
Sube�ective doses of dexketoprofen trometamol enhance the
potency and duration of fentanyl antinociception

1Gema GaitaÂ n & *,1Juan F. Herrero

1Departamento de FisiologõÂ a, Facultad de Medicina, Universidad de AlcalaÂ , Madrid, Spain

1 The combination of classic non-steroidal antiin¯ammatory drugs (NSAIDs) with opiates induces
more analgesia than the summed e�ect of each drug given separately. No studies have been
performed using new generation NSAIDs and fentanyl nor on the duration of this e�ect.

2 We have studied the analgesic e�ect of fentanyl alone and after the administration of sube�ective
doses of dexketoprofen trometamol in rat nociceptive responses. The responses were evoked by
noxious mechanical stimulation and were recorded as single motor units in male Wistar rats
anaesthetized with a-chloralose.
3 The e�ective dose 50 (ED50) observed with fentanyl was 22.4+1.5 mg kg71 and full recovery was
apparent 20 min later. The administration of a total dose of 40 mg kg71 of dexketoprofen
trometamol did not induce any signi®cant e�ect on the nociceptive responses. In the presence of
dexketoprofen trometamol, the ED50 for fentanyl was 5 fold lower than before: 3.8+1.1 mg kg71

and no signi®cant recovery was observed 45 min later. The opioid antagonist naloxone
(200 mg kg71) did not reverse the e�ect, although in control experiments the same dose was able
to prevent any action of fentanyl given alone.

4 We conclude that the combination of fentanyl and sube�ective doses of dexketoprofen
trometamol induces a more potent and longer lasting analgesic e�ect than that observed with
fentanyl alone, and that this is not an opioid mediated action.
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Introduction

The combination of some NSAIDs like aspirin or ketorolac

and opiates like morphine induces more analgesia than the
summed e�ect of each drug given separately (Beaver, 1984;
Malmberg & Yaksh, 1993). The mechanism proposed for this

interaction involves an inhibition of GABA mediated
synaptic transmission in the periaqueductal grey area by
opioids which, in turn, are modulated by cyclooxygenase
(COX)-mediated metabolites (Vaughan et al., 1997). How-

ever, it is not known whether NSAIDs also enhance the
duration of the analgesic e�ect of opiates. Furthermore, most
of these studies have been performed using morphine and

classic NSAIDs whereas no studies have been performed, as
far as we can tell, on the interaction between new generation
NSAIDs and other opiates like fentanyl, more in use

nowadays. Fentanyl and its derivatives are very e�ective in
the treatment of pain and probably used more frequently in
the clinic than morphine, especially since its proven e�cacy

by transdermal application (Allan et al., 2001). In fact, more
patients prefer fentanyl than morphine (Allan et al., 2001).
Fentanyl is more rapidly absorbed and much more potent
than morphine when tested in similar experimental conditions

(Herrero & Headley, 1991). On the other hand, fentanyl is
metabolized very quickly and therefore its therapeutic e�ect is

very short. The use of latest generation NSAIDs like

dexketoprofen trometamol is increasing rapidly. It is
absorbed more rapidly by the digestive mucosa, enters the
blood-brain barrier easily and as a result its analgesic e�cacy

is higher, and the side e�ects lower, than those observed with
classic NSAIDs (Mazario et al., 2001, and references within).
An enhancement of fentanyl e�ects by dexketoprofen
trometamol may lead to a reduction in the therapeutic

analgesic doses required and therefore a reduction in the
unwanted side e�ects. The aim of the present study has been
therefore to study the analgesic e�ect of fentanyl and the

duration of its e�ect in the absence and in the presence of
sube�ective doses of dexketoprofen trometamol. We have
used the technique of recording withdrawal re¯exes as single

motor units (SMUs) in anaesthetized rats, in which the
antinociceptive e�cacy of either compound has been studied
separately in previous experiments (Herrero & Headley, 1991;

Mazario et al., 1999). Preliminary results have been published
elsewhere in abstract format (Gaitan & Herrero, 2001).

Methods

Animals and groups of experiments

The experiments were performed in 14 Wistar male rats
weighing 280 ± 350 g divided into three groups: control
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(n=3), treated with dexketoprofen trometamol (n=8) and
naloxone control (n=3). The e�ect of the m-opioid receptor
agonist fentanyl was tested in the absence and in the presence of

dexketoprofen trometamol following the same protocol in the
two tests. Fentanyl (Sigma) was tested in log2 cumulative doses,
starting with 1 mg kg71, until responses fell below 20% of

control response (maximal dose used of 32 mg kg71). The test
was performed twice in each animal, and in the same unit,
leaving a gap of 1 h between each dose-response curve.

Dexketoprofen trometamol (kindly supplied by Menarini,
Spain) was administered, 1 h after the ®rst dose-response curve
of fentanyl, in cumulative doses from 10 to 40 mg kg71 every
21 min, following the protocol used in previous studies

(Mazario et al., 2001). The second dose-response curve of
fentanyl was commenced 21 min after the last dose of the
NSAID. In three of these experiments, the e�ect of fentanyl in

the presence of dexketoprofen was challenged with the opioid
antagonist naloxone (200 mg kg71). Control experiments were
performed to test whether or not the second dose-response

curve of fentanyl might be in¯uenced by the prior administra-
tion of the opioid, although similar studies had previously
shown a lack of such an in¯uence since fentanyl is fully

metabolized 1 h after administration (Herrero & Solano, 1999
and references within). In these control experiments, fentanyl
was tested twice following the same protocol, again leaving 1 h
between the two dose-response curves. In order to check the

e�ectiveness of the opioid receptor antagonist naloxone, three
more experiments were performed injecting naloxone at a dose
of 200 mg kg71 6 min before a single dose of 32 mg kg71 of

fentanyl. This dose of naloxone was chosen since it is at least 10
times in excess of the dose required in similar experiments to
reverse or prevent the e�ect of m-opioid receptor agonists like

morphine or fentanyl (Herrero & Headley, 1991; Thorn et al.,
1994; Herrero & Solano, 1999).

Stimulus presentation and recording systems

The technique for recording single motor units (SMUs) has been

published elsewhere in detail (see, for example, Herrero &
Headley, 1991; Solano & Herrero, 1997; Herrero & Solano,
1999). Brie¯y, preparatory surgery was performed under

halothane anaesthesia (5% for induction and 2.5% for
maintenance in oxygen) and consisted in the cannulation of
the trachea, two super®cial jugular veins (for the administration
of drugs and a-chloralose) and one carotid artery (to monitor

blood pressure). After the surgery, the animal was transferred to
a recording frame, the right hind limb was ®xed in a semi-
extended position using plaster of Paris, halothane was then

discontinued and the anaesthesia maintained thereafter with a-
chloralose i.v. (Sigma; 50 mg kg71 initial dose and
20 mg kg71 h71 by perfusion pump for maintenance diluted

in saline). The preparation was left to rest for at least 1 h before
the experiment started. Blood pressure was continuously
monitored (Presmeter, Cybertec) and the systolic level never

fell below 100 mmHg, apart from a short time (®rst 2 min)
during the administration of some doses of fentanyl (16 and
32 mg kg71; see Herrero & Headley, 1991, for more details).
Core temperature was also recorded and maintained at

37+0.58C by means of a back controlled heating blanket.
SMUs were activated by noxious mechanical stimulation
(200 mN above threshold intensity) and recorded by means of

bipolar tungsten electrodes inserted percutaneously intomuscles
of the right hind limb (usually peroneus longus and extensor
digitorum longus; Schouenborg & Weng, 1994; Solano &

Figure 1 Original recording of a single motor unit activity evoked by noxious mechanical stimulation in the absence (A) and in the
presence (B) of dexketoprofen trometamol. (A) Shows the three control responses previous to the administration of cumulative
doses of fentanyl (initial dose of 1 mg kg71), the e�ect observed after the administration of fentanyl and the full recovery of
responses 18 and 21 min after the administration of the last dose. (B) Shows the responses observed with the same unit 1 h later. In
this case, the control responses were similar to those observed in the ®rst study (A) and the administration of a total cumulative
dose of 40 mg kg71 of dexketoprofen trometamol did not induce any signi®cant change. In the presence of dexketoprofen however,
the administration of fentanyl induced a more potent reduction of nociceptive responses and the e�ect did not recover 21 min later.
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Herrero, 1997). Pressure was applied by means of an electronic-

controlled pincher device over a surface of 14 mm2. Threshold
intensity was determined by the appliance of an increasing
pressure ramp and was considered as the minimum intensity
required to evoke a constant response (non-adapted ®ring rate)

after at least 10 s of stimulation. Stimuli were applied in 3 min
cycles on the most sensitive area of the SMU cutaneous
receptive ®eld. Figure 1 shows an original recording of

responses evoked by noxious mechanical stimulation. The

administration of the drugs only started when the responses

were stable. Both fentanyl and dexketoprofen were dissolved in
saline and injected intravenously in a constant volume of 0.3 ml.
At the end of the experiment the animals were killed with an

overdose of pentobarbitone (Euta Lender, Normon).

Collection and analysis of data

Data from di�erent experiments were pooled and analysed
together as raw data and expressed as the mean+s.e.m.
The responses observed after the administration of each

drug were compared to the control response, control being
the mean of the three cycles of responses previous to the
administration of the ®rst dose. Data used for comparison

were the averaged responses obtained after each dose of
fentanyl (two cycles of stimulation) and mean responses
observed in the last four cycles of stimulation for each dose
of dexketoprofen trometamol (seven cycles between doses).

Statistical analysis were performed using one-way analysis
of variance (ANOVA) for repeated measures with the non-
parametric post-hoc Dunn test (GraphPad-Prism and

GraphPad-Instat for Windows) to calculate the signi®cant
level of results in dose-response curves, and the t-test for
comparison of ED50s. All the experiments in this study

were carried out in accordance with European Union
legislation regarding the use of animals for experimental
protocols and all e�orts were made to reduce the number

of animals used.

Results

Effect of fentanyl in the absence and in the presence of
dexketoprofen trometamol

The possible interaction between dexketoprofen trometamol
and fentanyl was studied by comparing the e�ect of fentanyl

Figure 2 (A) Pooled data of the antinociceptive e�ects obtained
with cumulative i.v. administrations of the m-opioid agonist fentanyl
previous to (Fent 1) and after the administration of 40 mg kg71 of
the NSAID dexketoprofen trometamol (Fent 2). The diagram
represents the percentage of reduction of SMU responses to noxious
mechanical stimulation. The potency of fentanyl was enhanced 5 fold
by the NSAID whereas the administration of dexketoprofen
trometamol on its own did not induce any signi®cant reduction of
responses (see Figure 3). (B) Shows the reduction of responses
induced by fentanyl in control experiments when tested twice after an
interval of 1 h. No signi®cant di�erences were observed in this case
between the two tests performed (statistical comparison was
performed using the one-way analysis of variance, ANOVA, for
repeated measures with the non-parametric post-hoc Dunn test,
*P50.05, **P50.01, ***P50.001).

Figure 3 Lack of e�ect of dexketoprofen trometamol. The admin-
istration of three cumulative doses of dexketoprofen trometamol did
not induce any signi®cant reduction of single motor unit responses to
noxious mechanical stimulation. Each dose of dexketoprofen
trometamol was administered every 21 min following the same
protocol as that in other studies (Mazario et al., 2001).
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alone and in the presence of sube�ective doses of

dexketoprofen trometamol under closely comparable condi-
tions, i.e. following the same protocol and in the same animal
and unit. An example of one of these experiments is shown in
Figure 1. In the ®rst test performed (Figure 1A) the

administration of fentanyl caused total inhibition of the
responses evoked by noxious mechanical stimulation with a
cumulative dose of 32 mg kg71. A full recovery was observed

18 min after the administration of the last dose. One hour
later, the responses recorded were similar to those observed
before the administration of fentanyl and after the full

recovery of its e�ect (Figure 1B). The administration of

dexketoprofen in three cumulative doses did not induce a
signi®cant reduction of responses 21 min after the adminis-
tration of each dose (see below and Figures 1B and 3). The

administration of fentanyl in the presence of dexketoprofen,
however, was more potent (Figure 1B) than in the previous
dose-response curve and the e�ect did not recover at all
21 min after the administration of the last dose. Figure 2A

shows pooled data of the results observed with the two dose-
response curves of fentanyl previous to and after the
administration of dexketoprofen. The m opiate fentanyl was

very e�ective in the two tests performed: maximum e�ect of
21+10 in the absence of dexketoprofen and 2+1.6% of
control response in the presence of dexketoprofen (n=8).

Previous to the administration of dexketoprofen, the
minimum signi®cant e�ective dose (MED) was 32 mg kg71

and the ED50 was 22.4+1.5 mg kg71. In all cases the e�ect

induced by the administration of fentanyl fully recovered
between 15 to 20 min after the last dose used (see below), and
control responses previous to the administration of the
second dose-response curve of fentanyl were similar to those

obtained in the ®rst study (see example in Figure 1B).
Fentanyl, tested a second time in the presence of dexketo-
profen, was much more potent in reducing nociceptive

responses when compared to the ®rst dose-response curve
(Figure 2A). In this case, the MED was 8 mg kg71, and the
ED50 was more than 5 fold lower than that observed in the

®rst test: 3.8+1.1 mg kg71 (P50.001, n=8). The administra-
tion of dexketoprofen trometamol at cumulative doses of
40 mg kg71, 1 h after the ®rst test performed with fentanyl,

did not cause any signi®cant reduction in SMU responses to
mechanical stimulation. Figure 3 shows pooled data of the
responses recorded 21 min after the administration of
dexketoprofen and, as can be observed, the maximum

reduction of responses was of 91+8% of control response
with the last dose administered.

Effect of fentanyl in control experiments

In order to test that the administration of fentanyl a second

time was not in¯uenced by the previous test, control
experiments were performed studying the e�ect of fentanyl
twice in the absence of dexketoprofen (Figure 2B), following
the same protocol as that in the previous group of

experiments. The reduction of SMU nociceptive responses
was, in this case, similar in the two tests performed. No
signi®cant di�erences were observed either in the potency or

e�cacy of fentanyl or when individual doses were compared
between the two tests. The mean ED50 in all the experiments
performed was 20+1.3 mg kg71 (n=3), not signi®cantly

di�erent to that obtained with fentanyl previous to the
administration of dexketoprofen in the ®rst group of
experiments (22.4+1.5 mg kg71, n=8).

Duration of the effect of fentanyl and lack of reversal
by naloxone

The duration of the antinociceptive e�ect of fentanyl was
di�erent in the presence of dexketoprofen when compared to
that in the ®rst test or in control experiments. The inhibition

of SMU responses induced by the administration of fentanyl
fully recovered between 15 and 20 min after the last dose
used (see example in Figure 1A). In the presence of

Figure 4 Duration and e�ect of naloxone on the antinociceptive e�ect
of fentanyl previous to (Fent 1) and after the administration of
40 mg kg71 of the NSAID dexketoprofen trometamol (Fent 2). The
Figure illustrates the e�ect induced by the cumulative dose of
32 mg kg71 of fentanyl and the recovery observed 15 min later. In
presence of dexketoprofen trometamol, no signi®cant recovery was
observed 15 and 45 min after the last dose. No recovery was also
observed after the i.v. administration of 200 mg kg71 of the opiate
antagonist naloxone (statistical signi®cance and layout as for Figure 2).

Figure 5 Control experiments performed with naloxone and
fentanyl. In order to check the e�ectiveness of the dose used of
naloxone, three experiments were performed injecting 200 mg kg71 of
naloxone 6 min before the administration of a single dose of
32 mg kg71 of fentanyl. Pooled data show no e�ect of fentanyl in the
presence of naloxone, con®rming the e�ectiveness of the opioid
receptor antagonist in the present experiments.
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dexketoprofen, however, no recovery of the e�ect induced by
the administration of fentanyl was observed at this time
(Figure 1B). Figure 4 shows the mean recovery observed

15 min after the last dose (68.6+11% in respect to the
control response, n=8). When fentanyl was administered in
the presence of dexketoprofen, no signi®cant recovery was
observed either 15 min (9.8+9% of control response) or

45 min (16.7+7%, n=8) after the administration of the last
dose (Figure 4). In three experiments, the e�ect of fentanyl
was challenged with 200 mg kg71 of the opiate antagonist

naloxone, but no recovery was observed (13.7+6%, Figure 4,
n=3). To test the e�ectiveness of naloxone, three more
experiments were performed injecting 200 mg kg71 of nalox-

one 6 min before the administration of a single dose of
32 mg kg71 of fentanyl (Figure 5). In this case, the
administration of fentanyl did not induce any depression of

SMU responses.

Discussion

The main observation made in this study is the enhancement
of the potency and duration of fentanyl-induced analgesia

when tested in the presence of sube�ective doses of the
NSAID dexketoprofen trometamol. We have previously
shown that dexketoprofen trometamol is an e�ective analgesic

drug either in the normal situation or in monoarthritic animals
(Mazario et al., 2001). Also, the analgesic e�cacy of the m-
opiate fentanyl in similar experimental conditions is well

known (Herrero & Headley, 1991; Thorn et al., 1994), and,
although an increase in the analgesic potency of other opiates
have been observed when combined with some NSAIDs
(Malmberg & Yaksh, 1993; Maves et al., 1994; Vaughan et al.,

1997; Melis et al., 2000), such a potent increase in the analgesic
e�ect of an opiate by the administration of sube�ective doses
of an NSAID has not been shown. These results therefore

show that it is not necessary for an NSAID to induce any
signi®cant analgesia to enhance the e�ects of m-opiates, and
that the interaction between these two types of drugs occurs at

sub-therapeutic concentrations. The modulatory e�ect is
probably due to an action at central sites, since dexketoprofen
crosses the blood-brain barrier easily (see references in
Mazario et al., 2001) and no obvious peripheral target is

apparent since no in¯ammation was present. Furthermore,
these data reveal a probable relationship between the
endogenous opioid system and cyclooxygenase-1 (COX-1),

since COX-2 should not be present in a high concentration
due to the lack of in¯ammation.
More interestingly, the e�ect of fentanyl is not only

increased but also its duration of action is augmented. This

observation may be very useful in the treatment of pain with
fentanyl and its derivatives since one of the main problems
with the use of this opiate is its rapid metabolism, and

therefore the need for a continuous administration.
The fact that fentanyl was tested twice in the same animal

and unit permitted a direct comparison between the two tests
under comparable conditions, but also raises the possibility

of interactions between the two tests, although if anything,
repetitive administration of the opiate would be expected to
cause tolerance and therefore a reduction in potency (Herrero

& Solano, 1999). Control experiments performed in this study
also reveal that the potency of fentanyl was similar when the
two tests performed in each experiment were compared. In

other words, the second dose-response curve performed with
fentanyl was not in¯uenced by the previous administration of
the opiate 1 h earlier. Recovery was also similar for each

dose-response curve and comparable to that observed in
other studies (Herrero & Headley, 1991; 1996).
Another important observation made in this study is the

lack of recovery of the analgesic e�ect induced by fentanyl in

the presence of dexketoprofen after the administration of the
opioid receptor antagonist naloxone. A dose of 20 mg kg71 of
naloxone is su�cient to prevent the analgesic actions of

fentanyl in experiments performed in similar conditions
(Herrero & Headley, 1991). In the present study, we used a
dose of 200 mg kg71 of naloxone and no recovery was

observed. In control experiments however the same dose
was able to fully prevent any e�ect of the opiate. We
therefore conclude that the enhancement of the opiate-

analgesic actions induced by dexketoprofen trometamol was
not a result of a direct interaction on opioid receptors. Since
fentanyl is a very selective m-opioid agonist, and therefore a
mechanism of action apart from an interaction on m-opioid
receptors is not likely to occur, we interpret these results as a
positive modulation of COX-mediated e�ects by the opiate.
Further experiments to con®rm this hypothesis are being

performed in this laboratory.
In conclusion, an important enhancement of the potency

and duration of the analgesic e�ects of fentanyl is induced by

the previous administration of sube�ective doses of the
NSAID dexketoprofen trometamol. This enhancement is not
reversed by the opiate antagonist naloxone.
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