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All about space and time



Temporal vs spatial resolution



Attributes of PET

fMRI-phMRI

•No ligand
•Inexpensive

•Repeated ad lib
•Complexity  of tests 
associated- hypothesis 
specific

Reproducibility?

S/N low

PET

•Ligand needed
•Expensive 

•Sparse sampling 
(irradiation)
•Hypothesis-free 
subsequently predictable 
production line

S/N  good



Targets with published 11C or 18F ligands
• Membrane Transporters

– 5HTTP,DAT, NET,PgP

• Vesicular Transporters
– VMAT2, VAchT

• Receptor
� � 2 & � 1 adrenergic,D1,D2,BZD,BZD-P,GABA� 5,5HT1a,5HT2a, Adenosine A1 & A2, opiate 
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• Ion Channel
– NMDA intra  channel site, L-type Ca++

• Enzymes
– MAO-A, MAO-B

• Precursor
– F-DOPA

• Energy metabolism
– FDG

• Oligopeptides
– Plaque imaging  and amyloid protein DAT



5HTTP PET  occupancy at 4 weeks 
with 5 SSRIs

Form Meyer et al. 2004 Am J Psychiatry



5HTTP PET  occupancy at 4 weeks 
with 5 SSRIs

Meyer et al. 2004 Am J Psychiatry



[11C] PITT-B

Frontal and 
Temporal 
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b-Amyloid Implanted Rhesus
Week 7

[11C]PITT-B [ 11C]PENN [18F]FDDNP
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Algorythm

Me too Novel Mechanism

Well established target occupancy
(occupancy time needed by default: � )

Robust and well accepted
animal model

Determine occupancy
At pharmacologically-active
Dose:

-same animals
-microPET or ex-vivo binding

Duration of occupancy

Human PET study with
Adaptative design  focussed at

Target occupancy

Human PET study with
Adaptative design  focussed at

Target occupancy

Go/NO-Go

Existing hot ligand Existing hot ligand STOPDevelop
One

?



DAT

11C-Raclopride

D2 Ligand

PET: Is Brain Resting ?



DAT

PET: Is Brain Resting ?



PET: Displacement by endogenous 
mediator

DAT

11C-Raclopride



Methylphenidate/11C-Raclopride

From Volkow et al. 2005 Biol Psychiaty
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Methylphenidate/11C-Raclopride

From Volkow et al. 2005 Biol Psychiatry
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* From : Talvik et al. 2001 Am J Psychiatry
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Sultopride* 20-35 mg/day



Clinical dose of sulpiride and sultopride are 
the same 300-1200 mg/day
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* From : Takano et al. 2006 Int J Neuropsychoparmacol
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Serotonin 5HT2a and Sleep
• Antagonists are potent inducers of Slow Wave 

Sleep 
• Considered as restorative sleep, associated with 

less awakenings
• SWS decreases over age by up to 4 fold
• SWS occurs during the first part of night
• Cannot be increased during the day , even after 

selective deprivation 
• Potently regulated by awakening during previous 

24 hours



Ritanserin at 10 mg is highly active on SWS

Source:  Source:  IdzikowskiIdzikowski et al. 1991et al. 1991



Blue triangles  : a GABA-ergic compound

Slow Wave Sleep duration
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Rat Sleep and 5-HT2A Occupancy

Compound B (10mg/kg; occupancy - 3mg/kg)

Compound A (3mg/kg)



Effects

• Increase in slow wave bouts duration in 
rats requires 70-80% occupancy 



Problem

• With compound 1 no residual binding 12 
hours later

• But with compound 2 still over 90 % 
occupancy 12 hours post dose and no 
increase of SWS at this time .



CIRCADIAN INPUT PROCESS
NONSTATIONARITY

Many body functions such as hormone 
secretion, blood pressure, temperature and 
renal function are governed by circadian 
rhythms.  These can be modelled by 
considering Kin to be a cosine function 
where:

Rm = mean input rate

Rb = amplitude of input rate

T = decimal clock time          
(24 hour clock)

T2 = acrophase (peak) time

2� /24 = conversion of time radions



Answer
• Brain can produce SW only within an 

apparent time window during sleep (in fact 
regulated by the phase without sleep)

• No MOA can override (so far) this 
physiological pattern

• So is 70-80% occupancy important ?
– Yes at sleep onset
– No later on

• What matters effects on sleep or receptor 
occupancy ?



Plasma to receptor occupancy  relationship 
in brain : does it predict everything ?

Total Drug**

Free Drug

Free Drug

Receptor

PGP

Endogenous
ligands

Signaling pathways

Pharmacological
BiomarkerOccupancy**

G
ain

Cross talk 
with other 
systems

BBB





Conclusions on molecular imaging

• PET is a formidable tool although the weak point 
is definition of target RO.
– Same predictibility problem in animal research as 

propagated to the hypotheses

• No issue for me-too 

• fMRI and other techniques combined with a 
specific hypothesis can test as much as target 
validation exist. Ligand validating cost and 
equipment transferred to method validation.
– Precompetitive effort and costs can be shared



Imaging in the Pharmacological 
Biomarker domain

• Magnetic
– MRI

• Static         : anatomical
• Functional :  Blood Oxygen Level Dependant, 

diffusion MRI, Cerebral blood flow with contrasts 
agents (gadolinium), 

• Tractography and Diffusion Tensor Imaging

– MEG
• Resolution slighly lower (100-300 sensors) and 

time resolution millisecond

– Electric with ERPs (LORETA type)

• Low resolution,
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Early fMRI imaging 
• Define hypothesis

– Physiological  or pathophysiology driven (key 
structure, neo-phrenology approach)

– Pharmaco-MRI data pointing toward a clear signature 
(e.g. nicotine)

– Both
• Quality of existing data

– If developing lots of iterations in tasks & parameters 
validation 

– At least reproduced once (difficult to compare often, 
test different expression of data)

– Critical examination of S/N and test-retest
– ***Warning in case of changes in blood flow***

• Interpretation
– Depends on hypothesis



Complex cognitive task

From :Debener et al. J.of Neuroscience 2005; 25(50):11730-1173



Attributes
fMRI-phMRI

•No ligand

•Inexpensive
•Repeated ad lib

•Complexity  of tests 
associated- hypothesis 
specific

Reproducibility?

S/N low

PET
•Ligand needed

•Expensive 
•Sparse sampling 
(irradiation)

•Hypothesis-free 
subsequently predictable 
production line

S/N  good



ERP

FMRI
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Reversal of amygdala activation by 
lorazepam

From Paulus et al. 2005, Arch Gen Psychiatry



Stereotactic meta-analysis

From:  Steele & Lawrie 2004 Neuroimage

Cognitive Emotions
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Brain areas affected by Depression 

Adapted from Mayberg 1999



fMRI
• In the review of Honey & Bullmore 2004 : 50 papers 

reviewed

• Lots of publications, few replications, far from being 
usable as it is.

USABLE REQUIRE A BIT
MORE WORK

-Pain
-Nicotine profile

-Hippocampal activation  
(memory)
-Amygdala (anxiety/fear)
-DLPFC /VLFC  + amygdala
balance (depression)
-ACC (schizophrenia)
-Prefrontal cortex DN

REQUIRE SIGNIFICANTLY
MORE WORK

-Addition-related structures 
Activation
-Schizophrenia bottom up 
-and top down mechanisms



Hippocampal activation during 
Arena virtual maze

From :Parslow et al. 2001



Hippocampal activation during a 
position-color association task

FORENAP 2007



Source resolution identifying 
hippocampi during memory fixation

From Martin et al. 2006





Effects of iv nicotine in smokers
(n=16 waveform analysis)

From: Stein et al. 1998



Too abstract ?



Drug class separation
provided by three 
example biomarkers

N-Dimensional Hypervolume Describes Finite Boundaries of 
Generalized Drug Class Expression Signature in Gene Space

antidepressant

antipsychotic

opioid agonist

Expression profile generated by any compound defines a unique 
position in gene space, which can then be “mapped” relative to the 
boundaries determined for given drug classes

control

Gunther, Stone et al., PNAS, 2003 Aug 5; 100(16):9608-13. 
Prediction of clinical drug efficacy by classification of drug-induced genomic expression profiles in vitro.



Data reduction!



1. xanthine derivative - SD 

2. lorazepam (2 mg) - SD 

3. antidepressant - SD

4. atypical neuroleptic

5. Donepezil (6 mg) - SD

6. Donepezil (6 mg) - RD

Compounds:

PHARMACO-EEG PROFILES

Delta

Theta

Alpha 1

Alpha 2

Beta 1 

Beta 2

Beta 3

1 2 3 64 5
1.5h 2h 3h 3h 3h



Chronospectrograms



qEEG –Beta1 FP1 :  3 formulations 
of a benzodiazepine
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Conclusions for functional imaging

– Not a routine method right now except for pain
– Validity of each experiment/hypothesis is independent 

from the validity of technique and needs to be 
assessed on its own merit

– For a validated method (test+equipment+statistical
method) a positive control would enhance value.

– Like qEEG a success of a study depends on a good 
fit between the test hypothesis and the method


