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The present study was designed to evaluate the antioxidant potential of the methanolic extract of 
Ophiorrhiza pectinata using various in vitro methods and the quantitative estimation of phenols and 
flavonoids in the extract. The total phenolic content of the extract was estimated using Folin-ciocalteu 
assay and the result was obtained as 41.59 ± 0.51 mg gallic acid equivalent per gram dry weight (GAE 
/g DW) of the extract. Estimation of the flavonoid content was done by aluminium chloride calorimetric 
method and the result was 21.01 ± 0.73 mg quercetin equivalent per gram dry weight (QE/g DW) of the 
extract. Antioxidant potential of the extract was screened against free radicals like 1,1-diphenyl–2-picryl 
hydrazyl (DPPH), hydroxyl, nitric oxide and superoxide. The results of the assays were calculated as the 
percentage inhibition of these radicals by the extract. In DPPH radical scavenging assay the percentage 
inhibition was obtained as 64.06 ± 1.12%, in hydroxyl radical scavenging assay the percentage inhibition 
was 66.67 ± 1.005%, in nitric oxide radical scavenging assay the percentage inhibition was 67.37 ± 1.006% 
and in superoxide radical scavenging assay the result was obtained as 74.29 ± 1.06%. In all the scavenging 
assays, the extract showed a dose dependent increase in free radical scavenging activity. The percentage 
inhibition of the radicals also increased with increasing concentration of the plant extract. The results 
suggested that the antioxidant efficacy of the plant extract might be due to the presence of phenol and 
flavonoid compounds that are known for their antioxidant properties. The study also justifies the use of 
the plant in folklore medicine for the treatment of various ailments. In conclusion, the plant extract can 
be a potent source of natural antioxidant that can be explored for research and therapeutic applications.
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As per the reports of World Health Organisation, 
majority of the world’s population depends on plants 
or plant based products for health care needs as plants 
are rich source of effective and safe medicines[1]. 
The medicinal properties of the plants are due to the 
presence of bioactive secondary metabolites like 
phenols, flavonoids, tannins, alkaloids, terpenoids 
and saponins. These compounds are produced by 
plants as a result of various physiological processes[2]. 
The synergistic effects of these metabolites attribute 
various pharmacological activities. Hence, they 
play a great role in preventing several diseases like 
cancer, neurodegenerative diseases and cardiovascular 
problems by different biological mechanisms[3]. 

Antioxidant property is an important bioactivity of 
medicinal plants that has gained the attention of several 
research studies. Metabolic reactions within the living 
organisms produce highly unstable reactive oxygen 
species (ROS) that attack other stable molecules. 
To attain stability they capture electrons from stable 
molecules and initiate a chain of reactions[4].  ROS 
includes oxygen-derived free radicals like superoxide, 
nitric oxide, hydroxyl radical as well as non-radical 
oxygen derivatives like hydrogen peroxide, singlet 
oxygen, peroxynitrite and hypochlorite[5].  They may 
react with protein molecules, DNA molecules, lipids, 
cells of brain and immune system and cause oxidative 
stress. Enhanced level of ROS can lead to premature 
ageing, heart diseases, chronic inflammation, arthritis, 
asthma, diabetes and stroke[6].  Antioxidants are 
substances that slow down or inhibit the oxidation 
of biological molecules by free radicals and thereby 
prevent cell damage[7]. Living organisms have an 
endogenous system of antioxidants, in the form 
of enzymatic and non-enzymatic antioxidants, for 
repairing the cell damage caused by free radicals. But 
ROS are highly unstable and cause rapid oxidative 
reactions leading to cell death bypassing the effects of 
endogenous antioxidants. Thus there is a growing need 
for exogenous antioxidants from natural sources[8] as 
medicines from plants are generally considered safer 
than synthetic ones [9].  Antioxidant properties of plants 
are considered to be the contribution of phenolic and 
flavonoid compounds that may be present in almost 
all the parts of a plant[10]. Thus medicinal plants with 
phenol and flavonoid contents are investigated for 
their antioxidant properties[11]. The present study was 
designed to assess the antioxidant potential, total phenol 

and total flavonoid content of the methanolic extract 
of the plant, Ophiorrhiza pectinata Arn., belonging to 
the family Rubiaceae. Ophiorrhiza L. is a species-rich 
genus with 321 species, 5 varieties and 1 subspecies[12]. 
The plants are distributed in the wet tropical forests 
of South-East Asia, extending to Australia, New 
Guinea and Pacific Islands. These small, herbaceous 
or shrubby plants have many medicinal properties and 
have been used in folklore medicine for the treatment 
of various ailments like ulcers, leprosy, gastropathy 
and amenorrhea[13]. Earlier studies on the aqueous 
leaf extract of the plant have reported antibacterial 
activities and antioxidant ability against a single free 
radical DPPH[14]. Literature survey on phytochemical 
screening suggests that though extraction process can 
be done using several solvents, the maximum number of 
secondary metabolites gets dissolved in methanol[15-17]. 
Thus the potential of methanolic whole plant extract 
to scavenge different types of free radicals and the 
quantitative estimation of the phenol and flavonoid 
content present in the extract is done for the first time 
in this study. Fresh plant materials (whole plant) of  
O. pectinata were collected from Idukki district of 
Kerala, India. The collected plant materials were 
authenticated by Prof. M. Sabu, Department of Botany, 
University of Calicut, Kerala. The voucher specimen 
(CALI no: 143972) was deposited in the Calicut 
University herbarium. The collected plants were 
thoroughly washed and were shade dried at the room 
temperature. After drying, they were chopped and 
powdered in a blender and the plant powder was stored 
in moist free sealed container. For the preparation of the 
plant extract, 20 g of the plant powder was extracted 
with 200 ml of 100% methanol using Soxhlet extractor 
for 6 h at 50-60º. The methanolic extract thus obtained 
was allowed to cool, then filtered through Whatman 
filter paper No.1 and the filtrate was concentrated 
at 60º. The final extract was then stored in dark at 4º 
for further experiments. The total phenolic content of 
the extract was determined by the Folin – ciocalteu 
assay[18]. In brief, 0.1 ml of the extract (1 mg/ml) was 
mixed with 0.5 ml of distilled water and 0.125 ml 
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of Folin – ciocalteu reagent (1 N) and shaken well. 
After incubation for 5 min, 1.25 ml of 7% of sodium 
carbonate (w/v) was added and the final volume of 
the solution was made up to 3 ml with distilled water. 
The reaction mixture was shaken well and incubated 
in dark for 90 min and the absorbance was measured 
against a blank at 760 nm. Gallic acid was used as the 
standard. The TP content of the methanolic extract was 
calculated from the calibration curve of gallic acid 
and the results were expressed in milligram of gallic 
acid equivalent per gram dry weight (mg GAE/g DW) 
using regression equation. The samples were analyzed 
in triplicates. The total flavonoid content of the extract 
was determined using aluminium chloride (AlCl3) 
calorimetric method[18], with slight modifications. 
Briefly, 0.5 ml of the extract (1 mg/ml) was mixed 
with 0.5 ml of distilled water and 0.3 ml of 5% sodium 
nitrate (w/v) and incubated for 5 min at 25º. Incubation 
was followed by the immediate addition of 0.3 ml of 
10%  AlCl3 (w/v).  The reaction mixture was shaken 
well and 2 ml of 1M sodium hydroxide was added. 
The absorbance of the solution was measured against 
a blank at 510 nm. Quercetin was used as the standard. 
The TF content of the methanolic extract was calculated 
from the calibration curve of quercetin using regression 
equation and the results were expressed in milligram 
of quercetin equivalent per gram dry weight (mg QE/g 
DW). The samples were analyzed in triplicates. The 
ability of the plant extract to scavenge 1,1-Diphenyl-
2-picryl-hydrazyl (DPPH) free radicals was determined 
using the method of Chang et al.[19]. 0.1 mM DPPH 
solution was prepared by dissolving 4 mg of DPPH in 
100 ml of methanol. Different concentrations of sample 
(12.5. 25, 50, 100, 200 µg/ml) from stock solution 
were made up to a final volume of 20 µl with dimethyl 
sulphoxide (DMSO) and 1.48 ml DPPH (0.1 mM) 
solution was added. The reaction mixture was then 
incubated in dark at room temperature for 20 min. After 
incubation, the absorbance of the mixture was read 
against a blank at 517 nm. A control without the test 
compound, but an equivalent amount of distilled water 
was taken. Ascorbic acid was used as the standard. The 
ability to scavenge the DPPH radical was expressed 
as percentage inhibition and calculated using the eqn 
Percentage inhibition =Ac-As/Ac×100, where, Ac is the 
absorbance of the control; As is the absorbance of the 
sample. All the samples were tested in triplicates.

The potential of the plant extract to scavenge hydroxyl 
radicals generated by the Fenton reaction was 
determined using the method of Kunchandy and Rao[20]. 
Aliquots (12.5 µl – 200 µl) of different concentrations 

of the sample were taken from a stock concentration  
(10 mg/ml DMSO) and were mixed with 500 µl 
of reaction mixture to a final volume of 1 ml. The 
reaction mixture contained deoxyribose (2.8 mM), 
ferric chloride (0.1 mM), ethylenediaminetetraacetic 
acid (EDTA) (0.1 mM), hydrogen peroxide (1 mM), 
ascorbate (0.1 mM) and phosphate buffer (20 mM, 
pH 7.4). After incubation for 1 h at 37º, 1 ml of 2.8% 
trichloroacetic acid (TCA) was added. Then, 1 ml of 
1% aqueous thiobarbituric acid (TBA) was added and 
the solution was incubated at 90º for 15 min. After 
cooling, the absorbance of the solution was measured at  
532 nm against a suitable blank. A control without the 
test compound, but an equivalent amount of distilled 
water was taken. Gallic acid was used as the standard. 
The ability to scavenge hydroxyl radical was expressed 
as percentage inhibition and calculated using the 
equation Percentage inhibition = Ac-As/Ac×100, where, 
Ac is the absorbance of the control; As is the absorbance 
of the sample. All the samples were tested in triplicates.

Sodium nitroprusside in aqueous solution at 
physiological pH spontaneously generates nitric oxide 
that interacts with oxygen to produce nitrite ions that 
can be estimated using Griess reagent. The ability of 
the plant extract to scavenge nitric oxide radicals was 
determined following the methodology of Kumaran 
and Karunakaran[21], with sight modifications. Sodium 
nitroprusside (5 mmol/l) in phosphate buffer saline 
(PBS) of pH 7.4 was mixed with different concentration 
of sample (125, 250, 500, 1000, 2000 µg/ml) taken from 
a stock concentration of 10 mg/ml DMSO. The solution 
was incubated at 25° for 30 min. After incubation,  
1.5 ml of the incubated solution was removed and diluted 
with 1.5 ml of Griess reagent (1% sulphanilamide, 
2% phosphoric acid and 0.1% N-1-naphthyl 
ethylene diaminedihydrochloride). Absorbance of 
the chromophore formed during diazotization of the 
nitrate with sulphanilamide and subsequent coupling 
with N-1 naphathyl ethylene diaminedihydrochloride 
was measured against the blank at 546 nm. A control 
without the test compound, but an equivalent amount 
of distilled water was taken. Gallic acid was used as the 
standard. The ability to scavenge nitric oxide radical 
was expressed as percentage inhibition and calculated 
using the equation. Percentage inhibition = Ac-As/
Ac×100 where, Ac is the absorbance of the control; As 
is the absorbance of the sample. All the samples were 
tested in triplicates. Superoxide anions are generated in 
riboflavin-nicotinamide adenine dinucleotide (NADH) 
system by the oxidation of NADH. The ability of the 
plant extract to scavenge the radicals is assayed by 
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the reduction of nitroblue tetrazolium (NBT) by the 
generated super oxide anions, resulting in the formation 
of blue formazan product, following the methodology 
of Valentao et al.[22]. Different concentrations of sample 
(125, 250, 500, 1000, 2000 μg/ml) were taken from a 
stock solution of 10 mg/ml and mixed with 0.05 ml of 
riboflavin solution (0.12 mM), 0.2 ml of EDTA solution 
(0.1M) and 0.1 ml NBT solution (1.5 mM). The reaction 
mixture was diluted up to 2.64 ml with phosphate buffer 
(0.067 M). The solution was illuminated with fluorescent 
light for 5 min and the absorbance was measured at 
560 nm. The solution was again illuminated for 30 min 
and absorbance was measured at 560 nm using UV 
visible spectrophotometer. Difference in the optical 
density(OD) was calculated. A control without the test 
compound, but an equivalent amount of distilled water 
was taken; Ascorbic acid was used as the standard. The 
ability to scavenge super oxide radical was expressed 
as percentage inhibition and calculated using the eqn 
Percentage inhibition = Ac-As/Ac×100 where, Ac is the 
absorbance of the control; As is the absorbance of the 
sample. All the samples were tested in triplicates.

All the statistical analyses were done using the SPSS 
Version 20 software programme. The data obtained 
were subjected to one way Analysis of Variance 
(ANOVA) and Duncan’s multiple range tests to validate 
the results. The results were expressed as mean ± 
standard error (SE), and those with p < 0.05 were 
treated as statistically significant. The half maximal 
inhibitory concentration (IC50) or the sample 
concentration providing 50% inhibition was calculated 
using ED50 PLUS V1.0 Software. The TP content of 
the methanolic extract of O. pectinata was calculated 
from the calibration curve of gallic acid and the result 
was observed as 41.59 ± 0.51 mg GAE/g DW. Also, the 
TF content of the plant extract was calculated  from the 
calibration curve of quercetin and was found to be 
21.01 ± 0.73 mg QE/g DW. The plant extract exhibited 
a dose-dependent increase in its free radical scavenging 
potential in all the four assays.  The inhibition percentage 
of the radicals also increased with increasing 
concentration of the extract in all the antioxidant 
experiments. The concentrations used for the assay 
were 12.5, 25, 50, 100 and 200 µg/ml of the plant 
extract. The maximum scavenging effect of the plant 
extract at the highest concentration of 200 µg/ml was 
observed as 64.06 ± 1.12%. Ascorbic acid was used as 
the standard which showed inhibition of 96.15 ± 0.67% 
at the highest concentration. IC50 value of the crude 
extract was found to be 123.434 µg/ml, whereas, for 
ascorbic acid, the value was 38.4205 µg/ml. As the IC50 

value of the plant extract was within the range of 
selected concentrations; it can be inferred that 
methanolic extract of O. pectinata have significant 
scavenging effects on the DPPH radical. The ability of 
the plant extract to scavenge hydroxyl radicals was 
tested using different concentrations of the plant extract 
i.e., 125, 250, 500, 1000 and 2000 µg/ml. Maximum 
scavenging ability of the crude extract was found to be 
66.67 ± 1.005% and that of gallic acid was 90.96 ± 
0.63%. The IC50 value of the plant extract was observed 
to be 842.262 µg/ml and that of the standard was 
477.491 µg/ml. The IC50 value of the plant extract was 
within the range of selected concentrations and thus the 
plant extract has significant hydroxyl radical scavenging 
potential. In nitric oxide radical scavenging assay, the 
concentrations tested were 125, 250, 500, 1000 and 
2000 µg/ml of the plant extract. Maximum scavenging 
ability of the crude extract was found to be 67.37 ± 
1.006% at the highest concentration and that of gallic 
acid was 92.90 ± 1.04%. Thus the plant extract has 
considerable nitric oxide radical scavenging ability 
with an IC50 value of 879.237 µg/ml. IC50 value of the 
standard was 108.809 µg/ml. Here also, IC50 value of 
the plant extract was within the range of selected 
concentrations. Concentrations of the plant extract 
tested for the assay were 125, 250, 500, 1000 and  
2000 µg/ml. Maximum scavenging ability of the crude 
extract was found to be 74.29 ± 1.06% and that of 
ascorbic acid was 90.68 ± 1.11%. The IC50 value of the 
plant extract was observed to be 737.483 µg/ml and that 
of the standard was 238.357 µg/ml. As the IC50 value of 
the plant extract was within the range of selected 
concentrations the plant extract has notable superoxide 
radical scavenging potential. Phenols donate hydrogen 
atoms from their hydroxyl groups to the free radicals 
and form stable phenoxy radicals[23]. Flavonoids are 
polyphenols with two or more phenol subunits[24]. Both 
these compounds neutralize oxidizing radicals like 
superoxide and hydroxyl radical by the property of 
metal chelation[7]. Thus antioxidant properties of 
phenolic compounds are mainly due to their potential to 
behave as reducing agents, radical scavengers and 
metal chelators and their chain breaking actions[10]. In 
the present study, the methanolic plant extract showed 
significant level of phenol and flavonoid content and 
can probably support the antioxidant potential of the 
plant. As in vitro assays are largely dependent on the 
chemical and physical parameters of the system in 
which the reaction takes place, a single protocol may 
not give valid result[11].  So four different antioxidant 
assays were used to evaluate the antioxidant potential. 
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DPPH radical scavenging assay is a fast experiment 
and has direct relation with the phenolic content. So it 
is one of the most commonly used experiments to 
determine the antioxidant potential of the plant 
extracts[25]. The method is based on the scavenging of 
the DPPH radical by the antioxidants present in the 
sample that decolourises the deep purple DPPH by 
reduction reaction. The greater discolouration occurs, 
the lower absorbance is found indicating significant 
free radical scavenging capacity[26]. In the present study, 
the methanolic extract of the plant exhibited significant 
scavenging effects on the DPPH radical. Fig. 1 shows 
the increasing percentage inhibition of the radical by 
the plant extract with increasing concentration. This 
suggests that the plant extract has a dose dependent 
effect on the DPPH radicals. Hydroxyl radicals are the 
most potent reactive oxygen species that can interact 
with all the biological molecules. They cause lipid 
peroxidation, protein damage and membrane disruption. 
Hydroxyl radicals are very dangerous as the cells have 
no enzymatic mechanism for their removal[27]. They can 
attack DNA and form protein crosslinks that cannot be 
easily repaired, hence causing cell death[28]. Hydroxyl 
radical scavenging activity is determined by measuring 
the inhibition of degradation of 2-deoxyribose by the 
radicals generated by Fenton reaction. The radicals 
degrade 2-deoxy-2-ribose into fragments that upon 
heating with TBA at low pH form a red colour[24]. So the 
antioxidant activity is measured by the low intensity of 
the red colour. Fig. 2 shows the increasing inhibition 
percentage of hydroxyl radicals by the plant extract 
indicating significant hydroxyl radical scavenging 
activity. In nitric oxide radical scavenging assay, nitric 
oxide is produced when sodium nitroprusside 
decomposes in aqueous solution. These radicals then 
react with oxygen to produce nitrates and nitrites, which 
can be estimated using Griess reagent[29]. Thus the 
antioxidants, compete with oxygen resulting in reduced 
nitrite ion production[24]. Fig. 3 illustrates the percentage 
inhibition of nitric oxide by the methanolic plant 
extract. A dose dependent increase in percentage 
inhibition of the radicals can be observed. Superoxides 
are the primary ROS formed in the cell[30]. Though they 
are weak oxidants, they can produce secondary ROS 
like the dangerous hydroxyl radicals and singlet oxygen 
species which cause oxidative stress[31]. Fig. 4 shows 
the dose dependent scavenging activity of the plant 
extract on superoxide radicals that indicate the inhibition 
capacity of the methanolic extract of the plant. While 
comparing the IC50 values obtained for the plant extract 
with that of the standards in different assays, the study 

suggest that the plant extract can be a useful antioxidant 
agent. In all the assays, the standards used are pure 
compounds that can exhibit the maximum free radical 
scavenging activity, whereas the samples analysed are 
plant extracts with numerous compounds and 
metabolites. Thus the scavenging activity showed by 
the samples might be due to the antioxidant properties 

0

20

40

60

80

100

120

0 50 100 150 200 250

In
hi

bi
tio

n 
(%

)

Concentration (µg/ml)
Fig. 1:  Percentage inhibition curves in the DPPH free radical 
scavenging assay
(▬♦▬) ascorbic acid; (▬■▬) methanolic extract of Ophiorrhiza 
pectinata

0
10
20
30
40
50
60
70
80
90

100

0 500 1000 1500 2000 2500

In
hi

bi
tio

n 
(%

)

Concentration (µg/ml)

Fig. 2:  Percentage inhibition curves in the hydroxyl radical 
scavenging assay
(▬♦▬) gallic acid; (▬■▬) methanolic extract of Ophiorrhiza 
pectinata
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Fig. 3:  Percentage inhibition curves in the nitric oxide radical 
scavenging assay
(▬♦▬) gallic acid; (▬■▬) methanolic extract of Ophiorrhiza 
pectinata
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of the phenolic and flavonoid compounds present in the 
extract. So the plant extract in its pure form can 
definitely exhibit significant percentage of free radical 
inhibition. Thus, in the present study, the methanolic 
plant extract exhibited significant scavenging ability 
against all the free radicals investigated in a dose 
dependent manner. The percentage inhibition of all the 
free radicals taken for the test increased with increasing 
concentration of the plant extract. The IC50 value 
obtained for plant extract in each assay was compared 
to the value obtained for the standard used in the assay 
and the result was good. Experiments also showed 
substantial amount of phenols and flavonoids that might 
have contributed to the antioxidant activity of the plant 
extract. This also justifies the usage of the plant in 
traditional and folklore medicines. Thus the study 
suggests the plant, O. pectinata, to be a potent natural 
antioxidant. More in vivo trials and other antioxidant 
mechanisms shall explore the capacity of the plant 
towards its usefulness in drug discovery.
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