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Abstract Epidemiological studies indicate that the intake

of Mediterranean-style diet is inversely associated with risk

of stroke, cardiovascular diseases, and cancer. Spirulina is

widely used nutritional supplement rich in proteins and

antioxidants. Evidence demonstrates that the impaired

energy metabolism and the excessive generation of reactive

oxygen radicals contribute to the brain injury associated

with cerebral ischemia. In the present study, the protective

effect of Spirulina was investigated in transient middle

cerebral artery occlusion (MCAO)-induced focal cerebral

ischemia–reperfusion injury in rats. Male albino rats were

divided into six groups: control, sham-operated group,

ischemic control group, and Spirulina-pretreated groups

(45, 90 and 180 mg/kg/p.o.). Spirulina was administered

once a day, for 7 days. The rats were subjected to a 2-h

right MCAO via the intraluminal filament technique and

22 h of reperfusion. Pretreatment with Spirulina signifi-

cantly reduced the histological changes and neurological

deficits. Spirulina at a dose of 180 mg/kg significantly

reversed the elevated brain malondialdehyde (MDA) con-

tent and restored the decreased activities of brain super-

oxide dismutase (SOD), catalase (CAT), and reduced

glutathione (GSH) indicating that Spirulina has the pro-

tective potential against cerebral ischemia injury and its

protective effects may be due to its antioxidant property.
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Introduction

Stroke is one of the most common cause of death world-

wide (Murray and Lopez 1997), is currently the leading

cause of death in the western world, ranking after heart

disease and before cancer (Donnan et al. 2008). It causes

10% of deaths worldwide, until now there is no effective

neuroprotective therapy for the treatment of stroke. Thus,

there is an urgent need to develop therapeutic strategies for

the management of stroke.

Ischaemic stroke reduces blood supply, leading to

energy shortage-induced imbalance of ionic gradients

across membrane and accumulates calcium, sodium, and

reduces pH, which in turn alters membrane transport,

mitochondrial function, activates calcium-dependent

enzymatic reactions, including DNA-breaking enzymes

and generates excessive free radicals and triggers lipid

peroxidation and ultimately cell apoptosis. Primary con-

cern in cerebral ischemia is to restore blood flow and

reperfusion. Reperfusion is necessary for alleviating the

ischemic status, but excessive generation of reactive oxy-

gen species (ROS) is leading cause of reperfusion injury

(Gringo 1997; Nakashima et al. 1999). Thus, antioxidants

or free radical scavenging agents are demonstrated to have

protective effect in experimental stroke (Hwang et al. 2004;

Bhandari and Ansari 2008; Shah et al. 2005; Thiyaga-

rajan and Sharma 2004; Yanpallewar et al. 2004; Hos-

seinzadeh et al. 2007). Epidemiological studies indicate

that the intake of Mediterranean-style diet is inversely

associated with risk of stroke, cardiovascular diseases, and

cancer. Spirulina is widely used nutritional supplement rich

in proteins and antioxidants. Of late, there is overwhelming

interest on natural products due to better acceptance.

Spirulina is a blue green algae, rich in proteins, vitamins,

minerals, essential amino acids, and essential fatty acids.
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Spirulina contains 60–70% protein by weight and contains

a rich source of vitamins, especially vitamin B12 and

minerals such as manganese, zinc, copper, iron, and

gamma linolenic acid (an essential fatty acid). In addition,

it has wide range of antioxidants such as superoxide dis-

mutase (SOD), provitamin-A (beta-carotene), vitamin C, E,

selenium and phycocyanin, and flavonoids which were

proved to have antioxidant potential in many in vivo and in

vitro tests (Careri et al. 2001; Reddy et al. 2000; Mitchell

et al. 1990; Miranda et al. 1998; Premkumar et al. 2001;

Upasani et al. 2001); dietary supplementation of Spirulina

was reported to reduce ischemic brain damage (Wang et al.

2005).

Middle cerebral artery occlusion is the most commonly

used model for ischemia (Belayev et al. 1995). The

advantage of middle cerebral artery occlusion model is its

reproducibility, and ischemic injury observed is similar to

that found in humans (Gupta and Briyal 2004). The present

study was undertaken to evaluate the neuroprotective

potential of Spirulina in middle cerebral artery occlusion-

induced focal cerebral ischemia in rats.

Materials and methods

Plant material

Spirulina maxima was generously supplied as gift sample

in the form of spray-dried powder by Sunova Pharmaceu-

ticals Limited, Chennai, India. The composition of spray-

dried powder of S. maxima/100 g is proteins 65% (includes

phycocyanin 15%), lipids 6%, minerals 8%, carbohydrates

15%, vitamins 0.75%, b-carotene 0.20%, xanthophylls

0.25%, chlorophyll 1%, moisture 3.80%.

Animals

Male albino rats weighing 150–200 g were chosen to avoid

fluctuations due to estrous cycle. The rats were housed in

polypropylene cages under 12 h light/dark cycle, fed with

standard laboratory chow (Hindustan Lever Limited,

Mumbai) and water ad libitum. Animals were acclimatized

to the laboratory conditions prior to experimentation; all

the experiments were carried out according to the study

protocol approved by the Institutional Animal Ethical

Committee.

Middle cerebral artery occlusion

The left middle cerebral artery occlusion (MCAO) was

performed using intraluminal filament model and the

method described by Longa et al. (1989). In brief, the rats

were anesthetized with Thiopentone Sodium (40 mg/kg/i.p.);

a 4-0 nylon monofilament with a blunt end was introduced

into the external carotid artery (ECA) and advanced into

the lumen of internal carotid artery (ICA) (17–20 mm)

until a slight resistance was felt; such resistance indicated

the passing of filament beyond the proximal segment of the

anterior cerebral artery (ACA); at this point, the intralu-

minal suture blocks the origin of the MCA and occludes all

sources of blood flow from the internal carotid artery,

anterior, and the posterior cerebral artery. 2 h after the

induction of ischemia, the filament was slowly withdrawn

and the animals were returned to their cages for a period of

24 h; the body temperature was maintained at 37�C with a

thermostatically controlled infrared lamp. In sham rats, the

ECA was surgically prepared for the insertion of the fila-

ment, but the filament was not inserted.

Animal protocol

Male albino rats were randomly divided into 6 groups; each

group consisted of 12 rats, fed with drug or vehicle for

7 days prior to experiment. The first group served as con-

trol and received 1% tween 80 orally. The second group

served as sham control and received 1% tween 80 orally.

The third group served as ischemic control and received

1% tween 80 orally. The fourth, fifth, and sixth groups

were treated with Spirulina 45, 90, 180 mg/kg/p.o.,

respectively, for 7 days prior to middle cerebral artery

occlusion. Then six rats in each group were decapitated to

obtain brain tissue samples for biochemical analysis and

brain tissues of the remaining six rats in each group were

fixed in a fixative solution.

Neurological deficit

Neurological deficit in the vehicle- and drug-pretreated

groups were determined after 24 h of reperfusion. Neuro-

logical findings were scored on a 5-point scale (Longa et al.

1989) as follows: no neurological deficit = 0, failure to

extend right paw fully = 1, circling to right = 2, falling to

right = 3, did not walk spontaneously and had decreased

levels of consciousness = 4. The above procedures were

performed in a blinded manner.

Biochemical estimations

24 h after induction of ischemia the animals were killed by

cervical dislocation and their brains were dissected out

quickly. The infarcted area was homogenized in 50 mM

phosphate buffer (pH 7.0) containing 0.1 mM EDTA to

give 5% w/v homogenate. The homogenate was centri-

fuged at 10,000 rpm for 10 min at 0�C in cold centrifuge

and the resulting supernatant was used for biochemical

estimations.
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Superoxide dismutase

SOD activity was measured according to the method of

Misra and Fridovich (1972), at room temperature. 100 ll of

supernatant was added to 880 ll of 0.05 M carbonate buffer

(pH 10.2, containing 0.1 mM EDTA), and 20 ll of 30 mM

epinephrine (in 0.05% acetic acid) was added to the mix-

ture, and the optical density values were measured at

480 nm for 4 min on a Systronics UV–Visible Spectro-

photometer; activity was expressed as the amount of

enzyme that inhibits the oxidation of epinephrine by 50%

which is equal to 1 unit.

Catalase

Catalase activity was measured by a slightly modified

version of Aebi (1984), at room temperature. 100 ll of

supernatant was added to 10 ll of 100% ethanol and placed

in ice bath for 30 min. Tubes were brought to room tem-

perature and then 10 ll of Triton X-100 was added. In a

cuvette containing 200 ll of phosphate buffer and 50 ll of

above mixture, 250 ll of 0.066 M H2O2 in phosphate

buffer was added. The decrease in optical density was

measured at 240 nm for 60 s in Systronics UV–Visible

Spectrophotometer. The molar extinction coefficient of

43.6 M/cm was used to determine CAT activity which is

equal to the moles of H2O2 degraded/mg protein/min.

Reduced glutathione

Reduced glutathione levels were measured according to the

method of Ellman (1959), at room temperature. 0.75 ml of

supernatant was mixed with 0.75 ml of 4% sulphosalicylic

acid and then centrifuged at 1,200 rpm for 5 min at 4�C. From

this 0.5 ml of supernatant was taken and added to 4.5 ml of

0.01 M DTNB, and absorbance was measured at 412 nm by

using a Systronics UV–Visible Spectrophotometer.

Estimation of lipid peroxidation

MDA levels were measured according to the method of

Ohkawa et al. (1979) at room temperature. 200 ll of

supernatant was added to 50 ll of 8.1% sodium dodecyl

sulphate, vortexed, and incubated for 10 min at room

temperature. 375 ll of thiobarbituric acid (0.6%) was

added and placed in a boiling water bath for 60 min and

then the samples were allowed to cool at room temperature.

A mixture of 1.25 ml of butanol:pyridine (1.5:1) was

added, vortexed, and centrifuged at 1,000 rpm for 5 min.

The optical density values of the colored layer was mea-

sured at 532 nm on a Hitachi U-2000 spectrophotometer

against reference blank and the values were expressed in

nM of MDA formed for mg protein/min.

Histopathology

Coronal brain sections from control and experimental

groups of focal ischemia were fixed in a mixture of

formaldehyde (4%), glacial acetic acid, and methanol

(1:1:8, v/v). Brain slices were cut into 4- to 5-mm thickness

and embedded in paraffin blocks; brain sections of 4- to

6-lm thickness were stained with hematoxylin and eosin.

Statistical analysis

All the data expressed as mean ± SEM statistical signifi-

cance were determined by one-way analysis of variance

(ANOVA) followed by Dunnet’s ‘T’ test, using Graphpad

Instat version 3. In all tests, the criterion for statistical

significance was P \ 0.05.

Results

Effect of Spirulina on neurological deficit

The neurological score after 24 h of reperfusion is given in

Table 1. The neurological score of ischemic control group

was significantly high as compared with control group,

indicating induction of ischemia. Pretreatment with Spi-

rulina (90, 180 mg/kg) significantly reduced the neuro-

logical deficit (P \ 0.05, P \ 0.001).

Effect of Spirulina on brain MDA, SOD, CAT

and GSH levels

The effect of Spirulina on brain MDA, SOD, CAT, and

GSH levels in MCA occlusion-reperfusion rats is shown in

Table 2. The content of brain MDA in the ischemic

hemisphere was significantly increased (P \ 0.001) in

ischemic control group as compared with the control

group. Pretreatment with Spirulina (45 mg/kg/p.o.) did not

Table 1 Effect of Spirulina on neurological deficit on cerebral

ischemia reperfusion injury in rats

Group Neurological score

Control 0

Sham control 0

Ischemic control 2.375 ± 0.183***

Spirulina (45 mg/kg) 2.125 ± 0.226***

Spirulina (90 mg/kg) 1.625 ± 0.183***?

Spirulina (180 mg/kg) 1.25 ± 0.163***???

Values expressed as mean (n = 12) ± SEM

*** P \ 0.001 versus control, ? P \ 0.05 versus ischemic control,
??? P \ 0.001 versus ischemic control
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significantly decrease the MDA content (P [ 0.05) com-

pared with ischemic control group. Pretreatment with

Spirulina (90, 180 mg/kg/p.o.) significantly reversed the

elevated MDA level (P \ 0.05, P \ 0.001) as compared

with the ischemic control group.

The SOD levels in the ischemic hemisphere were sig-

nificantly decreased (P \ 0.001) in ischemic control group

as compared with the control group. Pretreatment with

Spirulina (45 mg/kg/p.o.) did not significantly alter the

SOD levels (P [ 0.05) compared with ischemic control

group. Pretreatment with Spirulina (90, 180 mg/kg/p.o.)

significantly reversed the decreased SOD levels (P \ 0.05,

P \ 0.001) as compared with the ischemic control group.

The catalase activity in the ischemic hemisphere was

significantly decreased (P \ 0.001) in ischemic control

group as compared with the control group. Pretreatment

with Spirulina (45, 90 and 180 mg/kg/p.o.) significantly

elevated the decreased catalase levels (P \ 0.001) com-

pared with ischemic control group.

The reduced glutathione levels in the ischemic hemi-

sphere were significantly decreased (P \ 0.001) in ische-

mic control group as compared with the control group.

Pretreatment with Spirulina (90 and 180 mg/kg/p.o.) sig-

nificantly increased the reduced glutathione levels

(P \ 0.001) compared with ischemic control group.

Effect of Spirulina on histopathological studies

Figures 1 and 2 show brain sections of control and sham

control animals and depicts normal cytoarchitecture of

brain tissue and neuronal cells (N) with normal nucleus.

Figure 3 shows MCA occlusion, hypo perfusion-induced

marked congestion of blood vessels (HCBV), excessive

degeneration of neuronal cells (DN), excessive vaculation,

and necrosis of neural cells. Pretreatment with Spirulina 45,

90 mg/kg shows mild congestion, mild degeneration of

neuronal cells, and slight congestion and vaculations,

respectively, and Spirulina 180 mg/kg shows neuronal cells

with normal nucleus. Figures 4, 5, and 6 show that Spirulina

pretreatment dose dependently reversed the congestion of

blood vessels, congestion and necrotic degeneration of

neuronal cells compared with ischemic control.

Discussion

In the present study, pretreatment with Spirulina signifi-

cantly reversed the MCA occlusion-induced focal cerebral

ischemia in rats. Neurological deficit symptoms and

Table 2 Effect of Spirulina on MDA, SOD, CAT, reduced glutathione levels on cerebral ischemia reperfusion injury in rats

Group MDA (nM/mg/min) SOD (units/mg) Catalase (lM/min/mg) Reduced glutathione (lM/mg)

Control 0.969 ± 0.21 36.2 ± 0.91 32.68 ± 1.4 0.141 ± 0.0065

Sham control 1.040 ± 0.17 32.17 ± 0.78 31.87 ± 1.07 0.132 ± 0.0068

Ischemic control 2.80 ± 0.59*** 19.38 ± 0.31*** 13.4 ± 1.47*** 0.060 ± 0.0029***

Spirulina (45 mg/kg) 2.34 ± 0.11*** 21.67 ± 0.03*** 22.13 ± 1.3***??? 0.073 ± 0.0035***

Spirulina (90 mg/kg) 2.19 ± 0.075***? 25.4 ± 0.93***? 26.65 ± 1.28*??? 0.103 ± 0.0019***???

Spirulina (180 mg/kg) 1.28 ± 0.14??? 32.12 ± 1.83??? 30.01 ± 1.19??? 0.136 ± 0.0027???

Values expressed as mean (n = 6) ± SEM

*** P \ 0.001 versus control, ? P \ 0.05 versus ischemic control, ??? P \ 0.001 versus ischemic control

Fig. 1 Control (magnification 940)

Fig. 2 Sham control (magnification 940)
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histopathological changes confirm the evidence of the brain

damage. Focal cerebral ischemia causes cerebral cell death,

resulting in neuronal deficit symptoms and cerebral

infarction (Park et al. 2009). The severity of neurological

deficits and area of infarction represent the degree of brain

injury. Numerous reports indicate the involvement of

oxidative stress in focal cerebral ischemia (Thiyagarajan

and Sharma 2004; Zang and Yang 2006; Shah et al. 2005).

Elevated ROS with concommitent decrease in plasma

antioxidant activity during cerebral ischemia and reperfu-

sion, induced neurodegeneration associated with higher

lesion volumes and neurological impairment in stroke

patients (Leinonen et al. 2000). Oxygen free radicals are

known to contribute to ischemic brain damage (Baker et al.

1998; Cross et al. 1987; Globus et al. 1995), superoxide and

hydroxyl radicals (Nakashima et al. 1999) formation was

confirmed by an increase in hydroxylated salicylate in post-

ischemic insult (Cao et al. 1998; Morimoto et al. 1996).

In the present study GSH, CAT, and SOD levels were

decreased and MDA level was increased, indicating the

involvement of oxidative stress in MCAO induced reper-

fusion injury. The antioxidant status of the tissue affected

by ischemia/reperfusion is of great importance for the

primary endogenous defense against the free radical-

induced injury. As observed in our study, decrease in

protective enzymes (SOD, CAT, and GSH) lead to increase

in lipid peroxidation products.

SOD dismutases superoxide radicals to form hydrogen

peroxide, which in turn is decomposed to water and oxygen

by glutathione peroxidase and catalase, thereby preventing

the formation of hydroxyl radicals (Yao et al. 1998).

Therefore, these enzymes act co-operatively at different

sites in the metabolic pathway of free radicals. Failure of

this antioxidant defense leads to oxidative damage and

initiation of lipid peroxidation (Parikh et al. 2003). In

particular, evidence exists that the SOD activity in serum is

reduced in stroke patients and ischemia significantly

increases the brain superoxide ion (Saybasili et al. 2001,

2002), and that the replacement of antioxidant activity is

beneficial in the acute treatment of cerebral ischemia

(Spranger et al. 1997). Cerebral ischemia up regulates

inducible nitric oxide synthase (iNOS), producing exces-

sive nitric oxide and it reacts with superoxide to form

Fig. 3 Ischemic control (magnification 940)

Fig. 4 Spirulina 45 mg/kg pretreatment in focal ischemia (magnifi-

cation 940)

Fig. 5 Spirulina 90 mg/kg pretreatment in focal ischemia (magnifi-

cation 940)

Fig. 6 Spirulina 180 mg/kg pretreatment in focal ischemia (magni-

fication 940)
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peroxynitrite, which directly hydroxylate and nitrate the

aromatic residues of amino acids and nucleotides in cytosol

and nucleus (Beckman et al. 1992; Moreno and Pryor

1992), resulting in cellular machinery dysfunction and

neuronal loss. Focal cerebral ischemia increases MDA and

decreases GSH, CAT, and SOD levels (Thiyagarajan and

Sharma 2004; Zang and Yang 2006).

In the present study depletion of GSH levels was

observed in ischemic rats. Reduced glutathione (GSH) is

one of the primary endogenous antioxidant defense systems

in the brain, which scavenges hydrogen peroxide and lipid

peroxides (Coyle and Puttfarcken 1993) and the decline in

GSH levels reflects oxidative stress (Bains and Shaw

1997). Depletion of GSH in ischemia reperfusion injury is

attributed to several factors such as cleavage of GSH to

cysteine, decrease in the synthesis of GSH and the for-

mation of mixed disulfides, causing their cellular stores to

be depleted (Shivakumar et al. 1995). Excessive generation

of ROS results in the lipid peroxidation of the cell mem-

brane and subsequent damage is reflected by accumulation

of MDA, a byproduct of lipid peroxidation (Halliwell

1991). Lipid peroxidation is one of the major consequences

of free radical mediated injury to the brain. The peroxi-

dation of the membrane phospholipids (PUFA) continues

either until the exhaustion of the substrate or termination of

chain propagation by antioxidants. Lipid peroxidation

products are widely accepted group of oxidative stress

markers, especially MDA levels detected as a stable

derivative chromophore of Thiobarbituric acid adducts, is

used as a potentially reliable and sensitive marker of

reperfusion injury (Cano et al. 2003, Soska et al.1997).

Several studies demonstrated higher MDA levels in stroke

patients (Re et al. 1997; Bolokadze et al. 2004; Sharpe

et al. 1994; Polidori et al. 2002; Gariballa et al. 2002).

Clinical severity and patient’s outcome is well correlated

with MDA levels (Polidori et al. 2002; Gariballa et al.

2002). Online with previous studies in the present study,

ischemic rats showed significant increase in MDA levels

indicating reperfusion injury by ROS.

Our findings, viz. significantly elevated LPO and

depleted protective antioxidant enzymes (GSH, CAT, and

SOD) in ischemia/reperfusion groups, are thus in agree-

ment with other reports on the role of oxidative stress in

cell injury in general and Cerebrovascular disease in par-

ticular (Shah et al. 2005; Viglino et al. 1988; Jenner 1994;

Farbiszewski et al. 1995; Delanty and Dichter 1998). In the

present study, Spirulina exhibited marked protection

against MCAO induced ischemia/reperfusion as evidenced

by significant reversal of enzymatic alterations produced

by such insult.

Rutin, sodium selenite, curcumin, isoliquiritigenin

(flavanoid), Acorus calamus rhizomes extract, Thymoqui-

none, Nigella sativa seed oil, and Korean ginseng tea

showed their protective effect on MCAO-induced reper-

fusion injury due to their antioxidant property (Guptha

et al. 2003; Zang and Yang 2006, 2004; Shukla et al. 2006;

Hosseinzadeh et al. 2007; Shah et al. 2005; Thiyagarajan

and Sharma 2004).

Search for agents providing protection against lipid

peroxidation and enhancing anti-oxidant enzyme defense

system is a rational approach for therapy of cerebrovas-

cular ailments. Natural products (i.e. medicinal plants) with

intrinsic antioxidant property constitute an ideal choice for

maximum therapeutic effects with minimal risk of iatro-

genic adverse effects. Dietary intake of antioxidants and

vegetables lower the risk of cerebral infarction in male

patients (Hirvonen et al. 2000). Recently, several dietary

supplements have been reported to have strong antioxidant

effects and reduce neurological deficits in aged animals

(Bickford et al. 2000; Gemma et al. 2002), and pretreat-

ment with antioxidant chemicals reduce ischemic brain

injury (Clark et al. 2001; Fujimura et al. 2000; Yang et al.

2001). Dietary supplementation with spinach, blue berries,

and Spirulina for 4 weeks reduced the infarct volume and

neuronal apoptosis by altering capase 3 activity (Wang

et al. 2005).

b-Carotene acts as an antioxidant by quenching singlet

oxygen, scavenging free radicals, and breaking chain

during lipid peroxidation (Foote and Denny 1968; Foote

et al. 1970; Krinsky and Denekem 1982; Gerster 1993).

Luxia et al. (1996) reported that b-carotene reduces cell

damage, especially the damage to DNA molecules, thus

playing a role in the repair and regeneration process of

damaged cells. Vitamin E traps lipid peroxyl (LOO.) and

other free radicals and maintains GSH and ascorbic

acid levels in damaged tissue (Duval and Poelman 1994;

Kulkarni and Byczkowski 1994). Phycocyanin pigment is

20 times more potent than ascorbic acid (Romay and

Gonzalez 2000) and it significantly inhibited hydroxyl,

alkoxyl, peroxyl radical-induced lipid peroxidation in rat

liver microsomes (Bhat and Madyastha 2000, 2001). In

addition, the pigment also scavenged super oxides, peroxy

dinitrate thereby reduced peroxy dinitrate-induced oxi-

dative damage to DNA (Romay et al. 1998; Bhat and

Madyastha 2000). A component of phycocyanin, Phyco-

cyanobilin is a more potent antioxidant than a-tocopherol

on molar basis (Hirata et al. 2000). Spirulina has active

components such as b-carotene (Prescott 1978; Sheshadri

et al. 1991), vitamin C and E (Mathew et al. 1995), SOD

enzyme (Henrikson 1989), selenium (Henrikson 1989),

and brilliant blue polypeptide pigment phycocyanin

(Shimamatsu 1989), which contribute to its antioxidant

potential and thereby act as neuroprotective agent in

ischemic reperfusion injury.

In spite of a relatively short period of ischemia (2 h), a

significantly higher extent of damage in the ischemia
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reperfusion group was recorded in comparison with the

control group. Neurodegeneration is also confirmed by the

histopathological differences between different treatment

groups. Spirulina pretreatment dose dependently decreased

the ischemia–reperfusion-induced lipid peroxidation

and improved the neurological score. Pretreatment with

Spirulina 90, 180 mg/kg/p.o. significantly reversed and

restored the levels of SOD, CAT and reduced GSH to near

normal. Spirulina at a dose of 180 mg/kg managed to

protect quite effectively the integrity of brain tissue and

limited the extent of lipid peroxidation as evidenced by

lipid peroxidation and histopathological studies as well.

The normal human dose of Spirulina is 500–2,000 mg/day;

180 mg/kg rat dose is equivalent to 2,000 mg/day human

dose. The present study confirms the neuroprotective effect

of Spirulina due to its antioxidant potential even after short

duration of pretreatment for 1 week and is online with the

previous study of dietary supplementation of Spirulina for

4 weeks (Wang et al. 2005). Further, in the previous die-

tary supplementation study, the effective dose of Spirulina

was not established; moreover, neuro protective effect of

Spirulina was attributed to decreased activity of capase 3.

In conclusion, these findings suggest a potential role of

Spirulina in stroke and gain importance in view of the fact

that stroke is at present the third leading cause of death

worldwide, and CVD constitute second most frequent

cause of projected deaths. Spirulina offered significant

neuroprotection in middle cerebral artery occlusion-

induced focal cerebral ischemia, and this may be attributed

to lower the levels of lipid peroxidation and enhancement

of endogenous nonenzymatic and enzymatic antioxidants.

Spirulina is cocktail of antioxidants and these may act co-

operatively at various stages of free radical generation and

protect the neurons from focal cerebral ischemia reperfu-

sion injury. However, further work on infarct size mea-

surement in rats is required for clinical use of Spirulina.
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