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Ineffective Doses of Dexmedetomidine Potentiates the Antinoci-
ception Induced by Morphine and Fentanyl in Acute Pain Model
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The aim of this study was to evaluate the synergistic potentiation effect of ineffective doses of
dexmedetomidine on antinociception induced by morphine and fentanyl in acute pain model in rats.
Seventy albino Wistar rats were separated into 7 groups. Data for the control and sham groups were
recorded. The ineffective dose of dexmedetomidine was investigated and found to be 3 x g/kg. Each
group was administered the following medications: 3 mg/kg morphine (intraperitoneal) to Group 3,
5 u g/kg fentanyl (intraperitoneal) to Group 4, dexmedetomidine 3 u g/kg (subcutaneously) to Group
5, dexmedetomidine 3 x g/kg (subcutaneous)+3 mg/kg morphine (intraperitoneal) to Group 6 and finally
3 1 g/kg dexmedetomidine (subcutaneous)+5 ¢ g/kg fentanyl (intraperitoneal) to Group 7. Just before
the application and 15, 30, 60, 90 and 120 min after the administration of medication, two mea-
surements of tail flick (TF) and hot plate (HP) tests were performed. The averages of the measurements
were recorded. TF and HP latencies were the main outcomes. The analgesic effect of the combinations
with dexmedetomidine+morphine (Group 6) and dexmedetomidine+fentanyl (Group 7), compared to the
analgesic effect of morphine alone and fentanyl alone was significantly higher at 15, 30, 60 and 90
minutes after administration. In this study, dexmedetomidine in ineffective doses, when combined with

morphine and fentanyl, potentiates the effects of both morphine and fentanyl.
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INTRODUCTION

Nowadays, the drugs used in treatment of pain can be
divided into two pharmacological groups: non-opioids (adju-
vants) and opioids [1-3]. Because the most common opioids
used as analgesics have side effects like dependence and
tolerance, as well as respiratory depression and consti-
pation, while non-steroidal anti-inflammatory drugs (NSAID)
have serious gastrointestinal side effects and also cause
kidney damage [1,4,5], researchers are actively working to
develop new adjuvant drugs. Therapeutic benefits of auxil-
iary drugs can be summarized as follows: they contribute
to the formation of a strong analgesic as well as give the
opportunity to reduce the dosage of major drugs; in partic-
ular, they reduce the frequency of opioid side effects such
as nausea, vomiting, constipation, pruritus, sedation, and
respiratory depression [6]. According to this, an alternative
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approach to mono-therapy that may be useful in the treat-
ment of pain is to combine opioids with adjuvant analgesics
or with other drugs that, on their own, do not have an-
algesic effectiveness but nevertheless amplify the effects of
the opioid, thus requiring a smaller dose of the opioid and
reducing its side effects [6].

Dexmedetomidine is a strong and highly selective « 2-
adrenoceptor agonist which has a wide spectrum of phar-
macological properties. @ 2-adrenergic agonists provide se-
dation, anxiolysis, and hypnosis as well as analgesia and
sympatholytic properties. In recent years, dexmedetomi-
dine has attained an important place in researches, as well
as in the treatment of pain, because it has analgesic effects
comparable to opioids but does not show the side effects
of opioids, like dependence and tolerance. This drug’s effect
mechanism, which is reported as acting through opioider-
gic, noradrenergic, and serotonergic receptors, is not com-
pletely clarified [7,8]. It has been widely accepted that
co-administration of «@ 2-adrenergic receptor agonists and
/£ receptor agonists produces synergistic antinociceptive ef-
fects in clinically effective doses. However, our study is a
novel study that differs from other studies in that it uses
ineffective doses of dexmedetomidine to achieve a potentia-
tion effect.

In this study we aimed to evaluate the synergistic po-

ABBREVIATIONS: NSAID, non-steroidal anti-inflammatory drugs;
i.p, intraperitoneally; s.c, subcutaneously; TF, tail flick; TFL, tail
flick latencies; HP, hot plate.
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tentiation of dexmedetomidine in ineffective doses on anti-
nociception induced by morphine and fentanyl in an acute
pain model which we made through a rat tail-flick and hot
plate method.

METHODS

Animals

Adult male Wistar albino rats weighing 200~220 g (n=
70) were used for the experiments. The animals were fed
a standard laboratory diet and water ad libitum and were
kept at 22+2°C with a 12-h light/dark cycle. Animals were
acclimatized to laboratory conditions before the test. All ex-
periments were carried out blindly between 10:00 and 15:00
h (n=10 in each experimental group). Ethical approval for
this study (No: 215) was provided by the Animal Ethical
Committee of Cumhuriyet University on 30 September
2010.

Drug preparation and administration

Morphine sulfate (Cumhuriyet University Hospital, Tur-
key), fentanyl (Fentanyl citrate®, 50 mg/ml, Abbott, USA)
and dexmedetomidine HCI (Precedex”, 200 1g/2 ml, Medi-
tera, Turkey) were dissolved in saline. Drugs were prepared
immediately prior to use; morphine and fentanyl were in-
jected intraperitoneally (i.p.) and dexmedetomidine was in-
jected subcutaneously (s.c.) in a volume of 10 ml/kg.

Assessment of antinociception to acute pain

1. Tail-flick test

The nociceptive response to the tail-flick (TF) test is usu-
ally attributed to central mechanisms at the spinal level
[9,10]. A standardized TF device May TF 0703 Tail-flick
Unit, Commat, Turkey) was used to evaluate thermal noci-
ception. The radiant heat source was focused on the distal
portion of the tail at 3 cm after administration of the vehicle
or study drugs. Following vehicle or compound admin-
istration, tail-flick latencies (TFL) were obtained. The infra-
red intensity was adjusted so that basal TFL occurred at
2.8+0.4. Animals with a baseline TFL below 2.4 or above
3.2 s were excluded from further testing. The cutoff latency
was set at 15 s to avoid tissue damage. Any animal not
responding after 15 s was excluded from the study. Baseline
measurements were performed twice before the admin-
istration of morphine (3 mg/kg), fentanyl (5 «g/kg), and
dexmedetomidine (5 «g/kg), while and other measure-
ments were performed twice at 15, 30, 60, 90, 120 min after
administration and mean measurement values were re-
corded for each time point.

2. Hot-plate test

The response on the hot-plate (HP) is generally a result
from a combination of central and peripheral mechanisms
[10]. In this test, animals were individually placed on a hot
plate (Eddy's Hot-Plate) with the temperature adjusted to
55+£1°C. The latency to the first sign of paw licking or jump
response to avoid the heat was taken as an index of the
pain threshold; the cut-off time was 30 s in order to avoid
damage to the rats’ paws. HP tests were performed immedi-
ately after the tail flick test was completed.

Experimental protocols

Animals were randomly divided 7 groups as control,
sham, dexmedetomidine, morphine, fentanyl, dexmedeto-
midine+morphine, and dexmedetomidine+fentanyl. Ani-
mals in the control group were given no medication. Ani-
mals in the sham group were given 1 ml i.p. of saline.
Dexmedetomidine group animals were injected 5 1 g/kg s.c.
dexmedetomidine, which was determined to be an inef-
fective stand-alone dose by the preliminary dose-response
tests in our study (Fig. 1). Three mg/kg i.p. morphine was
the dose we used for animals in the morphine group.
Animals in the fentanyl group were given a 5 «g/kg i.p.
dose that we indicated as an equivalent dose to morphine
in our study. In the dexmedetomidine+morphine group,
dexmedetomidine 5 xg/kg s.c. and morphine 3 mg/kg i.p.
were used. Dexmedetomidine+fentanyl group animals were
given dexmedetomidine 5 xg/kg s.c. and fentanyl 5 «g/kg
i.p. TF and HP tests were performed at baseline (before
drug administration) and at 15, 30, 60, 90 and 120 min
after administration as a model of acute pain in rats (n=10
in each group). The rota rod performance test was used to
evaluate the side effects of drugs by locomotor coordination
of rats that received drugs or saline. The apparatus
(COMMAT Ltd., Ankara, Turkey) consisted of three sepa-
rate compartments and a rotating rod with a diameter of
7 cm. The rats were pre-trained on the rota rod apparatus
for 3 days and then tested on the accelerating rod, in which
the speed of the spindle was increased from 4 to 40 rpm
over a period of 5 min. On the experiment day, each rat
was tested for three times at 5 min intervals and the aver-
age of the responses was recorded as baseline values. Then
the rats were injected with—depending on the group to
which they were assigned —saline, dexmedetomidine 5 s g/
kg, morphine 3 mg/kg, fentanyl 5 mg/kg, dexmedetomi-
dine+morphine, or dexmedetomidine+fentanyl and tested
at 15 and 30 min after injections. Results are expressed
as the endurance time on the rota rod (Fig. 2) [11].

Statistical analysis

The results obtained are expressed as mean+SEM (stan-
dard error of mean). The effect of antinociception was
measured. Groups were compared statistically using gen-
eral linear models of two way ANOVA followed by Tukey
test and ¢ test when appropriate. p<0.05 was considered
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Fig. 1. Tail flick latencies of different dexmedetomidine doses. *p
<0.05 when compared to other doses, **p<0.05 when compared
to other doses.
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Fig. 3. Tail flick latencies of control and sham groups.
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Fig. 4. Tail flick latencies of sham, dexmedetomidine, morphine and
dexmedetomidine+morphine groups. *p<0.05 when morphine
group compared to other groups, **p<0.05 when dexmedeto-
midine+morphine group compared to morphine group and other
groups.

significant.

RESULTS

TF test results of intraperitoneal and subcutaneous ad-
ministration of saline in the sham group showed no sig-
nificant difference, when compared with control group val-
ues (Fig. 3), while the TF latencies of the dexmedetomidine
group compared with the control group showed no sig-
nificant difference statistically at any time. Morphine alone
yielded a statistically significant analgesic effect starting
from the 30 minute (min) after administration (p<0.05).
TF latencies at the 60 min reached the maximum, and then
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Fig. 5. Tail flick latencies of sham, dexmedetomidine, fentanyl and
dexmedetomidine+fentanyl groups. *p<0.05 when morphine group
compared to other groups, **p<0.05 when dexmedetomidine+
fentanyl group compared to fentanyl group and other groups.
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Fig. 6. Hot plate latencies of control and sham groups.

gradually decreased and, at the 120 min, had decreased to
the level of the control group. Application of morphine alone
caused increased TF latencies that started at the 30 min,
but the combination effect of the dexmedetomidine+mor-
phine dosage started at the 15 min. Furthermore, when the
TF latencies of the dexmedetomidine+morphine combina-
tion and the morphine-only groups were compared, the TF
latencies of the combination were found to be significantly
higher than the effect of morphine only at the 15, 30, 60
and 90 min (p<0.05) (Fig. 4). Fentanyl alone gave rise to
a significant analgesic effect after the 15 min (p<0.05).
This effect reached its maximum at the 60" min, then grad-
ually decreased and, by the 90 min, had decreased to the
level of the control group. The dexmedetomidine and fen-
tanyl combination was parallel to fentanyl alone; it pro-
duced significant analgesia at the 15 min. This effect at
the 60 min reached the maximum, and then gradually de-
creased until, by the 90 min, it had reached the level of
the control group. TF latencies of the combination were
statistically greater than fentanyl alone at 15, 30 and 60
min (p<0.05) (Fig. 5).

HP test results of intraperitoneal and subcutaneous ad-
ministration of saline in the sham group showed no sig-
nificant difference, when compared with control group val-
ues (Fig. 6). When HP latencies of the dexmedetomidine
group were compared with the control group, no significant
difference was found at any time. Both fentanyl and mor-
phine provided significant analgesia starting from the 15
min; this effect reached its maximum level at the 60 min,
and then it decreased. At the 120 min, although HP laten-
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Fig. 7. Hot plate latencies of sham, dexmedetomidine, morphine and
dexmedetomidine+morphine groups. *p<0.05 when morphine group
compared to other groups, **p<0.05 when dexmedetomidine+
morphine group compared to morphine group and other groups.

cies decreased, they were not yet at control group levels
(p<0.05). When the HP latency of the dexmedetomidine
group was compared with the control group, a significant
difference was not found at any time. Morphine induced
significant analgesia that began at the 15 min. This effect
at the 60 min reached its maximum and, after that,
decreased. At the 120 min, although hot plate latencies had
decreased, they were not yet at the levels of the control
group. Dexmedetomidine+morphine combination provided
significant analgesia starting at the 15 min and it was par-
allel to the application of fentanyl alone (p<0.05). This ef-
fect, at the 60 min, reached its maximum and, after that,
decreased. Withdrawal latencies of the combination were
statistically greater than morphine alone at the 15, 30, 60,
and 90 min (p<0.05) (Fig. 7). Dexmedetomidine+fentanyl
combination, from the 15 min, provided significant an-
algesia and it was parallel to the application of fentanyl
alone. This effect reached its maximum level at the 60 min
and it decreased gradually from that point. The withdrawal
latencies of the combination were greater than the effect
of fentanyl alone statistically significant at the 15, 30, 60,
and 90 min (p<0.05) (Fig. 8).

DISCUSSION

We showed in our study that dexmedetomidine in in-
effective doses had a potentiation effect on opioids. It has
been well known that @ 2-adrenergic receptor agonists have
a synergistic effect on opioids. However, our study is a novel
study with an ineffective dose of dexmedetomidine and dif-
fers from other studies in that it shows the ability of in-
effective doses of @ 2-adrenergic receptor agonists to in-
crease the potentiality of opioids.

Despite the strong analgesic effects of opioid analgesics,
their use is limited due to significant side effects such as
respiratory depression and tolerance. Since opioids have
such disadvantages and after research has shown that a
variety of receptors other than opioid mechanisms are able
to induce analgesia in the medulla spinalis, which is located
in the central nervous system, the authors have been forced
to research alternative drugs such as @ 2 receptor agonists.
An electrophysiological study showed that « 2-adrenocep-
tors and opiate receptors can interact in the modulation
of nociceptive transmission in rat spinal cord [12]. It is well
known that @2 receptor stimulation of the spinal cord
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Fig. 8. Hot plate latencies of sham, dexmedetomidine, fentanyl and
dexmedetomidine+fentanyl groups. *p<0.05 when morphine group
compared to other groups, **p<0.05 when dexmedetomidine+
fentanyl group compared to fentanyl group and other groups.

plays a big role in the level of analgesia [8,13]. Paalzow
[14] detected for the first time that systematic imple-
mentation of clonidine caused an analgesic effect; since
then, this subject has led to several researches [15,16]. In
these studies, an @ 2 receptor agonist from imidazole-class
clonidine was used mostly due to its being easier to supply
[17,18]. The selectivity of dexmedetomidine to @ 2 receptors
(especially the @ 2A subtype) leads to more effective seda-
tion and analgesia [19].

It is a known fact that @ 2-adrenoreceptor agonists utilize
opioid receptors. Ossipov et al. [20] investigated the anti-
nociceptive effects of morphine and subanalgesic doses of
clonidine on rodents by applying the medication intra-
thecally. They found a significant potentiation in the TF
test. Finally, they observed that the opioid effects returned
after naloxone was injected. Their study proved that « 2-
adrenoreceptor agonists utilize opioid receptors.

In our study it was exposed through a TF test, which
at spinal levels also potentiated the antinociceptive effects.
However, it should not be forgotten that the tested @2 ago-
nists were an ineffective stand-alone dose. Meert and De
Kock [21] studied rat analgesic properties, specifically the
potentiation effect of @ 2-adrenoreceptor agonists on opioids
like fentanyl. They found that the @ 2 agonists that were
tested may potentiate the analgesic effect of opioids, but
had no real anti-nociceptive effect on spinal reflexes.

Slingsby et al. [22] studied the antinociceptive effects of
dexmedetomidine with buprenorphine together and alone
on cats. After all pharmaceutical applications, the cats test-
ed with a thermal nociceptive threshold test. At the dose
of 20 1 g/kg im dexmedetomidine, a small analgesic effect
was seen. Krzysztof et al. [23] created pain in rats with
intraplantar formalin, administered morphine and mor-
phine+clonidine to the rats, and then tested them by TF.
In this study, the expected result was that the combination
will be significantly more effective than morphine; Slingsby
et al. saw the morphine+clonidine combination was more
effective than morphine at low doses but not at high doses.
In our study, the dexmedetomidine dose used was not an
effective dose; however, when it had been combined with
opioids, the analgesic effect was significantly potentiated.

There are several studies which used effective dose a2
agonists as a combination with opioids, and presented sim-
ilar results. Puke and Wiesenfeld-Hallin [24] created ex-
perimental neuropathic pain in rats and then intrathecally
administered morphine, morphine+clonidine, and mor-
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phine+clonidine+ dexmedetomidine to the rats. For 21 days
after drug administration, they looked for auto-amputation
of toes and nails. They found that morphine alone was most
effective in treating neuropathic pain, and that combination
of morphine with @ 2 agonists was more useful and effective
in treating chronic pain. Guneli et al. [25] examined the
antinociceptive effects of tramadol and dexmedetomidine
that were injected intraperitoneally to rats in whom acute
and neuropathic pain had been generated. They found that
the combination doses injected intraperitoneally were more
effective than stand-alone doses and that HP and TF laten-
cies were significantly higher. In this study they found that
the antinociceptive synergistic effect of tramadol and
low-dose dexmedetomidine was very strong and there was
no sedation effect. However, the analgesic effect of the com-
bination significantly increased. Gunes et al. [26] compared
patient- controlled analgesia prepared with morphine+ dex-
medetomidine and prepared with morphine alone in pa-
tients who underwent a laminectomy. They fitted a mor-
phine pump to the half of the 64 patients and a pump con-
taining morphine+dexmedetomidine to the other half.
Morphine consumption was reduced 30% in the combina-
tion group patients. They indicated that dexmedetomidine
showed a synergistic effect with morphine.

In clinical practice, the analgesic effect of dexmedetomi-
dine has been investigated in studies regarding the effect
of reducing the use of opioids [8]. In healthy volunteers,
a double-blind, placebo-controlled study was conducted in
which ischemic chest pain was evaluated; it was seen that
0.25, 0.5 and 1 «g/kg IV dose of dexmedetomidine showed
a similar effect with 2 xg/kg fentanyl [27]. Likewise, a sin-
gle preoperative dose of dexmedetomidine reduced intra-
operative and postoperative opioid analgesic requirements
[27]. In a study on patients with mechanical ventilation af-
ter surgery that compared dexmedetomidine with placebo,
it was found that dexmedetomidine decreased the require-
ment for morphine more than did the placebo [28]. In these
clinical studies it was found that administration of peri-
operative dexmedetomidine helped to reduce both intra-
operative and postoperative opioid and non-opioid analgesic
requirements. Despite that, the sedative effect of dexmede-
tomidine restricts its use as a systemic analgesic [29].

Finally, we conclude that ineffective doses of dexmedeto-
midine, which is an @2 agonist, potentiate the antino-
ciceptive effects of morphine and fentanyl when dexmedeto-
midine is combined with these opioids.
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