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Abstract Cytotoxic and antimicrobial effects of

Montivipera xanthina venom against LNCaP, MCF-

7, HT-29, Saos-2, Hep3B, Vero cells and antimicro-

bial activity against selected bacterial and fungal

species: Staphylococcus aureus ATCC 25923, Esch-

erichia coli ATCC 25922, E. coli O157H7, Entero-

coccus faecalis 29212, Enterococcus faecium DSM

13590, Staphylococcus epidermidis ATCC 12228,

S. typhimirium CCM 5445, Proteus vulgaris ATCC

6957 and Candida albicans ATCC 10239 were studied

for evaluating the potential medical benefit of this

snake venom. Cytotoxicity of venom was determined

using MTT assay. Snake venom cytotoxicity was

expressed as the venom dose that killed 50 % of the

cells (IC50). The antimicrobial activity of venom was

studied by minimal inhibitory concentration (MIC)

and disc diffusion assay. MIC was determined using

broth dilution method. The estimated IC50 values of

venom varied from 3.8 to 12.7 or from 1.9 to 7.2 lg/ml

after treatment with crude venom for 24 or 48 h for

LNCaP, MCF-7, HT-29 and Saos-2 cells. There was

no observable cytotoxic effect on Hep3B and Vero

cells. Venom exhibited the most potent activity

against C. albicans (MIC, 7.8 lg/ml and minimal

fungicidal concentration, 62.5 lg/ml) and S. aureus

(MIC, 31.25 lg/ml). This study is the first report

showing the potential of M. xanthina venom as an

alternative therapeutic approach due to its cytotoxic

and antimicrobial effects.
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Introduction

Snake venom is a natural biological resource that

contains several active components with potential

therapeutic value for the treatment of a variety of

pathophysiological conditions, being used in folk

medicine for centuries. (Davis et al. 1974; Francis

and Markland 2001; Jamunaa et al. 2012; Koh et al.

2006; Macht 1940; Swenson et al. 2004; Zhou et al.

1999, 2000). Snake venom consists of several neuro-

toxin, cardiotoxin, cytotoxin, nerve growth factor,

lectins, disintrigrins, haemorrhagins and many other

different enzymes. These proteins not only cause death
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to animals and humans, but can also be used for the

treatment of thrombosis, arthritis, cancer and many

other diseases (Pal et al. 2002). Particularly non-toxic

dose of snake venom has been shown to reduce the

solid tumour size and to block the angiogenesis

(Jamunaa et al. 2012; Koh et al. 2006; Macht 1940;

Swenson et al. 2004; Zhou et al. 1999, 2000).

On the other hand, the majority of microorganisms

have developed several ways to resist antibiotics.

Pathogen microorganisms are becoming a serious

clinical problem throughout the world (Pal et al. 2002;

Ahmadi et al. 2010; Bastos et al. 2009; Mishra et al.

2007). Therefore, the discovery of new effective

antibacterial agents or developing antibacterials with a

new mechanism is continuously necessary. Natural

products are an important source of medicinal com-

pounds. A wide variety of organisms produce such

bioactive compounds and some of these natural

substances have been shown to be able to kill bacteria

(Ahmadi et al. 2010; Bustillo et al. 2008; Samy et al.

2006). In recent years, venoms and venom compo-

nents from different venomous animals have shown

potential antibacterial activity. Therefore, these com-

pounds may interact with specific molecules of some

microorganisms while not affecting other strains. This

includes snake and scorpion venoms (Bustillo et al.

2008; Samy et al. 2006).

The Ottoman Viper, Montivipera xanthina (Gray,

1849), an almost endemic species to Turkey, is known

from the Central, Southern and Western Anatolia as

well as some adjacent islands of Greece with vertical

distribution to 2,000 m (Arikan et al. 2005; Samy et al.

2007; Göçmen et al. 2006).

In continuation to our previous studies with Turkey

endemic species M. xanthina venom, the main purpose

of this work was to investigate cytotoxic and antimi-

crobial effects of Ottoman viper venom on various

cancer cells and on microbial cells to screen its

potential use in medicine as a therapeutic agent.

Materials and methods

Snake venom

All tests were performed with pooled venom from M.

xanthina which is a venomous snake almost endemic

to Turkey. Venom was obtained from Dr. B. Gocmen.

Venom was extracted without applying any pressure

on the venom glands, as described by Tare et al.

(1986). Due to the fact that the venom extracts

contained some dead cells, pooled venom was diluted

in physiologic saline, centrifuged for 5 min at 6009g,

filtered through a 0.22 lm cellulose acetate syringe

filter and stored at -20 �C.

Protein content determination

Protein content was assayed triplicate for each diluted

venom sample in saline, using bovine serum albumin

as a standard by Bradford method (Bradford 1976) at

595 nm (Versamax, Molecular Devices, Sunnyvale,

CA, USA).

Cell culture and in vitro cytotoxicity assay

Human colon adenocarcinoma (HT-29), human breast

adenocarcinoma (MCF-7), human hepatoma (Hep3B),

human osteoblastic osteosarcoma (Saos-2) and Vero

(kidney epithelial cells from an African green mon-

key)—used as a non-cancerous cell line—cells were

purchased from the HUKUK (Animal Cell Culture

Collections) in Foot-and-Mouth Disease Institute

(Ankara) of Ministry of Agriculture & Rural Affairs

of Turkey. The cell lines were maintained in Dul-

becco’s modified Eagle’s medium (DMEM), supple-

mented with 10 % fetal bovine serum (FBS), 2 mM

L-glutamine, 100 U/ml of penicillin and 100 lg/ml of

streptomycin (Biochrom AG, Berlin, Germany).

Human prostate adenocarcinoma (LNCap) cells were

a gift from Dr. Kemal Korkmaz (Ege University,

Faculty of Engineering, Bioengineering Department,

Bornova-Izmir, Turkey), maintained in RPMI 1640

medium supplemented with 10 % heat-inactivated

FBS, 2 mM L-glutamine, 100 U/ml of penicillin and

100 lg/ml of streptomycin (Biochrom AG). The

cultures were incubated at 37 �C in a humidified

atmosphere of 5 % CO2. FBS content was decreased

to 4 % while cells were challenged with different

concentrations of venom.

Cytotoxicity of venom was determined with the

general procedure used for the screening of cytotoxic

agents based on cell viability using a modified MTT

[3-(4, 5- Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tet-

razolium bromide)] assay (Mosmann 1983), which

detects the activity of mitochondrial reductase of

viable cells. The assay is based on cleavage of MTT

that forms formazan crystals. This cleavage appears in
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living cells with succinate-dehydrogenase (a mito-

chondrial enzyme succinate). Adding dimethyl sulf-

oxide to wells helps formazan crystals to be resolved.

The optical density is measured at 570 nm (reference

filter, 690 nm) with U. V. visible spectrophotometer

(VersaMax, Molecular Devices).

All cell lines were cultivated for 24 h in 96 well

microplates with an initial concentration of 8 9 104

cells/ml. Then, the cultured cells were treated with

different venom concentrations and incubated for 24 h

and 48 h at 37 �C. Percentages of surviving cells in

every culture were determined after venom treatment.

The values of the blank wells were subtracted from each

well of treated and control cells, inhibition of growth %

50 (IC50) found by comparing with untreated controls.

The % viability was determined as formulated below by:

Determination of IC50

Cytotoxicity was expressed as mean percentage

increase relative to the unexposed control ± SD.

Control values were set at 0 % cytotoxicity. Cytotox-

icity data (where appropriate) were fitted to a sigmoi-

dal curve and a four parameters logistic model was

used to calculate the IC50, which is the concentration

of material causing 50 % inhibition in comparison to

the untreated controls. The mean IC50 is the concen-

tration of material that reduces cell growth by 50 %

under the experimental conditions and is the average

from at least three independent measurements that

were reproducible and statistically significant. The

IC50 values were reported at ±95 % confidence

intervals (±95 % CI). This analysis was performed

with Graph Pad Prism (San Diego, CA, USA).

Microorganisms

Gram-positive and gram-negative bacteria and yeast

were used for antimicrobial activity studies. The Gram-

negative bacteria used were Escherichia coli ATCC

25922, Escherichia coli 0157H7, Proteus vulgaris

ATCC 6957 and Salmonella thyphimurium CCM 5445.

The Gram positive bacteria used were Bacillus cereus

ATCC 7064, Enterococcus faecalis ATCC 29212,

Enterococcus faecium DSM 13590, Staphylococcus

aureus ATCC 25923, and Staphylococcus epidermidis

ATCC 12228 and Candida albicans ATCC 10239 was

used as yeast. The lyophilized bacteria and yeast were

obtained from Ege University, Faculty of Science,

Department of Basic and Industrial Microbiology.

Antimicrobial assay

Antimicrobial susceptibility testing was performed as

described by Bauer et al. (1966), and NCCLS (2009),

with some modifications. For the agar diffusion assay,

test microorganisms were grown on Mueller–Hinton

agar plates (Merck Darmstadt, Germany), and sus-

pended in 5 ml of sterile MH broth (Merck Darmstadt,

Germany). Turbidity was measured at 600 nm and

adjusted to an absorbance of 0.5, corresponding to

1.5 9 106 colony forming units (cfu)/ml. Microor-

ganisms were spread by using a sterile cotton swab

onto 20 ml of sterile MH agar plates (90-mm diam-

eter). The surface of the medium was allowed to dry

for about 3 min. Sterile paper discs (6-mm diameter)

were then placed onto the MH agar surface and 20 ll

venom sample (1,000 lg/ml) were added per disc. A

blank with sterile saline solution instead of venom

served as negative control. Ampicillin (Sigma Aldrich

St. Louis, MO, USA) and nystatin (NS20) were used

as a positive control or reference, respectively. Diam-

eters of the bacterial growth inhibition zones were

measured. Each assay was performed in triplicate.

Minimum inhibitory concentration (MIC)

by microdilution susceptibility test

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

1.5 9 106 cfu/ml. MICs were determined according to

the National Committee for Clinical Laboratory

% Viable cells ¼ The absorbance of the treated cellsð Þ � the absorbance of the blankð Þ
The absorbance of the controlð Þ � the absorbance of the blankð Þ � 100:
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Standards (2000). Serial dilutions of venom

(0.9–500 lg/ml) were prepared in 96-well microtiter

trays, at a final volume of 80 ll. Then, 20 ll of the

adjusted bacterial inocula (1.5 9 105 cfu/ml) were

added to each well and incubated at 37 �C for 24 h.

Inhibition of microorganisms growth was determined

by visual observation. The MIC was defined as the

lowest concentration of venom required to inhibit

microbial growth. Each dilution series included con-

trol wells, which consisted of 80 ll of it and 80 ll of

Mueller–Hinton broth. Ampicillin and flucytosine

were used as standard drugs for comparison. All

assays were run using 3 replicates. In addition,

minimal bactericidal concentration (MBC) and min-

imal fungicidal concentration (MFC) were defined as

the lowest concentration of venom required to kill the

bacteria and yeast, as determined by subculturing

30 ll from the broth MIC tests to agar media.

Data analysis

Values were presented as mean ± standard error of the

mean (SEM). IC50 calculation and variance analysis

(standard deviation calculation) were performed with

Graph Pad Prism.

Results

The diluted (1:2,000) crude venom protein concentra-

tion was estimated as 8.28 mg/ml for M. xanthina. The

cytotoxic effect and IC50 value of venom on cell lines

were investigated by using different concentrations of

the venom. The MTT assay results showed that venom

inhibits cell proliferation in a dose-dependent manner

and enhances cell proliferation at lower concentrations

(Fig. 1).

The venom IC50 values for cell lines that are

affected by different concentrations of venom are

given in Table 1 for 24 and 48 h. Untreated cancer

cells were equivalently distributed in the culture plates

showing a polygonal shape with distinct boundaries.

The morphological changes were observed throughout

the post-treatment with venom both for 24 and 48 h

exposure. Increasing venom concentrations resulted in

increased number of rounded cells, growth inhibition

and the incidence of various morphological abnormal-

ities with larger areas devoid of cells when compared

with the untreated control cells, (Figs. 2 and 3).

Antimicrobial activity was evaluated by disc

diffusion assay in MH agar for Gram-positive and

Gram-negative bacteria and yeast. M. xanthina venom

Fig. 1 Cytotoxic effect of M. xanthina crude venom on cancer

and normal cells after 24 and 48-h exposure to different venom

concentrations. Cell viability was determined by MTT assay,

control was exposed to vehicle only which was taken as 100 %

viability. Data are expressed as mean ± SD

Table 1 Montivipera xanthina Venom IC50 values for cell

lines following crude venom exposure

Cell lines IC50 (24 h)

lg/ml

IC50 (48 h)

lg/ml

HT-29 12.7 6.3

Saos-2 10 7.2

MCF-7 4.2 4.1

LNCap 3.8 1.9

Hep3B – –

Vero – –

– Not detected
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was able to inhibit the growth of C. Albicans (ATCC

10239) and S. aureus (ATCC 25923) with 10 and

8 mm inhibition zone, respectively, but not that of

other microorganisms. MIC was determined using the

broth dilution method (0.9–500 lg/mL). Venom

exhibited the most potent activity against C. albicans

(MIC 7.8 lg/ml and MFC 62.5 lg/ml) and S. aureus

(MIC 31.25 lg/ml). The positive control (flucytosine

and ampicillin) had a MIC of 7.8 and 3.9 lg/ml,

respectively (Table 2).

Fig. 2 Dose-dependent venom induced morphologic changes

of LNCaP, MCF-7, HT-29 and Saos-2 cells viewed by inverted

microscope. Cells were treated with different concentrations of

crude venom (0–20 lg/ml) for 48 h at 37 �C. a HT-29,

untreated, b HT-29, 10 lg/ml, c HT-29, 20 lg/ml, d Saos2,

untreated, e Saos-2, 10 lg/ml, f Saos-2, 20 lg/ml, g MCF-7,

untreated, h MCF-7,10 lg/ml, i MCF-7, 20 lg/ml, j LNCap,

untreated, k LNCap, 10 lg/ml, l LNCap, 20 lg/ml
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Discussion

Snake venoms contain many biologically active

proteinaceous components such as neurotoxins (pre-

and postsynaptic), cardiotoxins, myotoxins, cytotox-

ins, proteases, nucleases, L-amino acid oxidase and

phospholipase (Davis et al. 1974; Nair et al. 2007;

Chellapandi and Jebakumar 2008; Kaufmann and

Vaux 2003). They can be useful and valuable as

pharmacological tools in drug research, potential drug

design templates and therapeutic agents (Davis et al.

1974; Ahmadi et al. 2010). In this study, cytotoxic and

antimicrobial properties of M. xanthina venom on

various cancer and microbial cells were investigated in

order to evaluate its potential for the development of

therapeutic agents.

Cancer is one of the most important causes of death

worldwide in spite of considerable progress in its

treatment. Today’s conventional cancer therapies such

as radio and chemotherapies, achieve their therapeutic

Fig. 3 Effect of crude venom on Hep3B and Vero cells

observed by inverted microscope. Cells were treated with

different concentrations of crude venom (0–20 lg/ml) for 48 h

at 37 �C. a Vero, untreated, b Vero, 20 lg/ml, c Hep3B,

untreated, d Hep3B, 20 lg/ml

Table 2 M. xanthina venom MIC values for microorganisms following crude venom exposure

Microorganisms MIC (lg/ml) values for venom and antimicrobial agents

Montivipera xanthina crude venom Ampicillin Flucytosine

E. coli ATCC 25922 – 1.9 –

E. coli O157:H7 – 3.9 –

P. vulgaris ATCC 6957 – 3.9 –

S. thyphimurium CCM 5445 – 3.9 –

S. aureus ATCC 25923 31.25 3.9 –

B. cereus ATCC 7064 – 7.8 –

E. faecalis ATCC 29212 – 7.8 –

E. faecium DSM 13590 – 3.9 –

S. epidermidis ATCC 12228 – 1.9 –

C. albicans ATCC 10239 7.8 – 7.8

– Not detected
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effect indirectly by promoting apoptosis through the

intrinsic pathway as they induce cellular DNA dam-

age, however they cannot differentiate between

malignant and normal cell types (Wilson et al. 2009;

Braganca and Hospattankar 1978). Attributable to

difference in biochemical levels such as several

important enzymatic and signal transduction cascade

participate in metabolic pathway, altered gene expres-

sion, programmed cell death and plasma membtane

changes between normal and cancerous cells, treat-

ment strategy have attracted much attention on

specific therapy selection of effective drugs and its

concentration. This helps to destroy tumor cells for

longer period and to avoid deterioration of normal

cells. A substantial progression has been made to treat

cancer patients with cytotoxic drugs irrespective of the

disease progression stages. Snake venom is a natural

source of molecules displaying cytotoxic, anti-tumor

and apoptosis-inducing agents acting on different

cancer cell lines, therefore it is the subject of

molecular studies in the discovery of new therapeutic

drugs (Zhou et al. 2000; Samel et al. 2012; Shebl et al.

2012; Nalbantsoy et al. 2012).

In the present study, cancer cell proliferation after

M. xanthina snake venom treatment was analyzed by

the MTT assay. The venom displayed cytotoxic

activity on LNCaP, MCF-7, HT-29 and Saos-2 cells

after 24 and 48 h treatment, in a time- and dose-

dependent manner. No significant effects were

observed on the proliferation of Hep3B cancer and

normal Vero cells after venom treatment. IC50 values

of venom showed variation depending on the cancer

cell line and duration of treatment. Accordingly,

notable cytotoxicity to MCF-7 and LNCaP cells were

observed, where the venom IC50 values were higher

than in HT-29 and Saos-2 cells; regarding time, venom

IC50 values were lower for 48 h of treatment compared

to 24 h for all affected cells. Consistent with the

previous studies, cytotoxic effects of M. xanthina

venom on cancer cells were concentration and time

dependent (Jamunaa et al. 2012; Koh et al. 2006;

Nalbantsoy et al. 2012; Shebl et al. 2012; Swenson

et al. 2004; Zare et al. 2008; Zhou et al. 2000). On the

other hand, venom did not show any cytotoxicity

against Vero cells even at the highest concentration.

This difference is significant for the selective effect of

venom between cancer cells and normal cells.

Montivipera xanthina venom has shown species-

specific antimicrobial activity. The venom exhibited

most potent activity against Gram positive strains of

S. aureus and a yeast strain of C. albicans, whereas it

did not show any activity against other tested Gram-

positive and Gram-negative bacteria. This selective

antibacterial activity may be due to several factors,

such as differences between species, including charge

density and structure of lipopolysaccharides in the

case of Gram-negative bacteria, or lipid composition

of the cytoplasmic membrane and the electrostatic

potential across membrane in Gram-positive bacteria.

Moreover, peptide transport and efflux mechanisms

may also lead to species-selectivity of such antibac-

terial proteins (San et al. 2010).

In conclusion, further studies should focus on the

purification of the active components of this venom

and to investigate the possible mode of action of

venom-induced cytotoxicity and antimicrobial activ-

ity to obtain a better understanding of their potential

use as cytotoxic and antimicrobial agents. Addition-

ally proteomic studies are required for active peptides/

proteins uses as a prototype for potential development

of new anticancer drugs.
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