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Abstract:

Background: Combinations of non-steroidal anti-inflammatory drugs with opioids are frequently used to reduce opioid doses re-

quired in the clinical management of acute pain. The present study was designed to evaluate the possible antinociceptive interaction

between morphine and diclofenac at peripheral level in male rats.

Methods: Drugs were chosen based on their efficacy in the treatment of this kind of pain and as representative drugs of their respec-

tive analgesic groups. For the formalin test, 50 µl of 1% formalin solution was injected subcutaneously into the right hind paw. The

interaction between morphine and diclofenac was evaluated by using isobolographic analysis and interaction index. Drug interaction

was examined by administering fixed-ratio combinations of morphine-diclofenac (1 : 1 and 3 : 1) of their respective ED30 fractions.

Results: Diclofenac and morphine reduced flinching behavior in a dose-dependent manner during phase 2 but not phase 1 of the for-

malin test. Isobolographic analysis showed a synergistic interaction for the combination of morphine and diclofenac after local pe-

ripheral administration.

Conclusions: Data suggest that the combination of morphine with diclofenac at the site of injury is synergistic and could be useful in

the treatment of wounds, bruises, rheumatisms and other painful peripheral conditions associated with an inflammatory process.
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Introduction

Inflammatory pain is characterized by spontaneous

pain and hypersensitivity to both noxious and non-

noxious stimuli. After tissue injury, diverse inflamma-

tory mediators are released in the periphery, including

prostaglandins (PGs). In turn, synthesized PGs at the

site of injury play an important role in the peripheral

sensitization of nociceptors to stimuli. The inhibition

of cyclooxygenase (COX), a key enzyme in PGs syn-

thesis, is the principal target of the non-steroidal anti-

inflammatory drugs (NSAIDs). Therefore, local pe-

ripheral application of NSAIDs is an alternative to

produce antinociception.

On the other hand, besides their central mecha-

nisms of action, opioids also produce antinociception

through peripheral mechanisms which involve opioid

receptors [44]. The activation of peripheral opioid re-

ceptors has been shown to induce antinociception in

a variety of models, particularly in inflammatory con-

ditions [2, 39, 44] including the formalin test [4, 10,

15, 28, 49]. Like NSAIDs, opioids offer an alternative

to produce antinociception via direct application into

injured peripheral tissue [30, 56].
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Diclofenac is a non-selective COX inhibitor [23,

27] and it is considered as one of the most effective

NSAIDs for local peripheral use in clinical [5, 41, 43,

51] and preclinical [16, 50] comparative studies. In

addition, it is often used as reference drug to compare

other NSAIDs and new analgesic drugs in inflamma-

tory pain [7, 19, 38]. However, local application of di-

clofenac can produce adverse effects as dermatitis,

skin rash, dry skin, desquamation and pruritus, among

others [22]. Mechanistically, diclofenac has shown

peripheral effects that are not mediated by COX. In

fact, it has already been suggested that in addition to

the inhibition of COX, this drug could activate the ni-

tric oxide-cyclic GMP-potassium channels (NO-cyclic

GMP-K+ channels) pathway [32, 48].

There are convincing evidence that morphine has

also the capacity to reduce nociception by local appli-

cation in animals [6, 53] and human beings [11, 17,

35] in an effective and safe manner. This drug not

only antagonize opioid receptors, but also activates

the peripheral NO-cyclic GMP-K+ channels pathway

[39] suggesting a possible interaction with diclofenac

at the local peripheral level through different mecha-

nisms and/or by a shared pathway.

Analgesics combinations constitute the basis for

multimodal or balanced analgesia. In clinical practice,

NSAIDs are combined with morphine to relieve post-

operative pain [21]. In this sense, clinical studies have

described a 30–50% reduction in the opioid require-

ment with added NSAIDs [21]. In addition to clinical

studies, combinations of NSAIDs with morphine have

been evaluated in experimental pain models after sys-

temic [24–26, 34] and local peripheral administration

[20]. Other opiates such tramadol [40], codeine, nal-

buphine [18, 31], have been combined with NSAIDs.

However, to the best of our knowledge, there are not

studies assessing the diclofenac/morphine combination

applied directly into inflamed peripheral tissue. In this

regard, the objective of the current study was to evalu-

ate the combination of diclofenac and morphine in-

jected into the inflamed paw in the rat formalin test.

Materials and Methods

Animals

Experiments were performed on adult male Wistar

rats (body weight range 180–200 g), 6–8 weeks of

age. Animals were obtained from our own breeding

facilities and were housed and maintained at 22

± 0.5°C under 12-h light/12-h dark cycle. Food and

water were available ad libitum. The experiments

were carried out during the light phase from 10:00

a.m. to 16:00 p.m. The study protocol was approved

by the local Ethics Committee of our Institution, in

accordance with the International Association for the

Study of Pain guidelines on ethical standards for in-

vestigations of experimental pain in conscious ani-

mals [55]. Furthermore, every effort was done to

minimize pain and suffering in animals and the

number of rats used was the minimal required to ob-

tain significant statistical power.

Drugs

Diclofenac sodium and morphine sulfate were pur-

chased from Merck (Mexico City) and PISA (Mexico

City), respectively. The drug solutions were freshly

prepared in saline (0.9% w/v NaCl).

Injections

Drugs, either alone or as a mixture, were injected sub-

cutaneously (sc) in a volume of 50 µl into the dorsal

surface of the right hind paw. Each rat received 2 injec-

tions, one of vehicle, diclofenac, morphine or the

diclofenac-morphine mixture and another of 1% for-

malin. Appropriate controls for the injection and vehi-

cles were performed before starting the formal study.

In addition, a control rat for the vehicle was tested each

experimental day together with the drug treated groups.

Formalin-induced nociception test

On testing day, rats were acclimated to individual

open acrylic observation chambers until explorative

behavior ceased (approximately 30 min), in order to

minimize stress. The formalin test was carried out as

previously described [54]. In brief, 50 µl of diluted

formalin (1%) was injected subcutaneously into the

dorsal region of the right hind paw of the rats, with

a 30-gauge needle. Following the formalin injection,

the animals were returned to the observation cham-

bers and the pain-related behavior was quantified by

counting the incidence of spontaneous flinching,

which was defined as rapid and brief withdrawal, or

as flexing of the injected paw, during 1-min periods

every 5 min for 60 min after injection. Data collected
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between 0 and 10 min post-formalin injection repre-

sent a first phase, and data collected between 15 and

60 min represent the second phase. The rats were sac-

rificed in a CO2 chamber after the experiment.

Experimental design

Dose-response curves for morphine (2.5, 5, 10 and

20 µg/paw) and diclofenac (25, 50, 100 and 200 µg/

paw) were obtained using at least eight animals at

each dose. Rats received injections of morphine, di-

clofenac or vehicle in the ipsilateral paw and 20 min

later formalin was injected. Flinching behavior was

recorded afterwards. Dose-response curves were also

obtained after coadministration of morphine and di-

clofenac in fixed ratio combinations based on frac-

tions (1/2, 1/4, 1/8 and 1/16) of their respective ED30
values (dose of a drug that produces a 30% of the

maximal antinociceptive effect). The ratios of mor-

phine and diclofenac were 1 : 1 and 3 : 1. This takes

relevance because some reports have stated that the

type of interaction between two analgesic drugs de-

pends on the dose ratio [36].

In order to determine whether morphine (20 mg/

paw) and diclofenac (100 mg/paw) or morphine-

diclofenac mixture acted locally, these were injected

in the left hind paw (contralateral paw), while forma-

lin was injected in the right hind paw (ipsilateral

paw). Rats in all groups were observed with respect to

behavioral or motor function changes induced by the

treatments. This was assessed, but not quantified, by

testing the ability of animals to stand and walk in

a normal posture.

Data analysis

All experimental results are given as the mean

± SEM. Curves were constructed plotting the number

of flinches as a function of time. The area under the

number of flinches against time curves (AUC), an ex-

pression of the duration and intensity of the antino-

ciceptive effect, was calculated by the trapezoidal

rule. Dose-response curves are presented as AUC for

second phase of formalin test. Data were analyzed by

a one-way analysis of variance (ANOVA) followed

by a Tukey´s test. Differences were considered statis-

tically significant when p < 0.05.

The ED30 values with 95% confidence intervals

and the standard error values were calculated by lin-

ear regression analysis of the dose-response log

curves for each drug alone or in combination [46]. To

determine the ED30 values, the data from phase 2

(AUC) of each individual rat were transformed to per-

cent of maximum possible effect (expressed as %

Antinociception) by the following equation [49]:

A value close to 0% indicates that the number of

flinches is equal to that observed in the control group, and

a value of 100% indicates no flinching activity. However,

statistical analyses were employed on raw data to com-

pare the AUC recorded for the different treatments.

Dose-response curves were also constructed for

combinations of morphine-diclofenac, and the ED30
of the combination was calculated.

To determine the nature of interaction between di-

clofenac and morphine an isobolographic analysis

was performed. Briefly, isobologram was constructed

by plotting the ED30 value of morphine alone on the

abscissa and the ED30 of the diclofenac alone on the

ordinate to obtain a theoretical additive line (zero in-

teraction). The theoretical additive dose combination

was calculated. The ED30 values of the mixture were

calculated from the dose-response curves. Statistical

significance between the theoretical additive ED30
and the experimentally derived ED30 was evaluated

using Student’s t-test [46] An experimental ED30 sig-

nificantly lower than the theoretical additive ED30
was considered to indicate a synergistic interaction

between morphine and diclofenac. Statistical signifi-

cance was considered to be achieved when p < 0.05.

In order to describe the magnitude of interaction,

the interaction index (g) was calculated by the follow-

ing equation [47]:
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If the value is close to 1, the interaction is additive

(each drug contributes with its own potency to the to-

tal effect). Values lower than 1 are indicative of syn-

ergy and values higher than 1 correspond to an an-

tagonistic interaction [47].

Results

Formalin-induced nociception test

Formalin (1%) injection into the dorsal surface of

the right hind paw produced a typical pattern of

flinching behavior characterized by a biphasic time

course (Fig. 1A). Phase 1 of the nociceptive response

began immediately after formalin administration and

then declined gradually in approximately 10 min.

Phase 2 began about 15 min after formalin admini-

stration and lasted about 50 min (Fig. 1A).

Formalin-induced nociception after local

administration of diclofenac

Time course of diclofenac action against flinching be-

havior is illustrated in Figure 1A. It indicates that

flinching behavior is reduced at the second phase but

did not alter the nociceptive behavior in phase 1. The

ipsilateral injection of diclofenac 20 min prior to for-

malin reduced in a dose-dependent manner phase 2

with a significant effect at the doses of 100 and

200 µg/paw (p < 0.05) (Fig. 1B). Administration of

diclofenac (200 µg/paw) into the contralateral paw

produced no effect (Fig. 1B). Phase 2 ED30 of diclofe-

nac was about 145 µg (Tab. 1). At the highest dose
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Fig.1. Panel A shows the time course of 1% formalin-induced flinch-
ing behavior in the rats pre-treated with saline (0 µg/paw), diclofenac
(200 µg/paw) or morphine (20 µg/paw) 20 min prior to the dorsal in-
jection into the right hind paw of formalin (50 µl). Panel B and C show
antinociceptive effect of diclofenac and morphine during phase 2.
Rats received vehicle (SAL), diclofenac (25, 50, 100 or 200 µg/paw)
or morphine (2.5, 5.0, 10 or 20 µg/paw) on either in the right (ipsilat-
eral, IL) or left paw (contralateral, CL) and then an injection of 1% for-
malin (50 µl). Data are expressed as the area under the number of
flinches against the time curve observed during phase 2 (Phase 2
AUC). Bars are the mean ± SEM of eight rats. * Significantly different
from the saline group (p < 0.05), as determined by one-way analysis
of variance followed by Tukey’s test



tested, diclofenac (200 µg/paw) produced 34.8% of

antinociception. No adverse effects were observed at

this dose.

Formalin-induced nociception after local

administration of morphine

Peripheral injection of morphine significantly attenu-

ated flinching behavior. The time course of morphine

action is illustrated in Figure 1A. Ipsilateral but not

contralateral morphine injection produced its effect

during the second phase in a dose-dependent manner

(Fig. 1C). Phase 2 ED30 of morphine was about 4 µg

(Tab. 1). At the highest tested dose of morphine

(20 µg/paw), % antinociception was 58.8%. At this

dose, no adverse effects were observed.

Formalin-induced nociception after local

injection of morphine/diclofenac mixture

The co-administration of morphine and diclofenac in a

1 : 1 fixed ratio (2 : 72, 1 : 36, 0.5 : 18 and 0.25 : 9 µg/

paw) and a 3 : 1 fixed ratio (3 : 36, 1.5 : 18, 0.75 : 9

and 0.375 : 4.5 µg/paw) produced a dose-dependent

antinociceptive effect (Fig. 2A). Morphine/diclofenac

combination (ED30 = 32.23 µg/paw) in the 3 : 1 fixed

ratio resulted in a 3-fold leftward shift compared to

the 1 : 1 fixed ratio combination (ED30 = 10.58 µg/

paw) (Fig. 2A, Tab. 2), this was based on comparing

its relative potency. At the highest combination dose

tested of the 1 : 1 (2 : 72 µg/paw) and 3 : 1 (3 : 36 µg/

paw) mixture, the % antinociception was 49.44 and

56.94, respectively. Figure 2B shows the dose-

response curve for the antinociceptive effect of diclo-

fenac alone and diclofenac in the presence of mor-

phine (1 : 1 and 3 : 1 dose ratio combinations). There

was a leftward shift in the dose-response curves of di-

clofenac in the presence of morphine compared to that

obtained with diclofenac alone (Tab. 1). Likewise,

Figure 2C depicts the dose-response curve of mor-

phine in the absence and presence of diclofenac (1 : 1

and 3 : 1 dose ratio combinations). Unlike diclofenac,

a leftward shift in the dose-response curve was ob-

served in the 1 : 1 but not 3 : 1 dose ratio combination

(Fig. 2C, Tab. 1).

Isobolographic analysis

Isobolograms were constructed for the 30% level of

effect. The theoretical additive ED30 values and the

experimental ED30 values for the fixed ratio combina-

tion are shown in Table 2. Furthermore, the experi-

mental ED30 value of the morphine/diclofenac mix-

ture was significantly lower than the theoretical addi-

tive ED30 (Fig. 3, Tab. 2) indicating a synergistic

interaction in both dose ratios. Furthermore, the inter-

action index for 3 : 1 dose ratio was about two-fold

lower than that corresponding to the 1 : 1 dose ratio

combination (Fig. 3, Tab. 2).

Discussion

The present study demonstrates that administration of

morphine or diclofenac directly into the inflamed paw

produced antinociception in the second but not in the

first phase of the formalin test. The action of diclofe-

nac during the second phase of the formalin test was

expected since COX inhibitors prevent the develop-

ment of inflammatory hyperalgesia only during this
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Tab. 1. ED30 values ± SEM for diclofenac and morphine alone calculated from dose-response shown in Figures 2A and 2B. Also, were calcu-
lated the theoretical ED30 for diclofenac and morphine in both fixed-ratios (1 : 1 and 3 : 1) and was obtained the ratio diclofenac-morphine in
each combination

Alone Mixture

Morphine : diclofenac
(ratio: 1 : 1)

Morphine : diclofenac
(ratio: 3 : 1)

Diclofenac
143.8 ± 3.8043 µg

Diclofenac
31.33 ± 2.7324 µg

Diclofenac
9.75 ± 0.9768 µg

Morphine
4.1 ± 0.6971 µg

Morphine
0.90 ± 0.0787 µg

Morphine
0.84 ± 0.0845 µg

Ratio
ED

30
diclofenac/ED

30
morphine 34.80 11.60
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Tab. 2. ED30 values and interaction indexes of the combinations of morphine-diclofenac

Morphine-diclofenac
combination

Interaction index Theoretical ED30 Experimental ED30

Ratio: 1 : 1 0.44

(0.36–0.53)

73.96

(68.78–79.54)

32.23*

(22.14–46.93)

Ratio: 3 : 1 0.27

(0.22–0.34)

39.05

(36.15–42.19)

10.58*

(6.88–16.31)

The interaction index was calculated with the following equation: interaction index = a/A + b/B; a = ED30 of morphine in the presence of diclofe-
nac; A = ED30 of morphine; b = ED30 of diclofenac in the presence of morphine; B = ED30 of diclofenac. Interaction index was < 1, it indicates
a synergistic effect. 95% confidence intervals are shown in parentheses. * Significant difference from theoretical ED30 by Student t-test, p <
0.05

Fig. 2. Dose-response curves of diclofenac-morphine combinations.
The drugs were coadministered at a constant morphine : diclofenac
fixed ratio of 1 : 1 and 3 : 1. The mixture was injected 20 min prior to
the dorsal injection into the right hind paw of 1% formalin (50 µl). Data
are expressed as % of antinociception from the second phase
(Phase 2 AUC) of the formalin test. Each point is the mean of eight
rats. Panel A shows combination dose-response curves. In panel B
the combination dose-response curves are plotted as the dose of di-
clofenac used in the presence of morphine. In panel C the combina-
tion dose-response curves are plotted as the dose of morphine used
in the presence of diclofenac



phase of the test [12]. The antinociceptive effect can

be attributed to a peripheral action of the drugs, since

the contralateral (left paw) injection of the highest

dose of drugs were not able to inhibit the 1%

formalin-induced flinching behavior of the right paw.

Antinociceptive activity of diclofenac observed in this

study is similar to our previous studies [33, 50].

On the other hand, our results with morphine are in

line with previous reports showing that local periph-

eral injection of morphine reduces the inflammatory

phase of the formalin test [3, 10, 30, 49]. There is evi-

dence that the antinociceptive effect of morphine after

peripheral local injection is reversed by opioid recep-

tor antagonists [1, 30] suggesting that the effect is me-

diated by opioid receptors present in the nociceptive

peripheral terminals [30, 37, 45]. Contrary to our re-

sults, in which morphine did not reduce phase 1 of the

formalin test, several reports have found that mor-

phine reduces both phases of this test [14, 29, 42].

Differences could be due to the range of doses used as

those authors used morphine in the range of milli-

grams and by systemic route, suggesting that mor-

phine may induce its antinociceptive effect in phase I

through activation of central as well as peripheral

mechanisms.

The combination of morphine and diclofenac pro-

duced a synergistic interaction in the formalin test.

Furthermore, a synergistic interaction between mor-

phine and diclofenac has been described after their

topical administration in the thermal tail-flick assay

[20] or their intrathecal administration in the writhing

test [25]. Additionally, it has been shown that combi-

nation of buprenorphine, an opiate, with lumiracoxib,

a NSAID, after their systemic administration pro-

duced synergistic antinociception in the formalin test

[8]. Also, it has been reported that the combination of

opioids with lumiracoxib produced a synergistic anti-

nociceptive effect after their local peripheral admini-

stration in the formalin test [31].

In the current study, the nature of interaction be-

tween diclofenac and morphine after peripheral local

co-administration was recognized by means of isobo-

lographic analysis and the interaction index. Since the

synergistic interaction not only depends on the differ-

ent mechanisms of drug action, but also depends on

the relative amounts of the drugs in the combination

tested [36], we increased the proportion of morphine

with respect to diclofenac. A synergistic effect was

observed with the two different dose fixed-ratio com-

binations, as experimental ED30 values were signifi-

cantly lower than the theoretical ED30. In this regard,

there was a leftward shift in the dose-response curves

of diclofenac in the 1 : 1 and 3 : 1 dose ratio combina-

tion suggesting that diclofenac becomes more potent

in the presence of morphine. In contrast, a leftward

shift in the dose-response curve for morphine was ob-

served in the 1 : 1 but not 3 : 1 dose ratio combination

suggesting that morphine increase its potency only

with the 1 : 1 dose ratio.

Literature shows that the potentiation of inhibitory

opioid effect on GABAergic synaptic transmission in

the periaqueductal gray matter is largely a result of

decrease of COX-1 activity, rather than COX-2 inhi-

bition [52]. This is in line with the synergistic antino-

ciceptive effect observed in the second phase of the

formalin test with the diclofenac/morphine combina-

tions as diclofenac is a potent inhibitor of COX-1 [5,

50] Christie and colleagues [9] have proposed a me-

chanism for the interaction between opioids and

NSAIDs in primary afferent nerves which involves

the adenylyl cyclase. During an inflammatory pro-

cess, prostanoids released via COX act on their

prostanoid receptors to simulate adenylyl cyclase via
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Fig. 3. Isobolographic analysis for the interaction between local pe-
ripheral morphine and diclofenac during phase 2 in the formalin test.
Dose-response curves were generated using fixed ratio (1 : 1 and
3 : 1) of morphine and diclofenac. The y-intercept represents the
ED30 value for diclofenac alone, and the x-intercept represents the
ED30 value for morphine alone. The solid diagonal line connecting
the ED30 values alone is called theoretical additive line and repre-
sents combinations of doses that would be predicted to have a 30%
effect. Dashed radial lines represent the two different doses ratios
that were tested whereas symbols on the radial lines represent the
experimentally determined ED30 of those mixtures. The experimental
ED30 was significantly lower in both fixed ratios (p < 0.05, t-test) than
the theoretical ED30, indicating that the interaction between mor-
phine-diclofenac is synergistic



stimulatory G-proteins. The cyclic AMP formed shifts

the activation of the hyperpolarization activated cat-

ion current (Ih) increasing excitability and action po-

tential frequency of the nerve. Under these conditions,

opioids acting on µ-receptors functionally antagonize

this pathway because inhibitory G-proteins reduce ac-

tivity of adenylyl cyclase. In this regard, NSAIDs in-

teract with these mechanisms by reducing formation

of prostanoids. Diclofenac could also potentiate the

effect of morphine through novel antinociceptive

mechanisms of action described in the literature as the

inhibition of lipoxygenases, inhibition of peroxisome

proliferator activated receptor g, blockage of acid-

sensing ion channels, alteration of interleukin-6 pro-

duction or inhibition of N-methyl-D-aspartate recep-

tors [13]. Besides the mechanisms of action described

above, both drugs share the activation of the NO-

cyclic GMP-K+ channel pathway. This pathway may

also participate in the observed synergistic interaction

in the present study as previously described for diclo-

fenac [33, 48] and morphine [15]. Accordingly, some

authors have proposed that the NO-cyclic GMP path-

way participates in the synergistic antinociceptive ef-

fect between morphine and dipyrone at the peripheral

level [1].

In conclusion, a synergistic interaction was ob-

served between morphine and diclofenac at local pe-

ripheral level, suggesting that this combination could

be useful to treat diseases associated with peripheral

inflammatory pain in human beings.

Acknowledgments:

Elizabeth Carmona-Díaz was a Conacyt fellow (186999). This work

was part of the M.Sc. dissertation of Elizabeth Carmona-Díaz.

This research was supported by Universidad Juárez Autónoma

de Tabasco.

References:

1. Aguirre-Banuelos P, Granados-Soto V: Evidence for

a peripheral mechanism of action for the potentiation of

the antinociceptive effect of morphine by dipyrone.

J Pharmacol Toxicol Methods, 1999, 42, 79–85.

2. Aley KO, Levine JD: Dissociation of tolerance and de-

pendence for opioid peripheral antinociception in rats.

J Neurosci, 1997, 17, 3907–3912.

3. Arguelles CF, Torres-Lopez JE, Granados-Soto V:

Peripheral antinociceptive action of morphine and the

synergistic interaction with lamotrigine. Anesthesiology,

2002, 96, 921–925.

4. Baamonde A, Alvarez-Vega M, Hidalgo A, Menendez L:

Effects of intraplantar morphine in the mouse formalin

test. Jpn J Pharmacol, 2000, 83, 154–156.

5. Baiza-Duran LM, Quintana-Hau J, Tornero-Montano R,

Ortiz MI, Castaneda-Hernandez G, Alanis-Villarreal L,

Avalos-Urzua G et al.: Comparison of the efficacy and

safety of a novel meloxicam ophthalmic formulation

with a reference diclofenac solution in cataract surgery.

Int J Clin Pharmacol Ther, 2009, 47, 89–95.

6. Barr GA: Antinociceptive effects of locally administered

morphine in infant rats. Pain, 1999, 81, 155–161.

7. Bouchier-Hayes TA, Rotman H, Darekar BS: Comparison

of the efficacy and tolerability of diclofenac gel (Voltarol

Emulgel) and felbinac gel (Traxam) in the treatment of

soft tissue injuries. Br J Clin Pract, 1990, 44, 319–320.

8. Capuano A DCA, Treglia M, Tringali G, Dello Russo C,

Navarra P: Antinociceptive activity of buprenorphine

and lumiracoxib in the rat orofacial formalin test: a com-

bination analysis study. Eur J Pharmacol, 2009, 605,

57–62.

9. Christie MJ, Vaughan CW, Ingram SL: Opioids, NSAIDs

and 5-lipoxygenase inhibitors act synergistically in brain

via arachidonic acid metabolism. Inflamm Res, 1999, 48,

1–4.

10. DeHaven-Hudkins DL, Burgos LC, Cassel JA, Daubert

JD, DeHaven RN, Mansson E, Nagasaka H et al.: Lop-

eramide (ADL 2-1294), an opioid antihyperalgesic agent

with peripheral selectivity. J Pharmacol Exp Ther, 1999,

289, 494–502.

11. Faktorovich EG, Basbaum AI: Effect of topical 0.5%

morphine on postoperative pain after photorefractive

keratectomy. J Refract Surg, 2010, 26, 934–941.

12. Ferreira SH: Prostaglandins, aspirin-like drugs and anal-

gesia. Nat New Biol, 1972, 240, 200–203.

13. Gan TJ: Diclofenac: an update on its mechanism of ac-

tion and safety profile. Curr Med Res Opin, 2010, 26,

1715–1731.

14. Gorski F, Correa CR, Filho VC, Yunes RA, Calixto JB:

Potent antinociceptive activity of a hydroalcoholic ex-

tract of Phyllanthus corcovadensis. J Pharm Pharmacol,

1993, 45, 1046–1049.

15. Granados-Soto V, Rufino MO, Gomes Lopes LD, Ferreira

SH: Evidence for the involvement of the nitric oxide-

cGMP pathway in the antinociception of morphine in the

formalin test. Eur J Pharmacol, 1997, 340, 177–180.

16. Gupta SK, Bansal P, Bhardwaj RK, Jaiswal J, Velpan-

dian T: Comparison of analgesic and anti-inflammatory

activity of meloxicam gel with diclofenac and piroxicam

gels in animal models: pharmacokinetic parameters after

topical application. Skin Pharmacol Appl Skin Physiol,

2002, 15, 105–111.

17. Huptas L, Rompoti N, Herbig S, Korber A, Klode J,

Schadendorf D, Dissemond J: A new topically applied

morphine gel for the pain treatment in patients with

chronic leg ulcers: first results of a clinical investigation

(German). Hautarzt, 2011, 62, 280–286.

18. Jimenez-Andrade JM, Ortiz MI, Perez-Urizar J,

Aguirre-Banuelos P, Granados-Soto V, Castaneda-

Hernandez G: Synergistic effects between codeine and

diclofenac after local, spinal and systemic administra-

tion. Pharmacol Biochem Behav, 2003, 76, 463–471.

Pharmacological Reports, 2013, 65, 358�367 365

Synergy between COX inhibitor and morphine
Jorge E. Torres-López et al.



19. Karow JH, Abt HP, Frohling M, Ackermann H: Efficacy

of Arnica montana D4 for healing of wounds after Hal-

lux valgus surgery compared to diclofenac. J Altern

Complement Med, 2008, 14, 17–25.

20. Kolesnikov Y, Soritsa D: Analgesic synergy between topi-

cal opioids and topical non-steroidal anti-inflammatory

drugs in the mouse model of thermal pain. Eur J Pharma-

col, 2008, 579, 126–133.

21. Marret E, Kurdi O, Zufferey P, Bonnet F: Effects of non-

steroidal antiinflammatory drugs on patient-controlled

analgesia morphine side effects: meta-analysis of ran-

domized controlled trials. Anesthesiology, 2005, 102,

1249–1260.

22. Massey T, Derry S, Moore RA, McQuay HJ: Topical

NSAIDs for acute pain in adults. Cochrane Database

Syst Rev, 2010, CD007402.

23. Menasse R, Hedwall PR, Kraetz J, Pericin C, Riesterer

L, Sallmann A, Ziel R, Jaques R: Pharmacological prop-

erties of diclofenac sodium and its metabolites. Scand

J Rheumatol Suppl, 1978, 5–16.

24. Miranda HF, Pinardi G: Lack of effect of naltrexone on

the spinal synergism between morphine and non steroi-

dal anti-inflammatory drugs. Pharmacol Rep, 2009, 61,

268–274.

25. Miranda HF, Prieto JC, Pinardi G: Spinal synergy be-

tween nonselective cyclooxygenase inhibitors and mor-

phine antinociception in mice. Brain Res, 2005, 1049,

165–170.

26. Miranda HF, Silva E, Pinardi G: Synergy between

the antinociceptive effects of morphine and NSAIDs.

Can J Physiol Pharmacol, 2004, 82, 331–338.

27. Mitchell JA, Akarasereenont P, Thiemermann C, Flower

RJ, Vane JR: Selectivity of nonsteroidal antiinflamma-

tory drugs as inhibitors of constitutive and inducible cy-

clooxygenase. Proc Natl Acad Sci USA, 1993, 90,

11693–11697.

28. Mixcoatl-Zecuatl T, Aguirre-Banuelos P, Granados-Soto

V: Sildenafil produces antinociception and increases

morphine antinociception in the formalin test. Eur

J Pharmacol, 2000, 400, 81–87.

29. O’Connor TC, Abram SE: Halothane enhances suppres-

sion of spinal sensitization by intrathecal morphine in

the rat formalin test. Anesthesiology, 1994, 81,

1277–1283.

30. Obara I, Parkitna JR, Korostynski M, Makuch W,

Kaminska D, Przewlocka B, Przewlocki R: Local periph-

eral opioid effects and expression of opioid genes in

the spinal cord and dorsal root ganglia in neuropathic

and inflammatory pain. Pain, 2009, 141, 283–291.

31. Ortiz MI, Castaneda-Hernandez G: Examination of the

interaction between peripheral lumiracoxib and opioids

on the 1% formalin test in rats. Eur J Pain, 2008, 12,

233–241.

32. Ortiz MI, Granados-Soto V, Castaneda-Hernandez G:

The NO–cGMP–K+ channel pathway participates in the

antinociceptive effect of diclofenac, but not of

indomethacin. Pharmacol Biochem Behav, 2003, 76,

187–195.

33. Ortiz MI, Torres-Lopez JE, Castaneda-Hernandez G,

Rosas R, Vidal-Cantu GC, Granados-Soto V: Pharma-

cological evidence for the activation of K+ channels by

diclofenac. Eur J Pharmacol, 2002, 438, 85–91.

34. Pinardi G, Prieto JC, Miranda HF: Analgesic synergism

between intrathecal morphine and cyclooxygenase-2 in-

hibitors in mice. Pharmacol Biochem Behav, 2005, 82,

120–124.

35. Platzer M, Likar R, Stein C, Beubler E, Sittl R: Topical

application of morphine gel in inflammatory mucosal

and cutaneous lesions (German). Schmerz, 2005, 19,

296–301.

36. Poveda R, Planas E, Pol O, Romero A, Sanchez S, Puig

MM: Interaction between metamizol and tramadol in

a model of acute visceral pain in rats. Eur J Pain, 2003,

7, 439–448.

37. Rau KK, Caudle RM, Cooper BY, Johnson RD: Diverse

immunocytochemical expression of opioid receptors in

electrophysiologically defined cells of rat dorsal root

ganglia. J Chem Neuroanat, 2005, 29, 255–264.

38. Rocha-Gonzalez HI, Blaisdell-Lopez E, Granados-Soto

V, Navarrete A: Antinociceptive effect of 7-hydroxy-

3,4-dihydrocadalin isolated from Heterotheca inuloides:

role of peripheral 5-HT1 serotonergic receptors. Eur

J Pharmacol, 2010, 649, 154–160.

39. Rodrigues AR, Duarte ID: The peripheral antinociceptive

effect induced by morphine is associated with ATP-sensitive

K+ channels. Br J Pharmacol, 2000, 129, 110–114.

40. Satyanarayana PS, Jain NK, Singh A, Kulkarni SK:

Isobolographic analysis of interaction between cyclooxy-

genase inhibitors and tramadol in acetic acid-induced

writhing in mice. Prog Neuropsychopharmacol Biol

Psychiatry, 2004, 28, 641–649.

41. Sengupta S, Velpandian T, Kabir SR, Gupta SK: Analge-

sic efficacy and pharmacokinetics of topical nimesulide

gel in healthy human volunteers: double-blind compari-

son with piroxicam, diclofenac and placebo. Eur J Clin

Pharmacol, 1998, 54, 541–547.

42. Sevostianova N, Danysz W, Bespalov AY: Analgesic ef-

fects of morphine and loperamide in the rat formalin test:

interactions with NMDA receptor antagonists. Eur

J Pharmacol, 2005, 525, 83–90.

43. Snir M, Axer-Siegel R, Friling R, Weinberger D: Effi-

cacy of diclofenac versus dexamethasone for treatment

after strabismus surgery. Ophthalmology, 2000, 107,

1884–1888.

44. Stein C: The control of pain in peripheral tissue by

opioids. N Engl J Med, 1995, 332, 1685–1690.

45. Stein C, Schafer M, Machelska H: Attacking pain at its

source: new perspectives on opioids. Nat Med, 2003, 9,

1003–1008.

46. Tallarida RJ: Drug synergism and dose-effect data analy-

sis; Chapman and Hall/CRC Press, Boca Raton, FL, 2000.

47. Tallarida RJ: The interaction index: a measure of drug

synergism. Pain, 2002, 98, 163–168.

48. Tonussi CR, Ferreira SH: Mechanism of diclofenac anal-

gesia: direct blockade of inflammatory sensitization.

Eur J Pharmacol, 1994, 251, 173–179.

49. Torres-Lopez JE, Juarez-Rojop IE, Granados-Soto V,

Diaz-Zagoya JC, Flores-Murrieta FJ, Ortiz-Lopez JU,

Cruz-Vera J: Peripheral participation of cholecystokinin

in the morphine-induced peripheral antinociceptive ef-

366 Pharmacological Reports, 2013, 65, 358�367



fect in non-diabetic and diabetic rats. Neuropharmacol-

ogy, 2007, 52, 788–795.

50. Torres-Lopez JE, Ortiz MI, Castaneda-Hernandez G,

Alonso-Lopez R, Asomoza-Espinosa R, Granados-Soto

V: Comparison of the antinociceptive effect of celecoxib,

diclofenac and resveratrol in the formalin test. Life Sci,

2002, 70, 1669–1676.

51. Towheed TE: Pennsaid therapy for osteoarthritis of the

knee: a systematic review and metaanalysis of random-

ized controlled trials. J Rheumatol, 2006, 33, 567–573.

52. Vaughan CW: Enhancement of opioid inhibition of

GABAergic synaptic transmission by cyclo-oxygenase

inhibitors in rat periaqueductal grey neurones. Br J Phar-

macol, 1998, 123, 1479–1481.

53. Wenk HN, Nannenga MN, Honda CN: Effect of mor-

phine sulphate eye drops on hyperalgesia in the rat cor-

nea. Pain, 2003, 105, 455–465.

54. Wheeler-Aceto H, Cowan A: Standardization of the rat

paw formalin test for the evaluation of analgesics. Psy-

chopharmacology (Berl), 1991, 104, 35–44.

55. Zimmermann M: Ethical guidelines for investigations of

experimental pain in conscious animals. Pain, 1983, 16,

109–110.

56. Zollner C, Mousa SA, Fischer O, Rittner HL, Shaqura

M, Brack A, Shakibaei M et al.: Chronic morphine use

does not induce peripheral tolerance in a rat model of in-

flammatory pain. J Clin Invest, 2008, 118, 1065–1073.

Received: August 16, 2012; in the revised form: October 11, 2012;

accepted: November 16, 2012.

Pharmacological Reports, 2013, 65, 358�367 367

Synergy between COX inhibitor and morphine
Jorge E. Torres-López et al.


	267	Dr. Gert Schulze, M.D. (1941Œ2013). In memoriam.
	Helmut Coper, Krystyna Ossowska, Hans Rommelspacher
	271	Review Œ Vitamin D and the central nervous system.
	Ma³gorzata Wrzosek, Jacek £ukaszkiewicz, Micha³ Wrzosek, Andrzej Jakubczyk, Halina Matsumoto, Pawe³ Pi¹tkiewicz, Maria Radziwoñ-Zaleska, Marcin Wojnar, Gra¿yna Nowicka

	279	Review Œ Fever development in neuroleptic malignant syndrome during treatment with olanzapine and clozapine.
	Anna Szota, Ewa Og³odek, Aleksander Araszkiewicz

	288	Review Œ Oxidative stress, polyunsaturated fatty acids-derived oxidation products and bisretinoids as potential inducers of CNS diseases: focus on age-related macular degeneration.
	Jerzy Z. Nowak

	305	Review Œ Mydriasis model in rats as a simple system to evaluate a2-adrenergic activity of the imidazol(in)e compounds.
	Joanna Raczak-Gutknecht, Teresa Fr¹ckowiak, Antoni Nasal, Roman Kaliszan

	313	Review Œ Biochemical and pharmacological characterization of isatin and its derivatives: from structure to activity.
	Parvaneh Pakravan, Soheila Kashanian, Mohammad M. Khodaei, Frances J. Harding

	336	Attenuation of stress-induced behavioral deficits by lithium administration via serotonin metabolism.
	Tahira Perveen, Saida Haider, Wajeeha Mumtaz, Faiza Razi, Saiqa Tabassum, Darakhshan J. Haleem

	343	s Receptor antagonist attenuation of methamphetamine-induced neurotoxicity is correlated to body temperature modulation.
	Matthew J. Robson, Michael J. Seminerio, Christopher R. McCurdy, Andrew Coop, Rae R. Matsumoto

	350	Nisoxetine blocks sodium currents and elicits spinal anesthesia in rats.
	Yuk-Man Leung, Chin-Chen Chu, Chang-Shin Kuo, Yu-Wen Chen, Jhi-Joung Wang

	358	Antinociceptive synergy between diclofenac and morphine after local injection into the inflamed site.
	Jorge E. Torres-López, Elizabeth Carmona-Díaz, José L. Cortés-Peñaloza, Crystell G. Guzmán-Priego, Héctor I. Rocha-González

	368	Changes in the Egr1 and Arc expression in brain structures of pentylenetetrazole-kindled rats.
	Janusz Szyndler, Piotr Maciejak, Aleksandra Wis³owska-Stanek, Ma³gorzata Lehner, Adam P³a�nik

	379	Effect of acute and chronic tianeptine on the action of classical antiepileptics in the mouse maximal electroshock model.
	Kinga K. Borowicz, Monika Banach, Barbara Piskorska, Stanis³aw J. Czuczwar

	389	Effects of N-(morpholinomethyl)-p-isopropoxyphenyl- succinimide on the protective action of different classical antiepileptic drugs against maximal electroshock-induced tonic seizures in mice.
	Dorota ¯ó³kowska, Mateusz Kominek, Magdalena Florek- £uszczki, Sergey L. Kocharov, Jarogniew J. £uszczki

	399	Single centre 20 year survey of antiepileptic drug-induced hypersensitivity reactions.
	Barbara B³aszczyk, Monika Szpringer, Stanis³aw J. Czuczwar, W³adys³aw Lasoñ

	410	Effects of sesquiterpene, flavonoid and coumarin types of compounds from Artemisia annua L. on production of mediators of angiogenesis.
	Xiaoxin X. Zhu, Lan Yang, Yujie J. Li, Dong Zhang, Ying Chen, Petra Kostecká, Eva Kmoníèková, Zdenìk Zídek

	421	Changes in antioxidant capacity of blood due to mutual action of electromagnetic field (1800 MHz) and opioid drug (tramadol) in animal model of persistent inflammatory state.
	Pawe³ Bodera, Wanda Stankiewicz, Katarzyna Zawada, Bo¿ena Antkowiak, Ma³gorzata Paluch, Jaros³aw Kieliszek, Boles³aw Kalicki, Andrzej Bartosiñski, Iwona Wawer

	429	Lymphocyte-suppressing, endothelial-protective and systemic anti-inflammatory effects of metformin in fenofibrate-treated patients with impaired glucose tolerance.
	Robert Krysiak, Anna Gdula-Dymek, Bogus³aw Okopieñ

	435	Anisomycin suppresses Jurkat T cell growth by the cell cycle-regulating proteins.
	Chunyan Yu, Feiyue Xing, Zhengle Tang, Christian Bronner, Xijian Lu, Jingfang Di, Shan Zeng, Jing Liu

	445	In vivo effect of oracin on doxorubicin reduction, biodistribution and efficacy in Ehrlich tumor bearing mice.
	Veronika Hanuıová, Pavel Tomıík, Lenka Kriesfalusyová, Alena Pakostová, Iva Bouıová, Lenka Skálová

	453	Synergistic anti-cancer activity of the combination of dihydroartemisinin and doxorubicin in breast cancer cells.
	Guo-Sheng Wu, Jin-Jian Lu, Jia-Jie Guo, Ming-Qing Huang, Li Gan, Xiu-Ping Chen, Yi-Tao Wang

	460	In vivo and ex vivo responses of CLL cells to purine analogs combined with alkylating agent.
	Jolanta D. ¯o³nierczyk, Arleta Borowiak, Jerzy Z. B³oñski, Barbara Cebula-Obrzut, Ma³gorzata Rogaliñska, Aleksandra Kotkowska, Ewa Wawrzyniak, Piotr Smolewski, Tadeusz Robak, Zofia M. Kiliañska

	476	Effects of vitamin D3 derivative Œ calcitriol on pharmacological reactivity of aortic rings in a rodent PCOS model.
	Gabriella Masszi, Agnes Novak, Robert Tarszabo, Eszter Maria Horvath, Anna Buday, Eva Ruisanchez, Anna-Maria Tokes, Levente Sara, Rita Benko, Gyorgy L Nadasy, Csaba Revesz, Peter Hamar, Zoltán Benyó, Szabolcs Varbiro

	484	Effects of single and repeated in vitro exposure 
of three forms of parabens, methyl-, butyl- and propylparabens on the proliferation and estradiol secretion in MCF-7 and MCF-10A cells.
	Anna Wróbel, Ewa £. Gregoraszczuk

	494	Luminal melatonin stimulates pancreatic enzyme secretion via activation of serotonin-dependent nerves.
	Katarzyna Nawrot-Por¹bka, Jolanta Jaworek, Anna Leja-Szpak, Joanna Szklarczyk, Stanis³aw J. Konturek, Russel J. Reiter

	505	Benzylpenicillin inhibits the renal excretion 
of acyclovir by OAT1 and OAT3.
	Jianghao Ye, Qi Liu, Changyuan Wang,Qiang Meng, Huijun Sun, Jinyong Peng, Xiaochi Ma, Kexin Liu

	SHORT COMMUNICATIONS
	513	Orexins/hypocretins stimulate accumulation of inositol phosphate in primary cultures of rat cortical neurons.
	Jolanta B. Zawilska, Anna Urbañska, Paulina Soko³owska


	517	How to combine non-compartmental analysis with the population pharmacokinetics? A study of tobacco smoke™s influence on the bioavailability of racemic citalopram in rats.
	Wojciech Jawieñ, Jagoda Majcherczyk, Maksymilian Kulza, Ewa Florek, Wojciech Piekoszewski

	Phil-Dong Moon, Hyun-Ja Jeong, Hyung-Min Kim
	532	Note to Contributors

	content
	cont
	contents_3'2005
	contents
	abstract
	spis tresci
	indeks
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

