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Abstract: Background: Deltamethrin is a synthetic pyrethroid type II. It is highly effective against a broad

spectrum of insects. The main sources of population exposures are the contaminated food and water.

Deleterious effects of deltamethrin on some organs such as kidney, liver, spleen and lung were reported.

Methods: Thirty adult male albino rats were used in this study. The rats were divided into three groups;

group I (control group), group II (deltamethrin group) and group III (deltamethrin and vitamin E group).

The animals were sacrificed after two weeks. The kidneys were extracted and prepared for both light and

electron microscopically studies. Morphometric study was done to study the percentage of collagen fibers

and the percentage of affected glomeruli. Results: The kidneys of rats group II showed shrunken

glomeruli, intraglomerular congestion, mesangeal hyperplasia with narrowing of the capsular spaces and

thickening of the Bowman's capsules. Degeneration of mitochondria, loss of apical microvilli and

rarefaction of the cytoplasm were observed in the electron microscopically study. The histomorphometric

study revealed that, the mean percentage of the glomerular affection as well as the mean percentage of

collagen fibers increased significantly in the rats group II when compared with the control group.

Improvement of the histological pattern in the glomeruli as well as in the proximal convoluted tubules

was observed after vitamin E administration (group III). Although the mean percentage of the glomerular

affection and the mean percentage of collagen fibers increased significantly in the rats group III when

compared with the control group yet their values were much lower than those of the rats group II.

Conclusion:  It can be concluded that deltamethrin had a deleterious effects on the histological structure

of the kidney. Early and regular treatment with vitamin E could ameliorate the nephropathological

alterations induced by deltamethrin.
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INTRODUCTION

Synthetic pyrethroids constitute a unique group of

insecticides having better performance characteristics

and account for over 30% of the insecticides used

globally in agriculture and home formulation . The use[1]

of pyrethroids as insecticidal and anti-parasitic

formulations has markedly increased in the last two

decades . Deltamethrin is photo-stable type II[2 ]

pyrethroid and it is the most toxic pyrethroid for

vertebrates .[3]

Deltamethrin has a very good residual activity for

outdoor uses (field crops and cattle dip) and for indoor

uses (mosquitoes, horseflies, fleas and cockroaches). It

is considered the most powerful of the synthetic

pyrethroids. It is up to three orders more active than

some pyrethroids .The main sources of man exposure[4]

to this insecticide are the contaminated food and water

as deltamethrin is readily absorbed by the oral route .[5]

Deleterious effects of deltamethrin on the histological

structure of some organs such as kidney, liver, spleen

and lung were reported by many research workers .[6 ,7 ,8 ,9]

Although many pathological effects were reported, yet

its nephrotoxic effect was not fully investigated.

For many insecticides, induction of oxidative stress

is one of the main mechanisms of their toxicity . [10]

Recent studies were carried out to evaluate the

potential role of antioxidants, such as, vitamin E,

vitamin C and folic acid in cellular protection against

oxidative damage induced by insecticides .[11,12]

The aim of this work was to study the possible

morphometric, histological and ultrastructural alterations

resulting from oral administration of deltamethrin on

the kidneys of adult albino rat. The possible protective

role of vitamin E against deltamethrin-induced renal

changes was also studied.
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MATERIALS AND METHODS

I-Material:

a) Chemicals: Deltamethrin (technical grade 98.8%,

liquid) was obtained from EL Nasr Company for

Intermediate Chemicals, Cairo, Egypt. It was given in

50 50a dose of 3 mg/kg body weight ( /  of LD ). It was1

diluted in normal saline to get final concentration of

0.6 mg/ ml .[7]

Vitamin E was given in a dose of l00 mg/kg body

weight . Each capsule contained 400 mg, so it was[11]

diluted in 20 ml olive oil to reach a concentration of

20 mg /ml.

b) Animals: Thirty adult male albino rats weighing

200-250 gm were used in the current study. They were

divided into three groups: group I (control group),

group II (deltamethrin administration group) and group

III (deltamethrin and vitamin E administration group).

The used chemicals were given orally by special blunt

tipped syringe. Each group was consisted of 10

animals. In each group, the animals were sacrificed

after two weeks.

II- Methods:

Light Microscopic Study: Part of the kidney was

fixed, processed and sections were stained with

Hematoxylin and Eosin (Hx. and E.) and Masson's

trichrome stains for histological study. [13] 

Ultrastructural Study: The other part of the kidney

was cut into small pieces, fixed in 4% glutaraldehyde

then washed in phosphate buffer and post fixed in 1%

osmium tetraoxide. Fixation was followed by

dehydration and embedding in epoxy resins. Semithin

sections were stained with toluidine blue. Ultrathin

sections were stained with uranyl acetate and lead

citrate according to  then examined and photographed[14]

using transmission electron microscope (Zeiss, West

Germany), National Cancer Institute, Cairo University 

M orphometric Study: Quantitative study was

performed with Leica image analysis computer system

using the software Quin 500 (England).It was used to

study:

1-the Percentage of Collagen Fibers: (Figs.1- a, b)

 The area percent of collagen tissue fibers in Masson's

trichrome stained sections was examined by

magnification X 400 and measured inside a standard

measuring frame. The collagen tissue fibers were

detected and masked by blue binary colour. Then the

area of the blue binary colour was measured and

expressed as an area percent in relation to the area of

the standard measuring frame. This was done in 10 non

overlapping microscopic fields of each specimen and

their mean values were obtained. 

2- the Percentage of Affected Glomeruli: (Fig. 1-c)

The number of the affected glomeruli in Hx. and E.

stained sections was expressed as a percentage in

relation to the total number of the glomeruli in each

field. This was done in 10 non overlapping microscopic

fields and their mean values were obtained.

The data obtained were subjected to statistical

analysis using t-Student’s test. 

Results:

I-light Microscopic and Ultrastructural Studies:

Group I (Control Group): Histological examination of

the renal cortex specimens of the control group

displayed numerous renal corpuscles and convoluted

tubules. Each renal corpuscle appeared as a dense

rounded structure formed of a glomerulus surrounded

by a narrow capsular space followed by a single raw

of the parietal layer of Bowman's capsule. The

proximal convoluted tubules (PCT) lined by cuboidal

cells while the distal convoluted tubules (DCT) lined

by low cuboidal cells with rounded nuclei (Figs. 2, 4).

Minimal interstitial connective tissue was demonstrated

(Fig. 3).

Ultrastructurally, the lining epithelial cells of the

PCT showed rounded mid-positioned nuclei containing

marginally arranged chromatin material. There were

abundant electron dense mitochondria, with intact

cristae, situated mainly between the nuclei and the

uniformly thickened basal cell membrane. Many long

apical microvilli and lysosomes could be also seen

(Figs. 5, 6).       

Group II (Deltamethrin Group): Histological

examination of the rat kidney specimens of group II

showed shrunken glomeruli with widening of the

capsular spaces (Figs. 7, 8). The renal tubules showed

cytoplasmic vacuolization, intraluminal exfoliation with

granular cast formation as well as pyknosis of the

nuclei (Figs. 8, 10). Thickening of the tubular basement

membranes (Fig. 9) with partial loss of the apical brush

border of the PCT could be seen (Fig. 11).

There was an evident of interstitial congestions

(Figs. 9-11), as well as focal areas of increased

interstitial fibrous tissue formation (Fig. 9). 

Mesangeal cell hyperplasia, intraglomerular

congestion and exudate occupying the narrowed

capsular spaces could be also seen (Fig. 12).

Ultrastructurally, the PCT showed areas of

thickening of the basement membranes, partial loss of

the apical microvilli and rarefied cytoplasm (Fig. 13).
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Fig. (1-a): A photomicrograph seen on the monitor's screen of the image analyzer of a cross section of rat kidney

of group II showing areas of connective tissue fibers inside the standard frame. (Masson's trichrome;

X 400).

Fig. (1-b): A photomicrograph seen on the monitor's screen of the image analyzer of a cross section of rat kidney

of group II showing the areas of connective tissue fibers masked by the blue binary colour (arrows)

inside standard frame.  (Masson's trichrome; X 400)

Fig. (1-c): A photomicrograph seen on the monitor's screen of the image analyzer of a cross section of rat kidney

of group II showing the number of affected (red figures) and normally appeared (green figures)

glomeruli inside standard frame. (Hx. & E.; X 100).
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Fig. 2: A photomicrograph of a cross section in the

kidney of a control rat showing a glomerulus

(G) surrounded by a narrow capsular space (*)

and the parietal layer of Bowman's capsule

(arrows). Note the proximal convoluted tubules

(P) and the distal convoluted tubules (D). (Hx.

& E.; X 400).

Fig. 3: A photomicrograph of a cross section in the

kidney of a control rat showing thin tubular

basement membrane (arrows) and slight

interstitial connective tissue.  (Masson's

trichrome; X 400)

Fig. 4: A photomicrograph of a semithin section in

the kidney of a control rat showing a

glomerulus surrounded by a capsular space (*)

and normally thin parietal layer of the

Bowman's capsule (arrowheads).   (Toluidine

blue; X 1000).

Fig. 5: An electron photomicrograph of a part of a

proximal convoluted tubule of a control rat

showing a nucleus containing marginally

arranged chromatin material (N). Many long

apical microvilli (long arrow), the basal cell

membrane (short arrows) and mitochondria (*)

can be also seen. (Uranyl acetate x 1386)

Fig. 6: An electron photomicrograph of a part of a

proximal convoluted tubule of a control rat

showing nuclei (N) containing marginally

arranged chromatin material (thin arrows).

There are mitochondria (arrowheads), with

intact cristae. Many long apical microvilli (M)

and lysosomes (thick arrows) can be also

seen. Note the cytoplasm (C). (Uranyl acetate

x 6000).
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Fig. 7: A photomicrograph of a cross section of a rat

kidney of group II showing shrunken

glomeruli (G) with widening of the capsular

space (*).  (Hx. &E.; X 200)

Fig. 8: A photomicrograph of a cross section of a rat

kidney of group II showing a shrunken

glomerulus (G), intraglomerular congestion

(thin arrows)  with widening of the capsular

spaces (*). T he renal tubules show

cytoplasmic vacuolization (thick arrows),

intraluminal exfoliation (E) with granular cast

formation (T).  (Hx. & E.; X 400).

Fig. 9: A photomicrograph of a cross section of a rat

kidney of group II showing interstitial

congestion (C) as well as focal areas of

increased interstitial fibrous tissue (thick

arrows). Note the thickened tubular basement

membranes (thin arrows). (Masson's trichrome;

X 400)

Fig. 10: A photomicrograph of a semithin section of a

rat kidney of group II showing interstitial

congestion (C). The lining epithelial cells of

the renal tubules show pyknosis of the nuclei

(thin arrows), cytoplasmic vacuolization (thick

arrows) with intraluminal granular cast

(arrowheads). (Toluidine blue; X 1000)

Fig. 11: A photomicrograph of a semithin section of a

rat kidney of group II showing interstitial

congestion (C). A proximal convoluted tubule

with partial loss of its apical brush border

(arrowhead) can be seen. Note the intraluminal

exfoliation of the tubular lining epithelial cells

(arrow).  (Toluidine blue; X 1000)
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Fig. 12: A photomicrograph of a semithin section of a

rat kidney of group II showing mesangeal cell

hyperplasia, intraglomerular congestion (C)

and exudate occupying the narrowed capsular

space (arrows). (Toluidine blue; X 1000).

Fig. 13: An electron photomicrograph of a part of a

proximal convoluted tubule of  a rat kidney of

group II showing areas of thickening of the

basement membrane (long arrow), partial loss

of apical microvilli (short arrows) and rarefied

cytoplasm (*). Note the midpositined nucleus

(N). (Uranyl acetate x 1386).

Fig. 14: An electron photomicrograph of a part of a

proximal convoluted tubule of a rat kidney of

group II showing a nucleus (N) with irregular

nuclear membrane with peripheral dense

chromatin (arrows). Rarefied cytoplasm (C),

ballooning of the mitochondria (R) with partial

loss of their cristae (arrowheads) can be also

seen. (Uranyl acetate x 6000). 

Fig. 15: A photomicrograph of a cross section of a rat

kidney specimen of group III showing

mesangeal hyperplasia of the glomeruli (H)

with narrowing of the capsular spaces. (Hx. &

E.; X 200).

Fig. 16: A photomicrograph of a cross section of a rat

kidney of group III showing increase of the

interstitial fibrous tissue (thick arrows) and

thickening of the parietal layer of Bowman's

capsule (thin arrows). (Masson's trichrome; X

400).

Fig. 17: A photomicrograph of a semithin section of

a rat kidney of group III showing tissue

debris in the capsular space (D). The lining
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epithelial cells of the renal tubules show

cytoplasmic vacuolization (*), pyknosis of

their nuclei (thin arrows), intraluminal

exfoliation (thick arrow) and granular cast

formation (T). (Toluidine blue; X 1000).

Fig. 18: A photomicrograph of a semithin section of

a rat kidney of group III showing

cytoplasmic vacuolization (thin arrows),

pyknosis of some nuclei (arrowhead) and

their intraluminal exfoliation (thick arrows)

with granular cast formation (T) in some

renal tubules. (Toluidine blue; X 1000).

Fig. 19: An electron photomicrograph of a part a

proximal convoluted tubule of a rat kidney of

group III showing considerable number of

mitochondria; few of them are degenerated

(arrows). Partial loss of the apical microvilli

(M) and normally appeared nucleus (N) can

be also seen. (Uranyl acetate x 1386).

Intraglomerular congestion was detected in

deltamethrin treated group. Similar finding was reported

by Manna et al. who stated that "the intraglomerular[7] 

hemodynamic changes occurred by direct cytotoxic

effect of deltamethrin on the mesangeal and endothelial

cells".  An indirect injury of the blood vessels due to

metabolites of deltamethrin could be another possible

mechanism .[8]

Fig. 20: An electron photomicrograph of a part of a

proximal convoluted tubule of a rat kidney of

group III showing a nucleus (N), rarefied

cytoplasm (C) and normal mitochondria

(arrowheads). Note rough endoplasmic

reticulum (arrows) (Uranyl acetate x 6000). 

Ballooning of the mitochondria with partial loss of

their cristae as well as irregular nuclear membrane with

peripheral dense chromatin could be also seen (Fig.

14).

Group III (Deltamethrin and Vitamin E Group):

Light microscopically examination of the rat kidney

specimens, showed mesangeal hyperplasia of the

glomeruli with narrowing of the capsular spaces (Fig.

15) .The capsular spaces occasionally contained tissue

debris (Fig. 17). Thickening of the parietal layer of

some Bowman's capsules as well as increased

interstitial fibrous tissue content, compared with the

control group could be demonstrated (Fig. 16).

The lining epithelial cells of the renal tubules

showed cytoplasmic vacuolization, pyknosis of their

nuclei with their intraluminal exfoliation and granular

cast formation (Figs. 17, 18).

The ultrastructural changes in the PCT showed

partial loss of their apical microvilli as well as

considerable number of mitochondria; few of them

were degenerated (Figs. 19, 20).

II- Morphometric Results (Tables 1, 2): The

measurements of the percentage of the glomerular

affection and the area percentage of the collagen fibers

of groups II and III showed statistically significant

increase in their values compared with the

corresponding control group.
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Table 1: The mean percentage of the area of the renal collagen

fibers in the  experimental groups 

Groups M ean ± SD P value

Group I 0.898± 0.2696

Group II 5.055 ± 2.3419 < 0.05 *

Group III 3.331 ± 0.7879 < 0.05 *

F ratio 21.181 < 0.001 **

* Significant difference compared to the control group at (P >0.05).

** Highly significant difference compared to the control group

(p>0.01).

Note: The F-ratio indicates the overall significance among the

different animal groups. The greater the numerical value of the F-

ratio, the more significant the difference is

Table 2: The m ean percentage of the num ber of the affected

glomeruli in the experimental groups

Groups M ean ± SD P value

Group I 18.43 ± 4.775

Group II 47.72 ± 13.24 < 0.0004**

Group III 40.55 ± 7.28 < 0.0001**

F ratio 25.06

**Highly significant difference compared to the control group (p

>0.01).

At the same time, the values of measurements of

the percentage of the glomerular affection and the area

percentage of collagen fibers of group II were much

higher than those of group III. The variation in the

values of the measurements between the above

mentioned groups was highly significant as shown from

the high numerical value of F-ratio.

Discussion: The present work demonstrated that oral

administration of deltamethrin resulted in glomerular

and renal tubular alterations. Similar findings were

reported in previous studies .[6,7]

In the present study, shrinkage of the glomeruli

with secondary widening of the capsular spaces were

noticed in some renal corpuscles following oral

administration of deltamethrin (group II) which could

be explained by Detwiter et al.  who recorded that[15]

there was reduction in the glomerular size as a sequel

of glomerular sclerosing process and considered it as

an indication of glomerular collapse.

In the present work, mesangeal hyperplasia with

narrowing of the capsular spaces as well as thickening

of both the Bowman's capsules and the glomerular

basement membranes were observed in group II. These

findings were compatible with those findings deduced

from the studies of Tos-Luty et al.  and Schena and[6]

Gesualdo . Those authors attributed the glomerular[16]

expansion to the proliferation of the mesangeal cells as

well as to overproduction of extracellular matrix

components and their accumulation in the basement

membranes and the mesangeal region of the

glomerulus. In addition, thickening of the parietal layer

of Bowman's capsule was explained by Hudson et al.[17]

as a direct effect of deltamethrin administration

resulting in proliferation of the epithelial cells.

In the current work, the animals treated with

deltamethrin demonstrated partial loss of apical brush 

border of the PCT with focal areas of increased

thickening of the tubular basement membrane and

interstitial fibrous tissue formation. Similar findings

were reported by Tos-Luty et al. , Manna et al.  and[6] [7]

Staicu et al.  who considered the thickening of the[9]

tubular basement membrane as a common feature of

tubular atrophy. On the other hand, Nielsen and

Couser  contributed this thickening to the deposition[18]

of amorphous dense material, most often immune

complexes, on the tubular basement membranes.

Moreover, Michel and Kelly  explained the[1 9 ]

destruction of the apical brush border of the PCT to

the binding of antibodies with the antigen component

of the brush border of the PCT. 

Kidney exposed to deltamethrin administration

showed cytoplasmic vacuolization of the lining

epithelial cells of the renal tubules. Similar finding was

found by Staicu et al. . In addition, Therien and[9]

Blostein proved that vacuolized cytoplasm might be[20] 

caused by disturbed sodium pump as a sequence of

impaired oxidative phosphorylation which resulted in

hydropic degeneration and vacuolization of the

cytoplasm of the renal tubular cells.

Exfoliation of the lining epithelial cells of renal

tubules was observed in the current study in

deltamethrin treated group. This finding was similar to

that reported by Edelstein  who added that exfoliation[21]

could be explained as a result of ischemia which was

induced by oxygen derived free radicals produced by

deltamethrin exposure. This ischemia caused by

functional and structural alteration of the lining

epithelial cells leading to their detachment. However,

Humes  suggested that this ischemia was due to[22]

affection of rennin-angiotensin mechanism resulted in

necrosis of isolated cells.

Intraluminal cast formation of the renal tubules

was observed in deltamethrin treated group following

intraluminal exfoliation of the lining epithelial cells.

Similar finding was reported by Tos-Luty et al. .[6 ]

Goligorsky et al.  added that the necrotic epithelial[23]

cells provided the matrix for intraluminal cast

formation which eventually resulted in tubular

obstruction. 

Interstitial congestion was observed in the present

study in deltamethrin treated group. Similar finding was

observed by Forshaw and Bradburry  who ascribed[24]

this congestion to increase of catecholamine release as

a result of deltamethrin administration, resulting in

some cardiovascular changes such as increased mean

arterial pressure. On the other hand, Manna et al.[7]

explained this congestion by weakness of renal

parenchymal tissue as a result of the degenerative

changes caused by deltamethrin. This explanation was

supported by Brezis et al.  who added that renal[25]

cortical congestion was a sequence of tubular injury. 
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In the present study, interstitial exudate was

detected following the deltamethrin exposure. As
interpretation of this finding, Humes  suggested that[22]

intrarenal vasoconstriction as a result of catecholamine
release following deltamethrin exposure, resulted in

both reduced plasma flow and reduced oxygen delivery
to the tubules with subsequent increase of intratubular

pressure leading to leakage of fluid from the damaged
tubules into the interstitium. Another explanation was

given by Edelstein  who suggested that the glomerular[21]

hyperfiltration exceeded the reabsorption capacity of the

renal interstitial capillaries and resulted in back
pressure appearing as an exudate.

The ultrastructural changes of the PCT in the
deltamethrin treated group were present in the form of

loss of apical microvilli, rarefied cytoplasm and
decreased number of mitochondria with ballooning and

loss of their cristae. Similar findings were recorded by
Lieberthal and Levine .[26]

The mechanisms of action of deltamethrin have
been discussed by many authors. Erdogan et al.[8]

explained the histopathological alterations of the lung
induced by deltamethrin administration and suggested

its direct cytotoxic effect on the endothelial and
alveolar cells as the only cause. However, an indirect

injury due to its metabolites could be another possible
mechanism .[27]

The oxidative damage had been recognized by
Kale et al.  and Sayeed et al.  who deduced that[28] [29]

induction of oxidative stress was one of the main
mechanisms of action of deltamethrin administration in

rat and fish respectively. Also, Jayasree et al.[30]

emphasized that deltamethrin induced toxicity on the

kidney of chicks in the form of an increase in the
serum urea and creatinine and this toxicity could be

attributed to its free radical induced oxidative damage.
Moreover, Giray et al. , Manna et al.  and Staicu[31] [32]

et al.  added that deltamethrin induced its effect by[9]

oxidative free radicals production via activation of

450cytochrome P  isozymes, which was  known to
oxidize deltamethrin in the liver resulting in oxidative

damage of the kidney tissues measured by increased
lipid peroxidation.

Furthermore, Kale et al. , Yarsan et al.  and[28] [33]

Rehman et al.  added that the orally administered[3 4 ]

deltamethrin induced lipid peroxidation and produced
a significant decrease in the activities of various vital

antioxidant enzymes which leading to the possibility of
free radicals to induce oxidative damage in the kidney

and liver of mice treated with deltamethrin. Also,
Halliwell emphasized that one of the reasons for the[35] 

majority of toxicities and disorders induced by
deltamethrin exposure was imbalance between the

amounts of free radicals generated in the body and
antioxidants scavenging and protecting the body against

their deleterious effects.

In the present study, the histological and

histomorphometric study revealed that there was
improvement the in the glomerular pattern as well as

in the P.C.T. after vitamin E administration. Similar
finding was proved by Jayasree et al. . Song and[3 0 ]

Narahashi  demonstrated that vitamin E selectively[36]

blocked the pyrethroids modified sodium channels in a

dose dependent manner without affecting normal
sodium channels.  Moreover, Hahn et al.  deduced[37]

that vitamin E protected the activities of antioxidant
enzymes in the kidney cortex and glomeruli, and

attenuated the evolution towards terminal renal failure
in rats treated with deltamethrin.

Interstitial exudate was absent in vitamin E treated
group (group III). Similar finding deduced by Mokhtar

et al.  who added that vitamin E was the most[38]

endogenous antioxidant that stabilized the cell

membranes by interfering with lipid peroxidation.
In the current work, vitamin E administration

ameliorated the ultrastructural changes induced by
deltamethrin exposure with improving the integrity of

the glomerular basement membranes and the apical
microvilli of the PCT. These findings are compatible

with those deduced from the work of Marzella et al.[39]

and Upasani and Balaraman .The later authors added[40]

that vitamin E could restore the normal levels of lipids
in the kidney of rats exposed to the peroxidative

damage of free radicals induced by deltamethrin.
The role of vitamin E in preserving mitochondrial

integrity had been discussed by Ithayarasi and Devi[41]

who postulated that vitamin E maintained the activities

of the membrane bound enzymes at near normal values
and preserved mitochondrial membrane integrity in rats

treated with deltamethrin. This postulation is matching
with the results of the present work which revealed

that vitamin E administration improved the number and
the integrity of the mitochondria of the lining epithelial

cells of P.C.T. of the animals exposed to deltamethrin
(group III). These findings were also confirmed by

Vanderveen who deduced that vitamin E was the first[42] 

line of defense against peroxidation of the

polyunsaturated fatty acids in the cell membrane as it
had strong affinity to phospholipids, cholesterol and

triglycerides (the three main structural elements of the
cell membrane, and the membranes of mitochondria

and endoplasmic reticulum).
Vitamin E did not only protect the structure of

mitochondria but also its function. Yu  found that in[43]

aerobic organisms, oxygen was converted to water at

the end of the respiratory chain occurred in the
mitochondria which was, in turn, considered to be the

source of energy of the cells to maintain their  normal
function and  metabolism. However, in  this

mitochondrial respiratory chain, oxygen was partially
reduced to form superoxide which had a radical

character and known as reactive oxygen species (ROS). 
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Mokhtar et al.  added that vitamin E could protect[38]

the tissue cells of rat exposed to deltamethrin, by

scavenging ROS before they cause damage to the

various biological molecules .

This antioxidant role of vitamin E against the

oxidative stress induced by deltamethrin was supported

by the findings of Kale et al. , Giray et al.  and[28] [31]

Jayasree et al.  who added that administration of[30]

vitamin E was helpful in reversing the toxic effects of

cypermethrin and deltamethrin as measured by

oxidative stress biomarkers in rat and broiler chicks

respectively. In addition, Mokhtar et al.  emphasized[38]

that Vitamin E alone decreased the levels of lipids and

lipoproteins peroxidation, and alleviated the harmful

effects of deltamethrin as well as the concentrations of

urea and creatinine. 
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