy after 12 months or more of regular, unprotected sexual intercourse (Zegers-Hochschild et al., 2017). The World Health Organization (WHO) demographics estimate that about 200 million people are affected by infertility globally (Rutstein and Iqbal, 2004; Kumar and Singh, 2015) with male factor contributing to 50% of infertility cases (Agarwal et al., 2015).
Cisplatin (also known as cisplatinum) is a platinum-containing compound which inhibits synthesis of RNA, DNA and protein in cells. Cisplatin is one of the most effective anticancer drugs used for the treatment of various oncologic diseases, including testicular, cervical, ovarian, mammary, head and neck, esophageal, lung and brain cancers (Dasari and Tchounwou, 2014; Zhou et al., 2022). Several adverse effects including myelo-suppression, hepatotoxicity, nephrotoxicity and immunotoxicity are the result of cisplatin administration (Hasaaan et al., 2010). The toxic effects of cisplatin are attributed to several factors, such as peroxidation of the cell membrane, DNA damage, mitochondrial dysfunction, inhibition of protein synthesis, and ability to affect host immune response (Zhu et al., 2017).
Cisplatin treatment may affect sperm DNA integrity, leading to an increased risk of genetic abnormalities in offspring. These effects on sperm parameters can have significant implications for male fertility and reproductive outcomes (Lima et al., 2021). Levine et al., (2017) reported a 50% to 60% decline in sperm count from 1973 to 2011 across North America, Europe, New Zealand, and Australia. Furthermore, other researchers have reported a significant decline in sperm concentration, total count, morphology and motility from 2000 to 2017 (Minguez-Alarcon et al., 2018). As the analysis of sperm parameters is the primary approach for identifying and diagnosing male infertility, semen analysis is of particular importance since it defines fertility status and potential, as well as the course of natural or assisted reproduction (Trussell et al., 2019).
Many therapeutically active plants are known to be used in the preparation of herbal medicine. Plants are rich sources of pharmacologically active substances which can be helpful in designing therapeutically active medicines for treating various ailments (Daimari and Swargiary, 2020). Medicinal plants are frequently used in traditional medicine to treat different diseases in different areas of the world.  Consumption of medicinal fruits and plants materials protects and heals a number of ailments (Shanmuga et al., 2014) and they have been the principal treatment therapy in prehistoric times until the discovery of synthetic drugs in the nineteenth century. About 40% of prescription drugs are derived from herbs and about half of the world’s bestselling pharmaceutical preparations are derivatives of natural products (Rao et al., 2014).
Syzygium aromaticum, also known as clove, is a dried flower bud belonging to the Myrtaceae family that is indigenous to the Maluku islands in Indonesia but has recently been farmed in different places worldwide (Cortes-Rojas et al., 2014; Batiha et al., 2019). The clove tree is composed of leaves and buds (the commercial part of the tree) and the flowering bud production begins four years after plantation (Batiha et al., 2020). The effective role of clove in the inhibition of different degenerative diseases is attributed to the presence of various chemical constituents in high concentrations with antioxidant activity (Hu and Willett, 2002; Astuti et al., 2019)
Cisplatin treatment can lead to a decline in sperm quality parameters, including sperm count, motility, and morphology (Lima et al., 2021). Hence, this study investigated the ameliorative potential of aqueous extract of S. aromaticum on cisplatin-induced testicular damage on male Wistar rats.
Materials and Methods
Preparation of the Extracts 
Dried seeds of S. aromaticum were purchased at Rumuokoro market in Obio-Akpor Local Government Areas of Rivers State, Nigeria. The seeds were air dried under room temperature for 3 weeks in the absence of moist and dust. They were ground and pulverized to coarse powder using an electric blender. 100ml of Distilled water was added to each 10g portion of the blended seed. The Extract was allowed to ferment for 3 days before it was vacuum-filtered through Whatman No 1 filter paper and concentrated using a vacuum rotary evaporator (Eyla N-1000, Japan) 
The extractive yield was calculated using the formula: 
Yield (%) = [Weight of extract (g)/Weight of plant material (g)]*100.
Animals and Experimental Design
Acute Toxicity Study 
Acute toxicity study (LD50) was carried out using the guidelines proposed by Organization for Economic Cooperation and Development (OECD). The test was carried out using standard procedures as described by Ghosh (1984). Twenty-five (25) albino Wistar rats weighing between 100 – 120 g were randomly divided into five (5) groups of five (5) albino Wistar rats each. They were bought from the animal house of the Department of Biochemistry, Faculty of Science, University of Port Harcourt, Rivers State, Nigeria. The extract was administered orally with single graded dose at 500, 1000, 1500, 2000 and 2500 mg/kg body weight of S. aromaticum using intubation canula. The treated groups were observed for toxicity, mortality for 3 hours and subsequently for the next 24 hours and no death was recorded at 2500 mg/kg bw. Close attention was given to the animal for the next 6 days. 
A total of forty Wistar rats 2 week-old weighing between 180 - 200 g was used for this study. The rats were kept in a spacious and well-ventilated cage at room temperature; under 12 hours light and dark cycle and were allowed to acclimatize for fourteen (14) days. They were housed in standard cages and allowed access to rat chow and water. The rats were divided into eight (8) groups of five (5) rats per group. 
Testicular toxicity was induced using 8 mg/kg bw of cisplatin before oral administration of S. aromaticum for 28 days. Group 1 received rat chow and water only, while groups 2 to 8 received a single dose of 8 mg/kg bw of Cisplatin. They were observed for 5 days and treatment commenced once testicular damage was established through sperm analysis. Thus group 2 did not receive any treatment, group 3 received was treated orally with 0.5mg/kg/ml bw of clomiphene citrate – a reference drug. Groups 4 to 8 were treated orally with 500, 1000, 1500, 2000 and 2500 mg/kg/ml bw of aqueous extract of the seeds of S. aromaticum respectively for twenty-eight (28) days. 
Blood Sample Collection 
The animals from all the groups were sacrificed at the end of the treatment. They were anaesthetized with chloroform. The animals were sacrificed by severing the jugular vein with a surgical blade. Blood was allowed to flow freely and was collected and put into ethylene diamine tetraacetic acid (EDTA) bottles for haematological studies and Lithium Heparin bottles for the biochemical analysis, seminal fluid were collected in sterile bottles, the testes were also harvested and were used for histopathology. Semen analysis was done using the WHO (1999) manual procedures. Superoxide dismutase (SOD), Nitric oxide (NO), Catalase (CAT), reduced glutathione (GSH) and Malondialdehyde (MDA) were carried out according to the method of Usoh et al. (2005), follicle stimulating hormone, testosterone and luteinizing hormone were analyzed using the sandwich enzyme-linked immunosorbent assay (ELISA) kit (Boditech Med Incorporated, Republic of Korea), using the ichroma machine (Boditech: BOD13303, Korea).  Component of haematological parameter such packed cell volume (PCV), red blood cell count (RBC), was determined using haematocrit method; white blood cell count (WBC) was estimated using haemacytometer. Differential white cell count was determined using the method described by Osim et al. (2004). 
Histopathology Techniques 
Histopathology investigation was determined on the organ (testes) which was harvested from the albino rats, immediately after sacrifice and fixed in 10% formolsaline. The testes were placed in ascending concentration of alcohol for dehydration to occur; the organs were embedded in molten paraffin wax, and then mounted on a rotary microtome to obtain thin section of 5micron and 15micron. Staining was done using aqueous dyes (Haematoloxylin and eosin) and viewed under a microscope at a magnification of x400 (Kiernan 2008). 
Statistical Analysis 
Data were analysed using SPSS for windows version 23 (USA). Data were presented in mean ± standard error of mean (M ± SEM). Descriptive statistics was done using Analysis of variance (ANOVA). Multiple comparison was done by post Hoc Turkey at p ≤ 0.05.
Results
Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the hormonal indices of male Wistar rat.
The result of the effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the hormonal indices of male Wistar rat are presented in Table 1. The serum testosterone, luteinizing and follicle stimulating hormone of Wistar rats in Groups 4-8 were increased significantly (p > 0.05) when compared to the negative control.
Table 1: Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the hormonal indices of male Wistar rat.
	Groups
	Testosterone (IU/L)
	LH (IU/L)
	FSH (IU/L)

	Group 1
	3.86±0.40a
	6.08±0.38a
	3.91±0.06a

	Group 2
	0.55±0.68b
	0.60±0.66b
	1.01±0.69b

	Group 3
	3.58±0.59a
	3.81±0.15a
	3.83±0.01a

	Group 4
	3.24±0.92a
	4.60±0.76a
	1.88±0.03a

	Group 5
	3.37±0.36a
	5.56±0.78a
	1.34±0.42a

	Group 6
	3.87±0.47a
	5.73±1.33a
	2.39±1.44a

	Group 7
	3.09±0.48a
	4.21±0.77a
	3.78±0.35a

	Group 8
	3.89±0.38a
	6.11±1.08a
	4.08±0.16a


Values represents Mean ± SEM, n=5. Means in the same column with different superscript alphabets are significantly different at p≤0.05
Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the haematological indices of male Wistar rats
The result of the effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the haematological indices of male Wistar rats are presented in Table 2. The result revealed a significant increase (p >0.05) in the PCV, HB and RBC in treatment Groups 4-8 when compared to the negative control. However, from the result in Table 2, there is a significant reduction (p<0.05) in the white blood cells, Platelets, Mean Corpuscular haemoglobin, Mean Corpuscular volume, Neutrophils, Leucocytes, Eosinophils and Monocytes of treatment Group 4-8 when compared to the negative control. There was no significant difference (p<0.05) in the Mean Corpuscular haemoglobin concentration of the treatment Group 4-8 when compared to the negative control and other groups.
Effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the seminal fluid of male Wistar rat. 
Table 3 shows the effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the seminal fluid of male Wistar rat. The result presented in Table 3 no significant difference (p<0.05) in the volume and pH levels of the seminal fluid obtained from male Wistar rats in treatment group 4-8 and in comparison to the negative group and other experimental groups. However, the viability of the sperm cells, normal cells, active cells, and sperm count of treatment Groups 4-8 were significantly increased (p>0.05) when compared to the negative control. The reverse was the case for the abnormal cells, sluggish cells and dead cells of treatment groups 4-8 as abnormal cells, sluggish cells and dead cells were significantly decreased (p<0.05) when compared to the negative control.
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Table 2:  Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the hematological indices of male Wistar rats
	Groups
	PCV 
(%)
	HB 
(g/L)
	RBC (x10^9/L)
	WBC (x10^9/L)
	PLT (x10^9/L)
	MCHC 
(g/dl)
	MCH 
(pg)
	MCV 
(fL)
	N 
(x10^9/L)
	L 
(x10^9/L)
	E 
(x10^9/L )
	M 
(x10^9/L)

	Group 1
	33.81±3.42a
	11.27±1.14a
	9.17±0.59a
	3.53±0.76a
	282.33±0.66a
	35.13±0.18a
	9.43±0.09a
	25.53±0.42a
	5.67±1.20a
	13.34±0.45a
	0.46±0.32a
	3.83±0.12a

	Group 2
	17.10±0.93b
	5.70±0.31b
	2.06±0.60b
	10.37±1.98b
	606.67±0.35b
	31.37±1.37a
	19.73±0.90b
	60.00±0.26b
	27.21±0.88a
	83.33±0.83b
	8.83±0.72b
	12.67±0.81b

	Group 3
	30.39±1.23a
	10.13±0.41a
	8.91±0.27a
	6.43±1.07a
	366.33±0.54c
	33.93±0.78a
	10.63±0.52a
	27.70±0.93a
	7.60±0.96a
	12.00±0.52a
	0.63±0.03a
	6.00±0.15a

	Group 4
	31.50±1.00a
	10.50±0.32a
	6.03±0.49a
	8.81±1.71a
	488.00±0.90d
	33.03±1.76a
	17.50±0.20c
	52.33±4.12b
	14.33±0.33c
	78.66±0.85b
	1.33±0.81a
	5.67±0.45a

	Group 5
	34.29±2.79a
	11.43±0.93a
	5.74±1.09a
	7.17±1.53a
	387.00±0.12c
	32.23±0.54a
	18.10±0.78c
	58.37±1.81b
	9.67±1.76a
	82.53±0.28b
	1.33±0.31a
	6.00±0.32a

	Group 6
	29.39±1.74a
	9.83±0.58a
	4.73±0.32a
	6.42±1.32a
	414.67±0.59d
	33.23±1.19a
	10.70±0.21b
	42.73±2.84b
	16.33±3.52c
	74.67±0.33b
	1.33±0.61a
	7.33±0.20a

	Group 7
	35.16±0.57a
	11.72±0.19a
	9.25±0.22a
	4.04±3.27a
	291.67±0.55a
	32.13±0.69a
	9.50±0.64a
	27.21±1.71a
	5.33±0.67a
	19.06±0.61a
	0.67±0.13a
	3.67±0.33a

	Group 8
	34.41±0.48a
	11.47±0.16a
	9.18±0.09a
	3.78±0.12a
	276.67±0.46a
	32.50±0.50a
	9.39±0.26a
	25.57±0.69a
	6.33±0.88a
	14.36±0.67a
	0.41±0.02a
	3.-05±0.14a


Values represents Mean ± SEM, n=5. Means in the same column with same different superscript alphabet are significantly different at p≤0.05
Keys: PCV = Packed cell volume, HB = Hemoglobin, RBC = Red blood cells, WBC = white blood cells, PLT = Platelets, MCHC = Mean cell hemoglobin concentration, MCH = Mean cell hemoglobin, MCV = Mean cell volume N = Neutrophils, L = Leucocytes, E = Eosinophils, M = Monocytes




Table 3: Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the seminal fluid of male Wistar rat. 
	
	APP
	Vol (ml)
	pH
	Viability (%)
	Viscosity
	Normal Cells (%)
	Abnormal Cells (%)
	Active Cells (%)
	Sluggish Cells (%)
	Dead cells (%)
	Sperm Count (*10^6)

	Group 1
	Milky
	0.83±0.03a
	8.0±0.0a
	80.00±0.89a
	Normal
	80.00±0.21a
	20.00±0.23a
	85.00±0.29a
	15.00±0.17a
	10.67±0.17a
	500.00±0.58a

	Group 2
	Milky
	0.03±0.03b
	8.0±0.0a
	25.00±0.50b
	Abnormal
	26.67±0.60b
	73.33±0.60b
	13.00±0.16b
	87.00±0.00a
	90.00±0.76b
	83.33±0.44b

	Group 3
	Milky
	0.70±0.58a
	8.0±0.0a
	79.00±0.28a
	Normal
	78.33±0.04a
	21.67±0.11a
	75.00±0.50a
	25.00±0.00a
	15.00±0.50a
	481.33±0.92c

	Group 4
	Milky
	0.27±0.03a
	8.0±0.0a
	85.00±0.02a
	Normal
	80.00±0.21a
	15.00±0.29c
	81.67±0.17a
	18.33±0.11a
	10.00±0.00a
	437.33±0.88d

	Group 5
	Milky
	0.23±0.03a
	8.0±0.0a
	73.33±0.33a
	Normal
	76.17±0.44a
	23.83±0.44a
	73.33±0.60a
	18.33±0.17a
	18.33±0.44a
	414.60±0.72d

	Group 6
	Milky
	0.20±0.58a
	8.0±0.0a
	66.67±0.60b
	Normal
	66.67±0.60b
	33.33±0.60c
	60.00±0.76b
	40.00±0.00a
	30.00±0.36b
	216.64±0.44e

	Group 7
	Milky
	0.73±0.03a
	8.0±0.0a
	81.02±0.19a
	Normal
	82.00±0.29a
	18.00±0.21a
	76.68±0.33a
	23.32±0.00a
	13.33±0.33a
	466.11±0.88a

	Group 8
	Milky
	0.84±0.58a
	8.0±0.0a
	80.11±0.21a
	Normal
	81.67±0.44b
	18.33±0.44c
	86.56±0.73b
	13.44±0.00a
	9.32±0.73b
	516.67±0.62a


 Values represents Mean ± SEM, n=5. Means in the same column with same different superscript alphabet are significantly different at p≤0.05
Keys: APP = Appearance, Vol = Volume
Effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the plasma and testes oxidative stress markers of male Wistar rat.
The result of the effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the plasma and testes oxidative stress markers of male Wistar rat presented in Table 4 and 5 showed a significant decrease (p<0.05) in the SOD, NO, CAT, GSH and MDA activities of treatment Groups 4-8 when compared to that of the negative control.



Table 4: Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the plasma oxidative stress markers of male Wistar rat.
	Groups
	SOD u/ml
	Nitric Oxide ug/L
	CAT U/ml
	GSH nmol/L
	MDA nmol/L

	Group 1
	0.25±0.72a
	1.13±1.99a
	10.83±0.21a
	11.49±0.74a
	9.11±0.25a

	Group 2
	3.70±0.09b
	9.61±0.24b
	54.76±0.56b
	59.55±0.79b
	23.19±0.53b

	Group 3
	1.05±0.07a
	2.08±0.42a
	12.80±0.13a
	15.92±0.40a
	9.16±0.61a

	Group 4
	1.68±0.25a
	8.16±0.12b
	38.73±0.23c
	19.25±0.72a
	11.56±0.37a

	Group 5
	0.79±0.17a
	7.13±0.22b
	44.77±0.3d
	16.53±0.08a
	9.75±0.32a

	Group 6
	1.38±0.35a
	6.99±0.59b
	33.66±0.02c
	17.45±0.52a
	11.08±0.76a

	Group 7
	0.51±0.25a
	1.85±0.01a
	11.82±0.00a
	15.17±0.45a
	10.83±0.62a

	Group 8
	0.21±0.13a
	1.16±0.24a
	10.68±0.66a
	10.82±0.10a
	10.13±0.58a


Values represents Mean ± SEM, n=5. Means in the same column with same different superscript alphabet are significantly different at p≤0.05
Table 5: Effect of cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the tissue oxidative stress markers of male Wistar rats.
	Groups
	SOD u/ml
	Nitric Oxide ug/L
	CAT U/ml
	GSH nmol/L
	MDA nmol/L

	Group 1
	1.02±0.13a
	1.55±2.42a
	13.12±0.85a
	11.50±0.84a
	9.21±0.26a

	Group 2
	10.54±0.29b
	11.27±0.44c
	50.02±0.74b
	67.93±0.90b
	33.29±0.53a

	Group 3
	1.70±0.07a
	2.88±0.55a
	13.74±0.31a
	18.17±0.13a
	9.26±0.62a

	Group 4
	1.84±0.26a 
	8.13±0.14b
	44.27±0.95c
	17.93±0.90a
	11.66±0.37a

	Group 5
	0.92±0.17a
	8.87±0.28b
	51.88±0.24b
	15.85±0.23a
	9.85±0.32a

	Group 6
	1.53±0.37a
	8.69±0.72a
	39.51±0.43d
	16.91±0.73a
	11.18±0.77a

	Group 7
	1.96±0.26a
	2.24±0.23a
	16.65±0.54a
	14.32±0.78a
	11.22±0.55a

	Group 8
	1.49±0.14a
	1.73±0.52a
	12.89±0.30a
	10.73±0.02a
	10.42±0.59a


Values represents Mean ± SEM, n=5. Means in the same column with same different superscript alphabet are significantly different at p≤0.05





Histopathology Results
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Plate 1: A- photomicrograph of the testis of mice from group 1 after twenty-eight (28) days showed normal shaped seminiferous tubules (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ), Interstitial space (ISS); containing leydig cells (LC). B: photomicrograph of the testis of mice from group 2 showed distorted seminiferous tubule containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ). 


Most of these cells are intertwined together. Interstitial space (ISS), containing leydig cells (LC) with an intact basement membrane (BM). C: photomicrograph of the testis of mice from group 3 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells (LC). D: photomicrograph of the testis of mice from group 4 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells (LC). E: photomicrograph of the testis of mice from group 5 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing spermatogonia (SPG), spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells. F: photomicrograph of the testis of mice from group 6 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), No spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells (LC) and congested Blood Vessels (BV). G: photomicrograph of the testis of mice from group 7 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells (LC). H: photomicrograph of the testis of mice from group 8 showed normal shaped seminiferous tubule (ST) with intact basement membrane (BM). Seminiferous tubule (ST) containing; sertoli cells (SC), spermatogonia (SPG), primary spermatocyte (PSPC), secondary spermatocyte (SSPC), spermatozoa (SPZ). Interstitial space (ISS); containing leydig cells (LC).

Discussion
Evaluation of the aqueous extract of S. aromaticum on the seminal fluid of cisplatin induced testicular damage on male Wistar rats revealed that S. aromaticum had ameliorative effect on the testes of male rats as it significantly increased (p>0.05) the hormonal levels of male Wistar rats as well as a marked improvement (significant increase) of the seminal fluid in treatment groups 4-8 when compared to the negative control, thus, giving credence to the findings of Boudou et al. (2013), who investigated the ameliorative effects of S. aromaticum essential oil on fertility in male rats exposed to manganese and reported significant increase (p>0.05) in the seminal fluid parameters of male rats treated with the essential oil of S. aromaticum as opposed to male rats which were treated with manganese. Testosterone is the major male hormone. It works with follicle stimulating hormone (FSH) to initiate and maintain spermatogenesis (Chen and Chen, 2013). Testosterone, FSH and LH levels were not significantly different in all groups administered with the aqueous extract of S. aromaticum in comparison with the normal control, this could be suggestive that the extracts could have andro-spermatogenic potentials. This agrees with the report of Chen and Chen (2013) on the Aphrodisiac effect of aqueous extract of plants in sexually impaired experimental animals (rats). The findings of this study corroborates the assertion given by Okukpe et al. (2018) who evaluated the hormone inducive effects of S. aromaticum extract on the reproductive performance of Bucks and reported significant increase (p>0.05) on the serum testosterone levels of bucks treated with extracts of S. aromaticum. An increase in the serum testosterone, FSH and LH levels of male Wistar rat in this study can be attributed to the phytochemicals and bioactive compounds (secondary metabolites) present in S. aromaticum. The findings of this study were also similar to those obtained by Moghimian et al. (2018), who evaluated asserted that effect of S. aromaticum (clove) extract on morphine withdrawal side effect in male reproductive system should be addressed, they reported that morphine significantly decreased (p<0.05) the testosterone, FSH and LH levels of male rats but were significantly increased (p>0.05) when these rats were treated with S. aromaticum; This decrease may be due to a functional disorder of the HPG axis (Cicero et al., 1989), or it may be a result of increased oxidative stress (Moghimian et al., 2018).
The effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the plasma oxidative stress markers of male Wistar rat had a significant decrease (p<0.05) in the SOD, CAT, GSH and MDA activities of treatment Groups 4-8 when compared to the negative control (cisplatin induced). However, there was a non-significant decrease (p<0.05) in the activity of nitric oxide of treatment group 4-6 when compared to the negative control. Furthermore, the activities of SOD, GSH and MDA of treatment groups 4-8 were not significantly different from that of the positive and normal controls. However, there was a significant increase (p>0.05) in the activities of NO and CAT of treatment groups 4-6 when compared to the normal and positive control groups.  The effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the oxidative stress markers of the testes of male Wistar rat had a significant decrease (p<0.05) in the activities of SOD, GSH and MDA of treatment groups 4-8 when compared to the negative control group. There was no significant difference (p<0.05) in the activities of NO of treatment groups 4-8 when compared to the negative control group. Also there was no significant difference (p<0.05) in the activity of CAT in treatment group 5 when compared to the negative control group. Furthermore, there was a non-significant decrease (p<0.05) in the activity of CAT in treatment groups 4 and 6 when compared to the negative control. Comparing the activities of SOD, NO, GSH and MDA of treatment groups 4-8 with that of the normal and positive control groups there was no significant difference (p<0.05) observed. However, there was a significant increase (p>0.05) in the CAT activity of treatment groups 4-6 when compared to the normal and positive controls, though this was not the case for the CAT activity of treatment  groups 7 and 8 as there was no significant difference observed when compared to the normal and positive control groups. The findings of this study agrees with that published by Moghimian et al. (2018), who asserted that effect of S. aromaticum (clove) extract on morphine withdrawal side effect in male reproductive system should be addressed and reported significant increase (p>0.05) in the oxidative stress markers of male rats treated with morphine, but a significant decrease (p<0.05) in the oxidative stress markers of male rats treated with varying concentrations of the clove extract of S. aromaticum. The increased activities of the oxidative stress markers in male Wistar rats treated with cisplatin is a pointer to the presence of reactive oxygen species in the body system of the rats, while the decreased activities of the oxidative stress markers in male Wistar rats treated with varying concentrations of aqueous extract of S. aromaticumis suggestive of the antioxidant potential of this plant. Clinical evaluation of S. aromaticum suggests that it has variable but significant biological effects such as anti-nociceptive, anti-inflammatory (Chaudhuri et al., 1990) and free radical scavenging (Benherlal and Arumughan, 2007). Other studies also reported that this plant can increase the serum levels of testosterone, as well as attenuate oxidative stress and apoptosis in rats (Mishra and Singh, 2008; Shukla et al., 2014).
The effect of Cisplatin and the ameliorative potential of aqueous extract of S. aromaticum on the haematological indices of male Wistar rat showed significant increase (p>0.05) in the PCV, HB, RBC and PLT levels of treatment groups 4-8 when compared to the negative control. Also, there was a significant decrease (p<0.05) in the WBC, MCH, MCV, neutrophils, leucocytes, eosinophils and monocytes levels of treatment groups 4-8 when compared to the negative control group. There was no significant difference (p<0.05) in the MCHC level of treatment groups 4-8 when compared with the different control groups. Comparing the PLT, MCH, MCV and leucocytes, levels of groups 4-6 with that of the normal control there was a significant increase (p>0.05) observed. But there was no significant difference (p<0.05) in the PLT levels of groups 7 and 8 when compared to the normal control. There was no significant difference (p<0.05) in the eosinophils and monocytes levels of treatment groups 4-8 when compared with normal control. The findings of this study resonates with that of previous studies which revealed that plant extracts including seed extract of S. aromaticum have the potential to positively affect the erythropoietic system (Shama et al., 2013, Okukpe et al., 2018). 
The finding in this study is however suggestive that cisplatin administration induces testicular damage while administration of aqueous extract of S. aromaticum could be useful in ameliorating the effects of cisplatin damage; these impacts are seen to be significant on PVC levels in Wistar albino rats. There were no significant (p<0.05) changes in haematological parameters between the treatment groups in this study. There was no notable increase in Hemoglobin, and Red Blood Cell levels compared to the normal control. This suggests that the extract have great ability to stimulate erythropoietin formation and secretion by the kidney and hence, presents them useful as blood boosters (Okukpe et al., 2018).
Conclusion 
This study has shown that S. aromaticum has modulatory potentials in cisplatin-induced testicular damage. These potentials were notable when also compared with the values obtained from the standard drug (Clomiphene citrate). The result also revealed that groups 7 and 8 - Rats induced with cisplatin and administered 2000 mg/kg bodyweight of aqueous extracts and 2500 mg/kg bodyweight of the extracts, has the most potential ameliorative effect on the cisplatin-induced testicular damage compared to other extract treated groups as well as the standard drug and can be  used in the therapeutic management of cisplatin-induced testicular damage. 
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