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Abstract

:

Withania frutescens (W. frutescens) is a medicinal plant widely used to treat several diseases. This work aims to study phytochemical composition as well as acute and subacute toxicity of W. frutescens hydroethanolic extract in mice. The phytochemical composition of W. frutescens extract was performed using gas chromatographic analysis. Acute toxicity was studied in vivo with oral administration of single doses 400 mg/kg, 1000 mg/kg, and 2000 mg/kg for 14 days. Subacute toxicity was studied with the administration of repeated doses of 400 mg/kg/day and 2000 mg/kg/day for 28 days. Phytochemical analysis of W. frutescens hydro-ethanolic extract confirmed the presence of interesting chemical compounds. Acute toxicity results showed no toxic symptoms in mice treated with an increasing dose up to a maximum of 2000 mg/kg. Alongside acute toxicity, subacute data showed no clinical symptoms nor biochemical or histological alteration in mice treated with an increasing dose up to a maximum of 2000 mg/kg compared to the control group (p < 0.05). This study shows no toxic effects in animals treated with W. frutescens extract, and, therefore, this plant can be considered safe in animals up to 2000 mg/kg under both acute and subacute toxicity conditions.
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1. Introduction


For a long time, plants have been used as a promising source of therapeutic agents. Currently, many developed drugs, even against cancer, could be derived from natural products or their chemically modified derivatives [1]. In recent decades, people have returned to traditional medicine including natural products due to their effectiveness in treating and preventing diseases with fewer or no side effects. For instance, the resistance of bacteria to many developed antibiotics is a dilemma that has led to using natural products from medicinal plants with more positive effects compared to synthetic drugs [2]. For several decades, medicinal plants have played a key role in pharmacological research studies and drug development. Plants contain many bioactive compounds elaborated under secondary metabolism pathways. These constituents are used as therapeutic and prophylactic agents, as raw materials for drug synthesis, or as models for pharmacologically-active compounds [3].



The genus Withania (Solanaceae) has been widely used as home remedies versus many ailments such as liver diseases, bronchitis, and ulcers [4,5], and as an anti-inflammatory agent through inhibition of delayed hypersensitivity [6,7]. It has also been used against anxiety, Parkinson’s disease, neurological disorders, and as a sedative agent [8,9]. Earlier data reported that this genus exhibits antioxidant properties due to its content in bioactive compounds like withaferin A, withanolide, and total polyphenols decreasing lipid peroxidation and increasing levels of suroxide dismutase [10,11].



Although several medicinal plants may have pharmacological activities that are beneficial to human health, they could exhibit toxic effects when ingested without scientific validity, and, therefore, the screening of potential toxicity of natural products is attention-seeking [12]. The use of natural remedies over the long-term without any evidence of health risk may indicate that a drug is harmless [13,14].



Despite the wide use of plants in traditional medicine, there is no well-developed research that can explain the toxicity of all plants used. The lack of systematic toxicity studies on W. frutescens, even it is largely used in alternative medicine, was the objective of the research work.




2. Results and Discussion


2.1. Identification of Phytochemical Compounds by GC/MS


Gas chromatographic profile (Figure 1) represents the peaks and the retention time of each phytochemical compound contained in the ethanolic extract studied. Each compound has a dominant percentage. The extract is mainly composed of Chromium, pentacarbonyl (13.22%), 2-phenazine carbonitrile (10.64%), Terpinenol-4 (10.04%), and 4H-1-benzopyran-4-one,2,3-dihydro-5,7-dihydroxy-2phenyl(S) (8.76%) (Table 1). The pharmacological activities of some compounds identified in the extract like ferrocene and its derivatives exhibiting anti-proliferative effects against lymphocytic leukaemia [15]. Ferrocene was considered to be a promising anti-malarial drug [16,17]. Phenazine derivatives have antimicrobial effects [18]. Besides, terpinenol-4 as a compound exists in some plants consumed by humans, which has antimicrobial effects against some microorganisms [19]. The findings of the phytochemical analysis were in agreement with the earlier found data, which showed that the extract of W. frutescens possessed various phytochemical compounds (tannins, mucilage, terpenoids, alkaloids, polyphenols, and tannins) [20].




2.2. Bodyweight


Bodyweight and general behavior of animals were frequently assessed to indicate the occurrence of a toxic effect or a lack of a toxic effect [21]. The oral administration of the extract to mice up to a maximum dose (2000 mg/kg) under acute toxicity conditions did not negatively affect the behavior of animals nor its body weight. All animals given the extract (400 mg/kg, 1000 mg/kg, and the dose of 2000 mg/kg) gained weight when compared to the control group (Figure 2).



The observational evaluation did not record behavioural changes for all treated groups (diarrhea, immobility, excitement, refusal of food, tremor, and mortality) during the test period. The animals treated with 2000 mg/kg acquired a relaxation that occurred in the first 40 min after treatment compared to the control group. This result was consistent with the previous literature that showed the Genus Withania possessed calming substances [22].




2.3. Subacute Toxicity


Physical and behavioural examination revealed no adverse effects on mice given 400 mg/kg/day and 2000 mg/kg/day when compared to the control group (Figure 3). However, all animals treated with a dose up to a maximum gained weight (p > 0.05). These results could indicate that the administration of leaf extract of W. frutescens up to 2000 mg/kg/day to mice for 28 days has no adverse effect on physical appearance and body weight. Food and water consumption by animals receiving the extract studied was not directly affected when compared to the control group (p > 0.05). This finding agrees with other data, which showed that humans taking the aqueous extract of Withania somnifera gained weight and appetite [13,23].



2.3.1. Evaluation of the Organ Relative Weight


After 28 days of extract administration at 400 mg/kg and 2000 mg/kg body weight (Figure 4). Vital organs such as liver, kidney, and spleen were weighed. The results showed no alteration of the organ relative weight compared to the control group (p > 0.05). This result could confirm the safety of W. frutescens extract with oral administration up to 2000 mg/kg since the modification of the organ relative weight can be induced by toxic substances [24].




2.3.2. Biochemical Parameters Analysis


The results of the biochemical parameters analyzed such as urea, creatinine, and aminotransferases (ALAT and ASAT) are shown in Figure 5. The results showed that the biochemical parameters of treated mice with a dose up to a maximum (2000 mg/kg body) were not directly affected when compared to the control mice (p > 0.05). These findings were in agreement with those of acute toxicity, which showed no clinical symptoms nor behavioral changes occurred in mice treated with similar doses. In the current work, potential hepatotoxicity of the extract was assessed by measuring the enzymatic activities of aminotransferases (ALAT and ASAT). An abnormal increase in aminotransferase activities (ALAT and ASAT) could frequently refer to hepatotoxicity [25]. However, there is no effect on the activity of aminotransferase of treated mice when compared to the control group (p > 0.05). The kidney function was also assessed for potential toxic effects induced by the extract by measuring urea and creatinine concentration since any significant change in these parameters could refer to induced-nephrotoxicity [26,27]. In addition, as a result, the findings showed no adverse effect on urea or creatinine concentration when compared to the control group (p > 0.05).




2.3.3. Internal Organ Histology


Although the liver excised from all treated animals after 28 days of dosing was subjected to histological examination for analyzing the following injuries, bile ducts, hepatic vein, the artery in the portal area, and hepatic fat had no modification detected when compared to the control mice (p > 0.05) (Figure 6). These results were consistent with those of biochemical parameters, which showed no alteration in ASAT nor ALAT. The spleen plays a crucial role in the body to help in blood filtration in which red blood cells are recycled. The results of histological examination of the spleen tissue excised from animals treated with a dose up to a maximum of 2000 mg/kg body revealed no structural changes (Figure 7). The kidney tissues were also examined for a potential alteration of distal tubule, proximal tubule, and glomerulus. As a result, no morphological changes were noticed when compared to the control mice treated with distilled water during the whole period of dosing (Figure 8. These results were also supported by the biochemical parameters’ findings (urea and creatinine) since no modification was reported for them. These findings could confirm the safety of the extract studied up to 2000 mg/kg body since no adverse effect is noticed for the hematopoietic system [28].



The powder from leaves of W. frutescens has been used in folk medicine for centuries and has proven to be harmless to health. In vivo toxicity studies of products provide knowledge about safe doses in humans [29]. The results obtained in this work were used for performing a comparison with the earlier data, which showed no toxic effect occurred in animals treated with Withania somnifera hydroalcoholic extract under subacute toxicity conditions [28]. The standardized extract of W. frutescens attracts plenty of interest due to its use as an adjuvant in cancer treatment. The molecular purification of compounds contained in W. frutescens extract revealed that this plant contains withanoloids as an effective agent vs. cancer. Withaferin as a compound revealed in Withania somnifera extract showed to be a promising anticancer agent [26,29,30]. The present findings were in confirmation with the earlier literature which reported that no toxic symptoms happened in humans ingested Withania somnifera extract [31]. Subacute toxicity results suggest that the oral administration of W. frutescens extracted up to 2000 mg/kg/day does not cause any adverse effects in the animals.






3. Materials and Methods


3.1. Plant Material


Leaves of W. frutescens. L were collected at the end of March 2019 from the region of Fez-Morocco. The identification of the studied plant was made by the botanist Amina Bari (Department, Sidi Mohamed Ben Abdellah University Faculty of Sciences Dhar El-Mahraz, Fez, Morocco) and the voucher specimens have been deposited in the herbarium of the faculty of sciences under the reference BPRN69. The leaves were rinsed and dried in the shade at 30 ± 2 °C. The dried leaves were crushed using an electric mixture. The resulting powder was extracted using hydro-ethanolic maceration constituted of 70% ethanol and 30% distilled water for 24 h at room temperature. Afterward, the mixture was filtered under reduced pressure using a rota-steamer. After filtration, the filtrate/extract was kept for further use.




3.2. Phytochemical Analysis of Plant Extract by GC/MS


The phytochemical analysis of W. frutescens extract was made by N-methyl-N-trimethylsilyl, silylating agent of trifluoroacetamide (MSTFA). 0.003 g of the crude extract of W. frutescens obtained by adding 200 μL of N-methyl-N-trimethylsilyl trifluoroacetamide (MSTFA), afterward the extract was heated at 37 °C for 30 min. 0.1 μL of this the crude extract was injected into apparatus for analysis. The analysis was effectuated using GC-MS. Model 5973 purchased from Brand Agilent Technologies. Helium was used the column carrier gas with a typical pressure range (psi) of 0.9 mL/s. Graphite furnace temperature program was made between 70–270 °C at 4 °C/min and maintained at 270 °C for further 20 min. The injector temperature was set to 280 °C and the detector temperature was set to 290 °C. The injection was made with respect to the fractionated mode.




3.3. Animals Used


Mice (Swiss albinos) obtained from the Laboratory of Neuroendocrinology and Nutritional and Climatic Environment of the Faculty of Sciences Dhar El Mahraz, Fez, weighing 22 to 27 g and aged 8 weeks were used to perform the current study. Mice were typically housed in cages (five mice/cage) in environment conditions with a temperature 23 ± 2 °C and a light-dark cycle of 12 h for an acclimatization period of two weeks. The animals were fed standard pellets during the study period and had free access to water.



The procedures used to perform this study are in agreement with the international guidelines used for the use of laboratory animals. The ethical committee of the Faculty of Sciences of Fez, Morocco, revised and approved this work under the ethical clearance N-ANI-BPRN-134.




3.4. Preparation of Test Solutions


The crude extract obtained was dissolved in distilled water. Afterward, the mixture was stirred (3–5 min) using a magnetic stirrer. The obtained solution was kept in a refrigerator after each oral administration. The volume of solution selected for administration was determined by the following mathematical formula.


  V =   D × P  C   











V = volume of solution selected to be administered (mL), D = dose (mg/kg), P = weight of animal (kg), and C = concentration of solution selected to be administered (mg/mL).




3.5. Acute Toxicity


Acute oral toxicity of the extract was evaluated in mice according to guidelines 423 [32]. After treatment, animals were observed individually at least one time during the first 30 min and regularly for the upcoming 24 h with particular attention during the first 4 h. Animals were then observed daily for 14 days. Observations focused on behavioral changes. Particular attention was paid to the observation of various manifestations of tremor, convulsions, salivation, diarrhea, lethargy, and sleeping. The body weight was also weekly measured during the whole period of dosing.




3.6. Subacute Toxicity


Subacute toxicity study was designed according to the Organisation for Economic Co-operation and Development (OECD). Guidelines for the analysis of chemicals in a 28-day repeated-dose oral toxicity study in rodents [16]. For sub-acute studies, young and healthy mice were divided into three groups of five in each. Mice were given oral doses of 400 (group II) and 2000 (group III) mg/kg/day by the time the control mice were given distilled water for 28 days. Signs and symptoms of toxicity were observed during the whole period of dosing and the body weight was weekly measured for 28 days. At the end of the experimental period, all survived animals were euthanized for blood and organ collection.



3.6.1. Analysis of Serum Biochemistry


Analysis of serum biochemistry was done at the end of the experiment. The collected blood from mice was transferred into tubes with anticoagulants for being centrifuged at 3500 rpm for 10 min. The plasma was recovered and stored in a freezer until further analysis. Aspartate aminotransferase (ASAT), Alanine Aminotransferase (ALAT), Creatinine, and Urea, were measured. The measurement of biochemical parameters (ASAT, ALAT, urea, and creatinine) was carried out using a Hycel Lisa 300 automaton.




3.6.2. Histopathology Evaluation


Animals were anesthetized and subjected to cerebral dislocation for vital organ collection. Kidneys, liver, and spleen were excised and weighed to calculate the relative weight. Organs excised were saved in 10% formalin for further histological analysis [17].





3.7. Statistical Analysis


Data of the present study was expressed as means ± SEM (five replicates). Statistical significance was performed using the ANOVA test. A significant difference was considered when p < 0.05.





4. Conclusions


In light of this study, we could suggest that W. frutescens extract studied in terms of acute and subacute toxicity up to 2000 mg/kg/day revealed no adverse effects on mice, and, therefore, extracts from this plant are encouraged for medication up to the dose studied.







Author Contributions


A.E.M., M.B. and F.Z.J.; Writing—the original draft. H.M., M.S., R.U., A.B. (Ahmed Bari), S.S.A. and S.I.; Revision and editing. H.M.M. and M.B.; Visualization. D.B. and A.B. (Amina Bari); Supervisions and data validation. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by DSR King Saud University under RG No RG-1440-009.




Acknowledgments


The authors extend their appreciation to the Deanship of Scientific Research at King Saud University for financial support through research group no. (RG-1440-009).




Conflicts of Interest


The authors declare that there are no conflict of interest.




References


	



Prasad, R.; Koch, B. Antitumor activity of ethanolic extract of Dendrobium formosum in T-cell lymphoma: An in vitro and in vivo study. Biomed Res. Int. 2014, 2014. [Google Scholar] [CrossRef] [PubMed]

	



Couic-Marinier, F.; Lobstein, A. Les huiles essentielles gagnent du terrain à l’officine. Actual. Pharm. 2013, 52, 18–21. [Google Scholar] [CrossRef]

	



Gurib-Fakim, A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol. Aspects Med. 2006, 27, 1–93. [Google Scholar] [CrossRef] [PubMed]

	



Bellakhdar, J. The Traditional Moroccan Pharmacopee, Ancient Arab Medicine and Popular Knowledge; IBIS Press: Paris, France, 1998. [Google Scholar]

	



Rasool, M.; Varalakshmi, P. Immunomodulatory role of Withania somnifera root powder on experimental induced inflammation: An in vivo and in vitro study. Vascul. Pharmacol. 2006, 44, 406–410. [Google Scholar] [CrossRef] [PubMed]

	



El Moussaoui, A.; Jawhari, F.Z.; Almehdi, A.M.; Elmsellem, H.; Benbrahim, K.F.; Bousta, D.; Bari, A. Antibacterial, antifungal and antioxidant activity of total polyphenols of Withania frutescens. L. Bioorgan. Chem. 2019, 93. [Google Scholar] [CrossRef]

	



Bhatnagar, M.; Sisodia, S.S.; Bhatnagar, R. Antiulcer and antioxidant activity of Asparagus racemosus WILLD and Withania somnifera DUNAL in rats. Ann. N. Y. Acad. Sci. 2005, 1056, 261–278. [Google Scholar] [CrossRef]

	



Gupta, S.K.; Dua, A.; Vohra, B.P.S. Withania somnifera (Ashwagandha) attenuates antioxidant defense in aged spinal cord and inhibits copper induced lipid peroxidation and protein oxidative modifications. Drug Metabol. Drug Interact. 2003, 19, 211–222. [Google Scholar] [CrossRef]

	



Bhattacharya, A.; Ghosal, S.; Bhattacharya, S.K. Anti-oxidant effect of Withania somnifera glycowithanolides in chronic footshock stress-induced perturbations of oxidative free radical scavenging enzymes and lipid peroxidation in rat frontal cortex and striatum. J. Ethnopharmacol. 2001, 74, 1–6. [Google Scholar] [CrossRef]

	



Bhattacharya, S.K.; Satyan, K.S.; Ghosal, S. Antioxidant activity of glycowithanolides from Withania somnifera. Indian J. Exp. Biol. 1997, 35, 236–239. [Google Scholar]

	



Ilayperuma, I.; Ratnasooriya, W.D.; Weerasooriya, T.R. Effect of Withania somnifera root extract on the sexual behaviour of male rats. Asian J. Androl. 2002, 4, 295–298. [Google Scholar]

	



Rosidah; Yam, M.F.; Sadikun, A.; Ahmad, M.; Akowuah, G.A.; Asmawi, M.Z. Toxicology evaluation of standardized methanol extract of Gynura procumbens. J. Ethnopharmacol. 2009, 123, 244–249. [Google Scholar] [CrossRef] [PubMed]

	



Prabu, P.C.; Panchapakesan, S.; Raj, C.D. Acute and sub-acute oral toxicity assessment of the hydroalcoholic extract of Withania somnifera roots in wistar rats. Phyther. Res. 2013, 27, 1169–1178. [Google Scholar] [CrossRef] [PubMed]

	



WHO. General Guidelines for Methodologies on Research and Evaluation of Traditional Medicine. In Annex II; World Health Organisation: Cham, Switzerland, 2000. [Google Scholar]

	



Babin, V.N.; Belousov, Y.A.; Borisov, V.I.; Gumenyuk, V.V.; Nekrasov, Y.S.; Ostrovskaya, L.A.; Sviridova, I.K.; Sergeeva, N.S.; Simenel, A.A.; Snegur, L.V. Ferrocenes as potential anticancer drugs. Facts and hypotheses. Russ. Chem. Bull. 2014, 63, 2405–2422. [Google Scholar] [CrossRef]

	



OECD/OCED, OECD. Test No. 407: Repeated Dose 28-Day Oral Toxicity Study in Rodents [Guidelines on the Internet]; OECD: Paris, France, 1992. [Google Scholar] [CrossRef]

	



Chebaibi, M.; Bousta, D.; Chbani, L.; Ez zoubi, Y.; Touiti, N.; Achour, S. Acute toxicity of plants mixture used in traditional treatment of edema and colic renal in Morocco. Sci. Afr. 2019, 6, e00152. [Google Scholar] [CrossRef]

	



Nansathit, A.; Phaosiri, C.; Pongdontri, P.; Chanthai, S.; Ruangviriyachai, C. Synthesis, Isolation of Phenazine Derivatives and Their Antimicrobial Activities. Walailak J. Sci. Technol. 2009, 6, 79–91. [Google Scholar] [CrossRef]

	



Hammer, K.A.; Carson, C.F.; Rileya, T.V. Effects of Melaleuca alternifolia (tea tree) essential oil and the major monoterpene component terpinen-4-ol on the development of single- and multistep antibiotic resistance and antimicrobial susceptibility. Antimicrob. Agents Chemother. 2012, 56, 909–915. [Google Scholar] [CrossRef]

	



Moussaoui AE, L.; Jawhari, F.Z.; Bousta, D.A.L.I.L.A. Phytochemical Characterization and Antioxidant Activity of the Northern Moroccan Species: Withania Frutescens L. Asian J. Pharm. Clin. Res. 2019, 276–279. [Google Scholar] [CrossRef]

	



Sireeratawong, S.; Lertprasertsuke, N.; Srisawat, U.; Thuppia, A.; Ngamjariyawat, A.; Suwanlikhid, N.; Jaijoy, K. Acute and subchronic toxicity study of the water extract from Tiliacora triandra (Colebr.) Diels in rats. Songklanakarin J. Sci. Technol. 2008, 30, 611–619. [Google Scholar]

	



Bhattacharya, S.K.; Muruganandam, A.V. Adaptogenic activity of Withania somnifera: An experimental study using a rat model of chronic stress. Pharmacol. Biochem. Behav. 2003, 75, 547–555. [Google Scholar] [CrossRef]

	



Aphale, A.A.; Chhibba, A.D.; Kumbhakarna, N.R.; Mateenuddin, M.; Dahat, S.H. Subacute toxicity study of the combination of ginseng (Panax ginseng) and Ashwagandha (Withania somnifera) in rats: A safety assessment. Indian J. Physiol. Pharmacol. 1998, 42, 299–302. [Google Scholar]

	



Raza, M.; Al-Shabanah, O.A.; El-Hadiyah, T.M.; Al-Majed, A.A. Effect of prolonged vigabatrin treatment on hematological and biochemical parameters in plasma, liver and kidney of Swiss albino mice. Sci. Pharm. 2002, 70, 135–145. [Google Scholar] [CrossRef]

	



Fortson, W.C.; Tedesco, F.J.; Starnes, E.C.; Shaw, C.T. Marked elevation of serum transaminase activity associated with extrahepatic biliary tract disease. J. Clin. Gastroenterol. 1985, 7, 502–505. [Google Scholar] [CrossRef] [PubMed]

	



Mukinda, J.T.; Eagles, P.F.K. Acute and sub-chronic oral toxicity profiles of the aqueous extract of Polygala fruticosa in female mice and rats. J. Ethnopharmacol. 2010, 128, 236–240. [Google Scholar] [CrossRef] [PubMed]

	



Gnanamani, A.; Sudha, M.; Deepa, G.; Sudha, M.; Deivanai, K.; Sadulla, S. Haematological and biochemical effects of polyphenolics in animal models. Chemosphere 2008, 72, 1321–1326. [Google Scholar] [CrossRef]

	



Verhelst, D.; Monge, M.; Meynard, J.L.; Fouqueray, B.; Mougenot, B.; Girard, P.M.; Ronco, P.; Rossert, J. Fanconi syndrome and renal failure induced by tenofovir: A first case report. Am. J. Kidney Dis. 2002, 40, 1331–1333. [Google Scholar] [CrossRef]

	



Zhu, Z.; Luo, Z.; Li, Y.; Ni, C.; Li, H.; Zhu, M. Human inhibitor of growth 1 inhibits hepatoma cell growth and influences p53 stability in a variant-dependent manner. Hepatology 2009, 49, 504–512. [Google Scholar] [CrossRef]

	



Schliebs, R.; Liebmann, A.; Bhattacharya, S.K.; Kumar, A.; Ghosal, S.; Bigl, V. Systemic administration of defined extracts from Withania somnifera (Indian Ginseng) and Shilajit differentially affects cholinergic but not glutamatergic and gabaergic markers in rat brain. Neurochem. Int. 1997, 30, 181–190. [Google Scholar] [CrossRef]

	



Raut, A.A.; Rege, N.N.; Tadvi, F.M.; Solanki, P.V.; Kene, K.R.; Shirolkar, S.G.; Pandey, S.N.; Vaidya, R.A.; Vaidya, A.B. Exploratory study to evaluate tolerability, safety, and activity of Ashwagandha (Withania somnifera) in healthy volunteers. J. Ayurveda Integr. Med. 2012, 3, 111–114. [Google Scholar] [CrossRef]

	



OECD. Acute Oral Toxicity—Fixed Dose Procedure (chptr). OECD Guidel. Test. Chem. 2001, 1–14. [Google Scholar] [CrossRef]












	
	
Sample Availability: Samples of the compounds are available from the authors.












[image: Molecules 25 04528 g001 550] 





Figure 1. Gas chromatographic profile of W. frutescens extract. 
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Figure 2. Effect of treatment with W. frutescens extract on body weight evolution of animals. 
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Figure 3. Effect of treatment with W. frutescens extract on body weight evolution of animals. 
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Figure 4. Effect of treatment with W. frutescens extract on relative organ weights. 
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Figure 5. Effect of W. frutescens extract on animal biochemical parameters (A): Urea, (B): Creatinine, (C): ASAT, (D): ALAT. Values are expressed as mean ± SEM, n = 5. 
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Figure 6. Photomicrographs of liver slices of animals treated W. frutescens (magnification ×40). 
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Figure 7. Microscopic photo of spleens of animals treated W. frutescens (magnification ×40). 
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Figure 8. Kidney histology of animals treated with 400 mg/kg, 2000 mg/kg (magnification ×40). 
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Table 1. Phytochemical compounds identified in the extract by gas chromatography.
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	Peaks
	R.T (min)
	Name
	Area %





	1
	15.203
	1,7,7-Trimethylbicyclo[2.2.1]heptan-2-ol
	1.19



	2
	15.086
	Terpinenol-4
	10.04



	3
	14.862
	6,6-Dimethyl-2-methylenebicyclo[3.1.1]heptan-3-one
	2.67



	4
	14.151
	Bicyclo [3.1.1] heptan-3-ol, 6,6-dimethyl-2-methylene
	6.26



	5
	13.902
	1-Isopropyl-4-methylbicyclo[3.1.0]hexan-3-one
	1.24



	6
	13.593
	Bicyclo[3.1.0]hexan-3-one, 4-methyl-1-(1-methylethyl)
	1.10



	7
	13.348
	2,5,5-trimethylhepta-2,6-dien-4-ol
	1.84



	8
	13.284
	Cuproine
	2.34



	9
	13.063
	butanedioic acid,(trimethylsilyl oxy); bis (trimethylsilyl)
	1.33



	10
	12.978
	Malic acid, o-trimethylsilyl), bis (trimethylsilyl) ester
	2.77



	11
	12.930
	2,2′-biquinoline
	3.00



	12
	12.685
	3-oxovaleric acid
	0.65



	13
	12.529
	Hexadecanoic acid
	1.17



	14
	11.874
	Palmitic acid
	1.00



	15
	11.115
	cyclopentadieneacrylic acid
	0.68



	16
	10.927
	Ferrocene (2-carboxyethenyl)
	0.75



	17
	10.786
	4H-1-benzopyran-4-one,2,3-dihydro-5,7-dihydroxy-2phenyl(S)
	8.76



	18
	9.702
	Pyrido (3,2-d) pyrimidine-2,4(1H,3H)-dione,1,3,6,trimethyl
	3.66



	19
	9.590
	Trimethylsilyl ether of glycerol
	0.86



	20
	9.377
	2-cyanophenazine
	7.67



	21
	9.100
	2-phenazine carbonitrile
	10.64



	22
	8.614
	Cyclopentan ecarboxylic acid, 3-methyl-2-oxo, ethyl ester
	0.83



	23
	8.570
	m-phenylphenol
	1.04



	24
	8.397
	Tetramethylethylene-1,4-diol 2Tms
	7.58



	25
	7.851
	3-biphenylol
	2.92



	26
	7.486
	1-Naphtalenethiol
	0.72



	27
	5.120
	Pyradiazine,3-chloro-6-(methylthio)
	1.72



	28
	4.952
	Chromium, pentacarbonyl
	13.22



	29
	4.671
	3H-pyrazol-3-one, 2-4-dihydro-5-phenyl
	2.29
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