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It is well known that oxidative stress due to free radicals can lead to many human illnesses, like cancer. Antioxidants
are the agents which scavenge these free radicals and protect the biological system. Food of plant origin is an essential
source of reliable antioxidants. These plant-derived antioxidants belong to many biochemical categories but most are
phenolics or flavonoids. The Galyat region of Pakistan is rich in plant biodiversity, and local inhabitants frequently use
medicinal plants to treat common ailments. Three of these common regional medicinal plants (Dryopteris ramosa,
Quercus leucotricophora and Arisaema flavum) were selected and their free radical scavenging potential was
investigated using DPPH assay. The crude extract of D. ramosa exhibited the maximum free radical scavenging
potential (93.8 £ 0.2 %) while A. flavum (56.4 = 0.4 %) showed the lowest radical scavenging potential at 250 pg/ml. A
low SCso value of the crude extract of D. ramosa (88.9 + 0.4 ug/ml) confirmed the relatively high antioxidant potential
of this plant species. Among the polarity-based fractions obtained from crude extract of D. ramosa, the ethyl acetate
soluble fraction showed maximum free radical scavenging potential. The D. ramosa contained higher amounts of total
phenolic and flavonoid compounds than Quercus and Arisaema species. A significant Pearson correlation at the 0.01
level (2 tailed) was also noticed between SCso and total phenolic contents of all extracts. A significant difference in
percentage scavenging activities of the various extracts was observed. The ethyl acetate soluble phase of D. ramosa
may prove to be an especially useful source of natural antioxidants for a variety of medicinal uses. Further studies
are in progress.
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INTRODUCTION

Recent studies have confirmed the detrimental
role of free radicals (reactive oxygen species ROS)
and their direct role in causing oxidative stress
leading to many human disorders. These free
radicals are produced in the biological system by a
variety of environmental factors, such as a poor
diet, exposure to toxins, and emotional stress.
Antioxidants are compounds that scavenge ROS
and other free radicals and protect living cells.
Antioxidants are not only prescribed as preventive
measures against ROS to protect human health, but
are also used for the treatment of various human
diseases [1,2]. Plant-derived antioxidants belong to
different biochemical categories, but are typical
secondary metabolites concentrated in various plant
organs specific to the different species [3-5].
Recently, plant antioxidants belonging to the
phenolic and flavonoid classes, including ascorbic
acid, tocopherol, wvarious tocotrienols and
carotenoids [6] have gained much importance. The
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Galyat area ~ 50 km North East of Islamabad,
Pakistan, is a moist temperate forest with an area of
1011.714 km? [7], lacking modern facilities,
especially for health care, and as such the
inhabitants are much dependent on indigenous
medicinal plant species [8]. The area is rich in
medicinal plants [9], and the local people use many
plant species to cure various ailments including
gastric ulcers, digestive problems [10], fever, as
astringents, back ache [11], antidote against snake
bite, cattle’s mouth and foot diseases, skin diseases
[12].

The research presented in this paper evaluates
the antioxidant properties of three common and
extensively used medicinal plants in the Galyat
region, and sheds light on the relationship between
the antioxidant potential of these species and their
total phenolic and flavonoid contents. The selected
plant species include Dryopteris ramosa (Hope) C.
Chr, Quercus leucotricophora A. Camus and
Arisaema  flavum  (Forssk.)  Schott.  The
ethnomedicinal uses of these plants are given in
Table 1.
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Table 1. Selected plant species and their ethnomedicinal uses.

Botanical name Local name  Plant’s family Part used Ethnomedicinal uses
Drvopteris ramosa Tonic, gastro-intestinal, antimicrobial and
yop Pakha Dryopteridaceae Frond anti-cancer (13) gastric ulcer, constipation
(Hope) C. Chr. s
and aphrodisiac (10)
Quercus leucotricophora . Antitumor (14) diarrhea, indigestion,
A. Camus Rein Fagaceae Leaves, bark asthma and gonorrhea (10)
Arisaema flavum Saap Booti Aeraceae Rhizome Antidote (Snake bite) (15) Rhizome juice is

(Forssk.) Schott.

applied on earache and skin diseases (16)

EXPERIMENTAL
Plant species

Leaves of the Pakistan wood fern Dryopteris
ramosa (Hope) C. Chr., the Banj oak Quercus
leucotricophora A. Camus, and rhizomes of yellow
cobra lily Arisaema flavum (Forssk.) Schott were
collected from the Galyat area, Pakistan. The plants
were identified by Dr. Rehmatullah Qureshi at the
Department of Botany, PMAS-Arid Agriculture
University Rawalpindi, Pakistan. Herbarium
specimens were deposited in the Herbarium of
Quaid- i- Azam University, Islamabad, Pakistan.

Preparation of crude methanolic extract

The crude methanolic extracts were prepared by
maceration technique as described in [17] with
some modifications and the dried crude methanolic
extracts were stored in air— tight containers at
4°C.

Evaluation of free radical scavenging
(antioxidant) activity

Each extract was evaluated for its antioxidant
potential using a free radical scavenging assay as
described in [18, 19] with some modifications. The
extract solution was prepared in methanol at a 1:40
ratio (mg/ml) w/v. Ascorbic acid was used as a
standard, while methanol was used as a blank. A
stock solution (5 mg/ml) of each extract was made
in methanol and subsequent dilutions of 25, 50,
100, 150, 200 and 250 pg/ml were prepared. Then,
200 ul from each dilution was mixed with 200 ml
of DPPH (di(phenyl)-(2,4,6-trinitrophenyl)
iminoazanium) solution and placed in dark at 25-30
°C for 30 min. Next, the contents of each reaction
tube were subjected for spectrophometric analysis
at 517 nm, and free radical quenching potential was
determined using the following equation:

Scavenging (%): [Absorbance (controty —
Absorbance (sampley / Absorbance (contron] * 100

The scavenging concentration 50 % (SCso) was
calculated by regression equation. SCso is the half
maximal scavenging concentration. (SCsp) is a
measure of the effectiveness of a substance in

scavenging the free radicals in specific biological or
biochemical function. The terms ICso and SCso may
be used as synonym by the fact that both have been
used to demonstrate 50 % potential concentration.
According to the FDA, ICs; represents the
concentration of a drug that is required for 50 %
inhibition in vitro. For competitive binding assays
and functional antagonist assays the most common
summary measure of the dose-response curve is the
ICso, the concentration of substance that provides
50 % inhibition [20]. In vitro ICsp is a very basic
starting point in determining the potential efficacy
of a developmental drug.

Estimation of total phenolic contents

For the purpose of estimation of total phenolic
contents of the extracts, a standard method was
used as described in [21]. For plotting a reference
standard calibration curve, different dilutions (25,
50. 100, 150, 200 and 250 pg/ml) of gallic acid
were used. The reaction mixture contained 500 pl
from each dilution of gallic acid, 10 x diluted 2.5
ml of Follin-Ciocalteu reagent and 2.5 ml of 7 %
(w/v) Na2COs. Gallic acid was replaced with 500 pl
of plant extract (1 mg/ml) to the obtained reaction
mixture for the test sample. Each reaction tube was
vortexed and incubated at 25-30 °C for half an hour
and then spectrophotometric analysis was carried
out at 760 nm.

Estimation of total flavonoid contents

For the determination of total flavonoid contents
of each extract, a standard AIClz method was used
as suggested in [22], with slight modifications. For
plotting a reference standard calibration curve,
different dilutions (25, 50, 100, 150, 200 and 250
ug/ml) of quercetin were used. The reaction
mixture contained 500 pl from each dilution of
quercetin, vortexed with 10 % AICI3 (100 pl), and
after one min 100 pl of CH3COOK (1 M) was
added and vortexed again, followed by addition of
distilled water (2.8 ml) after one min and once
again vortexed. Quercetin was replaced with 500 pl
of plant extract (1 mg/ml) to the obtained reaction
mixture for the test sample. Each of these reaction
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tubes was incubated at room temperature for 30
min and spectrophotometric analysis was carried
out at 415 nm.

Polarity based fractions of D. ramose

The crude methanolic extracts of D. ramosa
were fractionated into n-hexane, chloroform, ethyl
acetate, and the aqueous phase was treated as
suggested in [23]. All fractions thus obtained were
evaluated for their free radical scavenging potential,
total phenolic content and total flavonoid content as
described earlier.

Statistical analysis

All values are mean of triplicates + standard
deviation (SD). Using Statistical Package for Social
Science (SPSS) Programme 16.0, univariate
analyses of all extracts were performed at p < 0.05.
Pearson correlation at the 0.01 level (2 tailed) was
also determined between SCso and total phenolic
contents of plant extracts.

RESULTS
Antioxidant potential

The free radical scavenging potential (%
scavenging) of crude extracts of D. ramosa, Q.
leucotricophora and A. flavum and various fractions
of D. ramosa at different concentrations are shown
in Table 2. Among the crude extracts, those of D.
ramosa exhibited a higher scavenging potential
than the other species. For instance, at a
concentration of 250 pg/ml, the percent free radical
scavenging was 93.8 + 0.2, 86.0 + 0.2 and 56.4 +
0.4 for D. ramosa, Q. leucotricophora and A.
flavum species, respectively. Similarly, among the
various solvent polarity-based fractions of D.
ramosa, the ethyl acetate fractions showed the
highest free radical percentage scavenging
potential, while the least antioxidant potential was
exhibited by the chloroform soluble fraction of D.

ramosa (Table 2). Regression line equations were
used to determine the SCso of each crude extract
and the various fractions obtained from D. ramosa.
Ascorbic acid was used as a standard and its SCso
was 44.5 £ 0.2 pg/ml. The crude methanolic extract
of D. ramosa showed the lowest SCso while A.
flavum had the highest SCso. Among the fractions
of D. ramosa, the ethyl acetate fraction had the
lowest SCso value (Table 3). The low SCsy value
indicates a higher antioxidant potential and so the
ethyl acetate fraction of D. ramosa was revealed to
have the best antioxidant potential.

Total phenolic contents

The total phenolic contents of crude extracts and
fractions were calculated by a linear regression
equation (y = 0.0071x + 0.4332, R?= 0.9606)
primed with a gallic acid standard calibration curve,
and expressed in terms of gallic acid equivalent.
Crude methanolic extract of D. ramosa had the
highest amount of phenolic constituents, followed
by Q. leucotricophora and A. flavum (Table 3).
Among the polarity-based solvent soluble fractions
of D. ramosa, higher phenolic contents were shown
by ethyl acetate soluble fractions (55.7 = 0.5 pug/mg
GAE), while the least ones (13.8 + 0.6 ug/mg
GAE) were present in the chloroform fractions of
D. ramosa.

Total flavonoid contents

The total flavonoid contents of crude extracts
and fractions were calculated from a linear
regression equation (y = 0.0063x + 0.395, R? =
0.9697) primed from a quercetin standard
calibration curve. Crude methanolic extract of D.
ramosa has higher total flavonoids than all other
crude extracts in the present study, while the ethyl
acetate soluble fraction showed higher total
flavonoids than all other fractions obtained from D.
ramosa (Table 3).

Table 2. DPPH free radical scavenging potential of selected plant species.

Concentrations 25 pg/ml 50 pg/ml 100 pg/ml 150 ug/ml

Crude extracts D. ramosa 23.7+0.8 30.8+ 1.6 68.8+ 1.8 73.7+ 1.6

(% scavenging)* Q. leucotricophora 21.5+0.6 38.1+0.1 533+0.2 76.3+04

A. flavum 05.9+0.2 24.7+0.3 32.8+0.1 385+ 0.4

n-Hexane fraction 26.6 +0.5 333+04 33.2+0.2 447+ 0.9

Fractions of D. ramosa  Chloroform fraction 17.3+0.2 19.9+0.2 21.6+0.3 26.0+0.7
(% scavenging)* Ethyl acetate fraction 36.7+0.3 44.1+04 69.9+0.6 76.7+0.7
Aqueous fraction 18.3+0.2 19.1+0.1 26.9+0.5 27.7+0.5

Standard Ascorbic acid 371+ 1.6 54340.5 778429 920+ 14

(% scavenging)*

*All values are mean of triplicate (n = 3) = standard deviation.
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Table 3. Total phenolics, total flavonoid contents and antioxidant potential of selected plant species.

Total phenolic Total flavonoid Antioxidant potential [SCso (ng/ml)]

Extracts (Samples) contents contents Samples Standard
(ng/mg GAE) (ng/mg QE) (Extracts) (Ascorbic acid)
Crude D. ramosa 122.6 £4.4 61.4+179 88.9+04
extracts Q. Leucotricophora 74.1+7.7 387+11.0 95.6+04
A. flavum 19.0+6.3 4.6+12 208.4+0.1
n-Hexan fraction 273+0.4 9.4+0.3 198.8+0.0 445+0.2
D. ramosa Chloroform fraction 13.8+0.6 5.8+0.1 468.2 £0.0
fractions  Ethyl acetate fraction 55.7+0.5 29.7£04 57.8+0.1
Aqueous fraction 18.0+ 0.4 7.3+0.1 410.7£0.1

Legend: GAE = Gallic acid equivalent, QE= Quercetin equivalent, Results are mean of three parallel measurements.
P <0.05 as significant. + Standard deviation (n = 3).
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Fig. 1. Relationship between SCsy, total phenolic content and total flavonoid content of the plant extracts.

DISCUSSION

It is noteworthy that various chronic health
disorders are due to the stress caused by free
radicals in the bodies of living organisms [24].
These free radicals can accumulate in the human
body, because of various factors including poor
diet, environmental factors, and emotional stress.
Within living systems therefore, the necessity of
antioxidative systems is essential. It is also
important to note that substances exhibiting low
antioxidant potential in vitro show similar low free
radical scavenging abilities in vivo [25]. Human
health specialists worldwide are interested in
antioxidant substances, especially for their potential
use in the treatment of various human diseases.
Most of these antioxidants have been identified and
isolated from plants, although a few have synthetic
origins [26]. It is generally considered that natural
antioxidants from plants are much safer than
synthetic forms [27].

The Galyat region of Pakistan is mountainous,
and distant from modern health facilities. For that
reason, local inhabitants rely heavily on medicinal
plants species of the area to treat many health
problems. The ethnomedicinal knowledge of
indigenous people is based on experience and
traditions that have been transmitted from
generation to generation. This cultural knowledge

might provide clues in identifying new therapeutic
substances. The findings of this report confirm the
medicinal status of three plant species (D. ramosa,
Q. leucotricophora and A. flavum) commonly used
as medicinal plants in this region (Table 1, Table
2), and is consistent with the findings of previous
studies of these species [28-30].

In the DPPH antioxidant assay, the ICsg, and the
antioxidant  potential  exhibited an inverse
relationship. The order of SCso among the selected
crude extract was D. ramosa < Q. leucotricophora
< A. flavum, findings that indicate that A. flavum
has the least ability to scavenge free radicals. Ethyl
acetate soluble fraction of D. ramosa showed better
antioxidant potential (SCso 57.8 + 0.1 pg/ml) than
crude methanol extracts of the same plant. The
reason might be that antioxidant components have
polar nature. In a similar study, Lee et al., 2003,
isolated two antioxidant compounds from the ethyl
acetate soluble fraction of a fern that is closely
related to D. ramosa, called thick-stemmed wood
fern, Dryopteris crassirhizoma Nakai [30].

Phenolic constituents have recently shown their
worth in the food industry through their ability not
only to protect lipids from oxidative degradation,
but also in their ability to improve the nutritional
value and quality of food [31]. The phenolics
examined in these studies were primarily derived
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from plants, and belonged to several biochemical
categories, mainly flavonoids, flavones, and
flavonols that exhibited excellent antioxidant
properties [2]. It is also important to note that the
plant extracts examined in that study had higher
total phenolic and flavonoid contents, showed
lower ICso values, and hence a higher free radical
scavenging potential (Fig. 1), consistent with the
results of the present study. For instance, the total
phenolic contents of the methanolic extracts of D.
ramosa were higher compared to the extracts of
other species, and similarly, the total phenolic
contents of D. ramosa ethyl acetate fractions were
higher compared to all other fractions obtained
from D. ramosa. Significant Pearson correlation at
the 0.01 level (2-tailed) was also noticed between
ICso and total phenolics contents of all crude
extracts and fractions, as reported by others [32-
34]. Our results are in accordance with previous
reports suggesting that the high antioxidant
potential of the ethyl acetate phase of D. ramosa is
due to higher contents of phenolics and flavonoids.

CONCLUSION

Our results show that the antioxidant potential is
related to the total phenolics contents of the plants,
and also that plant phenolics contents are more
concentrated in medium-polarity solvent-soluble
fractions, like the ethyl acetate fraction. These
findings reveal a significant and potentially useful
variation in antioxidant potential for important
medicinal plants in the Galyat region of Pakistan, as
well as a potential for future research seeking to
isolate and identify novel antioxidants from
ethnobotanically-associated medicals.
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Jo0pe e n3BecTHO, Y€ OKCHAATUBHUST CTPEC, IBIDKAI Ce Ha CBOOOJHU pPaluKald, MOXKE Ia IOBele IO MHOTO
0oJIeCTH TIPY YOBEKa, HAIpUMep, Pak. AHTHOKCHIAHTH Ca areHTUTE, KOUTO OTCTPAHSIBAT CBOOOTHHUTE paJWKaId U
mpeamna3BaT OWONOTHYHATA CHCTEMa. XPaHHUTE OT pPACTHTENICH IPOM3XOJ Ca CBHIIECTBEH H3TOYHHK Ha
AQHTUOKCHJIAHTH. AHTHOKCHJAHTHTE, W3BJICUCHH OT pACTEHUATAa IPHUHAIUIC)KAaT HA PpaA3NIMUHH OUOXMMUYHH
KaTeropuu, HO MOBeUeTO ca (eHonu win QuaBoHouau. PaiionsT ,[anar” B [lakuctan e Oorar Ha pa3jiHYHH
pacTeHusi ¥ MECTHUTE J>KUTEIM YeCTO W3IIO0JI3BAT MEIMLMHCKU DPAcTEeHHs 3a JICYeHHE Ha Ppa3InuHH OOJIECTH.
N30panu ca Tpu OT Te3W pPas3lMpOCTPaHCHH B paiioHa meauiuHcku pactenus (Dryopteris ramosa, Quercus
leucotricophora u Arisaema flavum) u e usydeH moTeHIMANbBT MM3a OTCTpaHSIBaHE HAa CBOOOIHH PAJUKAIU C
nomomra Ha DPPH anamms. Ilpu xonnentpamms 250 pg/ml cypoBusr excrpakr na D. ramosa npossssa
MaKCHMalleH paaukan-oTcTpanssail noteniuan (93.8 £ 0.2 %), a A. Flavum — munumanes nomenyuan (56.4 £ 0.4
%). Huckara croitroct Ha SCso Ha cypoBus ekctpakT Ha D. ramosa (88.9 £+ 0.4 pg/ml) moBBpAU CPABHUTEIHO
BHCOKHSI aHTHOKCHIAHTCH IOTEHIIMAJ] Ha TO3HM PAaCTUTENCH BHI. MeXIy MOJSIPHHUTE (PpaKkIuH, MOTYyYCHH OT
cypoBusi ekctpakt Ha D. ramosa, ¢paxumsarta, pa3TBOMHMa B eTHJAIETaT IOKa3a HAW-BUCOK IOTCHIHAN 3a
OTCTpaHsBaHe Ha cBOOOMHU pamukamu. Buast D. ramosa cpabpxa mo-rojeMu KonmdecTBa oOmM (DEHOIHH H
(TaBOHOUIHU CheJUHEHHS B CpaBHEHHE C BuaoBeTe QUErcus u Arisaema. YcraHOBeHa € 3HaYMMa KOopenauys Ha
Pearson na nuBo 0.01 (mByctpanna) mexay SCso v 001IOTO (DEHOJHO ChABP)KAHWE HAa BCHUKM €KCTpakTh. Mma
CHIIECTBEHA Pa3iMKa B IPOLIEHTHATA OTCTPaHsBAllla aKTHBHOCT Ha pa3nuyHuTe ekcTpakTH. Pazara ot D. ramosa,
pa3TBOpUMMa B eTHJIAIIETAT MOXE Ja C€ OKaKe MOJIe3eH W3TOYHHK Ha MPHPOJHU aHTHOKCHUAAHTU C Pa3sIuuHH
MEIUIMHCKH NpuiioxkeHus. [lo-HaTaThIIHKA U3CIeBAHUS Ca B XO/I.
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