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ABSTRACT

Background: With the constant failure of the clinical trials and continuous
exploration of a therapeutic target against Alzheimer’s disease (AD) is the
utmost needed. Chebulinic acid (ChA) has been reported to possess neu-
roprotective potential in various neurodegenerative models such as anxiety
and depression. Materials and Methods: In the current study, the ChA
was challenged on the progression of AD induced by intracerebroventricu-
lar (ICV)-streptozotocin (STZ)-induced neurotoxicity to determine its thera-
peutic potential in experimental dementia. STZ was infused bilaterally (3
mg/kg/icv) on day 15t and 3 after surgery. ChA (25, 50 and 100 mg/kg/p.o)
was administered from 7" day onwards up to 21% day following 1t ICV-STZ
infusion. Cognitive impairment was evaluated by actophotometer, Morris
water maze (MWM) and object recognition task (ORT) in rats whereas
biochemical, neurochemical, neuroinflammatory were evaluated using hi-
poocampal brain regions on day 22". Results: Ventricular administration
of STZ in rats found to significantly shorten the latency time on the MWM
and ORT which was associated with significant alterations in hippocam-
pal biochemistry, including elevation in oxidative stress and compromised

INTRODUCTION

A disease of unknown etiology, Alzheimer’s disease (AD) is the most
common type of dementia without care' and most AD cases are sporadic
where age represents the greatest risk factor.? According to the World Al-
zheimer Report 2018, there are currently about 46.8 million people suf-
fering with AD worldwide.’ The ageing of world population will further
compound this problem and lead to a steep increase in the number of
AD patients.* Causes of AD are not yet fully understood but advances in
brain imaging have allowed researchers to see the development and ac-
cumulation of extracellular amyloid beta (A) plaques and intraneuronal
neurofibrillary tangles, in discrete regions of the basal forebrain, associa-
tion cortices; including hippocampus (part of temporal lobe of the brain
responsible for processing of memory), as well as shrinkage in brain
structure and change in its function.’ These affects worsens with age and
consequently leads to atrophy (shrinking) of certain parts of the brain,
oxidative stress, neuroinflammation, mitochondrial dysfunction, cholin-
ergic deficits and gliosis along with dystrophic neurites, loss of neurons
and synapses, accompanied by psychological and pathophysiological
complications such as anxiety, depression, concentration problems and
motor disturbances.>® Numerous in vivo studies have demonstrated that
Insulin resistance, oxidative stress, glutamate excitotoxicity, mitochon-
drial dysfunction and neuroinflammation are also among the major
pathophysiological features of AD.”¢ The intracerebroventricular (ICV)
injection of streptozotocin results in a well-established rat model show-
ing many aspects of SAD including neuroinflammation, brain insulin
resistance, cholinergic deficits, accumulation of f-amyloid and tau pro-
teins and oxidative stress as well as memory and learning impairment.*’

antioxidant defense, neurotransmitter alteration and elevation in neuroin-
flammatory cytokine levels. ChA treatment significantly prevented the ICV-
STZ-induced memory deficit by attenuating the hippocampal neuronal loss,
neuroinflammation and compromised antioxidant defense and cholinergic
deficits in rats. Conclusion: These results clearly pointed to the pivotal role
of ChA in ICV-STZ induced neurotoxicity and its association may be a prom-
ising alternative to be investigated in the treatment of AD-like dementia.
Key words: Alzheimer's Dementia, Chebulinic acid, Streptozotocin, Neuro-
protection, Hippocampus.
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At present, the disorder is not curable; because available therapies help
to maintain neuronal function, they do not provide a significant impact
on the reversal of the disease process.!®!! Based on these facts, the em-
ployment of natural products with infinitesimally, noticeable side effects
constitute substitutes for treating these neurodegeneration. The plant
Terminalia chebula also known as Haritaki has an esteemed origin in
Indian mythology. Terminalia chebula is a deciduous tree growing up to
30-metre (98 ft) tall, with a trunk up to 1-metre (3 ft 3 in) in diameter.
The fruits are drupe-like, long, broad and blackish, with five longitudinal
ridges and are hard and yellowish-green in colour.’” The plant contain
diverse chemical constituents such as ellagic acid, gallic acid, ellagitan-
nins and gallotannins®® and have been known for a long time to show
pharmacological effects like cytoprotective,'* antidiabetic,' antioxidant'®
antiarthiritic.'” It has been reported that Terminella chebulla also posses
acetyl cholinesterase inhibitory'® and neuroprotective potential'** e.t.c.
Chebulinic acid (ChA) is an ellagitannin found in the fruits of Termi-
nalia chebula. It has the molecular formula of C4;H3,0,; and molecular
weight of 956.67658 [g/mol]."* Other studies have shown that chebulinic
acid has reported to posses unique biochemical and pharmacological
properties such as antidiabetic,”’ antimutagenic,” anti-apoptotic, anti-
oxidant,”'" anti-inflammatory,"” ischaemic reperfusion injury,** actyl-
cholinesterase inhibitory and free radical scvanging activity'®* and car-
dio and hepatoprotective effects.’® Moreover, ChA has been reported to
show anxiolytic, antidepressant'* and protective potential in glutamate
induced cell death experimental animals.”® However, there has not been
any report of the antidementic activity of chebulinic acid. Therefore, the
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objective of this present study is to evaluate the antidementia potentials
of ChA in laboratory rats using universally accepted experimental mod-
el: ICV-STZ model. Herewith, the current study may prove the use of
ChA as therapeutic approach in amelioration and/or delaying the detri-
mental effects of AD.

MATERIALS AND METHODS

Animals

Adult male Wistar rats, weighing 250-280 g were procured from Lala
Lajpat Rai University of Veterinary and Animal Sciences, Hisar and kept
in Central Animal House of ISF College of Pharmacy, Moga, Punjab (In-
dia). The animals were housed in polyacrylic cages in a well- controlled
atmosphere (room temperature 22 + 2°C and relative humidity of 60%)
with 12 hr light/dark cycle (lights sturned on at 7 AM). The animals
were maintained on a commercial diet in the form of dry pellets and
water ad libium. All the behavioral parameters were assessed between
9:00 and 17:00 hr. The protocol of the study was approved by the Insti-
tutional Animal Ethics Committee (IAEC) and was carried out in accor-
dance with the Committee for the Purpose of Control and Supervision
on Experiments on Animals (CPCSEA) guidelines for the use and care
of experimental animals. All the experiments for a given treatment were
performed using age-matched animals in an effort to avoid variability
between experimental groups.

Drugs and Chemicals

Streptozotocin (STZ) and acetylthiocholine iodide (AChI) 5, 5’-dithiobis
(2-nitrobenzoic acid) (DTNB) and ChA were purchased from Sigma-
Aldrich, USA. STZ was diluted in citrate buffer (pH 4.4) and ChA was
always prepared afresh by dissolving in 1% CMC (Carboxymethylcel-
lulose). Interleukin-1 beta (IL-1 ), Interleukin-6 (IL-6) and Tumor ne-
crosis factor-alpha (TNF- a) Elisa Kits were purchased from Krishgen
Biosystem, India. Unless stated, all other chemicals and biochemical re-
agents of highest analytical grade were used for the study. Solutions of
the drugs and chemicals were freshly prepared before use.

Intracerebroventricular infusion of streptozotocin

Rats were anaesthetized with thiopentone sodium (35 mg/kg, i.p) and
xylazine (5mg/kg, i.p). The head was placed in position in the stereo-
taxic apparatus (Stoelting Co. USA, Model no: 53311). Briefly, a midline
saggital incision was made in the scalp. Two holes were drilled through
the skull and the infusion cannula was placed into the lateral cerebral
ventricles (coordinates: 0.8 mm posterior to bregma; 1.5 mm lateral to
saggital suture; 3.6 mm ventral from the surface of the brain ).?” Follow-
ing cannulae placement animals were injected with gentamicin (5 mg/
kg) and were placed in individual cages. Animals were observed for one
week and special care was taken by administering sweetened milk daily,
during the resting phase for recovery (Figure 1). Streptozotocin was dis-
solved in citrate buffer (pH 4.4) just prior to administration and slowly
injected (1 pl/min) (infusion pump QSI 53311) through the cannula us-
ing Hamilton microsyringe in a volume of 10 pl into each lateral cerebral
ventricle (bilateral ICV) on day 1 and 3 as described previously.®

Experimental groups

Animals were divided into five groups and each group comprised of
10 animals. The treatment schedule and the interval for estimation of
various parameters are presented in Figure 1. Group 1: served as sham
control; Group 2: Rats were infused with ICV-STZ (3 mg/kg/10 pl) with
infusion rate 1ul/min into each cerebral ventricle (bilateral ICV). Group
3, 4 and 5: received Chebulinic acid at doses of 25, 50 and 100 mg/kg,
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Figure 1: Experiment Procedure and Treatment Schedule.

p.o., respectively, starting from day 7 after the 1% dose of STZ infusion
and continued once daily for a period of 21 days.

Behavioral assessment

Spontaneous locomotor activity

Each animal was tested for spontaneous locomotor activity on day 22
following 1% ICV-STZ infusion. Each animal was observed over a period
of 10 min in a square closed arena equipped with infrared light sensitive
photocells using a digital photoactometer (INCO, India).

Morris water maze test

Spatial learning and memory of animals in Morris water maze (MWM)
was tested by the method described.”

Object Recognition task (ORT)

Novel Object recognition (NOR) test was performed for analyzing non-
spatial and short-term memory in rats. We followed the protocol previ-
ously described by* with minor modifications according to.”

Biochemical Assessments

On 22" day, after completion of behavioral analysis, rats were sacrificed
under light ether anesthesia. Blood was completely removed from the
brain tissues using perfusion technique with phosphate buffer through
the heart to avoid any interference with the homogenate readouts. The
brain was carefully removed from the skull and rinsed with ice-cold iso-
tonic saline. Hippocampal tissues were separated from the whole brain
and then homogenized {10% (w/v)} in ice-cold phosphate buffer (0.1 M;
pH 7.4) at 10,000 g for 15 min at (4°C). Supernatants were separated and
stored at — 80°C for performing biochemical estimations. Hippocampal
Protein was measured by the method of*! using bovine serum albumin
(1 mg/ml) as a standard.

Acetylcholinesterase (AChE) assay

The quantitative measurement of AChE activity in brain hippocampus
was performed according to the method described by Ellman et al.**

Estimation of malondialdehyde (MDA)

The quantitative measurement of MDA end product of lipid peroxida-
tion in brain hippocampus homogenate was performed according to the
method of Wills.*

Estimation of reduced glutathione (GSH)

Reduced glutathione in brain hippocampus was estimated according to
the method described by Ellman.**
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Estimation of nitrite
The accumulation of nitrite in the hippocampus supernatant, an indica-
tor of the production of nitric oxide (NO), was determined by a colo-
rimetric assay using Greiss reagent (0.1% N-(1-naphthyl) ethylenedi-
amine dihydrochloride, 1% sulfanilamide and 2.5% phosphoric acid) as
described by Green et al.*®

Neurochemical estimation

Estimation of catecholamines

Catecholamines, dopamine, 5 hydroxytryptymine and norepineph-
rine (DA, 5-HT and NE) levels were estimated by HPLC using elec-
trochemical detector according to the method described by Arora and
Deshmukh.?

Estimation of GABA and glutamate

The estimation of GABA and glutamate was done by method described
by Donzanti and Yamamoto® with slight modifications as described by
Arora and Deshmukh.?” The values are expressed as percentage of Nor-
mal Control group.

Estimation of pro-inflammatory cytokines (IL-1(, IL-6
and TNF-a) levels

The quantifications of IL-1, IL-6 and TNF-a were done by using rat IL-
1P, IL-6 and TNF-a immunoassay kit (Krishgen Biosystems, India). The
quantikine rat IL-1p, IL-6and TNF-a immunoassay is a 4.5 h solid phase
ELISA designed to measure IL-1B, IL-6 and TNF-a levels. It is a solid-
phase sandwich enzyme linked immunosorbent assay (ELISA) using a
microtitreplate reader. Concentrations of proinflammatory cytokines
were calculated from the standard curves.

Statistical analysis

The results were analyzed using Graph Pad Prism 6.01 (San Diego, CA,
United States) and values were expressed as mean * standard error mean
(SEM). Escape latency period in MWM and total exploration time in
T1, T2 on familiar and novel object, in NOR was measured using two
way analysis of variance (ANOVA). Catecholamines, GABA and gluta-
mate and proinflammatory were analyzed by repeated measure two way
ANOVA followed by Bonferroni’s post hoc test for multiple comparisons
and others behavior and biochemical parameters were analyzed by one
way ANOVA followed by Tukey’s post-hoc test. Values with P<0.05 and
P<0.001 were considered to be statistically significant.

RESULTS

Effect of ChA on spontaneous locomotor activity in ICV-
STZ infused rats

The spontaneous locomotor activity on Day 0, Day 1 and 22™ did not dif-
fer significantly among all the groups (p > 0.001) (Table 1), suggesting no
effects whatsoever of ChA (25, 50 and 100 mg) or STZ on this parameter
in the current study.

ChA attenuated ICV-STZ induced memory deficit during
Morris Water Maze (MWM) task in rats.

Repeated measure two way ANOVA analysis indicated overall significant
effect of treatment, time and a time x treatment interaction (p < 0.001).
The latencies to reach the submerged platform decreased gradually in all
the groups during 4 days of training in Morris water maze (MWM) task
(Figure 2a), except those of the ICV STZ infused group of animals, day
17 to 20 (p < 0.001) as compared with those of sham control, indicating

poorer learning abilities following STZ administration. Chronic admin-
istration of ChA dose dependently attenuated STZ induced acquisition
deficit (P<0.001). ChA treated rats showed improved learning abilities as
compared to STZ control rats.

During the probe trial, with the platform removed, STZ infused rats
failed to remember the precise location of the platform, spent less time in
the target quadrant as compared with sham control animals (p < 0.001,
Figure 2b). On the hand ChA treated rats were able to locate the target
quadrant and % time spent in target quadrant was significantly higher to
that of STZ control rats indicating improved consolidation of memory (p
<0.001, Figure 2b).

ChA reverses ICV-STZ induced impairment in short term
recognition memory task performance in rats.

Non-spatial memory and Short-term memory was assessed using Novel
Object Recognition (NOR) test. On day 15 following ICV-STZ infusion,
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Figure 2a: Effect of ChA on memory performance (mean escape latency)

in Morris water maze task in intracerebroventricular streptozocin (ICV-STZ)
treated rats.

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ,
@ P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)
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Figure 2b: Effect of ChA on time spent in target quadrant intracerebroven-
tricular streptozocin (ICV-STZ) treated rats.

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ,
@ P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)
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during the first test (T1), the non-significant difference was observed
during familiarize phase in between all treatment groups (p>0.001)
(Figure 3a). On the second day (16, T2), two way ANOVA analysis in-
dicated overall significant discrimination effect of treatment, when
animals were exposed with familial (FO) and novel object (NO), STZ-
infused rats were not able to discriminate them and spent equal time to
explore the FO and NO. Whereas, treatment with ChA (25, 50 and 100
mg/kg p.o) significantly and dose dependently improved STZ-induced
object discriminative ability in animals and the animals spent more time
on, when exposed to FO and NO (P < 0.001, Figure 3b). ChA (100 mg/kg
p.o) exhibit maximum effect amongst various doses tried (Figure 3a and
3b). Moreover, one way ANOVA with post- hoc comparisons showed
significant difference in discrimination index (DI), there was significant
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Figure 3a: Effect of ChA on memory performance (acquisition phase, Day
15%) in object recognition test in intracerebroventricular streptozocin (ICV-
STZ)- treated rats.
Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ,
@ P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg).
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Figure 3b: Effect of ChA on memory performance (Retention phase, Day
16™) in object recognition test (ORT) in intracerebroventricular streptozocin
(ICV-STZ)- treated rats.

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ,
@ P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg).
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Figure 3c: Effect of ChA on memory performance (Discrimination index, Day
16%) in object recognition test (ORT) in intracerebroventricular streptozocin
(ICV-STZ)- treated rats.

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ,
@ P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)

Table 1: Effect of ChA on brain (hippocampus) catecholamines level in
intracerebroventricular streptozocin (ICV-STZ) treated rats.

Biochemical Parameters (pg/ml)
Groups i
ng/mg tissue sample (% of control)

Norepinephrine Dopamine Serotonin

Sham control 91.875 + 6.717 98.25 + 5.990 96.345+ 0.799

ICV-STZ 15.887 £9.058 * 8.625+ 8.751* 19.315 £ 7.751*

STZ+ ChA (25

29.715 + 6.072# 55.75 + 4.567# 57.810 + 7.930#
mg/kg/ p.o)
SLIZ (GRS 48.875+8.392@  65.375+5.930@  78.346 + 6.085@
(50mg/kg/ p.o)
STZ+ ChA (100 52.625 + 6.820@# 77.913 £ 6.085@# 89.625 + 7.930@#
mg/kg/p.0)

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ, @
P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)

dose dependent improvement (P < 0.001) discriminating abilities of
ChA treated rats with that of STZ alone (Figure 3C).

ChA ameliorated hippocampal acetylcholinesterase
(AChE) in ICV-STZ- infused rats.

According to the cholinergic hypothesis, the activity of AChE signifi-
cantly increases during AD which leads to degradation of Acetylcholine
(ACh). Ventricular administration of STZ produced significant increase
in brain AChE activity when compared with that of sham control (P
<0.001) (Figure 4). Oral administration of ChA (100 mg/kg) very sig-
nificantly attenuated STZ- induced increase in AChE activity (P < 0.001).
However, ChA (25 and 50 mg/kg/p.o also showed a decrease in AChE
activity in dose dependent manner but with lesser significance when
compared with ICV-STZ infused rats.

ChA improve brain catecholamines levels in ICV-STZ
infused rats

STZ (3ul/3mg/kg/ICV) treatment caused significant (p < 0.001) de-
crease in levels of catecholamines (NE, DA and 5-HT) in hippocampus
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as compared to sham control group. Treatment with ChA acid (25 and
50 mg/kg p.o) significantly (p < 0.001) improved the levels of NE, DA,
5-HT as compared to ICV-STZ treated group. At last, ChA (100 mg/kg
p.o) sdose dependently (p < 0.001) attenuated decrease in levels of NE,
DA, 5-HT as compared to STZ treated rats (Table 1).

ChA reversed ICV-STZ mediated brain GABA and
Glutamate levels in ICV-STZ treated rats

ICV-STZ (3pl/3mg/kg/ICV) treatment produced significant (p < 0.001)
decrease in levels of GABA and elevated glutamate in hippocampus as
compared to normal control group. ChA (50 and 100 mg/kg p.o) showed
more significant (p < 0.001) effect by attenuating decrease in levels of
GABA and increase in levels of glutamate as compared to ChA (25 mg/
kg p.o) to STZ treated rats in dose depended manner (Table 2).

ChA treatment prevented ICV-STZ induced rise in
hippocampal pro-inflammatory cytokines (IL-1 3, IL-6
and TNF- a) in rats

ICV-STZ (3 mg/kg) treatment significantly (p < 0.05) raised IL-1 B, IL-6
and TNF- a hippocampal levels as compared to sham control group. This
effect is significantly reversed by ChA (25 and 50 mg/kg p.o, p < 0.001)
treatment in hippocampus as compared to STZ alone treated group. ChA

10+

(nmole/ing protein)

Acetylcholinesterase acti vity/minute

ICVSTZ 25 50 100

ChA (mg/kg/p.o)

Sham

Figure 4: Effect of ChA on brain (hippocampus) Acetylcholinesterase activity
in intracerebroventricular streptozotocin (ICV-STZ) treated rats.

Values are expressed as mean + SEM, * P <0.001 vs Sham, # £<0.001 vs STZ, @
P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg).

Table 2: Effect of ChA on brain (hippocampus) GABA and Glutamate in
intracerebroventricular streptozocin (ICV-STZ) treated rats.

Biochemical Parameters
Groups )
ng/mg tissue sample (% of control)

GABA Glutamate

Sham control 223.625+ 1.37 317.625 + 0.25

ICV-STZ 109.5£2.44* 478.875 £ 0.54 %
STZ+ ChA (25 mg/kg/ p.o) 163.625 + 2.32# 387.85 + 0.33#
STZ+ ChA (50mg/kg/ p.0) 199.375 + 0.75@ 337.874 + 0.34@
STZ+ ChA (100 mg/kg/p.o) 202.375 + 1.36@# 323.44 + 0.41@#

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ, @
P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg).

(100 mg/kg p.o) (p < 0.001) showed more marked effects in attenuating
the levels of IL-1 3, IL-6 and TNF- a in hippocampus (Table 3).

ChA reversed ICV-STZ mediated increase in MDA and
Nitrite level while a decrease in GSH activity in the
hippocampus in rats

Increased brain nitrite expression and lipid peroxidation (Malondialde-
hyde level) and decrease antioxidant (Glutathione level) enzymes which
leads to nitrosative and oxidative stress respectively are an integral part
of AD-affected brains. Systemic administration of ICV-STZ (3 mg/kg)
on day 1 and day 3 following surgery significantly (p < 0.001) increased
MDA, nitrite concentration and depleted glutathione as compared to
sham control group (Table 4). Chronic administration of ChA at all

Table 3: Effect of ChA on brain (hippocampus) proinflammatory mark-
ers in intracerebroventricular streptozocin (ICV-STZ) treated rats.

Groups Biochemical Parameters (pg/ml)
TNF-a IL-1B 1I-6
Sham control 3331 £6.717 26.10 = 5.990 25.17 £0.799

ICV-STZ 10220 £9.058 *  89.10+8.751*  71.15 +7.751*
STZ+ ChA 25mg/ o0 11 4 60728 72.16 + 4# 66.80 + 7.930#
kg/ p.o)
STZ+ ChA (S0mg/ ) 11 + 83920  67.96+5930@  59.46 + 6.085@
kg/ p.o)
STZ+ChA (100 (079, ¢ 8r0@# 4193 +6.085@#% 37.80 + 7.930@%
mg/kg/p.o)

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ, @
P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)

Table 4: Effect of ChA on brain (hippocampus) biochemical parameters
and on spontaneous locomotor activity in intracerebroventricular
streptozocin (ICV-STZ) treated rats.

Groups Biochemical Parameters Locon:nf) tor
activity
MDA Nitrite GSH Activity
(nmole/mg (umole/mg (umole/mg counts/10
protein) protein) protein) minutes
S 0.365+ 1.37 7.72 £ 0.25 2.129 £ 0.23 221.66 + 10.99
control
ICV-STZ 1.933+244* 26.5+0.54* 0.029 £0.08*  205.66 £ 11.77
ChA+
SV
0.840 £2.32# 11.85+0.33# 0.183+0.18% 207.83 +12.45
(25 mg/
kg/p.o)
ChA+
STZ 228.167 £
b +0. .84 £ 0.34 1. +0.
(50/mg/ 0.735+0.75@ 9.84 + 0.34@ 079 + 0.88@ 11.83
kg/p.o)
ChA+
STZ 0.636 + 8.44 +
156 + 0.28@# 167 + 9.
(100 mg/ 1.36@# 0.41@# 1.156 £+ 0.28@: 202.167 £9.43
kg/p.o)

Values are expressed as mean + SEM, * P <0.001 vs Sham, # P <0.001 vs STZ, @
P <0.001 vs ChA (25mg/kg), @# P <0.001 vs ChA (50mg/kg)

Note: Malondialdehyde (MDA), reduced glutathione (GSH)
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three doses attenuated STZ induced elevation in MDA, nitrite levels and
restored levels of antioxidant enzyme glutathione as compared to STZ
infused group.

DISCUSSION

Despite remarkable progress in understanding pathogenesis of dementia,
the search for a cure against these diseases is troublesome and frustrat-
ing; for Decades now, complications of the AD have made the develop-
ment of its therapeutic intervention quite a challenging task.?” Although
the currently prescribed molecules provide some improvement in the
clinical condition of patients, it is at a cost of having to bear the bur-
den of their adverse effects and lack of their curative effects.’”” Thus it
is imperative to keep exploring different approaches that can be used
to target the AD complications which could be translated into success-
ful clinical trials. The herbs have been used as medicines from ancient
times, as they are safer and have no side effects. The ultimate aim of this
research is to find a solution for this disease by using herbal compound.
In present study we demonstrate the therapeutic potential of ChA in
ICV-STZ induced experimental sporadic AD. ICV-STZ induced model
has been commonly used to explore the various behavioral, biochemi-
cal and cellular alterations, implicated in pathogenesis of SAD. In the
present study, bilateral ICV infusion of STZ produced cognitive impair-
ment, cholinergic deficiency, elevation in proinflammatory cytokines,
oxidative stress and hippocampus neurochemical and histopathologicsal
alterations in rats.”® The observed changes are in line with earlier studies
demonstrating similar behavioral and biochemical alterations following
STZ infusion in rats. ICV administration of STZ has been reported to
produce AD like symptoms in animals and non-human primates. The
findings of the present study are in tune with earlier reports which also
observed behavioral, biochemical, neurochemical and histopathologic-
sal changes in rats following ICV-STZ infusion in rats. In the present
study results of memory consolidation and novel object recognition in
ICV-STZ infusion in rats, evaluated by MWM and OR paradigms shown
poor learning and discriminative abilities. Although, the exact mecha-
nism of ICV-STZ induced cognitive deficits is not clear. However, vari-
ous mechanisms such as cellular energy failure, mitochondrial damage,
oxidative stress, excitotoxicity, upregulation of inflammatory markers,
degeneration of cholinergic neurons and ultimately leading to cell death
which are primarily linked with the deterioration of learning and mem-
ory abilities has been correlated in STZ induced learning and memory
impairment.**The present findings illustrated the ICV-STZ infused rats
significantly prolonged escape latency in MWM task as compared to
animals of sham control, suggesting ICV-STZ impaired spatial learning
and memory. Similar observations were also observed in novel ORT that
define spatial learning, origination of new memories and recapitulations
of stored memories.* In the present study, ICV-STZ administrated rats
were unable to discriminate between familial and novel objects in ORT.
The changes in spontaneous locomotor activity have been suggested to
modulate the learning and memory in ORT and MWM paradigms.**
However, no significant difference in spontaneous locomotor activity
was observed in any of the experimental group. ChA treated rats showed
dose dependently significant improvement in acquisition and consolida-
tion and were able to discriminate between familiar and novel objects
suggesting improvement of learning and memory in STZ treated rats
without affecting spontaneous locomotor activity in line with the pre-
vious reports.! The results of current study show that ChA displayed
behavioral profile that is consistent with an antidepressant and anxiolytic
actions (Onasanwo et al. 2014) and neuroprotective potential glutamate
induced excitotoxicity. In line with previous observations, the behavioral
disruption in STZ treated rats observed in present study may be due to
upregulation of AChE enzyme®**' further supporting the impairment of

cholinergic system viz loss of memory function and coordination. It has
been reported that Terminelia chebula posses AchE inhibitory activity.'s
In the present study, administration of CA significantly attenuated the
elevated levels of AChE whereas these effects were more profound when
CA was given at higher doses. Evidently the improved memory perfor-
mance was observed in MWM and novel ORT as well as improvement
of AChE enzyme level in STZ treated group by administration of CA
suggesting its potential role in cognitive performance.

It has been demonstrated that hippocampus is highly enriched in cholin-
ergic, glutamenrgic, GABAergic and monoaminergic axon terminals and
these neurotransmitters known to play crucial role in encoding, storage
and expression of memory.*? A close relationship exists between impair-
ment in behavioral function and disruption of neurotransmitters ho-
meostasis in hippocampus in AD as well as in experimental animals.*>*
Linked with this, these alterations in hippocampal neurochemistry fol-
lowing ICV-STZ infusion in rats in the present study. On the other hand,
significant alterations in hippocampal neurochemistry including deficits
in monoamines (NE, DA and 5HT) and disturbed balance of GABA and
Glutamate have also been reported to occur in AD*¢ as well as follow-
ing ICV-STZ infusion in rats.* In the present study, ICV-STZ treatment
significantly decreases GABA, DA, NE, 5-HT and increases glutamate
level. In the present study, treatment with ChA significantly restored
the hippocampal neurotransmitters signaling implicated that ChA may
improve neurotransmitters homeostasis in hippocampus in STZ treated
animals and also in pathophysiology of AD.Oxidative stress is initiated
by reactive oxygen species (ROS), which are produced as a by-product
of electron transport in mitochondria play a key pathogenic role in dis-
ease progression and thought to be involved in STZ induced cognitive
deterioration.”” Previous findings suggested that mitochondria consist of
multiple electron carriers competent of producing ROS and widespread
network of antioxidant defence mechanism. Any abnormality or inter-
nal insult to mitochondrial can cause an imbalance between generation
of ROS and defense, leading to oxidative damage.® Interestingly, ROS
not only cause damage to cellular structures which lead to neurotic cell
death, but also provoke cellular responses which are evident in vulner-
able neurons in AD. Excess ROS causes cell injury by damaging lipids,
proteins and DNA in cell.* In the present study, ICV administration of
STZ significantly increased MDA and nitrite concentration, depleted the
levels of reduced glutathione and SOD, signifying oxidative damage. Re-
cent studies showed the antioxidant properties of different extracts of T.
chebula fruits."® In an earlier report, a 70% methanol extract of T. chebula
fruits was found to have good efficacy in radical scavenging abilities.” In
another report, chloroform, ethanolic, n-butanolic and organic aqueous
extracts were investigated for anti-lipidperoxidation, anti-superoxide
radical formation and free radical scavenging activities.'” Thus in the
present study, chronic administration of ChA signifanctly attenuated
oxidative damage, by attenuating MDA and nirite level and improve an-
tioxidant defence, demonstrating its anti-oxidative effect. Moreover, this
antioxidant effect was enhanced when ChA is given at higher dose.

Neuroinflammation also plays major role in pathogenesis of CNS dis-
orders including AD.* Several hypotheses support the fact that oxida-
tive damage and mitochondrial dysfunctions are the major contributors
of neuroinflammation.®® Cytokines such as IL-1, IL-} and TNF-a has
been implicated in the pathogenesis of various neurodegenerative dis-
eases. ROS generation by IL-1, IL-p and TNF-a leads to the increased
expression of various inflammatory genes like MMP-9 which may in-
crease BBB permeability, causing recruitment of immune cells infiltrat-
ing through BBB into tissues and subsequently results in neuroinflam-
mation.”’ Moreover, it has been reported that IL-13 and IL-6 induces
neurotoxicity mainly through the release of free radicals. In addition in
brain microglia produces TNF-a and its overproduction has been linked
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with neurodegeneration.”” These studies indicate that cytokines such as
IL-1B, IL-6 and TNF-q, contributes to the CNS inflammation and neuro-
degeneration. In the present study, ICV- STZ infusion caused significant
elevation in the hippocampus cytokines levels indicating neuroinflam-
mation and this stz induced elevation in proinflammatory cytokines was
significantly attenuated by ChA treatment.

CONCLUSION

Therefore, we predict that, ChA dose dependently attenuated STZ- in-
duced cognitive deterioration and other biochemical and neurochemical
alterations in the present study. ChA produced neuroprotective action by
reduction of nitro-oxidative stress and anti-inflammatory activities and
its ability to modulate hippocampal neurochemistry and neuronal cell
death. The current study further provides a hope that these ChA could
be used in the treatment and management of cognitive disorders such as
AD. However, their exact mechanism at cellular and molecular level is
still poorly understood and needs to be explored further.
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