
Discovery of PET Discovery of PET 
RadioligandsRadioligands for Human for Human 
Brain Imaging Brain Imaging In VivoIn Vivo

Victor W. PikeVictor W. Pike PhDPhD
Molecular Imaging Branch (MIB)Molecular Imaging Branch (MIB)
NIMH, Bethesda, MD, USANIMH, Bethesda, MD, USA

DEPARTM
E
N

T
 O

F
 H

E
A

L
T
H

 &
 H

UMAN SERVICES   USA

Why do we need Why do we need radioligandsradioligands for for in in 
vivovivo brain imaging?brain imaging?

For investigation of involvement of brain For investigation of involvement of brain 
proteins (proteins (e.g.e.g. transporters, receptors, enzymes, transporters, receptors, enzymes, 
plaques) in plaques) in neuropsychiatricneuropsychiatric disorders in living disorders in living 
systems systems –– especially human subjects.especially human subjects.

For expediting drug discovery and development For expediting drug discovery and development 
in the treatment of in the treatment of neuropsychiatricneuropsychiatric disorders disorders 
e.g.e.g. determining dose and dosing interval; determining dose and dosing interval; 
providing biomarkers for drug efficacy.providing biomarkers for drug efficacy.



What radionuclide imaging modalities What radionuclide imaging modalities 
are available for are available for molecular imagingmolecular imaging in in 

vivovivo??

SSingle ingle PPhoton hoton EEmission mission CComputed omputed 
TTomography (omography (SPECTSPECT) ) 
–– principally uses principally uses γγ--emitting radiotracers emitting radiotracers 
labeled with labeled with 99m99mTcTc or or 123123II
PPositron ositron EEmission mission TTomography (omography (PETPET))
-- principally uses radiotracers labeled with principally uses radiotracers labeled with 
positronpositron--emittingemitting 1111C C or or 1818FF

Comparison of PET with SPECTComparison of PET with SPECT

PETPET SPECTSPECT
Resolution (spatial)Resolution (spatial) 2 mm2 mm 7 mm7 mm
Resolution (time)Resolution (time) sec/minsec/min minmin
Sensitivity (Sensitivity (concnconcn.).) pMpM pMpM
CostCost HighHigh LowerLower
QuantificationQuantification GoodGood Less GoodLess Good
Availability of isotopesAvailability of isotopes Cyclotron CommercialCyclotron Commercial



Physical basisPhysical basis of positron emission of positron emission 
tomography (PET)tomography (PET)
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StateState--ofof--thethe--art PETart PET

Primate (human, monkey)Primate (human, monkey)
e.g.e.g. NIH GE Advance cameraNIH GE Advance camera
Spatial resolution: 5 Spatial resolution: 5 –– 8 mm8 mm
Time resolution: secondsTime resolution: seconds
Sensitivity: 0.12% (2D); 0.7% (3D) Sensitivity: 0.12% (2D); 0.7% (3D) 
Axial field of view: 15 cmAxial field of view: 15 cm

Small animal (rat, mouse)Small animal (rat, mouse)
e.g.e.g. NIH ATLAS cameraNIH ATLAS camera
Spatial resolution: 1.2 Spatial resolution: 1.2 –– 1.8 mm1.8 mm
Time resolution: secondsTime resolution: seconds
Sensitivity: 2.7% Sensitivity: 2.7% 
Axial field of view: 2.0 cmAxial field of view: 2.0 cm

ATLAS Camera ATLAS Camera -- [[1818F]fluoride ion F]fluoride ion 
uptake in rat skeletonuptake in rat skeleton

ATLAS camera ATLAS camera 
developed at NIH developed at NIH 
by:by:

Mike Green &Mike Green &

Jurgen SeidelJurgen Seidel



Chemical basisChemical basis of PET of PET ––
positronpositron--emitting tracersemitting tracers

OxygenOxygen--1515
tt1/21/2 = 2.03 min; extremely limited chemical possibilities= 2.03 min; extremely limited chemical possibilities
NitrogenNitrogen--1313
tt1/21/2 = 9.97 min; very limited chemical possibilities= 9.97 min; very limited chemical possibilities
CarbonCarbon--1111
tt1/21/2 = 20.4 min; versatile chemical possibilities= 20.4 min; versatile chemical possibilities
FluorineFluorine--1818
tt1/21/2 = 109.8 min; quite versatile chemical possibilities= 109.8 min; quite versatile chemical possibilities

Cyclotron production of Cyclotron production of 
positronpositron--emittersemitters



Selection criteria for target protein Selection criteria for target protein 
to be imagedto be imaged

Implicated in one or more Implicated in one or more neuropsychiatricneuropsychiatric
conditions (conditions (e.g.e.g. drug target; implications from drug target; implications from 
post mortempost mortem studies of human brain…) studies of human brain…) i.e.i.e. of of 
interest to interest to basic sciencebasic science and/or and/or drug discoverydrug discovery
or or drugdrug developmentdevelopment..
Concentrated in brain with a discrete normal Concentrated in brain with a discrete normal 
distribution (ideally, also including a region of distribution (ideally, also including a region of 
absence).absence).
Containing a wellContaining a well--characterized (preferably characterized (preferably 
unique) small molecule binding site.unique) small molecule binding site.

[[1111C]RadioligandsC]Radioligands

In principle, carbonIn principle, carbon--11 may be introduced into 11 may be introduced into 
any organic compound, whether endogenous or any organic compound, whether endogenous or 
exogenous. exogenous. 
Suitable for monitoring ‘fast’ kinetics.Suitable for monitoring ‘fast’ kinetics.
High practical specific radioactivity is attainableHigh practical specific radioactivity is attainable
(5(5−−50 50 Ci/Ci/μμmolmol). ). 
Versatile radiochemistry now exists for Versatile radiochemistry now exists for 
[[1111C]radioligand production.C]radioligand production.



CarbonCarbon--11 Radiochemistry11 Radiochemistry

14N(p,α)11C

on N2/H2on N2/O2

11CO2
11CH4

11CH3I

H11CN

11COCl2

11CH3OTf

11CO

R11COCl
R11CH2I

[[1818F]RadioligandsF]Radioligands

FluorineFluorine--18 may ‘mimic’ H or OH in organic compounds.18 may ‘mimic’ H or OH in organic compounds.
Suitable for monitoring ‘slower’ kinetics.Suitable for monitoring ‘slower’ kinetics.
High practical specific radioactivity possible (10High practical specific radioactivity possible (10−−20 20 
Ci/Ci/μμmolmol).).
FluorineFluorine--18 may be produced in very high activity 18 may be produced in very high activity 
amounts (>10 amounts (>10 CiCi per batch).per batch).
110 min half110 min half--life permits [life permits [1818F]radioligand distribution to F]radioligand distribution to 
remote users.remote users.
Quite versatile radiochemistry now exists for preparing Quite versatile radiochemistry now exists for preparing 
[[1818F]radioligands.F]radioligands.



FluorineFluorine--18 radiochemistry18 radiochemistry
18O(p,n)18F
on H2

18O

18F-RX
R18F
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Y(CH2)nX

Y(CH2)n
18F

R

R
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R

EWG = Electron withdrawing group; X = leaving group; Y = halo orEWG = Electron withdrawing group; X = leaving group; Y = halo or tosyltosyl

Biological Biological basisbasis of PET: mainlyof PET: mainly
proteinprotein--ligandligand interactionsinteractions

EnzymeEnzyme--substrate substrate 
EnzymeEnzyme--inhibitorinhibitor
TransporterTransporter--inhibitorinhibitor
TransporterTransporter--substratesubstrate
ReceptorReceptor--ligandligand (agonist/antagonist)(agonist/antagonist)
Binding siteBinding site--ligandligand



What will the PET camera see What will the PET camera see 
every few seconds?every few seconds?

K1

k2

Blood-
brain
barrier Brain tissue

P

P

F
F

F
F

R

NS R

NS

R

k3k4

Blood

= Radioligand; P = in plasma; F = free; NS = non-specifically bound; 
R= receptor bound

General requirements for General requirements for 
candidate PET candidate PET radioligandsradioligands

Known intrinsic activity (agonist or antagonist for GPCR)Known intrinsic activity (agonist or antagonist for GPCR)
High binding potential for target receptor (High binding potential for target receptor (BBmaxmax//KKdd >> 1) >> 1) 
i.e.i.e. usually very high usually very high affiinityaffiinity
Selectivity for target protein (receptor, transporter..)Selectivity for target protein (receptor, transporter..)
Ability to penetrate bloodAbility to penetrate blood--brainbrain--barrier (BBB); lack of substrate barrier (BBB); lack of substrate 
behavior for efflux pumps such as Pbehavior for efflux pumps such as P--gpgp
Moderate Moderate lipophilicitylipophilicity for low protein binding and low nonfor low protein binding and low non--specific specific 
binding in brainbinding in brain
No labeled metabolites No labeled metabolites ableable to penetrate to penetrate BBBBBB
Kinetics allowing quantification of targetKinetics allowing quantification of target
Amenability to labeling with Amenability to labeling with 1111C or C or 1818FF
Lack of pharmacological effect at low dose.Lack of pharmacological effect at low dose.



Intrinsic activityIntrinsic activity: antagonist : antagonist versusversus
agonist for GPCR targets?agonist for GPCR targets?

For GPCR targets, antagonist will bind all For GPCR targets, antagonist will bind all 
target receptorstarget receptors
Agonist is expected to bind only GAgonist is expected to bind only G--protein protein 
coupled receptors (a subcoupled receptors (a sub--population) population) 

55--HTHT1A1A Receptor Receptor radioligandsradioligands ––
antagonists antagonists versusversus agonistsagonists
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From data mainly compiled in review by Pike V.W. From data mainly compiled in review by Pike V.W. et al.,et al., ProgrProgr. Med. Chem.. Med. Chem., , 
(2001) 38, 189(2001) 38, 189--247247



55--HTHT1A1A Receptor signal from Receptor signal from 
[[1111C]RWAY in monkey depends on C]RWAY in monkey depends on 
enantiomerenantiomer and its intrinsic activityand its intrinsic activity
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Partial agonist
Ki = 0.48 nM

Magnitude of signal from, 5Magnitude of signal from, 5--HTHT1A1A receptors in receptors in cingulatecingulate appears to depend onappears to depend on
intrinsic activity, not affinity or other parameters (metabolismintrinsic activity, not affinity or other parameters (metabolism, , lipophilicitylipophilicity))

McCarron J.A. McCarron J.A. et al.,et al., EurEur J. J. NuclNucl. Med. & Mol. Imaging. Med. & Mol. Imaging, In press. , In press. 

[[1111C]MNPAC]MNPA[[1111C]RacloprideC]Raclopride

OH
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H O

C11 H3
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H H
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C11 H3Cl

Cl
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AntagonistAntagonist AgonistAgonist

Binds all DBinds all D22

receptorsreceptors
Binds GBinds G--protein protein 

coupled Dcoupled D22 receptorsreceptors

Dopamine DDopamine D22 receptor PET receptor PET 
radioligandsradioligands



AmphetamineAmphetamine
(0.5 mg/kg)(0.5 mg/kg)

6.06.0

AmphetamineAmphetamine
(1.0 mg/kg)(1.0 mg/kg)

00

BaselineBaseline AmphetamineAmphetamine
(0.1 mg/kg)(0.1 mg/kg)

AmphetamineAmphetamine
(0.2 mg/kg)(0.2 mg/kg)

BPBP

[[1111C]Raclopride: DC]Raclopride: D22 receptor receptor 
antagonist radioligandantagonist radioligand

Seneca N. Seneca N. et al., Synapseet al., Synapse (2006) 59, 260(2006) 59, 260--269269

[[1111C]MNPA: More Sensitive to DAC]MNPA: More Sensitive to DA

BaselineBaseline AmphetamineAmphetamine
(0.1 mg/kg)(0.1 mg/kg)

AmphetamineAmphetamine
(0.2 mg/kg)(0.2 mg/kg)

AmphetamineAmphetamine
(0.5 mg/kg)(0.5 mg/kg)

AmphetamineAmphetamine
(1.0 mg/kg)(1.0 mg/kg)

00

1.01.0
BPBP

Seneca N. Seneca N. et al., Synapseet al., Synapse (2006) 59, 260(2006) 59, 260--269269



Binding affinityBinding affinity: What is required?: What is required?

Theoretically, Theoretically, BBmaxmax//KKDD >>1 (each in units >>1 (each in units 
of of nMnM))
Example, DExample, D22 receptor receptor radioligandsradioligands: : 
[[1111C]Raclopride (C]Raclopride (KKDD = 1.3 = 1.3 nMnM) ) 

versusversus
[[1818F]Fallypride (F]Fallypride (KKDD = 30 = 30 pMpM))

[[1818F]Fallypride: a sensitive DF]Fallypride: a sensitive D22
receptor radioligandreceptor radioligand

Striatum, thalamus and frontal cortex



SelectivitySelectivity: what is required?: what is required?

Need to consider densities and location of Need to consider densities and location of 
‘off‘off--target’ sites for which the radioligand target’ sites for which the radioligand 
has affinity and also the affinity of the has affinity and also the affinity of the 
radioligand for these sitesradioligand for these sites
Example: prospective NET Example: prospective NET radioligandsradioligands

[[1111C]JZ 384C]JZ 384
[[1818F]MeNERF]MeNER--DD22

[[1111C]JZ 384 C]JZ 384 –– Prospective Prospective 
noradrenalin transporter (NET) noradrenalin transporter (NET) 

radioligand?radioligand?
H
N

Cl

S
OH

11CH3I

N

Cl

S
OH

11CH3

[11C]JZ 384

Kis (nM): DAT = 16; SERT = 158; NET = 0.9
i.e. DAT/NET = 17; SERT/NET = 176.



[[1111C]JZ 384 in rhesus monkey brainC]JZ 384 in rhesus monkey brain

Musachio J.L. Musachio J.L. et alet al., ., Bioorg. Med. Chem. Lett. Bioorg. Med. Chem. Lett. (2006) 16, 3101(2006) 16, 3101--3104.3104.

TransaxialTransaxial PET image 30 min after injection of [PET image 30 min after injection of [1111C]JZ 384 and C]JZ 384 and 
timetime--activity curves in Rhesus monkey brain activity curves in Rhesus monkey brain 
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((S,SS,S))--[[1111C]MeNER andC]MeNER and
((S,SS,S))--[[1818F]FMeNERF]FMeNER--DD22
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N
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11CH3
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N
H

18F

H H HH

D D

((S,SS,S))--[[1111C]MeNERC]MeNER ((S,SS,S))--[[1818F]FMeNERF]FMeNER--DD22

KKii at NET   (at NET   (nMnM)) 2.502.50 3.13.1
KKii at SERT (at SERT (nMnM)) 310310 > 1,000> 1,000
KKii at DAT   (n M) > 1,000at DAT   (n M) > 1,000 > > 1,0001,000
cLogPcLogP 2.92.9 2.92.9



((S,SS,S))--[[1818F]FMeNERF]FMeNER--DD22
-- baselinebaselineversusversus DMI challengeDMI challenge
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Schou M. Schou M. et al.,et al., SynapseSynapse (2004) 53, 57.(2004) 53, 57.

((S,SS,S))--[[1818F]FMeNERF]FMeNER--DD22 in in 
CynomolgusCynomolgus monkey monkey brainbrain

BaselineBaseline Pretreatment:Pretreatment:
DesipramineDesipramine (5 mg/kg)(5 mg/kg)

lowlow

highhigh



Metabolism: Metabolism: How should we avoid How should we avoid 
troublesome troublesome radiometabolitesradiometabolites??

Troublesome Troublesome radiometaboliteradiometabolite (TR)(TR) ––a radioactive a radioactive 
metabolite appearing in brain (or head) to metabolite appearing in brain (or head) to 
interfere with PET imaging and interfere with PET imaging and quantitationquantitation of of 
radioligand bindingradioligand binding
Predictable?Predictable?
Strategies to counter Strategies to counter TRTR
LigandLigand design; position of label; isotope effect; design; position of label; isotope effect; 
enzyme inhibition; mode of radioligand enzyme inhibition; mode of radioligand 
administration……administration……

Comparison of [Comparison of [methylmethyl--1111C]WAY and C]WAY and 
[[carbonylcarbonyl--1111C]WAY in human brainC]WAY in human brain

Pike V.W. Pike V.W. et al., et al., EurEur. J. . J. PharmacolPharmacol. . (1996) 301, R5.(1996) 301, R5.

N N

OCH3
N

N

C
O



55--HTHT1A1A Receptor Receptor radioligandsradioligands::
[[OO--methylmethyl--1111C]WAY and [C]WAY and [carbonylcarbonyl--1111C]WAYC]WAY

N N

O11CH3
N

N

O

[O-methyl-11C]WAY

N N

OCH3
N

N

11C

O

[carbonyl-11C]WAY

N N

O11CH3
NH

N

O

HO
N N

OCH3
NH

N

11C
O

HO

+ +

O

-O
11C
O

-O

[11C]A

B

A

[11C]B

Metabolism in Primate

[11C]A/A: Brain penetrant and pharmacologically active
[11C]B/B: Poorly brain penetrant, non-pharmacologically active

(Easily labeled - low signal) (Difficultly labelled - high signal)

OsmanOsman S. S. et al., et al., NuclNucl. Med. Biol. . Med. Biol. (1996) 23, 627(1996) 23, 627--634 & (1998) 25, 215634 & (1998) 25, 215--223.223.

[[1818F]FCWAY: F]FCWAY: DefluorinatesDefluorinates in humanin human

At 2 hAt 2 hAt 2At 2−−6 min6 min At 20At 20−−30 min30 min

Courtesy of Carson R. Courtesy of Carson R. et al.et al. (formerly NIH)(formerly NIH)

N N

OCH3
N

N

O

18F



[[1818F]Fluoride ionF]Fluoride ion

Baseline            15 mg/kg Baseline            15 mg/kg 30 mg/kg            60 mg/kg30 mg/kg            60 mg/kg

BrainBrain

SkullSkull

SkullSkull Temp cortexTemp cortex

MiconazoleMiconazole inhibits [inhibits [1818F]FCWAY F]FCWAY 
defluorinationdefluorination & bone uptake in rat& bone uptake in rat

[[1818F]FCWAY:  F]FCWAY:  MiconazoleMiconazole

Tipre D. Tipre D. et al. J. et al. J. NuclNucl. Med. Med. (. (2006) 47, 3452006) 47, 345––353.353.

BaselineBaseline DisulfiramDisulfiram
Images at 2 h in same subject.  Disulfiram 500 mg PO prior nightImages at 2 h in same subject.  Disulfiram 500 mg PO prior night

In human In human disulfiramdisulfiram decreases skull activity decreases skull activity 
and increases brain uptake of [and increases brain uptake of [1818F]FCWAYF]FCWAY

Ryu Y.H. Ryu Y.H. et al.et al. SubmittedSubmitted



Brain penetration:Brain penetration: predictable?predictable?

Traditional criteria: MW < 500; Traditional criteria: MW < 500; LogPLogP
1.51.5−−3.5; no formal charge3.5; no formal charge
LogPLogP measured or determined from measured or determined from 
structure by one of various programs (structure by one of various programs (e.g.e.g.
Pallas 3.0). Pallas 3.0). LogDLogD (at pH 7.4 may also be (at pH 7.4 may also be 
calculated)calculated)

PP = = octanoloctanol--water partition coefficientwater partition coefficient

[[OO--methylmethyl--1111C]RWAY:C]RWAY:
metabolically resistant & easy to labelmetabolically resistant & easy to label

N N

O11CH3
N

N

O
N N

O11CH3

O
N

[O-methyl-11C]RWAY

High affinity antagonist
Easily labeled

Resistant to metabolic cleavage?

c.f.

[O-methyl-11C]WAY-100635

McCarron J.A. McCarron J.A. et al.,et al., NeuroImageNeuroImage (2006) (2006) 22 (22 (SupplSuppl. 2), T34. 2), T34--T35.T35.
Eur. J. Nucl. Eur. J. Nucl. MedMed. & Mol. . & Mol. ImagingImaging,, In In presspress



[[1111C]RWAY in rat: PC]RWAY in rat: P--gpgp inhibition inhibition 
increases brain uptakeincreases brain uptake
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BaselineBaseline

PP--gpgp blockedblocked

PP--glycoprotein efflux pump: removes glycoprotein efflux pump: removes 
many drugs from brainmany drugs from brain

Block: Cyclosporin-A given 30 min before radioligand for P-gp inhibition

Liow J.Liow J.--S. S. et al.,et al., SynapseSynapse (2007) 61, 96(2007) 61, 96--105105

[[1111C]RWAY in rat with PC]RWAY in rat with P--gpgp
inhibitioninhibition
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[[1111C]RWAY in Monkey:C]RWAY in Monkey:
displacement with WAYdisplacement with WAY--100635100635
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Yasuno F. Yasuno F. et al.et al. SynapseSynapse (2006) 60, 510(2006) 60, 510--520.520.

Amenability to labelingAmenability to labeling

Ideally radioligand should be amenable to Ideally radioligand should be amenable to 
efficient labeling in one step and in high efficient labeling in one step and in high 
specific radioactivityspecific radioactivity
[[1111C]CO, [C]CO, [1111C]methyl iodide, [C]methyl iodide, [1111C]methyl C]methyl 
triflatetriflate and [and [1818F]fluoride ion are especially F]fluoride ion are especially 
usefuluseful



‘Peripheral benzodiazepine ‘Peripheral benzodiazepine 
receptor’receptor’

Brain: labels intracellular protein on Brain: labels intracellular protein on 
mitochondria of microglia and mitochondria of microglia and astrocytesastrocytes
Marker for (Marker for (neuro)inflammationneuro)inflammation
Uses: stroke, MS, and Alzheimer’s diseaseUses: stroke, MS, and Alzheimer’s disease
First ligand [First ligand [1111C]PK 11195 has low brain C]PK 11195 has low brain 
uptake and small signaluptake and small signal

New ‘peripheral benzodiazepine New ‘peripheral benzodiazepine 
receptor’ (PBR) radioligand: receptor’ (PBR) radioligand: 

[[1818F]PBR06F]PBR06

N

O

O

Br OMe

OMe

[18F]Fluoride ion
MeCN, 110 oC, 10 min N

O

O

18F OMe

OMe

[18F]PBR06
97% RCY
IC50 = 0.2 nM
cLogP = 4.2

Briard E. Briard E. et al., J. Label. Compd. et al., J. Label. Compd. RadiopharmRadiopharm. (2005) 48 (. (2005) 48 (SupplSuppl. 1), S4. 1), S4
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Injection dose: 5.80 Injection dose: 5.80 mCimCi
SA: 587 SA: 587 mCimCi//µµmolmol
Mass dose: 3.91 Mass dose: 3.91 µµgg

Baseline study TACBaseline study TAC

Injection dose: 5.09 Injection dose: 5.09 mCimCi
SA: 440 SA: 440 mCimCi//µµmolmol
Mass dose: 4.58 Mass dose: 4.58 µµgg

Blocking study TAC Blocking study TAC 

3 mg/kg DAA 1106 at 24 min 3 mg/kg DAA 1106 at 24 min 
before injection of [before injection of [1818F]PBR06  F]PBR06  

[[1818F]PBR06 in rhesus monkeyF]PBR06 in rhesus monkey
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Imaizumi M. Imaizumi M. et al.,et al., SynapseSynapse (2007)(2007)

New New 1111CC--labeled PBR labeled PBR radioligandsradioligands

N

O

N

O

O11CH3

[11C]PBR28 
IC50 = 0.6 nM; cLogP = 3.0

O

N

O

COO11CH3

 [11C]PBR01
IC50 = 0.06 nM; cLogP = 4.2

Briard E. Briard E. et al., J. Label. Compd. et al., J. Label. Compd. RadiopharmRadiopharm. (2005) 48 (. (2005) 48 (SupplSuppl. 1), S71. 1), S71



Baseline study TAC Baseline study TAC Blocking study TAC Blocking study TAC 

Injection dose: 3.71 Injection dose: 3.71 mCimCi
SA: 557 SA: 557 mCimCi//µµmolmol
Mass dose: 2.50 Mass dose: 2.50 µµgg

Injection dose: 2.84 Injection dose: 2.84 mCimCi
SA: 2,972 SA: 2,972 mCimCi//µµmolmol
Mass dose: 0.36 Mass dose: 0.36 µµgg

PBR01 1 mg/kg PBR01 1 mg/kg i.vi.v..
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[[1111C]PBR01 in monkeyC]PBR01 in monkey
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Imaizumi M. Imaizumi M. et al.,et al., SynapseSynapse (2007)(2007)
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Baseline study TACBaseline study TAC

Injection dose: 4.23 mCi
SA: 1,122 mCi/µmol
Mass dose: 1.31 µg

Blocking studyBlocking study TACTAC

Injection dose: 5.47 mCi
SA: 1,260 mCi/µmol
Mass dose: 1.51 µg

Cold PBR28 3 mg/kg Cold PBR28 3 mg/kg i.vi.v. . 

[[1111C]PBR28 in monkeyC]PBR28 in monkey

Briard E. Briard E. et al.,et al., In preparationIn preparation



Metabotropic Glutamate Receptor: Metabotropic Glutamate Receptor: 
mGluR5mGluR5

Glutamate: primary excitatory Glutamate: primary excitatory 
neurotransmitterneurotransmitter

Metabotropic: GMetabotropic: G--protein coupledprotein coupled
Ionotropic: fast ion channelsIonotropic: fast ion channels

mGluR5: abundant in striatum, mGluR5: abundant in striatum, 
hippocampus, and amygdala; low in hippocampus, and amygdala; low in 
cerebellumcerebellum
mGluR5: mGluR5: PharmaPharma targets for anxiety & targets for anxiety & 
psychosispsychosis

New mGluR5 radioligand: [New mGluR5 radioligand: [1818F]SP203F]SP203
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[18F]Fluoride ion
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microwave, 3 min, 80 oC
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SimSimééonon F. F. et alet al.,  .,  AbstrAbstr. Am. Chem. Soc. Am. Chem. Soc. (2005). (2005)
J. Med. Chem.J. Med. Chem. In pressIn press



[[1818F]SP203: in Rhesus monkey brainF]SP203: in Rhesus monkey brain

0 30 60 90 120 150 180
0

250

500

750

Time (min)

R
ad

io
ac

ti
vi

ty
 (

%
S

U
V

)

0 30 60 90 120 150 180
0

250

500

750 Striatum
Hippocampus
Occipital cortex
Cerebellum
Mandible

Time (min)

R
ad

io
ac

ti
vi

ty
 (

%
S

U
V

)

BaselineBaseline PreblockPreblock

SiméonSiméon F. F. et alet al., ., J. Med. Chem.J. Med. Chem. In pressIn press

Characterized binding site?Characterized binding site?

Species differences in nature of binding Species differences in nature of binding 
site may occursite may occur
Multiple binding sites may occur in same Multiple binding sites may occur in same 
target proteintarget protein
Striking example; binding site for Striking example; binding site for ββ--
amyloidamyloid plaque plaque radioligandsradioligands e.g.e.g. [[1111C]PIBC]PIB



[[1111C]PIB in mouse Tg2756 model of C]PIB in mouse Tg2756 model of 
Alzheimer’s diseaseAlzheimer’s disease

Toyama H. Toyama H. et al., et al., EurEur. J. . J. NuclNucl. Med. . Med. (2005) 32, 593.(2005) 32, 593.

[[1111C]MeSIMPY in rhesus monkey C]MeSIMPY in rhesus monkey ––
high brain uptake and fast washouthigh brain uptake and fast washout

0 20 40 60 80 100
0

100

200

300

400

500

600

700

Cerebellum

Occipital
Frontal
Temporal
Parietal

Time (min)

A
ct

iv
ity

 (
%

S
U

V
)

DV

0

12.0

MRIMRI PETPET

Cai L. Cai L. et alet al., In preparation; Seneca N. ., In preparation; Seneca N. et al.,et al., In preparationIn preparation

N

N
N

S
H3

11C

[11C]MeS-IMPY
KI = 7.93 nM at human Aβ plaques in vitro



Radioligand Discovery: Radioligand Discovery: 
Craft or Science?Craft or Science?

Some parameters predictable and/or partly Some parameters predictable and/or partly 
controllable controllable e.g.e.g.

KKDD, , 
LogPLogP

Others not Others not e.g.e.g.
brain penetration, brain penetration, 
effects of metabolism, effects of metabolism, 
interinter--species differences…species differences…

[[1111C]MePPEP images brain CBC]MePPEP images brain CB11
receptors in monkeyreceptors in monkey
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Yasuno F. Yasuno F. et alet al., ., NeuropsychopharmacologyNeuropsychopharmacology (2007) 1(2007) 1--11.11.
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