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Introduction 
Cypermethrin (CYP) is a synthetic pyrethroid with potent 

insecticidal property. It is being used worldwide in agriculture, home 
pest control, protection of food stuff and disease vector control 
[1,2,3]. CYP can be found in trace amounts or at higher concentrations 
in soil and air. CYP is more hydrophobic in nature and its target site 
is biological membrane [4]. In mammals, CYP can accumulate in body 
fat, skin, liver, kidneys, adrenal glands, ovaries, lung, blood, and heart 
[5,6]. Populations at highest risk of high dose exposure are producers, 
hygienic and pesticide workers, and small farm owners applying CYP 
for plant protection; exposure to low dose originates mainly from the 
household application of insecticides, contaminated food and water 
[7]. Several studies have shown that pyrethroid toxicity is linked to 
different mechanisms, including reactive oxygen species generation 
and oxidative stress [8,9]. The reactive oxygen species directly react 
with cellular biomolecules; damage lipids, proteins and DNA in cells 
ultimately leading to cell death. It is now being realized that one of 
the reasons for CYP toxicity is imbalance between amount of free 
radicals generated and antioxidant defenses in the body.

During the past few years, estimation of free radical generation 
and antioxidant defense has become an important aspect of 
investigation in mammals. Some studies have shown that antioxidant 
such as, Vitamin E, isoflavones and L-ascorbic acid prevent the 
oxidative damage due to CYP induced toxicity in rats [10,11,12]. Plant 
products are known to exert their protective effects by scavenging 
free radicals and modulating antioxidant defense system. Piperine, 
an alkaloid, found in long pepper (Piper longum Linn.) and black 
pepper (Piper nigrum Linn.). The compound has many pharmacologic 
activities such as antioxidant, bioenhancer, anti-inflammatory and 
hepatoprotective effects [13,14,15,16]. Vijayakumar et al. [17] found 
that simultaneous supplementation of black pepper or piperine along 
with high fat diet lowered thiobarbituric acid reactive substances and 
maintained superoxide dismuatase, catalase, glutathione peroxidase, 
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Abstract
Cypermethrin is a synthetic pyrethroid insecticide used worldwide in agriculture, home pest control and as 

an ectoparasiticide in animals. The aim of the present study was to investigate the ability of piperine, a natural 
alkaloid compound, to attenuate subacute cypermethrin-induced changes in serum biochemical markers and lipid 
peroxidation, and alteration in antioxidant enzyme activity in the liver and kidney of rats. The rats were divided into 
five groups of six each; the first group served as control and second group was used as vehicle control. While, 
groups III, IV and V were orally treated with piperine (50 mg/kg body weight), cypermethrin (25 mg/kg body weight) 
and cypermethrin plus piperine, respectively for 28 days. Cypermethrin administration caused elevated levels of 
biochemical markers in serum and lipid peroxidation in liver and kidney. While the activities of non-enzymatic and 
enzymatic antioxidants levels were decreased except superoxide dismutase in liver and kidney. Administration of 
piperine along with cypermethrin significantly decreased the level of lipid peroxidation and significantly increased 
the reduced glutathione, catalse and glutathione peroxidase level both in liver and kidney. The results indicate that 
piperine ameliorate the cypermethrin-induced biochemical alterations and oxidative damage in rats.
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and reduced glutathione levels to near those of control rats. Earlier 
studies from various laboratories have proved the antioxidant and 
hepatoprotecive activity of piperine against benzo(a) pyrene and 
aflatoxin-induced toxicity in mice and rats [18]. Therefore, the 
present study was undertaken to evaluate the antioxidant effect of 
piperine against CYP-induced oxidative stress in rats. 

Materials and Methods
Animals

The study was conducted in adult male Wistar rats (6-8 weeks, 
100-120 g) obtained from the Laboratory Animals Resources Section
of the Institute. Rats were maintained under standard management
conditions. The rats were given standard rat feed and water ad
libitum throughout the experiment. All the animals were quarantined
for a period of at least 7 days before beginning of the experiment.
The rats were handled and the study was conducted in accordance
with the Institute Animal Ethics Guidelines.

Chemicals

Cypermethrin (CYP; 96%) was a kind gift from Gharda Chemicals, 
Mumbai. Piperine was purchased from M/s Sigma Chemicals, USA. 
All other chemicals used were of analytical grade from E. Merck, 
Germany and India; Sigma Chemicals, USA and SRL Chemicals, India.

Dose selection

CYP was dissolved in ground nut oil and administered orally for 
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28 days, at a dose rate of 25 mg/kg body weight/day (1/10 of LD50) 
[19] by oral gavage. Piperine was dissolved in ground nut oil and 
given orally for 28 days, at a dose rate of 50 mg/kg body weight/day. 
Piperine was administered one hour prior to CYP treatment.

Experimental design

Rats were divided into five groups containing six animals each. 
Group I (control), was given normal saline, while Groups II was given 
once equivalent amount of ground nut oil (1%: Vehicle control). Group 
III was administered CYP (25 mg/kg, orally) daily for 28 days. Group 
IV was administered piperine (50 mg/kg, orally) daily for 28 days. 
Group V was administered piperine (50 mg/kg, orally) and then CYP 
(25 mg/kg, orally) daily for 28 days. All the rats were observed daily 
for clinical signs of toxicity during the entire period of the study.  
Rats were sacrificed at the end of the exposure period. Blood was 
collected from heart in a dry, clean and sterilized test tube for serum 
separation. The sera samples were preserved at -20oC until analysis. 
Liver and kidney were excised, washed with ice cold normal saline 
and used for the assay of oxidative stress parameters. 

Serum biochemical assay

The activity of alanine amino transferase (ALT), aspartate 
amino transferase (AST) and level of blood urea nitrogen (BUN) and 
creatinine were determined spectrophotometrically, according to the 
manufactures protocol (Span Diagnostics Ltd; India).  

Assessment of oxidative stress and antioxidant enzyme activity

Estimations of different oxidative stress-related biochemical 
parameters were carried out in liver and kidney. An amount of 
200 mg of liver and kidney was separately taken in 2 ml of ice-cold 
phosphate buffer saline pH 7.4. Another 200 mg of sample was 
separately taken in 2 ml of 0.02 M ethylene diamine tetra acetic acid 
for reduced glutathione (GSH) estimation. The homogenates (10%) 
prepared with homogenizer (IKA, Germany) under ice-cold condition 
were centrifuged for 10 min at 3000 rpm. The supernatant was stored 
at -20oC until assay of different oxidative stress-related parameters.  

Lipid peroxidation (LPO) was evaluated in terms of 
malondialdehyde (MDA) production [20].  An antioxidant status 
was assessed by evaluating both the nonenzymatic and enzymatic 
antioxidative defense systems in liver and kidney homogenate. The 
level of reduced glutathione (GSH), a nonenzymatic antioxidant, was 
determined by estimating free-SH groups, using 5-5’ dithiobis 2- 
nitrobenzoic acid (DTNB) following the method of Sedlak and Lindsay 
[21]. Catalase activity was assayed by the method as described by 
Aebi [22]. The activity of superoxide dismutase (SOD) was measured 
as per the method of Madesh and Balasubramanian [23]. Glutathione 
peroxidase (GPx) activity was determined by the method of Paglia and 
Valentine [24]. The protein content was estimated by the method of 
lowry et al. [25] using bovine serum albumin as standard.

Statistical analysis

Data have been expressed as mean ± SEM. The change in CYP 

mediated effects was compared from the control values, while CYP 
plus piperine mediated alterations were compared to CYP group. 
Statistical analysis of data was performed using GraphPad InStat 
software. Data were analyzed by ANOVA and means were compared 
with Tukey multiple comparison test. A value of p < 0.05 was 
considered statistically significant.

Results

Effects on serum biomarkers

CYP administration significantly increased the activities of 
ALT and AST in serum as compared to control (Table 1). Piperine 
treatment significantly restored the activity of ALT and AST. The 
levels of BUN and creatinine in serum were significantly elevated after 
CYP exposure (Table 1). Oral administration of piperine along with 
CYP caused significant reduction in CYP-induced changes in BUN and 
creainine. There were no differences in any of parameters between 
the water and vehicle control group; therefore, all comparisons are 
made to the water control. 

Effects on lipid peroxidation

CYP exposure produced significant adverse effects on the redox 
status of liver and kidney, as evidenced by a significant increase in 
MDA level (Figure 1) as compared to control. Oral supplementation of 
piperine along with CYP resulted in significant decrease in LPO level 
as compared to CYP treated rats. 

Effects on antioxidative glutathione system 

Effects on the GSH and GPx in liver and kidney are presented in 
Figure 2 (A and B). CYP treatment significantly decreased GSH and 
GPx activity in the liver and kidney tissues of rats. Simultaneous 
treatment with CYP and piperine caused significant increase in GSH 
and GPx activity in both the tissues as compared to rats treated with 
CYP alone.

Effects on the activities of SOD and catalase

The activities of SOD and catalase in liver and kidney of CYP 
exposed rats are show in Figure 3 (A and B). CYP exposure resulted in 
significant elevation in SOD activity in liver and kidney as compared 
to control. However, the activities of catalase in both the tissues were 
significantly decreased. Daily oral administration of piperine along 
with CYP in rats significantly restored the SOD and catalase activities 
almost equal to control. 

Discussion

The present study evaluated the effect of piperine on CYP-
induced oxidative damage in rat liver and kidney. CYP exposure 
produces a large amount of reactive oxygen species and reactive 
nitrogen species that can impair cellular antioxidant defense systems 
and simultaneously damage the cellular components such as lipids, 

Treatment Dose AST (Units/mL) ALT (Units/mL) BUN (mg/dL) Creatinine (mg/dL)
Control - 64.14 ± 1.29 32.28 ± 1.44 16.21 ± .29 0.67± .02
Groundnut oil 1ml/kg 66.23 ± 2.93 33.37 ± 2.25 15.74 ±.38 0.67 ± .02
Piperine 50 mg/kg 63.9 ±1.65 30.07 ± 2.28 15.94 ±.65 0.62 ± .03
Cypermethrin 25 mg/kg 92.19 ± 3.14a 73.19 ± 3.12a 19.22 ± .89a 0.82 ± .02a

Cypermethrin+ Piperine 25mg/kg+50mg/kg 76.58 2 ±.76b 42.78 ± 3.62b 16.95 ± .91b 0.74 ±.05
Values are expressed as means±S.E. (n = 6). Superscript a significantly different from control group;   Superscript b significantly different from cypermethrin treated group.

Table 1: Effect of piperine treatment on cypermethrin-induced alteration on rat serum biomarkers.
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proteins, and DNA. In the present study, we observed that CYP 
administration induced oxidative stress in rat liver and kidney as 
evidenced by many antioxidant markers and that this effect could 
be prevented by treatment with piperine.  In the present study, 
CYP treatment induced a high degree of lipid peroxidation in the 

liver and kidney tissue of the rats due to the susceptibility of the 
both the tissues towards oxidative damage. Several studies have 
indicated that, there is increase in the intracellular levels of reactive 
oxygen species and oxidative stress in CYP-induced toxicity [8,28]. 
LPO has been shown to cause profound alterations in the structure 
and functions of the cell membrane, including decreased membrane 
fluidity and increased membrane permeability [31]. The increased 
AST and ALT activities as showed in the present study could be due to 
the oxidative damage by free radicals in liver tissue. AST is normally 
found in a various tissues including liver, heart, muscle, kidney, and 
brain. It is released into serum when any one of these tissues is 
damaged. ALT is, by contrast, normally found largely concentrated 
in liver and is released into the bloodstream as the result of liver 
injury. The increase in serum AST and ALT activities as observed in 
present study is in agreement with the findings of Yousef et al. [11].  
According to Awad et al. [26] cell damage exhibit good correlation 
with the enzyme leakage. The results of present study indicate that 
treatment with CYP caused significant increase in serum creatinine 
and BUN. An abnormally elevated serum creatinine level is more 
specific and sensitive indicator of impaired kidney function. Similar 
changes in creatinine and BUN values were reported in rabbits due 
to CYP toxicity [5].

Antioxidant enzymes are considered to be the first line of cellular 
defense against oxidative damage. GST and GPx two antioxidant 
enzymes, which counteract free radical generation. [27]. The 
decrease in the activities of GST and GPx due to the generation of 
reactive oxygen species leads to enhancement in lipid peroxidation.. 
A significant reduction in GSH and GPx levels in liver and brain 

Figure 1: Effects of 28 days oral administration of CYP, PPN and CYP plus PPN 
on lipid peroxidation level of liver and kidney in male rats. Each bar represents 
mean ± SE of 6 rats. Significant differences are indicated by superscript a 
compared t o control, superscript b compared to CYP group. C: control, GN oil: 
ground nut oil PPN: piperine, CYP: cypermethrin, PPN at 50 mg/kg and CYP 
at 25 mg/kg.
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Figure 2: Effects of 28 days oral administration of CYP, PPN and CYP plus PPN 
on reduced glutathione (A) and glutathione peroxidase (B) of liver and kidney in 
male rats. Each bar represents mean ± SE of 6 rats. Significant differences are 
indicated by superscript a compared to control, superscript b compared to CYP 
group. C: control, GN oil: ground nut oil PPN: piperine, CYP: cypermethrin, PPN 
at 50 mg/kg and CYP at 25 mg/kg.
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Figure 3: Effects of 28 days oral administration of CYP, PPN and CYP plus 
PPN on superoxide dismutase (A) and catalase (B) level of liver and kidney in 
male rats. Each bar represents mean ± SE of 6 rats. Significant differences are 
indicated by superscript a compared to control, superscript b compared to CYP 
group. C: control, GN oil: ground nut oil PPN: piperine, CYP: cypermethrin, PPN 
at 50 mg/kg and CYP at 25 mg/kg.
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tissues [28] and depletion of GSH and GPx in erythrocytes after 
dermal exposure of CYP in rats have been reported [29]. SOD is an 
antioxidant metalloenzyme that reduce superoxide radicals to water 
and molecular oxygen. The increase in SOD activity in liver and 
kidney of CYP exposed rats may be due to the compensatory adaptive 
mechanism of the antioxidant system to combat the increased ROS 
generation by the CYP toxicity [8]. Catalase is a haemoprotein, 
which reduces hydrogen peroxide to molecular oxygen and water. 
Reduction of catalase activity in CYP treated rats may be due to the 
enhanced production of hydrogen peroxide. Furthermore, it has been 
suggested that LPO might be a contributing factor for decrease in the 
catalase activity during cypermethrin toxicity [10].

The results of present study show that piperine treatment 
attenuated CYP-induced alteration in serum markers enzyme, LPO 
levels, and concomitantly restored enzymatic and non-enzymatic 
antioxidants in the rat kidney and liver. Piperine has been shown to 
inhibit the lipid peroxidation [30,13]. The direct antioxidant activity of 
piperine against various free radicals, hydroxyl as well as superoxide, 
was explored under in vitro conditions by Mittal and Gupta [32]. The 
suppressive action of piperine on lipid peroxidation observed in in 
vivo experiments suggests that piperine may have direct effect on 
membranes which may decrease the susceptibility of the membranes 
to lipid peroxides. GSH is presumed to be an important endogenous 
defense against the peroxidative destruction of cellular membranes. 
Tissue GSH concentration reflects the potential for detoxification. 
The simultaneous treatment with piperine elevated the CYP-induced 
decrease in the levels of GSH. Earlier studies revealed that piperine 
supplementation prevents depletion of reduced glutathione and 
total thiols in the liver [33]. In the present study, levels of catalase 
and GPx in liver and kidney of cypermethrin plus piperine-treated 
rats were significantly elevated and the SOD levels were maintained 
equal to that of control group. There is extensive evidence that 
supplementation of piperine enhance or restore the enzymatic 
and non enzymatic antioxidant enzymes [34]. It was observed that 
oral supplementation of piperine in rats fed high fat diet resulted 
in lowering of LPO level and SOD, catalase, GPX, and GSH levels 
maintained close to control rats [17]. The mechanism of action of 
piperine may involve scavenging or eliminating the free radicals like 
hydroxyl radical, superoxide radical and singlet oxygen and activate 
on gene responsible for antioxidant enzymes [18]. In conclusion, the 
results of present study suggest that oral treatment with 50 mg/kg of 
piperine significantly decreases the CYP-induced oxidative damage 
in rats.
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