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ABSTRACT
Objective: The hypoglycemic, hepatorenalprotective, and antioxidant Activities of Cyperus rotundus rhizomes extract in an alloxan-induced diabetic rat model were investigated in this work.
Methods: 25 Male rats were divided into 5 groups: normal control, diabetic control, diabetic of C. rotundus (200 mg/kg b.w), diabetic of C. rotundus (400 mg/kg b.w), diabetic of glibenclamide (0.6mg/kg).Treatments were administered orally for 6 weeks.
[bookmark: _Hlk88587282]Results: A single injection of alloxan to rats (150mg/kg b.w) caused pathological alterations in all studied parameters and histological structure of the pancreas. On the other hand, results showed that oral administration of C. rotundus rhizomes extract in dose of 200 and 400 mg/kg caused significant reduction in glucose, HbA1C%, α-amylase level and plasma lactate together with significant elevation in serum insulin, serum pyruvate with an improvement in insulin resistance. In line with amelioration of the diabetic state, C. rotundus rhizomes extract improved of the liver and kidney functions, and oxidative marker levels. Moreover, the extract succeeded to reduce the elevated serum total cholesterol, triglyceride (TG) and low-density lipoprotein- cholesterol (LDL-C) levels and to elevate the reduced high-density lipoprotein- cholesterol (HDL-C) level of diabetic rats.
Conclusion: The investigation data concluded that C. rotundus rhizomes extract could be used as alternative treatments as antidiabetic, antioxidant and antihyperlipidemic, and agent as well as in liver and kidney protective in alloxan induced-diabetic rats. This may be related to the presence of saponin glycosides, polyphenols, flavonoids, and terpenoids in the ethanolic extract of C. rotundus rhizomes, which was discovered by phytochemical screening in this study to be present in the plant.
Keywords: Cyperus rotundus rhizomes, Diabetes, Lipids Profile, Hepatorenalprotective, Oxidative marker
INTRODUCTION
[bookmark: _Hlk88585297][bookmark: _Hlk84794602][bookmark: _Hlk84794588]Hyperlipidemia, Hyperglycemia and oxidative stress have become major health concerns in recent years. These parameters are known to be the main risk factors contributing to the development and progression of atherosclerosis and associated cardiovascular and cerebrovascular diseases (Touiss et al., 2019). Diabetes Mellitus (DM) is a chronic metabolic disease that has far-reaching social, health, and economic ramifications (Tarr et al., 2013). The clinical state of prolonged increase in levels of plasma glucose due to ineffective or inadequate amount of insulin is referred as DM. It is the third most leading causes of death among developing countries following heart diseases and cancer which can lead to serious health complications such as cardiovascular disorders, stroke, diabetic retinopathy and kidney dysfunction (Bharathkumar et al., 2014). The prevalence of diabetes in the world was predicted to be 9.3 percent (463 million people) in 2019, and it is expected to rise to 10.2 percent (578 million people) by 2030 and 10.9 percent (700 million people) by 2045 (Saeedi et al., 2019). This demands the use of medicinal plants as a valuable source for the creation of novel medicines since they are effective, have lower costs, and have less side effects than traditional pharmaceuticals sources (Bailey and Day, 1989).
[bookmark: _Hlk84794668]There have been several reports of medicinal plants being utilized as an alternative source of therapy for a variety of pathophysiological diseases, including diabetes mellitus and antioxidants. Among these plants is C. rotundus (Nutgrass, family Cyperaceae). Throughout the world, this plant may be found in all tropical and subtropical areas, including Yemen, where it has a widespread distribution. In Yemen widely grows between khat tree, with edible, fresh roots (Ibraheem, 2013). The use of this compound in pharmaceutical applications such as anti-inflammatory and antipyretic therapy has gained popularity (Rocha et al., 2020), antirheumatic, antiulceric and antineural agent(Pirzada et al., 2015), anticarcinogenesis effect (Mannarreddy et al., 2017), antibacterial activity (Zhang et al.,2017), antimutagenic activity (Kilani et al., 2007) and also antiaging effect(Nam et al., 2016). The methanolic extract of the rhizome also shown hepatoprotective and antioxidant activity, as well as a suppression of lipid peroxidation, in addition to other effects (Parvez et al., 2019; Rajakrishnan et al., 2020). Numerous antioxidant assays were performed on the hydroalcoholic extract of C. rotundus, including the phosphomolybdenum method to determine antioxidant capacity, total antioxidant activity in linoleic acid emulsion systems to determine total antioxidant activity, DPPH, superoxide, hydroxyl radicals, and NO scavenging activity (Yazdanparast and Ardestani, 2007). As well as hypoglycemic activities (Nishikant and Naresh, 2006; Chaulya et al., 2011; Krisanapun et al., 2012; Raut and Gaikwad, 2012; Singh et al., 2015). Ardestani and Yazdanparast (2007) emphasized the protein glycation inhibitory and antioxidant activities of C. rotundus, which they hypothesized might be beneficial in the treatment of diabetes complications and complications of other diseases. The fractionated hydroethanol extract of C. rotundus was shown to be extremely efficient in the treatment of rats with alloxan-induced diabetes (Raut and Gaikwad, 2006). Researchers observed that the hydroalcoholic extract of C. rotundus was particularly powerful against diabetes-induced cataractogenesis, vision loss, or clouding of the ocular lens (Ramya et al., 2012).
The phytochemical constituents of C. rotundus rhizome include Flavonoids, Triterpenoids, Phenylpropanoids, Alkaloids, Phenolic acids, Iridoides, benzodihydrofurans sesquiterpenes and saponins (Sayed et al., 2001, 2007; Chaulya et al., 2011; Srivastava et al., 2013; Zhou and Zhang 2013) that can be responsible for its biological effects like antihyperglycemic, antioxidants and hyperlipidimic.  
The importance of the current work is that it studies for the first time the C. rotundus rhizomes extract that grows in Yemen, where reviewing the current literature revealed that the C. rotundus rhizomes that grows in the Yemen are not investigated for different antihyperglycemic activities. In this study, first we assessed the safety of C. rotundus rhizomes extract, by conducting a toxicity test through oral administration to rats (LD50), second we phytochemical screened of C. rotundus rhizomes extract for the detection of active components, and after then the evaluated the effects of using C. rotundus rhizomes Extract, and its bioactive compounds as an alternative medicine for improvement of the general properties of diabetes, carbohydrate metabolism enzymes and lipids profile, liver and kidney functions in alloxan-induced diabetic rats.
MATERIAL AND METHODS
Animals 
[bookmark: _Hlk84794909]Male rats 4-5 months old, weighing 270 - 330 g were obtained from the zoo, Sana'a- Yemen. They were housed in stainless steel cages in a well-ventilated room in animal house of the faculty of Medical Sciences, Al-Razi University. The animals were kept under controlled environmental conditions with free access to standard laboratory diet and water ad libitum during the entire period of the study. All animal experiments were carried out in accordance with the Guide for the Care and Use of Laboratory Animals published by the National Institute of Health (NIH, 1978). Animal handling and all related procedures were carried out by the procedures approved by the research committee of faculty of Applied Science, Amran University, Amran, Yemen (o56/FMS/2021).
Chemicals
[bookmark: _Hlk88586458][bookmark: _Hlk84794950][bookmark: _Hlk84795067]Alloxan monohydrate was obtained from Sigma Aldrich Chemicals Pvt, Ltd, Bangalore. Glibenclamide was purchased from Chennai, Tamil Nadu (India). Glucometer, was obtained from Roche (Germany), type (Accuchek-Active. Sensitive Rat Insulin RIA kit supplied from Linco Research Inc. (USA). The Spinreact company provided diagnostic kits for the measurement of blood glucose, blood lactate, blood pyruvate, total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein, albumin, urea, and creatinine (Spain). Glycated hemoglobin kit was obtained from Stanbio, San Antonio (USA). China's Shanghai Korian Biotech Company, Yangpu Dist. Shanghai, provided the ultrasensitive rat insulin-enzyme-linked immunosorbent test (ELISA) kit for this study. All of the other chemicals and reagents were of the greatest quality that could be found on the market.
Plant collection and extract preparation 
The rhizomes of C. rotundus were collected from Mbin district, Hajjah, Yemen during the April to May 2020, and was identified and authenticated by Dr. Hassan M.H. Sugil, Assistant professor of Plant Taxonomy, Department of Biology, Faculty of Science, Hajjah University, Yemen. The seeds were dried under shade at room temperature then they were finely powdered using an electric mill. The powdered sample (500gm) was extracted with ethanol 70% four times and then put on shaker at 35 °C. After continues shaking for 3 days, the mixture was filtered. The filtrate was completely dried under vacuum in the desiccator. 
Oral acute toxicity study (LD50)
[bookmark: _Hlk84795294][bookmark: _Hlk88587016]OECD-423 criteria for the calculation of LD50 were used to conduct an acute toxicity test on the rhizomes of C. rotundus extract in male rats, according to the results of the test. The aim of determination of LD50 for the rhizomes of C. rotundus extract was to ensure safety in-vivo and for establishing therapeutic index of particular drug.
Phytochemical analysis 
Preliminary phytochemical screening of rhizomes of C. rotundus extract was carried out according to the methods described by (Harbourne, 1984) for the detection of active components like carbohydrate, glycosides, alkaloids, flavonoids, steroids, triterpenes, saponins, proteins & amino acids, polyphenols, fixed oils & fats, gums & mucilage, anthroquinones, coumarins, resins and tannins.
Experimental design
Following the establishment of the diabetes model using alloxan (150mg/kg b.w), 25 rats were divided into five groups of 5 animals in each group. Treatments were administered orally for 6 weeks.
Group I: control rats received vehicle solution (Distilled water) 5 ml/kg
Group II: Diabetic rats received vehicle solution (DW) 5 ml/kg
Group III: Diabetic rats treated with rhizomes of C. rotundus extract at a dose 1/20 of LD50 (200 mg/kg b.w).
Group IV: Diabetic rats treated with rhizomes of C. rotundus extract at a dose 1/10 of LD50 (400 mg/kg b.w).
Group V: Diabetic rats treated with glibenclamide (0.6 mg/kg).
Testing of FBG level and Biochemical evaluation
[bookmark: _Hlk84795334]FBG levels were measured on zero time, 4 h, 6 h, 8 h and 24 h. Also, FBG of weeks 1, 2, 3, 4, 5 and 6 were measured. Blood samples were collected from the tail vein and FBG level was measured using single touch glucometer. Body weight (initial b.w) of each rat was recorded before commencement of treatment, and was recorded at weekly intervals throughout the experimental period i.e., 6 weeks and expressed as % change in body weight compared to initial body weight. At the end of the experiment, all animals were deprived from food for 12 h. Blood samples were taken from the eye and collected into sterile tubes without anticoagulants, and centrifuged at 3000 rpm for 15 min at 4°C to separate the serum for biochemical analysis. Pancreatic tissue samples were carefully dissected and a part of these samples was stored in 10% formalin for histological examination.
Statistical Analysis 
[bookmark: _Hlk88587868]The mean±S.E.M value of each parameter was computed considering data on five rats in each group. The mean value of each parameter of normal group and diabetic group were compared using one-way analysis of variance (ANOVA) followed by Duncan's new multiple range test fixing a minimum significance level of P ≤ 0.01.
RESULTS AND DISCUSSION
Acute toxicity study
Oral treatment of C. rotundus rhizomes ethanolic extract in male rats did not cause death and behavioral changes at 4000 mg/ kg b.w. No visible signs of toxicity were reported in the rats treated with the extract indicating its safety. Accordingly, the LD50 value was found to be higher than 4000 mg/ kg (Table 1). Therefore, C. rotundus rhizomes ethanolic extract can be categorized as quietly safe since substances possessing LD50 higher than 500 mg/kg are non-toxic (Buck et al., 1976).
	Table (1) LD50 of C. rotundus rhizomes extract

	Dose
	No. of Rats
	No. of rat death

	500 mg/kg
	5
	0

	1000 mg/kg
	5
	0

	2000 mg/kg
	5
	0

	4000 mg/kg
	5
	0

	LD50 be higher than 4000mg/ kg b.w.


Result of Phytochemical analysis of C. rotundus rhizomes ethanolic extract
[bookmark: _Hlk82450625]Preliminary phytochemical screening of C. rotundus rhizomes ethanolic extract positive for carbohydrate, glycosides, alkaloids, steroids, flavonoids, triterpenes, saponins, polyphenols, coumarins, resins and tannins, in contrast the extract tested negative for Proteins & amino acids, fixed oils & fats, gums, mucilage and Anthroquinones, as shown in table 2. The current findings are consistent with those obtained by several investigations, and they indicated that the alcoholic extract of C. rotundus rhizomes ethanolic extract contains the following constituents: Flavonoids and phenolic acids are two types of antioxidants (Sayed et al., 2001; Jahan et al. (2013), Triterpenoids (Singh and Sharma 2015), Phenylpropanoids (Zhou and Zhang 2013; Zhang et al., 2017), Alkaloids (Jeong et al., 2000), Iridoides and benzodihydrofurans (Sayed et al., 2007; Zhou et al. 2013; Zhou and Zhang, 2013; Zhang et al. 2017), sesquiterpenes and saponins (Srivastava et al., 2015),tannins, proteins and amino acids(Chaulya et al., 2011),which may be responsible for its biological activities as antihyperglycemic and antioxidants.  
	Table (2) Phytochemical analysis of rhizomes of C. rotundus extract

	Phytoconstituents
	Presence or absent 
	Phytoconstituents
	Presence or absent 

	Carbohydrate
	+
	Polyphenols
	+

	Glycosides
	+
	Fixed oils & fats
	-

	Alkaloids
	+
	Gums & mucilage
	-

	Steroids
	+
	Anthroquinones
	-

	Flavonoids
	+
	Coumarins
	+

	Triterpenes
	+
	Resins
	+

	Saponins
	+
	Tannins
	+

	Proteins & amino acids
	-
	
	


Effect of C. rotundus rhizomes ethanolic extract on FBG level in Alloxan-diabetic rats at zero time, 2, 4, 8 ,24 h, and at 6 weeks
[bookmark: _Hlk88589056]Rats treated with a single injection of alloxan showed gradual increase in blood glucose levels at time 0, 2, 4, 8 and 24 h, in the mean percent 230.2, 280.1, 300.5, 340.7 and 415.8 respectively, as compared to control. Administration of C. rotundus rhizomes ethanolic extract (200 and 400 mg/kg b.w) and glibenclamide (0.6 mg/kg b.w) significantly reduced (p<0.01) blood glucose levels with time (0, 2, 4 and 8 h). The onset of antihyperglycemic effect of glibenclamide was 4 h (201.2) and that of the extract at 200 mg/kg by 200.6 and 400 mg/kg by 194.5 were 4 h. The peak of the effect was attained at 8 h but the effect diminished at 24 h was 235 and 221 of the extract at 200mg/kg and 400 mg/kg respectively, and that of glibenclamide was 220, as compared to control (Fig. 1). 
A study conducted on alloxan diabetic rats to determine the impact of repeated oral administration of C. rotundus rhizomes extract on blood glucose levels is depicted in (Fig. 2). The C. rotundus rhizomes extract administered at doses of 200 and 400 mg/kg to alloxan-treated diabetic rats caused significant (p<0.01) reduction of blood glucose level which was related to dose and duration of treatment.  Diabetes rats were given rhizomes of C. rotundus extract at a dose of 400 mg/kg extract, which had the greatest glucose-lowering impact. When comparing the glibenclamide group to the diabetic control group, the glibenclamide group demonstrated a substantial drop in blood glucose levels and body weight. Oxygen free radicals have been demonstrated to be involved in the diabetogenic action of alloxan (Heikkila et al., 1974), and antioxidants have been proven to be beneficial in the treatment of diabetes (Lee et al., 2002). Using hydroxyl radical scavengers, researchers were able to protect mice against the diabetogenic effects of alloxan (Heikkila et al., 1976). It has been demonstrated in this study that C. rotundus is a radical scavenger, which is a first for this species. Furthermore, it has been observed that C. rotundus has an inhibitory impact on the generation of nitric oxide and superoxide in laboratory animals (Seo et al., 2001). This suggests that C. rotundus's antihyperglycemic effect is due to its ability to scavenge free radicals generated by alloxan rather than its antioxidant activity (Nishikant and Naresh, 2006).
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Effect of C. rotundus rhizomes ethanolic extract on general properties of diabetes and carbohydrate metabolism enzymes in Alloxan induced-diabetic rats.
[bookmark: _Hlk84795483]As demonstrated in table 3, rats in the alloxan-treated diabetic group had significantly higher blood glucose, HbA1C percent, and lactate levels, as well as significantly lower serum insulin and serum pyruvate levels, as compared to control rats. In contrast, a significant reduction in blood glucose together with significant elevation in serum insulin and serum pyruvate with the concomitant elevation of plasma lactate was observed in diabetic rats treated with rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg for 6 weeks, this marked improving  could be related to the improvement in insulin release from the existing β- cells of the pancreas that resulted in improvement the glycemic state because of the presence of active compounds like flavonoids that have strong antioxidant properties, "as they are scavengers of reactive oxygen species and diminishe their toxic properties"(Duthie and Crozier, 2000). C. rotundus rhizomes extract enhanced glucose usage in diabetic rats by boosting insulin secretion (perhaps owing to saponin and polyphenol concentration) and reducing hyperglycemia (may be due to total polyphenols content) (Sarin, 2015; Nishikant and Naresh, 2006). According to Srivastava et al. (2013), the active component in C. rotundus rhizomes, saponin and glycoside, increases insulin secretion. Flavonoids have been shown to repair damaged cells in diabetic rats with alloxan (Chakravarthy et al., 1980). Antihyperglycemic phenolics have been discovered to be beneficial (Manickam et al., 1997).
The levels of α-amylase are determined for diagnosing acute pancreatitis and other pancreatic disorders. In diabetic rats, α-amylase activity was higher than in nondiabetic rats, according to our findings. On the other hand, α-amylase activity reduced in the diabetic rats to 49.34 and 47.92 U/L after treatment with rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg, respectively (Table 3). The results of the biochemical analyses were confirmed by the histopathological changes observed in the pancreas of the diabetic rats in the form of destruction and atrophy of β-cells in Langerhans islets. Several studies have reported that high levels of serum pancreatic amylase and lipase were associated with the development of DM and acute pancreatitis (Gandhi and Kulkarni, 2012; El-Desouki et al., 2015; Al-Awar, 2019). The number of β-cells and the size of the islet of Langerhans increased in diabetic rats treated with C. rotundus.
The oral administration of resulted in the recovery of partially destroyed β-cells, in addition to normalization of the cell size, increase in β-cell numbers, and prevention of β-cell necrosis, which clearly demonstrated the protective effects of Spirulina on the pancreas (Priyanka et al., 2017). Methanol extracts of C. rotundus rhizomes inhibited the enzymes α-glucosidase and α -amylase, indicating that they had anti-diabetic properties (Tran et al., 2014).
Insulin resistance (IR) is the major hallmark for determining the etiology and pathogenesis of DM. Our results revealed the effect of S. platensis biomass, phycocyanin and phycocyanopeptide on IR (HOMA-IR score) and β-cell function (HOMA-β) score in the diabetic rats (Table3). Our findings revealed that when comparing the diabetes control group to the normal control group, IR (HOMA-IR score) rose in the diabetic control group, whereas it reduced in all treatment groups when compared to the diabetic control group. Furthermore, diabetic control rats' pancreatic-cell function was reduced as compared to normal control rats. The HOMA-β score was higher in the diabetic rats administered rhizomes extract of C. rotundus compared with the diabetic control rats in the following order: rhizomes extract of C. rotundus in dose of 200 mg/kg > rhizomes extract of C. rotundus in dose of 400 mg/kg >Glibenclamide (10.49 mg/dL). Administration of rats with alloxan causes a rapid damage to pancreatic β-cells, resulting in impairment of glucose levels and stimulation of insulin excretion. The increase in blood glucose levels may be due to the decrease in the transport of glucose to different tissues and the increase in glycogen breakdown and glucose production in the liver (Priyanka et al., 2017).
	Table 3. Effect of C.rotundus "rhizomes ethanolic extract on general characteristics of diabetes and carbohydrate metabolism enzymes in Alloxan" induced-diabetic rats

	Parameters
	Groups

	
	Normal Control
	Diabetic Control
	Diabetic of C. rotundus(200 mg/kg b.w)
	Diabetic of C. rotundus(400 mg/kg b.w)
	Glibenclamide
(0.6 mg/kgb.w)

	Glucose (mg/dl)
	83±2.65
	371±2.52*
	171 ±2.52*#
	169±4.04*#
	168±5.57*#

	Insulin (µU/ml)
	15.06±0.05
	6.56±0.49*
	10.49±0.05*#
	11.90 ±0.09*#
	12.07±0.21*#

	HbA1C%
	5.7±1.1
	13.6±1.6*
	8.9±1.5*#
	8.1±1.3*#
	7.9±1.2*#

	α-amylase (U/L)
	25.72±2.05
	95.32±3.04*
	49.34±2.35*#
	47.92±3.03*#
	65.58±3.05*#

	Lactate (mg/dl)
	11.9±2.11
	18.9±3.13*
	15.8±2.78*#
	15.1±3.45*#
	13.9±3.43#

	Pyruvate (mg/dl)
	0.94±0.01
	0.59±0.02*
	0.79±0.02*#
	0.81±0.03*#
	0.86±0.01*#

	HOMA-IR (mg/dl)
	3.09±0.91
	6.01±0.99*
	4.43±0.87#
	4.97±0.67*#
	5.01±0.71*#

	Β-cell function (HOMA-? Score) (mg/dl)
	2.88±1.34
	61.88±1.47*
	22.63±2.88*#
	17.43±2.07*#
	10.49±1.91*#

	Values are expressed means±S.E.M. *P < 0.01 compared to normal group; #P < 0.01 compared to diabetic control.


Effect of C. rotundus rhizomes extract on lipid profile levels in alloxan-diabetes rats.
[bookmark: _Hlk84796281][bookmark: _Hlk84796728]Results in figure 3 showed a significant rise serum T. Cholesterol, TG and LDL-C levels , whereas level of HDL-C was significantly lowered in untreated diabetic rats.  These results are similar to those obtained by (Zargar et al., 1995). (Hye et al.,1995) stated that the levels of serum lipids are usually elevated in diabetes mellitus, and this represents the risk of coronary heart disease. The treatment with rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg and glibenclamide for 6 weeks resulted in significant reduction in serum T. Cholesterol, TG and LDL-C levels together with significant rise in HDL-C level reverted to the near normal level (Fig.3). This may be due to functional ingredients, saponins in C. rotundus which have hypolipidimic effects by decreasing T. Cholesterol, triglycerides and LDL-C in hyper lipidemic rats (Zhang et al., 2004; Zhao et al.,2005). The hypolimidimic potential of C. rotundus extract (200 mg/kg b.w.) against isoproterenol (ISO) induced cardiotoxicity was reported for the first time by Jahan et al. (2012). The extract was found to reduce isoproterenol induced cytosolic enzymes and restore the level of antioxidant enzymes in heart tissues. (Garg 2017), who the efficacy of C. rotundus  Linn. in lowering of T. Cholesterol, triglyceride, LDL-C, and VLDL-C. (Okwu et al., 2015) found that bioactive chemicals found in the rhizome of C. rotundus  exhibit hypolipidemic properties and compare favorably to the typical clinically used therapeutic hypolipidemic drug, simvastatin. Flavonoids, on the other hand, were shown to lower LDL-C and raise HDL-C, according to Weggemans and Trautwein (2003).  
[image: ]

Effect of C. rotundus rhizomes ethanolic extract on Liver function test in Alloxan induced-diabetic rats*
*#
*#
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Results in table 4 showed a significant increased serum ALT and AST levels in diabetic rats compared with those in the normal control group. After administering rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg, these values were reduced, and these results were almost similar to the results of the group that received glibenclamide. The total serum protein and albumin level in the Alloxan-induced diabetic rats treated for 6 weeks with rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg decreased (Table4). Furthermore, the total protein and albumin content in the diabetic group treated with rhizomes extract of C. rotundus in dose of 200 and 400 mg/kg was similar to that in the group treated with glibenclamide (Table 4). Our results indicate that liver function levels can be maintained in the Alloxan-induced diabetic rats after treatment with C. rotundus rhizomes. Furthermore, the hepatoprotective effect of C. rotundus rhizomes might be attributed to the presence of flavonoids and phenolic compounds, both of which are known to have antioxidant properties (Chaulya et al., 2010). Thus, the current study shows that C. rotundus rhizome's hepatoprotective effect is related to its free radical scavenging ability against alloxan-induced free radicals. 









	Table 4. Effect of C. rotundus rhizomes ethanolic extract on Liver function test in Alloxan induced-diabetic rats

	Parameters
	Groups

	
	Normal Control
	Diabetic Control
	Diabetic of C. rotundus(200 mg/kg b.w)
	Diabetic of C. rotundus(400 mg/kg b.w)
	Glibenclamide
(0.6 mg/kgb.w)

	ALT (U/L)
	25.3±2.33
	80.5±3.11*
	52.7±2.19*#
	45.8±2.56*#
	40.6±3.19 *#

	AST (U/L)
	45.5±3.89
	99.8±4.89*
	54.8±4.32*#
	55.9±3.39*#
	43.6±3.98*#

	Protein (g/dl)
	6.9±0.65
	4.6±0.78*
	6.0±0.64*#
	6.1±0.72
	6.2±0.71

	Albumin (g/dl)
	4.2±0.32
	2.1±0.09*
	3.1±0.11*#
	3.5±0.21*#
	3.7±0.38*#

	Values are expressed means±S.E.M. *P < 0.01 compared to normal group; #P < 0.01 compared to diabetic control.


Effect of C. rotundus rhizomes extract on renal functions tests in alloxan-diabetes rats
The blood urea and creatinine levels of alloxan-induced diabetic rats increased (Fig.4), which might be attributed to a decrease in the glomerular filtration rate, which eventually leads to renal failure (Priyanka et al., 2017). We also observed high levels of creatinine and urea in the diabetic rats than in the normal control group (Figure 4).The urea and creatinine levels of rats according to the treatment were as follows: phycocyanopeptide, 20.07 and 0.653 mg/dL, respectively; S. platensis biomass, 31.57 and 0.974 mg/dL, respectively; and phycocyanin, 30.47 and 0.961 mg/dL, respectively. These values were lower than those in the diabetic control group (42.45 and 2.51 mg/dL, respectively) (Fig.4). Because of the antioxidant properties of C. rotundus, renal function was improved via reduction in oxidative stress-mediated failure in kidney function (Krisanapun et a., 2012). 
[image: ]

Effect of C. rotundus rhizomes extract on MDA, SOD and catalase in alloxan-diabetes rats
It's clear from Table 5 that rats with diabetes have higher serum MDA levels than rats who aren't diabetic. Administration of  rhizomes extract of C. rotundus (200 and 400 mg/kg) and led to a significant decrease in the MDA content compared to the normal control group. Also, table 5 shows the SOD and catalase level in diabetic group is significantly lower in comparison to the control group   . For the treatment groups, there is a dose-dependent increased  significantly  in  SOD and catalase  level  as  compared  with  the  diabetic control group.  Treatment with C. rotundus rhizomes extract leads to a reduction of lipid peroxidation and a decrease in the production of free radical derivatives as indicated by the rise serum MDA levels and lowered SOD and catalase levels (Hu et al., 2017). Various antioxidant assays, such as antioxidant capacity by the phosphomolybdenum method, total antioxidant activity in linoleic acid emulsion systems, DPPH, superoxide, hydroxyl radicals, and NO scavenging, were used to confirm the antioxidative potential of the hydroalcoholic extract of C. rotundus (Yazdanparast and Ardestani, 2007). Furthermore, using C. rotundus rhizomes improved free radical scavenging activity and reduced tissue damage (Hu et al., 2017).
	Table 5. Effect of C. rotundus rhizomes ethanolic extract onMDA,SOD and CATinAlloxan induced-diabetic rats

	Parameters
	Groups

	[bookmark: _Hlk82629483]
	Normal Control
	Diabetic Control
	Diabetic of C. rotundus(200 mg/kg b.w)
	Diabetic of C. rotundus(400 mg/kg b.w)
	Glibenclamide
(0.6 mg/kgb.w)

	MDA (µmol/g)
	16.1±1.23
	41±2.31*
	28.3±.13*#
	24.8±1.89*#
	38.1±2.34*#

	SOD (U/g)
	2.45±0.20
	0.17±0.01*
	1.9±0.12*#
	1.4±0.10*#
	0.57±0.03*#

	CAT (kU/L/g
	69.34±3.71
	53.6±2.32*
	65.7±3.18*#
	66.8±4.15*#
	58.7±3.98 *#

	Values are expressed means±S.E.M. *P < 0.01 compared to normal group; #P < 0.01 compared to diabetic control.


Histopathological Results of pancreas
The histological structure of the pancreas in diabetic control rats showed normal architecture of normal acini (exocrine cells) and normal cellular population in the islets of Langerhans (endocrine cells) (Fig. 4a). The light microscopic analysis of diabetic rats, on the other hand, revealed pathological alterations in the endocrine portion of the pancreas, as evidenced by the loss and shrinkage of islets of Langerhans, vasodilation of blood vessels, and infiltration of inflammatory cells (Fig. 4b). Treatment of rhizomes with ethanolic extract (200 and 400 mg/kg) for 6 weeks resulted in an improvement and regeneration of β -cells in the islets of Langerhans, as well as an increase in the number of islets of Langerhans in the majority of the sections tested. The antihyperglycemic action that occurred through the regeneration of β-cells potentiated the pancreatic secretion of insulin (Priyanka et al., 2017).
[image: ]
Figure (4): Photomicrographs of sections of the pancreases. (a): Normal control group showing a normalarchitecture without pathological alterations. Pancreatic cells (Exocrine glands; PC), Pancreatic islet (Endocrineglands; PI). (b,c): Diabetic control; showing of disappearance islets of Langerhan’s (DIL); Shrinkage islets of Langerhan’s (SIL); Vasodilation of Blood vessels (VB); Inflammatory cells infiltration (ICI). (d): Diabetic of C. rotundus (200 mg/kg) showing of Shrinkage islets of Langerhan’s (SIL); (e): Diabetic of C. rotundus (400 mg/kg) showing of Decrease in islets cells of Langerhan’s andShrinkage (SIL) (e): glibenclamide; showed no Shrinkage islets of Langerhan’s (SIL) (HE) stain.
CONCLUSION
According to the findings of the study, C. rotundus rhizomes extract significantly reduced the severity of diabetes diseases in rats produced by alloxan. C. rotundus rhizomes extract includes active components such as saponin glycosides, polyphenols, flavonoids, and terpenoids, all of which have the potential to perform various activities through a variety of pathways, including hypoglycemic and antihyperglycemic effects on glucose levels. In addition to boosting insulin release from the residual -cells, blocking glucagon secretion from β-cells, increasing antioxidant processes, and attenuating meal-derived glucose absorption, these suggested pathways include. In accordance with the amelioration of the diabetic condition, C. rotundus rhizomes extract was shown to have a beneficial effect on the diabetic rats' disordered glucose metabolism. Moreover, they succeeded to normalize the lipids profile levels and improved liver and kidney function of diabetic rats and in liver and kidney protective as well.
ABBREVIATIONS 
C. rotundus: Cyperus rotundus.;  b.w: Body weight.; TG: triglyceride.; LDL-C: Low Density Lipoprotein- Cholesterol.; VLDL: Very Low Density Lipoprotein- Cholesterol.; HDL-C: High Density Lipoprotein- Cholesterol.; T. Cholesterol.; Total Cholesterol.; DM: Diabetes Mellitus.; DPPH: 2,2′-diphenyl-1-picrylhydrazyl radical.; NO: Nitric oxide.; LD50: Lethal Dose, 50%.; NIH: National Institute of Health.; ALT: Alanine Aminotransferase.; AST: Aspartate Aminotransferase.; ELISA: Enzyme linked immunsorbent assay.; OECD-423:Organisation For Economic Co-Operation and Development.; FBG: Fasting Blood Glucose.; ANOVA: one-way analysis of variance.; HbA1C: Hemoglobin A1C.; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance.; ISO: Isoproterenol.; SOD: Determination of superoxide dismutase.; MDA: Malondialdehyde.
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Figure (2): Effect of C. rotundus rhizomes extract on Blood glucose levels in alloxan-diabetes rats. Blood glucose
levels were assessed of 1-6 weeks. Values are expressed meansS.E.M. °P < 0.01 compared to normal group; *P <
0.01 compared to diabetic control.

400 . *
350

300
g # o
8 # ¢ ”
% % ”
& F -+ ., ¢ -
¥ oy Ly oy

250
200
1week 2week 3week 4week Sweek 6week

150
100
50

Blood glucose levels mg/d|

m control rats

m Diabetic rats

= RCRE (200mg/kg)

= RCRE (400mg/kg)

u Glibenclamide
(0.6 mg/ke)




image3.png
Figure (3): Effect of C. rotundus rhizomes extract on lipid profile levels in alloxan-diabetes rats. The results are
presented as Meant SE. °P < 0.01 compared to normal group; “P < 0.01 compared to diabetic control.
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Figure (4): Effect of C. rotundus rhizomes extract on renal function tests in alloxan-diabetes rats. °P < 0.01

compared to normal group; P < 0.01 compared to diabetic control.
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image1.png
Figure (1): Effect of C. rotundus rhizomes ethanolic extract on FBG in alloxan-
diabetes rats. FBG were assessed at regular interval of zero time, 2, 4, 8 and 24 h.

The results are shown as Meanz SE. *P < 0.05 compared to normal group.
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