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Isobolograpbic Analysis of Interactions between
Intravenous Morpbhine, Propacetamol, and

Diclofenac in Carrageenin-injected Rats
Dominique Fletcher, M.D., Ph.D.,* Jean-Michel Benoist, M.D.,t Michele Gautron,t Giséle Guilbaud, D.Sc., M.D.

Background: 1t has been suggested that the combination of
analgesic drugs may have additive or synergistic effects. In
clinical practice, this might allow better analgesia and reduc-
tion of side effects.

Methods: The effects of analgesic drugs were studied in a
model of acute inflammatory pain in carrageenin-injected rats
using the vocalization threshold to paw pressure. A combina-
tion of three different intravenous drugs were used: mor-
phine, diclofenac, and propacetamol, a pro-drug of acetamino-
phen. The dose-response curves were first obtained for each
drug alone. The analgesic potencies of the combinations of
morphine and diclofenac (ratios, 1:5.66 and 1:10), morphine
and propacetamol (ratio, 1:250), and diclofenac and propacet-
amol (ratio, 1:65.7) were thereafter evaluated and compared
with the effects of the drugs alone.

Results: For the two different ratios tested, synergy between
diclofenac and morphine was observed only with the higher
doses. Propacetamol and morphine or diclofenac and propa-
cetamol combinations were additive for all doses tested.

Conclusions: This study found a synergy between intrave-
nous morphine and diclofenac that is consistent with and
helps explain the clinical value of this type of combination in
the treatment of acute pain in humans. (Key words: Analgesia.
Balanced analgesia. Carrageenin. Isobologram. Pain. Synergy.)

COMBINATIONS of analgesics from different pharma-
cologic classes are used frequently for postoperative
analgesia." The goal is to improve analgesia without
enhancing the side effects of each drug. The effects
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of such combination can be additive or synergistic; a
synergistic response is possible when the drugs are act-
ing through distinct mechanisms,” and this may allow
a significant dose reduction. Both clinical' and basic
studies™ have been performed to evaluate such combi-
nations. In animals, the isobolographic analysis offers a
rigorous evaluation of the interaction between two
drugs, but few studies using this analysis are available
concerning postoperative analgesic drugs. The synergy
between morphine and ketorolac, a nonsteroidal anti-
inflammatory drug (NSAID), has been described after
intrathecal injection, but this route of administration is
not commonly used for postoperative analgesia.” An-
other study has evaluated the interaction between oral
butorphanol and acetaminophen with the writhing test
measuring ongoing pain in mice, describing synergy for
a low opioid-high acetaminophen ratio and a simple
additivity with high opioid -low acetaminophen ratio."
Thus, although many clinical studies have described
a 20-50% reduction in opioid use when NSAIDs are
added,’ the isobolographic analysis of the interaction
between such drugs (morphine, acetaminophen,
NSAIDs), by the intravenous route, may further support
their clinical use in combination.” Our study evaluated
three intravenous analgesic drug combinations, mor-
phine and diclofenac, morphine and propacetamol (a
water-soluble pro-drug that is converted by plasma es-
terases into 50% acetaminophen; it is not available in
North America) and diclofenac with propacetamol. We
used a model of acute inflammatory pain induced by
intraplantar injection of carrageenin in rats.’

Materials and Methods

Animals
This study was conducted in concordance with the
cthical guidelines of the Ethical Committee of the Inter-
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national Association for the Study of Pain.® We used
184 male Sprague-Dawley rats that weighed 250-300
g at the time of experiment. They were housed in
groups of three to five per cage, allowed free access
to food and water with a natural day/night cycle and
acclimatized to the laboratory at least 8 days before the
experiments.

Nociceptive Behavioral Test

The experiments were done in a quiet room. The
vocalization thresholds to paw pressure (VIPP) were
measured by the same experimenter (who was unaware
of the drug injected) using the Basile analgesimeter (1-
mm tip diameter of the probe; Ugo Basile, Comerio,
Italy). During the measurements, the animals were gen-
tly wrapped in a towel. For each rat, the VIPP thresh-
olds expressed in grams were determined by applying
increasing pressure to the right hindpaw until an audi-
ble squeak was elicited.” This criterion was chosen ac-
cording to the previous experience of our group with
this test, which represents a more integrated nocicep-
tive behavior than paw withdrawal.” The cutoff value
of 600 g was used to avoid injury to the paw.

Drug Preparation and Administration

Carrageenin (1% solution of lambda carrageenin in
saline) was prepared 24 h before each experiment and
injected in a volume of 0.2 ml subcutaneously with a
25-gauge needle into the right plantar hindpaw. The
animals were not anesthetized for the injection.

Two hours after carrageenin injection, intravenous
injections of analgesic drugs were performed in a vein
of the tail. For all injections, the animals were placed in
a plastic cylinder (20 X 30 cm) with the tail protruding
through a hole at the base of the cylinder. For combina-
tions, the drugs were not mixed in the same syringe
and two intravenous injections were performed succes-
sively. Morphine (10 mg/ml; Meram Laboratory, Paris,
France) and diclofenac (25 mg/ml; Voltarene; Ciba-
Geigy Laboratory, Rueil Malmaison, France) were di-
luted with 0.1 ml saline to allow intravenous injection.
Propacetamol (200 mg/ml; Pro-Dafalgan; UPSA Labora-
tory, Rueil Malmaison, France) was dissolved in a so-
dium-citrate aqueous solution. The concentration varied
from 200 -400 mg/ml, and the volume varied from 0.1 -
0.3 ml depending on the doses. Control injections were
performed using vehicle of diclofenac, solvent of propa-
cetamol, or saline.
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Choice of Doses

Analgesic Drugs Administered Alone. The doses
were chosen according to previous reports on the anal-
gesic effect of morphine and propacetamol in carra-
geenin-injected rats,'’”'* diclofenac in rats with arthri-
tis,"* or carrageenin-injected rats.'* Nine groups of ani-
mals (n = 8 for each group) received intravenous
morphine (0.1, 0.5, and 1 mg/kg), diclofenac (2, 4, and
8 mg/kg), or propacetamol (100, 200, and 500 mg/kg),
respectively.

Analgesic Drug Combinations. The drugs were ad-
ministered in combination at a fixed ratio. Table 1 lists
the different doses and ratios. Because equianalgesia or
other criteria to choose the ratio are not recommended
in the literature and although kinetics of elimination of
each component may be different in rats, we chose
ratios similar to those used for postoperative analgesia.
For example, the ratios of morphine and diclofenac
(1:5.66 and 1:10) were chosen because the usual dose
of intravenous morphine (0.1 mg/kg) for postoperative
analgesia represents a ratio of 1:7.5 with the usual dose
of intravenous diclofenac (0.75 mg/kg).

Expression of the Results

Time Course of the Analgesic Responses. For
each animal, the VIPP was measured before and then
2 h after carrageenin injection, with this last measure
chosen as a control value (VTPP, _ ). After this last test,
the analgesic drug was injected and the time course of
its effect was evaluated by repeating the measure of the
VTPP every 10 min until return to control value (see
examples in figure 1).

The variation of the threshold at time t (VIPP,_VTPP, _ )
was expressed as a percentage of the control value
using the percentage ratio:

VARR = VAIPR, = ) X100
VTPP.,

The percentage ratios were calculated for each time
point. Then three parameters were used to characterize
the analgesic response. (1) The peak amplitude was
defined by the percentage ratio value measured 20 min
after the drug injection. This delay corresponds approx-
imately to the latency of the maximal effect for the
three drugs. (2) The whole duration of the response
was defined as the time until the return to baseline
confirmed through two successive tests at 10-min inter-
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Table 1. Doses and Ratios Used for Drug Combination

Drug Combination Drug 1/Drug 2

=)

Dose (mg-kg ")

Ratio Drug 1:Drug 2 Drug 1 Drug 2 Combination

Morphine/diclofenac 8 1:5.66 0.25 1.41 1.66

6 0.33 1.87 2.2

7 0.5 2.83 333
Morphine/diclofenac 8 110 0.09 0.91 1

8 0.27 2.73 3

8 0.36 3.64 4
Morphine/propacetamol 8 1:250 0.2 49.8 50

8 0.4 99.6 100

7 0.6 149.4 150
Diclofenac/propacetamol 8 1:65.7 1.05 68.95 70

8 2.25 147.75 150

8 375 246.25 250

vals. (3) The area under the curve (AUC) evaluated the
overall effect. The AUC was calculated using the surface
of trapeziums, by summing the percentage ratio values
measured every 10 min after injection, until back to the
baseline. This total value is proportional to the AUC
because the intervals between the successive tests are
similar.

Dose—Response Curves. Dose-response curves
were built for each of the three parameters previously
defined: peak amplitude, duration of the analgesic ef-
fect, and AUC. In figures 2, 3, and 4, the mean values
of AUC (+ SEM) are plotted on the same graph against
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Fig. 1. Time course of the effect on the VIPP of the highest
doses of the three analgesic drugs alone. Values are expressed
as means = SEM. Morphine: the group (n = 8) receiving 1
mg/kg intravenous morphine. Diclofenac: the group (n = 8)
receiving 8 mg/kg intravenous diclofenac. Propacetamol: the
group (n = 8) receiving 500 mg/kg intravenous propacetamol.
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the doses of each single drug and of their combination
to facilitate the comparison of equianalgesic doses.

Analysis of Drug Interaction

To characterize the interaction between intravenous
morphine, diclofenac, and propacetamol, an isobolo-
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Fig. 2. Dose—response curves of morphine, diclofenac, and
morphine-diclofenac combinations at two different dose ra-
tios. Values are expressed as means + SEM. Morphine: the
groups (n = 8 in each) receiving intravenous morphine (0.1,
0.5, 1 mg/kg; r = 0.85). Diclofenac: the groups (n = 8 in each)
receiving intravenous diclofenac (2, 4, 8 mg/kg; r 0.82).
Morphine-diclofenac 1:5.66: the groups receiving the intrave-
nous morphine-diclofenac combination (total combination
dose of 1.67, 2.2, 3.33 mg/kg'; n = 8, 7, 6, respectively; r
0.84). Morphine-diclofenac 1:10: the groups (n = 8 in each)
receiving intravenous morphine-diclofenac combination (to-
tal combination dose of 1, 3, 4 mg/kg; r = 0.85).
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Fig. 3. Dose—response curves of morphine, propacetamol, and
morphine-propacetamol combination. Values are expressed
as means + SEM. Morphine: the group described in figure 2.
Propacetamol: the groups (n = 8 in each) receiving intrave-
nous propacetamol (100, 200, 500 mg/kg; r = 0.87). Morphine-
propacetamol 1:250: the groups receiving the intravenous
morphine-propacetamol combination (total combination
dose of 50, 100, 150 mg/kg; n = 8, 8, and 7, respectively; r =
0.81).

graphic analysis was performed. With this method, only
equieffective doses of each drug and their combination,
drawn from the dose-response curves, were consid-
ered for analysis. A theoretically additive dose of the
combination in the same component ratio was com-
puted from the equieffective doses of the single drugs,
according to the method described by Tallarida." The
comparison of both doses of the combination — experi-
mental and theoretically additive — allowed us to define
the nature of the interaction (synergy or antagonism)
or to conclude that there was no interaction (additivity).

Isobolograms. The isobolograms were constructed
as described previously.”> Briefly, the equieffective
doses of the single agents were plotted on the x and y
axes as the amounts of each component in combination
(experimental and theoretically additive doses). The iso-
bolograms were displayed using only the parameter
AUC. Three different values of AUC were used for each
analysis: AUC 125, 250, and 375 for morphine-diclo-
fenac combination and AUC 125, 250, and 350 for mor-
phine-propacetamol and diclofenac-propacetamol com-
binations. To limit the extrapolation and interpolation
of dose -response curves, these effects were chosen to
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be as close as possible to the mean values of the analge-
sic effect calculated for each dose of the drugs and their
combination.

Evaluation of the Magnitude of the Interaction.
To describe the magnitude of the interaction, a total
fraction value was calculated using the equieffective
doses of drug 1, drug 2, and their combination:

dose of drug 1 in combination

dose of drug 1 given alone

dose of drug 2 in combination

dose of drug 2 given alone

This total fraction value measures the divergence be-
tween the experimental dose of the combination and
the theoretical, equieffective additive dose.™'®

Values near 1 indicate additivity; values less than 1
imply a synergistic interaction; and values greater than
1 indicate an antagonistic interaction. The total fraction
value was computed for AUC, peak amplitude, and dura-
tion of analgesic effect.

Statistical Analysis
The dose-response lines were fitted using least-

squares linear regression analysis. The confidence inter-
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Fig. 4. Dose—response curves of diclofenac, propacetamol, and
the diclofenac-propacetamol combination. Values are ex-
pressed as means + SEM. Diclofenac, Propacetamol: groups
described in figures 2 and 3. Diclofenac-propacetamol 1:65.7:
the groups (n = 8 in each) receiving the intravenous diclo-
fenac-propacetamol combination (total combination dose of
70, 150, 250 mg/kg; r = 0.68).
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vals of equieffective doses (experimental and theoreti-
cally additive) were calculated according to the method
of Tallarida"® and compared using Student’s £ test. Prob-
ability values less than 0.05 were considered significant.

Results

T'ime Course of Responses and Dose - Response

Relations

Individual Drug Responses. The three doses of
morphine (0.1, 0.5, and 1 mg/kg), diclofenac 2, 4, and
8 mg/kg), and propacetamol (100, 250, and 500 mg/
kg) produce a significant elevation of the VIPP. The
time course of the VIPP for the highest dose of each
drug is shown on figure 1. For each drug, the peak
of VIPP is reached at 10 or 20 min after intravenous
injection, and the return to control value is achieved
within 40 -80 min depending on the drug and the dose
injected. The AUCs for all three drugs were clearly dose
dependent (figs. 2-4). The best correlation is obtained
by linear regression in the range of doses administered
(coefficients greater than 0.80).

In carrageenin-injected rats, saline (n = 8), vehicle of
diclofenac (n = 4), and solvent of propacetamol (n =
) did not influence the VIPP compared with animals
injected with carrageenin alone (n = 8), excluding the
possible bias caused by nonspecific effects of the injec-
tion itself or the solvents.

Analgesic Drug Combination Responses. The
peak of VIPP was reached 10 or 20 min after intrave-
nous injection. Return to preinjection values was
achieved within 40 - 100 min, depending on the combi-
nation and the dose injected. Peak latency was not mod-
ified by the combination.

—

Fig. 5. Isobolographic analysis for three different analgesic
effects of the interaction between morphine and diclofenac at
two different dose ratios. Different analgesic effects are quanti-
fied by AUC. (4) AUC 375. (B) AUC 250. (C) AUC 125. Morphine-
diclofenac 1:5.66, morphine-diclofenac 1:10, as described pre-
viously. Experimental points (+ SEM) are represented by black
squares. Points on the additivity line (+ SEM) are theoretical.
Synergy is observed at the two ratios for AUC 375 (4; P -
0.001) and only at ratio 1:10 for AUC 250 (B; P < 0.05). Experi-
mental points are not different from the additivity line for
AUC 125 (C). A graphic explanation (dotted line) for A shows
that the experimental doses of each component of the combi-
nation morphine-diclofenac (ratio, 1:10) are reduced com-
pared with the theoretical additive doses.
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The AUC:s for all drug combinations were clearly dose-
dependent (figs. 2-4). The best correlation is obtained
by linear regression in the range of doses administered
(coefficients being higher than 0.80 except for the com-
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Table 2. Comparison of Synergistic Interaction Magnitude
for the Morphine/Diclofenac Combination When Assessed
on AUC, Duration, or Peak Amplitude of the Analgesic Effect

Magnitude of the Interaction
Evaluated on:

Dose Combination Dose Peak
Ratio (mg-kg ) AUC Duration Amplitude
1:10 3 0.51 0.38 0.82
1:5.66 3 0.44 0.36 N2

AUC = area under the curve.

bination of diclofenac and propacetamol, r = 0.68). In
each case, the association of both drugs results in a shift
of the dose -response curve to an intermediate position
between the individual curves.

Isobolographic Analysis of Drug Interactions

Morphine-Diclofenac. The isobolographic analysis
was performed on the AUC. A synergistic interaction
between morphine and diclofenac is apparent, at both
ratios, when the highest analgesic response is consid-
ered (AUC 375). The equieffective doses are signifi-
cantly smaller than the computed additive doses with
both dose ratios (Student’s ¢ test; P < 0.001; fig. 5A).
Synergy is still apparent at the middle response level
(AUC 250; fig. 5B) with the morphine-diclofenac dose
ratio of 1:10 (Student’s ¢ test; P < 0.05). However, no
significant interaction is observed with the ratio 1:5.66
at the middle response level (AUC 250; fig. 5B). In the
graph related to the lowest response (AUC 125; fig. 5C),
equieffective doses show great variability for both drugs
and their combinations. An antagonism may be ques-
tioned mainly with the dose ratio 1:5.66, but the differ-
ence from the additivity line is not significant.

The relative contribution of peak amplitude and dura-
tion of the effect to the synergistic response established
from AUC analysis was evaluated by comparing interac-
tion magnitudes (see Materials and Methods: Evaluation
of the Magnitude of the Interaction). These magnitudes
were computed from the dose -response curves of the
AUC (fig. 2), peak amplitude, and duration (not shown),
respectively. The same dose (3 mg/kg of both combina-
tions; z.e., morphine-diclofenac, 1:10 and 1:5.66), close
to the doses inducing the maximal AUC response ana-
lyzed (375), was chosen for calculation. Table 2 shows
a comparison of the results. Interaction levels are clearly
less than 1 for the AUC and the duration of the analgesic
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effect, revealing a strong synergistic interaction. A syn-
ergistic interaction is also present for the peak ampli-
tude, measured 20 min after drug injection, although
to a lesser extent.

Morphine-Propacetamol. No significant difference
from additivity was noted for the three response levels
considered (AUC 350, 250, and 125; fig. 6A-C). As
previously observed with the morphine-diclofenac com-
bination, a trend to antagonism is possible for AUC 125
(fig. 6C); the doses of morphine calculated for this effect
and shown in figure 5C and 6C are in the same range
(0.21 and 0.22 mg/kg in the combinations with diclo-
fenac and propacetamol, respectively).

Propacetamol-Diclofenac. The isobolograms pre-
sented in figures 7A - C reveal no significant difference
compared with the additivity line (AUC 350, 250, and
1125).

Discussion

This study describes a synergy between intravenous
diclofenac and morphine at two different dose ratios
in carrageenin-injected rats. On the other hand, only
additivity was observed when propacetamol was associ-
ated with morphine or diclofenac.

The carrageenin injection produces acute, localized
inflammation, which results in mechanical allodynia
and edema with a well-defined time course.” The re-
spective responses to NSAIDs'” and opiates,'’ which are
clearly enhanced during an allodynic state, may differ
in this model of acute inflammatory pain and in the
conditions of postoperative pain. Our test, the vocaliza-
tion to paw pressure, evaluates pain behaviors pro-
voked by a standardized pressure, and this can be com-
pared with stimulus-evoked pain in the postoperative
period (e.g., pain with cough or ambulation). However,
ongoing pain is not evaluated in this experiment, al-
though it represents a significant part of postoperative
pain. Therefore, our results may not be extrapolated to
an ongoing pain situation because, as previously ob-
served,'” the test used to evaluate the analgesic effect
may influence the result of interaction analysis.

The synergy between diclofenac and morphine has
been shown at two different dose ratios, and this is
important because some reports have stated that the
type of interaction between two analgesic drugs de-
pends on the dose ratio."” Synergy seemed to be dose
related. In fact, synergy was intense for both ratios at

——*'
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Fig. 6. Isobolographic analysis for three different analgesic effects
of interaction between morphine and propacetamol at the 1:250
ratio. Different analgesic effects are quantified by AUC. (4) AUC
350. (B) AUC 250. (C) AUC 125. Experimental points (+ SEM) are
represented by a black square. Points on the additivity line (+
SEM) are theoretical. Experimental points are not different from
the additivity line for AUC 350, 250, and 125.
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Diclofenac (mg.kg-1)

Fig. 7. Isobolographic analysis of the interaction between
diclofenac and propacetamol 1:65.7. Different analgesic effects
were quantified by AUC. (4) AUC 350. (B) AUC 250. (C) AUC
125. Experimental points (+ SEM) are represented by black
squares. Points on the additivity line (+ SEM) are theoretical.
Experimental points are not different from the additivity line
for AUC 350, 250, and 125.
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largest doses (fig. 5A), and it was moderate for only one
ratio at intermediate doses (fig. 5B). It did not appear
for the lowest doses (fig. 5C). This may be due to the
more important variability of analgesic effect with the
lowest doses.

Our study did not investigate the mechanisms in-
volved in the synergy between diclofenac and mor-
phine. The synergy observed with duration may be re-
lated to a pharmacokinetic or pharmacodynamic inter-
action. A reduction of the glomerular excretion of
morphine and its active metabolite (Z.e., morphine-6
glucuronide) may be induced by diclofenac through
prostaglandin synthesis inhibition. However, such inter-
action is unlikely because, after an acute administration,
the contribution of morphine metabolite to the analge-
sic effect is limited.

A pharmacodynamic interaction is more probable, as
suggested by the synergistic effect on peak amplitude.
Nonsteroidal anti-inflammatory drugs act mainly
through peripheral inhibition of the cyclooxygenase en-
zyme,'®'” although a central action was recently de-
scribed.”” Morphine has mainly a central site of action
through interaction with opioid receptors, but a periph-
eral action also has been described after inflammation”'
and specifically demonstrated during carrageenin-in-
duced inflammation.'’ Therefore, synergy may occur in
the peripheral or the central nervous systems. A reason-
able hypothesis to explain our results may be that diclo-
fenac reduced nociceptive inputs reaching the central
nervous system, therefore enhancing the efficacy of the
central action of morphine. A lower frequency of noci-
ceptive inputs likely requires less central opioid recep-
tor activation to induce an analgesic effect. However,
interaction between diclofenac and morphine also may
occur in the central nervous system. A central action
of diclofenac has been identified in animals.”*** This
central effect observed for other NSAIDs seems to ap-
pear secondarily to protracted nociceptive input, as
present in inflammatory pain.** Inhibition of the central
nervous system cyclooxygenase is likely responsible for
the most part of the central effects of NSAIDs. A central
synergistic interaction of diclofenac is possible with
drugs acting through a clearly different cellular site,”
such as opioid receptor agonist, even though further
interferences with common biochemical systems in-
cluding serotoninergic,'**> endomorphinic,***® and ni-
tric oxide mediation,” may be involved in the final re-
sponse. Our integrated test, VIPP, does not give any
information on the level of interaction. However, a syn-
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ergy between another NSAID, ketorolac, and morphine
combined via intrathecal route has been revealed at
the spinal level in rats undergoing the formalin tests
The contribution of our experiment is to suggest that
this synergy also exists after systemic administration
and may be dose related.

Many studies have been done with combinations of
morphine and NSAIDs describing a 20-50% morphine-
sparing effect, which suggests a synergistic interaction.’
Studies evaluating diclofenac have shown similar re-
sults,”” *? and comparison of diclofenac with ketorolac
did not reveal significant differences, suggesting that
for postoperative analgesia, NSAIDs are rather similar.™
More interestingly, some clinical studies have shown a
benefit related to the combination on the pain
scores.”'** The synergy between morphine and diclo-
fenac observed in our study seemed to be dose related,
suggesting that, to obtain the clinical benefit of this
combination, appropriate doses may be necessary. In-
terestingly we used a stimulus-evoked pain model and
the synergy of the analgesic drug combination may have
a specific interest for this type of pain, as suggested by
clinical studies.”’ Taken together, our results further
support the clinical use of the combination of NSAIDs
and morphine.

In contrast to the results observed for the morphine-
diclofenac combination, our study does not demon-
strate synergy for morphine and propacetamol. In a
previous study, Pircio et al.' described contradictory
results for the combination of butorphanol and acet-
aminophen given by mouth to mice evaluated with the
writhing test. With the isobolographic analysis, the au-
thors reported synergy for a low opioid - high acetamin-
ophen potency ratio and a simple addition with high
opioid -low acetaminophen potency ratio. In the pres-
ent study, we also observed additivity for a high mor-
phine -low propacetamol potency ratio comparable to
that used for postoperative analgesia.

The mechanism of action of acetaminophen, the me-
tabolite of propacetamol, is unclear. Unlike NSAIDs,
acetaminophen has limited effects on inflammation'**?
and on the activity of peripheral cyclooxygenase.** This
relative lack of peripheral effect of acetaminophen may
underline a contrario the role of reducing afferent noci-
ceptive inputs in the morphine-diclofenac synergy. Sev-
eral basic and clinical studies strongly favor a direct
action of acetaminophen in the central nervous sys-
tem.””® Biochemical mechanisms of this action may
include inhibition of central cyclooxygenase® and bind-
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ing of oxygen free radicals.”” In addition, as for NSAIDs,
interferences with the serotoninergic descending path-
way,'**® or nitric oxide synthesis, have been pro-
posed.”” The lack of synergistic interaction between
morphine and propacetamol is debatable® and cannot
yet be related to these hypothetical mechanisms of cen-
tral action. Furthermore, the simple additivity observed
in this study does not preclude the clinical interest of
such combinations. In fact, this combination may be
interesting because propacetamol has much less toxic-
ity than NSAIDs, and a clinical study evaluating the com-
bination of morphine and propacetamol described a
sparring effect of 35% on morphine consumption.*

Similarly, the diclofenac-propacetamol combination
had only an additive effect. This combination may, how-
ever, be beneficial for postoperative analgesia as sug-
gested by a recent evaluation of the combination of
propacetamol and another NSAID, ketoprofen. In fact,
after lumbar spine surgery, intravenous ketoprofen and
propacetamol (50 mg and 2 g given every 6 h for 2
days, respectively) associated with intravenous mor-
phine reduced pain scores at rest and with movement
as compared with ketoprofen or propacetamol used
alone with morphine.” The rigorous evaluation of the
interaction in this combination of three drugs (i.e., keto-
profen, propacetamol, morphine) is difficult but de-
serves further study.

The results of our study are important for several rea-
sons. This is the first study to offer an isobolographic
analysis of the interaction between morphine, an
NSAID, diclofenac, and a pro-drug of acetaminophen,
propacetamol, after systemic administration. The syn-
ergy observed, for the diclofenac-morphine combina-
tion, at two different ratios, confirmed what was sug-
gested by the clinical studies describing a significant
opioid-sparing effect when NSAIDs are added. In addi-
tion, this synergy between morphine and diclofenac
seems to be dose-related, suggesting that to obtain the
clinical benefit of this combination, appropriate doses
may be necessary. The additivity observed in this exper-
iment for the morphine-propacetamol and diclofenac-
propacetamol combinations does not preclude their
clinical use but suggest that the clinical benefit of these
combinations may be more limited.
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