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A COMPARATIVE STUDY ON ANTICANCER EFFECT OF
CRUDE VENOMS OF THE EGYPTIAN NAJA-HAJE AND VIPER
CERASTESCERASTES ON HEAD AND NECK SQUAMOUS CELL
CARCINOMA (IN VITRO STUDY)

Safa FathyAbd El-Ghani * and Eman M. Amr ™

ABSTRACT

Objectives This study aimed to examine and compare the anticancer effects and apoptotic
potentials of both Najahaje (NH) and the horned viper Cerastescerastes (CC) venoms on Head and
neck squamous cell carcinomas (HNSCC) cell line.

Methods The effect of crude NH and CC venoms on larynx (Hep2) cancer cell line was
investigated using MTT cytotoxicity assay, Cell cycle analysis by flow cytometry and Quantitative
real-time PCR (qQRT-PCR) analysis for caspase-3 expression.

Results venom treated groups NH and CC showed low IC50 values, decreased viability
percentage of cancer cells, decreased percentage of DNA content in GO-G1 and S phases, increased
percentage of DNA content in G2-M and pre G1 (total apoptosis) phases, increased percentage of
cells in early and late apoptotic phases in addition to up-regulation of caspase-3 levels in comparison
to negative control.

ConclusionThe present study clearly demonstrated high success rate of crude venoms of both
Egyptian NH and CC and their promising efficacy against HNSCC cells, which highlights their
possible anticancer effect and apoptotic potential Moreover, this study suggests the possibility of using
NH and CC crude venoms as potential novel complementary or alternative therapies for HNSCC.

KEY WORDS: Naja-haje, Viper Cerastescerastes, apoptosis, Head and Neck Squamous Cell,
apoptosis

INTRODUCTION leading malignancy, worldwide (Sanderson &
Head and neck squamous cell carcinomas Ironside, 2002 and Kamangar et al., 2006). They

(HNSCC) make up the vast majority (more than include a group of tumor entities arising from

90%) of head and neck cancers and rank the sixth mucosal epithelium, and involving oral cavity,
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nasal cavity, paranasal sinuses, nasopharynx,
oropharynx, hypopharynx, and larynx (Sturgis et
al., 2007). However, HNSCC are often considered
together because they share many similarities as
aggressive behavior, high incidence of recurrence
(5-7% per year) as well as distant metastases and
high mortality rate (Yan et al., 2011). According
to GLOBOCAN (2018), HNSCC has accounted
for 705,777 new cases and 358,144 deaths every
year, globally (Bray et al., 2018). On the other
hand, in Lower, Middle and Upper Egypt, they have
accounted for about 1.19%,2.17% and 4.77% of all

cancers, respectively (Ibrahim et al., 2014).

Unfortunately, the conventional cancer treat-
ments, Radio and chemotherapies, have been as-
sociated with severe morbidity due to involvement
of vital structures, side effects and therapeutic re-
sistance. That’s why; there is a compelling need
for novel alternative therapies for such a disease
(Datema et al. 2010). A shift from using synthetic
compounds to natural products introduced promis-
ing approaches in cancer chemotherapy (Demain
and Vaishnav, 2011).Among these compounds,
snake venoms are complex mixtures of proteins,
peptides and bioactive molecules that may act as
valuable resources for cancer drug development
(Munawar et al., 2018).

Investigating the inhibitory effect of snake
venoms on cancer cells dates back to the 1930s.
Although they showed doubtful results at the
early stages, recent studies offered ample evidence
about their therapeutic potentials in treatment of
cancer, especially through exerting cytotoxic, anti-
angiogenic and apoptotic effects (Li et al., 2018). In
the past few decades, significant anti-cancer activity
of crude snake venom and/or any of its fractions
has been revealed in many cancer cell lines such
as human breast cancer (Shebl et al., 2012; Akef
et al.,, 2017), human hepatocellular carcinoma,
human prostate carcinoma (Ebrahim et al., 2016),
as well as, cervix adenocarcinoma, colon colorectal
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adenocarcinoma and bladder carcinoma (Ozverel et
al., 2019). However, for the best of our knowledge,
its effect on HNSCC has not been studied in the
available literature.

The ancient Egyptian mythology showed a com-
plex love-hate relationship with snakes representing
both evil demons and goddesses. Several species
of snakes inhabit Egypt’s border. While most of
them are harmless, Najahaje (NH) or the Egyptian
cobra and the horned viper Cerastescerastes (CC)
are deadly (Gouda et al., 2017). Previous studies
on NH venom revealed its cytotoxicity and capa-
bility to induce apoptosis in a variety cancer cells
(El Hakim et al., 2011; Al-Quraishy et al., 2014
and Tohamy et al., 2014). On the other hand, treat-
ment of different cancer cell lines with CC venom
showed that it served as apoptotic stimulator (Shebl
et al., 2012), exerted inhibitory effect on angiogen-
esis, tumor cell adhesion and migration (Zouari-
Kessentini et al., 2009 and Ben-Mabrouk et al.,
2016) as well as cytotoxic and anti-proliferative ef-
fects (Akef et al., 2017 and Ozverel et al., 2019).

Accordingly, the aim of the present study was
to examine and compare the anticancer effects and
apoptotic potentials of both NH and CC venoms on
HNSCC cell line, in an attempt to investigate the
possibility of presenting these venoms as a possible
novel therapeutic strategy for HNSCC.

MATERIALS AND METHODS

Snakes’ venoms

Crude venom of NH (250 mg) and CC (250 mg)
were purchased from Egy Venom Company for
scorpion and snakes venoms production for research
and medical uses. Cairo, Egypt.

Cell lines and culture conditions

Larynx (Hep2) cancer cell line was purchased
from Tissue Culture Department (VACSERA-
Egypt). It was cultured in Dulbecco’s modified
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Eagle’s medium (DMEM) supplemented with 10%
heat inactivated fetal calf serum (FCS) and%]1
penicillin-streptomycin then incubated at 37°C in a
humidified atmosphere containing %5 CO2. Once
semi-confluence (%80-70 growth) was achieved, the
growth medium was discarded from culture flasks,
and PBS washing solution was added, followed by
trypsin solution. Then cells were seeded in 96 well
cell culture plates to desired seeding concentration
(1 x 10* cells/well) to be ready for the viability assay
(Akef et al., 2017).

MTT cytotoxicity assay

The MTT (3-(4, 5 Dimethylthiazol-2-yl) 2,
5 biphenyl
colorimetric method was conducted to assess cell

tetrazolium bromide, a tetrazole)
viability in experimental venom-treated groups (NH
and CC). After replacement of the media, 100 pL/
well of both examined venoms NH and CC was
added and incubated for 24 h, respectively with
serial dilutions as presented in fig (1). These groups
were compared to the control group (CG) which
doesn’t receive any treatment. This assay is used to
evaluate the ability of living cancer cells to reduce
MTT and form insoluble violet formazan crystals.
A %10 MTT solution (5 mg/mL) diluted in PBS
was added to each well. The cultured cells were
immediately incubated for 4 hours at °37C and
protected from light until the presence of the violet
formazan crystals was observed. For formazan
crystals solubilization, 100 pL. of DMSO was added
to each well. Later, the optical density (OD) was
measured at a wavelength of 570 nm using ELISA
plate reader. The cytotoxic dose of both venoms
that were able to kill cancer cells by 50 % (IC 50)
was determined by using MASTER PLEX 2010
software. The cell viability percentage was then
calculated using the following formula:

Cell viability % = Mean OD of Test Dilution /
Mean OD of Negative Control X100 (Shebl et al.,
2012).
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Cell cycle analysis by flow cytometry

The effect of examined venoms NH and CC
on cell proliferation and quantitative detection of
apoptosis in venom-treated and control groups were
assessed by measuring the distribution of cells in
different phases of the cell cycle using Annexin-V/
Propidium Iodide (PI) dual staining assay. Hep2 cells
were pre-cultured in 25 cm? cell culture flasks and
treated for 48 hours with the IC50 concentrations
47.6 and 25.32 pug/ml of NH and CC, respectively
in DMEM-media. Cells were then harvested by
trypsinization, collected by centrifugation at 2000
rpm (for 10 min at 4 °C), washed twice with ice-
cold PBS fixed in 70% (v/v) ethanol for at least 1
hour at 4°C for overnight.

After fixation, cells were stained by 50 ul of
Annexin V-FITC and 50 ul of PI staining solution
and diluted with binding buffer to a final volume of
500 pl before flow cytometry analysis maintained
at a temperature of 4°C, and re-suspended in PBS
containing (0.1 mg/ml RNase) for 15 min in a dark
room.Analysis was performed using Becton Dickin-
son (BD) fluorescence-activated cell sorting (FASC)
calibre (Biosciences, flow cytometer, United States)
with data displayed as frequency histograms and dot
plots. Cells were analyzed for each sample through
the different phases of cell cycle (GO-G1, S, G2-M)
and the sub-G1 or apoptosis phases (early- late).

Quantitative real-time PCR (qRT-PCR) analysis
for caspase-3 expression

Total RNA from venom-treated (NH & CC)
groups and untreated Hep2 cell lines (CG) was ex-
tracted with RNA extraction mixture “Gene JET
RNA purification kit” according to the manufac-
turer’s protocol. The RNA integrity and concentra-
tion were determined by measuring the optical den-
sity spectrophotometrically at 260 and 280 nm. The
extracted RNA was reverse transcribed to cDNA
with Quantitect Reverse Transcription kit. cDNA
was amplified for the expression of caspase-3 and
GADPH with QuantiTect SYBR Green PCR Kkits
according to the manufacturer’s protocol. The
sequence of primers used for Real-time PCR



(240) E.D.J. Vol. 66, No. 1

analysis were: Casp 3 F 5'-CTCGGTCTGGTACA-
GATGTCGA-3' and the Casp 3 R 5-CATGGCT-
CAGAAGCACACAAAC-3" as well as GAPDH
F 5’-GCA AGT TCA ACG GCA CGA TCA AG-
3> and GAPDH R 5'-CTA CTC AGC ACC AGC
ATC ACC-3’.The relative quantification of cas-
pase-3 gene was determined using the comparative
CT method. The ACt was calculated as the differ-
ence between the average Ct values of the GADPH
from the average Ct value of caspase-3 gene. The
AACt was determined by subtracting the ACt of the
control group from the ACt of both venom-treated
groups NH and CC. The thermal cycling profile con-
sisted of 95°C for 10 minutes followed by 40 cycles
of denaturation at 95°C for 30 seconds, annealing
at 60°C for 1min. Samples were run in triplicate.
Relative expression of the target gene was calcu-
lated by the equation 24, which was the amount
of caspase-3 product, normalized to the endogenous
control (GAPDH) and relative to the control sample
(Mitupatum et al., 2016).

Statistical analysis

All experiments were carried out in three
independent tests. Data were expressed as the mean
+ standard deviation (SD)for statistical evaluation.
One-way analysis of variance (ANOVA) was used
for comparing the 3 study groups: CG, NH and CC,
followed by Post Hoc test for multiple pair wise
comparisons. Results were considered statistically
significant at probability < 0.05.

RESULTS

Viability Percentage

Both NH and CC venoms showed relatively low
IC50 values with NH showing a higher value of 47.6
png/ml than CC with a value of 25.32 pg/ml (fig. 4).
In comparison to the untreated control group (CG),
a gradual reduction in the viability percentage of
cancer cells was observed in venom-treated groups
with increasing doses of both venoms NH and CC.
The values were plotted as shown in fig (1).
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Fig (1): Graph showing viability % of the treated study groups
(NH & CC) with different venoms’ concentrations

Cell cycle analysis

Concerning the control group, it showed high
percentage of DNA content of the cancer cells in
both GO-G1 and S phases, which reached 47.63 and
44 .29, respectively. Then a drop in the percentage
was observed in G2-M phase (8.08%). Contrarily,
a marked inhibition in the DNA content of cancer
cells entering the cell cycle in the venom-treated
groups was observed in both GO-G1 (NH: 22.62%
& CC:18.67% ) and S phases (NH: 29.58% & CC:
27.59% ). On the contrary, in the pre-G1 and G2-M
phases, a marked increase was detected in both
venom-treated groups, where it reached up to six-
fold higher than the control group in G2-M phase.
All these data are represented in table (1), DNA
histograms (fig 2) and column chart (fig 5).

Analysis of the venom-treated cancer cell line
(NH and CC) groups showed marked increase in the
percentage of total apoptosis which exceeded that of
the control group by about ten to twelve folds. The
highest percentage was detected in the CC group
(36.41) followed by NH group (23.89). Dot plot
representation of flow cytometric analysis showed
that most of cells in all study groups located in the
first quadrant as they were viable. An increase in
percentage of cells in early apoptotic phase (located
in second quadrant) was observed in NH (7.86%),
and CC (7.25%) groups. On the other hand, a higher
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increase in percentage of cells in late apoptotic
phase (located in third quadrant) was observed;
where CC group (24.24%) showed double that of
NH (12.91%). Necrotic cells (located in fourth
quadrant) were also detected in all study groups,
with the highest percentage in CC (4.92%) followed
by NH (3.12%) (Figs 3, 6).

Caspase-3 levels

Levels of caspase-3 were nearly undetectable
in the control group. On the contrary, both venom-
treated groups NH and CC showed high levels
of caspase-3, which reached 19.16 and 26.76,
respectively. The highest levels were seen in the
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CC group. The values were shown in table (1) and
column chart (Fig. 7).

Statistical analysis

A high statistically significant difference was
obtained from all investigations of the current
study: percentage of DNA content in different cell
cycle phases (Pre-G1, GO-G1 and G2-M), total,
early, late apoptosis and levels of caspase-3. Almost
all pair wise comparisons showed statistically
significant difference, except DNA content in S
phase and percentage of cells in early apoptosis in
venom treated NH versus CC groups. These data are
represented in table (1) and figs (4-7).
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Fig, (2): DNA histograms showing decrease in DNA content in GO-G1 and S phases as well as increase in pre-G1 and G2-M phases
of the venom-treated study (NH & CC) groups in comparison to untreated CG.
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Fig. (3): Dot plots representation showing that most of cells are viable in all groups (CG, NH, CC), however, necrotic cells are seen.
Percentage of cells has increased in early apoptotic phase in NH and CC groups. Late apoptotic phase has showed higher
increase in percentage of cells in CC group followed by NH group.
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TABLE (1): Values of different investigations in venom-treated groups as well as negative control group (CG)

Groups
CG NH CccC P-value
1C50 47.6 25.32

% G0-G1 47.63x1.15% 18.67+1.54° 22.62+1.60¢ <0.001%**
Analysis of cell %S 44.29+0.732% 29.58+0.920° 27.59+1.33° <0.001%*x*
cycle phases %G2-M 8.080.617¢ 47.8+1.61° 53.74+1.09* <0.001%*

(DNA content) %Pre-G1
. 1.81+0.660¢ 23.89+1.12° 36.41+0.544° <0.001%*

(total apoptosis)

Early apoptosis 0.84000 +0.314° 7.8600 +£0.609 ¢ 7.2500 £0.397 ¢ <0.001%*
Late apoptosis 0.51000 £0.128¢ 12.910 +0.637° 24.240 +0.498* <0.001%**
Caspase-3 1+0.214¢ 19.17+0.524° 26.76x1.39* <0.001%*

In each row, superscripts with different letters are statistically significant, while superscripts with same letters are statistically
non-significant (while a represents the highest values, c represents the lowest ones)

s N\ O N
60 1 DNA content
50 - & D0%G0-G1 B %S O0%G2M O%Pre-G1
40 - ]
= 50
E
a0 o—
ﬁ -
£, % 30 _
20
10 -
10
0
o - : NH | 0C 06
Cellline / Venom
N\ J Y,

Fig (4): Column chart showing the IC50 values of both NH &

Fig (5): Column chart showing percentage of DNA content in

CC venoms different cell cycle phases in the venom-treated study
(NH & CC) groups as well as untreated control group
r N\ N
apoptosis Casp3
ONH BCC O
. was ||
3%
Kl 2%
2
% 2 2
16 k-4
15
10 <
il 50 B .
0
5
Total Early Late
0 . . ———
Apoptosis Necrosis
. J NH CcC - GG Y,

Fig (6): Column chart showing percentage of cells undergoing
apoptosis in the venom-treated (NH & CC) groups as
well as untreated CG

Fig (7): Column chart showing caspase-3 levels in the venom-
treated (NH & CC) groups as well as untreated CG.
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DISCUSSION

Snake venoms are considered as a potential
resource of biologically active compounds and
they are well recognized in therapy of chronic
diseases, including cancer (Li et al., 2018). Despite
significant progress and tremendous advancement
in cancer therapy, it remains one of the leading
causes of death, worldwide (Shebl et al., 2012).
Therefore, using snake venoms as a novel treatment
modality could open a new era in the field of
cancer treatment, especially because they are easy
to synthesize and less prone to induce an immune
response (Al-Asmari et al., 2016 and Munawar
et al., 2018).

Keeping in view the importance of snake venoms,
we investigated and compared the effects of two
snake venoms of species inhabiting the Egyptian
deserts, namely NH and CC on HNSCC cell line,
using state of the art techniques: MTT assay, flow
cytometry and RT-PCR. Regarding flow cytometry,
it has allowed the identification and quantification
of apoptotic cells as well as interpretation of cell
cycle progression and apoptotic phases, as it offers
rapid and accurate measurement of individual cells
in large cell populations (Darzynkiewicz et al.,
2010). Concerning RT-PCR, its increased sensitivity
and specificity renders it a favorable option for
quantitative analysis of cancer markers even the low
copy targets (Valasek and Repa, 2005)

Results of the present study revealed potential
cytotoxic effect of both NH and CC venoms
on HNSCC in a dose-dependent manneras they
succeeded to decrease the percentage of viable cells
with increasing their doses.Moreover, both venoms
showed relatively low IC50 values. In agreement
with our results, Kakanj et al. (2015), Bradshaw et
al. (2016), Ebrahim et al. (2016), Nalbantsoy et al.
(2017) elucidated the cytotoxic effects of different
snake crude venoms and various purified proteins
on human cancerous cell lines. Similarly, Akef et
al. (2017) and Ozverel et al. (2019) pointed out the
cytotoxic effect of CC venoms.
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The remarkable decrease in the percentage of
HNSCC cells in the GO-G1 and S phases of cell
cycle in the current work indicates that both venoms
induced changes in the DNA content of cancer
cells entering the cell cycle, leading to deregulated
cell cycle and inhibition of cancer cell growth and
proliferation. This reflects the capability of NH
and CC venoms to inhibit cancer cell proliferation.
In accordance to our findings Akef et al. (2017)
revealed the anti-proliferative effect of CC venom.
In the same context, Calderon et al. (2014) reported
that other snake venoms such as Najanigricollis
and Crotalusadamanteus were able to prevent
cell proliferation and inhibited tumor growth via
nigexine and crotalase, respectively.

On the other hand, the increase in percentage
of cancer cells in G2-M phase indicates that both
NH and CC venoms have caused irreparable
DNA damage, which led to cell cycle arrest and
accumulation of cells in this phase of cell cycle
in preparation to apoptosis. In the same context,
Long et al. (2017) explained that cell cycle arrest
has been one of the major mechanisms associated
with anti-tumor drugs. They added that many cancer
cells were arrested at the G2-M checkpoint, due to
defective G1 checkpoint during cell replication.
This is further supported by the highly significant
increase of percentage of cells in late apoptosis
rather than early apoptosis in the current study. In
contradiction to our results, Ebrahim et al. (2016)
found out that snake venom was capable to induce
GO-G1 arrest and promoted the S-phase fraction.

In authors’ perspective, evaluation of the
apoptotic potential of the candidate venoms shows
extreme importance as evading apoptosis is one of
the hallmarks of cancer, which leads to uncontrolled
proliferation resulting in tumor survival, therapeutic
resistance and recurrence as agreed by Fouad &
Aanei, 2017. Moreover, resistance to chemotherapy
which is a major obstacle in cancer therapy,
frequently prevents cancer cells from undergoing
apoptosis with subsequent tumor cell survival and
failure of treatment (Wilson et al., 2009). Hence,
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introducing a novel treatment modality that has an
apoptotic potential seems very interesting.

Accordingly, detection of caspases’ activation
was accomplished in the current work, namely
caspase-3, the main effector caspase, was used as
an indicator of activation or down regulation of the
mitochondrial pathway of apoptosis (Wlodkowic et
al., 2012). In the present study, levels of caspase-3
were markedly elevated in association with both
venoms in comparison to the control group,
which indicates an active process of apoptosis via
activation of caspase-3 through the mitochondrial
pathway. In agreement with our results, induction
of mitochondrial apoptosis pathway and over-
expression of caspase-3 in comparison to untreated
groups were revealed with NH venom (El Hakim
et al., 2011 and Al-Quraishy et al., 2014), CC
venom (Shebl et al., 2012) in addition to other
different snake venoms (Al-Asmari et al., 2016
and Ebrahim et al., 2016).

Induction of apoptosis was further confirmed
by flow cytometric analysis where the percentage
of early and late apoptotic cells has increased in
NH and CC groups compared to CG group. In
early stages of apoptosis, the plasma membrane
loses symmetry causing phosphatidylserine (PS) to
be translocated from cytoplasmic to outer surface
of the plasma membrane and binds to Annexin-V,
however during late apoptosis, disintegration of
cell membrane takes place allowing PI to enter
the cells and binds to DNA (Annexin-V and PI
positive). Contrarily, mostcells in all groups were
viable as they remained unstained (no PS exposure;
no Annexin V labelling; no PI staining). On the
other hand, necrotic cells has stained positive for
PI due to membrane disintegration and to a certain
extent also for Annexin V due to PS detection on
intracellular side of the membrane (Shebl et al.,
2012 and Wlodkowic et al., 2012).

It’s worth noting that although the results of NH
are in line with those of CC, the later has shown
more favorable results than those of NH group
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with a highly significant difference in almost all
investigations, such as lower IC50 value, increased
percentage of DNA content in G2-M and pre G1
(total apoptosis), increased percentage of cells
in early and late apoptotic phases in addition to
higher levels of caspase-3. This reflects that CC
has exhibited a superior and more potent anticancer
effect and apoptotic potential. In the same context,
other studies showed the capability of CC venom
to inhibit cancerous cell adhesion and migration
as well as angiogenesis (Zouari-Kessentini et al.,
2009 and Ben-Mabrouk et al., 2016). However,
the more favorable anticancer effect of CC than NH
venoms was not reported before, as for the best of
our knowledge, this is the first study to compare the
anticancer effects of both venoms on HNSCC.

In conclusion, the present study clearly
demonstrated high success rate of crude venoms
of both Egyptian NH and CC and their promising
efficacy against HNSCC cells. The present data
highlights the possible anticancer effect and
apoptotic potential of the candidate venoms.
Moreover, this study suggests the possibility of
using NH and CC crude venoms as potential novel
complementary or alternative therapies for HNSCC.
However, further studies are required to unravel
the effect of these venoms on normal cells, fully
explore the underlying mechanisms for inhibition
of cancer cells and to confirm the more favorable
anticancer effect of CC venom as well as isolation
and characterization of the biologically active

components within these venoms.
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