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Abstract

Neurodegenerative diseases are incurable and debilitating
conditions that result in the progressive degeneration of
nerve cells, which affect the cognitive activity. Currently, as
a result of multiple studies linking Alzheimer’s disease (AD)
to oxidative damage, the uses of natural antioxidant to pre-
vent, delay, or enhance the pathological changes underly-
ing the progression of AD has received considerable atten-
tion. Therefore, this study was aimed at examining the ef-
fect of ethanolic extracts of Phyllanthus emblica (EEPE) ripe
(EEPEr) and EEPE unripe (EEPEu) fruits on cognitive func-
tions, brain antioxidant enzymes, and acetylcholinesterase
(AChE) activity in rat. The effects of EEPEr and EEPEu fruits
(i.e., 100 and 200 mg/kg b.w.) were examined in Swiss albino
male rats for 12 days and its effect on cognitive functions,
brain antioxidant enzymes, and AChE activity determined.
Learning and memory enhancing activity of EEPE fruit was

examined by using passive avoidance test and rewarded al-
ternation test. Antioxidant potentiality was evaluated by
measuring the activity of antioxidant enzymes such as su-
peroxide dismutase (SOD), catalase (CAT), glutathione per-
oxidase (GSH-Px), glutathione reductase, reduced glutathi-
one (GSH), glutathione-S-transferase, and the contents of
thiobarbituric acid reactive substances (TBARS) in entire
brain tissue homogenates. AChE activity was determined
using colorimetric method. Administration of the highest
dose (i.e.,, 200 mg/kg b.w.) of EEPEr fruit significantly (p <
0.01) and both lowest and highest doses (i.e., 100 and 200
mg/kg b.w.) of EEPEu fruit markedly (p < 0.05, p < 0.001) in-
creased step-through latency in rats on 6th, 11th, and 12th
day with respect to the control group. For aforementioned
doses, the percentage of memory retention (MR) was con-
siderably (p < 0.05, p < 0.01) increased in rats on 10th, 11th,
and 12th day with respect to the control group. The extract,
particularly highest dose (i.e., 200 mg/kg b.w.) of EEPEr fruit
markedly (p < 0.05) and lowest and highest doses (i.e., 100
and 200 mg/kg b.w.) of EEPEu fruit significantly (p < 0.01)
increased the correct responses in rats on 6th, and 12th day
related to the control group. In case of this test, the percent-
age of MR was significantly (p < 0.05, p < 0.01) increased in
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rats treated with aforementioned doses on 12th day with
respect to the control group. The highest dose (i.e., 200 mg/
kg b.w.) of EEPEr fruit suggestively (p < 0.05) and both low-
estand highest doses (i.e., 100 and 200 mg/kg b.w.) of EEPEu
fruit suggestively (p < 0.05,p <0.01, p < 0.001) increased the
levels of SOD, CAT, GSH, GSH-Px and expressively (p < 0.01)
decreased the TBARS level compared to the control group.
Treatment with the highest dose (i.e., 200 mg/kg b.w.) of
EEPEr fruit significantly (p < 0.05) and both lowest and high-
est doses (i.e., 100 and 200 mg/kg b.w.) of EEPEu fruit mark-
edly (p < 0.01, p < 0.001) decreased the level of AChE activ-
ity compared to that of the control group. The present study
shows that EEPE fruit possesses an excellent source for nat-
ural cognitive enhancer which could be developed in the
treatment of AD and other neurodegenerative diseases.

© 2016 S. Karger AG, Basel

Introduction

Cognitive functions are brain-based superior topogra-
phies of human beings that cover all mental functions,
mental processes, and states of intelligent entities for pro-
cessing information, applying wisdom, and changing
choice [1]. Memory is a set of programmed neural con-
nections in the brain, to encode, store, and recover infor-
mation. It is linked, but is different from learning, which
is the collection of new information from the surround-
ing environment [2]. Cognitive impairments have long
been known as severe and consistent in some neurologi-
cal disease conditions such as Alzheimer’s disease (AD)
[3]. The pathophysiology of this degenerative brain dis-
ease is closely connected to the injury and death of neu-
rons that usually starts slowly and gets worse over time
[4]. Worldwide, 35 million people are affected by AD,
including 5.5 million Americans, and it is projected that
in 2050 more than 115 million people will have dementia
(5, 6].

This disease is characterized by the formation of senile
plaques, amyloid-B (AP) deposits, and neurofibrillary
tangles (NFTs) in the hippocampus and cortex [7]. Senile
plaques are spherical collections of dilated, tortuous, dys-
trophic neuritis around a central amyloid core, microglia
and reactive astrocytes at the periphery. Amyloid core is
composed of aggregated neurotoxic AP (1-42) peptide
and a 40- or 42-amino acid peptide [8]. Enzymatic cleav-
age and improper amyloid precursor protein processing
is responsible for the formation of AB. Deposition of AP
constitutes the fundamental AD abnormality. Ap pep-
tides are intermediate soluble oligomers that readily ag-
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gregate and can be directly synaptotoxic. Aggregates also
stimulate an inflammatory response that is blamed for
progressive damage through mediator release [9]. NFT's
are bundles of paired helical filaments in neuronal cyto-
plasm, largely containing hyperphosphorylated tau
protein as well as ubiquitin and other microtubule-asso-
ciated molecules [10]. Tau is a microtubule-associated
protein that enhances microtubule assembly. Once hy-
perphosphorylated, it can no longer sustain microtubule
assembly, causing disintegration and eventual cell death.
In case of senile plaque and NFTs, 4-hydroxy-2-nonenal
(HNE) and acrolein are significantly elevated [11]. Pa-
tients affected with AD have higher levels of free HNE in
amygdala, hippocampus, and parahippocampal gyrus.
An elevation of free HNE levels in ventricular cerebro-
spinal fluid and serum serves as a biomarker for this dis-
ease [12]. HNE may associate with protein and this is
observed in 3 stages of AD. In fact association of HNE
with protein serves as an indication of Michael addition
of HNE to protein [13]. HNE is responsible for activating
the p38 and c-Jun signaling cascades which are respon-
sible for stimulating cellular apoptosis. Research indi-
cates that the accumulation of AP in the brain due to
oxidative stress is responsible for the formation of senile
plaques [14].

Oxidative stress is an important factor in the patho-
genesis of AD [15]. Several studies suggest that Ap-
induced neurotoxicity, tau pathology, mitochondria dys-
function, and metal dyshomeostasis seen among Al-
zheimer patients are due to oxidative stress [16]. Oxidative
stress, which facilitates the neurotoxicity initiated by var-
ious factors such as abnormal accumulation of AB and tau
proteins, may increase AP production and aggregation in
addition to assisting tau phosphorylation and polymer-
ization and further stimulating multiple neurotoxic
events such as reactive oxygen species (ROS) production,
thereby forming a dangerous cycle that enhances the ini-
tiation and progression of AD. Apart from a primary or
secondary event, oxidative stress plays a significant role
in the development of AD [16, 17]. Acetylcholinesterase
(AChE) is the primary cholinesterase in the body that
plays an important role in the regulation of central cho-
linergic systems (CCS). In the brain, damage to the CCS
due to lack of AChE has been shown to be possibly linked
to the memory and cognition deficits associated with AD.
In recent times, the drugs available to treat AD are AChE
inhibitors and N-methyl-D-aspartate receptor antago-
nist. Currently, 4 reversible AChE inhibitors are approved
for the treatment of mild to moderate AD. They are do-
nepezil, galantamine, rivastigmine, and tacrine [18].
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Medicinal plants have been identified and used to treat
diseases from ancient times. For the treatment of various
minor and major diseases, people of the developing and
low income countries depend on medicinal plants [19].
Including Bangladesh, in a number of poor and develop-
ing countries, about 80% people rely on traditional med-
icines. The use of traditional medicines is not only limited
to developing countries, but also to a number of industri-
alized countries, where many people frequently use sev-
eral forms of traditional medicines, with England (47%),
Canada (70%), and Germany (75%) being examples [20].
WHO stated that more than 80% of the world’s popula-
tion depends on medicinal plants for their primary
healthcare needs [21]. Medicinal plants are the greatest
source of natural nootropics. In the treatment of AD, nat-
ural nootropics (i.e., smart drugs, memory enhancers,
neuro enhancers, cognitive enhancers, and intelligence
enhancers) play an important role due to the side effects
associated with synthetic learning and memory enhanc-
ers such as piracetam and cholinesterase inhibitors [22].
As a result, the search for new natural remedies is ongo-
ing. Ginkgo biloba [23], Bacopa monnieri [24], and Hu-
perzia serrata [25] are well-known natural cognitive en-
hancers for the treatment of AD.

The plant Phyllanthus emblica (PE) L. is known in
Bengali as Amloki and belongs to the Euphorbiaceae fam-
ily [26]. This plant is indigenous to tropical regions of
Southeast Asia. PE is also widely distributed throughout
the forests of Chittagong, Chittagong Hill Tracts, Cox’s
Bazar, Tangail, Dinajpur, Sylhet, and villages of
Bangladesh [27]. The fruit of this plant is almost spheri-
cal, quite smooth, 18-25 mm wide and 15-20 mm long,
light greenish yellow in color, with 6 vertical streaks, and
hard in appearance [28]. Traditionally, the fruit is benefi-
cial as an anti-inflammatory, antipyretic, astringent, di-
uretic, laxative, stomachic, liver, and hair tonic [29, 30].
This fruit is a great source of numerous phytoconstituents
such as alkaloids, flavonoids, terpenoids, tannins, and
pectin [31]. The important pharmacological actions of
this fruit are antioxidant, analgesic, anti-inflammatory,
neuroprotective, antitussive, anti-atherogenic, adapto-
genic, cardioprotective, immunomodulatory, gastropro-
tective, antiviral, antiemetic, anthelmintic, nephropro-
tective, and anticancer activities [32-35].

Preliminary studies have shown that PE fruit has anti-
oxidant and neuro-enhancing properties [36, 37]. No
study has been conducted so far to demonstrate such an
effect of PE ripe and unripe fruit that is of benefit in the
treatment of AD. Therefore, the purpose of this study was
to investigate the effect of ethanolic extract of PE (EEPE)
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ripe (EEPEr) and EEPE unripe (EEPEu) fruits on learning
and memory improvement in rats by behavioral tests
such as passive avoidance (PA) test, rewarded alternation
(RA) test, and the activity of brain antioxidant enzymes
by biochemical tests such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GSH-Px), gluta-
thione reductase (GSR), reduced glutathione (GSH), glu-
tathione-S-transferase (GST), estimation of contents of
thiobarbituric acid (TBA) reactive substances (TBARS),
and AChE activity in rat brain tissue homogenates.

Materials and Methods

Chemicals and Drug

Acetyl thiocholine iodide (ATCI), 5,5-dithiobis-2-nitrobenzo-
ate jon (DTNB), tris amino methane hydrochloride (Tris-HCI),
bovine serum albumin (BSA), phenazine methosulphate, sulfosal-
icylic acid, sodium pyrophosphate, sodium azide, GSR, GSH, oxi-
dized glutathione, reduced GSH, ethylenediaminetetraacetic acid
(EDTA), nicotinamideadenine dinucleotide phosphate (NADPH),
1-chloro-2,4-dinitrobenzene (CDNB), TBA, and trichloroacetic
acid (TCA) all were purchased from Sigma-Aldrich, USA. All oth-
er chemicals were of analytical grade, unless otherwise specified
and purchased from indigenous sources. Donepezil hydrochloride
powder was obtained from Incepta Pharmaceuticals Ltd., Dhaka,
Bangladesh, as gift.

Collection and Identification of Plant Materials

The fresh leaves of PE were collected from Sitakunda Upazila
under the Chittagong district, Bangladesh, in October 2015, and
identified by an expert taxonomist from the Bangladesh National
Herbarium, Mirpur, Dhaka, Bangladesh. A voucher specimen was
preserved in the herbarium for future reference. Accession num-
ber: DACB-42531 for PE.

Drying and Grinding of Plant Materials

The fresh ripe and unripe fruits of the plant were collected
(weighing each 5 kg), washed properly to remove dirt and shade
dried for 30 min. Then seeds were separated from the fruits and
shade dried for 7 days with irregular sun drying. These dried fruits
were then dried in an oven for 24 h at considerably lower temper-
atures for better grinding. The dried fruits were milled separately
into coarse powder by using a grinding machine and kept in an
airtight container for extraction.

Extraction of Plant Materials

Each powdered plant material (fruits), having a weight of 500 g,
was taken in an amber colored glass bottle and soaked in 2.5 liter
of 98% ethanol. The bottle with its contents was sealed and kept at
room temperature and allowed to stand for 7 days with irregular
shaking. Then the extracts were filtered through cotton and then
through Whatman (No. 1) filter paper. The liquid filtrates were
concentrated and evaporated to dry at 50°C temperature by using
arotary evaporator under reduced pressure to get the crude extract
(12.35 g for EEPEr and 10.62 g for EEPEu fruit). Finally, dried
crude ethanolic extracts were stored at 4°C for further tests.
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Animals

All experiments were carried out using 46 healthy adult male,
Swiss albino rats weighing about 190-180 g purchased from
ICDDR,B, Dhaka, Bangladesh. The rats were housed in 6 per ani-
mal cage and placed under standard environmental conditions
(25 + 2°C temperature, 60 + 5% relative humidity) with a half day
light and dark cycle. Standard laboratory food and water were ad-
ministered properly. The care and use of the animals were moni-
tored along with the guide for laboratory animals of the National
Institutes of Health (NIH) [38]. The protocol of the experiment
was approved by the Animal Ethics Committee of the Department
of Pharmacy, Southeast University, Dhaka, Bangladesh.

Administration of Drugs and Test Compounds

A solution of donepezil hydrochloride was prepared by using
normal saline having pH 7.4 and administered orally to experi-
mental rats at 1 mg/kg body weight (b.w.). Weighed quantity of
EEPE was suspended in normal saline (pH 7.4) and administered
orally to rats at 100 and 200 mg/kg b.w. The duration of the study
and doses of donepezil hydrochloride and EEPE were adjusted
based on literature searches [39, 40]. Every day, standard drug and
the suspension of extract were prepared freshly and administered
before 30 min of the experiment.

Experimental Design

Rats were divided randomly into 6 groups as follows:

Group 1: standard food and water were administered for 12
days to rats (Con),

Group 2: donepezil hydrochloride at a dose of 1 mg/kg b.w. was
administered orally for 12 days to rats (Don),

Group 3: ripe fruit extract at a dose of 100 mg/kg b.w. was ad-
ministered orally for 12 days to rats (EEPEr 100),

Group 4: unripe fruit extract at a dose of 100 mg/kg b.w. was
administered orally for 12 days to rats (EEPEu 100),

Group 5: ripe fruit extract at a dose of 200 mg/kg b.w. was ad-
ministered orally for 12 days to rats (EEPEr 200),

Group 6: unripe fruit extract at a dose of 200 mg/kg b.w. was
administered orally for 12 days to rats (EEPEu 200).

Acute Toxicity Study

The acute oral toxicity test of the EEPE was performed accord-
ing to the Organization for Economic Cooperation and Develop-
ment guidelines in healthy male Swiss albino rats [41]. For this test,
rats were arbitrarily divided into 6 groups with 6 animals in each
group, and normal saline was used to prepare the suspension of the
extract. The rats were kept on fasting for 3-4 h with supplementa-
tion of water prior to oral dosing. Then the extract was adminis-
tered orally at different dose levels (i.e., 25, 50, 100, 500, 1,000, and
2,000 mg/kg b.w.) with the help of intragastric tube. After dose
administration, food was withdrawn for 1-2 h. The rats were ob-
served uninterruptedly for next 24 h for behavioral change, any
adverse change and subsequently 14 days for any lethality and
death.

Behavioral Study

One week training was conducted to prepare rats for behav-
ioral study. During the training period, they received only food
and water. The completely trained rats were selected for the study.
Behavioral studies were conducted between 10.00 a.m. and 3.00
p-m. in a sound resistant room.

PE L. on Cognitive Performance, Brain
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PA Test

The sensitive memory of rats based on contextual fear con-
ditioning learning and instrumental learning was assessed by us-
ing the PA test [42], which consists of light and dark compart-
ments, each measuring 270 (depth) x 370 (width) x 360 (height)
mm. The light compartment and the dark compartment were
made by transparent and black vinyl chloride plates, respective-
ly. The 2 compartments of this apparatus were connected by a
sliding door having 90 mm diameter in the middle part. The
floor of this apparatus consisted of a metal grid spaced 0.9 cm
apart and connected to a shock generator, able to generate shock
in the range of 0.5 mA. Lighting in the light compartment was
provided by fluorescent lamp [43]. Each test consists of 2 dis-
tinct trials such as acquisition trial and retention trial. For the
acquisition trial, each rat was placed in the light compartment
in front of the wall opposite to the sliding door. After adaptation
for 15 s, the sliding door was opened and when the rat entered
into the dark compartment, an electrical foot shock of 0.5 mA
was administered for 3 s [44]. The latency times, once the rat
had entered the dark compartment was recorded as initial trans-
fer latency (ITL) with the help of stopwatch. Subsequently, the
rat was returned to its home cage. A retention trial was per-
formed after 24 h of the acquisition trial, in which no shock was
given when the rat entered the dark compartment and latency
times to re-enter the dark chamber were measured as step-
through latency (STL) up to 300s [45]. After the determination
of ITL on 5th and 9th days, STL was measured on 6th and 10th
day (i.e., 24 h later in the acquisition trial), yet again STL was
determined on 11th and 12th day (i.e., 48, 72 h later in the ac-
quisition trial), respectively to determine the long-term memo-
ry. The percent of memory retention (MR) was calculated by
using the formula given below:

% MR = (STL—ITL)/ITL x 100

An increase in percentage of MR directed enhanced retention
of memory [46]. The apparatus was cleaned after each test with
70% ethanol to avoid instinctive odorant clues [47].

RA Test

The spatial working memory of rats was assessed by using the
RA test [48], which consists of 3 identical arms, each measuring
500 (length) x 100 (width) x 100 (height of the side walls) mm.
The arms were connected by a central square in the middle of
the maze to form a T-shape. These 3 arms were designated as
start arm, force arm, and novel arm. Each day, each rat was sub-
jected to 6 trials, and each test consisted of 2 distinct trials,
forced run trial, and choice run trial. For the forced run trial, the
novel arm was blocked and each rat was placed in the start arm
facing the central square and forced to the force arm to consume
the pellet placed previously. Subsequently, the rat was returned
to its home cage. A choice run trial was performed after 60 s of
the forced run trial, in which the novel arm was opened (i.e.,
both the arms were free for the rat to choose). In this choice run
trial, the force arm was kept empty and pellets were placed in
the novel arm. During the choice run trial, if the rat entered into
the novel arm, then the response was considered as correct re-
sponse (CR). If it entered into the force arm, then it was consid-
ered a wrong response (WR) [49, 50]. The number of CR and
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WR were measured on 6th and 12th day. The percentage of MR
(i.e., learned task) was calculated by using the formula given be-
low:

% MR =TCRs x 100/TTs

where TCRs = total number of CRs, TTs = total number of trials.
An increase in percentage of MR was considered as an index of
improved cognition (i.e., learning and memory) [49, 50]. The ap-
paratus was cleaned after each test with 70% ethanol to avoid in-
stinctive odorant clues [47].

Biochemical Study

The rats were sacrificed under light anesthesia on 13th day
by cervical decapitation, and the whole brain was collected and
placed on an ice-chilled petri dish for cleaning. The cerebellum
was rapidly removed from the whole brain tissue and the re-
maining brain was rinsed with ice-cold 0.9% NaCl and finally
each hemisphere was separated. One of the 2 hemispheres was
used to prepare 10% brain homogenate by using ice-cold 30 mMm
Na,HPO,, pH 7.6 in a homogenizer. Then the homogenate was
centrifuged at 20,000 rpm for 2 h at 4°C to remove cellular de-
bris, and the supernatant was used for the determination of
SOD, CAT, GSH-Px, GSH, GSH, GST, and TBARS activities.
Remaining hemispheres were homogenized (10% w/v) with a
glass homogenizer in ice-cold 30 mM Na,HPO,, pH 7.6 and cen-
trifuged at 20,000 rpm for 2 h at 4°C to obtain the salt soluble
(SS) part. The pellets were re-extracted with an equal volume of
ice-cold phosphate buffer containing 1% Triton X-100 and cen-
trifuged at 20,000 rpm for 2 h at 4°C to recover the detergent
soluble (DS) part [45]. Supernatant obtained from both extrac-
tion procedures were stored at —20°C and used for AChE activ-
ity. The protein concentration was determined by using BSA
[51].

SOD Assay

The method of Kakkar et al. [52] was used for the determina-
tion of the SOD activity. The total volume of the reaction mixture
for this test was 1.6 ml; it consisted of 0.1 ml of 186 uM phenazine
methosulphate, 1.2 ml of 0.052 mM sodium pyrophosphate buffer
having pH 7.0, and 0.3 ml of supernatant after centrifugation
(1,500 g, 10 min followed by 10,000 g, 15 min) of 10% brain tissue
homogenate. To start the enzyme reaction, 0.2 ml of 780 um
NADPH was added to the reaction mixture. After 1 min incuba-
tion, enzyme reaction was stopped by adding 1 ml of glacial acetic
acid. The changes in absorbance of the reaction mixture were de-
termined at 560 nm by using spectrophotometer and expressed as
U/mg protein.

CAT Assay

The method of Chance and Maehly with some modification
was used for the determination of the CAT activity [53]. The total
volume of the reaction mixture for this test was 3.0 ml; it consisted
of 2.5 ml of 50 mM phosphate buffer having pH 5.0, 0.4 ml of 5.9
mM H,0,, and 0.1 ml of 10% brain tissue homogenate. After 1 min
incubation, the changes in absorbance of the reaction mixture
were determined at 240 nm by using spectrophotometer. Here one
unit of CAT activity was defined as an absorbance change of 0.01
and expressed as U/min.
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GSR Assay

The method of Carlberg and Mannervik was used for the de-
termination of the GSR activity [54]. The total volume of the reac-
tion mixture was 2.0 ml; it consisted of 1.65 ml of 0.1 M phosphate
buffer having pH 7.6, 0.1 ml of 0.5 mM EDTA, 0.1 ml of 0.1 mM
NADPH, 0.05 ml of 1 mM oxidized GSH, and 0.1 ml of 10% brain
tissue homogenate. The changes in absorbance of the reaction
mixture, that is, disappearance of NADPH at 25°C were deter-
mined at 340 nm by using spectrophotometer and expressed as nM
NADPH oxidized/min/mg protein using a molar extinction coef-
ficient of 6.22 x 10* M em™L.

GSH Assay

The method of Jollow et al. [56] was used for the determination
of the GSH activity. For this test, 1.0 ml of 10% brain tissue homog-
enate was precipitated with 1.0 ml of 4% sulfosalicylic acid. The
samples were kept at 4°C for 1 h and then centrifuged (1,200 g for
20 min) at 4°C. The total volume of the reaction mixture was 3.0
ml; it consisted of 0.1 ml filtered aliquot, 2.7 ml of 0.1 M phosphate
buffer having pH 7.4, and 0.2 ml of 100 mM DTNB. The yellow
color of the mixture was developed and the absorbance of the reac-
tion mixture was determined at 412 nm by using spectrophotom-
eter and expressed as (M GSH/g protein.

GST Assay

The method of Habig et al. [57] was used for the determination
of the GST activity. The total volume of the reaction mixture was
2.0 ml; it consisted of 1.475 ml of 0.1 M phosphate buffer having
pH 6.5, 0.025 ml of 1 mM CDNB, 0.2 ml of 1 mM reduced GSH,
and 0.3 ml of 10% brain tissue homogenate. The changes in absor-
bance of the reaction mixture were determined at 340 nm by using
spectrophotometer and expressed as nM CDNB conjugate formed/
min/mg protein using a molar extinction coefficient of 9.6 x 10°
M'em

GSH-Px Assay

The method of Mohandas et al. [54] was used for the determi-
nation of the GSH-Px activity. The total volume of the reaction
mixture for this test was 2.0 ml; it consisted of 1.49 ml of 0.1 M
phosphate buffer having pH 7.4, 0.1 ml of 1 mM sodium azide, 0.05
ml of 1 IU/ml GSR, 0.05 ml of 1 mM GSH, 0.1 ml of 1 mM EDTA,
0.1 ml of 0.2 mM NADPH, 0.01 ml of 0.25 mM H,0,, and 0.1 ml of
10% brain tissue homogenate. The changes in absorbance of the
reaction mixture, that is, disappearance of NADPH at 25°C were
determined at 340 nm by using spectrophotometer and expressed
as nM NADPH oxidized/min/mg protein using a molar extinction
coefficient of 6.22 x 10° M~! cm™.

Lipid Peroxidation (TBARS) Assay

The method of Igbal et al. [58] was used for the determination
of the TBARS activity. The total volume of the reaction mixture
was 1.0 ml; it consisted of 0.58 ml of 0.1 M phosphate buffer having
pH 7.4, 0.2 ml of 100 mM ascorbic acid, 0.02 ml of 100 mM ferric
chloride, and 0.2 ml of 10% brain tissue homogenate. The reaction
mixture was incubated at 37°C in a shaking water bath for 1 h.
Then 1.0 ml of 10% TCA was added to stop the reaction. Following
the addition of 1.0 ml 0.67% TBA, all the test tubes were boiled in
a water bath for 20 min. Then the test tubes were shifted to crushed
ice bath before centrifuging (2,500 g for 10 min). The amount of
TBARS formed in each of the samples was determined by measur-
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ing the optical density of the supernatant at 535 nm by using spec-
trophotometer against a reagent blank and expressed as nMm
TBARS/min/mg protein at 37°C using a molar extinction coeffi-
cient of 1.56 x 10° M~' cm™.

ACHhE Assay

The method of Ellman et al. [59] was used for the determina-
tion of the AChE activity. For this test, 25 ul of 15 mM ATCI, 75 pl
of 3 mM DTNB, and 75 pl of 50 mM Tris-HCl having pH 8.0, con-
taining 0.1% BSA were added in the 96 well plates and incubated
for 5 min at 25°C. Then absorbance was determined at 405 nm by
using spectrophotometer. Any increase in the absorbance owing
to the regular hydrolysis of the substrate was adjusted by subtract-
ing the rate of the reaction before adding the enzyme. Then 25 pl
of brain tissue homogenates (SS and DS portion) were added and
the absorbance was determined again after incubation for 5 min at
25°C. The AChE activity was expressed as M/min/g protein.

Statistical Analysis

Results were presented as mean + SEM and analyzed with one-
way analysis of variance. Tukey’s post-hoc test was performed for
behavioral studies and in case of biochemical studies the least sig-
nificant difference was determined using post-hoc testing for inter
group comparisons at a probability level of 0.05 and 0.01%. SPSS
14.0 (Chicago, Ill., USA) and Microsoft Excel 2010 (Roselle, 1L,
USA) were used for the statistical and graphical evaluations. The
results were considered as statistically significant at p < 0.05 com-
pared to the control group.

Results

Determination of Acute Toxicity

Oral administration of EEPE was shown to be safe up
to the dose level of 2,000 mg/kg b.w. in rats. In any rat, the
extracts did not influence any toxicological effect. During
the experimental stage, any change in behavioral, motor,
and neuronal functions and mortality were not claimed
in addition to the monitoring of skin, fur, and eyes of the
rats that remained constant so that the extracts were con-
sidered safe.

Effect of EEPE on Learning and Memory of Rats Using

PA Test

Effect of EEPE on ITL and STL of rats is shown in fig-
ures 1 and 2. The rats treated with EEPEr and EEPEu
fruits (i.e., 100 and 200 mg/kg, b.w.) and donepezil hydro-
chloride showed dose-dependent alteration of ITL and
STL. The highest dose (i.e., 200 mg/kg b.w.) of EEPEr
fruit considerably (p < 0.01) increased STL in rats on 11th
day as compared to the control group. For EEPEu fruit,
both lowest and highest doses (i.e., 100 and 200 mg/kg
b.w.) significantly (p < 0.05, p < 0.001) increased the STL
of rats on 6th and 12th day with respect to the control
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Fig. 1. Effect of EEPE on ITL and STL of rats on 5th and 6th day
using PA test. Values were expressed as mean + SEM (n = 6/group).
*p <0.05,** p <0.01 significant difference from the control group.
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Fig. 2. Effect of EEPE on I'TL and STL of rats on 9th and 10th, 11th
and 12th day using PA test. Values were expressed as mean + SEM
(n = 6/group). * p < 0.05, ** p < 0.01, *** p < 0.001 significant dif-
ference from the control group.

group. For all extract treated groups, the value of STL was
greater on 11th and 12th day, respectively, than the 10th
day STL. The rats treated with donepezil hydrochloride
showed significant (p < 0.05, p < 0.01) increase in STL on
successive days compared to the control group. Figure 3
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Fig. 3. Effect of EEPE on the percentage of MR of rats using PA
test. Values were expressed as mean + SEM (n = 6/group). * p <
0.05, ** p < 0.01, *** p < 0.001 significant difference from the con-
trol group.

presented the percentage of MR of rats in which an in-
crease in MR after 24, 48, and 72 h, respectively, indicated
improved retention of learning task. The percentage of
MR was significantly (p < 0.05, p < 0.01) increased in rats
treated with highest dose (i.e., 200 mg/kg b.w.) of EEPEr
fruit and both lowest and highest doses (i.e., 100 and 200
mg/kg b.w.) of EEPEu fruit on 10th, 11th, and 12th day as
compared to the control group.

Effect of EEPE on Learning and Memory of Rats Using

RA Test

Figure 4 shows the results of the RA test in which the
EEPE fruit showed a dose-dependent increase in the
number of CR of rats as compared to the control group.
Donepezil hydrochloride treated group showed marked
(p <0.05, p <0.01) increases in the number of CR on 6th
and 12th day with respect to the control group. The rats
treated with the highest dose (i.e., 200 mg/kg, b.w.) of
EEPEr fruit significantly (p < 0.05) increased the CR on
12th day as compared to the control group. In fact, the
lowest and highest doses (i.e., 100 and 200 mg/kg b.w.) of
EEPEu fruit showed noticeable (p < 0.01) activity on 12th
day. Percentage of MR of rats is given in figure 5, in which
an increase in MR indicated improved learning and
memory. The rats treated with highest dose (i.e., 200 mg/
kg b.w.) of EEPEr fruit and both lowest and highest doses
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Fig. 4. Effect of EEPE on WR and CR of rats using RA test. Values
were expressed as mean + SEM (n = 6/group). * p < 0.05, ** p <
0.01 significant difference from the control group.
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Fig. 5. Effect of EEPE on percentage of MR of rats using RA test.
Values were expressed as mean + SEM (n = 6/group). * p < 0.05,
** p < 0.01 significant difference from the control group.
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Table 1. Effect of EEPE on biochemical parameters of rat brain antioxidant defense system

Treatment  SOD, U/mg CAT,U/min  GSR, nM/min/ GSH, pM/g GST, nM/min/  GSH-Px, nM/ TBARS, nm/
protein mg protein protein mg protein min/mg protein min/mg protein

Con 10.17+1.20 8.07+0.83 126.42+4.48 50.69+7.42 102.49+4.40 27.32+1.41 190.71+3.49
Don 20.25+£0.64  19.67+0.90*  257.98+5.86** 133.48+5.60**  172.23+3.01 74.84+3.61** 141.2+4.13%*
EEPEr 100  11.40+1.23  10.45+0.42 130.64+3.89 63.77+3.53 113.27+7.54 30.55+4.62 179.05+4.62
EEPEu 100  12.93+1.01*  14.78+0.87* 167.14+1.06 74.00£8.22**  131.82+2.75 35.23+1.29 164.47+3.56**
EEPEr200  13.05+0.70  12.26+1.68* 145.47+5.74 79.54+2.83 117.05+£5.56*  32.88+4.63 172.52+4.32*
EEPEu200  15.72+1.12** 16.43+1.48**  203.48+4.97 107.34+3.81***  140.14+4.80 49.04+1.07** 159.6+4.58**

The rats brain biochemical parameters were expressed as mean + SEM values (n = 6/group).
*p <0.05,** p <0.01, ***p < 0.001 significant difference from the control group.

(i.e., 100 and 200 mg/kg b.w.) of EEPEu fruit showed con-
siderably (p < 0.05, p < 0.01) increased percentage of MR
on 12th day as compared to the control group.

Effect of EEPE on Brain Oxidative Status

Alteration of antioxidant enzyme activities in rat’s
brain tissue homogenates is displayed in table 1. Admin-
istration of EEPEr and EEPEu fruits and donepezil hy-
drochloride significantly altered the activities of SOD,
CAT, GSH-Px, GSR, GSH, GST, and TBARS in a dose-
dependent way. EEPEr fruit at 200 mg/kg b.w. consider-
ably (p < 0.05) increased the level of CAT and GST, while
markedly (p < 0.05) reduced the concentration of TBARS
to that of the control group. For EEPEu fruit (i.e., 100 and
200 mg/kg b.w.), significantly (p < 0.05, p < 0.01, p <
0.001) increased concentration of SOD, CAT, GSH, GSH-
Px and markedly (p < 0.01) reduced concentration of
TBARS was detected as compared to the control group.
In case of donepezil-treated rats, significant (p < 0.05, p <
0.01) increase in the level of CAT, GSR, GSH, GSH-Px
and noticeable (p < 0.01) decrease in the level of TBARS
were reported.

Effect of EEPE on Brain AChE Activity

The activity of AChE in the SS and DS portions of rat
brain tissue homogenate is given in table 2. Treatment
with EEPEr and EEPEu fruits and donepezil hydrochlo-
ride extensively decreases the concentration of AChE lev-
elin a dose-dependent manner. Donepezil treatment sub-
stantially (p < 0.01) decreased the AChE level in both SS
and DS portions of rat’s brain tissue homogenate com-
pared to the control group. EEPEr fruit at concentration
of 200 mg/kg b.w. noticeably (p < 0.05) decreased the
AChE activity in SS brain tissue homogenate of rats with
respect to the control group. Administration of lowest
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Table 2. Effect of EEPE on AChE activity in rat brain

Treatment SS AchE, M/min/g DS AchE, M/min/g
protein protein

Con 0.183+0.002 0.905+0.021

Don 0.102+0.002** 0.323£0.010**

EEPEr 100 0.165+0.003 0.746+0.021

EEPEu 100 0.126+0.004** 0.479+0.013

EEPEr 200 0.141+0.003* 0.531+0.015

EEPEu 200 0.110£0.003** 0.395£0.011%***

The AChE activity for each group was expressed as mean +
SEM values (n = 6/group).

*p <0.05,** p <0.01, *** p <0.001 significant difference from
the control group.

and highest doses (i.e., 100 and 200 mg/kg b.w.) of EEPEu
fruit suggestively (p < 0.01, p < 0.001) decreases the AChE
activity in both SS and DS portions of brain tissue homog-
enate of rats as compared to the control group.

Discussion

Medicinal plants are rich sources of phytochemicals,
which have a significant role in the treatment of various
diseases [60]. The phytoconstituents of medicinal plants
playanimportant role in the treatment of cognitive impair-
ment associated with aging and neurodegenerative disor-
der [61]. Natural nootropic plants such as Ginkgo biloba,
Bacopa monnieri,and Huperzia serrata has been extensive-
ly examined for their anti-Alzheimer effect [62]. In this
study, EEPEr and EEPEu fruits was administered for 12
days showed momentous memory enhancing effect in rats.
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This is the first experiment showing memory enhanc-
ing activity of EEPEr and EEPEu fruits in rats. In PA test,
neuronal activity (i.e., emotional memory) of rats was ex-
amined in which ITL and STL were the measured param-
eters. STL is the measure of memory in rats after an aver-
sive stimulus. In this test, an increase in STL on 6th (after
24 h of ITL), 10th, 11th, and 12th day (after 24, 48 and 72
h of ITL) after the ITL on 5th and 9th day, respectively,
indicated improvement of learning and memory of rats
with respect to the control group. Percentage of MR was
also determined that indicate strong linkage with long-
term memory. Valcheva-Kuzmanova et al. [63] assessed
the effect of Aronia melanocarpa fruit juice on memory
in rats by the PA task and also reported similar findings.
The RA test was used to examine WR and CR. Increased
number of CRs was used as a parameter to measure the
MR compared to the control group. In this study, dose-
dependent improvement of percentage of MR of EEPEr
and EEPEu on 6th and 12th day was used as a measure of
learning and memory. To examine the neuroenhancing
potentiality of Acacia auriculiformis leaves, Sharma et al.
[64] used the RA test and monitored better learning and
memory enhancing potentiality in rats. Our results pro-
posed that out of the 2 operative doses of EEPE (i.e., 100
and 200mg/kg, b.w.), in case of PA test, higher dose of
EEPEr (i.e., 200 mg/kg, b.w.), and both lowest and highest
doses of EEPEu (i.e., 100 mg and 200 mg/kg, b.w.) and for
RA test aforementioned doses of EEPEr and EEPEu fruits
improved learning and memory in rats as compared to
the control group.

SOD is a group of metalloenzymes, which acts as both
antioxidant and anti-inflammatory agent, helps to
protect oxygen-metabolizing cells, and repairs cell dam-
age that can be usually done by superoxide free-radicals
[65]. Studies revealed that SOD catalyzes to form mo-
lecular oxygen (O,) and hydrogen peroxide (H,O,) by
the breakdown of the superoxide (O,™) radical. This
generated H,O; can be neutralized by the CAT and glu-
tathione peroxidase systems by converting it to H,O and
0,, although H,0, is less damaging [66]. CAT is a well-
known antioxidant present in all cells responsible for the
protection of cells from highly reactive hydroxyl radicals
(OH- ) [67]. During normal metabolic processes, H,O,
is produced as a harmful by-product. To prevent dam-
age to cells by H,O,, it must be quickly converted into
other, less dangerous substances. This function is per-
formed by CAT. It neutralizes the H,O, by converting it
to H,O and O, [68]. GSH is an important antioxidant
responsible for preventing oxidative damage caused by
ROS and providing the first line defense to the body
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[69]. Total GSH pool is more than 90% in healthy cells
and tissues. It exerts its function by donating a reducing
equivalent to free radicals, peroxides, lipid peroxides,
heavy metals, and various electrophilic compounds
[70]. GSR and GST are key antioxidant enzymes because
they are involved in the reduction of oxidative damage
caused by ROS and help in maintaining the reducing
environment of the cell [71]. Oxidized glutathione
(GSSG) represents less than 10% of total glutathione.
GSRis responsible for the reduction of GSSG to the GSH
[72]. GST is considered as primary cellular defense an-
tioxidant that detoxifies ROS. It also catalyzes the nu-
cleophilic attack by GSH on electrophilic substances and
consequently prevents oxidative damage [73]. GSH-Px
is another main antioxidant enzyme which is responsi-
ble for the reduction of H,O, to H,O by reacting with
GSH and converting it to GSSG, which is finally reduced
to GSH by GSR [74]. In the progression of neurodegen-
erative disorder, free radical-mediated lipid peroxida-
tion plays a vital role. TBARS are highly evident in sev-
eral neurodegenerative diseases, especially AD [75]. In
the reduction of oxidative stress and increasing cogni-
tion, brain antioxidant enzymes such as SOD, CAT,
GSH-Px, GSR, GSH, and GST play a vital role [76]. The
study of the effect of aerial parts of Persicaria flaccida on
brain antioxidant markers and cognitive performance of
rats by Uddin et al. [77] also reported analogous out-
comes. Acetylcholine is a neurotransmitter released by
nerve cells to send signals to other cells. The cholinergic
system (i.e., acetylcholine) is imperative for making
memory or encoding, the creation of long-term memo-
ry from the new memory or storage and the recall of the
memory or recovery [78]. In this study, AChE activity
was decreased in both SS and DS portions, with signifi-
cant effects in rats treated with unripe fruit extract as
compared to the control group. Uddin et al. [79] showed
that the administration of Phyllanthus acidus fruit in-
creases the brain acetylcholine levels and enhances the
cognitive function in rats, while attenuating memory
deficits in animal model of amnesia. Our results pro-
jected that administration of EEPEr fruit, especially
higher dose (i.e., 200 mg/kg b.w.) and both lowest and
highest doses of EEPEu fruit (i.e., 100 mg and 200 mg/
kg, b.w.) for 12 days increased the levels of SOD, CAT,
GSH-Px, GSR, GSH, GST and decreased the levels of
TBARS and AChE activity in rat brain tissue homoge-
nates.

The aforementioned behavioral and biochemical ef-
fects suggest that EEPE has the ability to improve cogni-
tive function by the regulation of the antioxidant system.
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Conclusion

This study clearly demonstrates that EEPE fruits
showed marked beneficial effects for improving the learn-
ing, memory, and antioxidant potential. Among ripe and
unripe fruits, significant cognitive enhancing effects were
observed by unripe fruit which is comparable with the
standard. Thus, this plant extract can be useful in the
treatment of various cognitive disorders, dementia, and
neurodegenerative disorders, especially AD. In spite of
these findings, further studies are in progress for isolating
and identifying promising nootropic compound(s).
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