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1. INTRODUCTION 

Since long time, there was an increased interest within 

the role of oxygen- free radicals, normally known as 

“Reactive Oxygen Species” (ROS) and “Reactive 

Nitrogen Species” (RNS) (Halliwell and Gutteridge, 

1999). ROS or RNS are regarded to play a dual role in 

biological systems, given that they can be either 

dangerous or beneficial to living beings. (Valko et al., 

2004). The molecular basis of many illnesses is thought 

to involve oxidative pressure due to unfastened radicals 

(Rice- Evans, 2004). Cell damage due to free radicals 

appears to be a primary contributor in growing older, 

cancer, cardiovascular diseases, compromised immune 

system and so on. (Langseth, 1993; Halliwell, 1994). 

Liver is a prime organ attacked by ROS (Sanchez- Valle 

et al., 2012). Oxidative stress is considered as the vital 

purpose of liver damage in several liver disorders 

(Medina and Moreno-Otero, 2005). 

 

Protective nature of numerous natural and synthetic 

antioxidants towards hepatotoxicity had been mentioned 

by many researchers (Hafez and Darwish, 1997; 

Carbonari et al., 2006; Lin et al., 2008). M. 

pterigosperma Gaertn. has antioxidant galore (Chumark 

et.al., 2008 and Kumar et.al., 2013). Virtually almost all 

parts of this plant including the leaves, roots, seeds, bark, 

fruit and immature pods possesses anti inflamatory, 

diuretic, antihypertensive, cholesterol lowering, 

antioxidant activity (Paliwal et al., 2011; Sharma et al., 

2011). More studies should be achieved to discover the 

efficacy of herbal antioxidants (Madhavi and Sakunkhe, 

1995). Therefore, the present work was carried out in 

deliberate attempts to evaluate the in vitro and in vivo 

antioxidant potential of Moringa pterigosperma Gaertn. 

Leaf, against CCl4 triggered hepatotoxicity in swiss 

albino mice. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals 

All reagents used were of analytical grade. Carbon tetra 

chloride (CCl4, GR grade) was procured from, Merck 

Specialities Pvt. Ltd., Mumbai, Silybon Suspension (as 

standard Silymarin 100 mg) was procured from Apollo 

chemists, Kalyan, India. Sodium carbonate (Na2CO3), 

Folin Ciocalteu reagent, Catechol, Aluminium chloride 

(AlCl3), Potassium Acetate, Quercetin, H2SO4, Sodium 
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This study aims to investigate the in vitro and in vivo antioxidant activity, hepatoprotective effect of Moringa 
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potential and hepatoprotective effect of aqueous slurry of Moringa pterigosperma Gaertn. leaves. Biochemical 
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Moringa pterigosperma Gaertn. leaf extract exhibits good antioxidant potential in vitro. The in vivo results 

indicated that, treatment with aqueous slurry of Moringa pterigosperma Gaertn. leaf exhibited significant 

reduction in the levels of SGOT, SGPT and ALP in all groups. Out of various dosages, it was found that aqueous 

slurry of Moringa pterigosperma Gaertn. leaf administered at 750 mg / kg b.w. was most effective, as it 

maximally reduced LPO of liver with parallel increase in cellular antioxidants. Results were comparable with 

Silymarin, used as modern drug control. Findings from this study indicated hepatoprotective potential as well as 

significant antioxidant activity of Moringa pterigosperma Gaertn. leaf. 

 

KEYWORDS: Moringa, CCl4, hepatoprotective activity, antioxidant activity, in vitro, in vivo. 

 



www.ejbps.com 

Anuttara et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

 

 

 

802 

dihydrogen phosphate (NaH2PO4), Ammonium 

molybdate, Ascorbic acid, Potassium ferricyanide, 

Trichloro acetic acid (TCA), Ferric chloride (FeCl3), 1,1- 

Diphenyl- 1,2- picryl Hydrazyl (DPPH), 2,4,6- 

tripyridyl-s-triazine (TPTZ), Sodium nitroprusside 

(SNP), Sulphanilamide, N-(1-Naphthyl) ethylenediamine 

dihydrochloride (NEDD), nitro blue tetrazolium (NBT), 

reduced nicotinamide adenine dinucleotide (NADH), 

phenazine methosulfate (PMS), H2SO4, Thio barbituric 

acid (TBA), Glutathione (GHS), 2,2 dipyridyl, ortho 

phosphoric acid (H3PO4) etc. were purchased from Hi-

Media, Mumbai. 

 

2.2 Plant materials 

Plant material (leaf) of M. pterigosperma Gaertn. was 

collected from Katai area, Dombivali, District Thane, 

Maharashtra, India. Collected plant material was sent for 

authentication at Agharkar Reaserch Institute, Pune. The 

sample was carefully segregated, cleaned and shade 

dried to constant weight, powdered, and was stored in air 

tight container for further use. 

 

2.3 Preparation of plant extract for in vitro assay 

The dried powder material of leaf was soaked in distilled 

water for 10-12 hours (overnight) and kept on 

mechanical shaker, filtered through Whatman Paper No. 

42 to get an aqueous extract of M. pterigosperma Gaertn. 

leaf (AEMPL). 

 

2.4. Determination of total phenolic and flavonoid 

content 

The total phenolic content of different parts of M. 

pterigosperma leaf aqueous extract was measured using 

spectrophotometric Folin- Ciocalteu method 

(Sadashivam and Manickam, 2008). The results were 

expressed as mg of pyrocatechol equivalents / gm of dry 

extract. The flavonoid content was measured using 

modified spectrophotometric method of Chang et al., 

2002. 

 

2.5 In vitro Antioxidant activity 

2.5.1. DPPH radical scavenging assay 

2 ml of extract was added to 2 ml of 0.02 M phosphate 

buffer (pH 6) and 2 ml of 0.2 mM DPPH. The mixture 

was mixed throughly and left at room temperature for 30 

minutes. Absorbance was measured at 517 nm (Chen et 

al., 2007). The capability to scavenge the DPPH radical 

was calculated using following equation. 

DPPH radical % scavenging =  

Where; 

Acon = Absorbance of control 

Atest = Absorbance of extract or standard. 

 

2.5.2 Nitric oxide radical scavenging assay 

5 mM SNP in 0.1 M PBS (pH 7.4) was mixed with 

different concentrations of the extract and incubated at 

25 °C for 150 min. to this Greiss reagent was added. The 

absorbance of the chromaphore formed during the 

diazotization of nitrite with sulphanilamide and 

subsequent coupling with NEDD was read at 546 nm and 

referred to the absorbance of standard solution of 

ascorbic acid treated in the same way with Griess reagent 

(Ilavarasn et al., 2005). The percentage inhibition or 

scavenging activity of nitric oxide radical was calculated 

by aforementioned equation for DPPH. 

 

2.5.3. Super oxide anion scavenging assay 

Measurement of superoxide anion scavenging activity of 

M. pterigosperma Gaertn. leaf extract was based on the 

method described by Liu (1997) and Shivkumar et al 

(2006) with slight modifications. Superoxide radicals are 

generated in PMS-NADH systems by oxidation of 

NADH and assayed by the reduction of nitro blue 

tetrazolium (NBT). 1 ml of 100 mM NBT solution, 1 ml 

of 677 µM reduced NADH and 0.5 ml of extract were 

mixed and the reaction was initiated with addition of 100 

µl of 60 µM PMS solution. The reaction mixture was 

incubated at 25 
0
C for 5 minutes, and then the 

absorbance was measured at 560 nm in a 

spectrophotometer. L-Ascorbic acid was used as a 

control/standard. Decreased absorbance of the reaction 

mixture indicated increased superoxide anion scavenging 

activity. The percentage inhibition of superoxide anion 

generated was calculated using the aforementioned 

formula for DPPH. 

 

2.5.4. Ferric reducing antioxidant potential (FRAP) 

Assay 

The reducing ability of M. pterigosperma Gaertn.  was 

determined by FRAP assay using method described by 

Benzie and Strain (1996) with slight modifications. The 

FRAP reagent was prepared as a mixture of 10 mM 

2,4,6-tris(2pyridyl)-s-triazine (TPTZ) and 20 mM FeCl3.  

The freshly prepared FRAP reagent was incubated at 37 

°C for 10 minutes. From this, 30 μl of a sample was 

mixed with 900 μl of the FRAP reagent and distilled 

water was added to make the volume to 1 ml. A blank 

sample was prepared in the same way as described above 

but saline solution was used instead of the extract.  The 

reaction mixture was incubated at 37 
0
C for 30 minutes. 

Absorbance was measured at 593 nm against blank. The 

result of FRAP assay was expressed as mM FeSO4 per 

gm of material (FRAP value). FRAP value of leaf extract 

was calculated and was compared to FRAP value of 

ascorbic acid, used as standard. 

 

2.6. In vivo antioxidant and hepatoprotective activity 

2.6.1. Preparation of aqueous slurry 

Aqueous slurry of M. pterigosperma Gaertn. leaf was 

prepared by mixing accurately weighed leaf powder in 

distilled water. The animals were administered orally the 

required dose as per the body weights. 

 

2.6.2. Test animals 

The male Swiss albino mice weighing 25-30 gm were 

procured from Central Laboratory Animal House, 

Bombay Veterinary College, Parel, Mumbai. All the 

animals were housed in polypropylene cages with not 

more than six animals per cage. Animals were 
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maintained under controlled laboratory conditions at an 

ambient temperature of 25 ± 2 
0
C with light and dark 

cycle 12/12 hours. Prior to the experimentation all the 

animals were acclimatized for seven days under standard 

laboratory conditions. The guidelines given by 

Institutional Animals Ethical Committee (IAEC) 

regarding the maintenance and dissection of small 

animals were strictly followed. All the animals were 

allowed the free access to the standard pellet diet 

(Amrut) and the water was allowed ad libitum under 

strict hygienic conditions. 

 

2.6.3. Safety evaluation 

Safety of M. pterigosperma Gaertn. leaves was carried 

out as per OECD guidelines (No 420, fixed dose 

procedure). Mice were fasted overnight and orally 

administered with aqueous slurry of leaf (2000 mg / kg 

b.w.). The animals were observed individually during the 

first 30 mins for all reflexes, periodically during first 48 

hrs. with special attention given during first hour and 

first 4 hours (short term toxicity) and thereafter daily for 

next 14 days (long term toxicity) for change in general 

behavior and clinical symptoms like change in skin and 

fur texture, ptosis, breathing problems, excessive 

salivation, gait, stool condition etc. daily body weight, 

food and water consumption was recorded and the results 

were compared with control administered with distilled 

water. 

 

2.6.4. CCl4 induced oxidative hepatotoxicity 

The mice were randomly divided into 7 groups based on their body weight. Each group contains 6 animals. 

Group I Normal Control 

Group II CCl4 (0.5 ml/kg body weight + Liquid paraffin 0.5 ml/kg b.w.) 

Group III Natural recovery 

Group IV Modern drug control treated with Silymarin (100 mg/kg b.w.) 

Group V 
Treated with aqueous slurry of Moringa pterigosperma Gaertn. leaf powder 

(Low dose; 100 mg/ kg b.w.) 

Group VI 
Treated with aqueous slurry of Moringa pterigosperma Gaertn. leaf powder 

(Intermediate dose; 500 mg/ kg b.w.) 

Group VII 
Treated with aqueous slurry of Moringa pterigosperma Gaertn. leaf powder 

(High dose; 750 mg/ kg b.w.) 

 

Male Swiss Albino Mice were kept on fasting overnight. 

CCl4 (0.5 ml/kg body weight + Liquid paraffin 0.5 ml/kg 

body weight) was administered to group no. II to VII by 

sub cutaneous route on first day of the study. Animals 

from group no. V to VII were treated with respective 

dose of aqueous slurry daily and one-hour post induction 

on first day. Animals from group no. IV were treated 

with standard drug Silymarin daily and one-hour post 

induction on first day. Animals from group I, II, IV, V, 

VI and VII were sacrificed on 4
th

 day of the study (72 

Hrs. after dosing) and animals from group III were 

sacrificed on 7
th

 day for the comparative evaluation of 

natural recovery in the study. Daily record of body 

weight, food and water consumption was maintained. 

 

2.6.5. Biochemical determinations 

Prior to the sacrifice, 2 ml blood was collected from retro 

orbital plexus in non-heparinized vials. From blood, 

serum was separated and biochemical parameters like 

ALT, AST, ALP, total protein, albumin and globulin 

were carried out using standard kits.  At the end of study 

animals were sacrificed by CO2 asphyxiation and gross 

necropsy was done and liver was collected in 10% 

formalin for Histopathology studies. Liver homogenate 

was prepared and the supernatant was used for the 

estimation of antioxidant enzymes Superoxide dismutase 

(SOD), Catalase and protein estimation. Glutathione 

(GSH) and Lipid peroxidation product named 

Malondialdehyde (MDA). All assays were performed 

using standard kits available. 

 

2.7. Statistical analysis 
All values were expressed as mean ± SEM and 

statistically analyzed for significance using Dunnet’s 

test, comparing normal group with other groups. 

Statistical significance was determined at p ≤ 0.05. 

 

3. RESULTS AND DISCUSSION 

3.1. Determination of total phenolic and flavonoid 

content 
Phenolic compounds which includes phenolic acids, 

polyphenols and flavonoids are commonly located in 

plants and have been mentioned to have multiple 

biological uses, inclusive of antioxidant activity (Brown 

and Rice -Evans, 1998). A strong correlation exists 

between phenolic content and anti-oxidative potential of 

the plant extract, a property attributed to the unfastened 

radical terminating ability of phenolic compounds 

(Shahidi and Wanasundara, 1992). The total phenolic 

and flavonoid content of Moringa leaf was 5.97 ± 0.32 

mg Pyrocatechol equivalent/ gm of dry leaf and 3.96 ± 

0.11 mg quercetin equivalent / gm of dry leaf 

respectively. The results show that aqueous extract of 

Moringa leaf has antioxidant potential. 

 

3.2. In vitro assays 

3.2.1. DPPH assay 

DPPH is an especially stable radical compound broadly 

used to test free radical scavenging activity (Sanchez- 

Moreno, 2002). The free radical scavenging activity of 

DPPH is presented in fig 1. In DPPH assay, the IC50 (the 

concentration required to scavenge 50% of radical) 
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values of leaf extract and standard Ascorbic acid was 

found to be 1168.94 ±2.50 µg/ ml and 72.75 ± 1.90 µg/ 

ml respectively. 

 

3.2.2. Nitric oxide radical scavenging assay 

The plants exhibited antioxidant activity through 

competing with oxygen to scavenge for the nitrite radical 

which was generated from SNP (sodium nitroprusside) at 

physiological pH in an aqueous environment. The 

antioxidant activity increased with an increase in 

concentration of the extracts reaching a plateau. Lower 

the IC50 value better is the antioxidant potential of the 

sample. The IC50 value of standard ascorbic acid and leaf 

was found to be 196.05 ± 0.50 µg/ ml and 1892. 80 ± 

2.79 µg/ ml respectively. 

 

3.2.3. Super oxide anion scavenging assay 
Superoxide anion is a weak oxidant produced throughout 

diverse biological reactions and is highly poisonous 

(Stief, 2003). Aqueous extract of M. pterigosperma leaf 

exhibited dose dependent antioxidant activity. A 

decrease in absorbance indicated the antioxidant activity 

of the extracts which may be due to the inactivation or 

consumption of superoxide anion radicals produced in 

the reaction mixture. The IC50 value of leaf extract was 

2028. 76± 1.39 µg/ ml and that of ascorbic acid was 68. 

65 ± 1.30 µg/ ml. 

 

3.2.4. Ferric reducing antioxidant potential (FRAP) 

assay 

The reducing assay is a right way of measuring 

antioxidant capability. In FRAP non-enzymatic 

antioxidant reacts with pro-oxidants and inactivate them. 

in this assay, an easily reducible oxidant Fe (III) TPTZ is 

reduced to Fe (II) TPTZ (Szollosi and Varga, 2002). 

 

The FRAP value of Ascorbic acid and leaf was found to 

be 1.75 ± 0.05 mM FeSO4 and 0.28 ± 0.01 mM FeSO4 / 

gm of leaf respectively. 

 

 
Figure 1: Antioxidant activity of Moringa pterigosperma Gaertn. aqueous leaf extract (ALE) as determined by 

(A) DPPH assay, (B) Nitric Oxide radical scavenging assay and (C) Super oxide anion scavenging assay. 

 

3.3. In vivo assays 

The CCl4 triggered hepatotoxicity is extensively applied 

for the evaluation of the antioxidant potential of plant 

extracts (Bhathal et al., 1983; Weber et al., 2003; Awaad 

et al., 2006). In CCl4 caused toxicity, CCl4 is 

metabolized through cytochrome P450 monooxygenase 

assembly to supply tricholoromethyl radical, which then 

reacts with oxygen to form tricholomethyl- peroxyl 

radical (Shenoy et al., 2001). CCl4 metabolites react with 

polyunsaturated fatty acids and produce covalent adducts 

with lipids and proteins. This cause lipid peroxidation 

and destruction of cellular membranes with the ensuing 

liver injury (Clawson, 19889; Recknagel et al., 1989). 

 

During hepatocellular harm, kinds of enzymes generally 

located in the cytosol are released into the blood stream. 

Their quantification in plasma is a useful biomarker of 

the extent and sort of hepatocellular harm (Pari and 

Murugan, 2004). Hepatocellular necrosis results in 

elevation of the serum marker enzymes, which might be 

released from liver into blood (Shenoy et al., 2002). 

 

In the present study CCl4 induction increased levels of all 

the liver markers like ALT, AST and ALP. whereas 

treatment with aqueous slurry of M. pterigosperma 

Gaertn. leaf exhibited significant decrease in all these 

marker enzymes (Figure 2 A). Levels of AST, ALT and 

ALP significantly decreased in all the groups after 

administration of aqueous slurry of M. pterigosperma 
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leaf. Total protein levels significantly fall after 

administration of CCl4 but it increases after 

administration of M. pterigosperma leaf slurry. Total 

protein, albumin and globulin levels increase in group III 

and IV when compared with group II (Figure 2 B). 

 

SOD and CAT have important capabilities in protection 

mechanisms in opposition to the harmful outcomes of 

reactive oxygen species and free radicals in living 

beings. GSH content is another crucial parameter that 

reveals oxidative damage in liver and kidney. TBARS 

are cytotoxic byproducts which are hallmarks of lipid 

peroxidation (Huang et al., 2010). 

 

Determination of in vivo antioxidant activity by assessing 

SOD, CAT and GSH is represented in figure 2 C. 

Antioxidant enzymes SOD and CAT were significantly 

reduced by CCl4 intoxication, besides reduction of GSH. 

Lipid peroxidation increase significantly after CCl4 

induction.  All these changes were significantly reversed 

after treatment with M. pterigosperma leaf aqueous 

slurry in dose dependent manner (Figure 2 D). Aqueous 

slurry at 750 mg/ kg b.w. was found to be more effective 

in reducing the harmful effect caused to liver after CCl4 

induction. 

 

CCl4 induction also causes classical fatty liver, with 

increase in liver weight. Group II showed severe loss of 

hepatic architecture with zones of necrosis and fatty 

changes histopathologically (plate 1). Figure 2 E depicts 

the changes in liver weight. 

 

The modern drug (Silymarin) control group were treated 

at 100 mg/ kg Silymarin showed marked recovery in all 

the biochemical as well as antioxidant parameters. 

Histopathological findings supported the data as the 

treated animals showed near normal hepatic architecture 

with mild degree of necrosis which exhibits recovery and 

protective effect by the drug. Animals from group V to 

VII were orally treated with 100 mg/ kg b.w., 500 mg/ kg 

b.w. and 750 mg/ kg b.w. dose of aqueous slurry. the 

percentage of protection offered by the slurry is given in 

Table 1. 

 

Histopathological results also showed marked recovery 

in dose dependent manner. Hepatic architecture was 

improved after treatment with the slurry. M. 

pterigosperma aqueous slurry at 750 mg/ kg b.w. dose 

showed better results than 100 mg/ kg b.w. and 500 mg/ 

kg b.w. doses (plate 2). The group III animals showed 

results almost similar to group II (CCl4 induction group) 

(plate 1). 

 

Percentage reduction data is given in table 1. 

Observations from recovery group shows that animals 

did not show significant reduction in liver markers and 

antioxidant enzymes even after extended recovery period 

of 7 days where as recovery rate is remarkable after 

treatment with aqueous slurry of M. pterigosperma leaf. 

Thus, the present study compares the activity of M. 

pterigosperma aqueous slurry at 100, 500 and 750 mg/ 

kg b.w. with the known hepatoprotectant drug, Silymarin 

in CCl4 intoxicated mice. the results of the study confirm 

that the Moringa pterigosperma Gaertn. leaf exhibits 

good antioxidant activity in vitro and in vivo along with 

remarkable hepatoprotective potential. 

 

 
Figure 2: Effect of Moringa pterigosperma Gaertn. leaf aqueous slurry on (A) Levels of AST, ALT and ALP, (B) 

Total protein, Albumin and globulin, (c) Super oxide dismutase (SOD), catalase (CAT) and Glutathione (GSH), 

(D) Lipid peroxidation (LPO) and weight of liver in Liver of CCl4 intoxicated mice. 
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NC= normal control, CC= CCl
4
 control, NR= natural 

recovery, SC= Silymarin control, L100= leaf slurry at 

100 mg/kg b.w., L500= leaf slurry at 500mg/kg b.w., 

L750= leaf slurry at 750 mg/kg b.w., AST= Aspartate 

transaminase, ALT= Alanine transaminase, ALP= 

Alkaline phosphatase. 

 

Data presented is expressed as mean ± SEM (n = 6) and 

experimental groups represented significant differences 

at p< 0.05 (one-way ANOVA followed by Dunnett’s 

post hoc test). 

 

 

 
Plate 1: Histopathology of liver sections. a= Normal control group, b= CCl

4 
control group. c= Natural recovery 

group, d= Silymarin control group. 

A: Central vein, B: Hepatocytes, C: Centrilobular necrosis, D: Arteriole, E: Haemorrhage, G: Leukocytic 

infiltration. 

 

 
Plate 2: Histopathology of Liver sections. e= Leaf 100 mg/ kg b.w. group, f= Leaf 500 mg/ kg b.w. group, g= Leaf 

750 mg/ kg b.w. group, 

A: Central vein, B: Hepatocytes, C: Centrilobular necrosis, D: Arteriole, F: Portal triad. 
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Table 1: Biochemical estimation from serum. 

Parameters 

Groups 
AST (IU/L) ALT (IU/L) ALP (IU/L) 

NC 90 ± 1 29.667 ± 0.71 44.500 ± 1.20 

CC 211.16 ± 0.87 90.833 ± 1.13 79.167 ± 0.94 

NR %protection 33.98 25.34 39.90 

SC % protection 77.03 82.83 85.58 

L 100 % protection 54.61 55.59 57.21 

L 500 % protection 64.65 62.40 73.56 

L 750 % protection 73.18 72.48 75 

 

Key words: AST= Aspartate transaminase, ALT= 

Alanine transaminase, ALP= Alkaline phosphatase. NC= 

normal control, CC= CCl4 control, NR= natural 

recovery, SC= Silymarin control, L100= leaf slurry at 

100 mg/kg b.w., L500= leaf slurry at 500mg/kg b.w., 

L750= leaf slurry at 750 mg/kg b.w. 

*All values are Mean ± SEM 

 

4. CONCLUSION 

Findings of the present study indicate that aqueous slurry 

of Moringa pterigosperma Gaertn. Leaf exhibits 

antioxidant activity against CCl4 induced hepatotoxicity. 

Antioxidant potential of Moringa pterigosperma may be 

due to its various phytochemicals acting synergistically. 

Extraction, isolation and characterization of active 

constituent attributing to the antioxidant potential can be 

carried out in order to develop more efficient natural 

drug. Moringa plant is native to India and it can become 

a great source of income if it’s potential is fully exploited 

and utilised by carrying out more scientific studies. 

Further, such scientific studies might help industries in 

developing a nutraceutical product which can serve as a 

good dietary supplement and even a drug with 

multifarious effects may be developed which can serve 

humanity. 

 

ACKNOWLEDGEMENTS 

The author wishes to acknowledge Dr. (Mrs.) M. M. 

Gatne and Dr. Vikas Karande (Bombay veterinary 

college, Parel, Mumbai) and my friends Mr. Mayuresh 

Joshi, Ms. Kanchan Nene, Ms. Shraddha Vichare, Dr. 

Anna Joy and Dr. Rajeev Jingar. 

 

REFERENCES 

1. Awaad, A. S., Maitland, D. J., Soliman, G. A., 2006. 

Hepatoprotective activity of Schouwia thebica 

Webb. Bioorganic and Medicinal Chemistry Letters, 

16: 4624-4628. 

2. Benzie, I.F., Strain, J.J., 1996. The ferric reducing 

ability of plasma (FRAP) as a measure of 

bantioxidant powerQ the FRAP assay. Anal. Bioche, 

239: 70–76. 

3. Bhathal, P. S., Rose, N. R., Mackay, I. R., 

Whittingham, S., 1983. Strain differences in mice in 

carbon tetrachloride induced liver injury. British 

Journal of Experimental Pathology, 64: 524- 533. 

4. Brown, J. E., Rice-Evans, C. A., 1998. Luteolin-rich 

artichoke extract protects low density lipoprotein 

from oxidation in vitro. Free Radic Res, 29(3):        

247-55. 

5. Carbonari, K. A., Ferreira, E. A., Rebello, J. M., 

Felipe, K.B., Rossi, M. H., Felı´cio, J. D., 2006. 

Free-radical scavenging by Ouratea parviflora in 

experimentally-induced liver injuries. Redox Rep, 

11: 124-30. 

6. Chen G., Zhao L., Zhao L., Cong T. and Bao S., 

2007. in vitro study on antioxidant of peanut protein 

hydrolysate. J. Sci Food Agric, 87: 357- 362. 

7. Chumark, P., Khunawat, P., Sanvarinda, Y., 

Phornchirasilp, S., Morales, N. P., Phivthong-Ngam, 

L., Ratanachamnong, P., Srisawat, P., 

Pongrapeeporn, K. U., 2008. The in vitro and ex vivo 

antioxidant properties, hypolipidaemic and 

antiatherosclerotic activities of water extract of 

Moringa oleifera Lam. leaves. J. Ethnopharmacol, 

116: 439-446. 

8. Halim, A.B., el-Ahmady, O., Hassab-Allah, S., 

Abdel-Galil, F., Hafez, Y., Darwish, A., 1997. 

Biochemical effect of antioxidants on lipids and 

liver function in experimentally-induced liver 

damage. Ann Clin Biochem, 34: 656-63. 

9. Halliwell, B., Gutteridge, J.M.C., 1999. Free 

radicals in biology and medicine. 3rd Edition, 

Clarenden Press, Oxford 

10. Huang, B., Ban, X. Q., He, J.S., Tong, J., Tian, J., 

Wamg, Y. W., 2010a. Hepatoprotective and 

antioxidant activity of ethanolic extracts of edible 

lotus (Nelumbo nucifera Gaertn.) leaves. Food 

chemistry, 120: 873- 878. 

11. Ilavarasan, R., Mallik, M., Venkataraman, S., 2005. 

Anti-inflammatory and antioxidant activities of 

Cassia fistula Linn. Bark extract. Afr. J. Trad, 2(1): 

70-85 

12. Kumar Gupta, S., Kuma,r B., Srinivasan, B.P., Nag, 

T.C., Srivastava, S., Saxena, R., Aggarwal, A., 2013. 

Retinoprotective effects of Moringa oleifera via 

antioxidant, anti-inflammatory, and anti-angiogenic 

mechanisms in streptozotocin-induced diabetic rats. 

J of Ocular Pharmacol.and Therapeu, 29(4): 419-

426. 

13. Lin, H. M., Tseng, H.C., Wang, C.J., Lin, J.J., Lo, 

C.W., Chou, F.P., 2008. Hepatoprotective effects of 

Solanum nigrum Linn. extract against CCl4-induced 

oxidative damage in rats. Chem Biol Interact, 171: 

283-93. 

14. Liu, X.P., Miller, M.J.S., Joshi, M.S., Thomas, D.D., 

Lancaster, J.R., 1998. Accelerated reaction of nitric 



www.ejbps.com 

Anuttara et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

 

 

 

808 

oxide with O2 within the hydrophobic interior of 

biological membranes. Proc Natl Acad Sci USA, 95: 

2175–2179. 

15. Madhavi, D.L., Salunkhe, D.K., 1995. Toxicological 

aspects of food antioxidants. In Food antioxidants, 

Dekker, New York, 267. 

16. Medina, J., Moreno-Otero, R., 2005. 

Pathophysiological basis for antioxidant therapy in 

chronic liver disease. Drugs, 65: 2445-61. 

17. Paliwal, R., Sharma, V., Pracheta, Sharma S., 2011. 

Elucidation of free radical scavenging and 

antioxidant activity of aqueous and hydro- ethanolic 

extracts of Moringa oleifera pods. Res J Pharm 

Tech, 4: 566-571. 

18. Pari, L., Murugan, P., 2004. Protective role of 

tetrahydrocurcumin against erythromycin estolate-

induced hepatotoxicity. Pharmacol Res, 49:        

481-486. 

19. Recknagel, R.O., Glende, Jr E.A., Dolak, J.A., 

Waller, R.L., 1989. Mechanisms of carbon 

tetrachloride toxicity. Pharmacol Ther, 43: 139–154. 

20. Shahidi, F., Wanasundara, P.K., 1992. Phenolic 

antioxidants. Crit Rev Food Sci Nutr, 32(1): 67-103. 

21. Sharma, V., Paliwal, R., Pracheta, Sharma, S., 2011. 

Phytochemical analysis and evaluation of 

antioxidant activities of hydro- ethanolic extracts of 

Moringa oleifera Lam. pods. J Pharm Res, 4:       

554-557. 

22. Shenoy, A. K., Somayaji, S. N., Bairy, K. L., 2002. 

evaluation of hepatoprotective activity of Ginkgo 

biloba in rats. Indian J. pharmacol, 46: 167- 174. 

23. Shenoy, K. A., Somayaji, S. N., Bairy, K. L., 2001. 

Hepatoprotective effects of Ginkgo biloba against 

carbon tetra chloride induced hepatic injury in rats. 

Indian journal of pharmacology, 33: 260-266. 

24. Shivkumar, H., Ansari, S. A., Prakash, T., Rao, R. 

N., Swamy, H. M. J., Manjunath, K.P. 2006. Adv. 

Pharmacol. Toxicology, 7(1): 39-41. 

25. Szollosi, R., Varga, I.S., 2002. Total antioxidant 

power in some species of labiatae (adaptation of 

FRAP method). Acta Biol Szeged, 46: 125-7. 

26. Valko, M., Izakovic, M., Mazur, M, Rhodes, C. J., 

Telser, J., 2004. Role of oxygen radicals in DNA 

damage and cancer incidence. Mol. Cell. Biochem, 

266: 37-56. 

27. Weber, L.W.D., Boll, M., Stampfl, A., 2003. 

Hepatotoxicity and mechanism of action 

haloalkanes: carbon tetrachloride as a toxicological 

model. Critical Reviews in Toxicology, 33: 105-136. 


