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["®F]Fluorocholine is a radiopharmaceutical used non-invasively in positron emission tomography to
diagnose parathyroid adenoma, prostate cancer, and hepatocellular carcinoma by evaluating the
choline metabolism. In this study, a radiolabeling method for ['®Flfluorocholine was optimized using
a solid phase extraction (SPE) cartridge. ['°FIFluorocholine was labeled in two steps using an
automated synthesizer. In the first step, dibromomethane was reacted with ["*FIKF/K2.2.2/K2COs to
obtain the intermediate ['® Flfluorobromomethane. In the second step, ["®F]fluorobromomethane
was passed through a Sep—Pak® Silica SPE cartrldge to remove the impurities and then reacted with
N, N-dimethylaminoethanol (DMAE) in a Sep-Pak® C18 SPE cartridge to label ["®F]fluorocholine. The
reaction conditions of ["®Flfluorocholine were optimized. The synthesis yield was confirmed
according to the number of silica cartridges and DMAE concentration. No statistically significant
difference in the synthesis yield of ["®F]fluorocholine was observed when using four or three silica
cartridges (P>0.05). The labeling yield was 11.5+0.5% (N=4) when DMAE was used as its original
solution. On the other hand, when diluted to 10% with dimethyl sulfoxide, the radiochemical yield
increased significantly to 30.1+5.2% (N=20). In conclusion, ["®F]Fluorocholine for clinical use can be
synthesized stably in high yield by applying an optimized synthesis method.

Copyright © 2023 The Korean Society for Clinical Laboratory Science.
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719 343 el F9Y HFE S7H1Z B8t ofdt
A IS E A FHRE TPAAITHT]. 0|2k 2]
FANZL] A3t §H/do]l 2 A o = Ate]o] Q17| wiizol] %
A+ ¥E =529 (positron emission tomography, PET) 2.
= Z9 XS S4510] B] JGA oR s Xds] Sk
TRt Z9 HAMIQ|oRRo) A= o] it

AATIA] 7o} /ol ARSE|AL Qli= PET-E S+ {4
Aojerz.o. C_choline, ["®Flfluoromethylcholine ([*®F]
fluorocholine), ['®*Flfluoroethylcholine S°] it 1%
"C-cholineS A& Ml Zl WA ooRE o & WZ0kS
B|$5to] AR HY, A=Y 53 2ol [®FI2-fluoro-
2-deoxyglucose ('"®*FIFDG) PETAAIA Tz =(sensitivity)
U S0 x(specificity)7} 2 EF2] Ftol F2 ARE=|ict
[8, 91. BFAI7H 'C-choline 'C] RS- E)4 ¥ |(ty/=
oF 204) HhZoll 25871457 (cyclotron)7HEA|= o] =3
ol ARk ARG 4= Q= ©Rdo] QUTH10I. °oF SE5t7] flsh
cwot Hl A 719718 7R F (0= 1108)0] 4]
9 ["®FIfluorocholine, ["*Flfluoroethylcholine S°] 74
HEjo] @A) thfet T72 S 2ol AREE|L Sl £,
["®Ffluorocholine in vitrooA] “C-cholinex} 53t 1]
&5 F9 Qilska o] o5 1kt =, AP At} A
AEolA [PFIFDGETH AT f-840] o 2 A0R Byl
=3 AoH11-13]. FHoflA= 20184 TA19g7]2] ok
A - 954 ¥r1A7 1A 2 9 [®BF)fluorocholine A}
e o] BV A9 i YRR E A At
Hol& sty 9t HAEAN AlYmrle= U=,
2021 d0lli= 7P| 2RI o AlehAH H ShAtoll A Xtk E H7] A4
7, A= 22 R AAEAN AR e QIR &
A QoA ARGE L QU

28 B1H [®Flfluorocholine®] ML [**Ffluoro-
bromomethane (["*FIFCH,Br)& @43t & 114 5H4| 9.2
uteE T2 (high performance liquid chromatography,
HPLO)Z E&HA st & N Mdimethylaminoethanol
(DMAE)#} ¥-8-A1A [**FlfluorocholineE FA|5H= HPHo]
tH14]. skREE o]% 1 AA; FE(solid phase extraction)
FIERAS AMg3lo] [PFIFCHBr& B34 & [°F
fluoromethyl triflate2 ¥2Foto] ¥-844-& =21 & DMAE®?}F
¥ES-A1A [®Flfluorocholines k= o] =1,
["|FIFCH,;Br< ["®*Flfluoroiodomethane 22 [**Flfluoro-
methyl tosylate® H3}F & DMAES} HR-S-A]7|= HIHE 7igh
SAJH15-17]. o]zt HHEL [®Ffluorocholine®] &84
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37 AR50 ORE Ak fIol AR SRR Eisk=
HET TS AXI=IACH18-20]. 2 Aol =PETE& =
HIAPY QJoRE 2 [*Flfluorocholine®] GAAH8-2 18] 114
= 7IESRIE ARSI AV QIR AE A o] 218
o] g = Qe AlHE FEsfslo] A7skaAr it

Lo L oL
|t

[¢]
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1. 2] A

H A Lof|A] ARESE dibromomethane (part No. D41686),
DMAE (part no. 471453 or 38990), dimethyl sulfoxide
(DMSO; part no. 276855), acetonitrile (part no. 271004),
potassium carbonate (K,COjs; part no. 60109), Kryptofix
2.2.2(K2.2.2; part no. 291110), °&t&(part no. 1.00986)
< Sigma-AldrichollA] Ftefisie] HE=o] A2y glo] AR&-
519t} Sep-Pak™ Accell Plus QMA Carbonate Plus Light
(part no. 186004540) 7FE]A], Sep-Pak”™ Accell Plus CM
Plus Short (part no. WAT020550) FE#|A], Sep-Pak®
C18 Plus Short (part no. WAT020515) 7F=21] & Sep-Pak™
Silica Plus Long Cartridge (part no. WAT020520) 7FEZ]A]
= Waters Corp. 2] A& AR519ITE. C18 7FEE A= AR
5 mLe] ofFEE &8 &7 10 mLe] AR AAE TS
ARESIAL, QMA carbonate 7FER|A=ARE- A 10 mLo| A
BrE AR E519oH, CM7IERA=ARE- A 0.5 M 4ke
H 5 mLE Z &5 10 ML FARESE E2 BT T ARG
S9itt. BRgElE Supor® AEF 0.2 pm Intravenous filter
(part no. AFFINTE; Pall Corp.)& ARSSI9L, filtered
venting needle (part no. 16596HNK) International
Medical Industries, Inc.oll4 Hfislo] AR&oFTY.

2. ["®F]Fluorocholine®| EX|

["®F]Fluorocholine EAEES-2 &} 7]<] WkS-87|7} A2k
A53M344] TRACERlab™ FXFN (GE Healthcare) A+&-
sto] T oA TA](two-step)RFS-22 /o3t (Figure 1).
AV F& IEAHS HEA7)7] $foto] WA vizel dE
V145 B85 5 bulb vesselol 2% V173 2619,
Sep-Pak” Silica 7FEZ XSS AT T V149}FVITAl &
Zke19it}. DMAE (0.1 mL)E= DMSO (0.4 mL)ell 3143t &
Sep-Pak® C18 7FE2]X|o] B3A|A E23193. 01, Sep-Pak”
C18 7FE2]%] o}#fZo] Sep-Pak”® CM 7IER RS A3t 3 V17
I} V15Atolofl Aaksteict (Figure 2).




1) ["®FIFluoride] At

9]2-8714:7](PETtrace™ 16.5-MeV cyclotron; GE
Healthcare)E 0183101 "*O-H,00l FdA1E 50 pA=Z 2F 20~
3087 ARSI 44.447.4 GBq (1,200£200 mCi)e]
[®FlfluorideE B=31ct

2) ["°FJFCHzBro| &4

gg7E7olA AR 43t | [PFlfluoride=
TRACERIab™ FXFNO2 A4 5 Sep- Pak QMA carbonate
FIE2|]o] BIA|ZI}. QMA 7FEE|X]o] F2HE [®Flfluoride
ion K2.2.2 (30 mg, 0.079 mmol)2} K.CO3 (5.5 mg,
0.040 mmol)7} Z¥Z} acetonitrile (0.95 mL) ¥ E(0.05 mL)

1st Step

['8F]KF/K,CO4/K2.2.2 + CH,Br =———— 18FCH,Br

Purification

Dibromomethane
K,CO; Acetonitrile
K2.22 ['8FIKF/K,CO3/K2.2.2

% ['8F]fluoride DMSO ,

Reaction

Dibromomethane
K2.2.2. DMSO
['8FIKF/K,CO4/K2.2.2
Acetonitrile

['8F]fluoride

K,CO,

Sep-Pak® Silica
SPE cartridge

Figure 1. Synthesis scheme of [®Flfluorocholine.

N
H,C~ " OH —_—

» » ['8F]FCH,Br

Korean J Clin Lab Sci. Vol. 55, No. 4, December 2023 263

of| oA Qb= EFN(1 mL, vessel 1) 2.8 S&5=0] ¥F-3-87]
(reactor)2 8=3519th 3HHL GOToA 18 dE &
110C2 22 2 o A JFJMW BB &
2j3eo] 8iE A|AslYch ¥R3-879] L5 S 120CE 9
2 acetonitrile (2.7 mL)°]| -@151% dibromomethane (0.3
ml, vessel 3}& AZH [*FIKF/K2.2.2/KC05°1 71519
1087t BESAIF

3) ["®FIFCH.Bro| A

FAEGo] B 7, [*FIFCHBr EHEEL AE7IAE o
83}0] WkS-87| 22 E| Sep-Pak” Silica 7FEE]A|0]| 1087F
SAF

2nd Step
CHy CH;
BFCHBr g
NINN0H Br

C18 cartridge 3

Reaction

['8F]FCH,Br
N, N-dimethylaminoethanol

l Purification

['8F]fluorocholine

Sep-Pak® C18+CM
SPE cartridge

Abbreviations: DMSO, dimethyl sulfoxide; K2.2.2, Kryptofix2.2.2; SPE, solid—-phase extraction.

Figure 2. Schematic overview of the ['®Flfluorocholine production on the modified TRACERIa

TRACERIab FXgy

02um 024

ba - ¥

Vid
2. Purification of

[*8FJFCH,Br

A, 1. Fluorination of

Dibromomethane EblmEEi

substitution &

S Purification of
— 550l [8FIfluorocholinef

bTM

FXFN synthesizer.
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4) ["®F]Fluorocholine®]| ZIsiAIx|aHtS

Sep-Pak” Silica 7IEAE BIfslo] HelgA4]
["*FIFCHBr Sep-Pak™ C18 7FE2]x|o]| v]2] F2t=lof 9]
= DMAE®} 31384 X|2kk3-S &3 [®Flfluorocholines 3¢
gttt

5) ["®F]Fluorocholine®| &H|

Sep-Pak® C18 7FE2]|R] € Sep-Pak™ CM 7HEZ]|X|o] ofjet
(15 mL, vessel 9122150 DMSO2} DMAE 5 %to 5718
o L AP AL, FARES(15 ml, vessel 7)E 57+
2 ZajFo] 7HE-R|of| ZFslal Q= oflekES Al A

6) ["®F]Fluorocholine®| Bz 2! TA

Sep-Pak® CM 7FE&]X]e] F2H [*Flfluorocholined
0.9% AJFAE4(10 mL, vessel 8)F EIMA|A product
collection vesseloll 82319t} [*FIFluorocholine &
AL AFTIAE 0]-8510] 0.22-pum EH=LE|| T &
Tt vlo|gof| FA5I3AH.

3. Fre

Az 2=H [®Ffluorocholine FAINY] EATE}E Ql5}
of Hat HPo|YERE 1 mLY HAE AFIeIt. el
floto] AA2 M 9 B S |Rk0 = TSI, AR
£&h= 0|2 F2otE T21(ion chromatography) 2t A RS-
=T 20E J21)(radio-thin layer chromatography)= 3
7Fstodtt. ol I =nkE Jejul= ThermoFisher Scientific
Inc.9] Dionex™ Aquion™ %@lo] Eckert & ZieglerAte]
Flow-Count system (FC-2000) Jkslo] E495199ct. 24
2 JonPac CS14 (4 %250 mm; Dionex Corp.) & A& 1L,
o548l 20 mM methanesulfonic acidE AF&51 0.8
mL/min®] 150 % EA6IGIH: ARSI =HHE 1 v]
= TLC Silica gel 60 F254 (part no. 10554; Merck Millipore)
vi=ato] HAE FA%H & =2 392X propionic acid) - ©F
NE - B 335HH (1:3:2, v/v) -2 acetonitrile - 0.9% 234
= S3PN(1:1, v/ v A2 7SS Eckert & Ziegler
ARl AR-20002.% ZAI5I3It. of3E 42 Fisl tsAd
E47|(ORTEC" DigiBASE; AMETEK ORTECQ)S AM&51%]
1, ¥R7lE WARSE77(dose calibrator) CRC*-25PET
(Capintec Inc.) & AREs0] 1027 A RS 745 S ¥
EARESIGI 21 o= 8 2 & A AlH(spot tes) 2=
K2.2. 29 X5 SRIsHI:. X 77181 20123}

www.kjcls.org

A=717F32H Agilent TechnologiesAF2] 7890A 74|22
ohE T ARSI, w48 F2 DB-5 AH(0.53 mm
inner diameter x30 m length, 1 pum; J&W scientific/Agilent
Technologies)& AHESITE. Aol 25X A|4(pH)= pH
Al8A(pH range 0~14; Sigma-Aldrich)2} pH 47|
(S220; Mettler-Toledo)& ARgslo] 274513t AEEAIA]
32 Charles River Laboratories International, Inc.2]
Endosafe® nexgen-PTS V& A}8510] AAI619T, Al ES
W] Z T EARIR] E =7 FAIR LaeilRiBecton, Dickinson
and Company)°l| 213 FAIAS FEsto] 1497t 271+ &
74t H RIte] 4] ofFE ERISISIH

ER

1. Sep—Pak® Silica 7FE2|X| 7401 2
["®Flfluorocholine| gH4-g H3}

AR 32 JlEAEE 283t APATIAE [PH
FCH,Br9] 28 3AE flolo] 4719] silica 7FEHAE A54]
oz 29 T ARESIITH20). SRR & AoflA <k 18.5~
22.2 GBq (500~600 mCi)?] ["*Flfluoride © & Sep-Pak™
Silica 7FEE]A] 4712 AF&3510] 398 42 [®Flfluorocholine
o] HIALSFsHA] 428-2 11.3+1.0% (decay-corrected, N=4)
o]glod, 3719] Sep-Pak® Silica FIEEAE AF8E AL
11.6£0.2% (decay-corrected, N=4)Z Silica 7}E=]A] 37}
S} 47171e] WAl 82 BAIK 0 2 {oJgh R}olE Ho|
Z] QI P>0.05). oo & Ao A= [®Flfluorocholine
o] FA4=& &3} 2 A Sep-Pak” Silica 7FEEAE 37
£ AR8oto] dukg-2 X4tk Figure 3A).

2. DMAE s=0j| M2 ["®F]fluorocholine®| &4 5}

F7ME4 [ *FIFCHBri} §-33H= DMAES] 5o 2
HAGES ERISH| sl A5HA] g2 A4S DMAES}
DMSOE AH&ste] 10%2 314 DMAES AM&-ste] 3
&< oItk 8J4sHA] g2 DMAES AR 3%
["®Flfluorocholine?] BRI} 4=8-2 11.5+0.5% (decay-
corrected, N=4)°0|12™ 10%Z S]4% DMAES AR83H74
£-31.241.6% (decay-corrected, N=4)Z DMAEE 5}45}o]
HhE3 - HARIT 0] FLlsHAl S718HITH(<0.001).
o] DMAES] 5= 10%2 173 & S7H4Q1 HA=E& 3|
A5} AES J3gstItHFigure 3B).



3. ["®FIFluoride Ats 2 2 ["®F]fluorocholine?]
SIMAS 5}

["*FIFluoride®] WARs Yol w}2 48 w3} SRIsh
slo] 928714718 50 pAR TS Z 108, 158, 30
PAE BO-H,000 ZASIEE. 1087 ZALS10] &
26.842.3 GBq (724.8+62.4 mCi)2] [®*FlfluorideZ A}
835to] A8 AL [®Flfluorocholine @] ¥AKSIEHA —’,\—-g
2.27.5+3.7% (decay-corrected, N=20)°]11L, 155
ZAFot] EE3SE26.8+2.3 GBq (943+50.2 mCi)& /\FQ-
g AL WAISIsHA 4-8-2 27.71+3.5% (decay-corrected,

(U8
0 de =
b do

¢

lm
S~

N=10)2 F AYF 79] BA| =82 F7] Zo]7} A 9;3%
tH7>0.05). SHAGE 3087F SRS 2AlSle] TE:

46.5+6.5 GBq (1,257.7+177.0 mC)®] [18F]ﬂuoride—§ A}
85197 [®*FIfluorocholine 33t 4L WAEleHA 480
36.3+7.5% (N=00)= A o2 Fols1A| AR ] &

*%

15 35
_ 0
g2 g &
z z o
- [ [
>0 = 20 B
£ k] g
E 6 E 15 E
< o 7]
3 0 S
g 2 2

3 ° T
& g s &

0 0

x3 x4 100% 10%

50

40

30
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o] Z7}819tH P<0.05) (Figure 3C). [*FIFluorocholine&
Azsl=d] 295 AI7ES & 38.9+3.610] AQF Yt
(N=100).

4, [18F]Fluorocholine9| M|

Z A4 [PFlfluorocholine®] AW 89 oFd
(Buropean pharmacopoeia, monograph number 2793)
9] A]3o]| JAsto] H7IstAtHTable 1). /34 B7HE <ol 5
oko & 74 A] ["*Flfluorocholine FAIHL g1 Erg519 0
o 502k TR otk BARIeH el o2 A=
HHE T 2 578 A 95% oo = SRIE . WA
I=ntE TR HARISHY s S Al E10)| BalEl=
THEA]Q1 27FA] Q] 2024t - opAIE - & EFA(1:3:2,
v/v)Z} acetonitrile - 0.9% A4 H4 234111, v/v)=&
& ARgsto] vl Aat & -§ufo] HES Q1 Kretention
factor) FE2 9F 0.52 AN o1, HIABIsHAG = 99%0]

Figure 3. Effect of (A) number of
Sep—Pak® Silica cartridges, (B) concen-
tration of DMAE, (C) radioactivity of
["®F]fluoride on radiochemical yield of
["®FIfluorocholine. Data were presented
as the mean+standard deviation. Sta—
tistical analysis is performed by Student’s
t test. *£<0.05, **P<0.001.

268 Abbreviation: DMAE, A, A~dimethyla—

349 46.5

Sep-Pak® Silica cartridges DMAE concentration (v/v) ['®F]fluoride activity (GBq) minoethanol.
Table 1. Data summary of the QC for ["®Ffluorocholine
QC test Method Acceptance criteria Result Guideline
Appearance Visual inspection Clear, colorless solution Pass KP, EP
pH pH meter 45~85 6~7 EP
Radionuclidic identity Half-life F-18: 105~115 min 110£3 min EP
Gamma spectroscopy 511, 1,022 KeV 511 KeV
Radiochemical purity Radio-TLC >90% >99% EP
Radionuclidic purity Gamma spectroscopy 511 keV>99.9% >99.9% KP, EP
Chemical purity Spot test Kryptofix2.2.2<50 ug/mL Pass EP
Residual solvents Gas chromatography DMAE<100 ppm <1 ppm KP, EP
Acetonitrile<400 ppm <1 ppm
Ethanol<5,000 ppm <150 ppm
Dimethy! sulfoxide<5,000 ppm <1 ppm
Membrane filter integrity Bubble point test Supor AEF® (Pall Corp.): 46 psi Pass EP
Foreign insoluble matter Visual inspection No particles Pass KP, EP
Bacterial endotoxin Limulus amebocyte lysate test 17.5 EU/Vimax <17.5 EU/mL KP, EP
Sterility Tryptic soy broth at 20~25 No growth observed after 14 days Sterile KP, EP

Fluid thioglycolate medium at 30~35

Abbreviations: QC, quality control; KP, Korean Pharmacopoeia: EP, European Pharmacopoeia; F-18, fluorine-18; TLC, thin—layer chromatography;
DMAE, N, N-dimethylaminoethanol; EU, entotoxin units; ppm, parts per million; Vimax, maximum recommended volume in millilitres.

www.kjcls.org
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319]

o

A At 20 HA AP0 7 K2.2.29 AE 5

£ ZRIRH A} 712311 50 pg/mL PRk = S w ik &l
Aol A HE =LA A 511 KeV 3 1,022 KeV ©]

Q9] mas HEEA Ay, WAEFH7IE FEE
["*FIfluorocholine®] ¥WARs-C & WI71E A&
fluorine-189] ¥7+7] 7182 105~ 115E-& w513t}
57189 =74 Al DMAE 5%+ 100 ppmP|to 2 4
Z%| T acetonitrile> 410 ppmP T2 HEE oM,
oek=2-7 DMSOE 5,000 ppm H[ge & AEE ]t} pH
o] Y71= 918l pH Al A9 pH 4715 AREsto] 74 A
pH 72 712HY (pH 4.5~8.5)5 T30t AEEX1AE
oA [®F]fluorocholine &AFHC] AEEAIL- 175 EU/V 1]
Tto g HESEU0H, FAAIFoA ofugt nldEe] WS
THEE]A] ik

¢

£

A

o

fuak

<t Aol Qlo] 714 wol ARgE= AL oleREL. [°F]
FDGOltt. [*FIFDGE Q1412] Z.8 oA 99l Zrege] 73
% 29 £kA0] Slo| EFA] 7 (hydroxy group)E A&
49 *Ro 2 X[ gt 12 713 Qlo] Aol =gt &
ARt AR 7] whizo]] FRAL THE EYS Bo g 4|
7t o] 21 o HE GAfo = st 4= QIrH21]. shARE
RE AH|7F 2 FF0Iu i, Aol o= A
7] W 2o] [*FIFDGE] ©HES B8t 4= Q= Tl HiAbA] o]
ok o] sjdto] o]2ojx|1 9rt. E3], [®Flfluorocholinee
Al B 19l B10] AE ol 85to] R XEHe 4 9)
=AM CeREC B Bl Tt =2 P U A At
9] Zhof| 2 o] 8=t} [®Flfluorocholine Tl HhH 0.
23S 4 o, I=ErtE T ] SA T HEDX] FE]
O] Ao ZF=]o] Q= TAVY = 7IEHAE Z-81t M
o] = ARSI St} IAVY 242 HPLCSF -FAKRE
YR AREFZ 22, 55 L FAS 5= UAT, HPLCO
H|sl| 27|17} Ao} F7t &7} =11 71HE o] Agstm AREHY
Hol| ZHHsIE 2 WA Q|elEe] 9do] Wo] &-&<th HPLC
£ tefo] S5 Algslo] AlgE B4 9 Bel A sk, v
AMdEdo] 23 Bl HAMIHVIER 15E7] iz
HPLCE ol ARE- Al HAls dA|H| 7120 Wol EAd &=
= o] Sl sRA|T AV =& 7HE 2| X|i= HPLCO] H]
off Bl ATO| S AMGSIEE ATV | EE €Y &
At olof & Aoz VY & THEZAHS 488k

www.kjcls.org

HRAP OoRE 2FEa Aol He5to] [Flfluorocholine
FAIAS ISk S 2ASetalAt SHqit

E Ao -% [®Flfluorocholine &+ 719 ¥k3-8717}
B2 AFEAIIAE ARESle] oA BARES o= §4
SIQATE A HARES: Al T 719] HE8-87 15 ARESh= A0]
71 oA’ e g o) A et 8ok tiF-EL] A3
A= 37O HE-871& ARkelal itk sHARE AV = 7
ERIE AT 735 N2 WS-8 7|9k ARESto & = A
FAERS0] 7Rs51et. [*BFfluorocholine B419] A WA o
Al A ["*Flfluoride aniong A4 X|2RHS(nucleophilic
substitution) 22 dibromomethane®] FAJsto] F7HEA
21 [®*FIFCH,Br< 3Md3813th. #1S 7idke [*Flfluorocholine
9] FAHE [PFIFCH,Bro] I gold BAEE BE4EE
98514 &2 dibromomethane& HPLCE ARES1o] £
A SRR, 2 dAqtolat= AR B3t B 7HR
w0 & ["*FlfluorocholineS $4J817] 915kl 1At
7FE]Z|Q] Sep-Pak” Silica 7FES A S AMR5}9L) 71&
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