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Abstract: Plants produce a diverse range of bioactive molecules, making them a rich source of different types of 
medicines. A regular and widespread use of herbs throughout the world has increased serious concern over their 
quality, safety and efficacy. Thus, a proper scientific evidence or assessment has become the criteria for acceptance 
of herbal health claims. In the present study, we examined the anti-oxidant effects of leaves of Tinospora cordifolia. 
Dried and powered leaves of T. cordifolia were extracted with hexane, chloroform, methanol, ethanol and water. 
Total phenolic and flavonoid contents of different solvent extracts were determined. Of the different solvent 
extracts, ethanol extract had the highest phenol and flavonoid content of 5.1±0.25 mg/g and 0.52±0.02 mg/g 
respectively. Antioxidant assays were carried out by using different in vitro models such as total reducing power, 
total antioxidant activity, lipid peroxidation inhibitory activity, DPPH radical scavenging activity and superoxide 
radical scavenging activity. Ethanol extract showed the highest total antioxidant activity of 41.4±0.45 µM Fe(II)/g. 
The EC50 values of ethanol extract for lipid peroxidation inhibitory activity and DPPH radical scavenging activity 
was found to be 0.1 and 0.5 mg/ml respectively. The anti-oxidant activities of other solvent extracts were poor when 
compared to the ethanol extract. These results suggest that, the active antioxidant compounds are better extracted in 
ethanol and there is a direct correlation between the total polyphenols extracted and its anti-oxidant activity. The in 
vitro anti-oxidant activity of T. cordifolia justifies the ethno medical use of this plant. [Journal of American Science 
2010;6(10):736-743]. (ISSN: 1545-1003).   
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1. Introduction 
      Plants have been a source of medicine in the past 
centuries and today scientists and the general public 
recognize their value as a source of new or 
complimentary medicinal products. Recently, wide 
array of research investigations highlight the 
potential health beneficial principles from phytal 
sources. Over the past twenty years, interest in 
medicinal plants has grown enormously from the use 
of herbal products as natural cosmetics and for self-
medication by the general public to the scientific 
investigations of plants for their biological effects in 
human beings. Beyond this pharmaceutical approach 
to plants, there is a wide tendency to utilize herbal 
product to supplement the diet, mainly with the 
intention of improving the quality of life and 
preventing the diseases of elderly people (Maffei, 
2003). 
      The WHO estimates that up to 80% of people still 
rely mainly on traditional remedies such as herbs for 
their medicine (Tripathi and Tripathi, 2003). India 
has been identified as a major resourceful area in the 
traditional and alternative medicines globally. Multi-
factorial health beneficial activity of these plant 
extracts has been attributed to multi-potent anti-
oxidant, anti-microbial, anti-cancer, anti-ulcerative 
and anti-diabetic properties. Generally, anti-oxidants 

have been identified as major health beneficial 
compounds reported from varieties of medicinal 
plants and are sources for alternative medicines 
(Daniel, 2005). 
     Free radicals or reactive oxygen species (ROS) are 
formed in our body as a result of biological 
oxidation. The over production of free radicals such 
as hydroxyl radical, super oxide anion radical, 
hydrogen peroxide can cause damage to the body and 
contribute to oxidative stress (Diplock, 1994; 
Thomson, 1995). Oxidative damage of proteins, 
DNA and lipid is associated with chronic 
degenerative diseases including cancer, coronary 
artery disease, hypertension, diabetes etc (Lee et al., 
2000) and compounds that can scavenge free radicals 
have great potential in ameliorating these disease 
processes (Kris-Etherton et al., 2002; Di Malteo and 
Esposito, 2003; Behera et al., 2006). Most of the 
reactive oxygen species are scavenged by 
endogenous defense systems such as catalase, 
superoxide dismutase and peroxidase-glutathione 
system (Rice-Evans and Bourdan, 1993). But these 
systems may not be completely efficient requiring 
them to depend on exogenous anti-oxidants from 
natural sources.  
     Medicinal plants constitute one of the main 
sources of new pharmaceuticals and health care 
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products. A whole range of plant derived dietary 
supplements, phytochemicals and pro-vitamins that 
assist in maintaining good health and combating 
disease are now being described as functional 
ingredients and neutraceuticals. The role of medicinal 
plants in disease prevention or control has been 
attributed to antioxidant properties of their 
constituents (Ivanova et al., 2005). The protective 
effect of plant products are due to the presence of 
several components such as enzymes, proteins, 
vitamins (Halliwell, 1996), carotenoids (Edge et al., 
1997), flavonoids (Zhang and Wang, 2002) and other 
phenolic compounds (Argolo et al., 2004). 
     Since synthetic anti-oxidants, such as butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene 
(BHT) have restricted use in foods, the search for 
natural anti-oxidants has greatly increased in the 
recent years. The researchers have focused on natural 
anti-oxidants and numerous crude extracts and pure 
natural compounds have been recognized to have 
beneficial effects against free radicals in biological 
systems as anti-oxidants (Reena et al., 2004; Hazra et 
al., 2008; Demiray et al., 2009).  
     Tinospora cordifolia Miers. is a widely used shrub 
in folk and Ayurvedic systems of medicine. It is a 
large, glabrous, deciduous climbing shrub belonging 
to the family menispermaceae. It is distributed 
throughout tropical Indian subcontinent and China. It 
is reported to possess anti-spasmodic, anti-
inflammatory, anti-allergic, anti-diabetic, anti-
oxidant properties (Singh et al., 2003). 
     The objective of the present study was to 
determine the anti-oxidant activity of T. cordifolia 
leaves in different solvent extracts using standard 
methods. The findings from this work may add to the 
overall value of the medicinal potential of the shrub, 
since most of the studies have focused on antioxidant 
activities of root and stem of T. cordifolia. 
 
2. Materials and Methods 
2.1. Plant material 
       Fresh and healthy leaves of T. cordifolia were 
collected from local growers. The leaves were 
washed thoroughly in distilled water and the surface 
water was removed by air drying under shade. The 
leaves were subsequently dried in a hot air oven at 40 
0C for 48h, powdered and used for extraction. 
 
2.2. Preparation of aqueous extract 
       Fifty grams of powdered leaves of T. cordifolia 
was macerated with 100 ml sterile distilled water in a 
blender for 10 min. The macerate was first filtered 
through double layered muslin cloth and centrifuged 
at 4000 g for 30 min. The supernatant was filtered 
through Whatman No.1 filter paper and heat 
sterilized at 120 0C for 30 min. The extract was 

preserved aseptically in a brown bottle at 4 0C until 
further use. 
 
2.3. Preparation of solvent extract 
       Fifty grams of shade dried powered leaf material 
was extracted successively with chloroform, hexane, 
methanol and ethanol until the plant material became 
colorless. It was then filtered with sterile Whatman 
filter paper into a clean conical flask and the filtrate 
was transferred into the sample holder of the rotary 
flash evaporator. The extracts so obtained was 
weighed and preserved at 4 0C in airtight bottles until 
further use.  
 
2.4. Total phenolic content 
       Total soluble phenolic content was estimated by 
Folin-Ciocalteau reagent method (Malick & Singh, 
1980) using gallic acid as a standard phenolic 
compound. One ml of stock solutions of different 
solvent extracts was prepared (1g/ml) from which 
different aliquots were pipetted out into test tubes. 
The volume was made up to 3 ml with distilled water 
to which freshly prepared Folin-Ciocalteau reagent 
was added. After 3 min, 2 ml of 20% sodium 
carbonate solution was added to each tube and mixed 
thoroughly. The tubes were placed in boiling water 
for one minute, cooled and the absorbance was 
measured at 650 nm in a spectrophotometer against a 
reagent blank. The concentrations of the total 
phenolic compounds in the extracts were obtained by 
extrapolating the absorbance of gallic acid on 
standard gallic acid graph. The experiment was 
repeated thrice and concentration of total phenols was 
expressed as mg /g of dry extract. 
 
2.5. Total flavonoid content        
       The total soluble flavonoid content was 
estimated by aluminium chloride colorimetric method 
for both aqueous and solvent extracts (Woisky & 
Salatino, 1998). 0.5ml of stock solution (1g/ml) of 
the extract, 1.5 ml methanol, 0.1ml potassium acetate 
(1M) was added to reaction test tubes and volume 
was made up to 5 ml with distilled water. After 
incubation at room temperature for 30 min, the 
absorbance of the reaction mixture was measured at 
415 nm. Total flavonoid content was calculated by 
extrapolating the absorbance of reaction mixture on 
standard curve of rutin. The experiment was repeated 
thrice and the total flavonoid content was expressed 
as equivalent to rutin in mg/ g of the extracts. 
 
2.6. Antioxidant activity assays 
2.6.1. Total reducing power 
          The determination of reducing power was 
performed as described by Yen and Duh (1993). 
Various extracts (0.1 - 0.9 mg/ml) were mixed with 
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phosphate buffer (500 µl, 20 mM, pH 6.6) and 1% 
potassium ferricyanide (500 µl), and incubated at 50 
0C for 20 min; 500 µl of 10% trichloro acetic acid 
were added, and the mixture was centrifuged at 2500 
rpm for 10 min. The supernatant was mixed with 
distilled water (1.5 ml) and 0.1% ferric chloride (300 
µl) and the absorbance was read at 700 nm. The 
experiment was repeated thrice. Increase in the 
absorbance of the reactions mixture indicated 
increase in the reducing power. 
 
2.6.2. Ferrous reducing antioxidant power assay 
(Total antioxidant activity assay) 
          The method employed was a modification 
method of Benzie & Strain (1996) method. The stock 
solutions included 300 mM acetate buffer (pH 3.6), 
10 mM 2, 4, 6-tripyridyl-s-tri-azine solution in 40 
mM HCl, and 20 mM FeCl3.6H2O solution. The fresh 
working solution was prepared by mixing 25 ml 
acetate buffer, 2.5 ml TPTZ and 2.5 ml FeCl3.6H2O. 
The temperature of the solution was raised to 37 0C 
before using. Plant extracts (150 µl) were allowed to 
react with 2850 µl of the FRAP solution for 30 min 
in the dark condition. Readings of colored product 
(ferrous tripyridyltriazine complex) were taken at 593 
nm. The experiment was repeated thrice. Results 
were expressed in µM Fe (II)/g dry mass and 
compared with that of BHT. 
 
2.6.3. Lipid peroxidation inhibitory activity 
          The lipid peroxidation inhibitory activity of the 
leaf extracts was determined according to the method 
of Duh & Yen (1997). Egg lecithin (3 mg/ml 
phosphate buffer, pH 7.4) was sonicated in an 
ultrasonic sonicator for 10 min to ensure proper 
liposome formation. Test samples (100 µl) of 
different concentrations (0.1 - 0.9 mg/ml) were added 
to liposome mixture (1 ml); the control was without 
test sample. Lipid peroxidation was induced by 
adding ferric chloride (10 µl, 400 mM) and L-
ascorbic acid (10 µl, 200 mM). After incubation for 1 
h at 370 C the reaction was stopped by adding 
hydrochloric acid (2 ml, 0.25 N) containing 
trichloroacetic acid (150 mg/ml) and thiobarbutyric 
acid (3.75 mg/ml). The reaction mixture was 
subsequently boiled for 15 min, cooled, centrifuged 
at 1000 rpm for 15 min and the absorbance of the 
supernatant was measured at 532 nm and compared 
with that of BHA.  Percentage radical scavenging 
was calculated using the following formula: 
% Inhibition = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
2.6.4. DPPH radical scavenging activity 
          The free radical scavenging activity of the leaf 
extracts was assayed using a stable free radical, 1, 1-

diphenyl-2-picryl hydrazyl (DPPH). The DPPH 
scavenging assay employed in the present study was 
a modification of the procedure of Moon & Terao 
(1998). 0.1 ml of test sample at different 
concentration (0.1 - 0.9 mg/ml) was mixed with 0.9 
ml of Tris-HCl buffer (pH 7.4); then 1 ml of DPPH 
(500 µM in ethanol) was added. The mixture was 
shaken vigorously and left to stand for 30 min. The 
absorbance of the resulting solution was measured at 
517 nm in a spectrophotometer and compared with 
that of BHA. The experiment was repeated thrice. 
The percentage of DPPH scavenging was calculated 
using the following formula: 
% Scavenging = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
2.6.5. Superoxide radical scavenging activity 
          The measurement of superoxide anion 
scavenging activity was based on the method by 
Fontana, Mosca, & Rosei (2001). Superoxide radical 
is generated in phenazine methosulfate-nicotinamide 
adenine dinucleotide (PMS-NADH) systems by 
oxidation of NADH and assayed by the reduction of 
nitroblue tetrazolium (NBT) to a purple formazan. 
The 1 ml reaction mixture contained phosphate buffer 
(20 mM, pH 7.4), NADH (73 µM), NBT (50 µM), 
PMS (15 µM) and various concentrations of sample 
solution. After incubation for 5 min at ambient 
temperature, the absorbance at 562 nm was measured 
against an appropriate blank to determine the quantity 
of formazan generated. The experiment was repeated 
thrice. The results were compared with that of 
quercetin. The % inhibition of superoxide anion 
generation was calculated using the following 
formula: 
% Scavenging = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
3. Results 
     In this study, some of the biological activities of 
T. cordifolia leaves have been investigated, whereby; 
hexane, chloroform, methanol, ethanol and aqueous 
extracts were assayed for their total phenolic and 
flavonoid contents and anti-oxidant activities using 
different in vitro models.  
 
3.1. Total phenolic and flavonoid content 
       Results obtained in the present study revealed 
that the level pf polyphenols in the ethanol extract 
was 5.1±0.25 mg/g which was higher when compared 
to methanol, chloroform, hexane and aqueous 
extracts of T. cordifolia. Ethanol extract of the leaves 
had a flavonoid content of 0.52±0.02 mg/g. The 
flavonoid content of other extracts tested was lower 
than the ethanol extract. Aqueous extract had the 
least polyphenol and flavonoid content (Table 1). 
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Table 1: Polyphenol and Flavonoid content of Tinospora cordifolia leaves in different solvent extracts 
 

Solvents Total phenols (mg/g) Flavonoid content (mg/g) 
Ethanol 5.1±0.25 0.52±0.02 

Methanol 4.2±0.30 0.45±0.03 
Chloroform 2.1±0.25 0.25±0.02 

Hexane 1.5±0.35 0.19±0.04 
Aqueous 1.1±0.05 0.12±0.02 

 
3.2. Antioxidant activity assays 
3.2.1. Total reducing power 
          The reducing power of different solvent 
extracts using the potassium ferricyanide method is 
shown in Figure 1. The result indicates that the 

reducing ability of the extracts increased with the 
concentration. Among all the extracts tested for their 
reducing abilities ethanol extract of T. cordifolia 
showed better reducing power as shown by the 
increasing optical density at 700 nm. 
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Figure 1: Reducing power of Tinospora cordifolia leaf extract at different concentrations (mg/ml). 
 
3.2.2. Total antioxidant activity 
          The ability of the plant extracts to reduce ferric 
ions was determined by FRAP assay (Figure 2). An 
anti-oxidant capable of donating a single electron to 
the ferric-TPTZ (Fe (II)-TPTZ) complex would cause 
the reduction of the complex into the blue ferrous 
TPTZ (Fe (II)-TPTZ) complex which absorbs 

strongly at 593 nm. The FRAP values for the extracts 
were lower than that of BHT (63±0.35 µm/g fw). 
Among the extracts tested, ethanol extract had a total 
anti-oxidant activity of 41.4±0.45 µm/g fw followed 
by methanol 33.9±0.49 µm/g fw. Aqueous extract 
had the least reducing ability of 4.8±0.30 µm/g fw. 
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Figure 2: Total Antioxidant activity of Tinospora cordifolia solvent extracts (µM Fe (II)/g).  
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3.2.3. Lipid peroxidation inhibitory activity 
          The anti-oxidative action of T. cordifolia leaf 
extracts in the liposome model, induced by ferric 
chloride plus ascorbic acid and determined by 
thiobarbutyric acid method is shown in Figure 3. 
Ethanol extract had an EC50 value of 0.1 mg/ml 
which showed an inhibition of 57.5%. EC50 value 
could be achieved only with methanol extract at a 

concentration of 0.7 mg/ml. As with other extracts, 
50% inhibition could not be achieved even at 0.9 
mg/ml. BHA showed very strong lipid peroxidation 
inhibitory activity with an EC50 value 12 µg/ml. Lipid 
peroxidation inhibitory activity of ethanol extract 
gradually decreased with an increase in 
concentration. 
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Figure 3: Lipid peroxidation inhibitory activity of Tinospora cordifolia leaf extract at different concentrations 
(mg/ml). 
 
3.2.4. DPPH radical scavenging activity 
          The DPPH radical scavenging activity of T. 
cordifolia leaf extracts is shown in Figure 4. Among 
the extracts tested, ethanol extract had better 

scavenging activity (EC50 value of 0.5 mg/ml) 
followed by methanol (EC50 value of 0.9 mg/ml). 
When compared to BHA which had an EC50 value of 
5.3 µg/ml, the e EC50 value of ethanol was quite high. 
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Figure 4: DPPH radical scavenging activity of Tinospora cordifolia leaf extract at different concentrations 
(mg/ml).  
 
3.2.5. Superoxide radical scavenging activity 
          The superoxide radical generated from 
dissolved oxygen by PMS-NADH coupling can be 
measured by their ability to reduce NBT. The 
decrease in absorbance at 562 nm with the plant 
extracts and the reference compound quercetin 
indicates their abilities to quench superoxide radicals 
in the reaction mixture. As shown in Figure 5 the 

quenching ability generally was low with all the 
solvent and aqueous extracts. As with ethanol extract, 
even at 0.7 mg/ml concentration the percentage 
radical scavenging was 40.1%. Percent radical 
scavenging abilities of other extracts were lower than 
ethanol extract. Quercetin was found potent with an 
EC50 value of 155 µg/ml. 
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Figure 5: Superoxide radical scavenging activity of Tinospora cordifolia leaf extract at different 
concentrations (mg/ml). 
 
4. Discussion 
4.1. Total phenolic and flavonoid content 
       Medicinal plants are an important source of 
antioxidants (Rice-Evans, 2004). Natural anti-
oxidants increase the anti-oxidant capacity of the 
plasma and reduce the risk of certain diseases (Prior 
and Cao, 2000). Polyphenols are the major plant 
compounds with anti-oxidant activity. Typical 
phenolics that possess anti-oxidant activity are 
known to be mainly phenolic acids and flavonoids 
(Demiray et al., 2009). It is reported that the 
phenolics are responsible for the variation in the anti-
oxidant activity of the plant (Luo et al., 2004). They 
exhibit anti-oxidant activity by inactivating lipid free 
radicals or preventing decomposition of hydro 
peroxides into free radicals (Pokorny 2001; Pitchaon 
et al., 2007). Flavonoids are phenolic acids which 
serve as an important source of anti-oxidants found in 
different medicinal plants and related phytomedicies 
(Pietta, 1998). The anti-oxidant activity of flavonoids 
is due to their ability to reduce free radical formation 
and to scavenge free radicals.  
 
4.2. Antioxidant activity assays 
4.2.1. Total reducing power 
          Reducing power is associated with its anti-
oxidant activity and may serve as a significant 
reflection of the anti-oxidant activity (Oktay et al., 
2003). Compounds with reducing power indicate that 
they are electron donars and can reduce the oxidized 
intermediates of lipid peroxidation processes, so that 
they can act as primary and secondary anti-oxidants 
(Yen and Chen, 1995). 
 
4.2.2. Total antioxidant activity 
          FRAP assay is based on the ability of anti-
oxidants to reduce Fe3+ to Fe2+  in the presence of 2, 
4, 6-tri (2-pyridyl)-s-triazine (TPTZ) forming an 
intense blue Fe2+ -TPTZ complex with an absorption 

maximum at 593 nm. This reaction is PH dependent 
(optimum PH 3.6). The absorbance decrease is 
proportional to the anti-oxidant content (Benzie and 
Strain, 1996). In the present study there was an 
increase in the anti-oxidant activity which was 
proportional to the polyphenol content. Ethanol 
extract exhibited high anti-oxidant activity due to its 
high polyphenol content. Similar results have been 
observed in Calpurnia aurea leaf and stem extracts, 
where in methanolic stem extract has shown high 
anti-oxidant activity than the leaf extract due to high 
polyphenol content (Adedapo et al., 2008). 
 
4.2.3. Lipid peroxidation inhibitory activity 
          To evaluate the lipid peroxidation inhibitory 
activity of the leaf extracts of T. cordifolia, a 
liposome model was used. Anti-oxidant effect of 
polyphenols (flavonoids) on lipid peroxidation is the 
result of scavenging of hydroxyl radicals at the stage 
of initiation and termination of peroxyl radicals has 
been reported by Hussain et al. (1987). Earlier study 
by Prasad et al. (2005) has shown the lipid 
peroxidation inhibitory activity of a flavonoid 
isolated from Ipomea aquatica leaf. From the present 
study, it was found that the percent inhibition of lipid 
peroxidation by ethanol leaf extract decreased after a 
certain concentration which may be due to the 
degradation or peroxidation of the source.  
 
4.2.4. DPPH radical scavenging activity 
          The stable radical DPPH has been used widely 
for the determination of primary anti-oxidant activity 
(Brand-Williams et al., 1995; Katalinic et al., 2004). 
The DPPH anti-oxidant assay is based on the ability 
of DPPH a stable free radical, to decolorize in the 
presence of anti-oxidants (Ara and Nur, 2009). The 
present study indicates that the IC50 value of ethanol 
leaf extract is quite high when compared to the 
standard which may be attributed to its poor proton 
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donating ability (Voravuthikunchai et al., 2009). A 
study carried out by Hasan et al. (2009) has shown 
the DPPH radical scavenging activity of T. cordifolia 
aerial parts with an EC50 value of 0.02 mg/ml. The 
difference in the EC50 value can be attributed to the 
distribution of secondary metabolites that may 
fluctuate between different plant organs (Lissiewska 
et al., 2006).  
 
4.2.5. Superoxide radical scavenging activity  
          Although superoxide anion is a weak oxidant, 
it gives rise to generation of powerful and dangerous 
hydroxyl radicals as well as singlet oxygen, both of 
which contribute to oxidative stress (Meyer and 
Isaker, 1995). Among the extracts of T. cordifolia, 
ethanol extract showed mild scavenging activity and 
EC50 value could not reached even at 0.9 mg/ml 
concentration. The result supports the earlier study by 
Mathew and Kuttan (1997), which showed that the 
EC50 value for superoxide scavenging could be as 
high as 6 mg/ml.  
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