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Abstract

HLOROTHALONIL (Cr), a fungicide widely used worldwide to protect crops from

fungal diseases. Curcumin (Cm), a natural antioxidant, was investigated for its

protective effects. The experiment involved 120 female Swiss albino mice (weighing
20-25 g), randomly assigned to 12 groups of 10 mice each. Group 1 served as a control. Groups
2 and 3 received Cm at concentrations of 0.5% and 2% in their diet for 12 weeks, respectively.
Groups 4, 5, and 6 were administered Cr at doses of 0.1, 10 and 100 mg/kg body weight (B.W.)
in their diet for 5 weeks. Groups 7, 8 and 9 were given Cm at 0.5% in their diet for 12 weeks,
followed by Cr at 0.1, 10 and 100 mg/kg B.W., respectively, for 5 weeks. Similarly, Groups 10,
11 and 12 received Cm at 2% in their diet for 12 weeks, followed by Cr at 0.1, 10 and 100
mg/kg B.W., respectively, for 5 weeks. At the end of the experiment, all mice were sacrificed,
and tissue specimens from the liver, kidneys and spleen were collected, respectively, in their
diet for 12 weeks and preserved in 10% neutral buffered formalin for 48 hours for
histopathological and immunohistochemical analysis. The results demonstrated that Cm at a
2% concentration provided greater protection than 0.5% in mitigating Cr-induced damage in
the examined organs. This protective effect was mediated by increased expression of
glutathione peroxidase (GPX) and inhibition of inducible nitric oxide synthase (iNOS), nuclear
factor-kappa B (NF-kB) and caspase-3 as observed through immunohistochemistry (IHC).

Group 1 Group 2 Group 3

Control Cm 0.5% Cm 2% for
normal for 12 wks 12 wks

Key words: Curcumin, Chlorothalonil, IHC.

Group 4 Group 5 Group 6
0.1mg/kg 10 mg/kg 100mg/kg
diet Crfor diet Crfor diet Crfor

5 wks 5 wks 5 wks

Group 7 Group 8 Group 9 Group 10 Group 11
Cm 0.5% for Cm 0.5% for Cm 0.5% for Cm 2% for Cm 2% for
12Wks followed 12Wks followed 12Wks followed 12Wks followed 12Wks followed
by 0.1mg/kg by 0.1mg/kg by  100mg/kg by 0.1mg/kg by 0.1mg/kg
diet Cr for 5 diet Cr for 5 diet Cr for 5 diet Cr for 5 diet Cr for 5

k ak wk wk ak

Group 12
Cm 2% for
12Wks followed

by  100mg/kg
diet Cr for 5

Fig 1. Schematic of experiment design
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Introduction

Chlorothalonil (2,4,5,6-tetrachloro-isophthalonitrile)
(Cr) is a non-systemic, broad-spectrum pesticide
widely used in agriculture for fungal infection
control [1]. It is available in various formulations,
including concentrates, powders, and granules [2].
Research indicates that Cr residues in the food chain
often exceed maximum permissible levels, posing
risks to human health [3]. Cr is known to induce
oxidative stress by depleting cellular glutathione
(GSH), a crucial molecule in defending against
xenobiotics [4]. The depletion of intracellular GSH
by Cr results in the dysfunction of GSH-dependent
enzymes [5]. Studies have demonstrated that Cr not
only inhibits GSH activity [4] but also affects key
GSH-related enzymes, such as glutathione
peroxidases (GPX), thereby disrupting antioxidant
defense systems [6].

Cr adversely impacts organ functions in animals,
particularly in the kidneys, triggering cell necrosis
and impairing mitochondrial respiration [7]. It
inhibits mitochondrial respiratory functions, reduces
ATP production, and enhances reactive 0xygen
species (ROS) generation, ultimately inducing cell
necrosis [8]. In contrast, curcumin (Cm), also known
as diferuloylmethane, is a natural polyphenol
extracted from the rhizome of Curcuma longa
(turmeric) [9]. As the main active component of
turmeric, Cm is recognized for its anti-inflammatory,
antioxidant, hepatoprotective, antimicrobial, and
tumor-suppressive property [10]. Historically used in
many Asian countries as a medicinal herb, feed
additive, and coloring agent [11)], Cm has been
extensively studied for its pro-apoptotic, chemo
preventive, and chemotherapeutic effects.

Glutathione peroxidase (GPX) is a selenium-
dependent enzyme that plays a pivotal role in
reducing lipid peroxides and hydrogen peroxide, thus
mitigating oxidative damage [12]. Nitric oxide (NO),
essential for renal functions such as blood flow
regulation and glomerular filtration [13], is also a
cytotoxic agent involved in inflammatory processes
[14]. Nitric oxide synthase (iNOS), an inflammatory
mediator, is linked to the pathophysiology of several
inflammatory diseases due to excessive NO
production [15]. Nuclear factor-kappa B (NF-xB), a
key transcription factor, activates inflammatory
processes by regulating genes encoding iNOS and
proinflammatory cytokines [16,17], including tumor
necrosis factor-alpha (TNF-o) [18]. NF-«B activation
involves its release from the inhibitory protein IxB
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through  phosphorylation,  ubiquitination, and
proteasome degradation, ultimately leading to
inflammatory cytokine expression [19].

Caspase-3, encoded by the CASP3 gene [20],
plays a critical role in apoptosis [21], a process of
programmed cell death. It is involved in both the
extrinsic (death receptor-mediated) and intrinsic
(mitochondria-mediated) apoptotic pathways.
Activation of caspase cascades is a key mechanism
in initiating apoptosis [22]. This study aims to
evaluate the protective effects of Cm on the
histopathology of the liver, kidney, and spleen in
mice exposed to varying levels of Cr, along with
immunohistochemical staining (IHC) to assess GPX,
iNOS, NF-kB, and caspase-3 in these organs.

Material and Methods

Experimental animals

Forty female Swiss albino mice (20-25g) were
purchased from National research Centre in Dokki,
Cairo, Egypt. Animals were kept in special cages at
room temperature, under constant conditions of 12-h
light/12-h dark cycle with air conditioning and
acclimatized for one week before the experiment
with free access to mice pellet chow and tap water.
Experiment done in Department of Pathology,
Faculty of Veterinary Medicine, Mansoura
University. Diet was formulated in Department of
Animal Nutrition, Faculty of Veterinary Medicine,
Mansoura  University. Composition of  diet
(ingredient /kg) for preparation of 30 kg ration as
shown in (Table 1) according to [27].

Experiment design

After one week of acclimatization, mice were
haphazardly divided into 12 groups of ten mice each
as follows:

Group 1: (control group) mice received mice pellet
chow and tap water.

Group 2 cm 0.5%: mice received curcumin 0.5% in
diet for 12 weeks (purchased from Gerham
pharmaceuticals) according to [28]

Group 3 cm 2%: mice received curcumin 2% in
diet for 12 weeks (purchased from Gerham
pharmaceuticals) according to [28].

Group 4: mice received Cr 0.1mg/kg B.W in diet
for 5 weeks. (purchased from Syngenta company)

Group 5: mice received Cr 10 mg/kg B.W in diet
for 5 weeks. (purchased from Syngenta company)
according to [29].
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Group 6: mice received Cr 100 mg/kg B.W in diet
for 5 weeks. (purchased from Syngenta company)
according to[30].

Group 7: mice received cm 0.5% in diet for 12
weeks followed by Cr 0.1 mg/kg B.W in diet for
5 weeks.

Group 8: mice received cm 0.5% in diet for 12
weeks followed by Cr 10 mg/kg B.W in diet for 5
weeks.

Group 9: mice received cm 0.5% in diet for 12
weeks followed by Cr 100 mg/kg B.W in diet for
5 weeks.

Group 10: mice received cm 2% in diet for 12
weeks followed by Cr 0.1 mg/kg B.W in diet for
5 weeks.

Group 11: mice received cm 2% in diet for 12
weeks followed by Cr 10 mg/kg B.W in diet for 5
weeks.

Group 12: mice received cm 2% in diet for 12
weeks followed by Cr 100 mg/kg B.W in diet for
5 weeks.

Schematic illustration of experiment design was
shown in Fig 1.

After end of the experiment, all mice were
sacrificed. After gross examination, tissue specimens
from liver, kidney and spleen were collected and
preserved in 10% neutral buffered formalin for 48
hours for histopathological and
immunohistochemical examination.

Histopathological examination

During tissue processing, specimens were
trimmed, placed into labeled cassettes, and subjected
to dehydration through an ascending series of ethanol
concentrations. Clearing was achieved by immersing
the specimens in three changes of xylene (1 hour per
change), followed by embedding them in paraffin
wax. The paraffin blocks were sectioned into four
pum-thick slices using a rotary microtome, then
deparaffinized in xylene, rehydrated through a
descending ethanol series, and stained with
hematoxylin and eosin (H&E) following the protocol
described in [27]. The stained tissue sections were
examined under a light microscope to identify any
pathological changes. A semiquantitative scoring
system was used to assess degeneration, fibrosis, and
inflammation. In the liver, hepatocyte degeneration,
fibrosis, and inflammation were scored as follows: 0
(normal), 1 (mild, <25% of affected area), 2

(moderate, 25-50%), and 3 (severe, >50%).
Similarly, tubular degeneration, edema, fibrosis, and
inflammation in the kidneys, as well as depletion,
fibrosis, and hemorrhage in the spleen, were scored
using the same scale. A total histopathological score
was calculated for each organ [28].

Immunohistochemistry (IHC)

In this study, the expression of GPX, iNOS, NF-
kB, and caspase-3 was assessed following the
protocols provided by the manufacturers. A total of
144 paraffin-embedded slides were prepared from
liver, kidney, and spleen tissues. Tissue sections
were immersed in xylene for 20 minutes, followed by
an alcohol gradient (50-100%) for rehydration, and
then incubated in a 3% hydrogen peroxide (H,0,)
solution for 10 minutes. After washing in phosphate-
buffered saline (PBS), the sections were heated for
4-5 minutes in citrate buffer (pH 6) using an 800-
watt microwave, then incubated with a blocking
substance for 20 minutes to prevent nonspecific
background staining, followed by another PBS rinse.

Subsequently, the tissue sections were incubated
overnight in a humidity chamber with specific
antibodies, including anti-glutathione peroxidase 4
Rabbit pAb (GB114327, Servicebio, 1:500 dilution),
iNOS Rabbit pAb (A0312, 1:500 dilution), NF-xB
p65/RelA Rabbit pAb (A2547, Abclonal, 1:200
dilution), and anti-active Caspase-3 Rabbit
polyclonal antibody (bs-2072R, Servicebio, 1:1000
dilution). The slides were rinsed in PBS and treated
with 4-5 drops of secondary antibody for 10 minutes
at room temperature, followed by further rinsing in
PBS. Next, the sections were incubated with
streptavidin-peroxidase solution for 10 minutes and
rinsed in PBS again. For visualization, a chromogen
solution of 3-3’-diaminobenzidine tetrahydrochloride
(DAB) was applied for 15 minutes. Finally, the
sections were counterstained with  Mayer's
hematoxylin, dehydrated using an alcohol series, and
mounted  with  di-n-butyl-phthalate-polystyrene-
xylene (DPX). The staining intensity was graded on a
scale of 0 (no signal), 1 (weak), 2 (moderate), and 3
(strong).

Statistical analysis

The revealed data of lesional scores and IHC
staining intensity scores were tested for the statistical
significance using the software GraphPad prism
(www.graphpad.com).  Using Kruskal-Wallis and
Mann-Whitney U tests; n = 4. Different letters
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indicate statistically significant when p-value was
<0.05.

Results

Microscopic examination of HE stained liver
sections from different treatment groups (Fig.2 A-N)
showing normal histological appearance of hepatic
parenchyma in Group 1 (A), Group 2 (B) and Group
3 (C). Liver of Group 4 (D) showing diffuse hepatic
vacuolation with focal inflammatory foci. The
inflammatory foci consisted of aggregations of mild
numbers of lymphocytes and plasma cells. Liver of
Group 5 (E&F) showing increased lesions consisted
of wvacuolation of hepatocytes, portal fibrosis
admixed with leukocytic cells infiltrates and portal
edema, focal necroinflammatory foci. Liver of
Group 6 (G&H) showing more severe lesions
consisted of multifocal coalescing leukocytic cells
aggregation (abundant neutrophils, few lymphocytes
and macrophages) replacing necrotic hepatocytes,
expansion of portal area with fibrosis, edema,
lymphocytes, plasma cells and macrophages
infiltration, the adjacent hepatocytes showing mild to
moderate intracellular fat vacuoles. Liver of Group 7
() showing few intracytoplasmic microvesicular
vacuoles, few focal or scattered inflammatory cells
consisting of mild numbers of neutrophils,
lymphocytes and plasma cells. Liver of Group 8 (J)
showing moderate hepatocellular swelling with focal
mild perivascular inflammatory foci. Liver of Group
9 (K) showing moderate hepatocellular swelling with
few focal to multifocal inflammatory cells consisting
of lower numbers of neutrophils, lymphocytes and
macrophages. Liver of Group 10 (L) showing few
focal inflammatory aggregates. Liver of Group 11
(M) showing multifocal inflammatory foci composed
of few macrophages, lymphocytes and rare
neutrophils, mildly congested central vein. Liver of
Group 12 (N) shows moderate hepatocellular
swelling with mildly congested central vein.

Microscopic examination of HE stained kidney
sections from different treatment groups (Fig.3 A-O)
showing normal histological appearance of
glomerulus and renal tubules in (A) Group 1. (B)
Group 2 and C) Group 3. Kidney of Group 4 (D)
showing mild congestion in intertubular blood
vessels, mild tubular necrosis characterized by
eosinophilia and pyknotic nuclei. Kidney of Group
5(F&G) showing increased lesions consisted of
congestion with mild hemorrhage, interstitial edema,
severe tubular dilation, vacuolation degeneration in
tubular epithelium and mild tubular necrosis besides
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inflammatory cells infiltration in interstitial tissue.
An early sign of tubular regeneration characterized
by overcrowded nuclei was also seen. Kidney of
Group 6 (H) showing severe dense interstitial fibrosis
admixed with extensive cellular infiltrates besides
congestion. Kidney of Group 7(1&J) showing mild
tubular dilation, mild congestion, mild tubular
necrosis. Kidney of Group 8 (K) showing mild
tubular dilation and necrosis. Kidney of Group 9 (D)
showing mild tubular dilation, congestion and few
inflammatory cells infiltration in interstitial tissue.
Kidney of Group 10 (M) showing very mild
congestion and very mild tubular vacuolar
degeneration. Kidney of Group 11 (N) showing very
mild congestion with sign of tubular regeneration
characterized by overcrowded nuclei. Kidney of
Group 12 (O) showing moderate tubular dilation with
sign of tubular regeneration characterized by
overcrowded nuclei.

Microscopic examination of HE stained spleen
sections from different treatment groups showing
normal splenic parenchyma with large well defined
lymphoid follicles, normal red pulp containing few
megakaryocytes in Group 1 (A), Group 2(B) and
Group 3 (C). Spleen of Group 4 (D&E) showing
focal area of hemorrhage, decrease in size and
number of periarteriolar lymphatic sheaths and
lymphoid follicles, fibrous connective tissue
proliferation and edema in red pulp. Spleen of Group
5 (F) showing severe lymphoid depletions with
lymphocytolysis and necrosis of megakaryocytes.
Spleen of Group 6 (G & H) showing loss of
lymphoid  follicle arrangement with  marked
degeneration and clumping of lymphocytes and
megakaryocytes leaving clear spaced and admixed
with abundant scattered RBCs. Spleen of Group 7(l
& J) showing slightly enlarged lymphoid follicles
with increase the numbers of megakaryoblasts,
scattered RBCs with mild fibrosis in red pulp. Spleen
of Group 8 (K) showing presence of moderate
numbers of megakaryoblasts. Spleen of Group 9 (L)
showing restored size of lymphoid follicles with
moderate numbers of megakaryocytes. Spleens of
Group 10 (M), Group 11 and (N) Group 12 (O)
showing well-organized restored size of lymphoid
follicles with presence of many megakaryocytes in
red pulp.

Collectively, hepatic, renal and splenic lesions
increased with increasing dose of Cr exposure in all
groups, however, these lesions were less severe in
the protected groups with 2% Cm than in unprotected
group and the protected groups with 0.5% Cm.
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Statistical analysis of histopathological lesional
scores (Fig.5) in liver (A) kidney (B) and spleen (C)
were lower in protected groups with 2% cm than in
unprotected group and protected groups with 0.5%
cm.

IHC expression of GPX, INOs, NF-xB and caspase-3
in liver

GPx  expression  and localization in
immunostained liver sections of different treatment
groups demonstrated in (Fig. 6 A1-L1). Al) Livers
of Group 1, B1) Group 2 and C1) Group 3 showing
negative reaction. D1) Livers of Group 4, E1) Group
5and F) Group 6 showing decreased immunopositive
sinusoidal reaction with increased Cr dose. G1)
Livers of Group 7 H1) Group 8 and 11) Group 9
showing decreased immunopositive sinusoidal
reaction with increased Cr dose. J1) Livers of Group
10, K1) Group 11 and L1) Group 12 showing
decreased immunopositive sinusoidal reaction with
increased Cr dose but appear higher than observed in
unprotected group and protected groups with
cm0.5%.

iNos  expression  and localization in
immunostained liver sections of different treatment
groups demonstrated in (Fig. 6 A2-L2). A2) Livers
of Group 1, B2) Group 2 and C2) Group 3 showing
negative reaction. D2) Livers of Group 4, E2) Group
5 and F2) Group 6 showing increasing
immunopositive reaction in hepatocytes with
increased Cr dose. G2) Livers of Group 7, H2) Group
8 and 12) Group 9 showing increasing
immunopositive reaction in hepatocytes. J2) Livers
of Group 10, K2) Group 11 and L2) Group 12
showing increased immunopositive reaction in
hepatocytes with increased Cr dose but appears lower
than in unprotected group and protected groups with
c¢m0.5%.

NF-kB  expression and localization in
immunostained liver sections of different treatment
groups demonstrated in (Fig. 7 A1-L1). Al) Livers
of Group 1, B1) Group 2 and C1) Group 3 showing
few positively stained sinusoidal nuclei. D1) Livers
of Group 4, E1) Group 5 and F1) Group 6 showing
increasing immunopositive stained sinusoidal nuclei
with increased Cr dose. G1) Livers of Group 7, H)
Group 8 and 11) Group 9 showing increasing
immunopositive stained sinusoidal nuclei with
increased Cr dose. J1) Livers of Group 10, K1)
Group 11 and L1) Group 12 showing increased
positively stained sinusoidal nuclei with increased Cr
dose however still lower than observed in

unprotected group and protected groups with
cm0.5%.

Caspase-3 expression and localization in
immunostained liver sections of different treatment
groups demonstrated in (Fig. 7 A2-L2). A2) Livers
of Group 1, B2) Group 2 and C2) Group 3 showing
negative reaction. D2) Livers of Group 4, E2) Group
5 and F2) Group 6 showing increasing
immunopositive reaction in hepatocytes with
increased Cr dose. G2) Livers of Group 7 H2) Group
8 and 12) Group 9 showing increasing
immunopositive reaction in hepatocytes. J2) Livers
of Group 10, K2) Group 11 and L2) Group 12
showing lower immunopositive reaction in
hepatocytes than in unprotected group and protected
groups with cm0.5%.

IHC expression of GPX, INOs, NF-xB and caspase-3
in kidneys

GPx  expression  and localization in
immunostained kidney sections of different treatment
groups demonstrated in (Fig. 8A1-L1). Kidneys of
Al) Group 1, B1) Group 2 and C1) Group 3 showing
strong immunopositive interstitial reaction. D1)
Kidneys of Group 4, E1) Group 5 and F1) Group 6
showing decreasing immunopositive interstitial
reaction with increased Cr dose. G1) Kidneys of
Group 7 H1) Group 8 and I11) Group 9 showing
decreasing immunopositive interstitial reaction with
increased Cr dose. J1) Kidneys of Group 10, K1)
Group 11 and L1) Group 12 showing decreased
immunopositive interstitial reaction but still higher
than observed in unprotected group and protected
groups with cm 0.5%.

iNos  expression  and localization in
immunostained kidney sections of different treatment
groups demonstrated in (Fig. 8 A2-L2). A2) Kidneys
of Group 1, B2) Group 2 and C2) Group 3 showing
very mild immunopositive tubular reaction. D2)
Kidneys of Group 4, E2) Group 5 and F) Group 6
showing increasing immunopositive tubular reaction
with increased Cr dose. G2) Kidneys of Group 7 H2)
Group 8 and 12) Group 9 showing increasing
immunopositive tubular reaction with increased Cr
dose. J2) Kidneys of Group 10, K2) Group 11 and
L2) Group 12 showing increased immunopositive
tubular reaction with increased Cr dose but still
lower than observed in unprotected group and
protected groups with cm0.5%.

NF-«xB  expression and localization in
immunostained kidney sections of different treatment
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groups demonstrated in (Fig. 9 Al1-L1). Al) Kidneys
of Group 1, B1) Group 2 and C1) Group 3 showing
mild immunopositive nuclear reaction in tubules. D1)
Kidneys of Group 4, E1) Group 5 and F1) Group 6
showing increasing immunopositive nuclear reaction
in tubules with increased Cr dose. G1) Kidneys of
Group 7 H1) Group 8 and I1) Group 9 showing
increasing immunopositive nuclear reaction in
tubules with increased Cr dose. J1) Kidneys of Group
10, K1) Group 11 and L1) Group 12 showing
increasing nuclear reaction in tubules with increased
Cr dose however appear less than the reaction
observed in unprotected group and protected groups
with cm0.5%.

Caspase-3 expression and localization in
immunostained kidney sections of different treatment
groups demonstrated in (Fig. 9A2-L2). A2) Kidneys
of Group 1, B2) Group 2 and C2) Group 3 showing
negative reaction. D2) Kidneys of Group 4, E2)
Group 5 and F2) Group 6 showing increasing
immunopositive tubular reaction with increased Cr
dose. G2) Kidneys of Group 7 H2) Group 8 and 12)
Group 9 showing increasing immunopositive tubular
reaction. J2) Kidneys of Group 10, K2) Group 11 and
L2) Group 12 showed lower immunopositive tubular
reaction than in unprotected group and protected
groups with cm0.5%.

IHC expression of GPX, INOs, NF-xB and caspase-3
in spleen

GPx  expression and localization in
immunostained spleen sections of different treatment
groups demonstrated in (Fig. 10 Al-L1). Spleen of
Al) Group 1, B1) Group 2 and C1) Group 3 showing
strong immunopositive reaction in lymphocytes. D1)
Spleen of Group 4, E1) Group 5 and F1) Group 6
showing decreasing immunopositive reaction in
lymphocytes with increased Cr dose. G1) Spleen of
Group 7 H1) Group 8 and I1) Group 9 showing
decreasing immunopositive reaction in lymphocytes
with increased Cr dose. J1) Kidneys of Group 10,
K1) Group 11 and L1) Group 12 showing decreased
immunopositive reaction in lymphocytes but still
higher than observed in in unprotected group and
protected groups with cm0.5%.

iNos  expression and  localization  in
immunostained spleen sections of different treatment
groups demonstrated in (Fig. 10 A2-L2). A2) Spleen
of Group 1, B2) Group 2 and C2) Group 3 showing
mild immunopositive reaction in lymphocytes. D2)
Spleen of Group 4, E2) Group 5 and F) Group 6
showing increasing immunopositive reaction in
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lymphocytes with increased Cr dose. G2) Spleen of
Group 7 H2) Group 8 and 12) Group 9 showing
increasing immunopositive reaction in lymphocytes
with increased Cr dose. J2) Spleen of Group 10, K2)
Group 11 and L2) Group 12 showing increased
immunopositive reaction in lymphocytes with
increased Cr dose but still lower than observed in in
unprotected group and protected groups with
cm0.5%.

NF-kB  expression and localization in
immunostained spleen sections of different treatment
groups demonstrated in (Fig. 11 Al1-L1). Al) Spleen
of Group 1, B1) Group 2 and C1) Group 3 showing
negative reaction. D1) Spleen of Group 4, E1) Group
5 and F1) Group 6 showing increasing
immunopositive reaction in lymphocytes with
increased Cr dose. G1) Spleen of Group 7 H) Group
8 and 11) Group 9 showing increasing
immunopositive reaction in lymphocytes with
increased Cr dose. J1) Spleen of Group 10, K1)
Group 11 and L1) Group 12 showing increased
immunopositive reaction in lymphocytes with
increased Cr dose but still lower than observed in in
unprotected group and protected groups with
cm0.5%.

Caspase-3 expression and localization in
immunostained spleen sections of different treatment
groups demonstrated in (Fig. 11A2-L2). A2) Spleen
of Group 1, B2) Group 2 and C2) Group 3 showing
negative reaction. D2) Spleen of Group 4, E2) Group
5 and F2) Group 6 showing increasing
immunopositive reaction in lymphocytes with
increased Cr dose. G2) Spleen of Group 7 H2) Group
8 and 12) Group 9 showing increasing
immunopositive reaction in lymphocytes. J2) Spleen
of Group 10, K2) Group 11 and L2) Group 12
showing increased immunopositive reaction in
lymphocytes with increased Cr dose but still lower
than observed in unprotected group and protected
groups with cm0.5%.

Semi-quantitative scoring of GPX, i-Nos, NF-xB
and caspase-3 in liver, kidney and spleen (Fig. 12A-
D) were expressed as MeantSEM. Statistical
analysis of immunostaining scores were lower in
protected groups with 2% cm than in unprotected
group and protected groups with 0.5% cm.

Discussion

The high demand for food production has been
led to increased use of pesticide [ 29]. While
pesticides play an important role in the effort to
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overcome plant losses caused by different types of
pests to increase food production, at the same time,
they can cause several environmental hazards due to
their toxicities and accumulation in the environment
[30]. Pesticide residues were detected in human and
animal food have an adverse effect on general health
[31]. Cr is a non-systemic fungicide ,widely applied
in agriculture for crop protection due to its biocidal
effect and incorporated in many useful aspects [32].
Cr is ranked as a grade Ill or moderately toxic
chemical [33].The spleen is the site of direct and
indirect toxicity, a target for some carcinogens, and
also a site for metastatic neoplasia[34]. Therefore, we
examined the effect of exposure of female mice to
different levels of Cr in liver, kidney and spleen and
the protective effect of Cm. Necroinflammatory
lesions were observed in liver and Kidney that
increased in severity by increasing levels of Cr
exposure. Very similar findings were reported
by[35]. Cm 2% for 12 weeks was able to maintain
liver and kidney tissue structures to some extent in
female Swiss albino mice exposed to Cr. These
finding were consistent with those noticed by [36]
when male Wistar rat fed Cm orally (80 mgkg-1
b.w.). Also, [37] proved the hepato and
nephroprotective effect of Cm in female albino rats
orally administrated 80 mg/kg b.w. Cm daily for 30
days. The spleen contains hematopoietic and
lymphoid elements, is a primary site of
extramedullary ~ hematopoiesis, and  removes
degenerate and aged red blood cells as well as
particulate materials and circulate bacteria from the
blood supply. Lesions of this important component
of the immune system may center on the red pulp,
the white pulp or involve both compartments [34].
Our findings in spleen of unprotected Cr groups
showed decrease in size and number of periarteriolar
lymphatic sheaths and lymphoid follicles, fibrous
connective tissue proliferation and edema in red
pulp. In addition, lymphoid depletions with
lymphocytolysis and necrosis of megakaryocytes
were recorded. Toxic compounds induced
lymphocyte toxicity and necrosis of the white pulp as
mentioned by[34].

Megakaryocytes indicated extramedullary
hematopoiesis that present in spleen of normal
rodents, especially in mice, more commonly in
young compared to aged rodents and, more common
in females compared to males[34]. Spleen of Cm
protected groups showed restored size of lymphoid
follicles and increased numbers of megakaryoblasts.

Generally, pesticides known to induce

regeneration of ROS which cause damage vital
molecules as lipids, proteins and nucleic acids in
living tissue [38]. Several studies documented Cr
ability to induce oxidative stress, increase ROS and
interruption of anti-oxidant enzymes activity [39].
Our IHC results proved that Cr decreased activity of
GPx in all examined organs and thus increased rate
of oxidative damage. These results were in line with
those proven by [40]in which treatment of CIK cells
with Cr 5 pg/L for 48 h resulted in decrease activity
of GPx and stimulation of oxidative stress. In our
study, Cm increased the immunostaining of GPX
which proves its anti-oxidant effect. These results
were in line with those documented by [41] in which
male rats received Cm orally for 5 weeks 15mg/kg
body weight and results were restoration of GSH
levels after  aflatoxin Bl-intoxicated rats and
increase activities of GPX. Cm acts as a powerful
scavenger of free radicals as ROS and reactive
nitrogen species [42]. ROS is considered the major
cause of cell damage during chronic diseases such as
diabetes mellitus, cancer, cardiovascular disorders
and others [43]. Cr induced inflammation in liver
and kidney through increasing immunostaining of
iNos and NF-xB in three examined organs in a dose
dependent manner. Previous studies have been
shown that chemical pesticides play a vital role in
induction of inflammatory response as a part of its
mechanism of action [44]. Inflammation and
oxidative stress are closely linked to each other's in
which the oxidative stress can be caused by the
reactive species released by inflammatory cells at the
site of inflammation [45]. One of the most important
transcription factors is NF-xB which act as potent
regulator of inflammatory process [46]. Cm acts as a
potent blocker of NF-«kB activation [47]. Our IHC
findings reported lower immunostaining of iNOS and
NF-kB in three examined organs in protected group
Cm2% than in Cm0.5%.

Oral administration of Cm as a protective tool
before Cr administration has led to decreasing
damaging effect of Cr through inhibition of iINOS
production to some extent and thus protection of
organ from its cytotoxic effect. These findings
agreed with those concluded by [48] who proven that
Cm treatment (200 mg/kg body weight) decreased
iNOS expression in a time dependent manner
(7,15,30 days) after intoxication of Male albino
Wistar rats with gentamicin for six consecutive days.
Cm also has the ability to interfere with NO
production and iINOS expression through direct
inhibition of NF-«kB activation [49].

In addition, our results showed increasing

Egypt. J. Vet. Sci.
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expression of caspase-3 in liver, kidney and spleen
by increasing levels of Cr exposure indicating
activation of apoptosis process as mentioned by.
Exposure of Ctenopharyngodon idellus (grass carp)
and kidney cell line to Cr (98%) then analysis by
AO-EB staining and flow cytometry induced
caspase-3 expression [50]. The protective and anti-
apoptotic effect of Cm on APAP induced hepatic
toxicity was confirmed by [51] when male BALB/c
mice (6-8 wks. of age) intraperitoneally injected with
Cm (10 or 20 mg/kg) 2 hours before injection of
APAP. Pretreatment with Cm resulted in stimulation
of Bcl-2 expression (anti-apoptotic protein) and
inhibition of expression of Bax (pro-apoptotic
protein) in liver [51]. Depending on these results, we
can demonstrate that CUR decreases caspase-3
expression as a result of inhibition of apoptotic
pathway at all as caspase-3 is critical activator of
apoptotic pathway.

Conclusion

The severity of histopathological lesions in the
liver, kidneys, and spleen was found to increase with
higher levels of Cr exposure, while these lesions
were notably reduced in the group protected with 2%
Cm (Cm2%) compared to the unprotected group and
the group receiving 0.5% Cm (Cmo0.5%).

TABLE 1. Ingredients of animal ration

Ingredients % %
Yellow corn 8.5% 71.5
Soyabean meal 44% 18
Sunflower oil 4
Corn gluten 1
Minerals and Vitamins 0.25
Di Calcium phosphate 2.5
Limestone 1.2
NacCl salt 0.5
Methionine 0.5
Lysine 0.5

Egypt. J. Vet. Sci.

Immunohistochemical (IHC) analysis revealed mild
immunostaining for GPX but marked
immunostaining for iINOS, NF-xB, and caspase-3
across the examined organs in the unprotected group.
In contrast, the group protected with Cm2%
exhibited stronger GPX immunostaining alongside
reduced immunostaining for iINOS, NF-xB, and
caspase-3, indicating the enhanced protective effect
of Cm 2% over Cm 0.5% in mitigating Cr-induced
damage.
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Fig 2. Representative photomicrograph of HE stained liver sections from different treatment groups. A) Livers of Group
1, B) Group 2 and C) Group 3 showing normal histological appearance of hepatic parenchyma. D) Liver of Group 4 showing
diffuse vacuolation of hepatocytes with focal inflammatory foci (thick arrow), insert, the inflammatory foci consisted of
aggregations of mild numbers of lymphocytes and plasma cells (thin black arrow). E) Liver of Group 5 showing hepatic
vacuolation (thick arrow) with portal fibrosis (arrowhead) admixed with leukocytic cells infiltrates (thin black arrow) and portal
edema (thin blue arrow), insert, aggregations of lymphocytes, plasma cells and macrophages. F) Liver of Group 5 showing
moderate to severe hepatocellular swelling (thick arrow) with focal necroinflammatory foci (thin black arrow), inset, aggregation
of lymphoplasmacytic cells and neutrophils focally replacing and surrounding necrotic hepatocytes. G) Liver of Group 6
showing scattered leukocytic cells aggregates (thin black arrow) consisted of abundant neutrophils, few lymphocytes and
macrophages replacing necrotic hepatocytes, inset, the leukocytic cells aggregates. H) Liver of Group 7 showing moderate
expansion of portal area with fibrosis (arrowhead), edema (thin blue arrow) lymphocytes, plasma cells and macrophages
infiltration, the adjacent hepatocytes showing mild to moderate intracellular fat vacuoles. 1) Liver of Group 7 showing few
intracytoplasmic microvesicular vacuoles (thick arrow) with few focal or scattered inflammatory cells consisted of mild numbers
of neutrophils, lymphocytes and plasma cells (thin black arrow), inset. J) Liver of Group 8 showing moderate hepatocellular
swelling with focal mild perivascular inflammatory foci. K) Liver of Group 9 showing moderate hepatocellular swelling (thick
arrow) with few focal to multifocal inflammatory cells (thin black arrow) consisted of low numbers of neutrophils, lymphocytes
and macrophages. L) Liver of Group10 showing few focal inflammatory aggregates (thin black arrow). M) Liver of Group 11
showing multifocal inflammatory foci (thin black arrow) composed of few macrophages, lymphocytes and rare neutrophils,
mildly congested central vein (red arrow). N) Liver of Group 12 showing moderate hepatocellular swelling (thick arrow) with
mildly congested central vein (red arrow). Low magnification= 100x, high magnification=400x.

Fig 3. Representative photomicrograph of HE stained kidney sections from different treatment groups. Kidney of A) Group
1, B) Group 2 and C) Group 3 showing normal histological appearance of glomerulus and renal tubules. D) Kidney of
Group 4 showing mild congestion (red arrow) in intertubular blood vessels, mild tubular necrosis (closed arrowheads)
characterized by eosinophilia and pyknotic nuclei E) and F) Kidney of Group 5 showing congestion (red arrow) and mild
hemorrhage (open arrowhead), interstitial edema (blue arrow), severe tubular dilation (thin black arrow), vacuolation
degeneration in tubular epithelium (thick arrow) and necrosis in tubular epithelium (closed arrowheads). An early sign of
tubular regeneration characterized by overcrowded nuclei (curved arrow) is seen. G) Kidney of Group 5 showing congestion
(red arrow), inflammatory cells infiltration in interstitial tissue (yellow arrow) with mild tubular necrosis (closed
arrowheads). H) Kidney of Group 6 showing severe dense interstitial fibrosis admixed with extensive cellular infiltrates
(double yellow arrow) besides congestion (red arrow). 1) and J) Kidney of Group 7 showing mild tubular dilation (thin black
arrow), mild congestion (red arrow), mild tubular necrosis (closed arrowheads). K) Kidney of Group 8 showing mild tubular
dilation (thin black arrow) and necrosis (closed arrowhead). L) Kidney of Group 9 showing mild tubular dilation (thin black
arrow), congestion (red arrow) and few inflammatory cells infiltration in interstitial tissue (yellow arrow). M) Kidney of
Group 10 showing very mild congestion (red arrow) and very mild tubular vacuolar degeneration (thick arrow). N) Kidney
of Group 11 showing very mild congestion (red arrow) with sign of tubular regeneration characterized by overcrowded
nuclei (curved arrow). O) Kidney of Group 12 showing moderate tubular dilation (thin black arrow) with sign of tubular
regeneration characterized by overcrowded nuclei (curved arrow). Low magnification= 100x, high magnification=400x.
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Fig 4. Representative photomicrograph of HE stained spleen from different treatment groups. Spleen of A) Group 1,
B) Group 2 and C) Group 3 showing normal well defined lymphoid follicles and red pulp. D) Spleen of Group 4
showing focal area of hemorrhage (arrowhead), decrease in size and number of periarteriolar lymphatic sheaths and
lymphoid follicles. E) Spleen of Group 4showing fibrous connective tissue proliferation (thick arrow) and edema
(thin black arrow). F) Spleen of Group 5 showing severe lymphoid depletions with lymphocytolysis (*) and necrosis
of megakaryocytes. G) and H) Spleen of Group 6 showing loss of lymphoid follicle arrangement with marked
degeneration (*) and clumping of lymphocytes and megakaryocytes leaving clear spaced (thin black arrow) and
admixed with abundant scattered RBCs. 1) and J) Spleen of Group 7 showing slightly enlarged lymphoid follicles
with increase the numbers of megakaryoblast and presence of scattered RBCs with mild fibrosis (thick arrow) in red
pulp. K) Spleen of Group 8 showing presence of moderate numbers of megakaryoblasts. L) Spleen of Group 9
showing restored size of lymphoid follicles with moderate numbers of megakaryocytes. M) Spleen of Group10, N)
Group 11 and O) Group 12 showing well-organized restored size of lymphoid follicles with many megakaryocytes.

Low magnification= 100x, high magnification=400x.
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Fig 6. Representative IHC of GPx expression and Iocallzatlon in |mmunosta|ned Ilver sections of different treatment
groups Al-L1. Al) Livers of Group 1, B1) Group 2and C1) Group 3 showing strong brown immunopositive sinusoidal
reaction. D1) Livers of Group 4, E1) Group 5 and F1) Group 6 showing decreasing immunopositive sinusoidal reaction
with increased Cr dose. G1) Livers of Group 7 H1) Group 8 and 11) Group 9 showing decreasing immunopositive
sinusoidal reaction with increased Cr dose. J1) Livers of Group 10, K1) Group 11 and L1) Group 12 showing decreased
immunopositive sinusoidal reaction with increased Cr dose but appear higher than observed in unprotected groups and
protected groups with cm0.5%. Representative IHC of iNos expression and localization in immunostained liver
sections of different treatment groups A2-L2. A2) Livers of Group 1, B2) Group 2 and C2) Group 3 showing
negative reaction. D2) Livers of Group 4, E2) Group 5 and F2) Group 6 showing increasing immunopositive reaction in
hepatocytes with increased Cr dose. G2) Livers of Group 7, H2) Group 8 and 12) Group 9 showing increasing
immunopositive reaction in hepatocytes. J2) Livers of Group 10, K2) Group 11 and L2) Group 12 showing increasing
immunopositive reaction in hepatocytes with increased Cr dose but appears lower than in unprotected groups and
protected groups with c¢m0.5%. Arrows point to immunopositive reaction. IHC counterstained with Mayer's
hematoxylin. High magnification=400x.

Caspase-3
A2-12

Fig 7. Representative IHC of NF-kb expression and localization in immunostained liver sections of different
treatment groups Al-L1. Al) Livers of Group 1, B1) Group 2and C1) Group 3 showing few positively stained
sinusoidal nuclei. D1) Livers of Group 4, E1) Group 5 and F1) Group 6 showing increasing immunopositive stained
sinusoidal nuclei with increased Cr dose. G1) Livers of Group 4, H1) Group 5 and 1) Group 6 showing increasing
immunopositive stained sinusoidal nuclei with increased Cr dose. J1) Livers of Group 7, K1) Group 8 and L1) Group
9 showing slightly increased immunopositive stained sinusoidal nuclei with increased Cr dose but still lower than
observed in unprotected groups and protected groups with cm0.5%. Representative IHC ofcaspase-3 expression
and localization in immunostained liver sections of different treatment groups A2-L2. A2) Livers of Group 1,
B2) Group 2 and C2) Group 3 showing negative reaction. D) Livers of Group 4, E2) Group 5 and F2) Group 6
showing increasing immunopositive reaction in hepatocytes with increased Cr dose. G2) Livers of Group 7, H2)
Group 8 and 12) Group 9 showing increasing immunopositive reaction in hepatocytes. J2) Livers of Group 10, K2)
Group 11 and L2) Group 12 showing increasing immunopositive reaction in hepatocytes that appears lower than in
unprotected groups and protected groups with ¢m0.5%. Arrows point to immunopositive reaction. IHC
counterstained with Mayer's hematoxylin. High magnification=400x.
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Fig 8. Representative IHC of GPx expression and localization in immunostained kidney sections of different

Caspase-3
A2-12

treatment groups Al-L1. Al) Kidneys of Group 1, B1) Group 2 and C1) Group 3 showing strong immunopositive
interstitial reaction. D1) Kidneys of Group 4, E1) Group 5 and F1) Group 6 showing decreasing immunopositive
interstitial reaction with increased Cr dose. G1) Kidneys of Group 7, H1) Group 8 and I1) Group 9 showing
decreasing immunopositive interstitial reaction with increased Cr dose. J1) Kidneys of Group 10, K1) Group 11 and
L1) Group 12 showing decreased immunopositive interstitial reaction but still higher than observed in unprotected
groups and protected groups with cm0.5%. Representative IHC of iNos expression and localization in
immunostained kidney sections of different treatment groups A2-L2. A2) Kidneys of Group 1, B2) Group 2 and
C2) Group 3 showing mild immunopositive tubular reaction. D2) Kidneys of Group 4, E2) Group 5 and F2) Group 6
showing increasing immunopositive tubular reaction with increased Cr dose. G2) Kidneys of Group 7 H2) Group 8
and 12) Group 9 showing increasing immunopositive tubular reaction with increased Cr dose. J2) Kidneys of Group
10, K2) Group 11 and L2) Group 12 showing increased immunopositive tubular reaction with increased Cr dose but
still lower than observed in unprotected groups and protected groups with cm0.5%. Arrows point to immunopositive
interstitial reaction. IHC counterstained with Mayer's hematoxylin. High magnification=400x.

Fig 9. Representative IHC of NF-kb expression and localization in immunostained kidney sections of

different treatment groups Al-L1. Al) Kidneys of Group 1, B1) Group 2 and C1) Group 3 showing
mild immunopositive nuclear reaction in tubules. D1) Kidneys of Group 4, E1) Group 5 and F1) Group 6
showing increasing immunopositive nuclear reaction in tubules with increased Cr dose. G1) Kidneys of
Group 7, H1) Group 8 and 11) Group 9 showing increasing immunopositive nuclear reaction in tubules
with increased Cr dose. J1) Kidneys of Group 10, K1) Group 11 and L1) Group 12 showing increasing
immunopositive tubular reaction with increased Cr dose but appear lower than observed in unprotected
groups and protected groups with cm0.5%. Representative IHC of caspase-3 expression and
localization in kidney sections of different treatment groups A2-L2. A2) Kidneys of Group 1, B2)
Group 2 and C2) Group 3 showing mild immunopositive tubular reaction. D2) Kidneys of Group 4, E2)
Group 5 and F2) Group 6 showing increasing immunopositive tubular reaction with increased Cr dose.
G2) Kidneys of Group 7 H2) Group 8 and 12) Group 9 showing increasing immunopositive tubular
reaction with increased Cr dose. J2) Kidneys of Group 10, K2Group 11 and L2) Group 12 showing
increased immunopositive interstitial reaction with increased Cr dose but still lower than observed in
unprotected groups and protected groups with cm0.5%. Arrows point to immunopositive reaction. IHC
counterstained with Mayer's hematoxylin. High magnification=400x.
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Fig 10. Representative IHC of GPx expression and localization in immunostained spleen sections of different
treatment groups Al-L1. Al) Spleens of Group 1, B1) Group 2 and C1) Group 3 showing strong positive brown
reaction in lymphocytes. D1) Spleens of Group 4, E1) Group 5 and F1) Group 6 showing decreasing immunopositive
sinusoidal reaction with increased Cr dose. G1) Spleens of Group 7, H1) Group 8 and I11) Group 9 showing
decreasing immunopositive brown reaction in lymphocytes with increased Cr dose. J1) Spleens of Group 10, K1)
Group 11 and L1) Group 12 showing decreasing immunopositive brown reaction in lymphocytes with increased Cr
dose but still higher reaction than observed in unprotected groups and protected groups with cm0.5%.
Representative IHC of iNos expression and localization in immunostained spleen sections of different
treatment groups A2-L2. A2) Spleens of Group 1, B2) Group 2 and C2) Group 3 showing negative reaction. D2)
Spleens of Group 4, E2) Group 5 and F2) Group 6 showing increasing immunopositive reaction in lymphocytes with
increased Cr dose. G2) Spleens of Group 7, H2) Group 8 and 12) Group 9 showing increasing immunopositive
reaction in lymphocytes. J2) Spleens of Group 10, K2) Group 11 and L2) Group 12 showing lower immunopositive
reaction in lymphocytes than in unprotected groups and protected groups with c¢cm0.5%. Arrows point to
immunopositive reaction. IHC counterstained with Mayer's hematoxylin. High magnification=400x.
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Fig 11. Representative IHC of NF-kb expression and localization in immunostained spleen sections of different
treatment groups Al-L1. Al) Spleens of Group 1, B1) Group 2 and C1) Group 3 showing negative reaction. D1)
Spleens of Group 4, E1) Group 5 and F1) Group 6 showing decreasing immunopositive reaction in lymphocytes with
increased Cr dose. G1) Spleens of Group 7, H1) Group 8 and 11) Group 9 showing decreasing immunopositive in
lymphocytes with increased Cr dose. J1) Spleens of Group 10, K1) Group 11 and L1) Group 12 showing higher
immunopositive in lymphocytes than observed in unprotected groups and protected groups with cm0.5%.
Representative IHC of caspase-3 expression and localization in immunostained spleen sections of different
treatment groups A2-L2. A2) Spleens of Group 1, B2) Group 2 and C2) Group 3 showing negative reaction. D2)
Spleens of Group 4, E2) Group 5 and F2) Group 6 showing increasing immunopositive reaction in lymphocytes with
increased Cr dose. G2) Spleens of Group 7, H2) Group 8 and 1) Group 9 showing increasing immunopositive reaction
in lymphocytes. J2) Spleens of Group 10, K2) Group 11 and L2) Group 12 showing lower immunopositive reaction
in lymphocytes than in unprotected groups and protected groups with cm0.5%. Arrows point to immunopositive
reaction. IHC counterstained with Mayer's hematoxylin. High magnification=400x.
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