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Abstract: The aim of this review is to provide a potential benefit of an opioid combination at receptor

sites, based on experimental data and preliminary clinical studies where a combination of opioids with

different characteristics yielded greater analgesic activity with lesser adverse effects. The receptor activity,

including intrinsic activity, endocytosis, and oligomerization, and the interaction on opioid receptors and

between different opioid receptors or different sites are described. Finally, clinical observations of opioid

combinations reported in literature regarding the possible benefits of such an approach are presented.

Keywords: Opioid combination; cancer pain; chronic pain; tolerance; opioid receptor

doi: 10.3978/j.issn.2224-5820.2013.09.04

Opioids are the mainstay of chronic cancer management
and are used for the treatment of moderate to severe
pain. The analgesic responses to analgesics, including
opioids, depend on a multitude of factors characterized by
a large intraindividual and interindividual variability (1).
Drug-related and patient-related factors are the most
relevant. Long-term clinical use of opioids (mainly p agonists)
can cause a wide range of adverse effects such as respiratory
depression, constipation, and tolerance. Tolerance to
different opioid effects develops at varying rates and accrues
gradually with repeated dosing. Antinociceptive tolerance is
well documented and is characterized by a marked reduction
in the pain-relieving effects of an opioid after repeated
administration. Tolerance leads to dose escalation with
the potential to increase intrinsic opioid toxicity, including
opioid-induced hyperalgesia, which limits the tolerability of
an opioid treatment.

It has long been appreciated by clinicians that individual
patients may respond better to one p-opioid than another,
improving tolerability and restoring satisfactory pain
relief. These findings suggest between-opioid differences,
indicating a far more complex pharmacology for opioid
receptors than it has previously been suggested (2).
Pharmacological differences among p opioid drugs have
been observed in vitro and in vivo preclinical models,
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implying that all p opioids may not be working through the
same mechanism of action (3). Many observations suggest
the presence of functional interactions among p opioid
analgesics, consistent with the involvement of multiple
subpopulations of p opioid receptors (4). Interactions with
other opioid receptors have also been recently reported. It
has been shown in animal studies that when a p-receptor
agonist (i.e., morphine) is co-administered with a §-receptor
antagonist (i.e., naltrindole), then increased analgesia results
with an improved side-effect profile. Collectively, these data
indicate the potential of synergic effects when using opioids
with different receptor characteristics (5). Finally, potent
interactions between selected combinations of opioids and
NSAIDs have been demonstrated (6).

The aim of this review is first to provide a potential
benefit of an opioid combination at receptor sites, based on
experimental data and research suggesting possible clinical
implications. Secondly, to provide information about
preliminary clinical studies where a combination of opioids
with different characteristics yielded greater analgesic
activity with lesser adverse effects.

Opioid receptor activity

Opioids act through more than one p-receptors. Opioid
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receptors are currently classified as p, 8, and «, with a
fourth related non-classical opioid receptor for nociceptin/
orphanin FQ. Opioids have overlapping selectivities at p, J,
and « receptors as well as overlapping distribution patterns
in the nervous system and differentially modulate a broad
range of physiological functions (7). Opioids are commonly
classified by their selectivity and affinity in receptor binding
studies. Opioid receptors belong to the large superfamily
of G-protein-coupled receptors. Opioid receptors act via
G-proteins to inhibit adenyl-cyclase, increase potassium
currents, inhibit calcium channel activity, modulate inositol
triphosphate turnover, and activate mitogen-activated
protein kinase. These actions culminate in the attenuation of
neuronal activity by inhibiting neurotransmitter release and
changing neuronal excitability. However, despite apparent
similarities, many p-opioid analgesics have interesting
pharmacological differences. p-opioids are the most common
drugs used for analgesic purposes, and morphine is prototype
of this class of drugs. Most genes are composed by multiple
exons that must be spliced together to generate the mRINA
that in turn produces the p-receptor. Variability or mutation
of these sequences may provide the ability of a single gene to
generate a wide range or related proteins (8). The regulation
of the splicing is even more complex, dependent on the cell
(for example, spinal cord or other sites), and localization (for
example pre or post-synaptically) (9).

The binding pocket of these variants, however, is
identical, showing high affinity and selectivity for p-opioids.
However, the number of receptors needed to be activated
in order to suppress neuronal activity differs significantly.
Receptor conformation changes as a result of opioid binding
and subsequently determines the efficacy of receptor
activation and G-protein interactions.

Intrinsic activity

Receptor occupancy and drug effect are directly related
to the number of spare receptors. According to the law of
mass action, more potent drugs modify relatively fewer
receptor-effector mechanisms to produce an effect. It has
been suggested that the degree of tolerance is inversely
related to the reserve of spare opioid receptors (10).
Different drugs may produce equivalent pain relief while
occupying different proportions of the available receptors
(i.e., having different fractional receptor occupancies).
As morphine has high occupancy characteristics, it is
considered a low intrinsic efficacy agonist, and may induce
tolerance more readily than a high efficacy agonist (11).
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Fentanyl, methadone, and etomorphine showed a greater
receptor reserve than do morphine, levorphanol, and
meperidine (12,13). Thus, the extent of tolerance to the
analgesic effects of p-opioid agonists has been found to
vary with the intrinsic activities of both of drug used to
induce the tolerance and the drug being tested for analgesic
activity (12). The latter hypothesis also has been tested
in relation to the dose-response changes with progressive
increases in stimulus intensity (14,15). Several opioids,
including methadone, fentanyl and sufentanil have been
demonstrated to have much higher efficacy than morphine,
due to a higher receptor reserve than morphine (10,16),
possibly also due to their greater ability to induce receptor
internalization. When acting through the same receptor,
morphine, with its lower reserve, may lose its effectiveness
as a result of tolerance, acting as a partial agonist when
compared to methadone (17).

With an increase in stimulus intensity, opioids with
a high efficacy showed less shift in their dose response
curves than an agonist with low efficacy (like morphine),
that shows a greater reduction in the maximum effect
and increased occupancy requirements. The greater shift
in morphine dose-response relative to sufentanil when
stimulus intensity rises may support the receptor occupancy
theory. Thus, whereas morphine acts as a full agonist at
low stimulus intensity, it may become a partial agonist at
high levels of pain stimulation, and the relative potency of
sufentanil to morphine increases as tolerance develops (14).
Although significant cross-tolerance for both sufentanil and
morphine has been demonstrated, the magnitude of cross-
tolerance from sufentanil to morphine was greater than
from morphine to sufentanil, showing an asymmetrical
cross-tolerance (17). The level of antinociception produced
by an opioid seems to be dependent on the intrinsic efficacy
of the drug and the stimulus intensity. Interestingly, the
level of antinociception produce by an opioid “per se” and
not necessarily the opioid intrinsic efficacy, may determines
the type of interaction among opioids (18).

Endocytosis

Endocytosis has a well-established role in the desensitization
and downregulation of receptor-mediated signaling,
both of which have been implicated in the development
of tolerance. The ability of selected opioid analgesics to
mediate regulation of receptor signaling by rapid endocytosis
represents an independent functional property that
distinguishes clinically important opioid analgesics such
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as morphine and methadone. Following activation, opioid
receptors are regulated by multiple mechanisms, including
a well-characterized and highly conserved process involving
receptor phosphorylation by G-protein coupled receptor
kinase a subsequent arrestin recruitment. These processes can
contribute to desensitization by facilitating the uncoupling
of receptor from G protein. Following this desensitization,
receptors are often endocytosed into an intracellular
compartment, from which they can be recycled to the
membrane, leading to receptor downregulation. According
to this theory endocytosis serves a protective role in reducing
the development of tolerance. This property profoundly
affects the regulation of downstream signaling and can be
distinguished both pharmacologically and mutationally from
other important functional parameters such as potency and
intrinsic activity for receptor activation. The downstream
regulatory responses induced by the failure of morphine
to promote efficient arrestin-mediated desensitization may
include additional modifications of the receptor itself that
change the apparent functional receptor reserve independent
from changes in total receptor number (19).

Oligomerization

Receptors are coupled with a G-protein composed of three
units. When the complex is activated, GDP in the complex
unit of G-protein is replaced by GTP and leads to the
transduction of the signal. The receptor associated with
G-protein is tightly complexed by a number of proteins,
producing a larger size of the solubilized p-receptor
complex (7). The ability of the receptors to dimerize and
their association with G-proteins, due to the different
variants, define the type of transduction and the response.
Thus, dimerization is a means by which G protein can cross
talk and amplify signals (20). Studies have confirmed that
opioid receptors not only dimerized in various combinations
but mostly exist as receptor dimers and not monomers
in different tissues. Dimerization may modulate receptor
function (21). Heterotypic dimers have different opioid
binding affinities, intrinsic efficacy, and receptor trafficking
than monomers. In this way, different receptors, localized in
different places, centrally or peripherally, all bind the same
drugs, but may produce a different effect, leading to either
positive or negatively cooperativity (7).

Interactions on p-receptors

The p-opioid system is extremely complicated. The actions
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of a p-opioid reflect the summation of the activation of all
the p-opioid receptor. Although the p-opioids generally
show similar binding affinities for most of the different
opioid receptor variants, their ability to activate the various
receptor subtypes differs. The pharmacological effect of each
splice variant may vary from drug to drug depending upon
its potency and efficacy at that particular site (3). Opioid
receptors undergo adaptations such as desensitization,
down-regulation, and internalization in response to repeated
administration of an agonist, each of these phenomena
contributing to the development of tolerance that
undermines the use of opioids as analgesics (22).

Opioid receptors are endocytosed by a mechanism
involving receptor phosphorilation, interaction with
B-arrestin and then sequestered internally. Trafficking of
G-protein-coupled receptor by rapid recycling pathway
restores the complement of functional receptor and process
resensitization of receptor mediated signal transduction (23).

The regulation of opioid receptors by endocytosis has
been hypothesized to have protective functions in reducing
the development of tolerance. Agonist activity and receptor
endocytosis have opposing effects on receptor-mediated
signalling, and the final result is a function of both processes
(named RAVE). Morphine, in comparison with other
opioids has a high activity-endocytosis ratio, and has an
enhanced propensity to prolonging signals with prolonged
drug exposure (24). The amount of internalization caused
by an agonist generally correlates with coupling efficiency.

Molecular events, such as desensitization and endocytosis
would reduce this response. It has been experimentally
demonstrated that endocytosis-promoting agonists may
facilitate morphine-induced receptor endocytosis, reducing
the compensatory adaptive cellular changes that lead to
upregulation of the cAMP pathway (25). Coadministration
of DAMGO or fentanyl promoted morphine-induced
p-receptor internalization. The analgesic effect of morphine
was greatly potentiated when p-receptor internalization
was induced by coadministration of subanalgesic doses
of DAMGO or fentanyl. In contrast, the combination of
DAMGO and fentanyl increased neither the analgesic
effect not the internalization of p-receptor (26). Thus, a
combination of opioids with different characteristics may
reciprocally alter their RAVESs, so reducing the potential for
the development of tolerance. On the other hand, morphine
treatment can produce adaptational changes which can
attenuate high efficacy agonist-mediated desensitization and
internalization of G-protein-coupled receptors (27).

Functional interactions among p opioid analgesics have
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been demonstrated. Synergy between methadone and a
number of other p-opioids have been found, also revealing
incomplete cross-tolerance (28). The combination of
methadone with morphine offers a number of potential
advantages, particularly since these interactions seem to
be restricted to analgesia, as inhibition of gastrointestinal
transit is not increased. Moreover this effect was not
attributed to an interaction with NMDA receptors (4).
Not all p-analgesics have revealed synergy when given
in combination. Only additive interactions between
methadone and fentanyl or between morphine and M6G,
have been found.

Interactions between different opioid receptors
or different sites

Synergy is a commonplace in opioid pharmacology. The
interactions between opioid receptors have been the subject
of recent research. It has been postulated existence of
functional interactions between opioid receptors (29). It
has been shown for morphine given both supraspinally and
spinally underlining the importance of regional interactions
either between different places in CNS and/or periphery
(30,31), the route of administration having per se an effect
on the degree of synergy (28,32). In animals rendered
tolerant to systemic morphine, a lack of tolerance to
intracerebrally administered morphine was found. Similarly
highly lipophilic p-agonists, for example methadone given
peripherally, show no analgesic cross tolerance in animals
treated by morphine, suggesting that changes in the ability
to cross the blood-brain barrier or other dispositional
changes may be involved in the differential tolerance
development (33).

The fact that opioids can act with multiple receptor
activities and with site-dependent receptor profiles has
encouraged research to explore the interactions among
different receptors. Although each opioid receptor can
mediate its effect independently, a growing body of
evidence has been accumulating for the existence of cellular
or molecular interaction among opioid receptor types. In an
early study alternating 1 and 8 receptor activations modified
the development of tolerance (34). Although the stimulation
of 1, 3, and k-receptors produces distinct pharmacological
effects, a possible co-localization in the same synapse
may cause a substantial interaction between them, or a
combination of effects on different receptors result in a
synergic effect. Synergy has been demonstrated between p
and & opioids (35,36). There is some experimental evidence
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to suggest that blocking 8-receptor while activating p
produces antinociception without the development of
tolerance (5).

Functional interactions among opioid receptor types, not
always bidirectional, have been demonstrated. The repeated
stimulation of x-opioid receptor markedly increased the
functional p and d-opioid receptor, whereas repeated
stimulation of either p- and 8-receptor had no direct effect
on k-opioidergic function in mice (37).

Morphine and oxycodone appear to exert their
antinociceptive actions via different classes of opioid
receptors (24,28,38,39). In contrast to morphine, intrinsic
antinociceptive effects of oxycodone seem to be principally
mediated by putative k-receptors (40). These findings
could explain the asymmetric tolerance existing between
oxycodone and morphine, minimally balanced by oxycodone
metabolites with p-activity (28). Co-administration of
sub-antinociceptive doses of oxycodone and morphine
produces marked antinociceptive synergy with reduced
CNS side effects (24). In other experiments, repeated
stimulation of k-opioid receptors lead to the heterologous
upregulation of p-opioid receptor functions which was
associated with the supersensitivity of p-opioid receptor
mediated antinociception (40). k-opioid receptor agonists
have been found to be particularly effective analgesics in
experimental models of visceral pain, acting peripherally
(41,42). In a multimodal, tissue-differentiated experimental
pain models in humans’ oxycodone showed a superior
analgesic effect to morphine in visceral pain, but a similar
analgesia in pain modulation of the skin and muscles (43).
This differentiated effect has been attributed to the
peripheral k-agonist activity of oxycodone (44).

The effects of oxycodone and morphine are modulated
differently in experimental models of bone cancer pain. The
1t opioid receptor activation by oxycodone in brain regions
related to pain signaling was attenuated less as compared
with the effects of morphine, suggesting that modification
of the p opioid receptor is responsible for the distinct
analgesic effect of oxycodone and morphine (45).

Clinical observations of opioid combinations

These findings raise the possibility of potential clinical
advantages of combining several different opioids in pain
management. Clinical studies were based on the rationale
offered by several experimental investigations (38). The
basic premise of an analgesic combination is that the two
drugs operate through different mechanisms of action, so
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the combination may result in a reduction in dose-related
adverse effects. Although anecdotally multiple opioids are
often simultaneously administered for different reasons,
there are few trials assessing this specific topic. However, in
an historical control study of opioid rotation and hydration,
35% of the opioid rotations were partial because of practical
problems (46).

Oxycodone-morphine combination

Whereas morphine is the prototypical m-opioid agonists,
behavioral antinociceptive and cross-tolerance studies
indicated that pain-relieving effects of oxycodone are mediated
by putative k-opioid receptors, and an isobolographic analysis
revealed marked antinociceptive synergy between these two
drugs (24). These suggestive findings were supported by a
clinical study of cancer patients which showed a 38% less
consumption of extra-doses of morphine in patients who
were administered oxycodone rather than morphine (47).
In a subsequent study the improvement in the analgesic
effect with the drug combination was not associated with
disproportionate concomitant adverse effects such as
ventilatory depression (48). However, in an experimental cold
pain study morphine and oxycodone did not produce synergic
antinociceptive effects in healthy humans (49), although this
model was found questionable to predict clinically relevant
doses of opioids (50).

Multiple combinations

The rapid need to escalate opioid doses is challenging for
physicians and represents a critical phase for patients who
have poor pain control despite receiving progressively
increasing doses of opioids. The administration of small
doses of a second opioid in patients with an unfavourable
response during escalation with the prior opioid has been
found effective in a preliminary report where oral morphine,
transdermal fentanyl, and oral methadone were added to
transdermal fentanyl, oral morphine, and oral morphine,
respectively. Lower increases of equivalent doses of the
second opioid, less than 20%, provided a better analgesia.
Global opioid escalation index calculated in the following
weeks after starting the treatment, was maintained at levels
considered as acceptable, about 5 on average. Of interest,
the relatively low doses of the second opioid administered
did not produce adverse effects of significant intensity,
while improving the analgesia (51). Thus, the second opioid
added on the first one was able to brake opioid escalation
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in patients with pain syndrome with a poor response to the
previous opioid, regardless of the combination used.

Spinal morphine and systemic buprenorphine

The combination of spinal morphine and systemic
buprenorphine might be of clinical value because these
opioids may interact at different levels, due to their
differences in receptor activity. The antagonist effects
have been reported only when high doses exceeding
the therapeutic dose ranges were combined (52). The
concurrent administration of spinal morphine and systemic
buprenorphine produces an antinociceptive effect that
was greater than what could have been predicted from
individual dose-response curves. The blockade of k-receptor
by systemic buprenorphine has been hypothesized to
play a role in providing superadditive analgesia with
spinal morphine (53). In recent studies, buprenorphine
might interact with mechanisms of hyperalgesia limiting
descending facilitation mediated by spinal dynorphine
expression by its k-receptor antagonistic properties (54).

Transdermal fentanyl and other opioids

Tramadol, which is a weak opioid which acts through both
monoaminergic and opioid mechanisms, has been used
to facilitate dose adjustment of transdermal fentanyl in a
randomized controlled study of advanced cancer patients
with pain. Pain control was achieved with much slower
dose escalation of fentanyl in comparison with patients
receiving conventional increasing doses of fentanyl. Thus
a combination of a strong opioid with a weak opioid to
treat severe cancer pain allowed a more gradual increase
of analgesic dosing than was possible using transdermal
fentanyl alone (55).

The opioid combination of transdermal fentanyl and
oral morphine has been reported in a cancer patient. The
conversion from 300 pg/h of transdermal fentanyl to
150 pg/h and 360 mg of oral morphine provides effective
pain control and disappearance of neuroexcitatory adverse
effects. The partial opioid rotation and opioid combination
were considered beneficial (56).

Conclusions

The contribution of opioid receptor regulatory mechanisms
to the development of tolerance, and as a consequence a
reduction of clinical analgesia, is still not clarified. To a
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large degree, the uncertainty surrounding the mechanisms
and consequences of regulation of opioid receptors arises
from the limitations in the experimental designs in many
of the studies that have investigated these events (57).
The potential benefit of a combination of opioids with
different receptor characteristics is even poorly explored.
The complexity of opioid receptor systems, in terms of
opioid heterogeneity, activities of distinct receptor types
and opioid ligands, co-localization of receptor types, and
the potential for ligand- and receptor-receptor interactions,
and clinical situations, as well individual heterogeneity, may
make difficult the application of a fascinating hypothesis
which requires more experimental and clinical data.

Acknowledgements

Disclosure: The author declares no conflict of interest.

References

1.  Mercadante S, Portenoy RK. Opioid poorly-responsive
cancer pain. Part 1: clinical considerations. ] Pain
Symptom Manage 2001;21:144-50.

2. Mercadante S. Opioid rotation for cancer pain: rationale
and clinical aspects. Cancer 1999;86:1856-66.

3. Pasternak GW. Multiple opiate receptors: déja vu all over
again. Neuropharmacology 2004;47 Suppl 1:312-23.

4. Bolan EA, Tallarida RJ, Pasternak GW. Synergy between
mu opioid ligands: evidence for functional interactions
among mu opioid receptor subtypes. ] Pharmacol Exp
Ther 2002;303:557-62.

5. Dietis N, Guerrini R, Calo G, et al. Simultaneous
targeting of multiple opioid receptors: a strategy to
improve side-effect profile. Br ] Anaesth 2009;103:38-49.

6. Zelcer S, Kolesnikov Y, Kovalyshyn I, et al. Selective
potentiation of opioid analgesia by nonsteroidal anti-
inflammatory drugs. Brain Res 2005;1040:151-6.

7. Pasternak GW. Molecular biology of opioid analgesia. J
Pain Symptom Manage 2005;29:S2-9.

8. Pasternak GW. Incomplete cross tolerance and multiple
mu opioid peptide receptors. Trends Pharmacol Sci
2001;22:67-70.

9. Pasternak DA, Pan L, Xu J, et al. Identification of three

new alternatively spliced variants of the rat mu opioid

receptor gene: dissociation of affinity and efficacy. J

Neurochem 2004;91:881-90.

Duttaroy A, Yoburn BC. The effect of intrinsic efficacy on

opioid tolerance. Anesthesiology 1995;82:1226-36.

10.

© AME Publishing Company. All rights reserved.

Mercadante. Opioid combination: rationale and clinical applications

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

www.amepc.org/apm

Mercadante S, Portenoy RK. Opioid poorly-responsive
cancer pain. Part 2: basic mechanisms that could shift
dose response for analgesia. ] Pain Symptom Manage
2001;21:255-64.

Paronis CA, Holtzman SG. Development of tolerance

to the analgesic activity of mu agonists after continuous
infusion of morphine, meperidine or fentanyl in rats. J
Pharmacol Exp Ther 1992;262:1-9.

Gharagozlou P, Demirci H, David Clark J, et al. Activity
of opioid ligands in cells expressing cloned mu opioid
receptors. BMC Pharmacol 2003;3:1.

Dirig DM, Yaksh TL. Differential right shifts in the dose-
response curve for intrathecal morphine and sufentanil as a
function of stimulus intensity. Pain 1995;62:321-8.

Kissin I, Brown PT, Bradley EL Jr. Magnitude of acute
tolerance to opioids is not related to their potency.
Anesthesiology 1991;75:813-6.

Frenk H, Watkins LR, Mayer DJ. Differential behavioral
effects induced by intrathecal microinjection of opiates:
comparison of convulsive and cataleptic effects produced
by morphine, methadone, and D-Ala2-methionine-
enkephalinamide. Brain Res 1984;299:31-42.

Ivarsson M, Neil A. Differences in efficacies between
morphine and methadone demonstrated in the guinea pig
ileum: a possible explanation for previous observations

on incomplete opioid cross-tolerance. Pharmacol Toxicol
1989;65:368-71.

Morgan D, Cook CD, Smith MA, et al. An examination
of the interactions between the antinociceptive effects
of morphine and various mu-opioids: the role of
intrinsic efficacy and stimulus intensity. Anesth Analg
1999;88:407-13.

Sosnowski M, Yaksh TL. Differential cross-tolerance
between intrathecal morphine and sufentanil in the rat.
Anesthesiology 1990;73:1141-7.

Gomes I, Jordan BA, Gupta A, et al. G protein coupled
receptor dimerization: implications in modulating receptor
function. J] Mol Med (Berl) 2001;79:226-42.

Portoghese PS. From models to molecules: opioid receptor
dimers, bivalent ligands, and selective opioid receptor
probes. ] Med Chem 2001;44:2259-69.

Kieffer BL, Evans CJ. Opioid tolerance-in search of the
holy grail. Cell 2002;108:587-90.

Zuo Z. The role of opioid receptor internalization and
beta-arrestins in the development of opioid tolerance.
Anesth Analg 2005;101:728-34, table of contents.

Ross FB, Wallis SC, Smith M'T. Co-administration of
sub-antinociceptive doses of oxycodone and morphine

Ann Palliat Med 2013;2(4):189-196



Annals of Palliative Medicine, Vol 2, No 4 October 2013

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

produces marked antinociceptive synergy with reduced
CNS side-effects in rats. Pain 2000;84:421-8.

He L, Fong J, von Zastrow M, et al. Regulation of opioid
receptor trafficking and morphine tolerance by receptor
oligomerization. Cell 2002;108:271-82.

Hashimoto T, Saito Y, Yamada K, et al. Enhancement

of morphine analgesic effect with induction of mu-
opioid receptor endocytosis in rats. Anesthesiology
2006;105:574-80.

Eisinger DA, Ammer H, Schulz R. Chronic morphine
treatment inhibits opioid receptor desensitization and
internalization. ] Neurosci 2002;22:10192-200.

Nielsen CK, Ross FB, Lotfipour S, et al. Oxycodone
and morphine have distinctly different pharmacological
profiles: radioligand binding and behavioural

studies in two rat models of neuropathic pain. Pain
2007;132:289-300.

Gavériaux-Ruff C, Kieffer BL. Opioid receptor genes
inactivated in mice: the highlights. Neuropeptides
2002;36:62-71.

Whistler JL, Chuang HH, Chu P, et al. Functional
dissociation of mu opioid receptor signaling and
endocytosis: implications for the biology of opiate
tolerance and addiction. Neuron 1999;23:737-46.
Kolesnikov YA, Jain S, Wilson R, et al. Peripheral
morphine analgesia: synergy with central sites and a
target of morphine tolerance. ] Pharmacol Exp Ther
1996;279:502-6.

Zaki PA, Keith DE Jr, Brine GA, et al. Ligand-induced
changes in surface mu-opioid receptor number:
relationship to G protein activation? ] Pharmacol Exp
Ther 2000;292:1127-34.

Paktor J, Vaught JL. Differential analgesic cross-tolerance
to morphine between lipophilic and hydrophilic narcotic
agonists. Life Sci 1984;34:13-21.

Russell RD, Chang KJ. Alternated delta and mu receptor
activation: a stratagem for limiting opioid tolerance. Pain
1989;36:381-9.

Gomes I, Jordan BA, Gupta A, et al. Heterodimerization
of mu and delta opioid receptors: A role in opiate synergy.
J Neurosci 2000;20:RC110.

He L, Lee NM. Delta opioid receptor enhancement of mu
opioid receptor-induced antinociception in spinal cord. J
Pharmacol Exp Ther 1998;285:1181-6.

Khotib J, Narita M, Suzuki M, et al. Functional interaction
among opioid receptor types: up-regulation of mu- and
delta-opioid receptor functions after repeated stimulation
of kappa-opioid receptors. Neuropharmacology

© AME Publishing Company. All rights reserved.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

www.amepc.org/apm

195

2004;46:531-40.

Smith MT. Differences between and combinations
of opioids re-visited. Curr Opin Anaesthesiol
2008;21:596-601.

Ross FB, Smith M'T. The intrinsic antinociceptive
effects of oxycodone appear to be kappa-opioid receptor
mediated. Pain 1997;73:151-7.

Narita M, Khotib J, Suzuki M, et al. Heterologous mu-
opioid receptor adaptation by repeated stimulation

of kappa-opioid receptor: up-regulation of G-protein
activation and antinociception. ] Neurochem
2003;85:1171-9.

Eisenach JC, Carpenter R, Curry R. Analgesia from

a peripherally active kappa-opioid receptor agonist in
patients with chronic pancreatitis. Pain 2003;101:89-95.
Riviere PJ. Peripheral kappa-opioid agonists for visceral
pain. Br ] Pharmacol 2004;141:1331-4.

Staahl C, Christrup LL, Andersen SD, et al. A
comparative study of oxycodone and morphine in a
multi-modal, tissue-differentiated experimental pain
model. Pain 2006;123:28-36.

. Staahl C, Dimcevski G, Andersen SD, et al. Differential

effect of opioids in patients with chronic pancreatitis:

an experimental pain study. Scand ] Gastroenterol
2007;42:383-90.

Nakamura A, Hasegawa M, Minami K, et al. Differential
activation of the p-opioid receptor by oxycodone and
morphine in pain-related brain regions in a bone cancer
pain model. Br ] Pharmacol 2013;168:375-88.

Morita T, Tei Y, Inoue S. Agitated terminal delirium and
association with partial opioid substitution and hydration.
J Palliat Med 2003;6:557-63.

Lauretti GR, Oliveira GM, Pereira NL. Comparison

of sustained-release morphine with sustained-release
oxycodone in advanced cancer patients. Br ] Cancer
2003;89:2027-30.

Ladd LA, Kam PC, Williams DB, et al. Ventilatory
responses of healthy subjects to intravenous combinations
of morphine and oxycodone under imposed hypercapnic
and hypoxaemic conditions. Br ] Clin Pharmacol
2005;59:524-35.

Grach M, Massalha W, Pud D, et al. Can coadministration
of oxycodone and morphine produce analgesic synergy
in humans? An experimental cold pain study. Br J Clin
Pharmacol 2004;58:235-42.

Smith MT, de la Iglesia FA. Co-administration of
oxycodone and morphine and analgesic synergy re-
examined. Br J Clin Pharmacol 2005;59:486-7; author

Ann Palliat Med 2013;2(4):189-196



196 Mercadante. Opioid combination: rationale and clinical applications

reply 487-8. of buprenorphine-induced analgesia and antihyperalgesia
51. Mercadante S, Villari P, Ferrera P, et al. Addition of a in a human pain model. Pain 2005;118:15-22.
second opioid may improve opioid response in cancer pain: 55. Marinangeli F, Ciccozzi A, Aloisio L, et al. Improved
preliminary data. Support Care Cancer 2004;12:762-6. cancer pain treatment using combined fentanyl-TTS and
52. Kogel B, Christoph T, Strassburger W, et al. Interaction tramadol. Pain Pract 2007;7:307-12.
of mu-opioid receptor agonists and antagonists with the 56. Shinjo T, Okada M. The opioid combination of
analgesic effect of buprenorphine in mice. Eur ] Pain transdermal fentanyl and sustained release morphine for
2005;9:599-611. refractory cancer pain--a case report. Gan To Kagaku
53. Niv D, Nemirovsky A, Metzner J, et al. Antinociceptive Ryoho 2005;32:1997-2000.
effect induced by the combined administration of spinal 57. Connor M, Osborne PB, Christie MJ. Mu-opioid receptor
morphine and systemic buprenorphine. Anesth Analg desensitization: is morphine different? Br J] Pharmacol
1998;87:583-6. 2004;143:685-96.

54. Koppert W, Ihmsen H, Kérber N, et al. Different profiles

Cite this article as: Mercadante S. Opioid combination:
rationale and possible clinical applications. Ann Palliat Med
2013;2(4):189-196. doi: 10.3978/j.issn.2224-5820.2013.09.04

© AME Publishing Company. All rights reserved. Wwww.amepc.org/apm Ann Palliat Med 2013;2(4):189-196



