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Impulsivity

Impulsivity is a personality
trait characterized by
response inhibition failure.

Impulsivity is a personality
trait characterized by
reduced information

processing,.




Background

Studies conducted on subjects with —

violent/aggressive behavior related impulsivity with
diminished levels of serotonin (5HT)

mono amino oxidase-A (MAO-A)

Impulsivity

Catabolism of 5HT is regulated by the activity of >_ &

There is a strong relationship between impulsivity
and genetic variations (VNTR polymorphism) of MAO-
A gene (Manuck, 2000). S
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7~ The functional neuroanatomy of impulsivity is still
debated.

A fMRI study showed that high scores on measure of
impulsivity correlated with activation in the orbit ofrontal
cortex (OFC) during the execution of Go/NoGo task (H  orn,
2003) .

The OFC is known to have a dense serotonergic

innervation
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5-Hydroxytryptaming neuron

MAO-A (Monoamine Ossidasi-A)

MAO-A Enzyme: catabolism of 5HT (Holschneider et al, 2000)

MAO-A gene: genetic polymorphysm in promotor region, VNTR (variable number of tandem
repeats) (Sabol et al., 1998)

Promotor region transcription Sequenza introni/esoni

+ gene transcription

- gene transcription

. SSs

VNTR (Long variant)

VNTR (Short variant)




Manuck et al., 2000




Impulsivity

Impulsivity is a personality
Step 1 trait characterized by
response inhibition failure.




STEP 1: 5-HT & Motor Inhibition
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Stepl: Materials & Methods

Screening: 24 healthy male individuals

Cohort: 12 genotype “ H” (+ MAO-A - 5HT)
12 genotype “L” (- MAO-A + 5HT)

Neuropsychological Assessment .

1) WAIS-R QI (Wechsler Adult Intelligence Scale — R)
2) BIS (Barratt Impulsiveness Scale)

Neuroimaging : fMRI study (SPM99): Go/NoGo task.

Block Design: “Go” & “Go/NoGo” tasks
Behavioral data: number of errors, reaction time.




Stepl: Results

e BIS-11 scores:

carriers “High” variant: 60.8} 1<0.33
carriers “Low” variant : 58.3

 Motor Performance inside the scanner:

Number of errors during Go/NoGo task:

carriers “High” variant: 4
t<0.07 (N.S.)

carriers “Low” variant :1

Reaction time (ms) during Go/NoGo task:
carriers “High” variant: 275,7 } <014 (N.S)
carriers “Low” variant : 300,4




Stepl: Results fMRI

One way Anova: NoGo Vs Go contrast
12 carriers “L” > 12 carriers “C”

High activity carriers
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BIS-11 total score bntal cortex (BA 47)

FWE, p< 0.05 voxel-level Biological Psychiatry 2006 & Neuroimage 2008




STEP 1: 5-HT & Motor Inhibition

1) Polymorphism

5) Behavioral
Performances

Inhibition

2) Genotyping

4) ldentification of
Cognitive processes

3) Functional neural
correlatates




Impulsivity

Impulsivity is a personality
trait characterized by
reduced information

processing,.




Step 2: 5-HT & Working Memory

Several lines of evidence have highlighted
the role of the serotonergic system in

working memory (WM) processes.




5-HT & Working Memory

Animal studies: The PFC is substantially innervated by serotonergic fibers

from the dorsal raphe nucleus in both primates and rodents (Smiley and
Goldman-Rakic, 1996). Lesions of raphe nuclei induced by serotonergic
neurotoxin significantly decreased working memory (WM) performance in
rats performing a radial 8-arm-maze task (Hritcu, 2007).

The results from human studies have been controversial

Indeed, by using acute tryptophan Whereas some othe_rs have found
depletion (ATD) to manipulate brain little or no effect during the
serotonergic function, some studies Wisconsin Card Sorting Test
have showed impaired cognitive (Gallagher, 2003) and n-back
performance during reversal learning task (Allen, 2006).

and continuous performance tasks

(Park, 1994; Riedel, 1999).




5-HT & Working Memory

A useful in vivo fMRI technique for investigating the relationship
between the serotonergic system and WM processing
IS represented by:

Imaging Genetics.
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Step 2: Materials and Methods

Screening: 30 healthy male individuals.

Cohort: 16 genotype “ H” (+ MAO-A - 5HT)
14 genotype “L” (- MAO-A + 5HT)

Neuropsychological Assessment

1) WAIS-R QI (Wechsler Adult Intelligence Scale — R)
2) Modified Card Sorting Test (MCST PE)
3) BIS (Barratt Impulsiveness Scale)

Neuroimaging : fMRI study (SPM2): N-back task
Block Design: “Oback”, “1back”, “2back”.
Behavioral data: % accuracy, reaction time




Step 2: Behavioral

MAO A MAQO A p-
value

High activity Low activity

N 16 14
Age (v) 28.6+5.7 33352
Educational level (y) 14.3+1.8 13.1+33
Depression 57.5+104 64+ 159
Andety 13.7+5 14.6+5.2
BIS-11 56 (range: 43-75) 60 (range: 41-75)
1) 1179+12.1 114.5+14.5
MCST (PE) 21+2.4 19+2.6
f8+16.3 fa+16.f
Reaction time 352.4+146 425+ 186.6
2-back (ms)

Brain Research 2008




Step2: Results fTMRI

MAO A individual main effect
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BOLD response at (x 42: v 23:2 -5)

MAO A-High MAO A-Low

FWE, p< 0.05 voxel-level Brain Research 2008
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Stepl-2: Conclusion

In summary, we present evidence that
genetic variation in MAO A is highly
Involved In both motor and cognitive

iInhibitory mechanisms by influencing

the OFC functional response.




Who's the first?

phicsand Ammatons.com

Is Gray Matter Volume an Intermediate Phenotype for
Schizophrenia? A Voxel-Based Morphometry Study of
Patients with Schizophrenia and Their Healthy Siblings

Robyn A. Honea, Andreas Meyer-Lindenberg, Katherine B. Hobbs, Lukas was, Venkata S. Mattay,
Michael F. Egan, Beth Verchinski, Richard E. Passingham, Daniel R. Weint r, and Joseph H. Callicott




Who's the first?

The function or the structure?

The neuroanatomical
correlates of MAO-A
genotype




Voxel-Based Morphometry

Pre-processing Overview
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Step3: Materials & Methods

Screening: 59 healthy male individuals.

Cohort: 33 genotype * H” (+ MAO-A -5HT)
26 genotype “L” (- MAO-A + 5HT)

Neuropsychological Assessment :
1) WAIS-R QI (Wechsler Adult Intelligence Scale — R)
2) BIS (Barratt Impulsiveness Scale)

Neuroimaging : Voxel-Based Morphometry, optimized version




Step3: Behavioral

Table | Group demographics for VBM analysis

MAO A- MAO A-
high activity low activity P level

N 26

Age (years) 8 331 +6 0.0l
Educational level (years) I5.7 + 5.5 04l
IQ 64+ 164 0.8l

MCST (PE) 9+ 3+ 3. 0.69
RAVLT IR 4+ 6. 4+7 0.22
RAVLT DR 1+ L 7+ 1. 0.07
COWAT 0.42
BIS-1I 0.38
CMDI 6.3+ 15 626+ 16 0.7
BDNF Val®*Met polymorphism (%) 093
Val/Val 65 70

Val/Met 30 25

Met/Met 5 5

COMT Val*®*Met polymorphism (%)

Val/Val 353 23.5
Val/Met 41.2 529
Met/Met 23.5 23.5

Neuroreport 2008




Step 3: VBM results

FWE, p< 0.05 voxel-level Neuroreport 2008




Advanced neuroimaging tools:

Cortical Thickness




Why Is a Model of the
Cortical Surface Useful?




Morphological correlates of MAO-A
genotype as defined by cortical thickness




Morphological correlates of MAO-A
genotype as defined by cortical thickness

Biological Psychiatry 2009, submitted




Morphological correlates of MAO-A
genotype as defined by cortical thickness

Biological Psychiatry 2009, submitted




Morphology of OFC:

a new endophenotype for impulsivity disorders.

Inverse correlation between BIS scores and OFC GM valu es

Matsuo et al., HBM 2009




ID- Endophenotypes

PNAS 2007
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