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Abstract 
 
Ischemic stroke is the third leading cause of death and leading neurological cause of 
disability. The treatment of chronic behavioral loss following stroke is considered a major 
problem in the field of medicine. In our study effort has been made to develop new treatment 
ischemic stroke, ischemia was induced in rats by temporary bilateral carotid artery occlusion 
method (BCAO) in rats for 10 minutes followed by reperfusion. The animal behavior was 
assessed by neuromuscular function, Vestibulomotor function, Complex neuromotor function 
tests and social recognition by Juvenile recognition tests and upper extremity impairment by 
skilled reaching analysis test. Moreover, in-vivo tests such as Motor activity, Open field 
activity, Rotor rod and Morris water maze examinations were carried out to assess other 
behavior. Methanolic extract of Asparagus racemosus (MEAR) a well known rasayana herb 
was used for the treatment of ischemia induced animals. Treatment with MEAR showed 
considerable improvements in behavior of animals and significance of (P< 0.01) done by 
ANOVA and Dunett’s in all behavioral assessments in a dose dependent manner. The results 
indicate the neuroprotective nature of MEAR and reduce the severity of stroke in rats and 
will enable them to rehabilitate affected body areas more quickly as normal rats. 
 
Keywords: Methanolic extract of Asparagus racemosus, Bilateral carotid artery occlusion, 
Behavior, Neusromuscular, water maze, Neuroprotection. 
___________________________________________________________________________ 
 
Introduction 

Transient global ischemia has been one of the most interesting pathological conditions in 
stroke studies. Transient forebrain ischemia followed by reperfusion induces delayed 
neuronal cell death in severe regions of the brain including the hippocampal CA1 subregion 
[1]. Glutamate excitotoxicity, oxidative stress, inflammation and apoptosis have been known 
to involve in the mechanisms of neuronal cell death following forebrain ischemia [2-4]. 
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Rodent models have been central to the elucidation of those pathophysiological mechanisms 
of global forebrain ischemia. Among these a rat model of bilateral carotid artery occlusion 
(BCAO) is an accepted model for the study of neuroprotective mechanisms of action. 
 
Improving deficient ability of spatial learning memory has received extensive experimental 
attention because more and more people lose their learning and memory ability after stroke. 
Cerebral ischemia is known to produce severe histopathological damage and related 
behavioral deficits, some of which continue to progress. The middle cerebral artery perfused 
brain areas such as the parietal cortex, hippocampus, and striatum are mainly affected after 
cerebral ischemia. In particular, the hippocampal neurons, known to play an important role in 
learning and memory processes, are vulnerable to neuronal injury produced by ischemia 
(ISCH) [5] Lesions of hippocampal cells by ischemia are well established to produce severe 
deficits of learning and memory in a variety of behavioral tasks [6]. 
 
Learning and memory are generated by an experience- dependent and long-lasting 
modification of the central nervous system. They involve activation by neurotransmitters, 
such as, acetylcholine, dopamine, and serotonin, of the receptor-linked enzymes that are 
responsible for the synthesis of intercellular messengers [7-8]. A large number of studies 
have shown that the cholinergic system plays an important role in learning and memory [9]. 
Moreover, a loss of cholinergic neurons and reduced choline acetyltransferase activity in the 
cerebral cortex and hippocampus are consistent with findings in Alzheimer’s disease (AD) 
[10-12]. Ischemia-induced neuronal degeneration occurs in forebrain structures such as the 
striatum, cerebral cortex, and thalamus [13-14]. Moreover, because hippocampal neuronal 
cell death is selectively vulnerable to ischemia [15-16]. 
  
In traditional Oriental medicine, many herbal drugs and prescriptions have been used 
clinically for the treatment of stroke and vascular dementia. Asparagus racemosus Willd. 
(Asparagaceae) is an important medicinal plant of tropical and subtropical India. Its 
medicinal usage has been reported in the Indian and British Pharmacopoeias and in 
traditional systems of medicine such as Ayurveda, Unani and Siddha. Asparagus racemosus 
is mainly known for its phytoestrogenic properties. The interest in plant-derived oestrogens 
has increased tremendously making Asparagus racemosus particularly important. The plant 
has been shown to aid in the treatment of neurodegenerative disorders hence it is been used in 
our study. Since free radicals and glutamate excitotoxicity plays an important role in ischemia 
and the previous studies reported that the plant is an potent antioxidant [17] and inhibits 
excitotoxicity [18]. 
 
The purpose of this study was to examine the effect of Methanolic extract of Asparagus 
Racemosus (MEAR) in cerebral ischemia on impairment of learning and memory and 
behavioral outcome in ischemia-induced amnesia rats using different behavioral assessment 
studies to know whether the herb shows neuroprotective effect in ischemia induced by BCAO 
in rats. 
 

Materials and Methods 
 

2.1: Chemicals and reagents 
The roots of Asparagus racemosus willd. were collected from Central Research institute, 
Chennai. The apparatus and instuments used for the assessment of behavioral studies is from 
Department of Pharmacology, C.L.Baid metha college of pharmacy, Chennai-97, India. 
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Methanolic extract of Asparagus racemosus was dissolved in distilled water and freshly 
prepared for all Experiments. The water used was purified by Milli-O purification system. All 
other chemicals and reagents used were of analytical grade as appropriate. 

 

 
2.2: Animals 
Male healthy colony inbred strains of  wistar albino rats (weighing 250-300g) were kept in a 
room under controlled temperature (22±1°C) and automatic day-night rhythm (12h – cycle) 
and housed on a wire bottom cages with paper underneath. The ethical approval of this study 
was obtained from Institutional Animal Ethical Committee (IAEC) of CPCSEA (Committee 
for the Purpose of Control and Supervision of Experimental Animals). IAEC Reference 
number IAEC/XIII/01/CLBMCP/2008-2009 Dated on 04/09/2008.Animal experiments were 
performed in accordance with the guide for the care and use of Laboratory animals as 
adopted and promulgated by the National Institutes of Health of the USA (NIH publication 
No: 85- 23, 1985) 
 

 
2.3: Plant material and standardization of extract 
Freshly collected roots of Asparagus racemosus willd were dried in shade and pulverized to 
get a coarse powder. A weighed quantity of the powder (980 g) was passed through sieve 
number 40 and subjected to hot solvent extraction in a soxhlet apparatus using methanol at a 
temperature range of 60-80oC respectively. Before and after every extraction the powder bed 
was completely dried and weighed. The filtrate was evaporated to dryness at 40oC under 
reduced pressure in a rotary vaccum evaporator. A brownish black waxy residue was 
obtained. The percentage yield of methanolic extract was 17.5%w/w. The plant material was 
identified and authenticated by Dr. Sasikala Ethirajulu, Research Officer (Pharmacognosy) of 
Central Research for Siddha, Arumbakkam,Chennai -600106 and Dr.G.V.S.Murthy Joint 
Director of Botanical Survey of India, Southern circle, Coimbatore-641003. (Authentication 
no: BSI/SC/5/23/08-09/Tech-893 dated 09/09/08, Botanical survey of India.).The animals 
received this extract orally in dosages of 200mg and 400mg/kg/day dissolved in distilled 
water. The particular dose was selected on the basis of our preliminary and acute oral toxicity 
studies. 
 
 
 

 
2.4: Experimental procedure 
 
Surgery procedure and bilateral carotid artery occlusion induced cerebral ischemia in 
rats: 
After 1 week of pre-treatment with MEAR p.o., the stroke was induced using bilateral carotid 
artery occlusion (BCAO) method in male healthy wistar rats. Anaesthetized rat with 
thiopentone sodium at a dose of 45mg/kg body weight. Rats were transfered to the surgery 
table. Checked anesthesia level intermittently (e.g. toe pinch) and level adjusted accordingly. 
Ventral neck region was shaved [19]. Area was washed with 70% ethanol to cleanse. All 
loose fur were removed and treated with betadine solution. Temperature measurement was 
carried out. Started recording temperature and controlled with help of following method. 
Body temperature was easily controlled (37.0°C) with a heating blanket [20]. An infrared 
lamp was also effective in maintaining temperature, but it must not be too close to cause 
burns. A small midline skin incision was made in neck (~ 2 cm long). The thyroid gland was 
gently separated with non-traumatic forceps.  Both common carotid arteries was isolated. 
Care was taken to avoid damaging the vagal nerves and separated with the help of curved 
forceps. Silk suture was looped under each artery for each access to vessels. Vessels were 
made free enough to allow easy and rapid placement of clamps. Non-traumatic vessel clamps 
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was applied to each artery for a defined period (10
reperfusion. Area was infiltrated with warm saline to prevent drying out of tissue during 
occlusion. After the end of defined period clamps were removed and checked arteries for 
good reflow. The order of clamp application and removal should be the same and within 10 
sec of each other minimize asymmetrical injury. Silk suture was gently removed around each 
vessel. Incision was infiltrated with a few drops of lignocaine. Incision was sutured and 
surgical care was given to the animal and they were retu
operated control animals underwent all the surgical procedure except occlusion of BCAO.
Treatment with MEAR was continued for another week after surgery.

 

 
 

 

 
2.5: Drug administration protocol
Male Wistar strain rats were randomized into 6 different treatment groups (n=6 per group):
Group 1: Animals (POSITIVE CONTROL) without sham operation and treated with control 
vechicle (normal saline) only (p.o)
occlusion) and treated with control vechicle only (p.o). Group 3: Animals treated with 
200mg/kg of MEAR alone (p.o). Group 4: Animals (NEGATIVE CONTROL) with BCAO 
and treated with control vechicle only (p.o). G
200mg/kg of MEAR (p.o). Group 6: Animals with BCAO and treated with 400mg/kg of 
MEAR (p.o). In our study the animals were pretreated with MEAR for a period of 1week 
(200 and 400 mg/kg) p.o. before BCAO and 7 days 
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for a defined period (10-15 minutes) and after that allowed for 
reperfusion. Area was infiltrated with warm saline to prevent drying out of tissue during 
occlusion. After the end of defined period clamps were removed and checked arteries for 

he order of clamp application and removal should be the same and within 10 
sec of each other minimize asymmetrical injury. Silk suture was gently removed around each 
vessel. Incision was infiltrated with a few drops of lignocaine. Incision was sutured and 
surgical care was given to the animal and they were returned to their home cages. Sham
operated control animals underwent all the surgical procedure except occlusion of BCAO.
Treatment with MEAR was continued for another week after surgery. 

Drug administration protocol  
Male Wistar strain rats were randomized into 6 different treatment groups (n=6 per group):
Group 1: Animals (POSITIVE CONTROL) without sham operation and treated with control 
vechicle (normal saline) only (p.o). Group 2: Animals with sham operation (without 
occlusion) and treated with control vechicle only (p.o). Group 3: Animals treated with 
200mg/kg of MEAR alone (p.o). Group 4: Animals (NEGATIVE CONTROL) with BCAO 
and treated with control vechicle only (p.o). Group 5: Animals with BCAO and treated with 
200mg/kg of MEAR (p.o). Group 6: Animals with BCAO and treated with 400mg/kg of 

In our study the animals were pretreated with MEAR for a period of 1week 
(200 and 400 mg/kg) p.o. before BCAO and 7 days after BCAO operation. After induction of 
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15 minutes) and after that allowed for 
reperfusion. Area was infiltrated with warm saline to prevent drying out of tissue during 
occlusion. After the end of defined period clamps were removed and checked arteries for 

he order of clamp application and removal should be the same and within 10 
sec of each other minimize asymmetrical injury. Silk suture was gently removed around each 
vessel. Incision was infiltrated with a few drops of lignocaine. Incision was sutured and post 

ned to their home cages. Sham-
operated control animals underwent all the surgical procedure except occlusion of BCAO. 

 

Male Wistar strain rats were randomized into 6 different treatment groups (n=6 per group): 
Group 1: Animals (POSITIVE CONTROL) without sham operation and treated with control 

Group 2: Animals with sham operation (without 
occlusion) and treated with control vechicle only (p.o). Group 3: Animals treated with 
200mg/kg of MEAR alone (p.o). Group 4: Animals (NEGATIVE CONTROL) with BCAO 

roup 5: Animals with BCAO and treated with 
200mg/kg of MEAR (p.o). Group 6: Animals with BCAO and treated with 400mg/kg of 

In our study the animals were pretreated with MEAR for a period of 1week 
after BCAO operation. After induction of 
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ischemia the animal behavior was assessed by various tests along with treatment in order to 
find the behavioral outcome compared to stroke induced animals. 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 surgery in three different areas like neuromuscular 
function, vestibulomotor function, and complex neuromotor function. A combined total score 
was taken for each rat with a higher score meaning a higher clinical deficit.  

 
2.6.1: Neuromuscular function: 
 Neuromuscular function consisted of 6 subtests: forelimb flexion, twisting, resistance to 
lateral push, circling, hind limb placement, inverted angle board gripping. Each subtest and 
Scoring pattern of neuromuscular function was done according to the literature [21, 22]. 
 

 
2.6.2: Vestibulomotor function (beam balance) 
Beam balance is sensitive to motor cortical insults. This task was used to assess gross 
vestibulomotor function by requiring a rat to balance steadily on a narrow beam. The test 
involves three 60-second training trials 24 hours before surgery .The apparatus consists of a 
3/4-inch-wide beam, 10 inches in length, suspended 1 ft above a table top. The rat was 
positioned on the beam and must maintain steady posture with all limbs on top of the beam 
for 60 seconds. The scoring patterns of Vestilbulomotor function were carried out besed on 
the literature [21, 22].  
 
2.6.3: Complex neuromotor function (beam walk): 
This is a test of sensorimotor integration specifically examining hindlimb function. A 1-inch-
wide beam, 3 ft in length, was suspended 3 ft above the floor in a dimly lit room. At the far 
end of the beam was a darkened goal box with a narrow entryway. A white noise generator 
and bright light source at the start of the beam motivate the animal to traverse the beam and 

enter the goal box. Once inside the goal box, the stimuli were terminated. The rat’s latency to 
reach the goal box (in seconds) and hindlimb performance as it traversed the beam (based on 

a rating scale) were recorded. Each rat was trained for 3 days before surgery to acquire the 
task and to achieve normal performance on three consecutive trials.  

 
1.7.  Upper extremity impairment 
Skilled reaching movement analysis 
Movement analysis is sensitive to compensatory forelimb movements that reveal enduring 
impairments or compensatory strategies in reaching and grasping motor action patterns after 
brain injury [23].  
 
2.8: Social recognition 
Juvenile recognition test 
The juvenile recognition test is a suitable model for testing amnesia in animals to assess the 
social olfactory memory which is impaired in cerebral ischemia [24]. 
 
The juvenile recognition test was conducted in three open Perspex arenas (73 * 48 * 30 cm) 
with a thick bedding of wood shavings. Lighting in the 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 habituation period of 10 min. An unfamiliar 
juveinile female was then introduced into the arena for 10 min (first exposure 5 E1).Both 
animals were subsequently returned to their home cages. After a variable interexposure 
interval (IEI), the male animal was placed in the arena for another habituation period of 10 
min, and thereafter the juvenile was reintroduced for 3 min (second exposure E2). E2 was 
limited to 3 min because only the first 3 min of the observation period were used for 
behavioral scoring. The rater was blind to the treatment of the animals. The scoring pattern 
the social recognition of the animals was assessed based on literature with slight 
modification. [24]. 
 
2.9: In vivo pharmacological examination 
2.9.1: Motor activity 
The motor activity was monitored by using actophotometer [25]. The cognitive task was 
measured by was placing the animal in actophotometer and studied for 10 minutes. The 
locomotors activity was expressed in terms of total photo beam interruption counts / animal 
 
2.9.2: Rotor rod test 
Rats were tested on an accelerating rotor-rod (diameter, 5.8 cm) that was turned at a speed of 
20-25 rpm [28], at which all the control animal could maintain position for 180 seconds. If 
the experimental animal fell within 180 seconds, the latency was recorded. If the animal 
maintained their position for 180 seconds, a time of 180 seconds was assigned. The trial was 
repeated 3 times, and the latency of the last trial was adopted for each animal. 
 
2.9.3: Morris water maze test 
On day 7 after surgery, spatial learning and memory was tested in water maze [27] [30]. The 
maze consisted of a black circular pool (diameter 2.14 m, height 80 cm) filled to a depth of 
44cm with water (25°C). On 14th day the rats received habituation (exposure in water maze 
for 1 min) in which there was no platform present. Then, on day 15th, a circular platform (9 
cm in diameter) was kept hidden 2 cm below water level in the center of one of the quadrants. 
The platform remained in the same position during training days. At the beginning of each 
session, a random sequence of four starting poles along the perimeter of the pool was 
generated. All animals followed this sequence for that session. Each rat was placed in the 
water facing the wall at the start location and was allowed 90 sec. to find the hidden platform. 
The animal was allowed a 20 sec. rest on the platform. The latency to reach the platform was 
recorded. If the rat was unable to locate the hidden platform, it was lifted out and placed on 
the platform for 20 sec. The procedure was repeated for all the 4 start locations. 
 
Two sessions of four trials each separated by 4 h were conducted on the first day of testing 
and one session of four trials was conducted on the next day (reference memory procedure). 
After that, the platform was removed and a probe trial (without platform) was conducted 4 h 
later. Each rat was placed in the pool at the same randomly selected starting pole and 
swimming path was observed. The time spent in the quadrant of pool, which initially 
contained platform, was measured (working memory procedure) 
 
2.9.4: Open field activity test 
Locomotor activity was evaluated in an open field paradigm [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 lines that divided the floor into 16 squares. Each 
animal was placed at one corner of the apparatus and for the next 5 min, it was observed for 
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the ambulations (number of squares crossed), total period of immobility (in sec), number of 
rearings, groomings and fecal pellets. 
 
2.10: Statistical analysis 
The statistical analysis was carried out using Graph pad prism 4.0 software. All values were 
expressed as mean ±S.E.M. Data analysis was done by one-way ANOVA followed by 
Dunnett’s multiple comparison tests. Difference level at 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 Neuromuscular function in Stroke induced (negative 
control) group when compared with the control group and negative control group which 
showed significance of (P<0.01) when compared with control group. The group treated with 
200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) improvement in 
Neuromuscular function when compared with negative control group. The group treated with 
200 mg/kg and 400 mg/kg MEAR showed the significance of (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 vestibulomotor function in Stroke induced (negative 
control) group when compared with the control group and negative control group which 
showed significance of (P<0.01) when compared with control group. The group treated with 
200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) improvement in 
vestibulomotor function when compared with negative control group. The group treated with 
200 mg/kg and 400 mg/kg MEAR showed the significance of (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 analyzed by one-way ANOVA followed by 
Dunnet’s multiple comparisons test. ** indicates significance between (a. control vs ischemia 
and b. ischemia vs treatment groups) 
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3.1.3: Effect of MEAR on complex neuromotor function 
There was an increase in Score of complex neuromotor function in Stroke induced (negative 
control) group when compared with the control group and negative control group which 
showed significance of (P<0.01) when compared with control group. The group treated with 
200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) improvement in complex 
neuromotor function when compared with negative control group. The group treated with 200 
mg/kg and 400 mg/kg MEAR showed the significance of (P<0.01) as shown in Fig 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 analyzed by one-way ANOVA followed by 
Dunnet’s multiple comparisons test. ** indicates significance 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 analyzed by one-way ANOVA followed by 
Dunnet’s multiple comparisons test. ** indicates significance 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 reahing test in Stroke induced (negative control) 
group when compared with the control group and negative control group which showed 
significance of (P<0.01) when compared with control group. The group treated with 
200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) improvement in skilled 
reaching movement when compared with negative control group. The group treated with 200 
mg/kg and 400 mg/kg MEAR showed the significance of (P<0.01) as shown in Fig no: 5. 
 
3.3: MEAR treatment improves Social recognition in rats: 
Effect of MEAR on juvenile recognition test: 
There was an increase in Score of Social recognition in Stroke induced (negative control) 
group when compared with the control group and negative control group which showed 
significance of (P<0.01) when compared with control group. The group treated with 
200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) improvement in social 
behaviour when compared with negative control group. The group treated with 200 mg/kg 
and 400 mg/kg MEAR showed the significance of (P<0.01) as shown in Fig no: 6. 
 
 

 

 
  

   
Fig: 5: Effect of MEAR on skilled reaching analysis test in rats after ischemia. Results are 
expressed as mean ±S.EM of 6 rats and data were analyzed by one-way ANOVA followed by 
Dunnet’s multiple comparisons test. ** indicates significance between (a. control vs ischemia 
and b. ischemia vs treatment groups) 
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Fig: 6: Effect of MEAR on juvenile recognition test in rats after ischemia. Results are expressed 
as mean ±S.EM of 6 rats and data were analyzed by one-way ANOVA followed by Dunnet’s 
multiple comparisons test. ** indicates significance 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 Stroke induced (negative control) group when 
compared with the control group and negative control group which showed significance of 
(P<0.01) when compared with control group. The group treated with 200mg/kg and 400 
mg/kg MEAR showed significant (P<0.01) improvement in motor activity when compared 
with negative control group. The group treated with 200 mg/kg and 400 mg/kg MEAR 
showed the significance of (P<0.01) as shown in Table no: 1. 
 
3.4.2: Effect of MEAR on rotor rod test 
There was a decrease in the Muscle coordination in Stroke induced (negative control) group 
when compared with the control group and negative control 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 
(no of cut-off’s) 

Rotor rod 
(time in seconds) 

1. Control 463.7±4.731 131.0±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 animals .Comparisons were made between a. control vs ischemia and 
b. ischemia vs Treatment groups. **represents the statistical significance of (p<0.01) done by ANOVA, followed 
by dunnet’s multiple comparison test. 
 
The group treated with 200mg/kg and 400 mg/kg MEAR showed significant (P<0.01) 
improvement in muscle coordination when compared with negative control group. The group 
treated with 200 mg/kg and 400 mg/kg MEAR showed the significance of (P<0.01) as shown 
in Table no: 1. 
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3.4.3: MEAR treatment improves spatial learning memory in rats 
Effect of MEAR on Morris water maze test: 
There was an increase in the escape latency in Stroke induced (negative control) group when 
compared with the control group and negative control group which showed significance of 
(P<0.01) when compared with control group. The group treated with 200mg/kg and 400 
mg/kg MEAR showed significant (P<0.01) improvement in Spatial learning which was 
confirmed in trial sessions and probe trial when compared with negative control group. The 
group treated with 200 mg/kg and 400 mg/kg MEAR showed the significance of (P<0.01) as 
shown in Fig no: 7. 
 

Fig: 7: Effect of MEAR on Morris water maze test in rats after ischemia. Results are expressed 
as mean ±S.EM of 6 rats and data were analyzed by one-way ANOVA followed by Dunnet’s 
multiple comparisons test. ** indicates significance between (a. control vs ischemia and b. 
ischemia vs treatment groups) 
 
3.4.4: MEAR treatment improves Open field activity in rats 
 
Effect of MEAR on open field activity test 
There was a decrease in the open field activity in Stroke induced (negative control) group 
when compared with the control group and negative control group which showed significance 
of (P<0.01) when compared with control group. The group treated with 200mg/kg and 400 
mg/kg MEAR showed significant (P<0.01) improvement in open field activity when 
compared with negative control group. The group treated with 200 mg/kg and 400 mg/kg 
MEAR showed the significance of (P<0.01) as shown in Table no: 2. 

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

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

Group Ambulations 
(no of counts) 

Rearings 
(no of counts) 

Groomings 
(no of counts) 

Fecal pellets 
(no of counts) 

Immobility 
(in secs) 

1. Control 44.17±1.046 8.83±0.601 6.5±0.428 3.83±0.167 125.2±1.833 
2. Sham 43.17±1.108 9.0±0.577 6.5±0.428 3.83±0.307 121.5±2.540 
3.MEAR alone 43.5±0.992 9.0±0.577 6.17±0.307 3.83±0.307 124.5±2.766 
4. Ischemia 8.0±0.730a** 4.17±0.307a** 2.17±0.477a** 1.33±0.333a** 232.3±3.263a** 
5.Ischemia+MEAR 
(200mg/kg) 

24.33±1.308b** 6.5±0.428b** 4.67±0.333b** 2.67±0.211b** 173.8±2.971b** 

6.Ischemia+MEAR 
(400mg/kg) 

34.5±1.176b** 8.17±0.307b** 5.17±0.477b** 3.17±0.307b** 151.8±2.301b** 
 

Values are expressed as mean ±SEM of 6 animals .Comparisons were made between a. control vs ischemia and 
b. ischemia vs Treatment groups. **represents the statistical significance of (p<0.01) done by ANOVA, followed 
by dunnet’s multiple comparison test. 
 
Brain ischemia is due to critical reduction in cerebral blood flow which is well recognized as 
a common cause of irreversible brain damage [31]. The observation that brain cells are more 
resistant to ischemia was previously assumed on the basis of clinical experience and has 
stimulated considerable investigative work designed to determine those factors responsible 
for irreversible ischemic cell damage. At this time, data from the investigations indicate that 
cellular acidosis and biochemical disturbances initiated by abnormal intracellular ion 
homeostasis may be especially important in determining the ultimate survival of nerve cells 
and examines the biochemical events initiated by ischemia and their potential role in 
determining the ultimate survival of brain cells. 
 

Even brief periods of global forebrain ischemia can induce neuronal lesions, particularly in 
vulnerable brain regions such as hippocampal CA1. Gerbils have a unique architecture of 
cerebral arteries, with almost complete separation of carotid from the vertebral systems. 
Therefore bilateral carotid artery occlusion in these animals lasting for 3 or more minutes 
after 3 days results in selective neurodegeneration of the pyramidal neurons in the 
hippocampal CA1 [32,33]. The histological damage in these models is reproducible and easy 
to quantify by counting the number of lost pyramidal cells eg; in order to evaluate the 
neuroprotective strategies [34-36]. This delayed morphological damage is preceded by early 
behavioral abnormalities. Hippocampal lesions evoked by ischemic insult can disturpt animal 
behavior. 
The study of the pathophysiological effect of stroke [37] requires the utilization of relavant 
animal models. Experiments with standardized physiological variables are needed to achieve 
reproducible ischemic insults and to derive statistically valid conclusions Results obtained 
under ideal experimental conditions can be used to screen for the most interesting 
pathophysiological and/or therapeutic phenomena to be eventually tested in humans. Our 
study shows that MEAR improves the behavior in stroke induced animals by bilateral carotid 
artery occlusion method at the dose of 200mgk/g and 400mg/kg/day p.o., in a dose dependent 
manner. 
 
The role of oxygen free radicals and antioxidants in Central Nervous System (CNS) 
pathology is of major interest for many reasons [38]. While accounting for only 2% of the 
body weight, the brain uses 20% of the oxygen consumed by the resting body. 
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Polyunsaturated lipids and catecholamines prone to autoxidize are abundant, and since the 
neurons are postmitotic, efficient protection against oxidants is vital. Accordingly, changes in 
most antioxidant and prooxidant factors result in phenotypes in the brain, which is 
exemplified. Evidence for attack by oxygen free radicals on lipids, proteins and DNA has 
also been found in virtually every type of brain disease and in aging. 
 
Cell damage in ischemia-reperfusion is due to enhanced activity of phospholipases and 
proteases, leading to release of free fatty acids and their breakdown products and to 
degradation of cytoskeletal proteins [39]. It is equally clear that a coupling exists between 
influx of calcium into cells and their production of reactive oxygen species, such a �O2

-, H2O2, 
and �OH. Recent results have underscored the role of calcium in ischemic cell death. A 
coupling has been demonstrated among glutamate release, calcium influx, and enhanced 
production of reactive metabolites such as �O2, �OH, and nitric oxide. It has become equally 
clear that the combinationof �O2

- and nitric oxide can yield peroxynitrate, a metabolite with 
potentially devastating effects. The mitochondria have again come into the focus of interest. 
This is because certain conditions, notably mitochondrial calcium accumulation and oxidative 
stress, can trigger the assembly (opening) of a high-conductance pore in the inner 
mitochondrial membrane. The mitochondrial permeability transition (MPT) pore leads to a 
collapse of the electrochemical potential for H+, thereby arresting ATP production and 
triggering production of reactive oxygen species. 
 
Since asparagus racemosus is a well known antioxidant and it plays an important role in 
scavenging the free radicals. Free radical plays an important pathology in ischemia and there 
is alteration in the levels of antioxidants and neurotransmitters. Neurotransmitters such as 
acetylcholine, dopamine, serotonin, plays an unambiguous role in behavior since alteration in 
these levels affects the behavior movements in stroke induced animals. MEAR as an 
antioxidant scavenges the free radical damage in ischemia and improves the behavioral 
movement in stroke induced animals as compared to control animals. 
 
Functional outcome tests commonly used for evaluating sensorimotor and cognitive capacity 
in rodents with focal intracerebral ischemic or hemorrhagic injury are described, along with 
upgrades and issues of concern for translational research [40]. An emphasis is placed on 
careful quantitative and qualitative assessment of acute and long-term behavioral deficits, and 
on avoidance of frequent pitfalls. Methods for detecting different degrees of injury and 
treatment-related improvements are included. Determining the true potential of an 
intervention requires a set of behavioral analyses that can monitor compensatory learning. 
 
By combining tasks from many sources we achieved an overall behavioral scheme best suited 
for our model. For the long term study it was discovered that behavior could be broken down 
into at least three different levels of function: Neuromuscular function which included leg 
flexion, twisting, circling, lateral push, and inclined angle board; Complex neuromuscular 
function involves the animal’s ability to balance, grip strength, and coordinated movements 
by walking on a balance beam; Vestibulomotor function as tested by the beam-balance. 
Further developments in behavioral examinations have led to more precise testing [.21]. 
 
There was an increase in Score of Neuromuscular, Vestibulomotor, Complex neuromuscular 
functions in stroke induced (negative control) group when compared with the control group 
and negative control group which showed significance of (P<0.01) when compared with 
control group. The group treated with 200mg/kg and 400 mg/kg MEAR showed significant 
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(P<0.01) improvement in neuromuscular, vestibulomotor, complex neuromuscular function 
when compared with negative control group. 
 
The other behavioral studies such as skilled reaching analysis and social recognition were 
carried out. There was an increase in Score of Skilled reaching analysis and Juvenile 
recognition tests in stroke induced (negative control) group when compared with the control 
group and negative control group which showed significance of (P<0.01) when compared 
with control group. The group treated with 200mg/kg and 400 mg/kg MEAR showed 
significant (P<0.01) improvement skilled reaching analysis and Juvenile recognition tests 
when compared with negative control group. 
 
In-vivo behavioral studies such as motor activity, rotor rod, morris water maze and open field 
tests were carried out in order to assess the behavior of the animals. There was a decrease in 
the motor activity, muscle co-ordination, open field activity and increase in the escape 
latency in water maze in stroke induced (negative control) group when compared with the 
control group and negative control group which showed significance of (P<0.01) when 
compared with control group. The group treated with 200mg/kg and 400 mg/kg MEAR 
showed significant (P<0.01) improvement in the motor activity, muscle co-ordination, open 
field activity and spatial learning which was confirmed in trial sessions and probe trial in 
water maze test when compared with negative control group  
 
Considerable effort has been directed towards acute stroke research with numerous drug 
therapies being tried and tested [41]. As yet there is still no routine treatment that is 
unequivocally effective in acute stroke. The development of stroke units has been a major 
breakthrough in reducing disability through coordinated rehabilitation, and new interest is 
being focused towards limiting acute neurological deterioration through acute stroke units. 
Monitoring and attempting to stabilize acute physiological parameters within normal limits 
such as blood pressure, temperature hydration status, glucose levels and oxygen saturations, 
has become standard practice for some acute stroke units. Strategies to correct hypertension, 
hypotension, dehydration pyrexia and hypoxia may potentially reduce neuronal damage in 
acute phase of stroke and subsequently improve functional outcome and survival. 
 
This study has provided evidence that MEAR exhibits neuroprotective effect and improved 
the behavior of stroke induced animals. The MEAR in the dose of 200mg/kg and 
400mg/kg/day p.o showed dose-dependent protection in stroke induced treatment groups. 
However, it should be noted that almost all potent antioxidants exhibiting potent efficacy in 
animal studies have very limited therapeutic effect in humans. This could be due to species 
differences in pathways of oxidative damage-induced pathogenesis which lead to differential 
response to antioxidants in distinct species. The differences in dosage and therapeutic 
regimens may also contribute to this species-dependent response. Thus, caution should be 
taken when translating the findings from the current study to clinical situation. 
 

Conclusion 

Asparagus racemosus showed the neuroprotective effect and improved the behavioral 
outcome in stroke induced animals which was been assessed by various behavioral 
assessment tests. Hence further research in proving the neuroprotective effect of Shatavari in 
ischemia and the exact mechanism of its action in stroke to prove its efficacy in treatment of 
stroke clinically in patients is warranted. 
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