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ABSTRACT
Geissospermum vellosii (Pao pereira) is a Brazilian tree whose stem barks are rich in indole alkaloids that 
present intense anticholinesterase activity. The present study evaluated the effects of a stem bark fraction 
(PPAC fraction) and ethanolic extract (EE) of Pao pereira in classic murine models of infl ammation 
and pain. The EE and PPAC fraction, both at a dose of 30 mg/kg, signifi cantly reduced mice abdominal 
constriction induced by acetic acid by 34.8% and 47.5%, respectively. In the formalin test, EE (30 mg/
kg) and PPAC fraction (30 and 60 mg/kg) inhibited only the second phase, by 82.8%, 84.9% and 100%, 
respectively. Compared with indomethacin, similar doses of EE or PPAC fraction were approximately 
twice as effective in causing antinociception. PPAC fraction was not effective in the hot plate test but 
reduced the infl ammatory response at the second (50.6%) and third (57.8%) hours of rat paw edema 
induced by carrageenan. Antihyperalgesic activity was observed within 30 min with a peak at 2 h (60.1%). 
These results demonstrate that compounds in PPAC fraction have anti-infl ammatory and antinociceptive 
activity by a mechanism apparently unrelated to the opioid system. Regardless of similar responses to 
indomethacin, the effects of PPAC fraction are mainly attributed to acetylcholine actions.
Key words: Geissospermum vellosii, Pao pereira, antinociception, inflammation, cholinergic anti-inflam-
matory pathway.
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INTRODUCTION

Geissospermum vellosii (Pao pereira) stem bark 
fraction (PPAC fraction) is rich in indole alkaloid 
substances and presents an intense anticholines-
terase activity as previously characterized by 

our group (Lima et al. 2009). We demonstrated 
in vitro that PPAC fraction is more selective in 
inhibiting butyrylcholinesterase (BChE) than 
acetylcholinesterase (AChE). We found in vivo 
that mice that were treated with PPAC fraction 
reversed the scopolamine-induced amnesia with 
no peripheral or central cholinergic side effects 
(Lima et al. 2009). The main alkaloid with 



An Acad Bras Cienc (2016) 88 (1)

238 JOSÉLIA A. LIMA, THIAGO W.R. COSTA, LEANDRO L. SILVA, ANA LUÍSA P. MIRANDA and ANGELO C. PINTO

anticholinesterase activity in PPAC was isolated 
and identifi ed as geissospermine (Lima et al. 2009). 
In addition, geissospermine, the main constituent 
of the fraction, binds strongly to human AChE 
(Araújo et al. 2011). 

Recently, an immunomodulatory circuit 
termed the “cholinergic anti-inflammatory 
pathway” was reported as a mechanism for neural 
inhibition of infl ammation (Tracey 2002, Blalock 
2002) and interfaces the brain with the immune 
system (Pavlov et al. 2003, Rosas-Ballina and 
Tracey 2009). Immune cells, such as macrophages, 
possess a complete cholinergic system consisting 
of acetylcholine (ACh), muscarinic and nicotinic 
receptors (mAChR and nAChR, respectively), 
choline acetyl-transferase and AChE (Kawashima 
and Fujii 2003, Ley et al. 2010, Chernyavsky et al. 
2010). Stimulation of the vagus nerve in animals 
that were subjected to carrageenan-induced paw 
swelling signifi cantly attenuated the development 
of edema formation and inhibited the local 
production of cytokines in the zone of infl ammation 
(Borovikova et al. 2000a). Furthermore, the 
vagus nerve stimulation of mice in a model of 
subcutaneous inflammation caused by injecting 
carrageenan into an air pouch significantly 
inhibited the recruitment of polymorphonuclear 
leukocytes to the infl ammatory zone (Saeed et al. 
2005). As the vagus nerve does not signal directly 
to either the paw or the subcutaneous tissues, it is 
likely that the reduction in infl ammation that was 
observed following vagus nerve stimulation in 
these models is attributable to the downregulation 
of cytokine production by the reticuloendothelial 
system and the redirection of leukocyte traffi cking 
away from the periphery (Huston et al. 2006). ACh 
is a major parasympathetic neurotransmitter and 
inhibits the lipopolysaccharide (LPS)-induced 
production of pro-inflammatory cytokines, 
including interleukin–1 (IL-1), tumoral necrosis 
factor (TNF) from macrophages (Tracey 2002) 
and microglia (Shytle et al. 2004), by a mechanism 

that depends on the α7 nicotinic ACh receptor 
(α7nAChR), which inhibits nuclear factor kappa 
B (NF-kB) nuclear translocation and suppresses 
cytokines (Tracey 2007, Kamal et al. 2009). 
Vagus nerve stimulation or the administration of 
α7nAChR agonists inhibits not only TNF but also 
IL-1, IL-6, IL-8 and high mobility group box 1 
(HMGB1) (Wang et al. 2004). In addition, nicotine 
inhibits resident peritoneal macrophage activation 
ex vivo, attenuating pro-inflammatory cytokine 
release through the α7nAChR-mediated activation 
of the JAK/STAT pathway (De Jonge et al. 2005). 
The cholinergic stimulation of α7nAChR on mouse 
macrophages down-regulates the production of 
proinfl ammatory cytokines in a lethal endotoxemia 
model (Borovikova et al. 2000b, Wang et al. 2003, 
Tracey 2007).

Considering all of the stated anti-infl ammatory 
roles that are mediated by the cholinergic system 
(Borovikova et al. 2000b, Tracey 2002, 2007, Wang 
et al. 2003, 2004, Shytle et al. 2004, Kamal et al. 
2009) and the previously described PPAC fraction 
anticholinesterase activity (Lima et al. 2009), 
the aim of this work was to examine the effects 
of PPAC fraction and the ethanolic extract (EE) 
of the Geissospermum vellosii in classic murine 
models of infl ammation and pain. Therapies that 
bring together anticholinesterase and pro-cognitive 
properties associated with anti-inflammatory 
actions might represent new insight for the treatment 
of pathologies involving neuroinfl ammation and 
memory loss, such as Alzheimer disease (AD). 

MATERIALS AND METHODS

PREPARATION OF ETHANOL EXTRACT AND FRACTIONS

Stem barks of Geissospermum vellosii were dried at 
room temperature (30 - 35 oC). The dried material 
was ground, macerated six times with 95% ethanol 
(2 days each, for 12 days) and dried by evaporating 
the ethanol extracts (2 days) under reduced pressure. 
The yield of the ethanol extracts from stem bark 
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was 3.6% of the dried materials. Water was added 
to the dried material, and the mixture was defatted 
with hexane (1:5). The defatted aqueous extract 
was extracted with chloroform (CHCl3) at different 
pH values (3.0 - 12.0). The fractions were eluted 
in thin-layer chromatography and revealed with 
Dragendorff´s reagent. Fractions at pH values of 
5.0, 7.0, 9.0 and 12.0 presented orange colored 
points, characteristic of alkaloids. As we previously 
demonstrated (Lima et al. 2009), after evaluation 
of the fractions for anticholinesterase activity, the 
fraction at pH 7, which we named “PPAC”, was 
chosen for pharmacological studies.

ANIMALS

Adult Wistar rats (120 – 220 g) and Swiss albino 
mice (18 – 25 g) of both sexes were obtained 
from the Faculty of Pharmacy-UFRJ-Brazil 
breeding unit. The experimental procedures were 
in compliance with the recommendations of the 
Animal Care and Use Committee of Universidade 
Federal do Rio de Janeiro (CEUA-UFRJ protocol 
FARMACIA04). All of the animals were maintai-
ned under standardized conditions, only with water 
ad libitum for 12 hours before the experiment.

DRUGS AND CHEMICALS

Acetic acid, Tween 80, ethanol and formaldehyde 
were purchased from Merck, and indomethacin 
and carrageenan were purchased from Sigma 
Chemical. PPAC fraction and EE were prepared as 
a fi ne suspension in EtOH/Tween 80/H2O (1:1:8, 
v/v/v; vehicle). 

ANTINOCICEPTIVE ACTIVIT Y

Acetic acid-induced abdominal constriction in mic e

The antinociceptive activity was determined in 
vivo using the abdominal constriction test induced 
by 0.6% acetic acid in 0.9% sodium chloride 
solution (0.1 ml/10 g; i.p.) as previously described 
(Collier et al. 1968). PPAC fraction and EE were 

administered orally (30 mg/kg; 0.1 ml/20 g) as a fi ne 
suspension one hour before acetic acid injection. 
Ten minutes after acetic acid injection, the number 
of constrictions per animal was recorded for 20 
minutes. Control animals received an equal volume 
of vehicle or indomethacin (10 mg/kg) and were 
used as positive controls. The antinociceptive 
activity was reported as the percentage of inhibition 
of constriction compared to that of the vehicle 
control group. 

Formalin-induced pain in mice

The formalin-induced pain test was performed 
as described by Hunskaar and Hole (1987) . All 
of the groups received treatment 60 min before 
formalin injection, PPAC fraction (10, 30 and 60 
mg/kg), EE (30 mg/kg), control (equal volume of 
vehicle) and indomethacin (35.8 mg/kg), which 
was used as a positive control. Animals were 
injected subplantarly with 20 μl of 2.5% formalin 
in 0.9% sodium chloride solution in the left hind 
paw. The time that mice spent licking or biting 
the injected paw or leg was recorded. Two distinct 
periods of intensive licking activity were identifi ed 
and scored separately unless otherwise stated. The 
fi rst period (neurogenic phase) was recorded 0-5 
min after formalin injection, and the second period 
(infl ammatory phase) was recorded 15-30 min after 
injection. 

Hot plate test

The central analgesic activity was investigated 
using the hot plate test as previously described 
(Tejwani et al. 1992). In these experiments, the hot 
plate apparatus (Ugo Basile, Model-DS 37) was 
maintained at 56 ± 1 °C. Each mouse received two 
trials on the hot plate, separated by a 30-min interval 
from one another. The fi rst trial familiarized the 
animal with the test procedure, and the second trial 
served as the control reaction time (fi rst sign of paw 
licking or jumping) for the animal. Mice were pre-
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selected, and those showing a reaction time greater 
than 10 s were not used. The reaction time for each 
mouse was determined on the hot plate surface 
at 30, 60, 90 and 120 min after intraperitoneal 
administration of the vehicle or PPAC fraction (30 
mg/kg), and the time between placement and the 
fi rst sign of paw licking or jumping was recorded 
as latency. A cut-off time of 30 s was established to 
avoid possible skin injury.

CARRAGEENAN-INDUCED RAT PAW EDEMA AND 
HYPERALGESIA

The antiedematogenic and antihyperalgesic 
activities were measured using the carrageenan-
induced rat paw edema test as previously described 
(Ferreira 1979) and the hyperalgesia on hot plate 
as previously described (Lavich et al. 2005). PPAC 
fraction (30 mg/kg) and an equal volume of vehicle 
(control) were administered intraperitoneally. After 
60 min, animals were injected subplantarly with 1% 
carrageenan in saline or sterile saline (0.9% NaCl) 
into the right and left hind paws, respectively (0.1 
ml/paw). Then, edema and thermal hyperalgesia 
were quantifi ed.

Edema - Paw volumes were measured using 
a glass plethysmometer that was coupled to a 
peristaltic pump at each hour until three hours after 
the subplantar injection. Edema was calculated as 
the volume difference between carrageenan and 
saline-treated paw. The anti-infl ammatory activity 
was expressed as the percentage inhibition of the 
edema compared to that of the vehicle control 
group. 

Hyperalgesia - Carrageenan-evoked hyperal-
gesia was quantifi ed as a measure of the nociceptive 
response to a thermal stimulus (51 ± 1 °C) that 
originated from a hot plate apparatus (Ugo Basile, 
Model-DS 37). Each animal received two trials on 
the hot plate, separated by a 30-min interval from 
one another. The fi rst trial familiarized the animal 
with the test procedure, and the second trial served 

as the control reaction time (abrupt withdrawal of 
the right hind paw) for the animal. The withdrawal 
latency of the right hind paw was determined 0, 30, 
60, 120 and 180 min after carrageenan injection. 
Hypernociception to heat is defi ned as a decrease 
in the withdrawal latency and is calculated as 
follows: Δ paw withdrawal latency (s) = (right 
paw withdrawal latency at time 0) – (right paw 
withdrawal latency at the others times). The cut-off 
time was 20 s to avoid possible skin injury .

STATISTICAL ANALYSIS

Results are expressed as the mean ± SEM of 7-10 
animals per group. The data were statistically 
analyzed by a one-way or two-way ANOVA 
Bonferroni post-test for a significance level of 
*p<0.05 or ***p<0.001. When appropriated, the 
ID50 value (i.e., the dose that reduces response by 
50%) was determined by non-linear regression 
using GraphPad Prism software.

Figure 1 - Effect of EE (30 mg/kg) and PPAC fraction (30 mg/
kg) on abdominal constriction induced by 0.6% acetic acid (0.1 
ml/10 g; i.p.) in mice after oral administration. Each column 
represents the mean ± SEM. of 8–11 animals. ***p<0.001 in a 
one-way ANOVA Bonferroni post-test.
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RESULTS

ANTINOCICEPTIVE ACTIVITY

Acetic acid-induced abdominal constrictions in mice

As shown in Figure 1, EE and PPAC fraction, both 
at a dose of 30 mg/kg (po), signifi cantly reduce 
abdominal constrictions induced by acetic acid 
by 34.8 and 47.5% (p<0.001), respectively. The 
inhibition is comparable to that of indomethacin 
(10 mg/kg; po), a standard non steroidal anti-
inflammatory drug (NSAID) that was used as 
a positive control, whose inhibition of the acetic 
acid-induced abdominal constrictions in mice was 
44.5% (data from Lima et al. 2005). 

Formalin-induced pain in mice

The analgesic activity of EE (30 mg/kg, i.p.) and 
PPAC fraction (10, 30, 60 mg/kg, i.p.) was evaluated 
using indomethacin (35.8 mg/kg, i.p.) as a positive 
control. As shown in Figure 2, EE, different doses 
of PPAC fraction or indomethacin did not exert an 
effect on the fi rst phase (0-5 min), whereas in the 
second phase (15-30 min), the paw-licking time was 
signifi cantly (p<0.001) inhibited by EE (82.8%), 
PPAC fraction at 30 mg/kg (84.9%) and 60 mg/
kg (100%), and indomethacin (49.0%). These two 
phases correspond to neurogenic and infl ammatory 
pain. Compared to indomethacin, similar doses (30 
mg/kg) of EE or PPAC fraction were approximately 
twice as active in causing antinociception. PPAC 

Figure 2 - Effect of PPAC fraction (10, 30 and 60 mg/kg) and EE (30 mg/kg) on formalin-induced pain in mice after 
i.p. administration. Each column represents the mean ± SEM. of 6–11 animals. ***p<0.001 in a one-way ANOVA 
Bonferroni post-test.
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fraction caused dose-dependent inhibition of the 
second phase, with no statistically signifi cant effect 
at 10 mg/kg, presenting an antinociceptive ED50 
of 15.9 mg/kg.

Hot plate test

PPAC fraction (30 mg/kg, i.p.) did not affect the 
latency time response in any of the times compared 
to that of the vehicle group (data not shown).

CARRAGEENAN-INDUCED RAT PAW EDEMA AND 
HYPERALGESIA

In the carrageenan-induced paw edema, there was 
a gradual increase in paw volume (edema) in the 
control group throughout the entire experiment 
(3 hours). PPAC fraction at a dose of 100 mg/kg, 
i.p., was able to inhibit the infl ammatory response 
2 and 3 hours post carrageenan injection. The 
percentage of inhibition was, respectively, 50.6 
and 57.8% (p<0.001) (Figure 3). The simultaneous 
evaluation of PPAC fraction (100 mg/kg, i.p.) in 
the carrageenan-induced hyperalgesia showed 

that this fraction (p<0.001) signifi cantly increased 
the withdrawal latency in all of the times (30, 60, 
120 and 180 min) after carrageenan injection in 
more than 40%, reaching a maximum inhibition 
(60.1%) at 120 min (Figure 4). Indomethacin (10 
mg/kg) inhibited both edema and hyperalgesia by 
70%, showing an ID50 of 0.96 mg/kg at the 3rd 
hour under our experimental conditions (data from 
Lima et al. 2005, Viegas Jr et al. 2008). No gastric 
irritations were observed.

DISCUSSION

The potent anticholinesterase activity of PPAC 
fraction and its effects on memory tests in mice 
were previously evaluated by our group (Lima et 
al. 2009). In a previous work, we demonstrated that 
PPAC fraction inhibits rat brain and Electrophorus 
electricus (eel) AChE, as well as BChE from horse 
serum, in a concentration-dependent manner, 
being more potent against BChE than AChE. We 
also demonstrated that PPAC fraction can reverse 
scopolamine-induced amnesia in passive avoidance 

Figure 4 - Effect of PPAC fraction (100 mg/kg; po) 
on carrageenan-induced rat hyperalgesia. Each point 
represents the mean ± SEM of 7–10 animals. ***p<0.001 
in a two-way ANOVA Bonferroni post-test.

Figure 3 - Effect of PPAC fraction (100 mg/kg; po) on 
carrageenan-induced rat paw edema. Each point represents 
the mean ± SEM of 7–10 animals. ***p<0.001 in a two-
way ANOVA Bonfer roni post-test.
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and Morris water maze tests at 30 mg/kg, i.p., with 
no noticeable peripheral or central cholinergic 
side effects up to a dose of 200 mg/kg, when mice 
showed convulsions affecting the whole body 
followed by death. Considering the recent fi ndings 
demonstrating the prominent anti-inflammatory 
functions of the cholinergic signaling (Borovikova 
et al. 2000b, Tracey et al. 2001, Tracey 2002, 
Blalock 2002, Pavlov et al. 2003, Rosas-Ballina 
and Tracey 2009), we decided to examine the 
indole alkaloid-enriched fraction (PPAC fraction) 
and EE of Geissospermum vellosii stem bark in 
classical models of pain and infl ammation in vivo 
and compare them with those of indomethacin, 
a non-steroidal anti-inflammatory drug. In this 
paper, we demonstrate that EE and PPAC fraction 
signifi cantly inhibited the abdominal constriction 
induced by acetic acid in mice. Acetic acid causes 
an increase in the prostaglandin (PGE2 and PGF2α) 
levels in the peritoneal fl uid, which in part act on 
peritoneal receptors to induce infl ammatory pain 
and increase capillary permeability (Deraedt et al. 
1980, Amico-Roxas et al. 1984). The test did not 
indicate if this potential resulted from central and/
or peripheral actions. For clarifi cation, a formalin 
test (Hunskaar and Hole 1987) was conducted. 
This test indicated that EE and PPAC fraction 
present peripheral analgesic properties (inhibition 
of inflammatory pain corresponding to phase 
2 of the formalin test) without apparent central 
analgesic effects (neurogenic phase or phase 1 
of the formalin test). The early phase, named 
non-inflammatory pain, is a result of the direct 
stimulation of nociceptors and refl ects centrally 
mediated pain; the late phase, named infl ammatory 
pain, is caused by local infl ammation with a release 
of inflammatory and hyperalgesic mediators 
(Hunskaar and Hole 1987), such as serotonin, 
histamine, bradykinin and prostaglandins (Tjolsen 
et al. 1992). To confirm that G. vellosii had no 
central analgesic actions, the hot plate test, which 
is commonly used to assess narcotic analgesia 

(Asongalem et al. 2004), was conducted. PPAC 
fraction did not show antinociceptive effects in this 
test. Therefore, it is assumed that G. vellosii has 
no central analgesic effect that would contribute 
to its peripheral analgesic effect. This observation, 
together with the antinociceptive effect that was 
observed in the writhing test and the lack of activity 
in the fi rst phase of the formalin test, suggests that 
the antinociceptive activity of PPAC fraction may 
be unrelated to the activation of the opioid system 
and reinforces the anti-infl ammatory property of G. 
vellosii.

To demonstrate the anti-infl ammatory property 
of G. vellosii, the effects of the PPAC fraction on the 
carrageenan-induced paw edema and hyperalgesia 
in rat were evaluated. PPAC fraction presented an 
antiedematogenic effect acting on the second phase 
of infl ammatory process, inhibiting the edema in 
the 2nd and 3rd (57.8%) hours. Antihyperalgesic 
activity was observed within 30 min with a peak 
at 2 hours (60.1%). Indomethacin, a well-known 
prostaglandin inhibitor, inhibited both edema 
and hyperalgesia by 70%. Edema formation due 
to carrageenan in the rat paw is a biphasic event 
(Vinegar et al. 1969). Initial phase is attributed to 
the release of histamine and serotonin (Crunkhon 
and Meacock 1971). The second phase of edema 
is due to the release of prostaglandins, proteases 
and lysosome (Vinegar et al. 1969, Crunkhon and 
Meacock 1971) and is sensitive to most clinically 
effective anti-inflammatory drugs (Vinegar et 
al. 1969, DiRosa et al. 1971). The edema that is 
produced at the peak (3rd hour) is thought to be due 
to the release of kinin-like substances, especially 
bradykinin (Van Arman et al. 1965, Crunkhon and 
Meacock 1971). The hyperalgesic changes that are 
evoked by carrageenan are clearly sensitive to the 
cyclooxygenase (COX) inhibitor indomethacin 
(Lavich et al. 2005). 

The results demonstrate that Geissospermum 
vellosii stem barks present an anti-infl ammatory and 
antinociceptive activity, similar to that observed to 
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indomethacin, through a mechanism that seems to be 
unrelated to the opioid system. All together, results 
suggest prostanoids, such as prostaglandins (PGs), 
as facilitating agents of the infl ammatory process. 
Regardless of similar responses, the mechanism 
of action of PPAC fraction differs from that of 
indomethacin, as the actions are mainly assigned 
to ACh, the major vagus nerve neurotransmitter. 
It has long been known that ACh (Pedigo et al. 
1975), other direct cholinergic agonists (Yaksh et 
al. 1985, Hendershot and Forsaith 1959, Wang et 
al. 2005) and anticholinesterase agents (ChEIs) 
(Ireson 1970, Yaksh et al. 1985, 1995, Cozanitis et 
al. 1983, Gurun et al. 1997) induce antinociception 
in laboratory animals. Systemic administration 
of ChEIs, which cross the blood-brain barrier, 
produces analgesia and enhances analgesia from 
opiates (Eisenach 1999). Galanthamine, an indole 
alkaloid that is used to treat AD, had its analgesic 
effects evaluated and compared to those of 
physostigmine and morphine in the hot plate test 
in rats and in mice writhing test (Cozanitis et al. 
1983). In the hot plate test, naloxone, an antagonist 
of opioid receptors, partially blocked the analgesic 
effect of galantamine but not that of physostigmine. 
Both ChEIs produced analgesia in abdominal 
writhing test in mice. According to Metys et al. 
(1969), physostigmine produces an analgesia that 
is mediated through mAChRs. Honda et al. (2000) 
reported the involvement of M3 mAChRs of the 
spinal cord in formalin-induced nociception in 
mice. The muscarinic antagonist atropine and the 
M3 mAChRs antagonist 4-DAMP were able to 
inhibit the second phase response of formalin at low 
doses (0.1–20 ng, i.t.), whereas the M1 mAChRs 
antagonist pirenzepine only inhibited the second-
phase response at a high dose (1000 ng, i.t.). In 
addition, M2 mAChRs antagonist AF-DX116 had 
no effect. Wang et al. (2005) used the hot plate 
and formalin tests to evaluate the antinociception 
of choline, an α7 nAChRs agonist, and showed 
that choline can reduce acute or inflammatory 

nociceptive behavior through α7 nAChRs on 
CNS and periphery after i.c.v. and i.v. treatment, 
respectively. In formalin test, choline did have an 
effect in the second phase. M1 mAChRs in sheep 
(Bouaziz et al. 1995) and rats (Naguib and Yaksh 
1997) and M3 mAChRs have been suggested to be 
involved mainly in spinal antinociception (Hwang 
et al. 1999). nAChRs are extensively distributed in 
central nervous system (CNS) and peripheral sites. 
Although most reports focus on the central sites of 
the analgesic action of nicotinic agonists (Damaj 
et al. 1998, Khan et al. 1994, Sahley and Berntson 
1979), α-7 nAChRs were found in peripheral sites, 
such as ganglion neurons of the dorsal root (Boyd 
et al. 1991, Hu and Li 1997, Genzen et al. 2001).

Indomethacin prevents the synthesis of PGs 
through the inhibition of the catalytic activity of 
the COX family, COX1 and COX2, with greater 
selectivity for COX1. Both of these isoenzymes 
are expressed in the CNS (Kaufmann et al. 
1997), and experimental induction of peripheral 
infl ammation is associated with an increase in the 
expression of COX2 in the spinal cord (Beiche et 
al. 1996). COX2 expression was also detected in 
neuroinfl ammatory disorders, such as AD, and its 
induction is attributed to Aβ deposition (Rojo et al. 
2008). AD is characterized by forebrain cholinergic 
neuron loss and a progressive decline in ACh. In 
AD, Aβ can attract and activate microglia, leading 
to an aggregation of cells around these Aβ deposits 
in the brain (Tuppo and Arias 2005), culminating 
in the secretion of pro-inflammatory mediators, 
including IL-1β, TNF-α, IL-6 and COX2 
expression, among others (Heneka and O’Banion 
2007, Rojo et al. 2008). Additionally, AChE, an 
enzyme that selectively catalyzes the hydrolysis 
of ACh within cholinergic synapses in the brain, 
promotes the generation of amyloid aggregates 
by accelerating the assembly of the Aβ peptide 
into Aβ fi brils (Inestrosa et al. 1996, Bartolini et 
al. 2003), forming highly toxic AChE–amyloid-β 
peptide complexes, whose neurotoxicity is higher 
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than that induced by the Aβ peptide alone, both in 
vitro and in vivo (Alvarez et al. 1998). Therefore, 
to treat AD, it is necessary restore cholinergic 
transmission by increasing ACh levels, stopping 
the neuronal infl ammatory process, and protecting 
and augmenting the activity of the surviving 
cholinergic neurons. The most promising currently 
available drugs for the palliative treatment of AD 
are the acetylcholinesterase inhibitors (AChEI), 
such as galantamine, rivastigmine and donepezil 
(Giacobini 2000), and the n-methyl d-aspartate 
(NMDA) receptor antagonist memantine.

The inhibition of AChE activity reduces Aβ 
deposition and indirectly reduces Aβ-enhanced 
COX2 expression (Giacobini 2000, Greig et al. 
2005). Recent evidence indicates a direct role 
of AChEIs in the inhibition of the release of 
inflammatory mediators from specialized cells. 
Galantamine, for example, attenuated the release of 
cytokines from activated murine microglia (Giunta 
et al. 2004). In mice, the peripheral administration 
of AChEIs almost completely blocked activated 
microglia cytokine production in the hippocampus 
and blood (Pollak et al. 2005). Physostigmine 
and neostigmine conferred similar protection 
against septic shock induced by cecal ligation 
and puncture together with a down-regulation of 
NF-kB and a reduction of the circulating levels 
of pro-infl ammatory cytokines TNF-α, IL-1β and 
IL-6 (Hofer et al. 2008). Donepezil exerts its anti-
infl ammatory effects through the inhibition of the 
production of IL-1β, IL-6, IL-18 and monocyte 
chemoattractant protein-1 (MCP-1) (Hwang et 
al. 2010). In humans, donepezil treatment of AD 
patients for 1 month led to an attenuation of the 
release of cytokines from peripheral monocytes 
(Reale et al. 2005). All of the cholinesterase enzyme 
inhibitors (ChEIs) that are currently licensed for 
AD inhibit AChE and, to a varying extent, BChE, 
which is a second ChE in the brain (Lahiri et al. 
2003).

In contrast to the drugs that are currently 
used to treat AD, PPAC fraction is approximately 

twice as selective for BChE than AChE (Lima 
et al. 2009). BChE has an important function in 
constitutive hydrolysis of acetylcholine in the 
central nervous system, where it could play a more 
extensive role in normal cholinergic transmission 
(Mesulam et al. 2002). Within the human nervous 
system, AChE predominates over BChE. However, 
whereas AChE is localized mainly in neurons, 
BChE is associated with glial cells as well as 
neurons (Das 2007, Darvesh and Hopkins 2003, 
Darvesh et al. 2003). BChE effi ciently catalyzes 
the hydrolysis of endogenous substances, including 
choline esters (Giacobini 2004). In AD, AChE 
activity can decrease during disease progression, 
while BChE activity increases (Arendt et al. 1992, 
Atack et al. 1987). The ratio between BChE and 
AChE can change from 0.6 in normal brain to as 
high as 11 in cortical areas that are affected by this 
disease (Greig et al. 2002).

In conclusion, we demonstrate that the 
indole alkaloid-enriched PPAC fraction presented 
significant analgesic and anti-inflammatory 
activities in vivo. The mechanisms that are involved 
might be related to the anticholinesterase activity, 
which would enhance the anti-inflammatory 
cholinergic pathway. Once PPAC fraction 
presents slightly more selectivity to BChE, it can 
improve cognition and potentially control neuro-
inflammation and could be useful for treating 
moderate to severe phases of AD. 
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RESUMO

O Geissospermum vellosii (Pau pereira) é uma 
árvore brasileira, cujas cascas do caule são ricas em 
alcalóides indólicos que apresentam intensa atividade 
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anticolinesterásica. Este estudo avaliou os efeitos de 
uma fração da casca (fração PPAC) e do extrato etanólico 
(EE) do Pau pereira em modelos clássicos de infl amação 
e dor em murinos. O EE e a fração PPAC, ambos na 
dose de 30 mg/kg, reduziram signifi cativamente a 
constrição abdominal induzida por ácido acético em 
camundongos em 34,8% e 47,5% respectivamente. No 
teste da formalina, o EE (30 mg/kg) e a fração PPAC (30 
e 60 mg/kg) inibiram somente a segunda fase em 82,8%; 
84,9% e 100%, respectivamente. Comparado com a 
indometacina, doses similares do EE ou da fração PPAC 
foram cerca de duas vezes mais efi cazes em causar 
antinocicepção. A fração PPAC não foi efi caz no teste da 
placa quente, enquanto reduziu a resposta infl amatória na 
segunda (50,6%) e na terceira (57,8%) horas do edema de 
pata de rato induzido por carragenina. A atividade anti-
hiperalgésica foi observada depois de 30 min com um 
pico em 2 h (60,1%). Esses resultados mostrararam que 
os compostos presentes na fração PPAC têm atividade 
anti-infl amatória e antinociceptiva por um mecanismo 
aparentemente não relacionado ao sistema opióide. A 
despeito das respostas similares às observadas para a 
indometacina, os efeitos da fração PPAC são atribuídos 
principalmente às ações da  acetilcolina.

Palavras-chave: Geissospermum vellosii, Pau pereira, an-
tinocicepção, infl amação, via anti-infl amatória coli nérgica.
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