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Tobacco Use Worldwide 

Expressed in number of cigarettes smoked per year; From WHO 





Current Use Ranking: 

Alcohol>Tobacco>Cannabis>Illicit Drug 

From Grant et al, 2001,  

NESARC data 



Use, Abuse and Dependence  



Estimated Economic Cost to US Society  

from Substance Abuse and Addiction: 

Alcohol:   $185 billion/year 

Illegal drugs:  $181 billion/year 

Tobacco:   $158 billion/year 

Total:    $524 billion/year 

Surgeon General’s Report, 2004; ONDCP, 2004; Harwood, 2000.  

 



ILLICIT 

DRUG   ALCOHOL    TOBACCO 

 

Ranking of overall harm  

based on the mortality 

From Degenhard et al, 2012, Lancet 

 



Current Pharmacological 

Approaches 

 

Nicotine replacement therapy (NRT) 

 Long acting: Patch 

 Short acting: 

 Gum; Inhaler ; Lozenge ; Spray 

 

Bupropion SR (ZYBAN) 

 

Varenicline (CHAMPIX) 



Pharmacological interventions 

Nicotine levels: the first target 



Nicotine Replacement Therapy 

 Patches 

 24 hour continuous 

dose of nicotine 

 21, 14 and 7mg 

patches 

 Gums 

 2 & 4 mg doses 

 Oral Gratification 

 Inhaler 

 10 mg of 

nicotine 

 /cartridge 

 Behavioral 

aspects 

 



Zyban  
(Bupropion) 

 Originally designed to treat depression 

 Shown to double ones chances of 

quitting 

 Contraindications 

 Seizure History 

 Eating Disorder 

 MAOI Medications 

 Using Bupropion, sensitivity to Bupropion 

 



 Nicotine binds 

preferentially to nicotinic 

acetylcholine (nACh) 

receptors in the central 

nervous system; one of 

them is the α4β2 nACh 

receptor in the Ventral 

Tegmental Area (VTA) 

 

 After nicotine binds to the 

α4β2 nACh receptor in the 

VTA, it results in a release 

of dopamine in the 

Nucleus Accumbens 

(nAcc), which is believed 

to be linked to reward 

Foulds J. Int J Clin Pract 2006;60:571-576  

a4 b2 
b2 b2 
a4 

a4b2 

Nicotinic 

Receptor 

Varenicline a partial agonist toward the 

a4b2 nicotinic acetylcholine receptor 



Varenicline a partial agonist toward the 

a4b2 nicotinic acetylcholine receptor 

1. Foulds J. Int J Clin Pract 2006;60:571-576. 

2. CHAMPIX Product Monograph, Pfizer Canada Inc., January 2007. 

3. Coe JW et al. J Med Chem 2005;48:3474-3477  

Nicotine Varenicline 
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Varenicline Comparative Studies Design1,2 

W W W W W W W W W W W W B W W W W W W W W W W 

Treatment phase Non-treatment phase 

Varenicline 1.0 mg BID† 

Bupropion 150 mg BID† 

Placebo 

Screening 
visit 

Baseline randomization Week 12 Week 52 

Randomization 
Two identically designed Phase 3 efficacy trials 

Varenicline 1.0 mg BID vs. placebo or 

bupropion SR 150 mg BID 

12 weeks of active treatment followed by 

40 weeks of non-pharmacologic follow-up 

Target quit date 

†Titrated during Week 1. 

BL = Baseline; W = Week; 

C = Clinic visit; T = Telephone contact 

Treatment Period Non-pharmacological Follow-up 

1. Gonzales D et al. JAMA 2006;296:47-55. 

2. Jorenby DE et al. JAMA 2006;296:56-63. 



Varenicline Comparative Studies 4-Week 

Continuous Quit Rates Weeks 9-121,2 
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Study 1: Gonzales et al.1 Study 2: Jorenby et al.2 

1. Gonzales D et al. JAMA 2006;296:47-55. 

2. Jorenby DE et al. JAMA 2006;296:56-63. 



Varenicline Comparative Studies  

Continuous Abstinence Rates Weeks 9-521,2 
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1 mg BID 

n=52 
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1. Gonzales D et al. JAMA 2006;296:47-55. 

2. Jorenby DE et al. JAMA 2006;296:56-63. 

Study 1: Gonzales et al.1 Study 2: Jorenby et al.2 



Better treatments are needed 

 ONE OVER TWO SMOKERS WILL DIE 

FROM TOBACCO RELATED ILLNESS 

 

 Despite treatment, majority of smokers 

relapse 

 

 Better treatment are required 

 

 



a4 b2 
b2 b2 
a4 

a4b2 

Nicotinic 

Receptor 

Using animal models to screen for 

potential novel medications 

 Impact of Varenicline on animal models 

 Two potential new strategies: cannabinoid system and 

insular cortex 



Varenicline decreases motivation 

for nicotine in rats 

           Nicotine                                   Food 
  

Le Foll et al, 2011 



Effects of varenicline on 

reinstatement of nicotine seeking 



CANNABINOID SYSTEM 

 Experimental approach #1 



The endogenous cannabinoid 

system and its receptors 
 CB1 receptors are localized mainly in the central nervous 

system (CNS) and are thought to mediate most central effects 
of THC and its synthetic analogs and their liability for abuse 

 

 CB2 receptors are primarily localized in peripheral organs and 
are involved in modulation of immune functions, but have 
been recently identified in the CNS and proposed to play a 
role in drug addiction 

 

 Two endogenous cannabinoid (anandamide and 2 AG). 

 

 Degradation system: FAAH enzyme for anandamide and 
MAGL for 2 AG.  

 

 Reuptake transport system for anandamide. Pharmaceutical 
drugs under development AM 404 and VDM11 that elevate 
anandamide levels in the brain 



Effect of blocking the system 



Rimonabant (SR 141716) a CB1 antagonist blocks 

nicotine-induced conditioned place preferences 

From Le Foll et al., 2005 



CB1, but not CB2, blockade decreases  

self-administration of nicotine under FR schedule 

Gamaleddin et al., 2012 
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CB2 blockade 



CB1, but not CB2, blockade decreases  

motivation for nicotine under PR schedule 

Gamaleddin et al., 2012 

CB1blockade 

Forget et al., 2009 

CB2 blockade 



CB1, but not CB2, blockade attenuates  

reinstatement of nicotine seeking induced by cues 

Forget et al., 2009 Gamaleddin et al., 2012 

CB1 blockade CB2 blockade 



Rimonabant decreases reinstatement of nicotine-

seeking induced by nicotine priming 

Forget et al., 2009  Gamaleddin et al., 2012 

CB1blockade CB2blockade 



Effect of stimulating the system 

 



Effect of WIN 55,212-2 on nicotine self administration 

 under PR schedule of reinforcement 

Gamaleddin et al., 2012 



A CB1/CB2 agonist (WIN 55,212-2) precipitates reinstatement  

of nicotine-seeking 

Gamaleddin et al., 2012 



The rise and fall of Rimonabant  as a 

medication for obesity and metabolic risk 

factors 



STRATUS Program in Smoking Cessation 

 Total of >7000 patients enrolled 

 Consistent with RIO program, utilized rimonabant 

at dosages of 20 mg and 5 mg* daily 

 Four phase 3 studies completed  

 STRATUS-US: 10-week treatment, 42-week f-u 

 STRATUS-Europe: 10-week treatment , 42-week f-u 

 STRATUS-Meta*: 10-week treatment 

 STRATUS-Worldwide: 1-year treatment, 1-year f-u 

*only 20 mg dose evaluated in STRATUS-Meta  
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Cinciripini PM et al. Pooled analysis of three short-term, randomized, double-blind, placebo-controlled trials with rimonabant 20 mg/d in 

smoking cessation. Poster presented at the 8th Annual Conference of the SRNT Europe, Kusadasi, Turkey, September 2006. 



Rimonabant has been withdrawn due to 

increased risk of psychiatric side effects  

From Christensen et al. 

Lancet, 2007 



Is the story over ? 

 

 or can we modulate endogenous 

cannabinoid transmission 

differently to achieve good outcomes ? 





AM404  & VDM11 



Effect of anandamide reuptake inhibitors AM404 &    

     VDM11 on nicotine self-administration under 

          Fixed ratio schedule of reinforcement 

Gamaleddin et al., 2011b (BJP) 

AM404 VDM11 

Gamaleddin et al., under review 



Effect of anandamide reuptake inhibitors AM404 

and VDM11 on nicotine self administration under 

PR schedule 

AM404 VDM11 

Gamaleddin et al., 2011b (BJP) Gamaleddin et al., under review 



    Effect of anandamide reuptake inhibitors AM404 

and VDM11 on cue induced reinstatement of nicotine 

seeking    
 

Gamaleddin et al., under review 

AM404 VDM11 

Gamaleddin et al., 2011b (BJP) 



Effect of anandamide reuptake inhibitors AM404 

and VDM11 on reinstatement of nicotine seeking 

induced by nicotine priming  

Gamaleddin et al.,2011b(BJP) 

AM404 VDM11 

Gamaleddin et al.,under review 



 CB1: good target, but the inverse agonist 

Rimonabant had some side effects  

 

 CB2: not a good target for nicotine 

 

 Ligands elevating anandamide: potential 

novel strategy for relapse prevention ? 

 

 

Interim Summary for Cannabinoid system 



INSULAR CORTEX 

 Experimental approach #2 



Another Target: The Insula 



Naqvi et al. 2007: Damage to the Insula Disrupts Addiction to 

Cigarette Smoking. 

 

Smokers with brain damage involving the insula were more likely than 

smokers with brain damage not involving the insula to undergo a disruption 

of smoking addiction, characterized by the ability to quit smoking easily, 

immediately, without relapse, and without persistence of the urge to smoke 

(retrospective self-report).  

 

One patient in their sample quit smoking immediately after he suffered a 

stroke that damaged his left insula. He stated that he quit because his 

“body forgot the urge to smoke”. 

 

Patients with insular cortex damage reported no decrease in food intake or 

desire to eat and no less pleasure in eating. 

 

 

The insula as a novel target 



Whole-brain region-by-region logistic regression analysis. Association between a lesion 

and a disruption of smoking addiction (P < 0.05, uncorrected) are highlighted in red. The 

insula is the only region on either side of the brain where a lesion was significantly 

associated with a disruption of smoking addiction.  

http://www.sciencemag.org.myaccess.library.utoronto.ca/content/vol315/issue5811/images/large/315_531_F3.jpeg


Materials and Methods 

Injection of a GABA agonists mix 

(0.3 nmol Baclofen + 0.03 nmol 

Muscimol) in 0.5 μl per side 



Insula inactivation reduces nicotine-taking, 

but not food taking under FR5 

From Forget et al., 2010 



Insula inactivation reduces motivation for 

nicotine,  but not motivation for food 

From Forget et al., 2010 



Insula inactivation reduces reinstatement for 

nicotine, but not for food 

From Forget et al., 2010 



Is inactivation a reasonnable goal ? 

Will it predict effect of DBS/rTMS?  

From Hamani et al., 2010 



Insula DBS reduces nicotine-taking, but not 

food taking under FR5 

From Pushparaj et al., 2013 



Insula DBS reduces motivation for nicotine,  

but not motivation for food 

From Pushparaj et al., 2013 



Insula DBS reduces reinstatement for 

nicotine-seeking  

From Pushparaj et al., 2013 



  Interim conclusion:  

 

inactivation/modulation of  

insular cortex appears to be promising 

 

DBS appears  not practical, but non 

invasive approaches such as TMS 

could allow to intervene on this brain 

structure 

 



Translational Addiction Research 

 
 

 Going back and forth between bench and 

bedside: allow to validate approaches 

 

 We have tools allowing us to explore the 

substrates of drug addiction in animals/humans 

 

 Targeting systems that have shown to be 

involved in humans such as the cannabinoid 

system and the insula may reduce the risk of 

failure to translate into effective intervention 
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Questions? 



Ranking of overall harm  

based on disability adjusted life years 

From Degenhard et al, 2012, Lancet 

 



Smoking Prevalence in Canada: 19% 

Almost 5 Million Smokers 

B.C. 

15% 

Ontario 

16% 

Québec  

22% 

Newfoundland 

& Labrador 

21% 

Alberta 

21% 

Saskatchewan 

22% 

Manitoba 

22% 

New 

Brunswick 

22% 

PEI 

20% 

Nova Scotia 

21% 

Health Canada. Canadian Tobacco Use Monitoring Survey 2005, 

Summary of Annual Results. 



CB1 Receptors are widely 

distributed in the brain 
  

 High density in brain 
areas concerned with 
memory, cognition, 
motor coordination 
and reward 

 and appetite !! 

 

 

 

 

 

 

 

From Freund et al., 2003 
 

 



Cannabinoids and the motivation to 

respond for food in rats 

 THC increases the 

motivation to respond for 

food 

Solinas and Goldberg, 2005 Neuropsychopharmacology 
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 The CB1 antagonist 

Rimonabant decreases 

the motivation to respond 

for food  


