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ABSTRACT

Deltamethrin is the most famous neurotoxic synthetic pyrethroid. The present work was mainly designed to evaluate the possible
ameliorative role of melatonin against deltamethrin induced cerebellar neurotoxicity in pregnant rats and their offspring. In the
present work, 24 pregnant Albino rats were divided into four groups (n=6). The control group received 1 ml/kg bw of ethanol
(99%), the melatonin group received a daily oral dose of melatonin (10 mg/kg bw), deltamethrin treated group was received
12.5 mg/kg bw daily of deltamethrin and ameliorative group received deltamethrin simultaneously with melatonin. All groups
were received their applicable dose from the 4th day of gestation till the end of weaning period (21" day). The result of the
present work revealed that deltamethrin can induce severe histopathological changes in the cerebellar cortex of pregnant rats
and their offspring. The immunohistochemical results elucidated strong positive expression for GFAP and weak to moderate
immune reaction for synaptophysin in the cerebellar cortex of deltamethrin treated mother's rats and their offspring. Moreover,
in deltamethrin treated rats, the serum levels of antioxidants enzymes (SOD, CAT and GSH) as well as serotonin and glutamate
showed highly significant decrease if compared with control. Cerebellar tissue analysis revealed that deltamethrin is implicated
in induction of apoptosis that confirmed by increased activity of Caspse-3 and decreased activity of bcl2. Post supplementation
of melatonin to deltamethrin, successfully ameliorated the adverse histopathological, immmunohistochemical and biochemical

changes in cerebellum of mother's rats and their offspring.
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INTRODUCTION

Several neurotoxic agents like heavy metals, natural toxins,
pesticides and alcohol can affect the structure and function of
both developing and mature nervous system (Ascherio et al.,
2006). Neurotoxic agents act mainly through penetration of the
blood brain barrier (BBB) and induce several neurodegenerative
effects in brain (Baldi et al., 2003).

According to World Health Organization (WHO) report,
pesticide can cause toxic effects for about 3 million persons
occur annually and killing about 250-370,000 people especially
in developing countries (Varol et al., 2016). Deltamethrin is one
of the most famous synthetic pyrethroids that considered as the
most potent neurotoxic insecticide (Soderlund et al., 2000; Tu
et al., 2007). Deltamethrin (DLT) may cause various deleterious
effects like hepatotoxicity and nephrotoxicity (Gilindiiz et al.,
2015), male infertility (Oda & El-Maddawy, 2012), change in
DNA structure and antioxidants deficiency (Gasmi et al., 2016).
Deltamethrin can induce the apoptotic mechanism via activation
of mitochondria mediated apoptosis (Khalatbary et al., 2015;
Kumar et al., 2018).

Gestational exposure to deltamethrin can also affect the
development and behavioral parameters of the rat offspring’s (Joya
& Sangha, 2016). Moreover, neonatal exposure to pyrethroids
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even at relatively low doses, affect the normal neurogenesis
in the brain (Patro & Patro, 2005). Further study revealed that,
administration of deltamethrin to the neonatal rats was found to
have toxic effects on cerebellum through inhibition of granule
cells migration (Patro & Patro, 2005) and survival of Purkinje
cells (Latuszyiiska et al., 2001; Abdel-Rahman et al., 2004).

Deltamethrin toxicity has been recorded in experimental
animals like mice, rat, rabbit and guinea pig. Toxicity signs were
represented by excessive salivation, defect in limb function,
ataxia, loss of righting reflex, choreoathetosis, paralysis
and convulsions (Narahashi, 2000; Soderlund et al., 2002).
Deltamethrin can induce brain toxicity through inhibition of
antioxidants activities like glutathione (GSH), superoxide
dismutase (SOD) and catalase (CAT) with subsequent increase
in MDA leading to severe brain damage (Gasmi et al., 2016).
Takasaki et al. (2013) reported that deltamethrin reduces
acetylcholinesterase (ACh) activity in the blood.

Melatonin (N-acetyl-5-methoxytryptamine) is a powerful
endogenous antioxidant hormone that secreted mainly from
the pineal gland and other organs like retina, gastrointestinal
tract, and skin (Pang & Allen, 1986; Acufia-Castroviejo et al.,
2014). Melatonin can reduce oxidative stress and inflammation
via removing of hydroxyl radicals and cytokines (Tahan et al.,
2009; Chawla & Rao, 2012). In addition, melatonin is essential
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for regulation of seasonal reproduction and pigmentation
through regular release of dopamine (Dubocovich, 1983;
Wiechmann, 1986). Melatonin is unusual antioxidants, because
it easily diffuses into all body cells, and even crosses the
BBB to protect the neurons against damage (Suzen, 2006).
Furthermore, melatonin have neuroprotective properties in
different brain regions including cerebellum (Uyanikgil et
al., 2007). Accordingly, it had been found that deficiency of
melatonin secretion leads to neurodegenerative diseases like
Alzheimer’s disease and cerebral stroke (Cardinali et al., 2005).
The neuro-protective effect of melatonin on brain is mainly
attributed to its unique interactions with specific receptors
leading to maintenance of neuronal cells (Kabadi and Maher,
2010). Moreover, melatonin can maintain cellular homeostasis
and survival by modulating inflammation and apoptosis
following various types of brain injury (Fernandez et al.,
2015). Other studies have revealed that injection of melatonin
in induced subarachnoid hemorrhage reduced brain edema and
improved neurological disorders (Dong et al., 2016). Reiter
et al. (2005) proved that injection of melatonin at the time of
stroke could limit the area of brain tissue damage and reduced
brain cell death. Accordingly this work was mainly designed
to evaluate the possible ameliorative role of melatonin against
deltamethrin induced cebellar neurotoxicity of pregnant rats and
their offspring.

MATERIALS AND METHODS
Chemicals

Deltamethrin  (98%) and Melatonin (white crystals) were
purchased from Sigma Pharmaceutical Company.

Experimental design

Experimental animals: For this study, thirty-two (24 females
and 8 males) Wistar albino rats weighing 180-200 g (8-9 weeks)
were obtained from the Holding Company for Biological
Products and Vaccines (VACSERA, Cairo, Egypt). The animals
were kept in wire- bottomed cages in a room under standard
condition of illumination with a 12-hours light-dark cycle at
25 + 1°C and 50% relative humidity. They were provided with
tap water and balanced diet of libitum. After an acclimatization
period of two weeks; the animals were mated in the special
matting cages (1 male: 3 females) overnight. After 3-4 days and
ensuring of pregnancy via observation of vaginal plug and using
vaginal smear method, pregnant females were separated from
males.

Mother rats were weighed at the beginning of the experiment,
at birth and at postnatal day (PND) 21 (weaning). On the day
of birth (PNDO), we recorded the number of pups and weight
of the offspring. Pups also, were weighed at birth, at PNDs 21
days.

Experimental groups: The pregnant rats were randomly
divided into four groups as follows, six for each group (n=6).

Group I (control): They were received 1 ml/kg bw of ethanol
(99%) (a melatonin solvent) daily by L.P injection. Ethanol must be
diluted with saline just before injection with final concentration of
ethanol was 2% according to Crespi et al. (1994).
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Group II (Melatonin-treated group): they were given a daily
oral dose of melatonin (10 mg/kg bw daily I.P) according to
Hala et al., 2009. Melatonin was dissolved in 99% ethanol then
diluted with saline just before injection with final concentration
of ethanol was 2% (Crespi et al., 1994).

Group III (Deltamethrin- treated group): pregnant rats were
received deltamethrin dissolved in corn oil at a dose of 12.5 mg/
kg bw daily I.P according to Aiguo and Yugu, (2000). This dose
is 15% of LD50 of deltamethrin (Sheets et al., 1994)

Group 1V (Deltamethrin & Melatonin-treated group): the
pregnant rats were given deltamethrin simultaneously with
melatonin by the same previous doses.

All groups were exposed to the appropriate dose of treatment
from the 4th day of pregnancy till the end of weaning. The
offspring of all groups were weighed and examined at the ages
of three weeks.

Sample collection and tissue preparation: At the end of
the experimental period (21" days postnatal), the fasted
rats sacrificed and the blood was collected for estimation of
antioxidants and some hormones. The animals were dissected
and the whole brain of mother's rats and their offspring were
removed immediately, washed in normal saline. The cerebellum
was separated from each brain then, cut longitudinally into two
equal halves; one half was kept frozen for estimation of tissue
biochemical parameters while the other was fixed in 10% neutral
buffered formalin for histological and immunohistochemical
studies.

Investigated parameters

Histological technique for haematoxylin and eosin stain:
Formalin fixed cerebella were dehydrated with an ascending
ethanol series, cleared with xylene, and embedded in paraffin.
The 5-6 pm thick longitudinal sections of cerebellum were
obtained then stained with hematoxylin and eosin according
to the technique of Bancroft & Gamble (2008). The obtained
sections were investigated under bright field light microscope
and photographed.

Immunohistochemical staining technique:

Immunohistochemical labeling of Glial Fibrillary Acidic
Protein (GFAP): The de-paraffinized 5 pmsections of cerebellum
on charged glass slides were used for immunohistochemical
demonstration of GFAP using avidin—biotin-complex (ABC)
immuno-peroxidase technique. The cerebellar sections were
incubated in H,O, for 10 min, and then incubated with the
primary anti-GFAP antibody at 1:100 dilutions for 20 min
25°C. The primary antibody used was a mouse monoclonal
antibody (GFAP) Ab-1 (Clone GA-5), specific to astrocytes
purchased from Lab Vision Corporation, Medico Co., Egypt
(Cat. #MS-280-B0).The slides were rinsed in phosphate buffer
then incubated with the secondary anti-mouse antibodies
universal kits obtained from Zymed Corporation. Staining was
completed by incubation with substrate chromogen DAB (3,30
Diaminobenzidine) for 5-10 min which resulted in brown-
colored precipitate at the antigen sites and Mayer's Hematoxylin
was used as a counter stain.
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Immunohistochemical labeling of synaptophysin: The de-
paraffinized 6-um sections of cerebella were incubated with
rabbit polyclonal primary antibody; Synaptophysin antibody
(PA5-27286, Thermo Scientific, USA) at 1:400 dilution for 20
h, in a moist chamber at 4°C. Binding of primary antibody was
demonstrated using Thermo Scientific Super Picture™ Polymer
Detection Kit. The activity of Synaptophysin expression in
cerebellar cortex was determined.

The immune-histochemical prepared slides were examined,
microphotographed using an Axioscop 2 plus microscope
(Zeiss, Germany) with a Leica DFC 320 digital camera (Leica,
Germany).

Serum analysis:

Estimation of serum antioxidants (CAT, SOD and GSH): Serum
catalase (CAT) level was determined spectrophotometrically
by the method of Koroliuk et al. (1988). Determination of the
superoxide dismutase (SOD) activity was calculated according
to the manufacturer’s instruction (Ransod®-Randox Lab,
Antrim, UK) and expressed as U/mL. Reduced glutathione
(GSH) activity was determined using a GSH assay kit (Randox
Lab., Ltd., UK) according to the protocol of Ellman (1959).

Estimation of lipid peroxidation (malondialdehyde) (MDA):
Malondialdehyde levels were measured in serum using the
thiobarbituric acid reaction method of Placer et al. (1966).

Measurement of serum serotonin and glutamate: The serum
serotonin levels were measured using a commercial enzyme
immunoassay kit (Immuno-Biological Laboratories, Inc. -
IBL - Minneapolis, USA). Serum glutamate concentration was
assayed by means of Glutamate Assay Kit (Abnova, Taipei City,
Taiwan) following the manufacturer’s protocol specifications.

Tissue analysis: The serum serotonin levels were measured
using a commercial enzyme immunoassay kit (Immuno-
Biological Laboratories, Inc.-IBL-Minneapolis, USA). Serum
glutamate concentration was assayed by means of Glutamate
Assay Kit (Abnova, Taipei City, Taiwan) following the
manufacturer’s protocol specifications.

Determination of Dopamine: Dopamine measurements in
cerebellar tissue homogenate was done by using rat dopamine
ELISA kit (MyBioSource, San Diego, CA, USA) by a synergy 2
Multi- Mode Reader microplate (BioTek) at 450 nm.

Flow cytometric detection of Caspase-3 and B-cell ymphoma-2
(BCI-2): Flow cytometric detection of activated caspase-3 was
done in order to determine the number of apoptotic cells in the
cerebellar tissue homogenate. This technique is applicable where
the fluorochrome is directly linked to the primary antibody (PE
and FITC conjugate). The cells were prepared appropriately.
The cell suspension was adjusted to a concentration of 1 x 106
cell/ml in phosphate buffered saline and 1% BSA. Aliquot of
100 pL of cell suspension was separated into test tubes. The
antibody (FITC rabbit anti-active caspase-3, solid as, material
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No. 559341, catalog No. 554714, from BD Pharmingen) was
added to 10 pL for each sample, mixed well and then incubated
at 250°C for 30 min followed by washing in 2 ml of PBS/BSA
then centrifuged at 1500 rpm for about 5 min and the resulting
supernatant was discard. The cells were re- suspended in 0.2
ml of PBS/BSA if required. The data was obtained by flow
cytometry. This technique was done in the Mansoura University
Hospital using flow activated cell sorter (FACS) Calibur Flow
Cytometer (Becton Dickin-son, Sunnyvale, CA, USA) equipped
with a compact air-cooled low power 15 mW Argon ion laser
beam (488 nm).

B cell lymphoma-2 (BCL-2): Flow cytometric analysis of
cytoplasmic bel-2 expression was done using a Coulter EPICS
XL apparatus and EXPO 32 software (Beckman Coulter, Miami,
FL, USA) according to the method of Newell et al. (2003).
Briefly, the cerebellar tissue cells were bulk-lysed using buffered
NH,CI. The cells were next incubated with anti-bcl-2 antibody
(PE-labelled clone 6C8; Pharmingen, San Diego, CA,USA) for
20 min in the dark, washed and then put in phosphate buffered
saline with 1% paraformaldehyde before analysis. The bcl-2
relative fluorescence values (RFV) for the gated populations of
interest were calculated as the mean channel value for bcl-2-
stained cells minus the mean channel value for isotype control
stained cells, divided by the mean isotype control value.

Statistical analysis

Data are expressed as mean + standard error {n=5 per group}
statistical analysis one way ANOVA followed by post hoc
test means in the same row with different superscript (*) are
significantly different when p<0.05" significant at value <0.05,
“significant at p-value<0.01 and ***significant p value <0.001 in
comparison with control.

RESULTS
Body weight changes

The results of the present work revealed that, the mean body
weight of melatonin supplemented group displayed non-
significant change with control however, the deltamethrin
treated mother’s rats and their offspring showed highly
significant decrease (P<0.001). In deltamethrin treated rats
that followed by supplementation with melatonin either for
mothers and their offspring, the mean body weight showed non-
significant (P>0.05) changes in comparing with control (Table 1
and Figures 1 and 2).

Histological observations

In control and melatonin supplemented mother’s rats (Figures
3A-3D) and their offspring (Figures 4A-4D), the sections of
the cerebellum showed the normal characteristic structure
of the cerebellum and its layers; the outer cerebellar cortex
(gray matter) and inner medulla (white matter). The cerebellar
cortex presented three layers; the outer molecular, intermediate
Purkinje and inner granular layers. The molecular layer showed

Table 1: The body weight changes (g) of mother rats and their offspring in different studied groups.

Group N=6 Control Melatonin Deltamethrin Deltamethrin & Melatonin
Mother 202.75 +2.08 204.4+3.6 173.1667 £ 2.322™ 200.9167 +£2.925
21 Days 349167 +1.89 33.5+2.477 24.1667 £ 1.195™ 33.1667 £ 1.96
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Figure 1: Illustrating the body weight changes of mother's rats among the different studied groups.
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Figure 2: Illustrating the body weight changes of 211 day's old rats among the different studied groups.

sparsely distributed stellate and basket cells in addition to axons
and dendrites as well as capillaries that penetrate deep into this
layer. The Purkinje cell layer represented by one cell thick of
a monolayer of flask shaped uniformly arranged cells between
the molecular and granular layers with deeply stained basophilic
nuclei. The granular layer is well defined and darkly stained due
to the presence of densely packed rounded and oval cells of
variable sizes.

In deltamethrin exposed mother’s rats (Figures 3E and 3F),
the cerebellar cortex presented the three layers with apparently
partial loss and degenerative Purkinje cells, cellular hypertrophy
in the molecular and granular layers and deep-staining pyknotic
granule cells. Also, little cytoplasmic vacuoles were noticed
in some granular and Purkinje cells. On the other side, the
cerebellar cortex of 21" days old rats induced with deltamethrin
displayed multiple pyknosis of Purkinje cells and granular cells
with scattered vacuoles especially in the granular layer (Figures
4E and 4F)).
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In deltamethrin-treated group of mothers (Figures 3G and 3H))
and their offspring (Figures 4G and 4H)) that supplemented with
melatonin, the cerebellar cortex displayed obvious recovery in
their histological pattern in spite of little pyknotic Purkinje still
found in the cerebellar cortex of mothers.

Immunohistochemical observation

Immunohistochemical localization of Glial fibrillary acidic
protein (GFAP): The sections of cerebellar cortex of control
and melatonin supplemented mother's rats (Figures 5A and 5B)
and their offspring (Figures 6A and 6B)) were expressed weak
to moderate immunoreactivity for glial fibrillary acidic protein
(GFAP). In deltamethrin induced mothers rats (Figure 5C), an
intensive positive immune expression for GFAP was obviously
appeared all-over the section. In 21" day's old rats that exposed
to deltamethrin through the placenta and lactation, the cerebellar
GFAP immune- reactivity was apparently stronger than that of
control (Figure 6C). Indeltamethrin treated mother's rats (Figure
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Abbreviations: BC: Basket Cell; D: Dendrite, PC:Purkinje Cell; GC:Granuler Cells; PM: Pia Matter; ML: Molecular Layer; GL: Granuler Layer;

WM: White Matter.

Figure 3: Photomicrographothistologicalsectionsthroughthecerebllumof mothersratsofdifferentstudiedgroups. Control group (A&B), melatoningr
oup(C&D),deltamethrintreatedgroup(E&F) and deltamethrin&melatoningroup(G&H). In control and melatonin groups,thecerebellarsectionsapp
earwith normal histologicalarchitecture.Indeltamethrin treated mothers rats the cerebellar sections showingobvoiusdegeneratedPukinjecell(arrow
head), scattered vacuoles(star),lowdensityandobviouspyknosisin granular and basket cells. In deltamethrin &melatoninratsthecerebellarsections
showing remarkable amelioration that tend to be more or less as control {H&E , A,C,E&G ( X=100) , B,D,F&H ( X=250)}.

5D) and their offspring (Figure 6D) post supplemented with
melatonin, the cerebellar sections revealed moderate immune
expression for GFAP.

As a general aspect the GFAP immunoreactivity was more
localized in the intermediate cells of molecular layer and
granular layer however for both mother and their offspring.

Immunohistochemical localization of Synaptophysin (SYN)
in cerebellar tissue: In control and melatonin mother's rats,
the SYP immunoreactivity was strongly or moderately detected
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in the various layers of cerebellar cortex (Figure 7A and 7B)
whilein deltamethrin treated mother rats such activity was
markedly decreased and also appeared in form of clusters around
the neurons in some area of the sections (Figure 7C). On the
other side, deltamethrin treated mothers post supplemented with
melatonin a remarkable restore in the SYN immunoreactivity
was noticed all-over the cerebellar layers that more or less
similar to control (Figure 7D).

In control and melatonin 21 days' old rats, the cerebellar
immunoreactivity of syanptophysin was appeared stronger
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Abbreviations: BC: Basket Cell; D: Dendrite, PC:Purkinje Cell; GC:Granuler Cells; PM: Pia Matter; ML: Molecular Layer; GL: Granuler Layer;

WM: White Matter.

Figure 4: Photomicrograph ofhistologicalsectionsthroughthecerebllumof21daysold rats ofdifferent studiedgroups. Control group (A&B), melato
ningroup(C&D),deltamethrintreatedgroup(E&F) and deltamethrin&melatoningroup(G&H).In control and melatoningroups,thecerebellarsections
appearwith normal histologicalarchitecture.Indeltamethrintreatedoffspringthecerebellarsections showingobvoiusdegeneratedPukinjecell(arrowhea
d),scatteredvacuoles (star),lowdensityandobviouspyknosisingranularandbasketcells. In deltamethrin &melatonin offspring the cerebellar sections
showing remarkable recovery in their strucuture that tend tobe more or less as control. {H&E , A,C,E&G ( X=100) , B,D,F&H( X=250)}

or intensive than those of their mothers (Figure 8A and 8B),
however, a weak immune reaction for SYN was appeared in the
cerebellar cortex of deltamethrin induced offspring, also it is
appeared in form of disclosed large coarse pericellular reactivity
(Figure 8C). In deltamethrin treated offspring that ameliorated
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with melatonin, the cerebellar cortex displayed a moderate to
strong expression for SYN (Figure 8D).

Generally the immune-reactivity of SYN was more localized in the
granular and molecular layer of cerebellar cortex but the intensity
of expression was prominent in offspring rather than mother.
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The arrows referred to the degree of GFAP immune-reactivity that more localized in the intermediate cells of ML and granular cells of GL.

Figure 5: Photomicrograph of embedded paraffin sections of cerebellar cortex of mother Albino rats stained with GFAP antibody of control (A),
melatonin (B), deltamethrin (C), deltamethrin &melatonin (D). Note: a weak to moderate immune expression in the cerebellar cortex of control
and melatonin groups but a strong positive immune expression appears in the cerebellar cortex of deltamethrin treated rats if compared with other
studied groups (X: 250).
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The arrows referred to the degree of GFAP immune expression that more localized in the intermediate cells of ML and granular cells of GL.

Figure 6: Photomicrograph of embedded paraffin sections of cerebellar cortex of 21day old rats stained with GFAP antibody of control (A),
melatonin (B), deltamethrin (C), deltamethrin &melatonin (D). Note: a weak immune expression in the cerebellar cortex of control and melatonin
groups but a moderate to strong positive immune expression appears in the cerebellar cortex of offspring which their mothers exposed to deltamethrin
if compared with other studied groups (X: 250).
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The arrows referred to the degree of synaptophysin immune expression that more localized in the basket cells of ML and granular cells of GL.

Figure 7: Photomicrograph of embedded paraffin sections of cerebellar cortex of mother Albino rats stained with synaptophysin antibody of
control (A), melatonin (B), deltamethrin (C), deltamethrin &melatonin (D). Note: a strong immune expression in the cerebellar cortex of control
and melatonin groups while; a very weak immune expression appears in the cerebellar cortexofdeltamethrininducedmothersratsifcomparedwith
otherstudied groups(X: 250).

The arrows referred to the degree of synaptophysin immune reaction that more confined to the basket cells of ML and granular cells of GL.

Figure 8: Photomicrograph of embedded paraffin sections of cerebellar cortex of 21 days old rats stained with synaptophysin antibody of control
(A), melatonin (B), deltamethrin (C), deltamethrin &melatonin (D). Note: a strong immune expression in the cerebellar cortex of control and
melatonin groups while; a weak to moderate immune expression appears in the cerebellar cortex of deltamethrin induced rats if compared with
other studied groups (X: 250).

62



El-Beltagy et al.

Serum analysis

Antioxidants (SOD, CAT and GSH): In mother's rats and their
offspring that supplemented with melatonin, the level of SOD,
CAT and GSH showed non-significant change with control. In
deltamethrin exposed mothers rats and their offspring, the level
of SOD showed a remarkable significant decrease (P<0.001)
if compared with control. Post-treatment of mothers' rats with
melatonin was ameliorated this deltamethrin-induced changes
in the SOD enzyme in spite of a low significant decrease still
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present in mothers (Table 2 and Figures 9 and 10). A highly
significant decrease (P<0.001) for serum catalase was recorded
in the deltamethrin-treated mothers and their offspring.
Moreover, post-treatment of mothers with melatonin was
ameliorated such change in the catalase enzyme induced by
deltamethrin notably in offspring rather than mother which still
display low significant decline with control (Table 3 and Figures
11 and 12).

In deltamethrin-treated mothers, the serum level of reduced

Table 2: The mean value of serum SOD (U/L) among the different studied groups of mother's rats and their offspring.

SOD Control Melatonin Deltamethrin Deltamethrin & Melatonin
Mother 0.293 +0.008 0.2737 +0.006 0.0932 +£0.004™ 0.259 + 0.009"
21 Days 0.2235 +0.008 0.2053 +0.008 0.0912 + 0.003™ 0.1852 +0.004™
SOD
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Figure 9: Illustrating the mean value of serum SOD among the different studied groups of mothers rats.
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Figure 10: Illustrating the mean value of serum SOD among the different studied groups of 21 days old rats.
Table 3: The mean value of serum CAT (ng /ml) among the different studied groups of mother's rats and their offspring.

CAT Control Melatonin Deltamethrin Deltamethrin & Melatonin
Mother 0.2503 +0.012 0.2385 +0.02 0.1023 + 0.006™" 0.2012+0.013
21 Days 0.2988 +0.013 0.2678 +0.011 0.1238 +£0.010™ 0.239+0.011

CAT
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Control

Melatonin

Deltametherin Reltametherin &

Melatonin

Figure 11: Tllustrating the mean value of serum CAT among the different studied groups of mothers rats.
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glutathione (GSH)was displayed a high significant decrease
(P<0.001) while their offspring displayed low significant
decrease if compared with control and melatonin groups. On
the other side, the post-treatment of mothers with melatonin was
attenuated such change in the GSH enzyme but still exhibited
low significant decrease while their offspring displayed non-
significant with control (Table 4 and Figures 13 and 14).

Malondialdehyde (MDA): The obtained result of the current
work revealed no significant change in the serum level of MDA
for melatonin supplemented mothers rats if compared with
control, however, such levels showed high significant increase in
deltamethrin treated mother's rats and their offspring (P<0.001)
if compared with control. On the other side, the post-treatment of

o
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mothers with melatonin was attenuated such change in that more
or less similar to that of control (Table 5 and Figures 15 and 16).

Serotonin and glutamate: In comparing with control and
melatonin group, the serum levels of serotonin and glutamate
in deltamethrin treated mothers rats showed a high significant
decrease (P<0.001) but their offspring showed low significant
decrease (P<0.05). In deltamethrin and melatonin group of
mothers rats the levels of serotonin and glutamate showed
remarkable increase but still showing low significant decrease
if compared with control. Furthermore, the serum levels of
glutamate and serotonin showed remarkable amelioration
in offspring of mothers that treated with deltamethrin and
supplemented with melatonin (Tables 6 and 7 and Figures 17-20).

CAT

e
W

e
o
w

o
N

o
i
L

o
o

o
=]
o

Level of CAT (ng/mi) in serum of cffspring

o

Control

Melatonin

11.1

Deltametherin

Melatonln

Figure 12: Illustrating the mean value of serum CAT among the different studied groups of 21 days old rats.

Table 4: The mean value of serum GSH (ng /ml) among the different studied groups of mother's rats and their offspring.

GSH Control Melatonin Deltamethrin Deltamethrin & Melatonin
Mother 0.3858 + 0.007 0.3343 £ 0.02 0.091 £0.02" 0.317 £ 0.03"
21 Days 0.3043 £0.016 0.2713 £ 0.006 0.1807 +£ 0.006" 0.259 + 0.009
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Figure 13: Illustrating the mean value of serum GSH among the different studied groups of mothers rats.
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Figure 14: Illustrating the mean value of serum GSH among the different studied groups of 21 days old rats.

64




El-Beltagy et al.

Int. J. Pure Appl. Zool., 7(4): 55-74, 2019

Table 5: The mean value of serum MDA (nmo /ml) among the different studied groups of mother's rats and their offspring.

e
=

MDA Control Melatonin Deltametherin Deltametherin & Melatonin
Mother 0.25+0.014 0.3+£0.008 0.54 £ 0.009"" 0.316 £ 0.02"
21 Days 0.1697 +0.005 0.195 +0.003 0.3863 £0.011" 0.2107 £0.01"
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Figure 15: Illustrating the mean value of serum MDA among the different studied groups of mothers rats.
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Figure 16: Illustrating the mean value of serum MDA among the different studied groups of 21 days old rats.

Table 6: The mean value of serum serotonin (ng /ml) among the different studied groups of rats and their offspring.

Serotonin Control Melatonin Deltametherin Deltametherin & Melatonin
Mother 0.315+0.014 0.2768 £0.11 0.115+£0.015%** 0.2348 £ 0.012**
21 Days 0.3082 £ 0.007 0.2852 +0.004 0.1478 + 0.008*** 0.2843 +0.009

Table 7: The mean value of serum glutamate (Ug /ml) among the different studied groups of mother's rats and their offspring.

Glutamate Control Melatonin Deltametherin Deltametherin & Melatonin
Mother 0.3465+0.017 0.301 £0.022 0.1375 + 0.004™" 0.314 £ 0.006
21 Days 0.3303 +£0.01 0.3073 £0.011 0.1618 £ 0.004™" 0.2857 + 0.005"
serotonin

w 035

E 0.3

% 0.25

E F 0.2

£% 0.15 -

g 0.1 —

g 0.05 -

E D -1 T T T 1

Control Melatonin Deltametherin Deltametherin &

Melatonin

Figure 17: Illustrating the mean value of serum serotonin among the different studied groups of mothers rats.
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Figure 18: Illustrating the mean value of serum serotonin among the different studied groups of 21 days old rats.
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Figure 19: [llustrating the mean value of serum serotonin among the different studied groups of 21 days.
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Figure 20: Illustrating the mean value of serum glutamate among the different studied groups of 21 days.

Table 8: The mean value of eclcicrral ebrrec dopamine (ng /ml) among the different studied groups of mother's rats and their offspring.

Dopamine Control Melatonin Deltamethrin Deltamethrin & Melatonin
Mother 0.354 +0.02 0.3353 £ 0.01 0.0838 +0.004™" 0.2615 +0.02™
21 Days 0.2907 + 0.007 0.2735+0.013 0.1705 +0.008" 0.255+0.014

Tissue analysis

Dopamine activity:The cerebellar tissue homogenate of
deltamethrin treated mothers rats showed high significant
increase in dopamine activity (P<0.001) while their offspring
was revealed non-significant change if compared with control.
In deltamethrin group of mother rats that supplemented with
melatonin the dopamine activity was ameliorated but still
showing low significant (P<0.05) increase if compared with
control (Table 8 and Figures 21 and 22).

Flow cytometry of Caspase-3 and B-cell lymphoma-2 (BCl-
2): In the present study, the apoptotic values in the cerebellar
tissues were significantly higher (P<0.001) in deltamethrin
treated mothers rats and their offspring if compared with
control. In detail, the deltamethrin treated mothers rats and
their offspring showed highly significant increase (P<0.001) for
the mean percentage values of cerebellar caspase-3 while their
percentage values for BCL-2 was markedly revealed highly
significant decrease (P<0.001) if compared with control and
melatonin groups. On the other side, a remarkable amelioration
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in the mean percentage values either for caspase-3 and BCL-2
was recorded after supplementation of melatonin to deltamethrin
treated mothers rats (Figures 23-26).

DISCUSSION

Deltamethrin is a wide spectrum neurotoxic pyrethroid
insecticide either for animals and human. Its neurotoxicity
mainly caused by exposure of individuals to deltamethrin-
contaminated air, water and food (Kim et al., 2008). Chronic
exposure of pregnant mothers to deltamethrin can induce several
toxic effects on their pups whereas; deltamethrin metabolites

Int. J. Pure Appl. Zool., 7(4): 55-74, 2019

can penetrate the placenta and excreted with milk (Patro et al.,
1997, Joya and Sangha, 2016).

Wang et al. (2005) reported that melatonin can rapidly penetrate
the BBB after systemic supplementation and distributed
throughout the different parts of brain. On other mean, melatonin
has a high degree of lipophilicity and thus does not need any
binding receptor for its action (Hataya et al., 2001). Other studies
have indicated that melatonin has a powerful antioxidant role
against oxidative stress induced by some extrinsic or intrinsic
factors (Tan et al., 2003; Hardeland, 2005). Accordingly this
study was essentially focused on discovering of the possible
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Ilustrating the mean value of eclcicrral ebrrec dopamine among the different studied groups of mothers rats.
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Figure 22: Illustrating the mean value of eclcicrral ebrrec dopamine among the different studied groups of 21 days old rats.
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Figure 25: A flow cytometric chart illustrating the mean % value of BCI-2 activity in the cerebellar tissue of mothers rats among different studied

groups.

ameliorative role of melatonin against deltamethrin-induced
cerebellar neurotoxicity in mother's rats and their offspring.

The result of the present work revealed that the mean body
weights of deltamethrin-treated mother's rats and their offspring
were significantly lower than those of control. The obtained
results are in agreement with the previous researchers (Kalender
et al.,, 2007; Uzunhisarcikli et al., 2007) who elucidated that
consumption of pyrethroid compounds could inhibit the
growth rate through their inhibitory effects on the appetite
center leading to decrease in food consumption. Other study
revealed that deltamethrin can lower the body weight via the
mechanism involving disturbance in metabolic enzymes (Issam
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et al., 2012). In the current work, regularsupplementation of
melatonin post deltamethrin treatment for mother's rats showed
obvious recovery in their body weight. Wolden-Hanson (2000)
declared that melatonin has a powerful role in maintaining
the body weight through quick and easy assimilation of all
the nutrients found in the blood stream and induction of daily
physical activity.

In the present study, deltamethrin induced several histological
alterations in the cerebellum of mother's rats and their offspring.
These changes were represented by loss of Purkinje cells or their
degeneration in addition to remarkable vacuolation and pyknosis
as well as apoptosis among granular and molecular cells. These
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Figure 26: A flow cytometric chart illustrating the mean % value of BCI-2 activity in the cerebellar tissue of 21th days old rats among different

studied groups.

findings go parallel with the study of Aiguo and Yugu (2000) and
Erciiment et al. (2010) who found that deltamethrin can induce
neuro-degenerative changes and apoptotic cell death in rat brain.
Celik and Suzek, (2009) explained that histological alterations
in the cerebellar cortex under the influence of deltamethrin was
mainly attributed to its oxidative damage. They also added that
pyrethroids could penetrate the cell membrane ecasily, generate
various free radicals as superoxide radical, nitrogen species,
nitricoxide and hydroxyl radical thus causing neurodegenerative
effects. Moreover, Elhalwagy et al. (2008) explained that the
released oxygen free radicals are implicated in destabilization
and disintegration of cell membrane leading to cell death and
apoptosis. The vacuolation appeared within the granular cell
layers were described as spongiform changes (Husain, 2015).
Other hypothesis considered this vacuolation as a type of
cellular defense mechanism against neurotoxins within the
cerebellar cortex (Eluwa et al., 2013). Yuan &Yankner (2016)
also, concluded that DM induced oxidative stress in cerebellum
is also implicated in histopathological changes and are attributed
to inflammation, necrosis, or accelerated apoptosis.

The immuno-histochemical results of the present work revealed
a strong positive expression for GFAP and weak to moderate
expression for synaptophysin (SYN) protein in the cerebellar
cortex of deltamethrin-treated mother's rats and their offspring
if compared with control.

GFAP is an intermediate filament protein of the mature astrocytes
that forms a supportive network to neural cells in order to
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maintain their shape, motility, and function. Previous studies
discussed that any neurotoxins can induce astrocyte proliferation
and hypertrophy with increased production of GFAP resulting
in severe astrogliosis (Eng et al., 2000; Onaolapo et al., 2017).
Other studies reported that, astrocytes over- activation may lead
to over-production of nitro oxide (NO) that causes excess GFAP
expression (Saad El-Dien et al., 2010; Hashem et al., 2012).

Synaptophysin (SYN) is an integral membrane protein of
synaptic vesicles that maintains synaptic transmission and
playing an important regulatory role in synaptogenesis (Webster
et al., 2001). SYN is mainly localized at the synapses of the
axons of granular cells and dendrites of Purkinje cells in the
cerebellar cortex (Leclerc et al., 1989). Strong or moderate
SYN immune-reactivity is usually associated with regular
neurotransmission of nerve impulses (King & Arendash, 2002).
On the other hand, weak SYN reactivity indicates abnormal axon
transport and impaired synaptic function resulting in cognitive
deficits (Ferrer et al., 2000). In the current work, the decreased
expression of SYN could be due to a possible inhibition of SYN
protein biosynthesis through DNA fragmentation induced by
deltamethrin metabolites.

Melatonin is one of the strongest antioxidants hormones whereas,
it is considered as free radical scavenger leading to attenuation
of oxidative stress. Thus, it has a strong chemoprotective,
immunostimluatory effect to neurons (Winiarska et al., 2006;
Motawi et al., 2017). In the present study, examination of stained
cerebellar sections of deltamethrin rats that simultaneously
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supplemented with melatonin displayed apparently reversed
most of the immunohistochemical and histopathological
alterations induced by deltamethrin.

Generally most organisms widely use antioxidants like GSH,
SOD, catalase and other antioxidants to protect themselves
against liberated free radicals (Andersen 2004, Augustyniak and
Skrzydlewska 2004).

Exposure of pregnant mother's rats to deltamethrin in this study
led to increased level of serum MDA and, a significant decrease
in antioxidant enzymes (GSH, catalase and SOD). These results
go parallel with the finding of other studies (Somia et al., 2010;
Oliveiraetal.,2018). Their study confirmed that deltamethrin can
decrease the antioxidant status (GSH, catalase, SOD) in many
body organs especially lungs, liver, kidneys and cerebellum
which correlated with histopathological changes induced by
deltamethrin in these organs. Eradal et al. (2002) explained that
organophosphorous compounds and pyrethroids can induce
oxidative stress via over-production of reactive oxygen species
(ROS) that interact with the vital cellular macromolecules like
DNA, protein and lipid causing changes in the cell structure and
function. Other study revealed that exposure to the pyrethroids
cause liberation of excess free radicals that accumulate in the
cell resulting in changes in antioxidant defense mechanisms;
including detoxification or induction of peroxidation and
subsequently interaction between the ROS and cell membranes
(Abdel Daim et al., 2015). The reduction in serum GSH on
exposure to deltamethrin was mainly attributed to the ligation of
GSH with liberated free radicals or to an increased breakdown
of GSH (Rouabhi et al., 2015; Henine et al., 2016). Yuan
et al. (2016) added that, the reduction in the level of GSH is
accompanied with increased rate of cytotoxicity whereas, GSH
plays an important role in the detoxification induced by any
extrinsic or intrinsic factors. Gadoth et al. (2011) explained that
the metabolism of the pyrethroids can liberate ROS, which in
turn could lead to an increased lipid peroxidation MDA and a
consequence of the depletion of GSH.

Post-treatment of melatonin with deltamethrin in this work
caused a significant decrease in serum MDA level and a
significant increase in GSH, catalase and SOD levels. These
results were in accordance with the findings of Sun et al. (2008)
who revealed that melatonin has an ameliorative effect on
deltamethrin-induced oxidative damage in brain. Also, ithas been
documented that exogenous melatonin increases the activities
of GSH, CAT and SOD in cerebellum (Romero et al., 1999;
Tan et al., 2000). Moreover, melatonin is a powerful antioxidant
hormone whereas; it activates the enzymes responsible for
cellular defense systems (Esrefoglu et al., 2011). Since it can
readily cross the BBB and enter the neurons when administered
exogenously. Melatonin has a high ability to detoxify ROS and
inhibits the oxidative stress directly through its ability to attack
free radicals (Wakatsuki & Okatani, 2000), and indirectly by
stimulation the production of antioxidants (Manfredi & Beal,
2000). In addition, the phenol group of melatonin can detoxify
lipid radicals.

In the current work a remarkable decrease in the levels of serum
glutamate and serotonin was noticed among the deltamethrin
treated mothers and their offspring in comparing with control.
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Serotonin or 5-hydroxytryptamine (5-HT) is an essential
monoamine neurotransmitter that plays a crucial role in
regulation of several behavioral and physiological functions
like mood, sleep, body temperature, appetite, aggression, and
sexual behavior (Young, 2007). In cerebellum, serotonin plays a
role in regulation of neuronal activity, synaptic transmission and
cerebellar development. In the current study, the decreased level
of serum serotonin under the influence of deltamethrin may be
due to the potential role of deltamethrin to stimulate calcium
influx in cerebellar neurons through prolonged open calcium
channels (Cao et al., 2011). Moreover, the reduced level of
serotonin may be implicated in loss of appetite (Young, 2007) for
deltamethrin treated- mother's rats and their offspring leading to
their weight loss which in accordance with the obtained result.

Glutamate is the anion form of glutamic acid. It plays a major
role in neuro- transmission of signals in some area of brain,
especially in the Purkinje and granular cells of cerebellum
(Meldrum, 2000). Also, glutamate plays critical role in the
regulation of synaptogenesis during early brain development
(Okubo et al., 2010). The remarkable reductions in glutamate
level under the influence of deltamethrin in this study may
be attributed to loss of Purkinje cells under the influence of
oxidative stress induced by deltamethrin (Kyriakopoulos et al.,
2008; Maloku et al., 2010). McKimm et al. (2014) confirmed
that developmental loss of cerebellar Purkinje cells leads to
reductions in glutamate release in cerebellar efferent pathways
that subsequently influence dopamine release.

Dopamine is released by some nerve terminals and functions as
a neurotransmitter among nerve cells of the brain. Dopamine
deficiency leads to Parkinson's disease and schizophrenia
(Berridge et al., 2009). In the current work a highly significant
decrease in the level of cerebellar tissue dopamine was recorded
among deltamethrin-treated mother's rats and their offspring if
compared with control. Similar finding was recorded by Kirby et
al. (1999) who explained that deltamethrin and other pyrethroid
are potent neurotoxins for dopaminergic nerve terminals through
their exerting augmentation release of dopamine and glutamate
from nerve terminals into the blood. In addition, prolonged
exposure to deltamethrin can decrease dopamine uptake by the
nerve cells, which may be attributed to induction of apoptosis.
In contrast to our results, it has been found that exposure of mice
to deltamethrin resulted in an elevation in dopamine uptake
which possibly indicative of an up-regulation of dopamine
transmission (Karen et al., 2001). Such conflict of results may
be attributed to the variation in exposed dose of deltamethrin or
to the condition of experiment.

Altered expression of caspases, P53, Bax, and Bcl-2 play a
crucial role in induction of apoptosis. Bcl-2 is an anti-apoptotic
protein while caspase-3 is a strong apoptotic enzyme (Cory &
Adams, 2002; Wu et al., 2003; Hossain & Richardson, 2011).
The sequential activation of Caspases plays an important role
in progress of apoptosis (Kumar et al. 2015; Jevti¢ et al. 2016).
The obtained results confirmed that treatment of mothers rats
with deltamethrin induced high levels Caspase-3 and significant
decrease in Bcl-2 followed by apoptosis. This is confirmed by
histopathological changes in the cells of cerebellar cortex. Such
apoptosis was reduced with supplementation of melatonin. The



El-Beltagy et al.

obtained results are in line with the finding of Kassab (2018).
Yuan &Yankner (2016) reported that oxidative stress induced
by deltamethrin is implicated in acceleration of neuronal cell
apoptosis. Also, recent studies declared that, melatonin has
powerful anti-apoptotic effects through its free radical scavenger
activity (Chang et al., 2018).

CONCLUSION

Based on our results, exposure to deltamethrin during gestation
and weaning period leads to various deleterious alterations in
histological, immunohistochemical and biochemical aspects
of cerebellum for mothers and their offspring. Melatonin is a
powerful antioxidant hormone that successfully ameliorated the
cerebellar disorders induced by deltamethrin. Accordingly, it is
recommended that the Ministry of Agriculture and Ministry of
Health should be cooperated with each other to introduce the
safety tools for peoples dealing with insecticides especially
deltamethrin to protect them against their toxicity.
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