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Abstract:

Rosemary (Rosmarinus officinalis) is acommon household plant
growsin many partsof theworld, including Iran. Rosemary leavesare
used in folk medicine as an antispasmodic, analgesic, diuretic and
antiepileptic agent. The objective of this study wasto investigate the
antinociceptive mechanisms of rosemary extract using awrithing test
asamodel of visceral pain. Possibleantinoci ceptivemechanismswere
explored by testing the effects of naloxone (nonselective opioid
antagonist), cyproheptadine (nonselective serotonin antagonist),
Chicago sky blue 6B (inhibitor of glutamate uptake) and bicuculline
(GABAA antagonist) on rosemary extract-induced antinociception.
Results showed that rosemary extract (50, 100 and 200 mg/kg, i.p.)
inducesantinoci ceptive eff ectsin adose-dependent manner (p<.001).
Pre-treatment with nal oxoneand bicucullinesignificantly reducedthis
effect (from 61.04% to 27.56%, and from 60.31% to 42.09%,
respectively; p<0.05). Naloxone and bicuculline brought forward the
onset of first abdominal writhingincomparisonwith extract (p<.001).
The analgesic effect and latency induced by the extract significantly
increased with Chicago sky blue 6B pre-treatment (p<0.05), while
cyproheptadine had no effect. These results indicate that the
antinociceptive effect of Rosmarinus officinalis may be mediated by
opioidergic, glutamatergic and GABAergic mechanisms.

Introduction

Painisacommon and distressing feature of many
disorders such as tumors, surgical procedures,
physical trauma and noxious chemical stimulation
(Aliu, 2007). Although pain acts asawarning signal
andisprimarily protective, excessivepaincanleadto
side effects such as sweating, apprehension, nausea
and pal pitation (Raquibul etal ., 2010). Awidevariety
of analgesic drugs are available, but these can have
serious adverse effects such as drowsiness, nausea,
respiratory depression (as seen with opiates;
Laurence, 1997), gastrointestinal bleeding and
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ulceration (as seen with non-steroidal anti-
inflammatory drugs;, Mate et al., 2008), and an
addictive potential. These adverse effects make the
searchfor new analgesicdrugsanecessity. Medicinal
plantshavebeen documented to havean advantagein
long-term toxicity considerations, and it is expected
that bioactive compounds obtained from such plants
tohavelow animal andhumantoxicity (Fabricantand
Farnsworth, 2001).

Rosemary (Rosmarinus officinalis L.) is a
common household plant grownin many partsof the
world (Al-Sereiti et al., 1999). It is native to Europe
but hasbeen cultivated acrossall statesinIran. Infolk
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medicine, itisused asanantispasmodicforrenal colic
and dysmenorrhoea (Al-Sereiti et al., 1999). The
plant has been reported to have the following
pharmacol ogical effects. antibacterial (Del Campoet
a., 2000), anti ulcerogenic (Dias et a., 2000),
hepatoprotective (Sotelo-Félix et al., 2002), anti
depressant (Heinrich et al., 2006), antinociceptive
(Gonzélez-Trujano et a., 2007) and anti-
inflammatory (Altinier et a., 2007). However, the
antinociceptive mechanism of rosemary is not fully
understood. Therefore, theobjectiveof thisstudy was
to evaluate these mechanisms in mice using
opioidergic, serotonergic, glutamatergic and
GABAergic receptor antagonists in a writhing test
model.

M aterialsand M ethods

Preparation of crudeextract: Theaeria partsof
R. officinalis were collected during the flowering
period in Khorasan, north east Iran. Samples of the
plant were identified by abotanist from the division
of Pharmacognosy, Faculty of Pharmacy, Tehran
University of Medical Sciences. The plant leaves
were cleaned, shade dried and coarsely ground. The
powdered material was soaked in hydroethanolic
(70%) solvent for threedayswith occasional shaking.
It was first filtered through a muslin cloth and then
through filter paper, and this process was repeated
twicemore. The combined filtrate was evaporated in
arotary evaporator under reduced pressuretoathick,
semi-solid massof adark brown color (Subhanetal.,
2007). The percentage yield on the basis of the
starting dried material was 15 % for the dried
hydroal coholic extract (W/W).

Animals; 208 male albino NMRI miceweighing
25-30 g purchased from the Pasteur Institute of
Tehran were used in al experiments. Animals were
housedinaroom set at atemperature of 22+2°C,ona
cycleof 12hlight/12hdark (light onat 7:00am). Food
and water were available ad libitum. The animals
were allowed to adapt to the laboratory environment
for at least 2h beforetesting and wereused only once.
All experimental proceduresfollowedtheGuidelines
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on Ethica Standards for Investigations of
Experimental PaininAnimals(Zimmermann, 1983).

Nociception induction in mice: Nociception in
mice was induced by an intraperitonea (i.p.)
injection of 0.6% acetic acid in avolume of 10ml/kg
as described by Koster et a. (1959). The induced
nociceptive behavior (writhes) was characterized by
a contraction of the abdomina muscles,
accompanied by an elongation of the body and
extension of the hind limbs.

Experimental procedures. Animals were pre-
treated 30 min before acetic acid administration with
one of the following: 5% DMSO (dimethyl
sulfoxide) as vehicle, indometacine (5 mg/kg) or
different dosesof theextract (50, 100 and 200 mg/kg)
(Table 1). Eight mice were used in each group. To
investigate the antinociceptive mechanisms of the
extract, mice were pre-treated with naloxone (2
mg/kg), an opioidergic receptor antagonist;
cyproheptadine (4 mg/kg), a serotonergic receptor
antagonist; Chicago sky blue 6B (100 pg/kg), an
inhibitor of glutamate uptake; and bicuculline
(2mg/kg), a GABAA receptor antagonist. After
15min, either the vehicle or the highest dose of plant
extract (200mg/kg) was given to eight micein each
group, followed by administration of 0.6% acetic
acid (Tables 2-5). Immediately after acetic acid
injection, thetotal number of writhesand onset of first
abdominal writhing (latency) were determined over
30 mins. Indometacine was administered as a
reference drug for comparison. The dose rate was
chosen on the basis of preliminary and previous
studies (Van Riezen et a., 1972; Bero et d., 1987,
Sugiyo et a., 2009; Zendehdel and Babapour, 2010;
Zendehdel et a., 2011). All drugswere dissolved in
5% DM SO and the control group receivedthe 0.5 ml
vehicleaone.

Determination of antinociceptive activity:
Antinociceptive effect was expressed as inhibition
percent of abdominal constrictionsusing theratio:
(Controlmean-treatedmean) =% writhing pain score

Controlmean
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Table1: Effect of hydroethanolicextract of Rosmarinusofficinalisinacetic acid-induced writhinginmice.Control: Vehicle (5% DM SO).
Different superscript (a, b, ¢, d and €) indicate significant differences between groups (P< 0.001); n=8for each group.

Group (rlr?glskz ) Late(nsg)(/:)ti me \(l\r;rlet:rl]rlg glgll\l/lr;t I nh(i&i)’;i on p-value
Control 10 188+13° 74.53+8.29°
R officinalis 50 290+18° 52.67+6.59" 29.30 0.001
R. officinalis 100 456+30° 39.67+4.49° 46.75 0.001
R. officinalis 200 610+48¢ 28.83+4.86¢ 61.30 0.001
Indomtacine 5 794+84°¢ 13.33+2.15° 83.1 0.001

Table 2: The effect of naloxoneon R. officinalis-induced antinoci ception in acetic acid-induced writhing in mice. Control: Vehicle (5%
DMSO). Different superscript (a, b, and c) indicate significant differences between groups (p<0.001); n= 8 for each group.

Dose

Latency time

Writhing count

Inhibition

Group (mglkg) (s0) (mean:+ SEM) ) prvalue
Control 10 179+12% 76.17+9.29%
R. officinalis 200 643+54° 29.67+4.43° 61.04 <0.001
Naloxone 2 175+18° 84.50+9.30%
Naloxone+R.officinalis 2+200 371+24° 55.17+6.39¢ 27.56 <0.001
<0.05vs. R. officinalis

Table3: Theeffect of cyproheptadineon R. officinalis-induced antinoci ceptionin acetic acid-induced writhingin mice. Control: Vehicle
(5% DM SO0). Different superscript (a, b, and c) indicate significant differences between groups (p<0.001); n=8for each group.

Dose Latency time Wirithing count Inhibition
Group (mg/kg) (sec) (mean + SEM) (%) Puaue
Control 10 178+16% 76.37+8.51%
R. officinalis 200 640+45° 30.67+6.49° 59.84 <0.001
Cyproheptadine 4 174+19% 80.17+9.66%
proheptadine +R.officinalis + 587+68 32.00+5.75 . <0.
heptadine +R officinali 4+ 200 b b 58.09 0.001

Acute toxicity: Mice were divided into control
andtest groups(n=8). Thefirst groupservedasnormd
control. R. officinalis extract was administered |P to
different groups at the increasing doses of 400, 800,
1600, 3200 and 6400 mg/kg. After the injection of
extracts, mice were allowed to have food and water
ad libitum and al animas were monitored for
possible mortality cases and behavioral changes for
72 hours.

Satistical analysis: Datawerepresented asmean
values+ SEM. Statistical analysiswascarried out by
one-way analysisof variance(ANOVA) withTukey's

post-hoctest. P-val uesl essthan 0.05wereconsidered
toindicate statistical significance.

Results

Antinociceptive effect of R. officinalis. A
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hydroethanolic extract of R. officinalis (50, 100 and
200mg/kg) induced antinoci ceptiveeffectsinadose-
dependent manner (p<0.001, Table 1). Inhibition
percentages of abdomina constrictions for the
different doses and indomethacin were 29.3%,
46.8%, 61.3% and 83.1%, respectively. Administration of
theextract significantly decreased thetimeto onset of
first abdominal writhing, compared to the control
group (p< 0.001, Tablel).

Effect of naloxone, cyproheptadine, Chicago sky
blue 6B and bicucullineontheantinociceptiveaction
of R. officinalis

Pre-treatment with naloxone and bicuculline
significantly decreased the analgesic effect of
rosemary extract at 200 mg/kg; from 61.04% to
27.56% and from 60.31% to 42.09%, respectively
(p< 0.05, Tables 2 and 5). The time to onset of first
abdominal writhing significantly decreased in the
presence of naloxone and bicuculline (p<0.001,
Tables2and5). Furthermore, theanal gesiceffectand
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Table4: Theeffect of Chicago sky blue 6B on R. officinalis-induced antinociception in acetic acid-induced writhing in mice.

Group Dose Latency time] Writhing count Inhibition Pvalue
(mg/kg) (sec) (mean + SEM) (%)
Control 10 179+14% 75.67£9.15%
R. officinalis 20 638+67° 30.47+ 4.49° 59.73 <0.001
Chicago sky blue6B 10 207+31° 77.83+11.35°
Chicago sky blue6B+ R. officinalis 10+200 853+95° 2153+ 2.33° 7154 <0.001
<0.05vs. R officinalis

Table5: Theeffect of bicucullineon R. officinalis-induced antinoci ceptionin acetic acid-induced writhingin mice. Control: VVehicle (5%
DMSO). Different superscript (&, b, and c) indicate significant differences between groups (p< 0.001); n = 8 for each group.

Dose

Latency time

Writhing count Inhibition

Group (mgkg) (=0 | (memn:SEM) (%) Pualue
Control 10 184+19° 79.33+8.29%
R. officinalis 20 635+50° 31.45+3.49° 60.31 <0.001
Bicuculline 10 178+23° 76.50+8.58°
Bicuculline+R. officinalis 10+200 302+36° 44.50+4.54° 42.09 <0.001
<0.05vs. R.officinalis

latency induced by theextract significantly increased
with Chicago sky blue 6B pre-treatment (p<0.05,
Table4), while cyproheptadine had no effect on pain
responseinduced by rosemary extract (Table 3).

Toxicity effects: Administration of R. officinalis
extract, at the dosesof 400, 800, 1600, 3200 and 6400
mg/kg, had no effect on behavioral responsesand no
mortal ity wasobserved duringtheobservation period
of 72 h after administration.

Discussion

In the present study, we did not observe any
mortality in mice given doses of up to 6.4 g/kg of R.
officinalis extract. Therefore, we suggest that the
extract hasno lethal toxicity inmice.

The use of an abdominal constriction (writhing)
model for detection of antinociceptive activity has
been reported to be more sensitive to other models
such as tail flick and formalin tests (Collier et al.,
1968; Bentley etal.,1981).Accordingtoourfindings,
hydroethanolic extract of R. officinalis led to a
significant reduction in pain response in a dose-
dependent manner, compared to the control group.
This plant possesses phenolic diterpenes, such as
carnosic acid, carnosol, rosmanol, epi- and iso-
rosmanol and the phenolic constituent rosmarinic
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acid (Yesil-Celiktas et al., 2010). Previous studies
have found rosmarinic acid in lemon balm (Melissa
officinalis L.) to have pharmacological effects,
including anti-inflammatory and analgesic activity
(Millsand Bone, 2000; Guginski et al., 2009). Thus,
the antinociceptive effects of R. officinalis extract
may be mediated by its phenolic component,
especially rosmarinic acid. To investigate the
antinociceptive mechanisms of the extract, we
examined the possible involvement of opioidergic,
serotonergic, glutamatergic and GABAergic
receptor antagonists on R. officinalis-induced
antinociception. Our findings showed that pre-
treatment with naloxone significantly decreased the
antinociceptive effect of the extract. There is
evidence that opioid agents exert their analgesic
effects via supraspinal (m1, k3, d1, s2) and spina
(m2, k1, d2) receptors (Reisine and Pasternack,
1996). The antinociceptive activity of opioid
agonists, opioid partial agonists and non-steroidal
anti-inflammatory agents can be determined by the
writhing test (Vogel and Vogel, 1997). However,
primary sensory nerve endingsaswell ascell bodies
withinthedorsal and trigeminal gangliapossess ?- ?-
and k-opioid receptors (Rau et al., 2005) and potent
analgesiaisachieved when opioids are administered
peripherally (LeBon et al., 2009). Thus, the
antinociceptive activity of the extract maybe actson
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both the central and peripheral nervous system,
although we need moreresearchinthisarea.

Since the activity of R. officinalis extract was
significantly, but not completely, reversed by
naloxone, itispossiblethat other mechanismssuchas
glutamatergicand GABAergicsystemsareinvol ved.
Our datashowed that pre-treatment with Chicago sky
blue 6B significantly increased the antinociceptive
effects of the extract. Several lines of evidence have
shownthat excitatory amino acids, such asglutamate
and aspartate, are important for the transmission of
nociceptive inputs; therefore significant changes
may occur within the spinal cord in response to
peripheral nociception or inflammation (Castillo et
a., 1995). Theseincludechangesinexcitatory amino
acid synthesis and release. For example, increased
glutamate concentrationinthespinal cord wasfound
to correlate with noxious stimulation (Skilling et al.,
1988). Fengetal. (2003) reportedthat intraperitoneal
injection of acetic acid stimul ated sensory neuronsto
release glutamate and aspartate, resulting in an
increased concentration of these amino acids in the
CSF. Therefore, activation of the sensory nervous
system and release of excitatory amino acids
following acetic acid injection may be considered as
apart of the host defense response.

The results abtained from this research showed
that the antinociceptive effect of rosemary extract
was decreased with bicuculline pre-treatment. Pain
involves a set of ascending pathways that convey
nociceptiveinformation from peripheral nociceptors
tohigher levelsof thecentral nervoussystem, aswell
as descending pathways that modulate the
information. When thereisno ascending nociceptive
input, the descending inhibitory pathways are
tonicaly inhibited by inhibitory Gamma-aminobutyric
acid-mediated (GABAergic) neurons within the
brain stem. Nociceptive input activates the descending
inhibitory pathwayshby removing thetonicinhibition
through activation of inhibitory neurons, such as
opioidergic neurons(Ohashi et a., 2003). It hasbeen
reported that R. officinalis increases the GABA
content in the brain (Abdul-Ghani et a., 1987) and
GABA is known to be correlated with the action of
morphine. The antinociceptive effect of morphine

Int.J.Vet.Res.(2011), 5,4:240-246

has found to be enhanced by amino-oxyacetic acid,
but decreased by bicuculline (Yoneda et al., 1976).
GABA contentisknown to increase significantly
with the antinociceptive action of morphine in the
dorsal part of the spinal cord, theventrolateral part of
the ventral thalamic nucleus and the latera
spinothalamic tract (Yoneda et al. 1977). Thus, itis
likely that GABA plays a part in nociceptive
inhibition in these areas and the GABAergic system
may be another possible routeinvolved in the action
of thismedicinal plant.

In conclusion, the present study proposes that
antinociceptive effect of Rosmarinus officinalismay
be mediated by opioidergic, glutamatergic and
GABAergic mechanisms.
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