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Abstract

Ischemic stroke is the third leading cause of deatld leading neurological cause of
disability. The treatment of chronic behavioralddsllowing stroke is considered a major
problem in the field of medicine. In our study effbas been made to develop new treatment
ischemic stroke, ischemia was induced in rats mpteary bilateral carotid artery occlusion
method (BCAO) in rats for 10 minutes followed byeefusion. The animal behavior was
assessed by neuromuscular function, Vestibulonfatation, Complex neuromotor function
tests and social recognition by Juvenile recognitests and upper extremity impairment by
skilled reaching analysis test. Moreover;vivo tests such as Motor activity, Open field
activity, Rotor rod and Morris water maze examiolasi were carried out to assess other
behavior. Methanolic extract of Asparagus racem@MIEAR) a well known rasayana herb
was used for the treatment of ischemia induced alsinTreatment with MEAR showed
considerable improvements in behavior of animald significance of (P< 0.01) done by
ANOVA and Dunett’s in all behavioral assessmenta olose dependent manner. The results
indicate the neuroprotective nature of MEAR andupedthe severity of stroke in rats and
will enable them to rehabilitate affected body areere quickly as normal rats.

Keywords: Methanolic extract of Asparagus racemosus, Bidtearotid artery occlusion,
Behavior, Neusromuscular, water maze, Neuropratecti

Introduction

Transient global ischemia has been one of the nmbstesting pathological conditions in
stroke studies. Transient forebrain ischemia foddwby reperfusion induces delayed
neuronal cell death in severe regions of the biratuding the hippocampal CA1 subregion
[1]. Glutamate excitotoxicity, oxidative stressflammation and apoptosis have been known
to involve in the mechanisms of neuronal cell defatffowing forebrain ischemia [2-4].
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Rodent models have been central to the elucidatidhose pathophysiological mechanisms
of global forebrain ischemia. Among these a rat ehad bilateral carotid artery occlusion
(BCAO) is an accepted model for the study of nerotgetive mechanisms of action.

Improving deficient ability of spatial learning memy has received extensive experimental
attention because more and more people lose #waining and memory ability after stroke.

Cerebral ischemia is known to produce severe hashmpogical damage and related

behavioral deficits, some of which continue to pesg. The middle cerebral artery perfused
brain areas such as the parietal cortex, hippocapgnd striatum are mainly affected after
cerebral ischemia. In particular, the hippocamgairans, known to play an important role in

learning and memory processes, are vulnerable towonal injury produced by ischemia

(ISCH) [5] Lesions of hippocampal cells by ischerara well established to produce severe
deficits of learning and memory in a variety of aeioral tasks [6].

Learning and memory are generated by an experiedependent and long-lasting
modification of the central nervous system. Theyolae activation by neurotransmitters,
such as, acetylcholine, dopamine, and serotonirthefreceptor-linked enzymes that are
responsible for the synthesis of intercellular reaegers [7-8]. A large number of studies
have shown that the cholinergic system plays arortapt role in learning and memory [9].
Moreover, a loss of cholinergic neurons and redwtedline acetyltransferase activity in the
cerebral cortex and hippocampus are consistent fivithings in Alzheimer’'s disease (AD)
[10-12]. Ischemia-induced neuronal degeneratiorugcn forebrain structures such as the
striatum, cerebral cortex, and thalamus [13-14].ré&dger, because hippocampal neuronal
cell death is selectively vulnerable to ischemiz-15].

In traditional Oriental medicine, many herbal drugsd prescriptions have been used
clinically for the treatment of stroke and vascutiementia.Asparagus racemosud/illd.
(Asparagaceae) is an important medicinal plant ropital and subtropical India. Its
medicinal usage has been reported in the Indian Bnish Pharmacopoeias and in
traditional systems of medicine such as Ayurvedaand and SiddhaAsparagus racemosus
is mainly known for its phytoestrogenic properti@be interest in plant-derived oestrogens
has increased tremendously makigparagus racemosysrticularly important. The plant
has been shown to aid in the treatment of neurodgtve disorders hence it is been used in
our study. Since free radicals and glutamate etmwitoity plays an important role in ischemia
and the previous studies reported that the plaminigpotent antioxidant [17] and inhibits
excitotoxicity [18].

The purpose of this study was to examine the eféédViethanolic extract of Asparagus
Racemosus (MEAR) in cerebral ischemia on impairmaintiearning and memory and
behavioral outcome in ischemia-induced amnesiausitsy different behavioral assessment
studies to know whether the herb shows neuropigeeetfect in ischemia induced by BCAO
in rats.

Materials and Methods

2.1: Chemicals and reagents

The roots ofAsparagus racemosus willdvere collected from Central Research institute,
Chennai. The apparatus and instuments used fasgessment of behavioral studies is from
Department of Pharmacology, C.L.Baid metha colle§epharmacy, Chennai-97, India.
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Methanolic extract of Asparagus racemosus was ldisdoin distilled water and freshly
prepared for all Experiments. The water used wassigu by Milli-O purification system. All
other chemicals and reagents used were of andlgtiade as appropriate.

2.2: Animals

Male healthy colony inbred strains of wistar atbnats (weighing 250-300g) were kept in a
room under controlled temperature (22+1°C) andraat@ day-night rhythm (12h — cycle)
and housed on a wire bottom cages with paper ueddrnThe ethical approval of this study
was obtained from Institutional Animal Ethical Coittee (IAEC) of CPCSEA (Committee
for the Purpose of Control and Supervision of Ekpental Animals). IAEC Reference
number IAEC/XIII/01/CLBMCP/2008-2009 Dated on 04/2@08.Animal experiments were
performed in accordance with the guide for the camed use of Laboratory animals as
adopted and promulgated by the National Institatfeslealth of the USA (NIH publication
No: 85- 23, 1985)

2.3: Plant material and standardization of extract

Freshly collected roots dtsparagus racemosus willdere dried in shade and pulverized to
get a coarse powder. A weighed quantity of the w880 g) was passed through sieve
number 40 and subjected to hot solvent extractiom soxhlet apparatus using methanol at a
temperature range of 60-8D respectively. Before and after every extractios powder bed
was completely dried and weighed. The filtrate ve@aporated to dryness at°@0under
reduced pressure in a rotary vaccum evaporatorroiish black waxy residue was
obtained. The percentage yield of methanolic ektnas 17.5%w/w. The plant material was
identified and authenticated by Dr. Sasikala Ejbita Research Officer (Pharmacognosy) of
Central Research for Siddha, Arumbakkam,Chennad186 and Dr.G.V.S.Murthy Joint
Director of Botanical Survey of India, Southerncta; Coimbatore-641003. (Authentication
no: BSI/SC/5/23/08-09/Tech-893 dated 09/09/08, Biot survey of India.).The animals
received this extract orally in dosages of 200md 480mg/kg/day dissolved in distilled
water. The particular dose was selected on thes lohgiur preliminary and acute oral toxicity
studies.

2.4: Experimental procedure

Surgery procedure and bilateral carotid artery occlsion induced cerebral ischemia in
rats:

After 1 week of pre-treatment with MEAR p.o., theoke was induced using bilateral carotid
artery occlusion (BCAO) method in male healthy wafistats. Anaesthetized rat with
thiopentone sodium at a dose of 45mg/kg body weights were transfered to the surgery
table. Checked anesthesia level intermittently. (@g pinch) and level adjusted accordingly.
Ventral neck region was shaved [19]. Area was washigh 70% ethanol to cleanse. All
loose fur were removed and treated with betadiheatisn. Temperature measurement was
carried out. Started recording temperature andralbed with help of following method.
Body temperature was easily controlled (37.0°Chvédt heating blanket [20]. An infrared
lamp was also effective in maintaining temperatimg, it must not be too close to cause
burns. A small midline skin incision was made ické~ 2 cm long). The thyroid gland was
gently separated with non-traumatic forceps. Batinmon carotid arteries was isolated.
Care was taken to avoid damaging the vagal nemdssaparated with the help of curved
forceps. Silk suture was looped under each arteryeéch access to vessels. Vessels were
made free enough to allow easy and rapid placeoferiamps. Non-traumatic vessel clamps
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was applied to each artefgr a defined period (-15 minutes) and after that allowed
reperfusion. Area was infiltrated with warm salitte prevent drying out of tissue duri
occlusion. After the end of defined period clampsrevremoved and checked arteries
good reflow. he order of clamp application and removal shouldhgesame and within 1
sec of each other minimize asymmetrical injuryk Siiture was gently removed around e
vessel. Incision was infiltrated with a few drogdignocaine. Incision was sutured apost
surgical care was given to the animal and they wet¢rned to their home cages. St-
operated control animals underwent all the surgicatedure except occlusion of BC/
Treatment with MEAR was continued for another waékr surger)

Paralysed eye Forelimb flexion Torso twisting Forelimb placement

Beam halanee Muzele conrdination o | ile r

2.5: Drug administration protocol

Male Wistar strain rats were randomized into 6edéht treatment groups (n=6 per gro
Group 1: Animals (POSITIVE CONTROL) without shameogtion and treated with conti
vechicle (normal saline) only (p. Group 2: Animals with sham operation (withc
occlusion) and treated with control vechicle onjyo]. Group 3: Animals treated wi
200mg/kg of MEAR alone (p.o). Group 4: Animals (NEGVE CONTROL) with BCAO
and treated with control vechicle only (p.oJroup 5: Animals with BCAO and treated w
200mg/kg of MEAR (p.0). Group 6: Animals with BCA@nd treated with 400mg/kg

MEAR (p.0). In our study the animals were pretreated with ME®R a period of 1wee
(200 and 400 mg/kg) p.o. before BCAO and 7 cafter BCAO operation. After induction
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ischemia the animal behavior was assessed by at@sis along with treatment in order to
find the behavioral outcome compared to stroke éeduanimals. Fig 1 shows various
behavioral patterns in stoke induced animals.

2.6: Evaluation of Behavioral outcome in rats

Behaviour Examination [21-22]

Animals were trained for 3 days prior to surgerythree different areas like neuromuscular
function, vestibulomotor function, and complex rauptor functionA combined total score
was taken for each rat with a higher score meaainigher clinical deficit.

2.6.1: Neuromuscular function:

Neuromuscular function consisted of 6 subtests:lifobke flexion, twisting, resistance to
lateral push, circling, hind limb placement, inesttangle board gripping. Each subtest and
Scoring pattern of neuromuscular function was daeording to the literature [21, 22].

2.6.2: Vestibulomotor function (beam balance)

Beam balance is sensitive to motor cortical insuliBis task was used to assess Qgross
vestibulomotor function by requiring rat to balance steadily on a narrow beam. The tes
involvesthree 60-second training trials 24 hours beforgey . The apparatus consists of a
3/4-inch-wide beaml0 inches in length, suspended 1 ft above a taipge The ratwas
positioned on the beam and must maintain steadyowithall limbs on top of the beam
for 60 seconds. The scoring patterns of Vestilbwtwnfunction were carried out besed on
the literature [21, 22].

2.6.3: Complex neuromotor function (beam walk):

This is a test of sensorimotor integration speaifjcexamininghindlimb function. A 1-inch-
wide beam3 ft in length, was suspended 3 ft above the floa dimlylit room. At the far
end of the beam was a darkened goalwiblk a narrow entryway. A white noise generator
and bright light source at tistart of the beam motivate the animal to travelsebieam and
enter the goal box. Once inside the goal box, tineu wereterminated. The rat’s latency to
reach the goal box (in seconds)d hindlimb performance as it traversed the bdzasgd on

a rating scale) were recorded. Each rat was trdioe@ days before surgety acquire the
task and to achieve normal performance on thresemutive trials.

1.7. Upper extremity impairment

Skilled reaching movement analysis

Movement analysis is sensitive to compensatorylifobe movements that reveal enduring
impairments or compensatory strategies in reacamygrasping motor action patterns after
brain injury [23].

2.8: Social recognition

Juvenile recognition test

The juvenile recognition test is a suitable moaeltesting amnesia in animals to assess the
social olfactory memory which is impaired in cerdbschemia [24].

The juvenile recognition test was conducted inglwpen Perspex arenas (73 * 48 * 30 cm)

with a thick bedding of wood shavings. Lightingtie room was bright. There was no visual
contact between the arenas.
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Behavioural Procedure

The test animal was placed in the arena for a hatin period of 10 min. An unfamiliar
juveinile female was then introduced into the ar&ralO min (first exposure 5 E1).Both
animals were subsequently returned to their hongesaAfter a variable interexposure
interval (IEl), the male animal was placed in tlena for another habituation period of 10
min, and thereafter the juvenile was reintroducad3 min (second exposure E2). E2 was
limited to 3 min because only the first 3 min ok tlebservation period were used for
behavioral scoring. The rater was blind to thetinest of the animals. The scoring pattern
the social recognition of the animals was assedsasked on literature with slight
modification. [24].

2.9:In vivo pharmacological examination

2.9.1: Motor activity

The motor activity was monitored by using actophwter [25]. The cognitive task was
measured by was placing the animal in actophotanetd studied for 10 minutes. The
locomotors activity was expressed in terms of tptadto beam interruption counts / animal

2.9.2: Rotor rod test

Rats were tested on an accelerating rotor-rod (gli@m5.8 cm) that was turned at a speed of
20-25 rpm [28], at which all the control animal tunaintain position for 180 seconds. If
the experimental animal fell within 180 seconds thtency was recorded. If the animal
maintained their position for 180 seconds, a tim&8® seconds was assigned. The trial was
repeated 3 times, and the latency of the lastvréal adopted for each animal.

2.9.3: Morris water maze test

On day 7 after surgery, spatial learning and mema@y tested in water maze [27] [30]. The
maze consisted of a black circular pool (diamet&d 2n, height 80 cm) filled to a depth of
44cm with water (25°C). On 14th day the rats resgiliabituation (exposure in water maze
for 1 min) in which there was no platform presértien, on day 15th, a circular platform (9
cm in diameter) was kept hidden 2 cm below wategllen the center of one of the quadrants.
The platform remained in the same position duriaining days. At the beginning of each
session, a random sequence of four starting pdtesgahe perimeter of the pool was
generated. All animals followed this sequence Fat tsession. Each rat was placed in the
water facing the wall at the start location and aié®wed 90 sec. to find the hidden platform.
The animal was allowed a 20 sec. rest on the piatf@he latency to reach the platform was
recorded. If the rat was unable to locate the mdalatform, it was lifted out and placed on
the platform for 20 sec. The procedure was repdateall the 4 start locations.

Two sessions of four trials each separated by 4fewonducted on the first day of testing
and one session of four trials was conducted oméxe day (reference memory procedure).
After that, the platform was removed and a prola (without platform) was conducted 4 h
later. Each rat was placed in the pool at the saane€lomly selected starting pole and
swimming path was observed. The time spent in thadnt of pool, which initially
contained platform, was measured (working memooggdure)

2.9.4: Open field activity test

Locomotor activity was evaluated in an open fietdgaligm [29]. The open field was made
of plywood and consisted of a floor (96 96 cm) with high walls. Entire apparatus was
painted black except for 6 mm thick white linesttdevided the floor into 16 squares. Each
animal was placed at one corner of the apparatdgarthe next 5 min, it was observed for
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the ambulations (number of squares crossed), petad of immobility (in sec), number of
rearings, groomings and fecal pellets.

2.10: Statistical analysis

The statistical analysis was carried out using Gnagd prism 4.0 software. All values were
expressed as mean +S.E.M. Data analysis was donené&yway ANOVA followed by
Dunnett's multiple comparison tests. Difference elevat P<0.05 was considered as
statistically significant condition.

Results

3.1: MEAR treatment improves functional outcome

3.1.1: Effect of MEAR on neuromuscular function

There was an increase in score of Neuromusculactibm in Stroke induced (negative
control) group when compared with the control gramd negative control group which
showed significance of (P<0.01) when compared withtrol group. The group treated with
200mg/kg and 400 mg/kg MEAR showed significant (&) improvement in
Neuromuscular function when compared with negatimetrol group. The group treated with
200 mg/kg and 400 mg/kg MEAR showed the signifieaot(P<0.01) as shown in Fig no: 2.

3.1.2: Effect of MEAR on vestibulomotor function

There was an increase in Score of vestibulomotaction in Stroke induced (negative
control) group when compared with the control gramd negative control group which
showed significance of (P<0.01) when compared withtrol group. The group treated with
200mg/kg and 400 mg/kg MEAR showed significant (&) improvement in
vestibulomotor function when compared with negatieatrol group. The group treated with
200 mg/kg and 400 mg/kg MEAR showed the signifieaot(P<0.01) as shown in Fig no: 3.

Fig: 2. Effect of MEAR on neuromuscular function test in rats after ischemia. Results are
expressed as mean +S.EM of 6 rats and data were &wed by one-way ANOVA followed by

Dunnet’s multiple comparisons test. ** indicates gjnificance between (a. control vs ischemia
and b. ischemia vs treatment groups)
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3.1.3: Effect of MEAR on complex neuromotor functiam

There was an increase in Score of complex neuranfibation in Stroke induced (negative
control) group when compared with the control gramm negative control group which
showed significance of (P<0.01) when compared withtrol group. The group treated with
200mg/kg and 400 mg/kg MEAR showed significant (B4 improvement in complex
neuromotor function when compared with negativer@mgroup. The group treated with 200
mg/kg and 400 mg/kg MEAR showed the significanc@0.01) as shown iRig no: 4.

Fig: 3: Effect of MEAR on vestibulomotor function test in rats after ischemia. Results are
expressed as mean +S.EM of 6 rats and data were &wmed by one-way ANOVA followed by

Dunnet’s multiple comparisons test. ** indicates gjnificance between (a. control vs ischemia
and b. ischemia vs treatment groups).

Fig: 4: Effect of MEAR on complex neuromotor function test in rats after ischemia. Results are
expressed as mean +S.EM of 6 rats and data were &wmed by one-way ANOVA followed by
Dunnet’s multiple comparisons test. ** indicates gjnificance between (a. control vs ischemia
and b. ischemia vs treatment groups)
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3.2: MEAR treatment improves upper extremity impairment in rats:

Efect of MEAR on skilled reaching movement analysis

There was an increase in Score of skilled reahasg in Stroke induced (negative control)
group when compared with the control group and tiegacontrol group which showed
significance of (P<0.01) when compared with contgebup. The group treated with
200mg/kg and 400 mg/kg MEAR showed significant (P4) improvement in skilled
reaching movement when compared with negative abgtoup. The group treated with 200
mg/kg and 400 mg/kg MEAR showed the significanc€f0.01) as shown in Fig no: 5.

3.3: MEAR treatment improves Social recognition inrats:

Effect of MEAR on juvenile recognition test:

There was an increase in Score of Social recognitoStroke induced (negative control)
group when compared with the control group and tmegacontrol group which showed
significance of (P<0.01) when compared with contgebup. The group treated with
200mg/kg and 400 mg/kg MEAR showed significant (&) improvement in social
behaviour when compared with negative control grothpe group treated with 200 mg/kg
and 400 mg/kg MEAR showed the significance of (P&Pas shown ifrig no: 6.

Fig: 5: Effect of MEAR on skilled reaching analysistest in rats after ischemia. Results are
expressed as mean +S.EM of 6 rats and data were &wed by one-way ANOVA followed by

Dunnet’s multiple comparisons test. ** indicates gjnificance between (a. control vs ischemia
and b. ischemia vs treatment groups)
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Fig: 6: Effect of MEAR on juvenile recognition testin rats after ischemia. Results are expressed
as mean =S.EM of 6 rats and data were analyzed byn@way ANOVA followed by Dunnet's
multiple comparisons test. ** indicates significane between (a. control vs ischemia and b.
ischemia vs treatment groups)

3.4: MEAR treatment improves Motor activity and muscle co-ordination in rats

3.4.1: Effect of MEAR on motor activity

There was a decrease in the motor activity in Striokluced (negative control) group when
compared with the control group and negative corgroup which showed significance of
(P<0.01) when compared with control group. The groneated with 200mg/kg and 400
mg/kg MEAR showed significant (P<0.01) improvemeénimotor activity when compared

with negative control group. The group treated wa®0 mg/kg and 400 mg/kg MEAR

showed the significance of (P<0.01) as shown indab: 1.

3.4.2: Effect of MEAR on rotor rod test

There was a decrease in the Muscle coordinatidtroke induced (negative control) group
when compared with the control group and negatorgrol group which showed significance
of (P<0.01) when compared with control group.

Table: 1 Effect of MEAR treatment in Motor activity and Rotor rod tests:

Group Motor activity . Ro_tor rod

(no of cut-off's) (time in seconds)
1. Control 463.7+4.731 131.04£3.276
2. Sham 462.0+3.941 126.7+3.383
3. MEAR alone 461.2+3.628 129.2+3.516
4. Ischemia 24.17+1.222a** 11.83+1.600a**
5. Ischemia+MEAR (200mg/kg) 91.67+2.319a** 48.00+1.932b**
6. Ischemia+MEAR (400mg/kg) 126.0+£2.221b** 66.83+2.242b**

Values are expressed as mean +SEM of 6 animalsp&asons were made between a. control vs ischenda a
b. ischemia vs Treatment groups. **represents thtstical significance of (p<0.01) done by ANOV@&llowed
by dunnet’s multiple comparison test.

The group treated with 200mg/kg and 400 mg/kg ME#SRbwed significant (P<0.01)
improvement in muscle coordination when compareti wegative control group. The group
treated with 200 mg/kg and 400 mg/kg MEAR showesddignificance of (P<0.01) as shown
in Table no: 1.
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3.4.3: MEAR treatment improves spatial learning menory in rats

Effect of MEAR on Morris water maze test:

There was an increase in the escape latency ikeStnduced (negative control) group when
compared with the control group and negative cérgroup which showed significance of
(P<0.01) when compared with control group. The groneated with 200mg/kg and 400
mg/kg MEAR showed significant (P<0.01) improvement Spatial learning which was

confirmed in trial sessions and probe trial whempared with negative control group. The
group treated with 200 mg/kg and 400 mg/kg MEARveka the significance of (P<0.01) as
shown in Fig no: 7.

Fig: 7: Effect of MEAR on Morris water maze test inrats after ischemia. Results are expressed
as mean =S.EM of 6 rats and data were analyzed byn@way ANOVA followed by Dunnet's
multiple comparisons test. ** indicates significane between (a. control vs ischemia and b.
ischemia vs treatment groups)

3.4.4: MEAR treatment improves Open field activityin rats

Effect of MEAR on open field activity test

There was a decrease in the open field activit$tioke induced (negative control) group
when compared with the control group and negatorgrol group which showed significance
of (P<0.01) when compared with control group. Tiheug treated with 200mg/kg and 400
mg/kg MEAR showed significant (P<0.01) improvement open field activity when
compared with negative control group. The groujtee with 200 mg/kg and 400 mg/kg
MEAR showed the significance of (P<0.01) as shawmable no: 2.

Discussion

There is an increasing consumption of herbal medgin recent years in Asian and Western
countries. Their incorporation into medical carsteyn has been encouraged by the World
Health Organization. Despite the wide use of a remmif herbal medicines for a wide
spectrum of diseases in humans, the evidence supptreir purported medicinal benefits is
scarce. To date, only a very small number of hegdigines out of more than 11,000 types of
herbs have been subjected to rigorous double-blirmhdomized, controlled and
multicentered clinical trials [31]. Many publisheteta-analyses on the clinical efficacy of a
number of herbal medicines including shatavari @kagus racemosus) indicate a lack of
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clinical efficacy for supporting their use in patis. Although there is of importance of
shatavari in human health, due to its ability totpct CNS and potent antioxidant as well as
the mechanism for their pharmacological activities.

Table: 2 Effect of MEAR treatment in Open field acivity tests

Group Ambulations Rearings Groomings Fecal pellets Immobility
(no of counts) (no of counts) (no of counts) (no of counts) (in secs)

1. Control 44.17+1.046 8.83+0.601 6.5+0.428 3.83+0.167 1258381
2. Sham 43.17+1.108 9.0+0.577 6.5+0.428 3.83+0.307 121534P.
3.MEAR alone 43.5+0.992 9.0+£0.577 6.17+0.307 3.83+0.307 1247560,
4. Ischemia 8.0+0.730a** 4.17+0.307a** 2.17+0.477a* 1.33+0.338 | 232.3+3.263a**
5.Ischemia+MEAR | 24.33+1.308b** 6.5+0.428b** 4.67+0.333b** 2.67+01= 173.8+2.971b**
(200mg/kg)
6.Ischemia+MEAR | 34.5+1.176b** 8.17+0.307b** 5.17+0.477b** 3.17+0738* 151.8+2.301b**
(400mg/kg)

Values are expressed as mean +SEM of 6 animalsp&dsons were made between a. control vs ischemia a
b. ischemia vs Treatment groups. **represents thssical significance of (p<0.01) done by ANOVéllowed
by dunnet’s multiple comparison test.

Brain ischemia is due to critical reduction in dweg blood flow which is well recognized as
a common cause of irreversible brain damage [31i¢ dbservation that brain cells are more
resistant to ischemia was previously assumed orb#ses of clinical experience and has
stimulated considerable investigative work desigtedietermine those factors responsible
for irreversible ischemic cell damage. At this tindata from the investigations indicate that
cellular acidosis and biochemical disturbancesiat@td by abnormal intracellular ion
homeostasis may be especially important in detengithe ultimate survival of nerve cells
and examines the biochemical events initiated lmhamia and their potential role in
determining the ultimate survival of brain cells.

Even brief periods of global forebrain ischemia @ashuce neuronal lesions, particularly in
vulnerable brain regions such as hippocampal CAdrbi® have a unique architecture of
cerebral arteries, with almost complete separatibrcarotid from the vertebral systems.
Therefore bilateral carotid artery occlusion ingheanimals lasting for 3 or more minutes
after 3 days results in selective neurodegeneratibrthe pyramidal neurons in the
hippocampal CA1 [32,33]. The histological damagéhese models is reproducible and easy
to quantify by counting the number of lost pyranhidells eg; in order to evaluate the
neuroprotective strategies [34-36]. This delayedphological damage is preceded by early
behavioral abnormalities. Hippocampal lesions eddg ischemic insult can disturpt animal
behavior.

The study of the pathophysiological effect of s&dB7] requires the utilization of relavant
animal models. Experiments with standardized phggioal variables are needed to achieve
reproducible ischemic insults and to derive statadly valid conclusions Results obtained
under ideal experimental conditions can be usedsdreen for the most interesting
pathophysiological and/or therapeutic phenomenaedceventually tested in humans. Our
study shows that MEAR improves the behavior ink&#rmduced animals by bilateral carotid
artery occlusion method at the dose of 200mgk/g4@tung/kg/day p.o., in a dose dependent
manner.

The role of oxygen free radicals and antioxidamisdentral Nervous System (CNS)

pathology is of major interest for many reasong.[88hile accounting for only 2% of the
body weight, the brain uses 20% of the oxygen cmesl by the resting body.
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Polyunsaturated lipids and catecholamines pronautoxidize are abundant, and since the
neurons are postmitotic, efficient protection agawxidants is vital. Accordingly, changes in

most antioxidant and prooxidant factors result inemotypes in the brain, which is

exemplified. Evidence for attack by oxygen freeicats on lipids, proteins and DNA has

also been found in virtually every type of braisehse and in aging.

Cell damage in ischemia-reperfusion is due to ecd@dnractivity of phospholipases and
proteases, leading to release of free fatty aciid their breakdown products and to
degradation of cytoskeletal proteins [39]. It isually clear that a coupling exists between
influx of calcium into cells and their productiohreactive oxygen species, suctOa’, H,O,,
and OH. Recent results have underscored the role aiuralin ischemic cell death. A
coupling has been demonstrated among glutamataseelecalcium influx, and enhanced
production of reactive metabolites such@g OH, and nitric oxide. It has become equally
clear that the combinationo®, and nitric oxide can yield peroxynitrate, a metébolith
potentially devastating effects. The mitochondrgadragain come into the focus of interest.
This is because certain conditions, notably mitochi@l calcium accumulation and oxidative
stress, can trigger the assembly (opening) of &ah-bapductance pore in the inner
mitochondrial membrane. The mitochondrial permégbitansition (MPT) pore leads to a
collapse of the electrochemical potential fof, Hhereby arresting ATP production and
triggering production of reactive oxygen species.

Since asparagus racemosus is a well known antiokidad it plays an important role in
scavenging the free radicals. Free radical playsngortant pathology in ischemia and there
is alteration in the levels of antioxidants and nognansmitters. Neurotransmitters such as
acetylcholine, dopamine, serotonin, plays an unguoduis role in behavior since alteration in
these levels affects the behavior movements inkestioduced animals. MEAR as an
antioxidant scavenges the free radical damage dnemia and improves the behavioral
movement in stroke induced animals as comparedritva animals.

Functional outcome tests commonly used for evalgasensorimotor and cognitive capacity
in rodents with focal intracerebral ischemic or loerhagic injury are described, along with
upgrades and issues of concern for translatiorsdareh [40]. An emphasis is placed on
careful quantitative and qualitative assessmeatafe and long-term behavioral deficits, and
on avoidance of frequent pitfalls. Methods for détey different degrees of injury and
treatment-related improvements are included. Deteng the true potential of an
intervention requires a set of behavioral analylsascan monitor compensatory learning.

By combining tasks from many sources we achieveovanall behavioral scheme best suited
for our model. For the long term study it was disred that behavior could be broken down
into at least three different levels of functioneiMomuscular function which included leg
flexion, twisting, circling, lateral push, and imed angle board; Complex neuromuscular
function involves the animal’s ability to balanggip strength, and coordinated movements
by walking on a balance beam; Vestibulomotor flctas tested by the beam-balance.
Further developments in behavioral examination®hea to more precise testingq].

There was an increase in Score of Neuromusculastibtéomotor, Complex neuromuscular
functions in stroke induced (negative control) gravhen compared with the control group
and negative control group which showed signifiean¢ (P<0.01) when compared with
control group. The group treated with 200mg/kg 400 mg/kg MEAR showed significant
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(P<0.01) improvement in neuromuscular, vestibul@notomplex neuromuscular function
when compared with negative control group.

The other behavioral studies such as skilled reachnalysis and social recognition were
carried out. There was an increase in Score oflegkitfeaching analysis and Juvenile
recognition tests in stroke induced (negative @pgroup when compared with the control
group and negative control group which showed Smamce of (P<0.01) when compared
with control group. The group treated with 200mg/agd 400 mg/kg MEAR showed

significant (P<0.01) improvement skilled reachingalysis and Juvenile recognition tests
when compared with negative control group.

In-vivo behavioral studies such as motor activiotpr rod, morris water maze and open field
tests were carried out in order to assess the b@haivthe animals. There was a decrease in
the motor activity, muscle co-ordination, open diedctivity and increase in the escape
latency in water maze in stroke induced (negatmetrol) group when compared with the
control group and negative control group which sbkdwsignificance of (P<0.01) when
compared with control group. The group treated wi0Omg/kg and 400 mg/kg MEAR
showed significant (P<0.01) improvement in the matctivity, muscle co-ordination, open
field activity and spatial learning which was confed in trial sessions and probe trial in
water maze test when compared with negative cogtmlp

Considerable effort has been directed towards asuitke research with numerous drug
therapies being tried and tested [41]. As yet therestill no routine treatment that is
unequivocally effective in acute stroke. The depetent of stroke units has been a major
breakthrough in reducing disability through cooeded rehabilitation, and new interest is
being focused towards limiting acute neurologiceledioration through acute stroke units.
Monitoring and attempting to stabilize acute phimycal parameters within normal limits
such as blood pressure, temperature hydrationsstghucose levels and oxygen saturations,
has become standard practice for some acute strotse Strategies to correct hypertension,
hypotension, dehydration pyrexia and hypoxia matemtally reduce neuronal damage in
acute phase of stroke and subsequently improveifunat outcome and survival.

This study has provided evidence that MEAR exhibgsiroprotective effect and improved
the behavior of stroke induced animals. The MEAR tie dose of 200mg/kg and
400mg/kg/day p.o showed dose-dependent protectiostroke induced treatment groups.
However, it should be noted that almost all potamtioxidants exhibiting potent efficacy in
animal studies have very limited therapeutic effachumans. This could be due to species
differences in pathways of oxidative damage-indygatthogenesis which lead to differential
response to antioxidants in distinct species. Thierdnces in dosage and therapeutic
regimens may also contribute to this species-degr@nbsponse. Thus, caution should be
taken when translating the findings from the curstndy to clinical situation.

Conclusion

Asparagus racemosus showed the neuroprotectivet effied improved the behavioral
outcome in stroke induced animals which was beesessed by various behavioral
assessment tests. Hence further research in privengeuroprotective effect of Shatavari in
ischemia and the exact mechanism of its actionroks to prove its efficacy in treatment of
stroke clinically in patients is warranted.
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