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Karolinska Institutet PET Center4-44
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i AEM: (Appropriate lipophilicity )

IR EME4E S (Nonspecific Binding )
ReceptorsE & F2E ( Receptor-binding )
MAFE 45 EE (Plasma Protein Binding )
REFEY)3HT (metabolite Analysis )

5 E=EHAPET[E/ i1 ZZ & ( Synthesis of Short-Lived
PET Isotopes )

- 11k S GMP B {L &k % ([M'ClLabeled
Compound GMP Automatic Production System )
BHRZIEFISUEEURZ E (Nucleophilic [*°F]
Substitution Reactions )
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( Nonhuman Primates image Studies )
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(=) Karolinska Institutet PET Center4 &g

FHA 1974 F5d46 - Karolinska Institutet 7 BE PR HIAE A FRL ~ tHAEHL
S~ MR R AR T A F DA =R A TR S T - 4
FRYZ4 T 40 4F > HET prof. Christer Halldin Fr4E2205 PET center E45%
FBOMBS & EE SR B E S . — - BRIZS > R EREAVHIER
Wt (DRSHRESEEYINTEL © 2572 150 f&# PET U M REER| (Radiotracers /
Radioligands ) » &) 15%#E A ARGEEREESR - QA TENR © hEH40A
65 ALLE » EFEEER ~ BEHMLESR ~ oL REEIREATE - (3)
B A B E e % Y Karolinska Institutet Psykiatri R5
EERY) (lE—) 2 plane 2 Bl N2 » Jiith i 28 o] 2 55— 52 GMP
g e RUIE b B kS [ production ElgE ~ —[ cyclotron and QC &g
= ~ [H] metabloite gz - —[HIGEas = BLEMER] o (4)WrEEits
R - FEEPL C-11 B F-18 JRR R e R £ JeEALAS TR e e il
AR T C-11 BUN M REEE] > L&l T C-11 f2fs 2 (BRE AT
> C-11 FURIFEA 7319 C-12> N &l o Ay AR BRI - (H 2 4107) C-11
TP 2 BREG o AR ISR 2 R LA - P DL EEREER DA
F-18 JRET IR REER] - 4955 20 2552 85 EL PET center It =& {ERA S 4%
B &F i R m VIS4 B P31 (AstraZeneca) #EJi; - & 1F SRES L1 1E]

B A kR i prof. Christer Halldin 852 £ 3201 PET B iasi%
EEEY) bR - - RSB B REY B LY o i S R
AT AL AR S A 9T 2 S5 R SRS B ] - A2 1 f#% Karolinska
Institutet TEBHLEHT AT K8 > VEUEFER5E T > AR2K prof. Christer Halldin
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- Research strategy of Karolinska Institutet
(PET radiochemistry center, Karolinska Experimental Research and Imaging Centre)

In vitro

Collaboration
C-11 radiolabelled / F-18 radiolabelled method development

company Manufacture & production method development
Reference standards _ Quality control method development
_ Precursors - Validation (process and analysis method)
(in vitro studies) lipophilicity, radioligands characteristics
MOLECULAR IMAGE OF CNS
Ex vivo In vivo
Post mortem | Rodent | Non-human Human
Brain studies NanoPET/CT Primate Subject
autoradiography NanoPET/MR PET PET
Brain disposition BBB penetration BBB penetration Proof of concept
Binding to target Brain disposition Brain disposition Binding to target
Binding characteristics  Binding to target Occupancy Dose Occupancy
Occupancy Body distribution Dose extrapolation Therapeutic dosing
Sensitivity metabolism metabolism Follow up
Specificity

Microdosing, occupancy, distribution,
dosimetry

(=) ERARPETHZRZBERMERA R

BURHAE TR TR Z R (A O - AR - BERIGRE,
B-amyloid plaque b1 A% - HIAT » BHEATH: PET BFE 2 it
PERICZE » 41 C-11 - N-13 - 0-15 % F-18 % » U T — -

. Maximum
. Half-life  Decay Nuclear Decay
Nuclide . Energy . Target Product
(min) Mode (Mev) Reaction Product
ev
N,(+O 'cjco
Carbon-11 20.4 B* 0.96 UN(p,a)''C 2(+02) [11 1C0: g
Na(+H;)  [TC]CH,
H,0 BNINO
Nitrogen-13  9.96 B* 1.19 180 (p, ) *N 2 [13 NO2  iac
H,O+EtOH  [**N]NH,
Oxygen-15 2.04 B* 1.72 N(d,n)*0 N,(+O,) [*'0]0, BN
20 18 18
Ne(d,a)"F Ne(+Fy) [°FIF
Fluorine-18 1097 B o635 . .. B o
O(p.n)"F [OIH,O F

Hrp s F-18 T MR HER 2 e i R B 2 2B IR T-4259) - F-18
& PET WHH8UEEY) 7 S (F% s » HIFRE F-18 BA THIFFM: -
1. F-18 % fRAE£0.64MeVIYIE T4 1d » $IAHARAYZEE ST (penetration ) #5
& (EeR2.4mmEERkE) > FDL > EI{SEMSFIY S5
2. n[EBEEEERE (High Specific Activity ) F-18J{5 P REERT -
3. mJjAcyclotronrf ZE #UK & F-18J S ME[EIfir = -
4. P18 MR E %S (20-40%) -



5. F-18Ji5 Rt EE R iy 22 a5 - HORE R n ey -
6. F-18F%HH (11,=109.7 min) #HEHAM IEFiZfEFEEAE - nlERE R E
FHon-site baby cyclotronf{yif4% BEfir 5B e LLEL AT -

(I9) FERPETHRCNSHSTREMHE ASRREY) 2%

s IR AU H B ZTEAG N AR T RE B b B oy 1
SEERE 2 ity - BFEA MRI - EEE - OB SR - P B GR
flr X A] 73 Fy PET Eil SPECT -PET AHHCY SPECT BAFEZABES (41 PET
TS Ky 3.8mm (SPECT 8.0mm) ~ “EREM:ELHATRMIES » BURLE
B> MRI - (B2 - PET A HEREL - FFERE =R ERE - B
78 cyclotron i & &k & -

RIS ED S ThRE S 7 ARER - —REE B iR E AU ey e
HERES T receptor 454 DA HHESIIRESE T % F L& Endogenous
transmitters ~ Endogenous substrate for neurotransmitters ~ Selective receptor
binding ligands - Selective molecules visualizing other processes of the
neuron such as the uptake system, reuptake system, and enzymatic metabolic
systems either for neurotransmitter synthesis or for the degradation of
neurotransmitters & » H s 885 #5 H in vitro B in vivo TH9E
BFEGAIM: - B—MEEUERE:  EEEREE - S RN M E
2 IR BRI ~ EEVETE - SV ~ B 15 i 7 KT
i ©

Fkza1[ M.D., Ph.D. Akihiro B2E2{di1-4}# prof. Christer Halldin & #it
B PET JS MR e AT PARER " CNS B R fE (48 S S vBi 48
BFT70E 0 EEAER PET BUR M REERIEA T HIFEHE © (1)Microdosing -
(2)Drug occupancy at target of interest » (3)Biomarkers of pathophysiology -

1. Microdosing : Bd#% CNS % &2 281 Rel SR T-(E 7> brain exposure »
SEVEN IR - T AR(K exposure FE{HE S A FHFA
B2 JFFEESIEE - nRE RN THEARVEE R - AT4E5K 0 BR
EE K HE ZEYIHRBRA R EL BT > 20 EMEA 57 FDA CLBf#6H:5 PET JiX
SIVEREERTEY microdosing B - Microdosing == & FE (E AT T
e AL E A B & (ESS 1/1000 DA TN &R ) DL PET &&9)7kER
R AR EEREIE . 1/100 A& <100ug Z29RE - HHNESE
AR BRI AR BE A ¥ Microdosing fE S AYEEZ RS RITRfR T8
Y~ toxicology HyZ k¥ » NiEfFES eIND [EE: 2 &gt 8l
HIBEIE



HpiszeEEsz= 0l 8 fi. 41 CNS reference drugs (fufE : caffeine,
clozapine, citalopram, clomipramine, diazepam, selegiline, venlafaxine,
verapamil ) #E{T PET 4 Rifef] microdosing BLEER T iy - 4555
HA SR 72 SRR AT - ERET RRipaiagy Ll C-11 FEE- 2 sth
TEE BN M RHER 21T PET &5 » 7rhlimisHE g © (DEF—FE C-11
S EEY) microdosing 73 BIEST AR €A EEAG £ (cynomolgus
monkey ) (n=2) - Q) C-11 FERREEY)F 5 M 27> [EHIE #e Ao
(rhesus monkey ) » 55— {&E 35 C-11 1&gt (microdosing ) @ =5
S pre-infusion J3: A B EEHE A 2 SRR E1% > BERT 5T C-11
TEEEY) - A SRR TGS S - HET 32 - (5 + RDAHE
S5 T B A #E1T compartmental analysis] -

FEp4E S > CNS reference drugs A R R FIIG R EEVIRIE
{H (average Cnax) £y 3.2 SUV (or3.9% I1.D) > [E/fEH > FMEDE S
B REEY RIS Ry 3.1SUV (or 3.5% I1.D ) - B Lalts5 (2)4H EEnsE R
SEFR > {417 microdosing 2 S REEYRIS (KA pre-infusion £
YIRS e REEYD RIS » R4 1.25 {2252 - (eBEyE) 1245
7R 0 &89 pre-infusion ZEYIFTTS-E] Ky B kp {252 microdosing 2 Ky
B ky o MG EBHEEN 22 - 45w - BB R 2= BT - B
Al T4 LA CNS reference drugs #Ef73tER® -

e

. Drug occupancy at target of interest : = Z{E 2445 & receptor #E
] HH A R SR T & 0 MR DUHE (L A = ek AR FE B receptor
occupancy - [EIFRE{4 » & E A AI/E B surrogate endpoint -

Receptor occupancy (RO) PET #firg—HEIkz A J77AACHIE
el receptor 45515 - HIEFIEREHE BTt T8V 651% - REH
& T EI A eV 2 e | (available (not occupied) receptors; Bavail)
HYELIETE - IS PET HERA E R R H 2K » HAtan B 2 H1IR
SN A H FAHE] R R ARG - Wit T A#D & K 22V R = -

Baseline — Medication

Occupancy = 100% x :
Baseline

HIE > RO B R EEAENIET H Baal M EZMHEEAHEL
M EEoaREEYITRE A GE Ligand-receptor FAIM4:(1/Kp) » A
RO {yf& B TR F LA TR 2 804E4S : (1)Binding potentials (BP) :
BPnp, BPp, BPE - (2) (ROI-Reference ) / Reference ratios -

. Biomarkers of pathophysiology : DI IR LR A2 ETAGR - W78

FEI B A g 2 B IR R B L B AT - B T EEIRPE EE Asymptomatic

phase |, #EfTRabEER 2L - LITZOBERE (AD) Rl > sZBfme—MH
5


http://www.turkupetcentre.fi/index.php?option=com_content&view=article&id=183&Itemid=114&lang=en
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W

& RATEOR EIE B B RSB Uk IS DL MRI 220
MG BIERRET - $HE > CRAEDE LBE -

HWEEsM: (Appropriate lipophilicity) o

W 0 PET 2810y BB ERAETE (LogP =3) » HISHHIECRET
MESRITI R - B fE LogP (BB 1.5~3.0 2 » WALAESET » @8 ]im
i BBB - {22 > LogP fEfi /AR B 4= 3LRAE pH #4:884(L > ALl > B &
FEAETIREE T pH=7.4 BYFRAE TN 2% LogD bE LogP & Ry 15E - LogD
& H AiER S PET {RBegey iz 77k -

FEEF R M4E S (Nonspecific Binding )

DU MR Bemzebit eie MRz A2 i (specific receptor ) B¢ ZEHT -
EFEAIERREMEGESHEE - MIEEe S ERS - e PET sRotER
& - HATEMTFeraE L - (8 T BB — AR E 71~ Z [HHY ab initio A€
EXEFRMEFE U ER LogP f55RAY » ATll - HATHEBTZE R
SRR RIEGEGITTT - A LIRSy 1K At E e R e S 45
ARE TI2REFAE

HA > LIRS S IR R A o THRAM: - BiEm L o B
PEREERE B A SRS nanomolar AYRREATM: » RUR » BRI S - o
TR PR B b S AR - 285k SIN 85 - ATl > BEEtBA
HE AN PET S MoRHERIAER - TRES B o TV DU
APPPEEE SRS - B in vivo BT AREURAR E EEAY -

Receptor&S&f2E (Receptor-binding)

FAAE TS & RO o BE R B RS Y receptor E¢ binding site 455 HE
TINES - —RKER - ANESAEELRL B EEREDY - ERUN Rt
AN R - FZEEERNE  BiENEBHE ZEE - EREGEEUE

(binding site ) ~ BN M rs&(HEYE (endogenous neurotransmitter )
BT . BMAFE T (plasma protein) 7 4547 K 81 specific binding site
Z oGS AR N R - B BN MR EHEE Y o MR T -

TE BT A RS RAGE T AE A RSN S IRHY 2 B 4H 4% 2 Bhik
MR R P RHERIY AT b SO S BN R YRR % - Al — 2D afdR
HERI R 4445 & 77 (binding potential ; BP ) =/ AiAGHaELt

(distribution volume ratio » DVR ) » IR EEY 1T FEH i B 2 B R4S &
T2 -
TE B MTHVEUEEAEAY » B] oy Ry R

6



Pz (compartment model ) : ZE&¢ &% 2 BIARILT A% (Arterial
input function ; AIF) ~ FREM:/IERF MBS GRS - BIRGFHrE S8 -

TR REER in vivo JE & TIFZERR T 7 = HIZEY)HY uptake
washout LKz 41K retention 15271 > BWMH T RE IR 28 25 28 4H 4%
HYBhAR A e (arterial input function » AIF) » H 75502 B AL
B IR % HE T R 2 VBRI & o E S A I P R e B
receptor 454 HYZRER  BE DU 2 MAE T S 2 A5 > Eo S
BEEN gL o HBUR MR A LIRS -

U R AR 1% 1T LLURS ) two-compartment model
=Y, three-compartment model #&: ([& =) 2KFR > L8 HEERHE A HE
TS MHBHEIE R T AR AR BRI B R i B = g
BN  EE R R ENERE (F - UEE - AfRES) > H=
TR SRR I

= BBB

Two-compartment Model

Ky
Blood . Tissue

Ky

Three-compartmen Model

K, K,
Blood | _— Tissue | Bound
K2 K4
C, C Cq

Cp= concentration of plasma; C;= concentration of tissue; Cy= concentration of bound

& two-compartment model =k, three-compartment model » F A f#E
TR U A R 22 A FTTEAL receptor &5 iR AR » <2 S| VU 2 B2l
(EFE Ky, Ko, Ka, Ky ) ©
W )% (Blood) BAZHA (Tissue) [H] 2 UM RHERIAVERE » 7 Ky
Bl K, P25 » Ky Fos Blood-Tissue 27+ A F % (influx constant ) »
K, 27~ Tissue-Blood 7 i i 8 (efflux constant ) o
B K; B Ky 58 receptor 455 A e Ka & #5E free receptor = binding
site AR —ELBIRAG - Ko RIRIUR R 7 8 -
B Cp - Cru( Cp BN ENEF1r > Cp ~ CrEk Co Ml 7B r] LA
THNARER -
-dCp/dt =K;1Cp — K,Ct
-dC+/dt =K;Cp — K,C1 — K3C1++K,4Cp



-dCp/dt =K3Ct — K4Cpg

W UM REERIEL Cp SE R 73 ]2 (reversible reaction ) sA ] 7
& (irreversible reaction ) Wife o
AR E - KsKiCp / (K2 + Ka)
a7 E - KsKiCp + K3KaCg / (Kz + K3) — KaChg

WA H I E A A S PR R R 2 TR TS UK PET g2 50 I Pt
FI[HY total radioactivity 85 » (XA FaltAFH - ANRTERBFIZE SR
B2 B EE -

2. SZ2H&ERI (reference tissue model ) © (5352 5 22220 4% (reference
tissue ) EEAERYAHAR (target tissue) Wi fEIAVEEYIRIERI - MA7H
= B BRI R -

B L BRE N N T DA AR M R 2 RO v B e
RERE - PR RS G (non-specific binding ) £+F &Y
TAC (time-activity curve) Zat% « % - GRS A PET
BT 2 R PR RHERT L receptor 7 fif] By ] 78 i i 2 45578 J7( binding
potential ; BPnp ) {5 - [FIFRAY » S B 4HERE IR aT 8K EEfit% A R
A 45 G REJBRET - Cunningham et al 2 DA 4H AR 2
{iE BPnp B — A el E A “gold standard” » [ FHH 52%
4R &% (Simplified reference tissue model ; SRTM) Fi2af(5E® -

SRTM EAME S Ry U M BE R £ receptor &5 &/RAE - 2% PU({E
SHEFE © Ry, Ko, Kg, BPnp (Ka/Ky) S22 Fl| RG2S T
4 (nonlinear fitting) 3+ EHE2HYW - (2%FE = > Ry« FoREAIAH
4 Ky LA K ER(E ) -

AL JER] SRTM Sty Rt 2 BEe a2V 5 ARG 1% 5] PET
fRfthas RAVIEAR - PYERHE— TR E PRIV AEBIRRE T - 20t » 5]
TR S T 5 St a A B L SR -

(V) [MEEEALEEE (Plasma Protein Binding)

S R EE YA U e o0 TR nT s 2 A BBB 12
EFET B (charge )~ B/ (lipid solubility )~ B #4145 & 77 (extent
of protein binding ) E2453+- AN (molecular size ) 45 - 54N » Q1545
+EA local dipole moments ; B[I73+9MiH GEESRESFAE (HIA15 T
HELMADK 456 ) - FIERrTZ7E BBB AL

BEAh - EEYIE MR R ELMAE E A BEGTRE - e i e~ A
GG - e B EEY) RIS ES BBB (blood brain barrier ) Ay -
M EEY BB B &S & A - HUAR Y 2 fREE (lipophilicity )
¥ - plasma protein binding (PPB) Aol » T S aflH 28~ & Bl


http://www.turkupetcentre.net/modelling/terminology/binding_potential.html
http://www.turkupetcentre.net/modelling/terminology/binding_potential.html
http://www.turkupetcentre.net/modelling/terminology/binding_potential.html

HHE HEAE SRR - BRELRHZE A & Nana £275 metabloite &1 PPB &g

A (E) -

oF plasma 200ul =
Whole 3000rpm Protein 1 2 3 ’ @
Blood 2-4min binding INo.l I I I
(2mL) — Plasma
| (500ut) - - - I Radioactivity Radio-HPLC
plasma counting analysis
o No.2 5
3000rpm Plasma
2-4min (500uL) - I Radioactivity Radio-HPLC
- counting ELEIEH
Radioactivity
Plasma Add 50uL counting YM-30
Time Course plasma  (700ul) formulated
Of Whole ) w ligand
Blood (2 mL) Radmacpwty solution
— counting + stand +
Radioactivity 10 2000l
counting Add 1.4X CAN
Vortex No.3 7
(4000rpm, PBS
2-4min) (500uL) | ] [ W Radioactivity Radio-HPLC
counting EREIEH
No‘4
PBS
Add (500uL) - - - M Radioactivity Radio-HPLC
watel counting ELEL'AS
Radioactivity YM-30
counting
participating
i i i
counting Metabolite studies and plasma protein
(VYIS Radio-HPLC indi ioli i
analysis (RIS binding of PET radioligands studies
Activities of unbound
PPB (unbound %) = x 100%

Activities of bound and unbound

(L) REEPHT (metabolite Analysis )

T RRIBUR Y] (radiotracer ) HfCHHTARE S IX B SEY a2 KER -

EfHEEEN IR FFET SR MR < e b2 S AR fir
& o DL PET M EE A S A=A B 2E 2GE0R - a8 (5] i 22 A o+
i s A GBS R > T4 N-[Clmethyl group » B LA > & RURET
HEVESR ARG R EEAEAEE BN EUKME - B4 BBB [
R B FEEREAH AR o AE A [FIAVIS R RGBSR 4 Bl O e 2 A o - J70&
WY - FTA Radio-HPLC #ET 04 » nlJE S [FHF R AT E Ry - 1

DLETE &% REEY unchanged radioligand L5114 K, metabloite peaks - BgkEil

w152 A& Nana 4347 metabloite results (B 7 ) -



=k Metabolite studies and plasma protein binding of
PET radioligands studies

100

©
S
Lm

8
552 sl

/
\

8 i
o T
3 [
8 N\
Metabolite studic 5 7o AL
(Radiochemical % ¢, i\
8
purity of e : 2
Unchanged 8§ 0 P
radioligands, tim 2 LN
: Ny
course) 8w 1
g H
5
5

o

i
'
20 40 Time, min 60 80 100

o

90000

80000 \ ‘,

L 70000 [ i BLOOD

Radioactivity of § 60000 | \E I
blood and plasma 3 50000 i \ ¢ N
(time course)  § ! w

£ 40000 : <

30000 E\ :

2000 : \F—‘ \ S
10000 ;‘ : PLASMA

0

[
0.00 : : 20.00 40.00 60.00 80.00 100.00
L]

(+) GERZTHIPETHENIZESHE (Synthesis of Short-Lived PET Isotopes )

ZEhpE 2 C-11 Bl F-18 Jg %21 PET FEIfi ZEH I HUEEE
52 cyclotron & QC Lab P E 2 LABE A2 16MeV fifes » FHiRRE ]
FEHH B E A UTOIRAE - LE%ETA 6 {iE channel » f&— channel & & [F]
HINNZRES A ELAT (SRR KEEE AR ) T/E N BRIBHEEN TIERFE
BESMRSTESE > BISCERIER TIE A B ol EREBHI T T SRk
BRI —PEEL IR B (7))
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Automation and Computerization of C-11 Carbon dioxide and F-18
Flouride Synthesis
(35 uA) ve2 (11)co,

PTC

169bar ") |

vC1

N2+02

["'C] methyl iodide (["'C] Mel) Bd "C-carbon dioxide (*CO) &Rk

F S M CICO, F$E# nickel/molecular sieve i fiEif gy [1C]CH,
% > FIF#EHIR > [ CICH, FREEE B pyrolysis tube (Y EATEEE 247
i1 > pyrolysis tube P I, Z& L[ CICH, fEF > {['CICH, 25k -['CICH3
EE - B1% [MCICHs E HEEF L #H{E iodine B8 L[ C] methyl
iodide ([E+) - ["'C]Methyl iodide f2255= (i FH &Y FH L3RR - HT4EAK >
55— F R LR AU % A5 [ Cmethy triflate ([MCICH3OTS) » Hpl /77
FI B[ CIMethyl iodide 3838 silver triflate £54% (200°C ) > [**C]methyl
triflate FF AT BA 5 R M I BLfsE S8 1 - TR FE e T - 5
[M'CICO, i i A TEE\ G4 i B B b A i B8k [ C1CO > 4HEARER - DA
[M'CICO, B[ FERE IRV RIFBYIE 3 18 > 3% B s T HLA[MClcarbon
dioxide - [**C]carbon monoxide [ C]methyl triflate 23 (&) -

11
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[&l/\

Automation and Computerization of C-11 methyl iodide Synthesis

= Design Concept of GEMS for Mel (Methyl-lodide) Synthesis * Design Concept of GEMS for Mel (Methyl-lodide) Synthesis

Trapping and Ni catalysis Y
1CO,+H,+Heat —11CH,

Wet (lower) ----» Hold I, Solid

dry (upper) Ascarite I

1] ----» ,cods— solid

ETj === |#1CH, — HCH,l
I —
’_J ----» 1, Solid— Vapor

Dry Ascarite II
(300-400 mash)

[MC] CHa0H «_ 1
1N (p, )™ [1C]CH,l
5-10% Hy(N,) [MC]CH4 1,

[1C]CH,OTf

(+—) B-1EREEGMPEEMEE R £2% ([M'C] Labeled Compound GMP

Automatic Production System )

TS EE2 52 ¥ PET 28158 ey T PRI SH ~ — St /2 b s Rk
BT o B IEFREE RIS A GEERT T o R8N ek
B~ SR~ TEREIT ST - FEE C-11 B¢ F-18 fERkEEY) & Rl T B
5 A =THRHPEEL TR R - (V)G I E AR R TR E A GRS - Q)15
2 TERS RSB R - ()T A =% - Karolinska Institutet 22 C-11 5 F-18
GRS Ry GE w152/ F]ftatat GEMS PETracer 247 - TG K EHEML
ARSI 525 U ES » BREL on-line B one-pot Y B Z:47 » 450
B R BB S HVIRE - HAT > SIS TETIHY GMP EHE
g (E L E ) -

fR#Z prof. Christer Halldin W9t #5451, > HRTA RG24 2 1k
Bl (Chemical Manufacture Chemistry ) EF#Zi{iE USP = EP &1
L HATCUCE A 8285 C] raclopride B2[Y'C] methionine S it > {2
N RN ZFA A T AH[E] o DIBLEEEIRRE - S S mE E Y £
ZRATEA WES © 4ifb (purification) EASEE ] (quality control ) » [fis;
EERTE AT HPLC J7 AT A Ayl M (ERE D BR 2 fE 0% » H &S
(= IR A RS - A0 - BEVERE = AR 3mCi/nmoL (111 MBg/nmol)
ST receptor LA E 5 -
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11, Preparation of C-11 and F-18 Molecular Image Agent Synthesis
ERE Automation and Computerization of C-11 Molecular Image Agent
Synthesis

(+=) EECFIE/EBYLEE (Nucleophilic [**F]Substitution Reactions)

'R ETE F 8 B SR o S TR A )53 T > AR P b

Z[*FIFDG IR F1 8 BV S FE R R AR B « [ AT » JEFH I AH ]

JFEH AE B PET [t MRS G540 3 -deoxy-3°-[**FIfluormidine
([®FIFLT) A RESREHHST ; [*°FIfallypride ~ [*®F]haloperidol E[*®F]spiperone

FH A2 B i st 2 DR, [*®Ffluoro-azomycinarabinofuranoside
([*F]JFAZA) Zi[*®F]Fluoro-misonidazole ([*“|F]JFMISO) Ji& i 4H 4k A

13



AT ©
[ Dr. Kenneth &5 A B X MERU U ES

W [ TR SR S 5y A <f§:}
REAWERRSRESE (1 B BT N (D N D
(BRI E (highly negatively charged P )
molecule) : & /K& 8H,0 317 80(p,n)'°F & fERE A —

K& BF 8T ([*®F]fluoride ion) - FI|F light QMA (Quaternary ammonium
anion exchange) Sep-Pak column £& - 35 #4 57 FEARHTE 18F Bk T > R JE
[*O]H,O Hififi R H:1% T B EL B S » AKAIGIRAEE THY fluoride 246
ENFHREYE - RBEASEEGIEM (solvation) - Frll » VA
A D0 AR s RS 5 5 B e S Kryptofix 222 (4,7,13,16,21,24- hexaoxa- 1,
10 - diazabicyclo (8,8,8)- hexacosane ) sz By 7K 73 b 2 2k B i )
ZHEUREET] - Kryptofix 222 & —({EE IR Bit4S % (cyclic crown ether ) » H:
FRIIA TR Mt 4 B 1 S T T SR AS R - BT AR OF-KF > T
B TERES o AAE (B ST 40 FEET) -

BN $EET FELEEMEE Y EE T (counter ion) RTHEINEJEME
EARg HESRZIE - it4) > FIFH DMF ~ DMSO =k Acetonitrile LR E
'H4s T (polar aprotic solvents ) EHOAR » PREZERERIREE ORE
<3 ppm) T LUINE L T AR = 60Ky 3 OF B TR R — (B AR
YA - A58 SN UK MEEUASRE » HATA S RGEBTZ T IR AR
RIBE M T - (2) BALRIENFBEY VAR ABEENREEE - HEA

TR eI LA 85 HPLC Jgffh I A2k i st L2t = B2 HY
P& EE - S S RUR LA AYEEY) - BE G HCEE T - B IUERE XA
75 radioactivity detector (R) » &% R;= QMA ~ R,= reaction vessel ~ R3=
semi-preparative column ~ R,= product - & RS ESEY) 2 R E L E
& DA BAEEHT ligands IHELEFZRS - TR 6AVEEEEEME (B
_.> °

14



B Concept of F-18 radiopharmaceuticals Synthesis

Elution of QMA solution

s 8 I acetonitrile/water/Kryptofix 2.2.2/
O(p,n)**F (18) F~ potassium carbonate
m) VF2 VF4 VF3
i . Activated Sep-Pak QMA
uwJ light cartridge
VEZb Trapping of (1) F—; R

'
>
PTC (A— g S
VF1 ( ) ( )

P . \ 4
He gas ri;usc‘)’\: in A 4
¢ L
(16)H,0  (18) H,0

distilled water
eluted with EtOH

> Activated Sep-Pak tC18 Plus
= Short cartridge

G e Trapping of product : R Semipreparative HPLC ; R

prefilled with sterile PBS

EERIEE TR -

(1) BCEAFTEEMEE R ARSRET B al RSBl B g e =
DL RS2 (P22 valve RFERHIFHE ~ JRE ~ SRR R LU 2R HE
VSR > #5 TN B AR P RHERTE A B a2 H RS E)
KRG > IS S i - HATARRT H AT PO 5 S8 R &
REEST - AREP-FEGET HPLC T ErE -

Heating of
Reaction vessel ; R

Heating &
quench

(+=) Rkl AR ETERAREY) < EE

H A B i = R P B R e e s T R AR B 20y A A T

BIUR PSRy ER B - 57848 USP B EP #i& - (2 e H EEnY
C-11 S M REER I F-18 R Mo se Rt & 2 » H C-11 B F-18 fxfEkd
PRI FrlL > B TH EH iR A (Residual Solvent) ~ ZUFEE SR

(Pyrogen test ) EifiEiqEa (Sterile test) SE7H HERHUR Ba s f (5 5 =0T >
DA HEIOET— I A PEBGELAR R AAEE » Hrp o B

(Pyrogen test) £%F endosafe, PTS 7572 (1l&E+—(a)&lE+—(b) ) &—
(& LOT {ERIELFF54— LOT calibration curve » A ESHa[{ZFE -
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18/09/2012

& +—(a)

ERFRMEEE

(1) JEREseEEME (Millipore Integrity ) * 5% B BR=&F H AE AEAVEEY) - LXK
HETRZ I B Al o FIFBRSRZE5R, - LB Taska RIS - FERCEEYIRs
TR ERR (B0 - B s | B TP AT ) E Tie
A CanlE+-=) > Brare g snE N BRZ & EERES - RETAE
R - 3 Fes O B e BRSO - BT 3Q FEESE -

&= QC: Integrity testing of radiopharmaceuticals

Air pressure

IN

N

(2) EEJEE (Specific Activity Determination ) = 2 d 4] FH &
radio-HPLC [Hif&EfH57{H - cold comps f & 4% ~ Injected Dose (GBq)&i&r
BRI SRR EAGE TR > Injected mass of the tracer (ugm) » HJiE
i TR ARG INHVERYE & -
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(+P9) Alzheimer’s diseasei2 T F(R8EY S

REHE e — T DR R DIEAR - A FERRmESR - &
EHERA LA SRR EE » (H i AR R BB RE - Hp i A
S5 G EREC S ( Alzheimer's Disease ; f&if@ AD ) 49{5 420 fEl 60~70% -
EILE R AL SEHE - 5 = 70~80%AYELHT » FrlA » [l 24 BR BC i i o f%
Fy DBELRTE | 80 T RERORE | o MR H AR R LT 2 IREEE TR
2 {1 4 {F& (24,000,000) AL AD - HAT > BHLIEE] 1T 6 55

(16,000,000) AIZR{EEL » 4 2050 4E » AD J5 RSk & B 5 (E 5

(5,000,000) - FHfLE] 2050 45 85 At 1 A% AD B%E » L& R4
BER o RIBEA o] R E N S L PR Ry &% - AD & —fEiE e gGRAb
BN 0 AERGUIE - B SR EERE o H AD i EAGR 0 SRR RE T
FNGEEET > Bl e TERnY 77k - 208 65 pi Ll E RIS
BE[ZRE (mild cognitive impairment, MCI) A CIER » 4945 65 kLl - 24F
A 10.2% 7545 0 1 75 prbh FZ4E AL > MCI AR ERZ T =2 13.01%
MCI S S0 RITNRE RS ST RIS ARy AD > [RIIE » RBEERR T
GFEEFEE IV IGO0 « RIB TR P& i e 2 578 1976-2060 A [145H%
PP ADSERCHETERE ( L T4EHE) i mEas (L
") 28BN " eibdtg, (BN BEEFEERIEA
T AR R —— 3R > AL > AD RIZETNPES - &
75%~100%b&E PRIAFE 2% T FeAE a2l ~ AELREfHER AD JRiZ e - [FIRRHY -
AD 72 R EEYINRR S = E B ATB I -

&l

1983-2060 Taiwan's Population Pyramid

+-»:_h‘
{ Lo \ o
== | ==
= - 50 A ‘.{_q
: L a0 :

= L3 o P
-

&

2011: dependency ratio 35.1%

KARRERKALA

ce: Council for economic planning and development

Braak (1997) {{{£#{2Z AD  post-mortem ZH &R HEEE FE8 (L > /F AD
by ks A~ B EL C =[i5EL - ¥4 AD 1Y2HET L post-mortem J5 EHER S8 (L {4
LUK ) -amyloid plaques Ei tau tangles 4347 o [t 777545 SR (H 7% B 1Y
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B  ERIEREA - b7e 8 o $HE 5 ERERY AD biomarker LIRS
PRI F-RAZET - AD 732G SEYII B 3 i T 28 B UC 24 En R B BR 3%
4 ["'ClPittsburgh B s(f&fE['CIPIB - B E—RIE T4y - (HEEH
EE@ FRrEME4S & (nonspecific binding ) DLkz C-11 EEEH(ER 20 Jr#E
(A R 2 L S RS
FRIEES AD 43 T (9 88 2 BRE > S5—JEH[ Y CIPIB f14 miskey o3 1

$1¥t amyloid B4 &AM (Ki<lOnm) - {RERESTE 3 B =2 - B1FE(L)
Flutemetamol ([**F]GE067, [®°F]3-F-PIB) - (2) [**C]SB13—Florbetaben

([**FIAV-1, [*®*F]BAY949172 ) —Florbetapir: ( [**F]AV-45, Amyvid™) - (3)
[M'C1AZD2184—["°F]AZD4694( [+ )® - 55 — k& k5[ **FIFDDNP > % amyloid
Bl tau tangles M E MM » HAERE R Fy Tau tangles E i £ » 1ER
(D)AD 5 B FHIH R Tau tangles AY5EE - (2)BLEEPRERAVARRETECE AD 4 -
(3)Tau tangles /& AD 25 —fEpHIR - KRS AD 73T 214 88 % Lt e
RIS -

(i ik

HO_ -8 =" CHy
>-|/\N/ Ya

3-F-PiB

HO. s — 1CH,
TGO+
-

GE-067
Flutemetamol

\ NG,
ate
r

[("®F)FDDNP
Tau and AB-selective PET
radioligands

BAV&M 9172
Florbetaben

CH
g, o. \ 7 NH AV4S o
N \/\QQ—/—Q— Florbetapic  (Eli Lilly and Company,

Amyvid™ Indianapolis, IN)

Evolution from PiB different AB-selective PET radioligands
(high affinity to aggregated (fibrillar) AR and do not bind well to aggregated tau forms
such as NFTs)
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HAT > % BB AstraZeneca’s A &1E » #E17['C]AZD2184
B[ °F]AZDA694 %553 T- 545 EIRE % - DUEIH /R  [PFIAZDA4694 37
low amyloid plaque EFBEVE » H)¢H ' BEIVIFREELGSEE IR - BN
A A G R TE - s G R R M R R S 5 A A S 5N 0 B
Hij+& Karolinska Institutet - Z 25 EIH H 2~ — - fR3E Navidea
Biopharmaceuticals 2\ 5] & EHE T » [*F]AZD4694 E#EfE 5 phase |1 FEES »
FEJE 2013 > USA E EU [yl sk a5 BE PREkER phase I11 (& 5 2)5 : Navidea
Biopharmaceuticals )

&+

Alzheimer's

Healthy Volunteers

PET images of Alzheimer’s patient versus Health volunteer using AZD4694

HN R EEZEIZ B YN - F— 8 T2 515 amyloid
L basl - 1 eE T AREEY) T EA TS RFIE /7 4R ~ Tau R 8 LEd
BB PEE DR ME marker BYBEEE o RSP AE RSS2 H RTEE R
— o HAARYB-amyloid plaques Y image marker » ZHEA NFIFFM: © (DER
amyloid plaques A = FEHAIM: (Ke~1nM) © (2);E5T811% i Aa i ] PO TR
R BBB o (S)TRERAVEEY B (40 - iEEdRENY) 2 JEPRIFR tye, =30
I3 e (4R ERA & HHER U PR AR - (B) A A IR EA BR @l ) 55 =0( transgenic
mice models) (/A /&5 BLAFEA 5 HHE® -

(+7) FHESRDETH TR EYITH

AR LR (neurodegenerative processes ) 7 - SR S AR &S B IR
F o SREEZOHEAEE il (microglia) B R4HAE (astrocytes )
AR -
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https://owa.navidea.com/owa
https://owa.navidea.com/owa
https://owa.navidea.com/owa
https://owa.navidea.com/owa
https://owa.navidea.com/owa
https://owa.navidea.com/owa

T

F / N \
\/l\o S U To' 1CH,
)

L% 1950 SRHARHAG - AEEAE (Benzodiazepine) B2 MERIE Al
A (anxiolytics ) ~ HLEERHA (anticonvulsants ) BgEE P %2R EE 2
R o AN E R E A 2 eI B AT 7 ARifE ¢ (1)CBR (central
benzodiazepine receptor ) : EZEA7 > GABAA receptor FY4MRHANEL S, - FBETf
BEAEAME By CNS & 1-2ien i - (2)PBR ( peripheral benzodiazepine
receptor ) : PBR 2 —#dif## & 4 ( Translocator protein ; f&f# TSPO ) (18 kDa
e REREEEINERE - By R4S B S AL (mitochondrial
permeability transition pore ) g€ » - BHFAE A EAH AR B FETR ~ O -
B ERR -~ SR B ATURT AR LSRR - £ DA BRGNS A R
41 (adenosine nucleotide translocase) % & #1872 ( voltage-dependent
anion channel ) 77§ - microglia & ZE&f PBR Y358 -

=HE L PBRAHIAEAEEN RN - HiZ HATC A S L
55~ SR - AR R BLARARE O - 1EE R IS4A4, > PBR FETEAE
IR R 4R (microglia) HRIAEMER - EHEEZ EER; - microglia #5
B PBR FRIAIEG AN - PLAERFMEE PBR 0] DAYE Ko i 88 5k sirdaR s
G RR e E) -

545 MAO-B 2 —TE{F(EN ZRAEN E LS - nEEE S LB
&) > 40 o-tyramine &1 phenethylamine » JRAJ{E f K &R0/ 2P BVE 46
J44: (astrocytosis ) HYFEAEST T - BHFEHARIFT A% B = #1 ¥ PBR £ MAO-B
2 WL TR 8EY) - TRV CIPBR B C-11 Deprenyl 57 - A< 1%
2fam PBR 285 - A7 iEH - PBR 2B aey) s
["'C]PK11195 ([*C]1-(2- chlorophenyl-N-methylpropyl)-3-isoquinoline
carboxamide ) Bi[''C]DAA1106 % ([@E++) - (HE > EEREIEET
[M'C]PK11195 2~ EmUi{E ( specific to nonspecific binding ) (&} 20% L%
R TE R - prof. Christer Halldin 252 H 432[ C]PBR28

( N-(2-[*C] methoxybenzyl)-N-(4- phenoxypyridin- 3-yl)acetamide ) 4> F25{4:

) -

0

0
SO 1
[ Y r QN
D N Y | | |
S cl
: O
| #

o ’
N
11~ <
PBR28 DAA1106 R s
Ki=02nM K;=0.04 - 0.2 nM ! :
+t
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http://en.wikipedia.org/wiki/KDa
http://en.wikipedia.org/wiki/KDa
http://en.wikipedia.org/wiki/KDa
http://en.wikipedia.org/wiki/Outer_mitochondrial_membrane

(+7%) ZEREEER (Dopamine Transporter ; DAT) 22t TSV
B

TS AR receptor BEELRIFR MBS - BAERVEEYIFEZHELH T
FIFREME - SRR ~ Al PudimEss BBB ~ FIfEMR H PURIHOERR - B A
FURIME (Ko) LB — 1 ~ 4218 ( U3l LR B binding site 7Y specific 45588 TJ00FR
nonspecific binding ZRAV4E1E » 972 2 MR o 25 R A FERR 1A
i ANE

&+ /\ |

Nerve impulse

o |

5gr05|ne hydroxylase (TH

Vesicles D P’*

Ca'ions AADC
2 3 — dopanﬂ .
-------
mioponare e, —
Re- uptake . Enzyme function
‘@ﬂ
Pmsynaptm IPos!svnaptlc I _____ -~ Ladoprne
recepior
Postsynaptic 0z Eh o;spho AN Amp Membrane ——» Permeability
Ad?ny\ CAMP < lesterse phosphoq:\a[ ion  change

In mammalian brain

DAT is distributed mainly in the mesencephalic dopamine neurons of the substantia nigra
pars compacta, ventral tegmental area and is particularly enriched in the striatum and
nucleusaccumbens.

AP E A DAT 8 B b S By *"Tc TRODAT-1 > #4313
9mTe-[2-[[2-[[[3-(4-chlorophenyl)-8-methyl-8-azabicyclo [3.20.1]oct-2 -yl]
methyl] (2-mercaptoethyl)amino]ethyl]amino]ethanethiolato(3-)-N2,N29,52,529]
0x0-[1R-(ex0-ex0)] - {EBE{E N EME— SPECT #2845 » J7{HNEEIREER -
{HEREELE] target to background ratio Z&1K - HELZEER SIN ELAE (K » 5545
i A parkinsonian J7 SRR HTEHE® -

#BZ[MCIPE2I EEFI{E DAT W52 » {EE5F in vivo & &5 HHIRRE - 41
(L&renyEEys) ] LUK late peak equilibrium - (2) &/ HER—FE LA_E YRR
MM AT S BBB - il » HAT > Bl 2 im el F-18 FEis 5 1a
#E(T - BI[FIFE-PE2I - [M'CIPE2I EA[**FIFE-PE2I %51 ([E-/L)

O O
‘{“j_L I/\/\N 1 /\/\
%Hi . A’%\/\m}f

1 2

["'CIPE21 (1) and ['®FIFE-PE2I (2).
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[“®FIFE-PE2l &HGARRE » @ =+ -

Me..
8 steps 17N COOMe

N, _COOMe —_
P —=
OCOPh Il
| dioxane/water, reflux

/\v/"\
177 N 0/\\/F 1]TBAI—Ut0Iuene "N

10 min/r.t. CDOH
==
v \ 2) quoroelhyItosyIatea’DMF
Ve 1 h/70 °C I 1

1) TBAH/toluene, 10 min/r.i.
2) 1,2-ethylditosylate/MeCN, 2 h'r.t.

18F-/K, 2 5, DMSO d_:—\"‘; e
5 min, 140°C S
vl II Il —

(+1t) RodentiBestEgnr2fEEs (small animal image Studies )

H il prof. Christer Halldin 2% 8 b=~ WA Eh s GAH R E B
Karolinska Experimental Research and Imaging Centre (KERIC)$4{T » KERIC
FEE Karolinska University Hospital E&[5EfY comparative medicine (AKM)Zf
M > 22 E 5 E 2408 T swine Bl rodents (mouse, rat) SIHEES o #2008kl
%5 Mediso nanoScan® PET-MRI/CT multimodal small animal imaging
system [ MRI modul (spatial resolution<100um), PET modul (spatial resolution
0.8mm), act modul (voxel size: 10-34 um)]) - A #+¥%f Radioligand ~ Molecular
imaging biomarker ~ Drug ( microdosing, occupancy...etc ) fEt2 5 E =& °
T IEEAZ L it 448 FH B e R o P 2 (5 2 5 RS HE

IS AL HS B BB AR - & mouse DA isoflurane il [ —R% i FH I SR AG ik

W =F& » 43 Bl ks halothane ~ isoflurane Kz seroflurane - HFij » KERIC £
isoflurane SRASIREF 720 o ABERIRRME © Al - RA D & /7E DR
Rl HERERY - A S RERE Y IH I AR RS - BEAh - BP0

MERZEMN AN K] THEZRE T Mediso nanoScan® PET-MRI/CT &K &,
#E - DASHEART T I EA DT UEE - SRS E: isoflurane BASMERY » HHE
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EOHLFTE ACKE EMREACE - W PR ML 2 S LU T A dn i 5 B
Al > LL27G St ARG E 15 radioligand 1% - FdaHE AEESNEETT
R 2 NPV - BTG BV B A T 01

(+/\) MonkeyZBEHEWEEEE (Nonhuman Primates) image Studies)

H i prof. Christer Halldin Zi% B ~ B REEYHBER - SR
T & - — A [rhesus monkeys (Macaca mulatta)] Fj> DAT &
=52 - B5E AIF (arterial input function ) &0l - 55— & EfE [ cynomolgus
monkeys (Macaca fascicularis)) FAN%® B4EY157#t%% (whole-body
biodistribution ) B[ & E{HFZE (dose evaluation) - FHNA A2 L ERE
RS > o] RLEIZEAY plague JZREK (Alzheimer’s disease - ZEHYAH &5 FERF L
2 FbL - REIRGR R A 2 R S R L S 2
W HE A HNEYIEN . — - BB TEAESRA - RERSE > B
NGRS e NG

A R R P ek ST PR A+ (B Hi i S R i 2
Astrid Fagraeus Laborator #£17 %20 H & A& IR - FTA albeie r e te
REVESHE - BTN SE T BLENYtE AT ERE (Animal Welfare
Agency) ZEWIfmEZ & (Animal Ethics Committee ) % 1] NH#E{T - &8F
Bs N 5E2EH cynomolgus monkey B EE &5 - — 3,500 EXT(EUR) -
A 32 €1 > BritZAh - T RINIREIZHSNE 7R 21 BRIT(EUR) -

1E DAT E =Wt L > SRAFLAESS 7704581 ketamine hydrochloride

(12 mglkg) FFEIAMEESR - B DLRETEE 7720 (endotracheal
intubation ) F74&{LE Sevoflurane  (2%-8% ) BL&E SRACERFMEY R © 1E 4
SV HitsE b RIS CAR#IRE )T )7 =URF 8 L IE ketamine hydrochloride

(4 mg/kg/h) and xylazine hydrochloride (0.4 mg/kg/h) 4R i FERC SR  Af7
(R E SRt > 15 BRI AL MU - (5145977 radioactivity - BBP -
metabloite 7347 o

(+J1) Current studies of Department of Neurosciences of PET center

H Al prof. Christer Halldin B H A AR SR-11 £28E &) 2 B T4
BEEY R WFE IR 2 BB E P T C-11 B¢ F-18 RSl (R —)

- _ Metabolites,
. - . Pre-clinical ~ Clinical
%( radioligands Target Testing . . plasma
trial trial
Study
C-11  [*C] MDL100907 5-HT (2A) receptors * (Ap)
[*'C] AZ10419369 5-HT (1B) receptor * (Ap) *
[*'C] Raclopride D2-dopamine receptors *
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[*'C] PBR28 (PBR) peripheral * (Ap) %

benzodiazepine receptors

[*'C] Deprenyl-D2 MAO activity *
1] carfentanil mu]-opiate receptor *
[ p p
[*'C] AZD9272 (mGIUR5) metabotropic * (Ap)
glutamate receptor subtype 5
F-18  [*F] FE-PE2I (DAT)dopamine transporter
[*8F] AZD4694 0 -amyloid plaques * *
(=) 235308
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