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Treatment of alcohol abuse

e CBT & support groups

e Treatment of co-morbidities (anxiety,
depression)

e Pharmacotherapy
— Naltrexone (oral ReVia and depot Vivitrol)

— Acamprosate (Campral)
— Disulfiram (Antabuse)



Randomized placebo controlled
clinical studies of naltrexone

Study or subcategory Naltrexone

(first-named author)

niN

Placebo RR (random) RR {random)
niN 95% ClI 95% Cl

01 Number of subjects with relapses
Volpicelli (1992)
Oslin (1997b)
Volpicelli (1997)
Anton (1999)
Gastpar (2002)
Guardia {2002}
Latt {2002)

Subtotal (95% CI)

8/35

3/23
17/48
26/68
34/84

8/101
19/66

415

otal events: 115 (naltrexone), 173 {placebo)
est for heterogeneity: 2= 8.86, df = 6 (p = 0.18), /*= 32.3%
est for overall effect: Z=3.65 (p = 0.0003)

02 Number of subjects with return to drinking

O'Malley (1992)
Volpicelli (1992)
Oslin (1997b)
Volpicelli (1997)
Anton (1999)
Chick (2000)
Kranzler (2000)
Gastpar (2002)

Subtotal (95% Cl)

30/52
16/35

6/21
27/48
36/68
74/90
43/61
41/84

459

otal events: 273 {naltrexone), 299 {placebo)
est for heterogeneity: ¥*= 8.91,df = 7 (p = 0.26), I* = 21.4%

est for overall effect: Z= 1.64 {p=0.10)

19/35 {0.21-0.83)

8/21 (0.10-1.12)
26/49 {0.42-1.06)
38/63 (0.44-0.91)
36/87 (0.68-1.40)
19/101 {0.19-0.92)
27/51 (0.41-1.00)

407 (0.51-0.82)

(0.55-0.93)
(0.50-1.27)
(0.34-1.98)
(0.62-1.19)
{0.60-1.06)
(0.88-1.17)
{0.85-1.38)
(0.70-1.27)

(0.81-1.02)
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Srisurapanont & Jarusuraisin, Int J
Neuropsychopharm (2005), 8, 267—-280.
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Table 4. Participants With =1 Heavy Drinking Day During Treatment*

16 weeks Intervention
treatment Main Effects

Acamprosate
(n =808 :|

Acamprosata

Maltrexone
Bl

(n=619)

433 (f0.0)

Anton, R. F. et al. (2006)
JAMA; 295: 2003-2017.
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Naltrexone very ‘effective’

IN

Mitchell et al (2006)
J Clin Psychopharm
N=26, NTX 50 mg/d
Diary data- UCSF/PCRC

p=.001

placebo

naltrexone




Naltrexone

e Significantly reduces relapse rates at

one month. (Relapse = return to abuse or
dependence)

e Return to drinking not affected

e Naltrexone better at reducing amount
consumed than maintaining abstinence.

e Big problem is patient dropout



Naltrexone Side Effects
(May explain 36% dropout rate in clinical studies)

Study or subcategory Naltrexone Placebo RR (random) i RR {random)

{first-named author) N n/N 95% Cl o 95% CI

01 Nausea
O'Malley {1992) 17/62 . (1.10-5.36)
Oslin {1997b) 3/21 . . (0.21-3.25)
Chick (2000) 27/90 . k (1.09-3.54)

N au S e a Kranzler (2000) 20/61 \ . (1.14-4.64)

Monti (2001) 14/64 X . (1.07-7.32)

Morris (2001) 19/6b . : 0.99-3.78)
Ahmadi (2002} 20/58 . (1.11-4.46)
Gastpar (2002) 6/84 . (0.76-50.53)

Subtotal {95% ClI) 485 . (1.61-2.83)
Total events: 126 (naltrexone), 58 {placebo)

Test for heterogeneity: ¥’= 3.49, df = 7 (p = 0.84), I = 0%

Test for overall effect: Z= 5.28 {p < 0.00001)

03 Dizziness
0'Malley {1992) 18/52 (1.07-4.71)
i . Hersh (1998) 10/31 (0.82-5.53)
D Chick (2000) 10/90 0.38-1.92)
I Z Z I n e S S Kranzler (2000) 16/61 {0.95-4.47)

Morris (2001) 6/55 (0.76-229.37)
Ahmadi (2002} 7/58 X A (0.89-55.11)
Gastpar (2002) 8/84 {0.91-18.95)

Subtotal (95% CI) 431 (1.28-3.39)
Total events: 75 {naltrexone), 35 (placebo)

Test for heterogeneity: ¥’ = 8.55, df

Test for overall effect:

05 Anxiety/Nervousness

. Chick (2000) 12/90 7/85 10.67-3.92)
A n X I et Morris (2001) 11/55 11/56 _ 046219
Ahmadi {2002) 14758 10/58 {0.68-2.89)

Subtotal (95% CI) 203 199 0.83-2.03)
Total events: 37 {naltrexone), 28 (placebo)

Test for heterogeneity: 3°= 0.69,df =2 (p=0.71), # = 0%

Test for overall effect: 13 (p=0.26)
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Favours naltrexone  Favours




Naltrexone is effective but limited

e Proof of principle: endogenous opioids
promote ethanol consumption
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Aversive side effects
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NTX effect is bidirectional in
actively drinking human alcoholics
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Naltrexone also has bidirectional
effects in chronically drinking rats

B

ETOH CONSUMPTION IS CORRELATED WITH NTX AVERSION
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Some rats like

NTX and it makes
them drink more

Mitchell et al
Neurobiology of
Disease, 2008.



Naltrexone

e Why does it work better when
individuals are actively drinking?

e How can it reduce drinking in some
rats and increase it in others?



Naltrexone blocks three different
opioid receptors

- Opioid Receptor Family
 Mu (MOR, reward; antagonist reduces
drinking)
(KOR, antagonist-- mixed)
« Delta (DOR, antagonists-- mixed)

- Naltrexone Is a non-selective antagonist

« Would a more selective opioid antagonist

- Be more effective?
- Have fewer aversive side effects
(and reduce drop out rate)?



MOR selective antagonist 3-FNA = NTX
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RATS B = NTX, 1 mg/kg n = 14, p > .05
J. Mitchell [] =NTX, 1 mg/kg n = 14, p = .002
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ETOH (g/kg/day)

KOR selective antagonist increases
ETOH consumption IN rats

B saline, n=13
B nor-BNI, n=25

Nor-BNI
10 mg/kg

Days post treatment

Mitchell et al (2005)
Psychopharm.




Hypothesis: MOR promotes, KOR inhibits ethanol intake

rewarding
Nor-BNI Drink ETOH NTX /BFNA
increases _|_ _
consumption consumption

KOR agonist MOR agonist rewarding

Hypothesis: active drinking leads to release of
endogenous opioids that promote (MOR) and/or
iInhibit (KOR) ethanol consumption



Opioid Antagonists

e Drinking releases endogenous opioids,
required for the action of antagonists

e MOR selective antagonist should be

better than Naltrexone (will not increase drinking
by blocking KOR).

e KOR antagonists can increase drinking

o What about the delta opioid receptor
(DOR) ?



What do mechanistic studies
tell us about DOR?



Where in the brain and how does
naltrexone work?

e Find relevant circuit

e Determine synaptic mechanism (or
mechanisms) of opioid/ethanol
Interaction



Mesolimbic circuit: target for
oploid control of ethanol intake

Nucleus
Accumbens..

Ventral
— Tegmental
Area

NTX & MOR
antagonist
| ETOH




Naltrexone works

INn VTA to

control ethanol consumption

B
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ETOH CONSUMPTION IS CORRELATED WITH AVERSION
FOLLOWING INTRA-VTA NTX
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What do MOR and DOR selective
antagonists in the VTA do?



In VTA MOR antagonists reduce and
DOR antagonists increase drinking

MOR selective antagonist DOR selective antagonist
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Margolis et al, J. Neurosci 2008



DOR selective agonist in VTA
decreases drinking
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How does DOR act in the VTA to
inhibit ethanol consumption?



When GABA-A signaling is blocked,
TIPPW does not increase ethanol

consumption
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Therefore DOR works on GABA
release in VTA



VTA In vitro recording of GABA, IPSCs

GABA-A IPSCs isolated with:
« DNQX (10 uM)

* strychnine (1 pM)

* sulpiride (10 uM)

Evoked
GABA IPSC

I

E Margolis



DOR agonist in VTA inhibits
GABA release

Non drinking rats Active drinkers

I -

DOR active on VTA 5
GABA terminals A [g‘

only after rats have
Been drinking



Summary: MOR promotes, DOR inhibits ethanol intake

rewarding
TIPP-WY Drink ETOH NTX/CTOP
increases _|_ _
consumption consumption

DOR agonist MOR agonist rewarding

Hypothesis: active drinking leads to release of
endogenous opioids that promote (MOR) and/or
iInhibit (DOR) ethanol consumption



Level of ethanol consumption
represents balance of MOR
enhancement and DOR
protection



Therapeutic implications:
Current use; future possibilities

Naltrexone is most effective during active
consumption.

Naltrexone may increase consumption in some heavy
drinkers through blockade of KOR & DOR protective
effects.

A selective MOR antagonist would not increase
consumption.

A DOR protective effect emerges with steady drinking
(in some rodents).

A DOR agonist should add to the effectiveness of a
MOR antagonist.



Summary

e Limitations of naltrexone revealed
— Aversion correlates with treatment efficacy
— Selective MOR antagonism = NTX (rats)

— KOR antagonism increases drinking (rats) but KOR
agonists cause dysphoria

— DOR antagonism increases drinking (rats)
— DOR agonist reduces drinking



Implications for drug and clinical
treatment protocols

Antagonists work best when subject is actively
drinking because endogenous opioids are released
(may not prevent relapse)

Ethanol consumption leads to activation of DOR and
protects some subjects from heavy drinking

MOR antagonist/DOR agonist may be optimal opioid
ligand combination to reduce drinking

Agonists may be more effective in maintaining
abstinence (not tested yet)
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DOD, State of California and University of
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Neurobiology of Addiction



