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Abstract

intrinsic apoptotic pathway was documented.

Background: Since many research works have been carried out to identify the pharmacological properties of
conotoxins from many Conus sp. The pharmacological properties of higher molecular weight toxin from the venom of
Conus sp. have been poorly elucidated. Therefore, the present investigation was made to isolate the higher molecular
weight toxin from the venom of Conus virgo and to test its antitumor effect on rat glioma cell line.

Results: The partially purified fraction 1 showed better activity (ICs, 50 pug/ml) than fraction 2 (ICs, 150 pg/ml) after
24 hincubation. The decreased elevation of creatine kinase was documented on fraction Ttreated C6 cells. Vero cells
showed minimal cell damage at 150 pg/ml 24 h as well. The nuclear morphology and nuclear fragmentation showed
the presence of nuclear damage in C6 cells. Western blot analysis revealing the upregulation of the p53-mediated

Conclusions: The present investigation emphasizes that the partially purified fraction 1 has triggered p53 mediated
apoptosis by synergism of two higher molecular weight toxins in Rat glioma cell.
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Background

Malignant gliomas are the most common primary central
nervous system (CNS) tumors in adults, accounting for
78% of all primary malignant CNS tumors (Sontheimer,
2003). Gliomas are a disease that can occur in all age
groups, especially in elderly population, though a small
percentage of populations are genetically predisposed
to develop glioblastomas; the disease occurs sporadi-
cally with no known underlying cause (Demuth & Ber-
ens, 2004). Gliomas are relatively uncommon but lethal
cancers, which are responsible for approximately 2% of
all types of cancer deaths, and among the brain tumors,
malignant glial neoplasms comprise 50% of brain tumor
cases (Kaye & Hill, 1993). Understanding the molecular
pathogenesis of glioma may lead to a rational develop-
ment of new therapies, and new treatments have emerged
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to target molecules controlling the signaling pathways
with the goal of increasing specific efficacy and minimiz-
ing toxicity (Sathornsumetee et al., 2007).

The venom (conotoxin) of cone snails is a complex
containing between 50 and 200 different peptides, each
being only 10 to 35 amino acids in length that is distinct
for each species (Olivera et al., 1999). These toxins act
as a combination drug strategy or a ‘cabal, which first
immobilizes the prey and then disrupts its neuromus-
cular transmission (Olivera, 1997). Conotoxin diversity
of superfamilies targets a wide range of voltage-gated
ion channels and ligand-gated ion channels (Milne
et al, 2003). Biomedical research of ‘conotoxins’ has
gained traction during the past 25 years, but today less
than two per cent of toxins have so far been character-
ized (Kaas et al., 2010). The first approved drug derived
from C. magus, namely Ziconotide, is an N-type calcium
channel blocker developed for the treatment of severe
chronic pain and the prevention of stroke (Staats et al.,
2004). This drug is able to provide effective relief from
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intractable pain without any side effects (Garber, 2005).
Current research and potential development for other
toxins lie in the diagnosis and treatment of conditions
as diverse as cancer, hypertension, epilepsy, arrhyth-
mia, asthma, multiple sclerosis and diabetic neuropathy
(Livett et al., 2004).

The present study was aimed to evaluate the antitumor
potential of partially purified higher molecular weight
toxin from C. virgo on rat glioma cell line. This finding
could create new path in the pharmacological properties
of higher molecular weight toxins from Cone snail, and it
could be an alternative source for glioma chemotherapy.

Methods

Reagents

DMEM, Trypsin—-EDTA, FBS, MTT, sodium bicarbo-
nate, DMSO and antibiotic—antimycotic solution were
purchased from HiMedia Laboratories, Mumbai, India.
96-well plates, 6-well plates, tissue culture flasks (25 and
75 mm?) and centrifuge tubes (15 and 50 ml) were pur-
chased from Tarsons Products Pvt. Ltd., Kolkata, India.
DEAE-cellulose column was purchased from Sigma-
Aldrich, USA.

Glioma (C6) cell line and maintenance

Rat glioma cell line (C6) was obtained from NCCS, Pune,
India. The cell line was maintained in DMEM medium
supplemented with 10% fetal bovine serum and 1% anti-
biotic—antimitotic solution. C6 cells were stored in a tis-
sue culture flask at 37 °C in a 5% CO, fully humidified
CO, incubator. The flask with 70-80% confluence was
used for the experiments.

Collection and identification of cone snail

The cone snails were collected from the Southeast coast
of Tamil Nadu near Kasimedu, India. The snail were care-
fully transported to the laboratory and identified based
on the morphological key characteristics explained by
Franklin et al. (2009).

Isolation of crude venom

The isolation of crude venom from Conus virgo was per-
formed by the method of McIntosh et al. (1995), with
slight modification briefly. First, the venom apparatus
was dissected out from the visceral mass of the species
and from that the venom duct was dissected out; then, by
gently squeezing the venom duct, the milky venom was
collected into a clean Eppendorf tube containing TBS
(10 mM). It was centrifuged at 5000 rpm for 10 min. The
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supernatant was collected and stored at — 20 °C for fur-
ther analysis.

Determination of protein concentration and profile

The total protein concentrations of crude and partially
purified venom were determined based on the proce-
dure reported by Lowry et al. (1951). The protein profile
of crude and partially purified venom was analyzed by
10% native polyacrylamide gel electrophoresis (native
PAGE) according to the method of Maurer (1978).

Partial Purification of venom

The crude venom of C. virgo was partially purified
using DEAE cellulose anion exchange chromatography.
Briefly, the matrix was packed in an 8 cm diameter X
24 cm height column (Bio-Rad, USA). The column was
washed using 4 M NaCl. Then, the matrix was again re-
equilibrated with 10 mM Tris—HCI (pH 7.8) buffer, and
the crude venom was passed through the matrix and
incubated for 30 min to bind the matrix. After binding
the unbounded molecules eluted with the equilibra-
tion buffer, the bounded molecules were eluted with
the 0.0-0.5 M NaCl gradient system and the eluents of
every fraction were continuously monitored at 280 nm
spectrophotometrically. Totally, 50 fractions were col-
lected and each fraction contained 1 ml of eluents.

Cell viability assay

Cell viability of the C6 cells was assessed by MTT assay
using the method of Mosmann (1983). Briefly, the gli-
oma cells were seeded in 96-well plates (1 x 10°cells/
ml) with DMEM medium. The cells were treated with
crude venom at different concentrations of 1, 5, 10,
15 and 20 pg/ml along with the medium; likewise, the
partially purified venom protein fractions 1 and 2 at
the concentrations of 50, 75, 100, 125 and 150 pg/ml
were incubated for 24 h. After the incubation, 10 pl of
0.5 mg/ml MTT solution was added to each well and
the cells were further incubated for 4 h. Then, the MTT
solution was aspirated and 100 ul of DMSO was added.
A microplate reader was employed to measure the
absorbance at 570 nm. Growth inhibition rate was cal-
culated as percentage. The percentage of cell viability
was calculated using the following formula:

Percentage of cell viability
Optical Density 570 of treated cells
= X
Optical Density 570 of control cells

100
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Estimation of creatine kinase (CK)

The creatine kinase activity of the control and treated
C6 cells was estimated by the method of Okinaka et al.
(1961).

Cell morphological study

The general morphological structure of the cells was
examined to determine the effect of fraction 1 on C6 cell
line. The C6 cells were seeded as mentioned above and
plated at 5 x 10* cells/well into a 6-well chamber plate.
The experimental plates received fraction 1 at the con-
centrations of 50 and 150 pg/ml, and the control cells
received the medium alone. After 24 h incubation, the
cells were observed under an inverted light microscope
(Radical, India) at 20 x magnification.

Propidium iodide staining

Fluorescent staining of C6 nuclei was performed follow-
ing the method of Ip et al. (2012). The nuclear morpho-
logical structure of the cells was examined to determine
the effect of fraction 1 venom protein. The cells were
seeded at a density of 5 x 10° cells/well in a 6-well plate.
The cells were treated with 50 and 150 pg/ml of fraction 1
venom protein for 24 h and the control cells received the
medium alone. After incubation, the cells were washed
with PBS, fixed in methanol/acetic acid (3:1 v/v) for
10 min and stained with 50 pg/ml of propidium iodide
for 20 min. The cells were visualized under a fluorescence
microscope at 20 x magnification.

DNA fragmentation analysis by agarose gel electrophoresis
DNA extraction and agarose gel electrophoresis were
performed following the method of Ip et al. (2012). Rat
glioma cells (3 x 10° cells/ml) were plated per well in
6-well plates. The control cells received the medium
alone and the treatment plates received appropriate
concentrations (50 and 150 pg/ml) of fraction 1 venom
protein. After completion of 24 h incubation, the DNA
was extracted from the cell lysate by phenol-chloroform
extraction method. The DNA was quantified by UV-vis-
ible spectroscopy and 10 pg of DNA was electrophoresed
in 1% agarose gel containing ethidium bromide in a mini
gel tank containing TBE buffer for 1 h under 90 V. Then,
the gel was examined under a UV transilluminator (Bio-
Rad) and photographed.

Western blot analysis

Western blot analysis was performed following the
method of Towbin et al. (1979). The C6 cells were treated
with fraction 1 at minimal and maximal concentrations
and then harvested and homogenized in RIPA buffer.
An equal concentration of proteins (60 pg) from each
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sample was subjected to 10% SDS-PAGE, following the
method of Laemmli (1970), and transferred onto PVDF
membranes (Millipore Corp., USA). To assess the expres-
sion of specific proteins, the membranes were incu-
bated with blocking buffer for 1-2 h at 37 °C and then
incubated again overnight at 4 °C in 10 ml TBS/Tween
(0.1% v/v) containing 1% BSA with one of the respective
primary antibodies p53 (goat polyclonal antibody 1:100),
Bax and Bcl2 (mouse monoclonal antibody 1:200). Then,
the membrane washed with washing buffer for 5-10 min
and the corresponding HRP-conjugated secondary anti-
body (1:1000) was incubated for 1 h at 37 °C; finally, the
expression of immunoreactive bands was detected using
DAB substrate.

Statistical analysis

The data were expressed as mean=+S.D. Statistical sig-
nificance was evaluated using GraphPad Prism 5. The
hypothesis testing methods used include one-way analy-
sis of variance (ANOVA) followed by Tukey’s multiple
comparison test. p values of less than 0.05 and 0.001 were
considered statistically significant.

Results

Quantitative and Qualitative analyses of crude venom
protein of C. virgo

Protein concentration in the collected crud venom was
calculated as 3.081 mg/ml. The protein profile of the
crude venom was determined through native PAGE upon
staining with CBB (Fig. 1B. a). The presence of fifteen
protein bands was clearly observed in the resolving gel
upon electrophoresis, which includes five slow-moving
bands, five relatively fast-moving bands, two at the mid-
dle of the gel and three fast-moving bands toward the
anode region.

Partial purification of C. virgo venom

The partial purification of venom from C. virgo was per-
formed using DEAE-cellulose anion exchange column
chromatography. The elution profile depicted in Fig. 1A
shows the emergence of two shape peaks upon eluting
the bounded proteins from the DEAE-cellulose column
with 0.190 and 0.470 mM NaCl, respectively. The efflu-
ents were collected as a 1 ml fraction. The eluents 19-23
were pooled together giving fraction 1, and effluents
47-50 were pooled together giving fraction 2. The total
protein contents were estimated at 0.68 and 1.14 mg/
ml concentrations, respectively, fraction 1 shows two
bands upon silver staining which is a sensitive method
to identify homogenous protein band, and fraction 2
shows a single band in electrophorogram of native PAGE
(Fig. 1B).
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Fig. 1 Purification of venom protein from C. virgo using DEAE- Cellulose chromatography. A Chromatogram of partially purified venom protein.
B Native-PAGE analysis of purified venom protein from C. virgo. A Crude venom upon staining with Coomassie brilliant blue; B partially purified
venom protein upon staining with silver nitrate; Lane 1—fraction 1; and Lane 2—fraction 2

Cell viability of crude venom

The cell viability of crude venom from C. virgo was
assessed using MTT assay. Decreased cell viability was
observed when increasing the concentration of the crude
venom (Fig. 2). The IC,, value was found to be 1.5 pg/ml
for 24 h incubation. There was not much reduction in cell
viability beyond the concentration of 3 pg/ml.

Cytotoxicity assessment of partially purified fractions

A significant decrease in cell viability was observed in
both the fractions 1 and 2, but the cell viability of par-
tially purified venom fraction 1 showed better activity

than fraction 2 (Fig. 3A). The IC;, values for C6 cell line
were found to be 50 pg/ml for fraction 1 and 150 pg/ml
for fraction at 24 h incubation. The R? values for the both
fractions were found to be 0.9446 and 0.9058, respec-
tively. The CK activity reveals that upon treatment of
both fractions the activity was decreased, but in the case
of fraction 1 at 150 pg/ml concentration the level of cre-
atine phosphokinase was significantly less when com-
pared to fraction 1 (Fig. 3B). Moreover, the cytotoxicity of
fraction 1 was evaluated in Vero cells; the maximum con-
centration (125 pg/ml) showed 80% cell viability. There-
fore, fraction 1 was taken for further assays (Fig. 3C).
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Fig. 2 Effect of crude venom from C. virgo on the cell viability of C6
cellsat24 h

Cell morphology of C6 cells

The morphological observations of C6 cells upon the
treatment of fraction 1 and control cells were observed
under a light microscope (Radical, India). The control
cells were appeared with epithelial irregular, axon, den-
drites and axon terminal confluent aggregates as well as
clear nucleus at the center of the cell. Upon the treatment
of crude venom, the polygonal cells tended to shrink and
appeared spherical in shape. The cell shrinkage increased
progressively with an increase in the dose and an enlarge-
ment of the nucleus was observed. These changes may be
due to the growth inhibitory effect of fraction 1 venom
from C. virgo on rat glioma cells (Fig. 4A).

Propidium iodide staining

The partially purified venom induces a morphological
variation in the nucleus of C6 cells which was analyzed
using propidium iodide staining, to emphasize cytonu-
clear localization of DNA damage in a C6 cells. In the
control cells, the nucleus was very clear and intact but
upon the treatment of fraction 1 for 24 h the nucleus
began to enlarge and also nuclear condensation was
observed. The number of positively stained nuclear
destructive cells was observed (Fig. 4B).

DNA fragmentation assay

DNA fragment analysis is a typical assay to find out the
venom-induced apoptosis. In the present study, the C6
cells were treated with venom protein (fraction 1) at 50
and 150 pg/ml concentrations 24 h incubation. The con-
trol cells were showed intact DNA, whereas in venom the
cells treated at a lower concentration (50 pg/ml) showed
the fragmentation streaking up to the middle of agarose
gel electrophoresis and those treated at the higher con-
centration (150 pg/ml) showed increasing streaking up to
three-fourth of gel electrophoresis (Fig. 5A).
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Western blot analysis

The fraction 1 venom protein-induced apoptosis was
further confirmed with the analysis of the expression
of apoptotic regulatory proteins Bax and Bcl-2. The
increasing expression of Bax and the decreasing expres-
sion of Bcl-2 clearly reveal the fraction 1 venom-induced
apoptosis through the intrinsic apoptosis pathway. The
tumor suppressor protein p53 was also analyzed, and an
increased expression of p53 was observed upon the treat-
ment of 50 and 150 pg/ml concentrations (Fig. 5B, C).

Discussion

Over millions of years, evolutionary process in the venom
makes the conopeptides as a rich source for targeting the
specific ion channels for their prey using hunting tech-
niques. These peptides are high affinities and selectiv-
ity binds with cell surface receptors especially in the
neuronal cells and other neurosecretory cells. This high
potency is used as a research tool in the field of neurosci-
ence and pharmacology. Among them, some are in vari-
ous stages of clinical trials for the treatment of human
diseases (Nelson, 2004). In many cases, cytotoxic activ-
ity was carried out using different cell lines in different
Conus sp. crude venom so far. All the research work well
documented for conopeptide alone and was yet isolated
or being isolated smaller molecular weight conopeptide
from genus Conus. The higher molecular weight venom
has been studied poorly, and also the pharmacological
properties are not yet elucidated. So in the present study,
we partially purified the higher molecular weight protein
from C. virgo and emphasized its antitumor potential in
rat glioma cell line.

The crude venom of C. virgo showed the IC,, value
of 0.75 pg/ml concentration on rat glioma cells at 24 h,
which is similar to the values observed in other studies;
crude venom isolated from C. amadis showed an IC,
value of 25 pg/ml against HEp-2 cells at 48 h (Ramesh
et al., 2014). Conus betulinus showed an IC, value of
12.5 pg/ml against HeLa cells at 72 h and showed mini-
mal toxicity against Vero cells, and 60% cell viability was
observed at the concentration of 50 pg/ml (Sadhasivam
Et Al, 2014). The present study strongly reveals that it
has potent activity against C6 cells in the crude venom
of Conus virgo and the partially purified venom protein
also exhibited the cytotoxic activity. Fraction 1 possess-
ing two proteins was eluted in 115 mM of NaCl, and frac-
tion 2 was eluted in 490 mM of NaCl, which possessed
one protein band, which was homogenously determined
by native PAGE upon silver staining. The cell viability was
assessed for both fractions, of which fraction 1 showed
better activity than fraction 2. The IC,, value of fraction 1
was 50 pug/ml and that of fraction 2 was 150 pg/ml which
were obtained for 24 h incubation. An earlier report
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Fig. 4 Effect of venom protein (fraction 1) on Morphological changes in C6 cells. A Cytomorphological changes of C6 cells at 24 h incubation. Scale
bar 20x. (A) Control cells. (B) Low concentration (50 ug/ml). (C) High concentration (150 ug/ml). B Effect of venom protein (fraction 1) on nuclear
changes of C6 cells at 24 h incubation. Scale bar 20x. (A) Control cells. (B) Low concentration (50 ug/ml). (C) High concentration (150 ug/ml). The

demonstrated that the dissected venom of C. virgo con-
tained gelatinolytic protease with the molecular weight
of ~97-100 kDa (Moller et al., 2013). The cytotoxicity of
fraction 1 showed minimal cell death/damage (80%) on
Vero cells even at maximum concentration (150 pg/ml).
Being one of the hallmarks of cytotoxicity, loss of
plasma membrane asymmetry represents an early event
of apoptosis resulting in the translocation of phosphati-
dylserine from the inner to the outer surface, while mem-
brane integrity remains unchanged (Van Engeland et al.,
1998). The morphological changes including cell shrink-
age, detachment of cells and loss of colony formation
ability were observed. In our study, the C6 cells treated
with fraction 1 showed cytomorphological changes like
cell shrinkage, loss of colony formation, cytoplasmic
condensation and partial detachment at the concen-
trations of 50 (minimum) and 150 (maximum) pg/pl.
Similarly, bee venom (10 pg/ml)-induced morphological
changes in H1299 cells were reported (Jang et al., 2003),
which also showed cytotoxicity (IC5, 10 pg/ml) against
human cervical epidermoid carcinoma Ca Ski cells (Ip
et al., 2008), human bladder cancer cells at an ICy, of
8 pg/ml (Ip et al, 2012). The snake’s venom toxin from
Vipera lebetina turanica showed cytotoxicity against
SK-N-MC and SK-N-SH human neuroblastoma cells,
with the IC;, value being 5 pg/ml for both cells (Park
et al,, 2009). The PI staining performed in the present
study revealed that the C6 cell line treated with fraction

1 showed significant nuclear changes at maximum con-
centration; these changes may be due to the induction
of apoptosis upon fraction 1 treatment. Similar results
were reported in studies on various animals. Melittin,
a major component of bee venom, induces apoptosis in
HCC cells at the concentration of 5 or 10 pg/ml, which
was examined by Annexin V/PI double staining (Wang
et al., 2009). The venom of Bothrops alternatus (snake’s)
at 10 pg/ml induced detectable changes in C2C12 mouse
myoblast cells, including the reduction of nuclear size,
which often displayed diverse degrees of chromatin con-
densation, cell rounding and some areas devoid of cells.
Furthermore, cell shrinkage and the formation of blab-
bing of cell surface finally resulted in the generation of
apoptotic bodies (Bustillo et al., 2009). DNA fragmenta-
tion assay is a classical and indirect method to identify
the apoptosis induced/triggered by any cytotoxic drugs
or toxins. From DNA fragmentation analysis conducted
in our study, intact DNA was observed in control cells,
and upon treatment with fraction 1 at 50 pg/ml, the DNA
fragmentation appeared as a striking pattern in agarose
gel electrophoresis, which was increased with increas-
ing (150 pg/ml) the concentration. Similar results were
observed in the earlier reports which revealed that the
synovial fibroblasts upon treatment with bee venom at
24 h showed 3 DNA fragment bands. In human cervical
epidermoid carcinoma Ca Ski cells, the DNA fragments
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were observed after 48 h when treated with bee venom
(Ip et al., 2008).

Creatine kinase (CK) is a group of isoenzymes which
play a key role in energy metabolism particularly for
high energy-consuming tissues such as the brain, skeletal
muscle and heart. The increased level of creatine kinase
indicated the tissue damage, during excitation of cells the
increased level of cellular ATP turnover occurs, and these
rapid changes of the creatine/phosphocreatine/creatine
kinase (Cr/PCr/CK) are necessary for energy buffering
and transport system between the sites of ATP produc-
tion also consumption by ATPases to avoid large fluctua-
tions of cellular ATP/ADP levels in these excitable tissues
(Wallimann et al., 1992). In the present investigation frac-
tions 1 and 2, both showed a significant decrease in the

CK level upon treatment at 50 and 150 pg/ml concentra-
tions, but fraction 1 showed good activity than fraction 2
which clearly indicated that fraction 1venom reduced the
pathological marker enzyme activity; similar results were
documented in many in vivo studies (Funchal et al., 2006;
Narasimhan et al., 2011; Subramanian et al., 2010).

p53 is a tumor suppressor protein which is described
as the guardian of the genome preventing them from the
mutation (Lane, 1992). It has been reported that most
cancers have mutation in p53 including glioma (Muller
& Vousden, 2014; Nagpal et al., 2006), which leads in the
mutant forms of p53 trans activating various target genes
such as multiple drug resistance gene 1 (MDR1), c-myc,
proliferating cell nuclear antigen (PCNA), interleukin
6 (IL-6), insulin-like growth factor 1 (IGF-1), fibroblast
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growth factor (FGF) and epidermal growth factor recep-
tor (EGFR) (Chin et al., 1992; Cadwell & Zambetti, 2001;
Ludes-Meyers et al., 1996; Frazier et al., 1998). Thus, the
p53 mutant leads to the progression of aggressive can-
cers. Moreover, it also activates the intrinsic mitochon-
drial pathway which promotes the downstream process
of apoptosis (Benchimol, 2001). In the present study,
we reported that the fraction 1 protein activates the
p53-dependent apoptosis through the activation of Bax
and Bcl-2 expression ratio. Similar results were reported
in C. californicus, the peptide of which induced apop-
tosis in lung cancer cells (H1299 and H1437) through
Bcl-2 and Bax cascades (Oroz-Parra et al.,, 2016). Bee
venom induced apoptosis in Ca Ski cells (Ip et al., 2008)
and snake’s venom in neuroblastoma cells (Park et al.,
2009). The entire result, DNA fragmentation, cell mor-
phological observation and Western blot analysis, taken
together, clearly reveal fraction 1-induced intrinsic apop-
tosis through the activation of p53-dependent pathway.
Further characterization and experimental studies are
needed to explore the molecular intervention of antitu-
mor potential on glioma.

Conclusions

Fraction 1 has potential antitumor properties which
are clearly documented in the Rat glioma cell line. The
overexpressed CK level was downregulated upon the
treatment of fraction 1 conotoxin, and it triggers the
p53-mediated intrinsic apoptosis by Bax/Bcl2 ratio and
also showed less toxicity on non-target Vero cells.
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