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ABSTRACT
ACLMT is a Lys49-phospholipase A2 myotoxin
isolated from the venom of the Agkistrodon
contortrix laticinctus snake. This study investigated the mechanisms involved in effect of
ACLMT on membrane water permeability by
examining the role of extracellular calcium and
strontium in this effect. Water flow across the
membrane was gravimetrically measured in
bladder sac preparations. The decrease in extracellular calcium promoted a higher response
of epithelium to ACLMT, suggesting that the
extracellular calcium protects the membrane
from the action of the toxin. No alteration in the
effect of the toxin on water transport was observed when calcium was replaced by strontium,
indicating that this effect is independent of its
enzymatic activity. These findings may bring an
important contribution towards the comprehension of the mechanisms involved in the effect of
Lys49-phospholipase A2 myotoxins on water
permeability of epithelial membranes, with implications for the understanding of renal toxicity.
Keywords: Epithelial Tissue; Membrane
Permeability; Myotoxin; Lys49-Phospholipase A2;
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1. INTRODUCTION
Skeletal muscle necrosis is a common complication
caused by the bite of different species of venomous
snakes. Local myonecrosis may induce permanent tissue
loss, physical disability and limb amputation; while
widespread systemic myotoxicity may lead to myoglobinuria and acute renal failure, which is a frequent cause
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of death in snakebite victims [1]. Some mechanisms
have been suggested to explain renal damage caused by
snake venoms, including a direct nephrotoxic effect,
disseminated intravascular coagulation, and release of
vasoactive substances [2-3]. Despite such findings, the
mechanisms involved in the pathogenesis of renal alterations induced by snake venoms remain unclear.
Phospholipases A2 (PLA2s) are enzymes that catalyze
the hydrolysis of the phospholipid sn-2 ester bond, liberating fatty acids and lysophospholipids. Venoms from
snakes of the family Viperidae contain group IIA PLA2s.
This group of PLA2 is subdivided into two types:
Asp49-PLA2s, which have an aspartic acid residue at
position 49 and show high catalytic activity; and Lys49PLA2s, which have a lysine residue at position 49 and
show low or no catalytic activity [1]. In spite of their low
enzymatic activity, Lys49-PLA2s perform several pharmacological activities, such as nephrotoxicity, myotoxicity, neurotoxicity, cytotoxicity, among others [1-3].
A hypothetical mechanism of action has been proposed for Lys49-PLA2s. The toxin would bind to an
unidentified site on the cell plasma membrane, penetrating the bilayer through hydrophobic interactions. This
event would destabilize the membrane, leading to impaired permeability of ions and macromolecules. The
most important consequence of the membrane disturbance would be the prominent increase in cytosolic calcium. This increase would, in turn, be responsible for the
onset of a variety of destructive alterations that would
ultimately account for cellular damage, such as cytoskeletal and mitochondrial damage, and activation of
calcium-dependent proteases and endogenous phospholipases [4]. The increase in cytosolic calcium induced by
Lys49-PLA2s in muscle cells has a biphasic pattern, with
an initial rapid mobilization of calcium from intracellular stores, followed by a massive calcium influx from the
extracellular medium [5]. This initial increase in cytosoOpenly accessible at http://www.scirp.org/journal/JBPC/
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lic calcium implies the involvement of a signaling event,
therefore suggesting the participation of a membrane
acceptor in the mechanism of toxicity of Lys49-PLA2s
[6]. Despite the effort of researchers, the action mechanism of Lys49-PLA2s has not been conclusively determined.
ACLMT is a Lys49-PLA2 myotoxin isolated from the
venom of the snake Agkistrodon contortrix laticinctus
[7]. Leite et al. [8] demonstrated that ACLMT increases
water transport and decreases AVP-stimulated water
transport across toad bladder epithelium. The effect of
this toxin on water transport is partially mediated by the
increased cytosolic calcium, and this increase is a result
of the mobilization of calcium from internal stores, as
well as of calcium influx across plasma membrane. On
the other hand, the effect of ACLMT on AVP-stimulated
water transport is mediated by both the increase in cytosolic calcium and the stimulation of prostaglandins synthesis. In an attempt to further understand the mechanism by which Lys49-PLA2s affect water permeability
of epithelial membranes, the present study aimed to investigate the role of extracellular calcium in the effect of
ACLMT on water transport.

2. MATERIAL AND METHODS
The water flow across the bladder epithelium was
measured by the gravimetric technique described by
Leite et al. [8]. All experiments were performed in
bladder sacs isolated from Bufo marinus toads, which
were kept in an animal room with plenty of food and
water, at room temperature, in accordance with the
Guide for Care and Use of Laboratory Animals. The
bladders were quickly excised from the abdominal cavity of the animals and incubated in phosphate Ringer’s
solution (110 mM NaCl, 3.5 mM KCl, 2.0 mM
Na2HPO4, 1.8 mM CaCl2, 0.5 mM MgCl2 and 10 mM
glucose), with total osmolality of 250 mOsm/l, and pH
7.4 at 23˚C. The bladders were separated in two different
lobes (one serving as control and the other as experimental). They were mounted so that the mucosal surface
was inside and the serosal one was outside. The bladder
sacs were filled with 3 ml of diluted phosphate Ringer's
solution (50 mOsm/l) and immersed in a bathing with 40
ml of phosphate Ringer’s solution (250 mOsm/l). The
bathing solution was fully aerated with compressed air
and continuously stirred. After a 60 min equilibration
period, the water flow was gravimetrically measured by
weighing the bladder sacs before and after a 30 min period of incubation in the presence of the ACLMT. The
difference in weight of the bladder sacs represented the
amount of water that was transported. The variation in
weight (mg) was expressed as variations of volume (l)
and presented in terms of mean ± standard error. StuCopyright © 2011 SciRes.
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dent’s t-test for paired and unpaired samples was used to
verify the level of significance (p). Three experiments
were conducted, each one using bathing solution at a
particular concentration of calcium, namely 1.8 mM, 0.9
mM and 0.45 mM. These concen- trations are greater
than the minimum needed for tissue integrity [9]. To
investigate whether the effect of ACLMT on water
transport is dependent on its enzymatic activity, calcium
was quantitatively replaced with strontium. This manipulation has been used as a means to investigate the
effect of enzymatic activity on toxicity of Lys49-PLA2s
[10].

3. RESULTS AND DISCUSSION
Table 1 shows that the effect of ACLMT significantly
increased in the presence of decreased extracellular calcium. At 1.8 mM calcium, ACLMT increased basal water flow by 50% in relation to control bladder sacs.
When calcium was reduced to 0.90 mM and 0.45 mM,
the toxin increased water transport by 66% and 58%,
respectively. Significant differences were observed when
comparing concentration of 1.8 mM Ca2+ with both 0.9
mM Ca2+ and 0.45 mM (p < 0.01; unpaired t test).
However, the comparison between 0.9 mM Ca2+ and
0.45 mM Ca2+ (unpaired t-test) showed that difference
was not statistically significant. Thus, the decrease in
extracellular calcium seems to promote a higher response of the epithelium to ACLMT, suggesting that
extracellular calcium may protect the membrane from
the action of the toxin. These results are in agreement
with Villalobos et al. [11] and Heluany et al. [12]. The
former demonstrated that, in skeletal muscle cell culture,
the decrease in extracellular calcium increases the cytotoxicity of Lys49-PLA2 of the snake Bothrops asper; the
latter showed that, in skeletal muscles, the increased
extracellular calcium antagonizes contractures, twitch
depression and membrane despolarization induced by
Lys49-PLA2 of the snake Bothrops jararacussu. Indeed,
calcium plays a stabilizing role in plasma membrane in a
number of cell types, thus protecting the membrane from
the action of a variety of cytolytic agents [13]. Table 2
shows that the substitution of calcium for strontium did
not alter the effect of ACLMT on water transport, suggesting that the intracellular pool of calcium has a
prominent role in this effect, as well as that the extracellular calcium is not required for the initial response of
the epithelium to the toxin. Moreover, the effect of
ACLMT is shown to be independent of the enzymatic
activity (Table 2). These findings are in accordance with
Rodrigues-Simioni et al. [14], who demonstrated that the
replacement of calcium by strontium decreased the enzymatic activity of Lys49-PLA2 of the snake Bothrops
jararacussu, but had no effect on its pharmacological
Openly accessible at http://www.scirp.org/journal/JBPC/
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Table 1. The effect of decreasing the concentration of extracellular calcium on water flow induced by
ACLMT.
n

ACLMT [nM]

Ca2+ extracellular
[mM]

Control

Experimental

p

Increase %

Water flow (μl/min)
7

20

1.8

1.68 ± 0.61

3.37 ± 0.71*

<0.01

50%

7

20

0.90

1.44 ± 0.54

4.19 ± 0.89*

<0.01

66%

7

20

0.45

1.68 ± 0.58

4.04 ± 0.96*

<0.01

58%

Paired bladder sacs were incubated in Ringer’s solution. Measurements obtained 30 min after the addition of ACLMT;
Results are shown as mean ± SEM; *p < 0.01 significant in relation to control bladder sacs; n = number of experiments.

Table 2. The effect of replacing calcium with strontium on water flow induced by ACLMT.
n

ACLMT [nM]

Ca2+ extracellular
[mM]

Control

Experimental

p

Increase %

Water flow (μl/min)
7

10

1.8

1.74 ± 0.54

3.96 ± 0.89*

<0.01

56%

7

20

1.8

1.40 ± 0.38

3.80 ± 0.68*

<0.01

63%

Paired bladder sacs were incubated in Ringer’s solution. Measurements obtained 30 min after the addition of ACLMT;
Results are shown as mean ± SEM; *p < 0.01 significant in relation to control bladder sacs; n = number of experiments.

activities. Interestingly, Barbosa et al. [15] demonstrated
that the myotoxins isolated from Bothrops jararacussu
venom, BthTx-I (Lys49-PLA2) and BthTx-II (Asp49PLA2), promote changes in renal physiology, such as
increases in perfused pression (PP), resistence vascular
renal (RVR), urinary flow (UF) and rate filtration
glomerular (GFR), as well as decreases in sodium, potassium and chloride tubular transports [15]. Indomethacin inhibited renal effects induced by BthTx-I and partially reduced the effects induced by BthTx-II, pointing
to the participation of the eicosanoids in renal damage
caused by these myotoxins. Barbosa et al. [3] also
showed that BmTx-I, a Lys49-PLA2 myotoxin of the
snake Bothrops moojeni, promotes renal alterations
similar to those promoted by BthTx-I. Tezosentan inhibited renal alterations induced by BmTx-I in UF, GFR
and sodium, potassium and chloride tubular transports,
suggesting a role for endotelin in renal pathophysiologic
changes induced by this toxin [3]. These findings are
particularly relevant to the present study, since toad
bladder is a structure whose transport characteristics and
response to hormones and drugs resemble those from the
mammalian distal nephron [16-17]. Thus, it is possible
to suggest that, in addition to the previously well-described effects of Lys49-PLA2s myotoxins on renal
hemodynamics [3-15], the direct epithelial actions of
these myotoxins may also contribute to their diuretic
effect. However, research focusing on the effect of Lys49PLA2s myotoxins on water transport across membranes
of mammalian renal epithelial cells would be necessary
Copyright © 2011 SciRes.

to confirm this hypothesis.
The findings of this study may contribute to shed light
on the mechanisms involved in the effect of Lys49PLA2s myotoxins on water transport across epithelial
membranes, with implications for the understanding of
renal toxicity. Further studies in amphibian epithelium
would improve the understanding of the mechanisms
involved in the pathogenesis of renal alterations induced
by this family of toxins.
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