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Abstract
Zanthoxylum alatum is used in traditional medicinal systems for a number of diseases like diarrhoea,
fever, toothache, inflammation, headache, microbial infections, cancer, etc. The aim of the present study
was to evaluate the ethyl acetate extract of Zanthoxylum alatum stem bark for its cytotoxic and
antioxidant potential and to isolate the bioactive constituent(s). Cytotoxicity of ethyl acetate extract was
studied on different cancerous cell lines such as pancreatic, lung, breast and colon cancer using MTT
assay. In vitro antioxidant potential was evaluated using DPPH, Nitric Oxide scavenging assay and ferric
reducing power assay. The estimation of total phenolic compounds in the extract was determined by
Folin-Ciocalteu’s method. Isolation of compounds from ethyl acetate extract was done on silica gel
column. Structure elucidation was done by using various spectrophotometric techniques like UV, IR,
NMR and MS spectroscopy. All statistical analysis was conducted using Graph Pad Prism software.
Ethyl acetate extract of plant has shown significant cytotoxic potential on lung and pancreatic cancer cell
lines and also shown antioxidant potential. Flavonoids; apigenin and kaempferol-7-O-glucoside have
been isolated from column and has shown significant cytotoxic potential. Flavonoids isolated from ethyl
acetate extract were responsible for cytotoxic activity of the extract. Hence the Zanthoxylum alatum can
be further explored for the development of anticancer drug.
Keywords: Apigenin, Cytotoxic, Kaempferol-7-O-glucoside, Zanthoxylum alatum

1. Introduction
Cancer can be defined as a disease in which a group of abnormal cells grow uncontrollably by
disregarding the normal rules of cell division [1]. It is a serious, frightening disease. About a
third of humans develop cancer in a lifetime [2]. It is caused by both external factors (tobacco,
chemicals, radiation and infectious organisms) and internal factors (inherited mutations,
hormones, immune conditions and mutations). Treatment for cancer includes local treatments,
such as radiation therapy, surgery and systemic treatments such as chemotherapy and targeted
therapy. Despite considerable progress in the management of cancer by conventional synthetic
drugs, the search for natural anti-cancer plant products for controlling cancer is very important
as synthetic drugs has many side effects [3].
Today much attention has been devoted to natural antioxidant and their association with health
benefits. Plants are the potential source of natural antioxidants. Reactive oxygen species
(ROS) are generated as byproducts of biological reactions and from exogenous factors [4].
Excess ROS, if not eliminated by antioxidant system, results in high levels of free radicals
which causes oxidative stress [5]. Oxidative stress arising from free radicals is the basis of
many diseases such as cancer [6, 7]. The curative effects of several medicinal plants are usually
due to antioxidant phytochemicals present in it such as polyphenols, flavonoids and phenolic
compounds [8].
Zanthoxylum alatum Roxb. (ZA) (Syn. Zanthoxylum armatum, Rutaceae) is a strong aromatic
shrub commonly known as ‘Timur’ [9]. It is distributed in Himalayas from Kashmir to Bhutan
upto 2100 m and in Khasia hills upto 1350 m [10]. The bark of the plant is reported to contain a
bitter crystalline principal identical with berberine and it also contains volatile oil, phenolic
compounds and resin [11]. The fruit contains about 1.5% of an essential oil consisting chiefly of
1-α-phellandrene with small amounts of linalool. Leaves yields an essential oil which is a
carbonyl compound identified as methyl n-nonyl ketone. The roots yields the alkaloids such as
dictamnine, magnoflorine, fagarine, skimmianine, xanthoplanine [12, 13]. Reported
pharmacological activities of ZA in different parts are anti-proliferative [14], hepatoprotective
[15, 16]
, larvicidal [17], antibacterial, antifungal, anthelmintic [18], anti-inflammatory [19], antioxidant
[20]
, antispasmodic, antidiarrhoeal, bronchodialator and in cardiovascular disorders [9], lousicidal
potential [21], antidysentric [22], piscicide [23], cytotoxic [24]. Phytochemically stem bark
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contains alkaloids, steroids, phenolic compounds and
flavonoids.
In continuation of our investigation of Zanthoxylum alatum
stem bark [25]; the present study was carried out to isolate
active compounds from ethyl acetate extract which can be used
against cancer.
Materials and Methods
The stem bark of ZA was collected from the local areas of
Tehri (Garwal), Uttrakhand, India and authenticated from
NISCAIR,
New
Delhi
(Ref.
NISCAIR/RHMD/Consult/2013/2233/14) by Dr. Sunita Garg.
Stem bark was shade dried (<40 °C), coarsely powdered and
stored in air tight container.
All solvents used were of analytical grade and purchased from
Rankem (Ranbaxy, fine chemical ltd.). Silica gel 60 F254 (EMerck), silica gel (60-120) used for thin layer chromatography
(TLC) and column chromatography was procured from Loba.
NMR spectra were recorded on bruker 400 MHz spectrometer
using TMS (Tetramethylsilane) as the internal standard and
Mass spectra were recorded on ESI-esquire 3000 bruker
daltonics instrument. IR spectras were obtained with a Nicolet
380 FTIR spectrometer (Thermo Scientific) in KBr pellets and
UV spectra were recorded on a SHIMADZU UV-1700
(double-beam) spectrophotometer.
The cell lines A-549, MIA-PaCa, MCF-7 and CaCo-2 were
obtained from National Center for Cell Sciences NCCS, Pune
(India). RPMI-1640, Nutrient Mixture F-12 Ham Kaighns
Modification and Dulbeco minimum essential eagle medium
(DMEM), Foetal bovine serum (FBS), penicillin and
streptomycin, MTT reagent, 0.5% Trypan Blue and acridine
orange/ethidium bromide were purchased from Himedia.
Extraction, isolation and purification of compound
The stem bark was shade dried and coarsely powdered with
mechanical grinder. The powdered drug (1 kg) was extracted
by continuous hot extraction process using soxhlet apparatus
with petroleum ether (60-80 °C). The marc obtained was then
extracted with ethyl acetate. The total extract was concentrated
under reduced pressure to afford a brown semi-solid residue.
The dried ethyl acetate extract was subjected to column
chromatography in order to isolate bioactive compound(s).
Column was packed with silica gel (60-120 mesh size). It was
initially eluted with dichloromethane and ethyl acetate and
then with ethyl acetate and methanol in gradient manner. Each
fraction of 50 ml was collected, concentrated in rota
evaporator and left for crystallization. Total number of
fractions collected were 420. The fractions having same Rf
values were pooled together. Purification of the isolated
compounds was carried out by repeated recrystallization
technique. Compound A was isolated from fractions 310-356
(ethyl acetate:methanol, 90:10). Crystals were separated from
mobile phase and purification was done by recrystallization
using acetone and methanol. Compound B was isolated from
fractions 370-395 (ethyl acetate:methanol, 85:15) and purified
by successive washing with cold methanol.
The structures of compounds were determined by UV, IR,
NMR and MS spectroscopy.

Cell culture, establishment and maintenance:
All cell lines were maintained in DMEM and nutrient mixture
of f-12 Ham’s medium supplemented with Penicillin (100
Units/mL), Streptomycin (100 μg/mL) and 10% (v/v) heat
inactivated fetal bovine serum (FBS). Cells were maintained in
5% CO2 humidified incubator at 37 ºC. Subculturing was
conducted by trypsinization (0.25%) when they were reached
80% confluency. Growth medium was changed every three
days.
Cytotoxicity assay
The prepared extract and isolated compounds has been
subjected to cytotoxic assay. The cells of all cell lines were
plated 24 h prior to testing in 96 well plates at a density of
3000 cells/well in 100 µL of the medium. After an overnight
incubation triplicate wells were treated with varying
concentration of extract, docetaxel and compound ranging
from (1-150 µg/mL) and incubated for 3 days. After 3 days
medium was replaced with 2 µL of MTT solution (5 mg/mL)
and cells were incubated for 3 hours. The relative percentage
of metabolically active cells compared with untreated controls
and then determine on the basis of mitochondrial conversion of
3-(4, 5-dimethylthiazol-2-yl) 2, 5 diphenyltetrazolium bromide
(MTT) to Formazan crystals which were dissolved in
dimethylsulfoxide (DMSO). Spectrophotometric absorbance of
sample was determined by using micro plate reader
(BIORAD) at 570/630 nm [26]. Concentrations of sample
showing 50% reduction in cell viability (i.e. IC50) were then
calculated. Control cells (unexposed cells) were taken as 100%
viable. The percentage inhibition was calculated by the
formula
% inhibition = (OD of Control)-(OD of Treated)/(OD of
Control)x100.
OD: Absorbance of each well.
In vitro antioxidant studies
The ethyl acetate extract was also tested for their free radical
scavenging property using different in vitro models. All
experiments were performed thrice and their results averaged.
L-Ascorbic acid was used as standard control in each
experiment. Results were expressed in IC50 values.
DPPH radical scavenging activity
0.1 mM solution of DPPH in methanol (22.2 mg in 1000 mL)
was freshly prepared. Different concentrations of extract and
standard (25-400 µg/mL) were added at an equal volume to
methanolic solution of DPPH. After 30 min at room
temperature, the absorbance was recorded at 517 nm [27].
Radical scavenging activity was calculated by the following
formula
% inhibition = Acontrol –Atest/ Acontrol × 100 (formula 1)
where, Acontrol = Absorbance of control reaction and Atest =
Absorbance of samples of extracts.
Nitric oxide radical scavenging activity
2 ml of 10 mM sodium nitroprusside in 0.5 ml phosphate
buffer saline (pH 7.4) was mixed with 0.5 ml of extract at
various concentrations (25-400 µg/mL) and the mixture was
incubated at 25 °C for 150 min. From the incubated mixture
0.5 mL was taken out and added into 1.0 ml sulfanilic acid
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reagent (33% in 20% glacial acetic acid) and incubated at
room temperature for 5 min. Finally, 1.0 mL
naphthylethylenediamine dihydrochloride (0.1% w/v) was
mixed and incubated at room temperature for 30 min before
measuring the absorbance at 540 nm [28]. The nitric oxide
radicals scavenging activity was calculated by the formula 1.
Reducing power assay
The extract (0.75 mL) at various concentrations (25-400
µg/mL) was mixed with 0.75 mL of phosphate buffer (0.2 M,
pH 6.6) and 0.75 mL of potassium ferricyanide (1%, w/v)
followed by incubating at 50 °C in a water bath for 20 min.
The reaction was stopped by adding 0.75 mL of trichloracetic
acid (TCA) solution (10%) and then centrifuged at 3000 r/min
for 10 min. 1.5 mL of the supernatant was mixed with 1.5 ml
of distilled water and 0.1 mL of ferric chloride (FeCl3) solution
(0.1% w/v) for 10 min. The absorbance at 700 nm was
measured as the reducing power. Higher absorbance of the
reaction mixture indicated greater reducing power [29].
Estimation of total phenolic content
The total concentration of phenolic compounds in the extract
was determined using a series of gallic acid standard solutions
(20-100 µg/mL). Gallic acid solution was prepared by
dissolving 10 mg in 10 mL water to make 1 mg/mL solution.
The extract (10 mg) was dissolved in 10 ml of water to prepare
1mg/ml solution of extract. Each extract solution (0.1 mL) was
mixed with 2 mL of a 2% (w/v) sodium carbonate solution and
vortexed vigorously. The same procedure was also applied to

the standard solutions of gallic acid. After 3 min, 0.1 ml of
50% Folin-Ciocalteu’s phenol reagent was added and each
mixture was vortexed again. The absorbance at 760 nm of each
mixture was measured after incubation for 30 min at room
temperature and the concentration of the sample solution was
determined from the calibration curve. Results were expressed
as milligrams of total phenolics content per grams of extract as
gallic acid equivalents (GAE) [30].
Calculation
Total phenolic contents (%) = GAE x V x D x 10-6 x 100/W
Where, GAE- Gallic acid equivalent (μg/ml), V- Total volume
of sample (ml), D- Dilution factor, W- Sample weight (g)
Statistical analysis
Statistical significance was compared between various
treatment groups and controls using t-test and ANOVA. Data
were considered statistically significant when P-values were
<0.05. All analysis was done in triplicate and results are
expressed as mean ± S.D. All statistical analysis were
conducted using Graph Pad Prism software version 5.
Results
Cytotoxic assay
The ethyl acetate extract (6.5% w/w) of ZA caused significant
inhibition of viability in A-549 and MIA-PaCa cancer cell
lines (Fig. 1a,b,c,d). Results were expressed in IC50 values
(inhibitory dose inhibited cell growth by 50%).

Fig 1: Effect of ethyl acetate extract on a) MIA-PaCa, b) A-549, c) MCF-7 and d) CaCo-2 cancer cell line. Values were expressed as mean ±
SD, (n=3)
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The isolated compounds has shown more cytotoxicity than
ethyl acetate extract (Fig. 2a, b). In case of A-549 lung cancer
cell line the IC50 value for ethyl acetate extract was found to be
85.33 ± 1.52 µg/mL whereas for apigenin and kaempferol 7O-glucoside was 53.66 ± 4.72 µg/mL and 35.34± 3.51 µg/mL
respectively and in case of MIA-PaCa pancreatic cancer cell

line IC50 value for ethyl acetate extract was found to be 78.0 ±
1.63 µg/mL whereas for apigenin and kaempferol 7-Oglucoside was 44.33 ± 1.52 µg/mL and 48.43± 2.08 µg/mL
respectively (Table 1).
The results of MTT assay revealed that both extract and
isolated compounds showed cytotoxic activity.

Fig 2: Effect of apigenin and kaempferol-7-O-glucoside on a) Mia Paca and b) A-549 cancer cell line. Values were expressed as mean ± SD,
(n=3)
Table 1: IC50 Values of Ethyl Acetate Extract, Apigenin and
Kaempferol-7-O-Glucoside on Various Cancer Cell Lines

Each value in the table is expressed as mean ± SD of three
determinations

IC50 value (µg/ml)

S.
No.

Extract

1.

Ethyl acetate

2.

Apigenin

3.

Kaempferol-7-Oglucoside

MIAPaCa
78.0 ±
1.63
44.33 ±
1.52
48.43±
2.08

A-549

MCF-7

CaCo-2

85.30 ±
1.52
53.67 ±
4.72
35.34±
3.51

113.66 ±
2.08

138.0 ±
2.64

-

-

-

-

Antioxidant activity
The ethyl acetate extract has also shown antioxidant potential.
The antioxidant activity increased with increasing
concentration in all the models. The percentage inhibition of
standard and extract in DPPH and nitric oxide scavenging
assay are shown in Fig. 3a,b.

Fig 3: a) DPPH radical scavenging effect of Ascorbic acid and ethyl acetate extract and b) NO radical scavenging effect of Ascorbic acid and
ethyl acetate extract
Table 2: Reductive Ability of Standard and Various Extracts of
Zanthoxylum Alatum Stem Bark

IC50 values of Ascorbic acid and ethyl acetate extracts in
DPPH model was found to be 57.30 ± 1.90 and 99.25 ± 2.53
and in case of NO model 42.80 ± 2.61 and 94.81 ± 2.56
respectively. Ethyl acetate extracts has shown reducing power
as observed in (Table 2). Higher absorbance indicates more
reducing power

Conc. (µg/ml)
25
50
100
200
400

Ascorbic acid
0.127 ± 0.005
0.212 ± 0.008
0.467 ± 0.006
0.897 ± 0.005
2.121 ± 0.007

Absorbance
Ethyl acetate Extract
0.062 ± 0.007
0.128 ± 0.008
0.317 ± 0.008
0.569 ± 0.009
1.287 ± 0.009

Each value in the table is expressed as mean ± SD of three
determinations
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Total phenolic content
The standard ascorbic acid and ethyl acteate extract were
determined for its total phenolic content on the basis of its
gallic acid equivalent Folin-Ciocalteu phenol assay. The
amount of gallic acid equivalent was determined from the
calculation of calibration curve of gallic acid (Fig. 4). The
phenolic content found in ethyl acetate extract was 4.36 mg/g
GAE.

Fig 4: The calibration curve of standard gallic acid.
Identification of Compounds

Compound A was isolated as yellow colored crystals, 45 mg
(0.45% w/w yield); Rf 0.46 (Chloroform: methanol, 90:10);
m.p. 342 °C-348 °C. Compound gave intense yellow colour
with dil. KOH. UV λmax (methanol): 268 and 332 nm. After
addition of AlCl3 λmax (methanol) shifted to 275 and 381 nm.
The shift is stable after the addition of HCl; indicating the
presence of OH at C-5 position. On addition of sodium acetate
it showed the usual shift of benzoyate band indicating presence
of OH’s at C-7 and C-4’ positions.
IR (KBr, cm-1) spectrum showed stretching for –OH at 3284,
for C=O at 1653.74, 1607.56 for aromatic, C-O stretching at
1354, C=C stretching at 1557.56. 1HNMR (CDCl3, 400 MHz,
δ with TMS=0) showed signals at 7.925 (d, 2H, H-2’, H-6’, J
= 8.8), 6.8 (s, 1H, H-3), 6.927 (d, H-3’,5’, J = 8.2), 6.489 (d,

1H, H-8, J = 2.1), 6.199 (d, 1H, H-6, J = 2.1). 13CNMR
displayed signals at C-4, >C=O (δ 181.72), C-8 (δ 164.09), C2 (δ 163.71), C-5 (δ 161.41), C-7 (δ 161.13), C-6 (δ 157.27),
C-2’ and 6’(δ 128.45), C-1’ (δ 121.13), C-3’, 5’ (δ 115.92).
MS ES-: m/z 270 and M+-2 at 268.
Thus, on the basis of above spectral data compound A was
characterized as Apigenin (Fig. 5a) having molecular formula
C15H10O5.
Compound B was isolated as pale yellow colored crystals, 35
mg (0.35% w/w yield); Rf 0.34 (Chloroform: methanol, 90:10);
m.p. 268 °C- 271 °C; UV λmax (methanol): 266 and 351 nm.
After addition of AlCl3 λmax (methanol) shifted to 270 and 390
nm. The shift is stable after the addition of HCl; indicating the
presence of OH at C-5 position. 1HNMR (DMSO, 400 MHz, δ
with TMS=0) showed signals at 8.0 (d, 2H, H2’, H6’, J = 8.68
Hz), 7.3 (d, 2H, H5’, H3’, J = 8.68 Hz,), 6.1 (s, 1H, H6), 6.3
(s, 1H, H8), 5.3 (s, 1H, H1”; glucose anomeric proton), 4.475.22 (m, remaining sugar proton). The sugar was identified
after hydrolysis by boiling with 2% HCl followed by
basification. Then it was concentrated and run on descending
paper chromatography (n-butanol: acetic acid: water, 4:1:5)
and compared with standard glucose. Thus identified as
glucose. Mass spectral analysis of Compound B showed
intense peak at 286 of aglycone along with major fragments
m/z at 152 [M+- C7H4O4], 134 [M+- C8H6O2] and one sugar
attached making it monosaccharide i.e. [M++1] at m/z 385.
Since flavonoid glycoside is fragile molecule, we could not get
a molecular ion peak at m/z 448. However, it appears that
fragmentation pattern shows the loss of two molecules of
water (2x18) and CO (12+16= 28) as indicated by fragment at
m/z 385 [M++1].
Thus, on the basis of above spectral data compound B was
characterized as Kaempferol-7-O-glucoside (Fig. 5b) having
molecular formula C21H20O11.

Fig 5: Structure of a) apigenin and b) kaempferol-7-O-glucoside

Discussion
The use of natural herbal medicines or dietary agents is being
increasingly utilized as an effective way for the management
of many cancer treatments. Plants are an excellent source of

chemical compounds with a wide variety of biological
activities including anticancer properties. The present study
has been designed to isolate the bioactive constituent(s) from
ethyl acetate extract of ZA stem bark. Phytochemical
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screening of ethyl acetate extract revealed the presence of
glycosides, steroids, phenolic compounds and flavonoids. The
extract exhibit significant cytotoxic and antioxidant activity.
Ethyl acetate extract and isolated compounds in various
concentrations (1-150 mg/ml) were screened for its cytotoxic
potential by using MTT assay on different cancer cell lines.
They caused significant inhibition of viability of cancer cell
lines. Results were expressed in IC50 values. The antioxidant
activity was screened by employing established in vitro assays
such as DPPH, NO, Ferric reducing power. These are the
rapid, simple and inexpensive method to measure the
antioxidant capacity. It has been considered that there is an
inverse relationship between dietary intake of antioxidant rich
foods and incidence of human diseases [8].
Column chromatography of ethyl acetate extract lead to the
isolation of a two pure flavonoids, apigenin and kaempferol-7O-glucoside. Flavonoids are the polyphenolic compounds and
show a strong antioxidant and free radical scavenging activity
[31, 32]
. They appears to be associated with reduced risk for
certain chronic diseases [33], the prevention of some
cardiovascular disorders [34] and certain kinds of cancerous
processes [35]. Flavonoids were also reported to inhibit cell
growth and proliferation [36] and induce cell toxicity [37] in
cancer cells. The ability of flavonoids to exert cytotoxic
activity towards cancer cells has generated interest in
developing flavonoid based cytostatics for anticancer therapy
[38]
. Apigenin and kaempferol isolated from other plants has
shown anticancer activity in previous study [39-42]. This
indicates that our findings seem to be consistent with other
previous reports. Apigenin is reported first time from this
plant. UV spectrum of methanolic solution of apigenin and
Kaempferol-7-O-glucoside supported the flavones structure.
The position of hydroxyl particularly if it is located at C-5
position shows λmax bands at their respective position in UV
absorption spectroscopy. If hydroxyl is located at C-5 position,
the C-5 hydroxyl and C-4 Ketone get strongly chelated on
addition of AlCl3 in methanol with result cinnamate band shifts
at least by 50-60 nm towards longer wavelength while band
due to benzoyate also shifts to longer wavelength by 10-20
nm. The vicinal hydroxyls at any position also chelates with
AlCl3 but after addition of HCl the chelate bond breaks and the
λmax shifts to original positions. In the present case the apigenin
showed UV λmax at 332 and 268 nm which shifts to 381 and
275 nm after the addition of AlCl3 and kaempferol showed UV
λmax 266 and 351 nm which shifts to 270 and 390 nm after the
addition of AlCl3. The shift is stable even after the addition of
HCl; indicating the presence of OH at C-5 position. On
addition of sodium acetate it showed the usual shift of
benzoyate band indicating presence of OH’s at C-7 and C-4’
positions. The UV and NMR data was in good agreement with
that of apigenin [43] and Kaempferol-7-O-glucoside [44, 45].
Therefore isolated principles from ethyl acetate extract of ZA
can provide lead to drug discovery for anticancer potentiality.
Conclusion
Two flavonoids, apigenin and kaempferol-7-O-glucoside were
isolated from the ethyl acetate extract of dried stem bark of
Zanthoxylum alatum Roxb. Apigenin has been isolated first
time from the plant. The ethyl acetate extract and both
flavonoids has potent cytotoxic activity against pancreatic and

lung cancer cell lines. This proves the uses of the plant in folk
medicine. Ethyl acetate extract has a good antioxidant activity
supporting the use of the plant as a natural source of phenolic,
as antioxidant and anticancer.
Acknowledgements
We express our sincere thanks to Punjab Technical University,
Kapurthala for allowing us to proceed with the research
proposal. We also express our thanks to the Management and
Shri. Parveen Garg, Honorable Chairman, ISF College of
Pharmacy, Moga for providing necessary facilities for research
work.
References
1. Hemadi M. Introduction to cancer biology. Momna
Hemadi & Ventus Publishing ApS, 2009.
2. Pardee AB, Stein GS, Bronstein EA. What goes wrong in
cancer. In: Pardee AB, Stein GS, editors. The biology and
treatment of cancer. New Jersy: John wiley & Sons Inc,
2009, 3-18.
3. American Institute for Cancer Research. Food, Nutrition,
Physical Activity, and the Prevention of Cancer: a Global
Perspective. Washington DC, 2007.
4. Wiseman H, Halliwell B. Damage to DNA by reactive
oxygen and nitrogen species: Role in inflammatory
disease and progression to cancer. Biochemical Journal.
1996; 313(1):17-29.
5. Sreeramulu D, Reddy CVK, Chauhan A, Balakrishna N,
Raghunath M. Natural Antioxidant Activity of Commonly
Consumed Plant Foods in India: Effect of Domestic
Processing. Oxidative Medicine Cellular Longevity. 2013,
1-12.
6. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB.
Oxidative Stress, Inflammation, and Cancer: How are
They Linked? Free Radical Biology Medicine. 2010;
9(11):1603-1616.
7. Durackova Z. Some Current Insights into Oxidative
Stress. Physiological Research. 2010; 59(4):459-469.
8. Yildrim A, Oktay M, Bilaloglu V. The antioxidant activity
of leaves of Cydonia vulgaris. Turkish Journal of Medical
Sciences. 2001; 31:23-27.
9. Gilani SN, Khan AU, Gilani AH. Pharmacological basis
for the medicinal use of Zanthoxylum armatum in Gut,
Airways and Cardiovascular Disorders. Phytotherapy
Research 2010; 24:553-558.
10. Gupta AK, Tandon N, Sharma M. Zanthoxylum armatum.
In: Quality standards of Indian Medicinal Plants Indian
Council of Medical Research (ICMR). New Delhi.
Indraprasthra press, 2006.
11. Nadkarni AM. Indian Material Medica. Bombay Popular
Prakashan, Mumbai, 2002.
12. Baquar SR. Medicinal and poisonous plants of Pakistan.
Pakistan: Printas Karachi, 1989.
13. Kapoor LD. Handbook of Ayurvedic medicinal plants.
CRC Press, Boca Raton, 1990.
14. Kumar S, Muller K. Inhibition of Keratinocyte growth by
different nepalese Zanthoxylum species. Phytotherapy
Research. 1999; 13:214-217.
15. Ranawat L, Bhatt J, Patel J. Hepatoprotective activity of
ethanolic extracts of bark of Zanthoxylum armatum DC in

~ 91 ~

Journal of Pharmacognosy and Phytochemistry

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.

30.

31.

CCl4 induced hepatic damage in rats. Journal of
Ethnopharmacology. 2010; 127:777-780.
Verma N, Khosa RL. Hepatoprotective activity of leaves
of Zanthoxylum armatum DC in CCl4 produced
hepatotoxicity in rats. Indian Journal of Biochemistry and
Biophysics. 2010; 47:124-127.
Tiwary M, Naika SN, Tewary DK, Mittal PK, Yadav S.
Chemical composition and larvicidal activities of the
essential oil of Zanthoxylum armatum DC (Rutaceae)
against three mosquito vectors. Journal of Vector Borne
Diseases. 2007; 44:198-204.
Mehta MB, Kharya MD, Srivastava R, Verma KC.
Antimicrobial and anthelmintic activities of the essential
oil of Zanthoxylum alatum Roxb. Indian Perfumary. 1981;
25:19-21.
Bhatt N, Upadhyaya K. Anti inflammatory activity of
ethanolic extract of bark of Zanthoxylum armatum D.C.
Pharmacology online. 2010; 2:123-132.
Batool F, Sabir SM, Rocha JBT, Asad HS, Saify ZS,
Ahmed SD. Evaluation of antioxidant and free radical
scavenging activities of fruit extract from Zanthoxylum
alatum: a commonly used spice in Pakistan. Pakistan
Journal of Botany. 2010; 42:4299.
Kumar S, Singh SK, Ghildiyal JC, Baslas RK, Saxena
AK. The lousicidal potential of the seed extract of
Zanthoxylum alatum. Indian Veterinary Journal. 2003;
80(9):848-50.
Kar A, Borthakur SK. Medicinal plants used against
dysentery, diarrhoea and cholera by the tribes of erstwhile
Kameng district of Arunachal Pradesh. Natural Product
Radiance. 2008; 7:176-181.
Ramanujam SN, Ratha BK. Effect of alcohol extract of a
natural piscicide-Fruits of Zanthoxylum armatum DC on
Mg2+- and Na+, K+-ATPase activity in various tissues of a
freshwater air-breathing fish, Heteropneustes fossilis.
Aquaculture. 2008; 283:77-82.
Barkatullah IM, Muhammad N. Evaluation of
Zanthoxylum armatum DC for in-vitro and in-vivo
pharmacological screening. African Journal of Pharmacy
and Pharmacology. 2011; 5:1718-1723.
Mukhija M, Dhar KL, Kalia AN. Bioactive Lignans from
Zanthoxylum alatum Roxb. Stem bark with cytotoxic
potential. Journal of Ethnopharmacology. 2014; 152:106112.
Gerlier D, Thomasset N. Use of MTT colorimetric assay
to measure cell activation. Journal of Immunological
Methods. 1986; 94:234.
Blois MS. Antioxidant determinations by the use of a
stable free radical. Nature. 1958; 29:1199-2000.
Garrat DC. The Quantitative Analysis of Drugs. Chapman
and Hall, Japan, 1964.
Oyaizu M. Studies on products on browning reaction
prepared from glucose amine. Japanese Journal of
Nutrition. 1986; 44:307-315.
Singleton VL, Rossi JA. Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents.
American Journal of Enology and Viticulture. 1965;
16:144-158.
Pietta PG. Flavonoids as antioxidants. Journal of Natural
Products. 2000; 63:1035-1042.

32. Zhang HY, Yang DP, Tang GY. Multipotent antioxidants:
from screening to design. Drug Discovery Today. 2006;
11:749-754.
33. Kris-Etherton PM, Lefevre M, Beecher GR, Gross MD,
Keen CL, Etherton TD. Bioactive compounds in nutrition
and health-research methodologies for establishing
biological function: the antioxidant and anti-inflammatory
effects of flavonoids on atherosclerosis. Annual Review of
Nutrition. 2004; 24:511-538.
34. Yochum L, Kushi LH, Meyer K, Folsom AR. Dietary
flavonoid intake and risk of cardiovascular disease in
postmenopausal
women.
American
Journal
of
Epidemiology. 1999; 149:943-949.
35. Nichenametla SN, Taruscio TG, Barney DL, Exon JH. A
review of the effects and mechanism of polyphenolics in
cancer. Critical Review in Food Science and nutrition.
2006; 46:161-83.
36. Adhami VM, Malik A, Zaman N, Sarfaraz S, Siddiqui IA,
Syed DN et al. Combined inhibitory effects of green tea
polyphenols and selective cyclooxygenase-2 inhibitors on
the growth of human prostate cancer cells both in vitro
and in vivo. Clinical Cancer Research 2007; 13:16111619.
37. Plochmann K, Korte G, Koutsilieri E, Richling E,
Riederer P, Rethwilm A et al. Structure-activity
relationships of flavonoid induced cytotoxicity on human
leukemia cells. Archieves of Biochemistry and
Biophysics. 2007; 460:1-9.
38. Galati G, O’Brien PJ. Potential toxicity of flavonoids and
other dietary phenolics: significance for their
chemopreventive and anticancer properties. Free Radical
Biology and Medicine. 2004; 37:287-303.
39. Nawal HM, Atta EM. Cytotoxic and Antioxidant Activity
of Marrubium vulgare and its Flavonoid Constituents. In
2nd International Conference on Chemical, Environmental
and Biological Sciences. Dubai (UAE):17-18 March 2013.
40. Son HL, Thao THP. In vitro Antioxidant and Anticancer
Properties of Active Compounds from Methanolic Extract
of Pteris multifida Poir. Leaves. European Journal of
Medicinal Plants. 2014; 4(3):292-302.
41. Leung HW, Lin CJ, Hour MJ, Yang WH, Wang MY, Lee
HZ. Kaempferol induces apoptosis in human lung nonsmall carcinoma cells accompanied by an induction of
antioxidant enzymes. Food and Chemical Toxicology.
2007; 45:2005-2013.
42. Luo H, Rankin GO, Li Z, Depriest L, Chen YC.
Kaempferol induces apoptosis in ovarian cancer cells
through activating p53 in the intrinsic pathway. Food
Chemistry. 2011; 128:513-519.
43. Breitmaier E, Voelter W. Carbon-13 NMR Spectroscopy.
New York: VCH Verlagsgesellschaft mbH, 1989.
44. Shalabia S, Moaty A. Primary metabolites and flavonoid
constituents of Isatis microcarpa J Gay ex Boiss. Journal
of Natural Product. 2010; 3:12-26.
45. Zhang D, Gao H, Wang L. Flavonol glycoside from
Castanea mollissima blume. Asian Journal of Traditional
Medicine. 2007; 2(5):229-34.

~ 92 ~

