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Abstract: Antibiotic resistance has been reported as one of the world's most critical public health problems.

Recent investigations have demonstrated that the venom of some species of snakes has antimicrobial and anticancer
activities. The purpose of this study was to examine the antibacterial activity of Persian horned viper venom toward
Escherichia coli, Bacillus subtilis, and Staphylococcus aureus bacteria and also investigate antitumor effects of
concentrations of venom with higher antibacterial activity in a human hepatocellular liver carcinoma cell line (HepG2) to
evaluate the potential use of its components as antimicrobial and anticancer agents. Bactericidal activity of crude venom
in concentrations of 6.25-400 ug/ml was performed using MTT reduction, minimum inhibitory concentration (MIC), agar-
well diffusion, and disc diffusion methods. Tetracycline (50 ug/ml) was used as a standard antibiotic. Cytotoxic effect in
HepG2 cells was measured by MTT reduction assay and confirmed with neutral uptake assay following exposure of cells
with different concentrations of venom (50-400 ug/ml). The apoptotic effect was investigated using the comet assay. Our
findings demonstrated that venom displays higher inhibitory effects against Gram-positive bacteria as compared to Gram-
negative. Furthermore, venom showed anticancer activity on the HepG2 cell line through induction of apoptosis and
necrosis. The results of this study confirmed that the venom of Persian horned viper induces antibacterial and anticancer
effects. These properties make the venom of this viper a potential source for isolation of effective molecule(s) having

antibacterial and antitumor activity.
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INTRODUCTION

In the world of pharmacology, along with the discovery and
use of new antibiotics, pathogenic bacteria also have
features that are gradually resistant to them. This has
always been a problem for microbiologists, a constant
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research field for researchers to discover more effective and
newer chemical antibiotics as well as antimicrobials derived
from natural sources such as toxic plants and animals,
including snakes (Park et al., 2012). Studies have shown that
some of the active compounds in venomous animals are an
important source for the separation of effective drug
substances, some of which are naturally capable of
destroying bacteria (Harvey and Robertson, 2004; Koh et al.,
2006). Snake venom is a mixture of various biological
substances, including various proteins with enzymatic and
non-enzymatic properties (Chellapandi and Jebakumar,
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2008) which generally contain neurovenom, proteolytic,
coagulant, phospholipase, cholinesterase, hyaluronidase,
amino acid oxidase, and other enzymes (Sachidananda et al.,
2007). Studies show that the effective ingredients in oral
saliva or venomous snakes have long been considered by
researchers and pharmacists for the treatment of some
diseases, the production of various drugs, serums, and
vaccines (Kuhn-Nentwig, 2003). The first reports of
antibacterial activity in the venomous snakes of the family of
Alpideh and Vipride in 1948 and 1968 were published
(Ferreira, 1965) and Skarns also reported antimicrobial
activity of some enzymes in Snake in 1970 for the first time
(Aloof-Hirsch et al., 1968). Subsequently, many studies have
been done about the presence of antibacterial agents in the
venom of different species of snakes, which caused the
isolation of some antibacterial peptides from them. Also,
reports show that some of the molecules in the venoms of
snakes have anti-tumor activity and prevent the growth and
proliferation of cancer cells (Latifi, 2000). Chalmette's first
study in 1933 examined the use of snake venom for the
treatment of cancer in laboratory animals. It has introduced
the results of snake venoms as an important natural source
for the isolation and identification of effective molecules in
the treatment of sudden ilinesses like cancer in the world of
pharmacology (Latifi, 2000). Pseudocerastes persicus snake
is one of the most dangerous venomous snakes and a
member of the Viperidae family. In addition to Iran, this
Pseudocerastes persicus snake has been reported from
Pakistan, Afghanistan, Oman, and Iraqg, and in Iran, in the
sandy, rocky and volcanic areas of Yazd, Khorasan, Kerman,
Sistan and Baluchestan, Isfahan, Fars, Semnan, Central,
Khuzestan, Zanjan, Tehran, Qom, and Hormozgan (Latifi,
2000). This study aimed to investigate the effect of
Pseudocerastes persicus snake venom on the growth of
gram-positive and negative bacteria and also the effect of
probable concentrations of antibacterial effects of
Pseudocerastes persicus snake venom on the growth of liver
cancer cells in vitro conditions for evaluating the possibility
of isolation of antibacterial and anti-cancer component.

MATERIALS AND METHODS
Venom Preparation and Protein content determination

To prepare the venom from the vein, while observing the
safety considerations and placing its toxic teeth inside the
glass of venom collection, and with brief pressurization to
the toxic glands of the viper, the venom contained in them
was injected into the glass (Lu et al., 2002). The lyophilized
solution was stored and kept until it was used in experiments
at-20°C. To carry out antibacterial tests, some of the venoms
were pulverized in 250 pl of 50 mM sterile tris hydrochloride

buffer, and a few of the venom was mixed in 150 pl water
twice per sterilized distillation. The amount of protein in the
homogenized toxic solution was determined using the
Bradford method (Bradford 1976) at 595 nm (Bradford,
1976). To eliminate potential microbial contamination in the
venom solution, the required 1% antibiotic-anti-smectic
antibody

(Antibiotic-Antimycotic: Invitrogen, USA) is

required, and after one night at 4°C was used in experiments.
The bacteria and cell line used

Gram-positive bacteria Bacillus subtilis (nonpathogenic)
(Bacillus subtilis subsp. spizizenii, ATCC 6633), gram-negative
bacteria of Escherichia coli (ATCC 25922 Escherichia coli),
and gram-positive of Staphylococcus
(pathogenic)(ATCC 25923) from the collection center of
Persian Type Culture Collection (PTCC) and liver cancer cells

strain aureus

(HepG2) were developed and used from the cell bank of
Pasteur Institute of Tehran.

Antibacterial properties of crude venom

Culture media and antibiotics: For a culture of bacteria used
from liquid and solid Mueller Hinton (MH) and for comparing
the toxic effect of venom with a standard antibiotic used
from tetracycline (Sigma, USA) at a concentration of 50
ug/ml.

MTT assay

MTT test is a colorimetric method based on the regeneration
and breakdown of tetrazolium yellow crystals by the enzyme
succinate dehydrogenase present in the cytoplasm and
eventually the formation of insoluble blue crystals. These
crystals are dissolved by adding DMSO (Wang et al., 2010).
Test microorganisms were grown in MH broth for 5 h
(exponential phase) and adjusted to 0.5 McFarland turbidity
standard (A600 = 1.0), corresponding to 1.5x106 cfu/ml
(Yalcin et al., 2014), 5ul was added in sterile plate 96-wells.
Also, the final volume of each well was measured using a
liquid culture medium (MH Broth) to 100ul using serial
dilution. The bacteria were contacted at concentrations of
6.25, 12.5, 25, 50, 100, 200, and 400ug/ml of crude venom.
In this experiment, tetracycline (50ug/ml) as a positive
control, a culture medium containing bacteria as negative
control, and a non-bacterial culture medium was used as
blank. The plate was incubated for 23 hours at 37°C. Then,
S5ul MTT (concentration 5ug/ml) was added to all wells and
placed in dark conditions at 37°C for one hour. Then, 100yl
of DMSO was added to each well. After 2 hours of incubation
in dark conditions, the optical absorption of wells at 595 nm
was measured using a plate reader (Biotek, USA). The above
experiment was performed 3 times and at each time 3 wells
(3 repetitions) were considered for each concentration. The
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percentage of bacterial survival after contact with different
concentrations of the venom was calculated using the
following formula (Yalcin et al., 2014).

Bacterial vital percent:

Viable Bacterial = (a/b) x100
a = Optical Absorption Sample - Blank Optical Absorption
b = Negative optical absorption - Blank optical absorption

Minimum Inhibitory Concentration Test (MIC)

The steps of performing the minimum inhibitory test on
plate 96-well were similar to the MTT assay but after placing
the bacterium in a culture medium containing different
concentrations of venom and incubating them for 24 hours
at 37°C without adding any marker. Also, the absorbance of
wells at 605 nm was measured using a plate reader (Biotek,
USA). This experiment was repeated 3 times and at each
concentration 3 wells (3 repetitions) were considered for
each concentration. The inhibitory percentages of the effect
of venom and standard antibiotics on the tested bacteria
were calculated using the following formula (Shebl et al.,
2012).

Percentage of inhibition of bacteria = [1-(a/b)]x100
a = Optical Absorption Sample - Blank Optical Absorption
b = Optical Absorption Control - Blank Optical Absorption

Disc diffusion assay

This experiment was carried out according to Bauer et al
(Bauer et al., 1966).

The bacteria were first cultured in a culture medium
Mueller-Hinton broth and incubated for 24 to 18 h at 37°C.
A solid culture medium with a thickness of 4 mm was
prepared in glass plates. 200ul of the 0.5 MacFarland
suspension was placed on a plate surface and a cotton
seedling was cultured using a sterile loop. Using sterile pin
disks (prepared from antibacterial medicine) containing 40ul
of venom in the concentration of 3.125, 6.25, 12.5, 25, 50,
100, 200, and 400 pg/ml on the surface plate was placed. In
this experiment, 50ug of tetracycline antibody was used as a
positive control for 50 uM tetracycline, and 50 mM Tris
hydrochloride was used as a negative control. Plates were
incubated for 24-18 hours at 37°C, and then an inhibition
zone was determined and its size was determined. This
experiment was performed 3 times for each bacterial strain.

Well diffusion assay

This method is similar to the disk diffusion method, except
that in this test, the venom solution was added to the well
instead of being placed on the disk (Torres et al., 2010). In
summary, after the cultivation of grass, using the end of the
pasteurized pipette, the wells were transferred to the

medium and cut into pieces of gel, and 20ul of liquid agar
medium was used to block the bottom of the well and
prevent leakage and solution leakage. The venom was
poured into the well under the medium. After pouring 40pl
of Crude venom in concentrations of 3.125, 6.25, 12.5, 25,
50, 100, 200, and 400 pg/ml, the plate was incubated for 24
to 18 hours in an incubator at 37°C. After the mentioned
time, the presence of a halo around the wells was
investigated and its diameter was determined. This
experiment was performed 3 times for each bacterial strain

in two replicates.
Evaluation of anti-cancer properties of crude venom
Cell culture

Liver cancer cell line (HepG2) was cultured using DMEM-F12
(Gibco, USA) containing 10% Fetal Bovine Serum (Gibco,
USA). These cells were cultured in flasks of 25-50 ml cubic
meters and stored at 37°C and 5% carbon dioxide. Replacing
every 2-3 days of the culture medium and after providing the
cell population required for each test, using a Trypsin-EDTA
prepared from Sigma-Aldrich, the USA from a flask and after
counting using a Neobar lam were placed.

MTT reduction assay

This experiment was carried out according to the method
performed by Zargan et al. (Zargan et al., 2011). To perform
this test, 3x104 cells/well were plated in 96 wells containing
100pl of non-serum culture media. After overnight
incubation at 5% CO,, moisture content of about 80% and
temperature of 37°C were removed outside the culture
medium and the cancerous cell was exposed to a new
culture medium (lacking serum) containing different
concentrations of venom (50, 100, 200 and 400ug/ml). After
24 hours, 5ul of MTT solution (concentration 5mg/ml) was
added to each well. After the formation of crystalline
(formalin) in living cells, the culture medium of each well was
removed and after washing in the well with PBS, 100ul of
DMSO was added. After 4 to 3 hours of incubation in dark
conditions and dissolving purple crystals in DMSO, the
optical absorption of wells at 570 nm was measured using a
plate reader (Biotek, USA). In this essay, the culture media
was used as a blank and control medium containing the cells
as control. This experiment was repeated 3 times, and 3
wells (3 repetitions) were considered for each
concentration. The percent survival of the cell after contact
with different concentrations of the venom was calculated

using the following formula (Shebl et al., 2012).

% Viable cell = (a/b) x 100
a = the absorbance of treated cells - the absorbance of the
blank
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b = the absorbance of the control - the absorbance of the
blank

Cytotoxicity study by Neutral Red Uptake Assay

The steps of performing a neutral color red color test
(Waheed et al., 2013) were similar to the MTT assay, but
after incubating the cell with a toxic solution for 24 hours, a
microplate of neutral red solution (5 mg/ml) instead of MTT
was added to each well. After binding of neutral red matter
to the lysosome surface of the living cell and the formation
of red crystals in the living cytoplasm, the culture medium
containing the neutral red of each well washed and after
washing twice with each PBS, 100 pl of fixative buffer (37%
formaldehyde, Calcium chloride (10%) was added. After one
minute, the buffer was removed and 100l of solvent buffer
(0.5% acetic acid) was added. The plate was measured on a
shaker for twenty minutes under microwave conditions and
incubated at lab temperature and absorbed by wells at a
wavelength of 540 nm using a plate reader (Biotek, USA).
This experiment was repeated 3 times, and 3 wells (3
repetitions) were considered for each concentration at each
concentration. The mortality rate due to different
concentrations of venom on cell growth was calculated using
the following formula.

Percentage of cell death =[1-(a/b)] x100
a = the absorbance of treated cells - the absorbance of the
blank
b = the absorbance of the control - the absorbance of the
blank

Investigation of induction of apoptosis by venom using comet
assay test

This test is one of the best methods for checking the
damaged DNA in the cell (Sajad et al., 2013). To conduct this
experiment, at first, in each well of the plate, 24 sterile wells
containing 300ul of serum medium, cultured 12x104 cells.
The plate was incubated overnight under conditions of 5%
CO2, humidity 80%, and temperature 37 ° C. In this assay,
the culture media was used as a blank and control medium
containing the cells as control. After that, the initial culture
medium of each well, evacuation, and cells was exposed to
300ul of a new culture medium (without serum) containing
different concentrations of venom (50, 100, 200, and
400ug/ml).

After incubating the cell for 24 hours at 37 ° C, 80% moisture
content, and 5% CO2, cells of each well were isolated using
trypsin. Microtubes containing cells were evacuated for 5
minutes at 4 ° C with 1500 rpm of the centrifuge and aqueous
solution. 400ul of PBS (pH = 7.4) was added to each of the
tubes to wash the cells, and after centrifugation, the

supernatant was evacuated. Then, 200ul of PBS was added
to the tubes, and cells were separated from each other by
the separate sampler and insulin syringe. Also, the slides
needed for testing were coated with agarose with normal
melting point (NMA% 1), test cell suspension and control
with low melting point agarose (LMA% 1), one to two on the
slides a flat layer was placed. To lyse the cell and nucleus
membrane, all slides are placed in the refrigerator in a
refrigerator buffer (NaCl 2.5M, EDTA 100mM, Tris 10mM,
NaOH 0.2M, Triton X-100% 1 pH = 10) for 16-18 hours. After
removing the buffer, the slides were washed for 20 minutes
and 2 times with electrophoresis buffer (3M NaOH, EDTA
1mM, and pH>13), and then to open the DNA for 40 minutes
in a cold electrophoresis buffer temperatures were
maintained at 4°C. The slides were then extracted from the
solution and placed in a buffer containing an electrophoresis
tank and electrophoresed at 45°C for 45 minutes at a voltage
of 25 and 300 mA. In the next step, to undo the playing
environment, the slides were placed in a neutralizing buffer
(Tris% 4 M, pH = 7.5) for 10 minutes. To staining cells, 100 pl
of ethidium bromide solution (concentration 20 pg/ml) was
added to each slide, and after 10 minutes incubated at the
laboratory for 10 minutes, they were distilled twice with
water. DNA of each slide cell was studied by fluorescence
microscopy. For each sample, different slide positions and at
least an image of hundreds of cells' DNA were prepared and
the results were analyzed statistically.

Statistical analysis

The results of each test were reported as Mean+SD and the
data were analyzed using software (GraphPad InStat).
Different concentrations of venom were compared to the
control group and compared to each other by one-way
ANOVA and Tukey tests. P<0.05 was considered significant
in all tests. Draw diagrams in the Microsoft Excel software
(2013 version).

RESULTS
Evaluation of the Anti-Bacterial Properties of Crude venom

Test results MTT assay

The results showed that venom only at 400ug/mi
significantly inhibited the growth of
Escherichia coli bacteria compared to the negative control

concentration

(normal culture medium). The critical percentage of this
bacterium in concentrations of 6.25-50 ug/ml was 100 and
in 100, 200, 400 ug/ml concentrations respectively were
95.79, 96.29, and 83 (Figure 1).

In the case of the Bacillus subtilis strain, Crude venom in the
concentration of 12.5 to 400ug/ml produced a significant
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inhibitory effect on bacterial growth compared to the
negative control.

The percentage of vital bacteria in different concentrations

of venom 6.25, 12.5, 25, 50, 100, 200 and 400 pg/ml
respectively were 89.62, 62. 49, 13.73, 6.56, 2.14, 1.63 and

Figure 1: Antibacterial effect of different concentrations of Pseudocerastes persicus snake crude venom on Escherichia coli, Bacillus subitilis,

and Staphylococcus aureus using MTT assay. The effect of concentrations was evaluated in comparison with the negative control group.
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Venom hurt the growth of this bacterium at a concentration
of 6.25ug/ml, but this effect was not significant in
comparison with negative control. In the range of 25-400,
the inhibitory effect of the venom was greater than the
positive control (tetracycline). Statistical analysis showed
that the effect of venom in a concentration of 50-400 pug/ml
was significant for this bacterium but it was not significant
compared to each other. According to the results, IC50 of the
venom for Bacillus subtilis was determined to be
15.32pg/ml. The results also showed that the vital
percentage of Staphylococcus aureus bacteria in the
concentration of 6.25, 12.5, 25, 50, 100, 200, and 400ug/ml
of crude venom were 95.11, 85.29, 72.48, 62.23, 59.98,
63.31, and 63.96. Crude venom at a concentration of 25-400
ug/ml produced a significant inhibitory effect on the bacteria
in the
concentration of 12.5ug/ml hurt the growth of this

compared with the negative control. Venom

bacterium, but this effect was not significant compared to
negative control. Statistical analysis showed that the effect
of venom in concentrations of 25-400 micrograms per ml
was significantly less than the negative control, but
compared with each other, it is not significant (Figure 1).

Minimum Inhibitory Concentration Test results

Pseudocerastes persicus snake venom at concentrations of
6.25-100 did not inhibit the growth of Escherichia coli, but
induced inhibitory effects at concentrations of 200 and 400

pg/ml, respectively were 12.15 % and 24.99 % which,
compared to the intolerance of tetracycline, and the
difference in their effect is significant (Figure 2).

The inhibitory effect of venom on Bacillus subtilis bacteria in
the concentrations of 6.25, 12.5, 25, 50, 100, 200, and 400
pg/mlwas 23.22,58.92, 92.80, 99.48, 99.65, 99.71, and 99.3,
respectively. According to the results, the IC50 of the venom
for Bacillus subtilis was determined by 10.81ug/ml. The
statistical analysis showed that Crude venom at a
concentration of 6.25-400 ug/ml had a significant inhibitory
effect on Bacillus subtilis bacteria growth compared to the
negative control. The inhibitory effect of venom was 25-400
pg/ml in comparison to the negative control, but compared
with each other and in comparison with standard antibiotics
was not significant (Figure 2).

Crude venom has an inhibitory effect on the growth of
Staphylococcus aureus, and the inhibitory effect induced in
it was 6.25, 12.5, 25, 50, 100, 200, and 400 were 13.95,
25.28, 29.13, 27.30, 30.52, 3591, and 31.69 pg/ml,
respectively. Statistical analysis showed that the toxic venom
has a significant inhibitory effect on the growth of this
bacterium at concentrations of 6.25-400 pg/ml, compared to
the negative control. The losses caused by the effect of
venom in different concentrations ranged from 25-400
pg/ml compared to the negative control but were not
significant in comparison with each other (Figure 2).
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Figure 2: Antibacterial effect of various concentrations of Pseudocerastes persicus snake crude venom on Escherichia coli, Bacillus subtilis,

and Staphylococcus aureus using MIC assay. The effect of concentrations was evaluated in comparison with the negative control group.
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Results of diffusion tests on disk and wells

The results of the effect of various concentrations of venom
in the diffusion test on the disk and wells indicate that the
results of these two tests, especially at low concentrations

Concentration pg/ml

of venom, are not repeatable. However, according to the
results of this study, it was found that the venom in these
concentrations did not inhibit the growth of Escherichia coli
(Figure 3).

Figure 3: Antibacterial effect of various concentrations of Pseudocerastes persicus snake crude venom on Escherichia coli, Bacillus subtilis,

and Staphylococcus aureus using MIC assay. The effect of concentrations was evaluated in comparison with the negative control group.
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The results of these experiments on Bacillus subtilis bacteria
showed that the venom had an inhibitory effect on bacterial
growth at a concentration of 50-400 pg/ml, but did not have
an inhibitory effect on the growth of the bacteria in the
concentration of 6.5- 25 pug/ml (Figure 4).

Also, venom only prevented the growth of Staphylococcus
aureus at concentrations of 200 and 400 pug/ml and did not
inhibit the effects of lower concentrations (Figure 5).

Evaluation of anti-cancer properties of Crude venom
Results of cytotoxicity testing by MTT method

Venom at concentrations of 50, 100, 200, and 400 ug/ml
causes high mortality in liver cancer cells, respectively, in
which the vital percent of the cell at the above
concentrations were 14.12, 10.97, 10.43, and 9.96% has
dropped. The cells losses caused by the different

concentrations of venom are not significant (Figure 6).
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Cytotoxicity test results with neutral red colorimetric method

The mortality rate of liver cancer cells in the concentration
of 50, 100, 200, and 400 pg/ml of crude venom was 60.13,
72.58, 81.61, and 77.48 %, respectively. Venom has a

significant inhibitory effect at concentrations of 100-400
ug/ml in comparison with the control (containing cell and
culture media), but the mortality rate is compared between
all concentrations is not significant (Figure 7).

Figure 4: Antimicrobial effect of crude venom on diffusion and disk diffusion methods against growth Bacillus subtilis bacteria. A) map and

concentrations used; b) well distribution; c) disk diffusion test.
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Figure 5: Antibacterial effect of crude venom on diffusion and disk diffusion methods against growth Staphylococcus aureus bacteria. A)

map and concentrations used; b) well distribution; c) disk diffusion test.
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Figure 6: Percentage of vital liver cancer cells after 24-hour contact with different concentrations of the crude venom according to the MTT
assay method. The effect of concentrations was evaluated in comparison with the control group. (***: p<0.001).
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Figure 7: Percentage of mortality of liver cancer cells after exposure to different concentrations of crude venom Pseudocerastes persicus
snake based on Neutral Red Color. The mortality due to the effect of each concentration is compared with that of the control group. (***:
p<0.001)
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The results of this study showed that Pseudocerastes
persicus snake venom induces apoptosis and causes
mortality in liver cancer cells. Venom at concentrations of
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morphological study of venomous cells also showed that the
venom of this aphid, in addition to apoptosis, induces
necrosis in liver cancer cells, and this effect has an upward
trend of more than 200 pg/ml in comparison with lower
concentrations. These results indicate that mortality in

cancer cells is due to the common effects of apoptosis and
venous necrosis (Figure 8).

200

Figure 8: Rate of apoptosis induced by Pseudocerastes persicus snake crude venom in liver cancer cells based on the alkaline test.
A: The morphological changes in DNA from the concentration of each concentration compared to the control group.
B: Morphological changes in DNA of proximal cells with Pseudocerastes persicus snake crude venom compared to control cells
[1-3]: DNA image of the normal cell(x40), [4-6]: DNA image of apoptosis cell(x40).
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DISCUSSION AND CONCLUSIONS

According to the World Health Organization, 40% of the 50
million annual human mortality is due to bacterial
contamination and microbial diseases (lvnitski et al., 1999).
Also, bacterial infections caused by resistant strains and
problems due to the lack of treatment of people with them
have become an important health problem. This has led
researchers to investigate more in living organisms,
including various venomous snakes, to discover more

effective and new antibiotics.

According to studies
conducted in recent years, venomous snakes are a source of
unknown molecules of active substances (25) that can be
considered as an appropriate candidate for the production
of antimicrobial and anticancer drugs. In this study, for the
first time, the antibacterial and cytotoxic effects of
Pseudocerastes persicus snake were studied in vitro
conditions to evaluate the possibility of isolating molecules
with antibacterial and toxic effects for cancer cells. MTT

reduction, MIC assay, Disc diffusion assay, and Well diffusion
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test were used to study the antibacterial effects of crude
venom. The results obtained from MTT reduction and MIC
tests showed that Pseudocerastes persicus snake venom has
an inhibitory effect on Escherichia coli bacteria as a
representative of gram-negative bacteria only at the highest
concentration (400 pg/ml). However, bacteria Bacillus
subtilis and Staphylococcus aureus have been prevented
from bacterial growth at concentrations of 12.5-400 and 25-
400 pg/ml, respectively. The reason for the difference in the
results of MTT and MIC is due to the difference in the
calculation of the inhibitory effect of the venom in two
methods, in the MIC method, the opacity is due to the
presence of bacteria, which includes dead and living
bacteria, is measured at a wavelength of 605 nm. While in
the MTT method, the optical absorption of formazone
particles formed in the cytoplasm of the living bacteria is
determined after dissolution in DMSO at 570 nm. MTT
testing seems to provide more accurate results than the MIC
method. Also, the results of the study showed the
antibacterial effects of crude venom using two methods of
diffusion in wells and discs. In this study, snake venom has
no inhibitory effect on gram-negative bacteria but has an
antibacterial effect on two-gram positive bacteria. The
results showed that these two methods qualitatively confirm
the effects of MTT and MIC, but did not quantitatively
produce repeatable results. One of the reasons for this issue,
it seems, is that the proteins and toxic peptides are
deposited at the bottom of the well, and the walls and
around the wells act as a filter and penetrate the entire
contents of the venom into the well prevents solid culture.
In the case of a disk, it is also possible that the disk itself acts
as a filter and prevents the outflow and full penetration of
the components of the venom into the medium. The rapid
absorption of water in the upper surface of the medium
using a paper disk and the lack of complete absorption of
toxic compounds that allow heterogeneous release in the
medium is another disadvantage of this method. In this
study, it was determined that Pseudocerastes persicus snake
crude venom is more effective than gram-positive bacteria.
This selective antibacterial activity may be due to several
factors such as the difference between bacterial species such
as density and lipopolysaccharide structure present in the
wall of gram-negative bacteria or fat composition in the
cytoplasmic membrane and electrostatic potential across
the membrane in gram-positive bacteria Be (San et al.,
2010). The results of studies by Husniye et al. (2012), Shebell
et al. (2012), Stabley et al. (2004), Steels et al. (1991), and
similar studies show that venomous affect gram-positive
bacteria ( Stiles et al., 1991; Lu et al., 2002; Yalcin et al., 2014;
de Lima et al., 2005; Stabeli et al., 2004). Also, the results of
the antibacterial effect of Jafri's venom (Jami et al., 2011)

showed that snake venom has a better effect on
Staphylococcus aureus bacteria than Escherichia coli
bacteria. The results obtained in this study are consistent
with previously reported results regarding the antibacterial
effects of snake venom. On the other hand, the inhibitory
effect of Pseudocerastes persicus snake crude venom in the
highest concentrations studied in this study on E. coli is an
effective component of this bacterium at very low
concentrations in venom. The results of studies by
Chalapandi et al. (2008), Bostley et al. (2008), Starker and
Trierworth in 1986, and similar studies have reported the
inhibitory effects of venomous organisms on gram-negative
bacteria (Chellapandi and Jebakumar, 2008; Stiles et al.,
1991; Shebl et al., 2012; Bustillo et al., 2008). Snakes venom
are mainly composed of proteins and peptides that have
diverse biological activities. Some of these molecules have
been shown to have inhibitory effects on cancer cell growth
in clinical trials and may find their way toward developing
anticancer drugs in the future (Jain and Kumar, 2012). In this
research, the effects of toxicity of venomous snake, which
has antimicrobial properties induced by the use of MTT
assay, Neutral red uptake assay, and Single cell gel
electrophoresis (Comet assay) on liver cancer cells (HepG2
cell line) was taken into consideration in vitro conditions.
Reports on the presence of cytotoxic effects in the venom
snake have led to the use of HepG2 cells in this study (Latifi,
2000). The results of the MTT assay and uptake assay
showed that crude venom at concentrations of 50, 100, 200,
and 400 pg/ml has cytotoxic effects and causes the death of
liver cancer cells. These results are consistent with findings
from Bozemans et al. (2005), Yang et al. (2006), Depeca et al.
(2012), Sang et al. (2012), to induce cytotoxic properties by
venoms of a snake (Jain and Kumar, 2012; Bosmans et al.,
2005; Cancer Control Office, 2005; Song et al., 2012; Yang et
al., 2006). As well as the results of Shebel, et al suggesting
that mortality in the cell would be increased by increasing
the concentration of venom (Shebl et al.,, 2012). To
investigate the possibility of inducing cell death through
crude venom through apoptosis in HepG2 cells, this study
was conducted using Comet assay. The results showed that
crude venom at concentrations of 50, 100, 200, and 400
pg/ml caused apoptosis in cancer cells the liver causes it to
die. It was also found that with an increase in concentrations
of 50 to 200 pug/ml of crude venom, apoptosis has a tendency
to increase, which is consistent with previous reports (Sajad
et al., 2013). Generally, the results of this study showed that
the crude venom of snakes contains molecules that can have
anti-bacterial and anti-cancer activity. These results suggest
that the venom of a snake is a suitable candidate for the
isolation, purification, and introduction of valuable drug
molecules to combat antibiotic-resistant bacteria as well as
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anti-cancer agents.

References:

1. Park MH, Jo M, Won D, Song HS, Han SB, Song MJ, Hong JT.
Snake venom toxin from Vipera lebetina turanica induces apoptosis
of colon cancer cells via upregulation of ROS-and JNK-mediated
death receptor expression. BMC cancer. 2012 Dec;12(1):228.

2. Harvey AL, Robertson B. Dendrotoxins: structure-activity
relationships and effects on potassium ion channels. Current
medicinal chemistry. 2004 Dec 1;11(23):3065-72.

3. Koh DC, Armugam A, Jeyaseelan K. Snake venom components
and their applications in biomedicine. Cellular and Molecular Life
Sciences CMLS. 2006 Dec 1;63(24):3030-41.

4. Chellapandi P, Jebakumar SR. Purification and antibacterial
activity of Indian cobra and viper venoms. Electronic Journal of
Biology 2008; Vol. 4(1).

5. Sachidananda MK, Murari SK, Channe Gowda D.
Characterization of an antibacterial peptide from Indian cobra (Naja
naja) venom. Journal of Venomous Animals and Toxins including

Tropical Diseases. 2007;13(2):446-61.

6. Kuhn-Nentwig L. Antimicrobial and cytolytic peptides of
venomous arthropods. Cellular and Molecular Life Sciences CMLS.
2003 Dec 1;60(12):2651-68.

7. Ferreira SH. A bradykinin-potentiating factor (BPF) present in
the venom of Bothrops jararaca. British journal of pharmacology and
chemotherapy. 1965 Feb;24(1):163-9.

8. Aloof-Hirsch S, De Vries A, Berger A. The direct lytic factor of

cobra venom: purification and chemical characterization.
Biochimica et Biophysica Acta (BBA)-Protein Structure. 1968 Jan

22;154(1):53-60.

9. Stiles BG, Sexton FW, Weinstein SA. Antibacterial effects of
different snake venoms: purification and characterization of
antibacterial proteins from Pseudechis australis (Australian king
brown or mulga snake) venom. toxicon. 1991 Jan 1;29(9):1129-41.

10. Lu QM, Wei Q, Jin Y, Wei JF, Wang WY, Xiong YL. L-amino acid
oxidase from Trimeresurus jerdonii snake venom: purification,
characterization, platelet aggregation-inducing and antibacterial
effects. Journal of Natural Toxins. 2002 Dec;11(4):345-52.

11. Stocker JF, Traynor JR. The action of various venoms on
Escherichia coli. Journal of
Nov;61(5):383-8.

12. Xie JP, Yue J, Xiong YL, Wang WY, Yu SQ, Wang HH. In vitro
activities of small peptides from snake venom against clinical

applied bacteriology. 1986

isolates of drug-resistant Mycobacterium tuberculosis. International
journal of antimicrobial agents. 2003 Aug 1;22(2):172-4.

13. Vyas VK, Brahmbhatt K, Bhatt H, Parmar U. Therapeutic
potential of snake venom in cancer therapy: current perspectives.
Asian Pacific journal of tropical biomedicine. 2013 Feb 1;3(2):156-
62.

Acknowledgment

Thanks and appreciation for the close cooperation of the members of the
Department of Biology at Imam Hussein Comprehensive University, which
helped us in our research process.

14. Latifi M. Iranian Snakes. Environmental Protection Agency
Publications 2000; 444-445. (In Persian).

15. Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Analytical biochemistry. 1976 May 7;72(1-2):248-54.
16. Wang H, Cheng H, Wang F, Wei D, Wang X. An improved 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT)
reduction assay for evaluating the viability of Escherichia coli cells.
Journal of microbiological methods. 2010 Sep 1;82(3):330-3.

17. Yalcin HT, Ozen MO, Gocmen B, Nalbantsoy A. Effect of Ottoman
viper (Montivipera xanthina (Gray, 1849)) venom on various cancer
cells and on microorganisms. Cytotechnology. 2014 Jan 1;66(1):87-
94.

18. Shebl RI, Mohamed AF, Ali AE, Amin MA. Antimicrobial profile
of selected snake venoms and their associated enzymatic activities.
British Microbiology Research Journal 2012; 2(4): 251-263.

19. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic
susceptibility testing by a standardized single disk method.
American journal of clinical pathology. 1966 Apr 1;45(4_ts):493-6.

20. Torres AF, Dantas RT, Menezes RR, Toyama MH, Oliveira MF,
Nogueira NA, Oliveira MR, Monteiro HS, Martins AM. Antimicrobial
activity of an L-amino acid oxidase isolated from Bothrops leucurus
snake venom. Journal of Venomous Animals and Toxins including
Tropical Diseases. 2010;16(4):614-22.

21. Zargan J, Sajad M, Umar S, Naime M, Ali S, Khan HA. Scorpion
(Androctonus crassicauda) venom limits growth of transformed cells
(SH-SY5Y and MCF-7) by cytotoxicity and cell cycle arrest.
Experimental and molecular pathology. 2011 Aug 1;91(1):447-54.

22. Waheed A, Bibi Y, Nisa S, Chaudhary FM, Sahreen S, Zia M.
Inhibition of human breast and colorectal cancer cells by Viburnum
foetens L. extracts in vitro. Asian pacific journal of tropical disease.
2013 Feb;3(1):32.

23. Sajad M, Zargan J, Zargar MA, Sharma J, Umar S, Arora R, Khan
HA. Quercetin prevents protein nitration and glycolytic block of
proliferation in hydrogen peroxide insulted cultured neuronal
precursor cells (NPCs): implications on CNS
Neurotoxicology. 2013 May 1;36:24-33.

regeneration.

24. lvnitski D, Abdel-Hamid I, Atanasov P, Wilkins E. Biosensors for
detection of pathogenic bacteria. Biosensors and Bioelectronics.
1999 Oct 1;14(7):599-624.

25. Jorge RJ, Martins AM, Morais IC, Ximenes RM, Rodrigues FA,
Soares BM, Evangelista JS, Toyama MH, Martins AM, Moraes Filho
MO, MONTEIRO H. In vitro studies on Bothrops venoms cytotoxic
effect on tumor cells. J Exp Ther Oncol. 2011 Sep 1;9(3):249-53.

26. San TM, Vejayan J, Shanmugan K, Ibrahim H. Screening
antimicrobial activity of venoms from snakes commonly found in

429



Malaysia. Journal of Applied Sciences(Faisalabad). 2010 Jan
1;10(19):2328-32.

27. de Lima DC, Alvarez Abreu P, de Freitas CC, Santos DO, Borges
RO, dos Santos TC, Mendes Cabral L, Rodrigues CR, Castro HC. Snake
venom: any clue for antibiotics and CAMP?. Evidence-based
Complementary and Alternative Medicine. 2005;2(1):39-47.

28. Stédbeli RG, Marcussi S, Carlos GB, Pietro RC, Selistre-de-Araujo
HS, Giglio JR, Oliveira EB, Soares AM. Platelet aggregation and
antibacterial effects of an L-amino acid oxidase purified from
Bothrops alternatus snake venom. Bioorganic & medicinal
chemistry. 2004 Jun 1;12(11):2881-6.

29. Jami Al Ahmadi A, Fathi B, Jamshidi A, Zolfagharian H, Zare
Mirakabbadi A. Investigation of the antibacterial effect of venom of
the Iranian snake Echis carinatus. Iranian Journal of Veterinary
Science and Technology. 2011 May 14;2(2):93-9.

30. Bustillo S, Leiva LC, Merino L, Acosta O, Bal de Kier Joffé E,
Gorodner JO. Antimicrobial activity of Bothrops alternatus venom
from the Northeast of Argentine. Rev Latinoam Microbiol.
2008;50(3-4):79-82.

31. Jain D, Kumar S. Snake venom: a potent anticancer agent. Asian
Pac J Cancer Prev. 2012 Jan 1;13(10):4855-60.

32. Bosmans F, Martin-Eauclaire MF, Tytgat J. The depressant
scorpion neurotoxin LqqlT2 selectively modulates the insect
voltage-gated sodium channel. Toxicon. 2005 Mar 15;45(4):501-7.

33. Cancer Control Office, Iranian Ministry of Health. Iranian Annual
Cancer Registration Report. Ministry of Health publication 2005. [In
Persian].

34. Song JK, Jo MR, Park MH, Song HS, An BJ, Song MJ, Han SB, Hong
JT. Cell growth inhibition and induction of apoptosis by snake venom
toxin in ovarian cancer cell via inactivation of nuclear factor kB and
signal transducer and activator of transcription 3. Archives of
pharmacal research. 2012 May 1;35(5):867-76.

35. Yang SH, Chien CM, Lu MC, Lin YH, Hu XW, Lin SR. Up-regulation
of Bax and endonuclease G, and down-modulation of Bcl-X L
involved in cardiotoxin Ill-induced apoptosis in K562 cells.
Experimental & molecular medicine. 2006 Aug;38(4):435.

430



