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Abstract
Natural products derived from plant sources have been utilized to treat patients with
numerous diseases. The phytochemical constituents present in ethanolic leaf extract
of Erythrina variegata (ELEV) were identified by using high-performance liquid chroma-
tography (HPLC) and gas chromatography-mass spectroscopy (GC-MS) analyses. Shade
dried leaves were powdered and extracted with ethanol for analyses through HPLC to
identify selected flavonoids and through GC-MS to identify other molecules. The HPLC
analysis of ELEV showed the presence of gallic and caffeic acids as the major components
at concentrations of 2.0 ppm and 0.1 ppm, respectively, as well as other components.
GC-MS analysis revealed the presence of 3-eicosyne; 3,7,11,15-tetramethyl-2-
hexadecen-1-ol; butanoic acid, 3-methyl-3,7-dimethyl-6-octenyl ester; phytol; 1,2-
benzenedicarboxylic acid, diundecyl ester; 1-octanol, 2-butyl-; squalene; and 2H-pyran,
stributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
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-(7-heptadecynyloxy) tetrahydro-derivative. Because pharmacopuncture is a new
volving natural mode that uses herbal extracts for treating patients with various ail-
ents with minimum pain and maximum effect, the results of this study are particularly

mportant and show that ELEV possesses a wide range of phytochemical constituents, as
ndicated above, as effective active principle molecules that can be used individually or
n combination to treat patients with various diseases.
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. Introduction

iologically active compounds derived from plants have
ecome an important source of drugs due to the increasing
ecognition of herbal medicine as an alternative form of
ealth care [1]. Many plants contain a variety of phyto-
harmaceuticals, which have been found to have very
portant applications in the fields of agriculture, and

uman and veterinary medicine for the prevention of dis-
ases [2e4]. Medicinal plants provide a large number of
olecules that can be screened to find potential com-
ounds that might lead to the discovery of new drugs [5,6].
econdary plant metabolites that are phenolic in nature
xhibit antiallergenic, antimicrobial, antiatherogenic,
ntithrombotic, antiinflammatory, vasodilatory, and car-
ioprotective effects [7,8], and medicinal properties and
harmacological actions have been observed in different
arts of the medicinal plants used in folk medicine [9,10].
or example, the leaves of Erythrina variegata (Indian coral
ree; family: Fabaceae) eaten as a pot herb are used as an
ntiobesity drug in Siddha medicine [11].
Pharmacopuncture is a treatment that combines herbal
edicine and acupuncture and is characterized by injections
t acupoints, and most pharmacopuncture contains certain
mounts of herbal extracts that are injected intramuscularly
12]. Even though lifestyle change throughdiet andmoderate
tensity exercise is an essential strategy for improving all
eatures of the metabolic syndrome, acupuncture therapy
as been shown to reduce the body mass index and abdom-
al fat significantly by reducing the abdominal visceral adi-
ose tissue content, which leads to decreases in several
therogenic and metabolic complications [13,14]. In addi-
ion, nonpharmacological interventions, including acupres-
ure and acupuncture, have been advocated as major
onmedical interventions for the relief of pain [15,16], and
cupuncture has been reported to be successful in treating
atients with primary dysmenorrhea [17,18].
The juice of the crushed leaf of E. variegata has been

hown to be helpful in relieving pain and inflammation in
heumatic joints. Moreover, the juice of a fresh whole plant
as been used to cure chronic dysmenorrhea and sterility in
eavy women by gradually reducing abdominal fat and
ducing natural menstrual flow [19]. In traditional medi-
ine, different parts of E. variegata have been used to
roduce nervine sedation, febrifuge, antiasthmatic, and
ntiepileptic effects [20], and its leaves have been used for
he treatment of patients with various conditions, such as
ver trouble, convulsions, arthritis, etc. [21,22]. It has also
een shown to have potential for treating patients with
onditions such as fever, inflammation, bacterial infection,
somnia, helminthiasis, coughing, cuts, and wounds
23e26]. In the present study, we used high-performance
quid chromatography (HPLC) and gas chromatography-
ass spectroscopy (GC-MS) to identify the phyto-
omponents present in the ethanolic leaf extract of E.
ariegata in order to determine the medicinal properties of
he plant.
. Materials and methods

eaves of E. variegata were collected from Kolli hills in the
amakkal district, Tamil Nadu, India, and the plant material
as authenticated by Dr. P. Jayaraman, Director, Plant
natomy Research Centre, Chennai, India (Identification
umber: PARC/2012/1297). The collected E. variegata
aves were washed well with distilled water and allowed to
hadow-dry at room temperature. The dried leaves were
round into fine powder in an electric blender. A Soxhlet
pparatus was used to extract 25 g of powdered leaves with
50 mL of ethanol (1:10 w/v). After extraction had been
ompleted, ethanol was removed by evaporation in a water
ath, which gave a solid mass.
A HPLC system (LC-10AD VP, Shimadzu, Kyoto, Japan)

quipped with a binary gradient pump with an online
egasser and capped with a C18 reverse-phased chromato-
raphic column was used for the analyses of flavonoids. The
obile phases used were distilled water with 0.1% tri-
uoroacetic acid (A) and methanol with 0.1% trifluoroacetic
cid (B). Gradient elutions were as follows for solvent (B):
minutes e 33%; 35 minutes e 50%; 80 minutes e 90%;
5 minutes e 95%; 90 minutes e 95%; 91 minutes e 33%; and
11 minutes e 33% in a flow-rate of 1 mL/min. A sample
olume of 4 mL per injection was obtained by using an
utoinjector, and detection was done by using a UV detector
t 280 nm. The standards of gallic acid, caffeic acid, rutin,
uercetin, and ferulic acid were of the highest purity and
rade. Analyses were done in a facility at the Indian Insti-
ute of Crop Processing Technology, Thanjavur, Tamil Nadu,
dia.
The phytochemical constituents were determined by

sing a GC-MS system (Clarus 500, Perkin Elmer, CT, USA)
ontaining Elite-5MS (5% diphenyl/95% dimethyl poly-
iloxane), 30 � 0.25 mm � 0.25 mm df. Helium gas was used
s the carrier gas at a flow rate of 1 mL/min. The oven
emperature was maintained at 110�C for 2 minutes and
hen increased to 280�C in 9 minutes. The injector tem-
erature was 250�C, and the total analysis time was 36 mi-
utes. Two-mL aliquots of ethanolic extract were injected
to the chromatographic column after a clear baseline had
een obtained. Major constituents were identified with the
id of a computer-driven algorithm and were identified by



Table 1 High-performance liquid chromatography (HPLC)
analysis data for ethanolic leaf extract of Erythrina
variegata.

Name Retention
time
(min)

Area
(%)

Height
(mV)

Concentration
(ppm)

Gallic acid 5.858 13,237 576 2.0
Caffeic acid 9.525 681 107 0.1
Rutin 10.317 60 0 Below detection

limit
Quercetin 12.325 90 75 Below detection

limit
Ferulic acid 24.067 130 32 Below detection

limit
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using the mass spectrum library (NIST version 2.0, 2005).
The Turbomass 5.2 software program was used in the
analyzer. Analyses were carried out in a facility at the In-
dian Institute of Crop Processing Technology.

3. Results

The ELEV extracted through the Soxhlet apparatus was
dried using a hot water bath, and an extract with a solid
mass was recovered. The yield was found to be 2.1 mg/g
of dry leaves. An analysis of the flavonoids in the ELEV
extract was performed by using HPLC, and the chro-
matogram is presented in Fig. 1. Quantitative data for
gallic acid and caffeic acid were determined, and the
concentrations were 2.0 ppm and 0.1 ppm with retention
times of 5.858 minutes and 9.525 minutes, respectively.
No clear peaks corresponding to rutin, quercetin, and
ferulic acid were observed, so the concentrations of those
components in the ELEV extract were below the lower
quantification limit for the current HPLC protocol. All the
HPLC data, i.e., the analyte names, retention times,
areas of the peaks, heights of the peaks, and concentra-
tions, are presented in Table 1.

The GC-MS analysis was done as per the standard pro-
tocol and manufacturer instructions under the conditions
listed in the Materials and methods section. Results are
presented in Fig. 2 (chromatogram) and in Table 2, which
reveal the presence of eight major compounds in the ELEV
extract. Table 2 presents the retention time, the com-
pound’s name, molecular formula, and molecular weight,
and the peak area percentage for each major compound
found in the ELEV extract.

4. Discussion

Traditional medicinal plants, spices, vegetables, and fruits
have been found to protect human beings from acute and
chronic diseases such as cancer and cardiovascular disease
[27]. Different bioactive compounds and microelements
from different dietary functional foods can be used as
Figure 1 High-performance liquid chromatography (HPLC) ch
preventive and therapeutic medicines [28,29]. Polyphenolic
flavonoids occurring as glycosides were found to have
strong antioxidant properties, to be effective in scavenging
free radicals and reactive oxygen species with their phe-
nolics hydroxyl groups [30], and to decrease the risk of
diseases such as cardiovascular and degenerative diseases
by counteracting macromolecular oxidation [31,32].

Gallic acid (3,4,5-trihydroxybenzoic acid) is an endoge-
nous plant phenolic compound that is found in many phy-
tomedicines [33]. Many gallic-acid-rich plants exhibit
protective effects against liver injury [34e36], and they
have been found to have various pharmacological proper-
ties, including neuroprotective, antioxidant [37], antiin-
flammatory [38,39], antiobesity [40e42], and anticancer
[43] properties. Several studies have demonstrated that
gallic acid and its derivatives can selectively induce cancer
cell death by apoptosis without harming healthy cells
[44e46].

A major class of phenolic compounds is hydroxycinnamic
acids, which are found in almost every plant, and the major
representative of hydroxycinnamic acids is caffeic acid
[47,48]. Caffeic acid possesses both antioxidant and
prooxidant properties [45]. The prooxidant action of
romatogram of ethanolic leaf extract of Erythrina variegata.
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Figure 2 Gas chromatography-mass spectroscopy (GC-MS) chromatogram of ethanolic leaf extract of Erythrina variegata.

Table 2 Gas chromatography-mass spectroscopy (GC-MS) analysis of phytocompounds present in the ethanolic leaf extract of
Erythrina variegata.

No. RT Name of the compound Molecular formula MW
(g/mole)

Peak Area
(%)

1 11.06 3-eicosyne C20H38 278 54.93
2 11.31 3,7,11,15-tetramethyl-2-hexadecen-1-ol C20H40O 296 7.96
3 11.51 butanoic acid, 3-methyl-, 3,7-dimethyl -6-octenyl ester C15H28O2 240 14.95
4 14.25 Phytol C20H40O 296 8.02
5 19.95 1,2-benzenedicarboxylic acid, diundecyl ester C30H50O4 474 1.20
6 22.12 1-octanol, 2-butyl- C12H26O 186 0.91
7 23.65 Squalene C30H50 410 5.15
8 29.62 2H-pyran, 2-(7-heptadecynyloxy)tetrahydro- C22H40O2 336 6.89

MW Z Molecular Weight; RT Z Retention Time.
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olyphenols may be an important mechanism in their
nticancer and apoptosis-inducing properties [49,50].
Plant monographs and pharmacopoeia describe only the

hysicochemical characteristic features of the materials.
owever, the use of modern methods for the identification
nd the quantification of bioactive principles with appro-
riate standards might be useful for the standardization of
edicinal plants and their formulations, as has been
mphasized by the World Health Organization [51,52]. GC
nd LC with different detection techniques are relatively
xpensive and can be used to identify the phytocon-
tituents that are largely present in herbal medicines and
ormulations [53]. In recent years, GC with MS detection
GC-MS) has become a key technology for the profiling of
etabolites in almost all species [54e56], so phyto-
omponents are being identified based on mass spectrum
ragmentation patterns with an updated database, and
uantitative estimates are being obtained by using the
elative peak-area percentage method [57,58].
The key identified components found in the ELEV ex-

racts were 3-eicosyne; butanoic acid, 3-methyl-, 3,7-
imethyl-6-octenyl ester; phytol; 3,7,11,15-tetramethyl-2-
exadecen-1-ol; 2H-pyran, 2-(7-heptadecynyloxy) tetrahy-
ro derivative; squalene; 1,2-benzenedicarboxylic acid,
iundecyl ester; and 1-octanol, 2-butyl-. The component 3-
icosyne belongs to the class of organic compounds known
s terminal alkynes. It is found in green vegetables and acts
s a nutrient [59]. Butanoic acid, 3-methyl-, 3,7-dimethyl-
-octenyl ester, has acidulant and arachidonic acid inhibi-
or activities. It also inhibits the production of uric acid and
creases the activity of the aromatic amino acid decar-
oxylase [60]. Phytol, a diterpene, is widely used as anti-
icrobial, antioxidant, antitumor, anticancer,
ntiarthritic, immunestimulatory, antidiabetic, chemo-
reventive, pesticidal, and diuretic agents and has sun-
creen properties [61e63]. 3,7,11,15-Tetramethyl-2-
exadecen-1-ol is a terpene alcohol, and it has antimicro-
ial and antiinflammatory activities [64]. 2H-Pyran, 2-(7-
eptadecynyloxy) tetrahydro derivative, is a herbicide
afener and an inducer of hemolytic, hemostatic, hep-
toprotective, hemopoietic, and hemoglobin activities
60]. Squalene (triterpene) is a phenolic compound and a
atural antioxidant found in a majority of plants [65]. It
ossesses antimicrobial and chemopreventive activities
gainst colon carcinogenesis [66] and has also been re-
orted to have anticancer, gastropreventive and hep-
toprotective effects, as well as pesticide, antitumor and
unscreen properties [67e69].
The extract of ELEV was found to possess valuable, safe

atural therapeutics that should find use in traditional folk
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medicinal practice. The characterization protocol deduced
from the ELEV extract indicates it to be an ample potential
source of natural remedial chemical compounds, such as
gallic acid, caffeic acid, alkynes, diterpenes, triterpenes,
alcohols, hydrocarbons, and carboxylic acids. These com-
pounds will certainly find applications in combating various
diseases when combined with or transformed into a form
suitable for pharmacopuncture.
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