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Abstract

Dementia is one of the age related mental problesnsl characteristic symptom of various
neurodegenerative diseases including Alzheimesesatie. This impairment probably is due to the vabhibity of
the brain cells to increased oxidative stress duaging process. Many studies have shown thaticegstaenolic
antioxidants attenuate neuronal cell death indumedxidative stress. The present work was undentakeassess
the effect of ethanolic extract ®Lnica granatum seeds on cognitive performance of aged and scoputatreated
young mice using one trial step-down type passi@dance and elevated plus maze task. Aged or smojTe
treated mice showed poor retention of memory ip-si@wn type passive avoidance and in elevatedmhee task.
Chronic administration (21 days) Biinica granatum extract and vitamin C significantlyp & 0.05) reversed the age
induced or scopolamine induced retention deficitbath the paradigm&unica granatum extract also significantly
lowered lipid peroxidation level and increased exilant glutathione level in brain tissud2unica granatum
preparations could be protective in the treatméobgnitive disorders such as dementia and Alzhegmisease.
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Introduction

With an increasing aging population, Alzheimer'satise (AD) represents a significant healthcaresjssu
which is likely to gain in prevalence. AD is a chic neurodegenerative disorder characterized bgrpssive
memory loss, diminished cognitive ability and bebeal disturbances with advancing age (Foster £t1894).
Recent reports suggest the involvement of freecedsliin the pathophysiology of AD. Oxidative damagas
considered a likely cause of age associated brgsfudction because the brain is believed to beiquaatly
vulnerable to oxidative stress due to a relativegh rate of oxygen free radical generation withootnmensurate
levels of antioxidative defenses (Brewer, 1998;&@h al, 1990). In AD,-amyloid peptide has been implicated in
oxidative stress and free radical production (PHapet al, 1997; Hardy and Higgins, 1992; Suh, 1997).
Furthermore, oxidative stress appears to me@iamyloid peptide toxicity by free radical productjcsuggesting a
pathophysiological link betweef-amyloid peptide and imbalance between reactivegemyproduction and
protective system.

Several studies have shown that plant derived flaids exhibit variety of biological properties (Hohn
et al., 1996) .It has been demonstrated that ceplaénolic antioxidants attenuate neuronal celtrd@aduced by
oxidative stress (Schroeteral., 2000). Many studies suggest that supplementatitmamtioxidants may delay the
development of Alzhemier's disease (Stocker, 19%nica granatum (Pomegranate) is an ancient fruit with
exceptionally rich ethnomedical applications. THeytpchemical analysis of an ethanolic extract fréomica
granatum seeds has demonstrated the presence of a widstyvafi constituents such as flavonoids, glycosides,
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tannins, anthocyanins, ascorbic acid (Cestda., 2003; Prez-Vicente et al., 2002; Noda et 2002). Many studies
have shown that Pomegranate is a powerful antioxi¢@hidambara Murthy et al2002; Plumb et gl.2002;
Seeram et gl2005), anti-inflammatory (Ahmed et.g2005), antidiabetic (Huang et,&005), and neuroprotective
(Loren et al, 2005). Earlier we have shown the antidepressdattedf pomegranate seeds extract (Sokindra.get al
2007)

In the current experiment, we studied the effeciclwronic ethanolic extract oPunica granatum on
cognitive parameters of young and aged mice. Lagrand memory parameters in these mice were eealwsing
one trial step-down type passive avoidance task alabvated plus-maze test. Oxidative stress namely,
malondialdehyde (measure of lipid peroxidation) dahd antioxidant glutathione level in brains of eliwere
analyzed following the behavioral paradigms. Rasaliggest a protective effect of pomegranate extnag its
possible use in the treatment of cognitive disader

Material and Methods
Plant material and extraction

Seeds ofPunica granatum were purchased from herbal drug store, New Delli plant material was
identified and authenticated at Department of Plaognosy, Hamdard University, New Delhi. A voucher
specimen (2204) was deposited in the departmerd. plént material was extracted successively wittnofeim
ether, chloroform followed by ethanol in Soxhlettrextor. The ethanol extract was evaporated uneéuaed
pressure to give an average yield of 35% w/w. Ttieaet was then stored in a desiccator. Phytochamsicreening
was done in accordance with standard protocol.

Isolation and purification of compounds

A sample (200 g) of extract was subjected to colaemomatography (Silica Merck 60-100 mesh, 120 X 5
cm) and was eluted with a series of gradient ofiestk in increasing polarity order. Each dried titat was
analyzed by various spectroscopic techniques. Metails regarding the methodology of isolation ahémical
identification of the active compoundsiinica granatum will be published elsewhere.

Animals

Swiss albino mice of either sex of 3 months (yousugd 14 months old (aged), weighing 20-25 g and 38-
42 g, respectively, were obtained from Central Aaditdouse, Jamia Hamdard, New Delhi, India. Theyewssused
five per cage, with free access to food and waaed maintained under standard laboratory conditidiee
experimental protocol was approved by the Instndl Animal Ethical Committee and experiments cael
according to the CPCSEA, India guidelines on thee arsd care of experimental animals. Experimente warried
out between 09:00 and 18:00 h.

Drugs and treatment schedule

Vitamin C (Loba chemicals, India), Scopolamine (MerUSA), Thiobarbituric acid (Glaxo, India), DTNB
(Sigma-Aldrich, St. Louis, USA), Trichloro aceticid and Sodium dodecyl sulfate (CDH, India).

To assess the effect of chronic treatment of etlmmextract of Punica granatum, the following drug
regimens were employed. The aged mice were randdistyibuted into four groups. The first group ofirmals
received only vehicle treatment perorally for aipeérof 21 days. Subsequent three groups of animegived
varying doses of pomegranate extract (250 and 5§/@grperorally once a day) for a period of 21 dayse extract
was suspended in 5 % tween 80. The last groupvesteitamin C (250 mg/kg, p.o.) as a standard d8imilar
drug treatment was also performed in different geoaf young mice. In young animals, amnesia waadad by
administration of scopolamine (1 mg/kg, i.p.) ori'2hy and the Step down latency (SDL) and Transfemky
(TL) recorded. Retention was recorded after 24 2@' day, after 60 mins of administration of dosespstamine
was administered and SDL and TL noted after 30 mrs the next day (day 22), animals were testedHeir
retention using passive avoidance and elevatedrpaze task. After recording the cognitive paransetetice were
sacrificed and their brains were immediately preedsfor biochemical estimations.
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Passive Avoidance Test

A step-down type passive avoidance test apparaagsused to evaluate the effects of pomegranateatxtr
on learning and memory as described by Reddy arkiakhi (1998) and Raghavendra et al (1999). Theaegips
consisted of an electric grid with a centrally lwzhshock free platform (10 X 7 X 30 cm). During ttraining
session, each mouse was gently placed on platiasnthe mouse turned down the platform foot shoakARwas
delivered for 2 seconds. The mouse was removed finenenclosure immediately after receiving the khoctheir
respective home cages. The Step down latency (8@k)recorded from the time the mouse was placquatform
until it stepped down to the platform. The retenttest was carried out 24 h after training, in $hreilar manner,
except that the electric shocks were not appliedrit floor. Short latencies indicate poor retentmompared to
significantly longer latencies.

Elevated Plus Maze Test

Acquisition and retention of memory was evaluatgdubing the elevated plus maze learning task, which
measures spatial long-term memory (Reddy and Koikdr998). Transfer latency (TL) (the time in whithe
animal moves from the open arm to the enclosed ams) utilized as an index of learning and memoncesses.
The procedure was basically identical to that dbedrby Itoh et al. (1991). The elevated plus meaesisted of
two open arms (16 X 5 cm) and two enclosed arms{(56X 12 cm) with an open roof. The maze was ded&o a
height of 25 cm from the floor. The animals werageld individually at the end of either of the opems and the
transfer latency was noted on the first day. Toobee acquainted with the maze, the animals weravatioto
explore the plus maze for 20 seconds after reachimglosed arm. On the second day, 24 h aftefirffteexposure,
transfer latency was again noted. A long latenayopeto reach enclosed arm indicates poor reterd@mmpared to
significantly shorter latencies.

Locomotor activity test

The animal’s locomotor behavior was monitored usintpphotometer (Inco, India). Before subjecting th
animals to cognitive tasks, they were individugllgced in actophotometer and the ambulatory agti@gistered
for five-minute period. The locomotor activity waspressed in terms of total photobeam count/5 raipet animal

Measurement of lipid peroxidation

MDA which is a measure of lipid peroxidation wasasered as described by Ohkastval (1979). Briefly,
brain tissues were homogenized with 10 times (@/%)sodium phosphate buffer (pH 7.4). The reagecesic acid
1.5 ml (20%) pH 3.5, 1.5 ml thiobarbituric acid§®) and 0.2 ml sodium dodecyl sulfate (8.1%) wealeeal to 0.1
ml of processed tissue sample. The mixture was tieared at 100 C for 60 mins. The mixture was cooled with tap
water and 5 ml of n-butanol: pyridine (15:1 % v/ahd 1 ml of distilled water were added. The migtwas shaken
vigorously. After centrifugation at 4000 rpm for Mins, the organic layer was withdrawn and absarbamas
measured at 532 nm using spectrophotometer. 1, 3;T&tramethoxypropane was used to prepare thmelata
curve.

Measurement of glutathione

Glutathione was estimated according to the methoBllman (1959) with slight modification. Briefly,
brain tissues were homogenized with 10 times (W/&) sodium phosphate buffer (pH 7.4). This homotEenas
then centrifuged with 5 % trichloroacetic acid entrifuge out the proteins. To 0.1 ml of this horeoagte, 2 ml of
phosphate buffer (pH 8.4), 0.5 ml of 5’5’ dithiok@-nitrobenzoic acid) (DTNB) and 0.4 ml of douldistilled
water was added. The mixture was vortexed andlikerhance read at 412 nm within 15 mins.

Statistical analysis

Results are expressed as means = S.E.M. The dataamalyzed using one-way ANOVA followed by
Dunnet’s test. The criterion for statistical sigraince wagp<0.05.
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Results

Effect of pomegranate on passive avoidance performae of aged and scopolamine induced amnesia in yaun
mice

Vehicle treated aged mice showed significgnk(0.05) decrease in step down latency (SDL) onrsgco
day in comparison to young mice, indicating ageatezl dementia in aged mice. Chronic administraiZindays) of
pomegranate extract (250 and 500 mg/kg, p.o.) &adin C (250 mg/kg, p.o.) significantly increasbeé SDL on
second day (Figure 1A). Scopolamine (1mg/kg, igighificantly < 0.05) decreased the SDL (second day) in
young mice. Scopolamine induced cognitive defitisécond day was significantly reversed by pomedeaextract
in young mice (Figure 1 B)

Effect of pomegranate on elevated plus maze performmce of aged and scopolamine induced amnesia in
young mice

Vehicle treated young mice exhibited short trandéency (TL) into enclosed arms on second day
compared with vehicle treated aged mice (data hows), indicating poor retention ability of agedcei Chronic
treatment of pomegranate extract and vitamisighificantly (p < 0.05) decreased the TL in aged and scopolamine
treated young mice compared with respective canffféigures 2A, 2B).

Table 1: Effect of chronic administration ¢funica granatum (PG) extract (250 and 500 mg/kg) and vitamin C (250
mg/kg) on Lipid peroxidation and Glutathione leireged mice and in young mice. Values are expdesse
as meart S.E.M.”p < 0.05 Vs vehicle treated mice, n = 8-10 animals.

Treatment (mg/kg) Lipid peroxidation Glihtine
(nmol/mg protein) (nmol/mg protei
Young mice
Vehicle 0.24£ 0.03 2.96: 0.06
PG 250 0.120.04 2.88& 0.07
PG 500 0.1& 0.03 3.08 0.08
Vitamin C 0.2G: 0.04 3.12£ 0.08
Aged mice
Vehicle 0.3& 0.04 1.8G: 0.03
PG 250 0.22 0.03 2.28+0.04
PG 500 0.18 0.03 2.49+ 0.04
Vitamin C 0.1% 0.04 2.41+ 0.30

Effect on lipid peroxidation level

The MDA level was estimated on day 22. The vehicdated aged mice showed significaniby<( 0.05)
rise in level of MDA as compared to vehicle treagedng mice. Chronic treatment of pomegranate ek{260 and
500 mg/kg, p.o.) and Vitamin C (250 mg/kg, p.ognsiicantly decreased the MDA level in aged miceaspared
to vehicle treated aged mice (Table 1). In youngemino significant effect on MDA level was observed

Effect on glutathione level
Chronic administration of pomegranate extract (@68 500 mg/kg, p.o.) and Vitamin C (250 mg/kg, }p.o.

significantly (@ < 0.05) increased the glutathione level in agedengis compared to vehicle treated aged mice. In
young mice, no significant effect on glutathionedlewas observed (Table 1).
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Effect on locomotor activity

In order to check the possible interference of gangensorimotor function, and motor behavior dgirin
cognitive tasks, mice were tested with an actopheter. There was no significant effect on locomatotivity
observed in any animal (data not shown)
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Figure 1. Effect of chronic administration dfunica granatum (PG) extract (250 and 500 mg/kg) and vitamin C
(Vit.C 250 mg/kg) on Step down latency (SDL) in dgmice (A) and in young mice (B). Values are
expressed as mearS.E.M.

*n < 0.05 Vs vehicle treated mice, n = 8-10 animals.

Discussion

Cognitive dysfunction is one of the most strikingeaelated impairment seen in human beings and
animals. This impairment probably is due to theneuhbility of the brain cells to increased oxidatstress during
aging process. Oxidative stress is defined as alagital consequence caused by a mismatch betweesn t
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production of free radicals and the ability to srage them (Simonian and Coyle, 1996; Loren e805). Lipid
peroxidation is a measure of free radical genamafitne gradual increase in levels of malondialdenfddDA) the
end product of lipid peroxidation in the brain gfea mice shows an increase in levels of lipid pigiation. Also,
there was a simultaneous decrease in the glutath@rels. Glutathione is an essential tripeptidel antioxidant
found in all animal cells. It reacts with the fremlicals and can protect cells from singlet oxydemroxyl radical

and superoxide radical damage (Sharma et al., 2000)
Several studies have shown that plant derived fladds exhibit variety of biological properties (Hohn

et al, 1996). It has been demonstrated that certain piceanttioxidants attenuate neuronal cell death aeduby
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Figure 2: Effect of chronic administration dPunica granatum (PG) extract (250 and 500 mg/kg) and vitamin C
(Vit.C 250 mg/kg) on Transfer latency (TL) in agaite (A) and in young mice (B). Values are exprdsae

meant S.E.M.
*n < 0.05 Vs vehicle treated mice, n = 8-10 animals.

oxidative stress (Schroeter et @&000). Many studies suggest that supplementatitimamtioxidants may delay the

development of Alzhemier’'s disease (Stocker, 1994).
The results of this study clearly indicate thatoetic administration oPunica granatum seeds extract and

vitamin C to aged mice and young mice reverse impant of memory retention in one trial step dowoidance
and elevated plus maze task. Furthermore, chrosétrhent ofPunica granatum and vitamin C also protected the
brain cells against increased oxidative stressdadwuring aging. Considering the fact that the esianassociated
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with increased brain oxidative stress during beajing and its reversal by antioxidants (Carney.el891; Socci et
al., 1995; Clausen and Nielsen, 1989). Our resultgestgthat the antiamnesic effectRinica granatum seeds
extract in present study could be due to its aidimt action.

In summary, we show that chronic treatmentPahica granatum seeds extract alleviates age-dependent
and scopolamine induced cognitive deficit of micepassive avoidance and elevated plus maze tablsh would
be due to its antioxidant action. Hence, it maycbacluded thaPunica granatum may be protective in cognitive
dysfunctions.
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