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Medicinal plants serve as unlimited source for phytoconstituents that possess potent antioxidant and
antiproliferative properties. Artemisia nilagirica L. is a potent medicinal plant widely found in India and has
been used to treat human diseases for centuries. The present investigation was conducted to investigate the
antioxidant and antiproliferative abilities of different crude extracts of A. nilagirica. A detailed study was
performed on the antioxidant activity and antiproliferative activity of the methanol extract of A. nilagirica
by in vitro chemical analysis. The chemical composition of extracts, studied in terms of phenolics, total
flavonoids, triterpenoids, tannins and alkaloids were also determined. Results suggested that the amounts of
different phytoconstituents in extracts vary based on polarity of solvents. The extracts possessed different
antioxidant and radical-scavenging activities in different assays. Among the extracts, ethyl acetate and
alcohol extracts showed the most potent radical-scavenging activities. Ethyl acetate and alcohol extracts
showed cytotoxicity towards eight different human cancer cell lines in vitro with IC_ values ranging between
30.43+0.86 and 982.46+14.40 pg/ml and they were less toxic to normal cell lines. The findings of this study
provide evidence that A. nilagirica extracts can be used potentially as ready accessible and valuable bioactive
source for isolation of antioxidant and anticancer agents.
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Free radicals like various reactive oxygen species
(ROS) are usually the products of normal cellular
metabolism in the living systems. However, excessive
production of ROS due to disruption of the delicate
balance between the antioxidant system and ROS
generation is responsible for oxidative stress which
results in impairment of cellular macromolecules,
like lipids, DNA and proteins!!. This imbalance is
eventually associated with the aetiology of various
disorders such as cancers, inflammation, Parkinson's
disease, Alzheimer's disease, hypertension,
diabetes, atherosclerosis, cardiovascular diseases,
immunological disorders and the aging process!?. ROS
are considered as tumorigenic due to their capacity to
enhance cell growth, survival and cellular migration.
Moreover, they are also responsible for DNA damage,
which manifests in the form of genetic abnormalities
that induce tumorigenicity and sustain subsequent
tumour progression’). Malignancy is one of the most
deadly diseases and foremost public health concern in
both developing and developed world. According to
the American Cancer Society, mortalities resulting due
to this fatal disease comprise 2-3% of the annual deaths
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globally™. Additionally, present-day approaches of
cancer treatment such as radiotherapy, chemotherapy,
immunosuppression and surgery are associated with
high mortality rate. In spite of a considerable progress
in cancer treatment during the recent past, drug
resistance and the hostile side effects of the established
cytostatic compounds is a primary cause of concern.
Moreover, the outcome of currently available methods
of treatment for various cancers is gloomy, especially
when the cancer has progressed till the metastatic stage.
This has necessitated an indispensable requirement for
the development of novel treatment methodologies,
which are safe as well as effective in preventing,
arresting or reversing the molecular and cellular
processes of carcinogenesis.
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Antioxidants provide a cellular defence mechanism
against oxidative stress within the human body. They
have the potential to quench ROS by donating hydrogen
atom or electrons, chelating transitional metal ions,
activation of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) and also inhibiting the oxidising
entities. However, these defensive mechanisms are
sometimes insufficient to prevent the damage entirely
due to the various pathological processes, therefore,
antioxidant supplements are vital to combat oxidative
damagel!. Investigations on medicinal plants have
reclaimed significance in the modern times due to
their increasing comprehensive biological properties
and emerging recognition of their origin, function
and structural diversity!®. Medicinal plants are
receiving great attention because of their significant
antioxidant potential, minimal adverse effects and
economic affordability!”. They contain a wide variety
of chemical constituents, which may act individually
or synergistically to cure diseases associated with
oxidative stress and improve health®. Medicinal plant
materials (and their derived phytochemicals) have been
extensively used to treat various types of cancers.
In contrast to cytotoxic agents that induce damage
to cancer cells, antioxidants prevent the initiation
of cancer during the process of carcinogenesis and
therefore, are considered beneficial to the cells.
Approximately 60% of all the approved drugs used
in the treatment and/or prevention of cancers find
their origin from natural products or natural product
derivatives, of which plants contribute around 25%!.
This has invoked the quest for efficient antioxidant and
antiproliferative entities from different natural sources
especially medicinal and aromatic plants!'.

Artemisia nilagirica (syn. A. vulgaris, Asteraceae) is
an aromatic perennial shrub, which grows in the hilly
areas of India up to 1500 m elevation!!?!. Traditionally,
in Ayurveda and Siddha, this plant is often used for
the treatment of variety of ailments such as diabetes,
epilepsy, asthma, psychoneurosis, depression, anxiety
and stress!'®l. The plant is also useful for leucorrhoea,
threatened abortion, haemoptysis, skin diseases,
vomiting, colic, rheumatism and fever'”. Few
experimental studies regarding the therapeutic activity
of A. nilagirica reported a plethora of pharmacological
properties of this plant including; antibacteriall™,
antifungal™,  cytotoxic'®,  antioxidant!').  This
prompted us to hypothesize that this plant could
demonstrate broader antioxidant and antiproliferative
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activities. Therefore, the present study was designed
to investigate the various extracts obtained through
successive extraction for antioxidant activities using
a series of in vitro and antiproliferative effects on
multiple cancer cell lines. The extracts were also
subjected to quantify the presence of phytochemical
constituents such as total phenolics, total flavonoids,
tannins, and titerpenoids.

MATERIALS AND METHODS

The analytical grade chemicals were procured from
HiMedia and Merck, India. Standard drugs, RPMI-
1640, Dulbecco’s modified Eagle’s medium (DMEM)
and foetal bovine serum (FBS) from Gibco (USA)
and Sigma Aldrich Chemicals Co. (USA). The cell
lines were obtained from National Centre for Cell
Sciences (NCCS), Pune, India whereas, the peritoneal
macrophages were isolated from female BALB/C mice
after official permission from University of Hyderabad,
School of Life Science’s Animal Ethics Committee,
vide approval No. LS/IAEC/IAG/11/10, dated April
15, 2011.

Plant material:

The leafy aerial parts of A. nilagirica plants were
collected in the month of July-September, 2012 from
Survey of Medicinal Plant Unit, Central Research
Institute of Unani Medicine, Hyderabad. A voucher
specimen (UoH/VS/AN-3) has been preserved for
future references.

Preparation of extracts:

The plant material (Ieafy aerial portion of 4. nilagirica)
was dried in the shade, coarsely powdered in a
mechanical blender and then subjected to successive
extraction in a Soxhlet apparatus using the solvents
of n-hexane, ethyl acetate, ethanol and water at room
temperature. The material was allowed to dry in hot air
oven at 40° each time before the next extraction with
another solvent. After the successive extraction, the
extracts were filtered and dried with the aid of rotary
evaporator (Buchii, USA) under reduced pressure at
temperatures below 45° and water was removed by
lyophilisation. Different extracts were designated as
hexane extract (ANH), ethyl acetate extract (ANE),
ethanol extract (ANA) and water extract (ANW) and
the resulting crude extracts were stored at —20° until
assayed. The stock solution of 20 mg/ml of each
extract was prepared in dimethyl sulfoxide (DMSO)
and further diluted with phosphate-buffered saline
(PBS, pH 7.4) to yield specific working concentrations.
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Determination of phytoconstituents:

The quantification of phytoconstituents in different
solvent extracts of A. milagirica were carried out
using standard quantitative methods as described
previously®™!®2%, The components analysed for
phytochemicals were total phenolics, flavonoids,
triterpenoids, tannins and alkaloids.

Antioxidant ability assays:

Antioxidant potential of different extracts from
A. nilagirica was determined by employing series of
methods like phosphomolybdenum method, the ferric
reducing power (FRAP) assay, Fe* and Cu?* chelating
ability.

Phosphomolybdenum assay:

The total antioxidant potential of different extracts
was evaluated by the green phosphomolybdenum
complex formation according to the previously
described method?!. Briefly, an aliquot of 10 ul of
sample solution was mixed with 1 ml of reagent
solution (0.6 M sulphuric acid, 28 mM ammonium
molybdate) in micro centrifuge tubes. The tubes were
incubated in a dry thermal bath at 95° for 90 min.
Subsequently, the absorbance of the mixture solution
was measured at A 695 nm against black. Ascorbic acid
was used as positive control. The antioxidant capacity
was estimated using following Eqn., antioxidant
effect=(control  absorbance—sample absorbance)/
(control absorbance)x100. The reducing capacities
of extracts were expressed as mg of ascorbic acid
equivalents (mg AAE)/g of dry weight (dw).

Ferric-reducing/antioxidant power (FRAP) assay:

The Fe** reducing power of the extracts was determined
by the described method with slight modifications??.
Briefly, extracts and standard solution of ascorbic
acid in 1 ml of appropriate solvents were mixed with
2.5ml of phosphate buffer (0.2M, pH6.6) and 2.5ml
of potassium ferricyanide (1%). The mixtures were
incubated separately at 50-60° for 30min. Later,
2.5ml of trichloroacetic acid (10%) was added to each
mixture, which was then centrifuged at 5000 rpm for
10 min. Finally, 2.5ml of the upper layer solution of
each mixture were mixed with 2.5ml of distilled
water and 0.1 ml of FeCl, (0.1% w/v). The absorbance
was measured at A 700nm. The antioxidant power
was calculated using the following Eqn., antioxidant
effect=[(control  absorbance—sample absorbance)/
(control absorbance)]x100.
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Chelating activity on Cu*":

The Cu**-chelating activities of extracts were assessed
according to previous methods®?,  Concisely,
60 pl of 20 mM CuSO, aqueous solution was added
to hexamine HCI buffer (30 mM; pH 5.3) containing
30 mM KCI and 0.20 mM murexide. After incubation
at room temperature for 1 min, an addition of 10 pl
sample solutions was added to the mixture. The final
volume was adjusted to 1.5 ml with methanol. Then,
the mixture was vortexed vigorously and further
incubated at room temperature for 10 min. Finally
the absorbance of the solutions was then measured
by UV/Vis spectrophotometer at A 485 nm and A 520
nm. The absorbance ratio (A, /A, ) reflected the free
Cu* content. Hence, the percentage of cupric chelating
effect was calculated by the following Eqn., relative
chelating effect  (%)=(A 4, A, 0 (Aue/A 520)Sample/
(A s/ Ao (Auss/ Asag)in <100, where, (A, /A, sample
is the absorbance ratio of the mixtures with sample,
(A /AL, ., 18 the maximum absorbance ratio without
sample and (A /A, ) . is the minimum absorbance
ratio of mixture without CuSo, aqueous solution and
sample in the test.

Chelating activity on Fe?*:

The extracts were further evaluated for their capability
to compete with ferrozine for iron (II) ions in a free
solution as per the protocol reported®!. Extracts
(50-500 pg/ml) were dissolved in a solution of
0.1 ml of 2 mM FeCl,.4H,0. The reaction was
triggered by adding 0.2 ml of 5 mM ferrozine and the
reaction mixture was shaken briskly and left standing
at room temperature for 10 min to allow the solution
to reach the equilibrium. Absorbance of the solution
was then taken at A 562 nm against the blank prepared
in similar manner with FeCl, and water. EDTA at
the concentration range of 1-25 pg/ml used as the
positive control and sample mixture devoid of extract
or EDTA served the negative control. The percentage
of inhibition of ferrozine-Fe?* complex formation was
calculated using the following Eqn., chelating activity
(%)=(A /A o)< 100.

Radical scavenging ability assays:

control sample

Radical scavenging capability of the extracts was
determined and compared to that of 2,2'-azinobis
[3-ethylbenzthiazoline]-6-sulfonic  acid  (ABTY),
2-diphenyl-2-picryl hydrazyl hydrate (DPPH), "OH,
NOr, SO, and lipid peroxidation methods. Antioxidant
potential of the extracts of A. nilagirica was measured
by ABTS assay!?®l. Briefly, 7 mM ABTS was made by
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dissolving it in double distilled water and subsequently
mixed with a 2.45 mM potassium persulphate solution
to yield a radical cation (ABTS™). The reaction
mixture was left to settle in dark at room temperature
for 12-16 h. Prior to the experiment, freshly prepared
ABTS™ solution was diluted with ethanol to achieve
an absorbance of 0.700+£0.02 at A 734 nm wavelength.
About 10 pl of each extract or standard was added to
each well containing 190 pl of ABTS™ solution. The
reaction mixture was gently shaken and incubated for
15 min under dark conditions at room temperature.
Subsequently, the absorbance was measured
spectrophotometrically at A 734 nm using a microtiter
plate reader (TECAN, Switzerland). The ABTS™
scavenging capacity of the extracts was compared with
those of ascorbic acid and the percentage inhibition
calculated as: ABTS radical scavenging activity
(%)=(AbsmmmfAbssample)/AbsmmmlX 100. Radical
scavenging activity of different extracts against stable
DPPH was measured as per our previous report?’..

The scavenging activity of different extracts of
A. nilagirica (40-400 pg/ml) on hydroxyl radical
activity was measured according to the previously
described method®!. The colour intensity formed was
measured spectrophotometrically at A 532 nm against
the blank sample. The hydroxyl radical scavenging
activity of the extracts was determined as percentage
of antioxidant activity.

The nitric oxide radical quenching potential was
further confirmed by sodium nitroprusside method™®.
The reaction solution of 50pl containing 10mM
sodium nitroprusside in PBS (pH 7.0) was mixed with
different concentration (40-400 pg/ml) of extracts and
incubated at 37° for 20min under light conditions.
Thereafter, the samples were further mixed with 300 pl
of Griess reagent (1% sulphanilamide, 2% H,PO,) All
the samples were again incubated for 30 min at ambient
temperature followed by the addition of 0.1%N-
(1-naphthyl) ethylenediamine dihydrochloride. The
absorbance was recorded at A 546nm and the results
were expressed as percent of scavenged nitric oxide
with respect to the negative control without addition of
any antioxidant.

The scavenging activity in terms of superoxide anions
was evaluated by the nitro-blue tetrazolium (NBT)
reduction method® with little modifications. Briefly,
the superoxide anions were generated in 2ml of
phosphate buffer (100 mM, pH 7.4) containing 500 ul of
156 uM NBT solution, 500 pl of 468 uM nicotinamide
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adenine dinucleotide (NADH) solution. The mixture
was treated with different extracts at a concentration
range of 40-400 pg/ml. The reaction was initiated by
adding 100 pl of 60 uM phenazine methosulfate (PMS)
to the mixture and after 5 min of incubation at room
temperature, the absorbance was measured at A 560 nm
against blank. DMSO and ascorbic acid were used as
solvent and positive controls, respectively.

Inhibition of lipid peroxidation assay:

A modified thiobarbituric acid-reactive species
(TBARS) assay" was employed to evaluate inhibition
of lipid peroxidation using rat liver homogenate as lipid
rich medium. Healthy Wister albino rats (250 g) were
sacrificed (procedure was reviewed and approved by
the University of Hyderabad, School of Life Sciences’
Animal Ethics Committee) and liver was perfused
with 0.15M KCIl, homogenate was centrifuged at
800 g for 15min at 4° and the supernatant was used for
thiobarbituric acid assay®.

Antiproliferative activity:

Apanel ofeightcancer cell lines namely; (a) human acute
monocytic leukaemia cell line-THP-1, (b) human T-cell
lymphoblastic lymphoma- SupT1, (c) human B-cell
lymphoma leukaemia-JM1, (d) human hepatocellular
carcinoma cells-HepG2, (e) human cervix adeno
carcinoma-HeLa, (f) human gastrocarcinoma cells-
AGS, (g) rat tumour glial cells-C6, (h) human chronic
myelogenous leukaemia-K562 were used to study
the antiproliferative activity. The murine peritoneal
macrophages were used as a model for normal cells.

The cell lines HepG2, HelLa, C6, were cultured
in DMEM, supplemented with 4.5 g/l D-glucose,
L-glutamine; THP-1, K562, AGS, SupT1 were grown
in Roswell Park Memorial Institute medium (RPMI)
1640 supplemented with L-glutamine. JM1 cells were
cultured in Iscove's Modified Dulbecco's Medium
(IMDM) supplemented with L-glutamine and 25 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic ~ acid
(HEPES) and 2-mercaptoethanol. In addition, all the
three media were supplemented with 10% (v/v) heat
inactivated FBS, 100 U/ml penicillin and 100 ug/ml
streptomycin, antibiotics.

Thioglycollate-elicited mouse peritoneal exudate cells
were obtained from mice following intraperitoneal
injection of 3 ml thioglycollate medium (3 g/100 ml)
and lavage of the peritoneal cavity with 5 ml of ice
cold PBS (10 mM, pH 7.2) 3-4 d later®"l. Cells were
washed, resuspended in HEPES-buffered RPMI-1640
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medium (supplemented with 10% heat inactivated FBS
and antibiotics: 100 U/ml penicillin G and 100 mg/ml
streptomycin and 50 mM 2-mercaptoethanol. These
cells were seeded (5%10* cells/ml) in sterile disposal
plates (60 mm). Cells were maintained in a humidified
incubator with 5% CO, at 37° during growth and
treatments.

In vitro cell viability assay:

Cells were seeded in 96-well plates at a density
of 1x10* cells/ml in 200 pl of complete media and
incubated for 24 h at 37° in 5% CO, atmosphere.
Cytotoxicity was evaluated by means of a growth
inhibition using the 3-[4,5-dimethylthiazol-2yl]-2,5-
diphenyltetrazolium bromide (MTT) assay*?. Briefly
the sample extracts (25-200 pg/ml) initially dissolved
in DMSO (not exceeding the concentration of 1%)
and doxorubicin (standard drug) were further diluted
in cell culture medium and added into a 96-well
plate. After 48 h of incubation, 20 ul of MTT reagent
(5 mg/ml) were added and mixtures were re-incubated
for 4h. Following incubation, the media were removed
and the purple formazan precipitate in each well was
dissolved in 200 pul DMSO. Absorbance was measured
using microplate reader at A 570 nm and results were
expressed as percentage viability which is directly
proportional to metabolically active cell number.
Control group containing without treatment was run in
each assay. Percent viability was calculated as: percent
viability=0D in sample well/OD in control wellx100.

Statistical analysis:

The results were expressed as meantstandard
deviation (SD) values average from 3 to 4 independent
experiments performed in triplicate. 1C,, value (the
concentration of the extracts required to scavenge/
inhibit 50% of radicals/cell growth) was calculated
for different extracts. The statistical calculations were
performed using GraphPad Prism version 6. Statistical
differences between the samples were evaluated using
appropriate statistical tests (one-way ANOVA, repeated
measures ANOVA, Student’s z-test). A P-value of
<0.05 was considered significant where probability
values were found to be equal to or less than 0.05. The
graphical representation of the results was performed
using GraphPad Prism version 6 (San Diego, USA)
and Sigma plot version 11.0 (USA) software’s.

RESULTS AND DISCUSSION

Total phenolic content (TPC) of four different
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extracts of A. nilagirica were measured using the
Folin-Ciocalteu method, and the results are shown in
Table 1. The TPC ranged from 0.44+0.04 to 12.13+0.20
mg GAE/g. ANA showed the highest phenolic content
(12.13+0.20 mg GAE/g), followed by ANW (4.00+0.03
mg GAE/g), ANE (3.52+0.09 mg GAE/g), whereas
ANH showed the lowest phenolic content (0.44+0.04
mg GAE/g) of these extracts.

The quantitative analysis of total flavonoid content of
various crude extracts of 4. nilagirica revealed that the
ANE contained highest amount of TPC (16.63%1.18
mg QFE/g). The moderate amounts were recorded in
ANA (5.0£0.46 mg QE/g) and ANW (4.30+0.10 mg
QE/g) and least amount of TFC was found in ANH
(3.02+0.05 mg GAE/g). The results are presented in
Table 1.

The total triterpenoid content of the four crude extracts
was evaluated by calorimetry with ursolic acid as
the standard reference. The total triterpenoid content
of the four extracts varied widely from 2.87+0.28
to 20.56+1.09 mg ursolic acid/g dw of extract. The
lowest total triterpenoid content was found in ANW
extract, whereas the ANH extract provided the
highest triterpenoid content of the extracts. This result
suggested that ANH had highest concentration of
triterpenoid compounds out of the four extracts.

The results for tannin content in different extracts are
presented in Table 1. In total tannin contents were
maximum in ANW extract (10.11+0.34 mg TAE/g dw
extract), followed by ANA (2.70+0.19 mg TAE/g dw).
The least amount of tannins was obtained from ANE
extract (1.09£0.11 mg TAE/g dw). ANH did not show
any presence of tannins in the experimental conditions.
Therefore, our results suggested that the tannins content
were higher in ANW as compared to ANA and ANE.

The alkaloid content of extracts of A. nilagirica ranged
from 1.31+0.31 to 2.14+0.27 mg/g dw). The ANE
extract had more alkaloid content i.e. 2.14+0.27 mg/g
than other extracts. The results are shown in Table 1.

Total antioxidant potential of the different extracts of
A. nilagirica was evaluated by phosphomolybdenum
method and was presented as AAE per gram of plant
extract. The investigated extracts were significantly
active in reduction of Mo(VI) to Mo(V). Among the
tested extracts, the highest total antioxidant capacity
was observed for ANE with a value of 15.92+0.44
mg AAE/g dw. of extract. The ANH showed least
antioxidant capacity (0.49+0.97), whereas other two
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extracts showed moderate phosphomolybednum
reduction (Table 1).

FRAP assay was used to evaluate antioxidant
capacities of extracts. In general, the extracts under
study had significant antioxidant abilities. As indicated
in Table 1, the FRAP values varied from 1.27+0.02 to
4.43+0.11 mg AAE/g dw. ANA had the highest FRAP
value (4.43+0.11 mg AAE/g dw.) and ANH showed the
lowest FRAP value (1.27+0.02 mg AAE/g dw.) among
the tested extracts.

The results of chelating activity on Fe?* established that
the formation of ferrozine-Fe* complex is inhibited
in presence of extracts and standard compound
(Table 2 and fig. 1A). In this experiment, the extracts
and the EDTA interfered with the formation of ferrozine
and ferrous complex suggesting that they possess
efficient chelating activity and are able to capture
ferrous ion before ferrozine. The extracts decreased the
absorbance of the complex solution in a concentration
dependent manner. The iron chelating property of the
plant extracts at the highest concentration of 500 pg/ml
was observed in accordance with the order of their IC,
values (Table 2).

The ability to chelate cupric ions varied widely for
the different extracts tested. ANH at the concentration
chelated only 26.71+4.87 of Cu*" ions while ANA

was the most potent Cu*" ion chelator exhibiting an
IC,, of 260.52+5.80 pg/ml. The results about the Cu*
chelating activities of the plant extracts and the control
are listed in Table 2; fig. 1B. The Cu?** binding ability of
the extracts is an indication of the fact that the extracts
possess significant amounts antioxidant compounds.

Variations for the ABTS™* radical cation scavenging
activities of each extract and positive control,
ascorbic acid was observed in our study (Table 2;
fig. 1C). Among various extracts of A. nilagirica,
ANA possessed the highest ABTS radical
scavenging activity (93.30+0.20%) with IC, value of
9.37£0.18 pg/ml while ANH displayed lowest
ABTS radical scavenging activity (29.26+1.94%)
with IC, value of 171.48+8.00 ug/ml) at the highest
concentration of 100 pg/ml. The percentage inhibition
of other two extracts, ANE and ANW was found to be
88.60+1.32 and 80.20+1.36%.

The percentage inhibition of samples was assayed
by DPPH radical scavenging method and the
corresponding percentage inhibitions and IC, values
were calculated. As displayed in Table 2, IC, values
for the different extracts showed wide variability,
ranging between 266.13£1.21 and 713.50+6.23 ug/ml.
The order of DPPH scavenging against the tested
extracts was found to be ANA>ANE>ANW>ANH.

TABLE 1: PHYTOCONSTITUENTS AND ANTIOXIDANT POWER OF A. NILAGIRICA EXTRACTS

Total antioxidant

sample Phenols Flavonoids Tannins Triterpenoids  Alkaloids activity" FRAP
(mg GAE/g dw) (mg QE/g dw) (mg TAE/g dw) (mg UAE/g dw) (mg/g dw) (mg AAE/g dw) (mg AE/g dw)
ANH 0.44:0.04%° 3.02:0.05° 20.56+1.09° 0.49:0.97° 1.27+0.02°
ANE 3.52+0.09° 16.63+1.182 1.09+0.11° 13.07£1.58%®  2.14+0.27° 15.92+0.44° 3.69+0.13°
ANA 12.1320.20° 5.0:0.46° 2.70+0.19% 7.56+0.67° 1.31£0.31° 8.16+1.45° 4.43+0.11°
ANW 4.00+0.03° 4.30+0.10° 10.1120.34° 2.87+0.28° 1.67+0.05° 5.58+1.23° 1.94:0.03°

Each value is represented as mean+SD (n=3). ®Highest value and significantly different (P<0.05) from other values (ab and b) of each row;

significantly different (P<0.05) from b only

TABLE 2: IC,, OF A. NILAGIRICA EXTRACTS ON TESTED RADICALS

. Type of Extract
Scaverygmg/ Standard
chelating assay ANH ANE ANA ANW compound
DPPH" 713.50+6.23 305.25+1.32 266.13+1.21 337.95+4.21 6.86+0.92#
ABTS 171.48+8.00 19.45+0.81 9.37+0.18 25.28+0.60 2.13+0.13#
*OH 345.06+9.11 247.52+8.71 335.51+3.91 232.02+7.41 62.40+3.72%
H,0, 193.23+2.34 115.12+3.67 88.2315.11 187.67+2.15 245.30+4.607
NO* 209.20+7.33 257.30£6.78 264.60£1.71 258.09+5.43 19.90+2.30*
‘0, 609.99+8.12 330.32+7.12 509.94+1.71 536.12+4.33 32.86+3.78%
LPO 297.35+5.78 229.64+7.89 451.06+4.95 236.21+9.00 48.72+3.20%
Fe? 883.27+17.85 303.44+16.67 357.70+9.78 342.12+8.34 6.44+0.44*
Cu? 748.65+26.43 550.45+19.71 260.52+5.80 620.31+21.13 275.69+6.521

Each value is represented as meanSD (n=3) and expressed in pg/ml of extract. “Ascorbic acid; “*EDTA; fsodium citrate
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Fig. 1: Antioxidant activities of different extracts of Artemisia nilagirica
(A) Chelation of Fe?*, (B) chelation of Cu?*, (C) ABTS radical scavenging, (D) DPPH radical scavenging, (E) hydroxyl radical
scavenging, (F) nitric oxide radical scavenging, (G) superoxide anion scavenging, (H) lipid peroxidation. ==e== ANH; === ANE;

—A—ANA; —V—ANW

ANA with an IC, value of 266.13£1.21 pg/ml,
showed particularly high free-radical scavenging
activity, followed by ANE (305.25+1.32) and ANW
(337.95+4.21). ANH (713.50+6.23) exhibited the
lowest activity among the examined extracts, since it
required much higher concentrations to reduce 50%
of free-radical concentrations. Ascorbic acid-positive
control, exhibited highest scavenging effects at
minimal concentrations (Table 2; fig. 1D).
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The extracts of A. nilagirica scavenged ‘OH radical
in a concentration dependent manner. The IC, values
ANW, ANE, ANA and ANH were 232.02+7.41;
247.5248.71; 335.51+£3.91 and 345.06+9.11 pg/ml,
respectively. ANW was found to be more potent with
the percentage inhibition of 85.55+1.14% at the highest
concentration of 400 pg/ml compared to other extracts.
ANE also quenched the "OH in a significant manner
with percentage inhibition reaching close to ANW
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(84.60+0.98. However, ANA and ANH were weak
scavengers compared to ANW and ANE as evident
from their IC, values (Table 2; fig. 1E).

The scavenging of NO' by A. nilagirica extracts
was concentration-dependent, exhibiting significant
decrease in the NO. ANH with an IC, value
of 209.20+7.33 pg/ml inhibited a maximum of
76.47+0.41% of NO" at the highest concentration of
400 pg/ml. Furthermore, considerable inhibition of NO*
was exhibited by ANE, ANW and ANA extracts with
maximum inhibition of 73.93+1.19, 72.11+0.57 and
71.75+1.23%, respectively at the same concentration
of 400 pg/ml. The effective concentrations at which
50% of the NO" radicals were inhibited by these extracts
(257.30+£6.78, 258.09+5.43, 264.60+1.71 pg/ml,
respectively) were not statistically different (Table 2;
fig. 1F).

We also investigated the capacity of 4. nilagirica
extracts to scavenge the superoxide and thus diminish
the reduction of NBT. The reduction in absorbance
at 560 nm upon the addition of extracts as well as of
the reference compound indicated the consumption
of superoxide anion in the reaction mixture. The
scavenging activity of superoxide anion radicals was
enhanced by raising the concentration of extracts from
40 to 400 pg/ml, as illustrated in Table 2 and fig. 1G.
Among the extracts, the ANA was found to be potent
superoxide radical scavenger with the percentage
inhibition of 88.23+5.11 while ANH was the least
efficient in terms of quenching activity with percentage
inhibition of 34.68+0.50. Other extracts, ANE and
ANW also presented significant scavenging activity
towards the superoxide anions. As evident, ANA
extract was a better scavenger of superoxide anion as
its counterparts.

The effect of extracts in retaining MDA production
by percent antilipid peroxidation was conducted
in 10 different concentrations on liver homogenate
which was induced by Fe*" ion (Table 2; fig. 1H). All
the tested extracts demonstrated that the antioxidant
activities were in concentration dependent manner
against Fe*" induced lipid peroxidation. Of all the
extracts, ANE revealed maximum antioxidant activity
with percentage inhibition of 88.15+0.99% with
the IC,, value of 229.64+7.89 ug/ml. The potential
antioxidant was indicated in the following decreasing
order ANE>ANW>ANH>ANA. The result showed
that extracts had the capacity to protect the liver
membrane phospholipids from undergoing oxidative
deterioration.
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In the present study, the screening of cytotoxic effect
of plant extracts from A. nilagirica on eight different
cancer cell lines was analysed by conducting MTT
cell viability assay. Cultures of selected cell lines
were treated with different concentrations of extracts
(50, 100, 200 pg/ml) and the effect on the survival of
cells is shown in Table 3. The present report shows
that ANE and ANA exert inhibitory effects on selected
cell lines in a concentration dependent manner with
significant difference in selectivity (P<0.05). On the
other hand, ANH and ANW extracts failed to inhibit
the proliferation of selected cancer cells considerably,
therefore suggesting their non-cytotoxic properties
(Table 3).

ANE was more potent than ANA for all the cells
exhibiting an IC,; value of 38.21+7.37, 59.02+5.90,
35.87+1.68, 101.01£2.46, 51.67+£9.84, 36.35+1.32,
31.5743.08, 30.43+0.86 for THP-1, SupTl, JMI,
HepG2, HeLa, AGS, C6 and K562 cells, respectively.
It is also worth to mention that the percentage of
inhibition by ANE ranged from 39.724+3.09% in
HepG2 cells to 95.27+0.15 in C6 cells. Similarly
the percentage of inhibition by ANE at the highest
concentration of 200 pg/ml ranged between
10.1840.15% in C6 to 88.40+2.12% in AGS cells.
However, the corresponding IC, values of ANA
were higher than ANE in all the tested cell lines
(Table 3). Doxorubicin, a known anticancer drug used
as a positive control, exhibited IC,, values ranging
from 0.47+0.08 png/ml in HepG?2 cells to 2.09+0.09 png/
ml in AGS cells. Curcumin was also used as positive
control for K562 cells that showed a percentage
inhibition of 83.96+2.79% at highest concentration of
50 pg/ml with an IC,  value 10.81+0.68 pg/ml.

An important criterion in the search of anticancer
compound(s) with therapeutic potential is to determine
whether they show toxic effects on normal cells. It is
well known that adverse side effects associated with
extracts might hinder their usage. Therefore, in order
to define whether the strong inhibitory effects of active
crude extracts A. nilagirica (ANE and ANA) were
specific to cancer cells, the inhibitory effects of these
extracts towards the proliferation of normal cells were
subsequently monitored. For this purpose, a test of
cytotoxicity to peritoneal macrophages was performed
in order to determine the selectivity to biological
activity. The results of this study clearly indicated
that assayed extracts were virtually non-toxic and
had negligible inhibitory effects on cell proliferation
against peritoneal macrophages and there was minimal
reduction in cell survivability (Table 2).
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During the recent past, the emphasis on medicinal
plant research has augmented all over the world and
significantevidences have been collected to demonstrate
the immense potential of medicinal plants used in
different traditional systems of medicine. Numerous
plants have been investigated using modern scientific
approaches wherein the results shown the potential of
medicinal plants in the field of pharmacology. Besides,
it was also concluded that medicinal plants can be
involved in preventing or hindering the progression
of many diseases. The herbal drugs/formulations apart
from being considered as free from serious adverse
effects are obtained from natural world and are easily
accessiblel®3-*%, Despite the plethora of drugs developed
by pharmaceutical industry, herbal remedies have
proved to be effective alternative or complementary
treatments for different ailments.

TABLE 3: A. NILAGIRICA EXTRACTS EXHIBITING
IN VITRO CYTOTOXICITY IN EIGHT SELECTED
CANCER CELL LINES

Percentage
Cell line sample inhibition o Van:LI')e (be/
(200 pg/ml)
ANE 89.25+1.22*  38.21+7.37**
THP-1 ANA 61.21+12.00 132.41+7.19
Doxorubicin  91.80+0.58 1.63+0.58
ANE 76.28+4.01 59.02+5.90*
SUPT-1 ANA 78.18+6.00 112.24+3.66
Doxorubicin  92.93+0.52 1.89+0.52
ANE 77.33+1.63*  35.87+1.68*
JM-1 ANA 68.80+4.45 40.91+9.78
Doxorubicin  92.93+0.52 1.79+1.66
ANE 93.35+3.18*  30.43+0.86**
K562 ANA 66.41+2.81 126.45+3.56*
Curcumin 83.96+2.79 10.81+0.68
ANE 73.96+3.15*  101.01+2.46*
HepG2 ANA 39.72+3.09 164.36+5.36
Doxorubicin  85.84+3.04 0.47+0.08
ANE 95.27+0.15**  31.57+3.08**
Cé ANA 10.18+0.15  982.46+14.40
Doxorubicin  87.67+1.81 0.79+0.01
ANE 67.09+13.52* 51.67+9.84*
Hela ANA 56.88+4.72* 92.25+5.55
Doxorubicin  74.73+1.52 6.69+1.52
ANE 82.86+0.59 36.35+1.32
AGS ANA 88.40+2.12 47.98+0.41*
Doxorubicin  92.29+1.60 2.09+0.09
Peritoneal ANE 2.87+0.89
macrophages ANA 4.34+1.23

Values expressed in pg/ml of extract. Significant P value (*P<0.05
was obtained by Student’s t-test analysis. Composite treatments
were compared using one-way analysis of variances (ANOVA) and
probability values were found to be equal to or less than 0.05 for
all the eight cell lines
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Plant phytochemicals such as phenols, flavonoids,
alkaloids, terpenoids and saponins. have been involved
in varied functional roles including curative properties,
are reflected as main contributors of antioxidant
properties®’3%, The phytochemicals act as antioxidants,
by acting as reducing agents, hydrogen donators,
singlet oxygen quenchers as well as metal chelators
owing to their redox abilities®?”). The present study is in
continuation of our search for small medicinal active
molecules and evaluation of their biological activity.
The aim of this work was to evaluate the antioxidant
and antiproliferative activity of crude extracts against
eight different human tumor cells. We also aimed to
assess the phytochemical profile of these extracts
to support the therapeutic use of A. nilagirica plant
as an antioxidant and antiproliferative agent in the
Indian system of medicine. In this study, ANA and
ANE showed highest quantities of polyphenols and
flavonoids. However, the higher concentration of
tannins and triterpenoids were detected in aqueous and
ANH respectively. The extracts of 4. nilagirica also
possessed minute quantities of alkaloid content except
the ANH. Significant (P<0.05) differences in terms of
extract yield obtained from different solvents might
be due to differences in solvent polarity as well as the
presence of extractable components of the plant! 041,

The results indicated that apart from phenolics as
antioxidant constituents, the extracts of the plant
under study possess other phytochemical entities
which may possess some other medicinal applications.
The profile of phytochemicals in different extracts
and their mix ratios determine the joint action of the
compounds, with either synergistic, antagonistic and/
or additive effects. The efficacy of a combination of
different phenolic compound structures might be
greater than that of other combinations on a kind of
activity. Consequently, different kinds of activities of
a phenolic mixture may also depend on the mix ratios.
The variation in the phytochemical profile compared to
earlier reports“>*1in the present work may be the result
of the involvement of these compounds in different
functional roles in the plants collected from different
places of the world. Earlier reports have also confirmed
that the antioxidant potential of certain bioactive
compounds is associated with their reducing abilities,
therefore, the reducing power assays may act as an
important indicator of probable antioxidant activity in
a plant extracts!***]. Furthermore, antioxidant capacity
of the plant extracts mainly depends on both the
composition of the extracts as well as the test system.
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It can be influenced by number of factors and cannot
be comprehensively evaluated by a single method.
It is imperative to perform more than one type of
antioxidant capacity measurement to take into account
the various mechanisms of antioxidant action*®!, hence,
we employed series of in vitro assays to get a broader
prospective of antioxidant potential of this plant.
A. nilagirica extracts possessed a significant antioxidant
potential as indicated by phosphomolybednum assay
and reduction of ferric to ferrous ions in FRAP assay.
Transition metals such as Fe and Cu upon reacting
with perioxides form harmful alkoxy radicals by
donating electrons. Chelation of these metals gives a
good assessment of the protective antioxidant potential
of the plant extracts/compounds®*”. The build-up of
toxic iron causes tissue damage and leads to various
complications in human beings. Chelation therapy
decreases iron-related complications and hence
progresses the quality of life and overall survival*$4l,
All the extracts except ANH chelated Fe and Cu ions
considerably in a concentration dependent manner
in vitro again justifying their antioxidant capability.

0,”, "OH, NO’, H,O, and lipid peroxidation plays a
substantial role in promoting pathological conditions
and diseases governed by oxidative stress in human
beings®™. O, and other ROS species resulting from
it (OH and H,O,) are responsible for homeostatic
disruption and subsequently damages the myocardial
tissues in ischemia/reperfusion injury. Moreover, they
also plays a significant role in the pathogenesis of many
disorders such as hypertension, chronic obstructive
pulmonary disease, diabetic complicationsi®3!.
The DNA damage induced by the ‘OH radicals
is responsible for the initiation, progression and
development of carcinogenesis®¥. Studies have
indicated that enhanced formation of nitric oxide by
iNOS have been responsible for inflammatory disorders
of the joints, atherosclerosis, cancer and diabetes™.
Increased formation of lipid peroxides and aldehydes is
critical in the progression of atherosclerosis, arthritis,
cancer and several neurodegenerative diseases and other
immunological disorders™*. Moreover, the presence of
phenolic compounds in this study support the hypothesis
that phenolic compounds contribute significantly to
the total antioxidant capacity of the examined plant
species, in accordance to the earlier findings where a
linear correlation was observed between the content
of phenolic compounds and antioxidant capacity of
several plant speciest®%. In view of these facts, the
evaluation of antioxidant potential in the extracts of
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A. nilagirica may extend the use of this potent medicinal
plant in the direction of prevention and treatment of
disorders associated with oxidative stress.

Cancer remains one of the leading causes of mortality
worldwide. There were about 14.1 million new
cases of cancer and 8.2 million cancer deaths and
32.6 million people living with cancer (within 5 y of
diagnosis) estimated in the year 2012 globally. By
2025, it has been estimated that mortality can reach as
high as 12 million with a substantive increase to 19.3
million new cancer cases per year®”. Consequently,
lot of progress has been made in the field of cancer
research to develop various approaches to reduce the
mortality caused by cancer. The introduction of active
agents derived from medicinal plants into the cancer
therapy that have proven to be more potent with less
toxicity has changed the natural history of many types
of human cancer®*. Earlier studies have suggested
that plant derived polyphenols and flavonoids obstruct
the growth and angiogenesis of tumour cells in vitro!®.
The mechanistic aspects of bioactive components
may prevent cancer through various mode of action
including antioxidant activity, inhibition of cell
proliferation, induction of apoptosis, inhibition of
cell invasion and subcellular signalling pathwaysf¢"-2,
Several laboratory evidences from chemical, cell
culture and animal studies indicate that antioxidants
may slow or possibly prevent the development of
cancer'®, In this study, we have also shown that two
extracts of A. nilagirica possessed significant cytotoxic
effects on the panel of eight different cancer cell lines
in a concentration dependent manner. The active crude
extract with an IC, value of <30 pg/ml is considered to
be cytotoxic according to the standard National Cancer
Institute criterial®. The active extracts exhibited
different activity on different cell lines. This variation
in activity could be due to the different sensitivity of
cell line towards the bioactive compounds in the extract
or to tissue specific responsel®). The antiproliferative
activity of active extracts may not be attribute to their
toxicity as there was no apparent reduction in viability
of controlled cultures of peritoneal macrophages at
the same concentration. Hence, our results suggested
that these extracts may have potential to be further
developed into therapeutic treatments.

In the present study, the phytochemical and detailed
antioxidant activities of A. nilagirica were
demonstrated using series of in vitro antioxidant
models. Our results provide evidence that extracts of
A. nilagirica are efficient quenchers of free radicals,

November-December 2017



www.ijpsonline.com

thereby inhibiting free chain reaction, act as proficient
reducing agents and metal ion chelators to terminate
the initiation and cease free radical formation.

In addition, our results further conclude that the ethyl
acetate and alcoholic extracts strongly inhibited the
growth of 8 different human cancer cell lines and
were nontoxic to normal peritoneal macrophages.
Substantial antioxidant and antiproliferative capacities
of A. nilagirica extracts may be mainly attributed to
the presence of the high level of phytoconstituents.
Consequently, 4. nilagirica may have a great relevance
in the prevention and therapy of diseases in which free
radicals and oxidants are implicated. However, further
work is still needed to identify and characterise the
inherent phytocompounds from active extracts and
to investigate the antioxidant and antiproliferative
efficacy in vivo.
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