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A B S T R A C T

Pentacyclic Phytomolecule 3-O-Acetyl-11-keto-β-boswellic acid (AKBA) from Frankincense family has proven for
the neuroprotection and recognized as an orphan drug for the treatment of cerebral edema. Nonetheless, AKBA
have promising indications with Peroxisome proliferator activated receptor gamma (PPARγ) associated to
cognitive function not deliberated so far. In order to substantiate the potential role of AKBA on memory function,
we examine the contribution of PPARγ activation and its downstream process. Modified method of scopolamine
induced dementia rats were treated with AKBA (5, 10&15 mg/kg,i.p) and Donepezil (2.5 mg/kg,i.p). Scopolamine
induced short term spatial, working memory and recognition memory impairment was reversed significantly after
AKBA treatment. AKBA administration diminished the Acetylcholine esterase (AchE) activity and preserved brain
GABA and glutamate mediated neuronal excitability. Further, gene expression study reveals AKBA ameliorates the
memory impairment via activating PPARγ and its downstream regulators, matrix metalloproteinase 2 (MMP2)
and matrix metalloproteinase 9 (MMP9) genes in hippocampus. This study concludes that the treatment with
AKBA can be a novel Phyto-molecule of interest for treating dementia via up-regulating hippocampus genes
mediated cholinergic activation.
1. Introduction

Memory is a process of acquisition, consolidation and recognition.
Mild cognitive impairment does not affect the day-to-day life, but mod-
erate conditions have a risk of developing dementia. Nevertheless, severe
cases undeniably affect the ability to lead an independent life [1]. Studies
have recognized that the neuroprotective role of Peroxisome proliferator
activated receptors (PPAR) in various cognitive deficit models both in
clinical and preclinical studies. Among the four isotypes of PPAR re-
ceptors, PPARγ has the highest expression in the central nervous system,
chiefly localized in neurons, astrocytes, and glial cells [2, 3].

PPAR-γ agonists protects the learning and memory impairment by
improving cytokine release, mitigating mitochondrial stress, release of
neurotrophins and enhancing ERK2 activity in hippocampus on Tg2576
mice model of AD [4, 5]. PPARγ also reduces the Aβ load and inflam-
mation, in turn enhances the learning and memory impairment in high
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fat fed 5XFAD model [5]. Drug candidate like WY14643 potentially en-
hances the cognitive function through the activation of PPARγ receptor in
scopolamine inducted C57BL/6J mice. Nine days administration of pio-
glitazone against the scopolamine treatment significantly rescued the
cholinergic dysfunction and improves the cognitive function [6]. On the
other hand, scopolamine treatment potentially inhibits the hippocampal
MMP2 and MMP9 release and increases the brain glutamate levels in
which inversely affect the acetylcholine release during memory consol-
idation [7, 8]. Besides, in healthy volunteer, MMP2 and MMP9 gene
expression have shown positive association with improvement of work-
ing, visual, auditory and verbal cognitive function [9].

Boswellia serrata is a holistic medicinal plant which has a Pentacyclic
triterpene compound like AKBA; biologically very active approved by the
European Medicines Agency for the treatment of brain edema as an
orphan drug [10]. AKBA revealed the potential anti-oxidant and
anti-inflammatory activity by suppressing 5-lipoxygenase (5-LOX) and
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nuclear factor kappa-beta (NF-κB) pathway [11]. AKBA co-treatment
with celecoxcib exhibits anti-glutamiergic activity in LPS induced
cognitive impairment study [12]. Brain glutamate was significantly
reduced in kainic acid provoked excitotoxicity model after AKBA dealing
with COX-2 inhibitors [13]. AKBA significantly activates the Nrf 2/HO-1
signaling mechanism during Oxygen glucose deprived condition and
provides protection against brain endothelial cell dysfunction [14]. In
addition to this, as a result of nuclear factor erythroid-2 (Nrf2) signal
inhibition, AKBA improves brain ischemic reperfusion injury in mouse
model [15, 16].

Captivatingly, Though AKBA have possible evidence with PPARγ re-
ceptor related to cognitive functionality, no study has substantiated yet.
Hence, the present study is commenced to clarify the potential role of
AKBA on PPARγ receptor and its downstreammechanism in scopolamine
induced dementia model.

2. Materials and methods

2.1. Animal and study design

Study design and guidelines followed in this study was approved and
monitored by Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) and Institutional animal ethics com-
mittee (IAEC-KMCRET/M.Pharm/2/2019-20). Male Wister albino rats
(N ¼ 48) weighing 180–200g were obtained from Biogen laboratory
animal facility, Bangalore. n ¼ 8/group. Group I, control (0.5% HPMC,
p.o.), Group II, Scopolamine (2 mg/kg,i.p), Group III, Sco þ donepezil
(2.5 mg/kg, p.o), Group IV, V and VI, Scoþ AKBA (5,10 and 15 mg/kg in
0.5% HPMC). Rats were euthanized using ketamine (0.01–0.05 mg/kg).

Duration and dose of AKBA administration (5, 10 15 mg/kg) were
selected based on the laboratory of the Vedic Apsen Fitomedicine where
350 mg of dry extract of B. serrata Roxb. ex Colebr–Burseraceae corre-
sponds to 3 mg AKBA was used in inflammatory bowel disease (IBD)
[16]. Based on above statement, our preliminary study (acute restrain
stress model for 7 days) on (3,10,15 and 20 mg/kg,i.p) AKBA adminis-
tration showed significant behavioral improvement from the dose of 10,
15 and 20 mg/kg. Moderate Weight loss was found at 20 mg/kg but not
in 3, 10, 15 mg/kg dose level, and therefore we focused on AKBA
treatment at 5, 10, 15 mg/kg.

2.2. Morris water maze test

Morris water maze (160 cm � 80 cm X 40 cm) is a water filled pool
has four identical quadrants maintained at 21 � 2 �C with a stage
immersed from water surface around 1.5 cm placed in dim light area.
Four trials have given per day for five days to find the stage which is
unchanged during training sessions includes 60 s for locating immersed
stage and 20 s to reside on it. If not make the grade, animals will be
guided until it learns. Animals were subjected to training session for 5
consecutive days. On Day 6 escape latency time (ELT) to locate the
hidden platform in water maze was noted as an index of acquisition or
learning. Time spent in the target quadrants and the number of crossings
while searching the target quadrant was also noted as index of memory
[17].

2.3. Y - maze test

The maze consists of identical, removable sun mica lined chambers
arranged in ‘Y’ shape connected to the central chamber. Each arm has a
working dimension of approx. 30 cm � 15cm x15 cm with electrifiable
grill, and has chamber light or Cue light with indicator, grill charge in-
dicator, rat presence indicator and hinged top. The Central compartment
also contains a wire grill. The rats were allowed to explore the ‘Y’ Maze
apparatus for 5 min at the start of their training. The rats were then put
into the Starting chamber (as per program switch). After 5 s (approx.)
shock was applied by switching the unit on or by the rotary program
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selector till the animal reaches the goal in the illuminated Arm. The
animal was then allowed to stay in that arm for the entire inter-trial
period. This training continued till the animal attains 9 out of 10 cor-
rect choices (An error is counted when the animal enters the wrong
compartment during the entire trial). After training the animal was
placed in any of the arm and applied shock after 5 s. The time taken by
the animal to reach the illuminated arm was noted [18].
2.4. Novel object recognition test

The test consists of three sessions separated by 24 h. In session
(habituation); animals were allowed to explore for 10 min. In session 2
(familiarization); two identical objects were placed in the open field and
5 min was given for each animal to interact with the objects. During inter
period time (1 h), rats were placed in their home cage. In session 3 (test);
one of the identical object was replaced with a novel object differs in
shape, color, and texture and the animals were allowed to interact with
the object for 10 min. The initial position of the animal facing the objects
unchanged throughout the sessions. Contacts with objects defined as
when the animal's nose less than 1 cm from the object. No of contact with
objects, time to reach the object and time spent in the vicinity of objects
were noted [19].
2.5. Acetyl cholinesterase inhibition assay

Acetyl cholinesterase activity was determined in blood plasma ac-
cording to Elman's method and the developed yellow color due to the
cleavage of acetylthiocholine to thiocholine by AchE was read spectro-
photometrically at wavelength 412 nm. Units were expressed as nmol/
min/mg protein [20].
2.6. Excitatory and inhibitory amino acid estimation in brain tissue

Every 10 mg brain tissue sample from rat brain was homogenised
with 0.1N HCL (200μl) in 70% ethanol then transferred to an Eppendorf
tube and centrifuged at 4500 rpm/15min in a cooling centrifuge system.
The obtained tissue lysate was processed for the estimation of glutamate
using L-glutamic acid (10–100 μmol/spot) as standard and for GABA
using GABA (5–80 ng/spot) as reference standard at the wavelength of
550 nm using HPTLC system comprising of CAMAG-TLC scanner 3 with
linomat-5 applicator [21].
2.7. Quantification of PPAR-γ, MMP-9 and MMP-2 gene expression using
RT-qPCR

The mRNA of PPARγ, MMP2 and MMP9 gene expressions were
studied using qPCR (Applied Biosystems). From the brain tissue samples,
The cells were lysed using TRI reagent and total mRNA was separated
and processed to cDNA using conversion kit as per manufacturer's pro-
cedure. PCR reactions were run in qPCR (Applied Biosystems, Foster City,
CA, USA) system. Primers were added and 35–40 cycle of amplification
was initiated after adding the reaction mixtures, at 95 �C for 30s. Primer
sequence includes β-actin, sense Primer: 50-CAACTTTGGCATCGTG-
GAAG-30antisense primer: 50CTGCTTCACCACCTTCTT-30,MMP-2:sense
primer 50-TGGTGTGGCACCACCGAGGA-30antisense primer: 50-
CCTTGCCATCGCTTCGGCCA-30,MMP-9:sense primer 50-AGCCGG-
GAACGTATCTGGA-30, antisense primer:-50-TGGAAACTCACACGCCA-
GAAG-30,PPAR-γ:sense primer: 50-TAGGTGTGATCTTAACTGTCG-30,
antisense primer 50–GCATGGTGTAGATGATCTCA-3’. Denaturation at 95
�C for 5 s, and annealing and extension for 30 s. The experimental pro-
cedure was triplicated and then the products were separated, visualized
and quantified with reference marker gene [22].
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2.8. Morphological study

Rat brain hippocampus were collected and fixed with buffered
formalin (10%) and perfused with Phosphate buffer solution (1%).
Following another 24 h of fixation, brain hippocampus was sectioned and
then subjected for paraffinization and de-paraffinization process. There
after hippocampus sections were stained with hematoxylin and Eosin
markers, and examined microscopically at the magnification of 40x.
2.9. Statistical analysis

Statistics (N ¼ 6, Mean � SEM) were performed based on one way
ANOVA followed by post hoc analysis Turkey's multiple comparison test
using prism software 5.0. Also, we carried out correlation coefficient
analysis to verify the possible relationship between the two liner
dependent variables. Data expressed, If R2, >0.9 or more considered as a
Figure 1. Effect of AKBA on Morris water maze performance and Y Maze test. A) Rete
time. (N ¼ 8), Statistical analysis was carried out in one-way ANOVA followed by
significance *P < 0.05 Vs control; #P < 0.05 Vs scopolamine treated group.
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very high degree of positive correlation. If R2, > -0.9 or more considered
as a very high degree of negative correlation between the dependent
variables.

3. Results

3.1. Effect of AKBA on spatial learning and memory performance

Short term spatial learning and memory were examined by Morris
water maze test. Scopolamine induction markedly increased the reten-
tion time [F (5, 42) ¼ 22.3, p < 0.001] as compared to control
(Figure 1A). Donepezil 2.5 mg/kg markedly [F (5, 42) ¼ 17.24, P <

0.001] reduced the retention time in comparison with scopolamine.
Treatment with AKBA at 5 mg/kg [F (5, 42)¼ 9.11, P < 0.05], 10 mg/kg
[F 5, 42)¼ 12.31, P< 0.01] and 15 mg/kg [F (5, 42)¼ 15.72,P< 0.001]
significantly reduced the retention time as compared to scopolamine.
ntion time B) Time spent in target quadrant C) No of Crossings D) Escape latency
post hoc analysis Turkey's multiple comparison test using prism 5.0. Statistical
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Treatment with scopolamine resulted in significantly decreased the time
spent as compared to control in target quadrant [F (5, 42) ¼ 19.48, P <

0.001] (Figure 1B). AKBA treatment at 10 mg/kg [F (5, 42) ¼ 7.03, P <

0.05] and 15 mg/kg [F (5, 42) ¼ 13.70, P < 0.01] significantly increased
the time spent for scopolamine. Number of crossings around the target
quadrant is decreased for scopolamine group when compared to control
[F (5, 42)¼ 9.56, P< 0.01]. For donepezil [F (5, 42)¼ 8.11, P< 0.01] in
comparison with scopolamine group. 10 mg/kg [F (5, 42) ¼ 5.63, P <

0.05] and 15 mg/kg [F (5, 42) ¼ 6.05, P < 0.01] of AKBA administered
rats exhibited the increased number of crossings compared to scopol-
amine. There is no significant difference for AKBA at 5 mg/kg on time
spent and crossings when compared to scopolamine group (Figure 1C).

3.2. Effect of AKBA on short-term working memory performance

Scopolamine treated rats showed [F (5, 42) ¼ 15.6, P < 0.001] sig-
nificant increase of escape latency time in comparison to control. In turn,
Treatment with Donepezil [F (5, 42)¼ -13.12, P < 0.001] and AKBA at 5
mg/kg, [F (5, 42) ¼ 6.83, P < 0.05], 10 mg/kg [F (5, 42) ¼ 8.45, P <
Figure 2. Effect of AKBA on novel object recognition test. A) No of contacts B) Time
ANOVA followed by post hoc analysis Turkey's multiple comparison test using prism
treated group.
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0.01] and 15 mg/kg [F (5, 42)¼ -9.79, P< 0.01] markedly decreased the
escape latency time when compared to scopolamine group (Figure 1D).
3.3. Effect of AKBA on recognition memory performance

Scopolamine treated rats significantly decreased the number of con-
tacts with novel object [F (5, 42) ¼ 13.12, P < 0.01], increased with
familiar object [F (5, 42) ¼ 26.61, P < 0.001] in comparison to control
(Figure 2A). Compared to scopolamine group, number of contacts were
found to be increased with novel object [F (5, 42) ¼ 15.81, P < 0.001]
and decreased with familiar object [F (5, 42) ¼ 21.02, P < 0.001] for
donepezil treated group. AKBA (5,10 and 15 mg/kg) significantly
increased the number of contacts with novel object [F (5, 42)¼ 10.2, P<

0.05] and significantly decreased with familiar object [F (5, 42)¼ 17.83,
P < 0.05) compared to scopolamine treatment. Scopolamine induction
significantly reduced the time spent with the novel object [F (5, 42) ¼
36.07, P< 0.001] and increased with familiar object [F (5, 42)¼ 54.12, P
< 0.001] as compared to control group. Donepezil increased the time
spent with novel object [F (5, 42) ¼ 30.46, P < 0.01] and decreased with
familiar object [F (5, 42) ¼ 42.62, P < 0.001] as compared to
spent C) Time to reach. (N ¼ 8), Statistical analysis was carried out in one-way
5.0. Statistical significance *P < 0.05 Vs Control; #P < 0.05 Vs Scopolamine
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scopolamine. AKBA (5,10and 15mg/kg) treatment significantly augment
the time spent with novel object [F (5, 42) ¼ 16.84, P < 0.05) and
significantly lessen the time spent with familiar object [F (5, 42)¼ 22.47,
P < 0.05] were observed as comparable to scopolamine (Figure 2B). The
time taken by the scopolamine treated rats to reach the novel object [F (5,
42) ¼ 24.05, P < 0.001] was less than that of familiar object [F (5, 42) ¼
37.73, P< 0.001] (Figure 2C). For Donepezil treated group, time to reach
the novel object [F (5, 42) ¼ 19.42, P < 0.001] was less than that of
familiar object as compared to scopolamine group [F (5, 42)¼ 28.71, P<

0.01]. AKBA (5, 10 and 15 mg/kg) treated group takes less time to reach
Figure 3. Effect of AKBA on plasma Acetyl cholinesterase activity, brain glutamate a
Statistical analysis was carried out in one-way ANOVA followed by post hoc analysis
0.05 Vs Control; #P < 0.05 Vs Scopolamine treated group.

5

the novel object [F (5, 42) ¼ 15.45, P < 0.01) than familiar object [F (5,
42) ¼ 12.06, P < 0.05] when compared to scopolamine (Figure 2C).
3.4. Effect of AKBA on acetylcholine esterase activity

In comparison to control group, scopolamine group significantly
increased the rate of acetylcholine esterase activity [F (5, 42)¼ 7.23, P<

0.001] (Figure 3A). Donepezil [F (5, 42) ¼ 5.07, P < 0.01] decreased the
rate of enzyme activity in comparison with scopolamine treated group.
Likewise, Administration of AKBA at 5 mg/kg, [F (5, 42) ¼ 2.31, P <
nd GABA level. A) Enzyme activity B) Glutamate level C) GABA level. (N ¼ 8),
Turkey's multiple comparison test using prism 5.0. Statistical significance, *P <
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0.05]. 10 mg/kg [F (5, 42) ¼ 4.02, P < 0.01] and 15 mg/kg [F (5, 42) ¼
4.83, P < 0.01] showed diminution in rate of enzyme activity as
compared to scopolamine.
3.5. Effect of AKBA on brain excitatory and inhibitory amino acids

Scopolamine treated group significantly increased the glutamate level
when compared to control [F (5, 42) ¼ 13.2, P < 0.001] (Figure 3B).
Treatment with Donepezil [F (5, 42) ¼ 10.36, P < 0.01] decreased the
glutamate level in comparison with scopolamine. AKBA (10 and 15 mg/
kg), [F (5, 42) ¼ 6.71, P < 0.05] and [F (5, 42) ¼ 6.94, P < 0.05]
treatment diminished the glutamate level as compared to scopolamine.
On the other hand, scopolamine significantly decreased the GABA level
when compared to control [F (5, 42) ¼ 16.2, P < 0.001]. In contrast,
Treatment with Donepezil [F (5, 42) ¼ 14.72, P < 0.001] markedly
Figure 4. Effect of AKBA on relative gene expression of A) PPARγ, B) MMP-2 and C)
hoc analysis Turkey's multiple comparison tests using prism 5.0. Statistical significa
Correlation analysis, PPARγ expression Vs AchE, PPARγ expression Vs MMP-2 expres
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increased the GABA level in comparison with scopolamine treated group.
Similarly, AKBA (10 and 15 mg/kg) [F (5, 42) ¼ 8.36, P < 0.05] and [F
(5, 42)¼ 12.47, P< 0.01] treatment increased the GABA level compared
with scopolamine (Figure 3C).
3.6. Effect of AKBA on PPARγ, MMP-2 and MMP-9 relative gene
expression

Scopolamine treatment significantly decreases the relative gene
expression of PPARγ as compared to control [F (5, 12)¼ 21.6, P< 0.001]
(Figure 4A) When compared to scopolamine, Donepezil treatment
increased the relative gene expression level of PPARγ [F (5, 12) ¼ 17.25,
P < 0.01]. Similarly, AKBA treatment at 10 mg/kg and 15 mg/kg
significantly enhanced the gene expression level of PPARγ [F (5, 12) ¼
10.32, P < 0.05, F (5, 12) ¼ 13.51 P < 0.01] when compared to
MMP9. Statistical analysis was carried out in one-way ANOVA followed by post
nce, ***P < 0.001 Vs Control. ##P < 0.01 Vs Scopolamine treated group. D)
sion, PPARγ expression Vs MMP-9 expression. R2 > 0.9 shows significant level.



Figure 5. Effect of AKBA on Hippocampus Morphology, H&E staining with 40X
magnification. A) Control, B) Scopolamine C) Donepezil, D) AKBA 5 mg/kg, E)
AKBA 10 mg/kg, F) AKBA 15 mg/kg.
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scopolamine treated group. Treatment with scopolamine reduced the
relative gene expression of MMP-2 compared with control [F (5, 12) ¼
13.52, P < 0.001] (Figure 4B). Donepezil treatment markedly increased
the relative gene expression level [F (5, 12) ¼ 11.36, P < 0.01] in
comparison to scopolamine. In the same way, Treatment of AKBA (5, 10
&15 mg/kg) increased the relative gene expression level [F (5, 12)¼ 6.2,
P < 0.05, F (5, 12) ¼ 7.83, P < 0.01 and F (5, 12) ¼ 8.43, P < 0.001]
compared with scopolamine. In addition to this, scopolamine treatment
exhibited reduction in the relative gene expression of MMP-9 when
compared to control group [F (5, 12) ¼ 15.37, P < 0.001] (Figure 4C). In
comparison with scopolamine treated group, Donepezil treatment
increased the relative gene expression of MMP-2 [F (5, 12) ¼ 8.59, P <

0.01]. AKBA treatment (10 mg/kg and 15 mg/kg) shows increased in
gene expression level [F (5, 12) ¼ 6.47, P < 0.05, F (5, 12) ¼ 6.91, P <

0.05] when compared to scopolamine treated group.

3.7. Correlation analysis

In Correlation coefficient study, association of PPARγ with AchE ac-
tivity, MMP2 and MMP9 gene expression were examined. Hippocampal
PPARγ gene expression showed higher negative correlation with AchE
activity (R2 ¼ 0.954), In contrast, MMP2 (R2 ¼ 0.963) and MMP9 (R2 ¼
0.934) revealed positive correlation with PPARγ gene expression in
cognitive functionality assessment (Figure 4D).

3.8. Effect of AKBA on hippocampal histology

Scopolamine treated rats shown significant neuronal changes
compared to control group of rat hippocampus CA1 region. Hippocampal
morphology illustrates prominent cell shrinkage, necrosis, mild hemor-
rhage and gliosis in scopolamine rats. On contrary, Donepezil group
showed mild gliosis and hemorrhage were observed, but no cell
shrinkage, necrosis was present. Similar pattern of histological changes
was observed in AKBA (10 & 15 mg/kg) treated group as compared to
CUMS. In AKBA 5 mg/kg, showed mild cell shrinkage and gliosis were
observed compared to Scopolamine group (Figure 5).

4. Discussion

The present study scrutinized the role of AKBA on modified scopol-
amine induced dementia model in rodents by observing behavioral,
biochemical and gene expression pattern through the conformational
changes on PPARγ receptor and their downstreammechanism and by the
neuronal staining techniques in hippocampus CA1 region. Scopolamine
induced cognitive destruction in rodent is meticulously resemblance to
clinical symptoms of early and late sporadic AD. Moreover, scopolamine
induction depicts, not only acquired learning and memory, also dem-
onstrates the recognition memory condition as well [23]. Hippocampus
based spatial learning and memory sequence was experimented in MWM
platform. Animals routing to hidden platform improves the ability to
learn the task which is in direction with the hippocampus CA1, CA3 and
DG architect and its neuronal actions [24]. During the seven days trial,
retention time was observed and gradual reduction on day-to-day trial
was noted, this shows that continuous exposure of identical activity may
reduce the retention time thereby accelerating the learning and memory
performance, while augmentation of time spent and platform crossing
indicates improvement in reference memory [25]. Administration of
AKBA drastically improved the spatial learning and reference memory
performance by reducing retention time, increasing time spent and
platform crossing to the target zone.

Increased ELT and any escape to non-safe zones were regarded as
error which represents the impairment of short-term memory in Y maze
task [18]. Scopolamine exhibited marked increase in escape latency time
to safe zone, further confirmed by more non safe zone entry indicates
short term memory deficits. This study signifies that different dose of
AKBA administration reversed the scopolamine induced short term
7

memory deficit in dose dependent manner by increasing the number of
safe zone entry and by reducing the escape latency time to safe zone than
the non-safe zone area. Furthermore, the discriminating ability of rodents
were analyzed by the NOR test [26]. AKBA treatment potentiates the
remembrance capacity towards similarity between the two objects than
the scopolamine treated rats. Treatment with AKBA increased the time
spent and time to reach the novel object was found to be more than the
familiar object, depicts that AKBA potentiate the process of consolidation
and retrieval effectively in rodents. Likely, Donepezil treated animals
expressed better connectivity pattern towards the novel object
approachability and contact time than the familiar objects. This in
connection with treatment group showed significant increase in number
of contacts with novel object, represents course of object information
encoding process is well established which is lack in scopolamine treated
rats.

Abnormality in cholinergic neuron is very crucial to amnesia, de-
mentia and AD like pathological condition [27]. Scopolamine is a short
acting cholinergic muscarinic receptor antagonist cause cerebral atrophy
and degeneration of cholinergic neurons thereby induces cholinergic
dysfunction by decreasing acetylcholine release and choline acetyl-
transferase activity, and by increasing acetylcholine esterase and butyr-
ylcholine esterase activities [28, 29, 30]. Stimulation of PPARγ receptor
resulted in the activation of the cholinergic neurons in cortex and hip-
pocampus, there by increasing the acetylcholine release and decreasing
AchE activity and increasing ChAT activity [6]. AKBA significantly
reversed the scopolamine induced elevated AchE activity which in turn
increased the acetylcholine release. In addition to this, AKAB treatment
significantly improved the mRNA of PPARγ gene expression in CA1 re-
gion. In contrast, PPARγ expression was significantly lessen in scopol-
amine treated animals where the AchE activity was considerably high.
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Previous study demonstrate that hippocampus PPARγ receptor activation
improves short term spatial learning and memory response in rodents by
decreasing the AchE activity [31]. From the aforesaid statement, we
speculate that improvement of different type of learning and memory
activity in MWM, Y maze task and NORT after AKBA treatment is
strongly associated to PPARγ receptor activation.

Central dogma of nervous system is neurons and astrocytes maintain
the glutamate concentration at considerable level to keep up the synaptic
integrity and to prevent the excitotoxicity contributes to cognition and
other therapeutic functions [32]. Enhancement of the glutamatergic
signal may cause adverse effects on memory formation, since elevated
level of glutamate considers as neurotoxic leads to brain deterioration
[33]. On the assessment, AKBA significantly reduced the glutamate level
induced by scopolamine. This observation strongly supports the earlier
statement, AKBA significantly inhibits glutamate induced excitotoxicity
in PC12 and N2a neuronal cells. In depressive rats, AKBA potentially
inhibits the glutamic acid decarboxylase (GAD) enzyme activation which
is involved in the course of glutamate synthesis process [21, 34]. More-
over, AKBA remarkably increased the GABA content against scopolamine
treatment, which is in line with previous report; cognitive impairment
induced by scopolamine is coupled with GABA reduction in the cortical
and hippocampus region. However, GABA is an inhibitor neurotrans-
mitter that prevents the excitability of neuronal cells [17]. Adding evi-
dence, Rosiglitazone, a PPARγ agonist remarkably increases the
elimination of glutamate from neuronal cells through the activation of
excitatory amino acid transporters (EAAT2) in OGD model [35].

In the course of memory formation, MMP2 and MMP9 play a decisive
role in consolidation and retrieval process. Meanwhile, controversial
report has also been placed between MMPs and cognitive functions,
stating that accumulation of Beta amyloid (Aβ) protein in astrocytes
stimulate the MMP-2&9 gene expression in AD [36]. On the contrary,
administration of MMP-2&9 inhibitors deteriorate the acquired memory
performance in MWM task and worsen the conditioned place preference
reaction in nicotinate rats [37]. Another study of patients with vascular
cognitive impairment have displayed the reduced MMP2 index range in
CSF [38]. Furthermore, depressive patients observed with poor cognitive
performance which is negatively correlated to mRNA expression of
MMP-2, MMP-9 and TIMP-2 genes and its proteins that directly correlates
to plasma acetylcholine level [9]. In this study, scopolamine induction
declines the mRNA of MMP2 and MMP9 genes in hippocampus which
was reversed significantly after AKBA administration. On treatment,
AKBA dose dependently improve the expression of mRNA of PPARγ gene,
as well as MMP2 and MMP9 genes against scopolamine treatment.
However, our study report made obvious that the activation of PPARγ
gene positively associated to MMP2 and MMP9 gene expression in
memory formation.

Neurofilaments are essential to maintain the structural integrity, ri-
gidity and functions of neurons observed in many neurodegenerative
events. Disruption of their architect associate to abnormal hippocampal
plasticity led to secondary damage to cytoskeleton of axon and its in-
ternal role. Studies also demonstrate that disarrangements of hippo-
campus neurons could affect the long term potentiation (LTP), working
and special memory activity [39]. Our study on rat hippocampus CA1
region has proved that the scopolamine group develops cell shrinkage,
reactive gliosis, extensive areas of necrosis and hemorrhage than the
normal rats. These histological changes were markedly attenuated in
AKBA treated groups dose dependently. This morphological changes by
AKBA, might be due to the activation of PPARγ receptor in hippocampus
where the expression of PPARγmRNA gene found more, also it would be
due to the suppression of glutamate release and to maintain the excit-
ability of neuronal cells in hippocampus region [27].

From the study report, AKBA showed potent neuroprotective action
against scopolamine induced hippocampal deterioration mediated
cognitive impairment. Further AKBA impersonates PPARγ receptor like
action on improving cognitive function through the activation of PPARγ
gene and its downstream regulators. Therefore, we conclude that the
8

molecular mechanism of AKBA strongly associated to PPARγ receptor
mediated cholinergic activation in cognitive function.
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