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ABSTRACT

Objective: The objective of the present study was to evaluate the phytochemical constituents, total phenol, total terpenoid, anti-oxidant activity and
high-performance liquid chromatography (HPLC) analysis of swertiamarin compound from the leaf extract of Enicostemma littorale.

Methods: Preliminary screening involved the qualitative methods to detect the presence of terpenoids, flavonoids, phenols, tannins, steroids,
quinones, saponins, cardiac glycosides and alkaloids. Total phenol and terpenoid contents were quantitatively estimated. Total phenolic content
was estimated by Folin-Ciocalteau method. In vitro antioxidant activity of petroleum ether, chloroform, acetone, aqueous and ethanol extracts was
evaluated by studying 1, 1-diphenyl-2-picrylhydrazyl radical scavenging activity using the standard procedure. The leaf extract was screened for a
major metabolite namely swertiamarin compound using HPLC.

Results: The phytochemical analysis of leaf extract of E. littorale revealed the presence of significant secondary metabolites such as steroids, quinones,
cardiac glycosides, saponins, tannins, phenols, flavonoids, terpenoids and alkaloids. The total phenol and terpenoid content in leaf extract were found
to be 16.32 mg gallic acid equivalents/g and 71.0 mg/g respectively. The acetone leaf extract of E. littorale had showed significant radical scavenging
activity. The results of -HPLC analysis in the leaf extract of E. littorale proved the presence of the active principle namely swertiamarin.

Conclusion: It can be concluded that E. littorale leaf extract can be used as a potent source of natural antioxidant and thus could prevent many free

radical mediated diseases. The validated HPLC method can be used for routine quality control analysis.
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INTRODUCTION

Medicinal plants have been used in traditional treatments for numerous
human diseases for thousands of years, and they continue to be an important
therapeutic aid for alleviating the ailments of humankind [1]. The therapeutic
benefits are generally traced to specific plant compounds; specifically due to
the active constituents of the plants [2]. Phytochemical screening of various
plants has been reported by many workers [3,4]. These studies have revealed
the presence of numerous chemicals, including alkaloids, flavonoids, steroids,
phenols, glycosides, and saponins. The phenolic compounds are one of the
largest and most ubiquitous groups of plant metabolites [5]. Anumber of studies
have focused on the biological activities of phenolic compounds, which are
antioxidants and free radical scavengers [6-8]. The crude extracts of herbs, spices
and other plant materials rich in phenolics and flavonoids are of increasing
interest in the food industry because they retard oxidative degradation of lipids
and thereby improve the quality and nutritional value of food [9].

The terpenoids form a group of compounds, the majority of which
occur in the plant kingdom; a few terpenoids have been obtained from
other sources. More terpenes have been discovered as an efficacious
compound in human disease therapy and prevention. Terpenoid
compound have been used to treat cancer, malaria, inflammation
and a variety of infectious disease (viral and bacterial). Free radicals
(superoxide, hydroxyl radicals and nitric oxide) and other reactive
species (hydrogen peroxide, hypochloric acid and peroxynitrite)
produced during aerobic metabolism in the body can cause oxidative
damage of amino acids, lipids, proteins and DNA [10,11]. It has been
established that oxidative stress is the major causative factors in
the induction of many chronic and degenerative diseases including
atherosclerosis, ischemic heart disease, ageing, diabetes mellitus, cancer,
immunosuppression, neurodegenerative diseases and others [12,13].

The screening of plant products for antibacterial activity has shown that
higher plants represent a potential source of novel antibiotic prototypes
[14]. There has been an increasing incidence of multiple resistances in
human pathogenic microorganism in recent years [15].

Enicostemma littorale blume (gentianaceae) is a glabrous perennial
herb belonging to the family gentianaceae. It grows up to 1.5 feet
height and more frequently near the sea throughout India. It is
called as Chota-Kirayat in Hindi, Mamejavo in Gujarati, Nagajivha in
Bengal and Vellarugu in Tamil [16]. The plant is locally used for its
medicinal properties in Tamil Nadu, India, such as anti-inflammatory,
anti-ulcer activity [17], hypoglycaemic [18], and anti-malarial
activities [19]. The leaf possesses antioxidant property and helps
in reducing obesity [20]. Hence, the present study was performed
to investigate the phytochemical screening, total phenol, terpenoid,
antioxidant activity, high-performance liquid chromatography (HPLC)
analysis of swertiamarin from the leaf extract of E. littorale.

MATERIALS AND METHODS

Collection of E. littorale

The healthy plants of E. littorale (Fig. 1) were collected from different
places of Tamil Nadu, namely, Tirunelveli, Thoothukudi and Chengalpet.
The collected plants were brought to the laboratory and maintained
at Poonga Biotech Research Centre, Plant Biotechnology division,
Chennai - 600 094, Tamil Nadu, India.

Preparation of the plant extract

Preparation of the extracts was done according to a combination of the
methods prescribed by Pizzale etal, 2002 [21] and Lu and Foo, 2001 [22].
The dried leaf powder of E. littorale plant materials were extracted with
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Fig. 1: Mother plant of Enicostemma littorale (a) Mother plant of
E. littorale collected from Tirunelveli, (b) Shade dried plants of
E. littorale

acetone, ethanol (75%), chloroform, petroleum ether and aqueous
extract for 1 minute using an ultra turax mixer (13,000 rpm) and soaked
overnight at room temperature. The extracts were then filtered through
what man No.1 paper in a Buchner funnel. The filtered solution was
evaporated under vacuum in a rota-evator at 40°C to a constant weight
and then dissolved in respective solvents. The concentrated extracts
were stored in an airtight container in the refrigerator below 10°C.

Phytochemical screening of E. littorale leaf extracts

The phytochemical screening of leaf extracts were assessed by standard
methods [23-25]. Phytochemical screening was carried out on the leaf
extracts using different solvents to identify the major natural chemical
groups such as tannins, saponins, flavonoids, phenols, terpenoids,
alkaloids, glycosides, cardiac glycosides, coumarins and steroids.
General reactions in these analyses revealed the presence or absence of
these compounds in the leaf extracts tested.

Estimation of total phenol content in leaf extracts of E. littorale
Total phenolic content in the leaf extracts was determined by the Folin-
Ciocalteau colorimetric method [26]. For the analysis, 0.5 ml of aliquot
of sample was added to 0.5 ml of Folin-Ciocalteau reagent (0.5 N) and
the contents of the flask were mixed thoroughly. Later 2.5 ml of sodium
carbonate (2%) was added, and the mixture was allowed to stand for
30 minutes after mixing. The absorbance was measured at 760 nm in
a UV-Visible Spectrophotometer. The total phenolics contents were
expressed as mg gallic acid equivalents (GAE) /g extract.

Estimation of total terpenoid content in leaf extracts of E. littorale
Total terpenoid content in the leaf extracts were assessed by standard
method [27]. 1 g of E. littorale leaf powder was taken separately and
soaked in alcohol for 24 hrs. Then filtered, the filtrate was extracted
with petroleum ether; the ether extract was treated as total terpenoid.

Qualitative analysis of antioxidant activity of E. littorale

The antioxidant activity of leaf extracts of E. littorale was determined
by standard method [28,29]. 50 ul of leaf extracts of E. littorale were
taken in the microtiter plate. 100 ul of 0.1% methanolic 1,1-diphenyl-
2-picrylhydrazyl (DPPH) was added over the samples and incubated
for 30 minutes in dark condition. The samples were then observed for
discoloration; from purple to yellow and pale pink were considered
to be strong and weak positive respectively. The antioxidant positive
samples were subjected for further quantitative analysis.

Quantitative analysis of free radical scavenging activity of E. littorale
The antioxidant activities were determined using DPPH, (Sigma-
Aldrich) as a free radical. Leaf extract of 100 ul were mixed with 2.7 ml
of methanol and then 200 pl of 0.1% methanolic DPPH was added. The
suspension was incubated for 30 minutes in dark condition. Initially,
absorption of blank containing the same amount of methanol and DPPH
solution was prepared and measured as a control [30]. Subsequently,
at every 5 minutes interval, the absorption maxima of the solution
were measured using a UV double beam spectra scan (Chemito, India)
at 517 nm. The antioxidant activity of the sample was compared with
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known synthetic standard of (0.16%) of butylated hydroxy toluene
(BHT). The experiment was carried out in triplicates.

The capacity of scavenging free radicals was calculated as scavenging
activity (%) =

Absorbance in control — Absorbance in sample
Absorbance in control

x 100

HPLC analysis of swertiamarin compound

The fine powder of the leaf biomass was extracted with 75% of ethanol
and then the extract was evaporated. The residue of extract was mixed
with n-butanol and water (2:1) and both the upper layer of n-butanol and
lower layer of water were separated and evaporated under vacuum. The
residues were washed with petroleum ether to remove fatty components
and then extracted with methanol. The concentrated extract in methanol
was separated and analyzed using -HPLC as per standard method [31].

The extracts were filtered through sartorius regenerated cellulose-
membrane syringe filter (0.2 ) and 20 pl of filtrate was injected into the
HPLC. Chromatography was performed using Shimadzu HPLC (Model
SPD-10A UV-VIS Detector) and supelcosil LC-18 column (25 cm x 4.6 mm,
5 m) with mobile phase consisting of acetonitrile, water and acetic acid
(50:50:0.1). Flow rate was maintained at 1.0 ml/minute with a back
pressure of 250 psi and the compounds were read at 210 nm using a UV
detector. The total run time was 20 minutes, but preferably it was extended
up to 40 minutes [31]. The results were compared with standard.

RESULTS AND DISCUSSION

Preliminary phytochemical analysis of leaf extracts of E. littorale collected
from different places namely Tirunelveli, Thoothukudi and Chengalpet
has been shown in Tables 1-3, respectively. The study revealed that
among various extracts, the acetone leaf extract of E. littorale (Tirunelveli
accession) were rich in secondary metabolites such as tannins, saponins,
flavonoids, quinones, glycosides, cardiac glycosides, terpenoids, phenol,
steroid, coumarins and alkaloids followed by other accessions.

The curative properties of medicinal plants are perhaps due to the presence
of various secondary metabolites such as alkaloids, flavonoids, glycosides,
phenols, saponins, steroids, etc., [32]. Thus, the preliminary screening test
may be useful in the detection of the bioactive principles and subsequently
may lead to the drug discovery and development [33]. The presence
of alkaloids and saponins in the leaf extract, the biological function of
alkaloids and their derivatives are very important and are used in analgesic,
antispasmodic and bactericidal activities [34]. Saponins have properties of
precipitating and coagulating red blood cells, and they also have cholesterol
binding properties, formation of foams in aqueous solutions and hemolytic
activity [35] and traditionally saponins have been extensively used as
detergents and molluscicides, in addition to their industrial applications
as foaming and surface active agents and also have beneficial health effects
[36]. Plant steroids are known important for their cardiotonic activities and
also used in nutrition, herbal medicine and cosmetics.

Table 4 shows the estimation of total phenol content in the acetone leaf
extract of E. littorale. The higher content of total phenol (16.32 mg GAE/g)
was found in leaf extract of E. littorale (Tirunelveli accession), followed by
other accessions. Phenolic compounds are important plant antioxidants,
which exhibited considerable scavenging activity against radicals. It has
been reported that the antioxidant activity of phenol is mainly due to
their redox properties, hydrogen donors and singlet oxygen quenchers
[37]. Thus, antioxidant capacity of a sample can be attributed mainly
to its phenolic compounds [38-40]. Similarly, Shahidi and Naczk [41]
reported that naturally occurring phenolics exhibit antioxidant activity.

Thetotal terpenoid content of E. littoraleleaf extract (Tirunelveli accession)
is shown in Table 5. The result revealed that acetone leaf extracts of E.
littorale recorded terpenoid content of 71.3 mg/g. Terpenes play an
important role as signal compounds and growth regulators of plants [42].
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Table 1: Phytochemical screening of E. littorale leaf extracts (Tirunelveli accession)

Phytochemicals E. littorale leaf extract
Aqueous Acetone Ethanol Chloroform Petroleum ether

Tannins + ++ + + -
Saponins + ++ + - -
Flavonoids + ++ + + -
Quinones + + + + -
Glycosides - ++ - - -
Cardiac glycosides ++ ++ + - -
Terpenoids + + + + +
Phenol + + + - -
Coumarins ++ ++ ++ - -
Steroids - + + + +
Alkaloids + + + - -

++: Strong positive,+: Positive, —: Negative, E. littorale: Enicostemma littorale

Table 2: Phytochemical screening from leaf extracts of E. littorale (Thoothukudi - accession)

Phytochemicals E. littorale leaf extract
Aqueous Acetone Ethanol Chloroform Petroleum ether

Tannins + + + + -
Saponins + ++ + - -
Flavonoids + + + + -
Quinones + + + + -
Glycosides - + - - -
Cardiac glycosides + + - - -
Terpenoids + + + + +
Phenol + + + + +
Coumarins + ++ ++ - -
Steroids - + - - -
Alkaloids - - + - -

++: Strong positive, +: Positive, —: Negative, E. littorale: Enicostemma littorale

Table 3: Phytochemical screening from leaf extracts of E. littorale (Chengalpet accession)

Phytochemicals E. littorale leaf extract
Aqueous Acetone Ethanol Chloroform Petroleum ether

Tannins + + + - -
Saponins + ++ + - -
Flavonoids - - - + -
Quinones + + - - -
Glycosides - + - - -
Cardiac glycosides + + - - -
Terpenoids + + + + +
Phenol + + + - -
Coumarins + + + - -
Steroids - + - - -
Alkaloids - - + - -

++: Strong positive, +: Positive, —: Negative, E. littorale: Enicostemma littorale

The presence of terpenoids has been reported in medicinal plants [43,44].
Terpenoid promotes glutathione-S-transferase and cancer cell apoptosis;
hence, terpenoids have been used for anti-cancer properties [45].

E. littorale leaf extracts were further analyzed for the presence of
antioxidants. Table 6 shows the qualitative antioxidant analysis in the
leaf extracts of E. littorale collected from various accessions. The results
revealed strong positive response for acetone leaf extract (Tirunelveli
accession), followed by others. Scavenging activity for free radicals
of DPPH has been widely used to evaluate the antioxidant activity of
natural products from plant and natural sources. Free radicals have
a broad range of effects in biological systems. It has been proved that
these mechanisms may be important in the pathogenesis of certain
diseases and ageing. Many synthetic antioxidant components have
shown toxic and/or mutagenic effects, which have shifted the attention
towards the naturally occurring antioxidants [46-48].

Table 4: Estimation of total phenol content of acetone leaf
extract of E. littorale

Serial E. littorale leaf extract Total phenol content

number (mg GAE/g)
1 E. littorale - Tirunelveli accession 16.32

2 E. littorale - Thoothukudi accession 13.64

3 E. littorale - Chengalpet accession ~ 9.11

E. littorale: Enicostemma littorale, GAE: Gallic acid equivalents

The percentage of DPPH radical scavenging activity of leaf extracts of E.
littorale from various accessions is shown in Fig. 2. The results revealed
that among three accessions and five different solvent extracts of E.
littorale, the acetone leaf extract collected from Tirunelveli had maximum
DPPH radical scavenging activity (91.33%), followed by Thoothukudi
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Figure 3: HPLC analysis of swertiamarin compound from Enicostemma littorale leaf extract (Tirunelveli accession) (a) Swertiamarin
standard (1 mg/1ml) -Sigma aldrich (b) Leaf extract of Enicostemma littorale
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Fig. 2: Quantitative analysis of antioxidant activity of Enicostemma littorale leaf extracts (a) Tirunelveli, (b) Thoothukudi and
(c) Chengalpet

(74.6%) and Chengalpet accession (56.9%), when compared with that of
synthetic antioxidant BHT as a positive control (98.36%). In all accessions,
acetone leaf extracts recorded higher percentage of free radical scavenging
activity followed by ethanol, aqueous, chloroform and petroleum ether.

The HPLC analysis of swertiamarin compound from E. littorale leaf
extract along with the standard swertiamarin has been represented
in Fig. 3. Swertiamarin compound eluted through HPLC analysis and
based on standard retention time (Rt) 10.32 min. The E. littorale leaf
extract (Tirunelveli accession) used for HPLC analysis recorded a Rt
of 10.27 minutes and standard swertiamarin compound recorded
a Rt of 10.32 minutes, thus confirming the presence of swertiamarin
compound in leaf extract of E. littorale.

CONCLUSION

The present study revealed that acetone leaf extract of E. littorale was
rich in phytochemical constituents and high levels of total phenolic and

terpenoid compounds. The leaf extract of E. littorale also possessed
strong antioxidant potential and was thus capable of inhibiting,
quenching free radicals to terminate the radical chain reaction. The
HPLC analysis revealed the identification of active compound namely
swertiamarin present in the leaf extract of E. littorale. The results
indicate that the plant material may become an important source of
natural drug compounds with health protective potential and natural
antioxidants of significant impact on the status of human health and
disease prevention.
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