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Abstract:
The present study was carried out to determine the protective effect of the orally administered ethanol extract of ginger (Zingiber officinale) against male reprotoxicity induced by chromium trioxide (CrO3) in adult Wistar albino rats. A total of twenty rats were used in the study. The animals were divided into four groups: Control rats received physiological saline solution (NaCl 0.9%), second group received CrO3 at a dose of 10 mg /Kg body weight (BW), third group received only 200 mg/Kg BW of ethanol extract of ginger, while the last group received CrO3 plus 200 mg/Kg BW of ethanol extract of ginger. the results show that 8 weeks exposure to CrO3 induces a significant decrease in body gain (11.67±03.78 g), significantly (p<0.05) decreased serum testosterone levels (6.45±1.35 ng/mL), and significantly decreased Glutathione (GSH) level (17.29±1.96 μM/mg), and catalase activity (9.54±0.11 mM H2O2/min/mg). Whereas, treatment with Z. officinale extract showed a good improvement in these parameters namely a regain in body weight (45.33±09.11 g), a significant amelioration in GSH level (24.02±1.69 μM/g), and a significant improvement in catalase levels (11.56± 1.25 mM H2O2/min/mg) compared to the intoxicated group. In conclusion, the ethanol extract of Z. officinale showed an ameliorative effect against chromium induced male reprotoxicity.
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INTRODUCTION 
Chromium (Cr) is found in a variety of materials, including pigments, chromeplated metals, cement, and detergents (Shelnutt et al. 2007). Dermatitis, nasal perforation, skin and lung cancer, cardiovascular diseases, neurotoxicity, and kidney damage are all well-known health hazards associated with Cr toxicity (Mahurpawar, 2015). Although several epidemiological research and many experimental investigations have proven the deleterious effect of excess Cr on fertility, the reproductive toxicity of Cr has been ignored for many years (Vabre et al. 2017). Cr induces its toxicity by increasing reactive oxygen species (ROS), which causes oxidative stress, apoptosis, DNA damage, genotoxicity and carcinogenicity, according to several studies (Valavanidis et al. 2013; Fu et al. 2014). ROS cause cell membrane instability, DNA structural breakdown, and DNA damage. By interfering with the activity of important enzymes, they also cause toxicity in humans and other living species (Boudou et al. 2020). ROS are involved in the pathophysiology of a variety of reproductive processes. In the case of male factor infertility. Both sperm plasma membrane fluidity and DNA integrity in the sperm nucleus are threatened by oxidative stress. ROS-induced DNA damage can accelerate germ cell death, resulting in the reduced sperm count associated with male infertility. Similarly, female reproductive problems caused by ROS share many pathophysiological features with male fertility disorders (Agarwal et al. 2003). Furthermore, medicinal plants make a significant contribution to the treatment of some medical disorders. Fertility-regulating effects have been reported for a variety of plants (Boudou et al. 2020), and Ginger (Zingiber officinale) is one of these plants. Z. officinale is one of the most well-known spices in the world, and it has been widely used for its medicinal properties throughout history. Volatile oil, phenolic derivatives (zingerone), and oleoresin (gingerols and shogaols) are the most important antioxidant compounds in ginger (Mao et al. 2019). Because it may scavenge superoxide anion and hydroxyl radicals, ginger extract has antioxidative properties, and Lipoxygenase and peroxidation were reported to be inhibited by Z. officinale (Rahmani, 2014; Zhang et al. 2022). Based on these literature data, our research work aims to evaluate the beneficial effects of ethanolic extract of Z. officinale on chromium trioxide-induced damage in the testes of adult male rats.
MATERIALS AND METHODS 
Preparation of Z. officinale ethanol extract 
20 g of ginger (Zingiber officinale) rhizome powder were extracted overnight at room temperature with 100 ml of ethanol (70%), and then filtered with N°1 Whatman Millipore filter paper. The filtrate was centrifuged at 4000 rpm for 20 min, the supernatant was concentrated to dryness using a rotary evaporator and the residue is stored at 4 ° C until use.
Experimental design 
Twenty mature male Wistar rats, aged 12 weeks and weighing 280.88 5.13 g, were used in the experiments. Rats were maintained in an animal house with a 12/12 hour light/dark cycle at a temperature of 22°C, with free access to water and a specific diet of rodent pellets. The rats were divided into four groups, each containing five rats. The first group (I), consisting of control rats, received physiological saline (0.9% NaCl), the second group (II) received CrO3 at a dose of 10 mg/Kg BW (Li et al. 2001), the third group (III) received only 200 mg/Kg BW of ethanolic ginger extract, and the fourth group (IV) received CrO3 plus 200 mg/Kg BW of ethanolic ginger extract (Shanmugam et al. 2010). All treatments were administered orally (gavage) and the experiment lasted 8 weeks in total during which animals weight was measured every week.
Specimens and Analytical methods
At the end of the 8-week experiment, the animals were sacrificed in the morning after fasting for 12 hours and being anaesthetized with diethyl ether in a large desiccator (Kim et al. 2018). Using a standard ELISA technique (VIDAS® Assays) testosterone was measured in blood collected from the inferior vena cava. Testis were carefully removed, separated from their fat tissues, cleaned with saline solution, and weighed to get the testicular relative weight (organ weight/body weight ratio) According to Qin et al. (2013). Testicular oxidative stress indicators were assessed by measuring glutathion (GSH) and catalase activity (CAT) in testicular homogenate, as reported by (Dkhil et al. 2016).
Statistical analysis
To establish the significance of intergroup differences, mean SD values were determined for each group. A one-way analysis of variance was used to examine each parameter independently (ANOVA). The Tukey test was performed to determine the difference between the groups. Column or bars not sharing a common letter (a–c) differ significantly at p < 0.05 (Tukey test).

RESULTS
A statistically significant change in the body weight difference of the experimental animals was shown. However, the results in table 1 show a significant decrease in body weight of the CrO3-exposed group (II) of rats compared to the control group (I) and the other two experimental groups (III and IV) while a significant improvement is observed in the CrO3-exposed and Zingiber officinale extract-treated group (IV) compared to the CrO3-exposed group only (II). While no significant difference was found when calculating the relative testicular weight.

Table 1. Body weight gain and Testicular relative weight of the different experimental groups
	
Groups
	Initial body
Weight (g)
	Final body
weight (g)
	Body weight
gain (g)
	Testicular relative weight (g)

	I
	278.75±11.25
	369.00±07.33
	81.33±06.89a
	0.0034±0.0001 a

	II
	288.00±22.00
	299.67±22.89
	11.67±03.78b
	0.0026±0.0004 a

	III
	272.75±14.75
	333.67±16.22
	52.00±24.00c
	0.0027±0.0002 a

	IV
	284.00±09.33
	329.33±00.44
	45.33±09.11c
	0.0032±0.0004 a


I: Control group; II: Chromium and ginger extract exposed group; III: Only ginger extract extract-treated group; IV: Chromium exposed group. Data are expressed as means ± SD (n=5). A comparison between groups was made using the Tukey t-test. Column not sharing a common letter (a–c) differ significantly at p < 0.05 (Tukey test).

The results in figure 1 showed that CrO3 administration significantly (p<0.05) decreased serum testosterone levels (6.45±1.35 ng/mL) compared to the control (I) and to rats receiving only the ethanol plant extract (10.50±0.80, and 9.15±0.95 ng/mL respectively); however, no significant changes were observed in rats receiving the CrO3 treatment concomitantly with Z. officinale extract (6.85±1.35 ng/mL) compared to the intoxicated group of rats.


Figure 1. Evaluation testosterone level in different experimental groups. I: Control group; II: Chromium and ginger extract exposed group; III: Only ginger extract extract-treated group; IV: Chromium exposed group. Data are expressed as means ± SD (n=5). A comparison between groups was made using the Tukey t-test. Bars not sharing a common letter (a–c) differ significantly at p < 0.05 (Tukey test).

Figure 2-A showed that Chromium-administration for 8 weeks significantly decreased the GSH level (17.29±1.96 μM/mg) as compared to the controls (33.05±0.40μM/g). On the contrary, CrO3 concomitant with Z. officinale  treatment led to a significant amelioration in GSH level (24.02±1.69 μM/g). In the same way, Figure 2-B showed that exposure to CrO3 over a period of 8 weeks induces a decrease in catalase activity (9.54±0.11 mM H2O2/min/mg) compared to the control group and the group treated only with ethanolic extract of Z. officinale  (23.12±2.12 and 23.49± 1.42 mM H2O2/min/mg respectively). On the other hand, rats receiving CrO3 treatment concomitant with Z. officinale extract showed a significant improvement in catalase levels (11.56± 1.25 mM H2O2/min/mg) compared to the intoxicated group.
	

	



Figure 2. Evaluation of Testicular oxidative stress markers. 
A: GSH levels; B: Catalase levels; I: Control group; II: Chromium and ginger extract exposed group; III: Only ginger extract extract-treated group; IV: Chromium exposed group. Data are expressed as means ± SD (n=5). A comparison between groups was made using the Tukey t-test. Bars not sharing a common letter (a–c) differ significantly at p < 0.05 (Tukey test).

DISCUSSION
The current study revealed that exposure to CrO3 at a dose of 10 mg/kg body weight in male rats for 8 weeks resulted in numerous disorders, including decreased body weight, hormonal disturbances and induction of tissue oxidative stress.  Indeed, similar results were reported in a study evaluating the subchronic inhalation toxicity of soluble hexavalent chromium trioxide in rats, which showed that the body weight of the high dose group exposed to 1.25 mg/m3 was significantly lower than the control group (Kim et al. 2004). A case-control study of maternal chromium exposure and low birth weight in China states that chromium exposure is increasing due to environmental pollution from industrial processes, and suggest that maternal exposure to higher levels of chromium during pregnancy may potentially increase the risk of giving birth to low birth weight infants, especially for female infants (Xia et al. 2016). Our finding showed that CrO3 administration significantly decreased serum testosterone levels compared to the control rats, and to those receiving only the ethanol plant extract. These results corroborate those of Marouani  et al. (2012) who reported that after daily intraperitoneal injection of potassium dichromate (1 or 2 mg/kg body weight) for 15 consecutive days. A decrease in testicular weight and an increase in seminal vesicle and prostate weight were demonstrated. In addition, a dose-dependent increase in blood and testicular chromium levels as well as an increase in FSH and a decrease in serum LH and testosterone levels were detected in treated rats. Furthermore, our results showed that Chromium-administration significantly decreased the GSH level and catalase activity compared to the control group. Similar results have been previously published in a study conducted to assess the impact of chromium exposure (i.p. at a dose of 0.8 mg/100 g body weight per day) on the liver, kidney, testes, spleen, brain and cerebellum of male Wistar rats showed that treatment of rats with chromium for a period of 28 days resulted in a significant increase in chromium content while decreasing body weight and organ weights. Lipid peroxidation was increased in the testes, brain and cerebellum. The level of reduced glutathione (GSH) increased in the liver, spleen and brain, and decreased in the kidney and testis. Catalase activity became elevated in the liver, kidney, spleen and cerebellum, while it decreased in the testis (Kumar Dey and Roy, 2009). On the other hand, our result showed that the treatment with ethanolic extract of Z. officinale led to a significant improvement in the parameters studied. In fact, a significant improvement in body weight gain was observed in the group exposed to CrO3 and treated with Zingiber officinale extract compared to the group exposed to CrO3 only. In addition, rats treated with CrO3 concomitantly with Z. officinale extract showed a significant improvement in CAT and GSH levels compared to the intoxicated group. Identical results was obtained after studying the effects of ginger on cadmium toxicity, indicate that ginger had better therapeutic detoxification effects on cadmium accumulation in the liver, especially when cadmium consumption was stopped (Egwurugwu et al. 2007). In the same context, a study on the ameliorative activity of Zingiber officinale extract against lead-induced renal toxicity in male rats showed that ginger extract attenuated the toxic effects of lead by increasing the levels of glutathione, glutathione peroxidase, glutathione-s-transferase and catalase (Reddy et al. 2014). Furthermore, examination of the effects of Zingiber Officinale on reproductive functions in male rats indicates that Z. Officinale extract has pro-fertility properties in male rats, which may be the result of its potent antioxidant properties and androgenic activities (Morakinyo et al. 2008).
CONCLSION 
This study demonstrated that the ethanolic extract of Zingiber Officinale had a remarkable protective effect against CrO3-induced reprotoxicity in rats and its mechanism is related, at least in part, to its antioxidant activity.  In conclusion, the extract of Z. Officinale has pro-fertility characteristics in male rats, which might be due to its powerful antioxidant properties and androgenic activities.
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