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Presentation

◎ Role of insular cortex in Nicotine addiction
○ Preclinical (Inactivation/DBS)
○ TMS studies

◎ Exploring role of Histamine H3 in Alcohol addiction
○ Preclinical studies
○ Clinical studies

◎ Conclusion 



Insula
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◎ Part of the cerebral cortex, folded in the lateral sulcus
○ Divided into anterior (agranular) and posterior (granular) parts

◎ Involved in feelings of anxiety, pain, cognition, mood, threat recognition, decision 
making, homeostasis (interoception) and conscious urges.



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. 

Figure 3

Beyond the dopaminergic system: Importance of the insula

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


◎ Lesion to the insula resulted in 
immediate smoking cessation without 
relapse

◎ Disruption of smoking addiction
○ Easily
○ Immediately
○ Without relapse
○ Without urge to smoke

6From Naqvi et al., 2007



77

BG: Basal Ganglia; Ins: Insula; BDC: Brain Damaged Comparison

From Gaznick et al., 2014



Reverse translational studies to directly implicate 
insula in nicotine addiction

Question: can we directly implicate the 
insula in nicotine addiction processes ?



Preclinical models to assess 
drug-taking and drug seeking
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Injection of a GABA agonists 
mix (0.3 nmol Baclofen + 
0.03 nmol Muscimol) in 0.5 
μl per side
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Granular Insula inactivation reduces nicotine-taking
but not food taking under FR5
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Granular insula inactivation reduces motivation for 
nicotine (but not for food)
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Granular insula inactivation reduces reinstatement 
for nicotine, but not for food
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Is inactivation a reasonable goal? 
Will it predict the effect of DBS/rTMS?

15From Hamani et al., 2010



Deep Brain Stimulation Methods

◎ Insulated stainless steel electrodes were bilaterally implanted 
and used as cathodes

◎ Electrode with similar characteristics attached to epidural screws 
were used as an anode

◎ After connection to a plastic pedestal, electrodes were fixed to 
the skull with dental acrylic cement

◎ Stimulation was conducted with a handheld device (ANS model 
3510, Plano, TX), connected to the animals through extension 
cables and a multi-channel commutator

◎ Animals were stimulated at 200µA, 90 µs of pulse width and 130 
Hz starting approximately 5 min prior to the start of the session
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Insula DBS reduces nicotine-taking
but not food taking under FR5

17From Pushparaj et al., 2013



Insula DBS reduces motivation for nicotine
but not motivation for food

18From Pushparaj et al., 2013



Insula DBS reduces reinstatement for 
nicotine seeking

19From Pushparaj et al., 2013
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Deng et al. (2020) Ann Rev Pharm Tox

Could that led to novel intervention ?

(ex Varenicline, NRT, bupropion)

(ex CBT, counselling..)
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Deep repetitive Transcranial Magnetic Stimulation (Deep rTMS) 
targeting insula/DPFC

• Non-invasive stimulation with electromagnetic coil to induce electric field in brain



22From Zangen et al., 2021



23From Zangen et al., 2021
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From https://www.brainsway.com/treatments/smoking-addiction/

Craving Score Cigarettes per week

From Zangen et al., 2021
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2020: First FDA Clearance for Deep rTMS for smoking cessation
2022: Approval from Health Canada



Next steps for implementation in clinic
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Insula Highlights
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◎ Series of preclinical, imaging and lesion studies suggest a critical 
role of the insula in addiction

◎ Translation of clear lesion findings in humans have led to 
approval of Hcoil from Brainsway for smoking cessation

◎ Possible other interests (other SUDs, gambling), but some 
unclear translation for alcohol

◎ Challenges remain: dissemination of this novel therapeutic 
option, cost, infrastructure required, how/when to use (alone, 
combination with pharmacotherapies)…



Histamine H3 Receptor 
and its therapeutic potential



Histamine

◎ Biogenic amine with four main receptors: H1-H4
◎ H1 and H2 are the most known ones

29



Histamine H3 Receptor (H3R)

◎ H3R was first characterized in 1983 as an autoreceptor that 
regulates histamine

◎ H3R was also identified as an hetero-receptor that modulates the 
activity of other neurotransmitters (DA, Ach, 5-HT, GABA and Glu)

◎ Antagonism of H3 receptors increases Ach, NE and DA, as well as 
histamine

30



The Histaminergic System in the Brain

◎ The localization and 
pharmacology of the H3R 
receptor suggests it may be 
relevant in psychiatric/ 
substance use disorders.

◎ To-date, histamine H3 
receptors have been studied 
mostly for their role in 
wakefulness as a treatment 
for narcolepsy.

31



WAKIX® (pitolisant)

◎ FDA approved to treat excessive daytime sleepiness (EDS) or 
cataplexy in people 6 years of age and older with narcolepsy

◎ Inverse agonist and competitive antagonist at the H3R
◎ Wakix® does not show preclinical abuse potential
◎ Suggested wakefulness effect mechanism:

32

Pitolisant
binding to H3R

H1 receptors 
stimulation by 

histamine

Increased 
histamine levels 

in the brain

Activation of:
- Cortical neurons

- Thalamo-cortical neurons
- Ascending Ach and NE 

neurons



33



BP1.3656B Pharmacology
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◎ High affinity and potent inverse 
agonist/ antagonist activity at 
the human H3R

◎ Highly selective and functionally 
active H3R antagonist

◎ Minimal off-target or cardiotoxic 
liability

Structure of BP1.3656B, (3S)-4-{4-[3-(3-methylpiperidin-1-yl)propoxy] 
phenyl}pyridine 1-oxide, dihydrochloride 



BP1.3656B on Alcohol Self-Administration

Alcohol self-administration 
is reduced by BP1.3656B 
(0.3 mg/kg, i.p.) in both 
dependent (right) and non-
dependent (left) rats
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Alcohol motivation is 
reduced by BP1.3656B 
(0.3 mg/kg, i.p.) in both 
dependent (right) and 
non-dependent (left) rats
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BP1.3656B on Alcohol Motivation



BP1.3656B on Relapse after Extinction

Top: Effect of sub-chronic 
(4 consecutive days) 
BP1.3656B administration 
on the relapse after 
extinction
Bottom: Effect of acute 
BP1.3656B administration 
on the relapse after 
extinction 
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Occupancy of BP1.3656B at the H3R

PET study in healthy subjects

Acute administration: 
○ Participants were given a single dose of BP1.3656B (30 µg 

or 60 µg) → scanned with [11C]-GSK189254 either 3 h or 
24 h after dosing.

Subchronic administration
○ Participants were given BP1.3656B (30 µg or 60 µg) sub 

chronically for 5 to 10 days → scanned with [11C]-
GSK189254 either 3 h or 24 h after last dosing.
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BP1.3656B/Pitolisant H3R Occupancy

Mean SUV of [11C]GSK189254 PET in human 3 hours
after placebo (left) or 40 mg pitolisant (middle).
Structural MRI (right). 84 %occupancy on average
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• Double-blind, within-subjects, counterbalanced design.
• Non-treatment-seeking adults who met criteria for past-year AUD were 

recruited from the community (36 randomized)
• Participants were randomized to treatment order (BP1.3656 first or placebo 

first) prior to sub-acute treatment with BP1.3656B and placebo.
• Target duration of treatment: at least 10 days (range: 10–14 days) 
• 14-day washout period between treatments. 
• Each treatment phase concluded with two laboratory visits involving operant 

IV-ASA procedures, consisting of one free-access (FA) IV-ASA session phase and 
one progressive ratio (PR) IV-ASA session phase (fixed order with sessions 
separated by at least one day). 

• FA and PR sessions served as laboratory assays of alcohol liking and alcohol 
motivation/wanting, respectively

Effects of BP1.3656B and placebo on intravenous alcohol self-
administration (IV-ASA) in individuals with AUD



Effects of BP1.3656B and placebo on intravenous alcohol self-
administration (IV-ASA) in individuals with AUD
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◎ Multicenter, randomized, double-blind, placebo-controlled phase II 
trial

◎ Male and female patients with moderate to severe AUD 

◎ Parallel groups to evaluate the effectiveness and the safety of 
BP1.3656B 30 μg or 60 μg or 90 μg OD compared to placebo in 
reducing alcohol consumption (sample size ~ 43/ active group)

◎ 12-week double blind treatment followed by a one-week wash out 
period under single blind placebo.

◎ Eighteen active centers within 3 countries (France, Bulgaria, Russia) 
participated in the trial.

42

Effects of BP1.3656B in individuals with AUD - RCT



Effects of BP1.3656B in individuals with AUD - RCT

a. Heavy Drinking Days (nHDDs) during 12-week double-blind period

b. Total daily Alcohol Consumption (TAC) from baseline to the end of treatment
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c. Percent of Abstinent Days (PAD) during 12-week double-blind period

d. 4-week point prevalence abstinence (PPA) at the end of treatment
44

Effects of BP1.3656B in individuals with AUD - RCT



H3 Highlights

◎ BP1.3656B showed a promising profile for AUD across multiple 
preclinical models (alcohol self-administration, motivation, alcohol 
relapse, both in the non-dependent and dependent rats). 

◎ Good tolerability and good brain penetration and occupancy

◎ However, no effect on motivation for alcohol using a human 
laboratory self-administration paradigm

◎ No significant effects on multiple drinking measures across a range of 
doses in a multi-center RCT in treatment seekers individuals

◎
45



◎ Preclinical models are useful to generate ideas and hypothesis 

◎ However, clinical translation is often difficult. The insula story that 
started with a clear human signal based on lesion work highlight the 
importance of human validation early on for success

◎ For target with no clear human data, it may be important to use 
earlier behavioral pharmacology laboratory experiments, due to 
their lower cost compared to clinical trials to de-risk the translation

◎ Possible that AUD may be more complex than other SUDs to 
translate due to the multiplicity of receptors involved and various 
reasons to drink alcohol

◎ Incorporating behavioral pharmacology Phase IIa human laboratory 
paradigms may serve as an important tool to de-risk translation of 
innovative drug targets for AUD.

46

Final Conclusions
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48Strang et al. (2020) Nat Rev Dis Primers

I want more of 
this

(reward)

I can’t stop thinking 
about it

(Craving)

I feel terrible without 
it



49

It’s all in the brain 
Neurobiological Framework for Addiction

Strang et al. (2020) Nat Rev Dis Primers



• Reward Systems• Associative learning• Habit• Basal ganglia• Nucleus Accumbens (Nac)• Dorsal Striatum (DS)• Caudate• Putamen

50Strang et al. (2020) Nat Rev Dis Primers

Incentive Salience Circuitry



• Aversive/stress systems

• Extended amygdala
• Bed nucleus stria terminalis: BNST
• Medial NAc

•
•

51

Withdrawal Circuitry

Strang et al. (2020) Nat Rev Dis Primers



• Executive Function
• Craving Stage
• Prefrontal Cortex (PFC)• Orbitofrontal (OFC)• Ventromedial (vmPFC)• Ventrolateral (vlPFC)• Dorsolateral (dlPFC)
• Insula

52

Craving Circuitry

Strang et al. (2020) Nat Rev Dis Primers



Imaging studies are consistent for insula 
activation during drug urges

53
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