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Endogenous opioids participation in the effect
of Rosmarinus officinalis L. in the visceral,
inflammatory and gout arthritis
nociception in rodents

Ana Laura Martinez,"? Ma. Eva Gonzélez-Trujano,' Francisco J. Lépez-Mufioz?

SUMMARY

The aim of this study was to investigate the endogenous opioid par-
ticipation in the antinociceptive effect of R. officinalis aerial parts in
experimental models of visceral, inflammatory and gout arthritis noci-
ception. Acid-acetic induced writhing and formalin tests as well as the
pain-induced functional impairment model in the rat (PIFIR) assay were
studied. Antinociceptive doses of R. officinalis via oral, alone and in
presence of an opioid antagonist were evaluated in comparison to the
reference analgesic drug framadol (31.6 and 50mg/kg i.p., in mice
and rats, respectively). The antinociceptive effect of R. officinalis at a
300mg/kg dosage was significantly reverted in presence of 1.0mg/
kg s.c. of naloxone in writhing and formalin tests. Concerning PIFIR
model, significant antinociceptive response produced for 1000 and
3000mg/kg was not inhibited in presence of 1.0 or 3.16mg/kg, s.c.
of naloxone. In the antinociceptive effect of tramadol, naloxone pro-
duced partial inhibition in all models tested. These results suggest that
antinociceptive and anti-inflammatory activities of R. officinalis aerial
parts involve endogenous opioids, but activation of these mediators
depends on the experimental model and the physiological process of
the induced nociception.

Key words: Antinociceptive, nociception, Rosmarinus officinalis,
traditional medicine, tramadol.

Articulo original

RESUMEN

El objetivo de este estudio fue investigar la participacién de los opioi-
des endégenos en el efecto antinociceptivo producido por un extracto
preparado con las partes aéreas de Rosmarinus officinalis en mode-
los experimentales de nocicepcién visceral, inflamatoria y tipo artritis
gotosa. Para la induccién de nocicepcién visceral e inflamatoria se
utilizaron los modelos de estiramiento abdominal “writhing” y de for-
malina intraplantar al 1%, respectivamente, en ratones. A su vez, para
la nocicepcién de tipo artritis gotosa se utilizé el modelo de disfuncién
inducida por dcido drico al 20% intraarticular en ratas conocido como
PIFIR (por sus siglas en inglés). Dosis antinociceptivas de R. officinalis
via oral se evaluaron solas y en presencia del antagonista de opioides
endégenos naloxona. Adicionalmente, dicho efecto se comparé con el
férmaco analgésico de referencia tramadol (31.6 y 50mg/kg i.p., en
ratones y ratas, respectivamente). El efecto antinociceptivo de R. offici-
nalis significativo en la dosis de 300mg/kg se revirtié en presencia de
Img/kg s.c. de naloxona en las pruebas de estiramiento abdominal
y formalina. En cuanto al modelo PIFIR, la respuesta antinociceptiva
producida por 1000 y 3000mg/kg no se inhibié en presencia de 1
o 3.16mg/kg, s.c. de naloxona. En el efecto de tramadol, opioide
atipico, la naloxona produjo inhibicién parcial de la respuesta antino-
ciceptiva en todos los modelos probados. Los resultados sugieren que
la actividad antinociceptiva producida por el extracto de las partes
aéreas de R. officinalis involucra al sistema de opioides endégenos,
pero la presencia de estos mediadores depende del tipo de estimulo y
del proceso fisiolégico involucrado en la nocicepcién inducida.

Palabras clave: Antinociceptivo, nocicepcién, medicina tradicio-
nal, Rosmarinus officinalis, tramadol.
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INTRODUCTION

It is known that systemically administered opioid drugs
may produce antinociceptive effects through inhibition of
the ascending nociceptive transmission and activation of de-
scending pathways.'® Opioid drugs induce antinociception
by activating opioid receptors not only within the Central
Nervous System but also on peripheral sensory neurons.*’

Many species of plants are used by humans through-
out the world to achieve central psycholeptic activities,
such as analgesic action. Rosmarinus officinalis (Lamiaceae) is
a common spice and household plant widely used around
the world for medicinal purposes. In folk medicine, its aer-
ial parts are used in oral administration to cure renal colic
and dysmenorrhoea and as antispasmodic.® In Mexico, it
is prepared as maceration in ethanol and used as topical
administration to cure rheumatic pain in humans. A tisane
made of the boiled leaves is used to improve digestion and
to cure stomachache.” In experimental studies, it has been
reported a reduction in the morphine withdrawal syn-
drome at 0.96g/kg dosage in mice.'” Phytochemical studies
showed that the ethanol extract of R. officinalis aerial parts
contains flavonoids, tannins and saponins constituents.’ It
has been reported that some of these constituents, mainly
flavonoids, produce opioid analgesic effect.” In a previ-
ous study we demonstrated the dose-dependent antino-
ciceptive effect of an ethanol extract of R. officinalis using
either the writhing and formalin tests in mice or the PIFIR
assay in rats." However, there is a lack of studies analysing
the mechanism of action in the antinociceptive effect of this
plant. The purpose of the present study was to evaluate the
participation of the endogenous opiods in the effect of R.
officinalis using some experimental models of nociception
in rodents.

MATERIAL AND METHODS
Animals

Male Swiss Webster mice weighing 25-30g (Instituto Nacio-
nal de Psiquiatria Ramén de la Fuente Muiiiz) and male Wi-
star rats weighing 180-200g [Crl(WI)fBR] (Cinvestav-Sede
Sur) were used in this study. They were housed in a temper-
ature- and light controlled room under a 12:12h light: dark
cycle (light on at 7:00 a.m.) with water and food provided
ad libitum. Twelve hours before the experiments, food was
withheld, but the animals had free access to tap drinking
water. All experimental procedures followed the Guidelines
on Ethical Standards for Investigations of Experimental
Pain in Animals,” and were carried out according to a pro-
tocol approved by the local Animal Ethics Committee. The
number of experimental animals was kept to a minimum
and they were used only once. All animals were adapted to
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manipulation through a daily saline solution (s.s.) injection
(10ml/kg) for five days before extract or vehicle solutions
were administered. For each experimental procedure, ani-
mal groups consisted of six mice or rats each.

Plant material

The R. officinalis aerial parts were collected in June 2004 in
Morelos, Mexico. MSc Abigail Aguilar identified a specimen
and a voucher specimen (IMSSM-15005) was deposited in
the herbarium of the Instituto Mexicano del Seguro Social,
Mexico, for future reference. This project (number INP3280)
was approved by the ethical committee on September 2006.

Preparation of the extract

The dried mature aerial parts of R. officinalis were cut into
small bits (330g) and kept in a container for extraction by
successive maceration at room temperature (22°C+1) for
48h. A first extraction with hexane (1200mL x 3) was carried
out followed by filtration. The residue was extracted with
ethanol (1200mL x 3) and after filtration it was discarded
and the final filtrate was concentrated under vacuum to
eliminate ethanol solvent and to yield 111g of a green solid
ethanol extract (33.6%).

Drugs preparation

The R. officinalis ethanol extract was suspended in vehicle
(0.2% or 0.5% tween 80 in s.s. for mice and rats, respective-
ly). Tramadol chloridrate (Griinenthal de Mexico, S.A. de
C.V. 98% purity) was diluted in s.s. and used as antinoci-
ceptive reference drug. The extract and tramadol were ad-
ministered via oral (p.o.) and via intraperitoneal (i.p.), re-
spectively, in a volume of 0.1mL/10g body weight. Control
animals received the same volume of vehicle or s.s. alone
by the respective route of administration. To induce noci-
ception, acetic acid (Merck), formalin (Baker) and uric acid
(Sigma) were used in solution at 0.6%, 1% and 20%, corre-
spondingly. Acetic acid and formalin were diluted in s.s.
and uric acid was suspended in mineral oil. Naloxone hy-
drochloride (Sigma) was used as an opioid antagonist and
dissolved with s.s. Drugs were freshly prepared on the day
of the experiments.

Antinociceptive activity evaluation

Different groups of mice were administrated with R. offici-
nalis ethanol extract (300mg/kg, p.o.), tramadol (50mg/kg,
i.p.) or the respective vehicle (p.o. or i.p.) 30 minutes before
writhing and formalin tests. Other groups of mice were
treated with naloxone (1 or 3.16mg/ kg, s.c.) and after 15 min
these animals received the same doses of extract, tramadol
or the respective vehicle.
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Writhing Test

This test consists in to induce nociception by an i.p. ace-
tic acid at 0.6% administration in a volume of 10mg/kg in
mice. The induced nociceptive behaviour is characterized
by abdominal contraction defined as an exaggerated ex-
tension of the abdomen, combined with the outstretching
of the hind limbs known as writhing.!® The accumulated
number of writhes manifested by each mouse was recorded
in the following periods: 0-5, 5-10, 10-15, 15-20, 20-25 and
25-30min immediately after the injection of acetic acid 0.6%.
These data were expressed as a temporal course to observe
changes in the maximal number of writhes induced, and in
a dose-response curve to determine the significant antinoci-
ceptive dose.

Formalin test

The method used was similar to that described by Hun-
skaar and Hole.”” To induce nociception, mice were injected
under the skin of the dorsal surface of the right hind paw
with 20pL of dilute formalin (1% in s.s.) by using a 30-gauge
needle. Immediately after, each single mouse was led into
a cylinder of glass, with two mirrors behind of it, to have a
total panorama of nociceptive behavior. Number of shak-
ings and the accumulated time spent in licking the injected
paw was taken as nociceptive response. Two periods of high
licking and shaking activity were considered: the first one
was obtained immediately after injection for a period of 5
min known as “early phase”. A second period was observed
from 20-25 min after formalin injection and determined as
the “late phase”.

PIFIR assay

Antinociceptive activity was measured using the PIFIR mod-
el.™® Nociception was induced by injection of 50pL of 20%
uric acid into the knee joint of the right hind limb (i.art.), un-
der light anaesthesia with ether. After uric acid injection, the
animals developed a progressive dysfunction of the injured
limb. The time of contact of the injured hind limb reached a
zero value at 2-2.5h after the uric acid injection. Rats were
forced to walk on the rotating cylinder for periods of 2min,
and then, rats were allowed to rest between recording peri-
ods. Data are expressed as the percentage of the functionality
index (FI%), i.e., the time of contact of injected foot divided
by the time of contact of the control left foot and multiplied
by 100. Once the FI% was zero, different groups of rats re-
ceived one of the following treatments: vehicle (0.5% tween
80ins.s., p.o.), R. officinalis extract (1000 and 3000mg/ kg, p.o)
or tramadol (31.6mg/kg, i.p.). Other groups of rats received
naloxone (1.0 or 3.16mg/kg s.c.) 15 min previous to R. offici-
nalis extract (1000 and 3000mg/kg, p.o.), tramadol (31.6mg/
kg) or the respective vehicle administration. Recordings
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were taken every 15 min in the first 2h, and after this time
every 30 min until 4h were completed. Recovery of the FI%
was considered as expression of the antinociceptive effect.
Time-response curves were constructed to observe the onset
of the antinociceptive effect, but also dose-response curves
were obtained to determine the significant antinociceptive
dose. For the purpose of this study, inducing nociception in
the experimental animals was unavoidable. However, care
was taken to avoid unnecessary suffering.

Data analysis

Data are expressed as the mean * standard error of the mean
(S.EM.). The area under the curve (AUC) values were calcu-
lated from the respective time course curves of writhing and
PIFIR assays and considered as an expression of the overall
antinociceptive activity during the 30min or 4h observation
period, respectively, using the trapezoidal rule.”” All data were
compared by analysis of variance (ANOVA) followed by Dun-
nett’s test or by Student’s t test using SIGMA STAT® software,
version 2.3. P<0.05 was considered statistically significant.

RESULTS
Effect of R. officinalis in the writing test

The number of writhes (nociception) induced by acetic
acid 0.6% in the vehicle group (0.2% tween 80 in s.s.) was
diminished from the first five minutes of the R. officinalis
administration (300mg/kg); this diminution was kept until
the end of the test (figure 1A). The nociceptive activity in
the R. officinalis group measured as AUC=306+39 area units
(au) was significantly (t=5.56, df=10, P<0.001) diminished
in comparison with AUC=854+91 au of nociceptive activity
observed in the vehicle group (figure 1B). Presence of trama-
dol (50 mg/kg) produced a total inhibition (AUC=15+4au)
on the number of writhes induced by acetic acid 0.6% in
the vehicle group (s.s., AUC=802+6lau); this inhibition
was observed from the beginning until the end of the test
(figure 2A). The antinociceptive effect of R. officinalis was
almost totally reverted in presence of 1 mg/kg of nalox-
one (AUC=656+138au) (t=-8.09, df=10, P<0.001) (figures 1A
and 1B). Whereas, a partial inhibition was observed with
50mg/kg of tramadol in presence of the same dose of nal-
oxone (AUC=434+28au) (t=-14.69, f{d=10, P<0.001) (figures
2A and 2B).

Effect of R. officinalis in the formalin test
Significant antinociceptive responses were observed in the
shaking and in the licking time spent in mice with R. of-

ficinalis (300mg/kg) using formalin test. Both phases (early
and late phases) were reverted in presence of 1mg/kg of

135



Martinez et al.

A -+ Vehicle (0.2% tween 80 in s.s.)
501 -& R. officinalis (RO, 300 mg/kg)
. =i Naloxone (Nx, 1 mg/kg)
40 B -+ RO 300 mg/kg + Nx 1 mg/kg
- \
= = .
£ 30 —
= e S . o
o B - S
8 201 _%'
v} e
P — -
10- s
04
0 5 10 15 20 25 30
Time (min)
1000+ B Naloxone 1 mg/kg
800 *
é I
— 600+
c
.2
a
_a 4001 *
Q
z
2001
0 T T T
0 300 0 300

Rosmarinus officinalis L. (mg/kg)

Figure 1. (Panel A) Time course curves of the antinociceptive effect of
R. officinalis (RO) at 300 mg/kg (M) alone and in presence of 1.0
mg/kg naloxone (NX, O) compared with the vehicle (#) and 1.0
mg/kg NX alone (A) in the 0.6% acetic acid-induced abdominal
constrictions measured in periods of 5 min during 30 min in mice.
Each point represents the mean of the number of writhes + S.E.M. of
6 animals. (Panel B) Antinociception (expressed as the area under
curve, AUC) of groups receiving vehicle, 1.0 mg/kg NX, 300 mg/kg
R. officinalis alone and in presence of 1.0 mg/kg NX in the writhes
induced by 0.6% acetic acid during 30 min in mice. Each point
represents the mean of writhes + S.E.M. of 6 animals. Student’s t test:
*P<0.001 vs vehicle; **P<0.001 vs R. officinalis.

naloxone (table 1). In the case of tramadol, the antinocicep-
tive effect produced for 50mg/kg was totally reverted in
presence of Img/kg of naloxone in the early phase and par-
tially on shaking behavior in the late phase. Both R. officina-
lis and tramadol showed a partial inhibition in the licking
behavior of the late phase (table 1).
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Figure 2. (Panel A) Time course curves of the antinociceptive effect
of tramadol (TR) at 50 mg/kg (M) alone and in presence of 1.0 mg/
kg naloxone (NX, O) compared with the vehicle (#) and 1.0 mg/kg
NX alone (A) in the 0.6% acetic acid-induced abdominal constrictions
measured in periods of 5 min during 30 min in mice. Each point repre-
sents the mean of the number of writhes + S.E.M. of 6 animals. (Panel
B) Antinociception (expressed as the area under curve, AUC) of groups
receiving vehicle (s.s.), 1 mg/kg NX alone, 50 mg/kg tramadol alone
and in presence of 1.0 mg/kg NX obtained from the writhes induced
by 0.6% acetic acid during 30 min in mice. Each point represents the
mean of writhes + S.E.M. of 6 animals. ANOVA followed by Dunnett’s
test: *P<0.001. Student’s t test: **P<0.01 vs Tramadol.

Effect of R. officinalis in the PIFIR assay

Both controls (receiving vehicle: s.s. and 0.5% tween 80 in
s.s.) showed a FI1%=0 during the lasting 4h of the experi-
ment alone or in presence of 1 and/or 3.16 mg/kg naloxone
(figures 3A and 4A). Whereas, a significant and in a dose-

Table 1. Effect of R. officinalis and tramadol in the formalin-pain test in mice.

Licking time (s)

Shaking (counts)
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Dose

Group (mg/kg) 1¢ phase 2" phase 1+ phase 2" phase
Tween 80 p.o. 73.00 = 10.01 17.16 = 4.24 2517+ 4.73 2.33 £0.71
R. officinalis 300 36.33 £ 6.44¢ 1.00 = 1.00P 10.17+ 1.92¢  0.16 =0.1¢¢
plus naloxone 1 52.83 +4.43 3.00 = 1.44° 18.33+ 2.14 8.33 £2.51°
Saline solution i.p. 67.66 + 6.37 30.83 +12.40 8.33+ 1.23 6.55 £1.56
Tramadol 50 2.16 £ 1.51f 0.00 + 0.00¢ 0.50+ 0.34"  0.00 =0.00
plus naloxone 1 5550+ 12.25 3.00 + 1.699 10.83+ 3.00 3.50 +£0.92

Data are represented as the mean + S.E.M, n=6 animals, significantly different from the respective vehicle group, ANOVA follow-

ed by Dunnett's fest: °(F, ,,= 6.27, P <0.01), *(F, = 14.69, P < 0.001), ¢[F, .= 5.51, P < 0.01), ¥t =2.95, fd= 10, P < 0.01),

“F, .= 7.83, P< 0.003,F, .= 18.86, P <0.01], s[F
1+ phase = 0-5 min. 2" phase = 20-25 min.

2,15

= 5.53,P<0.01), *F, .= 8.18, P < 0.004), [F

=9.62, P <0.002).

2,15
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Figure 3. (Panel A) Time course curves of the antinociceptive effect of
R. officinalis at 1000 (M), and 3000 mg/kg (4) alone and in pres-
ence of naloxone (NX) at 1.0 (O, A) or 3.16 mg/kg (®), expressed
as the percentage of functionality index (FI%)-induced PIFIR assay,
recorded at different periods of time during 4 h. These effects were
compared with the effect observed in the vehicle (¢) and NX at 1.0
(X) or 3.16 mg/kg (X). (Panel B) Antinociception expressed as area
under curve (AUC) obtained from the FI% of R. officinalis alone and
in presence of NX at 1 or 3.16 mg/kg. Each point represents the
mean of the FI% + S.E.M. of 6 animals. *P<0.05, ANOVA followed
by Dunnett’s test.

dependent antinociceptive effect observed with R. officinalis
at 1000 and 3000 mg/kg was not reverted in presence of 1
or 3.16mg/kg naloxone, respectively (figures 3A and 3B).
While as it was expected, the antinociceptive effect produced
for 31.6mg/kg of tramadol was partially inhibited by nalox-
one at 3.16mg/kg in this experimental model (F, ,=110.6.05,
P <0.001) (figures 4A and 4B).

5,30

DISCUSSION

In the present study, it was investigated the endogenous
opioid participation in the antinociceptive effect obtained
with R. officinalis in three different kinds of induced nocicep-
tion in rodents as previously observed.* As we demonstrate
in our present research, presence of naloxone, an opioid an-
tagonist, reverted the effect of R. officinalis in writhing test,
an experimental model used in the screening of analgesic
drugs.” These results are in agreement with a previous re-
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Figure 4. (Panel A) Time course curves of the antinociceptive effect
of tramadol at 31.6 mg/kg (®) alone and in presence of naloxone
(NX) at 1 (4) or 3.16 mg/kg (m), expressed as the percentage of
functionality index (FI%)-induced PIFIR assay recorded at different
periods of time during 4 h. These effects were compared with the
effect observed in the vehicle (¢#) and NX at 1.0 (X) or 3.16 mg/kg
(X). (Panel B) Antinociception expressed as area under curve (AUC)
obtained from the FI% of tramadol alone and in presence of NX at 1
or 3.16 mg/kg. Each point represents the mean of the FI% = S.E.M.
of 6 animals. *P<0.05, ANOVA followed by Dunnett's test.

port where higher doses as 640 and 1120mg/ kg of R. officina-
lis inhibited the number of writhes in mice and these effects
were totally reverted with naloxone 1mg/kg s.c.'” Addition-
ally, antinociceptive effects of R. officinalis, observed in the
formalin test,! were reverted in both licking and shaking
behavior in either early (neurogenic) or late (inflammatory)
phases in presence of naloxone. It is known that centrally
acting drugs, such as opioids, inhibit both phases of nocicep-
tion equally® involving the effect produced by prostaglan-
dins released at this level in response to inflammation'’* or
by endogenous opioid through their action on the Central
Nervous System.? Inhibition of the antinociceptive effects
of R. officinalis in writhing and in both phases of the forma-
lin test in presence of naloxone may involve participation of
endogenous opioids at central level. However, in spite of it,
it has been thought that opioid drugs act exclusively within
the Central Nervous System. Both animal**? and human?®
studies have demonstrated that peripheral opioid mecha-
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nism plays a role in antinociception, particularly prominent
under painful inflammatory conditions.”

During inflammatory processes, opioid receptors are
transported from dorsal root ganglia towards the periph-
eral sensory nerve endings. At the same time, immune cells
containing endogenous opioid peptides accumulate within
the inflamed tissue, which can liberate them to interact with
the neuronal opioid receptors and elicit local analgesia.”
DAMGO, a p-opioid receptor agonist, was able to suppress
nociception on the late behaviour induced by formalin, but
also decreases post-surgical pain after instillation into the
knee joint in humans.” Rodrigues and Duarte® reported
that peripheral antinociceptive effect induced by morphine
might result from activation of ATP-sensitive K* channels,
which may cause a hyperpolarization of peripheral termi-
nal of primary afferents, leading to a decrease in action po-
tential generation. But also, in the Central Nervous System,
the opening of K* channels plays a role in opioid-mediated
antinociception.” In the late phase of formalin test, it was
observed an increase on the formalin-induced nociception
when a 300mg/kg dosage of R. officinalis was tested after
15min of 1mg/kg of naloxone. This pro-nociceptive effect
has been previously observed when local treatment with
naloxone increases post-surgical pain in humans.® It may
be interesting in the future to evaluate the specific central
and/or peripheral participation of the opioid system in the
antinociceptive effects of R. officinalis.

In the PIFIR assay, naloxone administration did not
modify the R. officinalis antinociception; this suggests that
an endogenous opioid participation is not the main mecha-
nism of action involved in this kind of induced nociception.
These results suggest that R. officinalis activity may be asso-
ciated with different vias to produce antinociceptive effects
depending on the kind and intensity of the induced nocicep-
tion, but also different constituents of the R. officinalis may
also be implicated.

Tramadol was used as a reference drug producing
antinociceptive effect in all models used in this study. The
specific mechanism of action of this analgesic drug is un-
known. However, it has been described that tramadol pro-
duces analgesic activity by modulation of monoamines like
noradrenaline and serotonin, but also by GABAergic neuro-
transmission.®® Moreover, it is considered that mechanisms
of action of tramadol involve a partial action through p-opi-
oid receptors,* which is in accord with our results because
the presence of naloxone partially reverted the antinocicep-
tive effect of this analgesic drug in all models experienced
in our study.

In conclusion, antinociceptive effects of an ethanol ex-
tract of R. officinalis were reverted in presence of naloxone in
visceral and inflammatory nociception, but not in the gout
arthritis assay in rats. The outcome of the present study
demonstrates that opioid participation is involved in the
mechanism of action of R. officinalis antinociceptive activity
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which depends on the nociceptive stimulus and likely to the
participation of different constituents in the plant.
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