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This study aimed to investigate the antiproliferative and antioxidant properties of crude venom from the
nematocyst of Jellyfish Acromitus flagellates on human lung cancer (A549) and liver cancer (HepG2) cell
lines. The prepared crude venom was subjected to analyses of the biochemical constituents, protein pro-
files, antioxidant and anticancer activities by standard methods. The extracted venom was pale-yellow in
color and viscous/sticky. The biochemical composition such as, protein (1.547 mg/ml), lipid (0.039 mg/
ml) and carbohydrate (0.028 mg/ml) was estimated. Protein profiles were determined by SDS PAGE,
the result revealed that the molecular weight range from 205� 3.5 kDa. The free radical scavenging activ-
ity was analyzed by the reducing potential (56.36%), DPPH (72.47%), hydroxyl (68.50%), superoxide anion
(65.75%), and nitric oxide (33.04%). The cell viability was observed by using different concentrations (20
to 100 mg/ml) of crude venom on A549 and HepG2 cancer cell lines and the IC50 values were recorded in
(60 lg/ml and 40 lg/ml) respectively, while it had none cytotoxic effects on Vero cell line up to the con-
centration of 90 lg/ml. These results suggest that crude venom from nematocyst of A. flagellatus pos-
sesses anti-cancer activity and able to develop novel drugs on marine-derived compounds.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is a term used for diseases in which abnormal cells
divide without control and are able to invade other tissues. It,
despite the all out efforts from developed countries still causes
one in five deaths (Kanwal et al., 2015). The estimated numbers
of new cancer cases and deaths in 2020 will be an estimated 1.8
million new cancer cases diagnosed and 606,520 cancer deaths in
the United States (Siegel et al., 2020). The prognosis of lung cancer
is very poor and the survival rate is only about 16%, which has not
significantly altered in the past several decades (Bowtell et al.,
2015). Nearly 85% of lung cancer is caused by tobacco users, affec-
tion both active and passive smokers (Rao et al., 2002; Gray et al.,
2005). Proof of 24 years examination by the Indian Council of Med-
ical Research (ICMR) assessed that lung cancer cases per one lakh,
in that male populace has expanded by around 60% in Chennai,
100% in Bangalore, and 40% in Delhi during this time of (1988–
2005) (Rapiti et al., 1999). Hepatocellular carcinoma (HCC) is the
6th most normal disease and the third driving reason for mortality
around the world (Alves et al., 2016). HCC is the most common and
lethal malignancies in the human population, with approximately
5,50,000 new cancer cases and almost death has been increased
every year (Parkin, 2006). The 5th most frequently diagnosed car-
cinoma worldwide in men is liver cancer and the second most fre-
quent probabilities of mortality. In women, the seventh most
commonly diagnosed cancer and the sixth leading cause of cancer
death. In both developing (20%) and developed countries (33%)
estimated 748,300 new liver cancer cases have been reported
(Schottenfeld and Fraumeni, 2006).

The marine creatures are likely wellsprings of fundamental and
novel naturally dynamic substances for the improvement of thera-
peutics. Specifically, marine proteins and peptides have a lot of
consideration because of their likely impacts on embracing wellbe-
ing and forestalling diseases (Kang et al., 2015). A marine organ-
ism, which produces a substance has defined ecological functions
and some of these molecules also exhibit pharmacological proper-
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ties such as anticancer and antibacterial (Simmons et al., 2005),
antifungal (Wattanadilok et al., 2007), cytotoxic (Mancini et al.,
2007), antioxidant (Friedman et al., 2008), and antiviral (Utkina
et al., 2010). Development in marine pharmacology was demon-
strated to invent several new compounds in pre-clinical evaluation
(da Rosa Guimarães et al., 2013). The venom and toxins from an
animal source are newly recognized as a major source of bioactive
molecules that lead to the development of novel drugs.

Venom is a secretion produced in specialized glands in an ani-
mal and delivered to a target animal through prey prediction. This
secretion contains unique active molecules that disrupt normal
physiological processes (Moore et al., 2011). Venomous animals
produce assorted synthetic compounds that are utilized for con-
tender prevention, protection, prey catch, and absorptions (Fry
et al., 2006). Distinctive toxins are a helpful natural asset, contain-
ing a few pharmacologically dynamic segments that could be an
exceptionally strong remedial worth. For as long as barely any
many years, parts in toxin have become the focal point of analysts
and have been broadly studied for their different anticancer prop-
erties. Approximately half the number of marine organisms com-
prise a vast source of discovered therapeutics and new
anticancer drugs. The present study, to evaluate the anticancer
and antioxidant properties of nematocyst crude venom from jelly-
fish A. flagellates on human cancer cell lines.
2. Materials and methods

2.1. Preparations and extraction of nematocysts venom

Jellyfish A. flagellates were collected from brackish water in
Muttukadu

Chennai Tamilnadu, India and it was identified by the scientist
from the Zoological Survey of India (ZSI). Chennai (Fig. 1). The mar-
ginal filaments and oral arms were removed from the sub-
umbrella region of jellyfish. After that, it was stored at �20 �C then
the further process was carried out. The frozen marginal filaments
and oral arms were placed in 5 volumes of fresh seawater at 4 �C
and incubated for four days of autolysis. The supernatant was dec-
anted and the settled material was resuspended once every day.
The resulting suspension was filtered with a 54 lm sieve filter.
Then the final suspension of nematocysts was allowed to settle
down. Finally, sediments were collected separately and washed
several times with 0.9% NaCl solution by centrifugation at 10,
000 rpm at 4 �C for 30 min. Then washed sediments that contain
nematocysts were stored at �20 �C (Blois, 1958). The isolated
nematocysts were homogenized with PBS buffer (20 mM pH 7.2).
Fig. 1. Jellyfish Acromitues flagellates.
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The homogenized samples were centrifuged at 4 �C for 15 min at
13,000 g. The supernatant containing nematocyst venom was col-
lected and stored at �20 �C (Feng et al., 2010)

2.2. Biochemical analyses

The total protein content of the extracted nematocyst crude
venom was estimated according to the method of Bradford,
(1976), lipid content followed by the method of Barnes and
Blackstock, (1973), and carbohydrate described by Roe, (1955).

2.3. Analysis of protein profile

The molecular weight of proteins from the crude venom was
analyzed by SDS-PAGE described by the Laemmli, (1970). The
resolving gel was made up of 10% polyacrylamide and stacking
gel with 5% porosity. The sample was resuspended in SDS-PAGE
sample buffer (Tris-HCl pH 6.8, 10% glycerol, 1% SDS, 0.01% bro-
mophenol) and incubated 95 �C for 2 min. The denatured sample
was electrophoresed at 70 V.

2.4. Antioxidant activities

The free radical scavenging activity of crude venom was ana-
lyzed by Reducing

potential (Barros et al., 2007). The antioxidant activity of the
crude venom was determined in terms of the ability to donate
hydrogen or radical scavenging, using the constant radical DPPH,
(Blois, 1958). Measurement of superoxide anion scavenging activ-
ity of crude venom was followed by Panda et al., (2011). Hydroxyl
radical scavenging activity was measured by examining the com-
petition between deoxyribose and the test compound (proteins)
of hydroxyl radical generated by Fe3+- Ascorbate-EDTA-H2O2 sys-
tem (Fenton reaction) according to the method described by Dubey
and Batra, (2009). The nitric oxide radical inhibition activities of
crude venom were measured by Balamurugan and Menon, (2009).

2.5. Cell culture and chemicals

The Vero cells (green monkey kidney cell), Human hepatoma
(HepG2), and lung cancer (A549) cell lines were obtained from
the National Centre for Cell Science (NCSS), Pune, India, and was
grown in Dulbecco’s Modified Eagle’s Medium (DMEM) with
37 �C and 5% CO2 atmosphere. DMEM, Trypsin-EDTA, Fetal Bovine
Serum (FBS), 3-(4,5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium
bromide (MTT), sodium bicarbonate, Dimethyl sulphoxide (DMSO),
an antibiotic solution were purchased from Hi-Media Laboratories,
Mumbai, India. 6 well plates, 96 well plates, Centrifuge tubes (15
and 50 ml), and Tissue culture flasks (25 and 75 mm) were pur-
chased from Tarsons Products Pvt, Kolkata, India. Chemicals used
in the present study were of the highest quality available locally.

2.6. MTT assay

The cytotoxicity and cell viability of normal and cancer cells
were measured by the MTT method by Mosmann, (1983). Briefly,
normal cells were seeded on 96-well culture plates at adversity
and treated with crude venom at a concentration (30–150 mg/ml)
for 24 h. The A549 and HepG2 cells were seeded in 96 well plates
at a density of 5 � 104 cells per well and incubated overnight to get
attached to the substratum. Then the cells were exposed to differ-
ent concentrations of crude venom (20–100 mg/ml) at different
time intervals of 24 and 48 h, after the completion of the incuba-
tion period, 20 ml of MTT stock solution (5 mg/ml) was added to
each well. Subsequently 4 hrs of the incubation period, the purple
color precipitates are visible seen, the supernatant was aspirated
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and the formazan precipitates were solubilized by the addition of
100 ml of DMSO per well. Following 1 h of incubation in a darkroom
and absorbance was taken at 570 nm using an ELISA microplate
reader.

2.7. General morphology

Human cancer cells (A549 and HepG2) were trypsinized and
plated in the 6 well plates, the cells were incubated for 24 and
48 hrs for attachment with DMEM medium containing 10% FBS.
A crude venom sample was added to the respective cell lines. In
that control and IC50 concentrations of 80 and 60 mg/ml of 24
and 48 hrs incubation against lung cancer line, whereas 60 and
40 mg/ml of 24 and 48 hrs incubation on liver cancer cells. Control
cells were maintained with serum less medium, then completion
of 24 h incubation the cells were observed under an inverted
microscope (Eno et al., 2008).

2.8. Statistical analysis

The results are expressed as a mean ± standard deviation (S.D).
Turkey test was used to assess the significance of differences
between two mean values. P < 0.05 was considered as statistically
significant.

3. Results

3.1. Biochemical composition and protein profiles of nematocyst crude
venom

The biochemical composition of protein, lipid, and carbohydrate
from crude venom of jellyfish A. flagellates was found to be 1.547,
0.039, and 0.028 mg/ml respectively. The protein profile of the
crude venom was analyzed by Native and SDS-PAGE. The crude
proteins were resolved into many polypeptide fractions under
denaturing conditions in which ten major bands appeared very
clearly in CBB staining as shown in Fig. 2. The protein sample
showed bands of molecular weight ranging from 205.0 kDa to
3.5 kDa. Thus the crude sample showed both low and high molec-
ular weight proteins.
Fig. 2. Protein profile of nematocysts crude venom
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3.2. Antioxidant activities

The DPPH test consequences of A. flagellates nematocyst pro-
teins displayed incredible DPPH revolutionary scavenging activity.
The absorbance values for free radical scavenging activity of crude
venom was compare to ascorbic acid (standard), as follows reduc-
ing power potential (7.03 to 56.36%) and 11.31 to 88.96% (Fig. 3A);
DPPH with (10.38 to 72.47%) and 18.51 to 95.94% (Fig. 3B); hydro-
xyl with 9.29 to 68.50% and 20.70 to 90.83% (Fig. 3C); superoxide
anion amide 8.03 to 65.75% and 15.02 to 87.73% (Fig. 3D) and nitric
oxide through 5.59 to 33.04% and 9.56 to 48.26% (Fig. 3E) at con-
centrations of 20 to 100 mg/ml , respectively.
3.3. Cell viability and morphological observation of human cancer cell
lines

The cell viability and cytotoxic effect of nematocyst crude
venom of A. flagellatus were tested by the MTT method using Vero
and cancer cell lines (A549 and Hep G2). Cytotoxicity of Vero cells
exhibits the 85% of cells were viable up to 90 mg/ml (Fig. 4). The
treatment of crude venom inhibits the growth of cancer cell lines
at different concentrations in a time and dose-dependent manner.
When there is a decrease in the viability of cells, the concentration
of crude venomwas increased vice versa at 24 and 48hrs treatment
which inhibits the lung cancer (A549) cells with an IC50 value of 80
and 60 mg/ml respectively (Fig. 5) and the HepG2 cells were inhib-
ited with an IC50 value of 60 and 40 mg/ml respectively (Fig. 6).

Morphological variations were observed in A549 and HepG2
cells both control and treated cells were examined through light
microscopy. The treated cells at 24 h of incubation, the polygonal
cells begin to shrink and distribution of cell to cell contact was
observed. After 48 h of incubation, most cells are completely
shrunk and turn into the shape of spherical (Fig. 7). The morpho-
logical observations of HepG2 cells in both control and IC50 con-
centration are visualized and the control cells of HepG2 show
triangular epithelial with polygonal shape as well as a clear
nucleus at the center of the cell. Upon treatment of crude venom,
polygonal cells get shrunk and are seen as oval at the inhibitory
concentrations of 60 and 40 mg/ml (Fig. 8).
from A. flagellatus by Native and SDS PAGE.



Fig. 3. Free radical scavenging effect of nematocysts crude venom from A. flagellatus (A) Reducing power, (B) DPPH, (C) Hydroxyl, (D) Superoxide ion and (E) Nitric oxide.
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4. Discussion

Many investigations have been carried out on the biological
molecules in various species of Cnidarian. The venom of such ani-
mals is the strategy to survive in a specific environment so that it
exhibits very potent biological effects. Among the various classes of
cnidarians, the proteinaceous venom was isolated and character-
ized. Jellyfish venom is varying from one species to another, thus
biochemical composition and activity are differing from each other.
The protein content of the sea anemone Bunodosoma cavernata
sample was recorded as 39.4% (McClintock et al., 1991). In the pre-
sent study, jellyfish A. flagellatus crude venom contains protein
1957
1.547 mg/ml, and the lipid content was 0.039 mg/ml. The lower con-
centration of lipid content was recorded for some other species of
poriferans and cnidarians; probably it was related to the presence
of great amounts of inorganic substances in their animal bodies.
Among the mollusks, the octopus E. massyae was the species with
the lowest concentration of lipid. In general carbohydrate concen-
tration on invertebrates consider as very less than 7.5% dry weight.
A similar result was observed in jellyfish crude venom carbohy-
drate content of 0.028 mg/ml. Nagai et al., (2002) reports that an
Antarctic species Cnemidocarpa verrucosa, found much lower con-
centrations of carbohydrate ranging from 0.5% to 1.3% dry weight
was seen on various organs of the ascidian.



Fig. 4. Cytotoxicity effect of different concentration of nematocyst crude venom on Vero cell line at 24 h incubation.

Fig. 5. Cell viability of human Lung cancer cells (A549) treated with different concentration of nematocyst crude venom at 24 and 48 hrs incubation.
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The venom of Chiropsalmus quadrigatus has a hemolytic toxin of
44 kDa, and Chironex fleckeri nematocysts which contain a 20 kDa
protein. Two other venom proteins (43 and 45 kDa) were isolated
from the box jellyfish C. fleckeri. Ayed, et al., (2011) reported that a
protein with hemolytic activity in box jellyfish (Carybdea alata) had
a molecular weight of 42 kDa. The major part of the proteins some-
where in the range of 10 and 50 kDa and there were likewise some
minor protein groups more than 50 kDa. Particularly, the mole-
cules of 20–40 kDa and 10–15 kDa gave off an impression of being
the significant protein components of the toxin. Fragments of pro-
tein from Nemopilema nomurai jellyfish venom was separated by
using SDS-PAGE, and two major molecular weights 20–40 kDa
and 10–15 kDa seen approximately. Analysis of Pelagia noctiluca
venom on SDS-PAGE revealed at least 15 protein bands ranging
in molecular weights from 4 to 120 kDa (Soare, et al., 1997). In
1958
our study, the protein profile of the crude venom sample was ana-
lyzed using Native and SDS-PAGE. The venom contains numerous
proteins with various sizes of molecular weight resolved into many
polypeptides under denaturing conditions in which ten major
bands appeared very clearly along with the resolving gel upon
CBB staining. The electrophoretic pattern of crude venom protein
subunits upon electrophoresis has shown in the molecular weight
ranging between 205 kDa and 3.5 kDa regarding the standard pro-
tein marker

The DPPH radical has been widely used to test the ability of
compounds as free radical scavengers or donors of hydrogen. The
data shows, that smaller peptides have a higher level of radical
scavenging activity than larger proteins, Free radicals are involved
in initiating and propagating lipid oxidation, and hence, food
antioxidants would play an important role in scavenging these rad-



Fig. 6. Cell viability of (Hep G2) cells treated with different concentration of nematocyst crude venom at 24 and 48 h incubation.

Fig.7. Morphological observation of A549 cancer cells treated with nematocyst crude venom.
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Fig. 8. Morphological observation of control and HepG2 cancer cells treated with nematocyst crude venom.
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icals (Theodore et al., 2008). DPPH free radicals (stable) and mon-
etarily accessible organic nitrogen radicals which can recognize an
electron or H + to turn into a steady molecule. DPPH has an absor-
bance at 517 nm which vanishes upon decrease by an antiradical
compound. Lower absorbance of the response mixture showed a
higher DPPH radical scavenging movement (Moosmann and Behl,
2002). In our investigations, the free radical scavenging maximum
activity has shown up on hydroxyl when compare to other scav-
enging activities. The reducing power potential and scavenging
activity (DPPH, hydroxyl, superoxide anion, and nitric oxide) of
nematocysts crude venom of A. flagellatus.

In the present study, the cytotoxic effect of nematocysts crude
venom from jellyfish A. flagellatus was evaluated against the Vero
cell line by MTT colorimetric method. The maximum cytotoxic
effect was observed at 120 mg/ml in Vero cells. Similarly, the P. noc-
tiluca venom has been described to have a cytotoxic effect on nor-
mal cells where it promotes apoptotic cell death (Ayed et al., 2012).
To assess the inhibitory effect of jellyfish crude venom on cell
growth of A549 and HepG2 cells were analyzed by cell viability
assay. The cells were treated with different concentrations of jelly-
fish crude venom (20–100 mg/ml) for 24 and 48 h of incubation.
The jellyfish crude venom was inhibiting the proliferation of lung
cancer cells in a dose and time-dependent manner. The cytotoxic-
ity study of jellyfish venom has not been widely used, where pre-
vious literature demonstrates on IC50 values of jellyfish venom
from C. quinquecirrha on CCL-13 hepatocytes were compare to A.
flagellatus seems to be lower (IC50 < 1 mg/ml) (Oršolić, 2012). The
anticancer potential of bee venom has proven the antiproliferative
1960
activity in in vitro studies and the ability to reduce tumor growth
in-vivo (Wang and ji, 2005). Consequently, the cancer prevention
agent action of nematocyst crude venom concentrates may add
to its cytotoxic activity. Numerous chemo-preventive specialists
seemed to target flagging intermediates in apoptosis actuating
pathways and a significant number of them are accounted for to
have favorable to antioxidant or cell reinforcement movement
(Sun et al., 2004).

Morphological variations were observed in A549 cells both con-
trol and IC50 concentration. We show here that both of those prop-
erties are available in the crude nematocyst venom from A.
flagellatus, which has a significant antiproliferative effect and an
incredible cancer prevention agent action. The outcomes
announced here are promising pointers for the possible use of this
animal bioactive protein in the form of venom for preventive and
remedial purposes. Hence these morphological changes and
growth inhibitory effects are due to the effect of crude venom on
human lung and liver cancer cell lines.
5. Conclusion

In the present study, the biochemical analysis of crude venom
from nematocyst of jellyfish A. flagellate results revealed that the
amount of protein was rich when compared to other constituents.
Moreover, it possesses higher antioxidant and anticancer activities
on A549 and HepG2 cells. These results show that the venom has
bio-pharmacological properties due to the protein nature of the
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venom and able to develop novel drugs on marine-derived
compounds.
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