
Summary. Cypermethrin (CYP) is an important type II
pyrethroid pesticide widely used to protect crops against
pests and insect infestations. However, its toxicity is a
risk to both human health and the surrounding
environment. The present study was conducted to
investigate the nephrotoxic effect and histopathological
changes caused by cypermethrin in the kidney tissues of
adult wistar rats. In this study, 30 Wistar rats were
equally divided into three groups. G1, control animals;
G2 and G3 treated with various sub lethal doses of CYP
for 30 days as follows: G2, administered low dose
(1/100 of LD50) of CYP; G3, administered high dose
(1/50 of LD50) of CYP. The damage to different
organelles of renal proximal and distal cells was
observed using transmission electron microscopy.
Histopathological damage in kidney samples was
confirmed using morphological and histological
measures. The results showed that CYP caused
significant histopathological damage to the renal
proximal and distal tubules of treated rats. Compared to
control samples, CYP caused marked alterations in the
dimensions of nucleus, ovoid and filamentous
mitochondria of the treated cells. In conclusion,
cypermethrin is found to be toxic to mammals. It caused
marked ultrastructural damage to the renal proximal and
distal tubules of wistar rats and the intensity of
nephrotoxicity correlated with the dose of oral
administration.
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Introduction

Pesticide use has become common in recent years,
and its undesirable effects pose a serious public health
concern. Pyrethroids are synthetic products derived from
natural pesticides found in chrysanthemum flowers
(Burns and Pastoor, 2018). Pyrethroid insecticides are
extensively used in agriculture due to their high toxicity
towards insects and low toxicity towards mammals
(Mudiam et al., 2012). However, due to their increased
use, the probability of human exposure has
correspondingly increased (Tuck et al., 2018). Due to
their toxic effect, pyrethroid insecticides disturb
biochemical and physiological functions (López et al.,
2007; Glass, 2008). Hence, pyrethroid poisoning caused
by occupational and accidental exposure is a major
concern due to the associated risks of mortality and
morbidity (Burns and Pastoor, 2018). 

Cypermethrin (CYP), a synthetic pyrethroid
insecticide, is widely used in large-scale commercial
agricultural applications due to its high insecticidal
activity, moderate toxicity in mammals and birds, rapid
environmental degradation, and non-accumulation in
aquatic systems (Natala and Ochoje, 2009; Singh et al.,
2012; Starr et al., 2014; Saillenfait et al., 2015).
However, its residues are frequently detected in the
environment, in food and in breast milk (Yuan et al.,
2014; Saillenfait et al., 2015). CYP induces a rapid
neurotoxic effect in insects (Vijverberg and vanden
Bercken, 1990). It is mainly absorbed by the
gastrointestinal tract, by inhalation of spray mist or
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simply by skin contact (Yousef et al., 2003a,b). Owing to
its lipophilic proprieties, chronic exposure to CYP
causes accumulation in tissues and organs (Khanna et
al., 2002; Laskowski, 2002; Starr et al., 2012). Hence,
exposure to CYP can induce various deleterious effects
such as defective blood coagulation, brain and nerve
damage, genetic disorders, birth defects, infertility or
sterility, cancer, hepatic fibrosis and kidney problems
(Yousef et al., 2003a,b; Patel et al., 2006; Kamel, 2011).
The biochemical and histopathological effects of CYP
have been investigated in rat kidney (Sankar et al., 2012;
Bhushan et al., 2013; Raj et al., 2013; Soliman et al.,
2015; Kanbur et al., 2016). Therefore, we conducted this
study to investigate the cytopathological alterations in
renal proximal and distal tubules due to CYP
administration in adult Wistar rats. 
Materials and methods

Insecticide

The synthetic Cypermethrin Pyrethroid (α-Cyano-3-
phenoxy benzyl 3-(2, 2-dichloro vinyl)-2,2-dimethyl
cyclopropane carboxylate) was purchased from Arabian
farms in Jeddah (Saudi Arabia), CAS no (23-29-495). It
was used in its commercial product form Cypermethrin
100 E. The oral LD50 value for Cypermethrin was
calculated as 250 mg/kg BW for adult rats. 
Animals and doses

Thirty adult Wistar rats of species “Rattus
norvegicus” (weighing 170.5 g±2.211; 8 weeks old) bred
in the Animal House, at the King Fahd center for
Scientific Research, King Abdel-Aziz University,
Jeddah, Saudi Arabia, were used in this study. The rats
were housed in plastic cages and were fed with industrial
standard diet formulations that contain all essential
nutrients, along with protein, salts, vitamins, fiber, and
water. The animals were exposed to standard
environmental conditions (12 h light/12 h dark cycles
with controlled temperature 25-28°C) throughout the
study period (30 days). 

The rats were divided into three groups each
containing ten animals. 

Group (G1), control-group, received distilled water.
Group (G2), received daily low dose of

Cypermethrin (1/100 LD50) (2.5 mg/kg body weight)
for 30 days. Group (G3), received daily high dose of
Cypermethrin (1/50 LD50) (5 mg/kg body weight) for
30 days. 

After 30 days, rats were sacrificed by cervical
decapitation to avoid stress induction. The kidney tissue
was collected for histological analyses.
Histological and cytochemical methods

Small pieces of kidney were fixed in 10% neutral
buffered formalin for 24 h, or in Carnoy‘s fixative for

half an hour for the study of the cytochemistry. Standard
methods of dehydration, clearing, embedding in paraffin
wax and cut into 2-3 micron thickness were used. The
formalin fixed sections were stained with Hematoxylin
and Eosin (H&E) (Bancroft and Gamble, 2008), while
the Carnoy‘s fixed sections were stained with Periodic
acid-Schiff (PAS) method to interact with the neutral
polysaccharides according to Bancroft and Stevens
(1996) method.
Ultrastructure method 

Electron microscopy was used to analyze the
structural changes in cellular organelles of each
experimental group after 30 days of treatment. The
kidney tissue was cut into 1 mm3 pieces, fixed with 3%
glutaraldehyde 0.1 N PBS at 4°C for 1 h, and post-fixed
with osmium tetroxide (1%) for 1 hour at 4°C. The
samples were then dehydrated in ascending grades of
acetone for 5 min each (70%, 90%, 100%, 100%),
treated with 1:1 (acetone: resin), and finally embedded
in a mixture of epon and oraldite (Woods and Stirling,
2002). Uranyl Acetate and Lead Citrate were used to
create a dye stain on the ultrathin sections of 2-3 mm
(Bogdanov, 2013).
Cytological measurements and morphometric methods

We measured ten different random cores of cells
from the proximal and distal convoluted tubules from rat
control and test groups. The measurements of internal
cell organelles (nuclei, mitochondria) were taken using
an electron microscope scale (Philips-CM100) at King
Fahd Centre for Medical Research, recorded on the
electron micrographs; the median and standard deviation
were calculated, and differences in dimensions of
organelles between control and test group were
compared using student t-test and Chi-square test.
Statistical analysis 

For all groups, data was evaluated as mean ±
standard deviation. Statistical analysis was conducted
using student t-test and Chi-square test. The results were
non-significant or significant when the P value was more
or less than 0.05, respectively. Calculations were done
using SSPS 18.0 Statistical software.
Results

Histological examination by light microscopic 

Examination of the hematoxylin and eosin-stained
sections of the control group (G1) revealed the normal
histological (pattern) of renal tubules. The proximal
convoluted tubules were lined by a cuboidal epithelium
containing spheroid central or basal nuclei with normal
brush border at the apical surface; distal convoluted
tubules were observed with larger and regular lumen
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surrounded by smaller and more distinctly cuboidal cells
with apically located nuclei with pale cytoplasm that
lacked a brush border compared with proximal
convoluted tubules (Fig. 1a). 

The cypermethrin-treated groups (G2, G3) with low
and high doses revealed marked renal tubule damage.
The changes became more acute with an increase in the
administered dose at the end of 30 days. Rat kidneys of
the group (G2) which received CYP with a daily low
dose for thirty days showed mild dilation of proximal
and distal convoluted tubules, the nuclei of epithelial
cells of some proximal tubules had pyknotic nucleus
with chromatin condensation. Apparent thickening of the
basement membrane of the distal convoluted tubules,
congestion of vessels and lymphocytic infiltration in the
interstitial was also found (Fig. 1b). 

Furthermore, kidneys of group (G3), which received
daily high dose of CYP for thirty days, the proximal
convoluted tubules appeared with atrophy, necrosis,
cytoplasmic degeneration with short fragmented brush
border damage. Also high number of mucous vesicles
(eosinophilic granules) were noted in the cytoplasm and
the lumen of some PTs when they stained with PAS (Fig.
2a,b). Additionally, the distal convoluted tubules showed
fragmentation, atrophy and degeneration of some cells,
flow of the cellular content inside the lumen, destruction
of cytoplasmic organelles, irregular of basement
membrane with dilation of basal infoldings in
comparison to the control (Fig. 2c).
Cytological examination by electron microscopic 

No histopathology was observed in the male rat
kidneys of control group (G1). The proximal convoluted
tubule showed normal features with clear brush border
consisting of long and contiguous microvilli; spheroid
central or basal nuclei with normal chromatin
distribution were observed. The peripheral
heterochromatin were located in irregular aggregates
around the inner nuclear membrane, in addition to
scattered masses of heterochromatin in the nuclear
plasma or associated with the nucleoli. The apical
cytoplasm of cells lining the proximal convoluted
tubules were characterized by multiple pinocytotic
vesicles and electron-dense cytoplasmic bodies. It
included lysosomes and phagolysosomes. The
mitochondria were organized in queues inside the
basement membrane flexures and characterized by their
filamentous and oval shape as well as the variety of
sizes. The Golgi apparatus appeared at a juxtanuclear
position in proximal convoluted tubule (PT) cells of
control rats. Indiscernible rough endoplasmic reticulum
(RER) and some free ribosomes were observed in the
cytoplasm of the PT cells (Fig. 3a). The distal
convoluted (DTs) tubules cells had a cubic structure with
lucid cytoplasm, apical nuclei, and some scattered and
short apical cytoplasmic knobs. They had well-formed
basement flexures in comparison to the PT cells.
Moreover, the mitochondria in the DT cells were
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Fig. 1. Light micrographs (LM). Cross-sections of kidney cortex of adult
wister rats (haematoxylin and eosin stained preparations) (H&E). 
a. Control kidney cortex showing intermingled outer and inner renal
cortical regions; proximal convoluted tubule (PT) with normal brush
border (BB), distal convoluted tubule (DT) and renal interstitium (IT).
H&E. b. LM kidney cortex of rats (G2) treated with low dose of
cypermethrin; showing mild dilatation of proximal convoluted tubules
(PT), distal convoluted tubules (DT), degeneration of tubules with
pyknotic nucleus (arrows) and cellular infiltration (head arrows). Scale
bars: a, 10 μm; b, 50 μm.



characterized by small size and accumulation in the
basement cytoplasm. Accumulation of free ribosomes
and RER in the nuclear peripheral area of DT cells was
higher in comparison to that in the PTs (Fig. 3b).

The electron microscopic examination of the
ultrathin sections of the cortex of test groups (G2, G3),
treated with both low and high doses of cypermethrin,
and illustrated clear pathological changes in the renal
tubules in comparison to those from the control group
(G1). In fact, daily administration of low dose of CYP
for 30 days induced alterations involving pleomorphic
mitochondria and disorganized basal infoldings in
epithelial cells lining PTs (Fig. 4a). Disorganization of
the basement membrane flexures was also noted, in
addition to the fragmentation of the RER, and an
increase in free ribosomes. Some nuclei were
characterized by their increase of electronic density of

the heterochromatin masses therein. Increase in
epithelial cell basement membrane thickness and
shortness and vesiculation of the RER cisternae with the
retention of ribosomes were also observed (Fig. 4a). The
loss of the electronic density of the cytoplasm of some
cells and degeneration of organelles therein was one of
the notable changes observed in the PTs (Fig. 4b). 

In addition, the ultra-structure of the cortex sections
showed more morphological alterations in the group
treated with high dose of cypermethrin (G3). In fact,
daily administration of high-dose CYP illustrated the
intensity and variance of the cellular damages in the PTs,
mainly with the increase of the treatment period. The
deterioration of the apical membrane of the epithelial
cells lining tubules and the deterioration of the brush
border as a result of the high number of mucous vesicles
in the cytoplasm were noted in some PTs (Fig. 5a,b).
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Fig. 2. LM cross sections of
kidney cortex of adult wister
rat (G3) treated with high dose
of cypermethrin. a. Showing
eosinophilic cast within
expanded lumen of proximal
tubules (arrows), brush border
damaged in some proximal
tubules. H&E. b. Showing
strong positive granular casts
within lumen of tubules &
intensely stained basement
membranes (arrows). PAS
stained sections. c. Showing
dilation of the cortical
congestion of vessels (BV)
with red blood cells stasis,
and marked lymphocytic
infiltration, blocked of some
proximal tubular lumen with
eosinophilic materials
(arrows), damaged cell
membranes with presence of
organelles in tubular lumen
and disturbed nuclei
(headarrow). H&E. Scale
bars: a, 50 μm; b, c, 10 μm.



These changes in the PTs were related to the acute
disorganization of the cellular organelles in different
cells, notable differences in the nuclei, mitochondria and
ER form and size, and increase of the basement
membrane thickness with extension or deterioration of
the basement membrane flexures in some cells. A

marked increase was observed in the electron density,
appearance of irregular nuclear membrane, dissolution
of the nuclear chromatin of some nuclei, while
hypertrophy with deformed shape was detected in other
nuclei. Clear changes were observed in form, size,
numbers, electron density, and cristae of the
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Fig. 3. a. EM Ultrathin sections
in kidney renal tubule of control
group (G1) of adult male wister
rats. Apart of the normal
proximal convoluted tubule.
Note: large basally located
nucleus (N) with normal
chromatin distribution;
numerous well organized
elongated mitochondria (M);
closely packed and elongated
microvilli (MV). Note also, Golgi
area (G); pinocytotic vesicles
(V); basement membrane
(BM); primary and secondary
lysosomes (arrows); rough
endoplasmic reticulum (RER)
and free ribosome (R). b. E.M.
Ultrathin sections in kidney
renal tubule of control group
(G1) of adult male wister rats.
Apart of the normal distal
convoluted tubule showing
apical spheroid nucleus (N),
well developed basal infoldings
(head arrows) surrounding
filamentous elongated
mitochondria (M). Note
numerous scattered ribosomes
(R) and apical cytoplasmic
knobs (CK). Scale bars: 2 μm.



mitochondria of different cells derived from the same
tubules as well as from different tubules. The
longitudinal filamentous mitochondria disappear,
degenerate and fragment into short filamentous
mitochondria; multiple degenerations were observed in

the test groups in comparison to the control group (Fig.
5a,b). 

The examination of the cortical sections of group
(G2) showed a lower number of pathological changes in
the DTs in comparison to the PTs. Some DTs represented

1442
Cypermethrin effect on renal tubules

Fig. 4. EM Ultrathin sections of
renal tubule of adult wister rats
treated with low dose of
cypermethrin (G2). 
a. Epithelial cells of a proximal
convoluted tubule, showing
pleomorphic mitochondria and
disorganized basal infoldings
(arrows). Note basal and apical
vacuoles (V); autolysosomes
(head arrows); atrophied Golgi
apparatus (G); short and
vesiculated RER ; numerous
distributed polyribosomes (R).
b. Part of a necrotic proximal
epithelial cell, showing
fragmented, hypertrophied and
lyzed mitochondria (M); Note
low electron dense area with
lyzed cellular organelles
(arrows); irregular electron
dense nucleus (N) with
irregular surface. Note also
thickened basement membrane
(BM); interstitial cells (IC).
Scale bars: a, 1 μm; b, 2 μm.



clear difference between the cells in terms of cellular
content, where inflation of cells and a lack of
cytoplasmic organelles and electron density was noted
(Fig. 6a). 

Some tubules from the high dosage test group (G3)
were characterized by irregularity of the inner surface

epithelial lining of the tubules, the flow of the cellular
content inside the cavity, the extension of the apical
cytoplasmic surface of some cells inside the cavity, and
the degeneration of organelles therein (Fig. 6b). In
addition, we observed fragmentation, atrophy and
degeneration of nuclei of some cells, while some nuclei
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Fig. 5. EM Ultrathin sections of
renal tubule of adult wister rat
treated with high dose of
cypermethrin (G3). a. Part of
proximal tubule, showing
deteriorated tubular epithelia;
nuclei. (N); tubular lumen (LU)
filled with mucous (MU)
secretory droplets; pleomorphic
mitochondria (M); vesicles (head
arrows) and damaged organelles
(arrows). b. Damaged epithelial
lining of a distal convoluted
tubule, Note thickened basal
membrane (BM); dilated and
widen basal membrane
infoldings (arrows); nuclei (N);
scattered deformed mitochondria
(M). Scale bars: 2 μm.



degenerated while flowing inside the cavity (Fig. 6a,b). 
Effects of cypermethrin on measurements of renal tubule
cell organelles 

Cytological measurements (μm) of PTs of control

and cypermethrin treated adult male rats are shown in
Table 1. The average measurement of the nucleus
diameter was estimated to be 5.53±0.822 μm. Compared
to the control group, a significant decrease (P<0.05) in
average diameters of nuclei (2.889±0.462 μm) was
observed in the G2 group (Table 1). However, a
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Fig. 6. EM Ultrathin sections of
renal tubule of adult wister rat
treated with low and high doses
of cypermethrin (G2& G3). a.
Distal convoluted tubule from
group (G2) showing
heterogeneity in epithelial cells
damaged. Note hypertrophied
cell with vacuolated cytoplasm
(arrows); damaged apical
cytoplasmic knobs (head
arrows); pleomorphic nuclei
(N); and deteriorated
mitochondria (M). b. A distal
convoluted tubule from group
(G3). Note disorganized distal
tubular epithelia. Note necrotic
cell with pyknotic nuclei (PY)
and vacuolated cytoplasm
(arrows); hypertrophic cell with
cytoplasmic extension (head
arrows); damaged cell
membranes with presence of
organelles in tubular lumen
(curved arrows). Scale bars: 2
μm.



significant increase (P<0.01) in average diameters of
nuclei (7.001±0.246 μm) was observed in the G3 group
(Table 1). 

This study showed that ovoid apical mitochondria
from PT tubules near the cortex have an average size of
0.8707±0.1841 μm in length and 0.6670±0.1433 μm in
width, while the filamentous basement mitochondria
have an average size of 4.462±0.633 μm in length and
0.5170±0.024 μm in width (Table 1). The statistical
analysis illustrated a significant reduction (P<0.05) in
the average length (3.2399±0.6284 μm) and significant
increase (P<0.05) in the average width (0.7125±0.2148
μm) of the small filamentous mitochondria in the PTs of
treatment groups with low dose of CYP in comparison to
those from the control group (Table 1). In the G3 group,
the average diameter of the ovoid mitochondria in the
different cells was 1.3321±0.14 μm in length and
0.9786±0.51 μm in width; for spheroid mitochondria, it
was 1.0786±0.13 μm in length and 0.5279±0.112 μm in
width. The statistical analysis illustrated significant
changes in the average diameters of mitochondria in

treatment groups with high dose of CYP in comparison
to those from the control group (P<0.01).

Cytological measurements (μm) of DTs of adult
male rats from control and cypermethrin treated groups
are shown in Table 2. The average measurement of the
apical nuclei diameter was estimated at 4.12±0.163 μm.
Compared to the control group, changes showed a
significant decrease (P<0.05 and P<0.01, respectively) in
average diameters of nuclei (2.889±0.462 μm) in the G2
group (3.210±0.121 μm) and G3 group (2.871±2.110
μm) (Table 2). 

This study showed that the average size of the ovoid
apical mitochondria in the DTs is 0.5224±0.0974 μm in
length and 0.4163±0.0885 μm in width and the basement
bacillary mitochondria is equal to 3.1735±1.8744 μm in
length and 0.2884±0.0597 μm in width (Table 2). The
statistical analysis illustrated a significant reduction
(P<0.05) in the average length (0.493±0.122 μm) and
width (0.3986±0.451 μm) of the ovoid mitochondria.
Also, a significant reduction (P<0.05) was observed in
the average length (2.0766±0.2331 μm) and width
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Table 1. Cytological measurements (µm) of PT organelles, for control and cypermethrin treated adult male rats at the end of experimental period.

Organelles Days
groups

G1 G2 G3
length width length width length width

Ovoid-
mitochondria

30

Avg. 0.6670 0.8707 - - 0.9786 1.3321
± SD 0.1433 0.1841 - - 0.5126 0.1460

P - - - - ** **

Filamental-
mitochondria

Avg. 4.462 0.5170 3.2399 0.7125 1.0786 0.5279
± SD 0.633 0.024 0.6284 0.2148 0.1318 0.1319

P - - * * ** **

PTs/Nucleus
Avg. 5.53 2.889 7.001
± SD 0.822 0.462 0.246

P - ** **
Significant levels: - p>0.05 not significant - P<0.05 * significant; p<0.01 ** highly significant. T-student t-test; ± SD: standard deviation.

Table 2. Cytological measurements (µm) of DT organelles, for control and cypermethrin treated adult male rats at the end of experimental period.

Organelles Days
groups

G1 G2 G3
length width length width length width

Ovoid-
mitochondria

30

Avg. 0.5224 0.4163 0.4931 0.3986 2.5556 2.929
± SD 0.0974 0.0885 0.122 0.451 0.6309 0.216

P - * * * ** **

Filamental-
mitochondria

Avg. 3.1735 0.2884 2.0766 0.2273 - -
± SD 1.8744 0.0597 0.2331 0.1212 - -

P - - * * - -

PTs/Nucleus
Avg. 4.12 3.210 2.871
± SD 0.163 0.121 2.110

P - * **

Significant levels: - p>0.05 not significant - P<0.05 * significant; p<0.01 ** highly significant. T-student t-test; ± SD: standard deviation.



(0.2273±0.1212 μm) of the small filamentous
mitochondria from DTs of the test group treated with
low dose of CYP, in comparison to those from the
control group (Table 2). 

For the G3 group, the average diameters of the ovoid
mitochondria in the different cells were 2.5556±0.6309
μm in length and 2.929±0.216 μm in width. The
statistical analysis illustrated a significant difference in
the average diameters of ovoid mitochondria in the test
groups that received a high dose of CYP compared with
those of the control group (P<0.01).
Discussion

Insecticide compounds usually target the kidneys of
animals used in experiments (Mansour and Mossa,
2010). Cypermethrin is widely used as an insecticide in
developing countries to control pests (Jayakumar et al.,
2008). Due to its direct application to vegetation,
agricultural land, the coast and the environment animals
inhabit, cypermethrin creates a risk of toxicity, which,
though not associated with its intended use, poses a
major threat to public health (Grewal et al., 2009;
Soliman et al., 2015).

In this study, after CYP administration at different
doses (low and high-dose), histopathological changes to
the kidney tissue of rats from the treatment and control
groups were compared. High-dose CYP treatment for 30
days caused histopathological damage in renal tubules.
This result investigated the toxicity of CYP is dose-
dependent (Gupta, 1990; Inayat et al., 2007). In addition,
other studies supporting the results of this present study
reported that the increase in kidney damage is related to
increase in dosage and period of treatment (Hussain et
al., 2009; Kanbur et al., 2016). Results revealed that
CYP toxicity induced significant degeneration of the
histological structure of renal tissues, with histological
changes in proximal and distal convoluted tubules in
particular (Inayat et al., 2007). 

In the current study, electron microscopic
examination of the renal cortex of groups (G2, G3)
treated with CYP for one month revealed marked
alterations in the epithelial cells of the proximal
convoluted tubules, including hypertrophied
mitochondria, atrophied Golgi apparatus, autolysosomes,
numerous distributed polyribosomes, and deteriorated
brush membrane border. On the other hand, disorganized
epithelial cells of the distal convoluted tubule showed
hypertrophied cell with vacuolated cytoplasm,
deteriorated mitochondria, and necrotic cells with
pyknotic nuclei. Meanwhile, cytological measurement of
organelles of proximal and distal convoluted tubule cells
from the test group indicated significant changes in the
average diameters of ovoid and filamentous
mitochondria when compared to the control group. The
results of this study are in agreement with those reported
in previous related studies, which showed that CYP
induces histological changes in epithelial cells of
proximal and distal tubule and the severity was related to

the dose of CYP (Tamang et al., 1991; Inayat et al.,
2007). Another notable finding of this study was the
significant change in the average diameters of atrophied
nuclei of cells from test groups compared with the
control group. Epithelial cells of both proximal and
distal convoluted tubules of kidney had pyknotic nuclei
and were necrosed (Abdou et al., 2012). Based on
studies of histological lesions of kidney, it was suggested
that CYP disrupts the filtration barriers (Haratym-Maj,
2003; Abdou et al., 2012). 

Different studies investigated negative changes
induced by CYP within the cell and the cell membrane,
resulting in histopathological changes. These changes
resulted from oxidative stress induced by CYP (Sushma
and Devasena, 2010; Abdou et al., 2012; Hashem et al.,
2015; Eraslan et al., 2016). In fact, oxidative stress
reduces the ability of cells to maintain their normal
functions, and thereby causes adverse effects through
direct or indirect impact on tissues, organs, and organ
systems (Grosicka-Maciąg, 2011; Mostafalou and
Abdollahi, 2013). Phospholipids, being the integral
component of all membranes, are the primary target for
radical-mediated LPO. The decreased levels of liver and
kidney phospholipids indicate their depletion by
membrane peroxidation in these tissues mediated by
CYP. This could lead to the alteration of composition,
structure, stability of membranes, and membrane
dysfunction (Ursini et al., 1991).

The literature reports suggest that free radical-
mediated oxidative stress is responsible for the toxicity
of pesticides (Abdollahi et al., 2004). Increased lipid
peroxidation in tissues of the kidney indicates that CYP
increases the susceptibility of these tissues to free radical
damage and decreased antioxidants SOD and CAT.
Reduction in the activities of SOD and CAT are
attributed to their depletion in neutralizing the cyp-
induced reactive oxygen species because they are the
first line of defense against the toxic intermediates of
oxygen metabolism (Kono and Fridovich, 1982). Kale et
al. (1999) have reported that a decrease in the activity of
GST and GPx in the liver and kidney signifies its
depletion in the tissues as a result of CYP detoxification.
Hence, the depletion of GPx concomitant with an
increase in PLA and PLC indicates their role in the
removal of intermediates in LPO induced by CYP
metabolites (Bai et al., 2002). 

Donadio et al. (1997) found that administration of
CYP for 30 days in rats induce nephrotoxicity by
observing the biochemical parameters, high serum urea
and creatinine were markers of renal dysfunction, which
resulted from damage to the renal tissue. Another study
suggested CYP toxicity caused decrease in the level of
total protein in the serum of young rabbits due to
disturbance in the biosynthesis of protein and liver
dysfunction (Lakkawar et al., 2004).
Conclusion 

From the present results, it can be concluded that
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oral administration of cypermethrin caused significant
histopathological changes in renal proximal and distal
convoluted tubules of rats. Additionally, our results
demonstrate that the nephrotoxicity intensity correlates
with the increase in dose of cypermethrin administration.
Therefore, to ensure safe use of this insecticide, further
research is needed on the most effective doses of CYP in
different exposure treatments, as well as on the
molecular mechanisms and mode of action of this
pesticide that has adverse effects on non-target
organisms, including humans.
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