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ABSTRACT
Objective: The study aim to investigate the traditional medicinal importance of Cryptostegia grandiflora leaf methanol extract (CGLME) using antiproliferative and antioxidant activity.
Methods: In vitro and in vivo antioxidant methods were followed for identification of antioxidant property, HPLC was done for detection of
flavonoids, DNA binding and MTT assay was carried out to identify the potential antiproliferative property of flavonoids.
Results: CGLME antioxidant property could be ascribed to the presence of considerable quantity of multiple phenol molecules since they have
shown increased level of hepatic antioxidant enzymes viz, Catalase (13.09±0.20), Peroxidase (17.17±0.07) and Superoxide dismutase (0.17±0.01)
compare to CCl4 control and protective against Fenton’s reagent induced DNA molecule nicking (pUC19). Further, antioxidant property supported by
Cyclic voltammetry with oxidation potential of CGLME scan rates from +50 to +300mV. CGLME has also shown anti-proliferative activity against
colorectal adenocarcinoma (Caco-2) cell line at a concentration of CTC50 750µg/mL (75.7%).
Conclusion: Significant amount of catecholamine like phenol molecules in CGLME may have contributed to antioxidant property. Further, research
warrants isolation of active principles to understand responsible molecules for antioxidant and anti-proliferative property.
Keywords: HPLC analysis, Cyclic voltammeter, Antioxidant activity, DNA nicking assay, DNA binding assay, Anti-proliferative activity.

INTRODUCTION

MATERIALS AND METHODS

Antioxidants are specific chemical compounds obtained from
natural products particularly of plant origin which quenches free
radicals and reduce the cell damage caused by them [1]. As
antioxidants, the molecules can interfere with the oxidation
process by reacting with free radical, chelating catalytic metals
and also by acting as oxygen scavengers. Oxidation is an
essential biological process for energy production in many living
organisms. The potentially reactive derivatives of oxygen,
attributed as reactive oxygen species (ROS) were detoxified by
the antioxidants when they are present in the body. However,
overproduction of ROS and/or an inadequate antioxidant
defense can easily affect and persuade oxidative damage to
various biomolecules including protein, lipids, lipoproteins and
DNA [2]. However, excessive ROS, produced in vivo during some
oxidative reactions are not only strongly associated with lipid
peroxidation but also involved in the development of some
diseases [3] such as atherosclerosis, cardiovascular,
neurodegenerative and cancer like diseases [4,5,6]. Eradication
of cancer cells in premature stage is an essential part of
chemoprevention, measuring anti-proliferative dose against
cancer cells provide useful insight on the chemoprotective
potential of natural extracts. Due to this ability, presence of
natural antioxidants in medicinal plant extracts may play an
important role in prevention of normal cell from becoming a
cancer cell.

Chemicals and reagents

The crude extract of CGLME contains catechol group substances,
which are responsible for maintaining the integrity of native
form of DNA [7]. The quantitative determination of
catecholamine like substances in CGLME by cyclic voltammeter
technique may also supports the antioxidant potentialities of the
plant. The plant extract selection for anti-proliferative activity is
based on basic research findings on ethnomedicinal knowledge
(anti-viral, antitumor, anti-bacterial and antioxidant assay).
However, CGLME has shown significant analgesic activity [8] and
it has helped us to further explore its in vitro and in vivo
antioxidant activity.

Petroleum ether, Chloroform, Methanol (Merck), Ascorbic acid,
Thiobarbituric acid (TBA), Trichloroacetic acid (TCA), Nitroblue
tetrazolium (NBT), Folin–Ciocalteau Reagent (FCR), Potassium
iodide, Butylated hydroxyl toluene (BHT), Malondi aldehyde
(MDA), Potassium ferricyanide
(K3Fe(CN)6), Phospho
molybdenum, Sodium phosphate, Sodium acetate, Phosphate
Buffered Saline (PBS), Fetal Bovine serum (FBS), 3-(4,5–
dimethyl thiazol–2–yl)–5–diphenyl tetra zolium bromide (MTT),
Dulbecco’s Modified Eagle’s Medium (DMEM) and Trypsin were
obtained from Sigma Aldrich (St. Louis, MO USA). EDTA, Glucose
and antibiotics from Hi-Media Laboratories Ltd., Mumbai.
Dimethyl Sulfoxide (DMSO) and Propanol from E. Merck Ltd.,
Mumbai, India. Gallic acid, ascorbic acid, ferrous chloride,
hemoglobin and potassium persulfate were procured from
Himedia (India). pUC19 and agarose were procured from
GeNeiTM (Bangalore, Karnataka, India). Water was purified on a
Milli-Q system from Millipore (Millipore, Bedford, MA, USA). All
the chemicals used were of analytical grade.
Determination of total phenolic content
Total phenol content was measured according to the method of
Matthaus [9]. To a sample of CGLME (1 to 5µg), 1mL of FCR (ten
folds diluted) was added and mixed thoroughly for 3 min. and
3mL of 2% Na 2CO 3 was added. This was incubated at room
temperature for 2 hrs and then absorbance was measured at
740nm. Total phenolic content was calculated and expressed as
equivalent to gallic acid.
High Performance of Liquid Chromatography (HPLC) analysis
Bio-active constituents in the CGLME were evaluated using HPLC
with the flow rate of 1.5mL/min. and 30 min. run time. The C 18
column with symmetric 5µm particle size was used to run
sample along with standards delphinidin (D), malvidin (M) and
anthocyanin (A).
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Cyclic voltammeter study
Cyclic voltammeter was performed with Model CHI-660c
electrochemical work station. The electrochemical cell contained
carbon paste electrode (CPE) as a working electrode, platinum
counter electrode and saturated calomel electrode as reference
electrodes.
CPE was prepared by blending the fine particles of graphite powder
with silicon oil as a binder by hand mixing in a mortar and pestle.
The resulting fine mixture of carbon paste was inserted into hollow
cavity of the Teflon tube which is connected externally with a copper
wire. After filling the Teflon tube, the tip was smoothened with the
butter paper. The ratio of the graphite powder and silicon oil was
calibrated with the cyclic voltammograms of potassium
ferrocyanide.
In vitro antioxidant activity
DPPH radical scavenging activity
The free radical scavenging activity of CGLME was measured using
DPPH according Blois method [10]. To different concentration of
CGLME (20-100µg), 1mL of 0.1mM DPPH in methanol was added
and kept in dark for 30 min. at room temperature. Absorbance was
measured at 517nm along with parallel control and the inhibition
concentration was calculated using the formula given below.
% inhibition = [(A0 - A1)/A0] × 100
Where A0 = absorbance of the control, A1 = absorbance of the
CGLME.
Determination of ferrous ion chelating ability
The Decker and Welch [11] method was used to investigate the
ferrous ion chelating ability of CGLME. 1mL of CGLME at different
concentration was mixed with 2mM FeCl2 (0.05mL) and 5mM
ferrozine (0.2mL). The mixture was shaken vigorously and left at
room temperature for 10 min. Absorbance of the test solution along
with parallel control was measured at 562nm. EDTA was used as
standard for comparison. The percentage of inhibition of ferrozineFe2+ complex formation was calculated from the following formulae.
% = [(A0 - A1)/A0] × 100
Where A0 = absorbance of the control, A1 = absorbance of the extract.
Determination of reducing power capacity
The reducing power of CGLME was determined according to the
method of Oyaizu [12]. A series of extract concentration (100500µg/mL) was mixed with phosphate buffer (2.5 mL, 0.2M, pH 6.6)
and potassium ferricyanide (2.5mL, 1%). The mixture was incubated
at 50 °C for 20 min. TCA (2.5mL of 10%) was added to the mixture,
which was then centrifuged at 3000rpm for 10 min. The upper layer
of the solution (2.5mL) was mixed with distilled water (2.5mL) and
FeCl3 (0.5mL. 0.1%). The absorbance was measured at 700nm.
Increased absorbance of the reaction mixture indicated increased
reducing power and butylated hydroxytoluene was used as a
standard.
Determination of total antioxidant assay
The total antioxidant activity of CGLME was determined by
phosphomolybdenum method as described by Prieto et al [13].
0.3mL of CGLME (50-250µg) was mixed with 3mL of reagent
solution (0.6M sulfuric acid, 28mM sodium phosphate and 4mM
ammonium molybdate). The reaction mixture was incubated at 95 ºC
for 90 min. and cooled to room temperature. Absorbance of the
solution was measured at 695 nm. The total antioxidant capacity
was expressed as the number of equivalents of ascorbic acid (AAE).
DNA nicking assay
The ability of CGLME to protect super coiled pUC19 DNA from
harmful effects of hydroxyl radicals generated by Fenton’s reagent
was assessed by the DNA nicking assay as described by Lee et al [14]
with slight modifications. The reaction mixture contained 20µg of
plasmid DNA, 5µL Fenton’s reagent (30 mM H2O2, 50mM ascorbic

acid, and 80mM FeCl3) followed by the addition of test material
CGLME and resorcinol as a positive control. The final volume of the
mixture was brought to 30µL using distilled water. The mixture was
then incubated for 30 min. at 37 °C and the DNA sample was ran in
1% agarose gel electrophoreses in a horizontal slab gel apparatus
for 1.5 hr. (40V/20 mA) using 1X TBE buffer. After electrophoresis,
the gels were stained with 0.6lgm/mL of a solution of ethidium
bromide for 30 min. followed by another 30 min. The gels were then
photographed under gel document.
DNA binding studies
The concentration of Ct-DNA (in nucleotide phosphate, NP) was
measured by using its known extinction coefficient at 260nm
(6600M−1Cm−1) as described by Reichmann et al [15]. Tris–HCl
buffer (5mM Tris, pH 7.1, 50mM NaCl) was used for absorption
titration experiments and viscosity measurements. Absorption
titration experiments were carried out by varying the DNA
concentration and maintaining the complex concentration constant.
Absorbance values were recorded after each successive addition of
DNA solution with equilibration (ca. 10 min.). The absorption data
was analyzed for the valuation of intrinsic binding constant Kb using
reported procedure [16].
In vivo antioxidant activity
Experimental animals
Healthy Swiss albino mice weighing 20-22gm. were procured from
Central Animal House, National College of Pharmacy, Shimoga,
Karnataka, India and housed at 23±2 ºC, humidity 55–60%. These
animals were fed with standard commercial pellet diet (Durga Feeds
and Foods, Bangalore) and water ad libitum. All the animals were
acclimatized for one week and all experiments were carried out
according to the Institutional Animal Ethical Committee (IAEC)
guidelines (Re: NCP/IAEC/CL/07/12/2010-11).
Preparation of liver homogenate
Liver homogenate (10%) was prepared with 0.15M KCl and
centrifuged at 8000rpm for 10 min. The cell-free supernatant was
used for following experiments. Total protein was estimated by
Lowry et al [17] with bovine serum albumin as standard.
Carbon tetrachloride (CCl4)-induced oxidative toxicity
The antioxidant property of the CGLME was further evaluated using
in vivo studies. Mice were randomly divided into five groups, each
containing four animals (n=4). Group I was given distilled water
with 0.2% DMSO (1mL/kg b. w., p. o.) daily for 5 days and olive oil
on 2nd and 3rd day. Group II (CCl4 control) was given 0.2% DMSO
(1mL/kg b. w., p. o.) solution for 5 days and a 1:1 mixture of CCl4 and
olive oil (2mL/kg b. w., s. c.) on 2nd and 3rd day. Groups III, IV and V
(test group) were orally given 250, 500, and 750 mg/kg b. w.,
respectively for 5 days and a 1:1 mixture of CCl4 and olive oil
(2mL/kg b. w.,, s. c.) on 2nd and 3rd day. Group VI animals were orally
administered with Vitamin E (100mg/kg b. w.). At the end of the
experiment (on day 6), the animals were sacrificed by light ether
anesthesia. Liver samples were immediately dissected; blood was
cleaned off with ice-cold saline and stored in a refrigerator for
further investigation.
Catalase activity (CAT)
CAT was estimated by the method of Claiborne [18]. The assay
mixture consisted of 1.95mL of phosphate buffer (0.005M, pH 7.0),
1.0mL H2O2 (0.019M), 0.005mL of liver homogenate (10% w/v).
Absorbance was recorded at 240nm. CAT activity was calculated in
terms of nanomole consumed/min/mg protein.
Peroxidase activity
The peroxidase assay was carried out according to the method of
Nicholos [19]. Briefly, to 0.5mL of liver homogenate 1mL of KI
(10mM) and sodium acetate (40mM) solutions were added and
absorbance was read at 353nm. And further 20mL of H2O2 (15mM)
was added to initiate reaction; change in absorbance in 5 min. was
recorded. Units of peroxidase activity were expressed as the amount
of enzyme required to change the optical density by 1unit/min. The
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specific activity was expressed in terms of units per milligram of
protein.
Estimation of lipid peroxidation assay (LPO)
Lipid peroxides were estimated according to the method of Buege
and Aust [20]. In brief, the lipid peroxidation was initiated by adding
100mL of 0.2mM ferric chloride to the mixture of 0.5mL liver
homogenate and 0.15M KCl at 37 °C for 30 min. and stopped by
adding 2mL of ice cold mixture of 0.25N HCl containing 15% TCA,
0.30% TBA and 0.05% BHT. The mixture was heated at 80 °C for 60
min. and the samples were cooled, centrifuged and absorbance of
the supernatant was measured at 532nm. The results were
expressed as MDA equivalents, which were calculated by using an
extinction coefficient of 1.56. Lipid peroxidation was expressed as
MDA equivalents in nanomoles per mg of protein.

gently shaken and incubated for 3hr. at 37 ºC in 5% CO2 atmosphere.
The supernatant was removed and 100µl of propanol was added and
the plates were gently shaken to solubilize the formazan. The
absorbance was measured using a microplate reader at a
wavelength of 540nm. The percentage growth inhibition was
calculated using the following formula and concentration of test
drug needed to inhibit cell growth by 50% (CTC50) was generated
using dose-response curves for each cell line.
Statistical analysis
All experiments were performed in triplicate and an ANOVA
(Ananlysis of Variance) test (using EZ ANOVA statistical software)
was used to compare the mean values of each treatment. Significant
differences between the means of parameters were determined by T
test (P < 0.05). The results represented as Mean ± SE.

Estimation of superoxide dismutase assay (SOD)

RESULTS AND DISCUSSION

To determine the SOD activity, the Riboﬂavin-NBT assay of Lai et al
(2008) was adapted [21] with slight modifications. The homogenate
(0.1mL) was mixed with 0.1mL of 67mM phosphate buffer (pH 7.8)
containing 0.01M EDTA and 0.1mL of 1.5mM NBT. After incubation
at 37 °C for 5 min. 3mL of 1.2mM riboﬂavin was added. The reaction
mixture was kept in foil-lined box and illuminated with a 25W light
tube for 15 min. The inhibition of NBT reduction was determined by
measuring the absorbance at 560nm.

Total phenolic content

The negative control (water instead of the sample) and parallel
blank (addition of water instead of the riboflavin solution) were
evaluated simultaneously. In addition, standards were also
evaluated to determine the SOD activity. Unit of SOD activity was
expressed as the amount of enzyme required to inhibit the reduction
of NBT using the formula SOD acitivity = decrease in OD × 2/ S-B
where decrease in absorbance = (S-B)-(T-C). Where, S-absorbance of
standard, B-absorbance of blank, T-absorbance of test and Cabsorbance of control.

Preliminary phytochemical investigation of CGLME showed
presence of several bioactive compounds like glycosides, alkaloids,
steroids, tannins, saponins and high amount of phenolic compounds.
The phenolic content present in CGLME was found to be 725.8µg
GAE/mg of dry extract (Figure 1). Phenolics are very important
plant secondary metabolites; chemically they are aromatic
hydroxylated compounds having one or more aromatic rings with one or
more hydroxyl group. There is a positive correlation between total
phenolics and antioxidant property of many plants attributed to free
radical scavenging activity [23] with their ability to donate electrons and
hydrogen atoms, making them very good antioxidants [24].

Anti-proliferative activity
Preparation of test solutions
Each test material was weighed, mixed to obtain the desired
concentration by dissolving in distilled DMSO and volume was made
up with DMEM supplemented with 2% inactivated FBS to obtain a
stock solution of 1mg/mL concentration and sterilized by filtration.
Serial two fold dilutions were prepared for carrying out cytotoxic
studies.
Preparation of cell line and culture medium
Human adenocarcinoma-2 (Caco-2) cell line was procured from
National Centre for Cell Sciences (NCCS), Pune, India. Stock cells
were cultured in DMEM supplemented with 10% inactivated FBS,
penicillin (100IU/mL), streptomycin (100µg/mL) and amphotericin
B (5µg/mL) in humidified atmosphere of 5% CO2 at 37 °C until
confluence. The confluent cells were dissociated with Trypsin
Phosphate Versene Glucose (TPVG) solution (0.2% trypsin, 0.02%
EDTA, 0.05% glucose in PBS). The stock cultures were grown in
25cm2 culture flasks and all experiments were carried out in 96
microtitre plates (Tarsons India Pvt. Ltd., Kolkata, India).
Anti-proliferative activity by MTT assay
To determine the anti-proliferative activity, the rapid colorimetric
assay was adopted as reported by Francis and Rita [22] with some
modifications. The monolayer cell culture was trypsinized and the
cell count was adjusted to 1.0 X 105 cells/mL using DMEM,
containing 10% FBS. To each well of the 96 well micro-titer plates,
0.1mL of the diluted cell suspension (approximately 10,000 cells)
was added. After 24 hr. when a partial monolayer was formed and
the supernatant was flicked off, wash the monolayer once with
medium and 100µl of different concentration of test samples were
added on to the partial monolayer in micro titer plates. The plates
were then incubated at 37 ºC for 3 days in 5% CO2 atmosphere and
microscopic examination was carried out and noted for every 24 hr.
interval. After 72 hr., the drug solution in each well was discarded
and 50µl of MTT in PBS was added to each well. The plates were

Fig. 1: Determination of total phenolic content.

HPLC analysis
The HPLC of CGLME revealed the presence of potential antioxidant
flavonoid molecules such as delphinidin, malvidin and anthocyanine.
Delphinidin eluted at 13.25 min. retention time (RT) with an area of
14.3%, while malvidin and anthocyanine eluted at 16.2 and 17.8
min. RT with an area of 48.4 and 13.0% respectively. It indicates the
presence of 75.8% of flavonoids in the CGLME (Figure 2), since it is
well known that the reducing power of plant extracts depends on
the concentration and variety of different flavonoid components as
reported by many investigators on plant origin flavonoid
components, which are responsible for antioxidant potential of
variety of plant extracts [25].
Cyclic voltammeter analysis
Figure 2. depicts the cyclic voltammograms of CGLME containing the
catechol, resorcinol and dopamine as neurotransmitter (Figure 3A).
Cyclic voltammogramm of CGLME has revealed that it contains
dopamine and catechol moiety resorcinol. The CPE was
characterized by using cyclic voltammetric technique and is
confirmed that no peak was found at the buffer solution containing
1mL of methanol in the absence of the extract of interest (Figure
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3B). The CGLME was analyzed electrochemically using
immobilization technique. The immobilized analyte was left for 2
min. to allow it to adsorb strongly. Later the electrode was
immersed in the phosphate buffer solution with cycling potential
from 0 to 0.4V versus saturated calomel electrode (SCE).

A.

B.

B
Fig. 2: A. HPLC chromatogram of standards Anthocyanin (A),
Dulphindin (D) and Malvidin (M) on symmetric C18 column;
Solvent system (A:B), Solvent A- Acetonitrile, Solvent B- 10%
Acetic acid in water (5:95). B. HPLC chromatogram of CGLME on
symmetric C18 column. Solvent system (A:B), Solvent AAcetonitrile, Solvent B-10% Acetic acid in water (5:95).
The cyclic voltammograms of CGLME on CPE at different scan rate is
shown in the Figure 3C. The observation was made to investigate the
kinetics of the electrode reaction, wherein with the increased scan
rate, the redox peak current also increased gradually indicating the
direct electron transfer between CGLME and the CPE surface. The
relationship between the scan rate and anodic currents was
constructed as shown in Figure 3D. With the range from 50 to
300mV/s the redox peak current was proportional to the scan rate
and the correlation coefficient was 0.9995, which indicates that the
electron transfer reaction was adsorption controlled process [26].
The reproducibility of the proposed method for determining CGLME
was tested in the phosphate buffer solution (pH 7.0) for ten
repetitive times. It showed good reproducibility of modified
electrode with a relative standard deviation of 2.4%. After each
determination the modified electrode was washed with phosphate
buffer solution and scanned using cyclic voltammeter in the blank
phosphate buffer solution until the redox response wave of extract
disappeared at 100mV/s in the potential range of 0 to 0.4V. After
atmospheric exposure of modified electrode to one week, it was
found that the electrochemical activity of the CPE remain almost
same with the determination of CGLME, which indicated the good
reproducibility and stability of the electrode.

C.

D.
Fig. 3: Behavior of cyclic voltammetry (CV) with CGLME, A. CV’s
of 1ml methanol alone, b.10µg CGLME, c. 1mM resorcinol and d.
1mM dopamine. B. CGLME (solid line) and methanol in (dotted
line) at scan rate 50 mVs-1. C. At different scan rates (a-f: 50300mV/S) in 0.1PBS (pH7.0) at bare carbon paste electrode. D.
Graph of scan rate versus current.
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In vitro antioxidant assay
In vitro antioxidant activities of C. grandiflora (20-100 µg) leaves
extract of petroleum ether (CGLPE), chloroform (CGLCE) and
methanol extracts (CGLME) were conducted, among them CGLME
has shown significant activity. Based on antioxidant property,
CGLME was selected for further in vitro and in vivo antioxidant
assays to explore its reducing potential using different parameters
since each in vitro antioxidant parameter will measure the different
profile of CGLME at various concentration depending on the ability
of collective multiple phytoconstituents action. The antioxidant
potential of all the extracts were analyzed by DPPH radical
scavenging assay and it was more in CGLME (82.20% at 100µg/mL)
followed by CGLPE (45% at 100µg/mL) and CGLCE (28.80% at
100µg/mL). Many investigators [27] have demonstrated that the
DPPH activity of plant extracts is ascribed to their hydrogen
donating ability of different phytoconstituents. DPPH radical reacts
with suitable reducing agent, wherein unstable nitrogen centered
free radical accepts an electron or hydrogen atom to become a stable
diamagnetic molecule. DPPH is a hydrophobic oxidizing free radical
reduced by antioxidants. A freshly prepared DPPH solution exhibits
a deep purple color and upon reacting with the antioxidants of
CGLME the purple color disappears which can be measured by using
spectrophotometer [28]. The reduction of DPPH radical in solution is
based on the antioxidant potency of CGLME and was measured at
517nm [10]. DPPH free radical-scavenging ability of CGLME is
shown in Fig. 4A (82.2% at100µg/mL) with linearly increased
percentage inhibition. In metal chelating ability, the iron chelating
(Figure 4B) measures the ability of antioxidant molecule to compete
with ferrozine in chelating ferrous ions [29]. Ferrozine can
quantitatively form complex with Fe2+, the formation of the complex
decreases as the CGLME competes with the ferrozine. Therefore,
measurement of the rate of color reduction helps to estimate (53.9%
at 500µg/mL) the chelating activity of the CGLME [30].

C

D
Fig. 4: Determination of in vitro antioxidant assays of CGLME, A.
DPPH radical scavenging assay, B. Metal ion chelating ability, C.
Reducing power of assay, D. Total antioxidant assay.

A

Some phenolic compounds exhibit antioxidant activity through the
chelation of metal ions [31]. The chelating activity of CGLME was
evaluated against Fe2+ to estimate the potential antioxidant activities
where the Fe2+ can make a complex with ferrozine. The Fe2+ ions
were captured by the CGLME, where the complex (red colored)
formation is interrupted, as a result the red color of the complex is
decreased. Thus, the chelating effect of the CGLME can be
determined by measuring the rate of color reduction demonstrating
the CGLME chelating ability.

B

The reducing property is generally associated with the presence of
reductones [32]. The reductones antioxidant action is based on the
breaking of free radical chain reaction by the donation of a hydrogen
atom. They also react with certain precursors of peroxide thus
preventing peroxide accumulation. Flavonoids play a key role since
they can terminate radical chain reactions by converting free
radicals to more stable products [33]. The reduction of Fe3+ /
ferricyanide complex to the ferrous form occurs due to the presence
of reductones in solution. The extent of Perls Prussian blue color
formation indicates the reducing ability of CGLME measured at
700nm. The reduction power of the CGLME increases linearly as
indicated with consistent increase in Prussian blue color formation
(Figure 4C). The reducing power of CGLME components may serve
as a significant indicator of its potential antioxidant activity [34,35].
The CGLME has shown dose-dependent increase in reducing power
as it measures the reductive ability of antioxidant molecules in the
extract. Total antioxidant capacity of CGLME was found to be 0.954
absorbance at 250μg/mL as shown in Figure 4D. A measure of total
antioxidant capacity helps to understand the redox-potential
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associated with the reducing efficiency of molecules. According to
Jayaprakasha et al [36] the antioxidant activity of any plant extract
like CGLME depends on the presence of polyphenols which may act
as reductones. In the present study CGLME (250µg/mL) has shown
maximum absorbance at 740nm.
DNA nicking assay
DNA nicking assay was used for screening the efficiency of CGLME in
scavenging the hydroxyl radicals (OH-) produced by Fenton type of
reaction, which interacts and breaks double stranded super coiled
DNA into linear form at phosphodiester bond between
adjacent nucleotides.
The effect of CGLME on induced oxidation to pUC19 plasmid DNA as
shown in Figure 5. Nick was created by the interaction of free
hydroxyl radicals generated from the Fenton reaction, thereby super
coiled pUC19 plasmid DNA was broken into three forms such as
supercoiled, open circular and linear form [37] as shown by the
agarose gel electrophoresis (Figure 5). The 10μg/mL of CGLME
showed to be good against creating the nick in DNA molecule
eventually an increased native form of DNA was observed. Thus, the
synergistic efficiency [38] of all different antioxidant molecules in
CGLME could be involved in protecting the DNA molecule against
hydroxyl radicals toxicity. Previous scientific study [14] has been
demonstrated that redox-active metal ions may bind and form
complexes with phenolic antioxidant molecules, thus prevents the
reduction of redox-active metal ions with H2O2. The phenolic
molecules may have significantly protected induced oxidation
damage to pBR322 plasmid DNA by Fenton type of reaction through
a mechanism of electron or hydrogen-atom transfer [39].

The DNA binding property of CGLME was often characterized by
absorption spectra by following changes in the absorbance and shift
in the wavelength. The interaction of CGLME with Ct-DNA was
monitored by the red shift (the bathochromic effect) in UV–visible
spectra as shown in Figure 6. The absorption maximum wavelength
was shifted from 268 to 284nm in the spectra of Ct-DNA/ CGLME.
Proportionate increase in Ct-DNA led to strong hypochromism of
absorption intensities in the CGLME studied. The hypochromicity,
characteristic intercalation [20] has been usually credited to the
interaction between the electronic states of molecules present in the
plant extract and those of DNA bases [42]. The percentage
hypochromicity of CGLME was determined using the following
equation (εf – εb)/εf ×100, where εf is the extinction coefficient of the
free extract and εb is the extinction coefficient of the bound extract.
The percentage hypochromism of CGLME was found to be 18.6. The
half-reciprocal plot for binding of CGLME with Ct-DNA was as
presented in Figure 6.

Fig. 6: Absorption spectra of CGLME in Tris-HCl buffer upon
addition of ct- DNA. [Complex] = 0.5 μM, [DNA] = 0.1 μM. Arrow
shows the absorbance changing upon increase of DNA
concentration. The inner plot of [DNA]/εa-εf vs [DNA] for the
titration of Ct-DNA with CGLME.

In vivo antioxidant assay

Fig. 5: The effect of CGLME on the integrity of pUC19 plasmid
DNA in the presence of Fenton’s reagents. Lane1: pUC19+FR;
Lane2: pUC19+ H2O; Lane: 3 pUC19+ FR+10µg; Lane 4: pUC19 +
FR+ standard antioxidant compound (Resorcinol) Here,
FR=Fenton’s Reagent (H2O2+Fe3++ Ascorbic acid).
DNA binding assay
Absorption titration experiments were carried out by varying DNA
concentration (0 to 100µM) with steady amount of CGLME (0.5µM).
Absorption spectra was recorded after successive addition of
different concentration of DNA with parallel equilibration (≈10 min)
in order to obtain the intrinsic binding constant,
Kb: [DNA] / (εa- εf) = [DNA] / (εb- εf) + 1/ Kb (εb - εf)
Where εa, εf and εb are the apparent, free and bound CGLME
extinction coefficients respectively. A plot of [DNA]/ (εa- εf) versus
[DNA] gave a slope of 1/ (εb-εf) and an intercept on y axis equal to
1/Kb (εb -εf), where Kb is the ratio of the slope to the intercept y
[40]. To further illustrate the DNA binding strength of a plant
extract, the intrinsic binding constant Kb was determined for CGLME
which was found to be 3.18 × 104M-1. The binding constant of this
CGLME was lower in comparison to typical classical intercalators
(Ethidium-DNA, 1.4 × 106M-1) [41].

Free radicals being produced in normal or pathological condition
may contain one or more unpaired electrons. ROS are various forms
of activated oxygen species, either in the form of superoxide (O2−),
non-free radical species (H2O2), hydroxyl radical (OH+) or singlet
oxygen (O2) [43] is a product of normal/pathological disturbance in
a metabolism and attacks biological molecules like lipids, proteins,
enzymes, DNA and RNA leading to cell or tissue injury [44].
The results of in vivo antioxidant enzyme assay of CGLME were as
shown in Table 1. Mice was treated by intra peritoneal injection of
Carbon tetrachloride (CCl4), as a result the raising the serum levels
of liver non-specific enzymes such as ALT, AST, ALP and LDH
indicating severe hepatic cell necrosis [45]. Liver is not only a target
organ of CCl4 intoxication but it also affects other several organs like
kidneys, heart, lungs, brain and blood [46]. Enormous generation of free
radical metabolites such as CCl3 and CCl3COO which incite interaction
with lipid membrane causing the damage to cellular macro molecules
leading to elevation of lipid peroxidation in liver [47].
Generally, the major effect of CCl4 free radical on liver antioxidant
enzymes (catalase, peroxidase and superoxide dismutase) has been
shown to be reduced due to inactivation during the catalytic cycle
[48]. However, treatment with any antioxidant molecule could
apparently reduce the lipid peroxidation with concomitant decrease
in enzyme inactivation to restore enzyme activity [49]. The activities
of catalase, peroxidase and superoxide dismutase in the liver were
significantly lower in mice treated with CCl4 when compared to
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normal control group. The diminished level of catalase, peroxidase
and superoxide dismutase in CCl4 alone intoxicated group have been
significantly restored by CGLME (P<0.001). The results indicate the
significant increase in the levels of antioxidant and prophylactic
enzymes in in vivo (mice) at 500mg/kg b. w.
SOD has been reported as one of the most effective enzyme in
intracellular antioxidant defense system [50]. It plays an important
role in the conversion of superoxide anion into hydrogen peroxide

and molecular oxygen, thus diminishing the toxic effect and
protecting the cells from peroxidative process in liver [51]. The
decrease in percentage inhibition of superoxide anion by SOD may
be due to hepatocellular damage by CCl4. However, an increase in
the percentage inhibition of superoxide after administration of
CGLME explicitly implies an efficient protective mechanism of this
plant. This may be attributed to the presence of secondary
metabolites such as polyphenols, flavonoids etc., that are well
known potent free radical scavengers.

Table 1: In Vivo antioxidant activity of CGLME
Groups

Treatment

I
II

Normal control
CCl4/Control 2mL/kg
b.w.
CGLME 250mg/kg b.w.
CGLME 500mg/kg b.w.
CGLME 750mg/kg b.w.
Vitamin E
100mg/kg b.w.

II
IV
V
VI

Catalase activity
µ mol/mL
10.46±0.61
7.41±0.30

Lipid peroxidation
mol/min/mg
9.57±0.07
19.24±0.40

Total peroxidase
mol/min/mg
4.62±0.16
3.3±0.07

Superoxide dismutase
u/mg/protein
0.15±0.01
0.13±0.00

12.18±0.20
13.09±0.20**
16.09±0.20**
11.96±0.18

16.54±0.09**
17.17±0.07**
13.17±0.10**
15.12±0.03

4.14±0.01*
4.45±0.14
5.19±0.04*
4.32±0.24

0.14±0.01
0.17±0.01*
0.16±0.01
0.15±0.02

Effect of CGLME on In vivo antioxidant activity, each value are in Mean ± S.E (n = 4 mice). Where, *p<0.05 and **p<0.01, the oral administration of
CGLME to Group III= 250 mg/kg b. w.; Group IV = 500 mg/kg b. w.; Group V = 750 mg/kg b. w. and Group VI= Vitamin E 100 mg/kg b. w. Results are
expressed as percentage inhibition of the control.
Table 2: Anti-proliferative activity of CGLME
S. No.

Plant extract

1.

CGLME

CGLME
in (µg/mL)
1000
500
250
125
62.5

% inhibition
75.7±0.301
23.1±0.505
18.9±0.700
17.3±0.307
13.9±0.502

CTC50
(µg/mL)
750.00±0.00

Values were expressed as mean ± SD (n=3).

Anti-proliferative activity
The anti-proliferative study was performed for CGLME against Caco2 cell line at different concentrations to determine the CTC50 of
(sample concentration tolerated by 50% of the cell cultures) CGLME.
Results are tabulated in Table 2.

The percentage growth inhibition has been increased from 13.9 to
75.7 for 62.5 to 1000µg/mL CGLME and moderate activity was
observed at 1000µg/mL against Caco-2 cancer cell line (Figure 6)
with CTC50 value of 750.0µg/mL. Previous studies reported the
anti-proliferative activity of alcoholic extract of C. grandiflora against
KB cell line [52] and methanol extract showed partial antiviral
activity at 182µg/mL [53]. Generally, anti-proliferative activity of
plant extracts could be due to synergistic effect of secondary
metabolites like alkaloids and terpenoids [54]. The traces of these
molecules in CGLME may have been responsible for antiproliferative activity against Caco-2 cell line.
CONCLUSION
The present investigation gathered experimental evidence that
CGLME has shown significant in vitro, in vivo antioxidant property in
various models and anti-proliferative activity due to catecholamines
and allied molecules present in CGLME. Further research warrants
isolation of active molecules and molecular mechanism on relative
to antioxidant and anti-proliferative property.
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