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INTRODUCTION

Reactive oxygen species  (ROS) cause damage to 
lipids, proteins and nucleic acids through oxidation 
and thereby associated with various diseases, such as 
atherosclerosis, arthritis, neurodegenerative disorders 
and cancer.[1] Antioxidant supplements can counteract 
with harmful effects of excessive ROS by inducing 
endogenous defence system. Synthetic antioxidants 
play a major role in protecting biological systems 
against oxidative stress, which is associated with 
development of neurodegenerative disorders and 
chronic diseases.[2,3] However, application of synthetic 
antioxidants such as butylated hydroxytoluene (BHT), 
butylated hydroxyanisole and propyl gallate has been 
reported for their remarkable side‑effects.[4] In recent 
years, the use of natural antioxidants in the food 

processing and pharmaceutical industry has gained 
interest due to their presumed safety, nutritional and 
therapeutic values.

Several plants that grow in India are well‑known 
for various therapeutic values that could be due 
to their antioxidant properties.[5] Plants are the 
main source of natural antioxidants in the form of 
phenolic compounds  (phenolic acids, flavonoids and 
polyphenols). Most of the anti‑inflammatory, digestive, 
antinecrotic, neuroprotective and hepatoprotective 
drugs derived from natural origin have been reported to 
have antioxidant/radical scavenging mechanism as part 
of their activity.[6] The ingestion of natural antioxidants 
has been associated with the reduced risk of cancer, 
cardiovascular disease, diabetes and other diseases 
associated with ageing.[7] Hence, interest has been 
increased for finding antioxidants of plant source, which 
are safe and suitable for use in food and/or medicine. 
As a part of our project, we have screened more than 
35 plants, among them four plants viz., Acacia catechu, 
Adenanthera pavonia, Holopetelea integrifolia and Terminalia 
paniculata, were selected for their significant antioxidant 
activity. These are the large deciduous trees distributed 
throughout the greater part of India. The present study 
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was undertaken to evaluate the above selected medicinal 
plants for major phytoconstituents and their relationship 
with the antioxidant properties.

MATERIALS AND METHODS

Chemicals
All the chemicals, solvents and standard drugs were 
procured from SRL, Mumbai, India. The thin‑layer 
chromatography  (TLC, Silica gel 60) plates were 
purchased from Merck  (Dermhadt ,  Germany) . 
2,2‑Diphenyl‑1‑picrylhydrazyl (DPPH) was obtained from 
Sigma‑Aldrich, Steinheim, Germany. All chemicals and 
solvents used were of analytical grade.

Collection of Plant Materials
The plant materials of 35 plants were collected from the 
different parts of Southern Karnataka [Table 1]. The plant 
materials were washed thoroughly with distilled water and 
shade‑dried at room temperature. The dried leaves were 
ground well and stored in airtight containers. Authenticated 
voucher specimens of the selected plants were deposited 
in the Herbarium of Department of Microbiology and 
Biotechnology, Bangalore University, Bangalore (BUB: MB 
and BT: DCM: Voucher No. 37 to 71).

Preparation of Aqueous Extracts
All the plant materials  (50  g each) were separately 
macerated with 100 mL sterile distilled water in a warring 
blender, filtered through muslin cloth and then centrifuged 
at 4000 g for 30 min. The supernatant was filtered through 
Whatman No. 1 filter paper[8] and subjected to antioxidant 
activity assay following the procedure of Dureja et al.[9] The 
plants, which showed the highest activity were selected for 
solvent extraction.

Preparation of Solvent Extracts
The selected plant materials of A.  catechu  (leaves), 
A.  pavonia  ( leaves),  H.  integri fol ia   ( leaves) and 
T.  paniculata  (fruits) were subjected to solvent extraction 
by Soxhletion method.[10] Fifty grams of the powdered 
plant sample was successively extracted with 200 mL of 
petroleum ether, toluene, chloroform, methanol and ethanol 
with their increasing polarity. All the solvent extracts were 
concentrated separately under reduced pressure using a 
rotary flash evaporator and subjected to phytochemical 
analysis and antioxidant activity following the standard 
methods.[11,12]

Determination of Total Phenolic Contents
Each extract of all the four plants was evaluated quantitatively 
for their phenolic contents following procedure of 
Li et al., with minor modifications.[13] Briefly, 1 mL of each 
extracts (1 mg/mL) were added to 0.1 mL of Folin‑Ciocalteu 

reagent and kept for 5 min at room temperature. After, 2 mL 
of 15% sodium carbonate was added and diluted to 10 mL by 
adding distilled water, then incubated at room temperature 
for 90 min in dark condition. Absorbance was measured at 
720 nm using the double beam ultraviolet‑visible (UV‑VIS) 
spectrophotometer  (Elico, India). A  standard calibration 
curve was plotted using the gallic acid (0.0 to 1.0 mg/mL). TPC 
was expressed as gallic acid equivalent (mg of gallic acid/mg 
of dry weight of extract) based on the calibration curve.

Free Radical Scavenging Activity
Qualitative evaluation by TLC method
The qualitative evaluation of the radical scavenging activity 
of solvent extracts were determined by TLC method.[9] 

Table 1: Total number of plants screened preliminarily 
for their antioxidant properties
Plant name Part 

used
Family Antioxidant 

activity
Acacia catechu L Mimosaceae +++

Acacia chundra L Fabaceae −

Adenanthera pavonia L Mimosaceae +++

Asperagus racemosus L Liliaceae ++

Bauhinia acuminata L Caesalpiniaceae −

Breynia vitisidaea L Euphorbiaceae −

Calotropis gigantea L Apocyanceae ++

Carissa carandas L Apocyanceae +

Cassia alata L Fabaceae ++

Cassia siamea L Fabaceae ++

Cassia tora L Fabaceae ++

Coleus amboinicus L Lamiaceae −

Couroupita guianensis L Lecythidaceae ++

Delonix regia L Fabaceae −

Dodonaea viscosa L Sapindaceae ++

Euphorbia tirucalli L Euphorbiaceae −

Ficus bengalensis L Moraceae +

Gliricidia sepium L Fabaceae +

Holoptelea integrifolia L Ulmaceae +++

Lagersteromia flosregenea L Lythraceae –

Millingtonia hortensis L Bignoniaceae −

Peltophorum pterocarpum L Fabaceae ++

Ricinus communis L Euphorbiaceae +

Saccharum spontaneum L Poaceae −

Salacia oblonga L Celastraceae −

Sesbania grandiflora L Fabaceae +

Solanum indicum L Solanaceae −

Spathodea campanulata L Bignoniaceae ++

Spilanthes paniculata L Asteraceae +

Tabebuia argentea L Bignoniaceae +

Terminalia paniculata L and F Combretaceae +++

Thespesia populnea L Malvaceae +

Tylophora indica L Asclepiadaceae −

Vitex negundo L Lamiaceae +

Ziziphus mucronata L Rhamnaceae +
L – Leaves; F – Fruits; − – No activity; + – Low activity; ++ – Moderate activity; 
+++ – Significant activity
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Briefly, all the solvent extracts were dissolved in methanol 
and spotted on TLC plates (100 µg/spot), air dried and then 
sprayed with a methanolic solution of 0.1 mM DPPH. The 
sprayed plate was observed to change in colour from purple 
to pale yellow. The solvent extracts which showed positive 
results were quantitatively evaluated.

Quantitative evaluation by spectrophotometric method
The DPPH radical scavenging activity of plant extracts 
and BHT was determined by using the method described 
by Ebrahimabadi et al.[14] Briefly, plant extract of different 
concentrations ranging from 15 to 500 µg/mL were 
prepared by using two‑fold dilution method. A solution 
of 0.1 mM DPPH was prepared in the methanol. The 
reaction was containing 1  mL of sample and 3  mL of 
0.1 mM DPPH, allowed for incubation in dark condition for 
30 min (28°C). Methanol was used as negative control and 
BHT as standard. The absorbance of the reaction mixture 
was measured at 517 nm by using the double beam UV‑VIS 
spectrophotometer (Elico, India). The ability of the sample 
to scavenge DPPH was calculated as:

Radical scavenging activity (%) = Acontrol − Asample/Acontrol × 100

where  A control  i s  the  absorbance of  the  control 
(DPPH  + methanol) and Asample is the absorbance of the 
sample (DPPH + methanol + sample).

Determination of IC50 values
IC50 values were calculated from the linear regression of 
the percentage antioxidant activity against concentrations 
of extracts used.[4] IC50 values were defined as the 
concentrations of samples required for the conversion of 
the half of the DPPH radicals to their more stable molecular 
counterparts 2,2‑diphenyl‑1‑picrylhydrazines.[14]

Statistical Analysis
Data given were analysed by the Statistical Package for the 
Social Sciences (SPSS) 20 (SPSS Inc. IBM, USA). Differences 
between means were determined using Tukey univariate 
comparisons (P ≤ 0.05).

RESULTS

The therapeutic values of various medicinal plants are 
associated with their antioxidant properties. Antioxidants 
have become an essential part of food preservation 
technology and contemporary health‑care. In order to 
evaluate the antioxidant activity of natural products, it 
is necessary to investigate the major phytoconstituents, 
which are involved in such activities. In this context, we 
screened aqueous extracts of 35 plants for their antioxidant 
properties using the DPPH radical scavenging assay. Among 
35 plants, 23 showed varying degree of activities [Table 1], 

of which four plants viz., A. catechu, A. pavonia, H. integrifolia 
and T.  paniculata showed the highest activity were 
subjected to successive solvent extraction. The preliminary 
phytochemical investigation of successive solvent extracts 
revealed the presence of various chemical constituents is 
represented in Table 2. The phenolic compounds were found 
to be present in the methanol extracts of A. catechu (AC‑ME), 
A. pavonia (AP‑ME) and H. integrifolia (HI‑ME) and ethanol 
extract of T. paniculata (TP‑EE).

T h e  T P C s  o f  p l a n t  e x t r a c t s  we r e  q u a n t i f i e d 
spectrophotometrically based on the reduction of 
Folin‑Ciocalteu reagent. The TPCs of AC‑ME, AP‑ME, 
HI‑ME and TP‑EE were estimated as 226  mg gallic acid 
equivalent  (GAE)/g, 34  mg GAE/g, 20  mg GAE/g and 
172 mg GAE/g of their dry extracts, respectively [Table 3]. 
These values indicate that each milligram of the plant 
extracts contain phenolic compounds equivalent to the pure 
gallic acid. The increasing order of TPCs of test extracts was 
HI‑ME < AP‑ME < TP‑EE < AC‑ME.

The antioxidant activity of AC‑ME, AP‑ME, HI‑ME and 
TP‑EE were evaluated quantitatively by spectrophotometric 
method. The DPPH radical scavenging activity of AC‑ME, 
AP‑ME, HI‑ME and TP‑EE were 82.78%  (IC50 7.5 µg/mL), 

Table 2: Phytochemical analysis of the selected 
medicinal plants
Phytoconstituents AC AP HI TP
Alkaloids + + + +
Carbohydrates − − − −
Cardiac glycosides + + − −
Flavonoids − − − −
Glycosides + + + +
Phenolic compounds + + + +
Saponins + + + +
Steroids + + + −
Tannins + + + +
Terpenoids + + − −
AC – Acacia catechu; AP – Adenanthera pavonia; HI – Holopetelea integrifolia; 
TP – Terminalia paniculata; + – Present; − – Absent

Table 3: Linear correlation between the radical 
scavenging activity and TPCs of selected plant extracts
Samples Antioxidant activity TPCs 

(mg GAE/g of extract)Percentage 
inhibition (%)

IC50 

(µg/mL)
AC‑CE 82.01±0.53 7.5±0.12 226±3.06
AP‑ME 68.21±0.15 99.2±0.20 34±1.15
HI‑ME 63.83±0.25 350±8.66 20±0.87
TP‑EE 79.53±0.32 21.4±0.46 172±2.31
BHT 92.08±0.35 15.0±1.15 NA
NA – Not applicable; TPCs – Total phenolic contents; GAE – Gallic acid equivalent; 
AC‑ME – Methanol extract of Acacia catechu; AP‑ME – Methanol extract of 
Adenanthera pavonia; HI‑ME – Methanol extract of Holopetelea integrifolia; 
TP‑EE – Ethanol extract of Terminalia paniculata; BHT – Butylated hydroxytoluene; 
SEM –  Standard error of mean, Values are represented as mean±SEM (n=3, P≤0.05)
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68.78%  (IC50 99.2 µg/mL), 64.39%  (IC50 350 µg/mL) and 
79.48% (IC50 21.4 µg/mL), respectively. AC‑ME showed the 
highest activity 82.78% with least IC50 (7.5 µg/mL), while 
the HI‑ME showed lower activity 64.39% with higher 
IC50 (350 µg/mL) value  [Figure  1]. A  high percentage of 
radical scavenging indicated a strong antioxidant activity. 
The IC50 values corresponding to the amount/concentration 
of extract required to scavenge 50% of DPPH radicals present 
in the reaction mixture. When compared to the positive 
control BHT (IC50 15 µg/mL), AC‑ME showed significantly 
high activity with lower IC50 values  (IC50 7.5 µg/mL) and 
even TP‑EE showed significant activity with IC50 21.4 µg/mL. 
AC‑ME and TP‑EE showed lower IC50 values with significantly 
high antioxidant activities, whereas AP‑ME and HI‑ME 
extracts showed higher IC50 values with consequently 
low antioxidant activities  [Table  3]. The IC50 values of 
test extracts and standard  (BHT) in increasing order was 
HI‑ME < AP‑ME < TP‑EE < BHT < AC‑ME. Table 3 represents 
the correlation of antioxidant activity with the amount of 
TPCs of plant extracts. These results demonstrate a positive 
correlation between antioxidant activity and TPCs.

DISCUSSION

DPPH is widely used to test the ability of compounds to 
act as free radical scavengers or hydrogen donors, and 
to evaluate antioxidant activity of foods and to quantify 
antioxidants in complex biological systems.[15] The 
antioxidant activity of the phenolic compounds is mainly 
due to their redox properties, which play a key role in 
adsorbing and neutralizing free radicals, quenching singlet 
and triplet oxygen or decomposing peroxides.[16]

It is well‑reported that the presence of different hydroxyl 
containing and phenolic compounds such as polyphenols, 
tannins, phenolic acids and flavonoids in the plants. These 
compounds are commonly water soluble and their presence 
in the polar extracts such as methanol and ethanol extracts 
may be the main cause of its considerable radical‑scavenging 
activity.[14,17] Methanol is the most suitable solvent for the 
extraction of polyphenolic compounds from plant materials, 
due to its ability to inhibit the oxidation of polyphenols and 
its ease of evaporation compared to water.[18]

Among the four plants screened, the most potent radical 
scavenger was AC‑ME followed by TP‑EE, the low 
concentration and high inhibitory activity reflects a highly 
significant antioxidant activity. It can be predicted that 
the consequently low antioxidant activities of AP‑ME and 
HI‑ME might be due to their lower phenolic contents. The 
selected plants were reported in Ayurveda for their various 
medicinal values, in this respect, these plants could be good 
sources of antioxidants in the food industry in the form of 
food additives with no toxicity.

CONCLUSION

In this study, a strong correlation between antioxidant 
activities and their TPCs indicated that phenolic compounds 
were a major contributor of antioxidant activity of these 
plants. Thus, these plants could serve as potential sources 
of natural antioxidants against oxidative stress, which is 
associated with neurodegenerative diseases and biological 
damage in living tissues. It can be concluded that these 
plants could serve as a natural source of antioxidants in 
the food industry and with their other pharmacological 
properties. Hence, further investigation is required to 
isolate and elucidate the active principles, and to evaluate 
pharmacological properties using animal models.
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