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piperitenone oxide in mice

P.J.C. Sousa', C.F.B.M. Linard?, D. Azevedo-Batista?, A.C. Oliveira?,
A.N. Coelho-de-Souza? and J.H. Leal-Cardoso?

'‘Departamento de Farmacia, Centro de Ciéncias da Saude, Universidade Federal do Para, Belém, PA, Brasil
?Instituto Superior de Ciéncias Biomédicas, Universidade Estadual do Ceara, Fortaleza, CE, Brasil

Abstract

Mentha x villosa Huds (Labiatae) is an aromatic herb widely used in folk medicine. Since the essential oil of the herb has many
pharmacological activities, including antispasmodic effects, we determined whether the oil and its major constituent, piperitenone
oxide (PO), have antinociceptive activity. The essential oil of M. x villosa (EOMV) and PO administered orally at 200 mg/kg
(vehicle: 0.1% Tween 80 in water) significantly reduced the writhings induced by acetic acid from control values of 59.5 + 3.1
s(N=10)t031.9+2.8s (N=10)and 23.8 + 3.4 s (N = 10), respectively. When administered at 100 and 200 mg/kg, EOMV
reduced the paw licking time for the second phase of the formalin test from the control value of 20.6 + 2.1 s (N=13)t0 5.3 ¢
2.2s(N=12)and 2.7 £ 1.2 s (N = 18), respectively. At 100 and 200 mg/kg, PO reduced this second phase t0 8.3 +2.7 s (N =
12) and 3.0 £ 1.2 s (N = 10), respectively. This effect of EOMV and PO was not reversed by naloxone. EOMV and PO had no
significant effect on the first phase of the formalin test. As evaluated by the hot-plate and tail immersion test, EOMV and PO, at
doses up to 200 mg/kg, showed no analgesic activity. These results show that EOMV and PO have antinociceptive activity and

suggest that this effect is probably an indirect anti-inflammatory effect, which does not involve the central nervous system.
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Introduction

Many mentha species are used all over the world as
coleretic, spasmolytic, and analgesic agents (1). In the
Northeast of Brazil, Mentha x villosa Huds (Labiatae), an
aromatic herb, is widely used in folk medicine as a stomachic
and anxiolytic agent, and for the treatment of menstrual
cramps and diarrhea with colic and blood in the stools (2).
Its leaves also are used to flavor food.

Earlier studies with Mentha x villosa have reported its
antiparasitic activity in amebiasis, giardiasis, and urogenital
trichomoniasis (3). In our laboratory, we have shown that
the essential oil of M. x villosa (EOMV) blocks excitation-
contraction coupling in skeletal muscle and causes con-
traction by releasing Ca?* from the sarcoplasmic reticulum
(4). Piperitenone oxide (PO), the major constituent of

EOMYV, exerts an antispasmodic effect on the intestinal
smooth muscle of guinea pigs (5). In conscious rats, in-
travenous administration of EOMV elicited immediate and
dose-dependent decreases in mean aortic pressure and
heart rate (6). Pretreatment of rats with hexamethonium
reduced the EOMV-induced bradycardia without affecting
the hypotension and suggested that the activity of this es-
sential oil has neural and myogenic components (6). In both
DOCA-salt-hypertensive and uninephrectomized control
conscious rats, EOMV decreased mean aortic pressure
and heart rate in a dose-dependent manner, and its action
in hypertensive animals was enhanced compared to the
uninephrectomized controls (7). The major constituent of
EOMV has been reported to induce a significant and dose-
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dependent hypotension and bradycardia in unanesthetized
normotensive rats (8).

The biological activities of Mentha x villosa and the ex-
tensive use of this herb in folk medicine to treat colic, has
prompted us to extend our investigations of EOMV and PO
to its analgesic activity. We show that both these agents
have an antinociceptive effect, which is not mediated by
opioid receptors.

Material and Methods

Mentha x villosa was collected in January 1997 at
the experimental farm of Universidade Federal do Ceara
(UFC), Pentecostes, CE, Brazil. Its botanical identity was
determined by Dr. Francisco J. Abreu Matos (Laboratério de
Produtos Naturais, UFC) and Dr. Raymond Harley (Royal
Botanic Garden, UK). A voucher specimen (#27286) is
deposited in the Prisco Bezerra herbarium (UFC).

EOMV and PO were prepared and provided by Dr.
Sergio Horta (experimental farm of the UFC) and analyzed
in the Laboratério de Produtos Naturais and the Parque de
Desenvolvimento Tecnolégico (PADETEC) of UFC. EOMV
(yield: 0.5 mL/100 g leaves) was extracted from fresh
chopped plant leaves by steam distillation and analyzed
chemically as previously described (6). PO was obtained
from a particular sample of EOMV, which was rich in PO
content. This sample was analyzed by gas chromatography
and mass spectrometry (GC-MS) and was shown to be a
unique compound, which was identified as piperitenone
oxide (98%). PO (m/z 166.1) was characterized as PO
based on its mass spectrum compared with data based on
the literature (6). PO was recovered from water by extraction
with dichloromethane and evaporation of dichloromethane.
The absence of dichloromethane was confirmed by GC/
MS analysis. Briefly, analytical conditions were as follows:
EOMV and PO analyses were done on a Hewlett-Packard
6971 GC/MS. Column: dimethylpolysiloxane DB-1 fused
silica capillary column (30 m x 0.25 mm; 0.1 ym); carrier
gas: helium (1 mL/min); injector temperature: 250°C; detec-
tor temperature: 200°C; column temperature: 35-180°C at
4°C/min and then 180-250°C at 10°C/min; mass spectra:
electronic impact 70 eV. The composition of EOMV was
79.03% piperitenone oxide, 2.82% B-cariophyllene, 2.38%
limonene, 2.29% cariophyllene oxide; 2.18% y-muurolene,
1.58% 1,8-cineole, 1.42% B-pinene, 0.89% calamenene
(Z), 0.68% a-humelene, 0.59% muurole-4(14),5-diene(Z),
0.59% pB-farnesene (E), 0.57% a-muurolol-epi, 0.4%
a-pinene, 0.4% germecrene A, 0.86% not identified, and
3.32% impurities. These compounds were identified using a
mass spectral library search and *C-NMR spectroscopy.

Solutions of EOMV and PO were prepared daily by add-
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ing these substances directly to the vehicle (0.1% Tween
80 in water) with 3-5 min vigorous manual agitation or by
vortexing the agentin vehicle. The final agent concentration
was selected so as to maintain the volume administered to
a given animal at 0.1 mL solution/10 g body weight.

Morphine was obtained from Cristélia (Brazil); Tween 80,
naloxone, and dextran, from Sigma Chemical Co. (USA);
acetic acid and formalin were from Reagen (Brazil).

All experiments were carried out in accordance with
current guidelines for the care of laboratory animals and
ethical guidelines for investigations of experimental pain in
conscious animals (9). Male Swiss mice (20-30 g) kindly
provided by the vivarium of the Universidade Federal do
Ceara were used. The animals were deprived of food, with
free access to drinking water for 12 h before the experiments.
The number of animals in each control and experimental
group varied from 8 to 18.

The writhing test was carried out according to a method
similar to that previously described (10). Briefly, 0.1 mL/10
g body weight of an aqueous acetic acid solution (0.6%,
v/v) was administered by the intraperitoneal route and the
number of abdominal writhings was counted from the 10th
to the 30th min after this administration. EOMV and PO
solubilized in vehicle (1% Tween 80, aqueous solution)
were administered by gavage with an orogastric cannula.
Naloxone (2 mg/kg body weight), an opioid antagonist, was
administered subcutaneously 15 min prior to treatment with
EOMYV, PO or morphine (10 mg/kg body weight, intraperito-
neal route). Morphine was administered 30 min and EOMV
or PO 50 min before acetic acid.

The formalin test was carried out as described by
Hunskaar et al. (11). Briefly, 20 L of a 1% (v/v) solution of
formalin in water was injected into the subplantar region of the
right paw and the total time the animal spent licking its paw
during the first 5 min (early phase) and from the 20th to the
25th (late phase) min after injection was recorded. The test
was carried out at room temperature maintained at 22-26°C
and care was taken to avoid environmental disturbances
and experimental procedures that might interfere with the
response of the animal. EOMV, PO, morphine, and naloxone
were administered as described for the writhing test.

The hot-plate test was carried out as described by Ban-
non and Malmberg (12). Briefly, a mouse was placed on
top of a plate maintained at a temperature of 50.0 + 0.5°C
and the latency of the reaction to this nociceptive stimulus
(number of seconds for the animal to start licking the paw
of the caudal limb or jumping) was measured. Only mice
that in a previous test had shown a hot-plate reaction time
of 20 s or less were utilized for this test. The latency of the
reaction to nociception was measured at 0, 30, 60, 90, and
120 min.
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The tail immersion test (13) was carried out as follows.
After immobilization, 5 cm of the distal segment of the tail
was introduced in a beaker containing water maintained
at 50.0 £ 0.5°C and the time (s) required for the mouse to
withdraw its tail from the hot water was determined. This
procedure was done immediately before (0 min) and at 30,
60, and 90 min after peroral administration of EOMV or PO
or intraperitoneal administration of morphine.

The open field test was carried out as follows. Mice
were observed for locomotion in an open-field apparatus
as described earlier (14). Briefly, each animal was placed
in the center of an open-field arena, and a person who
was unaware of the treatments counted the locomotion
frequency (the number of times the animal crossed the line
separating two floor units with all four paws) for a period
of 4 min, 60 min after oral administration of EOMV or PO
(200 mg/kg body weight) or vehicle (0.1% Tween 80 in
distilled water).

The rotarod test was performed according to Ref. 15.
Briefly, the mice were placed on a horizontal bar with a
diameter of 5 cm, subdivided into four compartments
(INSIGHT, RR-2002, Brazil) rotating at a speed of 4 rpm.
Mice that were able to remain on the rod for more than 60 s
were selected 24 h before the test. Mice (N = 8 per group)
were treated orally with vehicle or EOMV or PO (200 mg/
kg body weight) and 60 min later each animal was tested
on the rotarod for its ability to remain on the rod during a
60-s period.

Data are reported as means + SEM, with N indicating
the number of animals in each group. Data were analyzed
by one-way ANOVA, followed by the most appropriate post
hoc test, as suggested by the Sigma Stat (Systat Software,
USA) used to analyze the data. Differences were considered
to be significant when P < 0.05.

Results

When administered at 200 mg/kg body weight, EOMV
and PO significantly (P < 0.05, Student-Newman-Keuls
test) reduced the number of writhings induced by acetic
acid in the writhing test from 59.5 + 3.1 s (N = 10, control
value) to 31.9 £ 2.8 s (N =10) and 23.8 + 3.4 s (N = 10),
respectively (Figure 1). At lower doses (10 and 100 mg/kg
body weight), neither agent induced significant changes
in the number of writhings. In mice treated with morphine,
the number of acetic acid-induced contortions was 3.43 +
1.21 (N = 8) and differed significantly (P < 0.05, ANOVA
and Holm-Sidak t-test)) from control (64.3 + 2.6, N =8). In
animals treated with naloxone the number of contortions
after the administration of 10 mg/kg morphine, 200 mg/kg
EOMV, or 200 mg/kg PO was 59.29 + 1.96 (N = 8), 33.57
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+ 2.38, and 25.10 £ 3.19 (N = 8), respectively. Naloxone
increased significantly the number of contortions in the
morphine group compared to the control value but did not
alter the number in the EOMV or PO groups compared to
control (P > 0.05, ANOVA and Holm-Sidak t-test).

EOMV administered at 100 and 200 mg/kg reduced
significantly (P < 0.05, ANOVA, Dunn test) the paw licking
time for the second phase of the formalin test from the
control value of 20.6 + 2.1 s (N=13)t0 5.3+ 22s (N =
12)and 2.7 £ 1.2 s (N = 18), respectively. At 100 and 200
mg/kg, PO reduced this second phase t0 8.3 +2.7 s (N =
12) and 3.0 + 1.2 s (N = 10), respectively (Figure 2). This
effect of EOMV and PO was not reversed by naloxone. At
lower doses (50 mg/kg body weight), neither agentinduced
significant changes in the second phase of this test. EOMV
and PO had no significant effect on the first phase of the
formalin test at any of the concentrations employed.

The latency times for the reaction to the hot-plate noxious
stimulation at the Oth, 30th, 60th, 90th, and 120th min after
vehicle administration (control) were: 17.79 + 0.98, 18.21
+1.23,14.21+£0.93, 16.58 £ 1.16, and 16.37 £ 1.21 s, re-
spectively (N =10 in all cases). Upon administration of 200
mg/kg EOMV, the latency times at 0, 30, 60, 90, and 120
min were 16.42 + 0.95, 16.91 £ 1.46, 16.62 + 0.56, 17.91
+ 1.39, and 14.95 £ 1.69 s, respectively; after 200 mg/kg
PO they were 16.12 + 1.21, 14.52 = 1.05, 16.55 £ 0.83,
16.27 £ 1.02, and 15.36 + 0.71 s (values not significantly
different from control) (P < 0.05; ANOVA, Dunn test; N=10
in all cases). Similar results were obtained with 100 mg/kg
EOMV and PO. Latency times were significantly increased
by 10 mg/kg morphine (P < 0.05; ANOVA, Dunn test) at
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Figure 1. Inhibitory effect of the essential oil of Mentha x villosa
(EOMV) and piperitenone oxide (PO) on the nociceptive reaction
to intraperitoneal acetic acid injection in mice. Data are reported
as the mean number of writhings (+ SEM) after oral administra-
tion of PO and EOMV in 10 animals per group. *P < 0.05 com-
pared to the control (ANOVA and Dunn test).
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30, 60, and 90 min to 39.2 + 3.91, 39.50 £ 3.69, and 36.5
+ 3.95 s (N = 10), respectively.

The latency times for mouse tail withdrawal after tail
immersion in water at 55°C at 0, 30, 60, and 90 min after
vehicle administration (control, 10 experiments) were:
121 £1.81,12.8 £1.76, 13.7 £ 1.79, and 14.9 + 1.52 s,
respectively. Upon administration of 200 mg/kg body weight
EOMYV, latency times at 0, 30, 60, and 90 min after drug
administrationwere 12.73+1.12,13.11+1.38,12.98+0.97,
and 14.05 £ 1.33 s, respectively; after the administration of
200 mg/kg body weight PO they were 12.35 £ 1.01, 13.21
+1.67, 13.07 £ 1.92, and 15.09 £ 1.52 s (values not sig-
nificantly different from control; P < 0.05; ANOVA, Dunnett
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Figure 2. Inhibitory effect of the essential oil of Mentha x villosa
(EOMV) and piperitenone oxide (PO) on the nociceptive reaction
to intraplantar formalin injection. A, Effect of EOMV and PO (50,
100, and 200 mg/kg body weight) on the time spent licking the
paw in the first and second phases of the nociceptive reaction. B,
Absence of alteration by 2 mg/kg body weight naloxone adminis-
tered subcutaneously of the EOMV- and PO-induced effects (200
mg/kg body weight) on the time spent licking the paw in the first
and second phases of the nociceptive reaction. Morphine (Morph;
10 mg/kg) was administered intraperitoneally. Data are reported
as mean licking time (x SEM). *P < 0.05 compared to the respec-
tive control; *P < 0.05 compared to morphine in the absence of
naloxone (ANOVA, Dunn test in Panel A and Mann-Whitney rank
sum test in Panel B). The numbers above the columns indicate
the number of mice in each group.
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test; N = 10 in all cases). Latency times were significantly
increased (P < 0.5, ANOVA and Dunnett test) by 10 mg/kg
body weight morphine at 30, 60, and 90 min to 26.7 £ 2.73,
23.6 +£1.49, and 25.3 £ 3.01 s (N = 10), respectively.

EOMV (200 mg/kg) or 200 mg/kg PO administered orally
had no significant effect (P > 0.05, ANOVA and Holm-Sidak
test) on locomotion frequency (control: 64.63 +4.92; EOMV:
71.62 + 11.45; PO: 56.50 + 4.67; N = 8 in all cases) or on
motor coordination (time of permanence on the rotarod,
control: 60 s; EOMV or PO: 60 s in all cases; N = 8 in each
animal group).

Discussion

The most important finding of the present study is that
the essential oil of M. x villosa and piperitenone oxide, its
major constituent, showed antinociceptive activity demon-
strable by a significant alteration of the acetic acid-induced
writhing test and the second phase of the formalin test,
while in the same range of doses they did not interfere
with the nociception associated with the hot-plate and tail
immersion tests. The hot-plate and tail immersion tests
are reported to be useful tests to discriminate analgesic
agents acting primarily at the spinal medulla level and at
higher central nervous system levels, from those acting
by peripheral mechanisms, with positive results indicat-
ing a central action (16). This suggests that EOMV and
PO are acting by peripheral mechanisms. The formalin
test results reinforced this assumption. The two phases
of rodent response to formalin have been attributed to
different mechanisms (11). The first phase, which was not
affected by EOMV or PO, is reported to originate from the
stimulation of tissue endings of nociceptor neurons, while
the second phase, selectively affected by EOMV and PO,
is said to be due to inflammatory activity and/or alteration of
central processing. If, based on the results of the hot-plate
and tail immersion tests, we assume that the antinocicep-
tive effect of EOMV and PO was not related to central
processing, then it stands as an attractive hypothesis that
this effect is mainly due to anti-inflammatory activity. This
hypothesis is compatible with the results obtained with
the acetic acid-induced writhing test. Writhings induced by
intra-peritoneal injections of acetic acid are said to originate
from the pain associated with the inflammatory reaction
(17). An antinociceptive activity of EOMV and PO in this
model thus agrees with an anti-inflammatory activity. The
antinociceptive effect of EOMV and PO is not likely to be
caused by sedation or primary deficit of motor activity. This
is because EOMV and PO, at doses that produced the
antinociceptive effect, did not alter the motor performances
in the open field and rotarod test. This is consistent with
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the fact that the responses of the animal were not altered
in the first phase of the formalin test or in the hot-plate and
tail immersion tests. The antinociceptive activity induced
by EOMV and PO in the writhing and formalin tests was
not altered by naloxone, demonstrating that their actions
did not depend on opioid receptors (18), supporting the
anti-inflammatory hypothesis for their mechanism of action.
Thus, it is reasonable to suggest that EOMV and PO have
an analgesic activity, which, however, is probably indirect,
due to an anti-inflammatory activity.

Regarding antinociceptive activity, itis interesting to note
that the doses of PO needed to induce these effects were
similar to those of EOMV, thus suggesting that PO is the
EOMYV constituent largely responsible for these effects.

M. x villosa is used by the people of the Northeast of
Brazil as an antispasmodic and antidiarrheic agent. Our
laboratory has confirmed in in vitro studies that EOMV and
PO (5) have antispasmodic activity, which is consistent with
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