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Abstract

Background: Social Isolation (Sl) which means absence
or insufficient contact with othersis akey factor in psychiatric
disorders devel opment, which might be necessary for effective
psychological treatment as social rehabilitation. Social expe-
rience during the infantile period affects brain function and
behaviour in rodents, dogs and human.

Aimof Sudy: The current study was designed to elucidate
the neuroprotective role of MT on experimentally-induced Sl
on CA1lof rat hippocampus and frontal cortex.

Material and Methods: Twenty adult albino rats were
divided into four groups, control, sham control, Sl and SI +
MT. The Body Weight (BW), Brain Weight (Br\W) were
determined. Brain sections were subjected to histological,
morphometric, biochemical and statistical studies.

Results: Sl induced various histological changesin both
hippocampus and frontal cortex in the form of degeneration
and absent neurons. S| also caused a significant (sig) increase
in area % of caspase 3 and TNF Immunoexpression (IE) were
recorded. Sig decrease in the activity of Total Antioxidant
Capacity (TAC), Brain Derived Neurotropic Factor (BDNF),
Superoxide Dismutase (SOD) activity, Acetyle Choline Este-
rase (ACHE), dopamine level aswell ARC gene, and asig
increase in Maondialdehyde (MDA) levels, FOS gene, sero-
tonin and AB-42. Concomitant administration with MT im-
proved sig the previously mentioned changes.

Conclusion: SI might lead to various neurological degen-
erations as indicated by the histological, morphometric,
biochemical changes. These changes were ameliorated by
concomitant administration with MT.

Key Words: Brain — Hippocampus — Social isolation — Mela-
tonin — Antioxidant.

Introduction

SOCIAL experience during the infantile period
affects brain function and behaviour in rodents,

dogs and human [1] . Previous studies showed that
the brain function decrease as a result of brain

Correspondenceto: Dr. Amany E.M. Hamoud,
The Department of Anatomy and Embryology,
Faculty of Medicine, Cairo University, Cairo, Egypt

5163

myelination affection [2]. Social Isolation (SI)
means absence or insufficient contact with others
isakey factor in psychiatric disorders devel opment,
which might be necessary for effective psycholog-
ical treatment as social rehabilitation [3]. Previously,
socia interaction improve both mental and physical
health and reduce the risk of cognitive impairment
and development of dementia [4].

Socidl isolation is one of the major reason for
psychosocial stress and responsible for increased
incidence of vascular and neurological diseases.
Moreover, Sl aggravates morbidity and mortality
following acute injuries such as stroke or myocar-
dial infarction and increases oxidative stress, in-
flammatory reaction and synaptic plasticity. All
the previous mechanisms might be predisposing
factors for Alzheimer's Disease (AD) occurrence
[5] . Chronic stress and isolation iswidely used in
animal model of mental disorders such as schizo-
phrenia and depression, because Sl induces behav-
iour and chemical changes as reduction of Brain-
Derived Neurotrophic Factors (BDNF) in rat hip-
pocampus [6].

Hippocampusis formed of Cornus Ammonis
(CA1, CA2, CA3 CA4 regions) and the dentate
gyrus. CAl isthe zone that is most sensitive and
vulnerable to various insults and oxidative stress
[7 . Increased oxidative stress underlay the adverse
effects of Sl that raise concern about antioxidants
administration [8]. Melatonin (MT) is ahormone
secreted from the pineal gland with a regulatory
and neuroprotective function. Itslevel is disturbed
in some neurological conditions such as AD and
Parkinson's disease, which indicates its involvement
in the pathophysiology of these diseases [9]. As
apart of itsantioxidant role, M T neutralizes free
radical and reduces tissue damage in the brain
through its direct scavenging activity and indirect
antioxidant actions, as denoted by high levels of
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melatonin in the Cerebrospina Fluid (CSF) relative
to its concentration in the blood. Therefore it gives
the brain extra protection from oxidative stress
[10].

The aim of the present study was to elucidate
the possible neuroprotective role of MT on exper-
imentally-induced Sl in CAlof rat hippocampus
and frontal cortex.

Material and M ethods

Animals: The current study was carried out on
20 adult male albino rats, 3-5 months old weighing
150-200g. The rats were obtained from Animal
House of Kasr Al-Ainy in December 2018, Faculty
of Medicine, Cairo University. Rats were housed
for one week for environmental adaptation under
standard laboratory conditions at 25 +1°C with 12
hours light/dark cycle. They were fed on a constant
adequate nutrition diet and allowed free accessto
drinking water ad libitum. The experimental work
was conducted in accordance with the guidelines
of the committee of cairo univerisity. Animals were
housed in stainless-steel cages, at atemperature
of 25+ 1°C. |solated rats were housed individually
in cages for six weeks, while socialized rats were
randomly paired and housed in cages. Animals
were kept under adequate environmental conditions.

Rats were divided into four groups as follow:

* Control group: Consisted of five rats that received
Iml 0.9 NaCl saline solution intraperitoneal (1.P).

» Sham group: Consisted of five rats that received
MT 5mg/kg body weight (1P) [11], daily at night
for six weeks.

» Socially isolated group (9): Consisted of five
rats socially isolated for six weeks and received
Iml 0.9 NaCl saline solution IP.

» Socially isolated and MT treated group (S +
MT): Consisted of five rats that were socially
isolated and received MT 5mg/kg body weight
IP daily at night for six weeks.

Drug:
MT was received from Amoun Pharmaceutical

Industries Co, Cairo, Egypt. MT was dissolved in
1ml 0.9% NaCl saline solution.

Methods:
* Determination of the Body Weight (BW) and
Brain Weight (BrW) of all ratsin different groups.

» Rats were sacrificed, the brain tissues were dis-
sected and washed with ice-cold saline. The

absolute brain weight ratio to body weight (organ
weight/body weight X 100) were measured for
each rat and recorded.

* For all groups, brain tissues were homogenized
in saline. Determination of B-amyloid (AB-42)
content: It was measured in brain tissue homoge-
nate by using ELISA kit supplied by (MyBio-
Source, Inc, SanDiego, USA, Product Number
MBS702915), according to the manufacturer's
instructions [12].

* Determination of Acetyle Choline Esterase
(ACHE) activity: It was measured in brain tissue
homogenate using commercially available test
kit supplied by Sigma-Aldrich Co. (St. Louis,
MO, USA), Product Number MAK 119 [13].

* Assessment of oxidative stress markers Malano-
dialdehyde (MDA), Superoxide Dismutase (SOD)
and Total Antioxidant Capacity (TAC) [14]. SOD
activity was achieved relying on the ability of
the enzyme to inhibit the phenazine methosul phate
mediated reduction of nitroblue tetrazolium dye.
The increase in absorbance at 560nm for 5min
ismeasured. Finally, determination of TAC was
assessed by the reaction of antioxidants with a
defined amount of exogenously provide H202
[15].

» Determination of Brain Derived Neurotropic
Factor (BDNF): It was measured in brain ho-
mogenate by using ELISA Kit supplied by (My-
BioSource, Inc., SanDiego, USA, Product
Number MBS494147), according to the method
of [16].

* Determination of brain inflammatory mediators
(TNF-a): TNF-a was done in brain tissue ho-
mogenate by using ELISA Kit, Product Number
(RTAOO, SRTAQO, PRTAOQ) [16].

» Dopamine and serotonin were assessed in tissue
homogenate according to [17].

* Fos and Arc gene were measured in tissue ho-
mogenate using Quantitative Polymerase Chain
Reaction (QPCR) [19].

* Paraffin blocks were prepared and 5 g thick
sections were subjected to the following histo-
logical studies:

1- Hematoxylin and eosin (H & E) stain [19].

2- Caspase 3 immunostaining: The marker for
apoptosis.7ml of rabbit polyclonal Ab (RB-
1197-R7) (Lab Vision Corporation, USA) was
prediluted ready to use solution stored at 2-
8°C. The +ve tissue control was a specimen
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of human tonsil. Caspase 3 +ve cells showed
cytoplasmic reaction [20].

3- Tumour necrosis factor: Primary Antibody.
7ml of rabbit polyclonal Ab (Catalog Number:
IW-PA1079) was ready to use solution. The
+ve tissue control was a specimen of human
tonsil. Negative control: Omit primary anti-
body, isotype control, absorption control
Blocking: 2-5% normal serum to reduce un-
specific background staining; 0.5-3% H 202
to block endogenous peroxidase activity; avi-
din/biotin to block endogenous biotin activity
if necessary [21].

* Morphometric study: LeicaQwin 500 LTD (Cam-
bridge, UK) computer assisted image analysis
system was used, the area% of caspase 3 and
TNF Immuno Expression (IE) in hippocampus
and frontal cortex were estimated using binary
mode. The measurements were donein 10 high
power fields, of 10 sections in each speciemen.

» Satistical study: Quantitative data were summa-
rized as means and standard deviations and com-
pared using one-way anaysis-of-variance (ANO-
VA). Any significant ANOVA was followed by
post hoc Tukey test to detect which pairs of
groups caused the significant (sig) difference. p-
values <0.05 were considered statistically sig
[22] . Calculations were made on Statistical Pack-
age of Socia Science (SPSS) software version
16.

Results

General observation: No clinical signs of tox-
icity were noticed neither in Sl norin Sl + MT
groups.

Mean BW and BrW: No statistically difference
was detected between groups concerning both BW
and BrW (Table 1).

Table (1): Mean of absolute BW and BrW in different groups.

Groups BW Mean £SD Brw Mean £SD
Control group 153.20+42.08 2.22+05
Sham group 160.80+48.09 211+04
Sl group 156.80+40.01 1.76+0.3
Sl + MT group 155.60+40.50 2.10+04

Histological changes: There was no histological
differences between Control and M T groups, ex-
amination of H& E stained sections showed that
the hippocampus proper is formed of Cornu Am-
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monis CA1, CA2, CA3, CA4 regions and the den-
tate gyrus. CAl and CA2 formed of zone of small
pyramidal cellswhile CA3 and CA4 formed of
zone of large pyramidal cells. CA4 projectsinto
concavity of dentate gyrus and is formed of small
granule cells. Areas in between crowded zones of
pyramidal cells constitutes the molecular layer
which consists of axons and dendrites, glial cells,
and scattered nerve cells (Fig. 1). CAl regions
revealed three layers. Polymorphic, pyramidal and
molecular. Pyramidal layer composed of layers of
small pyramidal cells. Both the polymorphic and
molecular layer apparently normal cells (Fig. 2a).
Closer observation showed pale nuclei and ba-
sophilic cytoplasm of pyramidal neurons, few
oligodendroglia, microglia and astrocytes (Fig.
2b). Frontal cortex sections showed normal appear-
ance of neurons in molecular, external granular,
external pyramidal, inner granular, inner pyramidal
and pleomorphic layers (Fig. 2c). Closer observa-
tion demonstrated pale nuclel and basophilic cyto-
plasm of pyramidal neurons, stellate neurons,
granule cells, with few oligodendroglia microglia
and astrocytes (Fig.2d). Sl group: In CA1 of hip-
pocampus revealed focal areas of absent neurons
(Fig. 3a), some areas showed dark nuclel of some
neurons and multiple microglia (Fig. 3b). Frontal
cortex sections showed some large and small mass-
es (Fig. 3c). Closer observation of frontal cortex
showed acidophilic masses surrounded by clear
areas and containing dark nuclei, with multiple
microglia (Fig. 3d). SI+MT group: In CA1 of
hippocampus showed apparently normal neurons
(Fig.4a). Few neurons appeared with dark nuclei
and few microglia (Fig. 4b). Frontal cortex showed
some small masses (Fig. 4¢) and small acidophilic
masses surrounded by clear areas and few microglia
(Fig. 4d).

Fig. (1): Photomicrograph of hippocampus proper from control
group showing three areas of hippocampus (CA1,
CA2 and CA3) and the Dentate Gyrus (DG). Molec-
ular layer located inside the concavity of CA and of
DG (M). (H & E X40).
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Fig. (2): Contral groups: A) Sectionsin CA1 of hippocampus showing multiple regular rows of the small pyramidal cells with
normal appearing neurons (arrows). CA1 regions revealed three layers: Polymorphic (PL), pyramidal (P) and molecular
(M) (H & E X 100). B) Higher magnification of hippocampus showing pale nuclel and basophilic cytoplasm of pyramidal
neurons (PN), few oligodendroglia (0), microglia (m) and astrocytes (8) (H & E X400). C) Frontal cortex showing
normal appearance of neurones in molecular (M), external granular (EG), external pyramidal (EP), inner granular (1G),
inner pyramidal (1P) and pleomorphic layers (PL) (H & E X100). D) Higher magnification of frontal cortex showed
p

ale nuclei and basophilic cytoplasm of pyramidal neurons (PN), stellate neurons (S), granulecell (G), with few
oligodendroglia (0) microglia (m) and astrocytes (a) (H & E X400).

Fig. (3): Sl group: A) Section in CA1 of hippocampus showing focal areas of absent neurons (lines) N.B: Polymorphic (PL),
pyramidal (P) and molecular (M) (H & E X100). B) Higher magnification showing dark nuclei of some neurons (d)
and multiple microglia (m) (H & E X400). C) Section in frontal cortex showing some large (zigzag arrows) and small
masses (lines) (H & E X100). D) Higher magnification of frontal cortex showed large and small acidophilic masses
(am) surrounded by clear areas and containing dark nuclei, with multiple microglia (m) (H & E X400).
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Fig. (4): Sl and MT group: A) Section CA1 in hippocampus showing apparently normal neurons (arrows). N.B: Polymorphic
(PL), pyramidal (P) and molecular (M) (H & E X100). B) Section in hippocampus showing few neurons with dark
nuclei (d) and few microglia (m) (H & E X400). C) Section in frontal cortex showing some small masses (lines) (H
& E X100). D) Higher magnification of frontal cortex showing a small acidophilic masses (am) surrounded by clear

areas and few microglia (m) (H & E X400).

I mmunohistochemical changes: Sectionsin
hippocampus and frontal cortex showed negative
reaction of caspase 3 |E in both control and MT
groups (Figs. 5a,b). While sections in hippocampus
and frontal cortex showed positive reaction of
caspase 3IE in some neuronsin Sl group (Figs.
5¢,d). In SI+MT group positive reaction of caspase
3IE in few neurons were found (Figs. 5¢,f). Re-
garding TNF immunostaining negative |E were
found in control and MT groupsin both hippocam-
pus and frontal cortex (Figs. 6a,b). Hippocampus
in Sl group showed positive |E among the neurons
and vessels (Fig. 6¢) ,whilein frontal cortex the
extent of positivity were more among multiple
neurons and vessels (Fig. 6d). Hippocampus of
SI+MT group showed positive |E among few ves-
sels (Fig. 6e), whilein frontal cortex showed
positive |E among few neurons and few vessels
(Fig. 6f).

Morphometric changes. The mean area % of
caspase 3 and TNF IE indicated asig decrease in
SI+MT group compared to Sl group in both hip-
pocampus and frontal cortex sections. (Table 2).

Biochemical changes:

1- BDNF, SOD and TAC changes: BDNF, SOD
and TAC mean differences showed a sig de-

creasein Sl group compared to other groups,
whilein SI+MT group a sig increase was noticed
compared to Sl group (Table 3).

2- MDA and TNF mean changes: The of MDA and
that of TNF showed sig increase in S| group
compared to other groups. While, in SI+MT group
asig decrease was found compared to Sl group
(Table 4).

3- ARC and FOS gene changes. The mean of ARC
gene showed a sig decrease in Sl group com-
pared to other groups. On the other hand, the
mean of FOS gene revealed asigincreasein Sl
group compared to other group. While, in
SI+MT group asig increase was found of ARC
gene mean compared to Sl group and asig
decrease of FOS gene mean was detected in
SI+MT group compared to S| group (Table 5).

4- ACHE, AB-42, dopamine and serotonin changes.
Mean of ACHE and dopamine showed sig de-
creasein Sl group than other groups and asig
increasein SI+MT group compared to Sl group.
While, mean of AB-42 and serotonin showed
sigincreasein S| group compared to other group
and asig decreasein SI+MT group compared
to Sl group (Table 6).
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Fig. (5): Sections of caspase 3 immunostaining X200: A) Section in hippocampus of control groups showing negative reaction
of caspase 3 |IE. B) Section in frontal cortex of control groups showing negative reaction of caspase 3 |E. C) Section
in hippocampus in Sl group showing positive reaction of caspase 3IE in some neurons (+). D) Section in frontal cortex
in Sl group showing positive reaction of caspase 3 |E in some neurons (+). E) Section in hippocampus of Sl and MT

group showing positive reaction of caspase 3IE in few neurons (+). F) Section in frontal cortex of SI and MT group
showing positive reaction of caspase 3IE in few neurons (+).

Fig. (6): Sections of TNF immunostaining X200: A) Section in hippocampus of control groups showing negative |E. B) Section
in frontal cortex of control groups showing negative |E. C) Section in hippocampus of Sl group showed positive |E
among the neurons (+) and vessels (*). D) Section in frontal cortex showing positive |E among multiple neurons (+)

and vessels (*). E) Section in hippocampus of Sl and MT group showed positive |E among few vessels (*). F) Section
in frontal cortex showing positive |E among few neurons (+) and few vessels (*).
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Table (2): Mean area% of caspase 3 |IE and +ve |[E in TNF.

Mean +ve Mean +ve Mean +ve Mean +ve

c IE caspase |E TNE IE TNFIE

caspase frontal . Frontal
hippocampus cortex hippocampus cortex

Control group
Sl group 61.00+15.8 55.00+158 35.00£10.4 60.00£16.7

29.21"+83 25.517+59 14.51"+35 29.51"+7.6

Sig p<0.05. ~ sig compared to S| groups.

Table (3): Mean changes of BDNF, SOD and TAC in different

groups.
BDNF SOD TAC
Groups Mean+SD  Mean*SD  Mean £SD
Control group 115.89+30.4 438114 100.48+30.4
Sham group 117.50£35.3 4.62+0.9 108.32+32.2
Sl group 70.18*£20.9 1.98*+0.5 61.66* £18.4
Sl + MT group 99.30M£25.5 3.740+1.01 87.02"+20.8

*: Statistically sig different than other three groups.
N Statistically sig different than S group.

Table (4): Mean changesin MDA and TNF in different groups.

Groups MDA + SD TNF £ SD
Control group 14.68%4.03 20.74+5.9
Sham group 10.72£25 19.44+5.8
S| group 38.36*+10.4 76.64* £20.5
Sl + MT group 16.38"+4.5 43.52"+12.5

*: Statistically sig different than other three groups.
N Statistically sig different than S group.

Table (5): Mean changesin ARC and FOS gene in different

groups.
Groups ARC £ SD FOS £ SD
Control group 1.36+0.3 1.01+0.3
Sham group 1.44+04 0.84+0.2
S| group 0.23*+0.1 4.26*+11
Sl + MT group 0.727+0.06 2.48"+0.8

Table (6): Mean changesin ACHE, AB-42, dopamine and
serotonin in different groups.

ACHE AB-42 Dopamine  Serotonin

Groups +SD +SD +SD +SD

Control group 46.28+135 36.40t84  46.1%+128 17.68+53
Shamgroup  48.00+145 33.62+9.4 48.80%15.6 16.66*4.3
S| group 2550%+7.5 73.78*+20.3 35.28*+8.1 28.38*+7.3
Sl + MT group 37.92"+10.2 50.74"+16.3 45.24"+9.7 19.74"+6.1

*: Statistically sig different than other three groups.
N Statistically sig different than Sl group.

Discussion

The present study investigated the histological,
histochemical, immunohistochemical morphometric
and biochemical changes that may developin rat
CA1 hippocampus and frontal cortex experimen-
tally exposed for Sl and the possible protective
role of MT. No sig difference was recorded in
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neither BW nor BrW between different groups as
aresult of Sl, contrary to the result of some authors
who found that physical or emotional stress reduced
weight gain [23], while others pointed out that mice
exposed to SI, BW increase sig compared to so-
cialized groups, those authors referred this weight
gain to decrease in contact and playing with mates
resulting in a compensatory mechanism and in-
creased food intake [24].

Histological changesin CAlof hippocampus
in Sl group reveaed darkly stained pyknotic nuclei,
which indicated apoptosis and degeneration. Further
support for these results was obtained from the
morphometric results, as the mean area % of Cas-
pase 3 +ve cells showed asig increase in Sl group
compared to other groups. The previous changes
were confirmed by biochemical resultsin the form
of sigincreasein AB-42in Sl group. AB-42 isan
end product of the Amyloid Precursor Protein
(APP), whose deposition is neurotoxic and could
induce apoptosis of neurons [25] . The neurotoxicity
of AB-42 isstrongly related to oxidative stress
with increased production of hydrogen peroxide
and lipid peroxides in neurons [26] .

Caspases are responsible for protein degradation
and cleaving of amino acids, once caspases are
activated, there seems to be a sequence to cell
death [27] . The caspase-3 activates cytoplasmic
endonucleases that degrade the nuclear materials
and proteins that followed by DNA fragmentation
[28] . Area % of caspase 3 that have been measured
in the current work revealed asig increasein Sl
group compared to the control groups. It has been
implicated that caspase-3 activation is the principal
factor in apoptotic cell death [29] .

In the present study, degenerative changes were
noticed in hippocampus of Sl group in the form of
areas of absent neurons, which were confirmed by
sig decrease in BDNF levels compared to other
groups. BDNF influences neurons of the central
and peripheral nervous system by supporting the
survival of the existing neurons, encourage the
neurogenesis and affect learning and memory.
Similar findings were reported before [30]. On the
contrary, increase in BDNF expression levelsin
brain of mice exposed to Sl were reported [31].

In the current work, Sl group showed multiple
large acidophilic masses with dark nuclei in frontal
cortex. One of these explanation of these masses
isthat apoptotic nuclei of several degenerated
neurons unite together and form masses [32] . The
previous results were confirmed by morphometric
results which revealed asig increase in +ve TNF
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IE aswell biochemical result in the form of sig
increase of TNF-a in Sl group. TNF-a is one of
the major proinflammatory response mediatorsin
brain tissue and its increase lead to neurotoxicity
and cellular damage.

Reactive Oxygen Species (ROS) generation
causing damage of the neuronal cell membrane,
proteins and nucleic acids and subsequently de-
crease in brain function. ROS can be indirectly
evaluated by elevated MDA levels. In the current
study asig increase of MDA and sig decreasein
TAC and SOD levels were observed in Sl group
compared to other groups. This meansthat Sl leads
to oxidative stress and ROS generation. This find-
ings raise the concern about antioxidants role in
improving learning and memory deficits secondary
to brain function decrease associated with SI. The
mean of FOS generevealed asig increasein Sl
group compared to other groups in the current
work. Theincrease in FOS gene was related to
oxidative stress and many authors studied the
relation between activation of this gene transcrip-
tion and ischemic brain injury. Thisincrease might
be explained by the need for gene products to
repair that injury [33].

Serotonin level in the current work revealed a
sigincreased in Sl group compared to other group,
serotonin iswell known to effectively impact mood,
particularly depression, which might explain its
increase in Sl group. The increase in serotonin
levels was attributed to decrease in BDNF [34].

Histological picture of SI + MT revealed ap-
parently normal neurons in both hippocampus and
frontal cortex, thiswas confirmed by morphometric
results as a sig decrease in the mean area % of +ve
caspase 3 |[E and TNF IE were recorded in the
present work. That might be related to the recovery
state of the tissue and decline in degeneration
process. Co-administration of MT resulted in asig
increase in SOD and TAC levels and decrease
MDA level dueto its antioxidant effects [g].
Dopamine expression in the current study was sig
increased in SI + MT group compared to other
groups, in contrary to many authors who concluded
that Sl resulted in increased dopamine expression
compared to socialized animals, but still with
unclear mechanism [35] . Previously, dopamine
release inhibition by MT in specific areas of central
nervous system as hypothalamus and hippocampus
was observed [36].

Improvement of histological picture of Sl +
MT was confirmed by biochemical result in the
form of increased ACHE sig as compared to S

group. Acetylcholine and ACHE neuro-transmittors
are akey factor in learning and memory and main-

taining the nervous system [37]. Thisfindingisin
agreement with previous study who studied the
relation between ACHE decline and decrease brain
function, memory and learning ability [g]. On the
contrary to this finding, no sig change in ACHE

between socialized and isolation-reared mice were
noticed [3g].

Arc gene expression affect learning and memory
and observed in certain areas of central nervous
system and it is one of the effectors of the BDNF,
dopaminergic and serotonin signalling [39]. Arcis
involved in generation of new synapses and main-
tenance of old ones required for some plasticity
mechanisms such as Long-Term Potentiation (LTP)
and long-term depression [40] . The relation between
Arc and dopamine seems to be in both direction,
in animal model that arc gene was deleted from
the whole brain and a downregulation of dopamine
levelsin the cortex was found [41], contrary to the
present work in which Arc gene was sig increased
and sig decrese in dopaminelevel in SI + MT
group. Similar findings were reported as Sl in
rodents and animal model of depression, a marked
reduction in ARC levelsin the hypothalamus, the
hippocampus and the frontal cortex were noted
[42].

Conclusion:

S| might led to various neurological degenera-
tions asindicated by the histological ,morphometric,
biochemical changes. These changes were amelio-
rated by concomitant administration of MT.
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