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1. Introduction
Rilmenidine is an imidazoline-α2-adrenoreceptor
agonist, which, in some countries, is also used
as a second-generation central antihypertensive drug. The first generation imidazoline-α2adrenoreceptor agonist, clonidine, has been used
not only as a central antihypertensive but also
as an adjuvant analgesic in neuraxial analgesia
(Eisenach, 1996; Millan, 2002; Schug et al. 2006).
In addition, clonidine has been demonstrated to

produce antinociception in synergy with various
nonsteroidal anti-inflammatory drugs and paracetamol (Miranda & Pinardi, 2004), with benzodiazepines (Nishiyama & Hanaoka, 2001), N-methyl
D-aspartate (NMDA) receptor antagonists (Nishiyama et al. 2001) and gabapentin (Cheng et al.
2000).
However, the therapeutic utility of clonidine,
as an analgesic, is limited by its undesirable side
effects including sedation, dry mouth, hypotension, and rebound hypertension (Dias et al. 1999;
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A R T I C L E

OBJECTIVES: The aim of the study was to ascertain whether rilmenidine, a second generation imidazoline-alpha-2-adrenoreceptor agonist, is able to increase
analgesic effects of ibuprofen in the writhing test in mice. Experimental studies
combining these agents have not yet been published.
METHODS: An acetic acid (0.7%) solution was injected into the peritoneal cavity
and the number of writhes was counted. The influence on locomotor performance
was tested using the rotarod test.
RESULTS : Rilmenidine, ibuprofen, and rilmenidine-ibuprofen fixed-ratio combinations produced dose-dependent antinociceptive effects. ED50 values were
estimated for the individual drugs and an isobologram was constructed. The
derived theoretical additive ED50 value for the rilmenidine-ibuprofen combination
was 34.00 ± 9.39 mg/kg. This value was significantly greater than the observed
ED50 value which was 18.07 ± 5.41 mg/kg, indicating a synergistic interaction.
Rilmenidine did not impair motor coordination, as measured by the rotarod test,
at antinociceptive and higher doses.
CONCLUSIONS : The present results suggest that rilmenidine enhances the analgesic activity of ibuprofen. If rilmenidine produces antinociception in humans,
then the synergistic antinociception of rilmenidine with ibuprofen could offer
therapeutic advantage for clinical treatment of pain.
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Abbreviations
ANOVA
– one-way analysis of variance
CL
– confidence limit
ED50
– the fifty percent effective dose
ID50
– the fifty percent inhibitory dose
i.p.
– intraperitoneally
MPE
– maximum possible effect
NMDA
– N-methyl-D-aspartate
NMRI
– Naval Medical Research Institute
NSAID(s) – non-steroidal anti-inflammatory drug(s)
p.o.
– per oral
SEM
– standard error of the mean

Puskas et al. 2003). Rilmenidine exhibits fewer sideeffects (including sedation) than clonidine, which is
attributed to the more selective action of rilmenidine
at cerebral imidazoline receptors (Gomez et al. 1991;
Ernsberger et al. 1992; Harron et al. 1995; Yu & Frishman, 1996). If rilmenidine also has analgesic activity,
the drug, with its good tolerability, might be of interest
in the treatment of pain. However, surprisingly little has
been reported on the analgesic activity of rilmenidine.
It has only recently been shown that rilmenidine produced dose-dependent analgesia in the formalin test in
mice (Sabetkasaie et al. 2007).
The aim of the present study was to determine
whether rilmenidine in combination with ibuprofen
has synergistic effects using the writhing test in mice
and an isobolographic analysis.
2. Material and Methods
2.1. Animals
The experimental animals were male, Naval Medical
Research Institute (NMRI), mice (VUFB Konarovice,
Czech Republic) weighing 20–25 g, housed on a 12 h
light-dark cycle at 22 ± 2 ºC with access to food and
water ad libitum. Food was withheld 12 h prior to the
start of experimental procedures; access to water was
not restricted. Experiments were performed in accordance with current guidelines for the care of laboratory animals and ethical guidelines for investigation
of experimental pain, approved by the Animal Care
and Use Committee of the Third Faculty of Medicine,
Charles University. Animals were (i) acclimatized to the
laboratory for at least 1 h before testing, (ii) were used
only once during the protocol, and (iii) were sacrificed,
by an anesthetic overdose, immediately after algesiometric testing. The duration of the experiments was as
short as possible and the number of animals was the
minimum compatible with consistent effects of drug
treatments (6–9 mice per experimental group). Control
animals (sterile water) were run interspersed concurrently with drug-treated animals.
All procedures involving animals strictly adhered to
the guidelines proposed by the Committee on Research
and Ethical Issues of IASP for investigations in experimental pain in animals (Zimmermann, 1983).
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2.2. The writhing test
The writhing test was selected as a model of acute visceral pain, because it is feasibly reproducible, widely
accepted and well established pain test used in laboratories around the world. The procedure has been previously described (Millan, 1994; Miranda et al. 2001).
Briefly, mice were injected intraperitoneally (i.p.) with
10 ml/kg of a 0.7% acetic acid solution, 30 min after oral
(p.o.) administration of the test drug. The 30 min interval was established during preliminary experiments as
the optimal interval for achieving the maximal effect of
rilmenidine.
Mice were injected with acetic acid in groups of
three, which were then placed in a clear Plexiglas cage
(20 × 30 × 20 cm) for observation. A writhe was defined
as a wave of contraction of abdominal muscles followed
by dorsiflexion and extension of the hind limbs. The
number of writhes in a 20 min period was counted,
starting immediately after administration of the acetic
acid. Antinociception was expressed as percent inhibition in the number of writhes observed in sterile water
control animals during the 20 min period. Each group
of 3 animals was observed by one observer, who was
blinded to the treatment.
2.3. Study design of analgesic activity measurement
Thirty minutes before the start of the writhing test, animals were orally administered with (i) the vehicle (sterile water), (ii) increasing doses of rilmenidine (1.0–10.0
mg/kg), (iii) increasing doses of ibuprofen (3–100 mg/
kg), or (iv) rilmenidine-ibuprofen combinations to asses
the antinociceptive effect via isobolographic analysis
(see 2.5. for dosing details).
2.4. Rotarod test
The animals (6 per group) were trained, 1 day before
the experiment, to stay on the rotarod apparatus for
120 s (25 mm diameter rod rotating at 6 rpm) (UgoBasile, Varese, Italy; model 7650). Two or three trials
were usually sufficient for the animals to learn the task.
Drugs were tested only on those mice that were able to
reproduce this performance the following morning. The
vehicle (sterile water), doses of rilmenidine (2.63 and
5.20 mg/kg) and increasing doses of diazepam (5–20
mg/kg) were administered orally 30 min before testing.
The ability of the test animal to remain on the rotarod
for 120 s was evaluated at 30, 60, 90 and 120 min after
drug administration. A reduction in time spent on the
rotarod (presumably reflecting sedation and/or reduced
motor coordination) was expressed as a percent of the
maximum possible effect (%MPE) and was calculated
using the following equation, where time represents
time spent on the rotarod: %MPE = [100 × (mean time
in control group – mean time in drug treated group)] /
mean of time in control group. The fifty percent inhibitory dose (ID50) of diazepam, the dose causing failure
in 50% of the animals, was calculated by using linear
regression analysis. A reference dose of 10 mg/kg p.o.
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diazepam was established for comparison with rilmenidine. Results describing the effect of rilmenidine
in comparison with diazepam (10 mg/kg) are presented
as mean ± SEM (standard error of the mean) for each
group (6 animals per group). Comparison of significance between the control and drug-treated groups
was performed using one-way analysis of variance
(ANOVA) on ranks, followed by Tukey’s test; statistical
significance was set at the 0.05 level.
2.5. Data analysis
Results are presented as mean ± SEM or the dose resulting in 50% of the effect (ED50) values with 95% confidence intervals. Six animals were tested at each of, at
least, four doses to determine a dose-response curve for
individual drugs. Nine animals were tested at each of
four doses to determine a dose-response curve for the
(rilmenidine + ibuprofen) combinations. Antinociceptive activity (reduction in writhes) was expressed as a
percent of the maximum possible effect (%MPE) and
was calculated using the following equation: %MPE =
[100 × (mean writhes in control group – mean writhes
in drug(s) treated group)] / mean of writhes in control
group.
Dose-response curves were constructed by leastsquares linear regression and ED50 ± standard error
(SE) values were calculated according to Tallarida
(2000). The interaction between rilmenidine and ibuprofen was characterized by isobolographic analysis
assuming that the combinations were constituted by
equally-effective doses of the individual drugs. Thus,
from the dose-response curves of each individual
agent, the dose resulting in 50% of the effect (ED50)
could be determined. Therefore, we estimated the ED50
of ibuprofen and rilmenidine. Subsequently, a doseresponse curve was obtained by concurrent delivery of
both drugs (rilmenidine and ibuprofen) in fixed-ratios,
based on the ED50 values of each individual agent. To
construct this curve, groups of animals received one
dose of one of the following combinations: (i) (rilmenidine ED50 + ibuprofen ED50); (ii) (rilmenidine ED50 +
ibuprofen ED50)/2; (iii) (rilmenidine ED50 + ibuprofen
ED50)/4; or (iv) (rilmenidine ED50 + ibuprofen ED50)/8.
The experimental ED50 value for the combination was
calculated from this curve.
The theoretical additive ED50 was estimated from
the dose-response curve of each drug administered
individually, which presupposes that the observed
effect of the combination is the sum of the effects of
each individual drug. This theoretical ED50 value is
then compared with the experimentally derived ED50
value to determine if there is a statistically significant
difference (Tallarida, 2001; Tallarida, 2006; Tallarida,
2007). The theoretical and experimental ED50 values of
the studied combination were also contrasted by calculating the interaction index (γ) as follows: γ = ED50
of combination (experimental) / ED50 of combination
(theoretical). An interaction index not significantly dif-

ferent from unity corresponds to an additive interaction whereas values higher and lower than unity imply
antagonistic and synergistic interactions, respectively
(Tallarida, 2002).
Statistical significance between the theoretical additive ED50 and the experimentally derived ED50 value
was evaluated using the Student’s t-test. An experimental ED50 significantly lower than the theoretical additive
ED50 was considered to indicate a synergistic interaction between rilmenidine and ibuprofen. Statistical significance was considered to be achieved when p < 0.05.
2.6. Drugs
Rilmenidine was provided by Sigma-Aldrich (USA);
ibuprofen by Léčiva a.s. (Czech Republic) and diazepam by Kulich a.s. (Czech Republic). All drugs were
freshly suspended in sterile water. Suspensions were
made using an appropriate amount of arabic gum (1/4
the weight of the amount of substance to be suspended).
Drugs were prepared and administered in a volume of
10 ml/kg. Suspensions were thoroughly vortexed before
administration. Control groups received an equal
amount of sterile water.
3. Results
3.1. Antinociceptive effect of rilmenidine and
ibuprofen, dose-response relationship
Acetic acid administration produced a typical pattern
of writhing behavior. Dose-response curves obtained
for rilmenidine and ibuprofen are shown in the Fig. 1
and 2, respectively. The ED50 value and 95% confidence
limit (CL) for the writhing test for oral rilmenidine was
2.45 (2.34–2.55) mg/kg. The ED50 value and 95% CL
for oral ibuprofen was 61.13 (35.85–95.37) mg/kg.
3.2. Interaction of rilmenidine and ibuprofen
The antinociceptive activity of p.o. co-administration
of fixed ratio combinations of ED50 fractions of rilmenidine with ibuprofen was assessed by calculating
the ED50 value of the mixture from the corresponding
dose-response curves (see section 3.1.). Fixed-dose
ratio combinations were prepared, as described in the
material and methods section (2.5.). The experimental
ED50 value was calculated as 18.07 ± 5.41 mg/kg. This
value was significantly lower (p < 0.05) than the theoretical ED50 value expected for a purely additive interaction, which was 34.00 ± 9.39 mg/kg. As can be seen
in Fig. 3, the experimental ED50 value is located below
the additive dose line.
Furthermore, the interaction index (γ) for the
rilmenidine-ibuprofen combination was 0.53 ± 0.06,
which is statistically different from unity. These data
indicate that the interaction between the antinociceptive actions of rilmenidine and ibuprofen is synergistic,
with the resulting effect being approximately twice that
expected from the sum of the effects of the individual
components.
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Fig. 1. Dose-response curve for antinociceptive activity following
oral administration of rilmenidine in mice. Antinociceptive
activity (reduction in writhes) was expressed as a percent of the
maximum possible effect (%MPE) and was calculated using the
following equation: %MPE = [100 x (mean writhes in control
group – mean writhes in drug treated group)]/mean of writhes
in control group. Each point represents data from six animals per
group ± SEM.

Fig. 2. Dose-response curve for antinociceptive activity following
oral administration of ibuprofen in mice. Antinociceptive
activity (reduction in writhes) was expressed as a percent of the
maximum possible effect (%MPE) and was calculated using the
following equation: %MPE = [100 x (mean writhes in control
group – mean writhes in drug treated group)]/mean of writhes
in control group. Each point represents data from six animals
per group ± SEM.

3.3. Rotarod test
The mean (± SEM) time spent on the revolving rotarod
by vehicle-treated animals was 120 ± 0 s (Fig. 4). Oral
administration of rilmenidine (2.63 mg/kg and 5.20
mg/kg) did not decrease time spent on the revolving
rotarod at 30 min (Fig. 4), or at 60, 90, 120 min (data
not shown). On the other hand diazepam (10 mg/kg
p.o.), used as a positive control, significantly reduced
time spent on the rotarod (Fig. 4). This dose of diazepam was selected based on preliminary experimentation, where diazepam dose-dependently reduced time
spent on the rotarod (ED50 = 11.2 mg/kg).

test (Jain et al. 2002; Miranda & Pinardi, 2004; Sabetkasaie et al. 2004), the tail-flick test (Dogrul & Uzbay,
2004; Nishiyama et al. 2001; Ozdogan et al. 2004), the
formalin test (Nishiyama & Hanaoka, 2001; Yoon et al.
2004; Zarrindast & Sahebgharani, 2002) and the substance P nociceptive test (Fairbanks & Wilcox, 1999).
Clonidine has also been shown to have analgesic effects
in humans, particularly after epidural administration
(Bernard & Macaire, 1997; DeKock et al. 1997; Hood
et al. 1996).
Several other α2-adrenergic and imidazoline receptor agonists such as tizanidine, fadolmidine, medetomidine, and dexmedetomidine have shown antinociceptive
effects in both animals and humans (Jain et al. 2002;
Pertovaara & Kalmari, 2003; Kauppila et al. 1991; Hall
et al. 2000; Angst et al. 2004; Schug et al. 2006). A recent
study demonstrated that agmatine, a presumed endogenous ligand at imidazole receptors which also binds to
alpha-2 adrenoceptors (Reis & Regunathan, 2000), produced dose-dependent inhibition of acetic acid-induced
visceral pain in mice (Santos et al. 2005).
As shown by the isobolographic analysis, co-administration of rilmenidine with ibuprofen, a well-established non-steroidal anti-inflammatory drug (NSAID)
which has been shown to act as an inhibitor of the
enzyme cyclooxygenase (Blain et al. 2002), produced
synergistic or supra-additive antinociception. (experimental ED50 were significantly less than the theoretically calculated ED50). Our results are consistent with
a previous study which demonstrated that the simultaneous administration of various NSAIDs (naproxen,
piroxicam, nimesulide) with clonidine resulted in
synergistic interactions in the writhing test in mice
(Miranda & Pinardi, 2004). Furthermore, the systemic

4. Discussion
In the present study, rilmenidine and ibuprofen administered alone showed dose-dependent antinociceptive
effects in the writhing test in mice. Moreover, oral coadministration of rilmenidine with ibuprofen produced
synergistic antinociceptive effects in this model of visceral pain.
The analgesic activity of rilmenidine, a preferential
imidazoline receptor and a weak alpha-2 adrenergic
receptor agonist, has, to date, received little attention.
Only recently it has been reported that rilmenidine produced dose-dependent analgesia in the formalin test in
mice (Sabetkasaie et al. 2007). In general there is a lack
of clinical evidence regarding the analgesic activity of
rilmenidine.
On the other hand, the antinociceptive activity of
clonidine, the reference drug for alpha-2 adrenergic
and imidazoline receptor agonists, has been extensively
studied both preclinically and clinically. Clonidine has
been shown to induce antinociception in the writhing
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Fig. 3. Isobologram for oral co-administration of rilmenidine
and ibuprofen. The point on the theoretical additive line
corresponds to the theoretical ED50 ± SEM, the point under the
theoretical additive line corresponds to experimental ED50 ±
SEM of the mixture. The experimental point was significantly
different from the calculated additive point, indicating a
synergistic interaction (p < 0.05; Student’s t-test).

Fig. 4. Effect of rilmenidine (2.63 mg/kg and 5.20 mg/kg)
and diazepam (10 mg/kg) in the rotarod test in mice. Test
compounds were administered orally 30 min before performing
the test. Results are expressed as mean (6 animals per group)
time spent on the rotating rod (vertical line visible for diazepam
represents SEM). * p < 0.05, significantly different from vehicle
treated control group of animals (ANOVA on ranks followed by
Tukey’s test).

co-administration of diclofenac with clonidine showed
supraadditivity in the same test (Miranda et al. 2001).
Recently, we have also found a synergistic interaction
between rilmenidine and paracetamol in the writhing
test in mice (Soukupová, to be published).
Rilmenidine did not influence performance of mice
on the rotarod at twice the antinociceptive ED50 dose of
the drug, while diazepam, as expected, reduced rotarod
times. Thus, doses of rilmenidine that were antinociceptive did not impair motor coordination as measured
using the rotarod test. Most of the published data indicates that rilmenidine does cause sedation in animal
models, at doses up to 10.0 mg/kg in mice and rats, and
it did not prolong barbiturate-induced sleeping time.
Additionally, it did not modify spontaneous locomotor
activity in rats at doses up to 2.5 mg/kg (Montastruc et
al. 1989). Substance S 3341 (matching rilmenidine) did
not prolong the hexobarbitone-induced loss of righting
reflex in mice (van Zweiten et al. 1986). In rats, S 3341
decreased the rate of discharge of noradrenergic cells
located in the locus coeruleus, which is believed to be
involved in wake/sleep mechanisms, however, depression was 63 times less than that of the reference drug,
clonidine. At effective hypotensive doses, rilmenidine
produced no sedation (loss of righting reflex) in 2
day old chicks (Laubie et al. 1985). These findings are
consistent with the lack of effect of rilmenidine on the
rotarod test in the present study.
Rilmenidine has been reported to produce antihypertensive effects in hypertensive rats but the effect
has not been observed in normotensive rats (Briaud et
al. 2005; Cechetto and Kline 1997; Cechetto and Kline
1998; Mao et al. 2003; Monassier et al. 2004; Wang et al.
2005). Thus, it is assumed that rilmenidine did not pro-

duce hypotension in the present study. It is well established that rilmenidine is an effective antihypertensive
agent in hypertensive human subjects, while data on its
effects on blood-pressure in healthy humans are limited
(Dollery et al. 1988; Teixeira de Astro et al. 2006).
In conclusion, if rilmenidine produces antinociception in humans, then it could represent a good alternative to clonidine in the treatment of pain, especially
considering its superior side-effects profile. Moreover,
the synergistic antinociception of rilmenidine with
ibuprofen could offer another therapeutic advantage
for clinical treatment of pain. Therefore further studies
assessing the analgesic potential of rilmenidine alone
or in combination with analgesics are warranted and
eagerly awaited.
Acknowledgments. This project was supported by
research grants MSM0021620816 and IGA NR/9072-3.
We thank Dr. Zdenek Roth for his expert statistical
analysis assistance.
REFERENCES
1 Angst MS, Ramaswamy B, Davies MF, Maze M (2004). Comparative
analgesic and mental effects of increasing plasma concentrations
of dexmedetomidine and alfentanil in humans. Anesthesiology
101: 744–752.
2 Bernard JM, Macaire P (1997). Dose-range effects of clonidine
added to lidocaine for brachial plexus block. Anesthesiology 87:
277–284.
3 Blain H, Boileau C, Lapicque F, Nedelec E, Loeuille D, Guillaume
C, et al (2002). Limitation of the in vitro whole blood assay for
predicting the COX selectivity of NSAIDs in clinical use. Brit J Clin
Pharmacol 53(3): 255–65.
4 Briaud S, Zhang BL, Sannajust F (2005). Central actions of agmatine in conscious spontaneously hypertensive rats. Clin Exp
Hypertens 27(8): 619–627.

Neuroendocrinology Letters Vol. 30 No. 2 2009 • Article available online: http://node.nel.edu

219

Marie Soukupová, Tomáš Doležal, Miloslav Kršiak
5 Cechetto DF, Kline RL (1998). Complementary antihypertensive
action of rilmenidine on the pressure natriuresis relationship and
sodium preference in spontaneously hypertensive rats. J Hypertens Suppl 16(3): 13–17.
6 Cechetto DF, Kline RL (1997). Effect of rilmenidine on arterial pressure and urinary output in the spontaneously hypertensive rat.
Eur J Pharmacol 325(1): 47–55.
7 Cheng JK, Pan HL, Eisenach JC (2000). Antiallodynic effect of
intrathecal gabapentin and its interaction with clonidine in a pat
model of postoperative pain. Anesthesiology 92: 1126–1131.
8 DeKock M, Wiederkher P, Laghmiche A, Scholtes JL (1997). Epidural clonidine used as the sole analgesic agent during and after
abdominal surgery – A dose-response study. Anesthesiology 86:
285–292.
9 Dias VC, Tendler B, Oparil S, Reilly PA, Snarr P, White WB (1999).
Clinical experience with transdermal clonidine in AfricanAmerican and Hispanic-American patients with hypertension:
evaluation from a 12-week prospective, open-label clinical trial in
community-based clinics. Am J Ther 6: 19–24.
10 Dogrul A, Uzbay IT (2004). Topical clonidine antinociception. Pain
111: 385–391.
11 Dollery CT, Davies DS, Duchier J, Pannier B, Safar ME (1988). Dose
and concentration effect relations for rilmenidine. Am J Cardiol
61(7): 60–66.
12 Eisenach JC (1996). Three novel spinal analgesics: clonidine, neostigmine, amitriptyline. Region Anesth 21: 81–83.
13 Ernsberger PR, Westbrooks KL, Christen MO, Schafer SG (1992). A
2nd generation of centrally acting antihypertensive agents act on
putative I(1)-imidazoline receptors. J Cardiovasc Pharm 20: 1–10.
14 Fairbanks CA, Wilcox GL (1999). Moxonidine, a selective alpha(2)adrenergic and imidazoline receptor agonist, produces spinal
antinociception in mice. J Pharmacol Exp Ther 290: 403–412.
15 Gomez RE, Ernsberger P, Feinland G, Reis DJ (1991). Rilmenidine
lowers arterial-pressure via imidazole receptors in brain-stem C1
area. Eur J Pharmacol 195: 181–191.
16 Hall JE, Uhrich TD, Barney JA, Arain SR, Ebert TJ (2000). Sedative,
amnestic, and analgesic properties of small-dose dexmedetomidine infusions. Anesth Analg 90: 699–705.
17 Harron DWG, Hasson B, Regan M, McClelland RJ, King DJ (1995).
Effects of rilmenidine and clonidine on the electroencephalogram,
saccadic eye movements, and psychomotor function. J Cardiovasc
Pharmacol 26: 48–54.
18 Hood DD, Mallak KA, Eisenach JC, Tong CY (1996). Interaction
between intrathecal neostigmine and epidural clonidine in human
volunteers. Anesthesiology 85: 315–325.
19 Jain NK, Kulkarni SK, Singh A (2002). Modulation of NSAID-induced antinociceptive and anti-inflammatory effects by alpha(2)adrenoceptor agonists with gastroprotective effects. Life Sci 70:
2857–2869.
20 Kauppila T, Kemppainen P, Tanila H, Pertovaara A (1991). Effect
of systemic medetomidine, an alpha2-adrenoceptor agonist, on
experimental pain in humans. Anesthesiology 74: 3–8.
21 Koenigberard E, Tierney C, Beau B, Delbarre G, Lhoste F, Labrid C
(1988). Cardiovascular and central nervous-system effects of rilmenidine (S-3341) in rats. Am J Cardiol 61: D22–D31.
22 Laubie M, Poignant JC, Scuvée-Moreau J, Dabire H, Dresse A,
Schmitt H (1985). Pharmacological properties of (N-dicyclopropylmethyl) amino-2-oxazoline (S 3341), an alpha-2 adrenoceptor
agonist. J Pharmacol 16(3): 259–278.
23 Mahieux F (1989). Rilmenidine and vigilance. Review of clinical
studies. Am J Med 87: 67–72.
24 Mao L, Li G, Abdel-Rahman AA (2003) Effect of ethanol on reductions in norepinephrine electrochemical signal in the rostral
ventrolateral medulla and hypotension elicited by I1-receptor
activation in spontaneously hypertensive rats. Alcohol Clin Exp
Res 27(9): 1471–1480.
25 Millan MJ (1994). Serotonin and pain – evidence that activation of
5-HT1A receptors does not elicit antinociception against noxious
thermal, mechanical and chemical stimuli in mice. Pain 58: 45–61.
26 Millan MJ (2002). Descending control of pain. Prog Neurobiol 66:
355–474.
27 Miranda HF, Pinardi G (2004). Isobolographic analysis of the
antinociceptive interactions of clonidine with nonsteroidal antiinflammatory drugs. Pharmacol Res 50: 273–278.

220

28 Miranda HF, Sierralta F, Pinardi G (2001). An isobolographic analysis of the adrenergic modulation of diclofenac antinociception.
Anesth Analg 93: 430–435.
29 Monassier L, Greney H, Thomas L, Bousquet P (2004) Chronic treatment with rilmenidine in spontaneously hypertensive rats: differences between two schedules of administration. J Cardiovasc
Pharmacol 43(3): 394–401.
30 Montastruc JL, Macquinmavier I, Tran MA, Damasemichel C, Koenigberard E, Valet P (1989). Recent advances in the pharmacology of
rilmenidine. Am J Med 87: 14–17.
31 Nishiyama T, Gyermek L, Lee C, Kawasaki-Yatsugi S, Yamaguchi T,
Hanaoka K (2001). The analgesic interaction between intrathecal
clonidine and glutamate receptor antagonists on thermal and
formalin-induced pain in rats. Anesth Analg 92: 725–732.
32 Nishiyama T, Hanaoka K (2001). The synergistic interaction
between midazolam and clonidine in spinally-mediated analgesia
in two different pain models of rats. Anesth Analg 93: 1025–1031.
33 Ozdogan UK, Lahdesmaki J, Mansikka H, Scheinin M (2004). Loss of
amitriptyline analgesia in alpha(2A)-adrenoceptor deficient mice.
Eur J Pharmacol 485: 193–196.
34 Pertovaara A, Kalmari J (2003). Comparison of the visceral antinociceeptive effects of spinally administered MPV-2426 (fadolmidine)
and clonidine in the rat. Anesthesiology 98: 189–194.
35 Puskas F, Carnporesi EM, O’Leary CE, Hauser M, Nasrallah FV (2003).
Intrathecal clonidine and severe hypotension after cardiopulmonary bypass. Anesth Analg 97: 1251–1253.
36 Reis DJ, Regunathan S (2000). Is agmatine a novel neurotransmitter in brain? Trends Pharmacol Sci 21: 187–193.
37 Sabetkasaie M, Khansefid N, Ladgevardi MARS (2007). Possible
role of NMDA receptors in antinociception induced by rilmenidine
in mice in the formalin test. Eur J Pain 11: 535–541.
38 Sabetkasaie M, Vala S, Khansefid N, Hosseini AR, Ladgevardi MARS
(2004). Clonidine and guanfacine-induced antinociception in
visceral pain: possible role of alpha(2)/I-2 binding sites. Eur J Pharmacol 501: 95–101.
39 Santos ARS, Gadotti VM, Oliveira GL, Tibola D, Paszcuk AF, Neto A,
et al (2005). Mechanisms involved in the antinociception caused
by agmatine in mice. Neuropharmacology 48: 1021–1034.
40 Schug SA, Saunders D, Kurowski I, Paech MJ (2006). Neuraxial drug
administration – a review of treatment options for anaesthesia
and analgesia. Cns Drugs 20: 917–933.
41 Tallarida RJ (2000). Drug synergism and dose-effect analysis. Boca
Raton (Florida): Chapman & Hall/CRC.
42 Tallarida RJ (2001). Drug synergism: Its detection and applications.
J Pharmacol Exp Ther 298: 865–872.
43 Tallarida RJ (2002). The interaction index: a measure of drug synergism. Pain 98: 163–168.
44 Tallarida RJ (2006). An overview of drug combination analysis with
isobolograms. J Pharmacol Exp Ther 319: 1–7.
45 Tallarida RJ (2007). Interactions between drugs and occupied
receptors. Pharmacol Therapeut 113: 197–209.
46 Teixeira de Castro RR, Tibiriçá E, de Oliveira MA, Moreira PB,
Catelli MF, Rocha NN, Nóbrega AC (2006). Reduced hemodynamic
responses to physical and mental stress under low-dose rilmenidine in healthy subjects. Cardiovasc Drugs Ther 20(2): 129–134.
47 van Zwieten PA, Thoolen MJ, Jonkman FA, Wilffert B, de Jonge A,
Timmermans PB (1986). Central and peripheral effects of S 3341
[(N-dicyclopropylmethyl)-amino-2-oxazoline] in animal models.
Arch Int Pharmacodyn Ther 279(1): 130–149.
48 Wang X, Li G, Abdel-Rahman AA (2005). Site-dependent inhibition of neuronal c-jun in the brainstem elicited by imidazoline I1
receptor activation: role in rilmenidine-evoked hypotension. Eur J
Pharmacol 514(2-3): 191–199.
49 Yoon MH, Choi J, Kwak SH (2004). Characteristic of interactions
between intrathecal gabapentin and either clonidine or neostigmine in the formalin test. Anesth Analg 98: 1374–1379.
50 Yu A, Frishman WH (1996). Imidazoline receptor agonist drugs: A
new approach to the treatment of systemic hypertension. J Clin
Pharmacol 36: 98–111.
51 Zarrindast MR, Sahebgharani M (2002). Effect of alpha-adrenoceptor agonists and antagonists on imipramine-induced antinociception in the rat formalin test. Pharmacology 64: 201–207.
52 Zimmermann M (1983). Ethical guidelines for investigations of
experimental pain in conscious animals. Pain 16: 109–110.

Copyright © 2009 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

