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Outline for this talk

I.  General opioid pharmaccology 

II.  The pharmacology of bbuprenorphine

III.  The pharmacology of buprenorphine/naloxone

IV.  Summary: buprenorphhine pharmacology



OOpiates & Opioids

Opiatess = naturally present in opium 
•• e.g..e g  morphinemorphine, codeinecodeine, tthebainehebaine

Oppioidss = manufactured
• Semmisynthetics are derived from an opiate

– heroin from morphine
– buprenorphine from thebaine

• Synnthetics are completely man-made to 
worworrkrk likelike opiatesopiates

– methadone



OpioidOpioid ReceReceeptoreptor TTypesypes

MMMu Mu 
ReceptorReceptor

Associated wiith opioid addiction
Mu is for morrphine
Morphine for Morpheus Greek God of Dreams

Activation prooduces analgesia, euphoria, 
RespiraR i tory deprd ession, and pupili d il constriction i i

Kappa Kappa 
ReceptorReceptor

ActivActivaationtion alsalsoo pprroducesoduces analgesiaanalgesia
Hope for analgesia with less abuse potential
not realized bbecause produces psychosis

DeltaDelta
ReceptorReceptorReceptorReceptor

Activation in hhumans not well characterized



Opioid Receptors

Drugs and medicatd d ii ions that ah cctiivate mu receptors: 
morphine
meththaddone

codeinecodeine
fentanyl

herooin
hy rdrh d omorphhone
buprrenorphine
oxycoxyccodonecodone
hydrrocodone



Function at Receptors: 
FullF l  l gAAgonistsi t

MuMu
receptorreceptor

FullFullFullFull  aaaaagonistagonistagonistagonist  bbbindingbindingindinginding … …

 activates the mu recceptor

 is i hihighlhly reini fforcini g

 isis thethe mmostost abusedabused opioidopioid ttyypepe

 includes heroin,, methaadone,, & others
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FunctionFunction atat RecepRecepptors:ptors: AntagonistsAntagonists
MuMu

receprecepttttoror AAAAAntagonistAntagonistAntagonistAntagonist  bindingbindingbindingbinding … ………

 occupies without acctivating

 is not rei t infi orcif ngi

 blocksblocks abusedabused agonagonnistnist opioidopioid ttyypespes

 includes naloxone aand naltrexone



Antagonist AActivity Levels

80

90

100

%
60

70

80

% 
Mu Receptor

Intrinsic
Activity

30

40

50

10

20

30

0
no drug

DRU
low dose

Opioid antagonists bind and occupy 
i id t b t lt imu opioid receptors but result in no 

specific intrinsic activity regardless 
of dose

Antagonist (e.g. naloxone)

high dose
UG DOSE

Antagonist (e.g. naloxone)



Function at Recepptoors: Partial Aggonists

MuMu
receprecepttttoorr

PartPartiiiial aal aggonist bindinonist bindingg … …

 actitivattes ththe receptttor at lt t lower level lsl

 isis rreelativlativelyely lessless rreineinnfnfororcingcing

 is a less abused opipioid typype

 includes buprenorphine



Partial Aggonist Activityy Levels
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At higher doses, even when partial 
agonist binds all mu receptors, 
maximal agonist effect is never

Partial Agonist (e.g. buprenorphine)

maximal agonist effect is never 
achieved

Partial Agonist (e.g. buprenorphine)

Like full agonists, partial agonist drugs 
increase mu activity at lower doses

high dose
UG DOSE

increase mu activity at lower doses

UG DOSE



rrReceptorReceptor AAffinityffinity 
• AFFINITY is the strength withh which a drug physically binds 

to a receptor
 Buprenorphine’s affiB h ni it’ y is vff ei i ry t ssti rong and it will t d diit splill ace d fi ulll f  agonisll ts i t

like heroin and methadone
 Note receptor binding strength (strong or weak), is NOT the same as 

rreeceptorceptor activactivaationtion (agonist(agonist oror aaantagonist)antagonist)

MuMuMuMu
ReceptorReceptor

BuBuFFFFppppppFullFullFullFull affinit affinityy Agonist AgonistAgonistAgonist   is hi is higgp yp y heherrgg
BouBounnnnd to d to ReceptoReceptorr

ThereforeThereforeThereforeTherefore  
FulFulllll A Aggonist is onist is displaceddisplaced



ReceptorReceptor DDDissociationDissociation
• DISSOCIATION is the speed (slow or fast) of disengagement or 

uncoupling of a drug from the reeceptor
– Buprenorphine’s dissociation is sloow 
– Therefore Buprenorphine stays on the receptor a long time and blocks heroin 

or methadone from binding 

MuMuMuMu
ReceptorReceptor

BuBupppp  dissociation is dissociation is slowslow

ThereforeThereforeThereforeTherefore  
FFFFull Aull Aggonists can’t bindonists can’t bind



Effects of Bupre
on µ-Opioid Receptor Availabil

MRI
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Opioid Agonisst Drug Effects
Acute UAcute Usssse Effectse Effects

Depressed Euphoria Vomiting Constricted Pupils RespirationRespiration

Decreased Decreased Drowsiness Decreased AwarenessPain Sensation Consciousness

Large Dose Large Dose AAAAcute Effectscute Effects
IfIf SevereSevere AnoxiaAnoxia BradycardiaBradycardia && Non-Responsive Pinpoint Pupils Pupils May Dilate Hypotension

Skeletal Muscle Pulmonary edema in Slow or Absent Skin Cyyanotic FlFlaccidid ~50%50% RespiratiR i onti

ChrChronic onic UUUUse Effectsse Effects
Psychological Lethargy and Reduction in bowel Physical dependence dependence indifference movement



ChroniChroniicic UseUse
• Repeated administration of opiioids and activation of the mu 

receptors results il in neuronal al dddaptation:d i
– Physiological manifestations

• PhysicalPhysical ToleranceTolerance
– Diminishing effect from the same dose
– Need for larger doses to produce tthe same effect

• Physical Depy pendence
– If dose is reduced or stopped withddrawal syndrome develops
– Not the same as DSM-IV “Substannce Dependence”

– Behavioral manifestations “Psyychological Depg pendence”
• Loss of control

• Chronic, relapsing nature of oppioid dependence
• Basis for pharmacotherapies too stabilize circuits



OpioidOpioid WithdraWithdraawalawal SyndromeSyndrome

Characteristic Siggns & Symptoms

Dysphoric mood Piloerection
Nausea-Vomiting Diarrhea

Body Aches Yawning
LacriL imationi MildMild ffever
Rhinorrhea Insomnia

PupillaryPupillary dilationdilation IrritabilityIrritability
Sweating Opioid Craving



Repeated Administration annd Withdrawal

Two types of opioid withhdrawal associated with 
mu opioid agp gonists:
Spontaneous withdrawaal
PrecipitatedPrecipitated llwithdrawalwithdrawal



Sppontaneous Withhdrawal Syyndrome
• Develops if a physicallyy dependent person suddenly 

stopsstops, oror decreasesdecreases, opioopiooidoid ussee
• Severity usually less witth longer half-life drugs
• Duration depends on hallf-life of opioid

Onset

4 - 6 hoursHeroin

1 - 2 daysMethadone

DurationPeak

4 - 7 days~3 days

12 - 14 days~7 days



ComparisonComparison ofof SpontSponttaneoustaneous WithdrawalsWithdrawals

• BliBlindd abbruptt didiscontitinuatition off bbbuprenorphine 8mgb hi /day 8 /d
– Only minor elevation of withdrawaal scale scores
– Less intense than heroin withdrawaal
– Less intense and briefer than methaadone withdrawal
Kosten, O’Connor NEJM 2003



Precippitated Withddrawal Syyndrome
• Precipitated in a physically dependent person, by 

administration of either:
• an opioid antagonist drug (e.g. naloxone, naltrexone) or
• an opioid partial agonist drug (e.g. buprenorphine)

• QuaQualittatativevelyy ssimilaar ttoo spospontantaneouseous wwitthddraawawal butbut fasteaster 
onset

• Duration depends upon halff-life of drug

Onset

minutes 

minutes

Naloxone

Naltrexone

Buprenorphine minutesBuprenorphine minutes

DurationPeak

~20 minutesminutes

1 - 2 daysminutes

minutes 1 2 daysminutes 1 - 2 days



Bupreenorphine
PrecipitP i ai tet ded t WithdWithdrawall    

Displaces full agonnist off mu receptors
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Repeated Administration annd Withdrawal

Precipitated Withdrawal (continued)
Withdrawal precipp pitatedd by a py partial aggonist is 

more likely if there is:
HighHigh levellevel ooff physiphysiicalical dependencedependence
Short time interval between administration 

ofof fullfull agonistagonist andddand ppartialartial aagonistgonist
High dose of partiaal agonist



Characteristics off Abuse Potential
• Route of administration

– FasterFaster routeroute hhasas aa ggreaterreater abuabuuseuse potentialpotential
• Injecting IV  Injecting SSQ  Oral, Snorting

• DrugDrug HalfHalf lifelife 
– Shorter half-life has a greaterr abuse potential

• Heroin  Methadone
• Lipophilicity (faster across bblood brain barrier)

– Higher lipopg p philicity has y a greeg ater abuse ppotential
• Heroin  Morphine  Meethadone

• Degree of mu agonist activiity



Basic Opioid Pharmacology – Summary

1. Opioid1 O i ids andd opioidi id recceptors [mu, k[ kappa, 
delta]

2. The fh functiions of f ddru sgs at receptors [fullf l  l
agonists, antagonists, ppartial agonists]

3. Repeated administratioon and withdrawal of 
opioid drugs [dependennce, withdrawal]

4. Affinity and dissociatiion [strength, speed]
5. Characteristics of druggs with abuse potential 

[route, half-life, lipophhilicity]



p

Affinity and Dissociation

Buprenorphine has:
high affinity for mu oppioid receptor –

competes with other opioids and blocks 
their effects.  KKappa receptor antagonist

slow dissociation fromm mu opioid receptor –
prolongp ged therappppeutic effect for opioid 

dependence treeatment (contrasts to its 
relatively shortt analgesic effects)



Metabolism, Elimiination & Half-life

• Liver Metabolism
– CCyttochhrome PP450450 3A43A4 ddealklkyllattees inti to norbbuprenorphihine

• Active metabolite
• Norbuprenorphine undergoes further glucuronidation, very polar
• Therapeutic levels are from 1-9 ng/mml.  Deaths in France had 1-27 ng/ml with 

alprazolam (both injected)

• Elimination
– Excreted in feces (70%) and urinee (30%) 

• Mean elimination half-life = 37 hourrs in sera
– commercialcommercial screeningscreening uurinerine drugdrug testtest isis nownow availableavailable 

• Will NOT show as morphine positivve on screen
• Can identify by GC/MS but expensiive



Abuse Potential

Buprenorphine is abusabble (epidemiological, 
human laboratory studiies show)

Diversion and illicit use oof analgesic form (by 
injection)j )

Relatively low abuse pottential compared to other 
opioidsopioids

ObadiaObadia YY, etet alal.  IInjectingnjecting mmisuseisuse ooff bbbuprenorphinebuprenorphine aamongmong FrenchFrench drugdrug usersusers.  
Addiction 90(2):267-272, 2001



Abuse Potential

Non-dependent opioid user
Single doses of buprenorpphine produce typical mu 

agonisti t effffectts
shown when given by injection and sublingual 

routeroute
Onset of effects slower foor sublingual route, 

suggggestingg lower abusee ppotential – but sublinggual 
route still has abuse pottential (as shown on next 
slide, where experienceed opioid abusers identified 
sublingualsublingual buprenorphibuprenorphiineine aass aann opioidopioid aagonist)gonist)



Abuse Potential

Physically dependent opiioid user
Abuse potential of buprrenorppp p hine varies as 

function of three factoors:
levellevel ooff physicalphysical dedeependenceependence
time interval betweeen last dose of agonist 

anand d firsfirst t dosdose e oof bf bbuprenorphinebuprenorphine
dose of buprenorphhine



Abuse Potential

Level of physical dependdence
The higgher the level of phyp ysical deppendence,, the 

greater chance of preccipitated withdrawal
For example,p , with mainntenance on 60 mg/dayg y of 

methadone – precipitaated withdrawal seen with 
singgle doses of sublinngual buprenorg p pphine.  
With maintenance on 30 mg/day methadone –
no precipitated withdrrawal with buprenorphine.  



Abuse Potential

Time interval
At short time intervals (((e.g.,( g , 2 hours after a dose 

of methadone), increaased likelihood of 
buprenorphine precipitated withdrawal

At longer time intervalss, more likely 
buprenorpp phine is eitheer pplacebo-like or oppioid 
agonist-like



y

Abuse Potential

Dose of buprenorphine
Low single doses of bupprenorphine p p gg p given acutely 

produce minimal effects (e.g., placebo-like or 
opioid agonist-like)

Higher doses can precippitate withdrawal 



Potential for Physical Depeendence

Repeated administration of buprenorphine 
produces or maintains physical dependence

However, the degree of pphysical dependence is 
lessless thanthan thatthat producedddproduced byby ffullull aagonistgonist opioidsopioids

This means withdrawal ssyndrome, while occurs 
withwith buprenorphinebuprenorphine, mmmaymay bebe lessless severesevere

Eissenberg T. et al.  Buprenorphine’ss physical dependence potential:  
antagonist-pt i t reciipiti atedt t d withithddrawaal il in hhumans.  JJ PPhharmacol El Exp TThher  
276:449-459, 1996.



Sublingual Naloxone
SSubliblinguall nalloxone hhas rella iititivelly poor bibioavaililabilitbility
Doses of up to 1-2 mg sublinggual naloxone do not 

precipitateprecipitate withdrawalwithdrawal inin opoppioidpioid dependentdependent volunteersvolunteers
Sublingual naloxone does havve a bitter taste

Preston KL, et al.  Effects of sublingually given naloxone in opioid-dependent human 
volunteers.  Drug Alcohol Depend  25:277-34, 1990.



Combination of Buprenorphhine plus Naloxone
SublingualSublingual buprenorphinebuprenorphine hashas goodgood bioavailabilitybioavailability
Addition of naloxone to bupreenorphine to decrease abuse 

potentialpotential ofof tabletstablets 
Combination ratio is 4 to 1 (buuprenorphine to naloxone)
BuprenorphineBuprenorphine ttabletablet wwithith nalonalooxoneoxone marketedmarketed asas SuboxoneSuboxone 

(2/0.5 and 8/2 mg tablets)
Buprenorphine tablet without naloxone marketed as 

Subutex (2 and 8 mg tabletss)



Combination of Buprenorphhine plus Naloxone

CombinaC bi tit on i tablt etbl t containt inini g bbuprenorphihine withith 
naloxone – if taken undeer tongue, predominant 
buprenorphine effecb h ti ff t



Combination of Buprenorphhine plus Naloxone

IfIf opiioidid ddependdentt personn didissollves andd iinjjectts 
buprenorphine/naloxonee tablet – predominant 
naloxone effect (anl ff d prt ee( ciipd iti atedt t d withithddrawal)l)

Strain EC et al. Effects of buprenorphinne versus buprenorphine/naloxone tablets in 
non-dependent opioid abusers.  Psychopharmacol, 148:374-383,  2000.

Mendelson J et al. Buprenorphine and nnaloxone combinations; the effects of three 
dose ratios in morphine-stabilized, oppiate-dependent volunteers.  
PPsychhophharmacoll  141141:3737-4646, 19991999.  



Diversion and Misuse

ThThe subliblinguall fform off bbupprenorphih ne/nali / loxone 
combination might be diiverted and misused 
sublinguallysublingually asas wellwell (alth(althhoughhough thethe slowerslower onsetonset 
and lower peak effects mmay make this route of 
misusemisuse lessless attractiveattractive fforrror ppersonsersons seekingseeking aa quickquick 
and intense opioid high eeffect)  Most diversion is 
for treatment of oppioid wwithdrawal.



SummarySummary

Buprenorphine is a partial mmu agonist opioid with a 
profile of effects similar too other mu agonists, but less 
risk of respiratory depressiion and a lower level of 
physicah i l dl dependdence

Addition of naloxone to buprrenorphine should decrease 
its abi buse potential ii l in persoons dependd dent on mu agonists i
(e.g., heroin) but this formm could be abused and 
diverteddiverted byby nonnon- ttdependentdependent iindividualsndividuals

Buprenorphine/naloxone commbination is the preferred 
formform forfor unsupervisedunsupervised dosdossingsing toto diminishdiminish thethe 
likelihood of diversion to iinjected abuse


