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Dexketoprofen-induced antinociception in animal models
of acute pain: Synergy with morphine and paracetamol
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Abstract

The antinociceptive activity of dexketoprofen was studied in mice using the acetic acid writhing test (acute tonic pain), the tail flick test
(acute phasic pain) and the formalin assay (inflammatory pain). Isobolographic analysis was used to study the antinociceptive interactions
between morphine and paracetamol co-administered with dexketoprofen. In the writhing test, the intraperitoneal administration of dexketoprofen
or ketoprofen resulted in parallel doseeresponse curves with equal efficacy, but higher relative potency for dexketoprofen. In the tail flick test,
the curves were parallel with similar efficacy and potency. The administration of morphine or paracetamol in both tests resulted in dosee
response curves not parallel with that of dexketoprofen, which showed a potency between morphine and paracetamol. In the formalin assay,
the antinociceptive activity of morphine during phase I was 122, 295 and 1695 times higher than dexketoprofen, ketoprofen and paracetamol,
respectively. Isobolographic analysis demonstrated that the combination of sub-analgesic doses of dexketoprofen with morphine or with para-
cetamol was strongly synergic in all three tests. Synergistic drug combinations should improve effective pharmacological treatment of pain,
minimizing drug specific adverse effects. These findings are undoubtedly worthy of additional controlled clinical trials in severe pain syndromes.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The administration of analgesics, either nonsteroidal anti-
inflammatory drugs (NSAIDs) or opioids, induce antinocicep-
tion in different animal pain models. It has been shown that the
co-administration of racemic ketoprofen and morphine induced
a synergistic analgesic interaction in the acetic acid writhing
test of the mouse, which was not modified by opioid antago-
nists (Miranda et al., 2004). Racemic ketoprofen (KETO) is
one of the most potent and selective inhibitors of cyclooxyge-
nase-1 (COX-1) (Laudanno et al., 2002; Warner and Mitchell,

* Corresponding author. Present address: Departamento de Matemática, Uni-
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2004), and this effect is due to the S(þ)-enantiomer, since the
R(�)-enantiomer is devoid of such activity (Mauleon et al.,
1996). The S(þ)-dextrorotatory enantiomer of ketoprofen
named dexketoprofen (DEX) has central analgesic actions in
normal animals and depress nociceptive responses with a po-
tency similar to that of m-opioid agonists (Mazario et al.,
1999). In addition, it is a very effective analgesic drug either
in the normal situation or in monoarthritic rodents (Mazario
et al., 2001).

The purpose of the present study is to evaluate the antinoci-
ceptive activity of dexketoprofen using two models of acute
tonic pain, the acetic acid induced writhing test and the formalin
test and one of phasic pain, the tail flick test (Le Bars et al.,
2001). Also, this is the first investigation using isobolographic
analysis to examine the combination of dexketoprofen with
standard analgesics in writhing, tail flick and formalin paw
assays.
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2. Material and methods

2.1. Animals

Male CF-1 mice (30 g), housed on a 12 h lightedark cycle at 22� 2 �C
and with access to food and water ad libitum were used. Experiments were

performed in accordance with current guidelines for the care of laboratory an-

imals and ethical guidelines for investigation of experimental pain approved

by the Animal Care and Use Committee of the Faculty of Medicine, University

of Chile. Animals were acclimatized to the laboratory for at least 2 h before

testing, were used only once during the protocol and were sacrificed immedi-

ately after the algesiometric test. The number of animals was kept at a mini-

mum compatible with consistent effects of the drug treatments.

2.2. Writhing test

The procedure used has been described previously (Miranda et al., 2002).

Mice were injected intraperitoneally (i.p.) with 10 mL/kg of 0.6% acetic acid

solution, 30 min after the i.p. administration of the drugs, time at which pre-

liminary experiments showed occurrence of the maximum effect. A writhe

is characterized by a wave of contraction of the abdominal musculature fol-

lowed by the extension of the hind limbs. The number of writhes in a 5 min

period was counted, starting 5 min after the acetic acid administration. Antino-

ciception was expressed as percent inhibition of the number of writhes

observed in control animals (19.7� 0.30, n¼ 25).

2.3. Tail flick test

The algesiometric test was similar to that described previously (Pinardi

et al., 2002, 2003). A radiant heat, automatic tail flick algesiometer (U. Basile,

Comerio, Italy) was used to measure response latencies. The light beam was

focused on the animal’s tail about 4 cm from the tip and the intensity was ad-

justed so that baseline readings were between 2 and 3 s. An 8 s cut-off time

was imposed to avoid damage to the tail. Control reaction time (latency of

the response) was recorded twice, with an interval of 15 min between readings,

the second reading being similar to the first. Only animals with baseline reac-

tion times between 2 and 3 s were used in the experiments. Tail flick latencies

were converted to % maximum possible effect (MPE) as follows:

%MPE¼ ðpostdrug latency� predrug latencyÞ
ðcut-off time� predrug latencyÞ 100

Each animal was used as its own control. Drugs were administered 30 min

before the experimental protocol, a time at which preliminary experiments

showed occurrence of the maximum effect. The dose that produced 25% of

MPE (ED25) was calculated from the linear regression analysis of the curve

obtained by plotting log dose versus %MPE.

2.4. Formalin test

The method described by Rosland et al. (1990) was used. To perform the

test, 20 mL of 5% formalin solution was injected into the dorsal surface of the

mice right hind paw with a 27-gauge needle attached to a 50 mL Hamilton sy-

ringe. Each mouse was immediately returned to a plexiglass observation cham-

ber. The degree of pain intensity was assessed as the total time spent by the

animal licking or biting the injected paw, measured by visual observation

and a digital time-out stopwatch. The test shows two clear cut phases; phase

I corresponds to the 5 min period starting immediately after the formalin injec-

tion and represents a tonic acute pain due to peripheral nociceptor sensitiza-

tion; in the present work, only the antinociception recorded during this

phase was considered. Phase II was recorded as the 10 min period starting

20 min after the formalin injection and represents inflammatory pain. Drug

or saline was administered to animals 30 min before formalin injection, time

at which preliminary experiments showed occurrence of the maximum effect.

Control animals (n¼ 25) were injected with saline. For each drug, analgesic

effects were characterized after the administration of a minimum of four doses
in logarithmic increments. The licking times observed were converted to %

maximum possible effect (MPE) as follows:

%MPE¼ 100�
�
ð100� postdrug total licking timeÞ

control total licking time

�

The dose that produced 50% of MPE (ED50) was calculated from the linear

regression analysis of the curve obtained by plotting log dose versus %MPE.

2.5. Protocol

Doseeresponse curves for dexketoprofen (DEX), morphine (MOR) and

paracetamol (PARA) were obtained using at least six animals at each of at

least four doses. A least-squares linear regression analysis of the log dosee
response curve allowed the calculation of the doses that produced 25 or

50% of antinociception when each drug was administered alone (ED25 for

tail flick or ED50 for writhing and formalin tests). ED25 was used in the tail

flick test as the equieffective dose instead of ED50 for isobolographic analysis

because higher doses did not show increased effects without motor impair-

ments (Pinardi et al., 2002). Then a doseeresponse curve was also obtained

and analyzed after the co-administration of DEX with MOR or with PARA

in combinations of fixed ratios based on the following fractions 1/2, 1/4, 1/

8, 1/16 of their respective ED50 (writhing and formalin tests) or ED25 values

(tail flick test).

An isobolographic analysis was used to characterize drug interactions. The

method of isobolographic analysis has been described previously in detail

(Miranda et al., 2002, 2004). The ED50 or ED25 for the drug combinations

were obtained by linear regression analysis of the doseeresponse curves. In

the case of the formalin assay, isobolographic analysis was performed only

for phase I, because the responses on phase II were not clearly dose-dependent,

and a proper log doseeresponse curve could not be analyzed. Supra-additivity

or synergistic effect is defined as the effect of a drug combination that is higher

and statistically different (ED25 or 50 significantly lower) than the theoretically

calculated equieffect of a drug combination with the same proportions. If the

ED25 or 50s are not statistically different, the effect of the combination is

additive and additivity means that each constituent contributes with its own

potency to the total effect. The interaction index was calculated as the exper-

imental ED25 or 50/the theoretical ED25 or 50. If the value is close to 1, the in-

teraction is additive. Values lower than 1 are an indication of the magnitude of

supra-additive or synergistic interactions and values higher than 1 correspond

to sub-additive or antagonistic interactions (Tallarida, 2001).

2.6. Drugs

All drugs were freshly dissolved in saline. Dexketoprofen trometamol (DEX)

was a gift from Menarini, Spain; ketoprofen (KETO) was provided by Rhone-

Poulenc Rorer, Chile and paracetamol (PARA) by Bristol-Myers-Squibb,

France; Morphine hydrochloride (MOR) was purchased from Sigma Chemical

Co., St. Louis, MO, USA. Doses were expressed on the basis of the salts.

2.7. Statistical analysis

Results are presented as ED25 or ED50 values� SEM or with 95% confi-

dence limits (95% CL). The program used to perform statistical procedures

was Pharm Tools Pro (version 1.27, The McCary Group Inc.). Statistical anal-

ysis of the parallelism of doseeresponse curves was performed according to

Tallarida and Murray (1987). Results were analyzed by ANOVA followed

by Student-NewmaneKeuls test. P values less than 0.05 (P< 0.05) were con-

sidered significant.

3. Results

3.1. Tail flick and writhing tests

The i.p. administration of DEX and KETO in the writhing
test and in the tail flick test induced statistically parallel
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doseeresponse curves with similar efficacy, but with higher
relative potency for DEX in the writhing test (2.27:1). In the
tail flick assay, however, the doseeresponse curves were
also statistically parallel with similar efficacy, but the relative
potency was almost equal (Fig. 1A and B). Fig. 1C and D
shows the doseeresponse curves for DEX, MOR and PARA
in the writhing and tail flick tests, respectively. As can be
seen, all the curves were statistically not parallel. Based on
equieffective doses in the tail flick assay, MOR was approxi-
mately 35 and 76 times more potent than DEX and PARA, re-
spectively and in the writhing test, MOR was approximately
122 and 411 times more potent than DEX and PARA. The
ED25 or ED50 values and SEM for the antinociceptive effects
of the drugs are shown in Table 1.

3.2. Formalin test

The systemic administration of four doses of DEX, KETO,
MOR and PARA, 30 min prior to the hind paw formalin injection,
induced dose-dependent antinociceptive activities during phase I
of the test and ED50s for MPE are shown in Table 1. In this assay,
the antinociceptive activity of MOR was 122, 295 and 1695
times higher than DEX, KETO and PARA, respectively.

3.3. Interaction between dexketoprofen with morphine
or with paracetamol

The interactions between the combinations of DEX with
MOR and DEX with PARA at fixed ratios of ED25 fractions
(in the tail flick test) or ED50 fractions (in writhing and
formalin assays) were assessed by isobolographic analysis of
the doseeresponse curves obtained after i.p. co-administration.
The isobolograms indicate that synergistic interactions occurred
between DEX and MOR and between DEX and PARA (ED50

experimental< ED50 theoretical; P< 0.05) in all nociception
tests, as can be seen in Figs. 2 and 3. Tables 2 and 3 show the
experimental and the theoretical additive ED50 values for the
combinations with their 95% CL and the combinations fixed
ratios. In addition, the interaction index values were signi-
ficantly different between all combinations for all tests
(P< 0.05), with the exception of DEX/MOR in writhing and
formalin assays. These results suggest the following rank of
potencies for the combinations: DEX/PARA>DEX/MOR in
the tail flick assay and DEX/MOR>DEX/PARA in the
writhing and formalin tests (Tables 2 and 3).

4. Discussion

The results obtained in the present study confirm the dose-
dependent antinociceptive activity of DEX, KETO, PARA and
MOR in the acetic acid writhing test, tail flick test and phase I
of the formalin assay previously described (Ossipov et al.,
2000; Bonnefont et al., 2003; Miranda et al., 2004; Tham
et al., 2005). The formalin test is an algesiometric model de-
signed to evaluate analgesic and anti-inflammatory activities
and shows a distinct biphasic response: a short-lasting pain
caused by a direct sensibilization effect on nociceptors, re-
ferred as phase I, and a longer lasting pain due to the inflam-
mation process called phase II (Rosland et al., 1990). It is
important to note that DEX, KETO and PARA were less potent
Fig. 1. Panel A: Doseeresponse curves for the antinociceptive effect of dexketoprofen (C) and ketoprofen (O) in the writhing test. Panel B: Doseeresponse

curves for the antinociceptive effect of dexketoprofen (C) and ketoprofen (O) in the tail flick test. Panel C: Doseeresponse curves for the antinociceptive effect

of dexketoprofen (C), morphine (B) and paracetamol (,) in the writhing test. Panel D: Doseeresponse curves for the antinociceptive effect of dexketoprofen

(C), morphine (B) and paracetamol (,) in the tail flick test. % MPE¼% maximum possible effect.
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in phase II than in phase I, which is in line with their poor anti-
inflammatory profile as COX-1 as preferential inhibitors ac-
cording to Warner and Mitchell (2004) (data not shown).
The results obtained with DEX in the tail flick, writhing test
and in phase I of the formalin assay, are in complete agree-
ment with preclinical and clinical data obtained by Mauleon
et al. (1996) and McGurk et al. (1998), who reported that
a half a dose of dexketoprofen is at least as effective as twice
a dose of racemic KETO. In the formalin assay, DEX was
more potent than KETO to inhibit phase I. In contrast with
the results of Ossipov et al. (2000), who reported that neither
(S )-ketoprofen nor (R)-ketoprofen administered spinally
significantly inhibited phase I of the formalin induced flinch
response, in the present work the intraperitoneal administra-
tion of DEX and KETO inhibited the licking time response.
Since the nociceptive response during phase I is thought to de-
pend on peripheral sensitization of nociceptors (Rosland et al.,

Table 1

ED25 and ED50 values� SEM (mg/kg) for the antinociceptive effect of mor-

phine and NSAIDs administered i.p. in the tail flick, writhing and formalin

tests of mice

Drugs Tail flick

test ED25

Writhing test

ED50

Formalin test

ED50 phase I

Dexketoprofen 46.96� 4.32 14.67� 1.89 14.7� 3.1

Morphine 1.31� 0.54* 0.12� 0.012* 0.12� 0.05*

Ketoprofen 54.55� 6.01* 30.30� 3.85* 35.4� 7.3*

Paracetamol 99.84� 8.72* 49.40� 3.31* 203.4*

*Significantly different from dexketoprofen, P< 0.05.
1990), spinally administered drugs may have no effect in this
phase; however, in rats Yoon et al. (2006) have recently re-
ported that intrathecally administered morphine and zaprinast
showed synergy to inhibit phases I and II of the formalin test.
On the other hand, it is known that ketoprofen in man may be
subject to metabolic chiral inversion, principally from the
R(�)-enantiomer to the more active S(þ)-enantiomer (Rudy
et al., 1998), the form responsible for the inhibition of cyclo-
oxygenase (Carabaza et al., 1996); even if this bioinversion
has been shown to be bidirectional in mice (Jamaly et al.,
1997), pharmacokinetics factors may influence the results.

The fact that the increased synergy of DEX/MOR is higher
in the writhing test than in tail flick and formalin, might indi-
cate that, besides its central/spinal action, morphine in the
writhing test may act also on an additional site on the gut to
reduce the writhing response, since opioid receptors are pres-
ent in the intestinal smooth muscle (Bodnar and Klein, 2005).
The present findings, that DEX increased the analgesic effect
of morphine are in agreement with those previously reported
in an acute model of nociception, in which DEX enhanced
the antinociception induced by another m-agonist, fentanyl
(Gaitan and Herrero, 2002, 2005). Additionally, a similar syn-
ergism was obtained with the combination of DEX with
PARA, an expected result in concordance with the reported
supra-additive activity displayed by the combination KETO/
PARA in the writhing test (Miranda et al., 2006). The experi-
mental ED50s of the combination DEX/PARA in the present
work are significantly lower than that reported by Miranda
Fig. 2. Panels A and B: Isobolograms for the intraperitoneal administration of the combinations dexketoprofen/morphine (A) and dexketoprofen/paracetamol (B) in

the writhing test. Panels C and D: Isobolograms for the intraperitoneal administration of the combinations dexketoprofen/morphine (C) and dexketoprofen/para-

cetamol (D) in the tail flick test. Filled circles (C) correspond to the theoretical ED50 or ED25 with 95% confidence limits and open circles (B) correspond to the

experimental ED50 or ED25 with 95% confidence limits.
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et al. (2006) for KETO/PARA. Furthermore, the comparison
of the interaction indexes shows that the synergy is signifi-
cantly higher when DEX instead of KETO is combined with
PARA (Table 4).

The synergism observed with DEX/MOR and with DEX/
PARA co-administrations, may be related with a central site

Fig. 3. Panels A and B: Isobolograms for the intraperitoneal administration of

the combinations dexketoprofen/morphine and dexketoprofen/paracetamol in

the formalin test. Filled circles (C) correspond to the theoretical ED50 with

95% confidence limits and open circles (B) correspond to the experimental

ED50 with 95% confidence limits.

Table 2

Isobolographic parameters for the antinociceptive activity of the combinations

dexketoprofen/morphine and dexketoprofen/paracetamol administered i.p. in

the writhing and tail flick tests of mice

Combinations DEX/MOR DEX/PARA

Writhing test

Theoretical ED50

mg/kg (CL)

7.40 (5.42e10.09) 32.03 (27.32e35.56)

Experimental ED50

mg/kg (CL)

1.58 (1.36e1.79)* 10.11 (9.01e11.28)*

Interaction index 0. 214 0.316

Drugs ratio 1: 0.008 1: 0.29

Tail flick test

Theoretical ED25

mg/kg (95% CL)

24.13 (18.69e31.16) 73.40 (60.46e89.10)

Experimental ED25

mg/kg (95% CL)

10.25 (7.07e14.27)* 27.83 (19.22e39.08)*

Interaction index 0.425 0.379

Drugs ratio 1:0.027 1:0.470

DEX¼ dexketoprofen; MOR¼morphine; PARA¼ paracetamol.

*P< 0.05 versus theoretical value.

Lower values of interaction index indicate higher potency of the drug

combinations.
of action, since it has been reported that DEX crosses the
blood-barrier easily (Mazario et al., 1999), and it is well
known that the analgesic effect of PARA is mainly central, in-
hibiting prostaglandin biosynthesis and activating serotonergic
descending pathways (Graham and Scott, 2005; Pickering
et al., 2006).

NSAIDs may exert their antinociceptive actions through
other complex mechanisms, in addition to the inhibition of
prostaglandin biosynthesis. These include modulations by en-
dogenous opioids, serotonergic and noradrenergic mecha-
nisms, as well as by the NOeGMPc pathway (Fürst, 1999;
Pinardi et al., 2003; Miranda et al., 2001, 2002, 2003; Dı́az-
Reval et al., 2004). Different pathways activated by different
NSAIDs to reduce nociceptive impulse transmission at differ-
ent levels may lie at the basis of the synergic actions of
combinations, since if only one pathway is activated, presum-
ably the effect of co-administration would be only additive
(Tallarida, 2001). An interaction at the level of signal trans-
duction might be considered, since all prostanoids and opioid
receptors are G-protein coupled receptors and if they coexist
on neurons, they could share a common pool of G-protein.
Thus, activation of one receptor may cause a redistribution

Table 3

Isobolographic parameters for the antinociceptive activity of the combinations

dexketoprofen/morphine and dexketoprofen/paracetamol, administered i.p. in

phase I of the formalin test

Combinations DEX/MOR DEX/PARA

Formalin test (phase I)

Theoretical ED50

mg/kg (95% CL)

7.42 (3.83e14.37) 109.1(78.0e152.5)

Experimental ED50

mg/kg (95% CL)

3.62 (2.70e5.03)* 46.28 (25.95e75.97)*

Interaction index 0.487 0.424

Drugs ratio 1:0.008 1:0.072

DEX¼ dexketoprofen; MOR¼morphine; PARA¼ paracetamol.

*P< 0.05 versus theoretical value.

Lower values of interaction index indicate higher potency of the drug

combinations.

Table 4

Comparison between the antinociceptive activity of the combinations dexketo-

profen/paracetamol and ketoprofen/paracetamol (Miranda et al., 2006) in the

writhing and tail flick tests

Combinations DEX/PARA KETO/PARA

Writhing test

Theoretical ED50� SEM, mg/kg 32.0� 1.9 35.8� 2.6

Experimental ED50� SEM, mg/kg 10.1� 0.3* 20.4� 1.1

Interaction index 0.316* 0.569

Drugs ratio 1:0.297 1:0.734

Tail flick test

Theoretical ED25� SEM, mg/kg 73.4� 4.9 77.5� 4.4

Experimental ED25� SEM, mg/kg 27.8� 2.8* 47.8� 4.2

Interaction index 0.379* 0.618

Drugs ratio 1:0.470 1:0.553

DEX¼ dexketoprofen; PARA¼ paracetamol.

*P< 0.05 versus KETO/PARA.

Lower values of interaction index indicate higher potency of the drug

combinations.
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of its G-protein, which increases the sensitivity of the other re-
ceptor (Djellas et al., 2002). However, the exact mechanism of
the synergistic interactions obtained in the present investiga-
tion cannot be established with the methodology of this study.

The findings that low doses of DEX may be used in com-
bination with low doses of MOR or PARA to induce effective
pain relief should represent a great clinical benefit. It has been
suggested (Raffa et al., 2003) that synergistic drug combina-
tions may improve the effective pharmacological treatment
of pain, and the lower dose of each agent required will mini-
mize drug specific adverse effects. A clinical study indicating
that DEX markedly improved analgesia and decreased opioid
requirements in hip arthroplasty has been published (Iohom
et al., 2002). However, additional controlled clinical trials in
severe pain syndromes are justified by these findings.
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