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Tém tit: Dugc chit phong xa 18F FluoromethylCholine (**F- FCH) st dung trong chup xa hinh
PET/CT chan doan ung thu tuyén tlen liét(TTL) va ung thu biéu mé té bao gan(HCC). San Xudt
"E-FCH dugc thyc hién trén may tong hO’p tu dong. Nghién ctru nay gioi thiéu may tong hop tu
dong duoc thiét k&, ché tao dé san xuit '*F- FCH. May bao gom phan mém lap trinh bang cong cu
Labview diéu khién phan cing qua chuan truyén thong RS232-COM. Phan cting gdm hop may
chtra bo mach diéu khién truyen thong, 15 dong co, cam bién nhiét do, 1 bom chén khong va diéu
khién khi nén. Bo kit duoc thiét ké 1 hang gdbm 15 van ba chiéu két ndi v6i binh phan ung thuc
hién 1an lugt cac 1énh diéu khién cac budc tong hop "*F-FCH, Két qua thuc nghiém chi ra rang:
May dé lap dat, thao tac, hoat dong on dinh, cac 1énh diéu khién luan chuyén dong long, khi nen,
nhiét d6 dugc thuc hién chinh xac.Thir nghiém téng hop '°F- FCH tai Trung tdm M4y gia tbe
30MeV, BV108 khang dinh rang: Sai s6 diéu khién nhiét do 1a £0,5°C; sai s6 thoi gian luu la: 0,1
phut; sai s6 thé tich 1ong, khi la+1ml. Thoi gian tong hop 1 mé SE_FCH 12 40 + 2 phut; hiéu sudt
tong hop chua can chinh phan ra: 21.4+ 0.2 %. D¢ tinh khiét hoa phong xa >95% dat yéu cau cua
dugc dién chau Au 2017.
Tir khéa: May tong hop tw déng, "*F-FCH, PET/CT, TTL, HCC.
Abstract: "*F-Fluoromethylcholine ('*F-FCH) Pharmaceuticals is used in PET/CT scans to
diagnose prostate cancer and hepatocellular carcinoma. '"F-FCH Production is performed on
automatic synthesizer. This study introduces automatic synthesizer designed and manufactured to
produce "*F-FCH. The synthesizer includes programming software using Labview tool to control
hardware through RS232-COM communication standard. The hardware consists of a machine box
containing communication control circuit board, 15 motors, temperature sensor, 1 vacuum pump
and pneumatic controller. Integrated processor kit is designed with 1 row of 15 three-way valves
connected to the reactor to perform commands controlling the 'F-FCH synthesis process.
Experimental results show that: The synthesizer is easy installing, operating and stable in run;
commands controlling liquid flow, compressed air and temperature are performed accuracy. Test
for '"F-FCH synthesis using this synthesizer at 30MeV cyclotron centre, 108 Hospital has
confirmed that Errors of temperature control is of 0.5°C; errors of retention time control is of 0.1
min; errors of liquid and gas volume control are of + 1ml; total time of the synthesis of a '*F-FCH
batch is 40 + 2 min; synthesis yield is 21.4+ 0.2% with no decay correction and radiochemical
purity is more than 95% that meet the requirements of European Pharmacopoeia 2017.
Key words: Automated synthesizer, '’F-FCH, PET/CT, Prostate cancer, hepatocellular carcinoma

1. MO DAU

Choline 12 mot chét kiém ammoni béc 4 thugc nhém vitamin B. Choline la tién chat
dé tong hop Phospholipids thanh phan ciia mang té bao. Cholin di vao hau hét cac té bao
nhd cac chat van chuyén Sodium doc 1ap 4i luc riéng thap. Bén trong té bao Choline bi
phosphoryl hod, acetyl ho4 hodc oxy hoa. Qua trinh phosphoryl ho4d Choline dugc xuc tac
boi enzyme Kinaza choline tao ra Phosphorylcholine. Phosphorylcholine dong vai tro nhu
mét kho dy trit Choline bén trong té bao va dugc chuyén hoa t1ep tao ra Lecithin 12 mét
Phospholipids chinh cua tat ca cac mang. Choline ciing 1a tién chat dé tong hop chit din
truyen than kinh Acetylcholine. Ngoai ra con duong chuyén hoa ciia Choline ciing bao
gom sy oxy hoa thanh Betaine Aldhyde roi thanh Betaine trong mau, gan va than [1]. Nhu
vay su hdp thu Choline s& phan 4nh hoat dong ting truéng nhanh ctia qué trinh tong hop
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lipid mang. Té bao khdi u voi tbe do phat trién nhanh s& hip thu cao ddi voi Choline dé
duy tri doi hoi dang tang 1én cho viéc tong hop Phospholipids [1].

Nam 1997, ''C-Choline dugc gi61 thiéu nhu 1a mot duge chat phong xa PET tiém
nang cho hién hinh ung thu néo va tuyén tién liét [2, 3]. Vi Carbon-11 c6 thoi glan ban huy
chi 1a 20 phut va bi oxy hoa rit nhanh trong co thé song nén viéc su dung "C-Choline
trong thuc tién 14m sang bi han ché. Do d6 cac dan suit cia Choline danh déu Fluorine-18
nhu 13 '*F- -FluoromethylCholine ("*F-FCH) va '*F-F luoroethylcholin ("*F-FECH) da duoc
nghién ctru tong hop va tmg dung thanh cong trong thuc tién 1am sang [4,5,6,7]. Do nhay
va do dic hiéu cua '*F-FCH dugc danh gia la cao hon so voi BE_FDG trong xa hinh
PET/CT chan d6an ung thu tuyén tién liét (TTL) va ung thu biéu moé té bao ‘gan (HCC) [8]

Do thoi gian ban ra cta Fluorine-18 chi la 110 phut vi vay duoc chét phong xa '*F-
FCH khong thé nhap khau, khong thé van truyén di xa, chi ¢6 han st dung trong khoang
thoi gian 10 gio. Vi vy lua chon duy nhat dé ¢ dugc chét nay 1a tu san xut trong nudc.

Tinh dén 5/2019, Viét nam c6 4 trung tdm may gia toc vong dang san xuat duoc
chat phong xa '*F-FDG nhung khong trung tam nao san xuat "F-FCH vi khong c6 may
téng hop tu dong Do d6 dugc chat phong xa "SE_.FCH van chua duoc san Xuat tai Viét
Nam. Bai nay gi6i thiéu nghién ctru thiét ké, ché tao mdy tong hop tu dong duoc chat
phong xa BE_FCH dung cho PET/CT chan doan bénh; dic biét 1a bénh ung thu TTL va
HCC.

2. NOI DUNG
2.1. Poi twgng va Phuong phap nghién ciru
- Boz twong: Thiét ké, ché tao may tong hop tw dong duoc chat phong xa '*F-FCH
gdm phan cimg va phan mém diéu khién
- Phuong phap:
Nguyén 1y téng hop '*F-FCH nhu sau [4,5,6,7]: 3
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Dibromomethane(1) duoc flo hoa dé tao ra Fluorobromomethane FBR(2) n6 phan tng

v6i tién chat Dimethylethanolamin DMEA(4) tao ra '*F-FCH [5,6,7]. Trong phuong

phap B, FBR dugc chuyén hoa thanh Fluoromethyl Triflate FMT(3) n phan tmg véi

tién chat DMEA(4) tao ra '*F-FCH [4].

Diéu khién ty dong qua trinh tong hop "*F-FCH gdm 8 budc sau:

1. Hép thu Fluorine-18 vao QMA, thu hdi nudc giau Oxygen-18 chua phan ting

2. DPay dung dich Kriptofix K222 qua c6t QMA vio binh phan tmg, Day Fluorine-18
+ K222 + Acetonitrile + nudc giau vao binh phan tng.

3. Nang nhié¢t binh phan ung dén nhiét do 1 IOOC, gitr 3 phut dé lam khan Fluorine-18,
th6i khi He vao binh phan tng dudi K222, Acetonitrile, nudc gidu

4. Lam ngudi binh phan tng xudng 95°C, 6 dung dich CH,Br, — Dibromomethane
vao binh phan tmg; thuc hién phan tng : Fluorine-18 + CH,Br, = "*F-FCH,Br
(dang khi), gilt 5 phut



5. Lam lanh binh phan tmg xuéng 40°C, ddy khi He 30ml/phiit vao binh phan tmg dé
thdi '"*F-FCH,Br (dang khi) qua 6 cot: INhom + 3Silica nbi tiép nhau + 1
C18+1CM - vao binh thai, trong 11 phut
Pay 10 ml Ethanol qua c6t C18 + CM vao binh thai
Pay 10ml nudc cit qua cot C18 + CM vao binh thai
Béy 5ml nude mudi 0.9% qua cdt CM, qua loc 0,22um vao binh san phérn
- Nguyén vat liéu, hoa chat, thiét bi:
Hoba chit chuin: Choline chloride, 99% (Merck); N,N-Dimethylethanolamine
DMEA, 99,5%(Merck); Dibromomethane ,99% (Merck); Acetonitrile, 99.8%; Ethanol,
GC standard. Naphthalene-2-sulfonic acid va Phosphoric acid do sach HPLC., cot
Inertil ODS-2 6X250mm, Sum Particle size, GL Sciences; Nudc giau Oxygen-18, 98%
(Roten); APS Kit8 (Bioscan); Reagent Kits va Ancillaries Set dung cho '*F-FCH(IBA)
Thiét bi: Sic ki long cao ap HPLC 1200 Agilent; 30MeV Cyclotron, IBA;
Hotcell, Comecer; Dispensing system, Staubli.
2.2. Két qua
- Thiét ké, ché tao hé théng may tdng hop tw dong '*F-FCH
H¢ thong may tong hop tu dong dugc chét phong xa '*F-FCH gdm 3 b phan mé ta trong
Hinh 1.
- May tinh dugc cai dit phan mém 1ap trinh bang Labview diéu khién may tong hop
thong qua chuéan truyén théng RS232-COM.
- May tong hop bao gdm cac mach truyén thong véi may tinh, cac mach diéu khién
15 dong co déng- mé 15 van ba cira ; diéu khién bom hat chan khong; cac mach
didu khién va giam sat nhiét d6 clia qua trinh phan ing, mach diéu khién luu lugng
khi Helium, va mach ghi do phéng xa.
- Kit téng hop BE_FCH sur dung 1 lan duoc thiét ké, ché tao chuyén biét, thanh phén
chu yéu 1a 3 bd APS-Kit8 (Bioscan); 1 bd Reagent Kits va Ancillaries Set ding cho
SE_-FCH(IBA).
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Hinh 1. So' db khéi ciia may téng hop tuw dong '*F-FCH
- Diéu khién tw dpng qud trinh téng hop "*F-FCH
Qué trinh tong hop °F-FCH duoc thuc hién qua 8 budc (bang 1) trén may diéu khién tu
dong ché tao theo so do hinh 2.
- Budc (Bl): Hap thu Fluorine-18 1én c6t OMA, thu hoi nude gidu Oxygen-18 chura
phan ung:



Fluorine-18 dugc tao thanh tir phan tng '*O(p,n)'F khi bin bia(target) 2ml nuéc gidu
Oxygen-18 boi dong Proton ¢6 ning lugng 18MeV, mat d6 dong 30-40pA. Qué trinh bin
bia két thuc(End Of Bombard-EOB) Fluorine-18 duoc ddy vao binh chira tam giac. Dung
dich nay duoc day qua cot QMA vao binh thu hdi khi van V1 thong cira 1-3; V2 thong cira
1-2; V3 théng cira 2-3; V4, V5 thong ctra 1-3 va V19 mo thong voi bom tao ap sudt 4m
trong binh thu hdi(Bang 1). Ion 4m Fluorine-18 bi hip thu trén cot trao ddi anion ammoni
bac 4 (quaternary methyl ammonium — QMA); cac ion duong va nudc giau Oxygen-18 di
qua QMA vao binh thu hoi.

- B2: Ria gidi Fluorine-18 tir c6t OMA chuyén vao binh phan iing
Dung dich rira giai Fluorine-18 1a Kriptofix K222 pha trong Acetonitrile; dugc day qua cot
QMA nho dong luc 4p suit &m trong binh phan tmg khi mé van V17 thong véi bom chan
khong. Van V1 thong ctr 2-3, V2 thong cua 1-2, V3 thong cua 2-3,va V4 thong cura 1-2
(Bang 1). Két thac B2, dung dich chtra Fluorine-18, Kriptofix K222, Acetonitrile va mot it
nuéce giau Oxygen-18 dugc chuyén vao binh phan tng. Vi Fluorine c¢6 d6 am dién 16n nén
su c6 mat cua nude s€ lam giam d¢ linh dong cua ion Fluorine-18 dan dén giam hi¢u suét
flo hoa Dibromomethane va hé qua 1a giam hiéu suat tong hop '*F-FCH.
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Hinh 2. So' d6 nguyén Iy may tong hop tw dong BF.FCH

Bing 1. Ma trin diéu khién van

Van 1 2 3 4 5 6 (7 8 |9 |10 11 |12 13 |14 15|16 |17 |18 |19

B1 13 12 23 13 13 13 |13 |13 |13 |13 {13 |13 |13 |13 |13 |OFF |OFF |OFF |ON
B2 23 112 23 12 13 |13 |13 13 |13 |13 |13 13 |13 13 13 OFF ON |OFF OFF
B3 23 112 23 12 13 |13 13 13 |13 |13 |13 13 |13 13 13 ON |OFF |ON |OFF

B4 23 |12 23 |23 12 |13 |13 |13 |13 |13 |13 |13 |13 |13 13 |OFF |ON |OFF OFF



BS 123 |12 |23 |23 12 |12 |23 |13 |12 |13 23 |13 |12 23 {13 |ON |OFF |ON OFF

B6 23 |12 |23 |23 |12 |12 |23 23 |12 |13 |23 |13 |12 23 |13 |ON |OFF |OFF OFF

B7 23 12 |23 |23 12 |12 |23 23 |23 |12 23 |13 |12 23 13 |ON |OFF |OFF OFF

B8 123 |12 |23 123 |12 |12 |23 23 |23 |12 23 23 |12 |23 |12 |OFF |OFF |OFF OFF

Mit khac Kriptofix giy ngimg thd va co giat. Vi vAy can phai tach dudi hét nudc va
Kriptofix trong binh phan ung.
- B3: lam khan Fluorine-18 trong binh phan irng & nhiét @é 110°C trong 3 phiit; khi
mang Helium, 30ml/phut
Nang nhi¢t do binh phan ng 1én 110°C dé dam bao nude, Kriptofix, Acetonitrile bi bay
hoi va bi diy ra khoi binh phan Gng va lam khan Fluorine-18 khi: Théi khi Helium
30ml/phit qua van V18 vao binh phan Gmg. V16 mé tao ap suit 4m trong binh thu hdi va
céc van tir V6 dén V15 ndi thong ctra 1-3. Qua trinh 1am khan kéo dai trong 3 phut.
Tuong tu nhu cac budec B1-B3, diéu khién thuc hién cac budc B4 — B8 bé“mg viéc dong-mé
cac van 3 chiéu duoc néu trong bang 1. San phim cudi cing 1a 5ml dung dich "*F-FCH thu
dugc tir viée rira giai cot CM bang 5ml nuée mudi sinh 1y 0.09% NaCl qua mang loc
0,22um vao binh san pham.
- Kiém nghiém "*F-FCH: San pham cudi cting dugc chia liéu va kiém nghiém trén
HPLC 1200 (Agilent) stir dung cot Inertil ODS-2 6 X 250mm, Sum Particle size (GL
Sciences). Dung dich pha dong c6 thanh phan 0,001 M Naphthalene-2-sulfonic acid + 0,05
M Phosphoric acid trong nuéc. Tdc d6 dong 1ml/phut. Thoi gian luu cua Choline chloride
chuén 1a 12.8+1.2phut; cia DMEA chuén 1a 12.4+1.2phat. Hinh 3 1a phd sic ki ctia mau
san pham tong hop ty dong

F-18Choline
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Hinh 3. Phé sic ky HPLC ciia duwgc chit phéng xa '*F-FCH
2.3.Ban lugn
- Pic tinh ciia may tong hop tw dong



Qua nhiéu lan thir nghiém khong phong xa (n=18), cac dac tinh cua may dugce khing dinh
nhu sau: Hoat dong 6n dinh, khong bi dung, treo bét ngd; Thuc hién dang 100% cac lénh
dong - md cac van; cac 1énh diéu nhiét, diéu ap va luu luong khi nén. Sai 6 diéu khién the
tich dong long: + 0,1ml; dong khi: + 1ml; nhiét d: + 0.5 OC va sai sb thoi gian luu m01
bugc: + 0,1phat. Thu nghiém (n=2) tong hop BEECH két qua nhu sau: Thoi gian tong
hop: 40 + 2 phat; Hiu suét téng hop chua can chinh: 21.4+ 0.2 %. San phidm '"*F-FCH
duoc dinh danh biang két qua phan tich trén HPLC 1200 (Agilent)
- Chét hrong san pham BE.FCH

Hinh 3 chi ra phé HPLC cta mau téng hop chi co 1 dinh véi dién tich >95% tong
phd va thoi gian luu 1 tir 13 — 15 phit tring v6i thoi gian luu cia Choline chloride chuén.
Diéu d6 khing dinh ring san phdm tdng hop tu dong thu duoc 1a "*F-FCH c¢6 d6 sach hoa
phong xa >95%. Pat chi tiéu chat lugng vé do tinh khiét hoa phong xa theo yéu ciu cua
duoc dién Eur.Ph.2017.

Két qua tong hop dugc chit phong xa néu trong nghién ctru ndy chi 14 thir nghiém
bude diu nham muc dich khéng dinh may dugc thiét ké, ché tao theo so dd hinh 2 va diéu
khién qua trinh tong hop tu dong theo ma tran bang 1 cho san pham cudi cung 14 duoc chat
phong xa '®F-FCH. Hiéu suét tong hop va chat luong san phim s& tt nhit khi cac nghién
ctru vé tbi wu hoa quy trinh téng hop tu dong duogc chat phong xa '*F-FCH duoc tién hanh.

3. KET LUAN

Duoc chit phong xa 18F—Fluoromethleholine (ISF—FCH) su dung trong chup xa
hinh PET/CT chan déan ung thu tuyén tién liét (TTL) va ung thu biéu mé té bao gan
(HCC). Vi ddng vi phong xa Fluorine-18 ¢6 thdi gian ban rd 1a 110 phit nén '*F-FCH chi
6 han st dung trong 10 gio; khong thé nhap khéu chi 6 lva tron duy nhat 13 ty san Xuét
trong nudc. Nghién ctru thiét ké, ché tao may téng hop tu dong nham muc dich san xuat
duogc chit phong xa '*F-FCH dép tng nhu cdu nghién ctru va chan doan bénh, trg gitp cac
bac si y hoc hat nhan c6 thém cong cu c6 do nhay va do dac hi¢u cao trong chan bénh ung
thu TTL va HCC.

May tong hop tu dong duoc thiét ké, ché tao dé thyc hién san xuit '*F-FCH theo 8
bugc. May bao gém phan mém 14p trinh bang cong cu Labview diéu khién phan cing qua
chuan truyén thong RS232-COM. Phan cimg gdm hop may chua bo mach diéu khién
truyen thong, dong co, nhiét d§ va khi nén. Bg kit duoc thiét ké 1 hang gdm 15 van ba
chleu va cac phan tir ndi tiép nhau, thyc ‘hién lan luot cac 1énh diéu khién 8 budc tong hop

F_-FCH, Két qua thyc nghiém chi ra ring: May dé lip dit, thao tac, hoat dong 6n dinh,
cac 1énh didu khién luan chuyén dong long, khi nén, nhiét 46 dugc thuc hién chinh xé4c. Sai
s6 didu khién nhiét d6 1a £0,5°C; sai s6 thoi gian luu 1a: £0,1 phut; sai sé thé tich 1ong, khi
la£1ml. Thoi gian téng hop 1 mé ""F-FCH 1a 40 + 2 phut; hiéu suat tong hop chua cin
chinh phén r 1a: :21.4+0.2%. San pham '"*F-FCH dugc dinh danh bang phd sic ky HPLC
1200 c6 thoi gian luu 12.8+1.2 phat trung véi thoi gian luu ctia chit chuan Choline
chloride; c6 d6 tinh khiét hoa phong xa >95% dat chi tiéu yéu cau cua duoc dién Eur.Ph.
2017.

Loi cam on: Nhom nghién ciu xin bay to loi cam on chdn thanh nhdt t6i Ban Chii nhiém
Chuong trinh KC05/16-20 va loi cam on ddc biét toi Giam doc bénh vién 108 da tro giup

rdt hiéu qua dé chiing t6i hoan thanh nghién ciru nay.

Tai liéu tham khao



Shankar  Vallabhajosula  “'®F-Labeled Positron Emission Tomographic
Radiopharmaceuticals in Oncology: An Overview of Radiochemistry and
Mechanisms of Tumor Localization”. Seminars in Nuclear Medicine Volume 37,
Issue 6, November 2007, Pages 400-419

. Hara, T., Kosaka, N., Shinoura, N., Kondo, T., 1997. “PET imaging of brain tumor
with [methyl—11C] choline”. J. Nucl. Med. 38 (6), 842847

. Krause, B.J., Souvatzoglou, M., Herrmann, K., Weber, A.W., Schuster, T., Buck,
A K. Nawroth, R., Weirich, G., Treiber, U., Wester, H.J., 2010. “[11C]Choline as
pharmacodynamic marker for therapy response assessment in a prostate cancer
xenograft model”. Eur. J. Nucl. Med Mol. Imaging 37 (10), 1861-1868.

. R, Iwata et al. / “[18F]Fluoromethyl triflate, a novel and reactive
[18F]fluoromethylating agent: preparation and application to the on-column
preparation of [18F]fluoroCholine” Applied Radiation and Isotopes 57 (2002)
347-352

. X. Shao et al. “Highlighting the versatility of the tracerlab synthesis modules. Part
1: fully automated production of [I8F]labelled radiopharmaceuticals using a
Tracerlab FXFN”. J. Label Compd. Radiopharm 2011, 54 292-307

. Alessandro Sperandeo et all. “Automated synthesis of [18F]fluoroCholine using a
modified GE TracerLab module”. Journal of Diagnostic Imaging in Therapy.
2014, 1(1): 49-58

. Y.-Y. Huang et al. “High yield one-pot production of [18F]FCH via a modified
TRACERIab FxFN module”; Applied Radiation and Isotopes 128 (2017) 190—
198

. Talbot, J.N., Fartoux, L., Balogova, S., Nataf, V., Kerrou, K., Gutman, F., Huchet,
V., Ancel, D., Grange, J.D., Rosmorduc, O., 2010. “Detection of hepatocellular
carcinoma with PET/CT: a prospective comparison of 18F-fluorocholine and 18F-
FDG in patients with cirrhosis or chronic liver disease”. J. Nucl. Med. 51 (11),
1699-1706.


http://www.sciencedirect.com/science/journal/00012998
http://www.sciencedirect.com/science/journal/00012998/37/6
http://www.sciencedirect.com/science/journal/00012998/37/6

