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Abstract: Oxidative stress is the leading cause of neurodegenerative diseases, especially Alzheimer’s disease (AD). The plant
Persicaria flaccida (PF) is known in Bengali as red Biskatali belongs to family Polygonaceae. Preliminary studies have shown the
antioxidant, anti-inflammatory, analgesic, neuroprotective activities of Biskatali. In this consequence, methanolic extract of PF
(MEPF) was selected to explore the ability of this plant to enhance cognitive functions, brain antioxidant enzymes and
anti-acetylcholinesterase activity which can be used for the treatment of AD. The objective of this study was to investigate the
effects of MEPF on cognitive performance, brain antioxidant enzymes and acetylcholinesterase activity in rats by using behavioral
and biochemical study. Treatment with MEPF (i.e., 100 and 200 mg/kg b.w.) was investigated for 14 days in Swiss albino male rats
and its effects on different types of memory were examined using Elevated Plus Maze (EPM) test, Passive Avoidance (PA) test,
Morris Water Maze (MWM) test as well as level of antioxidant enzymes such as catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), glutathione reductase (GSR), glutathione-S-transferase (GST) and contents of thiobarbituric acid
reactive substances (TBARS) in rat brain tissue homogenates. Acetylcholinesterase (AChE) activity was determined by
colorimetric method. Administration of highest dose of MEPF significantly (P <0.05, P <0.01) decreased retention transfer latency
(RTL) of rats on 7™ and 14™ day compared to the control group in EPM test. In PA test highest dose of MEPF meaningfully (P <0.05,
P < 0.01) increased step-through latency (STL) of rats on 7", 12, 13™ and 14™ day with respect to control group. Both doses of
MEPF markedly (P < 0.01, P <0.001) decreased escape latency (EL), increased time spent in the target quadrant (TSTQ) and time
spent in the annuli (TSA) of rats on successive days as compared to that of control group in MWM test. MEPF administration,
especially highest dose significantly (P < 0.05, P < 0.01, P < 0.001) increased the level of CAT, SOD, GSR, GST & GSH-Px and
considerably (P <0.01, P<0.001) decreased TBARS level & AChE activity in the brain tissue homogenates of rats compared to the
control group. Behavioral and biochemical studies suggest that MEPF promotes cognitive function by improving different types of
memory and reduces oxidative stress by increasing the level of brain antioxidant markers and anti-acetylcholinesterase activity.
Therefore, this plant extract can be used for enhancing memory in neurodegenerative disorders like AD.
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1. Introduction

The most outstanding features of human being are the
cognitive functions. The main cognitive functions most
affected by age are learning and memory. Learning refers to
the collection of new information from the surrounding
environment, while memory is the ability to retention and
retrieves information [1, 2]. Cognitive function is vulnerable
to a variety of neurodegenerative diseases like Alzheimer’s
disease (AD) [3]. AD is a progressive neurodegenerative
disorder which is associated with the unavoidable loss of
cognitive functions [4]. This disease is characterized by senile
plaques, amyloid-p (AP) deposits and neurofibrillary tangles
(NFTs) in the cerebral cortex and subcortical gray matter [5].
This is the most common dementing illness of the elderly,
currently affecting approximately 5.2 million people in the
United States and 30 million worldwide [6]. This value is
expected to more than 100 million, in the year 2050, due to the
“baby boomer” generation becoming older [7].

Oxidative stress is one of the leading causes of
neurodegenerative diseases, especially AD [8]. During the
metabolic process various types of free radicals are produced
and living organisms have developed several defense
mechanisms to protect themselves from oxidative stress. As a
result, there is a balance between oxidation and anti-oxidation
in our body under normal conditions. It has been shown that
an imbalance between reactive oxygen species (ROS) and
antioxidant  factors induce cellular and molecular
abnormalities in late-onset sporadic AD [9]. In the brain and
blood stream of AD patient’s atypical levels of oxidative stress
have been testified [10]. The brain is more susceptible to
damage from free radicals caused by oxidation processes due
to high lipid content (60%) and excessive consumption of
oxygen (20%) [11]. In addition to this the brain is especially
rich in iron, which plays an important role in the generation of
reactive oxygen species (ROS) in the membrane lipids
consisting mainly of polyunsaturated fatty acids. Although the
exact mechanisms responsible for this deleterious effect
remain unclear, it is clear that oxidative stress occurs before
the formation of senile plaques and NFTs both of which are
neuropathological hallmarks of AD [12].

Patients affected with AD have cognitive impairment due to
improper function of the central cholinergic system. Cognitive
functions depend on the central cholinergic system and the
activity of the AChE (acetylcholinesterase). The main
indicator of AD is the alteration of this AChE activity [13-15].
The involvement of oxidative stress in AD has long been
known and investigated [16]. Brain antioxidant defense
enzymes such as catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), glutathione reductase (GSR)
and glutathione-S-transferase (GST) play an important role in
preventing or slowing the progression of free radical mediated

oxidative stress [17].

Mankind has been using plants as therapeutic agents for
thousands of years and continues to rely on them for health
care. This fact was seen from the use of natural herbs to cure
disease and relieve physical sufferings. Medicinal plants are
the best source of natural nootropics. The phytoconstituents of
plants play an important role in the treatment of AD. Natural
cognitive enhancer such as Ginkgo biloba, [18] Bacopa
Monnieri [19] and Huperzia serrata [20] has been widely
examined for the treatment of AD patients.

The plant Persicaria flaccida (PF) is known in Bengali as
red Biskatali belongs to the family Polygonaceae has been
explored for cognitive activity. The Polygonaceae comprise
about 1220 species of monoecious and dioecious herbs, shrubs
and small trees distributed into about 50 genera [21]. The
genera, Persicaria consist of 100 species [22]. Most of the
plants of the genera Persicaria possess important
pharmacological effects such as anti-inflammatory, analgesic,
antibacterial, antifungal and diuretic activities. Studies have
shown that genera Persicaria is highly enriched in flavonoids,
alkaloids, tannins, saponins and volatile constituents [23].
Plant flavonoids are polyphenolic molecules possess
antioxidant, anti-inflammatory, metal-chelating [24] and
anticancer properties [25]. Previous studies have shown that
Biskatali (Persicaria stagnina, Persicaria hydropiper) has
antioxidant, anti-inflammatory, analgesic, neuroprotective,
anthelminthic and xanthine oxidase inhibitory activities
[26-29]. Although PF has important medicinal values for the
treatment of AD, no studies have yet examined its anti-AD
capabilities.

Therefore, the purpose of this study was to investigate the
effect of methanolic extract of PF (MEPF) on learning and
memory improvement in rats via tests including the Elevated
Plus Maze (EPM) test, Passive Avoidance (PA) test, Morris
Water Maze (MWM) test as well as the activity of antioxidant
enzymes catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), glutathione reductase
(GSR), glutathione-S-transferase (GST), estimation of lipid
peroxidation (TBARS) and acetylcholinesterase (AChE)
activity in rat brain tissue homogenates.

2. Methodology
2.1. Chemicals and Drug

Acetyl thiocholine iodide (ATCI);
5,5-dithiobis-2-nitrobenzoate ion (DTNB); trisamino methane
hydrochloride (Tris-HCl); bovine serum albumin (BSA);
phenazinemethosulphate sodium pyrophosphate; sodium
azide; reduced glutathione (GSH); ethylenediaminetetraacetic
acid (EDTA); nicotinamide adenine dinucleotide phosphate
(NADPH); 1-chloro-2,4-dinitrobenzene (CDNB);
trichloroacetic acid (TCA) thiobarbituric acid (TBA) and
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trichloroacetic acid all were purchased from Sigma-Aldrich,
USA. Unless otherwise specified, all other chemicals were of
analytical grade. Donepezil hydrochloride powder was
obtained from Incepta Pharmaceuticals Ltd. as gift.

2.2. Collection, Identification, Drying and Grinding of Plant
Materials

The aerial parts of PF were collected from Brahmanbaria
district, Bangladesh, in February, 2014, and identified by
expert of Bangladesh National Herbarium, Mirpur, Dhaka,
Bangladesh. Accession number: DACB-39528 for PF. Aerial
parts of the plant were washed properly to remove dirty
materials and shade dried for several days with occasional sun
drying. These were then dried in an oven for 24 hrs at
considerably lower temperatures for better grinding. The dried
aerial parts were ground into coarse powder by a grinding
machine and stored in a glass container until extraction.

2.3. Plants Extract Preparation

Powdered plant materials having a weight of about 500 g
were taken in an amber colored glass bottle and soaked in 2
liter of 98% methanol. The bottle with its contents were sealed
and kept for a period of about 7 days with occasional shaking.
The whole mixture was then filtered through cotton and then
through Whatman No.1 filter paper. Then the filtrate was
concentrated with a rotary evaporator under reduced pressure
at 50°C temperature to afford crude extract (12.485 g). The
crude methanolic extract was stored at 4°C for further tests.

2.4. Animals

Forty healthy Swiss albino male rats weighing 180-210 g
were obtained from the animal resources division of ICDDR,
B, Dhaka, Bangladesh. The entire rats were housed three per
cage placed at 25+2°C temperature, 60+5% relative humidity
with a half day light and dark cycle. Standard food and water
were supplied timely. The guide for laboratory animals of the
National Institutes of Health (NIH) was used for the use and
care of animals [30]. The protocol of the experiment was
approved by the animal ethics committee of the Department of
Pharmacy, Southeast University, Dhaka, Bangladesh.

2.5. Administration of Drugs and Test Compounds

Donepezil hydrochloride was used as standard for this study.
A solution of donepezil hydrochloride was made by normal
saline (pH 7.4) and administered orally to rats. Weighed
quantity of MEPF was suspended in normal saline (pH 7.4)
and administered orally to rats. Based on literature searches
the doses of the donepezil hydrochloride and MEPF were
selected [31, 32]. Standard drug and the suspension of extract
were prepared freshly every day and administered before 30
min of the experiment.

2.6. Experimental Design

The total duration of the study was 14 days. Rats were
divided randomly into four groups with 6 rats in each as

follows:

Group 1: In case of this group only standard food and water
were administered to rats (Con)

Group 2: In case of this group donepezil hydrochloride at a
dose of 1 mg/kg b.w. was administered to rats (Don)

Group 3: In case of this group plant extract at a dose of 100
mg/kg b.w. was administered to rats (MEPF 100)

Group 4: In case of this group plant extract at a dose of 200
mg/kg b.w. was administered to rats (MEPF 200)

2.7. Acute Toxicity Study

The guidelines of the Organisation for Economic
Cooperation and Development (OECD) were used for acute
toxicity study [33]. For this test rats were divided into 4
groups, with 6 rats per groups. The extracts were prepared by
using normal saline and administered to rats only once at a
dose of 5, 50, 300 and 2000 mg/kg b.w. Before administration
of the extracts rats were fasted for 3-4 hrs, but only water was
provided and after the administration food was withdrawn for
1-2 hrs. Rats were kept under observation for next 24 hrs for
any behavioral, neurological profiles and 14 days for
mortality.

2.8. Behavioral Study

Rats were trained for behavioral study by conducting 1
week training during which they did not receive any plant
extract or drug. The completely trained rats were selected for
the study. Experiments were carried out in the light period
between 10:00 am and 03:00 pm in a soundproof room under a
natural light.

2.8.1. Elevated Plus Maze (EPM) Test

Cognitive behaviors of rats were assessed by using the
EPM test, which measures spatial long-term memory [34].
The EPM was plus shape apparatus, made of PVC (polyvinyl
chloride). It had two open arms (length, 500 mm x width,
100 mm) and two close arms (length, 500 mm x width, 100
mm X height of the side walls, 400 mm), with an open roof.
The arms were connected by a central square in the middle of
the maze. The plus maze was elevated 500 mm above the
floor. Two dimmed spotlights provided illumination on the
floor of the enclosed and open arms of approximately 5 lux
[35]. At the start of the trial the rat was placed individually at
one end of an open arm facing away from the central square.
The time taken by rat to move from open arm and enter into
one of the closed arm with all its four legs was recorded as
initial transfer latency (ITL) using a stopwatch. To become
familiar with the maze, the rats were allowed to move freely
in the apparatus for 30 sec after reaching the closed arm and
then returned to its home cage. Retention transfer latency
(RTL) of this learned task (memory) was examined 24 hrs
after the first day trial. The duration of this test was 300 sec
[36]. After each test the apparatus was cleaned with 70%
ethanol to remove any olfactory clue. In the EPM test, the
measures analyzed were ITL and RTL. If the rat did not enter
into one of the closed arm within 300 sec, was eliminated
from the experiments [37].
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2.8.2. Passive Avoidance (PA) Test

In PA test all rats were subjected for the assessment of
emotional memory based on contextual fear conditioning
learning and instrumental learning [38]. The EPM was box
shaped apparatus having light and dark compartment (depth,
270 mm x width, 370 mm x height, 360 mm). The separation
of two distinct compartments was made by a flat-box partition,
including a sliding door having 90 mm of diameter in the
middle part. The light compartment is made of transparent
PVC plates and the dark compartment is made of black PVC
plates. The floor consisted of a metal grid (diameter of
stainless steel bars 6.3 mm, X free space between bars 11.3
mm) connected to a shock generator. The shock generator was
able to generate shock in the range of 0.5 mA. In the light
compartment lighting is provided by a fluorescent lamp [39].
Each test involved two separate trials, an acquisition trial and
a retention trial. For the acquisition trial, the rats were initially
placed in the light compartment facing the wall opposite to the
guillotine door. The guillotine door was opened, after 15 sec
accommodation period. When the rats entered the dark
compartment, an electrical foot shock of 0.5 mA was
administered for 3 sec [40]. The rat was returned back to the
home cage from the apparatus 10 sec after shock termination.
The latency times, once the rats had entered the dark
compartment with all its four legs were recorded as escape
latency (EL) using a stopwatch. A retention trial was
performed after 24, 48 and 72 hrs following the acquisition
trial, in which no shock was given when the rats entered the
dark compartment and latency times to re-enter the dark
chamber were measured as step-through latency (STL). The
duration of this test was 300sec [41]. After each test the
apparatus was cleaned with 70% ethanol to remove any
olfactory clue. In the PA test the measures analyzed were the
EL and STL. If the rat did not enter into the dark compartment
within 300 sec, its STL was assigned as 300 sec [36].

2.8.3. Morris Water Maze (MWM) Test

In MWM test all rats were subjected for the assessment of
spatial learning and memory [41]. The MWM was tank shaped
apparatus (diameter, 1700 mm x depth, 450 mm) made of gray
polypropylene. The tank was divided into four quadrants. A
submerged platform made of gray polypropylene was placed
in one compartment. The diameter of the platform was 110
mm and height 250 mm (approximately 1 cm below the water
surface). During testing, the tank was filled to a depth of
260 mm with water maintained at 25°C and the room was
indirectly lighted by desk lamps directed against the walls.
The water was made opaque with nontoxic white colored dye
to hide the submerged platform [42]. In acquisition trial a rat
was placed in the middle of a compartment of the tank, facing
the wall of the tank and allowed to explore the submerged
platform for 300 sec. A trial was finished as soon as the rat had
mounted onto the platform. If the rat failed to find the platform
within 300 sec, it was directed toward the platform. In both of
this case a rat was allowed to stay on the platform for 30 sec.
Each rat was subjected to four consecutive trials each day with
a different starting point, in random order as given in Table 1.

Table 1. The sequence of trials during the study period of WMM test.

1"Day 2"Day 3“Day 4"Day 5"Day 6"Day 7" Day
Q1 Q2 Q3 Q4 Q1 Q2 Q3
Q2 Q3 Q4 Q1 Q2 Q3 Q4
Q3 Q4 Q1 Q2 Q3 Q4 Q1
Q4 Ql Q2 Q3 Q4 Ql Q2

The platform was always in the same quadrant (south).
Escape latency (EL) is the time taken to find the submerged
platform. The EL and time spent in the target quadrant (TSTQ)
were recorded using a stopwatch. After completion of the
fourth trial, the rat was gently dried with a soft cloth and kept
warm under a 150-Watt bulb within the home case [43].

After the fourth trial of the last day (14™ day), a probe trial
was given. The platform was removed and the time spent in
the target quadrant (TSTQ) and all the three quadrants was
measured for 60 sec. In the probe trial, all rats started from the
same starting position, opposite to the quadrant (south) where
the platform had been positioned during acquisition. The
TSTQ and time spent in the annuli (TSA) were recorded using
a stopwatch [44]. In the MWM test, for acquisition trial the
measures analyzed were EL and TSTQ. For probe trial the
measures analyzed were TSTQ and TSA [40, 42].

2.9. Biochemical Study

The rats were sacrificed under light anesthesia on 15" day
and whole brain was collected. From the entire brain tissue the
cerebellum was rapidly detached and the residual brain was
washed with ice-cold 0.9% NaCl and ultimately each
hemisphere was separated. To prepare 10% brain homogenate
from one of the two hemispheres was used with the help of
ice-cold phosphate buffer (30 mM, pH 7.6) in a homogenizer.
To eliminate cellular debris the homogenate was allowed to
centrifuge at 20,000 RPM for 2 hrs at 4°C and finally the
supernatant was used for the determination of CAT, SOD,
GSR, GST, GSH-Px and TBARS activity. Remaining
hemispheres was homogenized (10% w/v) by using a glass
homogenizer in ice-cold phosphate buffer (30 mM, pH 7.6)
and then allowed to centrifuge at 20,000 RPM for 2 hrs at 4°C
in order to get 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 centrifuged at 20,000
RPM for 2 hrs at 4°C to recover the detergent soluble (DS)
part. From the both extraction processes supernatant was
obtained and stored at —20°C and used for the determination
of AChE activity. By using bovine serum albumin (BSA) the
protein concentration was determined [45].

2.9.1. Catalase (CAT) Assay

The CAT activity was determined according the method of
Chance and Machly with some modification [46]. The
reaction mixture of CAT activities was 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 homogenate. The total volume
of this reaction mixture was 3.0 ml. After 1 min the changes in
absorbance of the reaction mixture were determined at 240 nm.
In case of this method one unit of CAT activity was defined as
an absorbance change of 0.01 as U/min.
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2.9.2. Super Oxide Dismutase (SOD) Assay

The SOD activity was determined according to the method of
Kakkar et al., [47]. The reaction mixture contained 0.1 ml of
186 uM phenazinemethosulphate, 1.2 ml of 0.052 mM sodium
pyrophosphate buffer having pH 7.0, 0.3 ml of supernatant after
centrifugation (1500 x g, 10 min followed by 10,000 x g, 15
min) of 10% brain homogenate was added to the reaction
mixture. The total volume of this reaction mixture was 1.6 ml.
In order to start enzyme reaction 0.2 ml of 780 uM NADH was
added to the reaction mixture. After 1 min enzyme reaction was
stopped by adding 1 ml of glacial acetic acid. The SOD activity
was measured at 560 nm and expressed as U/mg protein.

2.9.3. Glutathione Reductase (GSR) Assay

The GSR activity was determined according to the method
of Carlberg and Mannervik [48]. The reaction mixture
contained 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 homogenate.
The total volume of this reaction mixture was 2.0 ml. The
changes in absorbance of the reaction mixture (i.e.,
disappearance of NADPH) at 25°C were determined at 340 nm
and expressed as nM NADPH oxidized/min/mg protein using
a molar extinction coefficient of 6.22 x 10° M cm™.

2.9.4. Glutathione-S-transferase (GST) Assay

The GST activity was determined according to the method of
Habig et al., [49]. The reaction mixture of GST activities was
consisted of 1.475 ml of 0.1 M phosphate buffer having pH 6.5,
0.025 ml of I mM CDNB, 0.2 ml of I mM reduced GSH and
0.3 ml of 10% brain homogenate. The total volume of this
reaction mixture was 2.0 ml. The changes in absorbance of the
reaction mixture were determined at 340 nm and expressed as
nM CDNB conjugate formed/min/mg protein using a molar
extinction coefficient of 9.6 x 10° M cm™.

2.9.5. Glutathione Peroxidase (GSH-Px) Assay

The GSH-Px activity was determined according to the
method of Mohandas er al., [50]. The reaction mixture
contained 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 glutathione
reductase, 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 homogenate. The total volume of this reaction
mixture was 2.0 ml. The changes in absorbance of the reaction
mixture (disappearance of NADPH) at 25°C were determined at
340 nm and expressed as nM NADPH oxidized/min/mg protein
using a molar extinction coefficient of 6.22 x 10° M cm™.

2.9.6. Lipid Peroxidation (TBARS) Assay

The TBARS activity was determined according to the
method of Igbal et al, [51]. The reaction mixture of
thiobarbituric acid reactive species (TBARS) activities was
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 homogenate. The total volume
of this reaction mixture was 1.0 ml. The reaction mixture was
incubated in a shaking water bath for 1 hrs at 37°C. The reaction

was stopped by the addition of 1.0 ml of 10% TCA. After
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 (2500 x g, 10 min). The
amount of TBARS formed in each of the samples was assessed
by measuring the optical density of the supernatant at 535 nm
using spectrophotometer against a blank solution contain all the
reagents except extract or standard. The TBARS activity was
expressed as nM TBARS/min/mg protein at 37°C using a molar
extinction coefficient of 1.56 x 10° M cm™.

2.9.7. Acetylcholinesterase (AChE) Assay

Acetylcholinesterase (AChE) activity was determined using
the colorimetric assay of Ellman et al., [52]. Briefly, in the 96
well plates, 25 pl of 15 mM ATCI, 75 ul of 3 DTNB and 75 pl
of 50 mM Tris—HCI having pH 8.0, containing 0.1% BSA,
were added and absorbance was read at 405 nm after 5 min
incubation at room temperature. Any increase in absorbance
due to the spontaneous hydrolysis of the substrate was
corrected by subtracting the rate of the reaction before adding
the enzyme. Then 25 pl of brain homogenates (SS and DS
fraction) was added and the absorbance was read again after 5
min of incubation at 25°C temperature. The AChE activity
was expressed as M/min/g protein.

2.10. Statistical Analysis

Results were expressed as mean+ SEM. The results were
analyzed with one-way analysis of variance (ANOVA)
followed by Turkey’s post hoc test for behavioral studies and
in case of biochemical studies the least significant difference
(LSD) was determined using post hoc testing for inter group
comparisons at a probability level of 0.05% and 0.01%. SPSS
14.0 (Chicago, IL, USA) and MS Excel 2010 (Roselle, IL,
USA) was used for the statistical and graphical evaluations. A
probability of P < 0.05 was considered as statistically
significant compared to control group.

3. Results

3.1. Determination of Acute Toxicity

MEPF at a dose of 2000 mg/kg b.w. had no adverse effect
on the behavioral, motor and neuronal responses of the tested
rats up to 14 days of observation. Physical observations
indicated no signs of changes in the skin, fur, eyes so the
extracts were considered safe.

3.2. Effect of MEPF on ITL and RTL of Rats Using EPM
Test

The ITL was measured on 6™ and 13™ day and RTL was
measured on 7" and 14™ day (after 24 hrs of ITL).
Administration of MEPF decreased the RTL with respect to
ITL in a dose-dependent mode. In rats, administration of
MEPF on successive days considerably decreased RTL with
respect to ITL as compared to non-treated rats, thus showed
significant memory enhancing activity. The highest dose of
MEPF (200 mg/kg b.w.) markedly (P < 0.05, P < 0.01)
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decreased RTL with respect to ITL of rats as compared to that
of vehicle treated control rats (Figure 1). The percent retention
of memory was calculated as inflexion ratio (IR). Increase in
IR after 24 hrs indicated improved retention of learning task
specified in Figure 2.
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Figure 1. Effect of MEPF on ITL and RTL of rats using EPM test. Values
expressed are mean = SEM (n = 6/group). A. Initial and retention transfer
latency on 6" and 7" day respectively, B. Initial and retention transfer latency
on 13" and 14" day respectively.

*P <0.05, **P < 0.01 significant difference from the control group
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Figure 2. Effect of MEPF on IR of rats using EPM test. Values expressed are
mean + SEM (n = 6/group).

**P < 0.01 significant difference from the control group

3.3. Effect of MEPF on EL and STL of Rats Using PA Test

The EL was measured on 6" and 11" day and STL was
measured on 7", and 12, 13", 14™ day (after 24, 48 and 72 hrs
of EL) respectively. Administration of MEPF increased the STL

in a dose-dependent mode. Among two doses the highest dose
of MEPF (200 mg/kg b.w.) markedly (P < 0.05, P < 0.01)
increased STL of rats as compared to that of vehicle treated
control rats. The value of STL was greater on 12®, 13" and 14"
day respectively, than the 7™ day STL displayed in Figure 3.
The percent retention of memory was calculated as inflexion
ratio (IR). Increase in IR after 24, 48 and 72 hrs respectively
indicated improved retention of learning task (Figure 4).
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Figure 3. Effect of MEPF on EL and STL of rats using PA test. Values
expressed are mean + SEM (n = 6/group). A. Escape and step-through
latency on 6" and 7" day respectively, B. Escape and step-through latency
on Hth and 12", 13" 14" day respectively.

*P <0.05, **P <0.01, ¥***P < 0.001 significant difference from the control
group
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Figure 4. Effect of MEPF on IR of rats using PA test. Values expressed are
mean + SEM (n = 6/group).

*P <0.05, **P<0.01, ***P <0.001 significant difference from the control
group
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3.4. Effect of MEPF on EL, TSTQ and TSA of Rats Using
MWM Test

The EL and TSTQ for acquisition trial was measured on 5™,
10™ and 14™ day. Administration of MEPF decreased the EL
and increased the TSTQ in a dose-dependent mode. The
highest dose of MEPF (200 mg/kg b.w.) markedly (P <0.01, P
< 0.001) decreased EL and increased TSTQ of rats as
compared to that of vehicle treated control rats (Figure 5,
Figure 6). The TSTQ and TSA for probe trial were measured
on 14™ day after completion of acquisition trial.
Administration of MEPF increased the TSTQ and TSA in a
dose-dependent mode. Like acquisition trial both doses of the
MEPF extract markedly (P <0.01, P <0.001) increased TSTQ
and TSA of rats as compared to that of vehicle treated control
rats, thus showed significant improvement of learning and
memory given in Figure 7.
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Figure 5. Effect of MEPF on EL of rat for acquisition trial using MWM test.
Values expressed are mean = SEM (n = 6/group).
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3.5. Effect of MEPF on Oxidative Status in Rat’s Brain

Alteration in the activity of CAT, SOD, GSR, GST, GSH-Px
and TBARS are shown with administration of MEPF in rats in
a dose-dependent mode represented in Table 2.
Administration of MEPF altered the concentration of CAT,
SOD, GSR, GST, GSH-Px and TBARS. In particular,
administration of highest dose of MEPF (200 mg/kg b.w.)
markedly (P<0.05P<0.01,P<0.001) increased the activities
of CAT, SOD, GSR, GST, GSH-Px while significantly (P <
0.01) reduced the concentration of TBARS (MDA) in the
brain tissue of rats to that of vehicle treated control rats.
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Table 2. Effect of donepezil hydrochloride and MEPF on biochemical parameters of rat brain antioxidant defense system.

CAT SOD (U/mg GSR (nM/min/mg GST (nM/min/mg GSH-Px (nM/min/mg TBARS (nM/min/mg
Treatment . . . . q .
(U/min) protein) protein) protein) protein) protein)
Con 8.09+1.82 8.97+1.01 123.80 = 1.08 127.36 = 0.98 35.75+0.83 183.07 £5.03
Don 17.54 +£1.23 22.57+1.01 249.73 £1.01 183.47 £1.39 75.12+1.16 162.41 £4.23
MEPF 100 13.01 £ 1.49* 15.23 +1.20 174.32 £0.72* 152.57 £0.82 41.29 £ 0.99* 172.53 £ 4.48%
MEPF 200 15.45 £ 1.35%** 17,93 £ 1.07** 206.16 £ 0.84* 174.49 £ 0.79** 62.56 + (0.85** 167.05 £ 4.820**

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

3.6. Effect of MEPF on AChE Activity in Rat’s Brain

Administration of MEPF significantly decreases in AChE
activity in both salt soluble (SS) and detergent soluble (DS)
fractions of brain tissue of rats in a dose-dependent mode as
compared to non-treated rats. The highest dose of MEPF (200
mg/kg b.w.) markedly (P < 0.001) decreased AChE activity in
SS and DS homogenate of rat’s brain tissue as compared to
that of vehicle treated control rats (Table 3).

Table 3. Effect of donepezil hydrochloride and MEPF on AChE activity in rat
brain.

SS AChE (M/min/g of DS AChE (M/min/g of
Treatment . .

protein) protein)
Con 0.178 £ 0.004 0.889 + 0.026
Don 0.102 +0.003** 0.329 £ 0.010%***
MEPF 100 0.133 £ 0.003 0.730 £ 0.025*
MEPF 200 0.114 £ 0.003*** 0.474 +£0.013***

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

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

4. Discussion

In this study, it was explored that administration of MEPF
for 14 successive days showed better memory enhancing
effect in rats. This is the first study showing memory
enhancing activity of PF extracts in rats. EPM, PA and MWM
tests were employed as behavioral models for evaluation of
learning and memory. The antioxidant potentiality of the plant
was determined by biochemical studies such as CAT, SOD,
GSR, GST, GSH-Px, TBARS and AChE assay. In fact, these
prototypes are extensively used for evaluating the effect of
unknown plants/drugs on learning and memory [34].

EPM test is one of the behavioral tests for studying spatial
long term memory. The brain tonic activity of MEPF was
evaluated by EPM test. Parameters that were investigated in
this test were ITL and RTL. The time spent by the rat to move
from the open to the closed arm in this test is recorded as ITL.
The retention of learning task was studied after 24 hrs as RTL.
In EPM test, a decrease in RTL on 7™ and 14™ day with respect
to ITL on 6™ and 13™ day (after 24 hrs of ITL) indicated
improvement of spatial long-term memory of rats as compared
to control rats. Bhaskar ef al., in the study on Eclipta alba in
rats reported significant improvement in learning and memory
in EPM test [53]. PA test was performed to access learning and
memory function based on the natural leaning of rats formed

after an aversive stimulus. The latency times to re-enter the
dark chamber were measured as STL in this test [40]. In PA
test an increase in STL on 7™ (after 24 hrs of EL) and 12™, 13™,
14™ day (after 24, 48 and 72 hrs of EL) after the acquisition
trial indicated improvement of learning and memory of rats as
compared to control rats. In the study on Loranthus
parasiticus on scopolamine-induced memory impairment in
mice by Weon et al., stated increased latency time in this test
[54]. MWM test is widely used behavioral tests for studying
hippocampus-dependent spatial memory and leaning. This test
was designed to measure effect of MEPF on cognitive
performance of rats. Parameters include EL, TSTQ and TSA
were investigated in this test and these parameters represent
learning and memory enhancing effect of rats. In MWM test,
for standard acquisition trial a decrease in EL & increase in
TSTQ on 5™, 10™ and 14™ day and for probe trial an increase
in TSTQ & TSA on 14™ day indicated improvement of spatial
learning and memory of rats as compared to control rats. In the
study on Ziziphus jujube against ethanol-induced hippocampal
oxidative stress and spatial memory impairment in rats similar
findings were reported by Taati et al., [43].

The results suggested that out of the two effective doses of
MEPF (100 mg and 200 mg/kg b.w.) higher dose (200 mg/kg
b.w.) produced superior nootropic effects in rats as compared
to vehicle treated control rats.

SOD are group of metalloenzymes that protects
oxygen-metabolizing cells and repairs cells damage done to
them by superoxide free-radicals [55]. It acts as both an
antioxidant and anti-inflammatory in addition protects
oxygen-metabolizing cells against the harmful effects of
superoxide free-radicals [56]. Studies have shown that SOD
catalyzes the breakdown of the superoxide (O, *) radical into
molecular oxygen (O,) and hydrogen peroxide (H,0,) leading
to reduce the toxic effects. This generated H,O, is less
damaging, although the catalase and gluthatione peroxidase
systems can neutralize the H,O, by converting it to H,O and
O, [57]. CAT is a glycoprotein present in the antioxidant
defense system of all cells that protects the cell from oxidative
damage done by ROS [54]. It catalyzes the breakdown of
H,0, to H,0 and O, and protects the cell from highly reactive
hydroxyl radicals. Furthermore, SOD and CAT are an
important antioxidant defense in nearly all living cells
exposed to oxidative stress, thus increased longevity of
lifespan [58]. GSR and GST are principal antioxidant enzymes
because they are involved in the reduction of oxidative
damage caused by ROS [59]. GSR is a homodimeric
flavoprotein that catalyzes the reduction of glutathione
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disulfide (GSSG) to the sulfhydryl form glutathione (GSH).
Generated GSH is responsible for blocking oxidative stress
and maintaining the reducing environment of the cell and in
this way it provides the first line defense to the body. GSH is
an essential component of the body's natural defense system
and often referred to as the body's master antioxidant. It can
act as a scavenger of hydroxyl radicals, singlet oxygen, and
various electrophilic compounds [60]. Antioxidant dimeric
enzyme GST catalyzes the nucleophilic attack by GSH on
electrophilic compounds and toxic substrates, thereby
preventing oxidative damage [61]. Like other antioxidant
enzyme, GSH-Px is another antioxidant enzyme whose main
function is to protect the cell from oxidative damage and thus
prevent the formation of reactive free radicals. It catalyses the
reduction of H,O, to H,O by reacting with glutathione and
converts it to oxidized glutathione. This generated GSSG is
reduced to glutathione by GSR [62].

Lipid molecules react with oxygen free radicals resulting in
the formation of lipid peroxides, which lead to the formation
of TBARS. This generated TBARS is highly reactive and
cause damage to cell membranes and to the cell itself [63].
Lipid peroxidation is a chain reaction initiated by the
hydrogen abstraction or addition of oxygen radical, resulting
in the oxidative damage of polyunsaturated fatty acids (PUFA),
once initiated can be amplified by self-propagation [64].
About 1% of the total oxygen uptake by cells, organs and
bodies in taken up by the reactions of lipid peroxidation,
which is highly evident in several neurodegenerative diseases
especially AD [65].

Antioxidant enzymes such as CAT, SOD, GSR, GST and
GSH-Px are involved in the reduction of oxidative stress
(TBARS) and their alteration are a strong link with AD.

Acetylcholine (ACh) is a neurotransmitter found in the
synapses of the cerebral cortex. ACh is rapidly degraded by
AChE enzyme and this enzyme is found in elevated level in
case of AD [13-15]. The results of this study exposed that
MEPF administration in rat’s markedly decreased brain AChE
activity. In the study on effects of Sonchus asper on brain
antioxidant markers, cognitive performance and AChE activity
of rats by Khan RA et al., showed that this plant extracts have
beneficial for improving the learning ability and antioxidant
potential [66]. For the study of Launaea procumbens on brain
antioxidant enzymes and cognitive performance of rat by Khan
RA also reported alike results [67].

The results suggested that administration of MEPF (100 mg
and 200 mg/kg b.w.) especially higher dose (200 mg/kg b.w.)
for 14 days increased the level of these antioxidant enzymes
and showing protection against oxidative damage caused by
free radicals. So it was clear that administration of MEPF in
healthy rat reduced brain oxidative damage increased the level
of antioxidant enzymes as well as decreased TBARS level and
AChE activity.

The above behavioral and biochemical results suggest that
MEPF has nootropic activity and gifted to improve cognitive
functions and brain antioxidant markers as well as
anti-acetylcholinesterase activity.

5. Conclusion

From the present study, it is clearly demonstrated that
MEPF has nootropic activity and showed significant
beneficial effects for improving the learning, memory as well
as antioxidant potential. As a result this plant extracts can be
used for enhancing memory in neurodegenerative disorders
especially Alzheimer’s disease. There is great possibility of
presence of promising compound in this plant extracts.
However, further studies will be necessary to characterize the
active principles.
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