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a b s t r a c t

Ethnopharmacological relevance: Geissospermum vellosii is a tree widely found throughout the Amazonic
forest and frequently used by the native population for painful disorders.
Aim of the study: The present study examined the antinociceptive effects of Geissospermum vellosii in
behavioral models of nociception.
Materials, methods and results: Oral administration of crude extract of Geissospermum vellosii or its
dichloromethane fraction (1–100 mg/kg) inhibited formalin-induced inflammatory nociception and
acetic acid-induced visceral nociception. The antinociceptive effect of Geissospermum vellosii was
unrelated with motor dysfunctions. Furthermore, the alkaloid 12-metoxy-1-methyl-aspidospermidine
(0.001–1 mg/kg), isolated from the dichloromethane fraction, also produced antinociception. The
antinociception caused by the dichloromethane fraction was significantly attenuated by pre-treatment
ice
erotonergic system

of mice with p-chlorophenylalanine methyl ester (PCPA, an inhibitor of serotonin synthesis, 100 mg/kg
once a day for 4 consecutive days) and WAY-100635 (a 5-HT1A receptor antagonist, 0.3 mg/kg). In contrast,
dichloromethane fraction antinociception was not affected by pre-treatment of animals with ketanserin
(a 5-HT2 receptor antagonist, 0.3 mg/kg) or ondansetron (a 5-HT3 receptor antagonist, 0.5 mg/kg).
Conclusions: Together, these results indicate that Geissospermum vellosii produces antinociception through
an interaction with 5-HT1A receptors. Furthermore, the alkaloid 12-metoxy-1-methyl-aspidospermidine

cicep
contributes to the antino

. Introduction

The Geissospermum vellosii or Geissospermum leave, as is scientif-
cally known, is a medium-sized tree, widely found throughout the
mazonic forest. This plant belongs to the family Apocynaceae and

s popularly known as “Pau-Pereira” (Manske and Holmes, 1952).

he bark of this tree is frequently used by the native population
herapeutically for malaria, liver pain, fever, stomach disorders,
onstipation and as sexual stimulant (Muñoz et al., 2000; Dos
antos, 2007). Like other plants of the family Apocynaceae, Geis-

∗ Corresponding author at: Departamento de Ciências Fisiológicas, Centro de
iências Biológicas, Universidade Federal de Santa Catarina, Campus Universitário,
rindade, Florianópolis, Santa Catarina CEP: 88040-900,
razil. Tel.: +55 48 3721 9352/206; fax: +55 48 3721 9672.

E-mail address: arssantos@ccb.ufsc.br (A.R.S. Santos).

378-8741/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2009.05.026
tive properties reported for Geissospermum vellosii.
© 2009 Elsevier Ireland Ltd. All rights reserved.

sospermum vellosii has several classes of compounds, particularly
alkaloids. Indeed, it was shown that the bark of Geissospermum
vellosii presents the alkaloids geissospermine, geissosquizine, geis-
soschizoline and flavopereirine (Hughes and Rapoport, 1958; Dos
Santos, 2007; Almeida et al., 2007).

According to Costa et al. (2006), a geissospermine-rich fraction
originated from bark’s stem extract of the plant is able to reduce
amnesia induced by scopolamine in animal models of inhibitory
avoidance and in the water maze. Recently, it was showed that
the compounds flavopereirine, geissoschizoline and geissosper-
mine reduce the uptake of serotonin by synaptosomes from rat
hippocampus (Lima-Landman et al., 2006).
It is well known that serotonin (5-HT) pathways within the CNS
arise from a series of nuclei situated in the midline of the brain
stem, the raphe nuclei, which represent the richest source of neu-
ronal 5-HT synthesized in the mammalian brain (Fields et al., 1991;
Millan, 2002). In addition, several studies have shown that the bulb

http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:arssantos@ccb.ufsc.br
dx.doi.org/10.1016/j.jep.2009.05.026
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pinal serotonin system may suppress incoming noxious input to
he spinal cord and inhibit pain transmission (Basbaum and Fields,
984; Alhaider et al., 1991; Millan, 1995). Moreover, the multiple 5-
T receptor types within the spinal cord appear to fulfill different

oles in the control of nociception, reflecting their contrasting pat-
erns of coupling to intracellular transduction mechanisms (Millan,
995; Bardin et al., 2000). The activities of 5-HT receptors are com-
lex and sometimes even contrasting, and can depend on: (1) the
eceptor subtype being activated, (2) the relative contributions of
resynaptic versus postsynaptic actions of receptors, (3) the noci-
eptive paradigm in terms of quality and intensity of stimulus
Sawynok and Reid, 1996; Millan, 2002), and (4) the dose-related
ffect, which can be pro- or antinociceptive, of agonists and antago-
ists of serotonergic receptor subtypes (Hylden and Wilcox, 1983).
everal pieces of evidence point to 5-HT1A, 5-HT2 and 5-HT3 recep-
ors modulating nociceptive transmission, as activation of these
eceptors in the spinal cord produces antinociception in the for-
alin test and other models of pain (Bardin et al., 2000; Sasaki et

l., 2001; Millan, 2002).
Taking into account the biological activities of Geissospermum

ellosii and its possible involvement with the serotonergic sys-
ems, it is surprising that no pharmacological study has been
arried out on the possible antinociceptive effects of the Geis-
ospermum vellosii up to now. Here, we have therefore examined
he possible antinociceptive action of the crude extract and frac-
ions obtained from Geissospermum vellosii in chemical models of
ociception in mice. Attempts have been made to further inves-
igate the possible involvement of the serotonergic systems in the
ntinociceptive action of Geissospermum vellosii extract. In addition,
e also analyzed the possible antinociceptive effect of the alkaloid

2-metoxy-1-methyl-aspidospermidine isolated from this plant.

. Material and methods

.1. Animals

Experiments were conducted using male Swiss mice (20–30 g),
oused at 22 ± 2 ◦C under a 12-h light/12-h dark cycle (lights on at
6:00) and with access to food and water ad libitum. Animals were
cclimatized to the laboratory for at least 1 h before testing and
ere used only once throughout the experiments. The experiments
ere performed after approval of the protocol by the Institutional

thics Committee and were carried out in accordance with the cur-
ent guidelines for the care of laboratory animals and the ethical
uidelines for investigations of experimental pain in conscious ani-
als (Zimmermann, 1983). The numbers of animals and intensities

f noxious stimuli used were the minimum necessary to demon-
trate the consistent effects of the drug treatments.

.2. Preparation of the crude extract, fraction and isolated
ompound from Geissospermum vellosii

The Geissospermum vellosii (Apocynaceae) was collected in the
ortheast of Brazil in November 2002. It was identified by compar-

son with exsiccate (number 36060) from Geissospermum vellosii
eposited at the Botanical Garden from Curitiba, PR, Brazil. Ground
ark of Geissospermum vellosii (3800 g) was air-dried, powdered and
ubmitted to Soxhlet extraction in absolute ethanol until exhaus-
ion. The crude extract was filtered and submitted to evaporation
nder reduced pressure until reduction to 1/5 of its initial volume.

he crude extract (590 g) was submitted to partition liquid–liquid in
oxhlet with dichloromethane (CH2Cl2), ethyl acetate (EtOAc) and
uthanol (n-BuOH) resulting in CH2Cl2 (76.24 g), EtOAc (19.61 g), n-
uOH (10.93 g) fractions, and remaining aqueous fraction (90.95 g).
he CH2Cl2 fraction (66.75 g) was submitted to chromatography
Fig. 1. Molecular structure of alkaloid 12-metoxy-1-methyl-aspidospermidine.

through an appropriate column using changeable phases (hexane,
dichloromethane and methanol) with a rate flow of 1 mL/min. This
column isolated the alkaloid identified through RMN 13C and 1H as
12-metoxy-1-methyl-aspidospermidine (324 mg, Fig. 1).

2.3. Abdominal constriction response caused by intraperitoneal
injection of acetic acid

The abdominal constrictions were induced according to pro-
cedures previously described and resulted in contraction of the
abdomen together with a stretching of the hind limbs in response
to an intraperitoneal injection of acetic acid (0.6%) at the time
of the test (Santos et al., 1999). First, the mice were pre-treated
by oral route with the crude extract, CH2Cl2, EtOAc, n-BuOH or
aqueous fractions (1–300 mg/kg) 60 min before testing. Control
animals received the same volume of vehicle (10 ml/kg, p.o.). In
another set of experiments, mice were pre-treated with alkaloid
(0.001–1 mg/kg) by p.o. routes, 60 min before the irritant injection.
Control animals received a similar volume of vehicle (10 ml/kg).
After the challenge, the mice were individually placed into glass
cylinders of 20 cm diameter, and the abdominal constrictions were
counted cumulatively over a period of 30 min. Antinociceptive
activity was expressed as the reduction in the number of abdomi-
nal constrictions, i.e. the difference between control animals (mice
pre-treated with vehicle) and animals pre-treated with drugs.

2.4. Formalin-induced nociception

The procedure used was essentially the same as that previously
described (Santos and Calixto, 1997; Santos et al., 1999). Animals
received 20 �l of a 2.5% formalin solution (0.92% formaldehyde)
made up in saline, injected i.pl. into the ventral surface of the
right hindpaw. Animals were observed from 0 to 5 min (neuro-
genic phase) and from 15 to 30 min (inflammatory phase) and the
time spent licking the injected paw was recorded with a chronome-
ter and considered as indicative of nociception. Animals received
Geissospermum vellosii crude extract (1–100 mg/kg, p.o.) or the
dichloromethane fraction (1–100 mg/kg, p.o.) 60 min beforehand.
Control animals received vehicle (10 ml/kg, p.o.). After i.pl. injec-
tion of formalin, the animals were immediately placed in a glass
cylinder 20 cm in diameter, and the time spent licking the injected
paw was recorded.
2.5. Measurement of motor performance and locomotor activity

In order to evaluate the possible non-specific muscle relax-
ant or sedative effects of Geissospermum vellosii crude extract or
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ig. 2. Effects of crude extract (A), dichloromethane (CH2Cl2) fraction (B), ethyl aceta
2-metoxy-1-methyl-aspidospermidine (F) obtained from Geissospermum vellosii adm
he mean ± S.E.M. of 10–11 animals. Control value (C) indicates the animals treated w
roups (one-way ANOVA followed by Student–Newman–Keuls’ test) *P < 0.05; **P <

ichloromethane fraction, mice were submitted to the rota-rod task
Godoy et al., 2004) and open-field test (Rodrigues et al., 2002).
he rota-rod apparatus consists of a bar with a diameter of 3.7 cm,
ubdivided into four compartments by 25-cm diameter disks.
wenty-four hours before the experiments, all animals were trained
n the rota-rod until they could remain in the apparatus for 60 s
ithout falling. On the day of experiment, the animals were treated
ith Geissospermum vellosii crude extract or the dichloromethane

raction (10–100 mg/kg, p.o.) and 60 min after were tested in the
ota-rod test. The latency to fall and number of falls were recorded
uring a 240-s interval.

.6. Analysis of possible involvement of the serotonergic systems
n the antinociceptive action of Geissospermum vellosii
In order to investigate the participation of the seroton-
rgic system in the antinociceptive action of Geissospermum
ellosii in the acetic acid test, mice were pre-treated with
AY-100635 (0.3 mg/kg, s.c., a selective 5-HT1 receptor antag-

nist), ketanserin (0.3 mg/kg, i.p., a selective 5-HT2A receptor

able 1
nhibition by crude extract, fractions and isolated compounds from Geissospermum
ellossii on acetic acid-induced abdominal constriction.

rugs ID50
a MI (%)b

rude extract (mg/kg) 26.3 (6.8–101.4) 62 ± 11
ichloromethane (CH2Cl2) fraction (mg/kg) 9.8 (2.9–32.8) 73 ± 5
-Butanol (n-BuOH) fraction (mg/kg) 53.1 (32.5–86.5) 57 ± 4
thyl acetate (EtOAc) fraction (mg/kg) ND 48 ± 3
queous fraction (mg/kg) ND 41 ± 8
2-Metoxy-1-methyl-aspidospermidine (�g/kg) 27.4 (4.8–155.3) 77 ± 8
spirin (mg/kg)c 108.7 (92.7–126.6) 82 ± 5

ice (N = 10–12 per group) were treated with alkaloid, extract or fractions 60 min
orally) before acetic acid administration.

a 95% confidence limits.
b Maximal inhibition (MI); ND not determined.
c Data from De Campos et al. (1997).
OAc) fraction (C), n-butanol (n-BuOH) fraction (D), aqueous fraction (E) and alkaloid
ered orally against acetic acid-induced visceral pain in mice. Each column represents
ehicle and the asterisks denote the significance levels, when compared with control

antagonist), ondansetron (0.5 mg/kg, i.p., a 5-HT3 receptor antag-
onist) or vehicle (10 ml/kg, i.p.). After 20 min, they received the
dichloromethane fraction (30 mg/kg, p.o.) or vehicle injection and
60 min later, the acetic acid (Takeshita and Yamaguchi, 1995;
Bhargava and Saha, 2001; Duman et al., 2004). Another group
of animals was pre-treated with vehicle and after 20 min they
received dichloromethane or vehicle, 60 min before acetic acid
injection.

In a separate series of experiments, in order to investigate
the possible contribution of the endogenous serotonin in the
antinociceptive action of Geissospermum vellosii in the acetic acid
test, animals were pre-treated with p-chlorophenylalanine methyl
ester (PCPA, 100 mg/kg, i.p., an inhibitor of serotonin synthesis)
or with vehicle, once a day, for 4 consecutive days. Then, animals
received an injection of the dichloromethane fraction (30 mg/kg,
p.o.) or vehicle 20 min after the last PCPA or vehicle injection
and were tested in the acetic acid test 60 min later (Santos et al.,
1999).

2.7. Drugs

The following substances were used: acetic acid and formalde-
hyde (Merck, Darmstadt, Germany); p-chlorophenylalanine
methyl ester hydrochloride (PCPA), N-{2-[4-(2-methoxyphenyl)-
1-piperazinyl]ethyl}-N-(2-pyridynyl) cyclohexanecarboxamide
(WAY-100635, Sigma Chemical Co., St. Louis, USA); ketanserin
tartarate (Tocris Cookson Inc., Ellisville, USA); ondansetron
hydrochloride (Cristália, São Paulo, Brazil). Drugs were dissolved
only in saline, with the exception of Geissospermum vellosii that
was dissolved in saline and tween (80%). The final concentration of
tween did not exceed 10% and did not cause any “per se” effect.
2.8. Statistical analysis

The results are presented as mean ± S.E.M., except the ID50 val-
ues (i.e., the dose of Geissospermum vellosii crude extract, fraction
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ig. 3. Effect of crude extract (1–100 mg/kg) obtained from Geissospermum vellosi
nflammatory phase, panel B) in mice. Each column represents the mean ± S.E.M.
sterisks denote the significance levels, when compared with control groups (one-w

r alkaloid reducing the nociceptive response by 50% relative to
he control value), which are reported as geometric means accom-
anied by their respective 95% confidence limits. The ID50 value
as determined by nonlinear regression from individual experi-
ents using Graph-Pad software (GraphPad software, San Diego,

A, USA). The statistical significance of differences between groups
as detected by ANOVA followed by Student–Newman–Keuls’ test.

-Values less than 0.05 (P < 0.05) were considered as indicative of
ignificance.

. Results

.1. Abdominal constriction response caused by intraperitoneal
njection of acetic acid

Oral administration of animals with crude extract and fractions
CH2Cl2, EtOAc, n-BuOH and aqueous fractions), in the dose of
0–300 mg/kg, given 60 min beforehand, did not produce any irrita-
ion by itself (result not shown), but caused a significant reduction
f the number of abdominal constrictions induced by acetic acid in
ice in relation to control group (Fig. 2A–E). In addition, the results

epicted in Fig. 2(A, B and D) show that the crude extract, CH2Cl2
nd n-BuOH fractions of Geissospermum vellosii (1–100 mg/kg, p.o.)
roduced dose-related inhibition of acetic acid-induced abdominal
onstrictions in mice, with ID50 values (and their respective 95%
onfidence limits) of 26.3 (6.8–101.4) mg/kg, 9.8 (2.9–32.8) mg/kg
nd 53.1 (32.5–86.5) mg/kg and maximal inhibition of 62 ± 11%,
3 ± 5% and 57 ± 4% at the dose of 30 mg/kg (Table 1 and Fig. 2A,

and D). Moreover, the oral treatment with the aqueous and EtOAc

ractions (10–300 mg/kg) caused partial inhibition of the acetic
cid-induced abdominal constrictions in mice, with maximal inhi-
ition of 41 ± 8% and 48 ± 3% at the dose of 30 and 100 mg/kg,
espectively (Table 1 and Fig. 2C and E). At the ID50 level, CH2Cl2

ig. 4. Effect of dichloromethane fraction (1–100 mg/kg) obtained from Geissospermum ve
, and inflammatory phase, panel B) in mice. Each column represents the mean ± S.E.M. o

he asterisks denote the significance levels, when compared with control groups (one-way
inistered orally against formalin-induced licking (neurogenic phase, panel A, and
11 animals. Control values (C) indicate the animals injected with vehicle and the
OVA followed by Student–Newman–Keuls test) **P < 0.01.

fraction was approximately 2.7–11.1-fold more potent than crude
extract, n-BuOH fraction and well-known anti-inflammatory and
analgesic drug aspirin (Table 1). Considering that CH2Cl2 was the
most potent fraction, it was selected for the phytochemical analysis
to determine its active constituents.

Interestingly, the results depicted in Fig. 2F show that the alka-
loid isolated from Geissospermum vellosii (0.001–1 mg/kg, orally)
produced dose-related inhibition of acetic acid-induced abdomi-
nal constrictions with ID50 value of 27.4 (4.8–155.3) �g/kg and the
peak of inhibition observed was 77 ± 8% (Fig. 2F). Moreover, the
alkaloid was 358-fold more potent than the CH2Cl2 fraction (orig-
inal fraction). In addition, the alkaloid was 3967-fold more potent
than well-known anti-inflammatory and analgesic drug (aspirin)
(Table 1) when analyzed in the acetic acid test.

3.2. Formalin-induced nociception

The results presented in Fig. 3(A and B) show that crude
extract of Geissospermum vellosii (1–100 mg/kg, p.o.) also produced
dose-related inhibition only in the inflammatory phase of formalin-
induced nociception, with ID50 value of 2.1 (0.6–7.0) mg/kg and the
inhibition of 79 ± 5% at the dose of 100 mg/kg. Moreover, the CH2Cl2
fraction in the same doses resulted in a graded and significant
inhibition of both neurogenic and inflammatory phases of formalin-
induced nociception. The ID50 values and the inhibition for the
neurogenic and inflammatory phases were 22.6 (7.1–71.4) mg/kg
and 4.4 (1.9–9.9) mg/kg and 63 ± 5% and 84 ± 9%, respectively
(Fig. 4A and B). However, De Campos et al. (1997) demonstrated that
the standard drug aspirin, given orally (100–600 mg/kg), caused

significant inhibition against the inflammatory phase (but not the
neurogenic phase) of the formalin-induced nociception. The calcu-
lated mean ID50 value 282.0 (243.0–328.0) mg/kg and the inhibition
of 89 ± 5% at the dose of 600 mg/kg. Moreover, the CH2Cl2 fraction
and crude extract of Geissospermum vellosii were 64- and 134-fold

llosii administered orally against formalin-induced licking (neurogenic phase, panel
f 10–12 animals. Control values (C) indicate the animals injected with vehicle and
ANOVA followed by Student–Newman–Keuls test) *P < 0.05; **P < 0.01; ***P < 0.001.
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ig. 5. Effect of pre-treatment of animals with PCPA (100 mg/kg, 4 consecutive
ichloromethane fraction (30 mg/kg, p.o.) obtained from Geissospermum vellosii a
esents the mean ± S.E.M. of 10–12 animals. The symbols report the significance lev
P < 0.001 compared with Geissospermum vellosii treatment (one-way ANOVA follow

ore potent than the well-known anti-inflammatory and anal-
esic drug (aspirin) when analyzed in the inflammatory phase of
ormalin-induced nociception, respectively.

.3. Analysis of serotonergic system on action of Geissospermum
ellosii

The results depicted in Fig. 5A show that the previous treatment
f mice with PCPA (100 mg/kg, i.p., for 4 consecutive days) also pro-
uced significant inhibition of the antinociception caused by the
H2Cl2 fraction (30 mg/kg, p.o.) against acetic acid-induced pain. In
ddition, treatment of mice with WAY-100635 (0.3 mg/kg, s.c.), but
ot with ketanserine (0.3 mg/kg, i.p.) or ondansetron (0.5 mg/kg,

.p.), significantly reversed the antinociception caused by CH2Cl2
raction (30 mg/kg, p.o.) against acetic acid-induced nociception
Fig. 5B and results not shown).

.4. Analysis of possible interaction of Geissospermum vellosii
ith locomotor activity

The treatment of animals with the crude extract or the CH2Cl2
raction of Geissospermum vellosii in high dose (100 mg/kg, p.o.), but
ot in low doses (10 or 30 mg/kg, p.o.), caused significant reduction
f the locomotor activity in the open-field test when compared with

nimals that received vehicle (control group) (Table 2). However,
he same treatment of animals with the crude extract or the CH2Cl2
raction of Geissospermum vellosii (10–100 mg/kg, p.o.) did not affect
he motor performance in the rota-rod task (Table 2).

able 2
ffect of crude extract or dichloromethane fraction obtained from Geissospermum
ellossii on number of crossings in open-field test and on the fall latency or number
f falls in rota-rod test in mice.

reatment Open-field test Rota-rod test

Crossing Fall latency Number of falls

ehicle (10 ml/kg) 56 ± 5 141 ± 46 0.5 ± 0.2
rude extract (10 mg/kg) 54 ± 8 89 ± 37 0.8 ± 0.1
rude extract (30 mg/kg) 80 ± 2 141 ± 45 0.5 ± 0.2
rude extract (100 mg/kg) 38 ± 3* 163 ± 49 0.3 ± 0.2
ichloromethane (10 mg/kg) 57 ± 9 203 ± 37 0.2 ± 0.2
ichloromethane (30 mg/kg) 50 ± 3 125 ± 51 0.5 ± 0.2
ichloromethane (100 mg/kg) 35 ± 4* 135 ± 47 1.2 ± 0.6

ice were treated with extract or fractions 60 min (p.o.) before open-field or rota-
od tests. Data represents the mean ± S.E.M. of six animals. The symbols report the
ignificance level.

* P < 0.05 compared with control group (animals injected with the vehicle alone)
one-way ANOVA followed by Student–Newman–Keuls test).
, panel (A) or WAY100635 (3 mg/kg, panel B) on the antinociceptive profile of
stered orally against acetic acid-induced visceral pain in mice. Each column rep-
< 0.01 compared with control group (animals injected with the vehicle alone) and
Student–Newman–Keuls test).

4. Discussion

This study showed for the first time that the crude extract,
fractions and compounds isolated from Geissospermum vellosii
displayed antinociceptive effect against visceral pain evoked by
intraperitoneal injection of acetic acid in mice. Furthermore, the
crude extract of Geissospermum vellosii or its CH2Cl2 fraction also
inhibited both the neurogenic (early phase) and inflammatory (late
phase) pain responses caused by formalin injection in mice. Here,
we observed that the crude extract and CH2Cl2 fraction of Geis-
sospermum vellosii did not alter motor performance and locomotor
activity in the doses that caused significant antinociception.

A considerable number of studies have suggested that extracts
or active principles obtained from Geissospermum vellosii have been
used in various countries as popular medicine for the treatment
of a variety of illnesses, such as malaria, liver pain, fever, stom-
ach disorders, constipation and as sexual stimulant (Muñoz et al.,
2000; Dos Santos, 2007). However, in spite of the fact that the
extract from Geissospermum vellosii has been suggested to pro-
duce analgesic effect, the putative antinociceptive activities of the
extract or active principles obtained from the Geissospermum vellosii
as well as its mechanisms of action have not yet been demon-
strated.

The results reported here indicate that oral administration of
the crude extract, CH2Cl2 and n-BuOH, but not EtOAc and aque-
ous, fractions obtained from Geissospermum vellosii inhibited, in
a dose-dependent manner, the nociceptive response elicited by
acetic acid. At the ID50 level, CH2Cl2 fraction was approximately
2.7–11.1-fold more potent than the crude extract and n-BuOH frac-
tion and well-known anti-inflammatory and analgesic drug aspirin
in inhibiting acetic acid-induced visceral pain. To our knowledge
this is the first report of this kind in the literature. Furthermore,
the chemical studies carried out on this CH2Cl2 fraction allowed
us to isolate the alkaloid 12-metoxy-1-methyl-aspidospermidine
in Geissospermum vellosii, which seems to be responsible, for the
antinociceptive properties reported for the CH2Cl2 fraction. More-
over, at the ID50 level, this alkaloid was 358- and 3967-fold more
potent than CH2Cl2 fraction and well-known anti-inflammatory
and analgesic drug (aspirin) when analyzed in the acetic acid test. In
addition, acetic acid-induced writhing reaction in mice, described
as a typical model of inflammatory pain, has long been used as a
screening tool for the assessment of analgesic or anti-inflammatory

properties of new agents (Vinegar et al., 1979; Tjølsen and Hole,
1997).

Also of interest are the results showing that the CH2Cl2 frac-
tion, but not the crude extract, obtained of Geissospermum vellosii
is largely effective in preventing both the neurogenic (early phase)
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nd inflammatory (late phase) pain responses caused by formalin
njection in mice. Furthermore, it has been shown that injection of
ormalin in rodents produces a significant increase in spinal levels
f different mediators, such as excitatory amino acids, PGE2, nitric
xide, tachykinin, kinins, among other peptides (Tjølsen et al., 1992;
almberg and Yaksh, 1995; Santos and Calixto, 1997; Santos et al.,

998). Likewise, these data suggest that the CH2Cl2 fraction, dif-
erently from the crude extract, contains active principles that are
ffective in reducing both the neurogenic and inflammatory pain
nduced by formalin.

As mentioned in Section 1, the serotonergic system plays a very
mportant role in the control of pain. In addition, several clinical and
reclinical studies have found that antidepressant drugs are able to
roduce marked analgesia in humans and animals (Korzeniewska-
ybicka and Plaznik, 1998; Millan, 2002; Rojas-Corrales et al.,
003). Recently, it has been shown that some alkaloids isolated
rom Geissospermum vellosii reduced the serotonin uptake by rat
ynaptossomes in vitro (Lima-Landman et al., 2006). Together, these
ndings strongly suggest that the serotonergic system could indeed
e involved in the antinociceptive effects of the CH2Cl2 fraction
rom Geissospermum vellosii in mice. In fact, the results of the
resent study show that CH2Cl2 fraction produces antinociception
hat appears to be mediated by the serotonergic system, espe-
ially through the stimulation of 5-HT1 receptors. This assertion
s supported by the demonstration that (1) depletion of endoge-
ous serotonin with the tryptophan hydroxylase inhibitor PCPA, at
dose known to decrease the cortical content of serotonin and to

ignificantly reverse the morphine antinociception, largely antag-
nized the antinociceptive action of the CH2Cl2 fraction (Santos
t al., 1999; Mendes et al., 2000; Dailly et al., 2006); (2) selective
ntagonists of 5-HT1A receptors, namely WAY-100635, consistently
eversed the antinociception caused by systemic administration
f the CH2Cl2 fraction when analyzed against acetic acid-induced
ain; in marked contrast, selective antagonists of 5-HT2A and 5-
T3 receptors, namely ketanserin and ondansetron, respectively,
o not appear to account, to any large extent, for the antinocicep-
ive action of the CH2Cl2 fraction. Furthermore, several studies have
emonstrated the involvement of 5-HT1A receptors in the mecha-
ism of action of many classes of antidepressant drugs, including
ricyclics, SSRIs (selective serotonin reuptake inhibitors) and MAOi
monoamine oxidase inhibitors) (Hensler, 2002). Thus, our data
learly indicate that in the model of visceral pain, the antinocicep-
ive action of Geissospermum vellosii CH2Cl2 fraction was reduced
y a selective 5-HT1A receptor antagonist, which suggests that 5-
T1A receptor stimulation by Geissospermum vellosii CH2Cl2 fraction
roduces analgesic-like effect.

Recently, it was reported that the alkaloid geissospermine
solated from Geissospermum vellosii acts as relaxing skeletal mus-
le drug by acting in nicotinic receptors (Tanae et al., 2006).
oreover, geissosquizine isolated from Geissospermum vellosii sig-

ificantly reduces the locomotor activity in the open-field test,
pparently mediated by central dopaminergic system (Shimada et
l., 1999). To determine whether the decrease of nociceptive behav-
ors could be due to a neuromuscular blockade caused by treatment

ith Geissospermum vellosii and to avoid misinterpretation of our
ntinociceptive results, the open-field and rota-rod tests were car-
ied out. As indicated, animals showed changes in the open-field
est only with higher tested dose of Geissospermum vellosii crude
xtract and CH2Cl2 fraction, and the same was not observed in the
ota-rod test. These results suggest that the decrease on number of
rossings may be occurring for some other reason rather than neu-

omuscular blockade, since neuromuscular blocker reduces motor
erformance not only in the open-field test, but also in the roda-
od test (Moreira et al., 2000; De Souza et al., 2001). Moreover, since
he maximal antinociceptive effect of Geissospermum vellosii crude
xtract and CH2Cl2 fraction was obtained in the dose of 30 mg/kg, it
armacology 125 (2009) 163–169

may be suggested that the antinociceptive action of Geissospermum
vellosii is unrelated to motor dysfunctions.

In summary, the results of the present study demonstrate for the
first time that the extract and fractions obtained from Geissosper-
mum vellosii, especially the crude extract and the dichloromethane
fraction, exerts pronounced antinociception against chemical mod-
els (acetic acid and formalin) of nociception in mice at a dose
that does not interfere with motor performance. In addition, the
antinociceptive effect of the dichloromethane fraction involves
an interaction with the serotonergic (through 5-HT1A, but not
5-HT2A and 5-HT3, receptors) system. Furthermore, the alkaloid
isolated and identified as 12-metoxy-1-methyl-aspidospermidine
contributes to the explanation of the antinociceptive properties
reported for the Geissospermum vellosii. Finally, the antinociceptive
action demonstrated in the present study supports, at least in part,
the ethnomedical uses of this plant.
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