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Radiochemistry

Radioligands: Biologically active, unstable isotopes

Decay via positron emission

Short half-life required for sufficient SNR and reasonable scan duration
Need to be synthesised close to PEIT camera

Radiochemistry allows investigation of any biological circuit as long as
it can be radiolabelead



What makes a good radioligand”

. Optlma\ target density and ligand  High pharmacological selectivity
affinity: Density x Affinity =5

* No brain-penetrant
e High brain uptake radiometapolites

* Optimal lipophilicity (LogP=2.5-4); * Quantifiable plasma protein

sufficiently high to cross blood- binding
obrain pbarrier but not too high to
cause non-specific binding * Amenabillity to rapid labelling with

high specific activity
e Not substrate for efflux

transporters at BBB (e.g., P-gp) * Fast enough kinetics to allow
measurement in a few hours



Common molecular brain-PET targets

Typical tracer Stable molecule Isotope Half-life

Perfusion [13N] ammonia Nitrogen [N] [13N] 10 min
Perfusion H2015 Oxygen (O] [O15] 2 min
Glucose uptake [18F]FDG Fluoride [F] [18F] 118 min

Beta-amyloid

olaques [11C]-PIB Carbon [C] [11C] 20 min

Opioid receptors  [11C]carfentanil Carbon [C] [11C] 20 min



T1-weighting T2-weighting T2*-weighting (EPI)

1 mm Isotropic voxel 1 mm Isotropic voxel 3 mm Isotropic voxel



[11C]carfentanil
MOR tracer

[11C] MADAM
SERT tracer

| 11C] raclopride
D2R tracer




Modadelling

* Modelling transforms radioactivity

concentration into biologically relevant Arterial blood Brain
pharmacokinetic information ﬂ
* No modeling (‘raw’ radioactivity) ’ k

« Standardised uptake value (SUYV;
control for injection and weight)

Myocardium Liver
* Kinetic modeling (arterial plasma as
input) — AN
* Reference tissue model (reference ’ f
tissue as input; not always possible time time

as e.g. with H20)
Oikonen (Turku PET Centre)



Experimental designs for PET



Establishing group differences

Voxelwise
comparison
with mass
univariate tests




1. Obese versus lean subjects 3. p.P50T/AKT2 carrier vs. non-carrier
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Tuulari et al (2013 Diabetes); Hirvonen et al (Diabetes 2012); Latva-Rasku et al (2018 Diabetes)
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Karlsson et al (2015 J Neurosci)
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Vleasuring change

Lag typically tens of days
—

Voxelwise
comparison
with mass

| A )

.8 univariate tests
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~unctional PET (challenge paradigm)

Temporal resolution tens of minutes

P —— = = === — = == ” o = e —

pa—— el e

Statistical
comparison
(cognitive
subtraction)




Challenge paradigm

Low Moderate High
transmitter release transmitter release transmitter release

@ Neurotransmitter
@ Radioligand

' Receptor site

High radioligana Moderate radioligand Low radioligand
binding binding binding

Nummenmaa et al (2018 ACS Chemical Neuroscience)






A)-D-Non-palatable —&—Palatable - A--Fast C) =[J=Non-palatable —@=Palatable --A--Fast

1. Nutridrink  Non-palatable food s 20
Liquid meal .
( Energy content matched v z 2
: with pizza > 3 = 94
k% 2
A 2 i 16
5
1 S 8-
o
Palatable food 0 0
PiZZa_ W|th tODpingS Pre-meal Pre-scan Post-scan Pre-meal Post-scan
chosen by SU bject_ Energy B) =~Non-palatable —@=—Palatable --A--Fast D) =0O=Non-palatable —@=Palatable -*A--Fast
content matched with 4> — 65~
non-palatable food g
o 35 £ 55 -
> 2 a&-----_#
(O O
' - &J 2,5 5 4,5 -
3 Fas’[mg 12 hour fasting ' o0 4
- before PET scan 5
L_’;‘ 1,5 = 3,5
Pre-meal Pre-scan Post-scan Pre-meal Post-scan
Tuulari et al (2017 J Neurosci)




-eeding releases endogenous oploids

Fast vs. Fast vs. Palatable vs.
Non-palatable Palatable Non-palatable

Tuulari et al (2017 J Neurosci)






Strenuous physical exercise triggers opioid release

-DR

Saanijoki et al (2018 Neuropsychopharmacology) Saanijoki et al (under revision, Hum Brain Mapp)




Correlational design
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MOR tone is associated with reward sensitivity

Orbitofrontal cortex

Brainstem

Amygdala Thalamus

30 40 50 60
BAS Total

Karjalainen et al (2016; Soc Cogn Aftective Neurosci)
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Nummenmaa et al (2015 Hum Brain Mapp;)



Summary - Brain-PET

Based on radiolabeled tracers

Allows quantification of any biological system as long as it can be
radiolabeled

Excellent chemical resolution
Spatial resolution limited due to positron scattering

Temporal resolution depends on tracer kinetics; typically from
minutes to hours and often not relevant (no functional imaging)
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