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The pharmacology of buprenorphine:
How does It work?



The Pharmacology of Buprenorphine

Opioid Agonists: Pharmacological Actions at Mu-Receptors (LORS)

Agonists

— Target biological actions that perpetuate
heroin use (mediated by LORS) Full Agonist

— Prevent opioid withdrawal and craving (Methadone)

— Decrease euphoric/reinforcing effects of
heroin

Full agonists (e.g., methadone, heroin) Effect
— Occupy and activate the opioid receptor

— Increasing drug doses produce greater
effects until maximum effect is achieved

Partial Agonist
(Buprenorphine)

, Antagonist
Partial agonists (e.g., buprenorphine) (QEND)
— Occupy and activate the receptor (like a

full agonist) Dose

— Produce less of a maximum effect




The Pharmacology of Buprenorphine

e Partial agonist at mu receptor
— less risk of respiratory depression
— lower level of physical dependence
— lower abuse liability

« High affinity for mu receptor
— competes with other opioids and blocks their effects
— slow dissociation leads to prolonged therapeutic effect



Buprenorphine’s effects on brain
oploid receptors and behavior of
heroin abusers



Brain/Behavior Research Program

 Rationale

— Clinical efficacy of opioid maintenance is believed to result from
a medication’s ability to decrease POR availability, thereby
replacing agonist effects, alleviating withdrawal symptoms and
blocking heroin’s effects.

o Aim
— Examine the clinical consequences of variations in mu-receptor
binding in heroin dependent individuals

o Strategies
— Study 1: Different maintenance doses of BUP
— Study 2: Different times since last (fixed) maintenance dose



Brain and Behavioral Measures

Mu-opioid receptor availability

Pharmacokinetics

—24 hr profile (t=0, 1, 2, 3, 4, 8 and 24 hr after daily
dose)

—Single blood draw prior to each PET scan

Baseline opioid symptoms
—Agonist and withdrawal scales

Response to Hydromorphone (Dilaudid ™)
—24 mg IM Injection



Brain Imaging and Analysis 1

- Measure in vivo HOR availability using radiotracer [11C]-
carfentanil

— High selectivity and affinity
— Given at low doses that don’t produce a drug effect
— Think of tracer like heroin (binds to the same receptors)

« Use Positron Emission Tomography (PET) imaging to
assess the extent to which BUP binds to uORs, as revealed
by displacement of [11C]-carfentanil

e S0, BUP binding to pORs is the complement of HOR
availability



Brain Imaging and Analysis 2

* Receptor binding images (PET) were co-registered
with anatomical brain map (MRI)

* Regions of interest

— Inferior frontal cortex, anterior cingulate, nucleus
accumbens, caudate, thalamus, amygdala

— Global measure



Participant Screening

* Heroin dependent volunteers
— Males and females, ages 18-50
— Not seeking drug abuse treatment
— Willing to take BUP daily and live on inpatient unit for 2 weeks

« Comprehensive medical and psychiatric screening
— Physically healthy
— No current DSM-IV disorders (except nicotine dependence)
— Adequate |V access



Participant Characteristics

— 40 years old (range, 30-50)

— Males > females

— African-American > Caucasian

— 15 years heroin use (range, 5-30)

— $300/week spent on heroin (range, $150-$700)

— Occasional other drug use (cocaine, benzos, cannabis)



Study 1: Vary Buprenorphine Maintenance Dose
(Greenwald et al. 2003; Neuropsychopharmacology)

« Determine whether a wide range of BUP doses (32,
16 and 2 mg/day) alters pOR availabllity relative to
placebo (0 mg/day)

« Each volunteer was tested in all 4 conditions, thereby
serving as his/her own control

e Question: Do BUP dose-related variations in HOR
availablility correlate with BUP plasma levels, opioid
withdrawal symptoms, and the ability of BUP to block
effects of hydromorphone?




Greenwald MK et al., Neuropsychopharmacology (2003)

— On different study weeks, heroin-
dependent volunteers received BUP
32 mg/day, 16 mg/day, 2 mg/day
then 0 mg/day (detoxification).
Procedures were conducted inpatient
to minimize illicit drug use.

— At each BUP maintenance dose,
used PET and [C1!]-carfentanil to
measure HOR binding at 4 hr after
the daily dose.

Buprenorphine
Dose (mg s.l.)

— Blood samples were collected over
24 hrs to measure plasma levels

— Subjects also received challenge
doses of hydromorphone (HYD), a
heroin-like HOR agonist, to test
BUP’s blockade ability at each dose
(i.e. level of HOR occupancy).
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Study 1 Protocol Timeline

Y

O Outpatient v HYD challenge

/ PET scan

@ Inpatient

14 21 28 35 42 49 56 63 70

Consecutive Days of Buprenorphine Dosing



Greenwald MK et al., Neuropsychopharmacology (2003)
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MK Creenwaldetal  Neuropsychopharmacology (2003)
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Buprenorphine 24 hr Pharmacokinetics

BUP Dose Tmax (hr)  Cmax (ng/ml) AUC

2mg 09+0.1 0.3+0.1 6.5+ 1.6
16 mg 1.2+0.2 6.3+0.9 48.6 + 8.0
32 mg 1.2+0.2 13.2+4.2 96.0 + 16.1

16
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LOR Availability vs. Plasma Level 4 hr After Dose
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LOR Avallability vs. Opioid Withdrawal Symptoms
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BUP Attenuates Hydromorphone Agonist Symptoms
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Study 1 Summary

Decreased pOR avallability (resulting from higher
BUP doses) Is associated with:

— Higher plasma concentrations
— Less severe opioid withdrawal symptoms
— Less hydromorphone agonist response




Study 2: Vary Time Since Buprenorphine Dose

(Greenwald et al. 2004; in preparation)

 Determine whether pHOR avallability differs at 4, 28, 52
and 76 hrs after omitting the BUP maintenance dose
(16 mg)

 Each volunteer was tested in all 4 conditions, thereby
serving as his/her own control

e Question: Do post-BUP time-related variations in pOR
availabllity correlate with BUP plasma levels, opioid
withdrawal symptoms, and the ability of BUP to block
effects of hydromorphone?




Dosing and Testing Schedule

Inpatient Stay and Experimental Testing

Drug washout PK PET scans Re-stabilize HYD tests
Outpatient Outpatient
Maintenance Detox
00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
4 28 52 76 4 28 52 76
post-BUP time (hrs) post-BUP time (hrs)
® 16 mg

@® placebo




Percent pOR Availability
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Pharmacokinetics: BUP concentration
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Opioid Withdrawal Symptoms
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Hydromorphone Agonist Symptoms

change scores 6 -
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Study 2 Summary

e Placebo substitution for BUP 16 mg over 76 hours produced significant
time-dependent:

— Increases in pOR availability and withdrawal symptoms, and loss of
HYD blockade

— Decreases in BUP plasma concentrations
— Substantial correlations among measures

* Relative changes over time

— Largest changes in plasma levels and withdrawal occurred from 4 hr
to 28 hr post-BUP but for blockade the largest change was 28 to 52
hrs

— Proportionally smaller changes at later time points, with minimal
change from 52 hr to 76 hr post-BUP



Summary. |
LOR availability manipulated over a wide range
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Summary. |l

LOR availability well correlated with plasma levels

Plasma
Concentration
(ng/ml)
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Summary. Il

LOR avallability related to increased withdrawal
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Total Symptoms

107

r>=0.629 16mg-52hr 0mg
& o
2mg-4hr- @ @ 16mg-76hr
16mg-4hr
o
32mg-4hr Y
o 16mg-28hr
16mg-4hr
[

10 20 30 40 50 60 70 80 90 100

Percent HOR Availability



Summary. IV

LOR availability related to HYD blockade
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