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Nghién ciiu ché tao thiét bi tong hop tu dong dudc chat phong xa
E.FDG dung cho PET/CT
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2-fluorine-2-deoxy-d-glucose (*F-FDG) 1a dugc chit phéng xa dwge sir dung cho ki thuit chup hinh cit
16p birc xa positron (Positron Emission Tomography/Computed Tomography - PET/CT). Hinh anh PET/
CT thu dwge cho phép chin doin sé'm cac bénh 1y lién quan dén ung thw, tim mach, than kinh. D& phuc vu
viéc chin doan sé'm cac bénh Iy néu trén, nhém tac gia da tién hanh nghién ciru thiét ké, ché tao module
tong hop tw dong SF-FDG véi cac dic tinh: dé thao lip, hoan toan tw ddng trong ca qua trinh tong hop va
tinh ché; san phiAm cudi cang dat tiéu chuin thudc tiém theo Dwoc dién Anh 2005.

Tir khéa: "F-FDG, module, PET/CT, tong hop tw déng.

Chi 6 phdn loai 2.6

Manufactruring an automated
module of synthesising ®*F-FDG
radiopharmaceutical for PET/CT

Summary

2-fluorine-2-deoxy-d-glucose (*F-FDG)
is a radiopharmaceutical used for
Positron Emission = Tomography/
Computed Tomography - PET/CT
imaging. The obtained PET/CT imaging
helps for early diagnosis of diseases
related to cancer, cardiovascular,
nervous. In this study, the authors
have researched and constructed a full
automatic F-FDG synthesis module
with characteristics as: easy setup,
full automation during synthesis and
purification, and the final product
satisfying the standard of injection
drugs under British Pharmacopoeia
2005.

Keywords: automated module, *F-FDG,
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pat van de

2-fluorine-2-deoxy-d-glucose ('*F-FDG) la duoc chat phong
xa duogc st dung cho k¥ thuat chup hinh cit 16p birc xa positron
(Positron Emission Tomography - PET). Hinh anh PET thu dugc
cho phép chan doan sém cac bénh Iy lién quan dén ung thu, tim
mach, than kinh, gitp ning cao kha ning ctru chita ngudi bénh
[1]. Qua trinh san xuat '*F-FDG bao gém céc giai doan chinh:
chiéu xa bia nudc gidu oxygen-18 bang chum proton da dugc gia
tdc tao ra '*F; tong hop 'SF-FDG tir tién chat Manotriflate; kiém
nghiém duoc chat BF-FDG theo yéu cau cua Duoc dién. Viéc
téng hop '*F-FDG dugc thuc hién béi cic module diéu khién ty
dong. Mdi hang thiét ké, ché tao mot loai module riéng, khac
nhau vé phan cimg va phan mém. Hién tai, & Viét Nam dang
st dung cac module tong hop cua cac hdng nudc ngoai nhu:
Synthera (IBA, Bi), GE MS TraceLab FX (GE, My), Explora
(Siemens Healthcare), Synthera-KIRAMS (Han Qudc). Dé san
xuét thuong quy F-FDG duoc thudn loi, cha dong hon, ching
t6i tién hanh nghién ctru thiét ké, ché tao module tong hop tu
dong '*F-FDG véi cac dic tinh: dé théo lp, hoan toan tu dong
trong ca qua trinh tong hop va tinh ché, hiéu suit cao, san pham
cubi cung dat tiéu chuan thude tiém theo Dugc dién Anh 2005.

Noi dung nghién ciu
Nguyén Iy tong hop *F-FDG bang phwong phdp di nhin
Qué trinh tong hop F-FDG gom 4 budc nhu sau:

Budc 1: ban bia nude gidu oxygen-18 bang chim proton da
duoc gia téc dé tao ra '°F theo phan tng: 8O(p,n)'sF.
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Budc 2: tach '8F khoi nude giau oxygen-18 chua
phan Umg va cac nhan kim loai phong xa khac nho cot
trao doi anion QMA (Quaternary Ammonium Anion).
Tai day, "*F duoc giit lai trén ct, H,"®O va céac cation
di tu do qua cot vao binh thu hoi. Sau do, 8F duoc
rira giai khoi cot QMA bang dung dich acetonitrile +
Kryptopix 2.2.2 + K,CO, va dugc dua vao binh phan
ung.

Budc 3: tong hop SF-FDG dugc thuc hién khi lam
khan héa dung dich chira '*F + H,'®O + Kriptofix 2.2.2
boi sy dun bay hoi acetonitrile va thoi khi He. Sau do
thém tién chat manotriflate va thiy phan nhom acetyl
cuia hop chét trung gian. Trong giai doan nay, nhan '*F
tan cong va thay thé nhom triflate & vi tri carbon s
2 cua manotriflate khong dugc bao vé boi cac nhém
acetyl nhu cac vi tri 1, 3, 4, 6. Lién két este cta céc
nhom acetyl tai cac vi tri ndy dé dang bi bé giy ¢ pH
qua cao hodc qua thap khi sur dung tac nhan thuy phan
la NaOH hoac HCI (hinh 1). Tong hop '8F-FDG theo
phuong phap thé ai nhan tir tién chat manotriflate.

Budc 4: tinh ché SF-FDG 1a khau cudi cing quyét
dinh chat luong cta san pham. Khau nay dugc thyc
hién béi mot day 3 cdt trao ddi anion 12 SCX, alumina
va C-18. Cot thir nhat giit lai NaOH du, cot alumina
giit lai "*F va cot C-18 giit lai san pham chira nhom
acetyl chua thuy phan. SF-FDG tinh khiét hoa hoc >
95% la san pham cudi ciing. Hiéu suat ctia toan bo qua
trinh tong hop dat 55-65%.
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Hinh 1: tong hop "“F-FDG theo phicong phdp thé di nhan tir manotriflate [2]
Module tong hop tu dong *F-FDG

Module téng hop ty dong '*F-FDG duogc trinh bay
¢ hinh 2.
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By tong hop
Hinh 2: so dé khdi thiét bj tong hop tw dong "F-FDG

Theo d6 méy tinh duoc cai dit phan mém lap trinh
bang cong cu Labview diéu khién b tong hop thong
qua chuin truyén thong RS232-COM [3]. B tong
hop bao gém cac mach truyén thong véi may tinh, cac
mach diéu khién cac dong co chip hanh dé dong - mo
céc van, diéu khién cac bom hut chan khong, cac mach
diéu khién va giam sat nhiét d9 ctia qua trinh phan tng,
mach diéu khién cac dong khi He, khi nén. B9 kit dung
trong tong hop 'SF-FDG duoc thiét ké chuyén biét,
thanh pha‘in chu yéu la éng nhua PE, cac van 2, 3 chiéu,
mang loc 0,22 pm va Sep-Pak® Light Accell Plus
QMA cartridge, cot sic ky SCX, ALO,, va C18. BO
kit duoc vo trung va dung mot 1an dé dam bao cho san
pham cudi cing dat céc tiéu chuan cia thude tiém. Cac
hoa chit dung cho tong hop “F-FDG gém: nudc giau
oxy H,"O, tién chat mannose triflate (1,3,4,6-Tetra-
O-acetyl-2-O-trifluoromethanesulfonyl-beta-D-
mannopyranose), Kryptofix® 2.2.2 (aminopolyether),
acetonitrile, ethanol, dung dich sodium bicarbonate,
dung dich NaOH 1N, nudc cét..., tat ca cac hoa chat
déu dat d6 tinh khiét cho sic ky long hiéu ning cao
(HPLC), khi He 999999, H, va khi nén.

Két qua va thao luan

Viéc tong hop F-FDG dugc thue hién trén module
ché tao theo so d6 hinh 4 va diéu khién ty dong theo so

dd thuét toan hinh 3.
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I Thuc hié¢n chu trinh lam khd 1 I

X

I Thuc hién chu trinh tao chat I

trung gian
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I Thyuc hié¢n chu trinh lam khé 2 I

'

Thuc hign chu trinh thiy phan bing
NaOH

'

I Tinh ché I

Hinh 3: luu dé thudt toan diéu khién tong hop tw dong "“F-FDG

Luwu do thugt todn diéu khién module tong hop
BF-FDG

Hinh 3 cho théy, khi bt dau vao hoat dong, hé
thong sé& kiém tra tinh trang cac van, cac van c6 dong
dtng vi tri hay khong. Van déng khong ding s€ thuc
hién kiém tra lai. Van dong dung sé thuc hién cac chu
trinh tiép theo. Céac chu trinh s& thuc hién tudn tu va

trong mt thoi gian nhét dinh.
Qud trinh diéu khién tong hop tw dong *F-FDG

Hinh 4 1 so d6 cau tao module tong hop tu dong
BE-FDG gdm 4 khdi nbi tiép, thuc hién 6 budc theo
thuat toan diéu khién qua trinh tong hop.

Bude 1: thuc hién chu trinh tach ion *F-

8F dugc tao thanh tir phan tng '8O(p,n)"*F s€ dugc
day vao binh chira "F-H,0. Dung dich nay dugc day
qua cot QMA khi: cac van V1, V2 dong; van VB1 noi
thong vi tri 1 v6i 3; van VB2 ndi thong vi tri 1 véi 2;
van VB3 nbi théng vi tri 2 véi 3; van VB4 ndi thong
vi tri 1 véi 2; van V3, V4 mo. Dong khi He dugc dua
qua van V2 d¢ day dung dich trong binh chira "F-H,0,
ddng thoi bom hit chan khong 1 va 2 duoc bat dé tao
ra dong di qua ct QMA. Nudc giau oxygen-18 sau
khi qua ct QMA sé duoc chira ¢ lo thu hdi. Rira giai
ion "F tir c6t QMA dua vao binh phan tng khi: cac
van V1, V2 déng, bom hut chan khong 1 va 2 dugc tat;
van VBI1 ndi thong vi tri 2 voi 3; van VB2 ndi thong vi
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tri 1 v6i 2; van VB3 nbi thong vi tri 2 véi 3; van VB4
ndi thong vi tri 1 voi 3; van VBS ndi thong vi tri 1
v6i 2; van V5 duge mé dé dong khi He ddy dung dich
kryptofix di vaio QMA t&i binh phan ung, dong thoi
bom hit chan khong 3 va 4 tai binh phan ting duoc bat
dé can bang 4p sut trong binh phan tng.
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Hinh 4: so dé cdu tao thiét bj téng hop tw dong "F-FDG

Buoc 2: thiee hién chu trinh lam khan hoa 1

Bat bép ddt néng binh phan tng, duy tri nhiét do
khoang 95+0,5°C. Suc khi He vao binh phan ting bang
cach mé van V9, van VB13 ndi thong vi tri 1 véi 2,
van VB12 ndi thong vi tri 2 v6i 3; van V11 va V12 mo,
ddng thoi bat bom hit khi. Thoi gian cua bude nay 1a
12+0,1 pht.

Bude 3: thuc hién chu trinh tao chdt trung gian
bang phan img thé di nhan

Tao chat trung gian bang cach cho dung dich
mannose triflate vao binh phan tng. Van V6 m¢, van
VB6 ndi thong vi tri 2 véi 3, van VB7 ndi thong vi tri
1 v6i 2 dé dong khi He day dung dich vao binh phan
g, ddng thoi bat bom hut chan khong 3 va 4, mé cac
van V11 va V12. Sau khi dung dich di vao hét binh
phan tmg van V6 déng, VB6, VB7 dong vé vi tri cach
ly v6i binh phan Gng. Binh phan ting dugc duy tri nhiét
d6 khoang 85+0,5°C. Thoi gian cta budc nay khoang
3+0,1 phut.

Buwoc 4: thwe hién chu trinh lam khan hoa 2

Tién hanh suc khi He qua van V9 mé, van VB12
ndi thong vi tri 2 voi 3, van VB13 ndi thong vi tri 1 voi
2, van V11 va V12 mo, dé)ng thoi bat bom hit chan
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khong 3 va 4. Nhiét d6 binh phan Gng dugc duy tri
khoang 75+0,5°C. Thoi gian can cho budc nay khoang
540,1 phut.

BuGc 5: thwe hién chu trinh thity phan bang NaOH

Cho dung dich NaOH vao binh phan tmg bang cach
mo van V7, V11 va ddy dung dich bang khi He. Khi
dung dich di vao binh phan tmg van V7, van VB8 ndi
thong vi tri 2 véi 3, van VB9 ndi thong vi tri 1 véi
2, van V11 va V12 mo, dé)ng thoi bat bom hut chan
khong 3 va 4. Mg van V9, van VB12 nbi thong vi tri
2 va 3, van VB13 ndi thong vi tri 1 va 2 dé suc khi
He tron déu dung dich. Nhiét do duy tri tai binh phan
ung khoang 50+0,5°C. Thoi gian cua budc nay khoang
4+0,1 phat.

Bucoc 6: tinh ché san pham cuoi cung

Day 1a budc liy san pham 'SF-FDG tir binh phan
ung. Mo van V8, van VB10 ndi thong vi tri 2 voi 3,
van VB11 ndi thong vi tri 1 v6i 2 dé dong khi He day
nudc tinh khiét vao binh phan (mg, dong thoi bat bom
hut chan khong 3 va 4. Khi nude tinh khiét da vao hét
trong binh phan tng thi dong van V8, van VBI1 va
VB12 chuyén vé vi tri cich ly voi binh phan tng, tat
bom hut chan khong 3 va 4. Sau do, van VB12 md
ndi thong vi tri 2 véi 3, van VB13 mo ndi thong vi tri
1 v6i 3. Van V10 m¢ cho dong khi He vao binh phan
g dé day dung dich trong binh phan tmg qua céc cot
tinh ché. San pham sau khi di qua cac cot tinh ché 1a
8F-FDG tinh khiét.

Dic tinh ciia thiét bi va chit lugng sin phim
BF-FDG

Module nay di dugc thir nghiém va cho két qua 6n
dinh nhu sau: tong thoi gian tong hop 28+0,1 phut;
hidu suit tong hop 55+5%. San pham F-FDG dugc
kiém nghiém thoa man yéu cau cia Dugc dién Anh
2005 nhu sau:

Do tinh khiét hoa phong xa dugc thuc hién trén
HPLC, peak chinh trén phd phong xa cia mau '*F-FDG
c6 thoi gian luu tuong tng v6i SF-FDG chuén va ¢
hoat 6 phong xa chiém 97,2% lién quan t&i dinh 'SF.
Do tinh khiét hat nhan duoc do trén phé ké gamma.
Thoi gian ban ra dugc do bang may Curimentor 4, két
qua trung binh trén mau 1a 108,7 phut, cac tiéu chi nay
déu dat yéu cAu theo tiéu chuin ctia Dugc dién Anh
2005.
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Bang 1: két qua kiém nghiém mau "“F-FDG

Test Tiéu chuén ciia Két qué trung
Duygc dién Anh 2005 binh
, Dung dich trong suét, | Dung dich trong
Cam quan khong mau sudt, khong mau
pH 58,5 7,540,5
Nhan dién hat nhan 511 keV va ¢ thé
phong xa 1022 keV 51145 keV
?ao tinh khiét hoa phong > 95.0% 97.240.6%
D9 tinh khiét nhan phong
xa(T,,)? 105115 108,7+ 0,9 phut
Do’tmh kinet nhan > 959 >08.3%
phong xa
g vo khuan V4 khuan V4 khudn
Kryptofix 222 Am tinh Am tinh
Du lugng dung moi 0
cthanol du < 5 mg/ml 0,685 mg/ml+ 5%
Két luan

Module tong hop tu dong *F-FDG duoc thiét ké,
ché tao dya trén nguyén ly téng hop F-FDG theo
phuong phap ai nhan. Module bao gém phin mém
duogc lap trinh bang cong cu Labview diéu khién phan
cling qua chuan truyén thong RS232-COM. Phan cimg
gém hop module chita bo mach diéu khién truyén
thong, dong co, nhiét d6 va khi nén. BJ kit dugc thiét
ké 1 hang gdm cac phan tir ndi tiép nhau, thyc hién 1an
lugt cac 1énh diéu khién qua trinh tong hop '*F-FDG.
Két qua thyc nghiém chi ra rang, module d& lap dat,
thao tac, hoat dong on dinh; cac 1énh diéu khién dong
long, khi nén, nhiét 36 duoc thyc hién chinh xac. Sai
s6 diéu khién nhiét do 1a +0,5°C; sai s6 thoi gian luu 1a
+0,1 phit; thoi gian tong hgp 1 mé SF-FDG 1a 28+0,1
phut; hidu suat tong hop 55+5% da can chinh ban ra.
San pham "SF-FDG dat cac tiéu chuin kiém nghiém
ctia Dugc dién Anh 2005.
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