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Tém tit: Muc dich cua nghién ctu nay la ché tao module téng hop BF-NaF va diéu ché dugc
chét phong xa F_NaF tai Trung tdm Chiéu xa Ha Noi. Dung dich nué¢c chira déng vi phong xa
Fluorine -18 tir may gia tbc KOTRONS 13 dugc cho di qua cot trao d6i cation CM dé loai bo
tap chat. Déng vi Fluorine -18 bi bét giir trén cot trao d6i anion QMA. San phérn E-NaF duoc
tao ra bang cach sir dung dung dich nuéc mubi dang truong 0,9% gidi hap Fluorine -18.
Module téng hop duoc noi dia hoa (phan ctng, phan mém diéu khién,...) tai Trung tim Chiéu
xa Ha Noi. Thoi gian tong hop khoang 13 phiit, higu suat tong hop dat khoang 90%. Chét lugng
san pham dat d6 tinh khiét hat nhan > 99,5% va do tinh khiét hoa phong xa > 95% theo tiéu

chuan duoc dién My (USP).
Tir khéa: '®F-NaF, KOTRON13, méay gia téc Cyclotron, Duoc chat phong xa, Module tong
hop.

1. MO PAU

Dugc chét phéng xa (DCPX) '®F-NaF duoc chip nhan béi Cuc Quan 1y Thyuc phim,
Duoc pham Hoa Ky (FDA) tir nam 1972 nhu la thuoc xa hinh xuong dé xac dinh cac khu vuc
thay 601 hoat chit Osteogen (m6 sun hay mod mém, cudi cing s& héa xuong trong qua trinh
phat trién xuong), cac vi tri ton thuong ¢ xuong dic biét 1a ung thu xuong va ung thu di can
vao xuong [1,2,3,4]. Cac nghién ctru 14m sang da chi ra rang chup hinh '"*F-NaF/PET hoic
PET/CT c6 kha niing hd trg trong quéan 1y, chim séc bénh nhan ung thu - di cin xuwong. Cho
dén nay, DCPX '""F-NaF di duoc FDA chép thuén 13 hiéu qua va an toan trong linh vuc xéac
dinh di cin xuong va dugc san xuét, phan phdi dé sir dung 1am sang trén nguoi véi lidu ding
theo tiéu chuin dwoc pham[5]. Nhu cau st dung ciing dang ting 1én hang nim trén thé
2i61[6].

Hién nay, hai DCPX la P9MTe MDP va '®F-NaF déu da dugc st dung trong chup xa
hinh xuong bang Gamma camera (SPECT) va PET/CT. DCPX #me-MDP dugc st dung hau
hét & cac khoa y hoc hat nhan do tinh sin c6 clia cac may phat xa (Generator) tao Tc-99m,
chét mang MDP va cac co s& y hoc hat nhan déu co6 SPECT. Chuyp xa hinh xuong toan than
sir dung ™ Tc-MDP 14 mét trong nhirng k¥ thuét phd bién trong y hoc hat nhan & nhiéu nudc
trén thé gidi ciing nhu & Viét Nam. Tuy nhién, khi so sanh xa hinh xwong bang *Tc-MDP
v6i '®F-NaF cho thay hinh anh '"*F-NaF-PET/CT c6 d6 tuong phan, d6 phan giai cao hon, d&
dang xac dinh chinh xac vi tri ton thuong trén CT voi ca ton thuong lanh tinh va 4c tinh, trg
gitp hiru hiéu hon cho danh gia dap ung véi didu tri[7]. Ngoai ra, DCPX '®F-NaF c¢6 nhiéu
ru diém hon *™Tc-MDP nhu chu ky ban ri ngén hon (Ty, cia *F-NaF 1a 109,8 phut) lidu
tiém/ 1 bénh nhan/l 1an chup it hon ( 5-10 mCi/1 bénh nhén) trong khi d6 chu ky ban ri
#MTe-MDP 1 6 gid, liéu tiém 25-50 mCi, do vay thoi gian bai trir ra ngoai co thé ctia Te-99m
s€ lau hon; thoi gian bénh nhan cho doi tir khi tiém DCPX toi1 thot diém ghi hinh va thoi gian
chup hinh dugc rat ngin (d6i véi '*F-NaF thoi gian doi chi khoang 1 gid va thoi gian ghi hinh
khoang 25 phut trong khi dbi véi *™Tc-MDP thoi gian doi tir 2 dén 4 gio va thoi gian ghi
hinh 60 phut).
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Trong nhitng nam gan day, thé gioi dang dung trude nguy co thiéu hut ngudn Tc-99m
do nhiéu 10 hat nhan dang chuan bj dimg hoat dong (chi mot sé it 10 phan tng hat nhan trén
thé gidi c6 thé san xuat dugc Tc-99m)[8]. Bén canh do, dong vi Fluorine -18 ¢6 thoi gian ban
huy 109,8 phut dugc san xuat thuong quy bang cac may gia toc Cyclotron. Tinh dén thoi
diém hién tai ndm 2019, Viét Nam c6 7 may gia téc Cyclotron: 3 may tai Ha Noi, 1 may tai
DPa Nang, 1 may dang lap dit tai Kién Giang va 2 may tai TP. H6 Chi Minh va 16 may
PET/CT. Do d6 v6i su phat trién va phd bién cta cac may Cyclotron, PET/CT trong nhiing
nam gin day s& gitp cho viéc tmg dung DCPX '®F-NaF ngay cang kha thi hon; dan dan c6 thé
thay thé dugc *Tc-MDP trong chin doan cac bénh 1y xuong khop bang chup '*F-NaF trén
may PET/CT.

Muc dich ctia nghién ctru nay 1a ché tao dugc moduel tong hop "“F-NaF va téng hop
DCPX '*F-NaF tai Viét Nam.

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat liéu ché tao module tong hop '*F-NaF

Module tong hop '®F-NaF do Trung tdm Chiéu xa Ha Noi (CXHN) nghién curu, ché
tao (Hinh 1) bao gobm phan clmg va phan mem diéu khlen tu dong (duoc viét trén ngon ngir
1ap trinh Labview). Phéan clng ciia module téng hop bao gdbm: May tinh diéu khién két ndi voi
module tong hop tu dong bang cap usb. Kich thudc module (cao x rong x sdu: 400 x 300 x
285 mm). Module c6 2 dong co budc chuyén dong tinh tién 1én- xuéng, 6 van dién 2 nga, 6
van dién 3 nga, 2 detector do hoat d¢ phong xa, duong 6 ong Teflon, 6ng PEEK va cac dau cat
ndi theo tidu chuén - thiét bi dung trong y té.

Hinh 1: Module tong hop '*F-NaF

2.2. Nguyén vit li¢u tong hgp DCPX "*F-NaF

Nuée giau O-18 (H,'*0) dugce sir dung cua hing Rotem/Israel, ¢6 do giau O-18 >97%.
Céc cdt trao doi anion QMA (quaternary methyl ammonium) va cation CM (carboxymethyl)
cua hang Waters/My. Ca hai cot dugc hoat hoa trude khi st dung. Xyranh 20 mL c6 Luer cua
hang BD Syringer. Ethanol, phin loc khuan Milex-FG 0,2 pm cta hing Merck/Dtc. Phin loc
v6 khuan AEF 0,22 pum cua hang Pall/Anh). Nudc cit pha tiém va nudc mudi dang truong
0,9% cuia hiing Fresenius Kabi Bidiphar. Module tong hop dugc két ndi voi duong khi Helium
(Air liquid) 99,999% va bom chan khong.

2.3. Phuong phap tong hop

Nguyén li¢u dugc nap vao bia trén may gia tbc KOTRONS 13 1a nuéc H,'*O giau
Oxygen-18 > 97%, Pong vi phong xa Fluorine -18 dugc tao ra bdi phan tng (p,n).
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Sau thoi gian ban bia, dong vi phong xa (PVPX) Fluorine -18 dugc chuyén tir bia
sang hotcell bang khi He. Khi toan bo DVPX Fluorine -18 duoc chuyén sang hotcell, qua
trinh tong hop tu dong duoc diéu khién bang phan mém NaF Project - HIC do nhém nghién
ctru Trung tim CXHN viét trén ngdn ngit 1ap trinh Labview (Hinh 2).
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Hinh 2: Giao dién phan mém NaF Project — HIC tong hgp DCPX "*F-NaF

Thoi gian tong hop khoang 13 phat gdm cac qua trinh co ban sau:
Giai doan 1: Tach dong vi Fluorine -18

Dung dich nu6c chira dong vi Fluorine -18 trong bia ctia Cyclotron dau tién di qua cot
trao do1 cation CM dé tach cac tap chat co chira ion duong, sau d6 dung dich ti€p tuc di qua
cot trao doi anion QMA. Toan bd DVPX Fluorine -18 s€ bi gitr lai trén cot QMA va dung
dich nudc con lai duoc chuyén sang lo thu hoi. Dong thot Xy ranh 2 hat 10 ml nude cat pha
tiém. Trong qua trinh nay van 5,9,10 s€ dugc ma; cac van khac & ché do dong.
Giai doan 2: Rua QMA

Cot QMA dugc rira bang 10 mL nudc cat pha tiém. Tat ca céc tap chét con trong cot
QMA s€ duoc rura va di vao binh thai. Trong qua trinh nay van 4, 8 s€ dugc mo; cac van khac
¢ ché do dong.
Giai doan 3: Lam kho QMA.

~ Saukhi ¢t QMA duoc rira bang nudc can dugc lam kho bang khi Helium (99,999%)

dé chuan bi cho qua trinh téng hop. Trong qua trinh nay van 4, 6, 8 s€ dugc mo; cac van khac
¢ che do dong.
Giai doan 4: Phan ung trao doi ion

\

Xy ranh 1 hat 10 mL dung dich nuéc mudi ding truong 0,9% sau d6 diy dung dich
qua cot QMA c6 chira dong vi Fluorine -18. Tai ddy phan tng trao ddi ion giita NaCl va dong
vi Fluorine -18 xdy ra nhu sau:

NaCl + "F- — Na™"*F + CI



~ Toan b6 dung dich sau phan tmg di qua phin loc v6 khuén AEF 0,22 pm vao lo san
pham. Trong qua trinh nay van 4, 6, 8, 11 s€ dugc mo; cac van khéac & ché do dong.

Giai doan 5: Thu hdi san pham

Khi Helium théi toan bd dung dich con sot lai trén c6t QMA va trong dudng éng qua
phin loc v6 khuan AEF 0,22 pm vao lo chtra sdn pham. San phém cuoi cung thu dugc la
DCPX "®F-NaF (lo thuy tinh trong sudt, vo tring c6 nit cao su, nip nhom).
3. KET QUA VA BAN LUAN

3.1. Khao sat do 6n dinh ciia module tong hop

Toan bd qua trinh ché tao module tong hop va hoan thién cac cong doan, nhom nghién
clru da chay thir nghiém khong phong xa (cold test) 500 lan d€ kiém tra d6 6n dinh cua may,
cac két qua duogc trinh bay trong Bang 1.

STT Kiém tra d9 on dinh S6 lan chay thir Két qua
1 Motor budc 500 Chay on dinh
2 | Thé tich san pham cudi cing 500 10+0.2 (mL)
3 | Van dién 2 chiéu 500 Hoat dong tdt
4 | Van dién 3 chiéu 500 Hoat dong tot
5 | Cac dau nbi duong 6ng véi van dién 500 Khong bi 10 ri
6 | Pudng 6ng trong module 500 Khong bi hong

Bang 1: Do 6n dinh cia module tong hop trong cold test

Tir Bang 1 cho thdy Module tong hop '®F-NaF hoat dong 6n dinh trong sudt qua trinh
chay cold test.

3.2. Két qua hiéu chuin cho hé do phong xa

Sau khi lap rap hoan thién module tong hop, hé dau do duoc dit dung tai vi tri cot
QMA va lo san pham cudi.

- Hiéu chuin cho hé do phéng xa tai vi tri c6t QMA
DPong vi Fluorine -18 duge dua vao cot QMA va dugc bt gilr lai, xac dinh mdc thoi
gian ghi nhan s6 dém tir dau do tai cot QMA: T, (0 gidy), ghi cac so dém tuong tmg voi cac
moc thoi gian: (s6 dém duoc hién thi trén pham mém diéu khién module tong hop): Ay dén
A;. Tai moce thoi gian T, st dung gleng do xac dinh hoat do cua cdt QMA: N, (Cl) Str dung
céng’ thtrc tinh hoat do phan ra ph('?ng xa xac dinh hoat d§ ctia cot QMA tai cac moc thoi gian:
To dén Ty, duoc cac hoat dd Ny dén Ny, (Ci)
Ny=No e*™
N; 1a hoat db tai thoi diém T
Na 12 gia tri hoat d6 do tai giéng khi =T,

A 12 mot hang s6 phan ra



Ty, 1a chu ky phéan ra caa F'®. (109.77 phut)

Su dung phan mém Microsoft Office hdi quy ra ham tuong quan gitra hoat d6 (No dén
Ny) va s0 dém ghi nhan ctia dau do tai vi tri QMA (Ao dén A,).

Két qua khao sat dugc hién thi trén hinh :
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Hinh 3: D6 thi hdi quy ham chuén cho hé do tai QMA
Ham tuong quan giita hoat d6 va s6 dém cua hé do tai cot QMA 1a:
Y = 0.0079X1.2265
Y: Gia tri hoat d6 (mCi)
X: S6 dém cua dau do (s™)
- Hiéu chuin cho hé do phéng xa tai vi tri lo sin phim BF_NaF

Pong vi Fluorine -18 dugc day truc tiép vao vi tri 1o san pham xéac dinh s6 dém tuong
ung voi cac moc thoi gian tuong tu nhu voi c6t QMA, dua lo san pham vao giéng do hoat do
tai diém cudi. Tinh toan hoat do twong (mg voi cac mdc thoi gian dya theo hoat do do tai
giéng tai thoi diém cudi. Sir dung phan mém Microsoft Ofice hdi quy ham twong quan gitta
hoat d6 va s dém cho dau do tai vi tri lo san phém tuong tu nhu véi vi tri ¢t QMA

Két qua khdo sat dugc hién thi trén hinh:
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Hinh 4: D4 thi hdi quy ham chuén cho hé do tai vi tri san pham
Ham tuong quan gitra hoat d¢ va s6 dém cua hé do tai lo san phém la:
v = 0.0171X1-1732
Y: Gid tri hoat o (mCi)
X: S6 dém cua dau do (s™)



3.3. Hiéu suit ciia module tong hop tw dong DCPX '*F-NaF

Chuong trinh tong hop 18F-NaF duoc viét bang ngdn ngir 1ap trinh Labview, cac thong
s6 k¥ thuat cai dit sin, qua trinh tong hop chay theo ché do tu dong trong budng tong hop
(hotcell) ddm bao an toan phong xa.

== Hiéu suat
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Hinh 5: Hiéu suat tong hop ctia 10 mau DCPX '*F-NaF

~ Hiéu suat tong hop trung binh trung binh: 90,16% (thap nhét khodng 88,3% va cao
nhat khoang 91,4%).

3.4. Chit lwgng DCPX '*F-NaF
Céam quan
. San pham 178F—NaF quan st qua kinh chi cho dung dich khong mau, trong sudt dat yéu
cau so voi dugc dién My (USP38)[9].
bo pH

Str dung gidy do pH cho thay pH cua DCPX '8F-NaF c6 gi4 tri 7 nam trong gia tri 4,5-
8,5. Pay 1a gia tri phu hop vdi tiéu chuin Duoc dién M§(USP38)[9].

Xéac dinh do tinh khiét hat nhan

. Thiét bi phan tich da kénh Mucha (Multi Channel Analyzer) hing Raytest su dung
phén mém Gina xac dinh d6 sach hat nhén phong xa cho thay chi c6 duy nhat mét dinh cua
DVPX Fluorine -18 ¢6 phd Gama tai vi tri 511 keV (Hinh 6). Gia tri nay phu hop voi tiéu
chuan Dugc dién M§(USP38) >99.5%.

Xéc dinh d¢ tinh khiét héa phong xa

Thiét~bi Radio-TLC (Radio Thin layer Chrography) hang Raytest kiém tra do sach hoa
phong xa, mau duoc cham Ién trén ban mong Silicagel, pha dong acetonenitrile : nude (95:5).
D6 sach DCPX '*F-NaF dat > 95% (Hinh 7). Gia tri nay pht hop véi tiéu chudn Duoc dién
M§(USP38)> 95%.

Hinh 6: Pho gamma da kénh ctia Hinh 7: Pho TLC cua
DCPX '"*F-NaF DCPX '*F-NaF



4. KET LUAN

Module tong hop '""F_NaF da duogc ché tao va chay thir nghiém thanh cong tai Trung
tam CXHN. Thoi gian tong hop ~ 13 phut cho hiéu sudt tong hop dat ~ 90%. Chat luong san
pham dat d6 tinh khiét hat nhan > 99.9% va d6 tinh khiét hoa phong xa > 95% thoa man tiéu
chuan duoc dién My (USP). Trong thoi gian toi, DCPX "®F-NaF s& duoc tiép tuc thir nghiém
tién 1am sang va ghi hinh trén may PET/CT.
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RESEARCH ON MANUFACTURE OF "*F-NaF SYNTHESIS MODULE
AND PREPARATION OF "*F-NaF RADIOPHARMACEUTICALS

AT HANOI IRRADIATION CENTER
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Summary: The aim of this study is to manufacture an '“F-NaF synthesis module and to
synthesize '*F-NaF radiopharmaceutical at Hanoi Irradiation Center. The Fluorine -18 isotope
from Cyclotron KOTRONS 13 is transferred to the module and radioactive impurities absorbed
by cation exchange CM cartridge, and then the '*F is trapped by QMA cartridge. Finally,
formulating '®F-NaF radiopharmaceutical by using saline (NaCl 0,9%) to elute the Fluorine -18
isotope in QMA cartridge. Synthesis module is made in Hanoi Irradiation Center - Vietnam
(hardware, software, etc). The time of the synthesis process is about 13 mins, the radiochemical
yield achieved ~ 90%. The radiochemical purity exceeded 95% and the Radionuclidic purity
exceeded 99,5% to demand requirements of the United States Pharmacopoeia (USP) criteria.

Keywords: "*F-NaF, KOTRON13, Cyclotron, radiopharmaceutical, synthesis module.
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