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Nghién ctru diéu ché va kiém tra chat lwong '“*Ho-DOTMP
- tac nhan tiém nang dié€u tri gidm dau do ung thw di can xwong

Study on the preparation and quality control of “Ho-DOTMP - a
potential agent in painful treatment of bone metastases

Nguyén Thi Thu*, Nguyén Thj Khanh Giang*, *Vién Nghién ciru hat nhan,
Pham Thanh Minh*, Nguyén Thanh Binh*, **Bénh vien Da khoa Lam Pong
Pinh Ngoc Bao Nam*, Nguyén Pinh Lam*,

Lé Vin Tién**, Ping H6 Hong Quang*

Tom tat

Muc tiéu: "**Ho-DOTMP la cac phan t&r gdn phdng xa dugc dung dé cung cap liéu xa cao dén tuly
xuong dé diéu tri cac ung thu &c tinh di can xuong va tuy xuong. Bao cdo nay trinh bay quy trinh diéu
ché va kiém tra chat lugng '®*Ho-DOTMP. Ddéi tuong va phuong phdp: DOTMP dugc gén vé6i déng vi
phong xa '®*Ho bang phuong phap danh dau truc tiép tao lién két phéi tri véi ion Ho** trong méi trudng
trung tinh. Cac khao sat diéu kién t6i uu cho qua trinh danh dau gém pH, thai gian, nhiét d6 va ty 1&é mol
cac chat tham gia phan ting. Phic '®Ho-DOTMP dugc ki€ém tra hiéu suat danh dau, do tinh khiét hoa
phong xa, d6 6n dinh bang phuong phap sac ky gidy. Két qua: Hiéu suat danh diu diéu ché 'Ho-
DOTMP > 98% véi ty I& mol '**Ho** va DOTMP la 1:30 1:40 va 1:50. Hoat dé phdng xa cta '**Ho la 10-
40mCi, pH 6-8, thai gian 15 phut va nhiét dé 25°C. Hiéu suat danh dau va dé tinh khiét hoa phéng xa dat
hon 98% va 6n dinh trong 3 ngay bao quan. Két ludn: Phiic hgp '®*Ho-DOTMP budc dau dat cac yéu cau
dugc chat phéng xa c6 thé dung cho cac nghién cuu tién 1am sang.

Tirkhod: "*®*Ho-DOTMP, déng vi phdng xa '®*Ho, giam dau ung thu di can xuong.

Summary

Objective: "**Ho-DOTMP are radiolabeled molecules which are used to deliver sufficient doses of
ionizing radiation to bone marrow in the therapy of bone metastases and bone marrow malignancies. In this
paper, the production and quality control of '®Ho-DOTMP have been presented.Subject and
method: DOTMP was labeled with **Ho by direct radiolabeled method which which created coordination
bonds with the Ho** ion in a neutral medium. The optimization conditions of radiolabeling procedure such
as pH, time, temperature and reactants molar ratio was carried out. Thereafter, radiolabeling vyield,
radiochemical purity and stability of '®Ho-DOTMP complexes were investigated using paper
chromatography. Result: The results show that the radiolabeling efficiency in the preparation of '®Ho-
DOTMP was more than 98% with the reactants molar ratio of 1:30, 1:40 and 1:50. The radioactivity of '*Ho
was measured about 10-40mCi. The reaction conditions were gained at the pH 6-8 for 15 minutes and under
the condition of the 25°C temperature. The radiolabeling yields and radiochemical purity were aboved 98%
and stability for 3 days storage. Conclusion: The '**Ho-DOTMP complexes initially reach the required criteria
of radiopharmaceutical for continuing preclinical evaluations.

Keywords: *®*Ho-DOTMP, radioisotope '®°Ho, palliative for metastatic bone pain.
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1.Pat van dé

Dé diéu tri gidm dau cac di can xuong, liéu phap
st dung thudc phéng xa nham truc tiép vao cac vung
tén thuong xuong do di can 1a hiéu qua va da co
nhiéu (g dung lam sang. D& di vao vling ton thuong
dé, cac nhan phong xa can dugc gan véi cac chat
phosphonat [1]. Trong s6 d6, DOTMP (1, 4, 7, 10 -
tetraazcyclododecane-1, 4, 7, 10-tetramethylene
phosphonate) la phéi t& viia ¢6 ¢6 uu diém tao lién
két phéi tri véi cac dong vi phong xa kim loai, vira khu
trd trén bé mat xuong va hap thu trong tuy xuong.
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DOTMP khi danh dau vai dong vi phéng xa 166Ho tao
thanh '®Ho-DOTMP va phtic nay dugc uu tién chi
dinh trong diéu tri cac ung thu c6 lién quan dén tay
xuong [2, 3]. '®Ho tao phuc bén véi DTPA
(diethylenetriaminepentaacetic acid), DOTA (1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid),
EDTA (ethylen-diaminetetraacetic acid), DOTMP, do
vay '“Ho-DOTMP bén va én dinh cao trong cac
nghién cdu invitro va invivo [3]. Cau tric phan ti cla

DOTMP va 'Ho-DOTMP nhu sau (Hinh 1).
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Hinh 1. C4u trdc DOTMP va '®*Ho-DOTMP

Cac dong vi phéng xa gan véi cac chat
phosphonat gém *P, ®Sr, '®Re, '®Re, '®Ho, **Sm,
"’Lu va **Ra va trong thap nién qua, nhiéu loai
thudc phong xa ra d&i nhu *?P, #Sr, >*Sm-EDTMP
(ethylenediamine-tetramethylene phosphonic acid),
3Sm-DOTMP, "7Lu-EDTMP, 186/188Ra/HEDP
(Hydroxyethylidene diphosphonic acid), '*Ho-
DOTMP [1, 4]. "**Ho la déng vi phéng xa véi nhiéu uu
diém nhg phat tia bé ta vdi cac nang lugng 1,85MeV
(51%), 1,77MeV (48%). Ngoai ra ®*Ho phat tia gamma
véi ndng lugng la 80keV (6,2%) va chu ky ban ra la
26,8 gid, thich hop dé xa hinh theo déi diéu tri [4, 5].
Trong bdo cdo nay, chung t6i khdo sat qud trinh
danh ddu DOTMP véi '“Ho dé diéu ché '*Ho-
DOTMP va kiém tra chat lugng va dinh hudng ting
dung diéu tri giam dau ung thu di can xuong.

2. DPéi tugng va phuong phap

Nguyén liéu, héa chat: DOTMP cong thiic phan
tar C;,H;,0,,N,P,, khoéi lugng phan ti la 548,3g/mol,
CAS 91987-74-5, hang BLD Pharmatech; Dong vi
phong xa '®Ho dang dung dich '*HoCl;, nong d6
phéng xa 20,72GBg/ml (560mCi)/ml, hoat &6 riéng

0,41GBg/mg, Vién Nghién cttu hat nhan, Da Lat; Giay
sac ky Whatman No.1, 51B, hdang Advantec, Nhat;
Cac hoa chat DTPA, natri hydrophosphat, natri
dihydrophosphat, hang Sigma, My; Thiét bi s dung
la mdy do dose calibrator 127 Capintec, My. Thiét bi
phoéng xa tu chup Cyclone Plus, hdng PerkinElmer.
Phuong phéap diéu ché va kiém tra chat lugng
'Ho: Chiéu xa 200mg '®Ho,0;, c6 dd giau déng vi
100% trong 16 phan Ung hat nhan véi thong luong
natron la 2,3x10"°n/cm?/gidy. Thai gian chiéu xa 300
gid, phén (ing hat nhan '®Ho(n,y)'**Ho. Bia da chiéu
xa dugc hoa tan trong 4,0ml dung dich HCl 0,05N
thanh '®*HoCl,, Hoat d6 phong xa 2240mCi, hoat dé
riéng la ~0,41GBg/mg, néng d6 mol 0,264mM/ml,
loc qua phin loc vé trung 0,2um. Kiém tra do tinh
khiét hat nhan '®HoCl, do trén phé ké gamma
Canberra va dé tinh khiét héa phéng xa xac dinh
bang phuong phap sac ky gidy, dung méi la DTPA
10mM, pH 4 va amoniacetat 10%:methanol ty Ié 1:1.
Nghién ctiu t6i uu quy trinh danh ddu DOTMP véi
'Ho: P& t6i uu hoa qua trinh danh dau, cac khao sat
dugc thuc hién la ty 1& mol cac chat la 1:1, 1:5, 1:10,
1:15, 1:30, 1:40 va 1:50, pH (3, 4, 5, 6, 7, 8 va 9), thoi
gian phan tng (5, 15, 30, 60, 90 va 120 phut), nhiét d6
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phan ung (4°C, 24°C, 37°C, 50°C, 60°C va 80°C). Su
dung dung dich 0,264mM Ho*" va 0,264mM DOTMP.
Cac mau dugc phan tich bang sac ky gidy.

Diéu ché "®Ho-DOTMP: Can 292mg (0,53mM)
DOTMP, hoa tan trong 1,0ml nudc cat pha tiém,
thém vao d6 0,9mI NaOH 2M, thém 0,27ml nudc cat,
kifm tra pH dung dich 1a 7,5-8,0, néng do
144,7mg/ml (0,264mM/ml). Thém vao d6 67ul '**Ho,
~2,92mg Ho’* (~0,0175mM), ty 1é 1:30, c6 hoat do
phong xa 37,6mCi, G 15 phuat & nhiét do 24°C. Kiém
tra d6 tinh khiét hoa phéng xa bang sac ky gidy,
dung méi amoni:methanol:H,0 ty & 1:10:20. '**Ho-
DOTMP dugc loc qua phin loc voé trung 0,2um.

Phuong phap kiém tra dé tinh khiét hoa phong
xa: DUng gidy sac ky Whatman 01, kich thuéc 20 x
200cm, trién khai sdc ky trong dung moi
NH,OH:CH,OH:H,0 ty 1& 1:10:20.

Phuong phap kiém tra dé 6n dinh: '*Ho-DOTMP
sau khi diéu ché dugc bao quan trong cac dung dich
NaCl 0,9%, phosphat 0,2M, pH 7,4 va human serum
albumin 0,05%. U cac mau & nhiét do 4°C, 24°C va
37°C theo thdi gian 1, 2 va 3 ngay va kiém tra d6 tinh
khiét hoa phong xa. Tat ca cac bang sac ky dugc
chup trén thiét bi phéng xa tu chup Cyclone, tinh
két qua bang phan mém OptiQuant 5.0.

Xuly sé lieu

Cac s6 liéu phan tich dung phan mém Prism 8.
va tinh d6 tinh khiét héa phong xa bang phan mém
OptiQuant 5.0. Su khéc biét c6 y nghia thong ké khi
p<0,05.
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3.Két qua

Két qua diéu ché déng vi phong xa '®Ho:
'%HoCl, dung trong nghién clu nay c6 nong do
phoéng xa do dugc la 20,72GBg/ml (560mCi)/ml, hoat
dé riéng 0,41GBg/mg do tai thai diém sau khi ding
[6 va lam ngudi 24 gid. Hat nhan '*Ho dugc nhan
dién trén hé phé ké gamma, két qua do phé gamma
clia hat nhan "®*Ho chi ¢6 1 dinh duy nhat déc trung
cla "*°Ho la 80,6keV (Hinh 1A). Kiém tra dé tinh khiét
héa phéng xa trong dung moéi amoniacetat
10%:methanol ty 1& 1:1, phiic dat > 99% tai vi tri goc.
Trong DTPA 10mM, tai vi tri goc R, = 0,1-0,2 la
'%HoCl,, '*®*Ho*" tao phuc vsi DTPA thanh '®Ho-
DTPA, R=0,8-1,0 (Hinh 1B).
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Hinh 2. D6 thi kiém tra chat lugng dong vi phdng xa '*Ho.
A. Phé gamma clia "®Ho véi dinh nang lugng dac trung 1a 80,6keV, do trén phé ké gamma ORTEC, phan mém Canbera.
B. D0 tinh khiét hoa phong xa ctia '®Ho trong hé dung méi DTPA 10mM.

Két qua phan tich cho thay dung dich '**HoCl,
khéng chira cac dong vi khac hodc ion ban nao. do
tinh khiét hat nhan cta '®Ho dat hon 99,9%.

170

Nhan xét cac két qua khao sat: Ty 1&é mol cac
chat '®Ho*": DOTMP la 1:1, 1:5, 1:10 va 1:15 hiéu suat
gan dat lan lugt la 93,75 + 1,62, 99,55 + 0,49, 99,60 +
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0,42 va 99,70 + 0,22%. Két qua cho thay hiéu suat
gan dat hon 99% tai cac ty 1& 1:30, 1:40 va 1:50. Ty lé

mol 1:30 dugc chon cho cac nghién ciu tiép theo
(Badng 1, Hinh 3A).

Bang 1. Két qua khao sat diéu ché "**Ho-DOTMP (n = 3)
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Hinh 3. D6 thi két qua khao sat diéu ché "®*Ho-DOTMP, A. Ty 1é mol '*Ho*" va DOTMP,
B. Khdo sat pH, thai gian phan ting, C. Khdo sat thai gian phdn Ung, D nhiét d, D. Khao sat nhiét do.

Vai ty 1& mol cac chat '**Ho**: DOTMP la 1:30 (cu
thé la 20ul 0,264mM/ml '®*Ho va 600l 0,264mM/ml
DOTMP), hiéu suat gan dat hon 99% tai cac pH tu 3
dén 9 (Bang 1, Hinh 3B) va pH 7-8 dugc chon. Két

qua khao sat thai gian cho thay c6 dinh pH 7, nhiét
do 24°C, hiéu suat gan dat han 99% trong thdi gian
tur 5-120 phut (Bang 1, Hinh 3C). Cudi cling 13, s6 liéu
khao sat nhiét d6 trén Bang 3, Hinh 3D, c6 dinh ty lé
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mol 1:30, pH 7, thai gian 15 phut, nhiét d6 phan tng
4°C, 24°C, 37°C, 50°C, 60°C va 80°C c6 hiéu suat gan
hon 98%, (Bang 1, Hinh 3D).

Két qua kiém tra dé tinh khiét hod phéng xa '*Ho-
DOTMP: Trén bang sac ky I16p mdng, phic *°Ho-

DOTMP di chuyén vé ngon R, = 0,8-1,0 (Hinh 4A),
'Ho nam tai vi tri g&¢, Ry = 0,1-0,2 (Hinh 4B). D6 tinh
khié€t hoa phong xa cta '®*Ho-DOTMP dat hon 98%.
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Hinh 4. D6 tinh khiét hoa phong xa cia "**Ho-DOTMP (A) va '**Ho (B).
Sac ky giay, 20 x 200mm, dung méi NH,OH:CH;0H:H,0 (1:10:20), chup trén may phong xa tu chup Cyclone.

Két qua cho thdy '**Ho-DOTMP dat chi tiéu chat
lugng vé do tinh khiét hoa phong xa (>95%), ¢ thé
duing trong cac nghién clu tiép theo.

Két qua kiém tra do 6n dinh '**Ho-DOTMP: Theo
déi 6n dinh cac mau theo thai gian tir khi diéu ché
dén 03 ngay, téng hap cac két qua phan tich cac
bang sic ky cho thdy '®Ho-DOTMP én dinh trong
moi trudng NaCl 0,9% & diéu kién 4°C va 24°C dat
chat lugng tuong Ung cho dén ngay thu 3 la 96,55 +
1,06, 98,55 + 0,49% va trong dém phosphat 0,2M la

96,30 + 0,14 va 96,80 + 0,42%. Dic biét 13, "**Ho-
DOTMP 6n dinh invitro trong HSA & nhiét do 37°C
dén ngay thu 3 13 96,85 + 0,63 (Hinh 5).

Hiéu suat danh ddu: Théng ké hiéu suat danh
dau dua trén 03 mé '*Ho-DOTMP diéu ché, két qua
trong binh a2 98,28 + 0,55%.

D6 bén cha phuc '®Ho-DOTMP trong dém
phosphat khéng khac nhau dang ké so véi trong
NaCl 0,9% (p>0,05) (Hinh 5).

<
E 100 =g -® NaCl0,9%4°C
0
%D 90- - NaCl 0,9% 24°C
*5 20 - Phosphat 0,2M 4°C
g i Phosphat 0,2M 24°C
"2 -+ HSA 0,05% 37°C
-
<= 607
=
< 50 T T 1
S 1 2 3
Thoi gian (ngay)

Hinh 5. D6 6n dinh cla '®Ho-DOTMP
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4. Ban luan

Trong nghién ctiu nay, ching t6i da chiing minh
DOTMP c6 thé danh dau véi dong vi phéng xa '*Ho
dé diéu ché '"Ho-DOTMP véi do tinh khiét hoa
phdng xa va 6n dinh cao, c6 tiém nang ung dung
cho nghién cdu lam sang. DOTMP c¢6 ai luc cao vdéi
cac mudi vo ca trong xuong nhu canxi photphat va
hydroxyapatite, ddc hiéu trén mé xuong tuy xuong
va phat huy hiéu qua khi gan véi '*Ho [2, 3].

Cac két qua cho thay nghién ciu dat téi uu cac
diéu kién trong diéu ché '®Ho-DOTMP tai ty 1é 1:30,
pH 7, thai gian 30 phut, nhiét do6 24°C la phu hgp
nhu cac nghién ctu da céng bé, va dugc chon. Vi du
nhu nhém tac gid Samani va cdng su da nghién ctu
danh dau '*Ho voi DOTMP ¢ hiéu suat gan dat
trung binh > 99% & ty 1é mol 1:30 dén 1:50 [3]. So véi
cac nghién ctiu diéu ché *Sm-DOTMP [2], hiéu suat
gan dat cao > 99% tai pH 7,0-8,5 la phu hop vai ban
chat ctia DOTMP, mét phosphonate dé tao phuic 6n
dinh véi cac déng vi phong xa ion 3+. D6 tinh khiét
héa phong xa cta '*Ho-DOTMP dat hon 98% tuong
duong véi cac nghién clu da céng b va phic bén
cho dén 3 ngay trong méi trudng thich hgp la nudc
mudi sinh ly va dém phosphat cé & nhiét do 4°C,
24°C [3]. P6 6n dinh c6 y nghia '**Ho-DOTMP bén
sau 2 chu ky phan ra ctia '°Ho. Véi hy vong thay thé
'3Sm-EDTMP, mét san pham da dugc FDA phé
duyét st dung lam sang dudi tén thuong mai la
Lexidronam [2], khé nhap ngoai vi thoi gian ban ra
1,9 ngay, gia thanh dat.

Viéc diéu ché '**Ho-DOTMP trong nudc thuan
lgi va phu hgp vi cé san 16 phan (ng hat nhan trong
nudc va cé y nghia cho bénh nhan. Tuy nhién, dé c6
thé st dung '®*Ho-DOTMP trong lam sang, can cé
nhitng nghién ctu sau hon vé cac danh gia tién lam

sang nhu phan bé trén dong vat cling nhu cac danh
gid an toan trén mo va tdy xuong.

5. Két ludn

Hop chat DOTMP da dugc danh dau véi dong vi
phéng xa '®Ho tao ra phuc '*Ho-DOTMP. Nghién
clu budc dau dat dugc cac két qua téi uu vé qui
trinh diéu ché, hiéu suat gan cao. Phuc '®*Ho-DOTMP
dat do tinh khiét hoa phong xa, 6n dinh trong cac
diéu kién bao quan, dap Ung cac tiéu chi vé dugc
chat phéng xa, cé tiém nang tng dung trong diéu tri
gidm dau cac ung thu di can xuong.
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