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Why recommendations do not 

work in clinical practice 

Recommendations based on the need to spread 

out basic information, simple, and reliable, but 

do not fit many clinical situations 

More complex pain situations (longer survival, 

more aggressive oncological treatments) 

Improved knowledge about drug use and new 

available drugs 

Need of flexibility individually-based 

 



OPIOID TITRATION: a critical review.  

Mercadante S. Eur J Pain 2007   

 

 
Initiation of opioid therapy is a delicate and challenging phase to obtain the 

maximum benefit and to gain the patient’s compliance, as most adverse effects 

occur during this phase.  

The approach could be different, depending on the clinical situation:  

 

 

A – pts no longer responsive to non-opioid analgesics  

B - pts requiring strong opioids no longer responsive to weaker drugs 

C - pts already receiving strong opioids requiring higher doses because of an  

increase in pain intensity or a new acute pain problem 

D - pts who are severely suffering and need an intensive as well as rapid 

intervention, due to previous lasting undertreatment.  



WHO-step 2 
Controversies 

 What drugs in WHO-step 2 ? 

 Fixed combinations of opioid-non opioids? 

 Is it morphine ?  

 Do we need step 2 ? 



IS CODEINE SOME MORPHINE? 

• 0-15% of codeine is demethylated to morphine 

    by CYP2D6 (high genetic polymorphism) 

• 7-10% are poor metabolizers…. 

 

• Poor metabolizers had no analgesia with 

codeine 

   (Sintrup, 1993, Poulsen, 1996) 

 



A question of dosing… 
Very small doses of morphine 12-15 mg/day were administered in a large 

number of opioid-naive pts with cancer pain (50 and 123 pts), of different 

origin and with different mechanisms 



Low doses of morphine in naive patients 

Mercadante et al, JPSM 2006 

 Morphine was effective  

 Unexpectedly, it was 

extraordinary well  

    tolerated 

 OEI was slow 
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EAPC recommendations 2012. 

 

 

Low doses of strong opioids can replace step 2 drugs 



B - Opioid titration in pts no longer responsive to  

II step opioids 
 

EAPC recommendations: during dose titration it is preferable to use IR 

morphine that has a rapid onset, a predictable effect, and a short duration of 

action to allow steady state to be achieved as quickly as possible.   

 

  A dose of IR oral morphine is given every 4 hours and the same dose for BP 

given as often as required.  

 

Pts changing from a weak opioid will usually start with 10 mg every four hours 

(60 mg/day), while if step two of the analgesic ladder is omitted 5 mg every four 

hours may suffice.  

 

The total daily dose of morphine should be rewieved daily, based on the 

assumption that steady state of morphine is reached in about 24 hours.  If pain 

returns before giving the regular dose, the regular dose should be increased  

(Hanks et al, 2001).  



Hanks, De conno, Cherny, Hanna, kalso, McQuay, 

Mercadante, Meynadier, Poulain, Ripamonti, 

Radbruck, Roca J Casas, Sawe, Twycross, and 

Ventafridda: 

Morphine and alternative opioids in cancer pain: the 

EAPC recommendations, Br J Cancer 2001 

Point 2  

 

• Patients changing from regular administration of a step 

2 opioid will usually start with 10 mg every 4 hours. 

• If step 2 of the analgesic ladder is omitted 5 mg every 

4 hours may suffice, whereas pts converted from 

another step 3 opioid will require more. 



IR or SR morphine for dose finding during start of 

morphine to cancer patients: a R-DB trial.  

Klepstad P et al, Pain 2003 

40 pts  on 2nd step - R DB DD 

 

Time needed to titrate:  

2.3 days IM (94 mg): more tiredness 

1.7 days SR once (82 mg) 

   A simplified titration using SR once daily is 

equally effective as IM given every 4 hours 





TRANSDERMAL OPIOIDS 

No comparative studies with other   

alternative routes.   

 

 
Advantages: 

No availability of oral route (vomiting, BO, dysphagia) 

Easy to use 

Less constipation 

 

Disadvantages: 

Unstable pain condition (need of rapid titration…) 

Possible less analgesia in the last 12-24 hrs 

High doses (number of patches) 
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CRITERIA FOR SELECTING ANALGESICS 

FOR CANCER PAIN: DRIVERS IN DECISION 

 Overall Efficacy 

 Overall AE profile 

 Individual clinical situation 

 Pretreatment 

 Pain intensity 

 Pain mechanism 

 Onset 

 Comorbidity 

 Interactions 

 Abuse potential 

 Cost 

 Cultural influence 

 Guidelines 







CASO 3 - Trattamento con oppiaceo 



Factors influencing the opioid response 

• Specific drugs 

• Pain type 

• Psychological influences 

• Disease and humoral factors 

• Receptor disposition 

• Plastic changes of CNS 

• Drug interactions 

• Pharmacogenetics: polymorphisms (opiodi 

receptors, metabolizing enzymes, carriers) 

• Epigenetics 

 



PHARMACOGENETICS 

• Enzyme polymorphism 

• Polymorphism BBB protein transport  

• OR variants - subgroups 

• OR distribution and unmasking (peripheral) 

• OR cross-talk 

• Plastic changes of CNS disease-related 

• Plastic changes after opioid administration 





Davis MP, Lagman R,LeGrand S. Controversies in 

pharmacotherapy of pin management. Lancet 

Oncol 2005 

 

Morphine was recommended as the benchmark 

opioid by EAPC on the basis of expert opinion. 

 

However, state of art does not specify an opioid of 

choice, as no opioid has never been resulted more 

effective than another in controlled studies 



3rd step 

The opioid of choice? 

A systematic review of randomized trials on the 
effectiveness of opioids for cancer pain.  

Koyyalagunta et al.  Pain Physician 2012 

 

- Poor evidence 

- No opioid of choice 



RANDOMIZED CONTROLLED STUDY OF  

SUSTAINED-RELEASE ORAL MORPHINE,  

TRANSDERMAL FENTANYL AND ORAL METHADONE IN 

CANCER PAIN MANAGEMENT: A PHARMACOECONOMICAL 

EVALUATION. Mercadante et al, Eur J Pain 2008 

 All the three opioids used as first-line therapy were effective, 

well tolerated, and required similar amounts of symptomatic 

drugs or co-analgesics.  

 Methadone was significantly less expensive, but required 

more changes, up and down, of the doses, suggesting the 

need of more expertise  

 Fentanyl produced less AE, but resulted to be more 

expensive, with the highest OEI  



EAPC recommendations 

2012 



   Doses of about 60 mg of oral morphine equivalents 
of any opioid, are equally effective as starting doses 
in tolerant pts who had received step 2 drugs 
unsuccessfully, assisted by PRN opioid doses for 
eventually assisting titration 

 

Morphine                      60 

 TTS fentanyl                 0.6 (25 mcg/h) 

Methadone                   12 

Oxycodone/naloxone   40/20 

Oxycodone                   40 

 TTS buprenorphine     0.8 (35 mcg/h) 

Hydromorphone           12 

 Tapentadol                  200 



Assisting opioid titration when using slow 

preparations:  

SR morphine, SR oxycodone, methadone, 

transdermal drugs: fentanyl and buprenorphine 

1/6 of the daily dose as equivalents of 

oral morphine (also useful as BP 

medication) 



Whatever the drug you use, success will be 

depedent on how the drug is used,  

based on careful considerations of individual 

clinical conditions, and appropriate knowledge of 

pharmacokinetics-dynamics  

 

 

 

 

              Physician-based treatment 



 

• D – Severe pain on emercency basis 

    With inadequate pain relief, opioid doses have to be increased 
stepwise, that is with a dose increase of 33-50% every 24 hours 
(Hanks et al,2001).  

 

    This approach can lead to a time span of several days or even 
weeks until adequate pain relief is obtained.  

    Differently from population previously described, which had 
moderate pain intensities and required simple titration 
schedule, allowing to achieve appropriate pain control in 1-2 
days, cancer pain emergency is commonly defined in 
accordance with severity (pain intensity of 8/10 or greater on a 
numerical scale), duration and progression over time.   

    

     Acute severe pain requires rapid application of powerful 
analgesic strategies and aggressive treatment, which are 
distinct from chronic management techniques.  



 

Parenteral administration may reduce 

pharmacokinetic limitations of the oral route 

 
• ABSORPTION  

  Independent on mucosal damage and     

  surgery, and swallowing 

• AVAILABILITY 

• LESS METABOLITE FORMATION 

  (less toxicity?) 

• RAPIDITY !!!!! 



Respiratory function during parenteral opioid titration  

 for cancer pain 

Estfan et al, Palliat Med 2007 

                                 Before titration              Pain control 

Pain score                   6.8                                   1.9 

Opioid dose                 73                                   169 



Rapid titration with intravenous morphine for 

severe cancer pain and immediate oral 

conversion 

  
Mercadante et al, Cancer, 2002,  

Mercadante, Lancet Oncol  2010 

   Cancer pain emergencies presenting with excruciating 

pain require a rapid application of powerful analgesic 

strategies. Oral morphine titration requires too long 

periods to allow immediate pain relief 





49 pts with severe pain (NPS 7-10) 

  T0: Dose finding: titration with IV morphine 2 mg until 

signs of significant analgesia occur (T1).   

   The dose was converted immediately to oral dosing 

assuming the effect lasting about 4 hours. 

 

   Example: Test dose 10 mg of IV morphine are equivalent to 60 

mg daily: oral dose will be 120 mg (using a IV:os conversion of 

1:2). 

   The same IV test dose will be available for breakthrough pain in 

the first 24 hours 

   Reassessment…… 



Immediate  

Pain relief 

0                                  5                                 10 

90 

135 

200 

300 

450 

675 

940 

90 

50 iv 



Low escalation index   

Increasing escalation index 

Prevalence of adverse effects 

OPIOID RESPONSE IS A DYNAMIC ISSUE 

AND MAY CHANGE IN TIME 



C - opioid re-titration in patients who 

are receiving strong opioids 

unsuccessfully 

• Opioid dose should be increased against 

pain…. 

• … as no ceiling effect exists 

• Sufficient increasing dose (50%) 

• Evaluation of OEI…. 

….risks of intrinsic toxicity…. 



Causes of declining analgesia and  

need of opioid escalation 

• Disease-related factors  

Progression of disease (increased nociception) 

Pain mechanism 

Increased humoral factors 

Reversible hyperalgesia (therapy-induced flares) 

 

• Factors related to patient-drug interaction  

Tolerance 

Hyperalgesia 



Prevalence of adverse effects  

and/or ineffective opioid dose escalation 



Rationale for opioid switching,  

Mercadante, Cancer 1999 

 

    Different clinical response produced 

by a new opioid due to: 

• different receptor activity produced 

by different opioids.  

• different receptor opioid-pattern 

• individual variance 

• asymmetric tolerance 

• dynamic plastic changes of 

receptors. 

 

So similar, so different 





Drug            Receptor  

                    selectivity 

1,3 

2,3 

1 

1,2,3 

1 

3 

2 

--                Partial        Partial            Complete 

 

Partial         -                   No               Complete 

 

Complete    No                 -                 Complete 

 

Partial        Partial        Partial                -      

Pasternak,TRENDS IN Pharmacol Sci 2001 

Cross-tolerance 



Opioid switching: from the beginning to 

nowadays. Mercadante & Bruera, submitted 

 

 

 Opioid selectivity 

 

 Genetics – metabolism 

 

 Genetics – receptor 

 

 Plastic changes   

 

 Changes in drug-disease-individual relationships 







Opioid switching. A systematic and critical review. 

Mercadante & Bruera, Cancer Treat Rev 2006 

 

Opioid switching: from the beginning to nowadays,  

2015 

 

Opioid switching has a chance to improve the clinical opioid 

response in 50-80% of cases of patients with unconvenient 

balance between analgesia and adverse effects…. 

 Adverse effects                                                  Analgesia 

…. and has strongly reduced the need of  

interventional procedures 
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Canadian experiences… 

Hagen et al, JPSM 2003 

• 16 gr of Iv morphine 

 

 

• Oxycodone 60 mg 





Fentanyl TTS         Methadone 

500 mcg/h (12 mg) 80 mg …x 3 

                       1  2 3d  2 weeks       2 months 

0 2010 21 

Ketamine burst 

75 

Case report  U.F. m, 55 yr, sarcoma 

chest wall,  

Tolerant patient receiving opioids 

for 3 years, with progressive 

increase in transdermal fentanyl  

from 0.6 mg to 12 mg, with a peak 

in OEI in the last month.    F-M 

switching using 1:20 ratio. 

 

Final ratio 1:60 (about 20 mg) 

Pain-free 
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 - Inverse proportion to previous dose? 

- Initial priming ratio and strict monitoring? 

- Methadone as needed? 

Critical escalating  

phase 

Conversion dose 

Fentanyl 1.2mg (50mcg/h) 

An early switching before 

escalation would have better 

predicted the dose to be 

chosen 

Fentanyl 12mg (500mcg/h) 

Methadone 240 mg 



Dose ratio in opioid switching 
Choice of conversion ratios in opioid switching and hyperalgesia 

The need for dynamic calculation 

  The ratio to choose is likely to depend on recent 

high escalation index rather than the dosage itself 

 

 

 

 

 

 

 

increasing pain & adverse effects 

  

(signs of hyperexcitation) 

Pain 

Escalating doses 

Uncontrolled Pain 

Escalating doses 



Factors influencing conversion ratios 

when switching to methadone 

• Adverse effects               ↓ dose     (↑ ratio) 

• Uncontrolled pain           ↑  dose     (↓ ratio) 

• Escalation doses           ↓↓ dose      (↑ ratio) 

• Both                                ↓ dose      (↑ ratio) 

• Convenience                     == ↓ dose         





Champions Palliative Care 
Palermo, 16-18th april 2015  
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Vostro...... Sebastiano 





Equianalgesic ratios 
In adult patients with pain directly due to cancer, which is the evidence 

of the optimal equianalgesic ratios between different opioids and 

strategies for switching therapy  from one opioid to another one? 



Conversion ratios suggested with methadone: 

 

•  inversely proportional to previous opioid 

doses (Edmonton) 

•  as needed & variants (Liverpool) 

•  fixed priming and then clinical flexibility 

      (Palermo)     

 

 

 

 

 

 

 

 



Norvegian wood 
 

 

Moksnes K, et al. How to switch from morphine or 

oxycodone to methadone in cancer patients? A 

randomized clinical phase II trial. Eur J Cancer, 2011 

 

 

 

Stop and go strategy (SAG) for switching from 

oxycodone or morphine to methadone produced more 

pain, more drop-out and adverse effects, suggesting 

that a switch performed in three days (3DS) works 

better than SAG.  



14 days 

3 days 

More 

rescue 

doses 

Lower 

pain 

relief 

? ? 

? 



Nociception - opioid escalation – tolerance – hyperalgesia 

early switching? 

• Opioid dose escalation may have an intrinsic risk, particularly when it 
is accelerated unsuccessfully, as increasing doses of opioids may 
worsen the clinical picture in some circumstances, and an appropriate 
diagnosis is of paramount importance to avoid unfavourable clinical 
consequences. 

 

•  The clinical implications of this observation are relevant. Rapid 
escalating opioid doses, possibly due to the development of opioid-
induced tolerance-hyperalgesia, should be considered a sort of 
impeding adverse effect requiring  a refined assessment and possibly 
an earlier indication for opioid switching.  

 

• These considerations should indicate a meaningful approach during 
opioid escalation, possibly anticipating opioid switching or other 
alternative measures to avoid clinical disasters in patients with poor 
pain control.  

 



HOW LONG A PT, INTESIVELY TREATED, 

SHOULD SUFFER? 
 

 

Kumar 2000 

From this series, the maximum bolus of morphine was 34.5 

mg. This means that these pts received 23 boluses of 1.5 

mg every 10’ in 215’.  
 

In the meantime most of the initial amount of morphine 

boluses are largely eliminated, so that the real effective dose 

is difficult to determine.  

 

This can explain the IV-oral ratio of 1:1 used by authors for 

oral conversion. 

 



 1.5 mg 

Cumulative dose18 mg 

Effects of 9 mg 

Cumulative dose of 20 mg 

Effects of 20 mg 

20min 



Conversion ratios 

Reduce    ++ 

Reduce 

Increase 

Reduce 



            Indications and need of use of spinal analgesia 

               Mercadante S, et al. Crit Rev Ematol Oncol 2011 

 

 
 

  

 

 

 

 

 

 

In pioneer studies of spinal analgesia in cancer pain no clear indications were 

provided to start this complex treatment.   

It seems that patients should optimize their treatment by using multiple trials of 

opioids administered by different routes and administering other indicated non-

opioid analgesics and symptomatic drugs, before being defined as refractory.  

After an appropriate selection, neuraxial analgesia is used in a selected number 

of patients with cancer pain, accounting for approximately 2% of those seen for 

pain consultation. 

 



Concerns 

                    Oral morphine 

                           Titration 

 

Opioid conversion              Opioid 
sparing 

                        Opioid switching 

 

          

                       Spinal opioids & LA 

 

                 Expert current practice 

 

            Oral morphine 

            200 mg or toxicity ? 

                                  EP 
screening ?  

                        

  

Dose titration      ?     Spinal 
opioids 

Switching ?                 LA ? 
(replay) 

                       

                       Smith’s study 



At least three opioids !!! 

At least two routes !!! 

 



Hi, Dad, what’s … app? 
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uncontrolled pain 

despite ripid 

escalation 

Morphine 
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360 

  

   methadone 60 mg 
1.99 
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Flat dosing 

Rapid escalation… ….plain 
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What are we going to have? 

• Mox-duo (morphine-oxycodone 3:2) 

• Peripheral mu agonism (frakefamide) 

• Peripheral Mu antagonism 

• Central K antagonism 

• Peripheral K activity 

• Opioid-agonist – tachynin antagonist 

• Opioid agonist – orphanin agonist 

• Cannabinoids 

• Palmitoiletanolamide 



The hoaxes 

 Anti-hypertensive ca-antagonists 

 Octreotide 

 IT ziconotide 

 ? 



All patients gave their consent 



Cannabinoids 
• Cannabinoids act primarily through specific receptors: CB1 

receptors are predominantly distributed in the central nervous system 

including the immune system).  

 

• Aspirin of the 21 century 

• Cannabis use is prevalent among chronic non cancer pain population 

for a wide range of symptoms, prevalently inhaled, younger more 

frequently  (Ware, 2003) 

• Pain & spasticity in multiple sclerosis (Rog 2005) 

• Poor additive effects, mild AE ++ (Buggy, 2003, Bernan, 2004, Naef 

2003) 

 





Efficacy and tolerability of cancer pain management 

with controlled-release oxycodone tablets in opioid-

naïve cancer pain patients, starting with 5 mg tablets. 

Koizumi et al. Jpn J Clin Oncol 2004. 

• A starting dose of SR oxycodone 5 mg every 12 

h.   

• 18 out of 20 (90%) attained stable, adequate 

pain control. Two-thirds of the patients attained 

stable, adequate pain control without any dose 

titration.  

• The mean length of time was 1.2 days.  



These opioid effects on glia are caused by the activation of a non-classical, 

non-stereoselective opioid receptor that is distinct from the receptor 

expressed by neurons that suppresses pain. Opioid administration leads to an 

opposing process: glial release of proinflammatory cytokines that oppose the 

analgesic actions of opioids. The glial opposition of analgesia occurs in 

response to opioid administration. Both pain suppression and 

proinflammatory cytokine-induced pain enhancement simultaneously occur 

as opponent processes. Blocking proinflammatory cytokine actions markedly 

enhances the magnitude and duration of opioid analgesia. Indeed, morphine 

dose-response functions performed in the absence versus presence of 

cytokine inhibitors reveal a marked leftward shift in the dose-response 

function when proinflammatory cytokine actions are blocked, demonstrating 

that these endogenous proinflammatory mediators naturally compromise the 

analgesic efficacy of both intrathecally and systemically delivered opioid 

analgesics. Glial proinflammatory cytokines upregulate in response to 

chronic opioids, contributing to the development of opioid tolerance, opioid 

dependence/withdrawal, and opioid reward, measured both neurochemically 

(via in vivo microdialysis) and behaviorally (via conditioned place 

preference). Of fundamental importance is our discovery that opioids 

activate glia via a non-stereoselective receptor separate from the classical 

opioid receptor: toll-like receptor 4 (TLR4). Given that neuronally inactive 

(+)-naloxone blocks this glial receptor, but not neuronal opioid receptors, this 

finding predicts that (+)-opioids such as (+)-naloxone should potentiate 

opioid analgesia by not blocking morphine effects on neurons, yet removing 

glial activation that opposes analgesia. This is true. 

Suppressing glial activation will suppress the pathological pain of various 

etiologies, improve opioid analgesia, suppress opioid tolerance, suppress 

opioid dependence, and suppress opioid reward linked to drug craving/drug 

seeking.  

Opioid activation of glia is fundamentally different than for neurons: glial 

receptors are not stereoselective, opioid effects on glia must be via different 

receptors (TLR4) than for neurons, effects of glia and neurons should be 

separable, and to increase the efficacy of opioids, one should either modify 

opioids so they do not bind glia and/or create long-lasting, orally available 

versions of [+]-naloxone. 
 



More recently it was discovered that several opioid 

ligands (e.g., morphine and the opioid receptor 

antagonist naloxone) affect glia by binding to the glial 

receptor toll-like receptor 4 (TLR4) (Hutchinson et al. 

2010). Unlike classical neuronal opioid receptors, which 

only bind the (-)-enantiomer of opioids, TLR4 binds 

opioids in a non-stereoselective fashion with both (-)- 

and (+)-ligands affecting the signaling cascade. Our 

recent data demonstrate that antagonism of PAG TLR4 

using the prototypical TLR4 antagonist LPS-RS, or (+)-

naloxone prevents the development of tolerance to 

systemic (-)-morphine. Similarly, activation of PAG 

TLR4 using (+)-morphine is sufficient to induce 

tolerance to subsequent systemic administration of (-)-

morphine. These results indicate that PAG TLR4 

mediates glial cell facilitation of morphine tolerance 

development.  

Collectively, this research could provide novel and 

crucial information about the mechanisms by which 

central nervous system glia regulate morphine tolerance 

generally, and could provide a potential therapeutic target 

for the enhancement of analgesic efficacy in the clinical 

treatment of chronic pain specifically.  

 



In neuropathic pain, damage to the peripheral nerves 

shifts the glia to an activated state within the spinal 

cord. This occurs as a consequence of signals released 

by stressed and damaged neurons, including factors 

that activate the “endogenous danger signal” receptor, 

toll-like receptor 4 (TLR4). Once activated, the 

microglia release proinflammatory cytokines, including 

interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor 

necrosis factor (TNF); later, anti-inflammatory 

cytokines are generated to help dampen the injury 

response.  

The use of opioids in chronic pain is often limited by 

hyperalgesia and tolerance. Glia play a key role in the 

formation and maintenance of morphine tolerance, as 

chronic morphine treatment has been shown to increase 

microglial reactivity.  

Minocycline, an antibiotic in the tetracycline class, and 

propentofylline, a glial modulator that decreases 

mechanical allodynia (an enhanced pain response to 

touch), can inhibit spinal microglial reactivity and 

attenuate the development of morphine tolerance. It 

has been hypothesized that morphine enhances 

microglial reactivity by inducing the release of 

proinflammatory cytokines and chemokines, as well as 

through direct signaling between microglia and 

nociceptive neurons. 

 

 



Differential mu-Opioid receptor trafficking upon the stimulation by different agonists. When mu-Opioid receptor (MOP) is 

stimulated by DAMGO, the signal is coupled to an activation of G protein (Gi or Go), followed by G protein-coupled receptor 

kinase (GRK)-catalyzed phosphorylation of MOP and association with beta-arrestin. Clathrin and dynamin are then associated to 

the membrane containing beta-arrestin-associated MOP to form receptor-containing endosome. Thus endocytosed MOP in the 

endosome has two fates, lysosomal degradation and resensitization via dephosphorylation. When MOP is stimulated by 

morphine, on the other hand, the MOP endocytosis does not occur. However, morphine stimulation causes more potent 

desensitization (acute tolerance) of MOP than DAMGO stimulation, as seen in so-called RAVE hypothesis (see details in the 

text). As morphine-induced MOP endocytosis is facilitated in the presence of protein kinase C (PKC) inhibitor, morphine-

induced PKC phosphorylation of MOP may precede GRK-mediated one and prevent the endocytosis. PKC-phosphorylated MOP 

seems to be a major mechanism underlying desensitization of MOP in the membrane. The DAMGO-induced PKC activation 

seems to be simply slower than GRK activation, since similar PKC-mediated desensitization (acute tolerance) occurs when the 

endocytosis is prevented in the presence of dominant negative mutant of dynamin. MOP : mu-opioid receptor, GRK : G protein 

coupled receptor kinase, PKC : protein kinase C, ERK1/2 : extracellular signal-regulated kinase1/2, GPCR : G-protein coupled 

receptor, MP : Metalloprotease, EGF : epidermal growth factor, EGFR : epidermal growth factor receptor, Pyk2 : proline-rich 

tyrosine kinase 2  



Anti-opioid NMDA receptor hypothesis underlying morphine 

tolerance. As morphine action (analgesia) is enhanced to some extent 

in NR2A-/- mice, compared with wild-type (WT) mice, without changes 

in basal nociceptive threshold, morphine stimulation may also cause a 

glutamate-NMDA (NR2A) receptor activation (possibly mediated by a 

dis-inhibition of GABA neuronal activity), which in turn limits the 

morphine inhibitory action. Following chronic morphine treatments, 

NR2A proteins are up-regulated and cancel the morphine analgesic 

activity (tolerance).  



Drug-induced adaptations in the efficacy of receptor–Gi coupling could contribute to drug 

tolerance or sensitization. A possible mechanism is altered phosphorylation of the receptor by 

GRKs or its subsequent association with arrestins (1). Other possibilities include alterations in G-

protein - (2) or -subunits (3) or in other proteins (for example, phosducin (4) or RGS proteins (5)) 

that modulate G protein function. Phosphorylation of the receptor by protein kinase A (6) or other 

kinases represents another potential mechanism. Also shown is agonist-induced receptor 

internalization, which may be mediated by receptor phosphorylation 



Mice treated with demethylating drugs showed increased expression of 

mu-opioid receptor relative to control.  



May opioids may hasten death  

in advanced cancer patients? 


