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Abstract
Hymenaea martiana is a species popularly known in Northeastern Brazil as “jatobá” and used in folk medicine 
to treat pain and inflammation. The aim of this work was to evaluate the antinociceptive and anti-inflammatory 
activity of H. martiana. In the present study, we carried out an investigation about the effects of the crude ethanolic 
extract (Hm-EtOH) and the ethyl acetate fraction (Hm-AcOEt) in models of nociception and inflammation in mice. 
Chemical (acetic acid-induced writhing and formalin) and thermal stimuli (hot plate) were used for the evaluation 
of antinociceptive activity, while for the anti-inflammatory profile paw edema induced by carrageenan was used, 
along with leukocyte migration to the peritoneal cavity. The presence of the flavonoid astilbin in the samples was 
characterized through HPLC-DAD-MS analysis. Hm-EtOH and Hm-AcOEt (100, 200 and 400 mg.kg-1, i.p.) significantly 
reduced the number of abdominal contortions and decreased the paw licking time in the formalin test. In the 
hot plate, the extract increased the latency time of animals. Hm-EtOH and Hm-AcOEt inhibited significantly the 
increase in the edema after the administration of carrageenan. Hm-EtOH and Hm-AcOEt inhibited leukocyte 
migration in the peritonitis test. HPLC-DAD-MS analysis of Hm-EtOH and Hm-AcOEt revealed the presence of 
the flavonoid astilbin in the samples. According to the results of this study, both Hm-EtOH and Hm-AcOEt have 
antinociceptive and anti-inflammatory activities, which could be related with the presence of flavonoid in the 
extracts. The results reinforce the popular use of this plant.
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Resumo
Hymenaea martiana é uma espécie popularmente conhecida no Nordeste do Brasil como “jatobá” e usada na medicina 
popular para tratar a dor e a inflamação. O objetivo deste trabalho foi avaliar a atividade antinociceptiva e anti-
inflamatória de H. martiana. No presente estudo, foram avaliados os efeitos do extrato etanólico bruto (Hm-EtOH) e 
da fração acetato de etila (Hm-AcOEt) em modelos de nocicepção e inflamação em camundongos. Foram utilizados 
estímulos químicos (contorções abdominais induzidas por ácido acético e teste da formalina) e estímulo térmico 
(teste da placa quente) para avaliação da atividade antinociceptiva, enquanto no perfil anti-inflamatório foi utilizado 
o teste do edema de pata induzido por carragenina e migração de leucócitos para a cavidade peritoneal. A presença 
do flavonoide astilbina nas amostras foi caracterizada através de análise por CLAE-DAD-EM. Hm-EtOH e o Hm-AcOEt 
(100, 200 e 400 mg.kg-1, i.p.) reduziram significativamente o número de contorções abdominais e diminuíram o 
tempo de lambida da pata no teste da formalina. No teste da placa quente, houve aumento do tempo de latência 
dos animais. Hm-EtOH e Hm-AcOEt inibiram significativamente o aumento do edema após a administração de 
carragenina, bem como inibiram a migração de leucócitos no teste de peritonite. A análise por CLAE-DAD-EM de 
Hm-EtOH e Hm-AcOEt revelou a presença do flavonoide astilbina nas amostras. De acordo com os resultados deste 
estudo, tanto Hm-EtOH quanto o Hm-AcOEt possuem atividades antinociceptiva e anti-inflamatória, o que pode 
estar relacionado à presença do flavonoide. Os resultados reforçam o uso popular desta planta.

Palavras-chave: dor, inflamação, plantas medicinais, Caatinga.
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also approved by the Federal University of San Francisco 
Valley Animal Care and Use Committee under the number 
024240408. The trunk barks of H. martiana were collected 
in Petrolina, Pernambuco, Brazil, in January 2011, and 
identified by André P. Fontana, a botanist from Centro de 
Referência para Recuperação de Áreas Degradadas (CRAD). 
The voucher specimen (6444) is deposited at the Herbarium 
of Vale do São Francisco (HVASF). All procedures for the 
access to genetic patrimony and to associated traditional 
knowledge were carried out and the project was registered 
in SisGen (Register #A3E4538).

2.2. Extraction

The trunk barks of H. martiana were dried and extracted 
with ethanol (EtOH) 95% at room temperature during 72 h 
according to Silva et al. (2012). The EtOH solution was 
concentrated under vacuum yielding with 90 g of crude 
ethanolic extract of H. martiana (Hm-EtOH). The Hm-EtOH 
was suspended in a mixture of methanol (MeOH) and 
water (H2O) (proportion 3:7 v/v) and partitioned with 
hexane, chloroform (CHCl3) and ethyl acetate (AcOEt) in 
ascending order of polarity to yield the respective fractions. 
The  AcOEt solution was concentrated under vacuum 
yielding with 18.02  g, and thus was the ethyl acetate 
fraction of H. martiana (Hm-AcOEt) obtained.

2.3. HPLC-DAD-MS analysis of phenolic compounds in the 
extract and fraction of H. martiana

A Shimadzu Prominence® HPLC system was used for 
the HPLC-DAD analyses. The system was equipped with 
two binary pumps (LC-20AD), degassing unit (DGU-20A), 
auto sampler (SIL-20AHT), column oven (CTO-20A), 
communication bus module (CBM-20A), diode array 
detector (SPD-M20A) and a reverse phase column (Luna - 
Phenomenex, 250 mm x 4.6 mm, 5 µm), following the 
method described by Silva et al. (2012). For analysis of 
LC-MS, a HPLC system was coupled to an AmaZon SL ion 
trap mass spectrometer (Bruker Daltonics®) equipped with 
electrospray ion source and ion trap analyzer, under the 
following conditions: capillary: 3500V; end plate offset 
500 V; nebulizer 50 psi; dry gas flow: 9.0 L.min-1 and dry 
gas temperature: 300 °C.

Astilbin was identified in the crude ethanolic extract 
and ethyl acetate fraction by comparing the identified 
compound with commercial standard using the retention 
time, the absorbance spectrum profile and also the mass 
spectra obtained in positive and negative modes.

2.4. Animals

All experiments were conducted using 8-week-old male 
Swiss mice (Mus musculus) (25 ± 5 g). The animals were 
kept in groups of six animals (n = 6), which were housed 
in cages at 22 ± 2 °C on a 12 h light/dark cycle (lights on 
at 6:00) with free access to food and water.

2.5. Acetic acid-induced nociception

This test was performed using the method described 
by Collier  et  al. (1968) with slight modifications. 
All administrations were via intraperitoneal (i.p.) route. 

1. Introduction

The large plant biodiversity in Brazil favors the discovery 
of new bioactive compounds. There are five regions in 
abundance of medicinal species: Amazon Forest, Atlantic 
Forest, Pantanal of Mato Grosso, Cerrado and Caatinga. Some 
of these regions have medicinal plants commonly used, 
which have not yet received chemical, pharmacological or 
toxicological studies (Souza et al., 2014; Almeida et al., 2010).

The Caatinga forest consists of a flora rich in endemic 
taxons (Mertens  et  al.,  2017; Ribeiro  et  al.,  2014; 
Giulietti et al., 2005) that comprises a kind of vegetation 
that is exclusive to Brazil and that covers most of the 
region with semi-arid climate, which is characterized by 
having high temperatures, low relative air humidity and 
low rainfall volumes. These adverse circumstances require 
a necessary adaptation of plants to the region, favoring 
the synthesis of a wide variety of adaptive molecules. 
The Caatinga biome offers a wide variety of animals and 
plants that are used for food, fuel, building materials and 
medicinal purposes (Lemos  et  al.,  2016). These factors 
associated with the traditional knowledge suggests that 
plant species belonging to the Fabaceae family, the more 
diverse of the Caatinga (Giordani et al., 2008), emerge as 
a promising source of new bioactive substances.

Species of the Fabaceae family can be found in different 
regions of the world and are divided into three subfamilies: 
Mimosoideae, Papilionoideae and Caesalpinioideae. In the 
Caesalpinioideae subfamily is the genus Hymenaea found 
(Dutra et al., 2008). Species of this genus have economic value 
by providing wood, resins, fruits and edible barks, which are 
commonly used in Brazilian traditional medicine for different 
medicinal purposes (Gazzaneo et al., 2005). Hymenaea 
species are known to contain mainly diterpenoid compounds 
in extracts of trunk resin and barks (Agra et al., 2007). 
Diterpenes of the enantio-labdanoic type in the trunk 
resin and bark extract and ent-halimane in the seed pod 
resin, as well as clerodane-type diterpenes, were isolated 
from species of this genus (Doménech-Carbó et al., 2009; 
Cunningham et al., 1974; Khoo et al., 1973). Following our 
studies of the medicinal plants from the Caatinga biome, we 
have undertaken a study with H. martiana, a tree popularly 
known as “jatobá”, which is used in folk medicine to treat 
pain and inflammation. Previous studies have showed 
biological activities related with the hydroalcoholic extract 
obtained from the barks (Neves et al., 1993).

In the present work, the antinociceptive and anti-
inflammatory effects of this species were evaluated through 
the ethanolic extract and ethyl acetate fraction of the stem 
bark in experimental protocols in mice. This study could 
be relevant for the understanding of the pharmacological 
potentialities of the Brazilian flora, particularly species 
native to the Caatinga biome.

2. Material and Methods

2.1. Ethical aspects and botanical material

This research was approved by the Ethics Committee 
and Studies with Humans and Animals (CEEHA). It was 
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2.9. Leukocyte migration to the peritoneal cavity

The leukocyte migration was induced by the injection 
of carrageenan (1%, i.p., 0.25 mL) into the peritoneal cavity 
of mice 1 h after the administration of Hm-EtOH or Hm-
AcOEt (100, 200 and 400 mg.kg-1, i.p.) or with saline (i.p.) 
0.5 h after the injection of dexamethasone (2 mg.kg-1, i.p.) 
(Andrade et al., 2012; Bastos et al., 2007). The leukocyte 
migration was evaluated 4 h after the stimulus, when the 
animals were euthanized by means of cervical dislocation 
and the peritoneal cavity cells were harvested with saline 
(3 mL) containing EDTA (1 mM). Soon after that, a short 
and brief massage was made for further fluid collection, 
which was centrifuged (3,000 rpm for 6  min) at room 
temperature. The supernatant was disposed and 1 mL of 
saline was added to the precipitate. An aliquot of 10 μL 
from this suspension was dissolved in 200 μL of Turk 
solution and the total cells were counted in a Neubauer 
chamber, under optic microscopy. The group treated with 
saline was considered as maximum of inflammation 
and all other treatments were compared to this group. 
The results were expressed as the number of leukocytes.
mL-1 (Melo et al., 2011).

2.10. Statistical analysis

The results were presented as the mean ± standard 
error of the mean (SEM) and the statistical significance was 
determined using an analysis of variance one way (ANOVA) 
followed by Tukey’s test. In paw edema and hot plate 
experiments the statistical significance was determined 
using an analysis of variance two way (ANOVA) followed 
by Bonferroni’s multiple comparisons test. Values were 
considered significantly different at P < 0.05. All analyses 
were performed using by Graph Pad Prism 6.0 software 
(GraphPad Prism Software Inc., San Diego, CA, USA).

3. Results

Both the preliminary analysis with HPLC-DAD and the 
analysis with LC-MS carried out by our research group 
demonstrated that the crude ethanolic extract and the ethyl 
acetate fraction from the barks of H. martiana contain the 
flavonoid astilbin. The flavonoid astilbin has retention time 
of 26.2 min and λmáx. 290 nm (data not shown). The MS 
spectrum of astilbin showed [M+H]+ ion at m/z 451 and 
[M-H]- ion at m/z 449 in positive and negative modes, 
respectively (Figure 1A and Figure 1B).

The results shown in Figures 2 and 3 demonstrated 
that Hm-EtOH and Hm-AcOEt (100, 200 and 400 mg.kg-1, 
i.p.) were capable of inhibiting (P < 0.01) the abdominal 
writhing induced by the administration of acetic acid, 
when compared with the control group. The inhibitions of 
writhes by the administration of Hm-EtOH were 36, 93 and 
96%, respectively. When Hm-AcOEt was administered, the 
inhibitions of writhes were 96, 97 and 97%, respectively. 
Indomethacin and morphine produced 93 and 100%, 
respectively, of reduction in acetic acid-induced writhing 
when compared with the control group.

Hm-EtOH at doses of 100, 200 and 400 mg.kg-1 (i.p.) 
produced a significant antinociceptive activity (P < 0.05) in 

Nociception was induced by acetic acid (0.9% v/v) in a 
volume of 0.1 mL.10g-1. Animals were treated with saline 
(i.p.), Hm-EtOH or Hm-AcOEt (100, 200 and 400 mg.kg-1, 
i.p.) 30 min before the nociceptive agent. Indomethacin 
(20  mg.kg-1) and morphine (10  mg.kg-1) were used as 
positive control and injected 30 min before nociceptive 
agent. After the injection of acetic acid, the number of 
abdominal constrictions (contraction of the abdominal wall, 
pelvic rotation followed by hind limb extension) occurring 
between 5 and 15 min after injection was registered.

2.6. Formalin-induced nociception

A formalin solution (2.5% in 0.9% sterile saline, 20 μL/animal) 
was injected into the right hind paw of the mice (Hunskaar 
and Hole, 1987). Mice were observed and the amount of 
time (in seconds) spent licking and biting the injected paw 
was measured as an indicator of pain. Responses were 
measured for 5 min after formalin injection (first phase, 
neurogenic) and 15-30 min after formalin injection (second 
phase, inflammatory) (Tjølsen et al., 1992). Treatments 
with saline (i.p.), Hm-EtOH and Hm-AcOEt (100, 200 
and 400 mg.kg-1, i.p.), indomethacin (20 mg.kg-1, i.p.) and 
morphine (10  mg.kg-1, i.p.) were administered 60  min 
before the injection of formalin. Antinociceptive activity 
was calculated as the percentage inhibition of licking time.

2.7. Hot-plate test

24 h before the experiments, the animals were pre-
selected and then those animals that presented latency time 
higher than 20 s were excluded from this study. Mice were 
subjected to the hot-plate apparatus (Insight, Brazil) at the 
temperature of the hot plate regulated to 55 ± 1 °C. Mice 
were pre-treated with saline (i.p.), Hm-EtOH or Hm-AcOEt 
(100, 200 and 400 mg.kg-1, i.p.), or morphine (10 mg.kg-1, 
i.p.). Each animal was placed on the heated surface of the 
plate and the latency to a discomfort reaction (licking 
of the paws or jumping) was recorded at 30, 60, 90 and 
120 min after the administration of the saline, extracts or 
morphine (Jacob and Ramabadran, 1978). The latencies 
for paw licking or jumping were recorded for each animal. 
Antinociceptive activity was calculated as the inhibition 
percentage of latency time.

2.8. Carrageenan-induced hind paw edema

The anti-inflammatory effect was evaluated according 
to the method described by Morris (2003). Paw edema 
was induced by carrageenan 2%, injected at volume of 
20 μL into the subplantar region of the right hind paw of 
the mice. The basal (VA) volume of the right hind paw up 
to the ankle joint was measured using a plethysmometer 
(PanLab LE 7500, Spain). Immediately after that, the animals 
were pre-treated with Hm-EtOH or Hm-AcOEt (100, 
200 and 400 mg.kg-1, i.p.), saline (i.p.) or indomethacin 
(20 mg.kg-1, i.p.) and 1, 2, 3, 4 and 5 h after the intraplantar 
administration of carrageenan or saline injection, the mice 
pedal volume was measured (VB) as described previously 
(Huang  et  al.,  2012). Inhibition of the paw edema was 
calculated by (VB-VA)/VA, where VA is the volume of the 
right hind paw before carrageenan injection and VB is the 
volume of the right hind paw after carrageenan injection.
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showed no inhibition of nociceptive response in the first 
phase. However, in the second phase, the group showed 
96%, whereas the treatment with the doses of 200 and 
400 mg.kg-1 (i.p.) decreased by 51 and 59%, respectively, the 
paw licking time in the first phase, as well as 97 and 100%, 

both (early and late phases) of the formalin test (Figure 4). 
Hm-EtOH decreased by 60, 78 and 73%, respectively, the paw 
licking time in the first phase, as well as 86, 99 and 100%, 
respectively, in the second phase of the formalin test. The 
treatment with Hm-AcOEt at the dose of 100 mg.kg-1 (i.p.) 

Figure 1. Mass spectrum of astilbin in ESI positive (+MS) and negative (-MS) modes. (A) LC-MS mass spectrum of astilbin in ESI positive 
molecular ion (+MS); (B) LC-MS mass spectrum of astilbin in ESI negative (-MS) molecular ions.

Figure 2. Effect of the ethanolic extract of Hymenaea martiana (Hm-
EtOH - 100, 200 and 400 mg.kg-1), indomethacin (20 mg.kg-1) and 
morphine (10 mg.kg-1) on acetic acid induced writhing test in mice. 
Values are mean ± S.E.M. *P < 0.05, **P < 0.01, significantly different from 
control; one-way ANOVA followed by Tukey’s test (n = 6, per group).

Figure 3. Effect of the ethyl acetate fraction of Hymenaea martiana 
(Hm-AcOEt - 100, 200 and 400 mg.kg-1), indomethacin (20 mg.kg-1) 
and morphine (10 mg.kg-1) on acetic acid-induced writhing test in 
mice. Values are mean ± S.E.M. **P < 0.01, significantly different from 
control; one-way ANOVA followed by Tukey’s test (n = 6, per group).
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respectively, in the second phase (Figure 5). The reference 
drug indomethacin suppressed only the second phase of 
the formalin test, while morphine inhibited both phases 
of the pain stimulus (P < 0 .05).

In this test, it was found that animals treated with 
morphine (10 mg.kg-1, i.p.) showed a significantly increased 
stay on the hot plate at 30, 60, 90 and 120 min (P < 0.05). 
The animals treated with the dose of 200 mg.kg-1 showed 
a significant increase at 60, 90 and 120 min., and those 
treated with 400 mg.kg-1 were significantly active at 30, 60, 
90 and 120 min (Figure 6). The groups treated with Hm-
AcOEt (100, 200 and 400 mg.kg-1, i.p.) (Figure 7) showed 
a significant increase in the time on the hot plate at 30, 
60, 90 and 120 min.

The formation of edema, produced by the intraplantar 
administration of carrageenan, is a biphasic event, which 
is estimated for 1-5 hours and was significantly reduced 
(P < 0.01) by Hm-EtOH (200 and 400 mg.kg-1 i.p.) 1, 2, 3, 4 
and 5 h after the administration of carrageenan, as shown 
in Figure 8. However, animals that received 100 mg.kg-1 
showed no significant reduction in the first and second 
hours. In animals that received Hm-AcOEt (100, 200 and 
400  mg.kg-1, i.p.), the edematogenic effect induced by 
carrageenan was significantly reduced for 5  h, but the 
reversal of edema was more pronounced in animals which 
received 200 and 400 mg.kg-1. Indomethacin (20 mg.kg-1, 
i.p.) showed inhibition of the edema (P < 0.05) during 5 h 
of the experiment (Figure 9).

Hm-EtOH and Hm-AcOEt (100, 200 and 400 mg.kg-1) 
administered 1  h before the injection of carrageenan 
inhibited the leukocyte migration (P <0.01) (Figure 10 
and Figure 11).

Figure 4. Effect of the ethanolic extract of Hymenaea martiana (Hm-EtOH 
- 100, 200 and 400 mg.kg-1), indomethacin (20 mg.kg-1) and morphine 
(10 mg.kg-1) on formalin test in mice. Values are mean ± S.E.M.; **P < 
0.01, significantly different from control; ANOVA one-way followed 
by Tukey’s test (n = 6, per group). (a) first phase and (b) second phase.

Figure 5. Effect of the ethyl acetate fraction of Hymenaea martiana 
(Hm-AcOEt - 100, 200 and 400 mg.kg-1), indomethacin (20 mg.
kg-1) and morphine (10 mg.kg-1) on formalin test in mice. Values 
are mean ± S.E.M.; **P < 0.01, significantly different from control; 
one-way ANOVA followed by Tukey’s test (n = 6, per group). (a) 
first phase and (b) second phase.

Figure 6. Effect of the ethanolic extract of Hymenaea martiana 
(Hm-EtOH - 100, 200 and 400 mg.kg-1), Hm-EtOH (200 mg.kg-1) 
+ naloxone and morphine (10  mg.kg-1) in the hot-plate test in 
mice. Values are mean ± S.E.M.; *P < 0.05, ** P < 0.01, significantly 
different from control; two-way ANOVA followed by Bonferroni’s 
multiple comparisons test (n = 6, per group).

Figure 7. Effect of the ethyl acetate fraction of Hymenaea martiana 
(Hm-AcOEt - 100, 200 and 400 mg.kg-1), Hm-EtOH (200 mg.kg-1) 
+ naloxone and morphine (10 mg.kg-1) on the hot-plate test in 
mice. Values are mean ± S.E.M.; *P < 0.05, **P < 0.01, significantly 
different from control; two-way ANOVA followed by Bonferroni’s 
multiple comparisons test (n = 6, per group).
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The antinociceptive effects of Hm-EtOH and 
Hm-AcOEt were evaluated using classical models of 
nociception induced by chemical and thermal stimuli 
(Le Bars et al., 2001). In addition, carrageenan-induced 
paw edema and the carrageenan-induced peritonitis 
tests also investigated the anti-inflammatory activity of 
these samples.

The acetic acid-induced writhing test is a non-selective 
test for antinociceptive studies, based on the irritation 
caused after the i.p. injection of acetic acid. It has been 
suggested that this injection can stimulate the release 
of a variety of endogenous mediators, particularly 
histamine, bradykinin, serotonin and prostaglandins 
(Cesário et al., 2018; Hosoi et al., 1999; Bentley et al., 1983). 
Thus, this model is generally associated with the release 
of prostanoids, resulting in increased levels of PGE2 and 
PGF2α in the peritoneal fluid, and from other products 
of the lipoxygenase pathway, where activity of acetic 
acid involves the process or release of arachidonic acid 
metabolites (Melo et al., 2008; Duarte et al., 1988).

The formalin-induced nociception test has two distinct 
phases and is an evaluation method used to measure 
the behavioral effectiveness of antinociceptive agents 
(Randolph and Peters, 1997). The first phase (neurogenic 
phase) is caused by the direct chemical stimulation of 
nociceptors. Substance P, glutamate and bradykinin are 
thought to participate in this phase. The second phase 
(inflammatory phase) is related to the inflammation of the 
peripheral tissues (Nascimento et al., 2013), which is the 
result of the release of several inflammatory mediators, 
such as histamine, serotonin and prostaglandins (Rácz 
and Zimmer, 2006). The results of this test indicate the 
likelihood of components with anti-inflammatory capacity 
in the extracts, but also suggest a possible neurogenic 
(central) component in the analgesic profile.

Our results also showed that the extracts were 
effective, increasing the latency time when compared 
with the control group in the hot-plate test. The hot-
plate test on thermal stimulation is associated with 
central neurotransmission where the heat activates 
nociceptors (Aδ and C fibers) (Pinheiro  et  al.,  2011). 
Thermal stimulus-induced hyperalgesia is specific for 
centrally mediated nociceptors and is thought to involve 
opioids (Le Bars  et  al.,  2001; Jacob and Ramabadran, 

4. Discussion

Regarding the chemical composition of Hm-EtOH and 
Hm-AcOEt, the flavonoid astilbin was unambiguously 
identified based on the injection of reference standard 
of this compound in the same chromatographic 
conditions. Besides, it is already known that astilbin is 
a chemical marker for the species Hymenaea martiana 
(Carneiro et al., 1993). Both the ethanolic extract and the 
ethyl acetate fraction of H. martiana contain phenolic 
compounds and bear antioxidant activity (Silva et al., 2012).

Figure 8. Effect of the ethanolic extract of Hymenaea martiana 
(Hm-EtOH - 100, 200 and 400 mg.kg-1) and indomethacin (20 mg.
kg-1) on carrageenan-induced hind paw edema in mice. Values 
are mean ± S.E.M. **P < 0.01, significantly different from control; 
two-way ANOVA followed by Bonferroni’s multiple comparisons 
test (n = 6, per group).

Figure 9. Effect of the ethyl acetate fraction of Hymenaea martiana 
(Hm-AcOEt - 100, 200 and 400 mg.kg-1) and indomethacin (20 mg.
kg-1) on carrageenan-induced hind paw edema in mice. Values 
are mean ± S.E.M.; *P < 0.05, **P < 0.01, significantly different 
from control; two-way ANOVA followed by Bonferroni’s multiple 
comparisons test (n = 6, per group).

Figure 10. Effect of the ethanolic extract of Hymenaea martiana 
(Hm-EtOH - 100, 200 and 400 mg.kg-1) and dexamethasone (2 mg.
kg-1) on leukocyte migration into the peritoneal cavity induced 
by carrageenan in mice. Values are mean ± S.E.M.; **P < 0.01, 
significantly different from control; ANOVA one-way followed by 
Tukey’s test (n = 6, per group).

Figure 11. Effect of the ethyl acetate fraction of Hymenaea martiana 
(Hm-AcOEt - 100, 200 and 400 mg.kg-1) and dexamethasone (2 mg.
kg-1) on leukocyte migration into the peritoneal cavity induced 
by carrageenan in mice. Values are mean ± S.E.M.; **P < 0.01, 
significantly different from control; one-way ANOVA followed by 
Tukey’s test (n = 6, per group).
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the arachidonic acid pathway, in addition to modulating 
the enzyme forming nitric oxide (Coutinho et al., 2009).

5. Conclusion

In conclusion, this work reveals that the crude ethanolic 
extract and the ethyl acetate fraction from the barks of 
H. martiana have antinociceptive and anti-inflammatory 
effects. Results of current studies justify further studies for 
the isolation and identification of the causative bioactive 
component(s) and to elucidate the mechanism(s) lying 
with these effects.
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