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Abstract
We investigated the effects of intraperitoneal injections of a combination of two cyclo-oxygenase
inhibitors, ibuprofen and paracetamol, with a weak opiate, codeine, on nociception in Sprague
Dawley rats. Administration of paracetamol (11, 44, 88 mg/kg), ibuprofen (8.75, 35, 140 mg/kg)
or codeine (0.44, 1.75, 3.5 mg/kg) alone caused a dose-dependent inhibition of reperfusion
hypernociception. Administration of a combination of 0.44 mg/kg codeine + 8.75 mg/kg
ibuprofen + 11 mg/kg paracetamol, drug doses that did not significantly reduce reperfusion
hypernociception when administered individually or in pairs, abolished reperfusion
hypernociception, such that the antihypernociceptive efficacy of the combination was ~2.5-fold
greater than that of the sum of the antihypernociceptive efficacy of the individual drugs.
Coordinated motor function, tested using a rotarod, was not impaired at the doses we used. Thus,
we have demonstrated that codeine, paracetamol and ibuprofen act synergistically to induce
antihypernociception in rats at doses which do not affect motor function.
Key words: ischaemia, hypernociception, tail-flick test, non-steroidal anti-inflammatory drugs,
opioid, combination antinociceptive
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1. Introduction
Enhanced pain relief can be achieved by combining µ-opioid receptor agonists, such as codeine,
with a cyclo-oxygenase inhibitor (Raffa, 2001; Schug, 2006). Similarly, enhanced
antinociception has been reported in numerous animal studies that have assessed an opioid drug
combined with a cyclo-oxygenase inhibitor (Déciga-Campos et al., 2003; Jiménez-Andrade et al.,
2003; López-Muñoz et al., 2008; Miranda et al., 2004, 2005, 2007, 2009; Ortiz et al., 2007;
Pinardi et al., 2005; Satyanarayana et al., 2004), or a combination of two cyclo-oxygenase
inhibitors (Miranda et al., 2006, 2007). Combinations of codeine with two cyclo-oxygenase
inhibitors are available commercially (Vlok and van Vuren, 1987), but we were unable to find
any proper systematic investigation of their antinociceptive and antihypernociceptive activity. In
particular, we could find no evidence for any advantage in combining two different cyclooxygenase inhibitors with codeine.
However, positive interaction theoretically may occur between two cyclo-oxygenase inhibitors if
they have different sites of action. For example, nonsteroidal anti-inflammatory drugs (NSAIDs),
like ibuprofen, work primarily by inhibiting prostaglandin synthesis peripherally and in the dorsal
horn of the spinal cord (Ferreira et al., 1978; Carlsson and Jurna, 1987; Yaksh et al., 2001), while
paracetamol reduces central prostaglandin synthesis, and, importantly, induces descending pain
modulating pathways (Graham and Scott, 2005; Mallet et al., 2008). Thus, these two classes of
cyclo-oxygenase inhibitors may interact positively to enhance the antinociceptive effects of µopioid receptor agonists such as codeine. We therefore investigated the antinociceptive and
antihypernociceptive activity of a combination of ibuprofen, paracetamol and codeine in rats, to
determine whether there is any positive antinociceptive or antihypernociceptive interaction
between three drugs, and if so, to determine whether the positive interaction is additive or
synergistic.
2. Materials and methods
2.1 Rats
We used male Sprague-Dawley rats that were housed five per cage in a temperature-controlled
room (~22 °C), on a 12:12 hour light-dark cycle (lights on at 07:00). Rats had free access to
standard rat chow and tap water. All experimental procedures were approved by the Animal
Ethics Screening Committee of the University of the Witwatersrand (protocol: 92/82/3). Groups
of ten rats were used for each test.
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2.2 Drugs
Paracetamol, ibuprofen and codeine phosphate were provided by Adcock Ingram
Pharmaceuticals, Johannesburg, South Africa. All three drugs were dissolved in undiluted
dimethyl sulphoxide (DMSO) and injected intraperitoneally in 0.25 ml boluses.
Each drug was administered at a range of doses, to determine the antinociceptive and
antihypernociceptive activity, if any, of each drug independently. The range of doses we tested
was based on our previous experience with the drugs in our laboratory (Gelgor et al., 1992a).
Two and three-drug combinations of the three drugs then were administered at various doses,
with codeine, ibuprofen and paracetamol in the mass ratio 1:20:25, the ratio employed in one
commercial product (Myprodol, Rio Ethicals, Johannesburg, South Africa).
2.3 Tests of nociception
We used the modified tail-flick test to test the nociceptive function when the drugs were
administered alone, in pairs, and in three-drug combinations. The test allows assessment of
nociceptive sensitivity to noxious ischaemia and hypernociception that develops during
reperfusion of tissue following ischaemia (Gelgor et al., 1986), and therefore the test can
distinguish antinociception (decreased sensitivity to noxious ischaemia), from
antihypernociception (decreased magnitude of reperfusion hypernociception).
2.3.1 Noxious ischaemia
Ischaemia was induced by applying an inflatable tourniquet, which was connected to a
sphygmomanometer, to the base of the restrained rat’s tail and inflating the cuff to 200 mmHg,
well above rat systolic pressure, as described previously (Gelgor et al, 1992a). The moment the
rat exhibited an escape response (vigorous grooming, vocalization, and attempts to turn around or
jump forward in the restrainer) the tourniquet was deflated. The time between application of the
tourniquet and the escape response, that is the escape latency, is a measure of sensitivity to the
noxious stimulus induced by ischaemia. To prevent tissue damage, the tourniquet was removed if
the rat had not responded within 30 min.
2.3.2 Noxious thermal stimulation
The response of the rats to a noxious thermal stimulus was measured with a modified tail-flick
test, as previously described (Gelgor et al., 1992a, Grace et al., 2001). Briefly, the rat’s tail was
submerged in a water bath controlled at 49 °C, and the time taken from submergence of the tail to
the first coordinated motor response, indicated by a flicking of the tail, was measured using a
stopwatch. An average of three measurements, taken one minute apart, was recorded as the tailflick latency. To avoid thermally induced tissue damage, rats’ tails were removed from the water
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after 30 s if they failed to respond. Before and between thermal challenges, tail skin temperature
was maintained at a constant temperature by placing all but the proximal 20 mm of the rat’s tail
in a 29 °C temperature-controlled water bath to obviate the potential confounding effect changes
in tail temperature have on tail-flick latency (Berge et al., 1988; Lund et al., 1989; Tjolsen et al.,
1988, 1989).
The thermal test was performed before induction of tail ischaemia and immediately after
reperfusing the ischaemic tail, that is, following the release of the tourniquet mentioned in section
2.3.1. Reperfusion of the tail has been shown to produce robust increases in sensitivity to the
noxious thermal stimulus we used (thermal hypernociception), which manifests as a reduction in
tail-flick latency during reperfusion, that lasts for about one hour (Gelgor et al., 1986, 1992a).
The magnitude of the hypernociception is measured by comparing the tail-flick latency measured
immediately after tail reperfusion with that measured in the same rat before application of the
tourniquet (Gelgor et al., 1986, 1992a).
2.4 Procedure
To test nociception, we placed rats individually into clear plastic restrainers that allowed free
movement of the tail, but restricted body movements. Before the start of experimentation, rats
were habituated to the restrainers for three hours a day, on three consecutive days. On days of
nociceptive testing, rats were placed into restrainers 15 min before the start of testing procedures.
At least 48 h were allowed between successive measurements on the same rat. Experiments were
carried out between 09:00 and 13:00, at an ambient temperature of 24 °C.
We measured tail-flick latency and then immediately administered agents under test. Thirty min
later we applied the tourniquet and measured escape latency. Immediately after release of the
tourniquet, we measured tail-flick latency again. This measurement of tail-flick latency took
place approximately 45 min after intraperitoneal administration of the agents under test.
2.5 Test of motor function
Because any test of nociception that requires a motor response to a noxious stimulus may
produce false-positive results if the agent under investigation compromises the animal’s motor
function (Cartmell et al, 1991), we also investigated the action of the drug combination on motor
function.
We used a modification of the rotarod technique (Dunham and Miya, 1957), which measures the
length of time an animal can remain on a rotating rod. Our modifications, which we have
described in detail previously (Cartmell et al., 1991), incorporate selection and training
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procedures to achieve consistent rotarod performances, and avoids the use of aversive stimuli to
keep rats running.
Briefly, rats that successfully stayed on the 80 mm diameter rod for 10 min in at least one of 10
pilot trials were selected for training and subsequent testing. Twenty young rats (mass 90–140 g)
so selected then were trained for 30 min per day over 10 days at increasing speeds of rod rotation.
Thereafter, rats were administered either DMSO, single drug or a three-drug combination in
random order, each rat therefore serving as its own control. The drugs were injected
intraperitoneally 30 min before rotarod testing. We measured performance time as the time from
the onset of running until the time at which the rats first fell off the rod; the speed of rod rotation
during tests was 25 rpm and the maximum running time was set at 60 min.
2.6 Statistical analysis
All data are expressed as mean (S.E.M.). Data from animals that failed to tolerate the tourniquet
cuff from the time of its placement on the tail were excluded from all analyses because it was not
possible to adequately assess when the animals had reached their ischaemic tolerance. The
minimum samples size used in data analysis was eight animals in a group. One-way analysis of
variance (ANOVA) was used to detect for differences between the interventions in escape
latencies to noxious ischaemia. Two-way ANOVA was used to detect for difference in tail-flick
latencies to noxious heat over time (before versus after tail ischaemia) and between the drug
interventions. Student’s t-tests, with Bonferroni correction for multiple comparisons, were
performed when significant main effects or interactions were detected. Because we investigated
antihypernociceptive interactions between three drugs, we could not use isobolographic analysis
to determine whether the interaction between the drugs was additive or synergistic. Instead, we
calculated an antihypernociceptive index for the three-drug combination and each of its
individual components according to the method described by Sher et al. (1992):
Antihypernociceptive index = 100 x
(TFLpost-ischaemia–TFLpre-ischaemia)v – (TFLpost-ischaemia–TFLpre-ischaemia)d
(TFLpost-ischaemia–TFLpre-ischaemia)v
Where TFL = tail-flick latency, v = vehicle, and d = drug.
Index values greater than 0% indicate that the drug was antihypernociceptive relative to the
vehicle. For example, an antihypernociceptive index of 50% means that the magnitude of the
reperfusion hypernociception measured in animals administered a test drug was half that of
animals administered vehicle (i.e., a 50% reduction in hypernociception). We assessed the nature
of the interaction between the constituents of the combination by comparing the magnitude of the
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antihypernociceptive index for the three-drug combination to the sum of antihypernociceptive
indices calculated for the individual components of the combination. If the interaction between
the drugs was additive, then the antihypernociceptive index for the three-drug combination would
be similar to the sum of antihypernociceptive indices, but if the interaction was synergistic, the
antihypernociceptive index for the three-drug combination would be a multiple of the sum of
antihypernociceptive indices. The effect of the drugs on rotarod performance, calculated as the
percentage of rats whose performance time following drug administration was less than that
following administration of the vehicle, was analysed using McNemar’s test.
3. Results
3.1 Nociception during noxious ischaemia: assessment of antinociception
Table 1 shows escape latencies to the noxious ischaemic stimulus following injection of the
vehicle (DMSO) and the drugs dissolved in DMSO, at the highest dose of each drug tested alone
or in combination. The escape latency following DMSO administration was not significantly
different from that we have observed previously when we administered saline in the same test
(Gelgor et al., 1992a; Sher et al., 1992), so that, at the volume we used, DMSO had no
antinociceptive activity. Drug administration did not significantly alter escape latency relative to
the latency measured after administration of DMSO (F4,43 = 2.01, P = 0.11). Consequently, at the
maximum doses we employed, alone or in combination, none of the agents produced
antinociception to noxious ischaemia.
3.2 Nociception during noxious thermal stimulation: assessment of antihypernociception
3.2.1 Administration of single drugs
Fig. 1 shows tail-flick latencies measured when the tail-flick test was applied before drug
administration and ischaemia (pre-ischaemia), and when the tail-flick test was applied after
removal of the tourniquet (reperfusion) in groups of rats treated with individual drugs.
Two-way ANOVA results for each drug were as follows: Paracetamol Time F1,36 = 61.0 (P <
0.001), Intervention F3,36 = 5.57 (P = 0.003), Interaction F3,36 = 4.78 (P = 0.006); Ibuprofen Time
F1,27 = 40.2 (P < 0.001), Intervention F3,27 = 8.01 (P < 0.001), Interaction F3,27 = 11.2 (P < 0.001);
Codeine Time F1,36 = 43.0 (P < 0.001), Intervention F3,36 = 4.62 (P = 0.008), Interaction F3,36 =
12.4 (P < 0.001).
Post-hoc analysis showed that the groups of rats had similar tail-flick latencies before the
administration of and agent and the induction of ischaemia (pre-ischaemia). During the period of
reperfusion, tail-flick latency was significantly reduced when rats were administered DMSO, that
is the rats exhibited reperfusion hypernociception when administered the vehicle.
Hypernociception also was evident when the rats were treated with the two lowest doses of
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paracetamol (11 and 44 mg/kg, Fig. 1, top panel), and the lowest doses of ibuprofen (8.75 mg/kg,
Fig. 1, middle panel) and codeine (0.44 mg/kg, Fig. 1, bottom panel). There were no significant
differences in reperfusion tail-flick latencies when rats had been injected with the lowest doses of
each drug compared to when they had been injected with DMSO. So the lowest dose of each drug
had no significant antihypernociceptive action. Paracetamol 88 mg/kg (Fig. 1, top panel),
ibuprofen 35 and 140 mg/kg (Fig. 1, middle panel), and codeine 1.75 and 3.5 mg/kg (Fig. 1,
bottom panel) abolished the reperfusion hypernociception, but without inducing antinociception
to the thermal stimulus (reperfusion tail-flick latencies were not significantly greater than tailflick latencies before drug administration).
3.2.2 Administration of drug combinations
Fig. 2 shows the effect of combining two drugs from the set of three (two-drug combination, top
panel) or all three drugs (three-drug combination, bottom panel) on reperfusion hypernociception.
Doses of the drugs used in the two-drug combinations had no antihypernociceptive effect when
administered alone (ibuprofen 8.75 mg/kg + paracetamol, 11 mg/kg, codeine 0.44 mg/kg +
ibuprofen 8.75 mg/kg, and codeine 0.44 mg/kg + paracetamol 11 mg/kg). For the three-drug
combination we injected rats with drug doses that were not antihypernociceptive when
administered alone or in pairs (codeine 0.44 mg/kg + ibuprofen 8.75 mg/kg + paracetamol 11
mg/kg, drug ratio: 1:20:25). We also administered a three-drug combination consisting of the
lowest dose of each drug that was antihypernociceptive when given alone (codeine 1.75 mg/kg +
ibuprofen 35 mg/kg + paracetamol 88 mg/kg, drug ratio: 1:20:50). Two-way ANOVA results for
the combinations were as follows: Two-drug combinations Time F1,36 = 208 (P < 0.001),
Intervention F3,36 = 1.84 (P = 0.15), Interaction F3,36 = 0.18 (P = 0.91); Three-drug combinations
Time F1,27 = 26.4 (P < 0.001), Intervention F2,27 = 4.12 (P = 0.028), Interaction F2,27 = 6.75 (P =
0.004).
Post-hoc analysis showed that all groups of rats subsequently given two-drug and three-drug
combinations had similar tail-flick latencies before drug administration and the induction of
ischaemia (pre-ischaemia). All groups of rats administered pairs of drugs, at drug doses that were
not in themselves antihypernociceptive, developed reperfusion hypernociception that was similar
in magnitude to the reperfusion hypernociception developed when rats were injected with DMSO
(Fig. 2, top panel). So the two-drug combinations had no significant antihypernociceptive action.
In contrast, administration of all three drugs, at the same doses that alone or in two-drug
combinations had not affected the reperfusion hypernociception (codeine 1.75 mg/kg + ibuprofen
35 mg/kg + paracetamol 88 mg/kg), abolished reperfusion hypernociception. Increasing the dose
of each drug in the three-drug combination to the lowest dose at which the drugs demonstrated
significant antihypernociceptive effects on their own (codeine 0.44 mg/kg + ibuprofen 8.75
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mg/kg + paracetamol 11 mg/kg) did not enhance the magnitude of the antihypernociceptive effect
of the three-drug combination (Fig. 2, bottom panel). We also administered a combination of
codeine 1.75 mg/kg + ibuprofen 35 mg/kg + paracetamol 44 mg/kg, a combination that
maintained the 1:20:25 mass-ratio of codeine:ibuprofen:paracetamol, but only codeine and
ibuprofen were at doses that were antihypernociceptive when administered alone. This
combination also abolished reperfusion hypernociception without additional effect (data not
shown). None of the three-drug combinations increased reperfusion tail-flick latency significantly
above that prevailing before drug administration, indicating that the combinations did not
produce antinociception to the noxious thermal stimulus.
The antihypernociceptive index for each drug, at its lowest dose, was: codeine 0.44 mg/kg =
13.6%, ibuprofen 8.75 mg/kg = 35.0% and paracetamol 11 mg/kg = -15.3%. The sum of the three
indices was 33.3%. The antihypernociceptive index for the combination of the three drugs, at the
same doses, was 85.4%, which is more than 2.5-fold greater than the sum of antihypernociceptive
indices calculated for the individual components of the combination. The negative value for the
antihypernociceptive index calculated for paracetamol is the result of experimental variability,
and may have artificially lowered the antihypernociceptive index calculated for the individual
drug components. However, even when the value for paracetamol is set at zero, the
antihypernociceptive index value for the combination is 1.8-fold greater than the sum of the
antihypernociceptive indices of the individual agents. Thus, there was positive synergistic
interaction in the antihypernociceptive efficacy of the three-drug combination.
3.3 Rotarod performance
Fig. 3 shows the effect of administration of codeine (three doses) or a combination of codeine +
ibuprofen + paracetamol, at the highest doses of each drug we used in combination, on rotarod
performance. Codeine produced a dose-dependent decrement in motor function, with statistically
significant deficits evident at a dose of 7 mg/kg (McNemar’s test statistic = 7.11, P = 0.007).
Ibuprofen at 140 mg/kg and paracetamol at 88 mg/kg had no significant effect on rotarod
performance (data not shown). Tests of the antinociceptive and antihypernociceptive action of
codeine were conducted at doses of 3.5 mg/kg or lower. The combination administered at a dose
of 1.75 mg/kg codeine + 35 mg/kg ibuprofen + 88 mg/kg paracetamol produced no significant
changes in rotarod performance (McNemar’s test statistic < 0.001, P = 1.0), and tests of its
antinociceptive and antihypernociceptive activity were carried out at this or lower doses.
4. Discussion
The combination of two cyclo-oxygenase inhibitors, paracetamol and ibuprofen, and a weak
opioid drug, codeine, at doses at which the individual components exerted no significant
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antinociceptive or antihypernociceptive action when administered individually, or in pairs,
abolished the reperfusion hypernociception evident following transient ischaemia of the tail in
rats. At the doses tested, the combination had no effect on the escape latency to noxious
ischaemia. The combination therefore exhibited antihypernociceptive activity without exhibiting
true antinociceptive activity, a characteristic of non-steroidal anti-inflammatory drugs (NSAIDs)
(Gelgor et al., 1992a). The increased antihypernociceptive efficacy of the combination cannot be
attributed to the additive effects of the individual components. Although we were unable to
assess the interaction between the three agents using isobolographic analysis, which commonly is
used to confirm synergism between two agents, the combination of 0.44 mg/kg codeine + 8.75
mg/kg ibuprofen + 11 mg/kg paracetamol exhibited antihypernociceptive activity about 2.5-fold
greater than could be attributed to the additive effects of its components. Thus, the components
must have acted synergistically, and did so only in the three-drug combination.
In combination, the drugs we administered were antihypernociceptive at doses an order of
magnitude lower than the doses at which they are antihypernociceptive when administered alone.
The doses of ibuprofen and paracetamol used in the three-drug combination correspond to human
doses of about 105 mg and 132 mg, respectively (Gelgor et al., 1992a). However, increasing the
drug doses, such that each individual component of the combination was in itself
antihypernociceptive, did not further enhance the antihypernociceptive efficacy of the drug
combination. This failure to enhance the antihypernociceptive efficacy of the combination by
raising the doses of the constituents may have resulted from the alteration of the mass-ratio of the
components; a ratio of 1 codeine: 20 ibuprofen: 50 paracetamol was used instead of the 1:20:25
drug ratio that was used in the low-dose combination, as only the highest dose of paracetamol
that we tested was antihypernociceptive when administered individually. The ratio of component
drugs has been shown to influence the synergy between antinociceptive and antihypernociceptive
drugs in rats, with the potential of making synergistic interactions additive or even antagonistic
(García-Hernández et al., 2007; López-Muñoz, 1994; Miranda et al., 2009). In our case,
increasing the proportion of paracetamol in the combination had no additional benefit.
Alternatively, the low drug doses we used in the all combinations tested, rather than changes in
drug ratios, may have contributed to the absence of a dose-response to the three-drug
combination. When injected individually, the maximum dose of each drug we used abolished
reperfusion hypernociception, but frank antinociception did not develop (the time spend with the
tourniquet on was not increased, and nor was the post-ischaemia tail-flick latency greater than
pre-ischaemia tail-flick latency). Therefore at the drug doses employed in the combinations we
tested, the maximum effect may have been limited to reversal of the hypernociception and not the
development of frank antinociception. Thus we may have failed to see a dose-response because
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of a ceiling-effect created by our limited drug dose range. Along similar lines, the requirement for
all three drugs to be used in combination to counteract hypernociception in our study probably
also is related to the sub-therapeutic concentrations of drugs we used in the combinations. At
higher drug doses, the two-drug combinations we used also may have been antihypernociceptive.
We cannot yet propose a mechanism for the synergy that we have observed. The synergistic
action of such drug combinations originally were purported to result from an interaction between
a peripherally acting NSAID and a centrally acting opiate (Grotto et al., 1965). This proposition
was based on the belief, current at the time, that cyclo-oxygenase inhibitors acted entirely
peripherally and opiates entirely centrally. However, it is known now that peripheral µ-opioid
receptor agonists have antinociceptive properties in inflammatory states (Levine and Taiwo,
1989; Stein et al., 1989). Also, a central nervous system role of prostaglandins in nociceptive
transmission has been established (Ferreira et al., 1978; Carlsson and Jurna, 1987), and we have
shown that intracerebroventricular administration of very low doses of NSAIDs attenuates
reperfusion hypernociception (Gelgor et al., 1992b). Thus both opiates and cyclo-oxygenase
inhibitors may act both centrally and peripherally, and synergy could arise peripherally, or
centrally, or both. Indeed, Jiménez-Andrade et al. (2003) found that systemic administration of
codeine plus diclofenac to rats resulted in greater synergistic antinociception than did local or
spinal administration, indicating that the interaction between codeine and NSAIDs appears to
occur at numerous anatomical sites. The exact mechanisms by which NSAIDs and paracetamol
interact also remain unclear, although it has been suggested that much of the interaction occurs
centrally (Miranda et al., 2006). While NSAIDs work primarily by inhibiting prostaglandin
synthesis peripherally and in the dorsal horn of the spinal cord (Yaksh et al., 2001), paracetamol
reduces central prostaglandin synthesis and, importantly, induces descending pain modulating
pathways (Mallet et al., 2008). Miranda et al. (2006) suggested that several mechanisms play a
role in the synergistic interaction between NSAIDs and paracetamol, and the mechanisms vary
between different combinations depending on the exact mechanisms of the specific NSAID used
(Miranda et al., 2006; Arredondo-Garza et al., 2007).
In spite of the fact that mixtures of codeine and a cyclo-oxygenase inhibitor, often paracetamol or
ibuprofen, are used commonly to relieve pain in human therapeutics, there have been remarkably
few animal studies of their antinociceptive and antihypernociceptive properties. Grotto et al.
(1965) claimed that codeine and paracetamol acted synergistically against noxious thermal
stimuli in the mouse, but the dose of codeine used, 8 or 16 mg/kg, was highly likely to have
produced motor malfunction, thus obscuring any true antinociception; they made no independent
assessment of motor function. Hertz et al. (1985) tested paracetamol and codeine mixtures
administered orally to mice, at doses which did not affect voluntary motor function. Using the hot

Author manuscript
Published in final form: Mitchell D, Gelgor L, Weber J, Kamerman PR. Antihypernociceptive
synergy between ibuprofen, paracetamol and codeine in rats. European Journal of Pharmacology
642: 86-82, 2010.
DOI: 10.1016/j.ejphar.2010.06.004, PMID: 20558156
plate test and the phenylbenzoquionone writhing test, they showed that the mixture had much
greater antinociceptive action than did its separate components. They implied, but did not prove,
synergy rather than addition. More recently, Ortiz et al. (2007) observed synergistic interactions
between paracetamol and codeine or nalbuphine in the Hargreaves model of thermal
hypernociception in the mouse, as assessed by isobolographic analysis. Similarly, JiménezAndrade et al. (2003) reported that codeine and diclofenac sodium acted synergistically to reduce
nociception in the formalin test in rats. In contrast, the same group of researchers (ArredondoGarza et al., 2007), using the same test, showed that codeine and indomethacin exerted additive,
but not synergistic, antinociceptive activity. The authors suggested that codeine may interact
synergistically with some, but not all, cyclo-oxygenase inhibitors. Alternatively, ratio of the
component drugs may have been sub-optimal (García-Hernández et al., 2007; López-Muñoz,
1994; Miranda et al., 2009)
Clinical investigations of mixtures of codeine with a cyclo-oxygenase inhibitor have been
performed. A combination of codeine with either paracetamol or ibuprofen produced greater pain
relief than did paracetamol or ibuprofen alone in a variety of pain states, including osteoarthritis
(Kjaersgaard-Andersen et al., 1990), post-operative dental pain (Bentley and Head, 1987;
McQuay et al., 1989), postepisiotomy pain (de los Santos et al., 1998; Schachtel et al., 1989) and
chronic mechanical lower back pain (Thurel et al., 1991). These clinical investigations, however,
did not analyse whether codeine and the cyclo-oxygenase inhibitor acted additively or
synergistically, in producing enhanced pain relief.
Both animal studies and clinical trials assessing the antinociceptive and antihypernociceptive
action of two cyclo-oxygenase inhibitors and codeine are rare. In mice exposed to a noxious
thermal stimulus, Grotto et al. (1965) observed little enhancement of the putative antinociceptive
effect of codeine and paracetamol when they added acetylsalicylate. In patients with
osteoarthritis, Vlok and van Vuren (1987) found that the combination of codeine, ibuprofen and
paracetamol brought about greater pain relief than did the ibuprofen component on its own, but
they did not investigate synergy. Breivik et al. (1999) observed that codeine in combination with
diclophenac and paracetamol provided superior pain relief efficacy than did component
monotherapy or paracetamol plus codeine in patients with moderate to severe pain after surgical
removal of wisdom teeth, but the antinociceptive efficacy of their triple combination was similar
to that of diclophenac plus paracetamol alone. More recently, Jung et al. (2004) found that
combination treatment with codeine, ibuprofen and paracetamol provided rapid and effective
relief from acute pain after oral surgery, with analgesic efficacy similar to that of a combination
of the µ-opioid receptor agonist tramadol plus paracetamol. However, pain relief was maintained
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by the codeine + ibuprofen + paracetamol combination for longer compared to that induced by
the tramadol plus paracetamol combination.
5. Conclusions
We have demonstrated that, in rats, a combination of codeine, ibuprofen and paracetamol, in the
ratio 1:20:25, acts synergistically to augment antihypernociceptive activity without augmenting
the motor side-effects of codeine. Increasing the paracetamol dose had no additional benefit. The
possibility of attaining maximum antihypernociceptive activity with minimum doses of active
drugs has considerable therapeutic attraction. The synergy is particularly valuable if it augments
efficacy without augmenting side effects.
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Figure legends
Fig. 1: Tail-flick latencies (mean + S.E.M.) before drug administration and ischaemia (preischaemia) and after drug administration and removal of the tourniquet (reperfusion) in groups of
rats (n = 10) treated with paracetamol alone (top panel), ibuprofen alone (middle panel) or
codeine alone (bottom panel). DMSO = dimethyl sulphoxide (vehicle). * indicates a significant
difference between pre-ischaemia and reperfusion tail-flick latencies.
Fig. 2: Tail-flick latencies (mean + S.E.M.) before drug administration and ischaemia (preischaemia) and after drug administration and removal of the tourniquet (reperfusion) in groups of
rats (n = 10) treated with two-drug combinations (top panel) or three-drug combinations (bottom
panel) of paracetamol (para), ibuprofen (ibu) and codeine (cod). DMSO = dimethyl sulphoxide
(vehicle). * indicates a significant difference between pre-ischaemia and reperfusion tail-flick
latencies.
Fig. 3: The percentage of rats whose rotarod running time following drug administration was less
than that following administration of the vehicle dimethyl sulphoxide (DMSO). Rats were
administered codeine at three doses (1.75, 3.5 and 7.0 mg/kg) or a combination of 1.75 mg/kg
codeine + 35 mg/kg ibuprofen + 88 mg/kg paracetamol (Combination), the highest doses of each
drug that was used in combination for antinociceptive and antihypernociceptive tests. * indicates
a significant deficit in rotarod performance.

Table 1: Mean (S.E.M) escape latency to a noxious ischaemic stimulus applied 30 min
after intraperitoneal administration of agents, at the highest dose of each drug tested alone
or in combination. No significant differences in escape latency were detected between the
interventions.
________________________________________________________________________
Drug
Dose
Escape latency (min)
________________________________________________________________________
Dimethyl sulphoxide (DMSO)
0.25 ml
13.2 (2.0)
Paracetamol
88 mg/kg
10.7 (1.6)
Ibuprofen
140 mg/kg
19.1 (2.5)
Codeine phosphate
3.5 mg/kg
15.0 (2.2)
Combination: Codeine
1.75 mg/kg
13.2 (2.3)
+ ibuprofen
35 mg/kg
+ paracetamol
88 mg/kg
________________________________________________________________________

