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Abstract: Background: Despite the known adverse effects of lambda cyhalothrin insecticide, little is known about
its hepatopancreatic intoxication effects. The present study was carried out to elucidate sub-chronic effect of Karat
2.5% EC formulation of lambda cyhalothrin on male albino rats. Methods: To explore the effects of exposure to
lambda cyhalothrin on rats and its mechanism, low (1/40 of LD, 5 mg/kg/day) and high dose (1/4 of LD, 50
mg/kg/day) lambda cyhalothrin were applied to rats via drinking water for 3 months. Blood samples were collected
monthly, and the animals were dissected for liver and pancreas’s examination at the end of the experiment. Lambda
cyhalothrin administration was associated with the elevation in lipid peroxidation marker, malondialdehyde (MDA),
reduction in SH-protein a major marker for antioxidant, as well as basel paraoxonase (PON) in both treated groups
throughout the experimental periods. Results: In addition, significant elevations in liver enzymes alanin amino trans-
ferase, (ALT), and aspartate amino transferase (AST), as well as plasma acetylcholinesterase (AChE) and glucose
level. While, significant reduction in insulin level through the experimental periods. Results of histopathological and
histochemical studies showed that lambda cyhalothrin exposure induces liver and pancreatic tissues damage and
depletion in glycogen content was pronounced in liver of both treated groups. Conclusions: In conclusion subchronic
intoxication with lambda cyhalothrin formulation induced remarkable changes in the examined parameters.
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Introduction

Environmental factors such as life style, drugs,
and pollutants play important role in the pro-
gression and/or precipitation of diseases like
diabetes, hypertension, obesity, and cardiovas-
cular disorders. Indiscriminate use of pesti-
cides resulted in pollution of water, air, soil, and
food. Nowadays, the overall pattern of pesti-
cides use has been changed considerably in
comparison with the past while the hazards of
using such chemicals have been accentuated
by the sharp rise in their use in agriculture,
industry, and by householders [1-3]. Pyrethroid
insecticides have been used in agricultural and
home formulations for more than 30 years and
account for approximately one-fourth of the
worldwide insecticide market [4]. Pyrethroids
may be classified into two large groups [5, 6];

type | pyrethroids (e.g. allethrin, permethrin)
lack a cyano moiety. Type Il pyrethroids (e.g.
deltamethrin, fenvalerate and cyhalothrin) have
a cyano group in the a-position. In recent years,
the use of synthetic pyrethroids has increased
due to their obvious advantages. Lambda-
cyhalothrin is one of the newer synthetic pyre-
throid insecticides with effective immediate
and persistent activity against a large variety
of arthropods harmful both to human and ani-
mal health and to vegetal production. These
types of halogenated and lipophilic compounds
are generally recognized as potent neurotoxi-
cants, characterized by high insecticidal prop-
erties and low mammalian toxicity [7]. Exposure
to Lambda-cyhalothrin poses both acute and
chronic risks. Acute effects include skin and
eye irritation, non-cardiogenic pulmonary ede-
ma, cardiovascular toxicity, coma, convulsions
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and severe muscle fasciculation [8]. Chronic
effects in rats include decreased body weights,
organ weight changes (liver, kidney, brain, heart
and lung), reduced brain size [9], cell damage
(neoplastic and histopathological lesions), tum-
ors [10] and endocrine toxicity [11]. The aim of
the present study is to evaluate, subchronic
effect of karate formulation of lambda cyhalo-
thrin well known insecticide on liver and pan-
creas of albino rats.

Materials and methods
Animals and insecticide exposure protocol

A total of 24 male Rattus Norvogious rats aged
16-18 weeks and weighing 20+20 gm were
used in this study. All procedures involving
animals were performed in accordance with
the guidelines of the standard procedures laid
down by OECD 1981 [12] subchronic oral toxic-
ity rodent 90 days study, the protocol of this
study was been approved by department of
Mammalian Toxicology, Pesticide Central Labo-
ratory, Agriculture Research Center, Egypt. In
the present study, the subchronic effects of
lambda cyhalothrin on liver and pancreas of
male rats have been determined by exposing
the animals to different doses (5 and 50 mg/
kg/day) equivalent to 2.5% and 25%, respec-
tively, of its oral LD, 200 mg/kg (Tomlin,
1994). Rats were given low [5 mg/kg/day, Low
dose group (LDG) n=8] and high [50 mg/kg/
day, High dose group (HDG), n=8] doses of
lambda cyhalothrin in drinking water for 3
months (subchronic effects). Lambda cyhalo-
thrin (Karat 2.5% EC formulation) was pur-
chased from EI-Naser Company (El-Naser Co.
Ltd, Egypt). Control animals (n=8) were supple-
mented with free access of drinking water.
Blood samples has been collected from the
retro-orbital plexus vein according to Schermer
[13], on heparinized tubes, after 15t, 2" and 3™
month of treatment periods. Plasma was sepa-
rated by centrifugation of the blood samples at
3600 rpm for 15 minutes, and kept at -20°C for
subsequent use. At the end of the experiment
rats were sacrificed by dislocation before tis-
sue sampling for histopathological and histo-
chemical studies.

Histopathology and histochemical examina-
tions

Liver and pancreas organs were dissected and
the tissue samples were waxed in Bouin’s solu-
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tion for 14-18 h, processed in a series of grad-
ed ethanol and embedded in paraffin. Paraffin
sections were cut with at 5 ym thickness and
stained with haematoxylin and eosin for light
microscopy examination. Other sections from
liver and pancreas were stained with Periodic
Acid Schiff (PAS) stain according to Bancroft
and Stevens [14]. The sections were viewed
and photographed on an Olympus light micro-
scope (Olympus BX51, Tokyo, Japan) with
attachment photograph machine (Olympus
C-5050, Olympus Optical Co. Ltd., Japan).

Biochemical assay

Three ml from the incubation solution of potas-
sium phosphate buffer (pH 7.9 and 75 mmol/I)
and DTNB (0.25 mmol/L) was added to 10 yL of
plasma samples. Acetylcholinesterase activity
was induced by the addition of 10 uL acetylthio-
choline iodide (3 mmol/L) and absorbance at
412 nm was read by spectrophotometer [15]
Whereas, total thiol groups of plasma were
evaluated spectrophotometrically at 412 nm
using DTNB reagent [16]. Lipid peroxidation of
plasma was determined by reaction of TBA with
MDA the end product of lipid peroxidation
according to Ohkawa et al. [17], the pink color
produced by these reactions was measured
spectrophotometrically at 532 nm to measure
Malondialdehyde (MDA) level. Plasma transam-
inases (AST and ALT) activities were deter-
mined according to Reitman and Frankel [18].
Plasma glucose level was determined using the
commercial diagnostic kit of stanbio Co., Spain.
Total plasma insulin level was determined using
radio immunoassay kit of DPC. Co. American,
the Coat-A-Count Insulin procedure is a solid
phase radioimmunoassay, where in 1125
labeled insulin competes for a fixed time with
insulin in plasma or serum sample for sites on
insulin specific antibody, counting the tubes on
gamma counter then yields a number, which
converts by way of calibration curve to a mea-
sure of insulin present in plasma samples.
Paraoxonase was determined in plasma by the
method established by Eckerson et al. [19].

Statistical analysis

Data obtained from the biochemical analysis of
different groups are represented in tables as
Mean + Standard error (mean + SE). The signifi-
cance difference between groups was calcu-
lated by one-way analysis of variance (ANOVA)
at P<0.05 using the SPSS-PC computer soft-
ware package version 10.
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Table 1. Effect of subchronic intoxication with karate on some oxidative stress markers in plasma of

male albino rats

Groups MDA (4 mol/dL) SH-proteins (u mol/dl) Paraoxonase (uu/ml)
15t Month Control 15.48 + 1.12 75.15 + 1.96 82.13 +8.50
high dose (HL) 20.91 + 4.26° 40.21 + 3.95° 67.86 + 3.13
low dose (LL) 23.78 + 1.54° 61.61 +1.73° 68.64 + 3.13
2" Month Control 16.36 + 1.50 74.50 + 6.22 7716 +£26.72
high dose (HL) 18.925 + 1.20 2415 +2.11° 79.31 £ 6.94°
low dose (LL) 21.63 +2.09 57.02 + 7.922° 48.93 + 6.67°
3 Month Control 15.49 + 1.56 76.99 + 5.61 78.55 + 11.23
high dose (HL) 24.37 + 1.36 30.77 + 2.53¢ 49.99 + 36.03

low dose (LL)

33.37 + 4.413°

53.38 + 5.78%"

95.70 £ 14.48°

Results were expressed as mean + SE of 8 rats. 2significance difference versus control at P<0.05; Psignificance difference
versus HL at P<0.05; “significance difference versus LL at P<0.05.

Table 2. Effect of subchronic intoxication with Karate on some liver and pancreatic markers in plasma

of male albino rats

Groups AChE (U/ml) ALT (U/ml) AST (U/ml) Glucose (mg/dl) Insulin (plu/ml)
15t Month Control 538.14 +22.65 30.00+1.11 55.63+1.96 108.99+4.60 17.66+4.89
high dose (HL) 580.38 + 52.45 55.23+2.36 86.36 +3.25% 145.94+9.44 4.27 +0.35°
low dose (LL) 585.62 +40.42 45.32+1.99 95.36+6.35*° 190.96 + 14.95 6.26 + 0.75°
2" Month Control 557.33+19.80 2856+ 125 5836+5.66 109.59+ 744 18.86+4.29
high dose (HL) 586.99 + 22.67 63.23+2.11 100.25+4.25° 149.96 + 14.51 4.15+ 0.74?
low dose (LL) 650.83 + 16.522* 44.56 + 3.55*" 111.24 + 5.69* 128.35+ 11.63 3.69 + 0.28°
3" Month Control 572.94 +37.02 29.65+3.11 60.53+254 113.15+9.33 17.32+0.62
high dose (HL) 639.38 + 33.57 88.23+5.63% 99.88+2.87% 180.24+9.65 11.14 +0.89

low dose (LL)

581.28 + 36.41 74.52 + 4.52%° 104.58 + 5.49%" 372.99 + 25.33 9.46 + 2.82°

Results were expressed as mean + SE of 8 rats. 2significance difference versus control at P<0.05; Psignificance difference

versus HL at P<0.05; °significance difference versus LL at P<0.05.

Results
Biochemical results

As demonstrated in Table 1 an elevation in lipid
peroxidation biomarker (MDA) was recorded in
each of HD and LD treated groups significant
versus control and HD groups, respectively at
P<0.05 through time intervals 1 month to 3
months. Regarding to the total plasma thiol pro-
tein, a significant reduction in the level of thiol
protein was recorded in all intoxicated groups
throughout the experimental periods as depict-
ed in Table 1. On the other hands, the present-
ed data showed reduction in the activity of
plasma paraoxonase (PON) among treated
groups all through the experimental periods,
significant versus control at P<0.05. It must be
noted here that there was a significant eleva-
tion in PON activity versus control in LL group at
P<0.05 atthe 3 month of treatment. Moreover,
Table 2 revealed that intoxication with both
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doses of karate HD and LDinduced gradual
elevation in plasma AChE activity through all
the experimental periods. Significant elevation
was in LD group versus control and HD group at
2" month was noticed. As regards to the results
of the liver biomarker enzymes, alanine amino-
transferase (ALT) and aspartate aminotransfer-
ase (AST), chronic intoxication with both doses
of karate induced gradual increase in each of
ALT and AST enzymes, significant versus con-
trol and other groups throughout the experi-
mental periods. A gradual elevation in plasma
glucose in HD and LD groups level was record-
ed during the experimental periods, concomi-
tant to these findings, reduction in plasma insu-
lin level in all treated groups versus control
group was recorded significant at P<0.05.

Histopathological results

Liver examination: Control group showed
normal liver section showing the central vein
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Figure 1. A. Photomicrograph of section of control liver section showing the central vein and the cords of hepato-
cytes are radiating from it. B. A photomicrograph of liver of group HL showing marked dilatation and congestion of
the central vein (CV), vacuolated cytoplasm and degenerated shrunken cells (big arrows) mononuclear cellular infil-
tration (arrows). C. Group LL showing vacuolation of cytoplasm of the liver cells (small arrows), some cells appeared
shrunken with absent nuclei (big arrows). H&E. x250.

and the cords of hepatocytes are radiating from
it. The hepatocytes are polygonal in shape and
contain vesicular nuclei and acidophilic cyto-
plasm, the liver cells cords entrap liver blood
sinusoids between them, these sinusoids are
lined by sinusoid lining cells (Figure 1A). Group
HD showed dilatation and congestion of the
central vein, liver architecture is disturbed.
Degenerative changes were seen in the hepa-
tocytes in the form of vacuolation of their cyto-
plasm, absence or faint pyknotic nuclei.
Widening of the liver sinusoids with mononucle-
ar cellular infiltration was reported (Figure 1B)
Group LD showed slight widening and conges-
tion of the central vein, degenerative changes
of the hepatocytes, disturbed liver architecture
and widening of the liver sinusoids were noted
(Figure 1C).

Pancreas examination: Control group showed
the acini of the pancreas with their pyramidal
cells and each cell has a round nucleus with
the characteristic basal basophilia and apical
acidophilia. The acini are divided by thick
connective tissue septa into groups. Islets of
Langerhans were seen as group of round cells
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scattered between the pancreatic acini and are
rich in blood supply (Figure 2A). Group HD
showed disturbed acinar architecture with
shrinkage of acini. No defined cell boundaries
and absence of nuclei in some cells, few hem-
orrhagic spots were seen (Figure 2B) Group LD
also showed disturbed acini to a lesser extent
compared to the high dose. Only few cells
showed vacuolation of their cytoplasm and no
changes were noticed in the endocrine part of
the Pancreas (Figure 2C).

Histochemical results

Liver examination: The control liver stained
with PAS showed normal liver architecture and
cells with red coloration of the wall of the cen-
tral vein representing the glycogen in the blood
vessel wall and few spots in the liver cells
(Figure 3A). PAS stained section showed deple-
tion of the glycogen from the liver cells and
vacuolation of their cytoplasm was noticed in
HD treated group (Figure 3B). In PAS stained
section minimal deposition of glycogen was
noticed in the liver cells of LD treated group
(Figure 3C).
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Figure 2. A. Normal pancreas showing closely packed acini with basal basophilia and apical acidophilia. B. A photo-
micrograph of section of pancreas of group HL showing increased cellularity of Islets of langerhans (L). C. Pancreas
section of group LL showing No changes from the control. H&E. x250.

Figure 3. A. control liver stained PAS with showed normal liver architecture and cells with red coloration of the wall
of the central vein representing the glycogen in the blood vessel wall and few spots in the liver cells (arrows). B. PAS
stained sections of group HL accumulation of glycogen was noticed in the cytoplasm of the liver cells (G). C. PAS
stained section of group LL slight deposition of glycogen (G). x250.
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Figure 4. A. PAS stained sections of control pancreas showing only red coloration around the blood vessels (arrows).
x250. B. PAS stained pancreas section of group HL showing increased cellularity of the endocrine part of the Pan-
creas. C. Pancreas section of group LL showing No changes from the control in PAS staining. x250.

Pancreas examination: PAS stained sections
showed only red coloration around the blood
vessels in control group (Figure 4A). On the
other hand PAS stain in pancreas of HD treated
group showed disturbed acinar architecture
with Shrinkage of acini and disturbance in gly-
cogen deposition (Figure 4B). However, reduc-
tion in the concentration of pancreatic glycogen
was noticed in LD treated group (Figure 4C).

Discussion

Exposure to pesticides may involve large seg-
ments of population which include agriculture
workers and their families. The general popula-
tion may expose through home application of
pesticides or via residues on food [20, 21]. The
present results indicated that subchronic intox-
ication with karate formulation of lambda cyha-
lothrin at both doses induced elevation in plas-
ma AChE activity. Both type | pyrethroids and
type Il have been tested for their neurotoxicity
in rat brain synaptosomes. Besides increasing
Na* influx into synaptic terminals and creating a
depolarized hyperirritable synaptic membrane,
they increase the release of neurotransmitter
acetylcholine [22]. This may stimulate the activ-
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ity of plasma AChE as in our findings to do its
function in biodegradation of neurotransmitter
acetylcholine to cholin and acetic acid.
Elevation in oxidative stress biomarkers (MDA)
in plasma of treated animals is concomitant
with reduction in total thiol protein antioxidant
biomarker throughout experimental periods in
all treated groups. These findings are coincide
with that previously reported [23] significant
increase in lipid peroxidation in liver and plas-
ma of rats treated with different doses of delta-
methrin for 16 and 30 days. Also, an increase
in lipid peroxidation in plasma and tissues after
treatment with different doses of cypermethrin
was recorded [24]. Lipid peroxidation is a pro-
cess, which is determined by extent of the per-
oxide-deforming free radical mechanism on the
polyunsaturated fatty acid. On the other hand,
bithiol are extraordinary efficient antioxidant
protecting the cells against consequences of
damage induced by free radicals due to their
ability to react with the latter. In antioxidant
reactions thiols undergo one- electron oxida-
tion with the formation of thiyl radicals [25].
Strong oxidative and nitrosylative stress quickly
and efficiently diminishes SH containing pro-
tein like glutathione [26] where significant
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decrease in sulfhydryl content in blood of ani-
mals treated with different doses of lambda
cyhalothrin. The extent of liver damage appears
to be considerable as evidenced by increase in
plasma levels of ALT and AST as shown in our
results where elevation in liver marker enzymes
were pronounced when animals intoxicated
with LD and HD, these results were confirmed
by histopathological studies where degenera-
tion in hepatocytes and vaculation in cyto-
plasm. In consistent with the present results
[27] the treatment with cypermethrin induced
elevation in liver enzymes activity which in gen-
eral related to intensity of cellular damage. The
damage occurred probably through oxidative
stress mechanism and decrease in the activity
of free radical scavengers [28]. Elevation in
blood glucose level was recorded all through
the experimental periods these results run par-
allel with that previously reported [29, 30] pro-
longed administration of cyhalothrin, deltame-
thrin and cismethrin for rabbits and rats respec-
tively induced significant increase in blood and
brain glucose level. Concurrent to the glucose
results, hypoinsulinemia was recorded in all
treated groups all through the experimental
periods accompanied with depletion in glyco-
gen content in liver and pancreas as shown in
histochemical examination for liver and pan-
creas. Disturbed acinar architecture, no defined
cell boundaries and absence of nuclei in some
cells as well as increased of cellularity was
recorded in pancreas tissues. The B cells
secrete insulin in response to elevated glucose
levels and also respond to other substances
such as glucagons and acetylcholine [31].
Oxidative stress and decreased of content of
free radical scavengers are probably the conse-
quence of pyrethroids toxicity [23, 28] that may
damage cell wall and change the depolarization
of cell wall. Depletion of glycogen in the liver
cells was noticed in both rats treated with the
high dose. Subchronic exposure, which resem-
bles human exposure, may induce diabetes
associated with stimulation of hepatic gluco-
neogenesis and glycogenolysis in favor of glu-
cose release into the blood [32]. Potential roles
for paraoxonase in the detoxification of lipid
peroxidation and also as an antioxidant have
been suggested [33]. Low serum paraoxonase
activity may lead to increase in reactive oxygen
species, occurrence of oxidative stress and oxi-
dative stress can cause hyperglycemia as men-
tioned above. The activity of this enzyme has
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been found to be markedly lower in patients
with type | and type Il diabetes mellitus than
controls [34].

Conclusions

In conclusion chronic intoxication with lambda
cyhalothrin induced elevation of plasma AChE
and hyperglycemia induced due to oxidative
stress that induce disturbance in liver function
and pancreatic function.
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