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I N T R O D U C T I O N

In spite of the great variety of analgesics available, the

management of acute and chronic pain in the humans

continues to be inadequate. Clinical experience shows

that in the management of pain of moderate–severe

intensity, it is difficult to obtain effective analgesia with a

single drug (monotherapy), and thus analgesic drugs

combinations are widely used to provide effective anal-

gesia (multimodal analgesia). In humans, these combi-

nations are often utilized empirically without knowing if

the drugs administered interact (or not) among them-

selves. Multimodal analgesia has been demonstrated to

be beneficial in the management of different types of

acute and chronic pain in humans [1]. Generally, the

drugs combined are analgesics with different mecha-

nisms of action [1–6] that are associated in order to

increase the analgesic efficacy, a fact that permits to

decrease the doses of the individual agents and conse-

quently, reduce the adverse effects. There are several

reports related to analgesic drug interactions, but the

combination of a nonsteroidal anti-inflammatory drug

(NSAID) such as dexketoprofen, and a weak opioid

tramadol (TRAM) in different animal models of nocicep-

tion, has not been fully investigated. Moreover, as drug

interactions occur for analgesia and adverse effects, we

have assessed the combination on the inhibition of

gastrointestinal transit (GIT), because constipation is one

of the adverse effects observed after the administration of

TRAM. The relevance of testing drug combinations in

different antinociceptive tests is related to the marked

differences in potency and efficacy of drugs depending on
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A B S T R A C T

The purpose of the present study was to evaluate the nature of the antinociceptive

interaction among dexketoprofen (DEX), a mixed inhibitor of the cyclo-oxygenases,

and tramadol (TRAM), a weak opioid with monoaminergic activity that inhibits

norepinephrine and serotonin re-uptake. We assessed antinociception in the acetic

acid writhing test, the tail flick and the formalin (FT) tests, and gastrointestinal

transit (GIT) after the administration of a charcoal meal. The analysis of the

interaction was carried out using isobolograms and interaction indexes or the fixed-

dose method GIT. The administration of DEX or TRAM individually induced dose–

dependent antinociception in all the algesiometric tests. In the three tests, TRAM was

between 5.2 (FT, phase I) and 35 times (FT, Phase II) more potent than DEX. When

testing combinations at different potency ratios (1 : 1, 1 : 3, 3 : 1), we could

demonstrate synergy in all algesiometric tests, only when drugs were combined in

a 1 : 1 proportion. Interestingly, the proportion of the drugs in the combination

could change the type of interaction from synergy to antagonism. On the inhibition of

GIT, a dose-related inhibition was established for TRAM, but not for DEX. Using a

fixed-dose protocol, we could demonstrate antagonism between DEX and TRAM on

the inhibition of GIT. The results of the present study suggest that a combination of

DEX and TRAM in a 1 : 1 proportion could be adequate to use in future clinical trials

in humans.

ª 2009 The Authors Journal compilation ª 2009 Société Française de Pharmacologie et de Thérapeutique
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the nocifensive stimulus, which could alter the nature of

the interaction.

The purpose of the present study was to evaluate at

preclinical level, if dexketoprofen (DEX) an inhibitor of

the cyclo-oxygenases (COXs) [7,8] and TRAM – a weak

opioid that inhibits norepinephrine and serotonin

(5-hydroxytryptamine) reuptake [9,10] interact, when

evaluating antinociception and the inhibition of GIT in

mice. The nature of interaction between the two drugs

has been evaluated in three animal models of nociceptive

behavior and in the GIT. For antinociception, the

analysis of the interaction was carried out by isobolo-

grams and interaction indexes (I.I.), while for GIT, we

used the fixed-dose method [11].

M A T E R I A L S A N D M E T H O D S

Animals

Male mice CF-1, weighing 28–30 g were used, and were

maintained in a 12-h light/dark cycle at 22 �C with free

access to water and food. Experiments were performed in

accordance to the protocols approved by the Committee

of Ethics of the Faculty of Medicine of the University of

Chile, following the IASP guidelines [12]. Animals were

acclimated to the environment of the animal quarters for

at least 2 h before the experiments, selected in a random

way, used for a single time in each protocol, and killed by

cervical dislocation immediately after the assay. The

number of animals in each experimental condition

(n = 8–12) was the kept at a minimum to obtain definite

results with the test utilized. For each drug, antinoci-

ceptive activity was characterized by the administration

of a minimum of four doses in logarithmic increments.

Before initiating a procedure, the animals were randomly

distributed in two groups, control and experimental. The

control groups were injected with saline with the

exception of the tail-flick assay, where each animal

served as its own control. The evaluation of the

nociceptive behavior or the GIT, was carried out by an

investigator who was blinded to the treatments (saline or

experimental drug). The following tests were used in the

study.

Acetic acid writhing test (AAWT)

The procedure used has been described previously [13].

Mice were injected intraperitoneally with 10 mL/kg of

0.6% acetic acid solution, a chemical-irritative nocicep-

tive stimulus that induces a tonic response of visceral

acute pain, because of the activation of the sensory

afferent terminals of the peritoneum and the abdominal

wall. The test was performed 30 min after the subcuta-

neous (s.c.) administration of the drugs, time at which

preliminary experiments showed a maximum effect. A

writhe is characterized by a wave of contraction of the

abdominal musculature followed by the extension of the

hind limbs. The number of writhes in a 5-min period was

registered, starting 5 min after the acetic acid adminis-

tration. Antinociception is expressed as percent inhibi-

tion of the number of writhes observed in control

animals (19.8 ± 0.31, n = 20).

Tail flick (TF) test

The algesiometric test was performed as previously

described [14]. A focus of radiant heat (automatic tail

flick algesiometer, U. Basile, Comerio, Italy) was used to

measure the response latencies. The light beam was

focused on the animal’s tail about 4 cm from the tip

and the intensity was adjusted 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 10 min between the readings, the second

reading being generally similar to the first. Only

animals with baseline reaction times between 2 and

3 s were used in the experiments. TF latencies were

converted to % maximum possible effect (MPE) as

follows: ½ðT1 � T0Þ=ðT2 � T0Þ� �100, where T0 and T1

are the tail flick latencies before (control) and after the

treatments, respectively, and T2 is the cutoff time.

Each animal was used as its own control. Drugs were

administered 30 min before the experimental protocol.

The dose that produced 25% of the MPE (ED25) was

calculated from the linear regression analysis of the

curve obtained by plotting the log dose vs. % MPE.

Formalin test (FT)

The method described by Miranda et al., [14] was used.

To perform the test, 20 lL of 5% formalin solution was

injected into the dorsal surface of the right hind paw of

the mice with a 27-gauge needle attached to a 50 lL

Hamilton syringe. Each mouse was immediately

returned to a Plexiglas observation chamber. 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 stopwatch. The

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 response

related to peripheral nociceptor sensitization; phase II

was recorded as the 10-min period starting 20 min after
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the formalin injection and represents the activation of

central sensitized neurons because of peripheral inflam-

mation stimulus. Drug or saline was administered by s.c.

route 30 min before formalin injection. Control animals

(n = 25) were injected with saline. For each drug, the

analgesic effects were established after the administra-

tion of a minimum of four doses in logarithmic

increments. The licking times observed were converted

to % MPE as follows:

% MPE ¼ 100� ½ð100� post-drug licking time)/

ðcontrol licking time)]

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

calculated from the linear regression analysis of the

curves obtained by plotting log dose vs. % MPE.

GIT

Mice were fasted for a period of 18 h before the

experiments, but had free access to water for the entire

duration of the study. GIT was measured according to

previous studies performed by our group [15,16]. Briefly,

animals received intragastrically, 0.25 mL of a suspen-

sion of 10% vegetable charcoal in 5% gum acacia and

were killed after 20 min. Then, the stomach and small

intestine were separated from the omentum avoiding

stretching. The length of the intestine from the pyloric

sphincter to the ileo-cecal junction and the distance

traveled by the charcoal meal were measured and

recorded. The drugs were administered 30 min before

intragastric administration of a charcoal meal, time at

which preliminary experiments showed occurrence of

the maximum anti-transit effect. The inhibitory effects

of drugs on GIT are expressed as the percent inhibition of

transit in a drug-treated animal when compared with

the mean transit obtained in a group of mice receiving

s.c. saline, according to the following expression:

% Inhibition GIT ¼ 100� [(transit vehicle�
transit drug)/transit vehicle]

Analysis of the drug interactions on nociceptive

behavior

The type of interaction was evaluated with an isobolo-

graphic analysis of the different combinations, in agree-

ment with the method previously described [14]. In each

test, dose–response curves for DEX and TRAM, each one

individually, were obtained using eight to 12 animals per

dose, and at least four doses. A least-square linear

regression analysis of the log dose–response curves

allowed the calculation of the dose that produced 25 or

50% of antinociception when each drug was adminis-

tered alone (ED25 for TF or ED50 for AAWT and FT). The

ED25 was used in the TF test as the equi-effective dose

(instead of the ED50) for isobolographic analysis because

higher doses induced a slight motor impairment. After-

wards, a dose–response curve was obtained with DEX

plus TRAM combined at fixed ratios (1 : 1; 1 : 3 and

3 : 1), on the basis of their antinociceptive potency.

From these curves, we obtained the ED25 and ED50 of the

combinations (experimental ED). These ED were com-

pared statistically with the theoretical doses representing

the simple addition of the effects, obtained according to

the following equation:

ED theoretical additivity ¼ ED drug1=ðP1 þ R� P2Þ

where: • R, relation of the potency between DEX and

TRAM administered individually; P1, proportion of DEX

in the combination; P2, proportion of TRAM in the

combination.

Supra-additivity or synergy is defined as the effect of a

drug combination that is higher and statistically differ-

ent, than the theoretical calculated effect of the same

combination assuming additivity of the effects. The I.I., a

term introduced to quantify the effects of the combina-

tion [17] was calculated as the experimental ED25 or 50/

the theoretical ED25 or 50. 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 syner-

gistic interaction, and values higher than 1 correspond

to a sub-additive or antagonistic interaction [17].

For the graphic representation of the results, we

constructed isobolograms for a given level of effect (ED25,

ED50) where equipotent doses of DEX and TRAM are

plotted on the x- and y-axes. The line that connects these

doses corresponds to the additivity line. The experimen-

tal point, obtained from the dose–response curve of the

combination is subsequently represented. The site in the

graph where the experimental point is located, deter-

mines the type of interaction. If the experimental point

falls under the additivity line, and is statistically different

than additivity, the effect of the combination is syner-

gistic. If the point falls on the additivity line, there is no

interaction between the drugs and the effects are simply

additive. In contrast, if the point that represents the ED of

the combination is located above the additivity line, and

is statistically different than additivity, antagonism is

present.
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Analysis of the interaction on the inhibition of GIT

When testing the effects of DEX and TRAM on the

inhibition of GIT, we obtained a dose–response curve for

TRAM, but were unable to generate an adequate dose-

related response with DEX, and thus ED’s could not be

obtained. In order to assess the presence of interaction

between the two drugs, we used the fixed-dose method

[11,18], where the dose–response curve to TRAM alone

is compared with a dose–response curve to TRAM

obtained in the presence of a fixed dose of DEX

(10 mg/kg), a dose that induced an inhibition of

approximately 30% of the GIT. The comparison of the

two curves (TRAM alone, and TRAM + DEX) using a

two-way ANOVA and the Student’s t-test, reveals the

presence and type of interaction between the drugs. This

type of analysis has been validated to establish the

presence and type of interaction between two drugs,

when one of them is inactive or does not generate a

dose–response curve [19].

Statistical evaluation

The results are presented as means ± SEM or as ED25 or

ED50 values with 95% confidence limits. The program

used for statistical procedures was Pharm Tools Pro

(version 1.27; The McCary Group Inc., Elkins Park, PA,

USA) based on Tallarida [17]. In the analysis of the

interactions, the statistical differences between theoret-

ical and experimental values were assessed by the

Student’s t-test for independent means or by ANOVA

followed by the Student–Newman–Keuls test. P-values

less than 0.05 (P < 0.05) were considered statistically

significant.

Drugs

The drugs were daily dissolved in a physiological salt

solution. DEX trometamol was provided by Menarini,

Spain and TRAM was purchased from Grunenthal

Chilena (Santiago, Chile).

R E S U L T S

Antinociceptive effects of DEX and TRAM

Administration of DEX and TRAM induced a dose-

dependent inhibition of nociception in each of the

following tests: AAWT, TF, and FT test. The calculated

ED25 or ED50 values for the antinociceptive activity of the

drugs are shown in Table I. Based on the equi-effective

doses, TRAM was 7.2 times more potent than DEX in the

AAWT; 20.7 times in the TF; 5.3 times in the Phase I of

the FT and 35.3 times in the Phase II of the FT.

AAWT

In the AAWT, the nocifensive responses induced when

DEX and TRAM were combined in different proportions

(1 : 1, 1 : 3 and 3 : 1 on the basis of their potency,

ED50) demonstrated that the co-administration of the

drugs in the proportions of 1 : 1 or 1 : 3 were syner-

gistic, with I.I. of 0.423 and 0.113, respectively.

However, when the drugs were combined in a proportion

of DEX 3/TRAM 1, no interactions could be established,

and the effects were merely additive (I.I. = 1.132). The

results are shown in Figure 1 and Table II.

TF test

When antinociception was evaluated in the TF test, the

analysis of the interaction demonstrated synergy when

the drugs were combined in 1 : 1 or 1 : 3 proportions,

with I.I. of 0.418 and 0.506, respectively. (Figure 2 and

Table II). Nevertheless, when the ratio of DEX/TRAM was

3 : 1, the effects of the drugs were also additive

(I.I. = 0.948).

FT

In the FT, the combination of DEX and TRAM in a 1 : 1

potency ratio was synergistic in both phases (I, II) of the

test, with I.I. of 0.657 and 0.221, respectively. However,

when drugs were combined in a DEX 1/TRAM 3

proportion, we observed antagonism in the Phase I and

no interaction (additivity) in the Phase II, with I.I. of

2.822 and 0.676, respectively. In addition, when the

drug ratio was 3 : 1, the results indicate antagonism in

the Phase I and an I.I. of 5.674. However, in the

Phase II, synergism was obtained with an I.I. of 0.328.

See Figures 3 and 4 and Table II.

Effects of DEX and TRAM on the inhibition of GIT

Tramadol induced a dose-related inhibition of the GIT

with an ED50 of 23.4 ± 4.8 mg/kg (Figure 5 and

Table I ED50 and ED25 values, in mg/kg ± SEM of the dexketo-

profen (DEX) and of tramadol (TRAM) administered individually, in

the writhing, tail flick and formalin test and in the gastrointestinal

transit of mice.

Test DEX/TRM DEX TRAM Relation

Acetic acid writhing (DE50) 13.32 ± 1.1 1.86 ± 0.1 7.2

Tail flick (DE25) 49.96 ± 4.3 2.41 ± 0.2 20.7

Formalin, phase I (DE50) 14.77 ± 2.2 2.78 ± 0.2 5.3

Formalin, phase II (DE50) 49.88 ± 8.0 1.41 ± 0.4 35.3

Gastrointestinal transit (DE50) 23.40 ± 4.8
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Table I). As we could not obtain a consistent dose–

response curve with DEX, we used the fixed-dose method

to assess the presence of an interaction (see Materials and

methods). The results show a rightward, non-parallel

shift of the dose–response curve to the combination of

TRAM plus a fixed dose of DEX (10 mg/kg), when

compared with the curve of TRAM alone. Two-way

analysis of variance (ANOVA) demonstrated significant

differences for the dose (P < 0.0001), the drug

(P < 0.0001) and their interaction (P < 0.0001), dem-

onstrating antagonism.

D I S C U S S I O N

The results obtained in the present study confirm the

dose-dependent activity and different relative potencies of

DEX and TRAM on the nocifensive responses in different

types of tests in mice. The potency range in the different

behavior nociceptive tests was as follows:

Dexketoprofen: AAWT ¼ FT (phase I) > FT (phase II) ¼ TF

Tramadol: FT (phase II)¼AAWT > TF ¼ FT (phase I)

Thus, in all the algesiometric tests, TRAM was

between 5.3 (FT-Phase I) and 35 times (FT, Phase II)

more potent than DEX.

The findings of the study confirm that opioids and

NSAIDs show different profiles of nocifensive activity,

depending on the type of nociceptive stimulus used, or the

type of pain. Thus, opioids show a greater antinociceptive

potency than NSAIDs in acute tonic pain models such as

the AAWT and the TF tests [14,20–22]. In the FT, opioids

induce antinociception mainly in the Phase II

[14,23,24], while the antinociception induced by NSAIDs

Figure 1 Isobolograms for the combination of dexketoprofen and

tramadol in the acetic acid writhing test. Filled circles (d) are the

theoretical ED50’s with 95% CL and open circles (s), the

experimental ED50’s with 95% CL.

Figure 2 Isobolograms for the combination of dexketoprofen and

tramadol in the tail flick test. Filled circles (d) are the theoretical

ED50’s with 95% CL and open circles (s), the experimental ED55’s

with 95% CL.
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is controversial. It has been previously reported that the

efficacy (maximun effect or maximun potency) of NSAIDs

is greater in the Phase I than in the Phase II [14,25], a

finding supported by our results. However, some reports

indicate a lack effect in this test [26,27].

On the inhibition of GIT, our results confirm previous

results obtained by our group with TRAM [11,18],

although other authors have been unable to detect this

effect [28]. The dual mechanism of action of TRAM

(weak opioid and inhibition of norepinephrine and

serotonin reuptake), implicated in the inhibition of GIT

[29,30], together with the clinical experience with the

drug support our findings on the inhibitory effects of

TRAM on GIT in mice.

The activity of the NSAIDs on the GIT is also

controversial, as it has been reported that they can

induce an increase [31], a decrease [32,33] or have no

significant effect on GIT [31]. In our experiments, DEX

showed a weak inhibition of the GIT at low doses, but we

could not obtain a consistent dose–response curve

because of the toxicity of the drugs (increased motor

activity), when administered at high doses. Nevertheless,

the study of the interaction between DEX and TRAM by

using the fixed-dose methods clearly shows antagonism,

a fact that confirms previous studies carried out by our

group [11].

Regarding antinociception, the isobolographic analy-

sis of the combination clearly shows that the type of

interaction between the two drugs changes according

to the type of stimuli (antinociceptive test) and the

proportion of the drugs in the combination. The only

DEX : TRAM combination that shows synergy in all the

tests is when the drugs are combined in a 1 : 1

proportion. It is interesting to note that, according to

the proportion of the drug in the combination, a

synergistic interaction can be become additive (WT, TF

and Phase II of the FT) or even antagonist (Phase I of

the FT). This is a recurrent finding when analyzing

drug–drug interactions [19,34], and strongly supports

the need to assess different drug ratios in different

nociceptive tests when evaluating analgesic drug

interactions.

The synergy between DEX and TRAM (combined in a

1 : 1 potency ratio) shown in the present work supports

the general premises of interactions between analgesic

drugs that act through different mechanisms of action

[14,19,33,34]. DEX is an NSAID that inhibits the COXs

enzymes [7,8], whose products, the prostanoids, are

implicated in nociceptive transmission [24,35]. As

Table II Type of interaction between dexketoprofen (DEX) and

tramadol (TRAM) in the different tests of behavior nociception and

gastrointestinal transit. Interaction indices (I.I.) and type of

interaction.

Test

Ratio

DEX/TRAM I.I. Interaction

Acetic acid writhinga 1 : 1 0.423 Synergy

1 : 3 0.113 Synergy

3 : 1 1.132 Additivity

Tail Flickb 1 : 1 0.418 Synergy

1 : 3 0.506 Synergy

3 : 1 0.948 Additivity

Formalin, phase Ic 1 : 1 0.657 Synergy

1 : 3 2.822 Antagonism

3 : 1 5.674 Antagonism

Formalin, phase IId 1 : 1 0.221 Synergy

1 : 3 0.676 Additivity

3 : 1 0.328 Synergy

Gastrointestinal transite Antagonism

a,b,c, dObtained by isobolographic analysis.
eObtained by fixed-dose method.

Figure 3 Isobolograms for the combination of dexketoprofen and

tramadol in the Phase I (0–5 min) of the formalin test. Filled circles

(d) are the theoretical ED50’s with 95% CL and open circles (s), the

experimental ED50’s with 95% CL.
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previously mentioned, TRAM acts as a weak agonist at

mu-opioid receptors and at the same time blocks

norepinephrine and serotonin reuptake, increasing their

levels at the effector sites [9,10]. As the drugs tested in

the study induce antinociception by different mecha-

nisms, it could be expected that the analgesic effects of

the combination would be in all instances additive or

synergistic. However, according to the proportion of the

drugs in the combination and the nociceptive test, we

could demonstrate antagonism, a fact hat has been

extensively described in the literature [19,34], although

there is no definitive explanation for the change. It is

likely, that the different types of interactions observed

when combining DEX and TRAM, are related to multiple

events. The interaction could occur at one or more levels

of cell function (receptors, ion channels, lipids and

proteins of the membrane; second messengers, protein

kinases; gene induction, other), as these events are

dependent on the local concentration of the drugs and

on the nature of the nociceptive stimulus and its

transduction mechanisms [36].

In conclusion, the present study demonstrates that

DEX and TRAM interact in different behavioral assays of

nociception, where chemical (AAWT), thermal (TF test)

or inflammatory (FT) stimuli are utilized. In all tests, the

interaction is synergic when the drugs combined in a

proportion of 1 : 1 based on their antinociceptive

potency. The results also show that DEX antagonizes

the effects of TRAM on the inhibition of GIT, a fact that

could be beneficial in the management of pain in

humans. These results suggest that the combination of

DEX and TRAM in a 1 : 1 proportion could be adequate

to utilize in future clinical trials in the humans.
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