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Abstract

Background: Envenomation by Macrovipera lebetina (M. lebetina) is characterized by prominent local tissue damage, hemorrhage,
abnormalities in the blood coagulation system, necrosis, and edema. However, the main cause of death after a bite by M. lebetina has
been attributed to acute renal failure (ARF). It is unclear whether the venom components have a direct or indirect action in causing
ARF. To investigate this point, we looked at the in vitro effect of M. lebetina crude venom, using cultured human embryonic kidney
(HEK-293) mono layers as a model.

Methods: The effect of M. lebetina snake venom on HEK-293 growth inhibition was determined by the MTT assay and the neutral
red uptake assay. The integrity of the cell membrane through LDH release was measured with the Cytotoxicity Detection Kit.
Morphological changes in HEK-293 cells were also evaluated using an inverted microscope.

Results: In the MTT assay, crude venom showed a significant cytotoxic effect on HEK-293 cells at 24 hours of exposure and was
confirmed by the neutral red assay. Also, at 24 hours exposure, crude venom caused a non-significant increase in LDH activity of the
culture medium at concentrations above 20 pg/ml. Various morphological abnormalities were observed in cells exposed to the venom
and showed loss of their common polygonal shape, appearing as several roughly rounded cells of variable size. The M. lebetina crude
venom induced detachment of cells from the plate.

Conclusion: Based on the results obtained in this study, it can be concluded that the Iranian snake M. lebetina venom causes a cytotoxic
effect on kidney tissue not by necrotic mechanism but rather by secondary effects, including hypotension, hemolysis, hemoglobinuria,

rhabdomyolysis, myoglobinuria and disseminated intravascular coagulation (DIC), which may lead to ARF.
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INTRODUCTION

More than 5 million people are bitten by venomous snakes
annually and more than 100,000 of them die, mostly in Asia
(1). Among venomous snakes, the most important groups
causing envenomation are Elapidae, Crotalidaeand Viperidae
(1-3). Macrovipera lebetina (M. lebetina) has an extensive
geographical range throughout central Asia and the Middle
East (4). M. lebetina is one of the most venomous snakes on
the Iranian plateau with several enzymes, proteins and
peptides, such as metalloproteases, serine proteases,
phosphodiesterase, phospholipase A2s, L-amino acid oxidase,
disintegrins and C-type lectins having different toxicological
functions which cause local and systemic damage, including
the acute kidney injury (5-9). These various factors may be due
to a number of specific injuries that occur at systemic and
cellular levels (e.g. metalloproteinases, disintegrins).
Mechanisms that have been incriminated in the pathogenesis

of snakebite-related acute renal failure (ARF), include
hypotension, hemolysis and hemoglobinuria, rhabdomyolysis
and myoglobinuria, disseminated intravascular coagulation
(DIC), and the direct effect of the venom. Among all these
mechanisms, the cytotoxic effect of the venom on the kidney
has been considered by some investigators to play a major role
in the pathogenesis of ARF. Some effects are identified in the
cell undergoing renal failure. These cells may undergo
necrosis, apoptosis, and cell division or behave indifferently
under stress. Necrosis and apoptosis are currently the most
studied forms of cell death (10-12). There is scarce knowledge
about cellular renal injury and direct cytotoxic effect induced
by M. lebetina (12, 13). It is still unclear whether ARF is the
result of a direct cytotoxic effect on renal epithelia or the result
of renal ischemia due to systemic hemodynamic disturbances.
This study aims to characterize the in vitro cytotoxic effect of
M. lebetina crude venom on human embryonic kidney 293
cells (HEK-293).
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MATERIALS AND METHODS

Materials

Iranian M. /lebetina was obtained from the Venomous
Animals and Antivenin Production Dep., Razi vaccine and
Serum Research institute, Karaj- Iran. The human embryonic
kidney 293 (HEK-293) was obtained from the Cell Bank
(Razi Vaccine and Serum Research Institute, Karaj, Iran). 3-
(4, 5-dimethylthiaol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) and neutral red dye (NR) were obtained from Sigma
(St Louis, MO, USA). Cytotoxicity Detection Kit of lactate
dehydrogenase enzyme (LDH) was purchased from Pars
Azmoon (Tehran, Iran). DMEM-F12 medium, penicillin/
streptomycin solutions, fetal bovine serum (FBS), and
Trypsin-EDTA were obtained from Invitrogen (Carlsbad,
CA, USA).

Venom preparation

1. Stock solution: Lyophilized venom was dissolved in
sterile normal saline solution and the final concentration was
adjusted to 1 mg/ml and preserved at -50 C° until use.

2. Working solution: The dissolved stock solution of snake
venom was diluted by media culture (DMEM) to reach the
concentrations 1, 5, 10, 20, 40 and 80 pg/ml.

Cell culture

HEK-293 cells were cultured in DMEM medium with the
addition of FBS (10%, v/v), streptomycin (100 pg/ml) and
penicillin (100 U/ml). The cells (2 x 10%) were seeded, in
triplicate, in 96-well plates and incubated at 37°C in 5% CO,
atmosphere.

MTT assay

HEK-293 cells were cultured in DMEM-F12 medium in
the presence of FBS 10% plus penicillin-streptomycin 1%
and incubated in CO; 5% at 37 °C. The cytotoxicity of M.
lebetina crude venom was evaluated using the MTT assay
(14). HEK-293 cells were seeded in a 96-well plate at 20,000
cells/ well and incubated for 3 and 24 hours to adhere. After
discarding the old medium, the cells were incubated in the
medium containing various concentrations (1, 5, 10, 20, 40,
80 pg/ml) of crude venom. After 3 and 24 hours of incubation,
20 uL MTT (5 mg/ml) was added to each well and cells were
incubated for another 3 hours. Finally, the culture medium
containing MTT solution was removed and formazan crystals
were dissolved in 100 pL of dimethyl sulfoxide solvent
(DMSO) and the plate underwent gentle shaking for 10 min.
absorbance of each well was read at 570 nm using an ELISA
plate reader. A blank well, which contained only culture
medium, was used for background correction.

Neutral red uptake assay

The M. lebetina crude venom cytotoxicity was determined
using neutral red (NR) assay (15). Briefly, cells were seeded
into a 96-well plate at 20,000 cells/well. After 3 and 24 hours,
cells were treated to 1, 5, 10, 20, 40, 80 pg/ml crude M.
lebetina venom concentrations for 24 hours. Then, the wells
medium were replaced with a new one containing NR (40
pg/ml). After 3 hours of incubation, neutral red medium
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was removed and the cells were washed with PBS for the
remaining dye. Finally, neutral red destain solution (50%
from ethanol 96%, deionized water 49% and glacial acetic
acid 1%) was added to each well and the plate underwent
gentle shaking for 20 min. Optical density (OD) of neutral red
extract was read with a Synergy HT Microplate Reader (Bio-
Tek Instruments, Winooki, VT) at 540 nm.

LDH release assay

Cytotoxicity induced by M. /ebetina crude venom was also
assessed by LDH release into the culture medium. The HEK-
293 cells were treated at 1, 5, 10, 20, 40, 80 pg/ml
concentrations of crude venom for 3 and 24 hours. After
incubation, the cells media were transferred into
corresponding wells, which were optically clear with a 96-
well flat bottom plate. The released LDH in the media was
measured with the Cytotoxicity Detection Kit (Pars Azmoon,
Tehran, Iran).

Morphological studies

Following overnight incubation of the cells with venom,
various morphological alterations and cell damages were
qualitatively investigated using an inverted microscope
(Nikon) and photos were taken with a digital camera.

Statistical analysis

Values are expressed as means = SD of four repeats in each
group. Data were analyzed using student’s t-test with
statistical significance of p<0.05. All statistical analyses were
performed using SigmaPlot 12 software.

RESULTS
Morphological studies
The HEK-293 cells cultured in medium showed

homogeneous distribution in the culture field exhibiting a
polygonal shape with distinct boundaries. However, the
occurrence of various morphological abnormalities was
observed in cells exposed to various concentrations of venom
and showed loss of their common polygonal shape, appearing
as numerous roughly rounded cells of variable size.
Moreover, the M. lebetina crude venom induced detachment
of the cells from the plate. Areas devoid of cells were also
recorded (Figurel).

MTT Assay

The cytotoxic effects of various concentrations of crude
venom on cultured HEK-293 cells exposed for 3 and 24 hours
were measured by the MTT assay. The results showed
concentration-dependent reductions in the number of viable
HEK-293 cells in response to treatment with M. lebetina
venom. As shown in Figure 2, the decreased cell viability at
various concentrations (1, 5, 10, 20, 40 and 80 pg/ml) for 3
hours exposure to the venom were 97%, 93.66%, 98.33%,
93.66%, 91.33% and 87.33%, respectively; these were not
statistically significant. However, changes in viability after
24 hours exposure of the cells to the above mentioned
concentrations of venom were 94%, 80.33%, 72.33%,
69.33%, 60.33% and 50.33%, respectively. The changes to
the cells, viability were significant (p<0.05), (p<0.01),
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Figure 1. Effect of M. lebetina crude venom on morphology of
HEK-293 cells. Cells were seeded in DMEM medium with 10%
FBS and treated in the absence (control group) or presence of crude
venom at different concentration (1-80 pg/ml) for 24 h at 37 °C.
Inverted microscope was used to compare with control cells in this
study.

(p<0.001), in all concentrations of venom. Therefore, the
venom of M. Jebetina induced a time and concentration-
dependent inhibition of HEK-293. The ICso of the venom
following 24 hours of incubation was found to be 69.06

pg/ml.
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Neutral red uptake assay

As shown in Figure 3, the increase in cell viability exposed
to different concentrations (1, 5, 10, 20, 40 and 80 pg/ml) for
3 hours were 97.33%, 95%, 94.33%, 93%, 89% and 89%,
respectively. None of the changes in the viability of cells
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Figure 2. Cytotoxic effects of M. lebetina crude venom on HEK-
293 cells. Cell viability of HEK-293 cells treatment with different
concentrations of M. lebetina (1, 5, 10, 20, 40&80 pg/ml) venom at
3 and 24 h, as measured by MTT assay. The control value (without
venom) was set as 100%, Data are means £SD from three
independent determinations, in triplicate.*p<0.05, **p<0.0land
**%p<0.001 were considered statistically significant, compared
with controls.

were found to be statistically significant. However, exposure
of cells for 24 hours to various concentrations of venom
caused significant reduced viability of cells. The ICsy of the
venom following 24 hours incubation was 67.18 pg/ml.

LDH release assay

Figure 4 shows the results of cytosolic LDH release of
HEK-293 cells when exposed to M. lebetina venom for 3 and
24 hours. Although there was an increase in LDH activity of
culture medium, none of changes were statistically
significant.

DISCUSSION

Macrovipera lebetina, a venomous snake in Iran, has
several enzymes, proteins and peptides that cause local and
systemic damage. The venom can target the hemostatic
system; prevent blood coagulation/platelet aggregation
degrading fibrinogen; disrupt the extracellular matrix of the
vascular subendothelium; increase the permeability of blood
capillaries and promote hypotension; exert hemolytic and
myotoxic effects; and lead to acute kidney injury (16, 17). In
the present study, we evaluated the in vitro cytotoxicity of M.
lebetina crude venom by exposing HEK-293 cells to various
concentrations of crude venom for 3 and 24 hours. In our
study, the crude venom induced detachment of cells from the
plate. This could be due to metalloproteinases and disintegrin
(18, 19). Our data demonstrated cytotoxic effects of the
venom on HEK-293 cells only at 24 hours exposure, showing
that the effect of the venom is time dependent. At 24 hours
exposure the results also revealed that the effect is dose
dependent. The cytotoxic effects of M lebetina venom on
cancer cells have been previously reported. Samel et al.
studied the effect of the venom on the human prostate cancer
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Figure 3. Cytotoxic effects of M. lebetina crude venom on HEK-
293 cells. Cell viability of HEK-293 cells treatment with different
concentrations of M. lebetina (1, 5, 10, 20, 40&80 png/ml) venom at
3and 24 h, as measured by neutral red uptake assay. The control
value (without venom) was set as 100%, Data are means +SD from
three  independent determinations, in triplicate.*p<0.05,
*p<0.0land *"p<0.001were considered statistically significant,
compared with controls.
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Figure 4. Cytotoxic effects of M. lebetina crude venom on HEK-
293 cells by using LDH release. Activity of cytosolic enzyme
Lactate Dehydrogenase (LDH) after treatment of HEK-293 cells in
the presence and in the absence (control), treatment with different
concentrations of M. lebetina (1, 5, 10, 20, 40 & 80 pg/ml) venom
at 3 and 24 hrs. The cells were cultured in DMEM medium
supplemented with 10% FBS for 3 and 24 h at 37°C. Data are mean
+ SD from three independent determinations in triplicate.

(PC-3) cell-line and found that it can inhibit cell proliferation
in a concentration and time-dependent manner (6). M
lebetina crude venom cytotoxicity has also been investigated
in other cell lines such as mouse fibroblastic (1.929) cells,
human lung adenocarcinoma (A549) cells, human cervix
adenocarcinoma  (HeLa) cells, human colorectal
adenocarcinoma (CaCo- 2) cells, human glioblastoma—
astrocytoma (U-87MGQG) cells, human breast adenocarcinoma
(MCF-7) cells, human umbilical vein endothelial cells



(HUVECS) and kidney epithelial (Vero) cells (3, 20, 21).
Some studies have recently reported the effect of Viperidae
snake venom on the kidney and have shown that its cytotoxic
effect plays a major role in ARF pathogenesis (13, 22, 23).
In order to characterize the mechanism of crude M. /ebetina
venom cytotoxicity, we studied lactate dehydrogenase
(LDH) activity in HEK-293 cells. LDH is a cytoplasmic
enzyme retained by viable cells with intact plasma
membranes, but it is released from necrotic cells with
damaged membranes (8, 24). Our results showed an increase
in LDH activity in cultured media when HEK-293 cells were
exposed to venom at concentrations greater than 20 pg for 24
hours of exposure, which was not statistically significant
when compared with the control group (Figure 4). This
indicated that the cytotoxic effect of the venom is not
necrotic but rather apoptotic in nature. However, it was
determined that the 1Cso of M. lebetina crude venom on
HEK-293 cells, using MTT assay and neutral red uptake
assay for 24 hours, was about 69.06 ng/ml and 67.18 pg/ml,
respectively. It is generally accepted that apoptosis is a time-
consuming process. Induction of apoptosis may be one of the
mechanisms responsible for the cytotoxic effect of M
lebetina venom observed in the present study (3, 18, 25-29).
Some reports indicate that M. lebetina venom causes local
hemorrhage and necrosis, and may lead to permanent limb
loss (7). It is also reported that principal causes of mortality
after snakebites are ARF and hemorrhage (7). Various
mechanisms have been incriminated in the pathogenesis of
snakebite-related ARF, including hemorrhage, hypotension,
hemolysis and hemoglobinuria, rhabdomyolysis and
myoglobinuria, DIC, and the direct effect of the venom (13,
23, 30-32). Although hypotension, hemolysis, and DIC are
likely to be important pathogenic factors, a direct cytotoxic
effect on the kidney in producing ARF cannot be excluded
(13, 23, 32, 33). The cytotoxic effect on the kidney is
considered by some investigators to play a major role in the
pathogenesis of ARF (13, 31). Raab and Kaiser observed a
significant increase in the urinary alkaline phosphatase and
aminopeptidase activities in rats following administration of
Agkistrodon piscivorous venom and attributed these elevated
urinary enzymes to the effect of venom on the tubular
epithelial cells (34).

CONCLUSION

Based on the results obtained in this study, it can be
concluded that the Iranian snake M. /ebetina venom causes a
cytotoxic effect on kidney tissue not by necrotic mechanism
but rather by secondary effects, including hypotension,
hemolysis, hemoglobinuria, rhabdomyolysis, myoglobinuria
and disseminated intravascular coagulation (DIC), which
may lead to ARF.
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