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Abstract: A myotoxin phospholipase A, homologue, BmooMtx, was isolated from the venom of Bothrops
moojeni by a combination of ion-exchange chromatography on DEAE-Sephacel column and gel filtration
on Sephadex G-75. SDS-PAGE showed the enzyme to be a monomer with a molecular weight of 16,500.
BmooMtx induced release of creatine kinase and morphological analyses indicated that it provoked an
intense myonecrosis, with visible leukocyte infiltrate and damaged muscle cells 24 hours after injection.
Anti-BmooMTx antibodies partially neutralized the myotoxic activity of BmooMtx and crude B. moojeni
venom, as judged by determination of plasma creatine kinase levels and histological evaluation of skeletal
muscle in mice. Anti-BmooMTx antibodies were effective in reducing the plasma creatine kinase levels of
crude B. alternatus and B. leucurus venoms, evidencing immunological cross-reactivity between BmooMTx
and other bothropic venoms. Intraplantar (i.pl.) injection of BmooMtx (1 to 15 pg/animal) caused a dose-
and time-dependent hyperalgesia and edematogenic responses. Dexamethasone (0.4 mg/kg), meloxicam
(2 mg/kg) and promethazine (5 mg/kg) markedly reduced the hyperalgesia. Our data suggest that these
drugs may likely serve as complementary therapies in cases of accidents with Bothrops moojeni, provided
that such pharmacological treatments are administered immediately after the incident.
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INTRODUCTION

Snakebite  envenomations  constitute a
significant public health problem in Latin
America (1-5). In Brazil, the genus Bothrops is
responsible for the majority of envenomation
cases (6). In a central region of Brazil (Triangulo
Mineiro region, Minas Gerais state and in a
restricted adjacent area in Goias state), snakes of
the Bothrops, Crotalus and Micrurus genera were
responsible for 74, 24 and 2% of the accidents,
respectively (7).

Bothrops moojeni is a snake commonly known
in Brazil as “caicaca’, “jararacao” or “jararaca”
and is found in warm and dry regions from
central Brazil to the southern state of Parana

(8). B. moojeni venom contains a variety of
enzymes including acidic phospholipase A , basic
phospholipase A, metalloproteinases, serine
proteinases, l-amino acid oxidase and myotoxin
phospholipase A, which can contribute to the
biological actions (edema, hemorrhage, necrosis,
and anticoagulant and platelet-aggregating
activities) of this venom (9-21).

Myotoxins are particularly abundant in snake
venom and can promote myoglobinuria as well
as acute renal failure (22, 23). They are classified
into three groups: small myotoxins, cardiotoxins,
and phospholipase A, (PLA)) myotoxins (24).
The phospholipase A, group can be subdivided
into neurotoxic and non-neurotoxic PLA, (25).
The latter group can be classified into aspartic
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acid 49 PLA, myotoxins (Asp49), which have the
ability to catalyze the hydrolysis of phospholipids,
and lysine 49 PLA, myotoxins (Lys49), which lack
this activity (26). In this report, we describe the
isolation and pharmacological characterization of
BmooMtx, a Lys49 phospholipase A, homologue
purified from Bothrops moojeni venom.

MATERIALS AND METHODS

Materials

The venom pool from adult B. moojeni
snakes from Uberlandia, Minas Gerais state was
a contribution of Pentapharm do Brasil Ltda.
It was dried in a vacuum desiccator at room
temperature immediately after milking and then
stored at -20°C. Experimental animals - male
Swiss mice (18 to 22 g), Wistar rats (180 to 200
g) and rabbits (2.0 to 2.5 kg) - were obtained
from the Federal University of Uberlandia,
Uberlandia, Brazil. Animals were maintained
under controlled light cycle (12/12 hours) and
temperature (22 + 2°C) with free access to food
and water for two days prior to experiments. All
experimental procedures followed the ethical
parameters proposed by the International Society
of Toxinology and by the Brazilian Society of
Science in Laboratory Animals.

Acrylamide, ammonium persulfate,
bromophenol blue, dexamethasone,
indomethacin, meloxicam, B-mercaptoethanol,
N,N’-methylene-bis-acrylamide, promethazine,
sodium dodecyl sulphate (SDS) and N,N,N’,N’-
tetramethylethylenediame  (TEMED)  were
purchased from Sigma Chemical Co. (USA).
Glycine, Tris, molecular weight markers (LMW:
low molecular weight) for electrophoresis and all
chromatographic media were from Amersham
Pharmacia Biotech (Sweden). All other reagents
used were of analytical grade.

Isolation of BmooMtx

The crude venom from Bothrops moojeni
(200 mg) was clarified by centrifugation at
10,000 x g for ten minutes. The supernatant
solution was separated by chromatography
on a DEAE-Sephacel column (1.7 x 15 cm),
initially equilibrated with 50 mM ammonium
bicarbonate, pH 7.8 and eluted with a
concentration gradient (50 mM to 0.3 M) of
the same buffer. Fractions of 3.0 mL/tube were
collected, their absorbances at A = 280 nm were

read, and fractions corresponding to peak El
were pooled, lyophilized, dissolved in 50 Mm
ammonium bicarbonate, pH 7.8. The pooled
fractions were applied to a 1 x 100 cm Sephadex
G-75 column, equilibrated with the same buffer.
The flow rate was 20 mL/hour and fractions of
3.0 mL were collected.

Estimation of Protein Concentration

Protein concentration was determined by the
method of Itzhaki and Gill (27), using bovine
serum albumin as standard.

Electrophoretic Analysis

Electrophoresis using polyacrylamide gels
(SDS-PAGE) was performed as described by
Laemmli (28) using 14% gels. It was carried
out at 20 mA/gel in Tris-glycine buffer, pH 8.3,
containing 0.01% SDS. The molecular weight
standard proteins used were phosphorylase
b (97,000), bovine serum albumin (66,000),
ovoalbumin (45,000), carbonic anhydrase
(30,000), soybean trypsin inhibitor (20,100)
and a-lactalbumin (14,400). The slab gels were
stained with Coomassie Blue R-250, 0.2% (w/v)
in acetic acid:methanol:water (1:5:5, v/v). The
relative molecular mass of the purified enzyme
was estimated by Kodak 1D image analysis
software (USA).

Production and Purification of Polyclonal
Antibodies

Production and purification of polyclonal
antibodies was performed as described by
Rodrigues et al. (29). BmooMtx (0.6 to 1.2 mg)
was emulsified with complete Freund’s adjuvant
and subcutaneously injected in male rabbits (2
to 2.5 kg). After 15 days, a booster dose with
the same amount of protein, but emulsified with
incomplete Freund’s adjuvant, was injected.
Rabbits were bled and polyclonal antibodies
were obtained by affinity chromatography in
Protein A Sepharose. Fractions containing IgG
were then dialyzed against 0.05 M ammonium
bicarbonate, pH 8.0, lyophilized and stored at
-20°C.

Phospholipase A, Activity

Phospholipase A, activity of BmooMtx was
performed as described by Dole (30). Briefly,
crude egg yolk phospholipids (diluted 1:5 in 0.1
M Tris-HCl, 0.01 M CaCl2, pH 8.5) were used as
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substrate in the presence of 1% Triton X-100. The
BmooMitx (5, 25 and 50 pg) was added to 10 mL
of substrate, incubated at 37°C for 15 minutes,
and then the free fatty acids were extracted and
titrated with 0.018 M NaOH. Crude venom (10
ng) was utilized as a positive control.

Myotoxic Activity

Myotoxic activity was performed as described
by Angulo et al. (31), with slight modifications.
Briefly, BmooMtx or crude venom (20 pg),
dissolved in 50 pL of 0.12 M NaCl, 0.04 M
phosphate buffered saline (PBS), pH 7.2, was
injected into groups of mice (18 to 22 g, n
= 5), in their right gastrocnemius muscle. A
control group received 50 pL of PBS. After 1,
2 or 3 hours, the animals were sacrificed by
an overdose of ketamine/xylazine and blood
samples were collected from cardiac puncture,
and the plasma creatine kinase (CK; E.C.
2.7.3.2) activity was determined by a multi-
channel analyzer apparatus Chem Well P2910
(Awareness Technology, USA). Activity was
expressed as U/mL, with one unit corresponding
to the phosphorylation of 1 nmoL of creatine
per minute at 25°C.

Histological Examination of Myonecrosis

Myonecrotic activity was assayed on the
basis of the morphological alterations induced
by intramuscular injections of BmooMtx (20
ng/50mL) into the right gastrocnemius muscle
of mice (18 to 22 g, n = 4). After 24 hours, the
animals were sacrificed by an overdose of
ketamine/xylazine and a small section of the
central region of the muscle was excised and
soaked in fixing solution (10% formaldehyde
in PBS, v/v). The material was then dehydrated
by increasing concentrations of ethanol and
processed for inclusion in paraffin. The resulting
blocks were sliced into 5-mm-thick sections,
stained with 0.25% (w/v) hematoxylin-eosin and
examined under a light microscope.

Neutralization Assays

Neutralization of myotoxic activities was
determined by incubating crude venom or
BmooMtx with anti-BmooMtx antibodies at a
1:50 ratio (w/w) for 120 minutes at 37°C. Then,
the activities of the mixtures were tested as
previously described.

Evaluation of Hyperalgesia

Groups of rats (180 to 200 g, n = 5) were injected
with either 0.1 mL of sterile saline solution (0.15
M NaCl) (control group) or 0.1 mL of saline
solution containing various concentrations of
BmooMtx (1, 5 and 15 mg) into the subplantar
surface of one hind paw. The pain threshold was
measured at varying time points after BmooMtx
or saline injection using an insight pressure
apparatus (Ugo Basile, Italy), essentially as
described by Randall and Selitto (32). Briefly, a
force (in grams) with increasing magnitude was
applied to the paw. When the animals reacted by
withdrawing the paw, the force needed to induce
such response was recorded and represented the
pain threshold. To reduce stress, the rats were
habituated to the apparatus two days before the
experiments.

Evaluation of Edema Formation

BmooMtx was dissolved in sterile saline
solution (0.15 M NaCl), and 0.1 mL of the final
solution containing various concentrations of
BmooMtx (1, 5 and 15 mg) was injected into
the subplantar surface of each animals right
hind paw of the rat groups (180 to 200 g, n = 5).
An equal volume of saline was injected into the
contralateral paw (control). The volume increase
(edema) of both paws was measured with the aid
of a low-pressure pachymeter (Mitutoyo, Japan),
at several intervals following injection (0, 1, 2, 3,
4, 5 and 24 hours). Results were calculated as the
difference between the values obtained in the two
paws and expressed as the percentage increase in
paw volume.

The influence of Various Substances on
BmooMtx-Induced Edema and Hyperalgesia

The rat groups (n = 5) were pretreated with
different classes of drugs, as follows: (1) H1
receptor antagonist promethazine (5 mg/kg,
i.pl,, 30 minutes before); (2) the cyclooxygenase
inhibitor indomethacin (4 mg/kg, ipl, 30
minutes before); (3) the cyclooxygenase II
inhibitor meloxicam (2 mg/kg, i.pl., 20 minutes
before) and (4) the phospholipase A, inhibitor
dexamethasone (0.4 mg/kg, ipl, 60 minutes
before). Following the appropriate time intervals,
the animals received an intraplantar injection of
5 mg BmooMtx to enable measurement of edema
and hyperalgesia as described previously.
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RESULTS

Isolation and Biochemical Characterization
of BmooMtx

Myotoxin phospholipase A, homologue from
B. moojeni venom was purified by a two-step
procedureinvolvingionexchangechromatography
on DEAE Sephacel and gel filtration on Sephadex
G-75. The fractionation of B. moojeni venom by
ion exchange chromatography resulted in five
main protein peaks (E1 to E5, Figure 1 - A).
Myotoxic activity was concentrated in peak 1. The
fraction corresponding to peak 1 (E1) was further
analyzed using size-exclusion chromatography
(Sephadex G-75), and four protein peaks
were observed (Figure 1 — B). The third peak,
which contains the myotoxin phospholipase
A, homologue designated BmooMtx, induced
hyperalgesia and edema in the mouse paw and
release of creatine kinase due to necrosis of
muscle fibers. However, phospholipase A, and
anticoagulant activities were not detected.

BmooMtx represented ~5% (w/w) of the initial
desiccated venom. Electrophoretic analysis (SDS-
PAGE) (Figure 1 - C) under denaturing and
reducing conditions indicated that the BmooMtx
enzyme was highly purified, and had a molecular
weight of about 16,500.

Myotoxic Activity

A slight increase in plasma CK activity was
observed after intramuscular injection of 20 pg
BmooMtx, B. moojeni, B. alternatus and B. leucurus
venoms, with CK values reaching respective peaks
0£1930.175 +273.628; 1943.125 + 246.938; 503.367
+ 7.128 and 1441.667 + 367.554 U/L three hours
after injection (Figure 2 — A and B).

Neutralization of the Myotoxic Activity by
Anti-BmooMTx Antibodies

BmooMtx was able to induce production of
polyclonal antibodies in rabbits. When anti-
BmooMtx antibodies were incubated with
crude B. moojeni, B. alternatus and B. leucurus
venoms, at a BmooMtx:antibody ratio of 1:50
(w:w), myotoxic activity (measured by release
of creatine kinase) of the venoms was efficiently
inhibited. Anti-BmooMtx antibodies neutralized
the myotoxic activity of purified enzyme (74%),
B. moojeni (68%), B. alternatus (100%) and B.
leucurus (92%) three hours after injection (Figure
2 - A and B).
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Figure 1. Purification of BmooMtx from Bothrops
moojeni venom. (A) Separation on DEAE-Sephacel:
crude venom from Bothrops moojeni (200 mg) was
applied on the column (1.7 x 15 cm) and elution
was carried out at a flow rate of 20 mL/hour with
ammonium bicarbonate gradient buffer, pH 7.8,
from 0.05 to 0.3 M. (B) Separation on Sephadex G-75:
the active fraction (E1) was applied on the column
(1.0 x 100 cm) and elution with 50 mM ammonium
bicarbonate buffer at pH 7.8 was achieved at a flow
rate of 20 mL/hour. Pooled fractions are indicated
by the closed circle. (C) SDS-PAGE in 14 % (w/v)
polyacrylamide, Tris-glycine buffer, pH 8.3, and 20
mA. Lines: (1) standard proteins; (2) crude venom of
B. moojeni; (3) E1; (4) BmooMtx.

Histological Examination

Like B. moojeni crude venom, BmooMtx
induced myotoxicity. Histopathological analysis
revealed a drastic myonecrosis and leukocyte
infiltration induced by BmooMtx. When
compared with control cells, gastrocnemius
muscle cells of mice injected with BmooMtx
showed extensive cellular destruction, displaying
contracted and clumped fibers in different
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Figure 2. Neutralization of (A) the myotoxic activity
of BmooMtx and (B) crude venoms preincubated for
120 minutes at 37°C with anti-BmooMtx antibodies
at the ratio 1:50 (w:w). Control mice received
saline alone. Injections were performed in the
gastrocnemius muscle and plasma CK activity was
determined at three hours (crude venoms) and at 1,
2 and 3 hours (BmooMtx). Activity was expressed in
units/L and results are presented as a mean of five
experiments.

stages of degeneration. Inflammatory cells were
observed surrounding the altered striated muscle
cells. BmooMtx induced an intense infiltration of
inflammatory cells (mainly polymorphonuclear)
and a degeneration of striated muscle cells
characterized by the loss of myofibrils. There was
no evidence of vascular lesions or hemorrhage.
Gastrocnemius muscles from controls injected
with saline had normal morphology with evident
peripheral nuclei and without signals of lesion
(Figure 3 - A and B)

Anti-BmooMtx antibodies only partially
reduced myotoxic activity of BmooMtx. Figures
3 - G, E and G show that degeneration of muscle
fibers and infiltration of leukocytes are present
on the periphery and in the central region of the
gastrocnemius muscle. The central region of the
gastrocnemius muscle treated with BmooMtx

preincubated for 120 minutes at 37°C with anti-
BmooMtx antibodies at the ratio 1:50 presented
no lesion signals.

Pharmacological Characterization of
BmooMtx-induced Hyperalgesia and Edema

The intraplantar injection of BmooMtx
caused a significant increase in sensitivity to
pain. A conspicuous and similar hyperalgesic
response was observed when a dose of 1, 5 or
15 pug of BmooMtx was administered (Figure 4
- A). The intensity of the hyperalgesia induced
by 5 pg was similar to that produced by 15 pg
BmooMtx/paw. The hyperalgesic response

Figure 3. Histopathological analysis. Light
micrographs of sections of mouse gastrocnemius
muscle 24 hours after injection of 20 ug BmooMtx,
dissolved in 50 pL saline, stained with hematoxylin-
eosin. (A, B) Control mice were injected with saline
alone: normal integral fibers are observable. (C, E,
G) BmooMtx. (D, F, H) BmooMtx preincubated for
120 minutes at 37°C with anti-BmooMtx antibodies
at the ratio 1:50. Notice the presence of necrosis (N)
and an abundant inflammatory infiltrate (l).
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Figure 4. Evaluation of (A) hyperalgesic and (B)
edematous activities of BmooMtx. Dose-dependent
hyperalgesia and edema with BmooMtx doses
varying from 1to 15 pg/paw.The effect of meloxicam
(2 mg/kg, i.pl., 20 minutes before), promethazine (5
mg/kg, i.pl., 30 minutes before), dexamethasone (0.4
mg/kg, i.pl., 60 minutes before) and indomethacin
(4 mg/kg, i.pl., 30 minutes before) on the rat paw
induced by BmooMtx (5 ug/paw). Hyperalgesia
and edema were evaluated at 1, 2, 3, 4 and 5 hours
after BmooMtx injection. BmooMtx or drugs were
injected by intraplantar route. Sensitivity to pain was
measured as the threshold response to pressure and
expressed in grams. The volume increase (edema)
was measured with the aid of a low-pressure
pachymeter. The dose of 5 pg/paw was selected
for experiments on pharmacological modulation.
Results presented as mean of five experiments.

peaked 1 to 5 hours after enzyme injection.
Previous treatment of the animals with the
cyclooxygenase II inhibitor meloxicam (2 mg/
kg, i.pl, 20 minutes before), the histamine H
receptor antagonist promethazine (5 mg/kg,
i.pl., 30 minutes before) and the phospholipase
A, inhibitor dexamethasone (0.4 mg/kg, i.pl., 60
minutes before) virtually abolished BmooMtx-
induced hyperalgesia whereas the treatment
of animals with the cyclooxygenase inhibitor
indomethacin (4 mg/kg, i.p, 30 minutes before)
had little effect on the BmooMtx-induced pain.

BmooMtx also induced footpad edema,

evidencinglocal increase in vascular permeability.
The intraplantar injection of BmooMtx (1, 5 and
15 pg/paw) in rats caused a dose-dependent
edema. The maximum increase in hind-paw
swelling occurred one hour after enzyme
injection, gradually decreased over the next five
hours (Figure 4 - B), and completely disappeared
within 24 hours (data not shown). In the first
hour, both indomethacin and dexamethasone
partially reduced (36%) the BmooMtx-induced
edema. Interestingly, at all times tested, treatment
of the animals with meloxicam and promethazine
markedly increased the formation of edema.

DISCUSSION

Snake venoms constitute a rich source of
myotoxins, which show remarkable functional
diversity through pre- or post-synaptic
neurotoxicity, cardiotoxicity, myotoxicity, platelet
aggregation inhibition, edema, pain, hemolysis,
anticoagulation, convulsion and hypotension (9,
33-34).

Five isoforms of PLA, myotoxin phospholipase
A, homologue have been isolated from the venom
of Bothrops moojeni: M-VI (35), MjTX-I (21),
MjTX-II (20), BmooTX-I (9) and BmTX-I (10).
Myotoxins MjTX-I, MjTX-II and M-VI are Lys49
homologues, while myotoxins BmooTX-I and
BmTX-I are Asp49 variants. In the present work,
a myotoxin phospholipase A, homologue from
Bothrops moojenivenom, denominated BmooMtx,
was purified by a combination of ion exchange and
gel filtration chromatography (Figure 1 - A and
B). The molecular weight observed at SDS-PAGE
(16,500) was similar to those reported for MjTX-I
(13,400), M-IV (14,000), BmTX-I (14,240) and
BmooTX-I (15,000), from the same venom, a
presynaptic phospholipase A, neuwieditoxin-I
(14,000), isolated from the venom of Bothrops
neuwiedi pauloensis and an acidic phospholipase
A, (14,000) from the venom of Crotalus durissus
cascavella (35, 36).

Soares et al. (20, 21 and 37), Santos-Filho et
al. (9) and Calgarotto et al. (10) demonstrate
that both Lys49 and Asp49 myotoxic PLA s of B.
moojeni cause significant myotoxicity as well as
local edema and hyperalgesia in the rat hind paw
after intraplantar injection. Results obtained from
BmooMtx indicate that enzymatic activity is not
required for induction of pharmacological eftects
(hyperalgesia and edema) induced by this enzyme
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since BmooMtx did not show catalytic activity
on egg yolk (data not shown). In addition, this
enzyme did not present anticoagulant activity.
Several works suggest that catalytic activity in the
myotoxic PLA_s is required to produce an in vitro
anticoagulant effect. Although not sequenced,
BmooMtx was not enzymatically active, thus
indicating that it likely belongs to the Lys49 PLA,
family.

The CK level was increased by the injection
of BmooMtx and the crude venoms from B.
moojeni, B. alternatus and B. leucurus. The crude
venom of B. moojeni presented the greatest rise
in the CK level among the venoms, while B.
alternatus crude venom produced the lowest
increase. Results of neutralization experiments
clearly evidenced that anti-BmooMtx was able
to neutralize myotoxic activity of BmooMtx and
crude venoms of B. alternatus (100%) and B.
leucurus (92%), although the latter only partially
reduced myotoxic activity of crude venom of B.
moojeni (68%) (Figure 2 — A). These results show
that the B. moojeni venom shares some common
myotoxins that induce antibodies that cross-
react with crude venoms of B. alternatus and B.
leucurus.

Interestingly,  anti-BmooMtx  antibodies
were more efficient at neutralizing the myotoxic
activity of B. alternatus venom, which can be
accounted for the fact that crude venom of B.
alternatus presents a lower number of myotoxic
components than the other venoms (Figure 2 -
B).

Several studies show that proteolytic enzymes
of bothropic venoms are also able to increase
the plasma CK level (14-15). Results obtained in
our laboratories showed that the crude venom
of B. moojeni provoked a greater proteolytic
activity than other venoms, whereas the crude
venom of B. alternatus produced the lowest
level of such activity (data not shown). These
data help to explain the low neutralization of B.
moojeni venom by anti-BmooMtx: the antibodies
neutralized only the myotoxins but had no effect
on the proteolytic enzymes of this venom.

The histopathological profile of BmooMtx
is similar to those of other Lys49 myotoxic
phospholipase A, homologues from Bothrops
venom, including BnSP-7 from B. neuwied;,
myotoxin I from B. atrox and BaTx from B.
alternatus (38-40). Figures 3 — D, F and H reveal
that anti-BmooMtx antibodies reduced myotoxic

activity of BmooMtx since the central region of
gastrocnemius muscles treated with BmooMtx
preincubated for 120 minutes at 37°C with anti-
BmooMtx antibodies at the ratio 1:50 presented
no signals of injury.

Our results presented herein demonstrate that
BmooMtx caused significant local hyperalgesia in
the rat hind paw after intraplantar injection (1, 5
and 15 pg/paw). In this study, the paw withdrawal
reflex threshold following plantar mechanical
stimulus, utilized to measure the noniceptive
response to BmooMtx in rats, was lower in the
area of local tissue damage created by BmooMtx
than in the contralateral paw injected with saline.
The intraplantar injection of BmooMtx, therefore,
caused a significant increase in sensitivity to pain.
A conspicuous and similar hyperalgesic response
was observed when doses of 5 and 15 pg of
BmooMtx were administered (Figure 4 — A). The
intensity of the hyperalgesia induced by 5 pg was
similar to that produced by 15 pg of BmooMtx/
paw. The peak of the hyperalgesic response
occurred up to five hours after enzyme injection.
The hyperalgesic intensity induced by 1 ug/paw
was time-dependent and lower than that induced
by 5 or 15 ug/paw. The injection of saline (control
group) did not modify the pain threshold of the
animals. The hyperalgesia was of a local nature,
since the pain threshold measurements of non-
injected, contralateral paws did not differ from
preinjection values (data not shown).

BmooMtx also induced footpad edema,
evidencing the local increase in vascular
permeability. The intraplantar injection of
BmooMtx (1, 5 and 15 pg/paw) in rats caused a
dose-dependent edema. The hind-paw swelling
peaked one hour after enzyme injection, gradually
decreased over the next five hours and completely
disappeared within 24 hours (data not shown).

Our present work has analyzed the role
of several mediators in BmooMtx-induced
hyperalgesia by wusing specific inhibitors or
receptor antagonists. A dose of 5 pg/paw was
selected for experiments on the pharmacological
modulation. Pretreatment with meloxicam,
a type 2 cyclooxygenase inhibitor, reduces
BmooMtx-induced hyperalgesia. This finding
suggests that prostaglandins generated by type 2
cyclooxygenase activity play a significant role in
hyperplasia evoked by BmooMtx. On the other
hand, indomethacin, a potent non-selective
inhibitor of cyclooxygenase activity, which may
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also inhibit phospholipase A and C, did not block
hyperalgesia induced by BmooMtx. The data
presented herein also suggest the participation
of prostaglandins in  BmooMtx-induced
hyperalgesia since this effect was markedly
reduced by dexamethasone. In addition, our
results suggest that histamine may play a role
in the hyperalgesic response to BmooMtx
since promethazine treatment was effective in
reducing the BmooMtx-induced hyperalgesia.
Thus, the present results stress the relevance of
phospholipase A, prostaglandins and histamine
activity in the genesis of BmooMtx-induced
hyperalgesia.

The pharmacological modulation of edema
was also investigated in the present study. Our
data show that meloxicam, promethazine and
dexamethasoneinhibitthehyperalgesicresponses.
However, our results show that promethazine
and meloxicam are able to increase edematogenic
responses and thus suggest that hyperalgesic and
edematogenic responses induced by BmooMtx
in the rat hind paw occur, at least partially, by a
different pathway.

In conclusion, BmooMtx is an enzyme isolated
from B. moojeni venom, belonging to the Lys49
PLA, subgroup, which induces pain, paw edema,
and also provokes myotoxic activity.
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