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l*— IFL' ‘&% radioligand ’5‘1?&‘[ | receptor Fi binding site ; ﬁFF = AR - fjUH B B gamma

counter ~ PerkinElmer2480 - HPLC-radio detector - ™ '/EJ%JD“ acetonitrile, vortex iﬁiflféﬁ’é

B S 1T E_Hyfk D] HPLC 5547 > [X radioligand fA‘E' (50 32 7 IR 2 mL > AL
preparative column » % 1 cm > 3|7 b ¥ IR unchanged redioligand F=f37 - {25 41
12 7 o BHRIRGEEE FAT A - UC R PR IR - RIS R - ) F Bl

ﬁ%ﬁazwﬁﬁo

(g)

&
2
ie
¥y
o
v3
&U
:
3

ﬁsﬂﬂ 12. £(a) 7 ifkhd il E Bt ~ (b)gamma counter ~ (c) gamma counter PerkinElmer2480- (d)HPLC
(e) E‘F#?‘H[I radio detector - (f) preparative column ~ (Q)HPLC 5 #r™ 'f‘fi radioligand 7N ~ (h)
ﬁﬁﬁ?gﬁiiﬂﬂﬁ%m °
3. %i}*fjﬁ‘%ﬁ@“ﬁ
TERRRLF 7 = TRy ~ 91 [ (1 PRI R € 2 PR
e o (il PASERTBEGE - BT PRBI YO 0 T REE T - A Phase | s - SRS RS
~~ IR Phase || ™~ NG t“}% £ (conjugation) ™ /jE - pxﬁ#g&ﬁkﬂ’g‘ ' P45 = PO gEg o
TRPRTRTE < Sf B ERIL Phase | 7SRLEL 1S Phase I =iy - LS 7867 421

- Phase I Qi%\ﬁﬁfjf% EPFEHL - Phase |~ a2 BUREEPRE S 5™~ BURL > s <A

¥ 12 |l

&



S R PIRUH RS o B[S [ TR LM R E = Iy Y AW ¢ sk P450
sk F A= 5L o SEPIRETD Phase I~ S |/ 7|2 1550 27 SEP R Phase |
el P o Elﬁﬁ%‘“‘b*b%f&fﬁ %" TEs(glucuronidation) ~ ff % [ (sulfation) ~ F'IHL{™

(Methylation)~ ¢ ™ (Acetylation) ~ 2+ Bl L 19"~ JjEs b}% | glutathione -3 (4331, Phasell
R TR E TR TR Mg R P TR g I 58 ks S5 I T UDP-glucuronsyl

transferases » sulfotransferases <=k #h /7 « 4775 Phase | » Phase Il fE] 55 =" &I Y]]

E i A
. 2. #EPU57 Phase | % Phase Il {23555~ B1 3 fif
Examples of Common Oxidation (Phase I) and Conjugation (Phase II)
“Biotransformations
Net m/z Shift m/z Shift
_Type of Biotransformation *  Transformation (Nominal) (Exact) .
‘Oxidation Hydroxylation/ +0 +16 +15.9949
N-oxidation/S-oxidation
Dihydroxylation +20 +32 +31.9898
Dehydrogenation or -H, -2 ~2.0136
reduction -
Demethylation -CH, -14 —14.0234
Deethylation —C,H, —28 ~28.0468
Depropylation —C,H, —42 - —42.0468
Oxidative deamination —NH,, +O +1 +0.9843
Oxidative dechlorination —Cl, +OH —18 -17.9662
Oxidative defluorination —F, +OH -2 —-1.9957
Hydration +H,0 +18 +18.0105
; Methy! to an acid -H,, +0, +30 +29.9742
':C_c'mjugation Glucuronidation +CH O, +176 +176.0321
Sulfation ' +S0, +80 +79.9568
Glutathione conjugation  +C,H,.N,0,S +307 +307.0837
+CoH 5sN;048 +3035 +305.0681
Cysteine—glycine +CH (N,0,5 +178 +178.0410
conjugation
Cysteine conjugation +C,H,NO,S +121 +121.0196
N-acetyl-cysteine +CHNO,S +163 +163.0301
conjugation
Glycine +C,H;NO +57 +57.0213
Glutamine +CsH,,N,0, +145 +145.0609
Taurine +C,H;NO,S +107 +107.0038

J L Using Mass Spectrometry for Drug Metabolism Studies, 2", Ed. edited by W.A.
Korfmacher (2010), P.141
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k! Microsome’oﬁfé{ BP0 Nahid Amini fﬁH e EF B |2V E T R S TR

f*J microsome 3% = 2&P7 [V 53id P25 #7 - Liver microsomes fLIVF I/H: “”’QS:*:J@'FTE?EVW [H
TR > SRS AT buffer ([ ISET{™ 5 520000 g BB o JVEH FERE)AE
100,000 g B o ﬂlﬁqﬁ;fﬁ%@ﬁﬂh’&y Lml‘ﬁé'?ﬁft microsome o _HyERAL KL cytosol o 57— - F"J
EE IV 1 Microsomes || MRS FOAREARE 1> ]I’} 100000 g #E o o 5T s

aﬁ“ﬁﬁ'[p'i%ii* 250 mM 7 %1%3& SR IR 1%3&3&@ 7] 20 mg/mL - Microsomes = fz
e F USRI D TRV - Microsomes R 5 F[JE" AR VBRI BT iﬁﬂ:“ﬁfﬁ_\.j—
foIt] CYPAS0 sk Wi » i S (=9t AP0 UGT sk - 9% [l &l e 27ef:
o 7 CYPASO0 ek~ 4B Tl | NADPH #1724 UGT [k 1711721 UDPGA (uridine
diphosphate glucuronic acid)f#= - Microsome [ | BD Biosciences * 'F[J(San Jose, California,
USA) - #EL JFp ~ gk~ JRY liver microsome fi° {2 & Eaﬁij%F,ﬁF PoFE PFIE‘T o
F(I7'| microsome Bl [N B Poadits 53 Arip o At B P [*%ﬁ%ﬂ T~ Hple
FL PP ] %ﬁbﬁjéﬁﬁ?bﬁ TFJ B SR [ 3:'“:$J‘1"JI|= HFE ﬁéﬁﬁ
AR S B R PR > SE SR PRI AR AR e ST e = 5 iﬂ;ﬁf:{
PET ; AF{,EZFI‘/ autoradiography & g 55 I?FJM/ LR j%f‘*rv;[ﬁ?al ﬁp;;g,.r;rr BT T RSB 53
SR PR ﬁ%% &ﬁ"”]i&l 8= - Microsome UIE&H[ES«'[SJ%‘?JF[ i N S pr e s
PoreR T S~ o Al | P BRI, 1% B g (pharmacokinetic) £ 77 « BRERSEPIAT <
Microsome & H%ﬁ@t?ﬁ’&%ﬁ%‘i> (B YRl i T JLVpiF =2V HPLC P15 #4355
B ERY ST ﬁ;ﬁ?ﬁ%fﬂﬁﬁﬁﬁ'ﬁﬁ%@ TOF) 53 #rRY 55 75~ &l > EIIT@T I]J IR FrEk
SEPIRL OB s ERNEREEPI T GO OB 05T 4 B (11 LC-QTOFR Jf et
BRI E  Ura 1 o B ERITR S S A R
71kl ﬁﬁ AP =P Y @hE P55 20 pIETEMAEA (product fon " E5+7 - parent ion &) EE
=722 neutral loss [l 11E5. J )& 57+ 707 55~ ﬁﬂﬁ{*ﬁﬁé’?ﬁﬁ%lﬁc g E@F’?[’*‘%ﬂ’%ﬂﬁﬁﬁ o q%ﬂ'
13 H £ ()] & IE Microsome ~ (b)LC-tandem MS(r5s! Waters) > (c) (¢ B ristidh il @ o
BRI YT L VA 7 A PR S 3 [ BIER  Nahid 7 2.3 1 PET
Center fii" iy 84 ke ph) 7+ = [’fﬁj GLP #/E&g F?:;‘éj o
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“Chemical structure Abbreviation R, i Precursor Most abundant | Proposed loss
(min) | ion fragment ions | from parent
| measured measured
(m/z) (m/z)
Flumazenil 5.8 304.1081 258.0691 CH,0
4 229.0643 C.H,0,
n I ‘."cu 217.0660 CH0,
N ‘\ o 189.0709 C.H,0,
& ‘o4
= P Flumazenil-M1 | 4.2 320.1050 258.0690 C.H,0;
Mt % 229.0644 CH,0,
| ) o 217.0660 CH0,
PN 189.0710 CH,0,
& o
=N Flumazenil-M2 | 3.2 276.0767 258.0691 H,O
9 )—x’\ 2290642 CH,0,
\/ ( 217.0658 C:HO;
/ 189.0711 C,H,0,
N
6 O

i 13 7 ES @7

Microsome ~ (b)LC-tandem MS(#4fil Waters) s (c) (B 8Eadh il

(Nahid Amini, 2013)

) o R (0 R s B 2 AR~ TIC iy TOF A PET SRy N R 1)
i E 14 Fe @

4. TrFE 1R (Autoradiography)

F'1 Siv Eriksson & o = #&igest » 5 i autoradiography 1}34 £ ’JIZF:%E%%#"JE?(_E'J@EUEU
R o S i BT B
i (EE A (% 20~40 pum) - 3@?,’5@%&2%&& o =4 radioligand TFLI

o i) radioligand SRS FO P 5 0 F Mﬁﬁt&#hﬁt%ﬁf,

¢ o R

b .ﬁ’}i » PET Center 1}t
(-80°C) i Vi E'
TP AL, 5

wl‘[’

ligand - I'| & éﬁr:,:' A HH, - radioactivity PF"bgF‘@ » 7y £ autoradiography £y

S

E
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radioligand SE/EEE R ?5 'ﬁ”‘j’ “?’E@ : ”‘“*Ffﬂfﬁ’ ot fFIJT%E'J : %‘E@%W\ ATV B
ST ﬁ%"ﬂﬁf& 5747 ks> radioligand 7 f, % i (S5 AR ER ATV ([0 - PET
Center IE{ E Lkuﬂﬂikfﬁm[‘[} CNS gEPrsaf F'Sﬁ s rjrg%:_”::':l:[ o, sy H“;—‘EHJF\JE fiy 89 Eﬁr,:@ e

Iﬁg}\'mfgl‘g[ﬁ; 11C N 18F %TA'%E}T(]{; s gamma 3?[%# 123/125| . 99TC . 188Re :%_.:J«_A . beta HEFEIE]L 14(: . 3H -

FP7EH R ] e Bt AN °H #2/ ligand S S autoradiography P - [ 15 7

=l tr'f,—“’JHI )[5{&% E&—&H - & q'F'f:"JH Y= NI Eif'l%él‘ﬁ«bq' I?Z[#VHF @*ﬁyﬁﬁ[l%& N

The PET Procedure using a Carbon-11 labelled compound
- A complex process done in 1 hour!

Labelling

Kinetic
Modelling

radio-
chemistry

Blood
Analysis

Injection
Ready
-Transfer to

clinical

[ 14, T PR AR QU - UC I R R PET SR BN A

L CH SR

TR I ligand B ERT > 1) LA WERY S RS T )

PRSP o °H S ligand (= HEPA SEVEFUISR A A& - (2l » Fﬁ%ﬁ{-‘

WS PHE - [ IR RV o SRR T IR P S - FR T
I B R PR [ AT < 3 BRSO AR R R i
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BUTHEENA -~ B beta d e LU TR 3 (R 1 BT FR R (R0~ i
(e Ef R SOP ST - [ IAIRI ~ (B0 % £ ~ 0 gty £ A 648 - f7)
P PH AR R AT BT OH IFi"E (wipe test) » [l SR -
SR IR IR * °H A ligand K15 F kR DN - il *H fe3i ligand (1085 =

£ 3H Yy LR FTJ » PET Center ||{" [* autoradiography /4 » fjl™ [#fi=f 1y - e (=7

g B BRI - [ 16 SRS Y - l‘&tgufl@t i °H: 2000 MBq ~ **I: 2 MBq ~

1C: 1000 MBq ~ **F: 500 MBq -

15. Autoradiographyi& %7 b # R 1%
A~ RARAR -
QR as B R~ ARAR AR
h (b)) mui i b & ~ BUAG B A%
() ¥k K L AR A A (d) ARk v
(e)B&3F 2 41 B BAY B 1%

16, 3H4® SEEPIE B JiR B S i HEPA filter
Q‘?ﬂ [

2. "] micellar liquid chromatography 53t radiometabolite
PET Center [~ Ryuji Nakao @ﬂ 3% 5 micellar liquid chromatography (MLC) #3% Bij’ﬁmﬁ
AT il i}%ﬁﬁ?ﬁ PET 859 (S Bfylisk - PET el » BT 'L‘J%J/ radio-metabolites
7 BEFIERE ffy PET radioligands RLETIFHEE - [ HC-ligands 4 FLIP{E55 20 min » “{ﬁﬁjﬁfﬁg,
iR ST I AT Ik = KRE R < IR MLC T LC Siprs

5y 17 I



Vil Lﬁﬁ#[ﬁq@fﬂj (T~ =% 43V radioligands 53 AR A b SR I'ﬁhE.T REECE
E1 PET ligand « MLC 3 fLF[| " [faiE E‘#E-uiﬁl\;ﬂﬁ@wg@f%%ﬂa(micellar) (e EA R
ffﬁ'i?\fiﬁz%@: 100 mM sodium dodecyl sulfate (SDS) ~ 100 mM 1-butanol in 10 mM
sodium-phosphate, pH 7.2] > Jfu3 i ¥% 5 mL/min > Fg#ﬁ?‘ﬁiﬁ £, C18 Hr‘giiﬁﬁfﬁ(octadecyl
semipreparative column, dimension: 10 mm I.D., 150 mm, 10 um) ’éﬂf?fﬁi%ﬁ'(m mmx10
mm [.D. 10 pm).V = ffﬁ%‘ﬁﬂt BIVET PET ZRER] ﬂfﬁ%ﬁ&&a%’ﬁ FA u“*“ » 7= LC ST TR
I'} radio-detector [t o = AT e fERHIR D Imwﬁ“‘ﬂiﬁ’ﬁ?ﬂrw@”’ S
TS 1T i F e LC ST AT o il IR - R (SRl 29t > B radioligands = i 1EF
PR 0 TP T - PSS R R ligand 8 » 553 PR B 5] 5 -
MLC 3 [&H] E‘}“ﬁjﬂ%‘i}#ﬁﬁ'%ﬁ’ﬂ/ - B *J’FE'i o F ﬁflifl‘]‘?’mﬂ/ T i Bl i
L (CMC).V <k - Fe%ﬁﬁﬁ'i]?mﬂm%@ﬁ LRI/ FfEE‘F’?l'T@ﬁi > R £ (A
[ %L micellar & [B5F] gﬂﬁfﬁﬁl » TR *Jﬁlpﬁz?&fiﬁﬁ B;Srkjﬂufqﬂj [ e A aﬁﬁpr B
iﬁl‘%@’ﬂ: A B B ETR PR R EEE I - pIo » b
ﬁﬂ"ﬁjﬁ%i@?ﬂﬁ‘ AR LW EFT - Y[ CMC ~ aggregation number » il = B[S 5w o et o) BE
T R L7 57 < ) MLC T s ™ PopRflils ARt 7 - [
Eﬁjﬂﬁ?‘igfl@’ El%;; ﬁ:’"ﬂfﬁ ~ TOEEEP > B RS radio-ligands 53 #’?g.z’%léfﬁvﬁfa s w{k
TR AR A - Nakao |') <t 3 gﬁi TG @04 Analytical Chemistry #17] 2 A
193 A ?“Et’ﬁjﬂﬁhgﬂﬁl 1-butanol 153> ﬁ PET ligands 77 Bk Bt 914 = i retention
time J[1% 3-MLC 55+ 'ﬂf% radio-ligand Fg#ﬁq%ﬂmé'? [H7# RPLC Fﬂ?@[l[ﬁf 18(a)==(b)Fr=- o
[i,ﬁ%%gﬁii"ﬂf%ﬂl PET parent radioligand Jf - Z&g%57 ﬁ%ﬁgﬁgm'qﬁ PET radioligand ==
ﬂ?ﬁ?’ﬁ'l@ﬁiﬁﬁ@@ » B R il radioligand =2 :Ijﬁ PR R IS P S TR
Vl}alll [RER iﬁﬁ‘%%g’zﬁ”ﬁ_' s b1 Jﬂﬁ[ibﬁF'E‘ﬁwPBHT@ [k LC H T e '/HffHHF
= G A i p*J radioligand ¥ - high performance frontal analysis (HPFA)RL— FEnkAf!st
R PIRSHIEA 22 B £ VBRI < HPFRA [RIFIRIEN Al 150 = =2 385 05 (8
FIETRY (37) 55 B A= e 1A fi [ free ligand MadBe it < 11 HPFA JUEEiRl 7
HIRC TR AT EEAR R - P Nakao DR MLC dsts » 56 & BOWIAT gt > HFPA -

&

18 FI



SE BT P D RE e 23 (two-dimensional radio-LC) ¢ Z/D[ﬁ' 19 B o 5 F': FE T
J3EEHE S E 1 column 1 L gel-filtration column~column 2 fL reversed-phase C18 monolithic
column « JfEiAt! Mliﬁﬁf ZEAR G RY: 137 mM NaCl, 2.7 mM KCI, 10 mM Na;HPO,, 2
MM KHzPOy, pH 7.4) > it 2 mL/min ; 55 & FWF YIRS 37°C o REIA MZfLr%(ﬂwi@&
in"[ﬂ Eﬁ HEf 'f‘gf[l%'ﬁ*"‘ﬁ;rﬁ I’E’TZ\EFF SV RE B e PET radioligand Fﬁ%ik’f}i{ ligand
FEI® o STAERERT 2T #1153 (I A) - 534 protein-free radioligand - 200 pL £¢
ﬁ’ﬁ%ﬁlﬁft— * column 1> M1 MR HE-column 1 3£ * BGO detector (flow cell ’%ﬁﬁ £ 200
uL) =& " 5 mL loop - 3t'A% HPFA 55 #H]<t: protein-free radioligand - 57~ ‘ﬁﬂ;’}(ﬁ%ﬂ B) > Jj
#r radioligand - ﬁ?ﬁ‘ﬂ * 2 min Eﬂﬁ 66[ F&J e EE R loop [ &Jﬁgb 7 column
2 35 (5 S A e [ﬁJE\ﬂj M2 @ BT g 5 mL/min Jf{ifid-column 2- F I radiommetabolites
Fl155 #=unchanged radioligand (free +bound forms) » g5 F %% * BGO detector (flow

cell fEAfiEY 400 pL) > 5% MLC 55 #73fd radioligand ¢ F o

Plasma ey

Mlcellar ngh submicellar

[l 17. MLC "gtfi75) Fﬁfgi-fﬂfﬁfll radioligands 3 T Fiff

%< 3. MLC @'t 5 #7 PET radioligands (B I @it 14 A 55 & ligands if*“ﬁpﬁﬂji i)

retention time of radioligands

PET radioligands 1-BuOH concentration (v/v), in 100 mM SDS (pH7.2) (min)
["'C]Flumazenil 1% (0—2.0 min), 1-10% (2.0—2.1 min), 10% (2.1—6.0 min), 10—1% (6.0—8.1 min), 1% (6.1—8.0 min) 5.76
[M'C]AZ 10419369 2% (0—2.0 min), 2—18% (2.0—2.1 min), 18% (2.1—8.0 min), 18—2% (8.0—8.1 min), 2% (8.1—10.0 min) 697
[MClazD2184 1% (0—2.0 min), 1=10% (2.0—2.1 min), 10% (2.1—6.0 min), 10—1% (6.0—8.1 min), 1% (6.1—8.0 min) 5.58
[M'C]Deprenyl 2% (0—2.0 min), 2—20% (2.0—2.1 min), 20% (2.1—8.0 min), 20—2% (8.0—8.1 min), 2% (8.1—10.0 min) 7.53
["'C]Clozapine 2% (0—2.0 min), 2—20% (2.0—2.1 min), 20% (2.1—8.0 min), 20—2% (8.0—8.1 min), 2% (8.1—10.0 min) 7.31
["'C]Diazepam 2% (0—2.0 min), 2—15% (2.0—2.1 min), 15% (2.1—8.0 min), 15—2% (8.0—8.1 min), 2% (8.1—10.0 min) 6.95
["*F]LBT-999 2% (0—2.0 min), 2—20% (2.0—2.1 min), 20% (2.1—8.0 min), 20—2% (8.0—8.1 min), 2% (8.1—10.0 min) 7.65
[HC]VerapamiI 2% (0—=2.0 min), 2—20% (2.0—2.1 min), 20% (2.1—8.0 min), 20—2% (8.0—8.1 min), 2% (8.1—10.0 min) 747
["'C]MePPEP 2% (0—2.0 min), 2—25% (2.0—2.1 min), 25% (2.1—8.0 min), 25—2% (8.0—8.1 min), 2% (8.1—10.0 min) 8.18
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[""CIFlumazenil

(A)
2 min 60 min

=
=
.
=2
)
=
L

Radioactivity

| ; [1'C]Flumazenil

T T T T T
8 10 12 14

T T T T T T i
0 2 4 6 8 10 12 14 4] 2 4 6
(min) (min)
(B)
2 min 60 min
.. g
2 3
= E
=1 = a3
=3 o
2 =
3 g g
o —_ =
= E
=
____L_ il
T T T T T T T T T —— —T— T
o] 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
(min) (min)

&aﬂ 18. (@)MLC i+ '}‘J% radio-ligand Fg#ﬁg%ﬁlﬁé?(b)@ﬁﬁ RPLC ik

AT TR ATTR A R L PET g RYIRIR SR VT A o BEe BV T A
sifFre B BT A 4, 50, 90 min i 2 FE EATRIUTIA 20 Fr - HPFA gt 0~2 min »
MLC g7 2~9 min » 55 5 Bl 3 Tt v 11 min -

p= > Ryuji Nakao ﬁe‘jli alial f“%»ﬁ}ﬁﬁf‘E'JEIfld%‘;Fﬁ [ﬁf Bl [T 3 2V (solid phase
extraction, SPE)Z® MLC g4 1t 1 » [ 53 Ao S 1 C-ligand ﬁg 3k AL SR ®
%ﬁ'}?ﬁﬁ%’]ﬁlﬂ[ﬁ : SPE A7) I mL FIJEE, 1 mL ~f<, 5mL rr%(ﬂw??ﬂrfi(’?‘fﬁ ki 40-100 mM SDS, 1~
7 [ 5~8% v/v, 20 mM pH 7 @"i&%}{%@ﬁrfz) (AT~ T B [ﬁ\jﬂj SPE &[] =4, |”"‘ 0.2
mL rﬂrﬁwig\&[ ]TF B '}‘J%ﬁiff[},F Epfl - 0.2~2.0 mL ™ 'ﬂf’;ﬁiﬁ =1 mL r%(ﬂulig\f&iﬁi Sl
mL %ﬁ'ﬁﬁ?gﬁz » FEMEL T SPE Fh o I'l 2 mL 7<jf[ik SPE » A, [Eéllf_f‘fgugﬁj [ B J it~ 36
iy o Wl TEEET SPE /T[] gamma counter ?f‘]ﬁﬂiﬁ@(?ﬂﬂﬂﬁ%‘jfa 551 10 7)) - ?[IB,%’F"J‘FJ
e RIS "C-ligand P R TR El > TGRSR N - e R

VSR [GE radio-LC o3 PR AR — 350 PIFRLpEEC R H Y

N
o
Rt
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FRTIEHIR 5 RS T TR B PR T T

(A) Step A (determination of protein-free PET radioligand)

M1
]— LC pump
M2

Column2

Injection Column1
valve

Switching valve

from columh1 Flow cells

from column2

BGO scintillators

(B) Step B (determination of total PET radioligand)

M1 i
® Radiation
LCpump [| detector

M2 Injection  Column1

valve Switching valve

[ 19. = AERAT e Tk B [ 55 T’?i"/ﬂf%p[ i PET ligand %75 ligand FA'E' > (a) HPFA #3#

73 #7 protein-free radioligand ; (b)!I") MLC % Jj ¥Zradioligand/radiometabolites

4 min 50 min 90 min
HPFA MLC HPFA MLC HPFA MLC

o0
o
o
=
=3
<

= = =
£ £ . £ .
: : w g 5
Xl k=) =3 =l ~
g 3 g e} 0 1 2 ER = jas] o 1 2 3
é’ EE . Timamin) § =8 Tima (min)
J
o1 2 3 4 5 6 7 8 9 101 01 2 3 4 5 8 7 8 9 1011 01 2 3 4 5 & 7 8 9 10 11
Time (min) Time {min) Time (min)

[ 20. HPFA 3 MLC = S/ £ 73477 ] 1 PET ligand
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(=) Prof. Christer Halldin ﬂflﬁi KI i s s T el - ) 2 *F", PET &y - [
F5 BAAE) 70 % o b 23 5 EAE P MBI T o BRREE o ISR iR
e By BT Fr E#QWE‘F:'T [l > E RIS B0 s PUE P B B
TR B M PR (TR B S FUBETE PRS-
153 7 R Fl e LV e PET 1o fusiife BEZ i Il JIE " Fi(cross-disciplinary team): £i:
P ST R LA B B  BEDIET - PR B RIR o
Eﬁ?ﬁﬁgﬁﬁﬁ@?fﬁiﬁi’ﬁ@* 7 E f IR ERS PUGH NG ~ SR e ) s R
PRI 2 IGHH A c‘”@rj“affﬁ > PHF IR Y E P IRERP P A 1 iﬁ‘ﬁ
T f“, 291 f@fﬁi‘%?ﬁ'ﬂ/fﬂ" RS Zg [FAH 1 - PR SRS SRR RO SR
WERELZFI > AL FIagh e T IA S« UC - PR RSPl - g T - Bt

R A BB 2~ DR TR R ST AT - ']%", Flm MRBEPRTE ] A rt ﬁ' el
[AERPREE 0 HURE T TR PURHCES R RS o [ R faresb 4 AP, - &2
- [R5 YR LT (e BT [ i

(=) Prof. Christer Halldin #* 1984 E?V@fﬁt“' Uppsala -5 5% [~ E?FVEH[”‘%?#%H et [
A AR B PIp R A= DT 30 7 o 1) (= SR E0d HREE T S BI EITEL iy
TRV IR ISR 26T S Eﬁﬁiﬁfﬂ_ R - Ay TR
5 SRS IR PR A Y [ RS H - PET Center [%l'lg%ﬂﬂ’?‘?%ﬂﬁ‘i[@ﬁ > Prof.
Halldin WIM“HF:)EF}EFHElﬁﬁif@%ﬁwﬁ“} ﬁ',ﬁ > BTN Frpl Nanyang
Technological University F&E’E[@aﬁﬁ s %1&“'?%& 2y RV "?“’Fi?ﬁm pl
YRGS 8 B BRI I SRS 45 5 g -
PRI > A PR T g‘ BT (50 R PSS F R - SR

IV RTEASN E  TilgeE,  PEES E‘wﬁ& lfhwuﬁﬂjﬁi Jl‘%}t?f—%ﬁﬂu
& -
(2) 1] 1C ARl PET 247 f?“ (2 el RS Vs 4T R AT C i

EJ



FSSEPIIOBI T < [ > MC AR PP oy R A R P 5 T (R RN e

R0 P o BESR1C  1C [ B ERAH T

“(FyfstA3 gamma ray) vs. beta ray - ! {

‘#3@’_‘%
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bRt - ¥C-ligand %ﬂvﬁ*ﬁaﬁzﬁ R Rl 1, fafmfk&.wﬁ Bl - MC v Me g

18 ligand [ A (BRIt sk 4 .
4. P IC Y M R ligand 5 73R BT HFRAAT I AELE (R

Radio-ligand

C-ligand

C-ligand

Radio-half life

20.4 min

5730 year (3011688000 min)

Decay modes

Positron emission (99.8%)

Electron capture (0.2%)

Electron emission

Maximal/Average energy

0.96 MeV (positron)*

156/45 keV (beta)

Maximal range in water

4.1 mm*, 0.4 mm average (positron)

<0.8 mm (beta)

Inst . PET camara/gamma counter Liquid scintillation counter (LSC,
nstrumen
(expansive), Autoradiography unexpansive), Autoradiography
e ELEL Y (ERE], in vivo, PTEVELERH], iv vitro, invasive,
Y |Study subject Pt a4
T noninvasive, alived sacrificed
S Specimen
Non Yes
pretreatment
Sample type Solid, 3D maping Homogenous solution

Radiation protection

Lead block

Plastic or Acrylic plate

Metabolism study

Less than 90 min

More than 10 days, depend on
bio-half life of studied ligand

Experiment waste treat

Store 2 days after study then

incinerate as uaual waste

Incinerate. Waste always has

radioactivity

*ref: Production of ** C-labeled radiopharmaceuticals
http://intramural.nimh.nih.gov/mib/radio/radiotalk03.pdf (2013 11 25)
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11.
12.

13.

14.

15.

i 4

<SOP 1> Measurement of plasma protein binding of PET ligands

The volume of blood sample for protein binding analysis should be approximately 2 mL in a
plastic test tube.

Centrifuge the samples for 2~4 min with 4000 rpm (2000 g).

Use a micropipette to collect 500 pL of plasma samples in duplicate and put them in clean
test tubes.

Use a micropipette to collect 500 pL of PBS solutions in duplicate and put them in clean test
tubes.

Add 50 puL of formulated ligand solution (10~40 MBQ/mL) to each sample.

Use a micropipette to collect 20 uL of samples in triplicate and put them in clean test tubes,
totally 12 tubes.

Measure counts for 10 sec in the samples by using a well counter.
--Put the samples in a well counter.

--Press botton’Reset’.

--Read off and note in protocol counts and time.

Measure background by pressing’Reset’ botton of the well counter without having any test
tube in it. Note the background in the protocol.

Incubate the mixtures for 10 min at room temperature.
Pipette 200 uL proteins of each incubation mixture to Millipore Centrifree tubes (YM-30).
Centrifuge the tubes for 15 min with 3000 rpm (1500 g).

Use a micropipette to collect 20 uL of each filtrate in triplicate and put them in clean test
tubes, totally 12 tubes.

Measure counts for 10 sec in the filtrated samples by using a well counter.
--Put the samples in a well counter.

--Press botton’Reset’.

--Read off and note in protocol counts and time.

Measure background by pressing’Reset” botton of the well counter without having any test
tube in it. Note the background in the protocol.

Inject the filtrated samples (plasma and PBS solution) and formulated ligand solution into
radio-HPLC system and calculate the percent of parent radio-ligand. Note the results in the
protocol.
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16. When finished, throw the waste tubes in a special container and clean up the bench.

<SOP 2> Blood/Plasma Radioactivity Measurement

1. Measure 3 times with calibration source CS-1102-2 by using a well counter, and check that
the average of this value lies within the given range.

2. The volume of the blood sample for blood measurement studies should be approximately 2.2
mL in a plastic test tube.

3. Use a micropipette to collect 2 mL of bblood and put in a new test tube.

4. Measure counts for 10 sec in the plasma sample by using a well counter.
--Put the samples in a well counter.
--Press botton’Reset’.
--Read off and note in protocol counts and time.

5. Centrifuge the samples for 2~4 min with 4000 rpm (2000 g).
6. Use a micropipette to collect 700 uL of plasma in a clean test tubes

7. Measure counts for 10 sec in the filtrated samples by using a well counter.
--Put the samples in a well counter.
--Press botton’Reset’.
--Read off and note in protocol counts and time

8. Measure background by pressing’Reset’ botton of the well counter without having any test
tube in it. Note the background in the protocol.

9. When finished, throw the waste tubes in a special container and clean up the bench and
measure, Measure 3 times with calibration source CS-1102-2 by using a well counter, and
check that the average of this value lies within the given range.

<SOP 3> Metabolite Analysis

1. Measure 3 times with calibration source CS-1102-2 by using a well counter, and check that
the average of this value lies within the given range.

2. Use a micropipette to collect defined volume of blood and put it in a clean test tube.

3. Measure counts for 10 sec in the sample by using a well counter.
--Put the samples in a well counter.
--Press botton’Reset’.
--Read off and note in protocol counts and time.

4. Centrifuge the samples for 2~4 min with 4000 rpm (2000 g).

5. Use a micropipette to collect defined volume of of plasma and put in a clean test tubes
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6. Measure counts for 10 sec in the plasmasamples by using a well counter.
--Put the samples in a well counter.
--Press botton’Reset’.
--Read off and note in protocol counts and time.

7. Add 1.4 times plasma volume of acetontrile to the plasma for participating of plasma
proteins and shake it by vortex mixer.

8. Centrifuge the samples for 2~4 min with 4000 rpm (2000 g).

9. Pour the supernatant into a clean test tube (for some ligands the supernatant should be
diluted with water to get good separation).

10. Inject the supernatant into radio-HPLC system and run HPLC-series according to the time
schedule.

11. Measure background by pressing’Reset’ botton of the well counter without having any test
tube in it. Note the background in the protocol.

12. Measure 3 times with calibration source CS-1102-2 by using a well counter, and check that
the average of this value lies within the given range.
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Microsome B4 FC B g ket TR

Cytochrome P450 ~ &l 7 NADPH ﬁlrjigpf—zg

l. el F- microsome (20 mg protein/mL), NADPH | % “‘ﬁiﬁ?ﬁ A ¥ B, fgfﬁ*‘{yhﬁﬁ o
. f@ﬁa’%" 5mM 2k ligand 1#)&’\ DMSO |1 > I'] Ligand Z&EEELf ?Eﬁl?[l—auf o
I ]fﬁ V447 0.5 M potassium phosphate pH 7.4 (BD Biosciences Cat No. 451201),
CH3CN 1.7 mL FEo =k F'" pipettor, 37 & 5k NF‘TEE
V. F‘ [ L_f&?g.
I 713 pL 7
ii. 200 uL 0.5 M potassium phosphate,
iii.50 uL NADPH solution A (BD Biosciences Cat.No. 451220)
iv. 10 uL NADPH solution B (BD Biosciences Cat.No. 451200)
v. 2 uL ZLE& Ligand 3%11‘” DMSO 3%& SIS ljfkﬁ‘z ligand JE7% £% 10 uM
V. MMEE,HI 37°C 5 min.
VI p™ 25 uL (]] 0.5 mg) liver microsome F'ﬁj;‘zﬁ REEEE ’Cf@ﬁpﬁ%‘ﬁ2 ﬁ’,l‘nﬁif’—‘,i?»ﬂ[&.
[ 37°C ’ﬁﬁ.
VII. ~JEQ0,5, 10, 20, 30, 40, 50 and 60 min % » ]’*‘%ﬁ?ﬁﬁzﬁ?ﬁﬁv 100 pL, fﬁ*’ip‘* 100 uL
CH3CN 3% -+ iﬁi EF Np
VIII. ¥ 10000 g, 3 min
IX. T, BRI AR

UGT [z
. ##H microsome (20 mg protein/mL), UGT /i Aﬂ%\’f&A X B, fﬁ'{if“‘(ﬂ‘*’ﬁﬁ o
. [eZEE 5mM 3 ligand FUJ‘” DMSO f[i > I'] Ligand A&E:{%E 1T q?&iﬁ}ﬂ‘[’%ﬁ' o
"I. :“:(&"[TE SUlEHF AcN, 1.7 mL g5 3K F[,, pipettor, 37 =, {5 J‘iﬁ’f%
V. F,[i—ﬁ L_:(J&FE‘
i. 693 uL 7
ii. 200 uL UGT ’9%@@?{\2?‘2 B (BD Biosciences Cat.No. 451320)
iii. 80 uL UGT "~ /jElH ﬁ,i?&‘\ﬁz fk A (BD Biosciences Cat.No. 451300)
iv. 2uL 3t ngandigdﬁ" DI\/ISOiFLﬁz L H#\ﬁihgand B 10 uM
V. NMEE,F][ 37°C 5 min.
VIt 25 pk (4[] 0.5 mg) liver microsome FﬁJﬁF", REEAE 53@*’{%%?‘?2 ﬁ',l‘ufiﬁi?\f\zﬁz.
[HIZ] 37°C "J“?'ﬁ.
VII.’D’%O 5, 10, 20, 30, 40, 50 and 60 min i » [*%ﬁgnﬁz {17V 100 pL, f 1™ 100 puk CHCN
L S STl LA el
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VI, #&< 10000 g, 3 min
IX. Hieh ik, TIBEP s ol
E Py
* SHUBPRESEFA - ligand 7% TR (S 1 M),
* - iﬂ&% » B microsome f*‘?ﬂﬁﬁ‘lﬁk*‘\ﬂ\ M4 microsome
* Eﬂ"?ﬁﬂ%l’*%ﬁﬁ@(ﬁi FIENEY PRI ]) B IR 0.05~0.5 mg/mL; ™ Efi ]
1~60 min.
* E'}"JEU%KT%?%EI*J*J 1525 (apparent Ko ~ Vina) » ligand JE7% 5| 10~20 pM.
* E'}’iﬂ(’ffﬁﬂﬁjﬁﬁ’&? (V17 1Cs0), ligand YL ='[43 3T apparent Kr,
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PET Center fji "] H-3 #1340 (= Ui e IS A

(=) WS H-3 AT (e BRI L1 Y Wipe Test (H-3) gk A

Wipe Test (H-3)

Lab Room No. Contact person:
Date | Work Background | Test results | Action Clean/ | Sign Note
places | dps dps Replace paper

(=) H-3 %F@%#’Ufggﬁljr—%l%&%

Notify concerned staff on the accident.
If the contamination exceeds three times the backgrounds level after decontamination the area

should be designed as a controlled area until acceptable levels are obtained, please contact the

department of nuclear medicine.

Radionuclide Arrival and Usage
Isotope Quantity Lot. No. Arrival date Use date
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Radioligand Structure Traget Diease/ Reference
Syndrome
Lu AA21004 % 5-HTT, anxiety / 6
[ j 5-HT1A receptor mood
CH, N disorders
Hac/@ @
[ *° 1]SD-7015 CB; cannabinoid Alzheimer’s |7
Q receptor disease
o N
NH
NC
N
N g
Ri
R3
[''Cl6, R' = Me*O, R? = R® =ClI
[''C]7, R'=Me*O, R =Br, R®=H
['2518, R' = MeO, R?=*I,R®=H
[ **F]FE-PE2I [°F]-N-(3-iodo-prop-2-enyl)-2 |dopamine transporter |Parkinson's |8
(3 -carbofluoroethoxy-3 3 disease
-(4-methyl-phenyl)nor-tropane)
[ 'C]JAZD1940  |N-(2-tert-butyl-1-((4,4-di fl cannabinoid type one |neuropathic |9

uorocyclohexyl)methyl)-1
H-benzo[d]imidazol-5-yl)ethane

sulfonamide

and two receptors
(CB;Rand CB; R)

pain
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[ C]AZD9272 gz [Glutamate | - 10
metabotropic
receptor (mGlu)
F Isubtypes, mGIuR5
["'C] Raclopride OH O Dopamine D 2/3 psychotic |11
Cl \ /T receptors disorders
H D such as
(I) r schizophre-
¢l ''CH, CH, nia
["CIMNPA o il il il -
OH
HO
,Tj HCI
AzD5213 | - histamine H 3 Alzheimer’s |12
receptors disease;
Parkinson’s
disease
Huntington’s
disease
[M'C]Cariprazine /@\ Dopamine D3/D; schizophrenia|13
) O L “!|Receptor
JLO/\/
[''C]AZD2184 |0 s, = M human amyloid fibrils |Alzheimer’s
\©:N’>_<\—_r}_N‘“HCH3 disease;

5-HTT: 5-HT transporter

AZDXXXX EJ[JE@Eﬁji['%’ﬁ(rAstraZeneca,Sweden %‘?”Wz%‘#ﬁ
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(- )Nahid Amini, Ryuji Nakao, Magnus Schou, Christer Halldin (2013) ‘Identification of PET
radiometabolites by cytochrome P450, UHPLC/Q-ToF-MS and fast radio-LC: applied to the PET
radioligands  'C-flumazenil, '°F-FE-PE2I, and ' C-PBR28  Anal Bioanal Chem
405:1303-1310.

(= )Jean-Marie Le Goff (2012) ‘A very low energy cyclotron for PET isotope production’ European
Physical Society, Technology and innovation workshop.
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detection” Anal. Chem. 84, 3222-3230.

(P*HRyuji Nakao, Nahid Amini, and Christer Halldin (2013) ‘Simultaneous Determination of
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(1)Ryuji Nakao, Christer Halldin (2013) ‘A simpli fi ed radiometabolite analysis procedure for
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(7 )Per Stenkrona, Christer Halldin, Johan Lundberg (2013) ‘5-HTT and 5-HT 1A receptor
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