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The present study investigates the antinociceptive properties of lupeol inmodels of inflammatory and post-operative
pain, as well as its mechanisms of action. The effects of lupeol were tested against acetic acid-induced writhing,
formalin test, carrageenan-induced hyperalgesia, and post-operative pain model. Cytokine levels were determined
by ELISA. Mice motor performance was evaluated in the rota rod and open-field tests. Pre-treatment of mice with
lupeol (5–100mg/kg IP) produced a dose-related inhibition of writhing in mice. The maximal antinociception
produced by lupeol (60mg/kg) was unaffected in mice pre-treated with yohimbine (a2 adrenoceptor antagonist;
2mg/kg IP), L-arginine (substrate for nitric oxide synthase; 600mg/kg IP), glibenclamide (the KATP-channel
blocker; 2mg/kg IP), and methysergide maleate (serotoninergic receptors antagonist; 5mg/kg IP). Furthermore,
lupeol (25–100mg/kg) inhibited the late phase of formalin test. Pre-treatment with lupeol (50 and 100mg/kg)
inhibited the hyperalgesia and the local increase in tumor necrosis factor-a (TNF-a) and interleukin-1b (IL-1b)
levels induced by carrageenan. In contrast, lupeol did not inhibit the post-operative pain. Lupeol-treated mice did
not show any motor performance alterations or apparent systemic toxicity. Our results demonstrate that lupeol
has consistent antinociceptive properties during inflammatory pain, but not post-operative pain, acting through
the inhibition of IL-1b and TNF-a production. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

Triterpenes are natural components of human diets.
Currently, there is a growing interest in triterpenes due
to their wide spectrum of biological activities. Lupeol
is a triterpene widely found in several plant genera
(Siddique and Saleem, 2011). This compound has been
found to exhibit a wide range of bioactivities, such as anti-
inflammatory (Geetha and Varalakshmi, 2001; Lucetti
et al., 2010; Vasconcelos et al., 2008), anti-arthritic
(Geetha and Varalakshmi, 1999), antitumoral (Hata
et al., 2010), and antinociceptive (Lucetti et al., 2010;
Pereira et al., 2010). The apparently low toxicity and
prominent pharmacological properties in a variety of
disorders indicate the possible use of lupeol as a prototype
compound for development of new drugs.
Pain is one of the classic signs of the inflammatory

process. Inflammatory pain is induced by different
chemical mediators released during this process, which
leads to phenomenon of nociceptive sensitization
such as hyperalgesia (an increased response to a stimu-
lus that is normally painful) and allodynia (pain due to
ondence to: Cristiane Flora Villarreal, Laboratório de Engenharia
Imunofarmacologia, Centro de Pesquisa Gonçalo Moniz,
Oswaldo Cruz, Rua Waldemar Falcão 121, CEP 40296-710
BA, Brazil.
@ufba.br

© 2012 John Wiley & Sons, Ltd.
a stimulus that does not normally provoke pain) (Julius
and Basbaum, 2001). Non-steroidal antiinflammatory
drugs (NSAID) are among the most widely used
medications due to their efficacy for a wide range of
pain and inflammatory conditions. However, the long-
term administration of NSAID may induce gastrointes-
tinal ulcers, bleeding, renal disorders, and adverse
cardiovascular effects, due to their inhibition of cycloox-
ygenases enzymes (Dogné et al., 2005; Tapiero et al.,
2002). Due to the deleterious side effects attributed to
the prolonged use of NSAID and their ineffectiveness
in some cases, the control of inflammatory pain is still
a major challenge. Considering the antiinflammatory
activity of lupeol, the present study was undertaken to
evaluate the antinociceptive properties of lupeol and
possible mechanisms involved with its pharmacological
action. In addition, we evaluated the systemic toxicity
associated with the daily administration of lupeol.
MATERIALS AND METHODS

Plant material. The stem bark of Lonchocarpus
araripensisBenth. (Fabaceae) was collected in September
2005 in the surroundings of Caraúbas, Rio Grande do
Norte – Brazil, in authorized areas by IBAMA (Brazilian
Institute for the Environment and Natural Resources)
and received botanic identification by Dr. Maria de
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Fátima Agra. A voucher specimen (Agra 5559) was
authenticated and deposited at the Herbarium
Prof. Lauro Pires Xavier (JPB), Federal University of
Paraíba, Brazil.

Extraction and isolation. The dried and powdered stem
barks (10 kg) of L. araripensis were extracted with 95%
EtOH, yielding after removal of the solvent, 413 g of the
crude ethanol extract (CEE). The CEE was suspended
in H2O and partitioned with hexane and CHCl3. The
hexane extract (55.6 g) was dissolved in hot MeOH
(300ml) and left in a freezer for 24h, yielding a precipi-
tate, which after recrystallization from hexane-methanol
furnished pure lupeol (1.5 g). The mother liquor was
evaporated under vacuum, and the residue was submitted
to CC (silica gel column chromatography). Elution with
hexane, CHCl3, and MeOH in an increasing polarity
gradient was done to give 152 fractions. The fractions
were monitored by analytical thin layer chromatography
(TLC) and classified into 23 groups. The group repre-
sented by fractions 12–24 was further purified by prepara-
tive TLC over silica gel using CHCl3:MeOH (9:1) to
afford more pure lupeol (500mg). The% purity of lupeol
used in the biological experiments as determined by high-
performance liquid chromatography was 97%. Lupeol
was identified based on nuclear magnetic resonance
spectroscopic data and comparison with values reported
in the literature (Almeida et al., 2003).

Animals. Experiments were performed on male Swiss
Webster mice from the Animal Facilities of Centro de
Pesquisas Gonçalo Moniz. Animals (25–30 g) were
housed at 24� 1 � C, under a 12:12 h light–dark cycle
(lights on at 07:00AM), with free access to chow and tap
water until the day of the experiment, when only water
was made available to them. Animal care and handling
procedures were in accordance with the International
Association for the Study of Pain guidelines for the use
of animals in pain research and Institutional Animal Care
and Use Committee FIOCRUZ (L-029/09). All efforts
were made to minimize the number of animals used and
any discomfort.

Writhing test. The intraperitoneal (IP) antinociceptive
doses of lupeol were determined in mice using the
writhing test. Acetic acid (0.8 % v/v, 10ml/kg) was
injected into the peritoneal cavities of mice, which were
placed in a large glass cylinder, and the intensity of
nociceptive behavior was quantified by counting the
total number of writhes occurring between 0 and
30min after the stimulus injection (Collier et al., 1968).

Formalin test. Mice were placed in an open Plexiglas
observation chamber for 30min to accommodate to their
surroundings. Mice were gently restrained while the
dorsum of the hind paw was subcutaneously administered
with 20ml of formalin 2.5% (1:100 dilution of stock
formalin solution, 37% formaldehyde in 0.9 % saline).
Following injection, themice was returned to the observa-
tion chamber. Mice were observed from 0 to 10min (early
phase) and from 10 to 30min (late phase). The nocicep-
tion score was determined by counting the time that the
animal spent licking the injected limb during the observa-
tion time (Dubuisson and Dennis, 1977).
Copyright © 2012 John Wiley & Sons, Ltd.
Post-operative pain model. Mice were anesthetized
with 2% halothane delivered via a nose cone. After
antiseptic preparation, a 5-mm longitudinal incision was
made through the skin and fascia of the plantar foot.
After surgery, anesthesia was discontinued, and the
animals were allowed to recover in their cages. Mechan-
ical nociceptive threshold was measured before incision
(baseline), 2 h, 4 h and 6h after incision, as the force (in
grams) for paw withdrawal in response to application of
von Frey filaments (Stoelting, Chicago, USA). The meas-
urement was carried out using the up-and-down paradigm
as described previously by Chaplan et al. (1994).

Carrageenan-induced hyperalgesia. Mice were slightly
anesthetized with halothane and received carrageenan
(100 mg per paw; 20 ml) subcutaneously in the plantar
region of the right hind paw. Mechanical hyperalgesia
was measured before and after the carrageenan injec-
tion by von Frey filaments, described above.

Motor function assays. To evaluate the possible nonspeci-
fic muscle-relaxant, locomotors, or sedative effects of
lupeol, mice were submitted to the rota rod (Insight,
Ribeirão Preto, Brazil) and open-field tests. Mice were
treated with diazepam (10mg/kg IP), lupeol (100mg/kg
IP) or vehicle, and 30min after, were placed on a rotating
rod at a constant speed of 5 revolutions per minute or on
open-field apparatus. To rota rod, the latency to falling
was measured up to 120 s, and to open field, the number
of squares crossed was registered during a period of 3min.

Cytokine measurement. Skin tissues were removed
from the paws 2 h after carrageenan, in mice terminally
anesthetized from each experimental group. Tissue
proteins were extracted from 100mg tissue/ml PBS to
which 0.4M NaCl, 0.05% Tween 20, and protease
inhibitors (0.1mM PMSF, 0.1mM benzethonium chlor-
ide, 10mM EDTA, and 20 KI aprotinin A/100ml) were
added. The samples were centrifuged for 10min at
3000 g, and the supernatant was frozen at�70 �C for later
quantification. Interleukin-1b (IL-1b) and tumor necrosis
factor-a (TNF-a) levels were estimated using commer-
cially available immunoassay ELISA kits (R&D System,
Minneapolis, MN), according to the manufacturer’s
instructions. The results are expressed as picograms of
cytokine per milliliter of protein solution.

Evaluation of systemic effects of lupeol. Blood biochem-
ical parameters were evaluated after treatment with
lupeol. Animals were injected daily with a single dose of
lupeol (100mg/kg IP) or the vehicle for seven consecutive
days. At the end of treatment, blood samples were
collected, and biochemical analyses were performed in
serum samples. Standardized diagnostic kits by using a
LABTESTW spectrophotometer were used for determi-
nations of the alanine amino transferase/AST, aspartate
amino transferase/ALT, urea, and creatinine concentra-
tions. In addition, histopathological analysis of the
stomach was performed. After removal, each stomach
was washed, fixed in 10% formalin solution, rinsed,
dehydrated, and embedded in paraffin. Tissue blocks
were sectioned at 3mm thickness (Cryostat CM 1800;
Leica, Nussloch, Germany), stained with hematoxylin–
eosin and observed by light microscopy (40�) to examine
morphological alterations, inflammatory cell infiltration,
edema, epithelial cell loss, and necrosis, using the
Phytother. Res. 27: 1557–1563 (2013)
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following scores: 0, absence; 1, discrete; 2, moderate; 3,
moderate to intense; 4, intense (Laine and Weinstein,
1988). For each stomach, 10 fields (40�) were analyzed
per section.

Test compounds and stimuli. The test compounds used
in this study were: yohimbine, L-arginine, glibencla-
mide, methysergide maleate, indomethacin, and dexa-
methasone from Sigma (St. Louis, MO). Diazepam
was obtained from Cristália (Itapira, São Paulo, Brazil)
and carrageenan from FMC Corporation (Philadelphia,
PA). Indomethacin was dissolved in Tris–HCl 0.1M pH
8.0 plus saline. Dexamethasone (1mg/ml) was dissolved
in ethanol (10% in normal saline). Lupeol was dissolved
in 10% DMSO plus saline, and the remaining drugs
were dissolved directly in saline. Drugs were admini-
strated by IP route.

Statistical analysis. Data are presented as means�
standard error of the mean (SEM) of measurements
made on six to seven animals in each group. Compari-
sons between three or more treatments were made
using one-way ANOVA with Tukey’s post-hoc test or,
repeated measures of two-way ANOVAwith Bonferro-
ni’s post-hoc test, as appropriate. All data were analyzed
using Prism 5 Computer Software (GraphPad, San
Diego, CA). Statistical differences were considered to
be significant at p< 0.05.
RESULTS

The antinociceptive activity of lupeol was initially evalu-
ated using the writhing test. IP administration of lupeol
(25–100mg/kg), 30min before the acid injection, produced
a significant (P< 0.05 and P< 0.001) and dose-related
inhibition of acetic acid-induced abdominal constrictions
in mice (Fig. 1). Indomethacin (10mg/kg IP), a standard
NSAID used as positive control, also produced a signifi-
cant (P< 0.001) inhibition of acetic acid-induced writhing
Figure 1. Effects of intraperitoneal administration of lupeol on
acetic acid-induced writhing in mice. Mice were treated with lupeol
(5–100mg/kg) or vehicle (Veh; DMSO 10% in saline; control
group) by intraperitoneal route 30min before acetic acid 0.8%
(injected at time zero). Indomethacin (In; 5mg/kg IP) was the
reference drug. Data are expressed as means�S.E.M.; n=6 mice
per group. *Significantly different from control group (P<0.05),
**significantly different from control group (P<0.001), as
determined by ANOVA followed by Tukey’s test.

Copyright © 2012 John Wiley & Sons, Ltd.
response. Next, the role of KATP-channel, nitric oxide,
adrenergic, and serotoninergic systems in the lupeol-
induced antinociception was evaluated. The maximal
antinociception produced by lupeol (50mg/kg) was
unaffected in mice pre-treated with glibenclamide (the
KATP-channel blocker; 2mg/kg IP; Fig. 2a), L-arginine
(substrate for nitric oxide synthase; 600mg/kg IP; Fig. 2b),
yohimbine (a2 adrenoceptor antagonist; 2mg/kg IP;
Fig. 2c), and methysergide maleate (serotoninergic recep-
tors antagonist; 5mg/kg IP; Fig. 2d).

The antinociceptive property of lupeol was confirmed in
the formalin test. Injection of formalin in control animals
induced a biphasic flinching response, with the early phase
ranging from 0 to 10min (Fig. 3a) and the late phase from
10 to 60min (Fig. 3b) after the injection. Treatment with
lupeol (50 and 100mg/kg IP) 30min before the formalin
caused antinociceptive effect (P< 0.001) in the late phase,
but not early phase, of the formalin test. Indomethacin
(10mg/kg IP) caused antinociceptive effects in both
the early and late phases of the formalin test (P< 0.001).
Moreover, IP administration of lupeol (50 and
100mg/kg), 30min before carrageenan, significantly
reduced the mechanical hyperalgesia (Fig. 4a) 1 h
(P< 0.001) and 3 h (P< 0.001), but not 5 h, after stim-
uli. The results obtained with control groups support
the antinociceptive effects of lupeol, since the vehicle
(DMSO 10% in saline) had no activity, whereas the
standard drug dexamethasone (2mg/kg) inhibited the
carrageenan-induced mechanical hyperalgesia (P< 0.001).
In addition, lupeol (100mg/kg) or dexamethasone (2mg/
kg) inhibited the local increase of IL-1b (Fig 4b) and
TNF-a (Fig 4c) production induced by carrageenan. In a
different way, lupeol treatment (100mg/kg) did not attenu-
ate incisional hyperalgesia in the post-operative pain
model (data not shown in figure).

In the rota rod test, lupeol-treatedmice did not show any
significant performance alterations with the dose of 50mg/
kg (114.6� 3.3 s) and 100mg/kg (105� 9.6 s) when
compared to control mice (110.8� 6.1 s) (data not shown
in figure). Similarly, IP administration of lupeol (50 and
100mg/kg) did not reduce the number of crossings on
the open-field test (data not shown in figure). As expected,
the central nervous system depressant diazepam (10mg/kg
IP) reduced the time of mice on the rota rod and the
number of crossings on the open field after 30min of
treatment with this standard drug. The treatment with
lupeol (50 and 100mg/kg IP) in a single dose scheme over
seven consecutive days did not affect the animal corporal
mass and did not induce any variation in the general
appearance or toxic signs in the animals when compared
to vehicle-treated mice. Values obtained for creatinine
and urea levels, used as parameter of renal function, did
not differ from those of control mice (Table 1). Moreover,
the liver function, evaluated via hepatic enzymes (ASTand
ALT), was not altered by lupeol treatment in comparison
to controls. Similarly, the stomachmicroscopical evaluation
showed an intact mucosa with no inflammatory cell
infiltrate, edema, erosion, or necrosis in mice daily treated
with lupeol (Table 2).
DISCUSSION

The antinociceptive properties of lupeol were initially
evaluated using the writhing test, a screening tool for
Phytother. Res. 27: 1557–1563 (2013)



Figure 2. Assessment of possible mechanisms involved in the antinociceptive effect of lupeol on acetic acid-induced writhing in mice. Panel
A: involvement of ATP-activated potassium channels: mice were treated with glibenclamide (2mg/kg) before lupeol. Panel B: involvement of
nitric oxide: mice were treated with L-arginine (600mg/kg) before lupeol. Panel C: role of a2-adrenoceptors: mice were treated with yohim-
bine (2mg/kg) before lupeol. Panel D: involvement of serotoninergic receptors: mice were treated with methysergide maleate (2mg/kg) be-
fore lupeol. All antagonists were administrated by intraperitoneal route 30min before lupeol (50mg/kg). Acetic acid 0.8% was injected
30min after lupeol. Control group was treated with vehicle (Veh; DMSO 10% in saline) instead of lupeol. Data are expressed as means�
S.E.M.; n=6 mice per group. *Significantly different from control group (P<0.01), as determined by ANOVA followed by Tukey’s test.

Figure 3. Effects of the lupeol treatment on the formalin-induced nociception. Panels (A) and (B) represent effects of lupeol on the early and
late phases of formalin-induced nociception in mice, respectively. Mice were treated with lupeol (25–100mg/kg) or vehicle (Veh; DMSO
10% in saline; control group) by intraperitoneal route 30min before formalin (injected at time zero). Indomethacin (In; 5mg/kg) was the refer-
ence drug. Data are expressed as means�S.E.M.; n=6mice per group. *Significantly different from control group (P<0.01) as determined
by ANOVA followed by Tukey’s test.
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the assessment of analgesic or antiinflammatory proper-
ties of new substances (Collier et al., 1968). Lupeol
produced a significant and dose-related inhibition of
acetic acid-induced abdominal constrictions in mice.
In contrast with the present results, Geetha and
Varalakshmi (2001) showed that lupeol lacked antinoci-
ceptive effect on writhing test. These authors evaluated
the lupeol effects in female rats, while in the present
study, it was evaluated in male mice. Pereira et al.
(2010) demonstrated the antinociceptive properties of
lupeol after oral administration in male mice, suggesting
that the negative results described by Geetha and
Varalakshmi (2001) cannot be associated with the route
of administration, but possibly with sex or animal
species differences. Nociceptive studies are typically
performed in male rodents because cyclic changes in
Copyright © 2012 John Wiley & Sons, Ltd.
the levels of sex hormones can alter the pain perception
in female. In agreement with this, it has been suggested
a direct role of gonadal hormones in the modulation
of pain perception (Sarajari and Oblinger, 2010).
Therefore, sex differences may be a reasonable explan-
ation to the negative results described by Geetha and
Varalakshmi (2001).

K+
ATP channel openers induce cell hyperpolarization,

decrease the intracellular Ca2+ level and neurotransmitter
release thatmay account for antinociception (Ocana et al.,
2004). Similarly, it has been suggested that nitric oxide/
cGMP activation plays a role in nociceptive modulation
(Duarte et al., 1990). To verify such a possibility, we
examined the effect of glibenclamide, a blocker of K+

ATP
channel, and L-arginine, the substrate for nitric oxide
synthase, on lupeol-induced antinociception. The present
Phytother. Res. 27: 1557–1563 (2013)



Figure 4. Effects of the lupeol treatment on inflammatory pain and cytokines levels. Panel A: mechanical hyperalgesia measured at 1, 3, and
5h after the carrageenan intraplantar stimulus. Panels B and C: paw levels of IL-1b and TNF-a, respectively, measured by ELISA 3h after the
carrageenan injection. Mice were injected with lupeol (25–100mg/kg), vehicle (DMSO 10% in saline) or dexamethasone (2mg/kg; reference
drug) by intraperitoneal route 30min before the intraplantar injection of carrageenan (injected at time zero). Saline group received intraplantar
injection of saline (10 ml/paw) instead of carrageenan. Data are expressed as means�S.E.M.; n=6 mice per group. * Significantly different
from vehicle-treated group (P<0.05); # significantly different from saline group (P<0.05). Panel A: two-way ANOVA followed by Bonferroni’s
test. Panels B and C: one-way ANOVA followed by Tukey’s test.

Table 1. Systemic effects of daily treatment with lupeol.

Treatment

Creatinin Urea AST ALT

(mg/dl) (mg/dl) (U/l) (U/l)

Vehicle 0.05�0.03 45.5�4.2 100.6�29.3 77.0�26.0
Lupeol 0.06�0.02 35.7�4.8 89.2�18.1 58.8�8.2

Mice were daily injected with a single dose of lupeol (100mg/kg)
or vehicle for seven consecutive days. Values are expressed
as means�SEM for five mice per group. ANOVA with Tukey’s
post hoc.

Table 2. Gastric effects of the daily treatment with lupeol.

Treatment
Inflammatory
cells index

Erosion
index

Edema
index

Necrosis
index

Vehicle 0.4�0.2 0 0.6�0.2 0
Indometacin 4.0�0.4 * 3.0�0.6* 2.6�0.6* 0
Lupeol 0.4�0.2 0 0.2�0.2 0

Mice were daily injected with a single dose of lupeol (100mg/kg) or
vehicle for seven consecutive days. The positive control group
received a single dose of indomethacin (10mg/kg). Values are
expressed as means�SEM for five mice per group. Ten fields were
analyzed per section.
*Different from vehicle-treated group, p<0.05, ANOVA with
Tukey’s post hoc.
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results show that the antinociception induced by lupeol is
not sensitive to glibenclamide or L-arginine, disproving
the contributions of K+

ATP channel and nitric oxide. Next,
the possible involvement of a2-adrenoceptors and seroto-
ninergic receptors in the antinociceptive effect of lupeol
was evaluated. The maximal antinociception produced
by lupeol was unaffected in mice pre-treated with yohim-
bine (a2-adrenoceptors antagonist) or methysergide
maleate (serotoninergic receptors antagonist), suggesting
that adrenergic and serotoninergic systems play no signifi-
cant role in its antinociceptive mechanisms. On the other
hand, Lucetti et al. (2010) demonstrated that the lupeol
antinociceptive effect was prevented by naloxone, a
non-selective opioid receptor antagonist, suggesting that
this effect is mediated by activation of opioid receptors.

The writhing test has long been used as a screening
tool for the assessment of analgesic properties of
new substances (Collier et al., 1968). This method
presents a good sensitivity, although it has poor specifi-
city. To avoid misinterpretation of the results, in the
present study, the antinociceptive effects of lupeol were
confirmed in the formalin test, a model of inflammatory
pain which has two distinctive phases which may indicate
different types of pain: the early phase, called neurogenic,
is a result of direct stimulation of nociceptors and reflects
centrally mediated pain; and the late phase, named
inflammatory, is caused by local inflammation with a
release of inflammatory and hyperalgesic mediators
(Hunskaar and Hole, 1987). Treatment with lupeol
caused antinociceptive effect in the late phase, but not
Phytother. Res. 27: 1557–1563 (2013)
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early phase, of the formalin test. In fact, Lucetti et al.
(2010) demonstrated that lupeol acetate produces antino-
ciceptive effect in the formalin test. Moreover, relaxing or
motor deficit effects were discarded, since lupeol adminis-
tration at the therapeutic doses, did not affect the motor
performance of the mice, as tested in the rota rod and
open-field tests. These results corroborate the antinoci-
ceptive effect of lupeol suggested by the writhing test.
Considering that the lupeol-induced antinociceptionwas

observed just on the second phase of formalin, and the
negative results of the present studies with antagonists, it
is possible to suggest that the antinociceptive activity of
lupeol is due, at least in part, to an antiinflammatory action.
In line with this idea, lupeol is reported to have antiinflam-
matory properties (Geetha and Varalakshmi, 2001; Lucetti
et al., 2010; Vasconcelos et al., 2008). In attempt to verify
this hypothesis, the effects of lupeol were evaluated in a
classical model of inflammatory pain: carrageenan-induced
paw inflammation. Mechanical hyperalgesia and local
cytokine production were evaluated after carrageenan
administration. IP administration of lupeol reduced
the mechanical hyperalgesia until 3 h after stimuli. In
addition, lupeol inhibited the local increase of IL-1b
and TNF-a production induced by carrageenan. Corrob-
orating the present data, when tested in vitro, lupeol
significantly reduced TNF-a and IL-1b production from
lipopolysaccharide-stimulated macrophages (Fernández
et al., 2001). Nowadays, it is well accepted that cytokines
constitute a link between cellular injuries or immuno-
logical recognition and signs of inflammation (Dinarello,
2000). The key role of IL-1b and TNF-a on inflammatory
hyperalgesia has been already demonstrated. It is known
that a cascade of proinflammatory cytokines, which
includes TNF-a and IL-1b, precedes the release of the
final hyperalgesic mediators, i.e. prostaglandins and sym-
pathetic amines (Cunha et al., 2005). Cytokine antagonists
were able to reduce inflammatory hyperalgesia in mice,
indicating that cytokine activation is an important step
in the development of inflammatory pain (Cunha et al.,
2005). IL-1b and TNF-a stimulate COX-2 expression
and production of prostaglandins, which are mediators
involved with nociceptive sensitization (Schafers, 2003;
Zucali et al., 1986). In fact, the local injection of IL-1b
and TNF-a produces hyperalgesia dependent on the
release of prostanoids (Ferreira et al., 1988). In a previous
work, lupeol significantly and dose-dependently sup-
pressed the prostaglandin E2 production from A23187-
stimulated macrophages (Fernández et al., 2001). In the
present work, pre-treatment with lupeol reduced the
paw levels of IL-1b and TNF-a during inflammation.
Since the inhibition of TNF-a and IL-1b release might
lead to the inhibition of prostanoids production, it is
possible that lupeol acts by preventing nociceptive
sensitization. Since the sensitization of nociceptors is the
common denominator of different types of pain, the
reduction of IL-1b and TNF-a production can be respon-
sible for the antinociceptive effect of lupeol described
herein. In fact, Cunha et al. (2005) showed that TNF-a
and IL-1bmediate the hyperalgesia induced by intraplan-
tar administration of carrageenan in mice. Similarly, the
role of TNF-a and IL-1b in overt pain models such as
the formalin-evoked flinch behavior has been demon-
strated (Granados-Soto et al., 2001).
It is important to recognize that pain caused by different

tissue injuries is likely a result of distinct neurochemical
and electrophysiologic mechanisms. In line with this
Copyright © 2012 John Wiley & Sons, Ltd.
concept, additional studies were conducted to determine
the effect of lupeol in a model of post-operative pain
induced by skin incision. In contrast to the antinociceptive
effects observed in inflammatory pain models, lupeol
treatment did not attenuate mechanical allodynia in inci-
sional pain model. There is ample evidence that pain
caused by inflammation or incision is based on different
pathophysiologic mechanisms (Honore et al., 2000). This
explains why many treatment strategies are efficacious
only against specific types of pain. The present data
reinforce the idea that lupeol is an antinociceptive agent
useful mainly during inflammatory conditions.

The long-term administration of the available
antiinflammatory-analgesic drugsmay lead to development
of multiple side effects such as threatening gastrointestinal
ulcers, bleeding, renal disorders, and immunosuppression
(Tapiero et al., 2002). Taking this possibility into consider-
ation, the systemic effects of lupeol were studied. The
daily treatment with lupeol did not affect the animal
corporal mass and did not induce any toxic signs. In
addition, renal and liver functions were not altered by
lupeol treatment. Similarly, the daily treatment with
lupeol was found safe from the viewpoint of gastric
inflammatory events and ulcer induction at therapeutic
dose levels. Accordingly, lupeol up to 2 g/kg has been
reported to exhibit no toxicity and adverse effect in
animal studies (Patocka, 2003). In line with this idea, it
is estimated that well over 2400 subjects have taken part
in clinical studies with different types of triterpenes with
dosage up to 25 g or more per day with no adverse effect
reported (Moreau et al., 2002). The low toxicity and the
encouraging systemic effects reported here reinforce the
potential of lupeol for pharmacological development.

In contrast with non-steroidal antiinflammatory
agents, inhibitors of cytokine production exhibit
disease-modifying activities in animal models of chronic
inflammation (Geiger et al., 1994). Thus, the down-
regulation of cytokines by non-toxic agents is a thera-
peutic strategy for the control of inflammatory diseases.
In fact, anti-TNF-a therapies were shown to be effective
in diseases that are associated with pain (Haraoui,
2005). The present study demonstrates that systemic
administration of lupeol, at doses that did not induce
any systemic toxicity or motor performance alteration,
produced consistent antinociceptive effects in different
models of inflammatory pain, but not in post-operative
pain model. The results presented herein suggest that
lupeol possesses analgesic activity associated with inhib-
ition of IL-1b and TNF-a release, constituting an attractive
possibility to pharmacological development. A more in-
depth evaluation of the mechanisms involved will need to
be performed.
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