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Abstract: The effect of a Brazilian algae extract and also a mixture of
two secodolastane diterpenes (linearol/isolinearol) that were isolated from
the marine brown alga Canistrocarpus cervicornis were evaluated against
biological activities of Lachesis muta snake venom. In vitro assays showed
that the crude extract and the diterpenes were able to inhibit the clotting and
proteolytic activity induced by L. muta crude venom, but not the hemolytic
activity. However, only the diterpenes inhibited the hemolysis caused by a
purified phospholipase A, previously isolated from L. muta venom, denoted
LM-PLA,-I. Interestingly, the crude algal extract and the diterpenes were
able to protect mice from hemorrhage induced by L. muta venom. Thus, we
may conclude that marine algae are rich and powerful sources of molecules

doi: 10.1590/S0102-695X2011005000048

that may be used against L. muta accidents in order to improve treatment of

envenomation by this snake.

Introduction

The oceans exhibit many living organisms
that in turn produce different substances with several
pharmacological properties, such as antimicrobial,
antiviral, anticancer, antimalarial, antituberculosis,
antilonomic and antiophidic (Gonzalez et al., 2001;
Rocha et al., 2007; Jongaramruong & Kongkam, 2007,
Cirne-Santos et al., 2008; Domingos et al., 2009; Moura
etal.,2010). Species of the family Dictyotaceae produce
a large array of bioactive secondary metabolites that
have biological (defensive action against herbivores)
and pharmacological activities. Phycochemical studies
have been undertaken on this family, resulting in the
isolation of more than 300 diterpenes from at least
35 species collected all over the world (Vallim et al.,
2005). The brown seaweed Canistrocarpus cervicornis
(Kiitzing) De Paula & De Clerck (formely Dictyota
cervicornis Kiitzing) possesses a biosynthetic pathway
that produces dolastane and seco-dolastane diterpenes,
encompassing a total of more than 25 compounds
(Teixeira et al., 1986; de Oliveira et al., 2008). Not
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surprisingly, some of these diterpenes are biologically-
active molecules (Bianco et al., 2009; Moura et al.,
2010).

Ophidic accidents represent a serious health
problem in the world because of their high incidence
and the sequelaec of poisoning. Snake venoms are
composed of a complex mixture that induces a wide
range of biological activities. Envenomation by L. muta
snakes results in haemostatic disturbs, hemorrhage,
edema, necrosis and hemolysis (Jorge et al., 1997)
and is characterized by high lethality and morbidity
indexes (Ministério da Sauade, 2001). The regular
treatment for snakebite is the parenteral administration
of antiophidian serum (antivenom) obtained from
hyperimmunized equine serum. The antivenom
efficiently neutralizes the systemic toxic effects, but,
however, has some disadvantages. It can induce adverse
reactions ranging from mild symptoms to serious ones
and it does not neutralize the local tissue damage (da
Silva et al., 2007). Thus, it is important to search for
new snake venom inhibitors, either synthetic or from
natural sources, to complement the traditional serum
therapy.
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The objective of this work is to evaluate
the effect of diterpenes isolated from Brazilian C.
cervicornis marine alga against in vivo and in vitro
activities of L. muta snake venom, as well as against
the phospholipase A, enzyme (denoted LM-PLA2-I)
previously isolated from its venom (Fuly et al., 1997).

Materials and Methods
Algae material

Specimens of  Canistrocarpus  cervicornis
(Dictyotaceae, Phaeophyta) were collected during May,
20006, at Praia do Forno, in the city of Armacao de Buzios,
located in the north of Rio de Janeiro State (22° 45”42 S
and 41° 52° 277 W), Brazil, at depths ranging from 0.3 and
2 m by snorkeling. The seaweeds were washed with local
sea water, separated from sediments, epiphytes and other
associated organisms. Voucher specimens are deposited at
the herbarium of the Universidade do Estado do Rio de
Janeiro (HRJ 10754).

Algae compound isolation

The air-dried algal material (100 g) was extracted
in CH,CI, (100%) at room temperature for seven days,
yielding a 14 g-dichloromethane crude extract. The
mixture of diterpenes isolinearol (1)/linearol (2) (25.8
mg) was obtained according to Teixeira et al. (1986) with
some modifications, then dissolved in dimethylsulfoxide
(DMSO) to perform biological assays.

Snake venom and animals

L. muta snake lyophilized venom was provided
from Fundacdo Ezequiel Dias, Belo Horizonte, MG,
Brazil, and LM-PLA -I was isolated accordingly to
Fuly et al. (1997; 2002). Balb/c mice (18-20 g) were
obtained from the Nucleo de Animais de Laboratoério of
the Universidade Federal Fluminense (CEPA: 200/10).
They were housed under controlled conditions of
temperature (24+1°C)andlightandall ofthe experiments
performed were approved by the UFF Institutional
Committee for Ethics in Animal Experimentation and
were in accordance with the guidelines of the Brazilian
Committee for Animal Experimentation (COBEA).

Assays

Antihemolytic activity

The degree of hemolysis of L. muta venom or
LM-PLA -1 was determined by the indirect hemolytic

test using human erythrocytes and hen’s egg yolk
emulsion as substrate (Fuly et al., 2002). The amount of

L. muta venom (png/mL) that produced 100% hemolysis
was denoted as the Minimum Indirect Hemolytic Dose
(MIHD). Inhibitory experiments were performed by
preincubating C. cervicornis extract or diterpenes with
one MIHD for 30 min at room temperature prior to
evaluating the hemolytic activity.

Anticlotting activity

The clotting activity of L. muta venom was
determinedonanAmelungModel KC4Acoagulometer
(Labcon, Germany). Different concentrations of L.
muta venom were mixed with bovine fibrinogen
solution (2 mg/mL, final concentration) and the
amount of venom (pg/mL) that clots fibrinogen
in 60 s was denoted as the Minimum Coagulant
Dose (MCD). To evaluate the inhibitory effect,
C. cervicornis crude extract or diterpenes were
preincubated for 30 min at room temperature with
one MCD of venom; the mixture was then added to
fibrinogen and the clotting time recorded. Control
experiments were performed in parallel by adding
DMSO (0,5% v/v, final concentration) or saline
preincubated with venom instead of diterpenes.

Antihemorrhagic activity

Hemorrhagic lesions produced by L. muta
venom were quantified using a procedure described by
(Kondo et al., 1960), with minor modifications. Briefly,
samples were injected intradermally (i.d.) into the
abdominal skin of mice. Two hours later, the animals
were euthanized, the abdominal skin removed, stretched
and inspected for visual changes in the internal aspect
in order to localize hemorrhagic spots. Hemorrhage was
quantified as the Minimum Hemorrhagic Dose (MHD),
defined as the amount of venom (mg/kg) able to produce
a hemorrhagic halo of 10 mm (Nikai et al., 1984).
The inhibitory effect of diterpenes and C. cervicornis
extract was investigated by incubating compounds
with one MHD of L. muta venom for 30 min at room
temperature and the mixture was then injected into
mice and hemorrhage measured. Hemorrhagic activity
was expressed as the mean diameter (in millimeter)
of the hemorrhagic halo induced by L. muta venom
in the absence and presence of the diterpenes or C.
cervicornis crude extract. Negative control experiments
were performed by injecting DMSO (0,9% v/v, final
concentration) or saline.

Antiproteolytic activity
Proteolytic activity of L. muta venom was

determined using azocasein as substrate (0.2% w/v, in
20 mM Tris-HCI, 8 mM CaCl,, pH 8.8), with minor
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modification (Garcia et al., 1978). An Effective
Concentration (EC) was defined as the amount of
venom (pg/mL) able to produce a variation of about 0.2
OD units at A 420. Diterpenes or C. cervicornis extract
were preincubated with two EC of L. muta venom for
30 min at room temperature and then proteolysis was
measured.

Statistical analysis

Results are expressed as means+SEM obtained
with the indicated number of animals or experiments
performed. The statistical significance of differences
among experimental groups was evaluated using the
Student’s t test and p values of <0.05 were considered
statistically significant.

Results and Discussion

The search for bioactive molecules in marine
organisms has been growing in the last few years.
These molecules are the products of secondary
metabolism and display pharmacological properties
(Mayer et al., 2007; Cirne-Santos et al., 2008;
Abrantes et al., 2010) as well as ecological functions
(Bianco et al., 2009). A previous study demonstrated
that L. muta venom displayed phospholipase A,
(indirect hemolytic activity), hemorrhagic, clotting
and proteolytic activities (Fuly et al., 1993). The
ability of a dolastane diterpene isolated from C.
cervicornis alga to inhibit biological activities of
L. muta was investigated (Moura et al., 2010). The
authors showed that this diterpene inhibited L. muta
activities (hemolysis, proteolysis, hemorrhage and
coagulation). Herein, we evaluated the ability of C.
cervicornis algal extract and a mixture of its isolated
secodolastane diterpenes isolinearol (1)/linearol (2)
to neutralize those biological activities (hemolysis,
clotting, hemorrhage and proteolysis) of L. muta
venom as well. However, it is worth emphasizing
that the C. cervicornis extracts were collected in
different areas; the algae used by Moura et al. (2010)
were collected in Angra dos Reis, Rio de Janeiro
state, while in this work, C. cervicornis was collected
at Armagao dos Buzios, RJ. As known from the
literature, the chemical composition of marine algae
can vary according to the local of collection (Teixeira
et al., 1990; Freitas et al., 2007; Ortiz-Ramirez et
al., 2008). C. cervicornis extract (360 ng/mL) and
its isolated diterpenes (720 pg/mL) were not able
to inhibit hemolysis induced by L. muta venom (36
pg/mL) (Table 1). On the other hand, the diterpenes
isolinearol/linearol (1800 ng/mL) inhibited ca. 60%
of the hemolytic activity of LM-PLA -I (90 pg/mL)
(Table 1). Such different inhibitory profiles may be
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explained by the fact that L. muta venom contains
phospholipase A, (PLA)) isoforms and, naturally, all
of them contribute to the degree of hemolysis induced
by venom (Fuly et al., 2002; Damico et al., 2008).
As shown here, the diterpenes were able to inhibit
one of these isoforms, LM-PLA -I (Table 1). This is
in contrast to the results of Moura (2010), whose C.
cervicornis extract (from algae collected in Angra
dos Reis) inhibited hemolysis of L. muta venom. This
reinforces the fact that the geographical position of
collection of marine algae should be considered in
bioprospeccion studies. The C. cervicornis extract,
diterpenes or DMSO (1% v/v, final concentration)
alone were not able to induce hemolysis; and DMSO
did not interfere with the activity of L. muta venom
or LM-PLA -I (data not shown).

As shown in Figure 1A, C. cervicornis

extract and the isolated diterpenes inhibited
proteolysis by L. muta venom (1.6 pg/mL) with
different potencies. The diterpenes presented
higher inhibitory activity than the C. cervicornis
extract, Thus, at a 1:60 venom:alga ratio, 18 and
95% inhibition were observed for C. cervicornis
extract and for diterpene, respectively. Only at a
1:180 ratio did C. cervicornis extract fully inhibit
the proteolytic activity of the venom (Figure 1A).
Envenomation by L. muta venom usually produces
hemorrhage due to proteolysis of blood vessels
or consumption of fibrinogen and other clotting
factors, thus preventing clot formation (Markland,
1998). Moreover, L. muta venom induces clotting
and these biological activities are associated with
specific protease groups: the metalloprotease and
serine protease. As observed, C. cervicornis extract
and diterpenes inhibited clotting of fibrinogen
triggered by one MCD of L. muta venom (Figure 1B)
only at the 1:60 venom:alga ratio, the C. cervicornis
extract’s inhibition being more powerful. In
contrast, at the 1:30 venom:alga ratio, no inhibition
was seen (Figure 1B). In this way, we may infer
that C. cervicornis compounds also interfere with
serine protease enzymes. DMSO (0.5 % v/v, final
concentration) did not affect clotting induced by the
L. muta venom (Figure 1B).
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Figure 1. Antiproteolytic and anticlotting effects of C.
cervicornis crude extract and isolated diterpenes isolinearol/
linearol. A. Inhibitory effect of C. cervicornis crude extracts
(Group 1) or diterpenes isolinearol/linearol (Group 2) upon
proteolysis induced by L. muta venom (1.6 pg/mL) at 1:60
(gray column), 1:120 (black column) or 1:180 (white column)
venom:alga ratio (w/w). B. Inhibitory effect of C. cervicornis
crude extracts (Group 3) or diterpenes isolinearol/linearol
(Group 4) upon coagulation triggered by L. muta venom
(6 pg/mL), at venom:alga ratio of 1:30 (gray column) and
1:60 (white column). Columns 1 and 2 represent coagulation
induced by L. muta (6 pg/mL) in the presence of 150 mM NaCl
or 0.5 % DMSO (v/v, final concentration), respectively. Data
are expressed as means=SEM of three individual experiments
(n=3). *Significance level (p<0.05), when compared to
columns 1 and 2.

Table 1. Antihemolytic action of C. cervicornis crude extract
and diterpenes against L. muta or LM-PLA -1,

%
Venom  Concentration  Marine alga  Concentration Inhibition
source (ng/mL) source (ng/mL) on
hemolysis
360 0
C. cervicornis
720 0
L. muta 36
Di 360 0
iterpenes
P 720 0
900 0
C. cervicornis
LM- % 1800 0
PLA -1 900 25+4
Diterpenes
1800 604

Inhibitory effect upon hemolytic activity of L. muta crude venom or
LM-PLA -1 by C. cervicornis crude extracts or diterpenes at 1:10 or
1:20 venom:alga ratio (w/w). Data are expressed as mean+SEM of
three individuals experiments (n=3).

Figure 2 shows that C. cervicornis extract (187
mg/kg) and isolated diterpenes (87 mg/kg) fully protected
mice from hemorrhage caused by L. muta venom (12 mg/
kg). Curiously, the algal compounds (C. cervicornis extract
and diterpenes) also prevented hemorrhage when L. muta
venom equivalent to two MHD was injected into mice
(data not shown). The animals that received only saline or
C. cervicornis extract/diterpenes showed no hemorrhagic
halo. We suggest that the inhibitory mechanism of action

of C. cervicornis extract or diterpenes upon hemorrhagic
activity may occur through an interaction between
compounds in algae and metalloproteases in the venom
by binding to the catalytic sites of these enzymes or by
chelating metal ions essential for their enzymatic activity,
since it is known from the literature that diterpenes may
bind divalent metals (Borges et al., 2005).

In conclusion, bioactive compounds from the
seaweed C. cervicornis appear to be a promising source of
molecules to improve the current treatment against L. muta
envenomation and useful as prototypes for designing new
antiophidian molecules.
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Figure 2. Antihemorrhagic effect of C. cervicornis crude
extract and isolated diterpenes isolinearol/linearol. Inhibition
on hemorrhage induced by L. muta venom (12 mg/kg) in the
presence of 187 mg/kg C. cervicornis extract (column 1) or
87 mg/kg diterpenes isolinearol/linearol (column 2). Data are
expressed as means=SEM of two individual experiments (n=3).
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