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NGHIEN CUU TACH PONG VI PHONG XA 'Y
TU NGUON ’Sr/”’Y BANG KY THUAT THAM CHON LQC
QUA MANG POLYTETRAFLUOROETHYLENE TAM DUNG MOI PC88A
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Muc tiéu: Diéu ché va kiém tra chat lwong dong vi phéng xa Yttrium-90 (*°Y)
tir ngudn *’Sr/’Y dé san xuit thuc phéng xa gin °Y ding trong diéu tri ung
thu. Déi twong va phwong phdp: *°Y duoc tich khoi ngudn *°Sr/”’Y dung mang
Polytetrafluoroethylene (PTFE) tim 2-ethylhexyl 2-ethylhexyl phosphonic acid
(PC88A) khio sit véi hoat d¢ tir 5 - 100 mCi va thdi gian tach tir 01 - 12 gio. Y
trong HNO; duoc chuyén thanh dang *’Y-acetate bang phuong phédp thim qua
mang PTFE tim octyl (phenyl)-N, N-diisobutylcarbamoylmethyl phosphine
oxide (CMPO). Pong vi phéng xa *°Y duoc kiém tra d6 tinh khiét hat nhan bang
phuong phdp sic ky gidy va phuong phdp do phd gamma. Két qud: Hiéu suat
tich ™Y dat > 90% & hoat do 100 mCi va thdi gian téch tir 6 - 12 gid. Do tinh
khiét hat nhan cua *°Y dat > 99,999% va gin v6i khang thé dat > 98%. Két ludn:
Y dat cdc chi tiéu chét lugng dé sir dung trong 1am sang.
* Tw khoa: QOth'um; 70 4 Generator; Wy. -DOTA-rituximab; Mang long hé tro.

STUDY ON THE SEPARATION OF Y FROM *’Sr/”’Y SOURCE
USING PCS8SA IMPREGNATED SELECTIVELY PERMEABLE
POLYTETRAFLUOROETHYLENE MEMBRANE TECHNIQUE

Summary

Objectives: To prepare and quality control of Y from *’St/*Y source suitable
for producing Y -labeled radiopharmaceutical agents used in cancer treatment.
Subjects and methods: Y separated from *°Sr/*°Y using Polytetrafluoroethylene
(PTFE) membrane impregnated 2-ethylhexyl 2-ethylhexyl phosphonic acid
(PC88A) was performed from 5 to 100 mCi radioactivity and from 1 to 12 hours.
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Y in HNO; was converted to *’Y-acetate using the PTFE impregnated with
octyl (phenyl) -N, N- diisobutylcarbamoylmethyl phosphine oxide (CMPO). The
collected °Y was tested for radionuclide purity by paper chromatography and

gamma spectrum. Results: The *°Y separation yield was more than 90% at 100

mCi, and the separation time was 6 - 12 hours. The radionuclide purity was more
than 99.999% and radiolabeling with monoclonal antibodies was 98%.

. 90 . . . .
Conclusion: ~"Y has reached requirements for preclinical experiments.

* Keywords: goYttrium; Y704 Generator; QOY-DOTA-rituximab; Supported

liquid membrane.

PAT VAN PE

%Y 1a ddng vi phéng xa nhan tao
duoc diéu ché dau tién vao nam 1937
trong 10 phan ung hat nhan khi ban bia
**Y boi dong neutron ning luong cao.
Phan tng hat nhan 1a *Y(n,y)™Y [1].
Viéc diéu ché Y bang cich nay gip
rat nhiéu thdch thic do tiét dién bat
neutron cta Y rat th?ip (0,001 barn)
[2]. Ngay nay, °Y dugc didu ché tur
nguoén ’Sr/’Y - mot san phdm cua
phan trng phan hach 2y,
B

235U (n’ﬂ QOSI. QOY

Cic phuong phép duoc phit trién dé
tach *°Y tir ngudn *°Sr/”°Y 1a chiét, két
tia, trao dbi ion, sic ky chiét va dién
héa. Hién nay, it nhit 34 dong vi
phéng xa cua yttri tr °Y - 'Y da
duoc tong hop. Ba trong sé d6, cdc
ddng vi phéng xa *°Y, *’Y va **Y dang
dugc Gmg dung trong chup cit 16p vi
tinh phdt xa Positron (Positron
Emission Tomography - PET). Dac
biét, °°Y 1a nhan phéng xa dugc ding

6

dé danh dau voi cic peptid hoic khang
thé cho diéu tri dich bénh ung thu. Ny
duoc su dung hi€u qua nho cdc tinh
chét ndi troi nhu thoi gian ban rd 12 64
gi0, phat tia beta (7)) v6i ndng luong
cao 2,3 MeV va dam xuyén trong mo
1a 11 mm twong ung khoang 600 té
bao. Vi vay, dong vi nay dugc nghién
cuu va ung dung rong rai trong linh
vuc Y hoc hat nhan. Béng vi nay duogc
sir dung dé danh dau véi cdc khdng
thé, protein va nhiéu hop chéat khic
ding cho chan dodn va diéu tri nhiéu
bénh ung thu khic nhau. Vi du: Hat vi
cau Y diéu tri ung thu gan, *°Y-
DOTATOC diéu tri ung thu nguyén
bao than kinh, *’Y-Citrate diéu tri ung
thu tuyén tién liét di cin xuong, Py-
Cetuximab/”"Y-Nimotuzumab diéu tri
ung thu dau cb, *°Y-3p-C-NETA-
trastuzumab diéu trj ung thu vd, *°Y-
Rituximab diéu trj ung thu lympho bao
B khong Hodgkin va nhiéu san phim
khéac dang trong giai doan nghién ctlru
tién 1am sang [3].
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Dé c6 thé st dung trong diéu tri lam
sang, hai ddng vi *°Sr va *°Y can phai
tach khoi nhau tir ngudn *°Sr/”°Y, boi
vi *Sr ¢6 tic dong tuong tu nhu canxi
trong co thé, hip thu & xuong, giy ra
cdc anh huodng to1 sttc khoe con nguoi
nhu bénh bach cau va ung thu xuong.
Gi6i han ham lugng cua %Gy trong san
phiam *°Y 12 < 20 ppm (2.10” % twong
duong 2 pCi). Po tinh khiét nhan
phéng xa cia Y > 99,998%. Phuong
phdp tich 2 ion nay da cé tur nhiing
nam 1950 dya trén cdc nguyén tic trao
ddi ion [1]. Nam 2009, tai li€u bdo cdo
s6 470 ctia Nguyén tir nang qudc té [4]
da trinh bay chi tiét vé mot sb phuong
phdp tich va kiém tra chit lugng *°Y
tir °Sr/”°Y. Nghién ctru nay: Trinh bay
qud trinh diéu ché °Y tir nguon dong
vi me *°Sr/’Y bang phwong phdp tham
chon loc diing mang PTFE tam PC88A,
mét chdt chiét dic hiéu cdc nguyén 16
dat hiém. Kiém tra chat lwong dong vi
phong xa °Y va thir danh dau khdng
thé don dong nhuw Rituximab.

POI TUQNG, NGUYEN LIEU,
HOA CHAT VA PHUONG PHAP
NGHIEN CUU

1. P6i twong, nguyén liéu, héa chit
nghién ciru

* Nguyén vat liéu: 2051/Y dang
dung dich *’Sr(NOs), 3,7 GBg/1,5 M
HNOs, d6 tinh khiét hat nhan > 99,9 %,

hoat do rieng > 50 Ci/g, dugc cung cép

tr  Hang IDB Holland; 2-ethyl
hexyl phosphoric acid mono-2-ethyl
hexyl ester (PC88A) Hang
Daihachi, Nhat; Octyl(phenyl)-N,N-

diisobutylcarbamoylmethyl phosphine
oxide (CMPO) My; Mang PTFE 0,45
um (Hang MERCK). Nghién ctru dugc
thuc hién tai Vién Nghién ctru hat nhan.

2. Phwong phap nghién ciu

* Phwong phdp diéu ché °Y: Ap
dung phuong phip mang long hd trg
(Supported Liquid Membrane - SLM)
[2, 5], mang PTFE tim PC88A (12
gid) dit trong budng tich bang thiy
tinh hai ngin c6 thé tich 5 - 6 mL. Qud
trinh tach *°Y duoc khao sit bang céch
cho ngudén me 2051/%Y trong 5 mL
dung dich HNO; 0,1 M véi cac hoat do
phéng xa lan luot 1a 5, 10, 20, 50, 100
mCi, thoi gian tdch 1, 2,3, 4, 5,6, 7, 8
va 12 gio. Y thu duoc trong dung
dich HNO; 4 M. Bé chuyén *°Y trong
dung dich HNO; 4 M thanh dang *°Y-
acetate, ding budng tich 2 ngin va
mang PTFE tim CMPO. Qué trinh
chuyén thanh *’Y-acetate dwoc khao
sit bang cich cho 5 mL Y trong
HNO3; 4 M véi cac hoat d0 phong xa
lan luot 12 20, 50 va 80 mCi, thoi gian
tach 1,2, 3, 4, 5 va 6 gio. *°Y thu dugc
trong dung dich CH;COOH 1 M. Céch
tinh higu suat tach ™Y (%):

Y % = (AJAg) x 100
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Trong d6 A, la hoat d0 phéng xa
(mCi) ctia Y tai thoi diém thu va A,
la hoat d0 phéng xa (mCi) cua nguén
*S1/*Y hodc ngudn cung cip.

* Phwong phdp kiém chudn chat
lirong *°Y: Do tinh khiét hat nhan cua
Y duoc kiém tra bang phuong phép
sdc ky chiét trén gidy EPC (Extraction
Paper Chromatography), gidy sic ky
Whatman 1, xir Iy bang PC88A, trién
khai trong dung dich NaCl 0,9%, do do
nhiém ban gamma bang phuong phip
do ph6 gamma, dung phd ké gamma.

* Gan DOTA-rituximab véi °Y:
Dung chit tao phirc trung gian pSCN-
Bn-DOTA (2,4-i1sothiocyanatobenzyl)-

1,4,7,10-tetraazacyclododecan1,4,7,10
tetra-acetic acid) dé gin véi khdng thé
don dong rituximab theo ty 1€ mol la
25:1, nhiét d6 37°C, thoi gian 15 gio,
pH = 8,5 dém carbonate 0,2 M. Phtrc
duoc tinh ché va xdc dinh ham luong,
dong kho. Sau d6, 100 pg DOTA-
rituximab dugc ddnh ddu véi déng Vi
phong xa Y -acetate (37 MBq) trong
céc diéu kién moi trudng acetate, pH = 6,
1 37°C trong 60 phit. Phirc mién dich
duoc kiém tra chat lugng bang k§ thuat
Tec-Control Chromatography (TCC).

* Xir Iy s6 liéu: Bang phin mém
Prism 8.4.3 va tinh d0 tinh khiét héa
phéng xa bang phan mém OptiQuant 5.0.

KET QUA NGHIEN CUU

1. Két qua diéu ché Y

Tur nguén me ’St/”’Y (chira trong dung dich P0Sr(NO3),), déng vi phéng xa
Ny dugc khao sat tach theo thoi gian va thu dugc 0Y véi hoat d cao trong
khoang thoi gian tach tur 6 gio trd di (Hinh 1).

120 .
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Hinh 1: Hiéu suat tach *°Y tir ngudn *Sr/"Y tai cdc hoat d6 5, 10, 20, 50, 100 mCi
(n = 3).
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Két qua tich Y tir 5 mCi *°Sr/”°Y
tai cac thoi diém 1,2,3,4,5, va 6 gio,
hiéu suét tich ting dan tir 2,5 - 62,5%,
sau thoi gian trr 6 - 12 gi0, 6 su gia tang
cham cua *°Y qua mang (62,5 - 71%).
Tuong tu, tich 10 mCi va 20 mCi tu
P81/, sau 6 gio, hiéu suét dat khoang
70,6 - 78,9% va 80,1 - 90,2%. Tach 50
mCi va 100 mCi *°St/"Y, sau 6 gio,
hiéu suat dat 80,5 - 91,4% va 90,3 - 94%.
Nhin chung, hi¢u suat trung binh tich
Y di qua mang tai thoi diém 6 gio va
12 gio 12 76,8 + 10,6% va 85,1 +9,7%.

120
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Pé chuyén *°Y thu dwogc trong dung
dich HNOz 4 M thanh dang 2y -acetate
dé danh ddu voi cdc chat peptid va
khéng thé diing trong diéu tri, st dung
mang PTFE tam CMPO dit trong
budng tich hai ngan. Két qua do duogc
cho thiy trong khoang thoi gian tir
4 dén 6 gio, Y di qua mang voi
hiéu suét cao nhat 1a 90,3 - 94,9%
(16 20 mCi), 89,8 - 94,1 (16 50 mCi) va
88,3 - 93,5% (16 80 mCi). Nhu vay,
thoi gian dugc chon dé 1iy san pham la
tu 4 gio (Hinh 2).

-~ 20 mCi

-2 50 mCi
-+ 80 mCi

Hiéu suét diéu ché Py _acetate (%)

0 T T T T
0 1 2 3 4

Thoi gian (gio)

Hinh 2: Hiéu suét diéu ché *°Y-acetate tai cdc hoat d6 20, 50, 80 mCi (n = 3).

Hiéu suét trung binh didu ché *’Y-acetate tai thoi diém 4 gior va 6 gio 12 89,5 +

1,0% va 94,1 £ 0,7%.

2. Két qua kiém tra chit luong

* Két qua kiém tra dg tinh khiét hat nhan ciia *°Y: Méau *°Y sau khi diéu ché
dugc kiém tra chat lugng vé do tinh khiét hat nhan bang k§ thuat EPC. Pong vi
phéng xa *’Y?" trén bang sic ky nam tai vét PC88A ma khong di chuyén ra khoi

vi tri g.’fm (Hinh 3).
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Hinh 3: D6 tinh khiét hat nhan phéng xa cua Y, k¥ thuat EPC,
may phong xa tu chup, Cyclone.

Két qua cho thdy *°Y’* luu tai diém gbc, *°Sr** di chuyén vé tuyén trén cua

dung mdi, do tinh khiét hat nhan cua Ny dat > 99,999%. Cé6 thé do PC88A 1a
mot acid yéu, trong phan tir c6 mang cdc nhém thé hiru co, mach dai, nén mirc do
phan cyc giita O va H giam di do hiéu tmg day dién tir (hiéu Gng cam Gng duong +1),
H* khé bi tdch ra. Phan tir PC88A tao phirc dic hiéu v6i *’Y>* nhu phan ng sau:

(|:2H5 (|:2H5
CH;CH-CH.CH-CHCH--O O CH3;CH>CH>CH>CHCH>-O O
3 ’ S : \P¢ + Y3 = \Pf Y + 3H"
CH3CH2CH2CH2(ITHCH2 - \OH CH3CH2CH2CH2(ITHCH2 - OH 3
C2Hs C-Hs

Y sau d6 thim qua mang di vio mdi truong HNO; 4 M theo thoi gian.

Tuong ty, CMPO cho phép *’Y* dich chuyén qua mang va tao thanh *’Y-acetate
trong moi truong acid acetic 1 M [2, 3, 5].

* Két qua kiém tra @ sach gamma ciia *°Sr/’Y: Cdc ddng vi phéng xa *°Sr va
Ny khong phit tia gamma, nhung dé kiém so4t d6 ban gamma trong miu hay néi
cach khdc 1a d6 sach gamma, duoc xdc dinh bang phwong phdp do phd gamma
trén hé phé ké gamma (Hinh 4).

10
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Hinh 4: Phd gamma *’St/”°Y, phd ké gamma Canberra, Genie-2000, A: *Sr, B: Y.

D@)ng vi phéng xa Y duoc tich ra tir déng vi me °Sr. Gi6i han do sach
gamma tong sb trong san pham khéng dwoc qud 0,002% (ngoai trir birc xa
Bremsstrahlung) [7]. Hé phd ké gamma sir dung c6 dau do ban dan germanium
siéu tinh khiét voi ngudn chuan ®“’Co phat tia birc xa v6i nang lugng 1322 KeV
va d6 phan giai 1,8 keV. Pho duoc thu voi hé phén tich da kénh va phan mém
didu khién 12 Genie 2000, Hang Canberra. Két qua do phd cho thay”’Sr/”’Y
khong nhiém ban véi bat ky dong vi phéng xa phat tia gamma no.

* Két qua ddanh dau *°Y véi DOTA-rituximab: Hiéu suit ddnh ddu va do tinh
khiét héa phéng xa cia *’Y-DOTA-rituximab dat hon 98%, trén bing sic ky,
phtic mién dich phéng xa Y _DOTA-rituximab nam tai vi tri Ry = 0,1 va
“Y-DTPA di chuyén 1én trén, R; = 0,9 (Hinh 5).
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Hinh 5: D6 tinh khiét hod phéng xa *’Y-DOTA-rituximab, TCC 0,5 x 58 mm,
NaCl 0,9%, chup bing sic ky trén mdy phéng xa tu chup Cyclone.
Phtrc mién dich *°Y-DOTA-rituximab bén sau khi ddnh ddu phéng xa dén 5
ngay, 6n dinh trong nudc mudi sinh 1y 0,9% sau khi danh ddu va bao quan.

F
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BAN LUAN

Diéu ché Y tr *°Sr/°Y dung trong
diéu tri bénh bang phuong phdp tich
chon lgc qua mang da thAm chat chiét
dac hidu 1a PC88A c6 thé 1a chién lugc
lau dai vi ngudn °St/°Y c6 thoi gian
ban rd 28 ndm, tdch chiét dugc nhiéu
lan va gi4 thanh lai ré do *°Sr/°Y thu
dugc tir chat thai hat nhan. C4c phuong
phdp diéu ché *°Y tir chiéu xa bia Y,
yttri dang oxide trong 10 phan rng con
nhiéu nhuoc diém, d6 12 hoat tinh riéng
(specific activity) rdt thip nén con
nhiéu han ché dung trong khdm chira
bénh cho nguoi vi doc tinh kim loai cao
[2]. Theo Chakravarty va CS, chiéu Xa
neutron bia *°Zr (do lam giau 100%)
voi phan tng hat nhan 90Zr(n,p)9OY va
thong lwong 7,5 x 10" n/em?/s vira khé
vira dét [7]. Nhu da trinh bay & trén,
phuong phdp tach Y chon loc qua
mang SLM c6 nhiéu vu diém nhu dé,
ré, it ton khong gian, ning luong tiéu
thu it, thai it, khong can phai tach doan,
khong bi acid an mon hoac nhiém céc
tdc nhan chiét nhu phwong phép két tua
hay chiét dung moi, khong bi nguy co
St di qua hodc bi pha hay do buc xa
nhu phuong phdp sic ky trao d6i ion
[2]. Pac biét, PC88A la tic nhan tao
phirc ddc hiéu vai ion *°Y?* nén c6 thé
ding dé tich *°Y ra khoi *°Sr vdi tinh
chon loc cao, dua vao su khac biét ban
kinh nguyén tir ciia ion stronti (215 pm)
va ion yttri (180 pm), tinh ddc hi¢u cua
PSr-PC88A va *"Y-PC88A trong dung

12

dich HNO; lodng khong gidng nhau,
ion *°Y** dich chuyén qua mang vio
moi trudng HNO; 4 M dé dang hon so
véi S

Déng cha y, cidc nghién ctru tich
chon lgc qua mang tuong ty nhu cua
Naik va CS dung chét chiét D,EHPA,
hodc Chakravarty va CS dung KSM-17
déu thu dugc ™Y véi @6 tinh khiét hat
nhan cao, d6 nhiém ban *Sr trong
dung dich *°Y luén < 0,001% [2, 6].
Hon nita, két qua tao ra dang 2y-
acetate véi nhiéu thuan loi: Hiéu suit
tach hon 90% va kim loai nang trong
san pham duéi mirc cho phép [5, 7], d&
dang dénh diu véi cdc phan tir sinh
hoc dé st dung diéu tri trén 1am sang
ma khéng cin phai 0 véi dém acetate
0,5 M nhu *°YCI; [5, 6].

Pé chimg minh kha ning danh dau
ciia *Y-acetate diéu ché duoc, ching
t6i chon rituximab (dé diéu tri ung thu
lympho bao B khong Hodgkin) vi cac
nghién ciu trudc [6] cho thay
n-benzyl-DOTA-rituximab c6 thé ddnh
déu véi *°Y véi hiéu suét gin cao va on
dinh in vitro. Ty 1& mol khang thé voi
DOTA 1a 25:1 (~9 nhém DOTA trén
mdi phan tir khdng thé) sé& tao ra nhiéu
?Y gén véi khang thé. Péang chd y, véi
n-benzyl-DOTA-rituximab diéu ché sin
hodc véi khang thé don dong khéc, ¢
thé diéu ché thudc mién dich phéng xa
gin Y mot cach d@ dang, chi mot
thao tdc 12 bom Y vao chai khdng thé
gidng nhu cdch thuc hién véi cdc kit
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d4nh dau *™Tc pho bién hién nay. Hon
nita, *’Y-acetate c6 thé diéu ché tai cac
Khoa Y hoc Hat nhin thuan tién
cho st dung trong kham chita bénh
thuong quy.

KET LUAN

Y ¢6 thé tich tur ngudn 25r/Y
duoc thuc hién don gian bang k¥ thuat
tham chon loc qua mang tam PC88A.
Do tinh khiét hat nhan cua Y 1a < 2
uCi °Sr/100 mCi *°Y dat tiéu chuén
chét luong dung trong cdc nghién ctru
tién 1am sang tiép theo. Y -acetate
dugc danh dau véi khang thé dé dang
va tao nén phirc mién dich phéng xa 6n
dinh. Ap dung ky thuat nay, c6 thé
didu ché luong *°Y dat t6i hoat d6 100
mCi, thim chi ¢6 thé cao hon 1 Ci *°Y.
V6i lugng du 16n nhu vay, phuong
phdp nay c6 tinh kha thi cao, c6 thé
ddp Gmg nhu ciu cap thiét cua kham
chira bénh trong nudc.
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