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Summary 

 
 
Spirulina is gaining more attention from medical scientists as a 
neutraceutical and pharmaceutical. Sodium valproate (SV) induced 
hepatotoxicity is the result of the increased generation of reactive 
oxygen metabolites and lipid peroxides in liver. The purpose of this 
study was to evaluate the role of spirulina on sodium valproate induced 
hepatotoxicity and oxidative stress in rats. Sodium valproate 18 
mg/kg/po was administered by gavage for 60 days to induce 
hepatotoxicity in rats. Spirulina was suspended in 1% tween 80 at a dose 
of 1000 mg/kg was administered by gavage along with sodium valproate. 
The acitivity of serum enzymes (alanine transaminase, aspartate 
transaminase), bilirubin, oxidative stress parameters (lipid peroxidation), 
antioxidative defence markers (total antioxidant status) were evaluated in 
blood. Sodium valproate produced significant increase in the levels of 
AST, ALT, bilirubin, lipid peroxidation products and decreased total 
antioxidant levels. These changes were effectively reversed by spirulina. 
Spirulina fusiformis possess hepatoprotective activity by its ability to 
ameliorate lipid peroxidation through the free radical scavenging activity, 
which enhanced the levels of antioxidant defence system. 

 
Key words spirulina, sodium valproate, hepatotoxicity, lipid 
peroxidation, total antioxidant status. 
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Introduction 
 

Many xenobiotics (drugs and environmental chemicals) are 
capable of causing some degree of liver injury. The liver is 
prone to xenobiotic - induced injury because of its central role in 
xenobiotic metabolism, its portal location within the circulation and 
its anatomic and physiologic structure (1). 

 
Sodium valproate is extensively used due to its efficacy 

against a wide range of seizure disorders.  Sodium valproate is 
commonly prescribed for petitmal and focal epilepsy, migraine, 
neuropathic pain and bipolar disorder. It is well tolerated at 
therapeutic doses, the most common adverse effects are nausea, 
vomitting, anorexia, amenorrhoea, sedation, tremor, weight gain, 
alopecia and hepatic toxicity, hyperammonemic encephalopathy, 
coagulation disorders, and pancreatitis (2), severe hepatotoxicity 
resulting in death (3). Hepatotoxicity includes hepatocellular damage 
including microvesicular steatosis, cellular ballooning, intrahepatic 
cholestasis, proliferation of bile ducts and hepatic necrosis. Valproic 
acid is an established cause of microvesicular steatosis in young 
children. The lesion is accompanied in severe cases by 
inflammation, necrosis and bile duct injury (4). Alterations in 
mental status develop in patients receiving sodium valproate through 
direct hepatotoxic effect and its metabolites (5). Drug hepatotoxicity 
involves dynamic processes like toxic metabolite generation and its 
accumulation in the liver (6). Sodium valproate and its unsaturated 
metabolites, 2-ene VPA and (E)-2, (Z)-3’-diene VPA, produce dose-
dependent cytotoxicity in primary cultures of rat hepatocytes (7). and 
induces functional changes in the liver and by the generation of free 
radical induced oxidative stress (8, 9, 10, 11).  

 
Spirulina fusiformis is a blue green algae (mycobacterium) 

belonging to the family Oscillatoriaceae, has been consumed by man 
since ancient times. Spirulina is unique among blue-green algae 
because it has long history of safe use. In Mexico and central Africa it 
is used as a primary food source and is currently grown at large scale 
in many countries for commercial purpose as a nutritional supplement 
for its high proteins, vitamins and mineral contents (12). Spirulina`s 
dark color comes from a rainbow of natural pigments, chlorophyll 
(green), carotenoids (yellow and orange) and phycocyanin (blue).         
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It is a rich source of provitamin A or beta carotene and 
superoxide dismutase (SOD) enzyme. Presence of these two 
antioxidants makes a very effective system for prevention of various 
harmful effects of heavy metals and chemicals (12). Spirulina is 
considered as a valuable additional food source of macro and micro 
nutrients including amino acids, chlorophyll, gamma-linoleic acid, 
carotenoids, Vitamins A, B1 , B2, C, E and trace elements such as iron, 
iodine, selenium and zinc(13). Spirulina fusiformis possess potent 
antiviral (14), antioxidant (15,16), anticancer (17) 
antihyperlipidemic (18), probiotic (19) antidiabetic, 
antiobesity effect (20) and strengthens immune system (21, 22). 
These properties were largely related to the Spirulina`s phycobili 
protein Phycocyanin (23, 24). Spirulina is gaining more attention from 
medical scientists as a neutraceutical and pharmaceutical (25). Thus, 
spirulina might offer both as a nutritional as well as therapeutic 
strategy and it may inhibit lipid peroxidation as it is a cock tail of 
antioxidants.  

The present study has been undertaken to investigate the 
hepatotoxicity of sodium valproate and to evaluate the modulatory 
potential of spirulina fusiformis on sodium valproate induced 
hepatotoxicity and oxidative stress. 

 
Materials and Methods 

 
Animals  

Adult male Wistar strain albino rats (200 -250gm) were 
maintained on standard pellet diet and tap water ad libitum and were 
kept in polypropylene cages with wood chip bedding under a 12hr 
light/dark cycle and room temperature 22-24°C. Rats were acclimatized 
to the environment for 1 week prior to experimental use and were 
maintained in accordance with the guidelines of the National Institute of 
Nutrition, Hyderabad, India. The study protocol was approved by the 
Institutional Animal Ethical Committee. 
 
Chemicals  

Spirulina fusiformis was generously supplied as gift sample in 
the form of spray dried powder by Sunova Pharmaceuticals Ltd., 
Chennai, Tamil Nadu, India. Sodium valproate was obtained from 
Torrent., Ahmedabad (India). Aspartic acid, thiobarbituric acid (TBA), 
butylated hydroxytoluene (BHT) alanine, alpha-ketoglutarate, 2,4-
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dinitro phenyl hydrazine (DNPH) were obtained from Sigma Chemical 
Co (St. Louis, MO-US). 

 
The animals were divided into five groups of seven each and 

dose of Spirulina was selected from earlier antioxidant studies (26).  
 

Control group (Group-I) Control group received 1% tween 80, orally 
by gavage daily for 60 days. 
 
Sodium valproate group (Group-II) Sodium valproate at a dose of 
18 mg/kg was dissolved in water and administered orally daily 
between 9 and 10am for 60 days.  
 
Spirulina group (Group-III) Spirulina at a dose of 1000mg/kg was 
suspended in a 1% solution of tween 80 and administered orally daily 
between 9 and 10am for 60 days. 
 
Prophylactic group (Group-IV) Prophylactic group received sodium 
valproate at a dose of 18 mg/kg dissolved in water and spirulina at a 
dose of 1000 mg/kg was suspended in 1% tween 80 and administered 
orally by gavage daily between 9 and 10 am for 60 days.  
 
Curative group (Group-V) Treated for the first 30 days with sodium 
valproate at a dose of 18 mg/kg, and received spirulina from 31st day 
to 60th day at a dose of 1000 mg/kg. 
 

Biochemical Measurements 
 

SGPT (Serum glutamate pyruvate transminase/alanine 
transaminase) and SGOT (Serum glutamate oxaloacetate 
transminase/aspartate transaminase) and bilirubin levels were estimated 
after 60 days of treatment. 

 
1ml of blood was withdrawn by puncturing retro-orbital plexus 

in a clean and dry test tube under light ether anaesthesia. Blood 
samples were kept aside for 10 minutes in dry test tubes with out any 
disturbance. Serum was then separated by centrifuging at 2500rpm for 
10 minutes, the levels of SGOT, SGPT, bilirubin, lipid peroxidation 
and TAS were analyzed and lipid peroxidation was assesed in plasma. 
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Serum bilirubin level was estimated based on Van den Berg 
reaction (27), Diazo reagent (0.5ml) reacts with bilirubin in diluted 
serum (0.2 ml serum + 1.8 ml distilled water) and forms purple 
coloured azobilirubin, which was measured at 540nm. Activities of 
serum Aspartate transaminase (AST) and Alanine transaminase (ALT) 
were assayed by the method of Reitman and Frankel (28). DNPH 
solution was added to serum with substrate and absorbance was read at 
540nm. Activities are expressed as IU/L. 

 
Lipid peroxidation in plasma was estimated colorimetrically by 

measuring thiobarbituric acid reactive substances by the method of 
Nichans et al. (29). Plasma was treated with TBA-TCA-HCl reagent 
and absorbance was read at 535nm. Total antioxidant status in serum 
was estimate by Blois method (30) by using DPPH solution. 

 
Statistical analysis  

All values are expressed as Mean ± S.E. The statistical analysis 
was carried out using one way analysis of variance (ANOVA) 
followed by Dunnet’s T-test.  In all tests, the criterion for statistical 
significance was P<0.05. 
 

Results 
 

Effect of sodium valproate, spirulina and sodium valproate + spirulina 
on biochemical parameters associated with liver necrosis. 
 

Chronic sodium valproate 18mg/kg treatment significantly 
increased AST levels (P<0.001) when compared to control group. 
Prophylactic group showed significant increase in AST levels 
compared to control group (P<0.001) and significant decrease in AST 
levels when compared to sodium valproate group (P<0.05). Curative 
group showed significant increase in AST levels compared to control 
group (P<0.01) and significant decrease in AST levels when compared 
to sodium valproate group (P<0.05) (Table- I). 

 
 Chronic sodium valproate 18mg/kg treatment significantly 
increased the ALT levels (P<0.001) when compared to control group. 
Spirulina alone group showed similar values as that of the control 
group. Prophylactic group showed increase in ALT levels when 
compared to control group (P<0.001) and significant decrease in ALT 
levels when compared to sodium valproate group (P<0.05).      
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 Curative group showed increase in ALT levels when compared 
to control group (P<0.001) and significant decrease in ALT levels 
when compared to sodium valproate group (P<0.05), but the values did 
not reach normal in either prophylactic or curative group (Table- I). 
 Chronic sodium valproate 18mg/kg treatement significantly 
increased the bilirubin levels (P<0.001) when compared to control 
group. Spirulina alone group showed similar valules as that of the 
control group. Prophylactic group showed significant increase in 
bilirubin levels when compared to control group (P<0.001) and 
significant decrease in bilirubin levels when compared to sodium 
valproate group (P<0.05). Curative group showed increase in bilirubin 
levels when compared to control group (P<0.001) and significant 
decrease in bilirubin levels when compared to sodium valproate group 
(P<0.05) (Table- I). 
 
Effects of sodium valproate, Spirulina, and sodium valproate + 
Spirulina on lipid per oxidation.  
 

Chronic sodium valproate 18mg/kg treatment significantly 
increased the lipid peroxidation (P<0.001) when compared to control 
group. Prophylactic group showed significant incrase in lipid 
peroxidation levels when compared to control group (P<0.001) and 
significant decrease in the lipid peroxidation levels when compared 
with sodium valproate group (P<0.05). Curative group showed 
significant increase in lipid peroxidation levels when compared to 
control group (P<0.001) and significant decrease in the lipid 
peroxidation levels when compared with sodium valproate group 
(P<0.05) (Table- II). 
 
Effects of sodium valproate, Spirulina, and sodium valproate + 
Spirulina on total antioxidant status.  
 

Chronic sodium valproate 18mg/kg treatment significantly 
decreased the total antioxidant levels (P<0.001) when compared to 
control group. Prophylactic group showed decrease in total antioxidant 
levels when compared to control group (P<0.001) and showed 
significant increase of the same when compared with sodium valproate 
group (P<0.05). Curative group showed significant decrease in total 
antioxidant levels when compared to control group (P<0.001) and 
showed significant increase in the same when compared with sodium 
valprote group (P<0.05) (Table- II). 
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Table 1: Effect of chronic treatment of sodium valproate and spirulina 
on serum AST, ALT and Bilirubin levels in experimental rats.   
 

GROUP AST (IU/L) ALT (IU/L) Bilirubin 
(mg/dL) 

GROUP-I 
 (Control) 

 
140.5  ± 0.567 

 

 
39.43  ± 1.00 

 

 
0.451 ± 0.029 

 
GROUP-II 
  (S.V -18 mg/kg) 253.9  ± 4.836a  69.07  ± 0.557a 0.989  ±  0.018a 

GROUP-III 
 (Spirulina-
1000mg/kg) 

138.9  ± 0.359 37.36  ± 0.582 0.401  ±   0.012 

GROUP-IV 
[S.V + Spirulina 
(P)] 

170.4 ± 1.462 a,b 44.99  ± 1.343 
a,b 0.601  ±  0.10 a,b 

GROUP-V 
 [ S.V + Spirulina 
( T)] 

201.0  ± 2.330 a,b 53.87  ± 
1.064a,b 0.789  ±  0.06 a,b 

Values are expressed as mean ± SEM of 7 animals; aP<0.001vs control 
group, bP<0.05 vs S.V group. S.V- Sodium valproate, P-Prophylactic 
group, T- Curative group.  
 
Table II : Effect of chronic treatment of sodium valproate and 
spirulina on plasma lipid peroxidation and serum total antioxidant 
levels in experimental rats. 

  GROUP 
      Lipid peroxidation 
         (mmol/dL/h) 

            TAS 
           (mmol/L) 

GROUP-I 
(Control) 9.507 ± 0.239 0.836 ± 0.114 

GROUP-II 
( S.V -18 mg/kg) 1.418±0.247 a 0.515 ± 0.018a 

GROUP-III  
(Spirulina-1000mg/kg) 8.503 ± 0.155 0.948±0.011 

GROUP-IV 
[S.V + Spirulina (P)] 1.06 ±0.042 a,b 0.765  ± 0.01 a,b 

GROUP-V 
 [ S.V + Spirulina (C)] 1.290± 0.791a.b 0.624  ± 0.01 a,b 

Values are expressed as mean ± SEM of 7 animals; aP<0.001vs 
control group,  bP<0.05vs S.V group. S.V- Sodium valproate,  P-
Prophylactic group,  C-Curative group,  TAS- Total antioxidant status 
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Discussion 
 

The present study evaluates the protective effect of spirulina 
against liver damage and oxidative stress induced by sodium valproate 
in male Wistar rats. Sodium valproate at a dose of 18mg/p.o/Kg 
showed severe hepatic damage and oxidative stress associated with 
marked increase in the serum activity of aminotrasferases, bilirubin, lipid 
peroxidaion. Free radicals and lipid peroxidation cause acute lethal 
damage of hepatocytes in ischemic hepatitis (6). VPA-treated rats 
showed a significant increase in the levels of AST, ALT, bilirubin, 
lipid peroxidation and TAS.  Serum AST, ALT, and bilirubin are the 
most sensitive markers employed in the diagnosis of hepatic damage 
as these are cytoplasmic in location and are released into the 
circulation after cellular damage (31).   

 
Hepatotoxicity due to VPA appears to be from the production 

of toxic metabolites, the most toxic VPA metabolite, 4-ene-VPA, a 
product of omega oxidation by the cytochrome p-450 enzyme systems 
(7). Cytochrome P-450 enzymes mediate the production of an 
oxidative metabolite of valproic acid capable of generating coenzyme 
derivatives. Production and accumulation of these derivatives inhibits 
mitochondrial oxidation via depletion of free coenzyme A and 
carnitin concentrations (32). Sodium valproate is metabolized by fatty 
acid β-oxidation and conjugated by glucuronic acid with a minimal 
contribution by omega oxidation, chronic or high-dose sodium 
valproate therapy inhibits β-oxidation. This causes a decrease in benign 
metabolities of β-oxidation and increases toxic metabolites of 
omega oxidation in compensation, which cause injury to bile duct 
epithelium (33). 

 
A number of studies have reported oxidative stress in patients 

(11,34, 35,36,37) and in animal models treated with valproic acid (38, 
8). Earlier studies demonstrated that VPA caused dose-dependent 
toxicity to rat hepatocytes (39, 40). In support of the oxidative stress 
hypothesis of VPA-hepatotoxicity, lipid peroxidation is involved in 
VPA-hepatotoxicity, the antioxidants, vitamin C, alpha-tocopherol, N, 
N-diphenyl-phenylenediamine, melanin and α-ketoglutarate conferred 
protection against VPA toxicity in rat hepatocyte cultures (41, 7). 
These findings further confirm the hypothesis that VPA is associated 
with oxidative stress. 
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 Cells are protected from oxygen-derived radical injury by 
naturally occurring free- radical scavengers and antioxidant pathways, 
including vitamins A, C, E, SOD, catalase and glutathione peroxidase 
when these protective mechanisms are overwhelmed, however, host 
tissues become susceptible to damage by oxygen radicals that 
peroxidate lipids and disturb cell membrane function (42). Oxidative 
stress is an imbalance between the production of oxidants and the 
respective defence system of an organism. Oxidants, such as reactive 
oxygen species, and many others, damage biomolecules by chain 
reactions in which one radical can induce the oxidation of a large 
number of substrate molecules (43, 44). MDA content is a direct 
indicator of the extent of lipid peroxidation due to oxidative stress. 
Lipid peroxidation is the interaction between molecular oxygen and 
polyunsaturated fatty acids by products of lipid peroxidation cause 
marked alteration in the structural integrity and function of cell 
membranes. An imbalance between antioxidant defence mechanisms 
and lipid peroxidation processes results in cell and tissue damage (45). 
Cytotoxic activity of sodium valproate is the result of the generation of 
hydrogen peroxide and the production of highly reactive hydroxyl free 
radicals (46). Toxic forms of activated oxygen react with cellular 
components resulting in oxidation of proteins, nucleic acids, as well as 
lipids leading further to inactivation of enzymes, disruption of 
membranes, mutation of genes and ultimately cell death (42, 47). 
 
 Treatment with spirulina significantly decreased the 
activities of AST, ALT, bilirubin, and increased TAS in serum by 
decreasing lipid peroxidation levels in plasma suggesting that they 
offer protection by preserving the structural integrity of hepatocellular 
membrane against sodium valproate induced heaptotoxicity and 
oxidative stress. The protective efficacy of spirulina fusiformis may be 
due to the presence of several active components. The active 
component found in spirulina may provoke the activity of free radical 
scavenging enzyme systems and render protection against sodium 
valproate induced liver damage and oxidative stress. The protective 
role of spirulina may be attributed to the presence of beta carotene (48, 
49), Vitamin C, E (50), super oxide dismutase enzyme and selenium 
(51). Spirulina is the richest beta carotene food, non-enzymatic 
antioxidants such as carotenoids, play an important role in the cellular 
response to oxidative stress by reducing ROS at different sites to 
enhance antioxidant protection (52). Beta carotene quenches singlet 
oxygen and a scavenges free radicals, reduce cell damage, especially 
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the damage to DNA molecules, thus playing the role in the repair and 
regeneration process of damaged hepatocyte cells (53, 54). 
 

Vitamin C present in spiruluna acts as an antioxidant by 
quenching hydroxyl and superoxide radical reactivity (55). Vitamin E 
present in spirulina traps lipid peroxyl and other radicals and 
effectively inhibits the peroxidation of cellular membranes and 
maintains GSH  and ascorbic acid levels in damaged tissue by 
inhibiting free radicals formation ( 56, 57, 58, 59). Both in vivo and in 
vitro studies have showen vitamin A to be a potent membrane lipid 
antioxidant. Vitamin A stabilises membrane and reduces lipid 
peroxidation (60, 61). Phycocyanin pigment present in spirulina 
significantly inhibits hydroxyl, alkoxyl, peroxyl radicals, induced lipid 
peroxidation in rat liver microsomes (62,63), scavenges superoxides, 
peroxy dinitrate thereby reduces peroxy dinitrate induced oxidative 
damage to DNA (62,63,64), is 20 times more potent than ascorbic acid 
(65). Phycocyanobilin (a component of phycocyanin) more potent 
antioxidant than α-tocopherol on molar basis (66). Superoxide 
dismutase of spirulina is a mitochondrial enzyme, dismutases 
superoxide radicals there by prevents the formation of hydroxyl 
radicals and prevents tissue damage (50, 67, 68). Since sodium 
valproate induced hepatotoxicity involves free radical production, the 
antioxidant and free radical scavenging property of sprirulina would 
have provided the protection against hepatic damage. 

 
 In the present study, administration of spirulina significantly 
altered the level of AST, ALT, bilirubin, lipid peroxidation and TAS in 
prophylactic and curative groups. Pretreatment with spirulina along 
with valpraote attenuated the levels of hepatotoxic and oxidative stress 
markers in prophylactiv group. In recent years there is increasing 
interest in assessing the total antioxidant capacity because of the 
difficulty in measuring each antioxidant component separately as well 
as the interactions among different components. Spirulina has building 
blocks such as minerals, phytonutrients, antioxidants and 
polysaccharides that trigger enzyme systems and increases total 
antioxidant status and induces the activity of immune system and 
builds up both the cellular and humoral arms of the immune systems 
and thus improving their ability to function inspite of stresses from 
environmental toxins and infectious agents (14, 22).  
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 In the present study spirulina when given in combination with 
sodium valproate, significantly increased the levels of TAS and 
reduced sodium valproate toxicity which in turn is reflected by 
significant decrease in activity of serum transaminases, bilirubin, and 
lipid peroxidation. 
 

The present findings are corroborate with the previous reports, 
Vadiraja et al., (69) reported that an extract of spirulina showed 
protection against carbon tetra chloride induced hepatotoxicity in rats. 
The phycocyanin and other antioxidants present in the extract account 
for the hepatoprotective effect. Phycocyanin showed protection against 
heaptotoxins in rats, due to its antioxidant activity. Our findings are in 
agreement with previous investigations which reported 
hepatoprotective activity by various antioxidants like, melatonin 
(9), tetrahydrocurcumin (70), Vitamin E, EGb 761 (71) and alpha-
ketoglutarate (34, 35). Our results are further supported by several 
studies which reported spirulina  inhibited  lipid peroxidation (72, 73), 
showed protection against cadmium (74) and CCl4 induced 
hepatotoxicity (75), cisplatin and urethane induced genotoxicity (76) 
and haloperidol induced tardive dyskinesia and oxidative stress in rats 
(77).  

 
 In the present study, it was observed that the sodium valproate 
increased significantly the levels of AST, ALT and bilirubin, markers 
of hepatotoxicity and lipid peroxidation, marker of oxidative stress in 
the rats. Treatment with spirulina decreased the markers of 
hepatotoxicity and increased the antioxidant status. It indicates that 
sodium valproate induces oxidative stress and the spirulina has the 
antioxidant capacity which decreases the hepatotoxic markers. 
Spirulina exerts significant protection against sodium valproate 
induced toxicity by its ability to ameliorate the lipid peroxidation 
through the free radical scavenging activity, which enhanced the levels 
of antioxidant defence system. It indicates need of antioxidant in the 
treatment of epilepsy with sodium valproate. 
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