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ABSTRACT
Diabetes mellitus (DM) is a chronic metabolic disorder arises from deficiency (T1DM) and/or efficiency (T2DM) of
insulin. T2DM accounts for more than 90% of all diabetics and its prevalence is increasing alarmingly worldwide. It
is intimately associated with improper utilization of insulin by target cells and tissues. Insulin, a polypeptide
hormone synthesized by the pancreatic beta cells, is responsible for the maintenance of glucose homeostasis in
human and other mammals. It is essential for the entry of glucose across the muscle and adipocyte cell membranes
for energy production, hepatic glycogen synthesis, protein and nucleic acid synthesis and inhibition of
gluconeogenesis, glycogenolysis and lipolysis. Thus, T2DM is a multifactorial, multisystemic endocrine disorder for
which monotherapy often fails as the disease progress to later stages. Traditional medicinal plants used for the
treatment of DM contain various biologically active ingredients which act in a synergistic way in maintaining
normal glycemia. However, only few of them have been subjected to scientific validation. One such medicinal plant
which lacks scientific scrutiny is Piper betle leaves. Hence, in the present study an attempt has been made to extract
and identify the chemical nature of biologically active phytochemicals present in the distinct variety of Piper betle
leaves of South India. The leaves cultivated in Kumbakonam are known for their taste, quality and medicinal
properties. The data obtained by HPLC analysis and spectral studies such as FTIR, Mass, 1H NMR, 13C NMR
evidenced that the ethanolic extract of Piper betle leaves contains Caffeic acid, p-Coumaric acid, Eugenol, Rutin and
Hydroxychavicol as major secondary metabolites which are known for their beneficial and pharmacological
properties. The results of the present study suggest that the betel leaves are the rich source of pharmacologically
important lead molecules and also provide the scientific rationale for the use of Piper betle leaves in the traditional
medicine.
Keywords: Piper betle, Spectral studies, HPLC, Rutin, Hydroxychavicol.
INTRODUCTION
Piper betle Linn. (PBL) is the leaf of betel vine
popularly known as “Paan” and “Betel” in English. It
belongs to the dicotyledonous black pepper family
“Piperaceae”. [1] Piper betle vine is a glabrous,
evergreen, slender, shade loving, perennial root
climber. [2, 3] It has an alternate, heart shaped, smooth,
shiny and long stalked green leaves with pointed
apex. The most probable place of origin of betel vine
is Malasyia but today the plants are cultivated in
India, Srilanka, Burma, Bangladesh and Nepal. [4]
The plant is much more popular in India than any
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other country in the World since the antiquity which
is evident from the numerous citations laid down in
the ancient literature, particularly, the Indian
scriptures. [5]
The betel vine growers invariably name their
cultivars with local or vernacular names and are often
named after their localities, villages or town where
they are grown. There are about 100 varieties of betel
vine. [6] Due to familiarity with grapes, many writers
projected the similarity between the two and
described that it was grown like grape vine. The
significance of betel leaves has been explained in
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relation to every sphere of human life including
medicinal, social, cultural, religious and even day-today life, which is very much relevant even these
days. [5] It is customary to serve betel leaves along
with areca nut and/or sugar on various ceremonial
occasions and also offered while inviting the guests
as a mark of respect as well as recognition and for
such traditional use of betel leaves really stands alone
without any parallel even today. [7]
The habitual use of betel leaves can be traced as far
back as two thousand years. The betel leaves are
chewed together in a wrapped package along with the
areca nut and slaked lime and other flavoring
substances such as fennel seeds, cardamom
combinations and spices to improve the taste and to
prevent halitosis. This combination is traditionally
known as “betel quid” or “paan” and nearly 600
million people consume it daily in one form or the
other globally as a mouth refresher and masticator. [8]
The stimulating effect coupled with strong flavors in
addition to low cost and availability results in
addiction among users who consume betel quid alone
or in combination with smokeless tobacco. The
consumption and method of chewing can vary widely
from country to country. [9]
Betel quid chewing ranks second to coffee and tea in
terms of daily consumptions and it is known to be the
fourth most widely used additive substance in the
World after nicotine, alcohol and caffeine. [10] The
present day consumption pattern of betel leaves does
not show any major change from the past except for
the fact that it has become more of an addiction due
to its association with tobacco and its consumption
for positive reasons has gone down. [11]
Cardiovascular response of Piper betle acquires a
great significance by the fact that it is consumed
globally, making it a feasible substitute for Digitalis
purpurea. [12, 13] Saini et al., in 2009 [14] reported that
the microbial count of human saliva is more than 1
Lakh colony forming unit (CFU) per ml and there
was a significant reduction in total microbial count of
the mouth after masticating the Piper betle leaves. [1517]
Thus, it can be said that chewing of Piper betle
leaves after every meal is good for oral as well as
enteric health. [8] In fact, Piper betle leaves are a
customary post prandrial offering in Indian Subcontinent. [18]
Piper betle leaves has a significant effect on various
metabolic activities of the liver such as
detoxification, protein synthesis and production of
substances necessary for digestion which is
evidenced from several in vivo studies. [19-20] Piper
betle leaves offers a possibility for use in drug
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delivery through buccal mucosa bypassing the gastric
route, where the drug has to endure gastric juices and
acidic pH. [21] The collective antioxidant activity of
Piper betle leaves was relatively superior to tea. [22]
Several biologically active phytochemicals such as
Hydroxychavicol, Apigenin and Luteolin have been
reported to be present in the leaves of Piper betle. [23]
Irrespective of the traditional uses, betel vine is
arguably the most maligned plant whose regular
consumption is believed to cause cancer of the oral
cavity. This infamous accreditation is principally due
to the fact that habitual chewing of betel quid which
consisting of areca nut, slaked lime, smokeless
tobacco in addition to betel leaves. [24] In numerable
studies have been conducted with the individual
constituents of the betel quid and the observations
have conclusively evidenced that tobacco and areca
nut are carcinogenic and slaked lime to promote
carcinogenesis. [25, 26] Furthermore, contrary to the
accepted belief, scientific studies have conclusively
shown that the betel leaves are devoid of mutagenic
and carcinogenic effects. Recently, we have reported
the antidiabetic properties of betel leaves in alloxan
induced experimental type 2 diabetes in rats. [27]
In spite of the above claims, relevant data from a
complete chemical analysis and their biological
properties were not available from any single source.
In view of the above, the present study was aimed to
analyze the presence of various phytochemicals
present in the distinct variety of betel leaves
cultivated in the district of Kumbakonam, Tamilnadu,
India which is traditionally known for their quality,
taste and medicinal properties.
METHODS
Plant material: Fresh, green and matured Piper betle
leaves were collected from the healthy betel vines
cultivated near Cauvery basin at Kumbakonam,
Tamil Nadu and identified by a plant taxonomist in
CAS in Botany, University of Madras where a
voucher specimen was deposited in the herbarium.
Preparation of leaves extract: The Piper betle leaves
were washed, dried in a hot air oven at 40°C and
subsequently ground in to powder in an electrical
grinder, which was stored in an airtight brown
container at 5°C until further use. The powdered
leaves were delipidated with petroleum ether (6080°C) for overnight. It was then filtered and
soxhalation was performed with 95% ethanol.
Ethanol was evaporated in a rotary evaporator at 4050°C under reduced pressure and the resultant
product was lyophilized. The yield was around 9 %
of dry weight.
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Preliminary phytochemicals screening: The
ethanolic extract of Piper betle leaves were subjected
to phytochemical screening for the qualitative
analysis of various phytoconsituents
such as
Alkaloids , Flavonoids, Glycosides Saponins,
Tannins,
Phytosterols,
Triterpenoids,
Anthraquinones, Phenols. [28, 29]
High performance liquid chromatography (HPLC)–
DAD system for analysis of phenolic compounds:
HPLC analysis was performed using Shimadzu
HPLC system equipped with a diode array detector.
The chromatographic separations were performed on
an Inertsil C18 analytical column (4.6 mm × 250 mm
i.d., 5 μm). The composition of solvents and the
gradient elution conditions used were based on
prescribed methods by Bengoechea et al., (1997),
Schieber et al., (2001) and Butsat et al., (2009), [30-32]
with slight modifications. The mobile phase consisted
of purified water with acetic acid (pH 2.74) (solvent
A) and acetonitrile (solvent B) at a flow rate of 0.8
ml/minute. Gradient elution was performed as
follows: From 0 to 5 minutes, linear gradient from
5% to 9% solvent B; from 5 to 15 minutes, 9%
solvent B; from 15 to 22 minutes, linear gradient
from 9% to 11% solvent B; from 22 to 38 minutes,
linear gradient from 11% to 18% solvent B; from 38
to 43 minutes, from 18% to 23% solvent B; from 43
to 44 minutes, from 23% to 90% solvent B; from 44
to 45 minutes, linear gradient from 90% to 80%
solvent B; from 45 to 55 minutes, isocratic at 80%
solvent B; from 55 to 60 minutes, linear gradient
from 80% to 5% solvent B and a re-equilibration
period of 5 minutes with 5% solvent B used between
individual runs. Operating conditions were as
follows: Column temperature, 38°C, injection
volume, 20 μl, and ultraviolet (UV)-diode array
detection at 280 nm and 370 nm at a flow-rate of 0.8
ml/minutes. Spectra were recorded from 200 to 600
nm. Phenolic compounds in the samples were
identified by comparing their relative retention times
and UV spectra with those of authentic compounds
and were detected using an external standard method.
Infrared (IR) spectral studies were carried out in the
solid state as pressed KBr pellets using Perkin Elmer
Fourier transform (FT)-IR spectrophotometer in the
range of 400-4000/cm. The mass spectrum of the
complex was obtained using Jeol Gcmate. The 1H
nuclear magnetic resonance (NMR) and 13C NMR at
500 and 125 MHz were carried out respectively. The
spectra were recorded without any correction for
instrumental characteristics.
RESULTS AND DISCUSSION
The phytochemical screening of ethanolic extract of
betel leaves showed the presence of biologically
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active secondary metabolites such as alkaloids,
flavonoids, glycosides, saponins, phytosterols,
tannins and phenols. Five isolated compounds were
identified in the ethanolic extract of Piper betle
leaves by HPLC (Figures 1-5). HPLC analysis of the
purified fraction showed that the isolated components
(Figure 6) have retention times similar to that of
Caffeic acid, p-Coumaric acid, Rutin, Eugenol and
Hydroxychavicol standards respectively (Figure 7).
Caffeic acid: Caffeic acid (3, 4-dihydroxycinnamic)
is one of the hydroxycinnamate and phenylpropanoid
metabolite widely distributed in coffee drinks,
blueberries, apples and cider. [33] Besides acting as a
carcinogenic inhibitor, it is also reported to possess
antioxidant and antibacterial properties. [34] It is
reported to contribute to the prevention of
atherosclerosis and other cardiovascular diseases. [35]
The IR spectrum of the isolated caffeic acid is shown
in Figure 8. The IR spectrum of the isolated
compound exhibited a broad absorption band around
3396 cm-1 for OH group of the carboxylic acid, an
absorption band at 1672 cm-1 for –C=O of carboxylic
acid and an absorption band near 1610 cm-1 for –
C=C- stretching. The strong peak at 1379 cm−1 was
characteristic of O-H bending vibration and the
normal peak at 1201 cm−1 was attributed to C‒OH
stretching vibration of phenol. The above
observations were in consistent with an earlier report.
[36]

Mass spectral analysis of caffeic acid is illustrated in
Figure 9. It exhibited a molecular ion peak at m/z
180.84. Other fragments around 161.7 and 135.8 are
due to the loss of water and carbon dioxide molecules
respectively from the precursor ion. These
observations are in accordance with the data of
previous report. [37]
1

H NMR spectrum of the isolated caffeic acid is
presented in Figure 10. The singlet at δ 4.862 (2H) is
attributed to the presence of aromatic – OH. The
doublet in the regions of δ 6.3 (1H, J = 6.44) and
7.3(1H, J = 7.5) corresponds to the presence of
ethylene hydrogen. The presence of quadrant in the
region of δ 6.6 (3H) is due to the presence of protons
in the benzene ring. Moreover, the singlet in the
region of δ 10 (1H) corresponds to the presence of
carboxylic acid hydrogen. The 13C NMR spectrum of
the compound showed a total of 9 signals for 9
carbons as presented in Figure 11. The signal
observed at δ 188.4 was allocated to carboxylic acid
carbon. The ethylene carbon peaks were observed in
the region of 117.5 and 151.07. The other peaks
appeared in the spectrum are attributed to the carbons
in the benzene ring. Both the 1H and 13C NMR
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spectral data are in accordance with earlier reports.
[38, 39]

p-Coumaric acid: p-Coumaric acid (CA) is a
phenylpropanoid widely distributed in the fruits such
as apples, pears and green vegetables. It has been
reported to have significant antidiabetic and
antioxidant properties. [40, 41] The IR spectrum of the
p-coumaric acid is shown in Figure 12. The IR
spectrum showed a strong absorption band for the
existence of hydroxyl group at 3392 cm–1. The band
in the 1544 cm-1 region is assigned to υ (-C=C-)
stretching vibration. The band around 841cm–1
corresponds to the benzene ring moiety. The
observed bands are comparable with earlier reports.
[42]

The mass spectrum of p-coumaric acid is depicted in
Figure 13. The mass spectra showed a peak at 164
corresponding to C9H8O3. Other fragments are also
found around 162, 127, 118 and 64.
The proton NMR of p-coumaric acid is shown in
Figure 14. The 1H NMR spectrum of the compound
exhibited a signal at δ 10.23 (1H) which is attributed
to a carboxyl proton group. Further, doublet signals
are observed around 6.27(1H, J = 6.2) and 7.81(1H, J
= 7.9) as doublet for ethylene protons. The additional
protons observed are assigned for the benzene ring
protons. [43] The 13C NMR spectrum of p-coumaric
acid exhibited 8 signals for 9 carbons as shown in
Figure 15. The signal at δ 178 corresponds to the
presence of carboxylic carbon. The signals observed
around 114 and 148 ppm are owing to the presence of
ethylene carbons. The other signals are due to the
presence of carbons in the benzene ring. These
observations are in accordance with previously
reported data. [44]
Rutin: Rutin (3, 3′, 4′, 5, 7-pentahydroxyflavone-3rhamnoglucoside) is a bioflavonoid mostly found in
edible plants such as buckwheat, onions, apple,
berries, tea and wine. [45] Till date,
over 130
registered therapeutic medicinal preparations are
containing rutin in their formulations. [46] Rutin exerts
its multispectrum pharmacological benefits for the
treatment of various chronic diseases such as cancer,
diabetes, hypertension and atherosclerosis. [47]
IR spectrum of rutin is shown in Figure 16. The –OH
groups are observed in the range of 3398 cm-1. The –
C-H stretching was observed in the range of 3052 cm1
. The carbonyl group C=O was observed in the range
of 1668 cm-1. The band at 1621 cm-1 is owing to the
presence of -C=C group. The aromatic –C=C group
was observed in the region of 1571 cm-1. The other
bands at 1373, 1219 and 1081 cm-1 are due to the
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presence of -C-O-C groups. These findings are in
accordance with an earlier report. [48]
The Mass spectrum of rutin is shown in Figure 17.
The negative-ion electrospray ionization (ESI) mass
spectrum of the isolated compound showed a quasimolecular ion [M+H]- at m/z 611, indicating a
relative molecular weight (M) of 610. The negativeion ESI-MS also exhibit a prominent fragment ion at
m/z 303 [M-H].
The 1H NMR of rutin is represented in Figure 18. In
the 1H NMR spectra of the rutin, the singlet in the
region of 1.106 ppm (3H) is due to the presence of a
methyl group in the sugar moiety. The peak at 2.192
ppm (5H) as singlet is owing to the presence of –OH
group in the sugar moiety. Furthermore, the C-H
protons in the sugar moiety were observed as
multiplets in region of 2.9 – 4.0 ppm (13H). The peak
at 4.8 ppm (4H) as singlet is assigned for the
presence of aromatic –OH group. The presence of
protons in the benzene ring was confirmed by a peak
as multiplet in the region of 5.8 – 6.0 ppm (5H).
The 13C-NMR showed the presence of 30 carbon
environments as represented in
Figure 19.
The peak at 18.255 ppm was assigned for the
presence of methyl carbon present in the sugar
moieties. The carbons present in the aliphatic moiety
(sugar) are observed in the region of 59 – 96 ppm.
The aromatic carbons present in the benzene ring are
assigned in the range of 98 – 165 ppm. The most
important –C=O peak was obtained in the range of
179 ppm. The results obtained are comparable with
earlier reports. [49, 50]
Eugenol: Eugenol (4-allyl-2-methoxyphenol), with a
molecular formula of C10H12O2 and molecular weight
of 164.21, mainly exists in clove oil, basil and
cinnamon leaf oil. [51] It is a remarkably versatile
phenylpropanoid incorporated as a functional
ingredient with various pharmacological, agricultural
and culinary properties. [52] Both the FAO and WHO,
have proclaimed eugenol as non-toxic and
recommended an acceptable daily intake of eugenol
of 2.5 mg/kg. b.w. for humans. [53-55] The FT-IR of
the isolated active compound eugenol (Figure 20)
showed a band at 3488 cm -1 assigned for Phenolic
OH stretching. The band around 2934 cm -1
corresponds to stretching in =C-H. The bands around
2822 and 2841 cm -1 are due to the presence of
aliphatic C-H stretching. The C=C in allyl group was
observed around 1632 cm-1. The sharp band at 1606
cm-1 with shoulder peak at 1441 cm-1 was assigned
for the C=C in aromatic ring. The strong and sharp
band at 1368 cm-1 is owing to the presence of CH3
group in the parent compound. The C-O-C
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asymmetric stretching was observed around 1256 cm1
. The band at 1041 cm-1 corresponds to the presence
of C-O-C symmetric stretching. These data are in
accordance with the previous reported findings. [56]

showed a band at 3415 cm -1 corresponds to Phenolic
OH stretching. The band at 1682 cm -1 corresponds to
-(C=O) group. The aromatic functional groups are
observed around 1622, 1540, 1392 and 1318 cm -1.

Mass spectrum of eugenol is presented in Figure 21.
The mass spectrum obtained showed the m/z 164
corresponding to M+. The peak at 149 is due to the
loss of methyl group. The peak at 137 is due to loss
of CH=CH2). Other important peaks are observed at
m/z 131, 103, 91 and 77.

The mass spectral analysis of the hydroxychavicol is
represented in Figure 25. Mass spectrum of active
compound showed m/z 149 [M-H, 100%], other
important peaks are observed at m/z 131, 123, 103,
77 and 51.

1

H NMR of eugenol (DMSO d6, 500 MHz) is
represented in Figure 22. The 1H NMR spectra of the
obtained compound showed a peak at δ 3.43 as a
doublet for the presence of methylene CH2 group.
The singlet around δ 3.96 corresponds to the presence
of methyl group in the compound. The peaks around
δ 5.08 and δ 6.20 are due to the presence of ethylene
protons. The singlet around δ 5.48 was attributed to
the presence of aromatic hydroxyl proton. Other
peaks correspond to the presence of protons in the
benzene ring.
The 13C-NMR of eugenol showed the presence of ten
carbon environments as represented in Figure 23. The
peak at 41.33 ppm was attributed to the presence of CH2 carbon. The strong peak at 54.93 was due to the
presence of methyl carbon. The peaks around 116.83
and 137.69 are owing to the presence ethylene
carbons in the isolated compound. Moreover, the
peaks at δ: 143.64, 145.88, 110.73, 131.65, 121.42,
115.07 indicate the presence of six aromatic carbons,
confirming the existence of aromatic ring in the
molecule. The NMR spectral assignments are in
accordance with the previously reported findings. [57]
Hydroxychavicol:
Hydroxychavicol
(3,
4
dihydroxyallybenzene), a major phenolic compound
was originally isolated from Piper betle leaves.
Previous
studies
have
suggested
that
Hydroxychavicol exerts significant antioxidant,
antimutagenic and anticarcinogenic properties and
most of the beneficial and pharmacological properties
of Piper betle leaves are attributed to the presence of
hydroxychavicol. [58-62]
IR spectrum of hydroxychavicol is shown in Figure
24. The FT-IR of the isolated hydroxychavicol
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The 1H NMR spectrum of the compound is depicted
as Figure 26. The doublet at peak around δ 3.18 (2H)
corresponds to the presence of CH2 group in the
isolated compound. The peak observed at δ 4.69 (2H)
as singlet was assigned for the aromatic hydroxyl
protons. The multiplet around δ 5.1(2H) and δ 5.9
(1H) are attributed to the presence of ethylene
protons. The other peaks are assigned for the
aromatic protons.
The 13C-NMR showed 9 signals for 9 carbons as
shown in Figure 27. The peak at 42.34 ppm was due
to the presence of aliphatic CH2 group carbon. The
ethylene group carbons are observed around 118.56
and 138.74 ppm. The peaks around 113.82, 121.45,
134.11, 143.94 and 146.53 ppm are attributed to the
presence of carbons in the benzene ring. The spectral
data and assignments are in accordance with the
previously reported findings. [63]
CONCLUSION
The results of the present study clearly established
that the betel leaves cultivated in the study area
contain ecologically derived phytoingredients such as
Caffeic acid, p-Coumaric acid, Rutin, Eugenol and
Hydroxychavicol. These secondary metabolites are
reported to possess a wide spectrum of medicinal
properties. Thus, the results provide a systematic
study for the presence of pharmacologically
important phytochemicals and the scientific rationale
for the use of Piper betle leaves in the traditional
system of medicine. Further, studies are in progress
to evaluate the antidiabetic properties of individual
active ingredients present in the betel leaves in
alleviating both the primary and secondary
complications of diabetes mellitus.
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Figure: 6 HPLC spectrum of isolated compounds.

Figure 7: HPLC Spectrum of standard compounds.
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Figure 8: Infrared spectrum of Caffeic acid

Figure 9: Mass spectrum of Caffeic acid
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Figure 10: 1 H Nuclear magnetic resonance spectrum of Caffeic acid

Figure 11: 13 C Nuclear magnetic resonance spectrum of caffeic acid
www.pharmascholars.com
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Figure 12: Infrared spectrum of p-Coumaric acid

Figure 13: Mass spectrum of p-Coumaric acid
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Figure 14: 1 H Nuclear magnetic resonance spectrum of p-Coumaric acid

Figure 15: 13 C Nuclear magnetic resonance spectrum of p-Coumaric acid
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Figure 16: Infrared spectrum of Rutin

Figure 17: Mass spectrum of Rutin
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Figure 18: 1 H Nuclear magnetic resonance spectrum of Rutin

Figure 19: 13 C Nuclear magnetic resonance spectrum of Rutin
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Figure 20: Infrared spectrum of Eugenol

Figure 21: Mass spectrum of Eugenol
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Figure 22: 1H Nuclear magnetic resonance spectrum of Eugenol

Figure 23: 13 C Nuclear magnetic resonance spectrum of Eugenol
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Figure 24: Infrared spectrum of Hydroxychavicol

Figure 25: Mass spectrum of Hydroxychavicol
www.pharmascholars.com
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Figure 26: 1 H Nuclear magnetic resonance spectrum of Hydroxychavicol

Figure 27:

13

C Nuclear magnetic resonance spectrum of Hydroxychavicol

www.pharmascholars.com

1231

Subramanian et al. Int J Pharm 2015; 5(4): XXX

ISSN 2249-1848

REFERENCES
1. Gunther E. The Essential Oils. Van Nostrand and Company, Inc. New York. 1952; 5: 160‐11.
2. Samanta C. Paan chaser samasyabali-o-samadhan: Ekti samikkha (In Bengali): “A Report on the Problems and
Solutions of Betel Vine Cultivation”. A booklet published by Mr. H. R. Adhikari, C-2/16, Karunamoyee, Salt Lake
City, Kolkata-64 (WB), India, 1994.
3. Maity S. Extension Bulletin: The Betel vine. All India Coordinated Research Project on Betel vine, Indian
Institute of Horticultural Research, Hessarghatta, Bangalore, India,1989.
4. Kumar N, Misra P, Dube A, et al. Curr Sci, 2010; 99: 922-32.
5. Guha P. J Hum Ecol, 2006; 19(2): 87-93.
6. Guha, P. “Paan Theke Kutir Silpa Sambhabana” (In Bengali). “Exploring Betel Leaves for Cottage Industry”, In:
Krishi, Khadya-O- Gramin Bikash Mela –A Booklet published by the Agricultural and Food Engineering
Department, IIT, Kharagpur, India, 1997; pp. 15-19.
7. Warrier PK, Nambair VPK, Ramankutty C. Indian Medicinal Plants: A Compendium of 500 Species. Arya
Vaidya Sala, Kottakal, Kerala; Orient Longman, India, 1995.
8. Ghanwate NA and Thakare P. Bioscience Discovery, 2012; 3(1):47-51.
9. Kausar A, Giri S, Mazumdar M, Giri A, Roy P, Dhar P. Mutat Res, 2009; 677(1-2): 72-5.
10. Gupta PC, Ray CS. Ann Acad Med Singapore. 2004; 33(4):31-6.
11. Kumar N. Indian J Hist Sci,1999; 34(1): 19-32.
12. Wang CK, Hwang LS. Proc Natl Sci Counc Repub China B, 1997; 21(4): 129-36.
13. Runnie I, Salleh MN, Mohamed S, Head RJ, Abeywardena MY. J Ethnopharmacol, 2004; 92(2-3): 311-6.
14. Saini S, Saini SR, Katiyar R, Bhalerao DS and Munde A. Pravara Med Rev, 2009; 4(4): 17-19.
15. Bissa S, Songara D and Bohra A. Curr. Sci. 2007; 92(1): 26-28.
16. Fatilah AR and Rahim ZHA, Othman Y and Yusoff M. Pakistan J Bio Sci, 2009; 12: 518-521.
17. Adeltrudes BC and Marina OO. E-International Scientific Research J, 2010; 2: 2-13.
18. Prabhu MS, Platel K, Saraswathi G, Srinivasan K. Indian J Exp Biol, 1995; 33(10): 752-6.
19. Saravanan R, Prakasam A, Ramesh B, Pugalendi KV. J Med. Food, 2002; 5: 197–204
20. Young SC, Wang CJ, Lin JJ, Peng PL, Hsu JL, Chou FP. Arch Toxicol, 2007; 81: 45–55.
21. Shojaei AH. J Pharm Pharm Sci, 1998; (1):15-30.
22. Bhattacharya S, Banerjee D, Bauri AK, Chattopadhyay S, Bandyopadhyay SK. World J Gastroenterol, 2007;
3(27): 3705-13.
23. Ferreres F, Oliveira AP, Gil-Izquierdo A, Valentão P and Andrade PB. Phytochem Anal. 2014; 25: 453–460
24. Rai MP, Thilakchand KR, Palatty PL, Rao P, Rao S, Bhat HP, Baliga MS. Asian Pac J Cancer Prev, 2011; 12(9):
2149-56.
25. Sundqvist K, Liu Y, Nair J, et al. Cancer Res, 1989; 49: 5294-8.
26. Boffetta P, Hecht S, Gray N, Gupta P, Straif K. Lancet Oncol, 2008; 9: 667–75
27. Radhika K, Kumaravel B, Thamizhiniyan V, Subramanian S. Asian J Research Chem, 2013; 6(1): 76-82.
28. Harbone JB. Phytochemical Methods. London; Chapman and Hall: 1998, pp. 117-9.
29. Kokate CK, Purohit AP, Gokhale SB. Drugs containing glycosides, drugs containing tannins, lipids and protein
alkaloids. Text Book of Pharmacognosy: Carbohydrate and Derived Products. 7 th ed. India; Nitrali Prakashan: 2001,
pp. 133-66, 167-254, 255-269, 272-310, 428-523.
30. Bengoechea ML, Sancho AI, Bartolome´B, Estrella C, Go´mez-Cordove ST, Herna´ndez J. J Agric Food Chem,
1997; 45: 407-5.
31. Schieber A, Keller P, Carle R. J Chromatogr A 2001; 910(2): 265-73.
32. Butsat S, Weerapreeyakul N, Siriamornpun S. J Agric Food Chem 2009; 57 (11): 4566-71.
33. Magnani. C, Isaac VLB, Correa MA, Salgado HRN. Anal Methods, 2014; 6: 3203–3210
34. Huang MT and Ferraro T. ACS Symp Ser, 1992; 507: 8–34.
35. Greenwald P. J Nutr, 2004; 134: 3507S–3512S.
36. Xing Y, Peng HY, Zhang MX, Li X, Zeng WW, Yang XE. J Zhejiang Univ Sci B, 2012; 13(6): 487-93.
37. Hossain MB, Rai DK, Brunton NP, Martin-Diana AB, Barry-Ryan C. J Agric Food Chem, 2010; 58(19): 1057681.
38. Jeong CH, Jeong HR, Choi GN, Kim DO, Lee U, Heo HJ. Chin Med, 2011;6: 25.
39. Bhatt B. J Chem Pharm Res, 2011; 3(3):176-181.

www.pharmascholars.com

1232

Subramanian et al. Int J Pharm 2015; 5(4): XXX

ISSN 2249-1848

40. Zang LY, Cosma G, Gardner H, Shi X, Castranova V, Vallyathan V. Am J Physiol Cell Physiol. 2000; 279(4):
C954-60.
41. Yoon SA, Kang SI, Shin HS, Kang SW, Kim JH, Ko HC, Kim SJ. Biochem Biophys Res Commun. 2013;
432(4): 553-7.
42. Nedime DUR¨ UST ¨, Se¸ckin OZDEN, Esra UMUR, Ya¸sar DUR¨ UST, Mustafa KUC¨ ¸UK¨ ˙ ISLAMOGLU.
Turk J Chem 2001; 25: 93 – 97.
43. Yi B, Hu L, Mei W, Zhou K, Wang H, Luo Y, Wei X, Dai H. Molecules, 2011; 16(12): 10157-67.
44. Swislocka R, Kowczyk-Sadowy M, Kalinowska M, Lewandowski W. Spectroscopy, 2012; 27 (1): 35-48.
45. Manach C, Morand C, Demigne C, Texier O, Regerat F, Remesy C. FEBS Lett. 1997; 409:12–16.
46. Chua LS. J Ethnopharmacol, 2013; 50(3): 805-17.
47. Sharma S, Ali A, Ali J, Sahni JK, Baboota S. Expert Opin Investig Drugs, 2013; 22: 1063-79.
48. Shukla P, Gopalkrishna B, Shukla P. International Journal of Pharmaceutical Sciences and Research, 2012; 3(4):
1198-1201.
49. Sintayehu B, Asres K, Raghavendra Y. Journal of Applied Pharmaceutical Science, 2012; 02 (04): 44-49.
50. Sathyadevi M, Subramanian S. Asian J Pharm Clin Res, 2015; 8 (1): 152-157.
51. Kong X, Liu X, Li J, Yang Y. Curr Opin Complement Alternat Med, 2014; 1(1): 8-11.
52. Kamatou GP, Vermaak I, Viljoen AM. Molecules, 2012; 17(6): 6953-81.
53. World Health Organization. Evaluation of Certain Food Additives and Contaminants; Twenty-sixth report of the
Joint FAO/WHO Expert Committee on Food Additives, WHO Technical Report Series, No. 683; Geneva,
Switzerland, 1982.
54. Barceloux DG. Medical Toxicology of Natural Substances. Foods, Fungi, Medicinal Herbs, Plants and
Venomous Animals. Wiley: Hoboken, NJ, USA, 2008.
55. Kar Mahapatra S, Chakraborty SP, Majumdar S, Bag BG, Roy S. Eur J Pharmacol, 2009; 623(1-3): 132-40.
56. Rahimi AA, Ashnagar A, Nikoei Hamideh. Int J Chem Tech Res, 2012; 4(1).
57. Upadhyaya S, Tewari SN, Behera J. American Chemical Science Journal, 2014; 4(3): 286-297.
58. Amonkar AJ, Nagabhushan M, D'Souza AV, Bhide SV. Food Chem Toxicol, 1986; 24(12): 1321-4.
59. Amonkar AJ, Padma PR, Bhide SV. Mutat Res, 1989; 210(2): 249-53.
60. Chang MC, Uang BJ, Wu HL, Lee JJ, Hahn LJ, Jeng JH. Br J Pharmacol, 2002; 135(3): 619-30.
61. Jeng JH, Wang YJ, Chang WH, Wu HL, Li CH, Uang BJ, Kang JJ, Lee JJ, Hahn LJ, Lin BR, Chang MC. Cell
Mol Life Sci, 2004; 61(1): 83-96.
62. Yadav Y, Owens EA, Sharma V, Aneja R, Henary M. Eur J Med Chem, 2014; 75: 1-10.
63. Lin CF, Hwang TL, Chien CC, Tu HY, Lay HL. Molecules, 2013; 18(3): 2563-70.

www.pharmascholars.com

1233

