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ABSTRACT
Snake venoms are composed of different substances with specific chemical and biological activities. In
this study, the antibacterial activity of the Montivipera Bornmuelleri crude venom was evaluated against human
pathogenic strains of bacteria and against yeast. The effects of different concentrations of the venom and
different referenced antibiotic disks were tested by the disc diffusion method. Our results have clearly shown
an effective antibacterial effect of the crude venom on Staphylococcus aureus and on Salmonella enteritidis. The
MIC was determined at 125µg/ml for S. aureus and at 1000µg/ml for S. enteritidis.
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INTRODUCTION
The increase in bacteria resistance to conventional antibiotics and undesirable side effects are a public
health concern worldwide (14, 26) particularly in developing nations. That’s why scientists are trying to find new
molecules with different action modes.
It is well known that snake venoms are natural physiological products composed of complex mixtures
of different substances of proteins, nucleotides, free lipids, carbohydrates and metallic elements bound to
proteins with specific chemical and biological activities (18, 19, 21, 22, 30). The components of snake venoms
are considered as possible treatment of blood and cardiovascular disorders, thrombosis, multiple sclerosis, pain,
cancer, infection and inflammatory diseases (9; 15; 24; 25). Moreover, an antibacterial activity has been
described by Bustillo in 2008, Al Ahmadi in 2010 and Dhananjaya in 2016.
An antimicrobial activity of the crude venom of the Lebanese endemic viper Montivipera bornmuelleri
found at high altitude above 1800 m (32; 26; 24; 22) on some strains of bacteria has been demonstrated (1). In
addition, antimicrobial-resistant Escherichia coli from raw vegetables was reported in Lebanon (12) and the
surveillance of antimicrobial resistance in Lebanese hospitals showed a prevalence rate of methicillin-resistant
Staphylococcus aureus at 27.6% and a mean of ampicillin susceptibility of Salmonella at 81.3% (7).
The antimicrobial results on Montivipera bornmuelleri venom (22) and the findings concerning the
bacteria resistance to classic antibiotics incited us to explore further the effects of Montivipera bornmuelleri
venom. Thus, the aim of our work was to demonstrate an antimicrobial activity of the crude venom of M.
bornmuelleri against new human pathogenic strains of bacteria and on a yeast using two antibacterial assays:
disc diffusion and micro dilution.
MATERIALS AND METHODS
The venom
The collection of venom was done in a sterile manner during May-June 2015 from M. bornmuelleri
vipers caught at Ouyoun el Siman region and at Makmel Mountain in Lebanon. Venom extraction took place at
the Biology Department in the American University of Beirut (AUB). The vial used for venom extraction was
sterilized under ultraviolet light for at least six hours, and then the venom was freeze-dried and stored at -20 °C
in a dry and light-free place at the laboratory of the Holy Spirit University of Kaslik (USEK).
Bacterial strains
To test the antibacterial effects of the venom, certified freeze-dried microbial cultures were employed:
Gram positive bacteria: Staphylococcus aureus ATCC: BAA-1026, Enterococcus faecalis ATCC 29212, Gram
negative bacteria: Salmonella enteritidis ATCC: 13076, Pseudomonas aeruginosa ATCC 9027, Escherichia coli
ATCC11303 and yeast strain: Candida albicans ATCC 10231, were purchased from Microbiologics.
Chemicals
The antimicrobial agents: Tetracycline 30 µg/disc, Ticarcillin 75 µg/disc, Gentamicin 10 µg/disc, blank
sterile discs (6mm; Ward’s science); were obtained from Mast Diagnostics and used in the antibacterial test as
drug controls and blank.
Mueller Hinton broth (MHB), Mueller Hinton agar (MHA), potato dextrose agar (PDA) and potato
dextrose broth (PDB) were obtained from Scharlau Company, as media to test the bacteria and the candida
strains cited above.
Antibacterial assays
Two anti-bacterial assays were carried out:
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Disc-diffusion method
The initial stocks of lyophilized venom were prepared in MHB at a concentration of 14 mg/ml.
Further dilution were tested as well (8 and 4mg/ml). The susceptibility test and MIC were performed
according to the national committee for clinical laboratory standards (9).
A bacterial suspension from different freeze dried microbial cultures were prepared on MHB according
to the turbidity of 0.5 Mc Farland approximately 108 CFU/ml.
A serial dilution was made, so the final concentration was adjusted to 10 5.
A volume of 0.1 ml of tested bacteria and candida suspension was homogeneously mixed into petri
dishes containing 20 ml of the medium.
Sterile blank paper discs (7mm diameter) were then placed on a Mueller Hinton Agar surface Potato.
Dextrose Agar and 10 µl of different concentrations of crude venom solutions were added per disc in 3
replicates.
Plates were incubated at 370C or 270C (for candida) for 24h and inhibition zones were measured.
Antibiogram disks including: Tetracycline 30 µg/disc, Gentamicin 10 µg/disc were used as positive
control for bacteria strains and Nystatin 10 µg/disc for candida.
The blank disk containing 10µL of MHB as a normal control.
Minimum inhibitory concentration (MIC)
Micro-dilution were carried out to determine the minimum inhibitory concentration according to CLSI
M27-A2 method (NCCLS, 2002):
Micro-dilution assay
This method involves the use of small volumes of broth dispensed in sterile, plastic microdilution trays
that have round or conical bottom wells.
Bacterial strains which showed the highest diameter of inhibition zones were chosen for MIC
determination.
Crude venom of initial concentration of 2 mg/ml was serially diluted in the range: 2000; 1000; 500; 250;
125; 62.5; 31.25; 15.625; 7.812 and 3.906 µg/ml.
Bacterial suspensions were standardized to 0.5 Mc Farland unit, dilutions were adjusted in MHB for
each bacteria and in PDB for Candida albicans, resulting a final concentration approximately 1.106 CFU/ml.
This suspension was inoculated in each well of a microdilution plate already filled with the different
concentrations of the crude venom.
Plates were incubated 24h for 37 °C and C. albicans for 27°C.
The MHB was used as negative control. Value of MIC was determined as the lowest concentration able
to inhibit any visible bacterial or candidal growth.
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Data Analysis
The statistical analyses were accomplished using SPSS 16.0. The SD and the significance (P) were
estimated by using one way-ANOVA from the same program. Results were considered as significant when
P<0.05.
RESULTS
The results of our experiments revealed that the crude venom showed significant antibacterial
activity against the gram positive bacteria, S. aureus and a moderate effect against the gram negative bacteria,
S. enteritidis (Halo 27 and 16 mm respectively) (table 1). Furthermore, our results have clearly shown that the
effects of the 3 different concentrations of the crude venom against all bacteria and the yeast were non dose
dependent.
Table 1. Inhibition zones (mm) of crude venom against different types of bacteria strains and Candida
albicans using the disc diffusion method.
INHIBITION ZONE(MM)
MICROORGANISM

V 4a

V 8b

V 14c

T30d

Ti75e

GM
10f

Nys10g

S. AUREUS

24.66±0.887

25.67±0.88

25±1

14

15

0

ND

E. FAECALIS

0

0

0

0

0

0

ND

S. ENTERITIDIS

13±0.578

14±0.58

14.67±0.88

25

28

24

ND

E. COLI

12.67 ±0.88

12.33 ±0.33

12.67±0.33

24

29

25

ND

P. AEROGINOSA

12.67±0.67

12±0.577

12.33±0.88

7

23

22

ND

C. ALBICANS
0
0
0
ND
ND
ND
22mm
Values of inhibition zone diameter in mm± Standard error. a. Crude venom 4mg/mL b. Crude venom 8mg/ml c.
Crude venom 14mg/ml d. T30: Tetracycline 30 µg/disc e.TI 75: Ticarcilin 75 µg/disc f.GM: Gentamicin 10
µg/disc g.Nys: Nystatin 10 µg/disc.

Results were considered significant when the inhibition zone was greater than 13mm. This was
observed with Tetracyclin and Gentamicin which both presented a diameter between 14-17 and 19-22mm
respectively.
However, all other tested bacteria (E. faecalis, E. coli, P. aeroginosa) and yeast (C. albicans) were less
susceptible to the venom. In fact, our results showed that the order of susceptibility of the strains to the venom
is as follows: S. aureus > S. enteritidis> E. coli>P. aeroginosa> E. faecalis> C. albicans (fig.1).
The antibacterial effect of the crude venom of M. bornmuelleri against bacteria and of candida albicans
was compared to the effect of four standard antibiotics and it has been shown that the crude venom has a
greater effect on S. aureus than all the antibiotics but lower or no effect against all the other used bacteria and
candida (fig.2 and 3).
Since the crude venom from M. bornmuelleri has shown most significant zones against S. aureus and S.
enteritidis, these two strains were selected to evaluate the MIC (table2).
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Table 2. MIC of M. bornmuelleri crude venom for macro and microdilution
Microorganism

MIC µg/ml

S. aureus
S. enteritidis

125
1000

Figure 1: Antibacterial effect of crude venom against different microorganism strains, disc diffusion method

Figure 2: Antibacterial effect of crude venom against different microorganism strains
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Figure 3: Antibacterial effect of M. bornmuelleri venom against different strains in comparison with four
standard antibiotics, tetracycline, gentamicin, ticarcillin and nystatin.
As proved by micro dilution method, the MIC values of the venom were within the range of 125-1000
µg/ml (table 2). The MIC value of this venom was found to be much greater than that of the selected antibiotics.
DISCUSSION
The results of the assayed methods used in our study have shown that S. aureus and S. enteritidis
are sensitive to the three concentrations of the Montivipera bornmuelleri crude venom in comparison with the
standard antibiotics tested: tetracycline, ticarcillin, gentamicin and nystatin. Furthermore, our findings showed
that Montivipera bornmuelleri crude venom has a non-dose-dependent antibacterial activity since the
comparison of the three concentrations of crude venom effects did not show any significant differences
(p>0.05).
We have noticed the differences in individual susceptibilities where the same venom presented a great
antibacterial activity against S. aureus while it failed to kill E. faecalis, although both being gram positive bacteria.
Furthermore, the MIC against S. aureus was found to be the lowest among all other tested bacteria (125µg/ml),
followed by S. enteritidis (1000µg/ml). In fact, these different effects on Gram positive bacteria have been also
observed by Bustillo et al., in 2008, by Samy et al., in 2006 and by Al-Ahmadi et al., in 2010.
In addition, it is important to mention that other bacteria have also shown inhibition zones: E.coli and
P. aeroginosa have presented a halo of 12mm.
This study is a screening test as we are using a crude venom. Regarding the important result obtained,
further studies on the Montivipera bornmuelleri venom will be conducted to isolate the active components
probably responsible of the antimicrobial activity.
Considering the latest research, the antibacterial activity of snake venoms is due to enzymatic
components such as L-amino acid oxidase (LAAO) (7, 10, 26, 28, and 30). Therefore, this enzyme may interact
with different molecules of some bacteria while keeping other strains intact (5). Effectively, the resistance of the
Gram negative bacteria could possibly be attributed to the lipopolysaccharides (LPS) on the outer membrane of
the bacteria which affect the uptake of antimicrobial peptide (16). The antimicrobial mechanism of the snake
venom is complex and could be affected by many factors as outer membrane composition, net charge of the
protein, salinity of the environment (24). These factors could explain the differences of susceptibility among the
different bacterial strains.
ACKNOWLEDGEMENT
The authors would like to thank the National Center of Research of Lebanon (CNRS L), for the financial
and technical support.

March – April

2017

RJPBCS

8(2)

Page No. 142

ISSN: 0975-8585
REFERENCES
[1]

[2]
[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]
[21]

Accary, C., Rima, M., Kouzahya, A., Hleihel, W., Sadek, R., Desfontis, J. C., Hraoui-Bloquet, S. (2014).
Effect of the Montivipera bornmuelleri snake venom on human blood: Coagulation disorders and
hemolytic activities. Open Journal of Hematology, 5, 1. doi:10.13055/ojhmt_5_1_4.140609
Al-Ahmadi, A.J., Fathi, B., Jamshidi, A.. (2010). Investigation of the antibacterial effect of venom of the
Iranian snake Echis carinatus. Ind. J. Veter. Sci. Technol.2:93–100.1
Barbosa, P. S. F., Martins, A. M. C., Havt, A., Toyama, D. O., Evangelista, J. S. A. M., Ferreira, D. P. P.,
Monteiro, H. S. A. (2005). Renal and antibacterial effects induced by myotoxin I and II isolated from
Bothrops jararacussu venom. Toxicon, 46(4), 376–386. doi:10.1016/j.toxicon.2005.04.024
Bustillo L., Leiva, L.C., Merino L., Acosta O., Joffé EBdK., Gorodner O.J. (2008). Antimicrobial activity of
Bothrops alternatus venom from the Northeast of Argentine. Rev Latinoam Microbiol. 50:79–82.3
Calderon, L. A., Sobrinho, J. C., Zaqueo, K. D., de Moura, A. A., Grabner, A. N., Mazzi, M. V., Soares, A.
M. (2014). Antitumoral activity of snake venom proteins: New trends in cancer therapy.BioMed
Research International, 2014, 1–19. doi:10.1155/2014/203639
Chamoun, K., Farah, M., Araj, G., Daoud, Z., Moghnieh, R., Salameh, P., Husni, R. (2016). Surveillance of
antimicrobial resistance in Lebanese hospitals: Retrospective nationwide compiled data. International
Journal of Infectious Diseases, 46, 64–70. doi:10.1016/j.ijid.2016.03.010
Chioato, L., & Ward, R. J. (2003). Mapping structural determinants of biological activities in snake
venom phospholipases A2 by sequence analysis and site directed mutagenesis. Toxicon, 42(8), 869–
883. doi:10.1016/j.toxicon.2003.11.02
Clinical and Laboratory Standards Institute. 2002. Reference method for broth dilution antifungal
susceptibility testing of yeasts; Approved Standard (M27-A2), 2nd edition. Clinical and Laboratory
Standards Institute, Wayne.
Davis, H. L., Ramirez, G., Ellerby, R. A., & Ansfield, F. J. (1974). Five-drug therapy in advanced breast
cancer. Factors influencing toxicity and response. Cancer, 34(2), 239–245. doi:10.1002/10970142(197408)34:2<239::aid-cncr2820340202>3.0.co;2-e
Devine, D., & Hancock, R. (2002). Cationic peptides: Distribution and mechanisms of resistance.Current
Pharmaceutical Design, 8(9), 703–714. doi:10.2174/1381612023395501
Dhananjaya, B. L., Nataraju, A., Rajesh, R., Raghavendra Gowda, C. D., Sharath, B. K., Vishwanath, B. S.,
& D’Souza, C. J. M. (2006). Anticoagulant effect of Naja naja venom 5′nucleotidase: Demonstration
through the use of novel specific inhibitor, vanillic acid. Toxicon, 48(4), 411–421.
doi:10.1016/j.toxicon.2006.06.017
Faour-Klingbeil, D., Kuri, V., Fadlallah, S., & Matar, G. M. (2016). Prevalence of antimicrobial-resistant
Escherichia coli from raw vegetables in Lebanon. The Journal of Infection in Developing Countries,
10(04),. doi:10.3855/jidc.7745
Fry, B. G. (1999). Structure–function properties of venom components from Australian
elapids.Toxicon, 37(1), 11–32. doi:10.1016/s0041-0101(98)00125-1
Ghafur, A. (2013). The Chennai declaration: A solution to the Antimicrobial resistance problem in the
Indian subcontinent. Clinical Infectious Diseases, 56(8), 1190–1190. doi:10.1093/cid/cis1224
Harvey, A., & Robertson, B. (2004). Dendrotoxins: Structure-activity relationships and effects on
potassium
ion
channels. Current
Medicinal
Chemistry, 11(23),
3065–3072.
doi:10.2174/0929867043363820
Heise, P.J., Maxson, L.R., Dowling, H.G. and Hedges S.B. (1995). Higher level snake phylogeny inferred
from mitochondrial DNA sequences of 12S rRNA and 16S rRNA genes, Molecular Biology and Evolution.
12: 259-265.11
Hraoui-Bloquet, S., Sadek, R. A., Sindaco, R., & Venchi, A. (2002). The herpetofauna of Lebanon: New
data on distribution. Zoology in the Middle East, 27(1), 35–46. doi:10.1080/09397140.2002.1063793
Koh, D. C. I., Armugam, A., & Jeyaseelan, K. (2006). Snake venom components and their applications in
biomedicine. Cellular and Molecular Life Sciences, 63(24), 3030–3041. doi:10.1007/s00018-006-63150
Mallow, D., Ludwig, D, Nilson G. (2003). True vipers: natural history and toxicology of old world vipers,
pp. 359. Krieger Publishing Company, Malabar, Florida. 15
Markland, F. S. (1998). Snake venoms and the hemostatic system. Toxicon, 36(12), 1749–1800.
doi:10.1016/s0041-0101(98)00126-3
McDiarmid, R.W., Campbell, J.A., Touré, T. (1999). Snake species of the world: a taxonomic and
geographic reference Vol. 1, pp. 511. The Herpetologists League, Washington, DC.17

March – April

2017

RJPBCS

8(2)

Page No. 143

ISSN: 0975-8585
[22]

[23]

[24]
[25]

[26]

[27]
[28]

[29]

[30]
[31]

Nair, D. G., Fry, B. G., Alewood, P., Kumar, P. P., & Kini, R. M. (2007). Antimicrobial activity of omwaprin,
a new member of the waprin family of snake venom proteins. Biochemical Journal, 402(1), 93–104.
doi:10.1042/bj20060318
Núñez, V., Arce, V., Gutiérrez, J. M., & Lomonte, B. (2004). Structural and functional characterization of
myotoxin I, a Lys49 phospholipase A2 homologue from the venom of the snake Bothrops
atrox.Toxicon, 44(1), 91–101. doi:10.1016/j.toxicon.2004.04.013
Pal, S.K., Gomes, A., Dasgupta, S.C., Gomes, A. (2002). Snake venom as therapeutic agents: from toxin
to drug development. Indian J Exp Biol. 40:1353–1358. 20
Perumal Samy, R., Pachiappan, A., Gopalakrishnakone, P., Thwin, M. M., Hian, Y. E., Chow, V. T., Weng,
J. T. (2006). In vitro antimicrobial activity of natural toxins and animal venoms tested against
Burkholderia pseudomallei. BMC Infectious Diseases, 6(1), . doi:10.1186/1471-2334-6-100
Qaiyumi, S. (2007). Macro- and Microdilution Methods of Antimicrobial Susceptibility Testing, pp. 7579. In Schwalbe R, Steele-Moore L and Goodwin AC (eds.), Antimicrobial Susceptibility Testing
Protocols. CRC Press, Boca Raton, London, New York. 21
Singh, D., Choudhury, R., & Panda, S. (2012). Emergence and dissemination of antibiotic resistance: A
global problem. Indian Journal of Medical Microbiology, 30(4), 384. doi:10.4103/0255-0857.103756
Stiles, B. G., Sexton, F. W., & Weinstein, S. A. (1991). Antibacterial effects of different snake venoms:
Purification and characterization of antibacterial proteins from Pseudechis australis (Australian king
brown or mulga snake) venom. Toxicon, 29(9), 1129–1141. doi:10.1016/0041-0101(91)90210-i
Sudharshan, S., & Dhananjaya, B. L. (2015). Antibacterial potential of a basic phospholipase A2 (VRVPL-VIIIa) from Daboia russelii pulchella (Russell’s viper) venom. Journal of Venomous Animals and
Toxins including Tropical Diseases, 21(1), doi:10.1186/s40409-015-0014-y
Vonk, F. J., Jackson, K., Doley, R., Madaras, F., Mirtschin, P. J., & Vidal, N. (2011). Snake venom: From
fieldwork to the clinic. Bioessays, 33(4), 269–279. doi:10.1002/bies.201000117
Werner, F. (1938). Eine verkannte Vipera (Vipera palaestinae n. sp.). Zoologischer Anzeiger. 122: 313318.24

March – April

2017

RJPBCS

8(2)

Page No. 144

