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Tolérance à l’analgésie produite par la
morphine : incidence de la douleur et du
mode d’administration

Whether some kinds of pain can modify the development of tolerance to morphine analgesia is a controversial issue. Clinically, the
development of tolerance is often difficult to establish because
many factors can contribute to a decline in analgesic coverage, including disease progression. Basic animal research designed to examine tolerance provides the experimental control necessary to
differentiate ‘real’ tolerance from other variables that can influence morphine analgesia. The present study examines the effects
of inflammation induced by complete Freund’s adjuvant (CFA) on
the development of tolerance to morphine analgesia produced by
two different methods of morphine delivery – repeated bolus injections and continuous infusion. Male Long-Evans hooded rats were
injected with CFA (0.2 mL) into the right hind paw under sodium
pentobarbital anesthesia or were given anesthesia alone. Starting
24 h later, rats either received an injection of morphine (20 mg/kg,
intraperitoneal) on four consecutive days or were implanted with a
72 h osmotic minipump that delivered 80 mg/kg morphine over a
similar time period. Control animals received saline injections or
were implanted with empty minipumps. After 24 h, sensitivity to
morphine-induced analgesia was measured by the tail-immersion
test (water maintained at 52°C) using a cumulative dosing procedure. It was found that CFA attenuated tolerance to the morphine
analgesia that was induced by intraperitoneal injections of morphine. In contrast, when morphine was delivered via osmotic
minipumps, significant analgesic tolerance was observed in animals that received morphine in the presence of CFA but not in
those that received morphine in the absence of CFA. These results
show the importance of the method used to deliver morphine in determining the effects of pain on the development of tolerance to
morphine analgesia.

RÉSUMÉ : Différents types de douleur peuvent-ils modifier l’installation de la tolérance à la morphine? Voilà une question controversée.
La tolérance à la morphine est difficile à établir en clinique en raison de
l’existence de nombreux facteurs qui peuvent avoir une incidence sur
la diminution de l’analgésie, notamment la progression de la maladie.
La recherche fondamentale menée chez l’animal, visant à étudier le
phénomène de la tolérance dispose du milieu expérimental nécessaire
pour différencier la « vraie » tolérance des autres variables qui peuvent
influer sur l’analgésie à la morphine. Le présent article fait état des effets de l’inflammation provoqués par un adjuvant complet de Freund
(ACF) sur l’apparition de la tolérance à l’analgésie produite par la morphine, suivant deux modes d’administration : les embols répétés ou les
perfusions continues. Des rats mâles à capuchon Long-Evans ont reçu
ou bien un ACF (0,2 ml) dans l’arrière-patte droite sous anesthésie au
pentobarbital sodique ou bien un analgésique seul. Vingt-quatre heures plus tard, certains rats ont reçu une injection de morphine
(20 mg/kg) par voie intrapéritonéale, et ce, durant quatre jours consécutifs, tandis que d’autres ont été soumis à une perfusion de morphine
administrée à raison de 80 mg/kg durant une période équivalente à
l’aide d’une minipompe osmotique. Les animaux témoins, pour leur
part, ont reçu des injections de solution saline ou se sont vu poser des
minipompes vides. On a mesuré, au bout de 24 h, le degré d’analgésie à
l’aide de l’épreuve de l’immersion de la queue (eau maintenue à 52°C)
en tenant compte de la dose cumulative. On a constaté que l’ACF atténuait la tolérance à l’analgésie produite par les injections intrapéritonéales de morphine; au contraire, on a observé un degré élevé de
tolérance à l’analgésie lorsque la morphine était administrée à l’aide
des minipompes osmotiques chez les animaux ayant reçu l’ACF, mais
non chez ceux qui n’en avaient pas reçu. Les résultats montrent bien
l’importance du mode d’administration de la morphine pour déterminer les effets de la douleur sur l’installation de la tolérance à l’analgésie.

Key Words: Analgesia; Complete Freund’s adjuvant; Morphine;
Pain; Tolerance
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sessed the effects of pain on tolerance induced by different
methods of morphine administration. In particular, we examined the effects of complete Freund’s adjuvant (CFA) on tolerance induced by daily, intermittent, intraperitoneal injections of
morphine versus tolerance induced by the continuous infusion of morphine via an osmotic minipump.

n his paper entitled “The tragedy of needless pain” (1),
Ronald Melzack provided a brief history of the use of opiates for pain control and highlighted instances in which patients often receive unsatisfactory pain relief. Among the factors identified as contributing to inadequate pain management
was the restricted use of narcotics due to the fear that drug
tolerance would develop, thus rendering it ineffective. The
loss of morphine’s analgesic benefit is indeed a significant
problem in pain management because dose escalation can
lead to undesirable side effects (ie, constipation) and decreased patient satisfaction. However, evaluation of clinical
observations can be difficult and sometimes misinterpreted,
because variables other than tolerance can contribute to a decline in analgesic coverage over time. These variables include progression of the disease, resulting in increased pain
requiring greater amounts of morphine (1-5); the development of hyperalgesic states occuring after an injury that are
less responsive to opiate treatment (6,7); and, as recently
suggested, the possibility that tumours may act as ‘traps’,
thus preventing opiates from reaching their target sites to
produce analgesia (8). Because of the complex issues encountered in the clinical setting and the inherent difficulties
in controlling them, there is little, if any, direct clinical evidence of the degree to which tolerance contributes to the reduced analgesic effect of morphine over time. In fact, there is
a growing body of literature suggesting that, although tolerance may develop in nonpain-related states, in the presence
of pain, tolerance is not a major concern (1,4,9). For example, in a recent study by Sloan and Melzack (10) conducted at
the Palliative Care Unit at the Royal Victoria Hospital in
Montreal, Quebec, it was found that 82% of cancer patients
reported satisfactory pain relief, with no evidence of patients
requiring rapidly escalating amounts of morphine.
Basic animal research designed to examine tolerance provides the experimental control necessary to differentiate ‘real’
tolerance from other variables that can influence morphine analgesia. The experimental paradigms used in animal studies can
be defined based on whether pain is present or absent during the
tolerance induction phase. In the majority of studies, morphine
is administered in the absence of ongoing pain. Under these
‘pain-free’ conditions, tolerance to morphine analgesia is generally shown to occur by using a variety of experimental paradigms (11-13). These results have, in turn, been used by some
clinicians as support that repeated exposure to opiates unequivocally leads to analgesic tolerance. However, administering morphine without pain is clearly unlike the clinical use of
opiates, which are administered during ongoing pain.
Under conditions of pain, the results are conflicting, because some studies have reported that tolerance is unaffected
or increased when morphine is administered in the presence
of pain (14-25), whereas others have reported that pain attenuates or prevents tolerance (23,24,26-37). The reasons for
these discrepancies are not clear but may be related to differences in experimental paradigms, including the type and intensity of pain test used, and the dose and route of morphine
delivery. To elucidate further the variables that determine the
development of tolerance to morphine analgesia, we as-

ANIMALS AND METHODS
Animals
Male Long-Evans hooded rats weighing 300 to 400 g were used
as subjects. Rats were housed individually with free access to
food and water, and were maintained on a 12 h light-dark cycle
(light onset at 07:00). The experiments were carried out in accordance with the ethical guidelines of the International Association for the Study of Pain (38). All protocols and procedures
were approved by the University of New Orleans Institutional
Animal Care and Use Committee (New Orleans, Louisiana).
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CFA
CFA-modified (Calbiochem, USA) was composed of killed and
dried microbial cells suspended in an emulsifying oil. Under
light sodium pentobarbital anesthesia (50 mg/kg intraperitoneal), rats received an injection of 0.2 mL CFA into the plantar
surface of the right hind paw. Control animals received anesthesia alone. CFA is a frequently used model of inflammationrelated pain, which, when injected into the footpad, produces
localized inflammation that appears within 2 h, peaks at four
days and lasts about three weeks (39,40).
Tolerance induction
In experiment 1, morphine sulphate (Paddock, USA) was dissolved in physiological saline and administered intraperitoneal in a volume of 0.1 mL/100 g body weight. Starting 24 h
after the CFA injection, rats were given a single daily injection of either morphine sulphate (20 mg/kg intraperitoneal)
or an equal volume of saline on four consecutive days (ie, the
last injection was given 72 h after the first injection). Thus,
there were four groups: no pain and saline (n=14), no pain
and morphine (n=15), pain and saline (n=15), and pain and
morphine (n=14). In experiment 2, 24 h after CFA administration, rats were placed under sodium pentobarbital anesthesia
(50 mg/kg intraperitoneal) and a 72 h osmotic minipump was
implanted in the upper back (posterior to the scapulae) (ALZA,
USA) filled with morphine. A total of 80 mg/kg of morphine
was infused at a rate of 1.1 mg/kg/h over a 72 h period. Control animals were also placed under anesthesia, but empty
pumps (placebos) were implanted. Thus, there were four
groups in this experiment: no pain and a placebo pump (n=9),
no pain and a morphine pump (n=10), pain and a placebo
pump (n=10), and pain and a morphine pump (n=10).
Morphine analgesia
Animals were tested for analgesia by the tail-immersion test
24 h after tolerance induction, using a cumulative dosing procedure as previously described (41). With the animal loosely
wrapped in a cloth, the distal third of the tail was immersed in
water maintained at 52° C. The latency to flick the tail was re-
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Figure 1) Effects of complete Freund’s adjuvant on tolerance induced by intraperitoneal injections of morphine. The data are expressed as percentage
maximal possible effect (MPE) (± SEM) across eight cumulative test doses of morphine. Rats received intraperitoneal injections of saline (o) or 20 mg/kg
morphine (· ) for four consecutive days in the absence (no pain, left panel) or presence (pain, right panel) of complete Freund’s adjuvant. *P<0.05

of morphine within test dose in the ‘no pain’ condition
revealed that less analgesia was produced in morphine-pretreated animals in the 5 to 20 mg/kg cumulative dose range
than in saline-pretreated animals (P<0.05). In contrast, in the
‘pain’ condition, less analgesia was produced in morphine-pretreated animals at only the 17.5 mg/kg cumulative dose than in
saline- pretreated animals (P<0.05). These results indicate that
rats that had received daily intraperitoneal injections of morphine in the presence of CFA showed less analgesic tolerance
than those that had received morphine in the absence of CFA.
In experiment 2, ANOVA in the ‘no pain’ condition revealed no main effect for morphine (F[1, 17]=1.60, not significant) and no interaction between morphine and test dose
(F[7,119]=0.79, not significant) (Figure 2), indicating that analgesic tolerance did not develop under these conditions. In contrast, in the ‘pain’ condition, ANOVA revealed a significant
main effect for morphine (F[1, 18]=8.80, P<0.01) but no interaction between morphine and test dose (F[7, 126]=1.75, not
significant), indicating that analgesic tolerance developed in
these animals at all cumulative test doses of morphine (Figure 2). Furthermore, no differences in baseline response were
noted between morphine-pretreated animals and placebo pump
controls (F[1,37]=0.80, not significant), suggesting that no residual analgesic effects of morphine remained in the pump at the
time of testing. These results indicate that significant analgesic
tolerance was observed in the animals that received morphine
via osmotic minipumps in the presence of CFA but not in the
absence of CFA. Although not compared statistically, it also appears that the effects of morphine were lower in the rats that
received placebo pumps than in those that received saline injections (see Figures 1 and 2). The reasons for this difference
are not clear, but may be related to the surgical procedures
and/or general anesthetic used during pump implantation.

corded, and a 10 s cutoff period was imposed to prevent tissue damage. After a baseline measure was taken, each animal
was injected with morphine (2.5 mg/kg intraperitoneal) and
was tested for analgesia 30 min later. Immediately after testing, each animal was injected again with morphine (2.5 mg/kg)
and tested 30 min later. This procedure was repeated to a cumulative dose of 20 mg/kg (ie, a total of eight 2.5 mg/kg injections), with one analgesic measure taken after each dose.
Because CFA has been shown to produce hyperalgesia that is
restricted to the affected area (42,43), the tail-immersion procedure was chosen to measure analgesia as opposed to sensitivity
of the CFA-treated paw that may be confounded by the development of hyperalgesia in that area.
STATISTICAL ANALYSIS
Data obtained in the tail immersion test were expressed as
percentage of maximal possible effect (MPE) using the following formula:
% Maximal possible effect =

100

95

(test latency – baseline latency ) x 100
cutoff – baseline latency

Thus, 0% indicated no change from baseline, and 100% indicated the maximal possible increase. Using SPSS Version
8.0 (SPSS Inc, USA), tail immersion data were analyzed
separately for pain conditions and methods of morphine delivery. This was completed with a 2´ 8 mixed ANOVA using
the factors of morphine (morphine, saline or placebo) and
test dose (2.5, 5, 7.5, 10, 12.5, 15, 17.5 and 20 mg/kg).
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RESULTS
In experiment 1, ANOVA revealed a significant interaction
between morphine and test dose for both ‘no pain’
(F[7,189]=4.74, P<0.01) and ‘pain’ (F[7,189]=2.63, P<0.01)
conditions (Figure 1). An analysis of the simple comparisons
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Figure 2) Effects of complete Freund’s adjuvant on tolerance induced by continuous infusion of morphine. The data are expressed as percentage maximal
possible effect (MPE) (± SEM) across eight cumulative test doses of morphine. Rats were implanted with a placebo minipump (o) or a morphine minipump
(· ), infusing a total of 80 mg/kg of morphine over four consecutive days in the absence (no pain, left panel) or presence (pain, right panel) of complete
Freund’s adjuvant.*Significant main effect of morphine (P<0.01)
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reasons for these discrepancies are not clear, but may be related to several differences in experimental paradigms. One
possibility is the nociceptive stimuli used to measure tolerance. The present study tested for morphine analgesia to a nociceptive stimulus applied to the tail, whereas Kayser and
Guilbaud (18) and Kayser et al (19) used vocalization thresholds to pressure applied to the inflamed paw. Because CFA
has been shown to produce hyperalgesia restricted to the affected area (42,43), use of vocalization thresholds to pressure
applied to the inflamed paw to measure analgesia may be
confounded by the development of hyperalgesia in that area.
Another important methodological difference to consider
is the volume of CFA used. When injected into the footpad,
0.02 mL of CFA was not found to affect tolerance induced by
five daily subcutaneous injections of 10 mg/kg morphine
(23). This is in contrast to the effect of formalin-induced pain,
which was found to decrease tolerance induced by the same
regimen of morphine (23). The reasons for the differences between the effects of formalin pain and CFA in that study are
not known, but may be related to different neural substrates
that mediate morphine analgesia in different types of pain
(46-48). Alternatively, it is possible that this difference is related to the pain intensity of the two stimuli, because the
amount of paw inflammation, which may provide an index of
pain, is greater after formalin than after 0.02 mL of CFA (23).
In the present study, when a 10-fold higher volume of CFA
was used (0.2 mL), tolerance induced by comparable amounts
of morphine (four daily injections of 20 mg/kg) was reduced.
This explanation is consistent with the hypothesis proposed
by Colpaert (49), who stated that the development of tolerance during pain depends on the intensity of the pain stimulus
relative to the amount of analgesic, such that tolerance develops when the amount of pain is low relative to the amount of

DISCUSSION
The present study shows that CFA attenuates the development of tolerance to morphine analgesia produced by daily
intraperitoneal injections of morphine. In contrast, when the
same total amount of morphine was delivered via osmotic
minipumps, tolerance was observed in animals that received
morphine in the presence of CFA but not in the absence of
CFA. Because analgesic testing was only performed after the
tolerance induction phase, it cannot be determined from the
present study whether the analgesic effects of morphine were
of comparable magnitude during the tolerance induction phase.
Analgesic testing was omitted during that phase to minimize
the role of associative cues that could possibly influence the
development of tolerance (44).
The lack of tolerance observed after daily bolus intraperitoneal injections of morphine in the presence of CFA is consistent with that found in previous studies on inflammationrelated pain. For example, rats inoculated with CFA in the
base of the tail that were allowed to self-administer morphine
intravenously showed less analgesic tolerance than pain-free
controls (30), and tolerance was not observed to the narcotic
bezitramide when given by repeated oral administrations in
CFA-treated rats (45). Similarly, tolerance was attenuated in
rats given bolus (intraperitoneal or subcutaneous) injections of
morphine in the presence of formalin-induced pain (23,24,3237). Taken together, these results provide further evidence for
the ability of pain to prevent or attenuate the development of
tolerance to morphine analgesia, which parallels the clinical
literature suggesting that tolerance is not a major concern
when morphine is used to treat pain (1).
In contrast to the above studies, however, others have
found that repeated bolus administrations of morphine produced tolerance despite the presence of CFA (18,19,23). The
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The reasons for the differential effects of CFA on tolerance
by the two methods of morphine delivery are not known, but
may be related to the ‘type’ of tolerance induced. The development of tolerance to morphine analgesia has been shown to involve both associative and nonassociative mechanisms (44).
Associative tolerance involves learning an association between
the environment and/or drug delivery (ie, handling, injection
procedures, etc) and the effects of the drug. This is suggested to
result in the development of a compensatory response to the
drug effects, thus reducing its effectiveness (44). Tolerance induced by repeated intraperitoneal injections of morphine should
favour the development of associative-type tolerance. On the
other hand, when no cues are associated with morphine delivery, tolerance is defined as nonassociative or pharmacological,
resulting from pharmacokinetic (dispositional) or neural (pharmacodynamic) changes. Tolerance induced by the continuous
infusion of morphine would likely favour this type of tolerance
(ie, nonassociative or pharmacological). Because different
neural mechanisms likely mediate associative and nonassociative tolerance (58), it may explain the differential effects
of CFA on tolerance induced by repeated intraperitoneal injections compared with continuous infusions. Furthermore,
because continuous administration of morphine would result in continuous receptor occupancy and stimulation, it is
perhaps more likely to produce pharmacodynamic changes,
whereas receptor-based changes after intermittent injections
may be minimized because of alternating periods of receptor occupancy (59,60). Another possibility is that the differential effects of CFA induced by these two methods of delivery may be
related to their different effects on endogenous opiate systems,
because studies have shown that intermittent injections of morphine decrease levels of pituitary dynorphin (61), whereas continuous infusion of morphine increases them (62).

analgesic, and vice versa. This may also explain the finding
by Kayser and Guilbaud (18) that rats inoculated with
CFA in the base of the tail developed tolerance when given
relatively high amounts of morphine (increasing doses of
morphine over four consecutive days of 40, 80, 120 and
160 mg/kg), beyond what is necessary to control the pain
(49). Therefore, there may exist a critical threshold of pain
intensity relative to the amount of morphine that determines
the ability of pain to attenuate tolerance (49).
The mechanisms that mediate the attenuation of tolerance
induced by daily injections of morphine observed in the present study may be related to a pain-induced activation of the
hypothalamic-pituitary-adrenal axis, which is well known to
respond to stressful stimuli (50-52). It has been shown that
experimental stress blocks the development of tolerance to
morphine analgesia in intact mice but not in adrenalectomized ones (53). Furthermore, the blockade of tolerance by
formalin-induced pain is prevented by the corticosterone synthesis inhibitor metyrapone (36) and is not observed in a strain
of rat (Lewis) that shows low stress-induced hypothalamicpituitary-adrenal activity (24). Besides stress, pain-associated
anxiety may also contribute to the blockade of tolerance to
morphine analgesia, because daily injections of diazepam (32)
or the GABA-A receptor agonist muscimol (34) abolished the
formalin-induced attenuation of tolerance. Taken together,
these results suggest that the physiological consequences of
pain-associated stress and/or anxiety may act to inhibit the
development of morphine tolerance. It is also important to
recognize that the analgesic and/or antihyperalgesic effects
of morphine are enhanced in CFA-treated rats in both inflamed and noninflamed tissue (22,42,54). The mechanisms
that mediate enhanced morphine analgesia in CFA-treated rats
are not fully understood but may be related to an increase in
endogenous opiate peptides (55,56) and/or a facilitation in
pain inhibitory systems induced by inflammation (42). Therefore, it is possible that morphine analgesia in the present study
was enhanced in CFA-treated rats, thus masking tolerance induced by repeated intraperitoneal injections of morphine.
In the present study, when the same volume of CFA (0.2 mL)
and total amount of morphine (80 mg/kg) was used, CFA attenuated tolerance when morphine was administered by repeated intraperitoneal injections but not when morphine was
continuously infused via an osmotic minipump. In fact, when
morphine was delivered via osmotic minipumps, tolerance was
observed only in animals that were given CFA during the tolerance induction period. A similar finding also has been reported
after continuous infusion of morphine via pellet implants, in
which CFA enhances the development of tolerance (16,20).
Therefore, although the presence or absence of pain is likely a
key factor in determining the development of tolerance to morphine analgesia, the method in which morphine is administered
is an important variable. Whether pain patients would benefit
from intermittent bolus administration as opposed to continuous
infusion is not known. It is interesting to note, however, that
greater tolerance is observed in patients receiving postoperative
morphine by continuous infusions than in those receiving morphine by repeated bolus injections (57).

CONCLUSIONS
Previous studies have often led to conflicting results as to the
influence of pain on the development of morphine tolerance.
Much of this confusion can be attributed to differences in
both the types of pain tests used, and the doses and route of
morphine administration. In the present study, we attempted
to reconcile some of these issues by using the same pain test
and the same total amount of morphine, but different methods
of morphine delivery. Under these conditions, we showed a
dissociation between the ability of pain to block tolerance induced by different methods of morphine delivery, such that
pain blocks the development of tolerance induced by daily
bolus injections but possibly enhances tolerance induced by
continuous infusion of morphine.
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