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ABSTRACT

Introduction: Lambda Cyhalothrin (LCT) is greatly used to manage a wide variety of pests present in farming and in
home procedures.

Aim: The current work was intended to demonstrate structural and functional alterations within the liver subsequent to
long-standing exposure to LCT. Protective effect of Hesperidin and N- acetylcysteine was also investigated.

Material and methods: 40 adult male albino rats were used in this experiment, and they were split into four equal
groups: control, LCT group, rats were received LCT at a dose 61.2mg/kg b. wt. per day by oral gavage for 28 days. LCT
+ Hesperidin group, rats were given the same dose of LCT with simultaneous oral dosage of HSP at a dose of 100mg/kg
b. wt., LCT + N-Acetyl cysteine group at which rats were received the same dose of LCT as the previous 2 groups with
simultaneous oral administration of N-acetyl cysteine 150 mg/kg b. wt. The liver underwent a number of biochemical,
histological, and immunohistochemical analysis.

Results: LCT induced oxidative stress which leads to liver damage (increases MDA / decreases GSH). LCT caused
degeneration of hepatocytes and increases inflammatory cells, this is followed by rise in liver markers (AST and ALT).
While concurrent administration of Hesperidin and N- Acetyl cysteine during LCT exposure period preserved the
architecture of the liver, prevents its damage, reduced oxidative stress and normalized liver function tests.

Conclusion: Administration of N —Acetyl cysteine during exposure to the insecticide LCT has a protective effect on the

liver more than Hesperidin.
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INTRODUCTION

Lambda-cyhalothrin  (LCT) is an artificial
pyrethroid which has wide-ranging insecticidal and
acaricidal properties; it is usually used in applications
where it is able to control insects and pest invasions®-

The liver is a crucial component of the body's
metabolic process, converting a variety of nutrients into
proteins and secreting bile. It possess a chief purifying
role by converting and removing toxins via hepatocyte-
facilitated enzymatic mechanisms @

Metabolism of (LCT) occurs quickly in liver by
oxidative and cleavage of ester leading to production of
ROS @, Lipid peroxidation is a result of these ROS'
direct interactions with cellular biomolecules leading to
damage of DNA and protein oxidation ©.

Hesperidin (HSP) is an active flavonoid present
plentifully in citrus types as lemon, blood orange,
orange and lime. It possesses antioxidant antiviral, anti-
inflammatory, analgesic, and anticarcinogenic effect ©.
The precursor of the amino acid L-cysteine is N-acetyl
cysteine (NAC). It is well recognised that L-cysteine is
essential for the production and replenishment of
reduced-glutathione (GSH). As one of the most potent
antioxidant molecules, GSH can guard tissues from the
damaging impacts of ROS under oxidative stress
situations ©,

The goal of the current study was to demonstrate the
potential safeguarding impact of Hesperidin and N-
acetylcysteine against Lambda cyhalothrin effect on
liver.
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MATERIAL AND METHODS

Animals & experimental plan
Forty male mature albino rats 2 months old and

weighed 180 - 200 grams were used in this study. We

get the rats from the laboratory animals’ section of the

Veterinary Medicine Faculty at Zagazig University,

Egypt. Underneath environmental laboratory condition

at temperature 20+ 2°C. Rats were retained in plastic

cages to escape any metallic contact. Water and typical
diet were permitted. The rats were split into four equal
groups, each with ten rats after a week of lodging.

e Group | (Control group): Three separate groups
of ten rats were created:

e Group la: four rats were given regular diet.

e Group Ib: three rats were oral gavaged with
distilled water daily.

e Group Ic : three rats were given 1%
carboxymethylcellulose (CMC) through oral
gavage daily.

e Group Il (Lambda-cyhalothrin treated rats)
(LCT): LCT was administered to the rats every day
at a dose 61.2mg/kg body weight (1/10 of LDso)
through oral gavage after dilution with distilled
water for 28 days .

e Group Il (LCT + Hesperidin ): Rats were given
LCT orally as in group Il with simultaneous oral
administration of HSP for 28 days at a dose
100mg/kg b. wt. daily ®.

e Group IV (LCT + N-Acetylcysteine): Rats
were received 150mg/kg b. wt. of N-acetyl
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cysteine and 61.2 mg/kg b. wt. of LCT via oral
gavage daily for 28 days © .

Ethical Consent:

The ethics committee of the Faculty of Medicine at
Benha University, Egypt, provided the principles
and rules for all the experimental operations.
Complied with the US National Institutes of Health's
Guide for the care and use of Laboratory Animals.
(NIH Publication No. 39/12.062022).

Reagents

Lambda-cyhalothrin (LCT), obtained from MAGICO
GROUP for Agrochemical Pharmaceutical, EI Obour
City, Egypt with commercial name LAMBADA
MAGIC 5% . Each litre contains 50gm of Lambda-
cyhalothrin and it was diluted in distilled water.

Hesperidin (HSP) obtained from Company for
Chemicals Sigma-Aldrich (St. Louis, MO, USA).
Hesperidin disintegrated in 1% carboxy methyl
cellulose (CMC) which also gotten from Company for
Chemicals Sigma-Aldrich (St. Louis, MO, USA).
N-acetylcysteine gained from Sedico Pharmaceuticals
Co., Egypt, in the form of (600mg as effervescent
instant). It was dissolved in distilled water before being
administered.

Sample blood & tissue collection:

1- At the finish of the experiment, the animals were
retained without eating all over the night and then
they were given intraperitoneal (50mg/kg) of
thiopental in the morning. The abdominal cavity
was opened longitudinally after fixation of the
animals on the dissecting table.

2- collection of blood samples through using a needle
stuck in the heart, and then centrifuged at 600g for
a period of 10 minutes.

3- Tissues of the liver were crushed using liquid
nitrogen to create tissue homogenates.

= Biochemical analysis:
= Liver function parameters: (AST) and (ALT)
were tested 19, The alkaline medium's sodium
p-nitrophenyl phosphate was used as a substrate
to quantify ALP activity. 9.
= Oxidative stress parameters in the liver tissues:
= Glutathione (GSH): its concentrations are given as
mg per gram of tissue 12,
= Malondialdehyde (MDA): Its levels were
represented as nanomole per mg protein ¢,
= Histological examinations:
Liver tissues were handled to obtain paraffin slices
with a thickness of Sum after being fixed in 10%
formalin for a day. Following deparaffinization,
rehydration, and Masson trichrome staining, the
sections were processed to show the collagen fibres and
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hematoxylin eosin to analyse the overall histological
structure 4,

Immunohistochemical examination
iNOS:

A polyclonal rabbit anti-iNoS antibody (1:100, Abcam,
USA) was then applied to the 5-um liver sections. Then
kept at room temperature for 15 minutes before
removing. The sections were then counterstained with
hematoxylin @

Caspase-3:

Slices 5-um liver tissue were incubated with diluted
anti-caspase-3 antibodies from a particular rabbit
overnight at 4°C. The pieces were cleaned in purified
water and counterstained with hematoxylin (%

Morphometrical study

Using the image analysis computer system Leica
Qwin 500, serial sections stained with iINOS and
Caspase-3 were morphometrically examined to reveal
the area percent of brown color and also Masson's
trichrome stained sections to reveal area percent of
collagen fibres at (x 200) magnification. These
procedures were carried out in 5 non-overlying fields
with 5 distinct sections from 5 different rats in each

group.

Statistical analysis

The presentation of all data was meant standard
deviation. The information obtained from the
biochemical records and the image analyzer was
exposed to (SPSS program; version 20.0 for windows,
SPSS Inc., Chicago,IL). Using one Way ANOVA for
statistical analysis. The (P) value of < 0.05 was used to
determine if the results were significant.

RESULTS
Biochemical results:

Average serum levels of AST, ALT, and ALP were
noticeably higher in group(ll) compared to group(l)
(P<0.05). In the group (III) and (IV) they were
significantly decreased compared to group (II) (P<0.05)
(Table 1 & Histogram 1).

The mean tissue MDA level was increased significantly
in group (II) compared to group(I) (P< 0.05), while in
group (Il & (IV) these levels were significantly
decreased in comparing with group (II) (P< 0.05),
(Table 2 & Histogram 2).

The mean tissue GSH level was decreased significantly
in group (I1) compared to group(I) (P < 0.05), while in
group (1) and (IV) these levels were significantly
increased in comparing with group (II) (P < 0.05),
(Table 2 & Histogram 2).
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Table (1): showing mean values of AST, ALT & ALP U/ L £ SD in the 4 groups

Mean + SD Groupl Group 11 Group 111 Group IV
AST IU/L 7498 + 8.8 131.89+2.3 89.7+x13 80.8+1.2
ALT IU/L 40.06 £3.1 80.42 £ 0.93 4413+£25 423+18
ALP IU/L 68.12+2.1 89.77+1.4 72.6 0.8 69.47+2.3
Significance < 0.05 | With group Il With groups I, Il | With group 1l With group 11
&IV
140 131.89
120
100
89.77 89.7
uAST 80 74.98
EALT 60 -
= ALP
40 -
20 -
O .

Group |

Groupll

Grouplll

Group IV

Histogram (1): showing mean values of AST, ALT & ALP U/ L in all groups.

Table (2): Displaying mean values of MDA nmol/ m

protein and GSH mg /gm tissue £ SD in the 4 groups

Mean + SD Group | Group Il Group 111 Group IV
MDA nmol/mg protein 5.9+ 3 16.73£ 2.1 7.9+ 3.3 6.7+ 3.7
GSH mg/gm tissue 2245+ 2.1 9.8+15 18.44+ 0.9 21.93+1.2
Significance < 0.05 With groupll With grOups 1, | With groupll With groupll
" & v
25
22.45 21.93
20
18.44
16.73
15
= MDA
u GSH 10
5.9
5
0
Group | Groupll Grouplll Group IV

Histogram (2): viewing mean values of MDA nmol/ mg protein and GSH mg/gm tissue in the 4 groups
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Histological Examination:

H & E stain: Group | showed regular polygonal
hepatic lobules. Within the centre of the hepatic lobule
appeared hepatocyte cords extend outward from the
central vein, and blood sinusoids are situated in between
the cords. Hepatocytes have acidophilic cytoplasm with
vesicular nucleus, some are binucleated (Fig.1A). Bile
duct, a branch of the hepatic artery, and a branch of the
portal vein made up the portal triad. (Fig.2A). Group Il
showed hepatocytes with vacuolated cytoplasm and
degenerated nuclei, some liver cells showed pyknotic
nuclei. Dilated congested blood sinusoids with
accumulation of inflammatory cellular infiltrate in
between the hepatocytes (Figs. 1B & 1C). Portal area

appeared with periportal fibrosis, inflammatory cellular

o
2

infiltrate, dilated cOngested pOrtal vein, thickened wall
of hepatic artery and hyperplasia of bile duct (Figs. 2B
& 2C). Grouplll showed hepatocytes nearly similar to
control group but still there is dilated blood sinusoids
and some pyknotic nuclei (Fig.1D). Portal area showed
decreased inflammatory cellular infiltrate and the
periportal fibrosis but still there is congestion of hepatic
artery and blood sinusoids (Fig. 2D). Group IV
appeared nearly similar to group | with marked
improvement when compared to group II, where
hepatocytes showed acidophilic cytoplasm with
vesicular nucleus and non-dilated sinusoids (Fig.1E).
Portal area showed decreased inflammatory cellular
infiltrate and periportal fibrosis (Fig. 2E).

14

Fig. (1): Photomicrographs of liver sections of (A): Group | displaying central vein (CV), hepatocytes with acidophilic
cytoplasm and vesicular nucleus (curved arrow), some hepatocytes are binucleated (b). Hepatocytes are separated by sinusoids
(wavy arrow) (H&E X 400). (B): Group |1 presenting dilated central vein (CV), some hepatocytes with vacuolated cytoplasm
and degenerated nucleus (arrowhead) and other hepatocytes with pyknotic nuclei (arrow), also dilated sinusoids with
congestion (wavy arrow) were noticed (H&E X 400). (C): Group Il demonstrating some liver cells with vacuolated
cytoplasm and degenerated nucleus (arrow head) and other hepatocytes with pyknotic nuclei (arrow), infiltration with
inflammatory cells (rectangle) (H&E X 200) (D): Group Il showing central vein (CV), hepatocytes with acidophilic
cytoplasm and vesicular nuclei (curved arrow) while few hepatocytes with pyknotic nucleus (arrow), dilated sinusoids (wavy
arrow). (H&E X 400). (E): Group IV showing central vein (CV), hepatocytes with vesicular nucleus and acidophilic
cytoplasm (curved arrow), Some hepatocytes are binucleated (b). Hepatocytes are separated by sinusoids (wavy arrow) (H&E

X 400).
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Fig. (2): Photomicrographs of rat liver of (A): Group | displaying hepatic artery (HA), portal vein (PV), and bile duct
(BD) in the portal region. (H&E X 400). (B): Group Il presenting hepatic artery with thick hyalinised wall (HA), bile
duct with thick wall (BD) and portal vein (PV) with periportal fibrosis (F), dilated sinusoids with congestion (wavy
arrow). (H&E X 400). (C): Group Il showing, hepatic artery with thick hyalinised wall (HA), bile duct hyperplasia
(BD), dilated congested portal vein (PV) with periportal fibrosis (F) and inflammatory cellular infiltrate (green arrow)
(H&E X 200). (D): Group 111 viewing dilated congested hepatic artery (HA) , Portal vein (PV) ,Bile duct (BD) and
dilated sinusoids ( Wavy arrow). (H&E X 400). (E): Group IV presenting portal area nearly similar to control with
hepatic artery (HA), portal vein (PV) and bile duct (BD). (H&E X 400).

Masson trichrome stain:
Group | showed very little amount of collagen fibres in between liver cells (Fig. 3A). Group Il showed increased amount

of collagen fibres in between hepatocytes and around the portal triad (Fig. 3B). Group Il showed minimal amount of
collagen fibres (Fig. 3C). Very minimal amounts of collagen fibres were seen in group IV (Fig. 3D).
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Fig. (3) : (A): Photomicrograph control group's rat liver displaying very minimal amount of collagen fibres between
hepatocytes and around portal triad. (B): photomicrograph of liver section of Lambda Cyhalothrin treated adult rat
viewing increased collagen fibre content in-between hepatocytes and around portal triad (Black arrow). (C):
photomicrograph of liver section of Lambda Cyhalothrin + Hesperidin cured adult rats presenting few amounts of
collagen fibres in-between hepatocytes and around portal triad (black arrows). (D): photomicrograph of liver section of
Lambda Cyhalothrin + N Acetyl Cysteine treated adult rats showing very little collagen fibres in-between hepatocytes
and around portal triad (black arrow). (Masson's trichrom X 200).

Immuno-stained results

iNOs:

The control group revealed negative expression for iNOS (Fig. 4A). Group Il revealed positive immuno-reaction for
iNOS in the cytoplasm of hepatocytes and around portal triad (Fig. 4B). Group I1I exhibited weak immuno-reaction for
iNOS (Fig. 4C). Group IV showed a very weak immuno-reaction for iNOS (Fig. 4D).
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Fig. (4) - photomicrographs of liver section of rat of (A) : Group | displaying negative immuno-reaction for iNOS in
the hepatocytes cytoplasm. (B): Group Il viewing positive immunoreaction for iNOS in the hepatocytes cytoplasm. (C):
Group 111 showing positive immuno-reaction for iNOS in the cytoplasm of some hepatocytes (arrow). (D): Group IV
showing very weak immunoreaction for iNOS in the cytoplasm of very few hepatocytes nearly similar to control group (
iINOS immunostaining with counter stain hematoxylin X 200).

Caspase 3:

Group | revealed negative expression for Caspase 3 (Fig. 5A). Group Il revealed strong positive immuno-reaction for
Caspase3 in the cytoplasm Of hepatocytes and around central vein (Fig.5B). Group I11 revealed weak Caspase 3 immuno-
reaction (Fig. 5C). Group IV showed very weak Caspase 3immuno-reaction (Fig. 5D).
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Fig. (5) - Photomicrographs of a rat's liver sections (A): Group I displaying negative immuno-reaction for Caspase3 in
the hepatocytes cytoplasm. (B): Group Il presenting positive immuno-reaction for Caspase 3 in the hepatocytes
cytoplasm. (C): Group Il showing positive immuno-reaction for Caspase3 in the cytoplasm of some hepatocytes
(arrow). (D): Group 1V showing very weak immuno-reaction for Caspase 3 in the cytoplasm of very few hepatocytes
nearly similar to control group (Caspase 3 immunostaining with counter stain hematoxylin X 200).

Morphometric Results:

Table (3) and histogram (3) revealed that the average area% of collagen deposition in group(Il) exhibited significant
rise compared to group (I). While in group(lll) and (1V) the area percent of collagen deposition exhibited significant
decline, in comparison to group(ll) (P<0.05).

In table (4) and histogram (4), the mean area percent of iNOs immuno-expression that iNOS immunoreactivity in
group(ll) exhibited significant rise, compared to group(l). Groups (I11) and (IVV) demonstrated significant decline, in
comparison to group(ll) (P<0.05).

Table (5) and histogram (5) revealed that the area percent of Caspase 3 immunoreactivity in group(ll) exhibited
significant rise, compared to group(l). While in group(lll) and (IV) the area percent of Caspase 3 immunoreactivity
exhibited significant decline, in comparison to group(ll) (P<0.05).

Table (3): displaying the area's average value percent of collagen fibers deposition + SD in all groups

Mean % +SD Group I Group 11 Group 111 Group 1V
Masson 299199 23.87x1.44 6.19+29 438+18
Significance < With group Il With groups 1,111 | With group Il With group Il
0.05 &IV
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Masson %
25 23.87
20
15
= Masson 10
. 6.19 4 28
2.99
0 . -_\
Group | Groupll Grouplll Group IV

Histogram (3): Showing the mean values of area percent of deposition of collagen fibres in each group.

Table (4): Displaying the averages of the four groups' area percents of iNOS immune expression together with standard
deviations

Mean % + SD Group | Group Il Group 111 Group IV
INOs 2.95+1.36 30.4+£ 9.5 59+1.2 3.26+15
Significance < 0.05 With group 11 With groups I, With group 11 With group 11
" & v
INOs area % immunoreactivity
35
30 304
25
20
mINOs 1O
10
59
5 595 3.26
0 . .—\
Group | Groupll Grouplll Group IV

Histogram (4): Showing the average percentage of iNOS in each group.

Table (5): Displaying average values of area percent of Caspase 3 immunoexpression + SD in each group.

Mean % + SD Group | Group I Group Il Group IV

Caspase 3 4,54 +0.58 42.8+ 3.5 8.37 £ 0.96 6.1+0.2

Significance < 0.05 | With group Il With groups I, 111 | With group Il With groups Il
&IV

290



https://ejhm.journals.ekb.eg/

45

Caspase 3 area % immunoreactivity

42.8

40
35

30
25

20

m Caspase 3

15
10

5 4.54

o<l

6.1

b &

Group |
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Histogram (5): Showing the mean values of area percent of Caspase 3 immunoexpression in all groups.

DISCUSSION

LCT has been shown to be harmful to mammals'
livers according to Sankar et al. 9.

This present experiment was planned to assess
the role of Hesperidin and N-acetyl cysteine in
eliminating LCT hepatotoxicity.

In our study the biochemical assay revealed that
the mean values of AST, ALT, ALP and MDA were
significantly higher in group (1) compared to group (1)
(P <0.05). In group(lll) and group (IV) they were
significantly decreased compared to group (II) (P<
0.05). The mean GSH level was reduced significantly in
LCT group in comparing with control group, whereas in
group (I11) and (IV) the mean level of GSH were
significantly increased in comparing with group (I1).
This was supported by the work of Waheed et al. who
mentioned that LCT group showed much higher levels
of ALT, AST, and ALP were caused by enhanced cell
membrane permeability or disruption within the
hepatocytes, which allowed these enzymes to seep into
the blood @, Also Bhushan et al. reported that the
increase in serum ALP concentration have been caused
by the destruction of hepatic tissue. Due to the toxicity
of pesticides, parenchymal cells in the liver degenerate,
allowing ALT, AST, and ALP to leak into the blood
stream and create elevated levels ®®. Also Ben
Abdallah et al. revealed that LCT treatment causes
male rats to have lower levels of GSH @9,

Hesperidin-treated rats presented a considerable
decrease in the levels of AST, ALT, and MDA.
However, level of GSH as well as the overall
antioxidant capacity were increased @9,

N-acetyl Cysteine has been demonstrated to reduce
free radical damage and restore organ dysfunction in
animal exposed to pesticides @Y. The key factor
influencing GSH function in conjugation with produced
ROS is its thiol group content. So, supplementing with
N-acetylcysteine offers an alternate supply of thiol
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group and different routes for ROS-conjugation, which
aids to replenish depleted GSH levels in the cells 2

In this experiment H&E-stained liver
sections Of group(ll) showed hepatocytes with
degenerated nuclei and vacuolated cytoplasm, certain
hepatocytes showed pyknotic nuclei. Also, dilated
sinusoids  with  congestion; periportal ~ fibrosis,
inflammatory cellular infiltrate, dilated congested portal
vein and bile duct hyperplasia were recorded.This goes
in line with Fadina et al. who found that liver sections
taken from rats intoxicated with LCT revealed
infiltration with mononuclear leukocytic, congestion of
portal vein with thickening in the wall, with bile duct
proliferation. In addition to oedema and hyperemic
sinusoids. Hepatocytes exhibited a variety of
degenerative  alterations, including  vacuolar
degeneration, pyknosis, hypereosinophilic cytoplasm
and karyolysis @),

Group (H1) in our study showed hepatocytes
nearly similar to group (I) but with dilated blood
sinusoids, and the portal area showed moderate
improvement. This goes with Kuigukler et al. who
verified that administration of HSP 100 with
Chlorpyrifos for one month apparently reduced the
necrotic and degenerative alterations and infiltration of
inflammatory cells was incredibly low ©.

In this work group (IV)'s liver structure appeared
nearly similar to control group with marked
improvement when compared to group (I). This was
clarified by Presnell et al. who reported that treatment
with  N-acetylcysteine  dramatically lowers the
proportion of necrotic tissue in the liver, leading to
cytoarchitecture restoration and reduced inflammation.
This hepatic enhancement is accompanying to a drop in
ALT/AST levels @9,

In this study, increased amount of collagen fibres
in between hepatocytes and also around the portal triad
in the Masson’s-stained liver sections of group (II)
while there was minimal amount of connective tissue in
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between hepatocytes in group (Il1). Very minimal
amounts of collagen fibres were seen in group (I1V).
Some authors revealed collagen fibres accumulation in
liver tissue of rats intoxicated with LCT . Through
control of the production of fibrous scar tissue, and anti-
inflammatory and antioxidant potentials, hesperidin
may be a viable preventative drug against liver fibrosis
(25)

Abdo et al. ® revealed that portal triad and
surroundings collagen fibres appeared nearly normal in
rats received N-acetyl cysteine.

In our study, liver sections of group (1) revealed
positive immuno-reaction for iNOS and Caspase 3 in
the hepatocytes' cytoplasm and close to the central vein,
This in line with El-Bialy et al. who proved that
insecticides caused oxidative stress in rats, which
enhanced iNOS protein expression in hepatic tissue @7
Additionally, Duzguner & Erdogan revealed that
pesticide intoxication of animals boosted iNOS
synthesis and activity as well as caspase-3 gene
expression @8,

Liver sections of group (I11) in this experiment
revealed weak immuno-reaction for iNOS and Caspase
3 in a few hepatocytes' cytoplasm. This in agreement
with Kugukler et al. who reported that administration
of Hespiridin to rats exposed to Chlorpyrifos, drastically
decreased amounts of caspase-3, as Hesperidin lowers
elevated hepatocyte apoptosis ®. Hesperidin's anti-
inflammatory and antioxidant efficiency may be
directly due to its antiapoptotic effects ®*. Also He et
al. proved that Hesperetin, an active metabolite of
hesperidin, dramatically prevented apoptosis by
lowering the cleaved-caspase 3 expression G,

In our study liver sections of group (IV) showed
very weak immuno-reaction for iNOS and Caspase 3.
This agrees with Allam et al. who confirmed that N-
Acetyl Cysteine prevented the tissue damage caused by
Deltamethrin by reversing the apoptotic reactions that
the chemical caused in hepatic tissue ¢V, Samuni et al.
detected that  the anti-inflammatory and
immunomodulatory properties of N-acetyl cysteine are
what make it protective against liver immunotoxicity
and inflammation ©2.

CONCLUSION

Administration of N —Acetyl cysteine during
exposure to the insecticide LCT has a protective effect
on the liver more than Hesperidin.
Conflict of interest: The authors say they have no
competing interests.
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