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Animalmodels are used to research themechanisms of pain and tomimic human pain. The purpose of this study
was to determine the degree of interaction betweendexketoprofen and dexibuprofen, by isobolographic analysis
using the formalin orofacial assay in mice. This assay presents two-phase time course: an early short-lasting,
phase I, starting immediately after the formalin injection producing a tonic acute pain, leaving a 15 min quiescent
period, followed by a prolonged, phase II, after the formalin and representing inflammatory pain. Administration
of dexketoprofen or dexibuprofen produced a dose-dependent antinociception, with different potency, either
during phases I or II. The co-administration of dexketoprofen and dexibuprofen produced synergism in phase I
and II. In conclusion, both dexketoprofen and dexibuprofen are able to induce antinociception in the orofacial
formalin assay. Their co-administration produced a synergism, which could be related to the different degree of
COX inhibition and other mechanisms of analgesics.
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1. Introduction

Animal models of tissue injury have been used to research the
mechanisms of pain and to mimic human pain. Preclinical studies
using different algesiometric models have provided insights into the
mechanisms, as well as the pharmacological treatment to control pain
(Kim et al., 2010). Despite the great variety of analgesics available for
the treatment of pain in humans, they seem to be inadequate. Most of
the non-steroidal anti-inflammatory drugs (NSAIDs) which are
effective in several models of pain, have a chiral centre. Thus, the
enantiomer with S(+) configuration almost exclusively possesses the
ability to inhibit prostaglandin activity. In contrast, R(−) enantiomers
of NSAIDs have poor COX inhibitory activity. However, some R(−)
enantiomers are not inert, and have different actions. Several
preclinical and clinical studies have shown that chirally pure NSAIDs
like dexketoprofen, dexibuprofen and S(+) etodolac are more potent
than their respective R(−) enantiomers. Favourable pharmacokinetic
and pharmacodynamic profiles of dexketoprofen, dexibuprofen and S
(+) etodolac make them effective and well tolerated drugs for the
treatment of painful inflammatory conditions, at half doses of
racemate. Thus, chiral switch of NSAIDs is a rational approach for
the treatment of painful inflammatory conditions (Hardikar, 2008).

Dexketoprofen trometamol is a water-soluble salt of the dextro-
rotatory enantiomer of the NSAID ketoprofen. Racemic ketoprofen is
used as an analgesic and anti-inflammatory agent, and is one of the
most potent in vitro inhibitors of prostaglandin synthesis. This effect
is due to the S(+) enantiomer (dexketoprofen), while the R(−)
enantiomer is devoid of such activity (Mauleón et al., 1996). On the
other hand, dexibuprofen may be classified as an effective and highly
tolerable drug against inflammation and pain (Zohmann et al., 1998).
Furthermore, dexibuprofen is at the same level as modern NSAIDs,
combining the high efficacy of diclofenac with the good tolerability of
ibuprofen, and need not hide behind the new generation of COX-2
inhibitors (Phleps, 2001). The S(+) ibuprofen was found to be more
potent than the racemic formulation and produced less acute gastric
damage (Bonabello et al., 2003).

The purpose of this studywas to determine the degree of interaction
(i.e. synergistic or additive) between dexketoprofen and dexibuprofen.
The type of interaction was evaluated by means of the isobolographic
analysis using the formalin orofacial assay inmice. This testwas selected
since the face and mouth have a special biological, emotional and
psychological value for every individual. Additionally, the face and
mouth represent places in the body where most of the pain occurs.

2. Materials and methods

In all experiments CF-1 male mice of 35–40 days of age, weighing
29±1.0 g, housed in a 12 h light–dark cycle at 22±1 °C, with free
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Fig. 1. Time course for the grooming activity of the orofacial formalin test in mice. Saline (w), (✳) formalin 1%, (■) formalin 2%, (▲) formalin 5%. Each point represents the mean with
S.E.M. of at least 8 mice.
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access to food and water were used. The animals were acclimatized to
the laboratory environment for at least 2 h before use. Experiments
were carried out in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals, and experimental
procedures were approved by the Institutional Animal Care and Use
Committee at the Universidad de Chile, Santiago, Chile. Each animal
was used only once and received only one dose of the drugs tested. All
drugs were freshly prepared by dissolving in normal saline and
administered intraperitoneally (i.p.). All observations during the
assay were performed by the authors in a randomized and blind
manner. Control saline animals were run interspersed concurrently
with the drug-treated animals (at least two mice per group), which
prevented all the controls being run on a single group of mice at one
time during the course of the research.

2.1. Orofacial formalin test

The method described by Luccarini et al. (2006) was used. To
perform the test, 20 μl of 5% formalin solution were injected into the
upper right lip of each mouse, with a 27 ga needle. In preliminary
experiments, different groups of mice were treated with diverse
concentrations of formalin (1, 2 or 5%) to establish the concentration-
response ratio for both phases. Based on these results, we selected the
formalin 5%, since with this concentration it was easy to detect
inhibitory treatment. After the injection of formalin, the mice were
immediately returned to a glass observation chamber. The intensity of
pain was determined by the total time that the animal spent rubbing
its lip with one of its extremities. Analgesics (NSAIDs) or saline
Fig. 2. Dose-effect curves for the antinociceptive activity induced by intraperitoneal
administration of dexketoprofen (●) and dexibuprofen (○), in phase I of the formalin
orofacial assay in mice. Each point represents the mean±S.E.M of 6–8 mice. MPE: %
maximum possible effect.
solution in the control group, were administered 30 min before the
formalin injection. Two phases can be distinguished during the assay;
phase I corresponds to the 5 min period starting immediately after
formalin injection and represents a tonic acute pain due to peripheral
nociceptor sensitization. Phase II was recorded as the 10 min period
starting 20 min after formalin injection and represents inflammatory
pain. Each drug effects were characterized after the administration of
at least 4 doses in logarithmic increments. The nociceptive score was
determined for each phase by converting the total seconds the animal
spent grooming into a percentage of maximum possible effect (MPE),
as follows:

% MPE = 100−½post drug rubbing time= control rubbing time × 100�

The dose that produced 50% ofMPE (ED50) was calculated from the
linear regression analysis of the curve obtained by plotting log dose vs
% MPE.

2.2. Protocol

Dose–response curves for i.p. administration of dexketoprofen or
dexibuprofen were obtained using at least six animals for each with at
least four doses. Linear regression analysis of the log dose–response
curve allowed the calculation of the doses that produced 50% of
antinociception (ED50), when each drugwas administered alone. ED50

was used in the orofacial formalin tests as the equieffective dose for
isobolographic analysis, because higher doses did not show increased
effects without motor impairment (Miranda et al., 2009). Then a
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Fig. 3. Dose-effect curves for the antinociceptive activity induced by intraperitoneal
administration of dexketoprofen (●) and dexibuprofen (○), in the phase II of the
formalin orofacial assay of the mice. Each point represents the mean±S.E.M of 6–
8 mice. MPE: % maximum possible effect.
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Table 1
ED50 values with S.E.M. for the antinociceptive activity of intraperitoneal administra-
tion of dexketoprofen and dexibuprofen in phase I and phase II of the orofacial formalin
test in mice.

Drugs ED50±S.E.M. (mg/kg i.p.)

Phase I Phase II

Dexketoprofen 17.51±3.29 52.74±7.87a

Dexibuprofen 11.01±1.24 13.26±0.71b

a Pb0.05 compared with phase I.
b Pb0.05 compared with phase II.
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similar dose–response curve was also obtained and analyzed after the
co-administration of dexketoprofen and dexibuprofen, in fixed ratio
(1:1) combinations based on the mixture of 1/2, 1/4, 1/8, 1/16 of their
respective ED50 values.

2.3. Isobolographic analysis

Isobolographic analysis was used to characterize drug interactions.
The method of isobolographic analysis has been described previously
in detail (Miranda et al., 2009). The isobologram was constructed by
connecting the ED50 of the dexketoprofen plotted on the abscissa with
the ED50 of dexibuprofen plotted on the ordinate to obtain the
additive line. For the drug mixture, the ED50 and its associated 95%
confidence intervals (CL) were determined by linear regression
analysis of the log dose–response curve (eight animals at each with
at least four doses) and compared by a ‘t’-test to a theoretical additive
ED50 obtained from calculating:

ED50 add = ED50dexketoprofen = P1 + R′P2ð Þ

where R is the potency ratio of the NSAID alone compared to
dexketoprofen alone, P1 is the proportion of dexibuprofen and P2 is
the proportion of dexketoprofen in the total mixture. In the present
study, fixed-ratio proportions were selected, first by combining the
ED50 of each compound and then constructing a dose–response curve
in which ED50 fractions (1/2, 1/4, 1/8 and 1/16) of the dexketoprofen
and dexibuprofen combination were administered; in the equation
above, ED50 add is the total dose and the variance of ED50 add was
calculated from the fraction of the ED50's (i.e. 0.5) in the combination
as:

Var ED50 add = ð0:5Þ2Var ED50 dexibuprofen

+ ð0:5Þ2Var ED50 dexketoprofen:

From these variances, confidence limits are calculated and
resolved according to the ratio of the individual drugs in the
combination. The ED50 for the drug combinations was obtained by
linear regression analysis of the dose–response curves. Supraadditiv-
ity or synergistic effect is defined as the effect of a drug combination
that is higher and statistically different (ED50 significantly lower) than
the theoretically calculated equieffect of a drug combination with the
same proportions. If the ED50's 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
Table 2
ED50 values (theoretical and experimental) in mg/kg, with 95% confidence limits (CL) for
dexibuprofen in phase I and phase II of the orofacial formalin test in mice.

Drug ED50 phase I

Theoretical Ex

Dexketoprofen plus dexibuprofen 14.26 (9.8–20.6)a 8.0

a Pb0.05 compared with phase II.
interaction index (I.I.) was calculated as the experimental ED50/ the
theoretical ED50. If the value is close to 1, the interaction 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 (Miranda et
al., 2007, 2009).

2.4. Drugs

All drugs were freshly dissolved in saline on a constant volume of
10 ml/kg and administered intraperitoneally (i.p.) at doses of 3–
300 mg/Kg for dexketoprofen or 3–30 mg/Kg for dexibuprofen.
Dexketoprofen was donated by Menarini Laboratories, Spain, and
dexibuprofen was donated by Labomed Farmaceútica, Chile.

2.5. Statistical analysis

Results are presented as mean±S.E.M. or as ED50 values with 95%
confidence limits (95% CL). Isobolographic calculations were per-
formed with the program Pharm Tools Pro (version 1.27, The McCary
Group Inc. PA, USA), based on Tallarida (2000). Statistical analysis of
the isobolograms was performed according to Tallarida (2000) and
the difference between experimental and theoretical values was
assessed by Student's t test for independent means. P values under
0.05 (Pb0.05) were considered significant.

3. Results

3.1. Nociceptive behavioural response

The time course of the nociceptive response to the orofacial
formalin test is shown on Fig. 1. Orofacial formalin test shows two
clear-cut phases: Phase I corresponds to the 5-min period starting
immediately after the formalin injection and represents a tonic acute
pain due to peripheral nociceptor sensitization. Phase II was recorded
as the 10-min period starting 20 min after the formalin injection and
represents inflammatory pain. The different doses of NSAIDs used did
not induce significant motor dysfunction in the animals tested.

3.2. Antinociception produced by NSAIDs

The i.p. administration of dexketoprofen or dexibuprofen pro-
duced a dose-dependent antinociceptive activity with different
potency in both, phases I and II of the formalin orofacial assay (see
Figs. 2 and 3). The corresponding ED50 values of dexketoprofen and
dexibuprofen are summarized in Table 1.

3.3. Interaction between dexketoprofen and dexibuprofen

The interaction between dexketoprofen and dexibuprofen on the
basis of the fixed ratio (1:1) of their ED50 values alone was evaluated
by isobolographic analysis. The theoretical additive ED50 and the
experimental ED50 values for the fixed ratio combination are shown in
Table 2.

Co-administration of dexketoprofen with dexibuprofen produced
supra-additive or synergistic interaction in phase I and phase II, see
the antinociceptive activity of intraperitoneal administration of dexketoprofen with

ED50 phase II

perimental Theoretical Experimental

1 (13.4–5.3)a 33.00 (47.1–23.1) 18.70 (29.9–13.8)
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Fig. 4. Isobologram of the antinociception induced by intraperitoneal administration of
the combination of dexketoprofen and dexibuprofen in phase I of the formalin orofacial
assay in mice. (●) the theoretical ED50 with 95% CL and (○) experimental ED50 with
95% CL.
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Figs. 4 and 5. In addition, the interaction indexes obtained are similar
in both phases: 0.562 for phase I and 0.567 for phase II.

4. Discussion

This work confirms that administration of formalin in mice, as well
as in rats, induces a behavioural response consisting of a typical
biphasic response, as seen in all formalin assays (Raboisson and Dallel,
2004; Miranda et al., 2009). Phase I results from a direct stimulation of
nociceptors, whereas phase II involves a period of sensitization during
which inflammatory phenomena occur through peripheral mechan-
isms (Le Bars et al., 2001). In agreement with Luccarini et al. (2006) a
dose-dependent nociceptive effect, in phase I and in phase II, was
observed with the administration of formalin from 1% to 5%. In these
experiments, we used 5% formalin, because with this concentration,
the behavioural response to NSAIDs was easy to detect.

The intraperitoneal administration of dexketoprofen, dexibupro-
fen and their combination produced a dose-dependent effect in both
phases of the formalin assay. In addition, higher potency of both
NSAIDs in phase I was detected however higher potency of
dexibuprofen when compared to dexketoprofen in both phases I
and II was detected. Theoretically, dexketoprofen is expected to
provide equivalent analgesia to ketoprofen at half the dose, since
dexketoprofen is the (S)-enantiomer, which is believed to produce
analgesia, with a consequent reduction in gastrointestinal adverse
events (Barden et al., 2009). Furthermore, dexibuprofen (S-isomer
ibuprofen), compared with ibuprofen, reduces gastric damage and
improves analgesic and anti-inflammatory effects in rodents (Bona-
bello et al., 2003). In the present study, this assumption is reinforced
for both phases since the experimental ED50 of the mixture
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Fig. 5. Isobologram of the antinociception induced by intraperitoneal administration of
the combination of dexketoprofen and dexibuprofen in phase II of the formalin orofacial
assay in mice. (●) the theoretical ED50 with 95% CL and (○) experimental ED50 with
95% CL.
dexketoprofen with dexibuprofen was 8.01 mg/Kg in phase I and
18.72 mg/Kg in phase II, whereas the experimental ED50 of the
racemic mixture (ketoprofen with ibuprofen) was 14.58 m/kg in
phase I and 18.85 mg/Kg in phase II (data not shown). Consequently,
the combination dexketoprofen with dexibuprofen, tested in the
orofacial formalin assay produced a synergistic interaction in both
phase I and phase II. The similar interaction indexes obtained, as
expression of the magnitude of the interaction, may be related to the
COX selectivity of each NSAIDs. Dexketoprofen has been classified as
relatively COX-1 selective, whereas dexibuprofen is a COX-1 and COX-
2 inhibitor (Boneberg et al., 1996; Jackson et al., 2004; Curry et al.,
2005).

On the other hand, the findings of the present work, are not in
agreement with those reported by Raboisson and Dallel (2004),
because not only high doses of NSAIDs induced significant anti-
nociception in both phases. Nevertheless, the synergism displayed by
the combination of dexketoprofen with dexibuprofen, is consistent
with other similar interactions in the same assay i.e., synergism
between NSAIDs (Miranda et al., 2009); synergism between COX-3
inhibitors (Muñoz et al., 2010) or the synergistic antinociceptive
effect of the co-administration of meloxicam and aminoguanidine in
formalin-induced paw licking model in mice (Dudhgaonkar et al.,
2008).

Despite the occurrence of synergism between analgesic drugs, the
molecular mechanisms are not clear. It has been proposed that
virtually all levels of cell function are involved (Barrera et al., 2005).
Furthermore, it has been postulated that the use of multiple drugs
with different mechanism of action may be the basis of synergism
(Chou, 2006).

On the other hand, NSAIDs play an increasing role in the treatment
of pain conditions, either individually for mild or moderate pain or in
combination with other analgesic, as a component of multimodal
analgesia.

In conclusion, both dexketoprofen and dexibuprofen are able to
induce antinociception in the orofacial formalin assay. In addition,
their co-administration produced a synergistic antinociceptive effect.
This action could be related to the inhibition of COXs and other
mechanisms of analgesics.

The findings of the present work may be immediate clinical
application or relevance, for instance, in terms of new drug
formulations.
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