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Introduction
Chlorpyrifos (CPF), a broad spectrum organophosphate 

insecticide (OPI), is one of the most extensively used OPIs in domestic 
and industrial applications all over the world [1]. CPF is classified as 
a moderately hazardous, Class II insecticide by the WHO [2]. CPF is 
thought to be primarily metabolized in the liver by multiple specific 
cytochrome P450 enzymes through several reaction pathways [3]. Like 
other OPIs, CPF is known to inhibit acethylcholinesterase activity in 
target tissues [4,5]. In addition, it is reported that CPF may effect other 
systems, including liver [6], lung [7], brain [8] and erythrocytes [4,9].

Cyromazine (Cyr), N-cyclopropyl-1,3,5-triazine-2,4,6-triamine, 
is an effective insect growth regulator that acts by inhibiting the 
moulting processes. It is wildly used as an agricultural insecticide and 
a feed additive to animal breeding against fly larvae from hatching in 
manure [10,11]. The early investigation showed that Cyr is harmless 
to mammals and poultry. However, it was proved to cause mammary 
tumors in the mouse [12]. Besides the amount of parent drug excreted 
through feces, a portion of Cyr (2–14%) is metabolized to melamine 
in vivo [12]. The main adverse effects shown in studies on animals 
were kidney related, including renal calculi, renal tubular necrosis, 
crystalluria, and haematuria [13,14].

The kidney is a vital organ, which plays an essential role in health, 
disease and overall development and growth. The main function of 
kidney is to maintain total body fluid volume, its composition and acid 
base balance. A number of environmental variables including certain 
xenobiotic influence these functions [15-17].

In fact, pesticides are known to increase the production of reactive 
oxygen species (ROS), which in turn generate oxidative stress in 
different tissues [18-20]. Many studies have implicated oxidative 

damage as the central mechanism of toxicity [21]. Oxidative damage 
primarily occurs through production of reactive oxygen species (ROS), 
including hydroxyl radicals and hydrogen peroxide that are generated 
during the reaction and react with biological molecules, eventually 
damaging membranes and other tissues [22]. Many insecticides are 
hydrophobic molecules that bind extensively to biological membranes, 
especially phospholipids bilayers [23], and they may damage 
membranes by inducing lipid peroxidation (LPO) [4,20,24,25].

Herbal medicines derived from plant extracts are being increasingly 
utilized as adjunct treatment options for a wide variety of clinical 
disease. More attention has been paid to the protective effects of natural 
antioxidants against chemically induced toxicities [26]. The increasing 
interest in the health properties of tea extract and its main catechin 
polyphenols have led to a significant rise in scientific investigation 
for prevention and therapeutics in several diseases [27,28]. Crespy 
and Williamson [29] reported that green tea extract (GT) displays 
antioxidants and free radicals scavenger properties. Therefore the 
present study aimed to evaluate the oxidative damage and the renal 
toxicity of Cyr and/or CPF when administered orally to male rat as well 
as the ameliorating effect of green tea extract. 

Abstract
In the present study, the protective effect of an aqueous extract of green tea (GT) against renal oxidative damage 

and nephrotoxicity induced by cyromazine (Cyr), chlorpyrifos (CPF) and their combination in male rats was undertaken. 
Eight groups containing six rats each were selected. Group I served as control. Groups II, III and IV rats were given a 
single daily oral doses of Cyr (169.35 mg kg-1, 1/20 LD50, in corn oil), CPF (6.75 mg kg-1 kg-1,1/20 LD50, in corn oil) and 
their combination for 28 consecutive days, respectively. Group V permitted free access to solubilised GT (1.5%w/v 
in water) as the sole drinking fluid. Groups VI, VII and VIII rats were given the same doses as groups II, III and IV 
and simultaneously permitted free access to solubilised GT as the sole drinking fluid. Significant reduction in body 
weight and elevation in kidney weight were observed in insecticides exposed rats compared to control. Significant 
perturbations of renal function as evidenced via increase in blood urea nitrogen (BUN) and serum creatinine level 
were observed in treated rats. Also, renal oxidative damage was observed in insecticide-treated rats as evidenced via 
augmentation in kidney lipid peroxidation (LPO) as well as depletion in kidney antioxidant enzymes; catalase (CAT), 
superoxide dismutase (SOD) and glutathione peroxidase (GPx). Histopathological analysis of the kidney revealed 
that supplementation with GT resulted in nil to mild in vacuolization, swelling and degeneration in the endothelium of 
glomerular tuft and the epithelium of lining tubules. In conclusion, the use of green tea extract appeared to be beneficial 
to rats, to a great extent by attenuating and restoring the damage sustained by insecticide exposure.
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decapsulated and kept in ice-cold buffered saline (154 mM NaCl, 5 mM 
Tris–HEPES, pH 7.5). A 10% (w/v) homogenate was prepared in 0.1 
M Tris–HCl buffer, pH 7.5, using Potter-Elvehejem homogenizer. The 
homogenate was centrifuged at 3000 x g at 4 ºC for 15 min to remove 
cell debris and the supernatant was saved in aliquots and stored at -20 
ºC for assaying protein concentration, lipid peroxidation (LPO) and 
antioxidant enzymes activity.

Measurement of biochemical parameters
The serum creatinine (Cre) and blood urea nitrogen (BUN) 

concentrations were measured spectrophotometrically at 495 and 600 
nm, respectively and expressed as mg/dl by using commercial kits 
according to the instructions of the manufacturers.

Oxidative stress evaluation 
Renal lipid peroxidation: Malondialdehyde (MDA) occurs 

in lipid peroxidation and was measured in kidney tissues after 
incubation at 95 °C with thiobarbituric acid in aerobic conditions 
(pH 3.4). The pink colour produced by these reactions was measured 
spectrophotometrically at 532 nm to measure MDA levels [33]. 

Renal antioxidant enzymes:

•	 Assay of catalase (CAT): Catalase (CAT) activity was measured 
using the method of Aeibi [34]. Twenty µl of the supernatant 
were added to a cuvette containing 780 µl of 50 mM potassium 
phosphate buffer (pH 7.4) and then the reaction at 25 °C was 
initiated by adding 200 µl of 500 mM H2O2 to make a final 
volume of 1 ml. The decomposition rate of H2O2 was measured 
at 240 nm for 1 min on a spectrophotometer. A molar 
extinction coefficient of 0.0041 mM–1 was used to determine 
the CAT activity. The activity was defined as an nmoles H2O2 
decrease/min/ mg protein.

•	 Assay of superoxide dismutase (SOD): Superoxide dismutase 
(SOD) activity was estimated according to Beauchamp and 
Fridovich [35]. The reaction mixture contained 50 mM of 
kidney homogenates in 0.1 M of potassium phosphate buffer 
(pH7.4), 0.1 mM EDTA, 13 mM L-methionine, 2 µM riboflavin 
and 75 µM Nitro Blue Tetrazolium (NBT). The developed blue 
color in the reaction was measured at 560 nm. Units of SOD 
activity were expressed as the amount of enzyme required 
to inhibit the reduction of NBT by 50% and the activity was 
expressed as units per mg of protein.

•	 Assays of glutathione peroxidase (GPx): Glutathione 
peroxidase (GPx) activity was measured according to Flohe 
and Gunzler [36]. GPx catalyzes the oxidation of reduced 
glutathione by cumene hydroperoxide. In the presence of 
reduced glutathione reductase and nicotinamide adenine 
dinucleotide phosphate reduced form (NADPH), the oxidized 
reduced glutathione is immediately converted to the reduced 
form with a concomitant oxidation of NADPH to NADP+. 
The decrease in absorbance at 340 nm was measured. The 
enzyme activity was expressed as nmol of GSH oxidized/min/
mg protein. Protein concentration was determined according 
the method described by Lowry et al. [37] using bovine serum 
albumin (BSA) as a standard.

Histopathological examination
For light microscopic investigations, specimens from kidney were 

fixed in 10% phosphate buffer formalin, dehydrated in alcohols and 
embedded in paraffin. Five micron tissue sections were stained with 

Materials and Methods
Animals 

Healthy male Wistar rats weighing 143.5 ± 1.11 g were obtained 
from the Animal Breeding House of the National Research Centre 
(NRC), Dokki, Cairo, Egypt and maintained in clean plastic cages (6 
rats/cage) in the laboratory animal room (23 ± 2 °C). On standard 
pellet diet, tap water ad libitum, and daily dark/light cycle (12/12 hrs), 
the rats were acclimatized for 1 week prior to the start of experiments. 
The experimental work on rats was performed with the approval of 
the Animal Care & Experimental Committee, National Research 
Centre, Cairo, Egypt, and international guidelines for care and use of 
laboratory animals.

Chemicals 
Chlorpyrifos (97%) and Cyromazine (99%) were obtained from 

TaeGeuk Cop., South Korea. Pu-erh green tea of post-fermented 
tea produced in Yunnan province, China. The assay kits used for 
biochemical measurements of malondialdehyde (MDA), serum 
creatinine (Cre), catalase (CAT), superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) were purchased from Biodiagnostic, 
Egypt. However, the Blood Urea Nitrogen (BUN) kit was purchased 
from Stanbio Laboratory, Boerne, Texas, USA. All other chemicals 
were of reagent grades and were obtained from the local scientific 
distributors in Egypt.

Preparation of green tea extract
Likewise, the crude aqueous extract of green tea was prepared 

according to Maity et al. [30] and later adopted by El-Beshbishy [31] 
by soaking 15 g of instant green tea leaves in 1 L of distilled water 
whose temperature did not exceed 90 ºC, for 5 min to obtain soluble 
polyphenols dissolved in the aqueous extract. The solution was filtered 
to obtain the final 1.5% (w/v) green tea extract. This solution was 
substituted in the place of water as the sole source of drinking fluid.

Experimental design
Rats were randomly divided into 8 groups each containing 6 

animals (6 rats/cage). The route of administration selected for the 
study was oral gavage for 28 consecutive days. Rats in Group I served 
as control and were given corn oil (0.5 ml/rat) and allowed distillate 
water ad libitum. Rats in Group II were given chlorpyrifos (CPF) in 
corn oil at a dose of 6.75 mg a.i. /kg b.wt. daily (1/20 LD50) [32]. Rats in 
Group III were given cyromazine (Cyr) in corn oil at a dose of 169.35 
mg a.i. /kg b. wt. daily (1/20 LD50) [32]. Rats in Group IV were given a 
combination of CPF (6.75 mg a.i. /kg b.wt.) and Cyr (169.35 mg a.i. /kg 
b. wt.). Rats in Group V where given aqueous green tea extract as the 
sole drinking fluid during the 28 days at a concentration of 1.5% (w/v). 
Rats in Group VI, VII and VIII were given the same doses of pesticides 
as in groups II, III and IV, respectively and simultaneously allowed to 
an aqueous green tea extract as the sole source of drinking fluid. During 
the experimental duration, body weights were recorded and the doses 
modulated according to weekly body weight gain.

After completion of the treatment period, blood samples were 
centrifuged at 1500 ×g for 10 min and the serum was removed and 
stored at -20 ºC for biochemical measurements by using Shimadzu 
UV- VIS Recording 2401 PC (Japan). Both kidneys were removed, 
cleaned and weighed for histological and biochemical evaluation.

Preparation of homogenates
 After the completion of the experiment, the kidneys were removed, 
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hematoxylin and eosin stain (H&E) for general histopathological 
examination [38]. Scoring of histopathological changes was done as 
follow: (-) absent; (+) mild; (++) moderate; (+++) severe, and (++++) 
extremely severe [38].  

Statistical analysis

The results were expressed as means ± S.E. All data were done with 
the Statistical Package for Social Sciences (SPSS 11.0 for windows). The 
results were analyzed using one way analysis of variance (ANOVA) 
followed by Duncan’s test for comparison between different treatment 
groups. Statistical significance was set at p < 0.05.  

Results 
Effect on the general health of rats 

During the experiment, no death was observed in any of the 
experimental groups. Rats in the control group and in green tea extract 
(GT) treated group did not show any sign of toxicity. However, CPF 
and Cyr+CPF treated rats showed varying degrees of clinical signs few 
minutes after dosing. The signs included huddling, mild tremor and 
diarrhea. The observed signs were related to the cholinergic crisis; a 
consistent sign in organophosphate poisoning. Except for the huddling, 
no other significant clinical manifestation was observed following GT 
supplementation.

Evaluation of body, absolute and relative kidney weights

Our result showed that there was no significant difference in body, 
absolute and relative kidney weights between GT and untreated rats. 
However, body weight significantly decreased by 12%, 16% and 20% 
for Cyr, CPF and Cyr+CPF- treated groups, respectively. Relative 
kidney weight significantly increased by 14%, 13% & 18% for Cyr, 

CPF and Cyr+CPF- treated groups, respectively when compared to 
control (Table 1). The administration of GT to pesticide treated groups 
ameliorated the loss of body weight and the increase of relative kidney 
weight in pesticide treated animals (Table 1). 

Renal lipid peroxidation (LPO)

Administration of Cyr, CPF and Cyr+CPF led to a significant 
increase (p < 0.05) in lipid peroxidation as evidenced by the increase 
in kidney tissue MDA levels by 33, 36, and 44%, respectively when 
compared to the control group. However, co-administration of GT to 
treated rats reduced the augmentation in MDA levels to 7, 10 and 19% 
for Cyr, CPF and Cyr+CPF-treated rats, respectively (Table 2). 

Markers of renal function

Serum creatinine level of Cyr, CPF and Cyr+CPF-treated rats were 
higher (57%, 52% & 58%), respectively than those of control (Figure 
1A), whereas, blood urea nitrogen (BUN) level were respectively, 
higher (27%, 36% & 40%) than those of control (Figure 1B). However, 
oral administration of GT to normal rats produced no changes in the 
cited above biochemical parameters when compared to the untreated 
control (Figure 1A,1B). Co-administration of GT to tested groups 
resulted in marked improvement in the level of Cre and BUN.  

Effects on activities of kidney antioxidant enzymes

Results in Table 2 show the influence of Cyr, CPF and their 
combination on the activities of CAT, SOD and GPx.  Subacute levels 
of the tested pesticides resulted in a state of kidney injury and extensive 
oxidative damage in rats as manifested by the significant alteration in these 
enzymes. In fact, in treated rats, a significant depletion was noted in the 
activities of CAT, SOD and GPx. However, the co-administration of GT 
mitigated the change in the activities of SOD, GPx and CAT (Table 2). 

Groups
Body weight

Absolute kidney weight (g) Relative kidney weight
(g/100g body weight)Initial (g) Final (g) % Change/week

Control 142.8±0.85 218.9±3.75ab 8.68±0.26a 1.27±0.05 0.58±0.012ab

GT 145.5±0.92 221.9±4.19a 8.58±0.39ab 1.26±0.03 0.57±0.089a

Cyr 143.6±0.49 191.0±7.36cde 6.10±0.70cd 1.30±0.03 0.68±0.014de

CPF 144.1±0.85 183.92±3.35de 5.39±0.32de 1.24±0.03 0.67±0.004d

Cyr+CPF 142.8±0.85 173.9±6.44e 4.35±0.78e 1.24±0.06 0.71±0.016e

Cyr+GT 145.0±0.60 202.9±2.55bc 7.12±0.23bc 1.22±0.02 0.60±0.004b

CPF+GT 143.0±1.20 195.9±7.99cd 6.80±0.61cd 1.24±0.03 0.63±0.012c

Cyr+CPF +GT 144.7±0.67 192.18±7.40cd 6.40±0.48cd 1.21±0.04 0.63±0.011c

Each value is a mean of 6 rats ± S.E.M; a, b, c, d values are not sharing superscripts letters (a, b, c, d) differ significantly at p < 0.05; % of body weight change/week = [(final 
b .w t. – initial b .wt.)/ initial b .wt.]/no of weeks X 100; Cyr: Cyromazine; CPF: Chlorpyrifos; GT: Green tea.

Table 1: Effect of cyromazine and/or chlorpyrifos on body and relative kidney weights of rats and the ameliorative role of green tea.

Treatments LPO
(nmoles/mg protein)

CAT
 (nmol/min/mg protein)

SOD
 (units/mg protein)

GPx
 (nmoles of GSH oxidized/min/mg 

protein)
Control 3.28±0.19a 312.2±14.3ab 18.8±0.80a 4.26±0.25a

GT 3.22±0.18a 324.4±9.4a 19.0±0.56a 4.19±0.24a

Cyr 4.92±0.15c 237.2±11.1de 12.0±0.90cd 2.95±0.09b

CPF 5.18±0.13c 214.8±7.1ef 12.2±0.94cd 2.80±0.07b

Cyr+CPF 5.87±0.21d 198.4±11.8f 10.3±0.84d 2.58±.09b

Cyr+GT 3.54±0.17a 280.8±14.9bc 14.3±0.67bc 3.89±0.19a

CPF+GT 3.68±0.17ab 265.6±11.8cd 15.3±0.77b 4.05±0.18a

Cyr+CPF +GT 4.05±0.14b 271.4±11.7cd 13.5±0.70bc 3.78±0.12a

Each value is a mean of 6 rats ± S.E.M; a, b, c, d values are not sharing superscripts letters (a, b, c, d) differ significantly at p < 0.05; Cyr: Cyromazine; CPF: Chlorpyrifos; GT: 
Green tea.

Table 2: Effect of cyromazine and/or chlorpyrifos on renal lipid peroxidation and antioxidant enzymes of male rats and the ameliorative role of green.
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Histopathological examination

The representative pictures of histopathological examination in the 
kidney tissue are shown in Figure 2 (A-F) and the semi-quantitative 
histological scoring of liver damage is presented in Table 3. Kidney 
sections from the control group rats and green tea-treated rats 
showed intact histological structure of glomeruli and renal tubules. 
However, abnormalities in kidney of treated rats were detected in 
glomeruli and in convoluted tubules (Figure 2B-F) compared to 
those of controls (Figure 2A). The main characteristic findings were 
the appearance of vacuolization and swelling in the endothelium 
of glomerular tuft, swelling in the lining epithelium of tubules and 
inflammatory cells infiltration in between the degenerated tubules with 
fibrosis and hyalinosis between the tubules in focal manner. However, 
the co-administration of the GT with Cyr or CPF showed marked 
improvement in their histological structure in comparison to the 
treated groups (Cyr, CPF, Cyr+CPF) alone. Whereas, the severity of 
the above cited histological abnormalities ranged from nil to moderate 
degree and represented in Table 3.

Discussion
Intensive metabolic activity and multiple functions account for 

kidney’s sensitivity to the action of toxicants. In the present study, 
oral administration of CPF, Cyr or their combination of Cyr and 

CPF resulted in a significant reduction in the body weight gain, and 
an increase in the relative kidney weight. The reduction in body 
weight gains may be due to the combined action of cholinergic and 
oxidative stress [39-42] and/or due to the increased degradation of 
lipids and proteins as direct effects of organophosphate compound 
exposure [19,43,44]. Moreover, the increase in kidney weight could 
be attributed to the relationship between kidney weight increase and 
various toxicological effects or to the reduction in body weight gain of 
experimental animals [20,45-47]. This results are consistent with many 
previous investigators with CPF and other insecticides [19,20,42,45-
49]. Co-administration of GT improved body and kidney weights of 
intoxicated rats.

In the present study, the oral administration of CPF, Cyr or their 
combination to adult male rats provoked an increase in serum creatinine 
and blood urea nitrogen (BUN) levels of rats. It is well known that the 
kidney is the main site of elimination of xenobiotics [50]. Serum levels 
of BUN and Cre are used as indicators of renal function. These findings 
reflect the diagnosis of renal failure [51].

The potentially reactive derivatives of oxygen, ascribed as ROS such 
as O2

¯, H2O2 and OH are continuously generated inside the human 
body as a consequences of exposure to a lot of exogenous chemicals in 
our ambient environment and/or a number of endogenous metabolic 
processes involving redox enzymes [52]. Under normal circumstances, 
the ROS generated are detoxified by the antioxidants present in the 
body and there is equilibrium between the ROS generated and the 
antioxidants present [52]. Harmful effects caused by ROS occur as a 
consequence of an imbalance between the formation and inactivation 
of these species. However, owing to ROS overproduction and/or 
inadequate antioxidant defense, this equilibrium is hampered favoring 
the ROS upsurge that culminates in oxidative stress [52]. Oxidative 
stress is through a series of events, dysregulate cellular physiology and 
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Figure 1: Effect of exposure to Cyr, CPF and their combination on serum 
creatinine (A) and blood urea nitrogen (B) of rat in the absence and presence 
of GT. Data are expressed as mean ± S.E.M of 6 rats. Columns are not sharing 
above letters (a, b, c, d, e) differ significantly at p < 0.05; Cyr: cyromazine; CPF: 
chlorpyrifos, GT: green tea extract.

Figure 2: Kidney paraffin sections stained by haematoxylin and eosin (H&E) 
for histopathological changes. Control group [A] showing intact histological 
structure of glomeruli (g) and renal tubules (t) (x 80), Cyr-treated group [B] 
showing vacuolization and swelling in the endothelium of glomerular tuft (g) with 
swelling in the lining epithelium of tubules (t)  (x 80), CPF-treated group [C &D] 
showing congestion in the tuft of the glomeruli (g) (x 80) and inflammatory cells 
infiltration (m) in between the degenerated tubules (d), Cyr+CPF-treated group 
[E&F] showing swelling and vacuolization in the endothelial cells lining the tuft 
of the glomeruli (g) with fibrosis (f) and hyalinosis (h) between the tubules in  
focal manner and inflammatory cells infiltration (m) and few fibroblastic cells 
proliferation (arrow) in between the degenerated tubules (d) in focal manner at 
the corticomedullary portion (x 80).
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its sustained presence may lead to pathogenesis of several ailments 
[53]. The ROS readily attack and induce oxidative damage to various 
biomolecules including proteins, lipids, mitochondria, lipoproteins and 
DNA [54]. Oxidative stress affects many cellular functions by various 
mechanisms such as alteration in gene expression through activation of 
transcription factor NF-kB or induction of permeability transition in 
mitochondria with lethal consequences [55]. Our results revealed that 
the effect of exposure to CPF and/or Cyr for 28 days, in rats induced 
nephrotoxicity evidenced by histopathological observation and 
biochemical parameters perturbations in kidney of rats. This treatment 
has a negative effect on renal lipid peroxidation as well as the renal 
antioxidant defense system.

A significant increase in the LPO level following administration 
of the insecticides doses observed in the present study. Since ROS are 
highly reactive and can oxidize cellular macromolecules (e.g. lipids, 
DNA, nucleic acid and proteins) which may lead to genetic alterations. 
Lipid peroxidation is linked with excessive generation of ROS, which 
may be contributed by exogenous or endogenous sources and is the 
most destructive process in the living cells has been implicated in 
causing a wide range of biological effects such as increase membrane 
rigidity, osmotic fragility, decreased cellular deformation, reduced 
erythrocyte survival, and membrane fluidity [53,55]. Lipid peroxidation 
products, such as malondialdehyde and 4-hydroxy-2-nonenal (the 
most cytotoxic) cross link the membrane, damage the DNA and are 
mutagenic leading to functional changes [56]. Therefore, we used 
lipid peroxidation as a marker of oxidative stress and studied the 
effect of CPF and/or Cyr administration on renal lipid peroxidation. 
Treatments of animals with CPF and/or Cyr lead to the induction of 
lipid peroxidation, as monitored by measuring the rate of production 
of Thiobarbituric acid reactive substances (TBARS), expressed as 
malondialdehyde equivalents, reflecting the formation of activated 
species in rat kidney. These results are in line with the observation 
of previous researchers following OPIs administration [4,19,57]. 
Accumulation of lipid peroxide is believed to be a major contributor 
to the loss of cell function under oxidative stress conditions [56]. 
This further indicate that renal injury induced by CPF, Cyr and their 
combination in present study is the result of oxidative stress that arise 
as a result of excessive generation of ROS, which have been reported to 
attack various biological molecules including lipids and causing lipid 
peroxidation.

Results of the current study revealed that green tea extract (GT) 
reversed the elevation of lipid peroxidation. Hence, it is possible that 
the mechanism of green tea extract may be attributed to epicatechins 
(antioxidant present in green tea) that scavenge a wide range of free 
radicals including the most active hydroxyl radical, which may initiate 

lipid peroxidation. Therefore, it may decrease the concentration of lipid 
free radicals [58]. Moreover, it was reported previously that it chelates 
metal ions, especially iron and copper, which, in turn inhibit generation 
of hydroxyl radicals and degradation of lipid hydroperoxides [59].

Nephrotoxicity could also be explained by the impaired antioxidant 
enzyme activities in the kidney of the rats. Indeed, the antioxidant 
enzymes SOD, GPx and CAT limit the effects of oxidant molecules in 
tissues and act in the defense against oxidative cell injury by means of 
their being free radical scavengers [60]. These enzymes work together 
to eliminate active oxygen species. In this respect, SOD accelerates the 
dismutation of H2O2, also termed as a primary defense, as it prevents 
further generation of free radicals whereas, CAT helps in the removal of 
H2O2 formed during the reaction catalyzed by SOD [61]. In the current 
study, our results indicated that CPF and/or Cyr exposure inhibited 
SOD, CAT and GPx activities in kidney of rat. This depletion may be 
due to the decreased synthesis of enzymes or oxidative inactivation of 
enzyme protein.

Our histopathological data substantiate kidney dysfunction. 
Indeed, the renal histoarchitecture of the CPF, Cyr and CPF+Cyr-
treated rats showed swelling in the endothelium of glomerular tuft, 
swelling in the lining epithelium of tubules and inflammatory cells 
infiltration in between the degenerated tubules.

Most of the biochemical alterations accompanied by 
histopathological changes were alleviated following GT administration. 
This could be attributed to the antioxidant capacity of GT that reduce 
the lipid peroxidation which in turn restore the integrity of the cell 
membrane and improve the disturbance in permeability.

Since the oxidative damage as the central mechanism of pesticides 
toxicity occurs primarily through production of reactive oxygen 
species (ROS), including hydroxyl radicals and hydrogen peroxide that 
are generated during the reaction and react with biological molecules, 
eventually damaging membranes and other tissues [21,22]. The use 
of antioxidants to counteract the formed ROS is the corner stone in 
alleviation of such hazards. So, the major nutraceutical compounds 
in green teas are tea catechins that have the most effective antioxidant 
activity. Tea catechins are an efficient free radical scavenger due to 
their one electron reduction potential [62,63]. In addition, tea contains 
minerals that function as co-factors in antioxidant enzymes: zinc, 
selenium and manganese. Polyphenols have additional mechanisms in 
which they reduce oxidation level besides direct role as antioxidants: 
(1) Binding of metal ions such as iron and copper and preventing 
their participation in oxidation reactions (leading to the formation 
of hydroxyl radical). (2) Prevention of redox sensitive transcription 
factors activation that amongst others things serve as mediators of 

Treatments Control GT Cyr CPF Cyr
+CPF

Cyr
+GT

CPF
+GT Cyr+CPF +GT

Swelling of endothelium of glomerular tuft – – ++ ++ +++ – – +
Vacuolization of endothelium of glomerular 
tuft – – ++ + ++ + – –

Congestion of glomeruli – – ++ + ++ – – –
Degeneration in lining tubules – – + – ++ – – –
Focal fibrosis between the tubules – – – – ++ – – –
Hyalinosis between the tubules – – – + + – – +
Inflammatory cells between the tubules – – – – ++ – – –
Swelling in epithelium of lining tubules – – – – ++ – – +

Cyr: Cyromazine; CPF: Chlorpyrifos; GT: Green tea. (–) indicates normal, (+) indicates mild, (++) indicates moderate, (+++) indicates severe, and (++++) indicates 
extremely severe.

Table 3: Semi-quantitative scoring of architectural damage on histopathological examination of the rat kidney in different treatment groups.
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inflammatory reactions. (3) Suppression of oxidation stimulants such 
as induced nitric oxide synthase (iNOS), cyclooxygenase 2 (COX-
2), lipoxygenase 2 (LOX-2) and xanthine oxidase. (4) Induction of 
antioxidant enzymes such as glutathione S-transferase and super oxide 
dismutase [64].

Conclusion
The results of present study show that Cyr and CPF treatments 

caused oxidative damage, biochemical and histopathological 
alterations in the kidney of male rats. In contrast GT reduces oxidative 
damage by virtue of its antioxidant properties thus improving the 
structural integrity of cell membrane and eventually alleviates the 
histopathological changes as well as the biochemical perturbations. 
Based on our present observations, we propose that GT may provide 
a cushion for prolonged therapeutic option against toxins-induced 
nephrotoxicity without harmful side effects.
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