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ABSTRACT

Tiger nut is a small tuberous rhizome with medicinal and antioxidant properties. The present study 

was conducted to investigate the ameliorative effect of the methanol extract of tiger nut against the 

oxidative stress induced by lead acetate poisoning in Red Sokoto goat (RSG). Twelve adults Red 

Sokoto goat (16.50 ± 1.41 to 21.92 ± 0.97 kg) were grouped into four. Group I was administered 

with equivalent volume of distilled water. Group II was administered with lead acetate (200 mg/kg) 

only. Group III was administered with methanol extract of tiger nut (METN) (150 mg/kg) and lead 

acetate (200 mg/kg). Group IV was administered METN (200 mg/kg) only. The serum oxidative 

stress changes in the different experimental groups were determined by commercial kits. The 

distilled water group showed no toxic response. The lead acetate (200 mg/kg) group showed 

decreased activity levels of glutathione, superoxide dismutase (SOD) and catalase (CAT). The co-

treatment groups with lead acetate and METN showed an increase in serum glutathione 

peroxidase (GPx) activity, CAT and SOD. Additionally, there was a decreased MDA concentration 

in the same group. The group administered with METN only showed slight changes in the activities 

of oxidative stress makers. In conclusion, Oxidative stress biomarkers such as glutathione 

peroxidases, superoxide dismutase, catalase and malondialdehyde were altered in a manner 

indicative of oxidative stress following lead acetate exposure and ameliorated to some extent by 

methanolic extract of tiger nut.
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INTRODUCTION

Tiger nut is botanically called Cyperus 

esculentus belongs to the family Cyperaceae. It 

is also known as almond or yellow nut grass.  

The small tuberous rhizomes can be eaten raw 

or roasted [1]. Three varieties; black, brown and 

yellow were known and cultivated in Nigeria 

[2]. The yellow variety is preferred to other 

varieties because of its size, colour and fleshier 

body [3].  Lead poisoning is the most common 

metal poisoning affecting domestic animals 

b e c a u s e  o f  t h e i r  s u s c e p t i b i l i t y  a n d 

indiscriminate feeding habits [4]. Lead is a 

metal component used in manufacturing of 

grease, batteries, paints, and oils for car pipes, 

engines, and farm machinery. It is also 

associated with artisanal mining practices [4].  

It is a toxic metal that causes environmental 

hazard which has health hazard in human and 

animal health [5]. Lead poisoning in animals 

can be via oral or respiratory route. It affects the 

kidneys, liver, bone marrow, bone, gastro-

intestinal tract, blood vessels, nervous, 

reproductive and endocrine systems [6]. The 

mechanism of action of lead toxicity is to induce 

oxidative stress through the generation of 

react ive  oxygen species  (ROS) f rom 

detrimental tissue responses that impair 

metabolism and cellular structural components 

[7]. Although several studies on the adverse 

effects of lead poisoning have been carried out 

on different animal species, the present study 

was aimed at the ameliorative effect of the 

methanol extract of Tiger nut (METN) 

considering its antioxidant composition and 

properties on oxidative stress induced by lead 

poisoning in Red Sokoto goat (RSG).

MATERIALS AND METHODS 

Experimental Animals and Housing: Twelve 

adults male RSG within the age range of 6 

months to one year weighing 16.50 ± 1.41 to 

21.92 ± 0.97 kg were procured from Maiadua 

goat market in Katsina State, Nigeria. The 

animals were kept in the animal house of the 

Department of Veterinary Physiology, Ahmadu 

Bello University, Zaria. They were fed with 

grass, hay, wheat bran, groundnut haulms at 

intervals during the early hours of the day and 

supplemented with 2kg of concentrate feeds 

later in the day, and were given access to water 

ad libitum. The blood animals on arrival were 

weighed using weighing balance. The blood 

and faecal samples were taken for parasites.

Chemical: Lead (II) acetate was procured from 

Sigma Chemical Co., USA (Bristol Scientific-

Sigma-Aldrich, Germany). Lead (II) acetate 

(LA) and methanol extract of tiger nut (METN) 

at a dose of 200 mg/kg and 150 mg/kg was 

dissolved in equivalent volume of distilled 

water (DW) respectively and prepared for the 

r e l e v a n t  g r o u p s  p r i o r  t o  i t s  d a i l y 

administration.

Experimental Protocol: The median lethal 

dose (LD ) of lead acetate and the methanol 50

extract of tiger nut was determined using wistar 

rat as described by [8]. Dosage of lead acetate 
thand tiger nut was determined using 1/10  of 

4000 mg/kg lead acetate and 1500 mg/kg 

methanol extract of tiger nut. The actual dose 

was calculated as ratio of dosage per body 

weight and concentration. Twelve adults Red 

Sokoto goats were randomly divided into four 

groups (I, II, III and IV), with three goats in 

each group. Group I was administered 

equivalent volume of distilled water. Group II 

were administered lead acetate (200 mg/kg) 

only. Group III were administered methanol 

extract of tiger nut (150 mg/kg) and lead acetate 

(200 mg/kg). Group IV received methanol 

extract of tiger nut (200mg/kg) only. The 

different regimens were administered per os 

once daily using 20 ml syringe for a period of 

twenty weeks. During the course of the 

experiment and after the end of the study goats 
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in each group were subjected to post mortem for 

gross examination.

Ethical approval for the use of Red Sokoto goat 

for this study was obtained from the Ahmadu 

Bello University Committee on Animal Use 

and Care, Ahmadu Bello University, Zaria, 

Nigeria. Two milliliters of blood was collected 

every two days into serum sample bottle 

through jugular venepuncture for the period of 

the study. The collected blood was allowed to 

clot and centrifuged at 1000 × g for 10 minutes 

using micro-centrifuge 5418 R (Eppendorf, 

Ontario, Canada), to obtain serum for analyses.

Oxidative Stress Assays:

Glutathione peroxidase (GPx) activity was 

measured according to [1]. 250 μL serum was 

added to reaction mixtures containing 250 μL 

0.1 M phosphate buffer (pH, 7.4), 50 μL NaNO , 3

GSH, 100 μL H O , and 300 μL of distilled 2 2
°water. The mixture was incubated at 37 C for 5 

minutes. 250 μL of tri-carboxylic acid was then 

added to the mixture and centrifuged at 1000 x g 

for 10 minutes. 100 μL of K HPO  and di-t-butyl 2 4

nitroxide was added to 50 μL of resulting 

supernatant aliquoted into 96-well microtiter 

plates. The absorbance was then read at 405 nm 

against  dist i l led water  blank using a 

spectrophotometer.

Superoxide dismutase (SOD) level in serum 

samples was determined as described by [9] and 

[10]. 20 μL of serum was added to 250 μL of 

0.05 M carbonate buffer (pH 10.2). 300 μL of 

acidified reconstituted adrenaline was then 

added to the ensuring mixture after which the 

change in absorbance was observed for 3 

minutes at 490 nm wavelength. 
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Malonaldehyde (MDA) activity was evaluated 

using method described by [11]. 400 μL of Tris-

KCl, 125 μL of 30 % tri-carboxylic acid, 100 μL 

of serum, and 125 μL of 0.75 % thiobarbituric 

acid prepared in 0.2M HCl. The plate was 
°incubated for 45 minutes at 80 C in a water bath, 

cooled on ice and centrifuged for 15 minutes at 

1000 x g. The absorbance was further read at 

490 nm against distilled water as blank. Lipid 

peroxidation level (units/milligram protein) 

was evaluated on a molar extinction coefficient 
5

of 1.56 x 10 /M/cm.

For the measurement of catalase (CAT) activity, 

the enzyme samples were prepared according to 

the method of [12]. Ethanol (1.0 %, vol/vol) and 

Triton X-100 (1.0 %, vol/vol) were added to the 

homogenate to stabilize and to release, 

respectively, the membrane bound CAT. 

Catalase activity was determined by following 

the disappearance of H O Absorbance at 240 2 2.  

nm was recorded for 1 minute at 25 °C. One unit 

of CAT is defined as half of the peroxide oxygen 

liberated from the H O  solution in 100 sec at 25 2 2
°
C.

 Data Analyses

Values obtained were expressed as mean ± SEM 

and subjected to statistical analysis using one-

way analysis of variance (ANOVA), followed 

by Tukey's post-hoc multiple comparison test. 

GraphPad prism version 5.0 (San Diego, 

California, USA) was used for the analyses. 

Values of P ˂  0.05 were considered significant.
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Table 1: Phytochemical composition in methanol extract of tiger nut (Cyperus esculentus) 

Phytochemicals  Composition (mg) Percentage composition (%) 

Alkaloids 
 

0.820 61.0 

Phenols 0.127 9.5 
Tannins 
 

0.039 2.8 

Flavonoids 
 

0.005 0.3 
Saponins 
 

0.213 15.8 

Steroids 
 

0.039 2.8 

Glycosides  0.100 7.8    

 
Table 2:  Micro-elements composition in methanol extract of tiger nut (Cyperus esculentus). 

Elements 
 

Composition (mg/kg) 

Fe 
 

190.3 
Zn 
 

48.5 

Cu 

 

7.10 

Mn 
 

26.5 

Se 0.54 

 

 

 
Table 3 : Influence of methanol extract of tiger nut on serum glutathione peroxidase (GP x), 
superoxide dismu tase (SOD), catalase (CAT) and malondialdehyde (MDA) activity in Red 
Sokoto goats treated with lead acetate at 200 mg/kg for 20 weeks. 

  
Parameters 

  
DW 

  
LA 

  
LA + METN 

  
    METN 

  

GPx 

  

81.00 ± 0.577a 

  

30.00 ± 2.887b 

  

63.33 ± 1.667ba 

  

75.00 ± 2.887ab 
  

SOD 

  

0.733 ± 0.033a 

  

0.300 ± 0.057b 

  

0.600 ± 0.057a 

  

0.800 ± 0.057ba 

CAT 10.50 ± 0.289a 5.167 ± 0.441b 8.167 ± 0.441ba 10.33 ± 0.601b 
  

MDA 

  

4.000 ± 0.577a 

  

11.33 ± 0.441b 

  

4.667 ± 0.882a 

  

4.333 ± 0.333a 
 
a, b, c = Values of mean ± SEM, in the same row with different superscripts are significantly 
different (p<0.001).   

RESULT AND DISCUSSION

The result of the phytochemical analysis of the 

methanol extract of tiger nut are as presented in 

Table 1 while the percentage evaluation of 

micro - mineral elements of tiger nuts are 

shown in Table 2. Alkaloids (61%) had the 

highest percentage, followed by saponins 

(15.8%), phenols (9.5%), glycosides (7.8%), 

tannins and steroids (2.8%), with flavonoids 

having the least value, (0.3%). The micro-

element with highest value is iron (190.3 

mg/kg) with selenium (0.54 mg/kg) as the 

lowest as shown in Table 2. As shown in Table 

3, there was a significant increase (P < 0.001) in 

serum glutathione peroxidase activity when 

LA (30.00 ± 2.887) was compared to LA + 

METN (63.33 ± 1.667) in GPx group. There 

was also a significant increase (P < 0.001) in 

superoxide dismutase activity when LA (0.300 
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± 0.057) was compared to LA + METN (0.600 ± 

0.057) in SOD group. Again, there was a 

significant increase (P < 0.001) in catalase 

activity when LA (5.167 ± 0.441) was compared 

to LA + METN (8.167 ± 0.441) in CAT group. In 

the MDA group there was a significant decrease 

(P <  0 .001)  in  the  malond ia ldehyde 

concentration when LA (11.33 ± 0.441) was 

compared to LA + METN (4.667 ± 0.882). 

The present study showed the presence of 

phytochemicals and mineral elements in tiger 

nut such as flavonoids, phenols, zinc and 

selenium which have been reported to have 

antioxidant properties [13]. Therefore the 

presence of these phytochemicals in the 

methanol extract of tiger nut might have 

contributed to its antioxidant role in the lead 

acetate combined with methanol extract of tiger 

nut treated group. The present showed a 

significant decrease in LA treated groups. The 

low activity of GPx in this may be attributed to 

increase activity over synthesis; hence 

exhausted supply of GPx in response to LA 

provoked oxidative injury. The implication of 

low GPx activity as recorded in the LA group is 

that the hydrogen peroxide and lipid peroxide 

are not detoxified and may be converted to OH 

radicals and lipid peroxyl radicals respectively 

by lead as reported by [14]. The high level of 

GPx activity in the LA + METN treated group 

signifies a balance between the antioxidant and 

pro-oxidant. This implies that the animals in 

those groups were not undergoing oxidative 

stress. This was similar to the report of [15]. 

The results of this study indicated a significant 

decrease catalase activity in LA treated group. 

Catalase is a major antioxidant enzyme with 

heme as the prosthetic group [16] and can 

convert H O  into H O [17].  These findings 2 2 2

corroborate the report of [18] who observed in 

their study a marked decrease in serum CAT 

activity following LA exposure in broilers. The 

decrease in the CAT activity in the LA treated 
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groups may be linked to a decrease in SOD 

activity, which reduces the rate of conversion of 
2- 

O to H O the substrate for CAT. The lack of 2 2 

substrate for CAT activity eventually resulted in 
2-

its reduced activity. Accumulation of O  

through SOD activity inhibition has been shown 
2- to inhibit CAT activity [19], since O converts 

feroxy state of CAT activity to ferryl state, 

which is an inactive form of the CAT [5]. The 

decrease CAT activity may also be due to 

pe r s i s t en t  l ong- t e rm inc reased  l i po -

peroxidation induced by administration of lead 

acetate, which results in increased CAT 

utilization and decreased synthesis due to high 

amounts of free radicals in the biosystem [20]. 

The relative decrease in the serum SOD 

activities in the lead acetate group can also be 

attributed to an enhanced superoxide generation 

and utilization of this enzyme during the 

detoxification of reactive metabolites induced 

by the administration of lead acetate [21]. The 

reduction in the activity of SOD in the lead 

acetate-treated groups was similar to the report 

of [22]. The high level of SOD activity in LA +  

METN treated group suggests the ability of 

METN to inhibit and exhaust the reactive 

oxygen species generated by lead from the 

tissue. The catalytic removal of ROS by SOD is 

extremely important as it prevents numerous 

lipid peroxidation by-products, protein 

adduction and organ dysfunction [23]. Based on 

the result of the phytochemical analysis of 

METN, alkaloids had high amounts, which are 

known to effectively stimulate generation of 

free radicals due to its high toxic activity [24]. 

Among the antioxidant enzymes, SOD is always 

considered as the first line of defense against 

oxygen toxicity due to the inhibitory effects on 

oxy-radical formation [6]. It scavenges the 

superoxide anion to form oxygen and hydrogen 

peroxide and thus reduce the toxic injury caused 

by MDA [22]. Malondialdehyde is in many  

instances the most abundant aldehyde arising 

from lipid peroxidation and hence is used as an 

indicator of oxidative damage in tissues [23]. 
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Serum and tissue MDA level is an indicator of 

free radical generation, which increases in 

condition of oxidative stress [24].

Conclusion

Oxidative stress biomarkers such as glutathione 

peroxidases, superoxide dismutase, catalase 

and malondialdehyde were altered in a manner 

indicative of oxidative stress following lead 

acetate exposure and ameliorated to some 

extent by methanol extract of tiger nut.
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