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Recently, attention has focused on phytochemicals as new sources of natural antioxidants. Therefore,
the methanolic crude extracts of 24 commonly used medicinal plants from Jhapa and lllam District,
Nepal, were screened for total phenols, flavonoids, and free radical scavenging activity. Free radical
scavenging activity was evaluated using 1,1-diphenyl-2-picryl-hydrazyl (DPPH). Significant differences
in DPPH scavenging activity were found between the species investigated, ranging from 14.67 + 1.00%
to 92.33 + 1.53%. The highest radical scavenging activity was observed in Artemisia vulgaris (92.33
1.53% inhibition), followed by Ficus lacor (92.00 + 1.73%) and Mallotus philippensis (91.33 + 1.53%). The
total phenol content of the investigated species ranged from 28.87 * 2.36 to 321.23 + 1.06 mg GAE/g
extract, while flavonoid content ranged from 13.53 £ 0.85 to 100.33 * 1.53 mg QE/g extract. A weak linear
correlation between total phenolic or flavonoid content and antioxidant activity was found (correlation
coefficient, R? = 0.3004, R? = 0.4294, respectively), indicating that the major antioxidant components
might not be phenolics. In particular, A. vulgaris, F. lacor, M. philippensis, Trachyspermum ammi, and
Amomum subulatum showed strong activity against DPPH, and thus could be used as natural
antioxidants in the food and/or pharmaceutical industry.
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INTRODUCTION

Reactive oxygen species (ROS), such as hydrogen
peroxide (H.O.) and hypochlorous acid (HOCI), and free
radicals, such as the hydroxyl radical (-OH) and
superoxide anion (O,"), are produced as normal products
of cellular metabolism. Rapid production of free radicals
can lead to oxidative damage to biomolecules and may
cause disorders such as cancer, diabetes, inflammatory
disease, asthma, cardiovascular diseases,
neurodegenerative diseases, and premature aging
(Young and Woodside, 2001). Many medicinal plants
contain large amounts of antioxidants, such as
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polyphenols, vitamin C, vitamin E, selenium, B-carotene,
lycopene, lutein, and other carotenoids, which play
important roles in adsorbing and neutralizing free radicals,
quenching singlet and triplet oxygen, or decomposing
peroxides (Djeridane et al., 2006). Moreover, plant
secondary metabolites such as flavonoids and terpenoids
play an important role in defense against free radicals
(Govindarajan et al., 2005).

Therefore, consumers should increase their intake of
foods rich in antioxidant compounds that lower the risk of
chronic health problems associated with the above
diseases (Klipstein-Grobusch et al., 2000).

Data from various studies indicate that medicinal plants
contain a wide variety of natural antioxidants, such as
phenolics, flavonoids, and tannins, which possess more
potent antioxidant activity than common dietary plants.



Compounds responsible for such antioxidant activity can
be isolated and used for prevention and treatment of free
radical-related disorders (Middleton et al., 2000).
Therefore, recent attention has increased to find naturally
occurring antioxidants for use in food or medicine to
replace synthetic antioxidants, which are being restricted
due to their carcinogenicity (Velioglu et al., 1998).

Nepal is natural storehouse of medicinal plants
(Manandhar, 2002). Approximately, 70 to 80% of the
population of Nepal depends on traditional medicines
(Sharma et al., 2004). Indigenous people residing in
different belts depend on local plant and plant products to
meet their daily requirements for food, fodder, medicines
etc. (Acharya and Pokhrel, 2006). Local herbs and other
plant resources found in rural area are the principle
source of medicine for treating diseases since time
immemorial.

Despite widespread use of wild plants as medicines in
Nepal, little is known about the antioxidant potential and
chemical composition of these plants.

The aim of the present study was to evaluate and
compare 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity and the phenolic and flavonoid
content of traditional medicinal species from Jhapa and
lllam District, Nepal. In addition, the study sought to
determine the relationship between the DPPH radical
scavenging activity and total phenolic content of 24 plant
extracts that might be promising sources of natural
antioxidants and functional foods.

MATERIALS AND METHODS

Twenty-four traditional medicinal plants from Jhapa and lllam
District, Nepal, were evaluated in this study. Plant material was
gathered in May 2009, at different altitudes and identified by
botanists from the Central Department of Botany, Tribhuwan
University, Nepal. Data on the medicinal uses, plant parts used,
preparation, and administration were collected from indigenous
people (Table 1).

Flavonoid standards, quercetin and DPPH, gallic acid, BHA (tert-
butyl-4-hydroxy-anisol), a-tocopherol, and Folin—Ciocalteu reagents
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Graded
methanol and ethanol was purchased from Daejung Chemical and
Metals Co. Ltd., Korea.

Preparation of plant extracts

Plant material was washed, dried, and powdered at room
temperature. The powdered samples (2 g each) were suspended
and extracted in 25 ml of 80% methanol (v/v) and kept for 1 day on
a shaker at room temperature.

The extracts were filtered through Advantec 4B (Tokyo Roshi
Kaisha Ltd., Japan).

The extraction of the residue was repeated twice under the same
conditions. The methanolic extract was first dried using a vacuum
rotary evaporator (N-1000; EYLA, Tokyo, Japan) in a water bath at
40°C. Dried samples were weighed and kept at 4°C until use.

Free radical scavenging activity

Free radical scavenging activity was evaluated using a-tocopherol
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and BHA as standard antioxidants. The radical scavenging activity
was measured using the stable radical DPPH according to the
method described by Shimada et al. (1992) with some modifications.
Various concentrations of the extracts were added to 4 ml of a
0.004% methanol solution of DPPH. The mixture was shaken and
left for 30 min at room temperature in the dark, and the absorbance
was then measured with a spectrophotometer at 517 nm. All
determinations were performed in triplicate. The antioxidant activity
was calculated as the percent inhibition caused by the hydrogen
donor activity of each sample according to the following:

Inhibition (%) = (1 — absorbance of the sample/absorbance of the
blank) x 100.

Total phenolic content (TPC)

The extraction of total phenolics was performed using the Folin—
Ciocalteu assay, following the method of Kim et al. (2007) with
some modifications. In total, 100 pl of each extract (1 mg/ml) was
added to a test tube containing 50 pl of the phenol reagent (1 M). A
further 1.85 ml of distilled deionized water was added to the
solution and allowed to stand for 3 min after vortexing; then 300 pl
NaCOj3; (20% in water, v/v) was added and vortexed, and the final
volume (4 ml) was obtained by adding 1.7 ml of distilled deionized
water. A reagent blank was prepared using distilled deionized water.
The final mixture was vortexed, then incubated for 1 h in the dark at
room temperature. The absorbance was measured at 725 nm using
a UV-VIS spectrophotometer (V 530; Jasco, Tokyo, Japan). A
standard curve was prepared using 0, 65.5, 125, and 250 mg/I
gallic acid in methanol: water (50:50, v/v). Total phenolic values are
expressed in terms of gallic acid equivalents (GAE) in milligrams
per gram plant extract. All determinations were performed in
triplicate.

Total flavonoid content (TFC)

The total flavonoid content in extracts was determined according to
Moreno et al. (2000). A 0.5 ml sample (1 mg/ml) was mixed with 0.1
ml of 10% aluminum nitrate and 0.1 ml of potassium acetate (1 M),
and 4.3 ml of 80% ethanol was added to make a total volume of 5
ml.

The mixture was vortexed and the solution was allowed to stand
for 40 min for reaction at room temperature. The absorbance was
measured spectrophotometrically at 415 nm. All determinations
were performed in triplicate. Total flavonoid values are expressed in
terms of quercetin equivalents (QE) per gram of plant extract. A
standard curve was prepared using 0, 5, 10, and 100 mg/| solutions
of quercetin.

Statistical analysis

Antioxidant activity, total phenolic content, and flavonoid content are
reported as the mean * standard deviation (SD). Significance
differences for multiple comparisons were determined using one-
way analysis of variance (ANOVA). Duncan’s multiple range tests
was used to assess the significant differences with the SPSS
statistical analysis package (version 15.0; SPSS Inc., Chicago, IL,
USA). Differences at P<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION
DPPH assay

The antioxidant activity of medicinal plants is mainly
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Table 1. Indigenous use of 24 medicinal plants from Jhapa and lllam district, Nepal.

Plant material Local name Indigenous uses

Achyranthes aspera L Dattiwan To cure fever, swelling and rheumatism (Ghimire and Bastakoti, 2009).

(Amaranthaceae)

Acorus calamus L. (Acoraceae) Bojho To treat dysentery, cough (Joshi, 1990).

Amomum subulatum Roxb. Alaichi Plant is used cure dysentery, skin diseases, anorexia, ulcers and wounds

(Zingiberaceae) (Sharma et al., 2002).

Artemisia vulgaris L. (Asteraceae) Titepati Remedy for the Scabies, gastric, headache (Ghimire and Bastakoti, 2009).

Asparagus racemosus Willd. Kurilo To cure dyspepsia, diarrhea, inflammations, hyperdipsia, neuropathy, (Goyal

(Liliaceae) et al., 2003).

Azadirachta indica A. Juss Neem Leprosy, skin infections (Biswas et al., (2002).

(Meliaceae)

Berginia ciliata Sternb. Pakhanbeth Remedy for the Sprain, diarrhoea, ophthalmic (Manandhar, 1994).

(Saxifragaceae)

Cassia fistula L. (Leguminosae) Rajbrikshya Plant extracts is used to cure insomnia, gastric and diarrhea (Ghimire and
Bastakoti, 2009).

Chenopodium album L. Bethu To cure constipation, joint pains (Ghimire and Bastakoti, 2009).

(Chenopodiaceae)

Cuscuta reflexa Roxb. Mhasu Jaundice Cough, stomach disorders (Joshi 1990).

(Convolvulaceae) lahara

Drymaria cordata L. Abhijalo Leaves extract are useful in Sinusitis, diarrhoea, dysentery (Manandhar,

(Caryophyllacea) 1994).

Ficus lacor Buch.-Ham. (Moraceae)  Kabro To cure Gastric, ulcer, typhoid, dysentery and boils, stomach disorder (Rai et
al., 2004).

Mallotus philippensis Lam. Sindhure To cure tape gastric, diarrhea, bronchitis, typhoid and meningitis (Ghimire

(Euphorbiaceae) and Bastakoti, 2009).

Mentha arvensis L. (Labiatae) Pudhina Leaves extract are useful in internal heat, fever (Ghimire and Bastakoti,
2009).

Ocimum sanctum L. (Labiatae) Tulasi To cure bronchitis, dysentery, dyspepsia, skin diseases, chronic fever
(Kirtikar K and Basu B 1993).

Persea odoratissima Nees Kaulo Plant extracts are considered as antiseptic and anti-inflammatory remedies

(Lauraceae) (Giang et al., 2006).

Premna integrifolia L. (Verbenaceae) Gineri Treatment of cardiovascular diseases, rheumatism, anorexia and jaundice
(Rajendran et al., 2009).

Rauvolfia serpentina L. Sarpagangha Remedy for high blood pressure, insomnia, epilepsy, hypochondria, (Bhatara,

(Apocynaceae) 1997).

Santalum album L. (Santalaceae) Shrikhanda Remedy for dysentery, gonorrheal, urethral, bronchial disorders (Parekh et

al., 2005).
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Sapium insigne Royle. Khirro
(Euphorbiaceae)

Swertia chirayita Roxb. Chiraito
(Gentianaceae)

Tachyspermum ammi L. Jwano

(Umbelliferae)

Terminalia chebula Retz. Harro
(Combretaceae) 2004).
Withania somnifera Dunal. Ashogandha

(Solanaceae)

To kills germs, quick healing (Manandhar, 1995).

Remedy for the fever (Manandhar, 1994).

Seed extract is useful as wound, pimples and rashes (Ghimire and

Bastakoti, 2009).

As an astringent, antitussive, antidiarrhea, and styptic agent (Juang et al.,

Remedy for Cough, dropsy, rheumatism, ulcer, sore eyes (Mahesh and
Satish, 2008).

related to their bioactive compounds, such as phenolics,
flavonols, and flavonoids. In this study, the antioxidant
capacity of 24 methanolic extracts of medicinal plants
from Jhapa and lllam district, Nepal, was systematically
evaluated. The DPPH inhibition of different plant extracts
is summarized in Table 2. Significant differences (P <
0.05) in DPPH scavenging activity were found between
the 24 plants investigated, ranging from 14.67 = 1.00% to
92.33 + 1.53%. This wide range of antioxidant activity
may be attributable to the wide variety of bioactive
compounds, such as phenolics, flavonols, carotenoids,
and tannins, present in the selected medicinal plants. On
the basis of antioxidant activity, a sample can be
classified into one of four major groups, viz., very high,
high, moderate, or low antioxidant content. Five plants
(20.83%) possessed very high antioxidant activity (>90%
inhibition of DPPH), eight (33.33%) had high antioxidant
activity (80 to 90%), five (20.83%) had moderate
antioxidant activity (<80%), and six (25%) had low
(<50%) activity.

Methanolic extracts of leaves of Artemisia vulgaris
possessed the highest DPPH scavenging activity (92.33
* 1.53% inhibition of the DPPH radical), followed by Ficus
lacor and Mallotus philippensis (92.00 = 1.73% and 91.33
* 1.53%, respectively), comparable to the commercial
antioxidant BHA (93.03% inhibition of the DPPH radical)
and a-tocopherol (92.00%). The higher antioxidant
activity of A. wulgaris could be due to the high
concentration of total phenolics and flavonoids in the
plants. Leaf extracts of A. vulgaris were reported to
contain phenolic acid and a complex mixture of 20 known
flavonoids, predominantly eriodictyol and luteolin
(Wojdylo et al., 2007). High antioxidant activity was also
found in the leaves of F. lacor, which had comparatively
low total phenolic content, indicating that the major
antioxidant components might not be phenolics. Moreover,
Dey et al. (2008) reported high tannin content in leaves of
F. lacor, which may contribute to the high antioxidant

properties. For M. philippensis, high antioxidant activity
could be attributable to the presence of known bioactive
compounds, such as tannins, dimeric chalcone
derivatives, triterpenoids, and steroids (Tanaka et al.,
1998; Arfan et al.,, 2009). The lowest levels of DPPH
scavenging activity were in the leaves of Drymaria
cordata, with an estimated 14.67 = 1.00% of the DPPH
radical quenched (P < 0.05).

Total phenolic content

Phenolics are well established to show antioxidant
activity and contribute to human health. In this study, the
total phenolic content was determined using the Folin—
Ciocalteu method, with gallic acid as a standard. The
content of phenolics was evaluated from the regression
equation of the calibration curve (R® = 0.993, y = 0.006x
+ 0.0437), expressed in GAE as milligrams per gram of
extract (mg GAE/g extract). The total phenolic content of
the 24 plant samples showed large variations, between
23.80 £ 2.36 and 321.23 + 1.06 mg GAE/g extract (Table
2). Many plant species have a remarkably high total
phenolic content. The leaf methanolic extract of A.
vulgaris contained the highest total phenol content
(321.23 + 1.06 mg GAE/g extract), followed by Terminalia
chebula (156.00 + 0.62 mg GAE/g extract) and Premna
integrifolia (143.67 + 2.37 mg GAE/g extract). The high
level of phenolics in A. vulgaris could be due to known
phenolic  compounds, such as caffeic acid,
neochlorogenic acid, and ferulic acid (Wojdylo et al.,
2007). Leaf extracts of Drymaria cordata had the lowest
total phenolics (23.80 + 2.36 mg GAE/g extract), while T.
chebula had the highest total phenolics (156.00 + 0.62
mg GAE/g extract) and is reported to contain gallic acid,
chebulic acid, 1,6-di-O-galloyl-B-D-glucose, punicalagin,
3,4,6-tri-O-galloyl-B-D-glucose, casuarinin, chebulanin,
corilagin, neochebulinic acid, terchebulin, ellagic acid,
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Table 2. Antioxidant activities, phenolic and flavonoid contents of 24 medicinal plants from Jhapa and lllam district, Nepal.

Plant material Material % inhibition Total flavonoids . Total phenols .
used of DPPH (mg QE/g extract) (mg GAE/g extract)
BHA - 93.03 + 0.36 - -
a-tocopherol - 92.00 + 058 - -
Achyranthes aspera Leaf 73.00 + 4.36° 16.83 +0.312¢ 74.73+0.76°"
Acorus calamus Root 87.33 + 2.08' 23.90 + 2.42° 67.93+0.15 %9
Amomum subulatum Fruit 90.00 + 1.00/ 66.00 + 1.00' 94.51 +2.50"
Artemisia vulgaris Leaf 92.33 + 1,53 100.33 + 1.53" 321.23 +1.06™
Asparagus racemosus Root 30.00 +3.61° 21.50 + 1.99°° 45.37 +1.07°°
Azadirachta indica Leaf 73.67 +2.52° 39.17 +4.91° 66.37 + 1.27%"
Berginia ciliata Leaf 80.34 +1.12' 37.43 +2.76° 80.50 +3.11"
Cassia fistula Leaf 52.33 + 1.53¢ 22.33 +1.62°° 36.43 + 1.55%°
Chenopodium album Leaf 80.67 + 1.00' 60.47 +2.57" 77.03 +1.53°"
Cuscuta reflexa Stem 84.67 +1.53%" 37.87 +3.24° 123.33 + 2.32"
Drymaria cordata Leaf 14.67 +1.00% 15.50 + 2.26° 23.80 +1.11%
Ficus lacor Leaf 92.00 + 1.73™ 69.83 + 2.86' 82.37 +1.129"
Mallotus philippensis Leaf 91.33 + 1.53% 89.00 + 1.00' 62.57 +1.06*°
Mentha arvensis Leaf 81.33+1.16' 96.43 + 2.08' 99.43 + 1.99
Ocimum sanctum Leaf 74.00 + 3.00° 36.83 + 3.76° 73.50 + 0.85°"
Persea odoratissima Bark 30.33 + 0.58° 21.10 + 2.02°° 54.00 + 1.00°°
Premna integrifolia Bark 85.67 + 0.58" 22.07 +2.04°° 143.67 +2.37'
Rauvolfia serpentine Leaf 16.33 + 0.58° 15.63 +0.91? 29.43 +0.76%
Santalum album Leaf 50.33 + 3.22¢ 46.50 +2.72' 85.63 +2.21™
Sapium insigne Fruit 22.00 + 3.46° 20.07 + 1.62°° 34.30 + 0.40*°
Swertia chirayita Leaf 85.33 + 0.58" 60.30 + 2.46" 67.53 +2.08%°
Tachyspermum ammi Seed 90.67 + 0.58" 51.90 + 1.31¢ 87.48 +1.36™
Terminalia chebula Fruit 82.67 + 1.53" 81.00 + 1.00 156.00 + 0.62'
Withania somnifera Leaf 46.00 + 3.60° 13.53 £ 0.85% 28.97 + 2.36°

Values are mean (n = 3) + SD (standard deviation). Values in the same column followed by the same letter are not significantly different at P <
0.05. *Values are expressed as quercitine equivalents in mg/g extract. **Values are expressed as gallic acid equivalent in mg/g extract.

chebulagic acid, chebulinic acid, and 1, 2,3,4,6-penta-O-
galloyl-B-D-glucosein, which might be responsible for its
high antioxidant activity (Juang et al., 2004).

Total flavonoid content

Flavonoids are well-known antioxidant constituents of
plants and possess a broad spectrum of chemical and
biological activity, including radical scavenging properties
(Miliauskas et al., 2004). Therefore, the total content of
flavonoids was evaluated from the regression equation of
the calibration curve (R® = 0.991, y = 0.0058x — 0.0048),
expressed in QE as milligrams per gram of extract (mg
QE/g extract). The content of flavonoids varied from
13.53 + 0.85 to 100.33 £ 1.53 mg QE/g extract (Table 2).
The highest amount of flavonoids was found in the leaf
extracts of A. vulgaris (100.33 + 1.53 mg QE/g extract),
followed by Mentha arvensis (96.43 + 2.08 mg QE/g
extract), M. philippensis (89.00 £ 1.00 mg QE/g extract),
and T. chebula (81.00 + 1.00 mg QE/g extract), indicating
that these phytochemicals are likely to be responsible

for the free radical scavenging activity. Flavonoids are
reportedly responsible for the antioxidant activities of
plants (Das and Pereira, 1990) through their scavenging
or chelating activity (Kessler et al., 2003). However, a
relatively low amount of flavonoids was detected in
Acorus calamus, Cuscuta reflexa, and P. integrifolia,
which had higher antioxidant activity.

Correlation between antioxidants and total phenolics
and total flavonoids

The total phenolic content of the investigated plants
extracts showed a weak correlation with antiradical
activity (Figure 1; R®= 0.3004, y = 0.2395x + 46.836).
This low correlation between total phenols and DPPH
scavenging activity suggests that the major antioxidant
components might not be phenolics, and could be sterols,
tocopherols, ascorbic acid, and/or carotenoids. The
correlation between total flavonoids and DPPH
scavenging (R®= 0.4294, y = 0.6327x + 38.869) was very
weak (Figure 2), consistent with the findings of Imeh and
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Figure 2. Linear correlation between antioxidant activity and the total flavonoid content
of methanol extracts of 24 medicinal plants from Jhapa and lllam district, Nepal. QE:

quercitin equivalents.

Khokhar (2002), who reported a weak correlation in fruits,
but unlike the results of Kahkonen et al. (1999), who did
not find such a weak correlation. The weak relationship
between antioxidant activity and total phenolic
compounds in this report may be caused by other factors;
for example, flavonoids with a certain structure and
hydroxyl position in the molecule can only act as proton
donors and show radical scavenging activity (Hou et al.,
2003). Moreover, measurement of phenolics using the
Folin—Ciocalteu method might not be a good indicator of
antioxidant capacity because this assay estimates total

phenolics present in the extract, but is subject to
interference, giving rise to elevated apparent phenolic
concentrations (Prior et al.,, 2005). In addition, the
antioxidant activity of plant extracts is not limited to
phenolics, but also includes vitamins C and E,
carotenoids, and chlorophylls (Rice-Evans et al., 1995),
and synergism between antioxidants (Djeridane et al.,
2006).

Moreover, significant differences in total phenolics can
be attributable to extraction methods, time of collecting
samples, environment, and genetic differences between
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tested samples (Shan et al., 2005).

Several studies have reported a high correlation
between phenolic content and antioxidant activity (Qusti
et al.,, 2010; Kratchanova et al., 2010). In this study, a
good relationship between antioxidant activity and
phenolic compounds was only found for a few species,
for example, the leaves of A. vulgaris, M. arvensis, and T.
chebula with an estimated coefficient of determination of
R®=0.912 at P < 0.05, thus indicating that the high DPPH
activity may be related to the phenolic compounds in
these plants.

In contrast, the leaf extracts of M. philippensis, which
exhibited high antioxidant activity, did not contain
concomitantly high phenolic compounds. Very high
antioxidant activity with low phenolics or flavonoids can
be attributable to individual phenolic or non-phenolic
compounds with specific high antioxidant activity.
Similarly, A. calamus, which has low phenolics and
flavonoids, had higher antioxidant activity, indicating that
active compounds of different polarity could be present in
this plant. Weber et al. (2007) reported on the bioactive
compounds lignans, epieudesmin, terpenes, and quinine
in extracts of A. calamus, which may contribute to the
high antioxidant properties.

In conclusion, Jhapa and lllam District, Nepal medicinal
plant extracts in this research exhibited different degrees
of antioxidant activity. In particular, A. vulgaris, F. lacor,
M. philippensis, Amomum Subulatum, and
Trachyspermum ammi can be considered as promising
sources of natural antioxidants and as possible
preventative agents of some common human health
disorders. However, the total phenolic and flavonoid
content showed a weak correlation with the antioxidant
activity of the investigated plant. Hence, detailed studies
on the role of individual phytochemicals involved in the
antioxidant activity of specific plants are required for their
use as functional foods and in the pharmaceutical
industry.
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