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Abstract: Problem statement: Stroke or cerebral ischemia has been recognized as one important 
problem worldwide. To date, the effectiveness of protective and therapeutic strategies against stroke is 
still very limited. Therefore, the development of novel strategy is required. Porcine brain is traditional 
believed to improve brain functions. Recent studies showed that the extract of porcine brain could 
protect against brain damage related to the oxidative stress, therefore, we hypothesized that it could 
protect against brain damage in stroke. Approach: To test the potential of porcine brain extract as the 
novel protective supplement against stroke, various doses of porcine brain extract at doses of 0.5 and 
2.5 mg kg−1 b.w. were orally given to male Wistar rats, weighing 300-350 g, at the period of 14 days 
before and 21 days after the occlusion of right middle cerebral artery. Then, all rats were determined 
the neurological score, motor performance, cognitive function and brain infarct volume. Moreover, the 
possible neuroprotective mechanisms of the extract were also determined via the alteration of 
Malondialdehyde (MDA) or lipid peroxidation product and via the activities of scavenger enzymes 
including Superoxide Dismutase (SOD), Catalase (CAT) and Glutathione Peroxides (GPx). Results: The 
results showed that the low dose of porcine extract decreased the infarct volume and improved brain 
functions including neurological score, motor performance and memory deficit. In addition, it also 
decreased MDA but increased the activities of SOD, CAT and GPx. Conclusion: Our results 
suggested the potential role of porcine brain extract as neuroprotectant. The possible underlying 
mechanism appeared to be related to the enhanced activities of SOD, CAT and GPx which in turn 
resulted in the decrease MDA. Moreover, our findings may shed light on the pharmacologic basis for 
the clinical application of traditional Chinese medicine to protect against stroke.  
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INTRODUCTION 

 
 Cerebral ischemia or stroke has been recognized as 
one of the leading causes of death and disability in 
many countries[1] including in Thailand[2] due to the 
interruption of blood flow[3]. Previous study 
demonstrated that the middle cerebral artery occlusion 
occurred in 10-15% of stroke patients and resulted in 
the massive cerebral edema with raised intracranial 
pressure which finally progressed to coma and death[4]. 
Accumulating lines of evidence showed that free 
radicals contributed the important role on the brain 
damage after stroke and this damage could mitigate by 
substances possessing antioxidant[5]. Although, it is an 
important problem and produces an enormous impact 

on public health, no effective treatment has yet been 
found. Therefore, it is of interest to search for the novel 
effective strategy to prevent and attenuate the 
impairments induced by this condition.  
 Traditional Chinese Medicine (TCM) to improve 
the brain function has a long history. Porcine brain has 
been traditionally believed by people in some local 
areas of China and Thailand to improve brain functions 
and promote longevity. Previous studies had 
demonstrated that porcine brain derived peptide could 
protect brain against various insults including carbon 
monoxide[6] and glutamate[7]. Moreover, it could also 
decreased lipid peroxidation[8] but increased the 
activities of various scavengering enzymes including 
superoxide dismutase, catalase[9] and glutathione related 
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enzymes[10]. Based on the potential neuroprotective 
effect of porcine brain derived peptide mentioned 
above, we hypothesized that the cytoplasmic fraction of 
porcine brain extract (CF) could protect against brain 
damage induced by focal cerebral ischemia. To test 
whether cytoplasmic fraction of porcine brain extract 
can lead to the improvement of pathological and 
behavioral outcomes of focal cerebral ischemia, the 
effects of cytoplasmic fraction of porcine brain extract 
on cerebral infarction, neurological scores, postural tail- 
hang test and the performance in Morris water maze 
test were determined. Moreover, in order to investigate 
the possible underlying mechanism of the cytoplasmic 
fraction of porcine brain extract, we also determined the 
effect of the extract on lipid peroxidation and scavenger 
enzymes including superoxide dismutase, catalase and 
glutathione peroxidase. 
 

MATERIALS AND METHODS 
 
Preparation of the cytoplasmic fraction of porcine 
brain extract: The standardized cytoplasmic fraction 
of porcine brain extract was kindly supported by 
Thailand Institute of Scientific and Technological 
Research, Phatumthani, Thailand. The descriptive 
processes were described as follows. The cytoplasmic 
fraction of porcine brain extract was prepared from 
young porcine’s brain. The brain homogenate was 
homogenized with high speed homogenizer according 
to the following ratio; the brain tissue and buffer in a 
ratio of 1: 5-6 (weight/volume). Then, it was 
centrifuged at 12,500 rpm for 1 h, the supernatant 
fraction was separated and precipitated protein with 
acid. The extract was kept in airtight container at 4°C 
until used. The cytoplasmic fraction of porcine brain 
extract used in this study comprised of a mixture of 
amino acids consisting of glutamic acid and aspartic 
acid 13.80 and 11.03% respectively. 
 The extract was dissolved in 2% SCMC (sodium 
carboxymethyl cellulose) in order to obtain the desired 
concentration before administered orally via intragastric 
route once daily.  
 
Animals: Male Wistar rats weighing 300-350 g were 
obtained from National Laboratory Animal Center, 
Salaya, Nakorn Pathom  and  were  housed in group of 
5 per cage in standard metal cages at 22±2°C on 10:14 
h light-dark cycle. All animals were given access to 
food and water ad labium. The experiments were 
performed to minimize animal suffering in accordance 
with the internationally accepted principles for 
laboratory use and care of European Community (EEC 
directive of 1986; 86/609/EEC). 

 The experimental protocols were approved by the 
Institutional Animal Care and Use Committee. 
 
Experimental protocol: In order to induce focal 
cerebral ischemia, all rats in this study were occluded 
the right Middle Cerebral Artery Occlusion (MCAO). 
Rats were randomly divided into various groups as 
described following: (1) Vehicle + MCAO; (2) Aricept 
+ MCAO (positive control); (3) Piracetam + MCAO 
(positive control); (4) Vitamin C + MCAO (positive 
control); (5) CF (0.5 mg kg−1 b.w.) + MCAO and (6) 
CF1 (2.5 mg kg−1 b.w.) + MCAO. The animals in group 
2 were treated with Aricept, a cholinesterase inhibitor 
which used as standard treatment of dementia at dose of 
1 mg kg−1 whereas those in group 3 were treated with 
piracetam (250 mg kg−1 b.w.), a standard drug used to 
improve cerebral blood flow and we also used vitamin 
C (100 mg kg−1 b.w.), a well known antioxidant, as 
positive control. The animals in the last 2 groups were 
treated with CF at doses of 0.5 and 2.5 mg kg−1 b.w., 
respectively. These two doses of the extract were 
selected based on our pilot study which demonstrated the 
effect of the extract on the central nervous system. All 
animals were treated with vehicle or positive control or 
CF extract at a period of 2 weeks before and 3 weeks 
after right Middle Cerebral Artery Occlusion (MCAO). 
 
Focal cerebral ischemia induction: All rats were 
fasted for 12 h but were allowed free access to water 
before surgery. Anesthesia was induced with 
intraperitoneal injection of thiopental sodium at dose of 
50 mg kg−1 bw. Focal cerebral ischemia was induced by 
modified previous method described by Longa et al. 
Briefly, the right common carotid artery and the right 
external carotid artery were exposed through a ventral 
midline neck incision and were ligated proximally. A 
silicone coated nylon monofilament (4-0) suture (USS 
DGTM sutures; Tyco Healthcare group LP, Connecticut, 
USA) with its tip rounded by heating near a flame was 
inserted through an arteriectomy in the common carotid 
artery just below the carotid bifurcation and then 
advanced into the internal carotid artery approximately 
17-18 mm distal to the carotid bifurcation until a mild 
resistance was felt. Occlusion of the origins of the 
anterior cerebral artery, the middle cerebral artery and 
the posterior communicating artery was thereby 
achieved. Then, the wound was sutured, the rats were 
returned to their cages with free access to food and water. 
The incision sites were infiltrated with 10% Povidone-
Iodine Solution for anti-septic postoperative care.  
 
Morris water maze test: The water maze consisted of 
a metal pool (170 cm in diameter × 58 cm tall) filled 
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with tap water (25°C, 40 cm deep) divided into 4 
quadrants. In the center of 1 quadrant was a removable 
escape platform below the water level and covered with 
a nontoxic milk powder. The pool was divided into 4 
quadrants (NE, NW, SE and SW) by two imaginary 
lines crossing the center of the pool. For each animal, 
the location of invisible platform was placed at the 
center of one quadrant and remained there throughout 
training. The rats must memorize the platform location 
in relation to various environmental cues because there 
was nothing directly shown the location of the escape 
platform in and outside the pool. Therefore, the 
placement of the water tank and platform were the same 
in all acquisition trials. Each rat was gently placed in 
the water facing the wall of the pool from one of the 
four starting points (N, E, S, or W) along the perimeter 
of the pool and the animal was allowed to swim until it 
found and climbed onto the platform. During training 
session, the subject was gently placed on the platform 
by the experimenter when it could not reach the 
platform in 60 s. In either case, the subject was left on 
the platform for 15 s and removed from the pool. The 
time for animals to climb on the hidden platform was 
recorded as escape latency. In addition to the 
acquisition test, the determination of retention memory 
was carried out on the next day. According to this test, 
the platform was removed and the animals were placed 
into the water maze for 60 s. The retention of memory 
or the time that the animal spent to swim around the 
previous location of platform before removing the 
platform on the test occurring in the next day was also 
recorded. It has been postulated that if the spatial 
memory of the rat for the trained platform location is 
accurate, the rat will swim to the platform location and 
search around the exact location. Therefore, the more 
accurate the spatial memory is, the greater the number 
of times rat swim across the trained platform. In each 
trial, the animal was quickly dried with towel before 
being returned to the cage. All tests in Morris water 
maze test were carried out within 30 min after the oral 
administration of the substances. 
 
Determination of infarct volume: All animals were 
killed 24 h after occlusion and the brain was removed 
and sectioned at 2 mm thick. Sections were immersed 
in 2%TTC (2, 3,  5-triphenyltetrazolium chloride) for 
30 min at 37°C. Images of stained sections were 
digitized and infarction volumes were determined using 
an indirect method[11]. 
 
Determination of neurological score: The 
neurological deficit score was performed by a single 
experimenter, who was blinded to the experimental 

groups according to method of Bederson et al.[12]. The 
deficit was graded on a scale of 0-5 as follow: Grade 0, 
no spontaneous activity, (Grade 1) Spontaneous 
circling; (Grade 2) Circling if pulled by tail; (Grade 3) 
lowered resistance to lateral push without circling; 
(Grade 4) Contralateral forelimb flexion; (Grade 5) No 
apparent deficit. 
 
Biochemical assay: Rats were perfused with cold saline 
solution to get rid of the blood from the brain tissue, then 
rapidly removed and stored at 70°C until used. 
 
Glutathione Peroxidase (GPx) level: Glutathione 
peroxidase activity was measured using 
spectrophotometric method[13]. This activity was 
determined using H2O2 as the substrate and GR and 
NADPH as enzymatic and non-enzymatic indicators, 
respectively.  
 
Catalase activity determination: Catalase activity in 
the supernatant was measured by recording the rate of 
decrease in H2O2 absorbance at 240 nm[14]. The activity 
of catalase was expressed as µmol H2O2 min−1 mg−1 
protein. 
 
Superoxide Dismutase (SOD) activity determination: 
SOD activity was measured in supernatant[15]. SOD 
activity was expressed in terms of U mg−1 protein, where 
1 Unit was defined as the amount of enzyme that 
inhibited the optical density at 560 nm of chromogen 
production by 50% under the above assay conditions. 
Results were expressed as U min−1 mg−1 protein.  
 
Statistical analysis: Data were presented as mean ± 
Standard Error of Mean (SEM). The analysis was 
performed using one-way Analysis Of Variance 
(ANOVA), followed by Dunnett’s test. All statistical 
results were considered significant if p-value<0.05.  
 

RESULTS 
 
Effect of CF1 extract on cognitive function: The 
effect of CF1 extract on cognitive function was 
determined using Morris water maze test. Before 
stroke, Aricept, Piracetam, Vitamin C and CF1 extract 
at dose 0.5 mg kg−1 b.w. significantly decreased the 
escape latency in Morris water maze test as compared 
to the vehicle treated group whereas the significant 
effect of CF1 at dose 2.5 mg kg−1 b.w. was observed at 
single dose administration. Aricept, Piracetam, Vitamin 
C and CF1 at both doses could also significantly 
decreased the escape latency time in MCAO rat after 1 
week of MCAO and the significant was observed until 
the end of the experiment (Fig. 1). 
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Fig. 1: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on escape latancy in Morris 
wter  maze  test. Values  are  the  mean ± SEM 
(n = 6) *: p-value <0.05 as compared with 
vehicle plus MCAO 

 

 
 
Fig. 2: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on retention time in Morris 
water maze test. Values given are the mean ± 
SEM (n = 6) 

 
Effect of CF1 extract on motor function: The effect 
of CF1 extract on motor function was evaluated using 
neurological score (Fig.2). 7 days after right middle 
cerebral artery occlusion Aricept treated groups 
significantly increased the neurological score compared 
to vehicle treated group. Aricept, CF1 extract at dose 
0.5 mg kg−1 b.w. were observed the significantly 
improvement of neurological score at 14 after right 
middle cerebral artery occlusion whereas Piracetam was 
observed the significantly improvement of neurological 
score at 21 days after right middle cerebral artery 
occlusion as compared to vehicle treated group (Table 
1).  

Table 1: Effect of aricept, vitamin C, piracetam and various doses of 
cytoplasmic fraction of porcine brain extract (CF1) on 
motor function using neurological score. Values given are 
the mean ± SEM (n = 6) 

   Neurological score 
 ---------------------------------------------------------------------- 
  After MCAO 
Duration ----------------------------------------------------------------------- 
Groups day−1 Day 0 Day 7 Day 14 Day 21 
Vehicle + MCAO 5.00±0.00 2.40±0.24# 3.20±0.20# 3.60±0.25# 
Aricept + MCAO 5.00±0.00 3.60±0.24# * 4.20±0.20# * 4.80±0.20* 
Vitamin C + MCAO 5.00±0.00 3.20±0.37# 3.80±0.20# 4.20±0.20# 
Piracetam + MCAO 5.00±0.00 3.20±0.37# 3.40±0.25# 4.60±0.40* 
CF1 0.5 + MCAO 5.00±0.00 3.20±0.37# 4.00±0.32# * 4.40±0.25* 
CF1 2.5 + MCAO 5.00±0.00 2.80±0.37# 3.20±0.25# 4.00±0.31# 

 

 
 
Fig. 3: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on brain infarct volume. 
Brain infarct volume was determined using TTC 
staining.  Values  given  are  the  mean ± SEM 
(n = 6) *: p-value <0.05 as compared with 
vehicle plus MCAO 

 
Effect of CF1 extract on cerebral infarction: Infarct 
volumes were measured using an indirect method in the 
2 mm thick coronal brain sections which were stained 
with 2% TTC (2,3,5-triphenyltetrazolium chloride). 
Aricept, Piracetam and CF1 extract at dose 0.5 mg kg−1 
b.w. significantly decreased the infarct volume in 
cortex whereas CF1 extract at dose 0.5 mg kg−1 b.w. 
significantly decreased the infarct volume in subcortex 
region (Fig. 3). The infarct volume of CF1 extract at 
dose 0.5 mg kg−1 b.w. treated group was decreased to 
62.82±7.63 mm3, 46.31±6.15 mm3 in cortex and sub 
cortex, respectively. 
 
Effect of CF1 extract on superoxide dismutase 
activity: Superoxide dismutase activity was estimated 
in the ipsilateral hemisphere of the ischemic animal 
after 24 h of occlusion. 
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Fig. 4: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on the superoxide dismutase 
(SOD) activity in ceriberal cortex, hippocampus 
and striatum. Values given are the mean ± SEM 
(n = 6) *: p-value <0.05 as compared with 
vehicle plus MCAO 

 

 
 
Fig. 5: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on the catalase (CAT) 
activity in ceriberal cortex, hippocampus and 
striatum. Values  given  are  the  mean ± SEM 
(n = 6) *: p-value <0.05 as compared with 
vehicle plus MCAO 

 
Ischemic stroke induced decrease in SOD activity was 
reverted by Aricept, Piracetam, Vitamin C and CF1 
extract at dose 0.5 mg kg−1 b.w. in cortex, hippocampus 
and striatum whereas CF1 extract at dose 2.5 mg kg−1 
b.w. could reverted in hippocampus (Fig. 4). 
 
Effect of CF1 extract on catalase activity: Catalsae 
activity was estimated in the ipsilateral hemisphere of 
the ischemic animal after 24 h of occlusion. The 
catalase activity was significantly elevated in Aricept, 
Vitamin C and CF1 both doses treated animals 
subjected to middle cerebral artery occlusion in cortex 
area and hippocampus whereas Piracetam significantly 
elevated the catalase activity only in hippocampus as 
compared to vehicle treated group (Fig. 5). 

 
 
Fig. 6: Effect of aricept, vitamin C, piracetam and 

various doses of cytoplasmic fraction of porcine 
brain extract (CF1) on the activity of glutathoine 
peroxide (GSH-Px) in ceriberal cortex, 
hippocampus and striatum. Values given are the 
mean ± SEM (n = 6) *: p-value <0.05 as 
compared with vehicle plus MCAO 

 
Effect of CF1 extract on glutathione peroxidase 
activity: Glutathione peroxidase activity was estimated 
in the ipsilateral hemisphere of the ischemic animal 
after 24 h of occlusion. The glutathione peroxidase 
activity was significantly elevated in all group of 
treatment in hippocampus as compared to vehicle treated 
group. Piracetam, Vitamin C and CF1 0.5 mg kg−1 b.w. 
treated animals subjected to middle cerebral artery 
occlusion were significantly increased the glutathione 
peroxidase activity in cortex area whereas in striatum 
the glutathione peroxidase activity was significantly 
increased in Vitamin C treated group as compared to 
vehicle treated group (Fig. 6). 
 

DISCUSSION 
 
 The present study clearly demonstrated that the 
cytoplasmic fraction of porcine brain extract at dose of 
0.5 mg kg−1 b.w. ameliorated the volume of cerebral 
infarction induced by focal cerebral ischemia in both 
cortical and subcortical areas. The improvement of 
performance in Morris water maze test was observed 
after 1 week or 7 days of MCAO and this improvement 
was still observed throughout the experimental period. 
However, the improvement of neurological score and 
the postural tail hang-test were observed at 2 and weeks 
after MCAO. The changes in both behavior and 
neurological score mentioned earlier further confirmed 
that the cytoplasmic fraction of porcine brain extract 
was effective in reducing the stroke damage induced by 
focal cerebral ischemia via MCAO. These data 
suggested that the increase exposure time to the extract 
resulted in the more improvement of brain functions.  
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 The possible explanation might be associated with 
the more accumulation of active ingredients of the 
extract in various target areas. However, this still 
required further investigation. In contrast to the effect 
of exposure time, no significant change was observed 
when the concentration of the extract was further 
increased to 2.5 mg kg−1 b.w. Although, the precise 
change of this phenomenon was still beyond the scope 
of this study, we did suggest that it might be related 
with the masking effect of various ingredients in the 
extract which could possibly mitigate the effect of 
active ingredient. In addition, it was also possible that 
the effect had already been saturated. However, due to 
the limitation of the extract in this batch, we could have 
only 2 doses of the extract. Therefore, further 
researches are still essential to explore this issue. The 
data from this study also indirectly pointed out the 
different in vulnerability of various brain areas to the 
extract. It was found that the significant improvement 
of water maze performance appeared before other 
changes, therefore, it indirectly suggested the highest 
vulnerability of hippocampus. Recent findings showed 
that hippocampus was the area which had high 
plasticity and contained high capability of 
neurogenesis[16]. Therefore, we suggested that the 
highest vulnerability to the cytoplasmic fraction of 
porcine brain extract might be due to this property of 
hippocampus. 
 Numerous lines of evidence showed that the free 
radicals contributed the important role in the 
pathophysiology of brain damage after cerebral 
ischemia and this impairment could be mitigated by the 
antioxidant by increasing the activities of scavenger 
enzymes[5]. Previous studies demonstrated that the 
upregulation of the scavenger enzymes could reduce 
both global and focal ischemic injury[17,18]. Our results 
also showed that the extract could increase the activity 
of superoxide dismutase in cerebral cortex, 
hippocampus and striatum. However, the increase of 
catalase and glutathione peroxidase were observed only 
in cerebral cortex and hippocampus. Therefore, our 
findings are in agreement with previous studies. Taken 
together, these data suggested that the neuroprotective 
effect of the cytoplasmic fraction of porcine brain 
extract might occur partly via the increase scavenger 
enzymes activities resulting in the decrease oxidative 
stress or free radical. The superoxide dismutase 
appeared to contribute more role than other enzymes 
such as catalase and glutathione peroxidase. The 
possible explanation for this change might be 
associated with the increase superoxide anion 
production in focal cerebral ischemia[19]. 

CONCLUSION 
 
 In conclusion, the cytoplasmic fraction of porcine 
brain extract could effectively mitigate the ischemia-
induced pathological and behavioral changes and 
cognitive impairment. Pharmacological characteristics of 
the extract require further investigated. However, 
efficacy of the extract is consistent with the improvement 
of the scavenger enzymes and provide the valid evidence 
to support the potential of the cytoplasmic fraction of 
porcine brain extract as a neuroprotectant.  
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