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The present study investigated the antioxidant capacity and total content of phenolic compounds in an 
ethanolic extract of leaves, stems and fruits of Andrographis paniculata, a medicinal plant. The 
antioxidant activity of the samples was evaluated by the red cell hemolysis assay, free radical 
scavenging and superoxide dismutase activities. The Folin–Ciocalteu reagent assay was used to 
estimate the phenolic content of extracts. Leaf extracts showed the highest antioxidant potential 
followed by stem and fruit extracts with the rabbit erythrocytes hemolysis and superoxide dismutase 
activity assays. However, A. paniculata fruit extracts exhibited the highest DPPH free radical 
scavenging activity compared to the other extracts. A positive correlation between free radical 
scavenging capacity and the content of phenolic compounds was found in the fruit, leaf and stem 
extracts of this plant.  
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INTRODUCTION 
 
Free radicals generated in the human body may increase 
the risk of chronic diseases such as cancer and cardio-
vascular diseases. These free radicals are usually 
produced through aerobic respiration. Although the 
human body produces antioxidant enzymes to neutralize 
free radicals (Rimbach et al., 2005), a diet rich in edible 
antioxidants is recommended to assist the human body to 
protect itself from food borne free radicals.  

A variety of plant secondary metabolites have been 
reported to act as antioxidants and amongst them pheno-
lic compounds form a major group. There are several 
reports on the contribution of phenolic compounds to the 
antioxidant potential of different plant species. Cai et al. 
(2004), for example, reported a positive linear correlation 
between the total content of phenolic compounds and the 
antioxidant activities for aqueous and methanolic extracts 
of Chinese medicinal plants. Similarly, a positive  correla- 
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tion was reported for aqueous and methanolic extracts of 
different Jordanian plant species (Tawaha et al., 2007). 

In view of dissimilar compounds or different amounts of  
same compounds being present in different parts of the 
plant body, the antioxidant potential of these parts of the 
plant could also be different. For example, different levels 
of antioxidant activities for Siamese neem tree leaves, 
fruits, flowers and stems were reported by Sithisarn et al. 
(2005).  

The extremely bitter and characteristic taste of 
Andrographis paniculata, of the Acanthaceae family, 
gives it the term “King of bitters”. A. paniculata is a well 
known medicinal plant in South and Southeast Asia and 
is traditionally used for treating a variety of ailments. 
Several recent studies have validated some of the 
medicinal properties of this plant and its use in traditional 
medicine. Such properties include its antimicrobial activity 
(Singha et al., 2003), hepatoprotective capacity (Trivedi 
and Rawal, 2001), antimalarial activity (Rahman et al., 
1999) and antidiarrhoeal potential (Gupta et al., 1993). A. 
paniculata has also been reported to have antioxidant 
potential by many authors.  More  recently,  Sheeja et  al. 
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(2006) reported on the antioxidant activity of A. 
paniculata using both in vitro and in vivo systems of 
whole plant extracts. The effects of the aqueous extract 
of A. paniculata on the antioxidant defence system in 
liver-lymphoma bearing AKP mice has been reported by 
Verma and Vinayak (2008). Meanwhile, Neogy et al. 
(2008) reported that Andrographis significantly reduced 
lipid peroxidation and protein oxidation in liver, kidney, 
heart, lung and spleen during nicotine induced oxidative 
stress.  

All of the studies on the antioxidant potential of A. 
paniculata have relied on extracts of the whole plant. For 
the reasons elaborated above, we were keen to study the 
parts of the plant separately for their antioxidant activity 
and to correlate this with their content of phenolic com-
pounds. Hence, in the present study, the antioxidant 
activities of ethanolic extracts of three different parts of A. 
paniculata (leaf, stem and fruit) were evaluated using 
three in vitro methods. Total phenolic content of the 
ethanolic extracts of specific plant parts was also mea-
sured to study the total content of phenolic compounds. 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
Hydrogen peroxide (H2O2) was obtained from UNI-CHEM® (South 
Kearny, N.J.). 2,2–diphenyl-1-picrylhydrazil (DPPH*), Tert-butylated 
hydroxytoluene (BHT) and ascorbic acid (vitamin C) were 
purchased from Sigma-Aldrich (St. Louis, Mo) while 95% ethanol 
was obtained from Systerm ChemAR®. Tween 80 (Polyoxyethylene 
sorbitan mono-oleate) was purchased from Hopkin and Williams 
(London). 
 
 
Sample preparation and extraction 
 
Leaves, stems and fruits of one of the local variety of A. paniculata 
were collected. The explants were cleaned with tap water and air-
dried at room temperature in the dark separately. Dried parts of the 
plant (3 g) were ground to produce fine homogenous powders using 
an electrical blender (Super Blender National®, Japan). The fine 
plant powder was soaked in 40 ml of 95% ethanol at room 
temperature for 72 h in the dark. The solution was then filtered 
through Whatman® 5 filter paper (Whatman International, 
Maidstone) and evaporated to dryness using a rotary evaporator 
(Heidolph WB2000, Germany) at a temperature below 40ºC. A 
stock solution (100 mg/ml) of the plant extracts was prepared in 5% 
Tween 80 dissolved in isotonic phosphate buffer (IPB), pH 7.4 and 
kept at 4ºC until required for experiments. The working solution (10 
mg/ml) for assays was made by diluting the stock solution with IPB.  
 
 
Antioxidant activity evaluation methods 
 
i. Rabbit erythrocytes haemolysis assay 
 
Preparation of erythrocyte suspension: Blood sample was 
withdrawn from the marginal vein of healthy normal New Zealand 
white rabbits using a 26Gx1/2” needle (TERUMO®, Belgium) and 
aspirated into Silicone Coated Blood Collection Tube (Vacutainer®, 

BECTON DICKINSON, USA). The cells were collected by centri-
fugation of rabbit blood at 1000  Xg  at  4°C  for  20  min.  The  buffy 

 
 
 
 
coat and plasma were removed using a pipette. The final 
erythrocyte suspension was produced by adding an equal volume 
of IPB (pH 7.4) after washing the cells thrice with IPB. 
  
Hemolysis assay: Pretreatment stage was carried out by adding 1 
ml of A. paniculata ethanolic extract working solution (concentration 
of 10 mg/ml) to 500 µl of erythrocyte suspension and incubating at 
37°C for 40 min. A positive control for this experiment was prepared 
by pretreating the erythrocyte suspension with 1 ml of 10 mg/ml 
concentration of vitamin C dissolved in IPB. The non-pretreated 
erythrocyte suspension was used as the negative control. The 
volume of all pretreated and non-pretreated erythrocyte suspen-
sions were adjusted to 9 ml by adding IPB. Oxidative stress was 
then induced by adding 1 ml of 10 mM hydrogen peroxide (H2O2) 
and incubated at 37°C for 150 min. After incubation, the released 
hemoglobins into the supernatant of the mixtures were measured 
using Spectronic 20D+ spectrophotometer (USA) at 540 nm. 
Erythrocyte hemolysis in pure water was based on complete 
erythrocytes hemolysis (100%) while hemolysis of the pretreated 
and non-pretreated erythrocytes was expressed as a percentage of 
this value (method adapted from Reddy et al., 2007).  
 
 
ii. Free radical scavenging activity 
 
This assay was based on the method described by Bozin et al. 
(2006) with some modifications. Briefly, 950 µl of 90 µM 2,2–
diphenyl-1-picrylhydrazil (DPPH*) solution was added to 50 µl of the 
working samples (10 mg / ml concentration) and made up to a final 
volume of 4 ml with 95% ethanol. After the mixtures were vigorously 
shaken, they were incubated at room temperature in the dark for 2 
hours. The reduction of solution colour caused by scavenging of the 
free radicals (DPPH*) was measured at 515 nm using a 
spectrophotometer. The capability of samples to scavenge DPPH* 
was obtained by comparison of sample colour reduction effect with 
the control (mixture without working solution) using the following 
equation and expressed as percentage values.  
 
 DPPH radical scavenging activity (%) = [(A control – A sample) / A control] 
× 100 
 
The positive control was prepared using Tert-butylated 
hydroxytoluene (BHT) at a concentration of 10 mg/ml.  
 
 
iii. Superoxide dismutase (SOD) activity assay 
 
SOD Assay Kit-WST (Dojindo Molecular Technologies, 
Gaithersburg) was applied to determine the Superoxide Dismutase 
(SOD) activity. Reaction mixtures of the kit were mixed with 20 µl of 
working solution samples and after a gentle shaking they were 
inoculated at 37°C for 20 min. The inhibition by SOD activity on the 
reaction of xanthine oxide generated superoxide with a tetrazolim 
salt was determined by measuring the absorbance of the mixtures 
at 450 nm using a microplate reader. The positive control in this 
study was made by adding 20 µl of ascorbic acid at a concentration 
of 10 mg/ml instead of working solution sample. All inhibition rates 
were expressed as percentage of the negative control (without 
sample). The method used in this kit is a protocol modified from 
Sakudo et al. (2008). 
 
 
Total phenolic content determination  
 
A Folin-Ciocalteau method based on Slinkard and Singleton (1977) 
report was applied to determine the total amount of phenolic 
compounds  in  different  parts  of  A.  paniculata.  Working  solution 
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Figure 1. Antioxidant activity of selected parts (leaf, stem, and fruit) of Andrographis paniculata: 
hemolysis of rabbit erythrocytes expressed as percentage values. Ascorbic acid was used as the 
positive control. The mean changes between the samples were analyzed by one-way ANOVA followed 
by Duncan’s Multiple Comparison Test. Samples represented with different letters (a, b, d and e) are 
significantly different (p < 0.05) from each other including + control (b). bc represents statistically 
insignificant difference between bc and b. 

 
 
 
samples (20 µl) of each plant part was added to 100 µl of 2N Folin-
Ciocalteu reagent as recommended by the above protocol. The 
mixture was made up to a final volume of 1600 µl using distilled 
water. Lastly 300 µl of sodium carbonate solution (0.2 mg/ml) was 
added and incubated at 37°C for 45 min. Absorbance values of the 
solutions were measured at 760 nm. Total phenolic contents were 
determined as a gallic acid equivalent (GAE) based on Folin-
Ciocalteau calibration curve using gallic acid (ranging from 50 to 
1000 mg/ml) as the standard and expressed as mg gallic acid per 
gram of dry sample.  
 
 
Statistical analysis 
 
All experiments were carried out in triplicate and data were 
subjected to one-way analysis of variance (ANOVA) using SPPS 
version 15. Duncan’s Multiple Range Test (DMRT) was used to 
compare the means. 
 
 
RESULTS  
 
Hemolysis assay 
 
The maximum erythrocyte hemolysis (100%) was 
achieved using ultra pure water and other hemolytic 
values from free radical damage were presented as 
percentage based on the former. The results of the rabbit 
erythrocytes hemolysis assay are shown in Figure 1. A 
mean of 58.9% hemolysis of erythrocytes was obtained 
with 1 mM hydrogen peroxide (negative control). Percen-
tage of hemolysis in samples pre-treated with leaf extract 
(19.45%), stem extract (26.36%), and fruit extract 
(30.97%) were significantly lower than the negative 
control. Among the samples used, the A. paniculata leaf 
extract significantly (p < 0.05) reduced the  percentage  of  

hemolysis when compared to the positive control 
(24.92%). However, there was no significant difference 
between haemolytic reduction using A. paniculata stem 
extract and ascorbic acid (positive control) while the fruit 
extract showed significant difference with the positive 
control in terms of hemolysis reduction. Hence, in terms 
of haemolysis, the best result in minimizing the 
haemolytic effect of hydrogen peroxide was obtained with 
leaf extract.  
 
 
DPPH free radical scavenging activity 
 
Decolouration due to reaction of antioxidants in samples 
with the stable free DPPH radical was measured spectro-
photometerically. Results (Figure 2) show the free radical 
scavenging potential of A. paniculata fruit extract 
(88.13%) is significantly higher than both A. paniculata 
leaf extract (86.87%) and A. paniculata stem extract 
(80.48%). All samples had significantly lower DPPH free 
radical scavenging activity compared to the positive 
control (94.86%). 
 
 
SOD activity 
 
The result of this enzyme based antioxidant capacity 
assay (Figure 3) showed A. paniculata leaf extract had 
the highest inhibition rate (80.41%) among the three 
different plant part extracts that was significantly higher 
than the A. paniculata stem extract SOD activity (77.53%) 
and A. paniculata fruit extract SOD capacity (73.20%). 
None of the examined parts of A. paniculata extracts 
used in this study could achieve  a  higher  inhibition  rate 
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Figure 2. Antioxidant activity of selected parts (leaf, stem, and fruit) of Andrographis paniculata: 
neutralization of DPPH radical of samples in the free radical scavenging activity assay. Tert-
butylated hydroxytoluene was used as the positive control. The mean changes between the 
samples were analyzed by one-way ANOVA followed by Duncan’s Multiple Comparison Test. 
Samples represented with different letters (b, c and d) are significantly different (p < 0.05) from 
each other including the + control (a). 

  
 
 

 
 
Figure 3. Antioxidant activity of selected parts (leaf, stem, and fruit) of Andrographis 
paniculata: SOD activities of samples are presented as inhibition rate. Ascorbic acid was 
used as the positive control. The mean changes between the samples were analyzed by 
one-way ANOVA followed by Duncan’s Multiple Comparison Test. Samples represented 
with different letters (b, c and d) are significantly different (p < 0.05) from each other 
including + control (a). 

 
 
 
than the positive control (99.20%).  
 
 
Total phenolic content 
 
The calculation of total phenolic content of A. paniculata 
extracts was carried out using the standard curve of gallic 
acid and presented as gallic acid equivalents (GAE) per 
gram (Table 1). A. paniculata fruit extract contained the 
highest amount of phenolic compounds while the lowest  
amount is present in A. paniculata stem extract. All three 
examined parts of the A. paniculata plant had significantly  

different contents of phenolics. 
The sample means were compared by one-way 

ANOVA followed by Duncan’s Multiple Comparison Test. 
Samples represented with different letters are 
significantly different (p < 0.05) between the different 
plant parts. 
  
 
DISCUSSION  
 
In this study antioxidant activities of three important plant 
parts (leaf, stem and fruit)  of  A. paniculata  were evaluated.
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Table 1. Total phenolic contents of Andrographis paniculata leaf, stem and fruit extracts.  
 

Andrographis paniculata morphological part Total phenolic contents (mg of GAE/g) 
Leaf 75.86 ± 0.82 b 

Stem 55.02 ± 0.35 c 

Fruit 181.00 ± 1.48 a 

 
 
 
Due to the important physiological functions of phenolic 
compounds especially polyphenols, the total phenolic 
content of ethanolic extracts of these parts was 
measured. The results of both rabbit erythrocytes 
hemolysis and SOD activity assays showed similar trends 
with respect to antioxidant activities with leaf extracts 
having the highest activity followed by stem and fruit 
extracts. However, the antioxidant capacity of the 
extracts determined by DPPH free radical scavenging 
assay showed that fruit extract antioxidant potential was 
higher than leaf extract antioxidant potential followed by 
stem extract antioxidant potential. Although the result of 
radical scavenging assay of fruit extract was not in 
agreement with both hemolysis and SOD activity assays, 
all three methods showed A. paniculata leaf extract had a 
higher antioxidant potential than A. paniculata stem 
extract. Based on these results, it is also suggested that 
different methods must be applied to determine the 
antioxidant activity of samples as a single method alone 
may not be reliable. 

Kruawan and Kangsadalampai (2006) reported the 
DPPH scavenging effect (58.02 %) and total phenolic 
contents (38.65 ± 4.26 mg of GAE/g) of the aqueous 
extract of A. paniculata leaves. Compared to our results 
above, it could be stated that the ethanolic extract of A. 
paniculata leaves had a higher stable DPPH free radical 
scavenging activity (86.87%) and higher content of total 
phenolic compounds (75.86 ± 0.82 mg of GAE/g) than 
aqueous extract. This difference between A. paniculata 
antioxidant activity of ethanolic extract and aqueous 
extract might be attributed to the higher temperature used 
in the preparation of the latter causing damage to some 
compounds with antioxidant activity and/or different 
solubility of elements in water and ethanol. Different parts 
of the plant produce different compounds or different 
amounts of a compound due to their differential gene 
expression. This particularly affects the antioxidant 
potential of the different parts of a given plant. Based on 
our review of the current literature, the present study is 
the first to compare the antioxidant capacity of different 
parts of the A. paniculata plant. In our study, three 
different methods were used to evaluate the antioxidant 
activity of three different parts of A. paniculata namely the 
leaves, stems and fruits. Surveswaran et al. (2007) as 
well as Sheeja et al. (2006) evaluated the antioxidant 
potential of the whole A. paniculata plant. The current 
results in our paper contribute to a better understanding 
of the antioxidant values of each tested morphological 
part of A. paniculata. 

Several studies showed there is a difference between 
antioxidant capacity of different varieties and cultivars of 
the same plant. For example, Kedage et al. (2007) 
showed the different antioxidant properties of eleven 
grape (Vitis vinifera) varieties while Henríquez et al. 
(2009) reported the different antioxidant activities of five 
Chile apple cultivars. Most of the A. paniculata antiox-
idant activity studies used the Indian varieties of the plant 
(for example, Surveswaran et al., 2007 and Sheeja et al., 
2006). To our knowledge this the first study of antioxidant 
activity in an indigenous Malaysian variety of A. 
paniculata. Moreover Surveswaran et al. (2007) used 
methanolic extracts of the Indian varieties while our study 
employed ethanolic extraction. 

Only a combination of different methods of antioxidant 
activity evaluation can give more reliable results. 
Although a wide range of antioxidant potential evaluation 
methods have been used in different A. paniculata 
antioxidant capacity studies, our study is the first in which 
the in vitro erythrocytes hemolysis model is utilised to 
determine the antioxidant capacity of A. paniculata. 

Several studies (Cai et al., 2004; Beta et al., 2005; 
Tawaha et al., 2007; Othman et al., 2007) found a good 
correlation between total content of phenolic compounds 
and the antioxidant activity in different plants. Other 
studies however contradicted the above statement. For 
example, Nsimba et al. (2008) showed that the antioxi-
dant activity of Chenopodium quinoa and Amaranthus 
spp. seeds, determined using three different assays 
(carotene bleaching, FRAP and DPPH), poorly correlated 
with total content of phenolic compunds. There were also 
no significant relationships between the antioxidant 
activities (determined using three different methods 
namely FRAP, DPPH and carotene bleaching assays) 
and total contents of phenolic compounds for fifteen 
genotypes of selected Turkey Zizyphus jujube Mill. fruits 
(Kamilo�lu et al., 2009). Based on the results obtained in 
the present study, there is a positive linear correlation 
between total contents of phenolics and DPPH free 
radical scavenging activities of all three examined parts 
of A. paniculata. This correlation confirms that phenolic 
compounds play an important role as free radical 
scavengers. On the other hand, although the highest 
amount of total phenolics was obtained from A. 
paniculata fruit extract, the lowest inhibition rate in SOD 
activity assay and the lowest hemolysis protection 
potential in rabbit erythrocytes hemolysis assay were also 
obtained from A. paniculata fruit extract. It might show 
that A. paniculata leaves  and  stems  may  contain  other  
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non-phenolic compounds which have a higher inhibition 
activity and protection against erythrocytes hemolysis. 
There are not many studies on antioxidant activities of 
components extracted from A. paniculata like neoandro-
grapholide (Liu et al., 2007), andrographolide (Jada et al., 
2007) and andrograpanin (Ji et al., 2005) that are 
reported to have medicinal usages.  
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