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Abstract

Context: Syzygium cumini (L.) Skeels (Myrtaceae) is a tree with dark purple fruits, popularly
known as “jamboldo” or “jambolan”. In folk medicine, this plant is used for the treatment of
diabetes and inflammatory conditions.

Objective: We investigated the antinociceptive effect of ethanol extract (EE) from S. cumini
leaves on orofacial nociception.

Material and methods: The antinociceptive effects of the EE obtained from the leaves of
S. cumini were evaluated in mice using formalin- and glutamate-induced orofacial nociception.
Results: ESI-MS/MS analyses demonstrated that major constituents in the analyzed samples
coincided with the mass of the phenolic acids and flavonoids. In pharmacological approach,
pre-treatment with EE (100, 200, or 400 mg/kg, p.o.) significantly reduced (p <0.05 or p<0.01)
the percentage of paw licks time during phase 2 (43.2, 47.1, and 57.4%, respectively) of a
formalin pain test when compared to control group animals. This effect was prevented by
pretreatment with glibenclamide and N®-nitro-L-arginine (L-NOARG). The extract, all doses, also
caused a marked inhibition (p<0.01 or p<0.001) of glutamate-induced orofacial nociception
(38.8, 51.7, and 54.7%) when compared with the control group. No effect was observed with
the rota-rod model.

Conclusions: We can suggest that the antinociceptive effect of the EE is mediated by peripheral
mechanisms, possibly involving Karp channels and the nitric oxide pathways. These effects
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appear to be related to the presence of flavonoids compounds, such as quercetin.

Introduction

Syzygium cumini (L.) Skeels (Myrtaceae) is a tree with dark
purple fruits originating in Indo-Malaysia, China, and the
Antilles, and is cultivated in various countries, including
Brazil, where is popularly known as ‘‘jamboldo’” or
“‘jambolan’’. It is reported that the bark is employed in folk
medicine for the treatment of diabetes and inflammatory
conditions (Schoenfelder et al., 2010). The juice of this plant’s
tender leaves, mango, and myrobalan are mixed and admin-
istered in milk and honey to treat dysentery with bloody
discharge, whereas the juice of its tender leaves alone or in
combination with carminatives, such as cardamom or cinna-
mon, is given in goat’s milk to treat diarrhea in children
(Ayyanar & Subash-Babu, 2012).

Correspondence: L.J. Quintans-Jinior, Departamento de Fisiologia,
Universidade Federal de Sergipe, 49.000-100 Sdo Cristovao, Sergipe,
Brazil. Tel/Fax: 455 79 2105 6645. E-mail: lucindojr@gmail.com,
lucindo@pq.cnpq.br

Muruganandan et al. (2001) demonstrated that S. cumini
bark extract produces a potent anti-inflammatory effect
against different phases of the inflammation process without
any side effect on gastric mucosa. Recently, Ayyanar and
Subash-Babu (2012) published a newsworthy review about
phytochemical constituents and the traditional uses of
S. cumini, which shows its hypoglycemic properties and its
effectiveness in treating gastrointestinal disorders, fever,
inflammation, and pain.

There are no studies exploring the analgesic profile of
S. cumini and its possible role in orofacial nociception
protocols. Thus, this study aims to investigate the antinocicep-
tive effect of ethanol extract (EE) from S. cumini leaves on
orofacial nociception induced by formalin and glutamate
in mice.

Materials and methods
Plant material and preparation of plant extract

S. cumini was identified by Professor Flavia de Barros Prado
Moura and a voucher sample (MUFAL 4080) is deposited in
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the Herbarium Prof. Hondrio Monteiro (Maceid-AL). The
leaves of S. cumini were collected in July 2009 at the Federal
University of Alagoas campus and subjected to drying at 40 °C
for 72h with subsequent grinding. The dried and ground
material (700 g) was subjected to extraction with 2L of a 70%
hydroethanol solution at room temperature in three cycles of
72h each. After each cycle, the solvent was removed under
reduced pressure in a rotary device, furnishing 79.7 g of the EE.

Electrospray ionization mass spectrometry
fingerprinting

The crude EE was diluted in a solution containing 50% (v/v)
chromatographic grade methanol, 50% (v/v) deionized water,
and 0.5% of ammonium hydroxide (Merck, Darmstadt,
Germany). The fingerprinting ESI-MS analyses were per-
formed according to Salvador et al. (2011); using UPLC-MS
equipment, model ACQUITY TQD (Waters Corporation,
Milford, MA). The general conditions were included a source
temperature of 100 °C, capillary voltage of 3.0kV, and cone
voltage of 30 V. ESI-MS was performed by direct infusion
using a syringe pump, with a flow rate of 10 pL/min/mL.
Structural analysis of single ions in the mass spectra from the
extract was performed by ESI-MS/MS. The ion with the m/z
of interest was selected and submitted to 15-45eV collisions
with argon in the collision quadrupole. The collision gas
pressure was optimized to produce extensive fragmentation of
the ion under investigation. The compounds were identified
by comparing their ESI-MS/MS fragmentation spectra to
fragmentation spectra of authentic standard samples and
literature data (Afify et al., 2011; Roesler et al., 2007,
Salvador et al., 2011; Timbola et al., 2002; Ye et al., 2007).

Animals

Male Swiss mice (32-40g), 2-3 months of age, were used
throughout this study. The animals were obtained from the
Animal Facilities of Federal University of Sergipe and they
were randomly placed in appropriate cages, which maintained
a temperature of 22+2°C on a 12h light/dark cycle (lights
on 6:00 am—6:00 pm) with free access to food (Labina®) and
water. All experiments were carried out between 9:00 am and
4:00 pm in a quiet room and nociception tests were performed
by the same visual observer in a double-blind study.
Experimental protocols were approved by the Animal Care
and Use Committee at the UFS (CEPA/UFS No. 49/09).

Formalin and glutamate tests

Orofacial nociception procedures were performed on mice by
s.c. injection of 20 pL of 2% formalin or 40 pL. of glutamate
(25 mM) into the right upper lip (perinasal area) using a 27-
gauge needle (Luccarini et al., 2006; Quintans-Junior et al.,
2010). Mice (n = 6, per group) were treated with the EE (100,
200, or 400 mg/kg, p.o.), morphine (MOR, 5 mg/kg, i.p.), and
vehicle (Tween 80 0.2%, Sigma-Aldrich, St. Gallen,
Switzerland) 1h before algogen injections.

Formalin test

The neurogenic phase (first phase) occurs within 0-5min
after the administration of the nociceptive substance and this
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phase is followed by a latency period of about 10 min. Then,
an inflammatory phase (second phase) occurs within 15—
40 min after the administration of the nociceptive substance.

Glutamate test

Mice were observed individually for 20min following
glutamate injection. Animals were observed individually in
mirrored chambers (30 x 30 x 30cm) to allow an unob-
structed view of the orofacial region. The nociceptive
behavior assessed during the two tests was the time during
which the animals kept rubbing the orofacial region.

Possible antagonism of EE antinociceptive effect
by pretreatment with naloxone, glibenclamide, or
L-NOARG

To assess the possible participation of the opioid and nitric
oxide (NO) pathways, mice were intraperitoneally (i.p.)
pretreated (n=6, per group) with 1.5mg/kg of naloxone
(NAL, a nonselective opioid antagonist), 20mg/kg of
glibenclamide (GLI, a Kap channel blocker), or 40 mg/kg
of NG-nitro-L-arginine (L-NOARG, a NO synthase inhibitor),
30 min before the administration of vehicle (control; p.o.), EE
(400 mg/kg; p.o.), or morphine (5 mg/kg; i.p.). Subsequently,
the formalin-induced orofacial nociception test was per-
formed, as described above.

Motor performance assessment

The previously described test was conducted by Quintans-
Junior et al. (2010). Mice were selected 24 h prior to the test
by selecting only those that were able to remain successfull
on the revolving bar (9 rpm) of the rota-rod apparatus (AVS\'\,
Sao Paula, Brazil) for two consecutive periods of 120s. The
selected mice were divided into five groups (n=6) and
treated with the EE (100, 200, or 400 mg/kg, p.o.) and vehicle
or diazepam (1.5mg/kg, i.p.). Motor performance was
evaluated at 60, 120, and 240 min following treatments, and
the amount of time the mice remained (in seconds) on the
revolving bar during a 180 s period was recorded.

Statistics analysis

Data obtained were expressed as mean =+ standard error of the
mean (SEM). Statistical evaluation of the data was performed
using a one-way analysis of variance (ANOVA) followed by
Tukey’s test. p Values less than 0.05 were considered
significant. The percent of inhibition by an antinociceptive
agent was determined using the following formula
(Reanmongkol et al., 1994): Inhibition % = 100 x (con-
trol — experiment)/control.

Results

These analyses showed that major constituents in the analyzed
samples coincided with the mass of the phenolic acids and
flavonoids (Table 1 and Figure 1).

EE produced significant (p <0.05 or p <0.01) antinocicep-
tion in the second phase of the formalin test (inflammatory
phase) (Table 2). The previous treatment of mice with
glibenclamide and L-NOARG significantly reversed the
antinociception caused by EE; however, pretreatment with
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Table 1. Compounds identified in ethanolic extract of Syzigium cumini leaves (EE) using negative ion mode ESI-MS/MS.

n

7433 793

Syzigium cumini leaves Deprotonated
Compound ethanol extract ions [M—H] ", m/z MS/MS ions mi/z
Malic acid + 133 25eV: 133 — 115
Gallic acid + 169 25eV: 169 — 125, 79
Caffeic acid + 179 25eV: 179 — 135
Ferulic acid + 195 25eV: 193 — 178, 149, 134
Quercetin + 301 25eV: 301 — 179, 151, 121, 107
Myricitrin + 463 25eV: 463 — 435, 349, 319, 317
Myricetin 3-0-(4"-acetyl)-o-L-rhamnopyranoside + 505 25eV: 505 — 317
+, detected compound.
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Figure 1. ESI-MS fingerprints of ethanol extract of Syzigium cumini leaves (EE).

naloxone did not change the antinociceptive action in
formalin-induced orofacial nociceptive test (Table 2). Oral
pretreatment with EE (all doses) inhibited the nociceptive
response caused by the right upper lip injection of glutamate
in mice (Table 2).

At the same dosages used in the nociceptive assays, the EE
did not modify the performance of the mice in the rota-rod
apparatus (Figure 2).

Discussion

The ESI-MS fingerprints technique with direct infusion
(Roesler et al., 2007; Salvador et al.,, 2011) was used to
characterize the presence of compounds in the EE. The
extracts were analyzed by direct insertion in the negative ion
mode. This method is sensitive and selective for the
identification of polar organic compounds with acidic sites,
such as the phenolic organic acids. Deprotonated forms of the
compounds of interest were then selected and dissociated and
their ESI-MS/MS were compared to those which were
considered standard, along with literature data (Afify et al.,
2011; De Brito et al., 2007; Hoffmann-Ribani et al., 2009;
Reanmongkol et al., 1994; Roesler et al., 2007; Salvador
et al.,, 2011; Timbola et al., 2002; Ye et al., 2007). The
investigation by direct infusion electrospray ionization mass
spectrometry (ESI-MS) analyses provided important infor-
mation about the bioactive components present in these
extracts.

The orofacial formalin model in rodents is the most widely
used pattern to assess nociceptive processes in the orofacial
region (Raboisson & Dallel, 2004). Perinasal injection (in the
right upper lip) of formalin induces two distinct phases of
pain sensitivity (Luccarini et al., 2006). In the first phase, the

neurogenic pain is caused by the direct activation of type C
nociceptive nerve endings, releasing neuropeptides, such as
substance P, among others. The second phase is characterized
by liberation of inflammatory mediators such as histamine,
serotonin, bradykinin, prostaglandins, and excitatory amino
acids, which can be inhibited by painkillers and anti-
inflammatory drugs (Le Bars et al., 2001). The previous
treatment of mice with glibenclamide and L-NOARG suggests
that EE produces an antinociceptive response, at least by
involving Karp channels and the NO pathway.

The nociceptive response caused by glutamate seems to
involve peripheral, spinal, and supra-spinal sites. Its action is
mediated by N-metil-D-aspartate (NMDA) and non-NMDA
receptors (Quintans-Junior et al., 2010). The glutamate
N-methyl-D-aspartate receptor (NMDAR) is essential for
the function of the nervous system, and, therefore, its
de-regulation contributes to the pathophysiology of many
neurological disorders. The midbrain periaqueductal gray
(PAG) is densely innervated by glutamatergic projections
from the forebrain, and there is robust morphine-NMDAR
colocalization in the dendrites and somata of ventrolateral
PAG neurons. The PAG is of physiological relevance to the
nociceptive modulation network that operates both at the
supraspinal level and through dorsal horn interneurons
(Lipton, 2006; Marinelli et al., 2002; Narita et al., 2008;
Rodriguez-Muiioz et al., 2012). The antinociception evoked
from the PAG is opioid receptor mediated and can be
attenuated by concurrent administration of an opioid antag-
onist such as naloxone (Brito et al.,, 2013). Thus, the
inhibition of glutamate-induced orofacial nociceptive behav-
ior by EE treatment can be associated with its interaction with
the glutamatergic system.
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Table 2. Effect of EE or morphine (MOR) on formalin-induced (in the presence and absence of naloxone (NAL), glibenclamide (GLI), or NS-nitro-L-

arginine (L-NOARG)) or glutamate-induced orofacial nociception tests.

Formalin test

Glutamate test

Treatment Dose (mg/kg) 0-5 (min)* Inhibition (%) 15-40 (min)* Inhibition (%) Pain® Inhibition (%)
Vehicle - 652473 - 129.3+79 - 64.2+5.5 -
EE 100 61.5+8.9 6.1 73.5+£8.5° 43.2 39.3+£7.7° 38.8
EE 200 583475 10.6 68.4+9.1° 47.1 31.0+11.4¢ 51.7
EE 400 61.0+9.2 6.4 55.1+£7.3°¢ 574 29.1+7.3¢ 54.7
EE + NAL 400+ 1.5 57.7+8.8 11.5 69.5+11.4° 46.2 - -
EE + GLI 400 +20 55.1+11.7 11.8 104.5+10.2 19.2 - -
EE +L-NOARG 400 +40 64.5+59 1.1 111.4+14.3 13.8 - -
MOR 5 11.4£32¢ 82.5 312+£7.8¢ 75.9 12.8£5.9¢ 80.1
MOR +NAL 5+1.5 5354124 17.9 97.4+15.7 24.6 - -
n =06, per group.
“Values represent mean + SEM.
°p <0.05 (one-way ANOVA and Tukey’s test), significantly different from the control group.
Zp<0.01 (one-way ANOVA and Tukey’s test), significantly different from the control group.
p<0.001 (one-way ANOVA and Tukey’s test), significantly different from the control group.
2009 0.5h 1h 2h
150 - |
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Figure 2. Time (s) on the rota-rod observed in mice after p.o. treatment with vehicle (control), ethanol extract of Syzigium cumini leaves (EE, 100, 200,
or 400 mg/kg), or diazepam (DZP, 1.5 mg/kg). The motor response was recorded for the following 180 s after drug treatment. Statistical differences
versus control group were calculated using ANOVA, followed by Tukey’s test (n =38, per group). *p<0.001, ***p <0.001.

Studies have suggested that the CNS depression and the
non-specific muscle relaxation effects can reduce the
response of motor coordination and might invalidate the
results (Abbadie et al., 2003; Quintans-Junior et al., 2010).
This observation confirms that the action of EE on orofacial
pain, observed in this study, is not entirely due to an inhibitory
effect on the CNS.

According Ayyanar and Subash-Babu (2012) leaves from
S. cumini are rich in acylated flavonol glycosides, quercetin,
myricetin, myricitin, myricetin, triterpenoids, and tannin.
These chemical compounds may act synergistically and
contribute with analgesic profile of S. cumini leaves. In a
study focusing on neuroinflammation, it was demonstrated
that a honey flavonoid-rich extract was able to reduce the
levels of a series of pro-inflammatory cytokines (Candiracci
et al., 2012). A recent study demonstrated that quercetin was

able to inhibit inducible NO synthase in the skeletal muscle of
mice (Anhé et al., 2012). In a study with various models of
chronic and acute inflammation, a glycosylated form of
myricetin showed anti-inflammatory activity (Hiermann
et al., 1998). With the ESI-MS fingerprinting, it was possible
to identify the presence of three of these flavonoids (quer-
cetin, myricitrin, and myricetin) that could explain, in part,
the observed effects.

This study suggests that the antinociceptive potential of EE
may be attributed, at least in part, to modulate inflammatory
pain in the tests of orofacial nociception induced by formalin
and glutamate. Considering the widespread use of S. cumini
leaves in folk medicinal preparations (such as tea or juice), its
analgesic profile may be of pharmacological and nutraceutical
interest and its action in human should be confirmed by future
clinical studies.
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