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Abstract

The ethanol extracts of eight plants utilized against
snakebites by traditional healers in Colombia (Pleopeltis
percussa, Trichomanes elegans, Brownea rosademonte,
Tabebuia rosea, Heliconia curtispatha, Bixa orellana,
Renealmia alpinia and Citrus limon) were examined for their
possible inhibitory ability against the venoms of Lachesis
muta, Crotalus durissus cumanensis, and Micrurus miparti-
tus. Extracts were preincubated with 1.5 LDjs, of each venom,
and injected by the intraperitoneal route, in mice. Under
these conditions, the lethal effect of L. muta venom was neu-
tralized by all of the extracts, whereas C. d. cumanensis and
M. mipartitus venoms were inhibited by six extracts, excep-
tions being P percussa and C. limon. In addition, the
myotoxic activity of C. d. cumanensis venom was neutral-
ized by the extracts of H. curtispatha, B. rosademonte, P
percussa, and T. elegans. The neutralizing ability of the
plant extracts was also evaluated by independent administra-
tion experiments. Extracts were injected by intravenous or
i.m. (in situ) routes, immediately after the i.p or i.m. injec-
tion of 1.5 LDs, of venom, respectively. Under such condi-
tions, their neutralizing efficacy was significantly reduced,
and in some cases disappeared. Nevertheless, in situ admin-
istration of B. rosademonte, H. curthispatha, P percussa, and
1. elegans extracts still caused a partial but significant inhi-
bition of the lethal effect of C. d. cumanensis venom, and the
first three extracts reduced significantly the development of
myonecrosis. These results identify useful plant species for

future purification of venom-neutralizing components that
might become helpful in the development of supplementary
therapies against snakebites.

Keywords: Medicinal plants, extracts, neutralization, snake
venoms, lethality, myotoxicity.

Introduction

Snakebite is a significant health problem, especially in the
tropical regions of the world (Chippaux, 1998). In Colom-
bia, 90-96% of the approximately 3000 snakebites per year
are inflicted by snakes of the genera Bothrops, Porthidium,
and Bothriechis; 2% by Lachesis muta (bushmaster); 1% by
Micrurus spp. and 1% by Crotalus durissus cumanensis (rat-
tlesnake). The mortality rate is estimated at 5-8%, with
important sequelae observed in 6-9% of survivors (Otero
et al., 1992; 2001).

Medical resources and antivenoms are especially limited
in the rural communities. Therefore, up to 60% of the
victims are initially attended by traditional healers, who com-
monly utilize plants as antidotes (Otero et al., 2000a).
Although a number of plants are known to be the source of
useful drugs in modern medicine (Gowda, 1997), the
validity of traditional treatments must be scientifically eval-
uated in the laboratory. In recent studies, 85 plant species
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belonging to 41 families were listed, and 13 of them
were identified as capable of neutralizing the lethal and/or
hemorrhagic effects of B. atrox venom (Otero et al.,
2000b,c). Based on these screenings, in the present work we
evaluated the inhibition of L. muta, C. d. cumanensis and
M. mipartitus snake venoms, by the ethanol extracts of
eight plants.

Materials and methods

Animals, venoms and plant extracts. Swiss-Webster mice
of 18-20g body weight were utilized in all experiments,
under the University of Antioquia guidelines for the use of
experimental animals. Snake venoms were pools obtained
from 10 specimens of L. muta from Antioquia and Choco,
20 specimens of M. mipartitus from Antioquia, and 12
specimens of C. d. cumanensis from the Atlantic coast and
the Department of Meta, Orinoquia (Colombia), respectively.
The venoms were centrifuged, lyophilized, and stored at
-20°C.

Plants were collected in rural communities of the Atrato
river valley in Antioquia and Chocé (Vigia del Fuerte,
Bojaya, Unguia) and on the Pacific coast of Choc6 (Nuqui,
Bahia Solano), Colombia, together with the traditional
healers. Then, plants were identified and deposited in the
Herbarium of Universidad de Antioquia, Medellin. The fol-
lowing plant species and parts were studied: whole plants of
Pleopeltis percussa (Cav.) Hook & Grev, and Trichomanes
elegans L.C. Rich; stem bark of Brownea rosademonte Berg.,
and Tabebuia rosea (Bertold.) DC.; rhizomes of Heliconia
curtispatha Petersen, and Renealmia alpinia (Rottb.) Maas;
leaves and branches of Bixa orellana L.; and ripe fruits of
Citrus limon (L.) Burm. f. After drying and crushing indi-
vidual samples of each part utilized, they were percolated
with 96% ethanol for 2 days. Extracts were concentrated to
a semisolid paste using a rotavapor, lyophilized, and stored
at —20°C (Weniger, 1991).

Lethal activity of the venoms. In order to determine the
lethal dose 50% (LDs) of the venoms studied, groups of four
mice received intraperitoneal (i.p.) injections of varying
doses, in 500l of phosphate buffered saline (PBS; 0.12M
NaCl, 0.04M sodium phosphate), pH 7.2. Deaths were
recorded within the following 72 hr and the LDs, values were
calculated by the Spearman-Karber method (W.H.O., 1981).
All experiments were performed three times, and the results
expressed as means, with 95% confidence intervals. The
lethal activity of the three venoms was also determined by
the intramuscular (i.m.) route, with the aim of simulating the
natural envenomation conditions. Thus, groups of four mice
received varying doses of venoms by i.m. injection in the gas-
trocnemius, in 100ul PBS. The corresponding i.m. LDs,
values were calculated as described. In order to assess the
possible lethal activity of the plant extracts, they were
assayed similarly to the venoms, in groups of four mice, by
the i.p. and i.m. routes.

Neutralization by in vitro preincubation experiments

Lethal activity. In order to evaluate the neutralizing ability
of the extracts against the lethal activity of the venoms, vari-
able doses of each extract were preincubated for 30 min at
37°C with 1.5 LDs, (i.p.) of each venom (corresponding to
183 ug for L. muta, 2.71g for C. d. cumanensis, or 13.51g
for M. mipartitus). Then, the mixtures were injected into
groups of ten mice, by i.p. route, in 500 1l of PBS. A control
group of mice received a similar injection containing venom
alone. Experiments were repeated three times, and deaths
were recorded for a period of 72hr. The effective dose 50%
(EDs) for each plant extract was calculated by the Spear-
man-Karber method (W.H.O., 1981).

Myotoxicity. Extracts that showed neutralizing ability
against the lethal effect of C. d. cumanensis venom were also
evaluated for inhibition of the myotoxic activity of this
venom. A venom dose of 6.2 ug, dissolved in 100 ul of PBS,
was preincubated with 100 g of each extract for 30 min at
37 °C. Then, the mixtures were injected by the i.m. route into
the gastrocnemius, in groups of four mice. A control group
received the venom alone. After 3 hr, mice were bled from
the tail, using heparinized capillaries, and the plasma crea-
tine kinase (CK; EC 2.7.3.2) levels were determined follow-
ing a colorimetric procedure (Sigma No. 520), as described
(Gutiérrez et al., 1980; Otero et al., 1995). CK activity was
expressed as U/ml, one unit being defined as the phosphory-
lation of one nanomole of creatine per min at 25°C.

Neutralization by in vivo independent
administration experiments

Lethality. In order to evaluate the neutralizing efficiency of
the plant extracts against the lethal activity of the venoms,
independent administration experiments were conducted
(Gutiérrez et al., 1990). Groups of six mice received an i.p.
injection of each venom (1.5 LDsy) and, after 5Smin, they
received an i.v. injection of each extract (0.5-2mg). In
another group of experiments, mice received an i.m. injec-
tion of each venom (1.5 LDjs,) and, immediately after,
extracts (2-4mg) were injected in situ, by the i.m. route.
Experiments were repeated three times for each extract and
deaths were recorded at 6, 24, 48, and 72 hr.

Myonecrosis. Extracts that showed in vitro inhibition of
the myotoxic activity of C. d. cumanensis venom, were inde-
pendently administered in sifu (i.m.) to groups of mice that
had received an i.m. venom injection (6.3 ug) into the gas-
trocnemius. Extracts (100ug) were injected immediately
(<1min) after envenomation, and plasma CK activity was
determined as described.

Statistical analyses. The significance of the differences
observed between groups was determined by analysis of
variance (ANOVA). When ANOVA values were significantly
different (p < 0.05), the significance of differences was deter-
mined by the Newman-Keuls test. The survival rate in the
groups of mice that received venom and extract was com-
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pared at different times with controls (venom alone) using
the F Cox test, with the aid of the STATISTICA 98 software
(StatSoft, Tulsa, OK).

Results
Neutralization of lethal activity

The calculated LDs, values for L. muta, C. d. terrificus, and
M. mipartitus venoms, by i.p. route, were 122 (99-165), 1.8
(1.2-2.5), and 9.0 (6.6—12.0) nug/mouse, respectively (ranges
in parentheses represent 95% confidence intervals). By the
im. route, the LDs, values were 273 (188-396), 9.0
(6.2-13.3), and 9.0 (7.2-11.3) pg/mouse, respectively. On
the other hand, all the plant extracts had LDs, values higher
than 5mg/mouse, except for Bixa orellana, which showed
some toxicity at 2.5 mg/mouse.

As summarized in Table 1, all of the extracts demonstrated
inhibition of the lethal effect of L. muta venom, with some-
what different potencies, when tested by in vitro preincuba-
tion experiments. The venom of C. d. cumanensis was
neutralized by seven of the extracts, in some cases with very
low ED;, values. For example, 15.6 ug of B. rosademonte or
B. orellana protected all the animals from the venom chal-
lenge (Table 1). However, the extract of Citrus limon did not
neutralize this venom (Table 1). The lethal activity of M.

mipartitus venom was completely neutralized by six plant
extracts, negative results being obtained with Citrus limon
and P, percussa (Table 1).

When the extracts were independently administered by the
i.v. route after an i.p. venom injection, there was a significant
drop in their neutralizing ability, in comparison to experi-
ments of the preincubation type. Only R. alpinia and B.
rosademonte extracts showed a low (33%), although signifi-
cant neutralization (p = 0.003 and p = 0.02, respectively)
against the lethal effect of L. muta venom, within 6 hr after
venom injection (data not shown). None of the extracts inhib-
ited the lethal activity of C. d. cumanensis or M. mipartitus
venoms, when independently administered after envenoma-
tions by this route. Nevertheless, when the extracts of B.
rosademonte, H. curthispatha, P percussa, and T elegans
were administered i.m. in situ after venom injection, they
showed a partial but significant (p < 0.05) neutralization of
the lethal effect of C. d. cumanensis venom within 72 hr. The
extract of H. curtispatha showed the best neutralizing ability
(87%) by this route (Table 2).

Neutralization of myotoxicity

The i.m. injection of C. d. cumanensis venom increased
plasma CK levels to 366 U/ml, after 3 hr. Preincubation of
this venom with B. rosademonte, P percussa, H. curtispatha,

Table 1. Plant extracts with in vitro inhibitory ability against the lethal effect of L. muta, C. d. cumanensis and M. mipartitus snake venoms
lg extract / mouse
L. muta C.d. cumanensis M. mipartitus

Family/species Part
(Voucher specimen)' Used? EDs,' EDpot EDs, ED\40 EDs, ED\oo
Bixaceae / Bixa orellana L. (RF 6485) L,.BR 140 1000 7.8 15.6 62.4 500

(70-270)* (4.1-14.7) (31.1-125)
Caesalpiniaceae / Brownea SB 210 500 33 15.6 52.5 125
rosademonte Berg. (RF 6455) (120-360)™ (1.7-6.4) (28.1-98.2)*
Rutaceae / Citrus limon (L.) Burm.f. RF 710 4000 =) (=) (=) (-)
(RF 6736) (320-1580)>
Heliconiaceae / Heliconia curtispatha RH 350 1000 9.28 62.5 125 500
Petersen (RF 6486) (200-620)™ (5.0-17.4)" (70-223)*
Polypodiaceae / Pleopeltis percussa WP 180 1500 4.6 31.25 n.d. n.d.
(Cav.) Hook & Grev. (RF 6410) (90-360)™ (2.4-9.0)
Zingiberaceae / Renealmia alpinia RH 1000 4000 1680 4000 841 2000
(Rottb.) Maas (RF 6456) (530-1890)« (900-3140)° (450-1573)"
Bignoniaceae / Tubebuia rosea SB 1400 4000 500 2000 707 2000
(Bertold.) DC. (RF 6458) (720-2750)" (260-950)° (396-1262)"
Hymenophyllaceae / Trichomanes WP 250 1000 52.6 125 105 250
elegans L.C.Rich (RF 6744) (140-450)® (30.3-91.2) (56.2-196.6)"

"Voucher specimen: RF, Ramiro Fonnegra; *Part Used: L = leaves; WP = whole plant; BR = branches; RH = rhizomes; RF = ripe fruits;

SB = stem bark.

(-) no neutralizing ability. n.d.: not determined (80% neutralization). ' Effective dose 50%: extract dose that protected 50% of mice against
lethal effect of venom. Values in parenthesis are 95% confidence limits. ! Effective dose 100%: extract dose that protected 100% of mice
against lethal effect of venom. Values with different superscripts are significantly different (p < 0.05).
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Table 2. Inhibition of the lethal effect of C. d. cumanensis venom by independent adminis-
tration of venom (i.m.) and extract (in situ)

survival of mice (%)

6h 24 hr 48h 72h
Extract
Plant species Dose V4+4E V V+E V V4+E V V+E V
Bixa orellana 2mg 93 40 53 7 33 0 27 0
Brownea rosademonte 2mg 86 40 60 7 60 7 60 7
Heliconia curtispatha 4mg 93 33 87 0 87 0 87 0
Pleopeltis percussa 2mg 97 60 50 17 43 13 43 13
Renealmia alpinia 4mg 67 27 0 0 0 0 0 0
Tabebuia rosea 4mg 75 25 0 0 0 0 0 0
Trichomanes elegans 3mg 67 20 40 0 40 0 40 0

The extracts were administered immediately by i.m. route, at the same site of the venom injec-
tion (1.5 LDs, = 13.5ug) by i.m. route. The mortality was recorded at 6, 24, 48 and 72 hr.
Results are the mean of three determinations (n = 6 mice/group). V + E: groups of mice that

received venom and extract. V: groups of mice that received venom alone.

and T. elegans extracts reduced plasma CK levels by more
than 50% (p < 0.001), indicating a significant protection from
myotoxicity. When these extracts were independently admin-
istered (in situ), immediately after venom injection, there was
a drop in their neutralizing ability, but still three of them (B.
rosademonte, H. curtispatha and P percussa) demonstrated
a significant neutralization, as judged by the reduction in
plasma CK levels (Fig. 1).

Discussion

A number of plants have been reported to be effective against
snake venoms (Martz, 1992; Houghton & Osibogun, 1993).
For example, in preincubation-type experiments, the
extract and constituents of Eclipta prostrata decreased the
lethality and myotoxicity of C. d. terrificus venom, as
well as the myotoxic and hemorrhagic effects of B. jararaca,
B. jararacussu, and L. muta snake venoms (Mors et al.,
1989; Melo et al., 1994; Melo & Ownby, 1999). The aqueous
or ethanolic extracts of Tabernaemontana catharinensis
(Apocynaceae), and its purified component, inhibited the
lethal and myotoxic activities of C. d. ferrificus venom
(Batina et al., 2000). Our present results demonstrate
that B. rosademonte, B. orellana, P percussa, H. curtispatha,
T. elegans, T rosea, and R. alpinia extracts contain com-
pounds which inhibit the lethal action of L. muta, C. d.
cumanensis and M. mipartitus venoms from Colombia.
Maximal neutralization was obtained when the extracts
were preincubated with the venoms before injection. Notably,
the lethal effect of C. d. cumanensis venom was completely
abolished with very low amounts of some of the extracts
(i.e., B. rosademonte, B. orellana, P percussa, H.
curthispatha).

Venom alone _)j

Brownea rosademonte

Pleopeltis percussa E
Trichomanes elegans F—
T T T T

Heliconia curtispatha

1
0 100 200 300 400 500

Plasma CK levels (U/ml)

Figure 1. Inhibition of the myotoxic activity of Crotalus durissus
cumanensis venom by plant extracts. In preincubation experiments
(empty bars), each extract (100 ng) was incubated with 6.25 pug of
venom, and the mixture was then injected to groups of six mice, by
the i.m. route. In independent administration experiments (filled
bars), extracts (100 1g) were administered in sifu (i.m.) after i.m.
venom injection (6.25 l1g). Basal plasma CK activity in the control
group (PBS alone) was 20 + 6 U/ml.

Interestingly, C. limon extract did not neutralize the two
neurotoxic venoms (C. d. cumanensis and M. mipartitus).
The former probably contains crotoxin, a main toxic com-
ponent of the South American rattlesnake venoms, which is
a lethal, neurotoxic and myotoxic phospholipase A, (Harris,
1991). Recently, Otero et al. (2000b) reported that C. limon
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did not neutralize the phospholipase A, activity of B. atrox
venom. This might explain the lack of neutralization against
the lethal effect of neurotoxic venoms. Although P, percussa
extract showed phospholipase A, inhibitory activity (Otero
et al., 2000b) in vitro, it was partially able to neutralize the
lethal effect of M. mipartitus venom in this work. Gowda
(1997) reported several examples in which an interaction
between phospholipase A, and isolated plant compounds was
demonstrated.

Experiments utilizing an independent i.v. injection of the
extracts, Smin after an i.p. venom injection, clearly showed
that their neutralizing efficiency against lethality decreases,
in comparison to preincubation-type assays. Nevertheless,
when the extracts were administered in situ, immediately
after an i.m. venom injection, mice were partially, but sig-
nificantly protected from death induced by C. d. cumanensis
venom within 72 hr. These results suggest that a rapid contact
between the extract and venom is necessary to neutralize its
lethal components. Similar conclusions may be obtained
from the experiments of in vitro and in situ neutralization of
the myotoxic action of C. d. cumanensis venom by the
extracts.

Hyperimmune antivenoms constitute the best known
therapy for envenomations by snakebites. However, they still
have some limitations in neutralizing particular venom
effects (Bon, 1996). It is important to search for different
inhibitors, either natural or synthetic, that could complement
or enhance the therapeutic action of antivenoms. The
present results demonstrate that plant extracts constitute a
rich source of natural compounds, which can neutralize
the toxic activities of snake venoms, and identify useful
species for further research. The future isolation and
characterization of these inhibitory components might be of
importance in the development of novel, supplementary ther-
apies against snakebites, as well as in studies focusing on
basic aspects of snake toxins and their molecular mecha-
nisms of action.
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