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The present study was to investigate the effect of W. calendulacea on ischemia and reperfusion-induced 
cerebral injury. Cerebral ischemia was induced by occluding right and left common carotid arteries (glo-
bal cerebral ischemia) for 30 min followed by reperfusion for 1 h and 4 h individually. Various bio-
chemical alterations, produced subsequent to the application of bilateral carotid artery occlusion (BCAO) 
followed by reperfusion viz. increase in lipid peroxidation (LPO), hydrogen peroxide (H2O2), and 
decrease in reduced glutathione (GSH), catalase (CAT) and superoxide dismutase (SOD), level in the 
brain tissue, Western blot analysis (Cu-Zn-SOD and CAT) and assessment of cerebral infarct size were 
measured. All those enzymes are markedly reversed and restored to near normal level in the groups pre-
treated with W. calendulacea (250 and 500 mg/kg given orally in single and double dose/day for 10 days) 
in dose-dependent way. The effect of W. calendulacea had increased significantly the protein expression 
of copper/zinc superoxide dismutase (Cu-Zn-SOD) and CAT in cerebral ischemia. W. claendulacea was 
markedly decrease cerebral infarct damages but results are not statistically significant. It can be con-
cluded that W. calendulacea possesses a neuroprotective activity against cerebral ischemia in rat. 

Keywords: Wedelia calendulacea – Cu-Zn SOD – cerebral infarction – brain ischemia – Western blot 
analysis

INTRODUCTION

Stroke is the leading cause of adult disability and third leading cause of deaths world-
wide. Ischemic stroke occurs when the normal blood supply to the brain is disrupted, 
usually due to artery blockage by a blood clot, thereby depriving the brain of oxygen 
and metabolic substrates and hindering the removal of waste products [19]. The nerve 
cells damage caused by cerebral ischemia results in functional impairment and/or 
death. Oxidative stress is one of the primary factors that exacerbate damage by cer-
ebral ischemia [2]. Several components of reactive oxygen species (superoxide, 
hydroxyl radical, hydrogen peroxide and peroxynitrite radical) that are generated 
after ischemia–reperfusion injury play an important role in neuronal loss after cere-
bral ischemia [14, 23]. 
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Many antioxidants are reported to reduce reactive oxygen species (ROS) mediated 
reactions and rescue the neurons from reperfusion-induced neuronal loss in animal 
models of cerebral ischemia [5]. Wedelia calendulacea Less plant [Synonym-Wedelia 
chinensis. Merrill] (Family-Asteraceae) has been mentioned in ancient texts and it is 
commonly known as ‘Pitabringi’ (Sancrit), ‘Pila bhringaraj’(Hindi), ‘Kalsarji’, 
‘Gargari’ (Kannada). Traditionally has been was used for central nervous system [22] 
and also used for immuno-stimulatory activity [11]. Coumestan derivative 
Wedelolactone and norwedelo-lactone are the main active constituents of the Wedelia 
calendulacea [31] and it was reported that wedelolactone inhibits lipopolysaccharide 
(LPS)-induced caspase-11 expression in cultured cells by inhibiting NF-jB-mediated 
transcription [18]. Apart from this, constituents in plant include coumestans, flavo-
noids, steroids, triterpenoids, ployaetylenes, and thiophene derivatives. In a previous 
study, our group described the W. calendulacea possess the neuropharmacological 
properties [24]. The present study was undertaken to evaluate the neuroprotective 
potential of methanolic extract of W. calendulacea in bilateral common carotid artery 
(BCA) occlusion (global cerebral ischemia) induced cerebral ischemia in rats.

MATERIALS AND METHODS

Chemicals and drugs

Glutathione (reduced), 5-5′-dithiobis-2-nitrobenzoic acid (DTNB), thiobarbituric 
acid (TBA), ethylene diamine tetra acetic acid (EDTA), nitrobluetetrazolium (NBT), 
methionine, riboflavin, 2,3,5-triphenyltetrazolium chloride (TTC) were purchased 
from Sigma Aldrich, USA, SRL, Bombay and other chemicals were AR grade.

Animal

Male Wistar rats (250–300 g) were obtained from the National Institute of Mental 
Health and Neuro Science (NIMHANS), Bangalore. Rats were housed in polypropyl-
ene cages in air-conditioned room. Standard rat chow pellets and water was allowed 
ad libitum. Experimental protocols were approved by our Institutional Ethical 
Committee (Protocol No: 13/P’cology/2006–2009) following the guidelines of 
Committee for the Purpose of Control and Supervision of Experiments on Animals 
(CPCSEA) which complies with International norms of Indian National Science 
Academy (INSA).

Plant extract

The stem part of W. calendulacea was collected from Indian Institute of Science, 
Bangalore and authenticated by Department of Botany, Bangalore University, 
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Bangalore. A voucher specimen (No: 001/2007) has been deposited in the Department 
of Pharmacology. Dried powder of W. calendulacea was extracted with methanol 
(yield: 8.9 g) in a Soxhlet apparatus for 48 h. The methanol solvent was removed 
under reduced pressure in a rotary vacuum evaporator.

Experimental protocol for global ischemia

The protocol was divided into two main groups of 1 h and 4 h reperfusion models. 
Each main group again divided into six groups containing of six Wistar male rats, fed 
with methanolic extract or vehicle for 10 days prior to the experiment and treated as 
follows.

1 h reperfusion models group

Group I: Normal saline (10 ml/kg, orally), no ischemia.
Group II: Normal saline (10 ml/kg, orally), BCAO for 30 min (ischemic control).
Group III: W. calendulacea (250 mg/kg, single dose/day, orally), BCAO for 30 min.
Group IV: W. calendulacea (250 mg/kg, double dose/day, orally), BCAO for 30 

min.
Group V: W. calendulacea (500 mg/kg, single dose/day, orally), BCAO for 30 min.
Group VI: W. calendulacea (500 mg/kg, double dose/day, orally), BCAO for 30 

min.

4 h reperfusion model group

Group I: Normal saline (10 ml/kg, orally), no ischemia.
Group II: Normal saline (10 ml/kg, orally), BCAO for 30 min (ischemic control).
Group III: W. calendulacea (250 mg/kg, single dose/day, orally), BCAO for 30 min.
Group IV: W. calendulacea (250 mg/kg, double dose/day, orally), BCAO for 30 

min.
Group V: W. calendulacea (500 mg/kg, single dose/day, orally), BCAO for 30 min.
Group VI: W. calendulacea (500 mg/kg, double dose/day, orally), BCAO for 30 

min.

Induction of global cerebral ischemia and reperfusion (I/R)

Group of animals were subjected to bilateral carotid artery occlusion. Rats were 
anaesthetized with thiopentone sodium (40 mg/kg, i.p.). Animals were placed on the 
back; a midline ventral incision was made in neck. Trachea of animal was exposed 
followed by the right and left common carotid arteries were located. Both carotid 
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arteries were exposed with special attention paid to separating and preserving the 
vagus nerve fibers. A cotton thread was passed below each carotid artery and a surgi-
cal knot was put on both arteries for 30 min induced ischemia. After 30 min of global 
cerebral ischemia, the thread was removed to allow the reflow of blood through 
carotid arteries (reperfusion) for 1 h and 4 h individually. Body temperature of rats 
was maintained around 37 ± 0.5 °C throughout the surgical procedure by heated surgi-
cal platform. Sham control animals received the same surgical procedures, except 
bilateral common carotid artery were not occluded. After the completion of reper-
fusion period, the animals were assessed for their neuroprotective activity and were 
sacrificed thereafter. The brains were dissected out for determination of biochemical 
parameter, Western blot analysis and assessment of cerebral infarct size.

Preparation of post-mitochondrial supernatant

After producing ischemia, the animals were sacrificed immediately by decapitation 
and brains were removed rapidly and frozen at –20 °C for 5 min. The brain was 
homogenized in chilled sodium phosphate buffer (0.1 M, pH 7.4) using a REMI 
Tissue Homogenizer. Homogenate was centrifuged at 10,000 g for 20 min at 4 °C and 
post-mitochondrial supernatant (PMS) obtained from 10% (w/v) brain tissue was 
stored at –10 °C for further assays.

Biochemical studies

Lipid peroxidation

The lipid peroxidation assayaed by the method of Utley et al. [29]. Transferred 1.0 ml 
of brain homogenate into a 10 ml test tube and incubated at 37 ± 1 °C in a metabolic 
water bath shaker for 60 min at 120 strokes/min up and down. After 1 h incubation, 
1.0 ml of 5% TCA and 1.0 ml of 0.67% TBA was added. The reaction mixture from 
the test tube was transferred to the tube and centrifuged at 3500 g for 15 min. The 
supernatant was transferred to another tube and placed in a boiling water bath for 10 
min. Thereafter, the test tubes were cooled and the absorbance of the color was read 
at 535 nm. The rate of lipid peroxidation was expressed as nM of thio barbituric acid 
reactive substances (TBARS) formed/h/mg protein.

Reduced glutathione

Reduced glutathione was assayed by the method of Jollow et al. [15, 32]. One ml 
PMS (10% w/v) was precipitated with 1.0 ml sulfosalicylic acid (4%). The samples 
were kept at 4 °C for 1 h and then subjected to centrifugation at 1200 g for 15 min at 
4 °C. The assay mixture contained 0.1 ml filtered aliquot, 2.7 ml phosphate buffer 
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(0.4 M, pH 7.4) and 0.2 ml DTNB (40 mg/10 ml phosphate buffer, 0.1 M, pH 7.4) in 
a total volume of 3.0 ml. The yellow color developed was read immediately at 412 
nm. The results were expressed as nM DTNB oxidized/min/mg protein.

Catalase activity

The assay mixture consisted of 1.9 ml phosphate buffer (0.05 M, pH 7.0), 1.0 ml 
hydrogen peroxide (0.019 M), and 0.1 ml PMS (10%, w/v) in a total volume of  
3.0 ml. Changes in absorbance were recorded at 240 nm [3]. Catalase activity was 
calculated in terms of nM H2O2 consumed/min/mg protein using molar extinction 
coefficient of 0.36 × 10−3 M−1 cm−1.

Superoxide dismutase activity

Superoxide dismutase activity was estimated using method given by Dhindsa et al. 
[6]. Total in a 3.0 ml reaction mixture was prepared by adding 13 mM of methionine, 
25 μM of NBT, 0.1 mM of EDTA, 50 mM of phosphate buffer (pH, 7.8), 50 mM of 
sodium bicarbonate and 0.2 ml of PMS (10% w/v). The reaction was started with the 
addition of 2 μM of riboflavin and placing the tube below the two 15 W fluorescent 
lamps for 15 min. The reaction was stopped by switching off the light and covering 
the tube with blank cloth. The tube without enzyme extract developed maximal color. 
This non-irradiated complete reaction mixture served as a blank. The absorbance was 
recorded at 560 nm. One unit of enzyme activity was taken as the quantity of enzyme, 
which reduced the absorbance reading to 50% in comparison with tube lacking 
enzyme. The results were expressed as units/mg protein.

Hydrogen peroxide

Hydrogen peroxide was estimated using the method given by Velikova et al. [30]. The 
method was slightly modified; 0.2 ml of PMS was added to 0.5 ml of 10 mM potas-
sium phosphate buffer (pH 7.0) and 1.0 ml of 1M of potassium iodide. The absorb-
ance of the reaction mixture was measured at 390 nm. The rate of H2O2 production 
was calculated using a standard graph of H2O2 and expressed as μM/g tissue.

Protein concentration

Protein concentration in all PMS 10% (w/v) samples was determined by the method 
of Lowry et al. [20] by using span diagnostic kit.
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Western immunoblot analysis

The Western blot analysis was carried out following the standard method [12]. The 
homogenate of rat brain equivalent to 30 μg of total protein samples were resolved 
on 10% SDS-polyacrylamide gel, and the proteins were electro transferred to nitro-
cellulose membrane and blocked with 5% BSA. The membrane was then probed with 
either with Cu–Zn SOD (anti-SOD1-Sheep IgG, Calbiochem: Darmstadt, Germany) 
or CAT (anti-Catalase Rabbit IgG, Abcam: Cambridge, USA) serum (1:5000 dilu-
tions) or actin (as an internal standard) for 1 h at room temperature in 50 mM PBS 
containing 0.2% (w/v) bovine serum albumin (BSA) after washing three times for 10 
min each in high-salt buffer [40 mM Na2HPO4, 10 mM NaH2PO4, 6% (w/v) NaCl, 
0.2% (w/v) EDTA and 0.5% (v/v) Triton X-100] and low salt buffer [40 mM 
Na2HPO4, 10 mM NaH2PO4, 0.3% (w/v) NaCl, 0.2% (w/v) EDTA and 0.5% (v/v) 
Triton X-100]. The membrane was then probed with horseradish peroxidase coupled 
goat anti-rabbit IgG and incubated for another 1 h. The membrane was then washed 
three times for 10 min each in high salt and low-salt buffer at room temperature to 
remove the unbound and nonspecifically bound antibodies. The staining of the blot 
for peroxidase was performed in 10 ml of citrate buffer (200 mM citric acid and 60 
mM Na2HPO4) containing 0.05% (w/v) DAB (diaminobenzidine) and 0.1% (v/v) 
hydrogen peroxide as substrate for horseradish peroxidase (HRP) at room tempera-
ture with gentle shaking until the appearance of the bands. As soon as the bands 
appeared, the reaction was stopped by rinsing the membrane in water. The membrane 
was dried and photographed.

Assessment of cerebral infarct size

Animals were divided into 12 groups, each consisting of six animals. Treatment was 
given for 10 days. The similar protocol was used for the assessment of cerebral infarct 
size. At the end of cerebral ischemia followed by 1 h and 4 h of reperfusion, animals 
were sacrificed by cervical dislocation and the brain was quickly removed for 
2,3,5-triphenyltetrazolium chloride (TTC) staining. Brain was sliced into uniform 
coronal section of about 1 mm thickness. The slices were incubated in 2% TTC dis-
solved in phosphate-buffered saline (pH 7.4) at 37 °C for 30 min and then fixed by 
immersion in 10% phosphate-buffered formalin as reported by Bederson et al. [1]. 
Photographs of coronal sections were taken with a digital camera (SONY: Cyber-
Short, 15× optical Zoom, 9.1 mega pixels, Model 1080). The unstained areas of the 
fixed brain sections were defined as infarcted.

Statistical analysis

Cerebroprotective results were expressed as mean ± SD. For the determination of 
significant inter group differences, each parameter was analyzed separately and one 
way analysis of variance (ANOVA) was carried out. Individual comparisons of 
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groups mean were done by multiple group comparisons (Tukey’s test). P < 0.05 was 
considered as statistically significant when compared to control group. The diagram-
matic representation of the data was performed by using, Microcal™ Origin® Version 
6.0 (Origin 6.0 AddOn, Data analysis and Technical graphics) software was used for 
all statistical calculations.

RESULTS

The biochemical results are shown in Figs 1A–1E. ANOVA revealed significant  
(P < 0.05 to <0.001) differences between various treatments. LPO and H2O2 exhibited 
significant increase and all other enzymatic parameters showed significant decrease 
in the BCA-occluded ischemic group versus respective sham group. These alterations 
(increase in LPO, H2O2 and decrease in GSH, CAT and SOD) were further aug-
mented under the conditions of ischemic insult and reperfusion. Pretreatment with  
W. calendulacea was markedly reversed alterations in enzymatic parameters brought 
about by ischemia/reperfusion. The values were almost restored to near normal levels 
with no significant differences versus control group. GSH, CAT and SOD were sig-
nificantly elevated (rather than showing depletion) in the W. calendulacea-treated 
animals subjected to BCA occlusion and 1 h and 4 h reperfusion injury (I/R + W. 

Fig. 1A. Effect of methanolic extract of W. calendulacea on lipid peroxidation (LPO) in rats subjected  
to global cerebral ischemia followed by reperfusion and measured nM of thiobarbituric acid reactive 
substances (TBARS) formed/h/mg protein. I: Sham control, no occlusion (normal saline, 10 ml/kg, p.o.), 
II: BCAO ischemic control (normal saline, 10 ml/kg, p.o.), III: W. calendulacea (250 mg/kg, single dose/
day, p.o.) + BCAO, IV: W. calendulacea (250 mg/kg, double dose/day, p.o.) + BCAO, V: W. calendulacea 
(500 mg/kg, single dose/day, p.o.) + BCAO, VI: W. calendulacea (500 mg/kg, double dose/day, p.o.) + 
BCAO. Values are expressed as mean ± SD (n = 6) a = P < 0.01 vs. Sham control, b = P < 0.01 vs. BCAO 

ischemic control
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Fig. 1B. Catalase (CAT). a = P < 0.01 and b = P < 0.001 vs. Sham control (see the legends in Fig. 1A)

Fig. 1C. Superoxide dismutase (SOD). a = P < 0.01 and b = P < 0.001 vs. Sham control, c = P < 0.01 and 
d = P < 0.001 vs. BCAO ischemic control (see the legends in Fig. 1A)
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Fig. 1E. Hydrogen peroxide (H2O2). a = P < 0.001 vs. Sham control, b = P < 0.01 vs. Sham control, 
c = P < 0.01 vs. BCAO ischemic control (see the legends in Fig. 1A)

Fig. 1D. Reduced glutatione (GSH). a = P < 0.01 and b = P < 0.001 vs. Sham control
(see the legends in Fig. 1A)
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calendulacea) as compared to ischemic control group. There were significant differ-
ences in H2O2 content in ischemic control (P < 0.01) as compared to Sham control 
(Fig. 1E). In contrast, H2O2 content decreased significantly in W. calendulacea 
extract treated group by ischemic-reperfusion group (P < 0.01). However, the accu-
mulation of H2O2 content was significantly lower in cerebral ischemia with extract 
treated animals. Western-blot analysis of Cu-Zn-SOD showed more expression in  
W. calendulacea (250 and 500 mg/kg, double dose/day, p.o.), BCAO ischemia fol-
lowed by 4 h reperfusion as compared ischemic control group. However, BCAO 
ischemic control group showed lower Cu-Zn-SOD as compared to all other treatment 
(Fig. 2). Similarly W. calendulacea (250 and 500 mg/kg, double dose/day, p.o.), 
BCAO showed more expression of CAT when compared to other treatment groups  
(Fig. 3).

Fig. 2. Western blot analysis of Cu-Zn-SOD subjected to global cerebral ischemia followed by reperfu-
sion in Wistar rat. The upper portion shows the bands for Cu-Zn-SOD was 30 min BCAO ischemia fol-
lowed by 1 h reperfusion, the middle portion shows the bands for Cu-Zn-SOD was 30 min BCAO isch-
emia followed by 4 h reperfusion and the lower portion shown the bands for actin (used as an internal 

standard) (see the legends in Fig. 1A)

Fig. 3. Western blot analysis of CAT subjected to global cerebral ischemia followed by reperfusion in 
Wistar rat. The upper portion shows the bands for CAT was 30 min BCAO ischemia followed by 1 h 
reperfusion, the middle portion shows the bands for CAT was 30 min BCAO ischemia followed by 4 h 
reperfusion and the lower portion shown the bands for actin (used as an internal standard). (see the  

legends in Fig. 1A)
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Fig. 5. Effect of methanolic extract of W. calendulacea on panel of coronal slices of the rat brain sub-
jected to 30 min BCA occlusion followed by 4 h reperfusion. The slices were stained with TTC to show 

the area of infarct (white color) (see the legends in Fig. 4)

Fig. 4. Effect of methanolic extract of W. calendulacea on panel of coronal slices of the rat brain sub-
jected to 30 min BCA occlusion followed by 1 h reperfusion. The slices were stained with TTC to show 
the area of infarct (white color). A: Sham control, no occlusion (normal saline, 10 ml/kg, p.o.), B: BCAO 
ischemic control (normal saline, 10 ml/kg, p.o.), C: W. calendulacea (250 mg/kg, single dose/day, p.o.) + 
BCAO, D: W. calendulacea (250 mg/kg, double dose/day, p.o.) + BCAO, E: W. calendulacea (500 mg/

kg, single dose/day, p.o.) + BCAO, F: W. calendulacea (500 mg/kg, double dose/day, p.o.) + BCAO
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Figures 4 and 5 showed typical photographs of coronal sections of the brains after 
staining with TTC of the sham control, the ischemic control and W. calendulacea-
treated groups against 30 min BCA occlusion and 1 h and 4 h reperfusion. Ischemia 
followed by 1 h reperfusion control group produced brain damage 32.11 ± 8.56% of 
cerebral infarct in rats (Fig. 6). W. calendulacea pretreated group at 250 and 500 mg/
kg in single dose/day tended to reduce the size of the brain infarction as compared to 
the ischemic control group (brain damage 20.21 ± 8.24% and 18.44 ± 7.93). On the 
other hand, cerebral ischemia followed by 4 h reperfusion control group produced 
brain damage 44.23 ± 7.25%. The P value did not reach significance for either meth-
anolic extract at 250 mg/kg (brain damage: 36.85 ± 7.23%) or 500 mg/kg (brain dam-
age: 34.44 ± 6.41%; P > 0.05) are shown in Fig. 6.

DISCUSSION

Peroxidation of lipid bilayer was reported after cerebral IR injury [13, 26]. So that 
lipids are most susceptible macromolecules to oxidative stress. From the results of 
our work it appears that the production of LPO was significantly elevated in ischem-
ic brain regions of the rats after 1 h and 4 h of reperfusion period. Our present study 
demonstrated that pretreatment with W. calendulacea had markedly reduced the LPO 
level and inhibits the neuronal injuries from propagating chain reaction of LPO. 
Therefore, the potent radical scavenging properties or LPO inhibiting ability of 
polyphenolic natural compounds protecting the neurons from oxidative stress may 

Fig. 6. Effect of methanolic extract of W. calendulacea on brain infarction stained by TTC in rats sub-
jected to global cerebral ischemia followed by reperfusion. Values are expressed as mean ± SD, (n = 6). 
a = P < 0.05 vs. BCAO ischemic control. I: BCAO ischemic control (normal saline, 10 ml/kg, p.o.),  
II: W. calendulacea (250 mg/kg, single dose/day, p.o.) + BCAO, III: W. calendulacea (250 mg/kg, double 
dose/day, p.o.) + BCAO, IV: W. calendulacea (500 mg/kg, single dose/day, p.o.) + BCAO, V: W. calen-

dulacea (500 mg/kg, double dose/day, p.o.) + BCAO
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provide useful therapeutic agent for the treatment of neurodegenerative diseases such 
as I/R induced oxidative stress.

Dysfunction of SOD and CAT may result in loss of protective activity exerted by 
these enzymes and manifested as increased infarction in many studies [21]. Reduction 
of SOD and CAT may form the vicious circle which finally result in the collapse of 
the endogenous defense mechanism against ROS and manifest a severe oxidative 
stress [9]. In the present study reduction in the SOD and CAT activity was signifi-
cantly prevented by W. calendulacea administration. The presence of many antioxi-
dant enzymes such as SOD and CAT in the brain prevents these tissues from the 
oxidative damage by free radical formation [4]. SOD reacts with the superoxide 
radicals to form H2O2. CAT involved in the detoxification of H2O2, both at high and 
low concentrations. Accumulation of hydrogen peroxide was reported to impair mito-
chondrial function [28]. Hydrogen peroxide is reported to be more stable than super-
oxide anion, hydroxyl free radical and other reactive oxygen species. Therefore, 
hydrogen peroxide may persist for longer time after reperfusion to produce neuronal 
injury. Level of H2O2 in ischemic control rats brain were markedly reversed and 
restored to nearly normal levels in the groups’ pre-treated with W. calendulacea.

Glutathione reductase is another important enzyme for the maintenance of intracel-
lular concentration of reduced glutathione has a crucial role as a free radical scaven-
ger [10]. The level of brain GSH was significantly reduced after ischemic injury [25]. 
In our study it was also statistically significantly reduced in ischemic control group 
compared to sham control group. This depletion was directly associated with eleva-
tion in brain lipid peroxidation. Dysfunction of the glutathione system has been 
implicated in a number of neurodegenerative diseases [7, 27].

Several reports have disclosed that superoxide dismutase, an enzymatic scavenger 
of superoxide radicals, effectively diminishes ischemic neuronal damage both in glo-
bal and focal cerebral ischemia animal models. Cu-Zn-SOD was major forms of 
mammalian superoxide dismutase existing in the cytosol and mitochondria [8]. In the 
present study we clearly demonstrated that oxidative stress occurring in the global 
cerebral ischemia result in the down regulation of the expression of the antioxidant 
enzymes, Cu-Zn-SOD and CAT. In general, SOD combat oxygen toxicity and cata-
lytically reduce the superoxide radicals into the hydrogen peroxide which is decom-
posed by CAT into water and oxygen. In that respect, oxidative damage in cerebral 
ischemia most probably decreases the antioxidant defenses, generating lipid peroxi-
dation. As a result of induced cerebral ischemia we have observed significant increase 
in lipid peroxidation in the brain of ischemic rats as compared to ischemic controls 
indicating oxidative stress. W. calendulacea pretreatment normalize the decreased 
protein expressions of both Cu-Zn-SOD and CAT in ischemic rats occurred as a result 
of oxidative stress. The effect of W. calendulacea increased significantly the protein 
expression of Cu-Zn-SOD and CAT in global cerebral ischemia. Thus, animals 
treated with W. calendulacea which are reversed these antioxidant enzymes to normal 
level so it considered as antioxidant properties. 

TTC staining has been employed in present study to determine the area of infarc-
tion in brain tissue. TTC is a water-soluble dye that is reduced to formazone by the 
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enzyme succinate dehydrogenase and cofactor NAD, present in mitochondria and 
stain viable tissue deep red in colour. Ischemic tissue with damaged mitochondria 
remains unstained [1]. In this study we observed that treatment of methanolic extract 
of W. claendulacea after BCA occlusion could markedly decrease cerebral damage 
but results are not statistically significant. Moreover, according to the observation of 
the dose-dependent effect, we found that the dose of 250 and 500 mg/mg, (double 
dose/day) of methanolic extract produce protective effect on the rat brain after BCA 
occlusion in 1 h reperfusion. The P value was not significant in 4 h reperfusion model. 
However, experiments revealed that methanolic extract of W. claendulacea could 
reduce neuronal loss of the ischemic brain tissue. A variety of antioxidant compounds 
derived from natural products (nutraceuticals) have demonstrated novel neuroprotec-
tive agents [16]. Therefore the present investigation demonstrates that W. calendula-
cea showed antioxidant activity in reperfusion induced oxidative stress.
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