
International Journal of Food Science and Nutrition 

148 

International Journal of Food Science and Nutrition 

ISSN: 2455-4898 

Impact Factor: RJIF 5.14 

www.foodsciencejournal.com 

Volume 3; Issue 4; July 2018; Page No. 148-152 

The effect of Cyperus esculentus (Tigernut) oil on liver, kidney and hematological biomarkers in low 

dose streptozocin and high fat diet exposed male wistar rats 

Nwawuba Stanley U1* Okechukwu Francis C2 
1 Nutritional and Industrial Biochemistry Unit, Department of Biochemistry, College of Medicine, University of Ibadan, Ibadan,  

Oyo State, Nigeria 
2 Department of Biochemistry, School of Life Science, Hemwati Nandan Bahuguna Garhwal University Shrinager, Uttarakhand, India 

Abstract 

The purpose of this study is to investigate the effect of Cyperus esculentus (tiger nut) tuber oil on liver, kidney and hematological 

biomarkers in low dose Streptozocin (35mg/kg) and high fat diet exposed male wistar rats. Cyperus esculentus tuber oil was 

extracted from the tuber using a soxhlet extractor with n-hexane as solvent and the proximate and mineral analyses of high fat diet 

were done according to Standard procedure. A total of 40 rats between the weights of 88-115g were divided into five group’s n=8, 

and some selected groups were subsequently fed with a high fat diet for 30days and then intraperitoneal injected with 35mg/kg 

Streptozotocin. Analysis of liver, kidney function biomarkers (AST, ALT and ALP), (Creatinine, Urea, Sodium and Potassium) 

and hematological parameters (PCV, Hb, RBC and WBC) were conducted using standard procedures. The result findings showed 

that Cyperus esculentus oil significantly lowered p<0.05 levels of liver, kidney biomarkers and maintained the levels of 

hematological parameters. We concluded that Cyperus esculentus oil exhibited hepatoprotective ability, enhances renal function 

and maintains hematological status thus do not cause anemia and it is non-toxic. 
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1. Introduction 

Non-communicable diseases (NCDs) are among the most 

severe threats to global economic development, probably 

more detrimental than fiscal crisis, as underlined by the World 

Economic Forum's 2009 report and NCDs are the leading 

cause of death in the world [1]. Liver disease and chronic 

kidney disease are enlisted amongst NCDs [2]. Furthermore, 

liver disease occurs throughout the world irrespective of age, 

sex, region or race and it has been found to contribute 

markedly to the global burden of mortality and morbidity [3]. 

In the 2010 Global Burden of Disease (GDB) study, more than 

one million deaths and 31,027,000 Disability Adjusted Life 

Years (DALYs) were due to liver cirrhosis [4] and kidney 

disease has also been reported to be a worldwide health crisis 

according to the World Health Organization [5]. Also, a study 

has identified a mechanisms common to both diseases linked 

through an inter-organ communication orchestrated by fetuin-

A and adiponectin. In liver and kidney, the energy sensor 5′-

AMP activated protein kinase (AMPK) is pivotal to directing 

podocytes and hepatocytes to compensatory and potentially 

deleterious pathways, leading to inflammatory and profibrotic 

cascades culminating in end-organ damage [6]. 

The liver transaminases aspartate transaminase (AST or 

SGOT), alanine transaminase (ALT or SGPT), alkaline 

phosphatase (ALP) and bilirubin are useful biomarkers of 

liver disease [7] meanwhile creatinine; urea and electrolytes are 

markers of kidney function [8] and the present study examined 

useful biomarkers of liver and kidney function in male wistar 

rats in order to ascertain the nutraceutical power of Cyperus

esculentus oil. Metabolic risk factor for non-communicable 

disease (NCDs) includes overweight and hyperglycemia [9] 

and this study induced overweight by placing the rats on a 

high fat diet and hyperglycemia with a known diabetogenic 

agent streptozocin which has also be shown exerts some levels 

of liver/kidney dysfunction [10, 11, 12]. 

Cyperus esculentus (tiger nut) oil contains high 

monounsaturated fatty acids, similar to olive, avocado and 

hazelnut oil [13]. This monounstaturated oil has high 

unsaponifiable matter, phospholipids and other bioactive 

compounds such as tocopherols, phytosterols and polyphenols 
[14, 13]. The small round tubers found along the roots have a 

slightly almond flavor and are eaten raw or cooked, or made 

into a traditional chufa drink called orxata. These tubers 

contain high levels of protein, carbohydrate and oleic acid [15, 

16]. Previous study has also demonstrated it contains 

phytosterol, vitamin E and β-carotene [17] and such substances, 

together with the unsaturated fatty acids of tigernut oil may be 

responsible for the overall antioxidant activity.  

Quite a numbers of researches have been carried out using 

medicinal plants to mitigate various disease conditions and the 

results have demonstrated that it provides efficient and cost-

effective therapeutic solution and as such Cyperus esculentus 

oil a potent nutraceutical though not totally new still remains 

largely unexploited and underutilized. Thus the aim of the 

present study is to investigate the ability of Cyperus escuentus 

oil on liver, kidney and hematological biomarkers in low dose 

streptozotocin and high fat diet exposed male wistar rats the 

first of its kind. 
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2. Material and methods 

2.1 Plant collection 

Cyperus esculentus (tiger nut) was harvested freshly from a 

local farm in Maiduguri, Borno State, Nigeria and identified at 

Botany Department, University of Ibadan. The tubers were 

inspected; spoilt ones were removed by hand picking. Matured 

healthy tubers were washed, air dried at room temperature for 

2 weeks, ground using Hammer mill into coarse powder and 

stored in sealed cellophane bags prior to extraction. 

 

2.2 Oil extraction  

4kg of the powdered tubers was transferred into a glass 

container and 7.5 L of redistilled commercial grade n-hexane 

as added for 72 hours, the filtrate was removed using muslin 

cloth. To the residue was added another 5litres of pure n-

hexane and macerated in the cold for 3 days, thus the process 

was repeated. The combined n-hexane extract was then further 

filtered using filter paper and was concentrated using Büchi 

rotary evaporator (France) model at 30°C to remove the 

solvent and was dried further using a vacuum oven model VF-

220 set at 30°C and with a pressure of 700 mg/Hg. The 

obtained oil was stored in a bottle till needed for analysis. 

 

2.3 Analysis of feed 

The proximate and mineral analyses of high fat diet were done 

according to Standard procedure [18]. All the chemicals used in 

this study were of analytical grade, unless stated otherwise. 

 
Table 1: Feed composition 

 

Parameters Normal Chow Formulated Chow 

Protein 21% 29.90% 

Fat(Butter) 3.5% 40% 

Fibre 6.0% 3.70% 

Calcium 0.8% 0.115% 

Phosphorus 0.8 0.32 

Cholesterol  2% 

Dry Matter  88.91% 

 

2.4 Animals used 

A total of 40 male wistar rats between the weights of 88-115g 

were procured from the central animal house, College of 

Medicine, University of Ibadan, Nigeria and were allowed to 

acclimatize for two weeks and some selected groups were 

subsequently fed with a high fat diet for another 30days. They 

male wistar rats were kept in well kempt and ventilated cages 

and their beddings changed every three days and they were 

allowed free access to clean drinking water. All the processes 

involved in the handling and experiment were carried out 

according to standard protocols approved by the animal ethics 

committee of the department. 

 

2.5 Exposure to low dose Streptozocin and high fat diet 

The rats were divided into two dietary regimens consisting of 

16 rats fed normal chow and 24 rats fed with a high fat diet for 

a period of 30days. After the period of 30days, the 

experimental groups were injected intraperitoneally (i.p.) with 

low dose of Streptozotocin (STZ) (35 mg/kg) dissolved in a 

citrate buffer (0.1 M, pH 4.5) as described by [19] and 

treatment followed for a period of 21days. 

2.6 Experimental design 

The male Wistar rats were divided into five (5) groups (n=8). 

Group 1: Rats fed with normal rat chow for and received 

water (Normal control). (Represented by NPD) 

Group 2: Rats fed with a high fat diet + Streptozotocin (35 

mg kg−1) (Negative control). (Represented by 

HFD+STZ). 

Group 3: Rats fed with a high fat diet + Streptozotocin (35 

mg kg−1) and treated with glimepiride (2mg/kg). 

(Represented by HFD+STZ+GLI) 

Group 4: Rats fed with a normal rat chow + Streptozotocin 

(35 mg kg−1). (Represented by NPD+STZ)  

Group 5: Rats fed with a high fat diet Streptozotocin (35 mg 

kg−1) and treated with 0.5ml Cyperus esculentus 

oil. (Represented by HFD+STZ+CEO) 
 

2.7 Biochemical analysis 

Alanine aminotransferase (ALT) and Aspartate 

aminotransferase (AST) were determined by colorimetric 

method using RANDOX kit (AL 100) and (AS 101) as 

described by [20]. Alkaline phosphatase was determined by 

colorimetric method using RANDOX kit (AP 542) by 

standard method according to the recommendation of [21]. 

Creatinine level was determined by colorimetric method using 

RANDOX kit (CR 510) as described by [22]. Bilirubin level 

was determined by colorimetric method using RANDOX kit 

(BR 411) as described by [23]. Urea and calcium were 

determined using colorimetric method using RANDOX kit 

(UR 1068) and (CA 590). Potassium and sodium were 

determined by colorimetric method using TECO 

DIAGNOSTICS kit according to the method of [24, 25]. 
 

2.8 Relative organ weight 

After 21days of treatment, the body weight of all the animals 

were weighed in grams using standard laboratory weighing 

balance after which there were euthanized by exsanguination 

under chloroform anesthesia. The organs namely the liver and 

kidneys were carefully dissected out and also weighed in 

grams (absolute organ weight). The relative organ weight of 

each animal was then calculated as follows: 
 

 
 

2.9 Determination of hematological parameters 

The blood pooled from all the animals in each group was 

collected into bottles containing ethylenediamine tetra acetic 

acid (EDTA) as anticoagulant for hematological analysis. 

RBC and WBC counts were estimated by using the neubauer 

counting chamber as described by [26]. Packed cell Volume 

(PCV) with Win trobe hematocrit tubes, Hemoglobin (Hb) by 

Sahli's method [27].  
 

Statistical analysis 

Data were treated by ANOVA (analysis of variance) and mean 

separation was done using Duncan multiple range test. p<0.05 

were considered significant. Data was expressed as means ± 

standard deviation. All statistical analysis was done using 

IBM SPSS Version 22 and Microsoft Excel. 
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3. Results 

3.1 Liver function 

Table 2 demonstrates that high fat feeding and low dose of 

STZ (35mg/kg) altered liver function biomarkers (ALT, AST, 

ALP, & Bilirubin). As seen the levels of serum (AST, ALP, & 

Total Bilirubin) significantly increased (P<0.05) in untreated 

group HFD+STZ (54.00±27.8, 144.82±11.5, & 0.717±0.1) 

relative to the normal control (22.20±13.2, 99.40±14.2, & 

0.120±0.4) which was unexposed to neither HFD nor STZ and 

treatment with 0.5ml Cyperus esculentus (tigernut) oil 

(HFD+STZ+CEO) restored the liver integrity by significantly 

lowering (P<0.05) the levels of liver function biomarkers in 

relation to the negative standard control (HFD+STZ) in this 

study. 

 
Table 2: Effect of Cyperus esculentus (tigernut) oil on liver function 

 

Groups ALT AST ALP Total Bilirubin 

Normal Control 22.40±6.5a 22.20±13.2a 99.40±14.2a 0.120±0.4a 

HFD+STZ 42.50±17.2b 54.00±27.8b 141.82±11.5b 0.717±0.1c 

HFD+STZ+GLI 25.29±3.3ab 33.86±10.0ab 112.00±9.4a 0.414±0.13b 

NPD+STZ 36.86±16.1ab 46.00±22.5ab 135.14±11.8b 0.657±0.11c 

HFD+STZ+CEO 26.71±2.9ab 28.14±1.6a 110.43±12.9a 0.329±0.16b 

Data are expressed as means ± SD: Means with same alphabet as superscript within each column variable are non-significantly 

(p>0.05) different from each other. The abbreviations denote HFD: high fat diet, NPD: normal pellet diet, CEO: Cyperus esculentus 

oil, GLI: glimepiride, STZ: Streptozotocin, ALT: alanine transferase, AST: aspartate transaminase, ALP: alkaline phosphatase 

 

3.2 Kidney Activity 

Table 3 shows ameliorative potential of tigernut oil on kidney 

dysfunction. Following i.p. injection of 35mg/kg of STZ after 

30days of high fat feeding, the rats were treated for 21days 

with tigernut oil and at the end of the treatment, serum levels 

of kidney function biomarkers (Creatinine, Urea, Sodium, & 

potassium) were determined. Cyperus esculentus (tigernut) oil 

treated group (HFD+STZ+CEO) significantly lowered 

(p<0.05) the levels of kidney function biomarkers when 

compared to the untreated group (HFD+STZ). However, there 

was no significant difference P>0.05 when compared to the 

normal control which remained unexposed to neither HFD nor 

STZ. 

 
Table 3: Effect of Cyperus esculentus (tigernut) oil on kidney 

function 
 

Groups Creatinine Urea Sodium Potassium 

Normal Control 0.420±0.08a 11.28±1.58a 141.67±1.15a 5.37±0.29a 

HFD+STZ 0.783±0.09b 23.52±4.34c 148.00±1.00c 6.67±0.51c 

HFD+STZ+GLI 0.543±0.09a 17.43±2.91bc 143.67±1.53ab 5.73±0.15ab 

NPD+STZ 0.614±0.13ab 20.09±3.09bc 146.00±1.00bc 6.47±0.35bc 

HFD+STZ+CEO 0.571±0.16a 17.09±5.20ab 144.33±1.53ab 5.97±0.23ab 

Data are expressed as means ± SD: Means with same alphabet as 

superscript within each column variable are non-significantly 

(p>0.05) different from each other. The abbreviations denote HFD: 

high fat diet, NPD: normal pellet diet, CEO: Cyperus esculentus oil, 

GLI: glimepiride, STZ: Streptozotocin. 

 

3.3 Relative organ weights 

They was a significant increase P<0.05 in the relative weight 

of the rat liver in high fat diet fed group (HFD+STZ) relative 

to only STZ exposed group (NPD+STZ) and the same was 

seen for the kidney although it was not statistically significant. 

However, Cyperus esculentus (tigernut) oil treated group 

(HFD+STZ+CEO) significantly reduced P<0.05 the relative

Weights of the liver and kidney relative to the negative control 

(HFD+STZ).  

 
Table 4: Effects of Cyperus esculentus (tigernut) oil on the relative 

organ weights 
 

Groups Relative liver weight Relative kidney weight 

Normal Control 2.48±0.18a 0.29±0.02a 

HFD+STZ 3.60±0.21c 0.38±0.02b 

HFD+STZ+GLI 3.07±0.39bc 0.33±0.04ab 

NPD+STZ 2.70±0.42ab 0.34±0.06ab 

HFD+STZ+CEO 2.78±0.32ab 0.30±0.03a 

Data are expressed as means ± SD: Means with same alphabet as 

superscript within each column variable are non-significantly 

(p>0.05) different from each other. The abbreviations denote HFD: 

high fat diet, NPD: normal pellet diet, CEO: Cyperus esculentus oil, 

GLI: glimepiride, STZ: Streptozotocin. 

 
3.4 Cyperus esculentus (tigernut) oil on hematological 

parameters 

The estimation of hematological parameters in male wistar 

rats were carried using standard procedures. Packed cell 

volume (PCV) expressed in percentage (%) and red blood cell 

(RBC) expressed in microliter (μl) were significantly reduced 

P<0.05 in the negative control (HFD+STZ) in relation to the 

normal control and the group treated with Cyperus esculentus 

(tigernut) oil (HFD+STZ+CEO) which was exposed to the 

same toxicant as the negative control showed an increase the 

levels of PCV and RBC relative to the negative control 

although not statistically significant. Hemoglobin (Hb) level 

expressed in (g/dl) was significantly elevated P<0.05 in 

tigernut oil treated group (HFD+STZ+CEO) when compared 

to the negative controls. However, they were no significant 

differences P>0.05 in the levels of white blood cells (WBC) 

table 5. 
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Table 5: the effect of Cyperus esculentus (tigernut) oil on hematological parameters 
 

Groups PCV (%) Hb (g/dl) RBC(x106μl) WBC(x103 μl) 

Normal Control 49.75±1.50c 16.07±0.30d 7.89±0.43c 6062.50±1161.5a 

HFD+STZ 39.75±3.30a 11.50±.35a 6.39±0.73a 5075.00±2666.6a 

HFD+STZ+GLI 44.50±1.29bc 14.62±0.69cd 7.53±0.42bc 5500±771.4a 

NPD+STZ 41.25±0.96ab 12.55±0.82ab 6.59±0.55ab 5112.50±1566.5a 

HFD+STZ+CEO 43.00±0.82abc 13.22±0.92bc 7.25±1.13abc 5250±1161.9a 

Data are expressed as means ± SD: Means with same alphabet as superscript within each column variable are non-

significantly (p>0.05) different from each other. The abbreviations denote HFD: high fat diet, NPD: normal pellet diet, CEO: 

Cyperus esculentus oil, GLI: glimepiride, STZ: Streptozotocin. 

 

4. Discussion 

Enzyme activities in the tissues are often used as ‘marker’ to 

ascertain early toxic effects of administered foreign 

compounds to experimental animals [28]. ALP is a membrane 

bound enzyme while ALT and AST are cytosolic enzymes and 

high levels of ALP, ALT and AST respectively in the serum 

are indicators of cell membrane permeability and consequent 

degree of damage to the liver [29]. The observed significant 

p<0.05 increase in the serum levels of liver enzymes 

(ALP,ALT,AST and total bilirubin) Table 2 in the group 

exposed to high fat diet and low dose streptozotocin 35mg/kg 

body weight (HFD+STZ) relative to the normal control 

indicates that high fat diet and STZ caused a hepatocellular 

damage. Intraperitoneal injection of STZ has been reported to 

be associated with degree of liver damage [30] and Fat could 

increase the body’s metabolism burden via fatty depositions in 

the endothelial vascular system and can reduce the endothelial 

production of antioxidant enzymes, increased production of 

free radicals leading to an oxidative stress which damages the 

body’s biological macromolecules, tissue and organ function 

disorders then ensues [31]. Treatment with C. esculentus 

(tigernut) oil restored the liver integrity to almost normal as 

the was a significant decrease p<0.05 in the levels of liver 

enzymes (ALT, AST and ALP) and relative liver weight Table 

4 in C. esculentus oil treated group (HFD+STZ+CEO) relative 

to the negative control (HFD+STZ). interestingly, no 

significant difference p>0.05 was observed relative to the 

normal control indicating the hepatoprotective ability of C. 

esculentus oil and this may be pointed to presence of dietary 

antioxidant levels and oleic acid in C. esculentus oil [13, 17] also 

According to the Xinhua Outline of Material Medical records, 

C. esculentus is an acrid, sweet, warm and effective treatment 

for the liver, spleen and stomach [32]. 

Creatinine, urea and electrolytes are one of the markers of 

kidney function [8]. The result of this study table 3 revealed 

that C. esculentus oil plays a beneficial role in mitigating renal 

dysfunction induced by exposure of the rats to high fat diet 

and low dose STZ and an indication of kidney dysfunction is 

observed as the levels of markers of kidney function 

(Creatinine, Urea, Sodium and Potassium) was significantly 

elevated p<0.05 in negative control (HFD+STZ) relative to 

the normal control and the treatment groups which were 

exposed to the same toxicant. However, C. esculentus oil 

(HFD+STZ+CEO) treated group significantly lowered the 

levels of markers of kidney function as well as reducing the 

relative kidney weight table 4. C. esculentus oil has been 

shown to contain unsaturated fatty acid [32, 13, 33] and as 

reported by [34, 35] this effect may be attributed to the positive 

role of unsaturated fatty acids in preservation of glomerular 

filtration rate and effective renal plasma flow. Regarding the 

result on hematological parameters table 5, it was found that 

the levels of hematological parameters examined in this study 

(PCV, Hb, RBC and WBC) were maintained in all the 

experimental groups however the mean value of the group 

treated with C. esculentus oil was higher although not 

statistically significant relative to the negative control and this 

is an indication of it nontoxic nature which is consistent with 

the finding of [34, 36] and nutritional profiles and unique 

functional properties have made tiger nut as unique food [37]. 

 

5. Conclusion  

C. esculentus oil meets the recommendations of medical 

associations that have recognized the benefits of edible oils 

containing more than 80% unsaturated fatty acids [32, 38]. The 

results of the present study indicate that C. esculentus oil 

exhibited hepatoprotective ability, enhances renal function and 

maintains hematological status in high fat diet and low dose 

streptozotocin exposed male wistar rat. However, further 

studies are required to elucidate the mechanism of its renal 

and liver protection ability and further highlight the potentials 

of C. esculentus oil for wellness. 
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