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The present studyexamined the antinociceptive effect of the ethanolic extract fromMelissa officinalis L. and of the
rosmarinic acid in chemical behavioral models of nociception and investigates some of the mechanisms
underlying this effect. The extract (3–1000 mg/kg), given orally (p.o.) 1 h prior to testing, produced dose-
dependent inhibition of acetic acid-induced visceral pain,with ID50 value of 241.9mg/kg. In the formalin test, the
extract (30–1000 mg/kg, p.o.) also caused significant inhibition of both, the early (neurogenic pain) and the late
(inflammatory pain), phases of formalin-induced licking. The extract (10–1000 mg/kg, p.o.) also caused
significant and dose-dependent inhibition of glutamate-induced pain, with ID50 value of 198.5 mg/kg.
Furthermore, the rosmarinic acid (0.3–3 mg/kg), given p.o. 1 h prior, produced dose-related inhibition of
glutamate-induced pain,with ID50valueof 2.64mg/kg. The antinociception causedby the extract (100mg/kg, p.
o.) in the glutamate test was significantly attenuated by intraperitoneal (i.p.) treatment of mice with atropine
(1 mg/kg), mecamylamine (2 mg/kg) or L-arginine (40 mg/kg). In contrast, the extract (100 mg/kg, p.o.)
antinociceptionwas not affected by i.p. treatmentwith naloxone (1mg/kg) or D-arginine (40mg/kg). It was also
not associated with non-specific effects, such as muscle relaxation or sedation. Collectively, the present results
suggest that the extract produced dose-related antinociception in several models of chemical pain through
mechanisms that involvedcholinergic systems (i.e. throughmuscarinic andnicotinic acetylcholine receptors) and
the L-arginine-nitric oxide pathway. In addition, the rosmarinic acid contained in this plant appears to contribute
for the antinociceptive property of the extract. Moreover, the antinociceptive action demonstrated in the present
study supports, at least partly, the ethnomedical uses of this plant.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Records concerning lemon balm use date back over 2000 years.
Medicinal use throughout this early epoch includes a recommenda-
tion by Paracelsus (1493–1541) that the balm would be indicated for
“all complaints supposed to proceed from a disordered state of the
nervous system” (Kennedy et al., 2003; Allaverdiyev et al., 2004).

Melissa officinalis belongs to the Laminaceae family, is a perennial
herb, up to 1 m high, growing in the Mediterranean region, western
Asia, southwestern Siberia, and northern Africa. Parts mostly used are
dried leaves; which often present flowering tops (Carnat et al., 1998;
Herodez et al., 2003; Dastmalchi et al., 2008). Infusions prepared with
the aerial part of M. officinalis are used in folk medicine for the
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treatment of fevers and colds, indigestion associated with nervous
tension, hyperthyroidism, depression, mild insomnia, epilepsy, head-
aches, and toothaches among others (Carnat et al., 1998; Herodez et
al., 2003, Salah and Jäger, 2005; Dastmalchi et al., 2008).

The scientific reported uses are: antioxidant (Carnat et al., 1998;
Ribeiro et al., 2001), sedative (Kennedyet al., 2003;Müller andKlement,
2006), anti-inflammatory, hepatoprotective, digestive (Simmen et al.,
2006; Schemann et al., 2006), anti-bacterial, antifungal, antiviral, anti-
histaminic (Carnat et al., 1998; Sandraei et al., 2003; Allaverdiyev et al.,
2004), antikinetic, antilipidaemic (Bolkent et al., 2005), anxiolytic
(Santos-Neto et al., 2006) and effective in controlling light to mild
Alzheimer's cases (Akondzadeh et al., 2003; Ferreira et al., 2006).

Phytochemical studies carried out with M. officinalis have demon-
strated the occurrence of many classes of constituents, including
polyphenolic compounds (rosmarinic acid, caffeic acid and protocate-
chuic acid), essencial oils (citral), monotherpenoid aldehides, sesqui-
terpenes, flavonoids (luteolin) and tannins (Carnat et al., 1998; Heitz
et al., 2000;Kennedyet al., 2003; Ziaková et al., 2003;Gazola et al., 2004;
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Bolkent et al., 2005; Salah and Jäger, 2005; Dastmalchi et al., 2008). In
addition, the rosmarinic acid is themajor compound of theM. officinalis
ethanolic extract, in concentrations between 2 and 5% (Carnat et al.,
1998). This substancehas antiviral and antioxidant activities. Iuvoneand
col. (2006) demonstrated in a recent study that rosmarinic acid protects
cells against neurotoxicity promoted by β-amiloid peptide, by in vitro
assays.

Taking into account the biological activities of M. officinalis, it is
surprising that no pharmacological study has been carried out on the
possible antinociceptive effects of the extract up to now. Here, we have
therefore examined the possible antinociceptive action of the extract in
chemical models of nociception in mice. Attempts have been made to
further investigate some of the possible mechanisms that underlie the
antinociceptive action of the extract. In addition, we also analysed the
possible antinociceptive effect of the rosmarinic acidpresent in this plant.

2. Material and methods

2.1. Animals

Experiments were conducted using Swiss mice (25–35 g) of both
sexes, housed at 22±2 °C under a 12 h light/dark cycle (lights on at
6:00 a.m.) and with access to food and water ad libitum. Animals
(male and female mice homogeneously distributed among the
groups) were acclimatized to the laboratory for at least 1 h before
testing and were used only once throughout the experiments. The
experiments were performed after protocol approval by the Institu-
tional Ethics Committee and were carried out in accordance with
current guidelines for the care of laboratory animals and the ethical
guidelines for investigations of experimental pain in conscious
animals as specified (Zimmermann, 1983). The number of animals
and intensity of the noxious stimuli used were the minimum
necessary to demonstrate the consistent effects of the drug treatment.

2.2. Preparation of ethanolic extract of M. officinalis and HPLC analysis

The dried leaves of M. officinalis were kindly supplied by Centroflora
Group (Botucatu, Brazil), that also provided a certificate of identity and
quality. Thepowderedplantmaterial (1.9 kg)wasextractedbymaceration
at room temperature (24±3 °C) using ethanol as solvent. After solvent
elimination under vacuum and temperature lower than 40 °C, the
ethanolic extract was obtained (13% yield) and stored at−18 °C until use.

HPLC analysis of ethanolic extract was performed on a Shimadzu LC-
MS2010A apparatuswith aDiodeArray detector (SPDM20A, Shimadzu),
coupled with an auto injector (SIL-20A, Shimadzu), both using the
software LC MS Solutions 3.0 (Shimadzu). A Zorbax ODS column (5 µm,
4.6/250mm:Agilent) coupledwithaguard-column(5µm,4.6/12.5mm:
Agilent) was used. The mobile phase consisted of a gradient solvent
system of aqueous formic acid 0.1% (A) and acetonitrile with 0.1% formic
acid (B). The elution profile was, 0 to 25 min: 10 to 40% B (linear
gradient); 25 to30min: 40 to30%B(linear gradient); 31 to35min: 10%B.
The Flow rate was 1 mL/min UV detection was set at 330 nm.

A sample of the extract (55.6 mg) was extracted using ODS C18
extraction cartridges (Accubond, Agilent) as follows: (1) the cartridge
was preconditioned by rinsing with 3 ml of each of the following in
sequence,methanol, water; (2) the samplewas applied to the cartridge;
(3) the analytes were eluted by rinsing the cartridge with 3 ml of
ethanol: water (1:1). Then the solvent was evaporated to dryness at
37 °C under a gentle stream of nitrogen. The residue was dissolved in
4ml of themobile phase, filtered on a 0.45 µmPTFEmembrane (Millex)
and submitted to HPLC analysis, by injection of 5 µL.

The identity of the peaks relative to rosmarinic acid was
established by comparison of retention time and UV spectra. A
quantitative analysis was performed by the external standard method,
plotting calibration curves at concentrations of 270, 360, 450, 600, 800
and 1000 µg/ml in mobile phase. Each determination was carried out
in duplicate. Concentration is shown as percentage of rosmarinic acid
in extract from M. officinalis.

2.3. Reagents

The following reagents were employed: acetic acid, tween 80,
morphine hydrochloride from Merck, A.G. (Darmstadt, Germany);
Nω-nitro-L-arginine (L-NOARG), naloxone hydrochloride, glutamic
acid, L-arginine, D-arginine, atropine sulfate and pilocarpine hydro-
chloride (Sigma Chemical CO, St. Louis, USA), nicotine hydrochloride
and mecamylamine hydrochloride (Tocris Cookson Inc., Ellisville,
USA), rosmarinic acid (Sigma Chemical CO, St. Louis, USA) and saline
(NaCl 0.9%) (LabSynth, São Paulo, Brazil). All other chemicals were of
analytical grade and obtained from standard commercial suppliers. All
reagents were dissolved in 0.9% NaCl solution, except the extract
which was dissolved in tween 80 plus saline. The final concentration
of tween 80 did not exceed 5% and did not cause any effect per se.

The solvents employed for HPLC analysis were HPLC grade
(Mallinckrodt). HPLC grade water (18 mΩ) was prepared using a
Milli-Q system (Millipore).

2.4. Assessment of the antinociceptive effect of the extract and rosmarinic
acid

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

The abdominal constrictions were induced according to proce-
dures previously described (Collier et al., 1968) and resulted in
contraction of the abdominal muscle concomitant with a stretching of
the hind limbs in response to an i.p. injection of acetic acid (0.6%,
0.45 ml/mouse) at the time of the test. Mice were pretreated with the
extract by p.o. (3–1000 mg/kg) route, 60 min before irritant injection.
Control animals received a similar volume of vehicle (10 ml/kg). After
the challenge, themicewere individually placed into glass cylinders of
20-cm diameter, and the abdominal constrictions were counted
cumulatively over a period of 20 min. Antinociceptive activity was
expressed as the reduction in the number of abdominal constrictions,
i.e., the difference between control animals (mice pre-treated with
vehicle) and animals pre-treated with extract.

2.4.2. Formalin-induced nociception
The procedure used was essentially the same as that previously

described (Santos and Calixto, 1997). Animals received 20 µl of a 2.5%
formalin solution (0.92% formaldehyde) made up in saline, injected
intraplantarly (i.pl.) in the ventral surface of the right hindpaw.
Animals were observed from 0–5 min (neurogenic phase) and 15–
30 min (inflammatory phase) and the time spent licking the injected
pawwas recorded with a chronometer and considered as indicative of
nociception. Animals received the extract (30–1000 mg/kg, p.o.) or
vehicle (10 ml/kg, p.o.) 60 min before formalin injection.

2.4.3. Glutamate-induced nociception
In an attempt to provide more direct evidence concerning the

interaction of the extract with the glutamatergic system, we
separately investigated whether or not the extract was able to
antagonize glutamate-induced licking of the mouse paw. The
procedure used was similar to that previously described (Beirith
et al., 2002). Avolume of 20 µl of glutamate (20 µmol/paw prepared in
phosphate buffered saline) was intraplantarly injected in the ventral
surface of the right hindpaw. Animals were observed individually for
15 min following glutamate injection. The amount of time they spent
licking the injected paw was recorded with a chronometer and was
considered as indicative of nociception. Animals were treated with the
extract (10–1000 mg/kg, p.o.) or rosmarinic acid (0.3–3 mg/kg, p.o.)
60 min before glutamate injection. Control animals received a similar
volume of vehicle (10 ml/kg) by p.o. route.



Fig. 1. A) Chromatogram obtained for ethanolic extract of Melissa officinalis. Retention time of rosmarinic acid was 18.59 min, λ=330 nm. B) Chromatogram obtained for standard
solution of rosmarinic acid (270 µg/mL). Retention time was 18.59 min, λ=330 nm.

Fig. 2. Effect of the extract administered orally against acetic acid-induced writhing
response in mice. Each column represents the mean of 6–8 animals and the error bars
indicate the SEM. Control values (C) indicate the animals injected with vehicle and the
asterisks denote the significance levels when compared with control groups (one-way
ANOVA followed by Newman–Keuls test), ⁎⁎pb0.01 and ⁎⁎⁎pb0.001.
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2.5. Measurement of locomotor activity

In order to evaluate a possible non-specific muscle-relaxant or
sedative effect of the extract, mice were submitted to the open-field
test. The ambulatory behavior was assessed in an open-field test as
previously described (Rodrigues et al., 2002). The apparatus consisted
of a wooden box measuring of 40×60×50 cm. The floor of the arena
was divided into 12 equal squares, and the numbers of squares crossed
with all pawswere counted in a 6-min session.Micewere treatedwith
extract (30–1000 mg/kg, p.o.) or vehicle (10 ml/kg, p.o.) 60 min
beforehand.

2.6. Analysis of possible mechanism of action of the extract

To evaluate some mechanisms by which the extract causes
antinociception in the glutamate-induced nociception, animals were
treated with some classical drugs. The doses of the used drugs were
selected based on previous studies (Santos et al., 1999, 2005;
Abacioglu et al., 2001) and also based on previous results from our
laboratory.

2.6.1. Involvement of the opioid system
To assess the possible participation of the opioid system in the

antinociceptive effect of the extract, mice were pre-treated with
naloxone (1 mg/kg, i.p.), and after 20 min the animals received the
extract (100mg/kg, orally), morphine (2.5mg/kg, subcutaneously) or
vehicle (10 ml/kg, orally). The nociceptive responses to glutamate
were recorded 60, 30 or 60 min after the administration of the extract,
morphine, or vehicle, respectively. Another group of animals was pre-
treated with vehicle and after 20 min, received the extract, morphine
or vehicle, 60, 30 or 60 min before glutamate administration,
respectively.



Fig. 3. Effect of EE ofM. officinalis administered orally against formalin-induced licking (first phase, panel A, and second phase, panel B) in mice. Each column represents the mean of
6–8 animals and the error bars indicate the SEM. Control values (C) indicate the animals injected with vehicle and the asterisks denote the significance levels when compared with
control groups (one-way ANOVA followed by Newman–Keuls test), ⁎pb0.05 and ⁎⁎pb0.01.
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2.6.2. Involvement of the cholinergic system
In order to investigate the participation of the cholinergic system

in the antinociceptive effect of the extract, mice were pre-treated with
mecamylamine (2 mg/kg, i.p.), atropine (1 mg/kg, i.p.) or vehicle
(10 ml/kg, i.p.), and after 20 min the animals received the extract
(100 mg/kg, p.o.), nicotine (1 mg/kg, i.p.), pilocarpine (3 mg/kg, i.p.)
or vehicle (10 ml/kg, p.o.). The nociceptive responses to glutamate
were recorded 60, 30, 30 or 60 min after the administration of the
extract, nicotine, pilocarpine or vehicle, respectively. Another group of
animals was pre-treated with vehicle and after 20 min, received the
extract, nicotine, pilocarpine or vehicle, 60, 30, 30 or 60 min before
glutamate administration, respectively.

2.6.3. Involvement of L-arginine-nitric oxide pathway
To investigate the role played by the L-arginine-nitric oxide pathway

in the antinociception caused by the extract,micewere pre-treatedwith
L-arginine (40 mg/kg, i.p.) or D-arginine (40 mg/kg i.p.) and after
20min, they received the extract (100mg/kg, p.o.), Nω-nitro-L-arginine
(L-NOARG, 75 mg/kg, i.p.) or vehicle (10 ml/kg, p.o.). The nociceptive
responses to glutamate were recorded 60, 30 or 60 min after the
administration of the extract, L-NOARG, or vehicle, respectively. Another
group of animals was pre-treated with vehicle (10 ml/kg, i.p.) and after
20min received the extract, L-NOARG or vehicle, 60, 30 or 60min before
glutamate administration, respectively.

2.7. Statistical analysis

The results are presented as mean+SEM, except the ID50 values
(i.e., the dose of extract or rosmarinic acid which reduces the
nociceptive response by 50% relative to the control value), which are
reported as the geometric means accompanied by their respective 95%
confidence limits. The ID50 value was determined by linear regression
Fig. 4. Effect of the ethanolic extract (A) and rosmarinic acid (B) obtained from M. officinali
animals and the error bars indicate the SEM. Control values (C) indicate the animals inject
control groups (one-way ANOVA followed by Newman–Keuls' test), ⁎⁎pb0.01 and ⁎⁎⁎pb0.
from individual experiments using linear regression GraphPad soft-
ware (GraphPad software, San Diego, CA, USA). The statistical
significance of differences between groups was detected by ANOVA
followed by Newman–Keuls' test. P-values less than 0.05 (Pb0.05)
were considered as indicative of significance.

3. Results

3.1. HPLC analysis of ethanolic extract from M. officinalis

The HPLC analysis revealed that rosmarinic acid is a major
compound of the extract from M. officinalis (Fig. 1 A and B). The
calibration curves were made by plotting the ratio of rosmarinic acid
peak areas versus concentrations, and good linearity was obtained
with the standard solutions. The regression equations for rosmarinic
acid were y=15937x−483967 (r=0.9999). The retention times in
the system developed was 18.59 min and the concentration of
rosmarinic acid in the extract was 4.37% (Fig. 1 A and B).

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

The results depicted in Fig. 2 show that the extract (3–1000mg/kg),
given by p.o. route 60min beforehand, produced dose-related inhibition
of acetic acid-induced abdominal constrictions in mice, with mean ID50

values (and their 95% confidence limits) of 241.92 (203.92–289.37)mg/
kg and inhibitions of 52±5% at a dose of 1000 mg/kg.

3.3. Formalin-induced nociception

The results in Fig. 3 show that the extract (30–1000mg/kg), given by
p.o. route 60 min beforehand, caused significant inhibition of both
s administered orally against glutamate-induced nociception in mice. the mean of 6–8
ed with vehicle and the asterisks denote the significance levels when compared with
001.



Fig. 5. Effect of pretreatment of micewith naloxone (1mg/kg, i.p.) on the antinociceptive
profiles of the extract (100 mg/kg, p.o.) and morphine (2. 5 mg/kg, s.c.) against the
glutamate-induced nociception inmice. Each column represents the mean of 6–8 animals
and the error bars indicate the SEM. The symbols denote significance levels: ⁎⁎⁎pb0.001
compared with control group (animals injected with the vehicle alone); and ##pb0.01
compared with the extract and morphine treatment (one-way ANOVA followed by
Newman–Keuls' test).

Fig. 7. Effect of pretreatmentofmicewith L-arginine (40mg/kg, i.p.) or D-arginine (40mg/
kg, i.p.) on the antinociceptive profiles of the extract (100 mg/kg, p.o.) and L-NOARG
(25 mg/kg, i.p.) against the glutamate-induced nociception in mice. Each column
represents the Mean of 6–8 animals and the error bars indicate the SEM. The symbols
denote significance levels: ⁎⁎pb0.01 and ⁎⁎⁎pb0.001 compared with control group
(animals injected with the vehicle alone); ##pb0.01 e ###pb0.001 compared with the
extract and L-NOARG treatment. (one-way ANOVA followed by Newman–Keuls' test).
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neurogenic (0–5 min) and inflammatory (15–30 min) phases of the
formalin-induced licking. The calculated inhibition values for these
effectswere 33±7 and 48±5%, respectively, for the dose of 100mg/kg.

3.4. Glutamate-induced nociception

The results presented in Fig. 4A show that the extract (10–
1000 mg/kg, p.o.) caused a dose-related inhibition of the glutamate-
induced nociception, with a mean ID50 value of 198.54 (146.37–
261.21) mg/kg and inhibition of 62±5% at a dose of 1000 mg/kg.
Interestingly, when the rosmarinic acid (0.3–3 mg/kg), present in the
M. officinalis,was administered orally to mice it produced dose-related
inhibition of glutamate-induced pain, with a mean ID50 value of 2.64
(2.50–2.78) mg/kg and the peak of inhibition observed was 64±3%
(Fig. 4B). In addition, the rosmarinic acid was 75-fold more potent
than extract when analysed in the glutamate test.

3.5. Evaluation of locomotor activity

The extract (30–300 mg/kg, p.o.) did not affect the locomotor
activity in the open-field test when compared with animals that
received vehicle (control group). The means±SEM of crossed squares
were 117.3±19.9; 133.0±5.5; 133.5±3.4 and 139.8±6.2 for the
control, 30, 100 and 300 mg/kg group, respectively.

3.6. Analysis of possible mechanism of action of the extract

The results presented in Fig. 5 show that the pre-treatment of mice
with naloxone (1 mg/kg, i.p.), given 20 min beforehand, completely
Fig. 6. Effect of pretreatment of mice with atropine (1 mg/kg, i.p., panel A) or mecamylamine
pilocarpine (3 mg/kg, i.p.) and nicotine (1 mg/kg, i.p.) against the glutamate-induced noc
indicate the SEM. The symbols denote significance levels: ⁎⁎pb0.01 and ⁎⁎⁎pb0.001 com
compared with the extract, pilocarpine and nicotine treatment (one-way ANOVA followed
reversed the antinociception caused by morphine (2.5 mg/kg, s.c.)
when assessed against glutamate-induced pain. Under the same
conditions, naloxone did not significantly modify the antinociception
caused by the extract in the glutamate test (Fig. 5).

The systemic pre-treatment of animals with atropine (1mg/kg, i.p.)
ormecamylamine (2mg/kg, i.p.), given20minbeforehand, significantly
reversed the antinociception caused by the extract (100 mg/kg, p.o.),
pilocarpine (3 mg/kg, i.p.) and nicotine (1 mg/kg, i.p.), respectively,
when analysed against glutamate-induced pain (Fig. 6 A and B).

The results depicted in Fig. 7 show that the previous treatment
of mice with L-arginine (40 mg/kg, i.p.), given 20 min earlier, but not
D-arginine (40 mg/kg, i.p.), completely reversed the antinociception
caused by L-NOARG (100 mg/kg, i.p.) and by the extract (100 mg/kg,
p.o.) against glutamate-induced pain (Fig. 7).
4. Discussion

The results presented here extend literature data and clearly
demonstrate, for the first time, that the extract from M. officinalis
administered by oral route elicited a significant and dose-dependent
antinociception in a chemical model of inflammatory pain in mice,
namely acetic-acid visceral nociception. The systemic (p.o.) adminis-
tration of the extract also causes significant inhibition against both
neurogenic and inflammatory pain responses induced by formalin.
Furthermore, both extract and rosmarinic acid, present in the leaves of
M. officinalis, also greatly inhibited the nociceptive response caused by
(2 mg/kg, i.p., panel B) on the antinociceptive profiles of the extract (100 mg/kg, p.o.),
iception in mice. Each column represents the Mean of 6–8 animals and the error bars
pared with control group (animals injected with the vehicle alone); and ##pb0.01
by Newman–Keuls' test).
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glutamate. Moreover, the antinociceptive action of the extract in the
glutamate test was significantly reversed by i.p. treatment of animals
with atropine, mecamylamine and L-arginine, but not by D-arginine
and naloxone. In addition, the dose of the extract that caused
significant antinociception did not produce any statistically significant
motor dysfunction.

Some studies with different herbal formulations that contain M.
officinalis demonstrate analgesic activity, especially against visceral
pain (Savino et al., 2005; Vejdani et al., 2006; Capasso et al., 2007).
This way, we analyzed the possible antinociceptive effect of M. offici-
nalis in the visceral nociceptive response induced by acetic acid in
mice.

The results reported here indicate that oral administration of the
extract produced marked and dose-related antinociception when
assessed in acetic acid-induced visceral nociception, at doses that did
not produce any statistically significant motor dysfunction. To our
knowledge this is the first report of this kind in the literature. The
acetic acid-induced writhing reaction in mice, described as a typical
model of visceral inflammatory pain, has been used as a screening tool
for the assessment of analgesic or anti-inflammatory agents (Collier et
al., 1968). Acetic acid derivative protons can directly activate non
selective cation channels, located at primary afferent pathways (Julius
and Basbaum, 2001). Moreover, acetic acid injection in mice
peritoneal cavity promotes the release of many inflammatory
mediators such as PG, BK, SP, TNF-α, IL-1β, IL-8 and others (Collier
et al., 1968; Vinegar et al., 1979; Ribeiro et al., 2000; Ikeda et al., 2001).
These substances will stimulate primary afferent neurons, enhancing
aspartate and glutamate release at cerebrospinal fluid (Feng et al.,
2003; Zhu et al., 2004).

Another interesting finding of the present study was the
demonstration that the extract from M. officinalis, given by oral
route was effective in inhibiting both phases (neurogenic and
inflammatory) of formalin-induced nociception. The neurogenic
phase is elicited by direct activation of nociceptive terminals; on the
other hand the inflammatory phase is mediated by a combination of
peripheral and central mechanisms (Hunskaar and Hole,1987; Tjølsen
et al., 1992).

Our results also show that p.o. administration of the extract
produced a significant and dose-dependent inhibition of the nocicep-
tive response caused by intraplantar injection of glutamate into
mouse hindpaw. This nociceptive response caused by glutamate
seems to involve peripheral, spinal and supra-spinal sites and its
action is mediated by NMDA and non NMDA receptors, as well as by
the nitric oxide release or some nitro derivate-regulate pathways
(Beirith et al., 2002). Several studies have demonstrated that
excitatory aminoacids receptors are involved in nociceptive primary
afferent transmission, both in the development and maintenance of
painful response (Aanonsen and Wilcox, 1987, 1990; Coggeshall and
Carlton, 1997; Ferreira et al., 1999). Thus, the suppression of
glutamate-induced nociception by the extract treatment can be
associated with its interaction with the glutamatergic system or
inhibition of nitric oxide production (Ferreira et al., 1999).

The result of the present study clearly confirms that the L-arginine-
nitric oxide pathway is involved in the antinociception caused by the
extract. This conclusion derives from the fact that the pretreatment of
micewith the substrate of nitric-oxide synthase, L-arginine, at a dose that
produced no significant effect on glutamate-induced pain, significantly
reversed the antinociception caused by both the extract and L-NOARG (a
known nitric oxide inhibitor). In marked contrast, the pretreatment of
animals with the inactive isomer of L-arginine, D-arginine, had no
significant effect against both extract- and L-NOARG-induced antinoci-
ception (Haley, 1998; Ferreira et al., 1999).

The endogenous opioid system is largely involved in the regulation
of the experience of pain, and in the action of analgesic opiate drugs
(Bodnar and Klein, 2005). The present study suggests that opioid
naloxone-sensitive pathway is not involved in the extract-induced
antinociception. This hypothesis is based on the fact that naloxone, a
nonselective opioid receptor antagonist, completely inhibited the
antinociceptive effect of morphine (a nonselective opioid agonist,
positive control), however, the same treatment of animals with
naloxone completely failed to affect the extract-induced antinocicep-
tion in mice.

Several evidences demonstrate that the cholinergic system has
broad therapeutic potential for efficacy against a number of clinically
relevant pain states including inflammatory, neuropathic, visceral
pain and pain due to arthritis (for review see Jones and Dunlop, 2007).
In addition, acetylcholine mediates its effects through both nicotinic
acetylcholine receptors (ligand-gated ion channels) and the G
protein-coupled muscarinic receptors (for review see Jones and
Dunlop, 2007). Furthermore, the results of the present study provide
consistent evidence supporting the involvement of the cholinergic
system in the antinociception caused by the extract, evident by the
fact that, mecamylamine (a preferential α2β3 selective nicotinic
receptor antagonist) (Puttfarcken et al., 1999), at a dose similar to
that known to prevent antinociception induced by the α2β3 selective
nicotinic receptor agonist (Dussor et al., 2004), consistently attenu-
ated both nicotine (a nonselective nicotine receptor agonist)- and the
extract-induced antinociception in the glutamate test. In addition,
muscarinic acetylcholine receptors also appear to account for the
antinociceptive action of the extract. This notion comes from the data
showing that targeting themuscarinic acetylcholine receptor sensitive
to atropine (a ligand nonselective for the muscarinic acetylcholine
receptor), with the doses and treatment scheme in which this
substance effectively antagonizes responses mediated by activation
of muscarinic acetylcholine receptors (Demarco et al., 2003), largely
prevents the antinociception caused by both pilocarpine (a non-
selective muscarinic acetylcholine receptor) and the extract in the
glutamate test. In accordance with these findings, it has been reported
in a randomized, placebo-controlled, double-blind study, that com-
mercialMelissa extract displaced [(3)H]-(N)-nicotine and [(3)H]-(N)-
scopolamine from nicotinic and muscarinic receptors in the human
cerebral cortex tissue (Kennedy et al., 2003). However, the extract
utilized in that study did not exhibit cholinesterase inhibitory
properties. Therefore, the cholinergic systems seem to play a critical
role in the antinociception caused by the extract.

Finally, a phytochemical study has demonstrated that the leaves
fromM. officinalis contained a great amount (2–5%) of rosmarinic acid
(Carnat et al., 1998). In the present study, we demonstrated by HPLC
analyses that the rosmarinic acid is in fact the major compound of the
extract from M. officinalis. In addition, the extract analyzed in this
study contained 4.37% of rosmarinic acid. Furthermore, it has been
demonstrated that the rosmarinic acid exhibited several activities,
including adstringent, antioxidant, anti-inflammatory, anti-muta-
genic, anti-bacterial and antiviral activities (Petersen and Simmonds,
2003). Moreover, our results also show that oral administration of
rosmarinic acid produced a significant and dose-dependent inhibition
of the nociceptive response caused by intraplantar injection of
glutamate into the mouse hindpaw. In addition, at the ID50 level,
this compound had a 75-fold greater potency than the extract when
analysed in the glutamate test. Furthermore, the rosmarinic acid
seems, at least in part, to contribute to the explanation of the
antinociceptive properties of the extract from M. officinalis.

5. Conclusion

The results of the present study demonstrate for the first time that
the extract from M. officinalis produce dose-related antinociceptive
action in chemical (acetic acid-induced visceral pain, formalin- or
glutamate-induced nociception) models of nociception in mice. The
extract effects were unrelated to a disability to respond to stimulus
since it did not alter the locomotor activity of the animals. The precise
mechanisms through which the extract exerts its action are currently
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under investigation, but inhibition of the L-arginine-nitric oxide
pathway and activation of cholinergic (e.g. nicotinic and muscarinic
acetylcholine receptors) systems seems largely to account for the
extract antinociceptive effect. However, the opioid system seems
unlikely to participate in the antinociception caused by the extract. In
addition, the rosmarinic acid contained in the leaves fromM. officinalis
contributes to the explanation of the antinociceptive properties
reported for the extract. Furthermore, the antinociceptive action
demonstrated in the present study supports, at least partly, the
ethnomedical use of this plant.
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