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Morphine and dipyrone co-administration delays tolerance development

and potentiates antinociception
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Abstract

This work analyses the time course of tolerance development and antinociceptive potentiation throughout repeated co-administration of

morphine (an opioid receptor agonist) plus dipyrone (a non-steroidal anti-inflammatory drug) in the tail-flick test. Male Wistar rats were i.v.

injected with morphine (3.1 mg/kg), dipyrone (600 mg/kg) or the combination morphine/dipyrone twice a day for 5 days. Dipyrone produced

antinociceptive effects with a trend towards tolerance development at the end of the treatment. Morphine was initially effective, but complete

tolerance developed after its fifth administration. The combination of morphine plus dipyrone produced a significant potentiation and longer

duration of antinociceptive effects. The antinociceptive efficacy of morphine and dipyrone co-administration gradually decreased after the

sixth injection. An additional group of rats treated with dipyrone for 11 days developed complete tolerance after the 19th administration.

These data suggest that repeated co-administration of morphine plus dipyrone results in a delay of tolerance development and in a

potentiation of their individual antinociceptive effects.
D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Morphine is still the drug of choice for the treatment of

moderate to severe pain (Martin and Eisenach, 2001). In

spite of this, the usefulness of opioids in chronic pain

management is limited because tolerance to their analgesic

effects develops after repeated administration (Bhargava,

1994; Gutstein and Akil, 2001) which leads to a gradual

drug dose escalation and the increase of undesirable effects

associated with it (Mercadante, 1999).

A strategy to reduce the unwanted side effects of high

doses of analgesics is to combine low doses of opioids and

non-steroidal anti-inflammatory drugs (Lasagna, 1965; Pic-

ard et al., 1997). This approach not only reduces the risks

associated with the use of high doses of individual drugs,

but sometimes results in improved analgesic treatments

(Grotto et al., 1965; Maves et al., 1994; Christie et al.,

1999). In this regard, extensive pre-clinical and clinical

research in the field of pain relief has shown that the acute
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combination of opioids with non-steroidal anti-inflamma-

tory drugs produces analgesic potentiation (Calimlim et al.,

1976; Bentley and Head, 1987; Malmberg and Yaksh, 1993;

World Health Organization, 1986; Sandrini et al., 1998,

1999; Lashbrook et al., 1999). In contrast, little is known

about the antinociceptive effects of repeated administration

of combined analgesic treatments.

Among non-steroidal anti-inflammatory drugs, dipyrone

(also known as metamizol) is widely used in Latin America,

Germany and other European countries (Miralles et al., 1987;

Garcia-Alonso et al., 1991) due to its high analgesic efficacy

and good gastric tolerability (Patel et al., 1980; Rodriguez et

al., 1994; Planas et al., 1998). Some pre-clinical reports have

shown that, acutely, dipyrone enhances morphine-induced

antinociception (Carlsson and Jurna, 1987; Lopez-Muñoz,

1994; Taylor et al., 1998; Aguirre-Bañuelos and Granados-

Soto, 1999). In a recent work using an inflammatory noci-

ception test, we found that the combination of morphine plus

dipyrone produced analgesic potentiation not only in acutely

treated rats, but also in animals that had been treated once a

day for 12 days with this combination (Hernandez-Delgadillo

et al., 2002) without producing an increase in constipation

effects. Due to limitations associated with the model used in
ed.
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that work, we only evaluated two time points, at the begin-

ning and at the end of the experimental protocol, using

independent groups of animals (i.e., one group received the

combination of morphine plus dipyrone once while the other

received the same combination for 12 times and was eval-

uated at the end of the treatment).

The purpose of the present work was to study the time

course of tolerance development and antinociceptive poten-

tiation throughout repeated administration of a combined

treatment of morphine plus dipyrone in the tail-flick test.

This model was selected because it allows repeated antino-

ciceptive evaluation in the same group of animals for a

relatively prolonged period of time (Nance and Sawynok,

1987).
2. Materials and methods

2.1. Animals

Male Wistar rats, weighing 180 to 220 g, were used.

Animals were housed in an animal room with controlled

temperature (22F 2 jC) under a 12:12-h light–dark cycle

(lights on at 7:00 h), with free access to drinking water and

commercial food. In order to reduce stress, all rats were

handled twice a day for 2 days before testing the drugs. The

local Committee on Ethics on Animal Experimentation

approved all experimental procedures, which followed the

regulations established in the Mexican official norm for the

use and care of laboratory animals ‘‘NOM-062-ZOO-

1999’’. All experiments followed the Guidelines on Ethical

Standards for Investigation of Experimental Pain in Animals

(Zimmermann, 1983).

2.2. Drugs

Morphine sulphate was obtained from Laboratorios Pisa

(Mexico City, Mexico). Dipyrone sodium was purchased

from Hoechst (Mexico City, Mexico). Heparine sodium

was bought from Sigma (St. Louis, MO, USA). All drugs

were dissolved in sterile saline solution and administered

intravenously.

2.3. Surgical procedure and drug administration

Drugs were administered through a permanent cannula

placed into the right jugular vein. In order to place the

cannula, rats were briefly anaesthetised with ether and,

afterwards, a polyethylene catheter (PE50), flushed with

heparine solution (500 units/ml), was inserted and fixed into

the right jugular vein. The distal end of the catheter was

guided subcutaneously to the top of the neck, where it was

exteriorised and sealed with a metal plug. After surgery, rats

were individually housed and allowed for a 24-h recovery

period. For drug administration, a 24-gauge stainless steel

needle attached to a 5-ml Becton Dickinson syringe was
inserted into the outer tip of the jugular cannula. Drugs were

injected in a volume of 1 ml during 2 min, using an infusion

pump (KD Scientific, USA). After each drug injection, the

catheter was flushed with heparine solution in a volume that

exceeded the estimated catheter dead space.

2.4. Evaluation of antinociceptive activity

A standardised tail-flick apparatus (UGO BASILE,

Italy), with a radiant heat source connected to an automatic

timer was used to assess the antinociceptive response. In this

model, antinociception is seen as an increase in the latency

to tail withdrawal (D’Amour and Smith, 1941; modified by

Nance and Sawynok, 1987). At the beginning of the study,

the stimulus intensity was adjusted so that the baseline tail-

flick latency was 6.0F 0.5 s. Before the first drug injection,

animals were screened for thermal nociception. Rats show-

ing no flicking within 5.5 to 6.5 s (approximately 10–15%

of the total) were excluded. The cut-off time in the absence

of response was set at 15 s to avoid tail skin tissue damage.

For each rat, the mean baseline latency derived from two

tests was obtained before each drug injection. After drug

administration, tail withdrawal latency was determined

every 15 min for the first hour and every 30 min for the

subsequent 2 h. Rats were euthanised at the end of the

experiments with carbon dioxide.

2.5. Study design

2.5.1. Protocol 1: dose–response curves

Eight independent groups of rats (n = 8, each) were used

to complete dose–response curves for morphine (1, 1.8, 3.1,

5.6 and 10 mg/kg) and dipyrone (400, 600 and 1000 mg/kg)

in order to select the doses of individual antinociceptive

drugs to be used in chronic combination studies.

2.5.2. Protocol 2: repeated administration of antinocicep-

tive drugs

Four additional independent groups of rats (n = 8, each)

were administered with 3.1 mg/kg morphine, 600 mg/kg

dipyrone, the combination of the same doses of morphine

plus dipyrone, or saline solution twice a day (at 9:00 and

17:00 h) for 5 days. Animals were tested for antinociceptive

effects after each administration as previously described.

The combination morphine/dipyrone was given in a single

injection in a total volume of 1 ml.

An additional group of rats (n = 8) was administered with

600 mg/kg dipyrone twice a day for 11 days (see below). To

avoid tissue damage due to an excessive exposure to the

thermal stimulus in this group, the latency to tail withdrawal

was determined only after morning injections.

2.6. Data and statistical analysis

All results are presented as the meanF S.E.M. of eight

determinations. Antinociception was evaluated by three



Fig. 1. Dose– response curves for morphine and dipyrone in the tail-flick

test in rats. The parameter evaluated was the latency to tail-flick withdrawal

as a function of dose. Antinociceptive effects are expressed as the percent of

maximum possible effect (%MPE). Dashed lines represent the approxi-

mated points of their respective ED50 values. Black symbols show the doses

selected for repeated administration studies. Each point represents the

meanF S.E.M. of eight determinations.
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different parameters: (a) an increase in the latency to tail

withdrawal; (b) the percentage of maximum possible

effect; and (c) the area under the curve for each time

course. The percentage of maximum possible effect

(%MPE) was calculated at the peak effect, using the

formula %MPE=[(A�B)/(15�B)]� 100, where B and A

were the tail-flick latencies before and after drug admin-

istration, and 15 was the cut-off time value. The area

under the curve was calculated by the trapezoidal rule

(Gibaldi, 1991). To determine the half-life of the decay of

antinociceptive effects in each time course, the experi-

mental points were adjusted by an exponential equation. A

linear regression was used to evaluate trends in the

development of tolerance. A one-way analysis of variance

(ANOVA) for repeated measures, followed by Dunnett’s

test, was used to compare the drug effects after repeated

administrations with respect to the effects observed with

the first injection. A two-way ANOVA (administration,

treatment, and interaction) followed by a Tukey test was

applied for comparisons between the observed effects of

the combination of morphine plus dipyrone and the

expected sum of individual effects at each administration.

The expected values were calculated on the basis of

addition of the effects of the individual component drugs

(Seegers et al., 1981; Hernandez-Delgadillo et al., 2002).

The mean responses of two independent experimental

groups were compared using a Mann–Whitney test. The

program used to perform statistical procedures was Sigma-

Stat (version 2.03, Jandel Scientific). The dose–response

curve adjustment was done with the Win-nonlin program

(Pharsight, version 2.1).
3. Results

3.1. Selection of doses for combination studies

Fig. 1 shows the dose–response curves of the anti-

nociceptive effects of morphine and dipyrone, expressed

as the percentage of maximum possible effect. Both

morphine and dipyrone produced dose-dependent antino-

ciceptive effects, being morphine at least 250 times more

potent than dipyrone. The calculated ED50 value for

morphine after sigmoideal curve fitting was 2.54F 0.04

mg/kg. The graphically estimated ED50 of dipyrone was

approximately 630 mg/kg. This curve could not be com-

pleted and adjusted because doses higher than 1000 mg/kg

produced muscle rigidity, a toxic effect of dipyrone. Based

on these data, we selected a dose of each drug that was

close to its ED50 value in order to observe synergistic

effects when combined. The dose of morphine was chosen

so that it would be high enough to induce a clear

development of tolerance after repeated administration

(Cox and Tiffany, 1997). Thus, the selected doses of

morphine and dipyrone were 3.1 and 600 mg/kg, respec-

tively.
3.2. Time course of antinociceptive effects

Fig. 2 shows the time course of the antinociceptive

effects of 10 administrations (twice a day for 5 days) of

dipyrone, morphine, and the combination of morphine plus

dipyrone. Data corresponding to saline-treated rats are also

shown. Repeated administration of saline solution did not

modify the latency to tail withdrawal along the 3 h of

experimental evaluation.

As seen in all panels, the basal latency value before the

first administration of any treatment was close to 6 s.

Dipyrone produced a slight increase in the tail-flick

latency that was maximal at 30 min after injection and

returned to basal values after approximately 1.5 h. The

same pattern was seen after each dipyrone administration.

The first dose of morphine was more effective than any

dose of dipyrone, but subsequent administrations of this

opioid receptor agonist resulted in a gradual decrease of

the maximal peak effect with complete tolerance occurring

from the sixth administration onwards. Whenever effec-

tive, morphine reached its peak effect within the first 15-

min post-injection. The first five administrations of mor-

phine plus dipyrone induced an increase in the tail-flick

latency that achieved the cut-off time (15 s) within 15

min, remained stable for the next 45 min and then

gradually decreased towards baseline values. The maximal

effect decreased with subsequent administrations, indicat-

ing that tolerance developed. In general, the antinocicep-

tive effects of the combination of morphine plus dipyrone

lasted longer than those effects of individual drugs.

Finally, it is important to mention that basal latency in

animals treated chronically with drugs, measured immedi-

ately before each drug administration, was stable through-

out the study indicating that neither tissue damage nor

hyperalgesia occurred.



Fig. 2. Time courses of the antinociceptive effects of repeated admin-

istration of saline solution, 600 mg/kg dipyrone, 3.1 mg/kg morphine, or the

combination of the same doses of morphine plus dipyrone measured as an

increase in the tail-flick latency. For reasons of clarity, only the curves

corresponding to representative administrations are shown in saline- and

dipyrone-treated groups. Each point represents the meanF S.E.M. of eight

rats.
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The shape of the time course curves corresponding to

the effects of morphine plus dipyrone strongly suggests

that limitations given by the cut-off value resulted in an

artificial plateau response for the first five administrations.

As an approach to overcome this limitation, an exponential

curve was adjusted to the decay phase of the experimental

curves using the points obtained after the plateau phase
Table 1

Parameters of the time course curves of the antinociceptive effects of 600 mg/kg

morphine and dipyrone (M+D)

Drugs tEmax (h)
a Maximal effect (Latency, s)

Experimental C

First ad. Last ad.b F

Dipyrone 0.50 9.36F 0.66 8.13F 0.32

Morphine 0.25 12.60F 0.65 7.14F 0.51 1

M+D 0.25 15.00F 0.00 11.03F 0.78 3

a Time to maximal effect.
b For dipyrone and the combination of M+D, the last effective administratio
(i.e., the points corresponding to the effects observed at 1 h

and later). This analysis was also conducted for the time

courses corresponding to the effects of the individual drugs

in order to obtain an estimated theoretical maximal effect

and the half-life of the decay of antinociceptive responses.

For the curves corresponding to morphine and dipyrone

alone, we used all the experimental points from the

maximal effect to the end of the observation time. The

results are summarised in Table 1. As shown, the time to

peak was shorter for morphine and the combination of

morphine plus dipyrone than for dipyrone. The experimen-

tal maximal effects observed at the first and last effective

administrations of dipyrone and morphine alone were very

similar to those calculated after exponential adjustment. In

contrast, the calculated maximal effect of the combination

morphine/dipyrone was significantly higher than the exper-

imental value obtained for the first drug administration

(33.6F 5.1 vs. 15 s; P < 0.001; Mann–Whitney test), but

not for the last administration (12.6F 1 vs. 11F 0.8, n.s.).

As to the duration of the effects, the antinociception

produced by dipyrone lasted longer than that produced

by morphine. The estimated half-life of the antinociceptive

effects of both drugs was relatively constant throughout

repeated administrations, i.e., it did not change from the

first to the last administration. The half-life of the effect of

the combination of morphine plus dipyrone based on the

estimated maximal effect at the first administration was

approximately 1 h.

3.3. Tolerance development

For the study of the antinociceptive effects of dipyrone,

morphine, and the combination of morphine plus dipyrone,

we also compared the area under the curves obtained from

the time courses presented in Fig. 2. The advantage of

using this parameter is that the results obtained during the 3

h of experimental evaluation can be taken into account.

The results are shown in Fig. 3. Linear regressions (con-

tinuous lines) were used to determine trends in the develop-

ment of tolerance. As shown, the effects of dipyrone were

relatively constant throughout the 10-administration treat-

ment, since a one-way ANOVA for repeated measures did

not reveal statistically significant differences for the anti-

nociception seen after each administration (F(9,63) = 1.1,
dipyrone, 3.1 mg/kg morphine, and the combination of the same doses of

alculated Half-life (h)

irst ad. Last ad. First ad. Last ad.

9.65F 0.85 7.84F 0.23 0.81F 0.11 0.71F 0.06

3.95F 1.00 7.39F 0.32 0.53F 0.04 0.60F 0.07

3.55F 5.14 12.58F 1.04 1.00F 0.22 0.75F 0.07

n (last ad.) was the 10th, for morphine, it was the 5th.



Fig. 3. Antinociceptive effects of 10 repeated administrations of 600 mg/kg dipyrone, 3.1 mg/kg morphine, or the combination of the same doses of morphine

plus dipyrone measured as area under the curve (AUC) obtained from time course curves. Continuous lines represent the linear regressions used to determine

trends in the development of tolerance. Insert shows the effects of 21 administrations of 600 mg/kg dipyrone. Data are expressed as meanF S.E.M. of eight

determinations. Experimental data were adjusted with the following equations: Dipyrone y=� 7.2x+ 157 (r2 = 0.71); morphine y=� 39x+ 224 (r2 = 0.89);

combination of morphine plus dipyrone y = � 119x+ 1389 (r2 = 0.99). Asterisks denote statistically significant differences from the effects observed with the

first drug administration *P< 0.05, **P< 0.01, ***P < 0.001; Tukey test.

Fig. 4. Antinociceptive effects of repeated administration of dipyrone,

morphine or the combination of the same doses of morphine plus dipyrone

(M+D), expressed as the area under the curve (AUC, upper panel) and as

the percent of maximum possible effect (%MPE, lower panel). Each point

represents the meanF S.E.M. of eight rats. Asterisks denote statistically

significant differences from the expected sum of the effects of morphine

plus dipyrone in each administration. *P< 0.05, **P< 0.01, ***P < 0.001;

Tukey test.
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P= 0.37). In spite of this, the linear regression suggested a

trend towards the development of tolerance to the anti-

nociceptive effects of dipyrone (slope =� 7.2; P < 0.05)

and predicted that no effect would be observed at the

22nd administration (when y= 0, x = 21.8). The effects of

morphine are also shown in this figure. The analysis of the

area under the curve confirmed that repeated morphine

administration resulted in a gradual development of toler-

ance that was complete after the fifth administration. This

experimental finding closely resembles the time prediction

given by linear regression to tolerance development (i.e.,

when y = 0, x = 5.7). The combination of morphine plus

dipyrone produced similar antinociceptive effects at the

first five administrations, but a gradual development of

tolerance was observed from the sixth administration

onwards (slope =� 119; P < 0.001). In this case, the pre-

diction by linear regression to develop tolerance was at the

12th administration (when y = 0, x = 11.7). Since the regres-

sion analysis predicted that complete tolerance would be

evident at the 22nd administration of dipyrone, an addi-

tional group of rats was tested to assess the validity of this

prediction. Animals received 600 mg/kg dipyrone twice a

day, as described before, for 11 days. As previously

mentioned, the latency to tail withdrawal was determined

only after morning administrations. Results are shown in

the insert of Fig. 3. As seen, complete tolerance was

observed at the 19th administration, a finding reasonably

close to the theoretical prediction. The number of animals

diminished by the end of the study due to loss of cannulae.
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3.4. Antinociceptive potentiation

To further analyse the synergistic actions produced by the

combination of morphine plus dipyrone, we calculated the

expected theoretical sum of the antinociceptive effect pro-

duced by each individual analgesic compound and com-

pared it with the experimentally antinociception observed

with the combined treatment. The effects are expressed as

the area under the curve and as the percentage of maximum

possible effect and shown in Fig. 4. For comparative

purposes, the antinociception values obtained with individ-

ual drugs previously described in Fig. 3 are also included in

this figure. The combination morphine/dipyrone produced

an antinociceptive effect consistently higher than the

expected sum of the antinociceptive effects of individual

agents (upper panel). This potentiation was more evident for

the first five administrations, but remained statistically

significant until the 10th administration (F(1,140) = 379.8,

P < 0.001; two-way ANOVA). When data were expressed as

percentage of maximum possible effect (lower panel), the

potentiation appeared as less evident for the first three

administrations than with the previous analysis. This appa-

rent lower potentiation is in all probability due to the bias

produced by the cut-off value.
4. Discussion

There is a consensus that non-steroidal anti-inflammatory

drugs improve the antinociceptive effects of opioids when

both types of drugs are co-administered acutely (Grotto et

al., 1965; Malmberg and Yaksh, 1993; Sandrini et al., 1998;

Maves et al., 1994; Christie et al., 1999; Lashbrook et al.,

1999). In particular, it has been demonstrated that dipyrone

produces an acute enhancement of morphine-induced anti-

nociception in several animal models of nociception (Taylor

et al., 1998; Aguirre-Bañuelos and Granados-Soto, 1999;

Carlsson and Jurna, 1987; Lopez-Muñoz, 1994). The effec-

tiveness of the combination of opioids with non-steroidal

anti-inflammatory drugs has also been long recognised by

clinicians (Calimlim et al., 1976; Bentley and Head, 1987;

Picard et al., 1997) and the World Health Organization,

who, since 1986, recommends the use of these combinations

as the final step of the analgesic treatment ladder (World

Health Organization, 1986). In spite of this, only very

recently, the efficacy of combined analgesic drugs through-

out chronic treatment has been tested in controlled labora-

tory studies. We have recently reported that the combined

administration of morphine plus dipyrone produces an

analgesic potentiation not only acutely, but also in arthritic

rats treated once a day for 12 days with this combination.

For methodological reasons, the effectiveness of the combi-

nation was tested only at the beginning and at the end of the

study in independent groups of animals (Hernandez-Delga-

dillo et al., 2002). The purpose of the present work was to

systematically evaluate the time course of the antinocicep-
tive efficacy of the combined administration of morphine

plus dipyrone along 10 repeated administrations in order to

analyse if tolerance develops and potentiation persists with

this treatment schedule.

The tail-flick test was selected to perform this study

because it allows the repeated evaluation of antinociception

in the same group of animals for relatively long periods of

time (Nance and Sawynok, 1987). There is some contro-

versy about the usefulness of the tail-flick test for the

evaluation of the antinociceptive efficacy of non-steroidal

anti-inflammatory drugs. Some authors consider that non-

steroidal anti-inflammatory drugs are not effective (Akman

et al., 1996; Bjorkman et al., 1990; Taylor et al., 1998;

Powell et al., 1999; Wong et al., 2000). In contrast, other

groups have found that dipyrone is effective against the

nociception produced by radiant heat, at doses even lower

than those used in this work (Carlsson et al., 1986; Carlsson

and Jurna, 1987; Jones, 1996; Tortorici and Vanegas, 1994;

Tortorici et al., 1996). The discrepancies in the literature are

most probably due to species differences and to the intensity

of the thermal stimulus applied (Hunskaar et al., 1986). In

fact, in preliminary experiments in our lab, dipyrone lost its

antinociceptive effects when the intensity of the thermal

stimulus was increased (data not shown).

The antinociception produced by dipyrone was milder

and had a longer onset of action than that produced by

morphine alone or in combination with dipyrone. In addi-

tion, the antinociceptive effects of the combined adminis-

tration of morphine and dipyrone lasted longer than the

effects of each separate compound. Both the shorter onset of

action and the increased duration of antinociception con-

stitute beneficial aspects of the combination of morphine

plus dipyrone.

The development of tolerance after repeated administra-

tion of opioids is a well-known undesired effect that limits

their use for prolonged periods of time (Bhargava, 1994;

Gutstein and Akil, 2001). In the present study, using a dose

schedule of two administrations a day for 5 days, tolerance

to morphine (3.1 mg/kg) began after the second adminis-

tration and was complete after the fifth. In many studies

involving chronic treatment with opioids, two closely

related phenomena occur: the development of tolerance

and the development of physical dependence. Interestingly,

in our case the rapid development of tolerance to morphine-

antinociceptive effects was not accompanied by an observ-

able state of physical dependence. The occurrence of hyper-

algesia (VonVoigtlander and Lewis, 1983; Tilson et al.,

1973) and the precipitation of an abstinence response by

the administration of an opioid antagonist (Francis and

Schneider, 1971; Wei et al., 1973) are both considered

reliable indexes of physical dependence in opioid-treated

animals. No changes in the basal latency to tail withdrawal

were seen before each opioid administration throughout the

present study, indicating that hyperalgesia did not occur.

Additionally, some animals were challenged with 3.1 mg/kg

naloxone i.v. after the 10th administration of morphine and
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the characteristic signs of abstinence were not seen (data not

shown). Based on these findings, we suggest that the present

protocol can be used to induce antinociceptive tolerance to

morphine without developing an important state of physical

dependence.

It is generally considered that non-steroidal anti-inflam-

matory drugs do not produce tolerance to their antinocicep-

tive effects (see, for instance, Sunshine and Olson, 1994;

Roberts and Morrow, 2001). In agreement with this notion,

the initial 5-day treatment used in the present study did not

result in clear tolerance. However, a trend analysis of the

same data did suggest that such a phenomenon could occur

with a more prolonged treatment. That this was indeed the

case was confirmed by the results obtained with an 11-day

treatment with dipyrone. There are technical difficulties to

conduct chronic nociception studies. Among them, the most

frequent are the limited number of times that an animal can

be subjected to a nociceptive stimulus without causing

tissue damage and the difficulty to maintain an i.v. cannula

correctly fixed in its place for prolonged periods of time.

These problems usually lead to a decrease in the number of

animals available at the end of the study. Based on the good

predictability observed in the present work for the develop-

ment of tolerance to the different treatments followed, it

seems that trend analysis could be a helpful approach to

predict the tolerance potential of analgesic compounds

whenever chronic studies are difficult to conduct.

In a recent report, Tortorici and Vanegas (2000) showed

that repeated microinjection of dipyrone into the periaque-

ductal gray matter twice a day induces antinociceptive

tolerance in rats after 2 days of treatment evaluated in the

tail flick and the hot plate tests. Our results support these

findings and show for the first time that tolerance to the

antinociceptive effects of dipyrone can also occur with

repeated systemic administration. It would be important to

determine if tolerance to dipyrone develops against noci-

ceptive stimuli other than thermal (mechanical, chemical,

etc.).

To our knowledge, the time course of the development of

tolerance with combined treatments of morphine and dipyr-

one has not been studied in controlled conditions in the lab.

Our findings show that the efficacy of the combination of

morphine plus dipyrone was relatively stable during the first

administrations, but decreased towards the end of the treat-

ment. It is of interest that tolerance developed more slowly

to the combined treatment of morphine and dipyrone than to

morphine alone. The time span of the experimental design

in chronic studies seems to be crucial to reach a conclusion.

For example, if our study would have been restricted to five

administrations, we would have concluded that dipyrone

prevented the development of tolerance to morphine; how-

ever, with a longer period of observation, it became evident

that dipyrone delayed, rather than prevented, tolerance

development. In this regard, there is recent evidence sug-

gesting that tolerance to morphine can be prevented with the

simultaneous i.t. administration of non-steroidal anti-inflam-
matory drugs (ketorolac, ibuprofen, or indomethacin)

(Powell et al., 1999; Wong et al., 2000). Whether these

compounds really differ from dipyrone in their effects when

combined with opioids or the differences are due to the

duration of the treatment would be the matter of further

investigation.

As previously mentioned, the combined administration

of morphine and dipyrone produced significantly greater

effects than the additive actions of each drug given individ-

ually, suggesting that potentiation does occur (Seegers et al.,

1981). The synergism observed in the present study was

particularly evident at the beginning of the treatment and

decreased after repeated administration. Since, by definition,

the percentage of maximum possible effect strongly depends

on the cut-off value, the best approach to study the poten-

tiation of an analgesic combination seems to be the analysis

of the area under the curve of the time courses of the

antinociceptive effects.

At the present moment, we do not have an explanation

concerning the mechanisms underlying the potentiation

observed between morphine and dipyrone. A pharmacoki-

netic interaction between morphine and dipyrone cannot be

discarded and further research on this topic is guaranteed.

Several reports indicate that dipyrone effects are due, at

least in part, to a release of endogenous opioids in the

descending pain pathways (Tortorici and Vanegas, 1994,

2000; Tortorici et al., 1996; Jones, 1996). Although this

mechanism could explain the increased antinociceptive

effect observed with the combined administration of mor-

phine plus dipyrone, it would not explain the delay in

tolerance development observed in our study. On the con-

trary, if the increased antinociceptive effect would be the

result of an increase in opioid availability, one would expect

tolerance to develop more rapidly. Another possibility is that

some of the mechanisms that have been proposed to be

effective in the prevention of tolerance development could

play a role in the delay of tolerance development and/or the

potentiation observed with the combination of morphine

plus dipyrone. Among them, NMDA receptor antagonism

(Trujillo and Akil, 1991, 1994; Marek et al., 1991; Tiseo

and Inturrisi, 1993; Allen and Dykstra, 1999), and cyclo-

oxygenase inhibition (Powell et al., 1999; Wong et al.,

2000), are two well-characterised phenomena. There are

several reports indicating that dipyrone acts as a nonspecific

cyclooxygenase inhibitor (Weithmann and Alpermann,

1985; Campos et al., 1999), and causes significant inhibition

of [3H]glutamate binding in cerebral cortical membranes

from both mice and rats (Beirith et al., 1998). Up to this

moment, however, the mechanisms underlying antinocicep-

tive potentiation and tolerance development retardation are

not clear and deserve further investigation.

In conclusion, the combined administration of morphine

plus dipyrone produced a potentiation of their individual

antinociceptive effects that was higher at the beginning than

at the end of the treatment. Tolerance to the antinociceptive

effects of the combination morphine/dipyrone developed
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more slowly than tolerance to morphine alone. These data

provide pre-clinical support to the widespread use of com-

binations of non-steroidal anti-inflammatory drugs and

opioids for the treatment of chronic pain.
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