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1. Introduction
 
   Oxidative stress is an important risk factor in the 
pathogenesis of numerous chronic diseases. Free radicals 
and other reactive oxygen species are recognized as 
agents involved in the pathogenesis of sicknesses 
such as asthma, inflammatory arthropathies, diabetes, 
Parkinson’s and Alzheimer’s diseases, cancers as well as 
atherosclerosis. Reactive oxygen species are also said to 
be responsible for the human aging[1,2].
   An antioxidant can be broadly defined as any substance 
that delays or inhibits oxidative damage to a target 

molecule[3]. The main characteristic of an antioxidant is 
its ability to trap free radicals. Antioxidant compounds 
like phenolic acids, polyphenols and flavonoids scavenge 
free radicals such as peroxide, hydroperoxide or lipid 
peroxyl and thus inhibit the oxidative mechanisms that 
lead to degenerative diseases[4]. Herbal plants considered 
as good antioxidant since ancient times. 
   Lantana camara L (Verbenaceae) (L. camara) is a 
significant weed of which there are some 650 varieties in 
over 60 countries or island groups. Traditional healers 
have used Lantana species for centuries to treat various 
diseases. Different parts of L. camara have been used for 
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Objective: To investigate the antioxidant activity of methanolic extracts of Lantana camara 
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the treatment of various human ailments such as itches, 
cuts, ulcers, swellings, bilious fever, catarrh, eczema, 
tetanus, malaria, tumor, rheumatism and headache[5-8]. 
Hence, the current study was designed to evaluate the 
antioxidant activity of extracts of different parts of L. 
camara including root, stem, leaf, flower and fruit by 
using DPPH scavenging assay, xanthine oxidase inhibition 
assay, superoxide scavenging assay and determination of 
total phenolics content.

2. Materials and methods

2.1. Plant samples

   Different parts of L. camara were collected from 
Amanjaya, Kedah, Malaysia, in February 2008. The 
identity of plant was confirmed by Dr. S. Sudhakaran, 
associate professor in faculty of applied sciences, AIMST 
University, Kedah, Malaysia. A voucher with number 
11008 was deposited in the herbarium of Biology School, 
Universiti Sains Malaysia, Penang, Malaysia.

2.2. Extraction procedure

   In the laboratory, the different parts of L. camara 
sample were washed with freshwater and brushed with 
a soft brush before drying. Cleaned plant material was 
transferred to oven (ECOCELL) at 50 °C to stay there for 
96 h for drying. Then they were powdered by electric 
blender. Approximately 100 g of different parts of L. 
camara powder was added to 400 mL methanol and 
soaked for 4 d. Removal of the plant material from 
solvents was done by filtration through cheesecloth, and 
the filtrate was concentrated using a rotary evaporator.

2.3. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay

   The antioxidant activity of the extracts were determined 
using the DPPH free radical scavenging assay described 
by Nithianantham et al.[9] and Zuraini et al.[10] with some 
modifications. Briefly, the universal bottle was contained 
50 µL of L. camara extracts in concentrations from 1 to 
5 mg/mL and 5 mL 0.004% (w/v) solution of DPPH was 
added. The obtained mixture was vortexed, incubated for 
30 min in room temperature in a relatively dark place and 
then was read using spectrophotometer at 517 nm. The 
blank was 80% (v/v) methanol. Ascorbic acid (Vitamin C) 
was used for comparison. Measurements were taken in 
triplicate. DPPH scavenging effect was calculated using 
the following equation:

DPPH scavenging effect (%) = A0-A 伊100Ao{ }
   where A0 is the absorbance of negative control (0.004% 
DPPH solution) and A is the absorbance in presence 
of extract. The results were reported as IC50 values and 
ascorbic acid equivalents (AAE, mg/g) of L. camara 
extracts.

2.4. Folin-Ciocalteu method

   The total phenolic content of the extracts were 
d e t e r m i n e d  a c c o r d i n g  t o  t h e  F o l i n - C i o c a l t e u 
spectrophotometric method[11] with some modifications. 
To prepare a calibration curve, 0, 1, 2, 3, 5 and 10 mL 
of the phenol (gallic acid) stock solution (5 mg/mL) 
was added into 100 mL volumetric flasks, and then 
diluted to volume with water. From each calibration 
solution, 0.25 mL was mixed with 1.25 mL of 10-fold 
diluted Folin-Ciocalteu’s phenol (1 mL Folin reagent 
and 9 mL deioniezed water) reagent and allowed to 
react for 5 min. Then, 1 mL of 7.5% Na2CO3 solution 
was added, and the final volume was made up to 5 mL 
with deionized water. After 1 h of reaction at room 
temperature, the absorbance at 760 nm was determined 
by spectrophotometer. The test was done in triplicate. A 
calibration curve was plotted to determine the level of 
phenolics in the samples. Same procedure was done for 
different parts of L. camara extracts in concentrations: 
0.1 mg/mL, 0.5 mg/mL and 1.0 mg/mL. The test was done 
in triplicate. The results were expressed as gallic acid 
equivalents (GAE, mg/g) of L. camara extract.

2.5. Xanthine oxidase inhibition assay

   The xanthine oxidase inhibition assay was done 
according to the method previously described by Cos 
et al.[12] and Torey et al[13]. The uric acid production 
was calculated according to the increasing absorbance 
at 290 nm. Test solutions were prepared by adding 
400 µL xanthine (final concentration 2 mmol/L), 50 µL 
hydroxylamine (final concentration 0.2 mmol/L), 50 µL 
EDTA (final concentration 0.1 mmol/L), and 4 µL, 10 µL, 
20 µL and 40 µL extract (final concentrations 2, 5, 10 and 
20 µg/mL, respectively). The reaction was started by 
adding 50 µL of xanthine oxidase (final concentration 
50 mU/mL). The mixture (total 5 mL) was incubated for 
30 min at 25 °C. Prior to the measurement of uric acid 
production by measuring the UV absorbance at 290 nm, 
the reaction was stopped by adding 200 µL of HCl 0.58 N.
   The uric acid production was calculated from the 
differential absorbance with a blank solution in which 
the xanthine oxidase was replaced by buffer solution. 
A test mixture containing no extract was prepared to 
measure the total uric acid production. 
   Xanthine oxidase inhibition activity was expressed 
as the percentage inhibition of xanthine oxidase in the 
above assay system, calculated as:

Xanthine oxidase inhibition (%) =  (A-B)-(C-D) 伊100(A-B){ }
   Where A is the activity of enzyme without test extract, 
B the control of A without test extract and enzyme, C 
and D are the activities of the test extract with and 
without xanthine oxidase. Allopurinol, a known inhibitor 
of xanthine oxidase was used as a positive control. The 
test was done in triplicate. The results were expressed 
as IC50 values for each part of plant.
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2.6. Griess-Ilosvay method

   Superoxide levels were measured by the Griess-Ilosvay 
method[12]. In an acidic solution, nitrite ions are converted 
to nitrosonium ions; a diazotizing reagent (sulfanilic acid) 
is added to form a diazonium ion, and this diazonium 
ion binds with N-(1-naphthyl )  e thylenediamine 
dihydrochloride to produce an azo compound, which is 
observable as a magenta dye[14]. 
   Same procedure as xanthine oxidase inhibition assay 
was applied. After stopping the reaction by HCl, the 
coloring reagent consisting 200 µL sulfanilic acid (final 
concentration 300 µg/mL), 200 µL of N-(1-naphthyl)- 
ethylenediamine dihydrochloride (final concentration 5 µg/mL), 
and 1 mL glacial acetic acid (final concentration 16.7% 
(v/v) was added. The mixture was allowed to stand for 30 
min at room temperature, and the absorbance at 550 nm 
was measured by spectrophotometer. The test was done in 
triplicate. Superoxide scavenging effect was calculated as 
following formula:

 
Superoxide scavenging effect (%) =  Ao-A 伊100(Ao){ }

   Where, Ao is the total absorbance in absence of extract 
and A is the absorbance of treated extract. The results 
were recorded as IC50 values of parts of L. camara.

2.7. Statistical analysis

   Data were analyzed by SPSS 16.0.0 (SPSS Inc. TEAM 
EQX). Equations for best fitted line to estimate IC50 values 
obtained by linear regression statistics based on least 
squares method. Following one way analysis of variance 
(ANOVA), treatment means were compared using post 
hoc comparisons tests. Kruskal-Wallis H nonparametric 
test was used for examining superoxide scavenging effect 
data.

3. Results 

3.1. DPPH assay

   The DPPH radical scavenging activity results are 
shown in Figure 1 and Table 1 as comparable with known 
antioxidant Vitamin C. From the analysis of Figure 1, 
we can conclude that the scavenging effects of leaves, 
flower, root and stem extracts on DPPH radicals were 
excellent, especially in the case of L. camara leaves. 
The RSA values were also remarkably good for flower, 
root and stem, but L. camara fruits revealed a low 
value of antioxidant activity. Table 1 shows antioxidant 
activity with IC50 values of L. camara Vitamin C, leaves, 
flower, root, stem and fruit measured by DPPH radical-
scavenging assays. Overall, L. camara leaves revealed 
the best antioxidant properties (significantly lower IC50 

values=16.02 µg/mL; P<0.05) and the L. camara fruits 
revealed a very poor antioxidant activity (significantly 
lower EC50 values=90.11 µg/mL; P<0.05).
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Figure 1. DPPH scavenging effect vs. final concentration of L. 
camara extracts and Vitamin C. 
The reference line largely estimates IC50.

Table 1
The IC50 values of DPPH scavenging effect of L. camara extracts (µg/
mL).
Part of L. camara & Vitamin C IC50 依SD (DPPH)

Vitamin C 6.21依0.04
Leaf 16.02依0.94
Flower 28.92依0.19
Root 31.52依0.74
Stem 46.96依2.51
Fruit 90.11依0.57

3.2. Folin-Ciocalteu method

   Figure 2 presents total phenol contents obtained for 
all the L. camara extracts. Among all of the extracts 
analysed, a significant content of total phenolics (>100 
mg/g of extract) were found for all extracts, except for 
fruit. 
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Figure 2. Total phenolic content of different parts of L. camara 
extracts based on ascorbic acid equivalents (AAE, Bars) and gallic 
acid equivalents (GAE, Line).
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3.3. Xanthine oxidase inhibition assay

   At concentrations of 2.00-20.00 µg/mL, all extracts 
from leaves, stem and root displayed the inhibition of 
superoxide formation greater than that of other parts and 
the xanthine oxidase inhibition effect of all samples was 
in the order of allopurinol > leaves > stem > root > fruit 
> flower. In the xanthine-xanthine oxidase system, the 
IC50 value of all leaves extract was found the highest. 
Hence, leaves also showed a stronger xanthine inhibition 
activity than other parts after allopurinol (Figure 3). 
Figure 4 shows the relationship between xanthine oxidase 
inhibition and final concentration of the extracts from 
various parts of L. camara.

Figure 3. IC50 values of different parts of L. camara for xanthine 
oxidase inhibition. Samples with similar superscripts are 
significantly similar (P>0.05) checked by Kruskal-Wallis H test. 
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Figure 4. Relationship between xanthine oxidase inhibition and 
final concentration of extracts from various parts of L. camara. 
The reference line shows the 50% inhibition which is approximately 
related to the IC50 value of each part. 
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3.4. Griess-Ilosvay method

   The extract showed potent scavenging activity of nitric 
oxide with IC50 values in the order of root > leaves > 

allopurinol > flower > stem > fruit (Figure 5). Figure 6 
showed the relationship between nitric oxide scavenging 
and final concentration of the extracts from various parts 
of L. camara. 

Figure 5. IC50 values of different parts of L. camara and allopurinol 
for nitric oxide scavenging effect based on Griess-Ilosvay method. 
Samples with similar superscripts are significantly similar (P>0.05) 
checked by Kruskal-Wallis H test. 
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Figure 6. Relationship between superoxide scavenging effect 
and final concentration of extracts of L. camara various parts and 
allopurinol. 
The reference line shows the 50% scavenging effect which is roughly 
related to the IC50 value of each part. 
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4. Discussion 

   Antioxidants are tremendously important substances 
which possess the ability to protect the body from damage 
caused by free radical induced oxidative stress. The 
antioxidant potential of L. camara methanol extracts was 
investigated in the search for new bioactive compounds 
from natural resources. It became clear that L. camara 
leaves, flower, root and stem present the highest 
antioxidant activity compared with reference antioxidant 
Vitamin C for DPPH scavenging activity. Polyphenols 
was found in all the samples and in the following order: 
Leaves > flower > root > stem > fruits. The obtained 
results for DPPH are in agreement with the phenol 
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contents determined for each sample. Plant polyphenols 
act as reducing agents and antioxidants by the hydrogen-
donating property of their hydroxyl groups[15]. Hence, we 
could conclude that these polyphenols are responsible for 
the observed antioxidant activity in this study. 
   Xanthine oxidase is a flavoprotein, which catalyses 
the oxidation of hypoxanthine to xanthine and generated 
superoxide and uric acid[16]. It has exhibited that xanthine 
oxidase inhibitors may be useful for the treatment 
of hepatic disease and gout, which is caused by the 
generation of uric acid and superoxide anion radical[17]. 
Leave extract exhibited good xanthine oxidase inhibition 
activity. Interestingly leaves extract also possessed a good 
DPPH free radical scavenging activity in this study. Hence 
the leaf extract could be the best candidate to isolates 
compound with xanthine oxidase inhibition activity. 
Concerning xanthine oxidase inhibition profile in Figure 4, 
allopurinol had a sharp rise in xanthine oxidase inhibition 
at lower concentrations and a slowly increase at higher 
ones, in contradiction to L. camara extracts with a gradual 
increase of inhibition at lower concentrations and then 
rocketing in more ones. The probability of this observation 
is that the mechanism of allopurinol to repress the enzyme 
is unlike to one of plant extracts. As allopurinol is a 
suicide competitive inhibitor of xanthine oxidase[18], the 
above precondition may imply that L. camara extracts are 
not competitive inhibitors for this enzyme. Consequently, 
L. camara extracts may bind to different active sites of 
xanthine oxidase. 
   Nitrite ions react with Griess reagent, which forms a 
purple azo dye. In presence of test components, likely to 
be scavengers, the amount of nitrites will decrease. The 
degree of decrease in the formation of purple azo dye will 
reflect the extent of scavenging[19]. Nitric oxide is produced 
by several different types of cells, including endothelial 
cells and macrophages. The early release of nitric oxide 
through the activity of constitutive nitric‐oxide synthase is 
important in maintaining the dilation of blood vessels the 
much higher concentrations of nitric oxide produced by 
inducible nitricoxide synthase in macrophages can result 
in oxidative damage. Nitric oxide reacts with free radicals, 
thereby producing the highly damaging peroxynitrite. 
Nitric oxide injury takes place for the most part through 
the peroxynitrite route because peroxynitrite can directly 
oxidize LDLs, resulting in irreversible damage to the cell 
membrane[19-25]. Hence, various extract from L. camara 
could be used to overcome various health problem causes 
by nitric oxide injury. Concerning nitric oxide scavenging 
profile in Figure 6, allopurinol, flower and root had a 
fluctuated profile in contradiction to stem, fruit and leaves. 
Galbusera et al.[26] studied the reaction of allopurinol with 
xanthine oxidase and confirmed that allopurinol produces 
superoxide radicals during its conversion to oxypurinol. It 
also failed to scavenge O2• in isolated pig heart[27]. These 
observations demonstrate the possibility that allopurinol is 
not a suitable positive control for nitric oxide scavenging 
effect assay. 
   These findings show that the L. camara extracts 
possesses antioxidant activity. DPPH assay revealed that 

leaf extract had the highest antioxidant activity comparable 
with Vitamin C (leaf IC50=16.02依0.94 µg/mL; Vitamin C=6.21
依0.04 µg/mL). Total phenolics content of leaf extract also 
highest (245.50依3.54 mg gallic acid/g) which attributed 
to the antioxidant activity of L. camara’s leaf extract in 
this study. The leaf extract also showed a good xanthine 
oxidase inhibition activity and was double (IC50 value) than 
that of allopurinol a known antioxidant. The leaf extract is 
a promising candidate for use as natural products based 
antioxidant for the health of human being.

Conflict of interest statement

   We declare that we don’t have interest of conflict.
 

Acknowledgements

   This work was partly supported by USM Incentive Grant 
(Grant Number: 2009/167) From Universiti Sains Malaysia. 

Comments 

Background
   The objective of this study was to investigate the 
antioxidant effects of extracts of L. camara and the 
determination of their total phenolics content of various 
parts of this plants.
  
Research frontiers
   The current study was undertaken to evaluate the 
antioxidant activity of extracts of different parts of L. 
camara including root, stem, leaf, flower and fruit by using 
various in vitro methods and also determination of total 
phenolics content in the extract.

Related reports
   Maria Jancy Ran et al., 2012 reported the phytochemicals 
present in the L. camara leaves and evaluate antioxidant 
potential of the ethanolic extract. Total phenol content 
was estimated by Folin Ciocalteu method and the phenolic 
content was 17.00 mg/100 of gallic acid equivalent (GE). 
Antioxidant activity was evaluated by DPPH method and 
the leaves of L. camara showed 78.21 mg/100 of Ascorbic 
acid Equivalent Antioxidant Capacity (AEAC). The activity 
of non-polar chemical constituents from GC-MS study was 
analysed.

Innovations and breakthroughs
   This study has showed that that the L. camara extracts 
exhibited good antioxidant activity which contributed by 
phenolics compound.
  
Applications
   The finding of this study suggested that the extract from 
this plant can be used in the development of antioxidant 
products. 
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Peer review
   This is a good study in which the authors evaluated the 
antioxidant activity of extracts of root, stem, leaf, flower 
and fruit of L. camara. The results are interesting and 
suggested that L. camara extracts exhibited antioxidant 
activity which can apply in pharmaceutical products.
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