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Linh vwe ky thuit dwoc dé cap

Séng ché gé cap dén ché phém chita cac chit tuong phén, cu thé 1a c4c chelat ion
kim loai thuén ti¥, cu thé 1 dung dé chup cong hudng tir, va dén céc quy trinh 4p dung

duoc trong cong nghiép dé thu dugc cac ché pham nay.
Tinh trang k¥ thuat ciia sang ché

Céc chét twong phan khic nhau dua trén cac chelat lanthanit (kim loai thuén tir),
cu thé 1a cac chelat gadolini, dugec mo ta vi du trong Patent My sb 4,647,447, da duoc
biét dén. Céc san pham nay duoc goi 1a cac GBCA (Gadolinium-based Contrast Agents:
Céc chét tuong phén trén co s¢ gadolini). Mot s6 GBCA da dugc phé chuén dé sir dung
trén 14m sang va cé ban trén thi truong: cu thé 14 cadc Gd-chelat mach théng, nhu
gadopentetat dimeglumin (Magnévist@, dua trén DTPA), gadodiamit (Omniscan®, dya
trén DTPA-BMA), gadoversetamit (OptiMARK®, dya trén DTPA-BMEA) va cu thé 1a
cac Gd-chelat vong 16n, gadoterat meglumin (Dotarem®, dua trén DOTA), gadoteridol
(ProHance®, dua trén HP-DO3A), gadobutrol (Gadovist®, dua trén BT-DO3A, Butrol),
axit gadoxetic (Primovist®, dya trén EOB-DTPA) va gadobenat dimeglumin
(MultiHance®, dya trén BOPTA).

Céc hop chét nay s&, trong phan con lai ciia ban mé ta nay, dugc dé cap ma khong
c6 su phan biét 1a “Gd-chelat” hodc “chelat” va céc phdi tir clia ching dugc dé cép 1a

“cac phdi tir chelat héa”.

Mot s GBCA duge mo ta trong patent My s6 6,440,956, patent M§ 65,403,572,
patent chau Au sé 0 438 206, cong bd don quéc té s6 WO 93/011800.

Céc chét twong phan chup cong huéng tir (MRI) c6 thé dugc dic trung bang do
gidn doc (r1) va do gian ngang (r2). P gian (relaxivity) 1a mic do ma chét twong phan
¢6 thé nang cao hing s6 toc do gidn nude theo chiéu doc hoic ngang (tuwong tmg 1a Ry
= 1/T1 hodc Ry = 1/T») dugc chuan héa theo ndng do clia chét twong phan. Do gian la 5O

do hiéu qué cia cac chat twong phan (Jacques V. et al. Invest. Radiol. 2010 Oct; 45(10):
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613-624). Cac GBCA khac nhau, vi du, vé d6 gidn cua chung, d§ gidn nay phu thudc
Vao cac yéu t6 nhu cuong do tir truong, nhiét do va cac yéu t6 noi tai khac nhau cta cac
chelat kim loai. Céc thong sé anh huéng dén do gian ndi tai chi yéu la s6 phan tir nude
truc tiép lién két v6i gadolini (dugc goi 14 nudce trong cau, q), thoi gian luu trung binh
cuia cac phan tir nudc trong cau (tm), va sd lugng va thoi gian luu cia cac phan tir nuée
trong cau hydrat héa th hai (dugc goi 1a nuée cAu tha hai) va su khuéch tin quay (tr)
(Helm L. et. al., Future Med. Chem. 2010; 2: 385-396). V& d6 gian ctia chung, tAt ca cac

GBCA c6 trén thi trudng déu rat giéng nhau va nim khoang tir 4 dén 7 L mmol-'s™.
Dic tinh khac ctia cac GBCA 14 do 6n dinh phirc chét cia Gd-chelat.

3 cac GBCA nhét dinh, lugng nhé céc ion gadolini tu do ¢6 thé dugc giai phong
sau khi dung cho bénh nhan hodc sy khir phirc chét c6 thé dién ra trong qua trinh bao
quan/van chuyén. Didu nay da dan dén viéc tim kiém cac giai phap k¥ thudt dé han ché
tiép xtc voi ion kim loai tw do nhim giai quyét mot cach an toan véAn d& k§ thuat phirc
tap vé kha ning dung nap & bénh nhan. Vi du, k& tir nam 2006, mot tinh trang bénh ly
duoc goi 1a NSF (Nephrogenic Systemic Fibrosis - bénh xo hoa hé théng than) c6 lién
quan it nhat mot phan dén viéc st dung GBCA va sy hién dién sau d6 ctia gadolini trong
co thé. Can bénh nay di din dén canh béo clia cac co quan 'y té lién quan dén GBCA cu
thé dugc sir dung cho nhitng bénh nhan bi giam hogc khong cé chirc nang than. Mot vi
du khac 12 su tich tu gadolini trong ndo, da dugc quan sat thay sau khi st dung nhiéu 1an
mdt s6 GBCA mach thing nhét dinh. Vi viéc st dung chit twong phan thuong dugc 1ap
lai trong chu k¥ diéu tri ctia bénh nhan dé huéng din va theo ddi hiéu qua cua viée dicu

tri, nén nguy co bénh nhan tiép xtc véi céc ion gadolini tur do s& ting lén.
Vén dé phirc tap vé kha ning dung nap cac GBCA mdi phai ludn duge xem xét.

Nhu dugc mb ta & day, viéc phat trién cac chat twong phan c6 do gidn cao moi
v6i hiéu qua cao hon c6 thé dan dén giam déng ké liéu sir dung va do d6 lam gidm nguy

co tich tu Gd trong co thé.

Mot chién luge khac dé han ché rui ro nay 1a lua chon céc chelat lanthanit c6 d¢
én dinh nhiét dong luc hoc va do tro dong hoc cao nhét ¢6 thé. Didu nay 1a do do 6n
dinh va do tro cta chelat cang cao, thi luvgng lanthanit giai phong theo thoi gian cang

giam.

2/103



49628

Mot s6 chién lugc dé cai thién kha nang dung nap Gd-chelat duge mo6 ta, vi du,
trong patent My s6 5,876,695 va cong bd don quéc & s6 WO 2009/103744, céc tai li¢u
nay boc 16 cac ché pham chira lugong du phéi tir chelat héa ty do, dugc du tinh dé trc ché
su tich tu khéng mong mudn ciia gadolini béng cach tao phuc vé6i gadolini duge giai
phdng bét ky. Patent My sb 5,876,695 md ta lugng du phdi tir chelat héa mach thang,
cu thé 13 DTPA tu do. Chién luoc phéi ché nay da dugc st dung cho céc san phém
thuong mai nhu Magnevist®. WO 2009/103744 mo ta chién luoc phéi ché twong tu,
dua trén viéce bd sung phéi tir chelat hoa tu do, cu thé 1a DOTA tu do, dé c6 lugng du
rAt nho cta phdi tir chelat héa ty do nay d8 tao phirc chat véi kim loai duoc giai phong
bét k¥, dan dén ndng do gadolini tw do bing khong. Tuy nhién, c4c phoi tir chelat héa
nhat dinh ciing 6 thé c6 bién dang doc t6 ma 1am gi6i han lugng phéi it tw do c6 thé

dugce bo sung vao ché pham.

US 2004/0170566, EP 0 454 078 va US 5,876,695 md ta cac ché pham chira cac
phirc chat “yéu” hodc cac mudi cua cac phdi tir chelat hoa va cac kim loai chuyén tiép
hodic céc kim loai kiém th véi do dn dinh nhiét dong luc hoc thip hon nhiéu so véi Gd-
chelat twong tng. Cac phuc chét “yéu” nay (vi du, cac phiic chét-Ca, -Zn, -Na hojc -
Mg) trai qua sy chuyén héa kim loai v6i sy ¢6 mit cua lanthanit ty do vi ching 6n dinh

hon vé& mit nhiét dong luc hoc.

US 2016/0101196A1 mo ta ché phAm phdi ché chira phitc chat mono-Gd duoc
dAn xudt tir PCTA va con chira phirc chat canxi ca axit 1,4,7,10-tetraazaxyclododecan-

1,4,7,10-tetraaxetic (Ca-DOTA).
Ban chit ky thuit cia sang ché

Neudi nop don da thyc hién cac nghién ciru ddi voi truong hop cu thé vé cac
tetra-chelat duoc dan xuét tir DO3A nhu duge mo ta trong WO 2016/193190 va WO
2018/096082. Cac chién lroc duge mé ta trén day da dugc phat trién chi dbi voi cac Gd-
chelat monome va khong d6i voi céc tetra-chelat dugc dan xuat tr DO3A nhu dugc mo
ta o day.

D3 phat hién ra rang, nhu duge mod ta ¢ day, cac phuong an khac nhau cua céac

ché phim theo sang ché co céc tinh chat bat ngd va c6 loi.

Céc ché phdm dugc duge md ta & day ma chira cic tetra-chelat duge dan xuét tir

DO3A cua cac ion lanthanit, duoc bdc 16 trong WO 2016/193190 va WO 2018/096082,
3
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thé hién do gidn cao ciing nhu céc tinh chit hitu dung khac dé sir dung lam cac chét
twong phan trong céc quy trinh chup y té, vi du quy trinh chup céng hudng tir (MRI)

duogc mo ta.

Theo mot phuong an, sang ché mo ta cac ché pham chtra lugng nho cia chét 1am
sach ion lanthanit, nhu chét 1am sach chta phéi tir chelat hoa ma tao thanh phite chét
manh v6i ion lanthanit ty do. Chat lam sach c6 thé chira dang tu do ctia phoi tir chelat
hoéa (tie 13, phéi tir & dang khong duge tao phirc) va/hodic phdi tir & dang phire véi ion
kim loai lién két yéu, nhu cac ion ctia kim loai kiém hoge kim loai kiém thd hogc cac

ion kim loai chuyén tiép lién két yéu.

Theo céic phuong 4n nhat dinh, ngudi ndp don da phét hién ra réing viéc bo sung
cac lugng nho cia phic chdt canxi cua axit 10-[2,3-dihydroxy-1-
(hydroxymetyl)propyl]-1,4,7,10-tetraazaxyclododecan-1 ,4,7-triaxetic  (Ca-BT-DO3A,
Calcobutrol) vio ché pham chita tetra-chelat dugc dan xuat tir DO3A duge md ta & déy,
nhu tetra-chelat dugc dan xuat tr Gds-DO3A, dam bao sy khéng cé mét cia ion kim
loai thuén tir tu do trong ché phém, cu thé 12 trong dung dich tiém dugc, trong khi van

bao tdn cac mirc dic tinh lam moi trudng twong phan trong cac quy trinh chup y té.

Theo cac phuong an khac, cac tac dung tuong tw co thé dat dugc, khi ché pham
chira poly-chelat, ma 1a chelat ¢ nhiéu hon mot vi tri chelat héa kim loai, tirc 1a ¢6 2
dén 64 vi tri chelat hoa kim loai, va chira cac lugng cua chelat phéi tr v6i luong dudi
hé sb ty lugng cia céc ion kim loai thuan tir ma cung cap hoat tinh chelat héa du dé lién

k&t v6i cac ion kim loai thudn tir bit ky trong ché pham.

Theo cac phuong an khac, cac tac dung tuwong tu co thé dat dugc khi ché phim
chua tetra-chelat duoc dan xuét tir DO3A, nhu tetra-chelat dugc dan xuét tr Gds-DO3A,
va chira cac luong cua chelat phdi tir v6i lugng dudi hé s6 ty lugng ctia cac ion kim loai
thun tr (tdc 12 0, 1, 2 hodc 3 ion kim loai thuén tr) ma tao ra hoat tinh chelat hoa du dé
lién két cac ion kim loai thuén tir tw do bét ky trong ché pham. Theo cac phuong 4n
khéac, lugng chelat phéi tir v6i cac luong dudi hé sb ty luong cua ion kim loai thuén tur
6 thé ¢6 luong twong Gng clia mot dén bén ion kim loai lién két yéu, nhu duge mo ta o

A

day.

Céc ché phim duoc theo céc phuong an nhét dinh c6 ndong do kim loai thuén tir
tur do 12 nho hon hoac bing 5 ppm (khéi lugng/thé tich), tirc 1a nam trong khoang tir 0
4
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dén 5 ppm (khdi lwong/thé tich) (gdm ca gia tri dAu mut), va theo cdc phuong an nhat
dinh, nho hon hodc bing 2 ppm (khdi lugng/thé tich), tirc 1 ndm trong khoang tir 0 dén
2 ppm (khéi lugng/thé tich) (gdm cé gié tri ddu mut), va theo cac phuong 4n nhét dinh
nhoé hon hodc bang 0,5 ppm (khéi lwong/thé tich), tirc 12 nam trong khoang tir 0 dén 0,5
ppm (khdi lugng/thé tich) (gdm ca gia tri dau mut),

Theo céc phuong 4n khac, d nhét ciia cac ché phdm dugc theo sang ché da duge
phat hién 14 chi cao hon mét chut so v6i dung dich natri clorua dang truong. Theo céc
phuong an nhét dinh, cac ché phém duoc duoc md ta ¢ day cé do nhot thép hon khi
duoc so sanh cac ché pham tuong phan thong thuong. DO nhét thip dan dén kha niang
dung nap cuc bo tt khi 4p dung viéc tiém qua tinh mach 1iéu bolus va cho phép viéc ap
dung thuén tién va co thé 1ap lai thong qua mot 6ng thong dai va mong trong qua trinh
tiém tay (can it 4p lyc hon) va/hodc tranh duge sy thay dbi luu lugng léng trong qua
trinh chuyén tiép chét 16ng tlr viéc tiém chét twong phan sang viéc tiém nudc mudi trong

cAc qué trinh tiém v6i cac hé thong tiém c6 trg lyc.

Trai ngugce voi cac san pham c6 trén thi trudng, theo mot s6 phuong 4n cua ché
pham dugc theo sang ché, ché pham nay la déng truong voi huyét twong, didu nay ciing
lam tang kha ning dung nap tai vi tri tiém khi so sanh v6i cac ché phdm phdi ché tham

thiu cao cua cac ché phdm twong phan dé chup c6 trén thi trudng.
MO ta chi tiét sang ché

Do d6, mot déi twong cua sang ché d& cap dén ché pham dugc 1ong chua tetra-

chelat dugc dan xuat tir DO3A.

D6 tuong khac cua sang ché @& cap dén ché phdm dugc 16ng chira tetra-chelat
duoc din xuat tir DO3A, va con chira mot hodc nhiéu chét 1am sach, ma dugc dinh nghia

1a cac hop chat c¢6 kha ning tao thanh phirc chét vé6i ion kim loai thuén tir M.

D41 tugng khac cla sang ché dé cap dén ché pham dugc 1ong chira tetra-chelat
dugc din xudt tt DO3A va phic chat canxi cua axit 10-[2,3-dihydroxy-1-
(hydroxymetyl)propyl]-1,4,7,10-tetraazaxyclododecan-1 4, 7-triaxetic  (Ca-BT-DO3A,
Calcobutrol).
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Déi tuong khac ciia sang ché dé cap dén ché pham dugc 1ong chira tetra-chelat
duge dan xuat tir DO3A va céc tetra-chelat dugc dAn xuit tr DO3A vé6i lugng dudi hé

so ty luong cua céc ion kim loai thuén tur.

Déi tugng khéc cta sang ché dé cap dén moi trudng tuwong phan dé chup y té,

nhu chup cdng huong tir, chira ché pham duoc 16ng néu trén.

Déi twong khéc ciia sang ché dé cap dén quy trinh diéu ché ché pham dugc long

néu trén.

Sang ché cling d& cap dén ché pham dugc 16ng néu trén hodc moi trudng tuong
phan néu trén dé st dung trong phuong phap chin doan, nhu phuong phap chan doan

chup cong huodng tur.

Nhu dugc mb ta & ddy, chelat c6 cong thirc chung (I), ma la chelat gita phéi tir
chelat hoa c¢6 cong thirc chung (II) va bdn ion kim loai thudn tur, s& dugc dé capla“
tetra-chelat duoc dan xuét tir DO3A”. Cu thé hon va trir khi ¢6 quy dinh khac, phirc chét
gifta phdi tir chelat hoa c6 cong thirc chung (II) va cac ion gadolini (Gd**) s& dugc de

cap 1a “tetra-chelat dugc dan xuét tir Gds-DO3A”.

Phéi tir chelat héa ¢6 cong thie chung (II) 14 phéi tir tw do (tirc 14, khong c6 ion

kim loai tao phtrc) va s& dugc dé cap la “tetra-phéi tr dugc dan xuét tir DO3A”.

Céc tetra-chelat duoc din xuét tir DO3A v6i cac lugng dudi hé so ty luong cua
cac ion kim loai thuén tir 1a cac ché phém chira cac tetra-chelat dugc dan xuét tir DO3A
va con chira mot hodc nhiéu chelat giita tetra-phdi tir duge dan xuét tir DO3A ¢6 cong
thire chung (IT) va cac luong dudi hé sb ty lugng cta cac ion kim loai thuén tir, nhu mat,
hai hodic ba ion kim loai thudn tir, vi/hodc chita tetra-phdi tir dwgc dén xuat tir DO3A ¢6
cong thire chung (IT), hodc cac hdn hop cua chung. Theo cac phuong an khac nhau, tetra-
phéi ttr duoc dan xuét tir DO3A chutra cac luong dudi hé s6 ty luong cua cac ion kim loai
thuén tir ¢6 thé chtra cac lwong dudi hé s6 ty lugng ctia mot hodc nhiéu ion kim loai lién
két yéu. Nhu duoc st dung & day, thuat ngit “céc ion kim loai lién két yéu” bao gdm cic
ion kim loai cua cac kim loai kiém, kim loai kiém tho, va cac kim loai chuyén tiép ma
¢6 & luc lién két dbi voi tetra-chelat dwoc dan xudt tir DO3A ma nho hon 4 luc lién két
cua tetra-chelat duoc dan xuat tir DO3A va ion kim loai lanthanit. Theo cac phuong an
khéc, cAc ion kim loai lién két yéu co thé bao gdm cac ion lithi, canxi, natri, kém, kali,

hodc magie.
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Céc tetra-chelat dugc dan xuét tr Gds-DO3A véi cac lugng dudi he s6 ty luong
cta ion gadolini thudn tir 1a cac ché pham chita céc tetra-chelat dugc dan xut tir Gds-
DO3A va con chira cac chelat gifra tetra-phdi tir dugce dan xuét tir DO3A c6 cong thic
chung (II) va mot, hai, hodc ba ion Gd*', va/hoac chua tetra—phéi tir dugc dan xudt tir
DO3A c6 cong thirc chung (II) dudi dang phéi tir tu do, hodc cac hdn hop cta chung.
Theo cac phuong an khac, tetra-phéi tir dugc dan xudt tir Gda-DO3A chua cac lugng
dudi hé sb ty luong cta cac ion gadolini thuén tir va/hodc tetra—phéi tor duoc dan xuat tir
DO3A tu do co thé chira lugng dudi hé 36 ty lugng hodc luong hé s6 ty luong 1an luot

ctia mdt hodc nhiéu ion kim loai lién két yéu & cac vi trf phoi két khong c6 gadolini.

Chelat du6i hé s6 ty luong gifta tetra-phéi tir dwge dén xuét tir DO3A c6 cong
thirc chung (IT) va ba ion kim loai thuan tir s& dugc dé cap 1a “chelat dugc dan xuét tir
Ms-DO3A”. Chelat du6i hé s6 ty luong giita tetra-phdi tir duge dan xuét tir DO3A c6
cong thire chung (II) va hai ion kim loai thuén tur s& duoc dé cap 1a “chelat dugc dan
<uht tir Ma-DO3A”. Chelat dudi hé s ty luong gifta tetra-phdi tir dwoc dan xudt tir
DO3A c¢6 cong thirc chung (I) va mot ion kim loai thuén tur s& dugc dé cap 1a “chelat
duoc dan xuét tir M-DO3A”. Theo cac phuong an khic nhau, cac chelat dudi hé s ty
luong nay ciing nhu tetra-phdi tir duge dan xuat tir DO3A c¢6 cong thire chung (II), ma

cing 1 chelat dudi hé sb ty lugng, ¢6 thé c6 mat trong ché pham.

Cu thé hon va trir khi c6 quy dinh khéc, chelat dudi hé sb ty luong gitta tetra-
phéi tir duge dén xudt tir DO3A ¢6 cong thire chung (II) va ba ion Gd** s& duge dé cap
14 “chelat duoc din xuét tir Gds-DO3A”, chelat duéi hé s6 ty luong gitta tetra-phdi tir
duge dan xuat tir DO3A c6 cong thirc chung (II) va hai ion Gd** s& dugc dé cap 1a “chelat
duoc din xudt tr Gdo-DO3A”, va chelat dudi hé s6 ty luong gitra tetra-phdi tir duge dan
xuat tr DO3A c6 cong thirc chung (II) va mot ion Gd3* s& dugc dé cap 1a “chelat duge

dan xuat tr Gd-DO3A”.

N6i chung, mdt khia canh cta sang ché bao gdm ché pham dugc cua poly-phéi
tr ctia ion kim loai thuén tlr, nhu cac ion kim loai lanthanit, c6 hai hodc nhiéu vi tri
chelat hoa kim loai, nhu tir 2 dén 64 vi tri chelat hoa kim loai, trong do mdi mot vi tri
trong sb cac vi tri chelat hoa kim loai nay c6 ion kim loai thuén tur duoc lién két vao do,
trong d6 ché pham nay con chta cac luong cua poly-phéi tr c6 lugng dudi hé sO ty

lugng clia cac ion kim loai thuén tir duge lién ket vao do.

7
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Theo cac phuong an nay, cac vi tri chelat hoa cia poly-phéi tir ¢6 cac lugng dudi
hé s6 ty luong cua cac ion kim loai thuén tr c6 thé 1a ty do (tirc 13, khong c6 kim loai
lién két) hodc c6 thé c6 ion kim loai yéu duoc lien két vao d6. Hon nita, theo cac phuong
4n nay, mot hodc nhiéu trong sd céc vi tri chelat hoa cua poly-phdi tit c6 cac lugng dudi
hé sb ty lugng cua céc ion kim loai thuan tr c6 thé 12 tu do (tirc 13, khong c6 kim loai
lién két) hodc c6 thé ¢6 ion kim loai yéu duge lién két vao d6. Cac ché pham duge nhu
cac ché pham duge nay s& dugce két hop vao d6 gdc lam sach kim loai ma c6 kha néng
lién két vé6i ion kim loai thuan tir duoc giai phong bt ky ma c6 thé dugce giai phong
trong qua trinh bao quan, van chuyén, hodc trong qu4 trinh tiém, nhd d6 ngan chan sy
giai phong né vao mau hodc cac co quan cua bénh nhén.

Phitc chat gitta axit 10-[2,3-dihydroxy-1-(hydroxymetyl)propyl]-1,4,7,10-
tetraazaxyclododecan-1,4,7-triaxetic (Butrol) va cac ion canxi, ma dugc biét nhu 12

Calcobutrol, s& dugc dé cap 1a “Ca-BT-DO3A”.

Theo khia canh thi nhét, sing ché bao ham ché pham dugc long chia Tetra-

chelat dugc din xuét tir DO3A c6 cong thirc chung (I):

R R
\ /
N N
H H
H H
/N N\
R’ R'
@,

trong do

R!  lanhdém duoc chon tir:
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NV ANV
Cd g Ly
TN % I

R va
X I\ X

NOeK:

x—/\_/ \/\N/\

trong nh6m nay * biéu thi diém gin két cia nhom nay v6i phan con lai cia phan
tur,
R2, R3, va R* ddc 1ap voi nhau 1a nguyén tir hydro hodc nhém dugc chon tur:
C1-Cg-alkyl, C3-Cs-xycloalkyl, (C1-Ca-alkoxy)-(Ca-Cs-alkyl)-, va phenyl,
trong d6 nhom C1-Cs-alkyl nay tiy y dugc thé, gidng hodc khac nhau, bang
nhém thé phenyl, nhém thé phenyl nay tiy y duoc thé, mot, hai hogc ba
14n, gidng hodc khac nhau, bang nguyén tir halogen hodc nhém dugce chon
tur:
C1-C;s-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai hodc ba lan, gidng
hoac khéc nhau, bang nguyén tir halogen hodc nhém dugce chon tir:
C1-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy,
R3>  lanhém duoc chon tu:
C1-Cs-alkyl, C3-Cs-xycloalkyl, (Ci-Ca-alkoxy)-(Ca-Cs-alkyl)- va phenyl,
trong d6 nhom Ci-Ce-alkyl tuy y duoc thé, gibng hoic khac nhau, bang
nhém thé phenyl, nhém thé phenyl nay tiy y duge thé, mot, hai hodc ba
14n, gidng hodc khac nhau, bang nguyén tir halogen hodc nhém duge chon
tur:
C;-Cs-alkyl, Ci-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhém phenyl néu trén tiy y duoc thé, mot, hai, hodc ba lan, giéng
hoac khac nhau, bé‘mg nguyén t halogen hodc nhom dugc chon tu:
C1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy,
X 1a nhém C(=0)OH hodc C(=0)0r,
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va

M la ion cua kim loai thuéan tur,

hogc chat ddng phan 14p thé, chit ddng phan hd bién hodc mudi cia ching, hoic hdn

hop cta chung,
ché pham duoc nay chira

dung moéi dugc dung,
va ty y chira chat dém,
trong do tetra-chelat dwoc dén xuat tir DO3A cé ndng do trong ché phidm nam
trong khoang tir 1 dén 1000 mmol ion kim loai thuan tir/L (gém ca gia tri dau mut),
trong d6 ion cua kim loai thuan tir khong 13 Gd**, va ndm trong khoang tlr 60 dén 750
mmol ion kim loai thuén ti/L (gdm ca gia tri ddu mut) trong d6 ion ctia kim loai thuan
tlr cing ¢6 thé 12 Gd**, cu thé 13 ndm trong khoang tir 70 dén 700 mmol ion kim loai
thuan tir /L (gdm ca gi4 tri diu mut), cu thé 12 ndm trong khoang tir 80 dén 650 mmol
ion kim loai thuén tir /L (gdm ca gia tri diu mut), cu thé 12 ndm trong khoang tir 90 dén
600 mmol ion kim loai thuén tir /L (gém ca giatri dau mut), cu thé 1a nam trong khoang
tir 100 dén 500 mmol ion kim loai thudn tir /L (gdm ca gi4 tri dAu mut), cu thé 13 nim
trong khoang tir 150 dén 450 mmol ion kim loai thuan tir ion/L (gdm ca gia tri dau mut),
cu thé 12 hon nidm trong khoang tir 200 dén 400 mmol ion kim loai thuan tir /L (gm ca
gi4 tri ddu mut), va tham chi cu thé hon nita 1a ndm trong khoang tir 250 dén 350 mmol

ion kim loai thun tir /L (g0m ca gia tri dau mut).

Cac dinh nghia

T4t ca cac ndng do hoidc cac lidu tham chiéu duoc dé cap trong cac ché pham
tuong phan khac nhau trong ban mé ta nay, trir khi ¢é Iuu y khac, déu chi ndng do cua
ion kim loai thuan tir. Diéu nay la quan trong, vi cac phurc chét tetrame mang 4 ion kim
loai thuén tir trong mdt phan tr. Do do, ché phém chira tetra-chelat duoc dan xuét tir
Gds-DO3A ¢6 ndng do 1 mmol/L cua chelat phéi tir/kim loai s& c6 nong do 4 mmol/L

cuaion Gd**.

Thuét ngit “ché phadm” va “ché pham dugc” theo ban mo ta nay c6 nghia 1a dung
dich chira it nhét 14 tetra-chelat duoc dan xudt tir DO3A c6 cong thire (I), nhu trén, trong

“dung méi dugc dung”, trong do thuat nglt “dung moéi dugce dung” duogc du tinh cé nghia
10
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13 dung mdi ma thich hop v6i ing dung ngoai duong tiéu héa, tc 1a, nude, dung dich
nudce, hoac mot hodc nhiéu hop chit dugc chon tir danh sach cac dung méi ¢ ddy, ma cd
kha nang hoa tan dang ké tetra-chelat duoc dan xuat tir DO3A, dung dich nay tuy y chira

mdt hodc nhiéu ta duge khac thich hop vé mat duge ly.

Céc ta dugc thich hop vé mat dugc ly bao gom, trong s6 cac ta dugc khéc,

e cac dung mdi (vi du nudc, etanol, isopropanol, glyxerol, propylen glycol va
polyetylen glycol long),

e céc chit dém, cac axit, va/hodc cac bazo (vi du cac chat dém chira c4c phosphat,
cacbonat, xitrat, ascorbat, axetat, sucxinat, malat, maleat, lactat, tartrat,
trometamol (TRIS, 2-amino-2-(hydroxymetyl)propan-1,3-diol), trietanolamin,
HEPES (axit 2-[4-(2-hydroxyetyl)-1-piperazin]etansulfonic), MES (axit 2-
morpholinoetansulfonic), va natri hydroxit, va axit clohydric),

e céc chét dang truong (vi du glucoza, natri clorua, d-manitol, sorbitol, sucroza,
trehaloza, va propylen glycol),

e céc chét 1am 6n dinh (vi du cac chéat chong oxy hoéa nhu, vi du, axit ascorbic,
ascorbyl palmitat, va natri ascorbat),

e c4c chat bao quan (vi du axit sorbic).

Thuét ngft “dung dich dém” theo ban md ta sang ché c6 nghia 1a dung dich trong
dung mdi dugc dung, dung dich nay chira chit dém, chat dém nay dugc chon tir xitrat,
lactat, axetat, tartrat, malat, maleat, phosphat, sucxinat, ascorbat, cacbonat, trometamol
(TRIS, 2-amino-2-(hydroxymetyl)propan-1,3-diol), HEPES (axit 2-[4-(2-hydroxyetyl)-
1-piperazin] etansulfonic) va MES (axit 2-morpholinoetansulfonic) va cac hdn hop cua

céc chit bét ky trong sb nay.

Thuét ngit “duge thé” cé nghia 1a mot hoac nhiéu nguyén tit hydro trén nguyén
tir hodic nhém chi dinh duoc thay thé bang nhém chon tir nhém chi dinh, véi diéu kién
12 hoa tri binh thudng cta cac nguyén tir duoc chi dinh trong cac diéu kién ton tai khong

bi vuot qua. Cac két hop clia cac cac nhom thé va/hodc cac tham bién 13 dugc phép.

Thuét nglt “tuy y dugce thé” ¢6 nghia 12 s lugng cac nhém thé c6 thé bang hodc
khéc khong. Trir khi ¢6 quy dinh khac, céc nhém tiy y duge thé ¢6 thé duge thé bing
nhiéu nhém thé tiy ¥ nhu c6 thé duge két hop béng cach thay thé nguyén tir hydro bét
k¥ bang nhém thé khong phai hydro trén nguyén tir cacbon c6 san bat ky.

11
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Nhém thé hén hop ¢6 thé bao gdm nhidu hon mdt phan, vi du (Ci-Cz-alkoxy)-
(C2-Cs-alkyl)-, mot phan nhit dinh c6 thé dugc gin két & vi tri thich hop bat ky cua
nhém thé hdn hop dé, vi du phan C1-Cz-alkoxy c6 thé duoc gin két véinguyén tir cacbon
thich hop bét k¥ ciia phan C-Cs-alkyl cua nhom (Ci-Cs-alkoxy)-(C2-Cs-alkyl)-. Déau
gach ngang ¢ phan dau hoic cudi ctia nhém thé hdn hop nhu vay biéu thi diém gin két

ctia nhém thé hdn hop nay v6i phan con lai cua phén ti.

Thuét ngft “bao gdm” khi dwgc st dung trong ban mo ta s&€ bao gdm “ve€ co ban

la chi bao gom” va “chi bao gom”.
Céc thuét ngit nhu néu trong ban md ta nay c6 y nghia nhu sau:

Thuat ngir “nguyén tir halogen” ¢ nghia la nguyén tir flo, clo, brom hodc iot, cu

thé 14 nguyén tir flo, clo, hodc brom.

Thuét ngit “Ci-Cs-alkyl” c6 nghia 1& nhém hydrocarbon héa tri mot, béo hoa,
mach thang hodc mach nhanh, ¢6 1, 2, 3, 4, 5 hodc 6 nguyén tu cacbon, vi du, nhém
metyl, etyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, zer¢-butyl, pentyl, isopentyl,
2-metylbutyl, 1-metylbutyl, 1-etylpropyl, 1,2-dimetylpropyl,  neo-pentyl,
1,1-dimetylpropyl, hexyl, 1-metylpentyl, 2-metylpentyl, 3-metylpentyl, 4-metylpentyl,
l-etylbutyl, 2-etylbutyl, 1,1-dimetylbutyl, 2,2-dimetylbutyl, 3.3-dimetylbutyl,
2,3-dimetylbutyl, 1,2-dimetylbutyl hodc 1,3-dimetylbutyl, hoac ddng phan cua chung.
Cu thé 13, nhém nay c6 1, 2, 3 hodc 4 nguyén tir cacbon (“Ci-Cs-alkyl”), vi du, nhém
metyl, etyl, propyl, isopropyl, butyl, sec-butyl isobutyl, hogc zerz-butyl, cu thé hon 14 1,
2 hoac 3 nguyén tir cacbon (“C;-Cs-alkyl”), vi du, nhém metyl, etyl, n-propyl hoac
isopropyl.

Thuét ngit “C;i-Cs-alkyl” ¢6 nghia 12 nhém hydrocarbon héa tri mot, bao hoa,
mach thing hodc mach nhanh ¢6 1, 2 hodc 3 nguyén tir cacbon, vi du, nhém metyl, etyl,
propyl, hoéc isopropyl.

Thuat ngft “C2-Cs-alkyl” ¢6 nghia 12 nhém hydrocarbon héa tri mot, bdo hoa,
mach thing hodc mach nhanh c6 2 hodc 3 nguyén tir cacbon, vi dy, nhém etyl, propyl,
hodc isopropyl.

Thuét ngit “Ci-Ca-alkyl” ¢6 nghia 1a nhém hydrocarbon héa tri mét, bdo hoa,

mach théng ¢6 1 hodc 2 nguyén tir cacbon, vi du, nhém metyl hoac etyl.

12
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Thuét ngit “Cs-Ce-xycloalkyl” c6 nghia 12 vong hydrocarbon don vong, hoa tri
mét, bdo hoa chira 3, 4, 5, hodc 6 nguyén tir cacbon. Nhom Cs-Ce-xycloalkyl nay 1a, vi

du, nhém xyclopropyl, xyclobutyl, xyclopentyl, hodc xyclohexyl.

Thuét ngit “C;-Cs-haloalkyl” c6 nghia 1a nhém hydrocarbon hoa tri mot, bao hoa,
mach thing hoic mach nhanh trong dé thuét ngtt “C-Cs-alkyl” dugc dinh nghia trén
day, va trong d6 mot hodc nhidu nguyén tr hydro duge thay thé, giong hodc khac nhau,
bang nguyén tir halogen dugc dinh nghia trén day. Cu thé 13, nguyén tir halogen nay la
nguyén tir flo. Nhém C1-Cs-haloalkyl nay 1a, vi dy, flometyl, diflometyl, triflometyl, 2-
floetyl, 2,2-difloetyl, 2,2,2-trifloetyl, pentafloetyl, 3,3,3-triflopropyl, hoac 1,3-
diflopropan-2-yl.

Thuat ngft “Ci-Cs-alkoxy” c6 nghia la nhém hoa tri mot, bdo hoa, mach thang
hoic mach nhanh ¢6 cong thirc (C1-Cs-alkyl)-O-, trong d6 thudt ngit “Ci-Cs-alkyl” 1a
nhu dugc dinh nghia trén day, vi dy, nhom metoxy, etoxy, n-propoxy, hodc isopropoxy.

Thuét ngit “Ci-Co-alkoxy” ¢6 nghia la nhém hoéa tri mot, béo hoa, mach théng co
cong thirc (Ci-Co-alkyl)-O-, trong d6 thuat ngit “Ci-Cz-alkyl” 1a nhu dugc dinh nghia
trén day, vi du, nhém metoxy hodc etoxy.

Khi mot khoang gia tri dugc dua ra, khoang nay s€ bao gdm mbi gia tri dau mut
va khoang phu bat ky nam trong khoang nay.

Vi du:
"C1-C¢" bao gé)m Ci, Ca, C3, C4, Cs, Cg, C1-Cg, C1-Cs, C1-Cy, C1-Cs, Ci-Cy, C2-Cg, Ca-
Cs, C2-Cy, C2-C3, C3-Cg, C3-Cs, C3-Ca, C4-Cs, C4-Cs, va Cs-Ce;

"C1-C4" bao gém Ci, Ca, C3, C4, C1-C4, C1-C3, C1-Ca, C2-C4, C2-C3, va C3-Cy;
"C1-C3" bao gdm Ci, Ca, C3, C1-Cs, C1-Ca,va C2-Cs;
"C3-Cs" bao gf)m C3, C4, Cs, Cs, C3-Cs, C3-Cg, C3-Cs, C4-Cs, Cs4-Ce, va Cs-Ce.

Céc hop chit ¢6 cong thirc chung (I) va (IT) ¢6 thé ton tai dudi dang céc bién the
déng vi. Do dé, sang ché ¢6 thé con bao gém mot hodc nhiéu bién thé dong vi ctia cac
hop chét ¢ cong thire chung (I), (I-a), (I-b), (I-¢), (ID), (II-a), (II-b) va (II-c), va hop chét
bt k¥ trong s6 cac hop chat c6 lugng dudi hé s6 ty lugng cua ion kim loai thuén tir, nhu

dugc mo ta ¢ day, nhu céac hop chét chira doteri cé cong thire chung (1), (I-a), (I-b), (I-

13
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¢), (I1), (II-a), (II-b) va (II-c), va hop chét bit ky trong s cac hop chat ¢6 lugng dudi hé
s6 ty luong cta ion kim loai thuén tir, nhu dugc mo ta & day, trong d6 mot hodc nhiéu

nguyén t 'H da dugc thay thé bing nguyeén tir “H.

Thuat ngit “bién thé ddng vi” ctia hop chét duge dinh nghia 1a hop chat chura ty
phan khong ty nhién ctia mot hodc nhiéu ciia chét dong vi cu thanh hop chat nay.

Thuat ngit “bién thé dong vi cua hop chét c6 cong thic chung (I)” duoc dinh
nghia 12 hop chit c6 cong thire chung (I) chia ty phan khong tu nhién ciia mot hodc
nhiéu ctia chit ddng vi cAu thanh hop chét nay.

Thuat nglt “ty phan khong tw nhién” duoc hiéu 13 ty phén cua dong vi ndy cao
hon d6 phong phu ty nhién cua né. B phong phu tu nhién ctia chét dong vi duoc ap
dung trong ngit canh nay duge md ta trong “Isotopic Compositions of the Elements

19977, Pure Appl. Chem., 70(1), 217-235, 1998.

Hop chét c6 cong thitc chung (I) ¢6 thé ton tai duéi dang céc bién thé hoa hoc 1ap
thé. Do d6, sang ché con bao ham tAt ca cac bién thé hoa hoc 1ap thé hodc cac két hop
ctia céc hop chit 6 mot hoac nhidu tam khong déi xtmg nhw duge mo ta & ddy, chiang
han nhu cac hop chét c6 cong thirc chung (I), (I-a), (I1), va (II-a), va hop chat bat ky
trong s6 cac hop chit c6 lugng dudi hé s6 ty lwrong cua ion kim loai thuén tir, nhu duge
mb ta & day. Thuat ngit “bién thé héa hoc 1ap thé” c6 nghia 1a tam cacbon khong dbi
xtmg bt ky trong hop chét nay c6 thé ton tai duéi dang héa hoc 1ap thé R hode S va cac
hop chét ¢6 nhidu hon mét tam cacbon khong déi xtmg c6 thé ton tai dudi dang két hop
bét k¥ cua cac chat dong phan dbi anh va céac chat dong phan khong d6i quang trong do
céc tam khong d6i xtng c6 thé 12 két hop bét ky c6 hoa hoc 14p thé R hodc S tai moi tim
cacbon khong d6i xing. Hop chéit c6 cong thirc chung (1), (I-a), (II), va (I-a), va cac
hop chét ¢ lugng dudi hé s6 ty luong cia ion kim loai thuan tir, tirc la cac hgp chét co
cong thirc chung (Gds-11-a), (Gdz-1I-a), (Gd-1I-a), nhu dugc mo ta & day, co thé ton tai
duéi dang tinh khiét vé mat ddng phan dbi anh hogc vé& mat dong phan khong d6i quang,
¢6 thé 12 hdn hop cua cac chat dong phan db6i anh (ching han nhu hdn hop triét quang
clia cac chét dong phan dbi anh hodc hdn hgp ma dugc lam giau vé mit ddng phéan ddi
anh v6i luong mot chét ddng phan dbi anh duoc lam gidu hon so voi chat ddng phan d6i
anh con lai), c6 thé 12 hdn hop cta cac chét ddng phan khong ddi quang (nhu hdn hop
ngu nhién cta hai hodc nhidu chét ddng phan khong ddi quang hodc hon hop clia hai

14
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hodc nhidu chét ddng phan khong dbi quang trong d6 hdn hop nay dugc lam giau vé
lwong cua médt hodc nhiéu chét ddng phan khong déi quang so v6i lugng ctia mot hodc

nhiéu chét ddng phan khong ddi quang con lai trong hdn hop).

Thudt ngit “lugng dudi hé s ty lrong” c6 nghia 1a nho hon lugng hé s6 ty luong.
Khi duoc st dung lién quan dén chelat c6 mot hodc nhiéu vi tri chelat héa ddi voi ion
kim loai, cac lugng dudi hé s6 ty lugng cua ion kim loai ¢6 nghia 1a luong mol cua ion
kim loai nhd hon luwong mol ctia cc vi tri chelat hoa c6 san c6 kha ning chelat hda dbi
v6i ion kim loai.

Thuét ngir “chelat dudi hé s6 ty lugng” c6 nghia 1a chelat gitta phéi tir va sé luong
du6i hé s ty luong clia cac ion cta kim loai thuén tir, tirc 1a chelat gilta tetra-phdi tir va

0, 1, 2 hoac 3 ion ctia kim loai thuén tur.

Theo phuong an thit hai cua khia canh thir nhAt, sang ché bao ham ché pham duoc
16ng, nhu néu trén, chira tetra-chelat dugc din xuét tr DO3A c6 cong thirc chung (1),
nhu néu trén, trong do:
R?>  languyén tit hydro hodc nhém metyl,
mdi R? va R* 1a nguyén tir hydro, va
R’  lanhom dugce chon tu:
metyl, etyl, isopropyl, 2-metylpropyl, benzyl, xyclopropyl, xyclopentyl,
xyclohexyl, 2-metoxyetyl, 2-etoxyetyl, va phenyl.

15
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Theo phuong 4n thit ba cia khia canh thi nhét, sang ché bao ham ché pham duoc
16ng, nhu néu trén, trong dé tetra-chelat dugc dan xuét tir DO3A ¢6 cong thire (I) dugc

chon tir cac chelat ¢6 cong thire (I-a), (I-b), va (I-¢) c6 cac cAu tric nhu sau:
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9

hodc chit ddng phan 1ap thé, chat ddng phan hd bién hodc mudi cua chung, hodc hén

hop cua chung.

Theo phuong an th{ tu cuia khia canh th nhét, sang ché bao ham ché pham duoc
16ng, nhu néu trén, trong do tetra-chelat dugc dan xudt tr DO3A c6 cong thuc (I) c6

cong thuc (I-a) nhu sau:

o-

O:g
- \
NN
o[ Gd3+j
N N~ O
H,C _/
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hoiic chét ddng phan 1ap thé, chat dong phan hd bién hodc mudi clia ching, hogc hon

hop cta chung.

Theo phuong an tht ndm ctia khia canh thi nhét, ché pham theo séng ché c6 nong
do tetra-chelat duoc dan xuat tr Gds-DO3A c6 cong thirc chung (I), nhu néu trén, nim
trong khoang tir 60 dén 750 mmol Gd**/L (gdm ca gia tri dAu mut), cu thé 12 ndm trong
khoang tir 70 dén 700 mmol Gd**/L (gdm ca gi4 tri dAu mut), cu thé 12 ndm trong khoang
tir 80 dén 650 mmol Gd**/L (gdm ca gid tri dAu mut), cu thé 1a nam trong khoang tlr 90
dén 600 mmol Gd*>*/L (gém ca gia tri dAu mut), cu thé 12 ndm trong khoang tir 100 dén
500 mmol Gd*/L (gdm ca gia tri dAu mut), cu thé 13 nim trong khoang tir 150 dén 450
mmol Gd*/L (gdm ca gi4 tri dAu mt), cu thé hon 14 ndm trong khoang tir 200 dén 400
mmol Gd*/L (gdm ca gia tri dAu mut), va tham chi cu thé hon nita 1a ndm trong khoang

tir 250 dén 350 mmol Gd**/L (gdm ca gia tri dau mut).

Theo phuong an thit sau cia khia canh thu nhét, sang ché bao ham ché pham
duoc 16ng, nhu néu trén, chira tetra-chelat dugc dan xuét tr DO3A c6 cdng thitc chung
(I), nhu néu trén, dic trung trong do tetra-chelat dugc dAn xuat tr DO3A c6 cong thic

chung (I) 1a phtc chét giita

tetra-phdi tir duoc din xuit tir DO3A ¢6 cong thirc chung (IT):

R R
\ /
N N
H H
H H
N N
R" R
dn,

trong do

R  lanhém duogc chon tu:
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R , va

trong nhém nay * bicu thi diém gan két ciia nhom nay v6i phan con lai cua

phan tu,

R2, R3, va R* doc 1ap v6i nhau 1a nguyén tir hydro hodc nhém dugce chon tur:
C1-Cs-alkyl, C3-Ce-xycloalkyl, (Ci-Ca-alkoxy)-(C>-Cs-alkyl)-, va phenyl,

trong d6 nhom C;-Ce-alkyl nay tuy y duge thé, gidng hosc khac
nhau, bing nhém thé phenyl, nhom thé phenyl nay tiy ¥ duoc thé,
mdt, hai, hodc ba lan, gidng hodc khéc nhau, bang nguyén tir
halogen hodc nhém dugc chon tur:
C;-Cs-alkyl, Ci-Cs-haloalkyl, va Ci-Cs-alkoxy, va

trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hodc ba
lan, gidng hodc khéac nhau, bang nguyén t halogen hodc nhém
duogc chon tu:

C-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy,

1a nhom dugc chon tu:

C1-Ce-alkyl, C3-Ce-xycloalkyl, (Ci-Cz-alkoxy)-(C2-Cs-alkyl)-, va phenyl,

trong d6 nhom C1-Cs-alkyl nay tiy ¥ duge thé, giong hodc khac
nhau, bing nhém thé phenyl, nhém thé phenyl nay tuy y dugc thé,
mot, hai, hodc ba lan, giéng hodc khac nhau, bang nguyén tir
halogen hodc nhém duge chon tur:
C;-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai hozc ba lan,
gidng hodc khéac nhau, bang nguyén ti halogen hodc nhom duge
chon tur:
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C1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
X 1a nhém C(=0)OH hoac C(=0)Or,

hodc chat ddng phan l1ap thé, chat dong phan hd bién hodc mubi cua ching, hodc hon

hop cta ching,

va cac ion cua kim loai thuan tou M.

Theo phuong an thtr bay cua khia canh thi nhét, sang ché bao ham ché pham
dugc 16ng, nhu néu trén, chira tetra-chelat dugc dan xuét tir DO3A c6 cong thic chung
(I), nhu néu trén, dic trung trong dé tetra-chelat duoc dan xuat tir DO3A ¢6 cong thirc

chung (I) 14 phirc chat gitta

tetra-phéi tir duge dan xuét tr DO3A ¢6 cong thire chung (ID):

R R
\ /
N N
H H
H H
N N
R' R'
dn,

trong dé

R"”  lanhom dugce chon tu:

X_\ Y X X—\N/’—\N/—X
[ j L J0
X_/\__/ H)\”* /\__J \H*
R © \ R ,va

X_\/—\/—X

C, ]

x—/ \_/ F'{m

o

3
trong nhém nay * bicu thi diém gan két cia nhém nay voi phan con lai cua
phéan tu,
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R2, R3, va R* doc 1ap v6i nhau la nguyén tir hydro hodc nhém duge chon tur:

C1-Ce-alkyl, C3-Ce-xycloalkyl, (C1-Ca-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhém Ci-Ce-alkyl ndy tiy y dugc thé, gidng hodc khac
nhau, bing nhém thé phenyl, nhém thé phenyl nay tiry ¥ dugc thé,
mot, hai, hodc ba lan, giéng hodc khac nhau, bang nguyén tir
halogen hodc nhém duge chon tur:

C;-Cs-alkyl, Ci-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hoic ba
1an, gibng hodc khac nhau, bang nguyén tr halogen hodc nhém
duogc chon tu:
C1-C;s-alkyl, Ci-Cs-haloalkyl, va C;-Cs-alkoxy,
R3>  lanhom dugc chon tu:

C1-Cs-alkyl, C3-Cg-xycloalkyl, (Ci-Ca-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhom C;-Ce-alkyl ndy tuy y dugc thé, gibng hodc khac
nhau, bing nhém thé phenyl, nhom thé phenyl nay tiry ¥ dugc thé,
mot, hai, hodc ba lan, giéng hodc khac nhau, béng nguyén tu
halogen hodc nhém duge chon tur:

C;1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y duge thé, mot, hai hodc ba lan,
giéng hoac khac nhau, bang nguyén tr halogen hoac nhém duge
chon tu:
C;-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
X la nhom C(=0)OH hodc C(=0)0O",

hodic chét ddng phan 1ap thé, chat ddng phan hd bién hogc mudi cia ching, hogc hon

hop cua chung,

va mot, hai, hodc ba ion cta kim loai thuén tir M.
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Theo phuong 4n thit t4m ctia khia canh thit nhét, sing ché bao ham ché phim
dugc 16ng, nhu néu trén, chira tetra-chelat dugc dan xuét tr DO3A c¢6 cong thirc chung
(I), nhu néu trén, dac trung trong do tetra-chelat dugc dan xut tir DO3A c6 cong thitc

chung (I) 14 phirc chat gifta

tetra-phéi tir dugce dan xuat tir DO3A c6 cong thire chung (ID):

R R
\ /
N N
H H
H H
N N
R' R
an,

trong do

R  1anhom dugc chon tur:

X_\N/’_\N/—X X—\/—\ X
Ly 5 o
_/\J \k \)
X R /H R* , va
_\ BV
Lo
X——/\_/ \/\N:\

trong nhém nay * bidu thi diém gin két ctia nhém nay v6i phan con lai clia
phan ttr,
R2, R3, va R* doc 1ap véi nhau la nguyén tir hydro hodc nhém dugc chon tur:

C1-Cs-alkyl, C3-Ce-xycloalkyl, (Ci-Cz-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhom Ci-Ce-alkyl nay tuy y dugc thé, gidng hoic khic
nhau, bing nhém thé phenyl, nhom thé phenyl nay tiy y duoc thé,
mdt, hai, hodc ba lan, gidng hodc khic nhau, bang nguyén tir
halogen hodc nhém dugc chon tur:

C1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
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trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hosc ba
l4n, gidng hodc khac nhau, bang nguyén tr halogen hodc nhém
dugc chon tu:
C1-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy,
R’  1anhém duogc chon tur:

C1-Cs-alkyl, C3-Ce-xycloalkyl, (C1-Ca-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhom Ci1-Ce-alkyl nay tuy y dugc thé, giéng hozc khéac
nhau, bing nhém thé phenyl, nhém thé phenyl nay tiry ¥ dugc thé,
mdt, hai, hodc ba lan, giéng hoic khac nhau, bang nguyén tir
halogen hodc nhom dugc chon tir:

C;-Cs-alkyl, Ci-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhém phenyl néu trén tiry y dugc thé, mot, hai hodc ba lan,
gidng ho#c khéc nhau, bang nguyén tir halogen hoac nhém duoc
chon tu:
C;-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
X 1a nhém C(=0)OH hoéc C(=0)0r,

hoiic chit ddng phan 1ap thé, chét ddng phan hd bién hodc mudi cua ching, hodc hon

hop cta ching,

va mot, hai hodc ba ion Gd**.

Theo phuong 4n thtr chin cua khia canh tht nhét, sang ché bao ham ché pham
dugc 16ng, nhu néu trén, chira tetra-chelat dugc din xuét tir DO3A c6 cong thire (I), nhu
néu trén, dic trung trong do tetra-chelat dugc din xuét tir DO3A c6 cong thtrc (T) duge

chon tir phirc chat gitta

tetra-phdi tir dugc dan xuét tir DO3A c6 cong thic (II-a), (II-b), hodc (Il-c) 6 cac cu

tric nhu sau:
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5

hodc chit ddng phan 1ap thé, chat dong phan hd bién hodc mudi ciia ching, hodc hon

hop cta ching,
va cac ion cua kim loai thuan tor M.

Ton kim loai thuan tir M duoc chon tlr cac ion cta kim loai thuén tir ¢ sb hiéu
nguyén tir tir 24 dén 29, hoc tir 59 dén 70, tirc 13, céc ion crom (Cr), mangan (Mn), sét
(Fe), coban (Co), niken (Ni) hodc ddéng (Cu) hodc cac ion praseodymium (Pr),
neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu), gadolini (Gd),
terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm) hoac
ytterbium (Yb). Danh sach cac kim loai nay dugc du tinh 12 bao gdm tat ca cac trang
thai oxy héa thong thuong cia ion kim loai ma thé hién tinh thuan tir, vi du, néu kim
loai 14 sét thi cc ion s&t I (Fe?") va sét III (Fe**) ciing s& dugc bao gdm trong pham vi
nay. Ion kim loai thuan tr M dugc chon cu thé 13 tir cac ion mangan, sét, va lanthanit,
cu thé hon 14 duoc chon tir cac ion Mn?*, Fe**, va Gd®" va tham chi cu thé hon 12 ion

kim loai thuan tir M 1a Gd*".
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Theo phuong an thr muoi cia khia canh thir nhét, sang ché bao ham ché pham
dugc 16ng, nhu néu trén, chira tetra-chelat dugc dan xuét tir DO3A c6 cong thitc chung
(), nhu néu trén, trong d6 ion kim loai thuén tir M dugc chon tur cac ion cua kim loai

thudn tir c6 s6 hidu nguyeén tir tir 24 dén 29 hodc tir 59 dén 70.

Theo phuong 4n thit mudi mot ciia khia canh th nhét, sang ché bao ham ché
phém dugc 1ong, nhu néu trén, chira tetra-chelat dugc dan xuét tir DO3A c6 cong thirc
chung (I), nhu néu trén, trong d6 ion kim loai thuén tir M dugc chon tir ion kim loai

lanthanit.

Theo phuong 4n thtr mudi hai ciia khia canh thit nhét, sang ché bao ham ché pham
dugc 16ng, nhu néu trén, chira tetra-chelat dugc dAn xuét tir DO3A c6 cong thitc chung
(), nhw néu trén, trong d6 ion kim loai thuan tir M dugc chon tir cac ion Mn**, Fe**, va

Gd** va tham chi cu thé hon 13 ion kim loai thuan tr M 12 ion Gd**.

Ché pham duoc 1ong theo sang ché c6 thé chita ngoai tetra chelat dugc dan Xuat
tt DO3A c6 cong thirc chung (I), nhu néu trén, chelat dugc dan xuét tir M3-DO3A twong
tmg, chelat dugc din xuét tir M>-DO3A tuong tng, chelat dugc dan xuét tr M-DO3A
tuong tng va tetra-phéi tir dugc dan xuét tir DO3A twong g ¢6 cdng thirc chung (II),
va c4c chit ddng phan 1ap thé, cc chét ddng phan hd bién, hodc cac mubi cla ching,

hodc céc hon hop ctia chiing.

Ché phim duoc 16ng theo sang ché co thé chira ngoai tetra chelat dugc dn xuat
te DO3A c6 cong thirc chung (I), nhu néu trén, mot hoac nhiéu trong s6 chelat dugc dan
xudt tir M3-DO3A tuwong ting, chelat dugc din xuét tir M>-DO3A tuong tng, chelat dugc
dAn xuét tir M-DO3A tuong ting va tetra-phdi tir duge dan xuét tir DO3A tuong tng ¢6
céng thie chung (II), va céac chét ddng phan 1ap thé, cac chat dong phan hd bién, hoic

c4ac muodi cua chung, hodc cac hon hop cua ching.

Theo phuong 4n thit mudi ba ctia khia canh thit nhat, sang ché bao ham ché pham
dugc long, nhu néu trén, chira tetra-chelat dugc din xuét tr DO3A c6 cong thirc chung
(I), nhu néu trén, chelat dugc dan xudt tir M3-DO3A tuong ung, chelat duoc dan xuat tir
M,-DO3A tuong tng, chelat duge dan xuit tr M-DO3A tuong tmg va tetra-phdi tir
duoc dan xuat tir DO3A tuong tmg ¢6 cong thirc chung (II), va cac chét ddng phan lap

thé, céc chat dong phan hd bién, hodc cdc mudi cia ching, hodc cac hon hgp cua ching.
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Theo phuong 4n thér mudi bén ciia khia canh thit nhat, sang ché bao ham ché
phém dugc 16ng, nhu néu trén, chua tetra-chelat dugc dan xuét tr Gds-DO3A ¢6 cong
thae chung (T), nhu néu trén, chelat dugc dAn xuét tir Gd;-DO3A tuong g, chelat dugc
dan xuét tir Gd-DO3A tuong Ung, chelat duge din xuét tr Gd-DO3A twong Gng va
tetra-phdi tir duoc din xuét tir DO3A tuong tng c6 cong thire chung (II), va cac chét
ddng phan 1ap thé, cac chat ddng phan hd bién, hodc cac mudi cua ching, hodc cac hdn
hop cua chung.

Theo phuong an thtr muoi ldm cua khia canh thi nhit, sang ché bao ham ché
phém dugc 1ong, nhu néu trén, chira tetra-chelat dugc dan xuét tr DO3A c6 cdng thiic
chung (I), nhu néu trén, mot hodc nhiéu trong sb chelat duoc dan xudt tir M3-DO3A
turong tng, chelat dugc dan xuét tr Mo-DO3A tuong tmg, chelat dugc dan xuat tir M-
DO3A tuong Uung va tetra-phdi tir dugc dan xuét tir DO3A twong Umg c6 cong thitc
chung (IT), va c4c chat ddng phén 1ap thé, cac chit dong phan hd bién, hodic cdec mudi
cta chung, hodc cac hdn hop cta chung.

Theo phuong 4n thir muoi sdu cua khia canh tha nhét, sang ché bao ham ché
phém duoc 1ong, nhu néu trén, chira tetra-chelat dugc dan xuét tir Gds-DO3A c6 cong
thie chung (I), nhu néu trén, mot hodc nhiéu trong s6 chelat dugc dan xuat tr Gds-
DO3A tuong tmg, chelat dugc dan xut tir Gd-DO3A twong tmg, chelat dugc dan xuat
tir Gd-DO3A tuong (mg va tetra-phdi tir duge din xuét tir DO3A twong tmg c6 cong
thirc chung (IT), va céc chét ddng phan 1ap thé, cac chat dong phan hd bién, hodc cac

muoi cua chung, hodc cac hon hop cua chung.

Céc tetra-chelat duoc dan xuat tir DO3A v6i luong dudi hé s6 ty luong ctia cic
ion kim loai thuan tr 1a céac ché phém chira céc tetra-chelat duoc dan xuét tir DO3A va
con bao gdm cac chelat giita tetra-phdi tir duge dan xuét tr DO3A c¢6 cong thic chung
(1) va luong duéi hé sé ty luong ctia céc ion kim loai thuan tlr, chdng han nhu mot, hai
hodc ba ion kim loai thuan tir, va/hodc chira tetra-phdi tir dugc dén xuét tir DO3A c6
cbng thire chung (IT), hodc cac hdn hop cua chiing. Theo cac phuong 4n khéac nhau, tetra-
phdi tir duge din xuét tir DO3A chira luong dudi hé s6 ty lwong cua cac ion kim loai
thudn tir c6 thé bao gdm cée lugng dudi hé sb ty lugng ctia mdt hode nhidu ion kim loai
lien két yéu. Nhu duge st dung & ddy, thuat ngit “ion kim loai lién két yéu” bao gom
cac ion kim loai cua kim loai kiém, kim loai kiém tho, va kim loai chuyén tiép ma ¢ ai
luc lién két ddi vai tetra-chelat dugc dan xut tir DO3A nho hon 4i luc lién két cua tetra-
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chelat dugc dan xudt tir DO3A va ion kim loai lanthanit. Theo cac phuong 4n khac nhau,
c4c ion kim loai lién két yéu c6 thé bao gdm céc ion lithi, canxi, natri, k&m, kali, hoac
magie. Theo cic phuong an khac nhau, céac tetra-chelat dugc dan xuit tr DO3A véi
luong duéi hé sb ty lugng clia céc ion kim loai thuan tir c6 thé chira tir 3,95 dén 3,9996
mol ion kim loai thuan tlr trén 1,000 mol tetra-phéi tir dwoc din xudt tir DO3A ¢6 cong
thie chung (II). Pidu nay dan dén kha nang 1am sach kim loai thuén tir tir 0,01 dén

1,25% mol/mol (tinh theo tbng ndng do ctia kim loai thuén ti).

Khong du tinh bi gi6i han boi 1y thuyét bat k¥, tin ring cic chelat dusi hé sb ty
luong, co6 cac lugng dudi hé s6 ty lwgng cua cac ion kim loai thuln tir ma dugc chira
trong cAc tetra-chelat duoc din xudt tir DO3A, c6 thé tic dong nhu 1a céc chat lam sach
ma s& lién két v6i ion kim loai thudn tir bat ky ma c6 thé dwgc khir phirc hodc dugce giai
phong ra khoi tetra-chelat duge dan xut tr DO3A bang cach lién két v6i ion kim loai
thuan tir duoc gidi phéng trong phéan tng trao ddi kim loai v6i ion kim loai lién két yéu
& vi tri phéi két hodc bing cach lién két ion kim loai thuan tir & vi tri phdi két khong kim
loai, nhd d6 loai bo ion kim loai thuan tir ty do ra khoi dung dich. Theo cac phuong an
khéc nhau, cac ché phdm dugc chira cic tetra-chelat dugc dan xuat tir DO3A va cac
tetra-phdi tir dwoc dan xuét tir DO3A véi luong dudi hé s6 ty luong ctia cac ion kim loai
thuan tir ¢6 thé c6 ndng do cua cac tetra-phdi tir duge din xuit tr DO3A v6i luong dudi
hé sb ty lugng ctia cac ion kim loai thuén tur nam trong khoang tir 0,01% dén 1,25%
mol/mol (gdm ca gi tri ddu mit), vi du nam trong khoang tir 0,02% dén 1% mol/mol
(2dm ca gid tri dAu mat), cy thé hon 12 ndm trong khoang tir 0,025% dén 0,5% mol/mol
(g0m ca gia tri du mut), ty phan nay 1a lién quan dén tong ndng do cua ion kim loai

thuén tir trong ché pham.

Theo cac phuong an cu thé, céc tetra-chelat duoc dan xuat tr DO3A v6i lugng
dué6i hé sb ty lugng ctia cac ion kim loai thuén tix ¢6 thé chtra ion gadolini (Gd**) thuan
tir dudi hé s ty luong, nhu cic tetra-chelat dugc din xuét tir Gds-DO3A véi luong dudi
hé s6 ty luong ctia cac ion gadolini thuén tir. Theo cac phuong 4n nay, ché pham dugc
chua tetra-chelat dugc dan xuét tir Gds-DO3A con chia céc chelat giita tetra-phdi tir
duoc din xuét tir DO3A c6 cong thirc chung (IT) va mot, hai hodc ba ion Gd**, va/hoac
chtra tetra-phéi tir duoc dén xudt tir DO3A c¢6 cong thite chung (IT) lam phoi ti tw do,
hodc cac hdn hop cta ching. Theo cac phuong 4n khac nhau, tetra-phéi tir duge dan

xuét tir Gds-DO3 A chura lugng dudi hé sd ty lugng cuia cac ion gadolini thudn tir va/hodc
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tetra-phéi tir duoc din xuét tir DO3A tu do c6 thé chira 1an Iugt lugng dudi hé s6 ty
lwgng hodc lwong hé sb t lugng ciia mot hogc nhiéu ion kim loai lién két yéu dugc lién

két & cac vi tri phbi két khong c6 gadolini.

Cu thé hon 13, chelat duéi hé sé ty luong gitta tetra-phdi tir duoc dan xudt tir

DO3A c¢6 cong thuc (II-a),

OH
o:g
I\
HO\[(\N N
I
N N O

HO\ﬂ/\N N 022 OH
o j T H o o CH; O
NN N H ¥ :g
\_/ %N/\ﬂ/ ?{N )k/Nm)\N/_\N
gzo CHs Oy H o) 0
HO e} [N NE/U\
2: _/ OH
NH /E
HO HO O
»— — »—CHs
(0] N N
L J38
N\_/N\)J\OH (I1-a)
0]
HO

b

va ba ion Gd3* 1a chelat duoc dan xuat tir Gd3-DO3A c¢6 cong thirc (Gds-I1-a),
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o
o
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b

chelat duéi hé s6 ty luong gifta tetra-phdi tir dugc dan xuét tir DO3A ¢6 cong thue (II-
a) va hai ion Gd** 1a chelat dugc dan xuét tir Gd2-DO3A c6 cong thirc (Gda-11-a),
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- /— \
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N N O
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o N N
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HO

9

va chelat du6i hé s ty luong giita tetra-phdi tr duge dan xuat tir DO3A c6 cong thirc
(II-a) va mot ion Gd** 1a chelat dugc dan xuét tir Gd-DO3A c6 cong thic (Gd-1I-a),
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Theo cac phuong an cu thé, céc tetra-chelat dugc dan xuét tir DO3A véi lugng

dudi hé sé ty lugng cua cée ion gadolini (Gd**) 14 chelat dugc dan xuét tir Gds-DO3A
c6 cong thirc (Gds-1I-a), chelat duoc dAn xuét tr Gd2-DO3A c6 cong thitc (Gdz-1I-a),
chelat dugc dan xuét tir Gd-DO3A ¢ cong thirc (Gd-1I-a), hodc tetra-phdi tir dugc dan

xuét tir DO3A ¢6 cong thire (II-a), hodc cdc hdn hop cia chung.

Dic biét hon, chelat dudi hé s6 ty luong gifta tetra—phéi ttr duge dan xudt tir

DO3A c6 cong thite (II-b),
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va ba ion Gd3* 1a chelat dwoc dan xuét tir Gds-DO3A c6 cong thic (Gds-11-b),

o
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chelat dudi hé sé ty luong giita tetra-phdi tir duge dan xuat tir DO3A c¢6 cong thire (II-
b) va hai ion Gd** 1a chelat dugc dan xuét tir Gd2-DO3A ¢6 cong thire (Gdz-11-b),
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va chelat dudi hé sb ty luong gifta tetra-phdi tir dugc dan xuét tir DO3A c6 cong thic

(II-b) va mot ion Gd** 1a chelat dugc dAn xuit tir Gd-DO3A c6 cong thic (Gd-1I-b),
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Theo cac phuong 4n cu thé, céc tetra-chelat dugc dan xuét tir DO3A véi lugng
du6i hé sb ty lugng ciia cac ion gadolini (Gd**) 1a chelat dugc dan xudt tir Gd;-DO3A
c6 cong thirc (Gds-1I-b), chelat dugc din xuét tir Gd-DO3A ¢6 cdng thire (Gd-1I-b),
chelat dugc dan xuét tir Gd-DO3A c6 cong thic (Gd-II-b), hodc tetra-phéi tir duoc dan
xuét tir DO3A c6 cong thie (II-b), hodc cac hdn hop cua ching.

Pic biét hon 13, chelat dudi hé sé ty lugng giita tetra-phdi tir duge dan xudt tir

DO3A c6 cong thie (II-c),
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chelat dudi hé sé ty lugng gitta tetra-phdi tir duge dan xuat tir DO3A ¢ cong thie (I1-
¢) va hai ion Gd*" 1a chelat dugc dan xuét tir Gd>-DO3A c¢6 cong thitc (Gda-11-¢),
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va chelat dudi hé sb ty luong gittra tetra-phdi tir duge dan xuat tr DO3A ¢6 cong thic
(II-c) va mdt ion Gd** 14 chelat dugc dan xudt tir Gd-DO3A c6 cong thirc (Gd-II-c),
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Theo céac phuong an cu thé, cac tetra-chelat dugc dan xudt tr DO3A véi lugng
dudi hé sb ty luong ctia cic ion gadolini (Gd*") 1a chelat duoc dan xuét tir Gd3-DO3A

c6 codng thuc (Gds-II-c), chelat dugce dan xuét tr Gd2-DO3A c6 cong thitc (Gda-1I-¢),
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chelat duoge din xudt tir Gd-DO3A c6 cong thirc (Gd-II-c), hodc tetra-phdi tir dugce dan

xudt tir DO3A ¢6 cong thirc (II-c), hodc cac hdn hop cua ching.

Ché phém theo sang ché ¢6 do 6n dinh theo thdi gian dén mirc ma nong do cia
cac ion kim loai thuén tir tu do duy tri chu yéu 12 bang khong (duéi giéi han phat hién
ctia cac phuong phap phéan tich nhay). Theo cac phwong an khac nhau, ndéng do cua cac
ion kim loai thuan tir M tu do duy tri nhé hon hodc bing 2 ppm (khdi lugng/thé tich),
tirc 12 nim trong khoang tir 0 dén 2 ppm (khdi lugng/thé tich) (gdm ca gid tri dau mut),
trong khoang thoi gian it nhAt 13 6 thang, & 25°C va 40°C. Diéu kién béo quan gia tang
(6 thang & 40°C) duoc xem 1a didu kién thich hop déi v6i cac diéu kién ap lyc gia ting

dbi voi cac ché pham duge tuong phan.

Theo phuong 4n thir mudi bay cua khia canh thit nhat, sang ché bao ham ché
phém duoc long, nhu néu trén, dac trung trong dé no ¢ néng dd ion kim loai thuan tix
M tu do 12 nhé hon hodc bing 5 ppm (khdi lwgng/thé tich), tic 1a nam trong khoang tir
0 dén 5 ppm (khdi luong/thé tich) (gdm ca gié tri ddu mut), cu thé 1a nhd hon hodc bang
2 ppm (khéi lugng/thé tich), tirc 12 nim trong khoang tir 0 dén 2 ppm (khoi lrong/thé
tich) (2dm ca gia tri dAu mat), va cu thé hon 1a nho hon hoge bang 0,5 ppm (khoi
lugng/thé tich), tirc 14 ndm trong khoang tir 0 dén 0,5 ppm (khéi lugng/thé tich) (gdm ca

gia tri dau mut).

Theo phuong 4n thi mudi tim cia khia canh thir nht, sang ché bao ham ché
pham duge 1ong, nhu néu trén, dic trung trong d6 né bao gdm it nhat mot hop chét ¢6
thé tao thanh chelat véi ion kim loai thuén tr M tu do dugc chira trong ché phém co
cong thie (I). Cac hop chat nhu vay, con dugc goi 1a “cac hop chét 1am sach kim loai”
duoc md ta chi tiét & ddy. Theo cac phuong an khéac nhau, hop chét c6 kha nang tao
thanh chelat v4i ion kim loai thuan to M tu do c6 thé c6 néng dd trong ché pham nam
trong khoang tir 0,002% dén 5% mol/mol (gdm ca gia tri diu mut), cu thé 12 nam trong
khoang tir 0,01% dén 1% mol/mol (gbdm ca gié tri dAu mut), cu thé hon 1a ndm trong
khoang tir 0,05% dén 0,5% mol/mol (gdm ca gié tri ddu mut), dugc do dudi dang ty
phan so vdi tong ndng do ion kim loai thuén tir, nhw Gd** trong ché pham.

Theo phuwong an thir muoi chin cta khia canh tht nhét, sang ché bao ham ché
phém duoc 16ng, nhu néu trén, dac trung trong do6 n6 chira mot hodc nhiéu cac hop chét

c6 kha nang tao thanh phtic chat v6i ion kim loai thuén tir M tu do, cac hop chét nay co
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thé duge chon tir Ca-BT-DO3A (Calcobutrol), Ca-DOTA, Ca-HP-DO3A va Ca-DTPA
hodc tur cac phéi tir chelat héa tu do twong Gng, hodc cac mudi ctia ching véi cac kim
loai kidm, cac kim loai kidm thé, c4c kim loai chuyén tiép lién két yéu, hodc céc bazo
vO co.

Theo phuong 4n thir hai muoi ciia khia canh thi nhat, sang ché bao ham ché pham
duoc long, nhu néu trén, dic trung trong dé né chira hop chit c6 kha ning tao thanh
phitc chét véi ion kim loai thuan tr M tu do, hop chdt nay 1a Ca-BT-DO3A
(Calcobutrol).

Theo phuong an thir hai muoi mbt ctia khia canh thi nhat, sang ché bao ham ché
pham dugc 16ng, nhu néu trén, dac trung trong d6 no6 chira hop chét c6 kha ning tao
thanh chelat véi ion kim loai thuan ttr M tu do, hop chét nay 1a Ca-BT-DO3A
(Calcobutrol), tét hon 13 ndm trong khoang tir 0,002% dén 5% mol/mol (gdm ca gia tri
dau mut), duge do dudi dang ty phﬁn s0 v6i téng néng do ion kim loai thuan tir, nhu
ndng d6 Gd** trong ché pham.

Theo phwong 4n thtr hai muoi hai cua khia canh tha nhét, ty phan cia
Ca-BT-DO3A 13 nim trong khoang tir 0,002% dén 5% mol/mol (gdm ca gia tri dau
mut), vi du nam trong khoang tir 0,002% dén 1% mol/mol (gém ca gia tri dau mut), cu
thé 1 n3m trong khoang tir 0,01% dén 1% mol/mol (gdm ca gia tri dau mut), cu thé hon
14 nm trong khoang tir 0,05% dén 0,5% mol/mol (gdm ca gid tri ddu mut), ty phan nay
duoc so voi tong ndng do ion kim loai thuén tir, nhu Gd**, trong ché pham da néu.

Theo phuong 4n thit hai muoi ba ctia khia canh thir nhét, sang ché bao ham ché
pham dugc 16ng, nhu néu trén, ddc trung trong do ché phdm nay chira cac hop chét c6
kha ning tao thanh céc phitc v6i ion kim loai thuén tr M tu do, cac hop chét nay la cac
tetra-chelat duoc dan xuit tr DO3A v6i luong dudi hé sb ty lugng cua cac ion kim loai
thuan tr, nhu dugc dinh nghia trén day, hodc cac mudi cia chiing véi cac ion Ca*’, ion
Na’, ion Zn**, ion Mg?*, va/hoac ion meglumin.

Theo phuong 4n thir hai muoi t ciia khia canh thi nhat, sang ché bao ham ché
pham dugc 16ng, nhu néu trén, dac trung trong do ché pham nay chtra cac hop chat c6
kha ning tao thanh cac phirc v6i ion kim loai thuan tor M tu do, cac hogp chét nay 1a cac
tetra-chelat duoc dan xuét tr DO3A véi lugng dudi hé s6 ty luong cua cac ion Gd*",
nhu dugce dinh nghia trén day, hodc cac mubi cia ching véi cac ion Ca®", cac ion Na',

céc ion Zn*", cac ion Mg?* va/hoac cac ion meglumin.
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Theo phuong 4n thir hai muoi lam cta khia canh thi nhét, ty phan ciia cc tetra-
chelat dugc dan xuét tir DO3A véi luong dudi hé sb ty lugng cha céc ion Gd** 14 nam
trong khoang tir 0,002% dén 5% mol/mol (gdm ca gi4 tri dau mut) [véi sy tham chiéu
dén tong ndng do mol Gd].

Theo phuong 4n thir hai muoi séu cia khia canh thi nhét, sang ché bao ham ché
phim duoc 1ong, nhu néu trén, dac trung trong d6 né chira cac hop chét c6 kha nang tao
thanh chelat véi ion kim loai thudn tir M tu do, cac hop chit nay 1a cAc tetra-chelat duoc

dan xuét tir DO3A v6i luong dudi hé s6 ty lugng ctia cac ion Gd**, ma duge chon tir

chelat dugc dan xudt tir Gd;-DO3A c6 cong thire (Gds-1I-a),
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chelat duoc dan xuét tir Gd2-DO3A c6 cong thic (Gdz-11-a),
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tetra-phdi tr dwoe din xuét tr DO3A ¢6 cong thic (11-a),
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hoic cac chat ddng phan 1ap thé, cac chit dong phan hd bien hodc cac mudi ciia ching,
hoic cac hdn hop cua ching,

t6t hon 12 ndm trong khoang tir 0,01 dén 1,25 %mol [v6i sy tham chiéu dén tong ndng

do mol Gd].

Theo phuong 4n tht hai muoi bay cua khia canh thir nhét, sang ché bao ham ché
pham dugc 16ng, nhu néu trén, dac trung trong d6 n6 chira cac hop chét c6 kha ning tao
thanh chelat v6i ion kim loai thuén tr M tu do, cac hop chét nay 14 céc tetra-chelat dugc

dan xuét tr DO3A v6i lugng dudi hé s ty lugng cia cac ion Gd**, ma duge chon tir

chelat duoc dan xuét tir Gd;-DO3A c¢6 cong thie (Gds-1I-b),
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chelat dugc dan xudt tir Gdp-DO3A c6 cong thire (Gdo-I1-b),
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chelat dugc dan xuét tir Gd-DO3A c¢6 cong thirc (Gd-1I-b),
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tetra-phdi tur duge dan xut tir DO3A c6 cong thic (II-b),
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hodc cac chat dong phan 14p the, cac chat dong phan ho bién hodc cac mudi cua ching,

hodc cac hdn hop cta chung,
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t6t hon 1& ndm trong khoang tir 0,01 dén 1,25 %mol [véi sy tham chiéu dén tong ndng

d6 mol GdJ.

Theo phuong an thr hai muoi tdm cta khia canh thir nhét, sang ché bao ham ché
pham duoc léng, nhur néu trén, dic trung trong d6 nd chira cac hop chét c6 kha ning tao
thanh chelat v&i ion kim loai thuén tir M tu do, cac hop chit nay 14 céc tetra-chelat dugc

dan xuét tir DO3A voéi lugng duédi hé s6 ty luong ciia cac ion Gd**, ma dugc chon tur
chelat dugc dan xudt tir Gd3-DO3A c6 cong thire (Gds-11-c),
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chelat dugc dan xuat tir Gd2-DO3A c6 cong thire (Gd-I1-c),
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chelat duoc dan xuét tir Gd-DO3A c¢6 cong thirc (Gd-II-c),
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tetra-phdi tr duge dan xuat tir DO3A ¢6 cong thire (II-¢),
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hodc cac chat dong phan 14p theé, cac chat dong phan ho bién hodc cac mudi cua ching,
hodc cac hon hop cta ching,

t&t hon 12 nam trong khoang tir 0,01 dén 1,25 %mol [v6i sy tham chiéu dén tong ndng

do mol Gd].

Theo phuong 4n thtt hai muoi chin ctia khia canh thtt nhat, sang ché bao ham ché

phém dugc 1ong chira tetra-chelat dugc din xuét tir DO3A c6 cong thirc chung (I):
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trong do

R'  lanhém duoc chon tur:
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frong nhém nay * bidu thi diém gén két ciia nhém nay véi phan con lai cia phan
tu,
R2, R3, va R* doc 1ap v6i nhau 1a nguyén ti hydro hogc nhém duoc chon tir:
C1-Ce-alkyl, C3-Cg-xycloalkyl, (C1-Cz-alkoxy)-(Cz-Cs-alkyl)-, va phenyl,
trong d6 nhom Ci-Ce-alkyl nay tuy y dugc thé, giéng ho#c khac nhau, bang
nhém thé phenyl, nhém thé phenyl nay tiry ¥ dugc thé, mdt, hai, hodc ba
14n, giéng hodc khéc nhau, bang nguyén tir halogen hodc nhém dugc chon
tur:
C;-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhém phenyl néu trén tiy ¥ duoc thé, mot, hai, hogc ba lan, giéng
hodc khac nhau, bang nguyén tr halogen hogc nhém dugc chon tur:
C-C;s-alkyl, Ci-Cs-haloalkyl, va Ci-Cs-alkoxy,
R>  1anhdém dugce chon tu:
C1-Ce-alkyl, C3-Ce-xycloalkyl, (Ci-Ca-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhdm Ci-Ce-alkyl nay tuy y dugc thé, gidng hodc khac nhau, bang
nhém thé phenyl, nhém thé phenyl nay tiry ¥ dugc thé, mot, hai, hoge ba
lan, giéng hodac khac nhau, bﬁng nguyén tir halogen hogc nhém dugc chon
tu:
C;-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hodc ba lan, giéng
hodac khac nhau, bang nguyén tir halogen hodc nhém duge chon tir:
C-C;s-alkyl, Ci-Cs-haloalkyl, va Ci-Cs-alkoxy,
X lanhém C(=0)0, va
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M 13 ion cua kim loai thuén tu,
hodc chit ddng phan 1ap thé, chit ddng phan hd bién, mubi ciia ching, hodc hon hop

cua chung,
ché pham nay con chira

chelat dui hé s ty lugng, nhu duge md ta & day, véi ty phan nong do tir
0,01 dén 1,25 %mol [véi su tham chiéu dén tong ndng d6 mol ctia kim loai
thuan tir], trong d6 chelat dudi hé sb ty lugng duge chon tir mot hodc nhiéu
trong s chelat dugc dan xuat tir M3-DO3A, chelat dugc dan xudt ttr Ma-
DO3A, chelat duge din xuit tir M-DO3A, va tetra-phdi tr dugce dan xuét
tr DO3A, hodic cac hdn hop ciia ching hodc cac chat dong phan 1ap thé,
céic chét ddng phan hd bién, cc mudi ciia ching, hodc hén hop batky cua
ching,
trong d6 mot, hai hodc ba phdi tir DO3A ciia chelat dudi hé so ty
luong nay, ma khong dugce tao phirc véi cac ion cua kim loai thuan
tir, va bon phdi tir DO3A ciia tetra-phdi tr dwoc din xudt tir
DO3A, ¢6 thé c6 mat duéi dang céac phic chit hoac cac mudi véi
cac ion Ca%*, ion Na*, ion Zn?', ion Mg?**, hoac ion meglumin hoéc
duéi dang cac axit carboxylic tw do,
dung moi dugce dung, va

thy y chira chat dém,

trong dé tetra-chelat dugc din xuét tr DO3A c¢6 cdng thitc chung (I) c6 ndng dd trong
ché pham nim trong khoang tir 1 mmol ion kim loai thuén ti/L dén 1000 mmol ion kim
loai thudn tir/L (gdm ca gia tri dAu mut), cu thé 12 nim trong khoang tir 60 dén 750 mmol
ion kim loai thuan tu/L (gém ca gia tri dAu mut), cu thé 1a nam trong khoang tr 70 dén
700 mmol ion kim loai thuén ti/L (gdm ca gié tri dAu mut), cu thé 1a nam trong khoang
tir 80 dén 650 mmol ion kim loai thuan t/L (gdm ca gi tri dau mut), cu thé 1a ndm
trong khoang tir 90 dén 600 mmol ion kim loai thuén tir/L (gdm ca gié tri dau mut), cu
thé 12 ndm trong khoang tir 100 dén 500 mmol ion kim loai thuan tir/L (20m ca gié tri
dAu mt), cu thé 13 nim trong khoang tir 150 dén 450 mmol ion kim loai thudn tu/L

(2dm c gié tri dAu mat), cu thé hon 1a ndm trong khoang tir 200 dén 400 mmol ion kim
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loai thudn t/L (gdm ca gié tri dAu mut), va tham chi cu thé hon 12 ndm trong khoang tix

250 dén 350 mmol ion kim loai thuan ti/L (gdm ca gi4 tri ddu mut).

Theo phuong an tht ba muoi cia khia canh tht nhét, sang ché bao ham ché phdm

duoc 1ong chira tetra-chelat dugce din xuit tir DO3A c¢6 cong thirc chung (I):
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trong nhém nay * biéu thi diém gén két ciia nhém nay véi phan con lai clia phén
tur,
R2, R3, va R* doc lap v6i nhau 1a nguyén tir hydro hodc nhém duge chon tu:

C1-Ce-alkyl, C3-Cs-xycloalkyl, (C1-Cr-alkoxy)-(Ca-Cs-alkyl)-, va phenyl,
trong d6 nhém C1-Ce-alkyl nay tiry y dugc thé, gidng hodc khac nhau, bang
nhom thé phenyl, nhém thé phenyl nay tiry y duoc thé, mot, hai, hogc ba
14n, gidng hodc khéac nhau, bang nguyén tir halogen hodc nhém dugce chon
tu:

C1-Cs-alkyl, C1-Cs-haloalkyl, va Ci1-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hodc ba lan, giéng
hoac khac nhau, bang nguyén tir halogen hodc nhém duge chon tur:
C1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy,
R’  lanhém duoc chon tu:

C1-Ce-alkyl, C3-Ce-xycloalkyl, (Ci-Co-alkoxy)-(Co-Cs-alkyl)-, va phenyl,
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trong d6 nhom C-Cs-alkyl nay tuy y duoc thé, giéng hoac khac nhau, bang
nhém thé phenyl, nhém thé phenyl nay tuy ¥ dwoc thé, mot, hai, hodc ba
lan, giéng hodc khac nhau, bang nguyén tir halogen hodc nhém dugc chon
tur:
C1-Cs-alkyl, C;-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhom phenyl néu trén tuy y dugc thé, mot, hai, hoac ba lan, giéng
hodc khéc nhau, bing nguyén tir halogen hodc nhom dugc chon tir:
C1-Cs-alkyl, C;-Cs-haloalkyl, va C;-Cs-alkoxy,
X la nhém C(=0)0Or, va
mdi M 1a ion Gd*",
hodc chat ddng phan 14p thé, chit ddng phén hd bién, mudi cua chung, hodc hdn hop

cua chung,
ché pham nay con chira

chelat dudi hé sé ty luong, nhu dwge mé ta & ddy, véi ty phan ndng do tir
0,01 dén 1,25 %mol [v6i su tham chiéu dén tong ndng do mol Gd], trong
d6 chelat dudi hé sb ty lvong nay dugce chon tir mot hodc nhiu trong sb
chelat dugc din xuét tir Gds-DO3A, chelat duge dan xuat tir Gd2-DO3A,
chelat duoc din xuét tr Gd-DO3A, va tetra-phdi tir duoc din xuat tir
DO3A, hoic cac hdn hop cuia ching hodc cac chat ddng phan 1ap thé, céc
chit ddng phan hd bién, cac mubi cia ching, hodc hdn hop bét ky cua
chung,
trong d6 mot, hai hoac ba phéi tit DO3A ctia céc chelat dudi hé )
t luong ndy, ma khong dugc tao phirc v6i cée ion Gd**, va bon
phdi tir DO3A cua tetra-phdi tr duge dan xuét tir DO3A, c6 the
¢d mat dudi dang cac phuc chét hoic céc mudi véi cac ion Ca®',
ion Na, ion Zn*", ion Mg?*, hodc ion meglumin hodc dudi dang
cac axit carboxylic tu do,
dung moi dugc dung, va

tuy v chira chat dém,

trong d6 tetra-chelat duge din xudt tir DO3A c6 cong thirc chung (I) ¢6 ndng do trong

ché phdm nidm trong khoang tir 1 mmol Gd**/L dén 1000 mmol Gd**/L (gOm ca gia tri
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dhu mit), cu thé 12 ndm trong khoang tir 60 dén 750 mmol Gd**/L (gdm ca gi tri du
mut), cu thé 12 nim trong khoang tir 70 dén 700 mmol Gd**/L (gdm ca gia tri dau mit),
cu thé 12 ndm trong khoang tir 80 dén 650 mmol Gd**/L (gdm ca gia tri dAu mut), cu thé
1 ndm trong khoang tir 90 dén 600 mmol Gd*/L (gdm cé gié tri dAu mut), cu thé 1a nam
trong khoang tir 100 dén 500 mmol Gd**/L (gdm ca gia tri ddu mut), cu thé 1a ndm trong
khoang tir 150 dén 450 mmol Gd*"/L (gdm ca gia tri dAu mut), cu thé hon 12 nam trong
khoang tir 200 dén 400 mmol Gd*"/L (gdm ca gi tri dAu mut), va tham chi cy thé hon
14 ndm trong khoang tir 250 dén 350 mmol Gd**/L (gdm ca gid tri dau mut).

Cu thé 1a do sy lién két cua kim loai thuan tlr tw do bai BT-DO3A (Butrol) hodc
ph6i tir tu do bat ky khac nhu DOTA (axit 1,4,7,10-tetraazaxyclododecan tetraaxetic),
DTPA (axit dietylentriamin pentaaxetic), va HP-DO3A (axit 2-hydroxypropyl-1,4,7,10-
tetraazaxyclododecan triaxetic), theo cac phuong éan nhat dinh, ché phdm ma la d6i
twong cua mot hodc nhidu trong s6 cac phuong 4n khéc nhau theo sang ché, c6 thé con
chira phite chét gitta BT-DO3A hoac phéi tir tw do bt ky khéc va kim loai lién két yeu,
thy v bao gdm meglumin hodc tac nhan cation khac, cu thé 13 ndm trong khoang tur
0,002% dén 0,5% mol/mol (gdm ca gi4 tri ddu mut), cu thé 1 ndm trong khoang tu
0,01% dén 0,5% mol/mol (gdm cé gié tri dAu mit), ty phan nay la lién quan dén tong
ndng do ion kim loai thuan tir, nhu ndng do Gd*', trong ché pham nay. Cu thé 14, phic
chét gitta BT-DO3A hodc phdi tir tw do bét ky khéac va ion kim loai thuan tir 1a chelat
kim loai thuan tir. Ban chat cta kim loai dugc chelat héa boi BT-DO3A hodc phoi tir tu
do bat ky khac chu yéu 1 gidng nhu ban chét cua kim loai thuén tir dugce chelat hoa boi
phdi tir chelat héa ctia phire chét c6 cong thirc (I). Tuy nhién, ché pham theo cac phuong
4n khac nhau cia sang ché ciing ¢6 thé bao gbm ty phan nho cua BT-DO3A ty do
va/hodc phuc chét gitta BT-DO3A va kim loai khac véi kim loai dugc chelat hoa boi
phdi tir chelat hoa cua phire chét c6 cong thie (I). Do do, ché phim nay c6 thé con chira
phtrc chit gitta BT-DO3A va ion ctia kim loai bét ky ma ¢6 thé dwoc chiét ra tir do chura,
vi du, tir bé mit cua thay tinh, nhya, hodc phan ung kim loai hodc dd chira bao quan,

trong do ché pham dugc diéu ché va/hodc du trit, vi du, ion sat, dong, va/hodc magie.

Céac ché pham dugc long chira cac tetra chelat dugc dan xuat tr Gds-DO3A ¢6
cong thirc chung (I), nhu dugc dinh nghia trén day, biéu thi do gisn cao, do gidn nay la
s6 do hiéu qua trong quy trinh chup MRI, va hi¢u qua khdi luong duge cai thién (chi phi

san xut). Theo cac phwong an khac nhau, cac ché phém c6 thé thé hién gia tri do gidn
50



49628 51/103

d6i v6i 11 ndm trong khoang tir 10 dén 14 L mmol! s' Gd! (6 1,41 T, huyét tuwong
nguoi). Cac dd giadn quan sat duogc co thé cao hon tir 2 dén 3 14n so vé6i cac do gidn cua
cac ché phidm chita cac chét twong phan MRI thong thuong, cu thé 13 gadobutrol va
gadopentetat dimeglumin. Céc tetra chelat dugc dan xuét tir DO3A c¢6 cong thirc chung
(I) kh4 thich hop cho viéc chup tir trudng cao (vi du cac tir trudong 3 Tesla). Do gian cao
quan sat dugc dbi vai cac ché phém dugc chira céc tetra chelat dugc dAn xuét tir Gds-
DO3A ¢6 thé cho phép cht lugng hinh anh dugc cai thién & cdc muc liéu ndng do kim
loai thudn tir thip hon. Hon nita, theo cac phuong an nhét dinh, lidu ding cht twong
phan thap hon c6 thé cho phép dbi vé6i cac ché phdm c6 ndng dd mol clia cac chat tuong
phan giam trong dung mdi dugc dung. Theo cac phuong én nay, cac ché phdm vé6i ndng
d6 mol clia cac chét tuong phan giam c6 thé bidu thi d6 nhdt giam so v6i cac ché pham
tuong phan MRI thong thuong cd ndng do mol chat twong phan cao hon. Céac ché pham
c6 do nhét giam c6 thé cho phép dung d& dang hon cac luong twong dwong cua ion kim
loai thuan tir véi dic tinh tron tét hon véi cac dung dich nuée mudi duge dung dong thoi
va khong ¢6 su thay déi bat thuong dang ké vé dong chit long, vi du khi chuyén tir viée
tiém cac ché pham twong phan c6 do nhdt cao sang cac dung dich nude mudi c6 dd nhét
thap hon.

Céc tetra chelat dugc din xut tir Gds-DO3A c6 cong thirc chung (I) thé hign mot
s6 dic tinh chirc nang ma dac biét ndi bat boi ban than ching hodc dudi dang két hop
bat ky:

Cu thé 14, céc tetra chelat dugc dan xuat tir DO3A néu trén theo cac phuong an
khéc nhau cia sang ché da dugc phat hién 12 thé hién mot hodc nhiéu trong so:

e {0 gidn cao

e bién dang dugc dong hoc mong muén,

e bai tiét nhanh va hoan toan

e 0 6n dinh cao

e do0 hoatan cao

e c6 kha ning giam lidu dang ké va c6 kha nang chup toan bg co thé.

Cac hop chét dugc md ta trong EP 1931673B1 va Fries P. et al., Invest. Radiol,,
2015 Dec; 50(12):835-42 dang co s6 hydrat héa trung binh 16n hon 1 (g>1). Mirc tang

sé phan tir nude cau trong dugce biét 1a 1am tang do gidn nhung no cling dugc biét 1a 1am
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giam do dn dinh cta cac Gd-chelat (Caravan P., Chem. Soc. Rev., 2006, 35, 512-523;
Raymond et al, Bioconjugate Chem., 2005, 16, 3-8).

Céc hop chét theo cac phuong 4n khac nhau cla sang ché chi c6 mot phan tu

nuéce phdi tri truc tiép véi gadolini trong phirc chét va c6 do bn dinh rat cao (g=1).

Do nhét cua cac ché pham theo cac phuong an khic nhau cua sang ché da duoc
phat hién 13 chi cao hon mdt chut so v6i dung dich natri clorua. Theo cac phuong an
nhit dinh cua sang ché, d thdm thiu cua ché phim c6 thé 1a twrong tw nhu dung dich
natri clorua ding trwrong hodc huyét thanh (tir 275 dén 295 mOsm/kg, Pediatr. Nephrol.
13/09/2018); tirc 12 ndm trong khoang tir 200 dén 400 mOsm/kg (gdm c gid tri dau
mut), cu thé 1a nam trong khoang tir 250 dén 350 mOsm/kg (gdm ca gid tri dau mut), va
duge xem nhu 14 thdp so voi cac chat twong phan MRI thong thuong khac. Cac ché
pham dang trwong dé dung trong tinh mach cta cac chét twong phan c6 thé c6 1¢i nho
viée khong c6 tac dong dang ké 1én sy phén bd nudce gitta cac khong gian ndi bao va
ngoai bao so vdi cac dung dich khong dang truong, nhu cac dung dich nhuge truong
hodic wu truong. Viéc so sanh do nhét va do thim thiu cua cac phuong 4n cua céc ché
phdm theo sang ché va cac chét twong phan MRI thong thuong khac duge thé hién trén
bang 1. Su két hop gitta do nhdt thip va tinh dang truong voi mau theo cdc phuong an
khac nhau cta ché pham theo sang ché dan dén kha ning dung nap cuc bd tot ddi voi
viéc 4p dung bolus trong tinh mach va cho phép viéc ap dung thuén tién va c6 thé lap
lai thong qua mot dng thong dai va manh trong qud trinh tiém tay (can it 4p lwc hon) va
bién dang dong chiy nhat quan hon, vi du trong qua trinh chuyén d6i dong chit long

gifta chat twong phan va nudc muoi.
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Béng 1: DO nhét va do tham théu ctia ché phim chira Gda- tetra-chelat duge din xudt tir

DO3A c6 cong thirc (I-a) va mdi truong tuong phan ¢ trén thi truong:

I Po nhot 20°C | Do nhét37°C | DO ham

San pham [mPas] [mPas] thau
[mOsm/kg]
0 - X s .

0,9% (khoi luong/theé tich) natri 1,03* 0,74* 287
clorua
Ché pham chira
tetra-chelat dugc dan xut tir Gds- . . .
DO3A 1,87 1,22 294
c6 cong thuc (I-a)
Gadovist® 1.0 8,86%** 4,96%** 1603***
Dotarem® 3,4% 2,4* 13507
ProHance® 2,0% 1,3% 630"
Magnevist® 4,9% 2,9% 1960*
Omniscan® 2,0 1,4 789
OptiMARK® 3,1% 2,0% 1110%
MultiHance® 9,2/ 5,3 1970

* Phan tht nghiém, Vi du 3
** Pediatr. Nephrol. 13/09/2018
##%  Fachinformation des Arzneimittel-Kompendium der Schweiz®

#* Piém ndi bat vé thong tin ké don
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/204781 s0011bl.pdf)

# J. Magn. Res. Imaging, 25, 884-899, 2007

Theo phuong 4n tht ba muoi mét cia khia canh thir nhét, d pH cta ché pham
c6 thé ndm trong khoang tir 4,5 dén 8,5 (goém ca gia tri dAu mut), cu thé 1a nam trong
khoang tir 6,6 dén 8,0 (gdm ca gia tri ddu mut), cu thé hon 1a ndm trong khoang tir 6,9
dén 7,9 (gdm ca gi tri d4u mut), cy thé hon nita 1a nam trong khoang tir 7,2 dén 7,6, cu
thé hon nita la trong d6 do bang 7,4. Cac ché pham c6 d pH nam trong cac khoang nay

khién c6 thé tao ra dung dich cén bing nudc so véi cac diéu kién in vivo (pH bang 7.4).
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Theo phuong 4n thit ba muoi hai ciia khia canh thtt nhét, cac ché pham theo céc
phuong an khéc nhau cua sang ché c6 thé dugc tao dém, tirc 12 n6 chira it nhét mot chét
dém dugc chon tir cac chat dém duoc thiét 1ap d6i véi do pH nam trong khoéang tur 4,5
dén 8,5 (gém ca gia tri dau mut), cac chit dém nay duge chon tir xitrat, lactat, axetat,
tartrat, malat, maleat, phosphat, sucxinat, ascorbat, cacbonat, trometamol (TRIS, axit 2-
amino-2-(hydroxymetyl)propan-1,3-diol), HEPES (2-[4-(2-hydroxyetyl)-1-piperazin]
etansulfonic) va MES (axit 2-morpholinoetansulfonic) va cac hén hop cia chung, va cu

thé 1a chét dém 1a trometamol.

Quy trinh diéu ché ché pham dugc chira chét twong phan

Theo khia canh tht hai, séng ché bao ham quy trinh diéu ché ché pham dugc long

theo sang ché, quy trinh nay bao gbm cac budc sau:
a) cung cap dung moi duge dung;

b) tuy y hoa tan chat dém, nho d6 thu duoc dung dich duge dém va tuy y diéu chinh
d6 pH cua dung dich dén do pH ndm trong khoang tir 7,6 dén 8,2 (gom ca gia tri dau
mut);

¢) tuyy hoatan hop chét c6 kha ning tao thanh chelat v6i ion kim loai thuan tir M tu
do bat ky;

d) hoa tan tetra-chelat duogc dAn xuét tr DO3A c6 cong thirc (I) nhu duoc dinh nghia
trén day, véi lugng da dé tao ra dung dich cudi cung c¢6 chira ché phdm c6 ndng do tetra-
chelat dugc dan xuat tir DO3A c6 cong thire (I) nam trong khoang tir 1 dén 1000 mmol
ion kim loai thuan tir/L (gdm ca gia tri ddu mut), trong d6 ion ctia kim loai thuén tir nay
khong 1a Gd**; va véi luong du dé tao ra dung dich cudi cing c6 chira ché phédm c6 ndng
d6 tetra-chelat duoc dan xuét tir DO3A c¢6 cong thuc (I) nim trong khoang tir 60 dén
750 mmol ion kim loai thuan ti/L (gbdm ca gia tri dau mut), trong dé ion cta kim loai
thuan tir nay ciing c6 thé 1a Gd*, cu thé 12 ndm trong khoang tir 70 dén 700 mmol ion
kim loai thudn t/L (2dm ca gié tri dAu mut), cu thé 12 ndm trong khoang tir 80 dén 650
mmol ion kim loai thuan /L (gdm cé gié tri diu mit), cy thé 14 ndm trong khoang tir
90 dén 600 mmol ion kim loai thuan t/L (gdm ca gid tri ddu mut), cu thé 1a nam trong

khoang tir 100 dén 500 mmol ion kim loai thudn ti/L (gdm ca gid trj dau mut), cu thé 1a
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ndm trong khoang tir 150 dén 450 mmol ion kim loai thuan tW/L (gom ca gid tri dau
mut), cu thé hon 1a nim trong khoang tir 200 dén 400 mmol ion kim loai thuan tir/L
(gdm ca gia tri dAu mut), va tham chi cu thé hon nira 13 ndm trong khoang tir 250 dén

350 mmol ion kim loai thuan ti/L (gdm ca gia tri du mut).

e) tuyy hoatan chét dang truong trong dung dich;

f) tdy ¥ didu chinh d6 pH ctia dung dich dén d6 pH nim trong khoang tir 4,5 dén 8,5
(gbdm ca gi4 tri dau mut);

g) tiy y diéu chinh ndng d6 cta chelat c6 cong thic (I) néu trén bang cach bd sung

lwong bd sung ctia dung mdi duogc dung; va
h) tuy y tiét trung dung dich nay.

Theo phuong 4n thit hai cita khia canh thit hai, sang ché bao ham quy trinh diéu
ché ché pham theo c4c phuong an khéc nhau cla sang ché, quy trinh nay bao gbdm cac

budc sau:
a) cung cap dung mdi dugc dung;

b) tiy ¥ hoa tan chit dém, nhd d6 thu duge dung dich duge dém va tuy y diéu chinh
d6 pH ctia dung dich dén do pH nim trong khoang tir 7,6 dén 8,2 (gdm ca gié tri dau
mut);

¢) hoa tan hop chét c6 kha ndng tao thanh chelat vi ion kim loai thusn tir M tur do bét
ky;

d) hoa tan tetra-chelat duoc din xuét tr DO3A c6 cong thire (I) nhu duge dinh nghia
trén day, v6i luong du dé tao ra dung dich cudi cung ¢6 chira ché pham c6 nong do tetra-
chelat duoc dan xuat tir DO3A 06 cong thtrc (1) nam trong khoang tr 1 dén 1000 mmol
ion kim loai thuan ti/L (gom ca gid tri dau mut), cu thé 1a ndm trong khoang tir 60 dén
750 mmol ion kim loai thudn t/L (gdm ca gia tri diu mut), cu thé 1a nidm trong khoang
tir 70 dén 700 mmol ion kim loai thuan t/L (gdm ca gi4 tri ddu mut), cy thé 1 ndm
trong khoang tur 80 dén 650 mmol ion kim loai thuén tir/L (gdm ca gia tri dau mut), cu
thé 13 ndm trong khoang tir 90 dén 600 mmol ion kim loai thuan tir/L (gdm cé gié tri dau
mut), cu thé 12 ndm trong khoang tir 100 dén 500 mmol ion kim loai thuan tir/L (gbém ca
gi4 tri dAu mut), cy thé 1a ndm trong khoang tir 150 dén 450 mmol ion kim loai thuan

tr/L (gdm ca gid tri dAu mut), cu thé hon 1a nim trong khoang tir 200 dén 400 mmol ion
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kim loai thuén t/L (gdm ca gid tri dAu mut), va tham chi cu thé hon nira 1a ndm trong

khoang tir 250 dén 350 mmol ion kim loai thuan ti/L (gdm cé gid tri dau mit);

e) tuyy hoatan chét dang truong trong dung dich;

f) thy v didu chinh do pH cta dung dich dén do pH ndm trong khoang tir 4,5 dén 8.5
(gdm ca gia tri dau mut);

g) tiy y didu chinh ndng do cta chelat ¢6 cong thire (I) néu trén bang céch bo sung

lwong bo sung ctia dung méi duge dung; va
h) tuy y tiét truing dung dich nay.

Theo cac phuong 4n khac nhau, thi ty cua céc bude b), ¢), d) vae) la co thé thay
ddi. Tac 14, khi thuc hién phuong phép nay, cac chit cai dé muc (tuc 13, a), b), ¢), v.v.)

khong dugc dy tinh la dé chi thi tw cu thé cta viéc thuc hién cac bude cua phuong phap.
Theo c4c phuong 4n khéac nhau, thr ty ciia cac budc f) va g) la co thé thay doi.

Thuét ngit "dung mdi dugc dung" duge dy tinh bao gdm cac dung moi ma thich
hop v6i céc img dung dung ngoai dudng tiéu hoa, tic 1a tiém trong tinh mach. Cu thé
13, dung méi nay ¢6 thé 1a nuée dé tiém, hodc dung dich nwée mubi, cy thé hon 1a nude
dé tiém.

Thuat ngit “dung dich dém” dugc dy tinh 1a dung dich trong dung méi dugc dung
ma chtta chit dém dugc thiét 14p dé c6 do pH nim trong khoang tir 4,5 dén 8,5 (gom ca
gid tri du mut), cu thé 1a nim trong khoang tir 6,6 dén 8,0 (gdm ca gia tri dau mit), cu
th hon 12 n3m trong khoang tir 6,9 dén 7,9 (gdm ca gia tri ddu mut), cu thé hon 1a nam
trong khoang tir 7.2 dén 7,6. Tham chi cu thé hon 12 d6 pH dugc diéu chinh dén gi4 tri
bé‘mg 7,4. Chat dém dugce str dung trong bude b) dugc chon tir xitrat, lactat, axetat, tartrat,
malat, maleat, phosphat, sucxinat, ascorbat, cacbonat, trometamol (TRIS, 2-amino-2-
(hydroxymetyl)propan-1,3-diol), HEPES (axit 2-[4-(2-hydroxyetyl)-1-piperaiin]
etansulfonic), va MES (axit 2-morpholinoetansulfonic) va cac hdn hop cia ching, va cu

thé 1a chét dém 1a trometamol.

Viéc diéu chinh d6 pH, vi du & budc b), c6 thé dugc thuc hién bang cach bd sung
mot trong s cac chét dém duoc néu trén day va/hodc lam tang do pH béang cach bo sung
dung dich nudc bazo (vi dy, natri hydroxit hoac meglumin) hodc 1am giam do pH bang

cach bd sung dung dich nuéc axit (vi dy, axit clohydric).
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Hop chét ¢6 kha ning tao thanh chelat v6i ion kim loai thuén tir M tu do bét ky
duoc bd sung trong budce ¢) duge chon tir Ca-BT-DO3A (Calcobutrol), Ca-DOTA, Ca-
HP-DO3A va Ca-DTPA hoic tir cac phdi tir tu do twong (mg, hodc céc mudi ctia chiing
v6i cac kim loai kiém, céc kim loai kidm thd, kim loai chuyén tiép lién két yéu hodc cac
bazo hiru co. Cu thé 13, hop chét c6 kha ning tao thanh phitc chét v6i ion kim loai thuan
tir M tu do bat ki 1a Ca-BT-DO3A (Calcobutrol), tét hon 12 v6i lugng nam trong khoang
1 0,002% dén 5% mol/mol (gdm ca gia tri dAu mit), duge do dudi dang ty phan so v6i

téng ndng do Gd trong ché pham.

Budc ¢) bb sung Ca-BT-DO3A dugc thyc hién mot cach ¢6 loi ¢ nhiét do ndm
trong khoang tir 15°C dén 60°C (gdm ca gia tri dau mut), tt hon 1a tir 15°C dén 40°C

(gdm ca gi tri ddu mut).

Tetra-chelat duoc din xuét tr DO3A ¢6 cong thic (I) duge bd sung trong bude
d) t5t hon 1a tetra-chelat dwgc din xudt tir Gds-DO3A, cu thé 1a dugc chon tir cc chelat
¢6 cac cong thie (I-a), (I-b) va (I-c), nhu dugc dinh nghia trén day, cu thé hon 14 tetra-
chelat duoc dan xuét tir DO3A c6 cdng thire (I) 12 tetra-chelat duoc dan xuét tir Gds-

DO3A c¢6 cong thire (I-a), nhu duge dinh nghia trén day.

Tetra-chelat dugc dan xuit tir DO3A c6 cong thuc (I) dugc bd sung trong budc
d) & nhiét do nim trong khoang tir 15°C dén 60°C (gdm ca gia tri dau mut), cu the 1a ti
15°C dén 40°C (gbm ca gia tri dau mit), v6i lugng du 8 tao ra dung dich cudi cling ¢6
chira ché pham duoc 16ng c6 ndng do cua tetra-chelat dugc dan xuét tir DO3A c6 cong
thitc (I) ndm trong khoang tir 1 dén 1000 mmol ion kim loai thuan tir/L (g0m ca gié tri
dAu mut) trong do6 ion kim loai thuan tir khong 12 Gd**, hodc néu hop chat ¢ kha ning
tao thanh phitc chit vé6i ion kim loai thuan tit M ty do bat k¥ dwoc bd sung trong bude
¢) thi ion kim loai thuan tir nay c6 thé 1a Gd**; va véi lugng du dé tao ra dung dich cuoi
ciing ¢6 chira ché pham dugc c6 ndng d tetra-chelat duoc dan xuét tir DO3A c6 cong
thirc (T) nim trong khodng tir 60 dén 750 mmol ion kim loai thuén t/L (g0m ca gi tri
dAu mt), trong dé ion kim loai thudn tir ciing c6 thé 1a Gd**, cu thé 1a nam trong khoang
tr 70 dén 700 mmol ion kim loai thuan /L (gdm ca gid tri dAu mut), cu thé 1a ndm
trong khoang tir 80 dén 650 mmol ion kim loai thuan tir/L (gdm ca gié trj dau mut), cu
thé 12 nim trong khoang tir 90 dén 600 mmol ion kim loai thuan tir/L (gdm ca gié trj dau

mt), cu thé 12 ndm trong khoang tir 100 dén 500 mmol ion kim loai thun t/L (g0m ca
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gi4 tri dAu mut), cy thé 14 ndm trong khoang tir 150 dén 450 mmol ion kim loai thuan
f1/1, (gdm ca gid tri dAu mat), cu thé hon 12 nim trong khoang tir 200 dén 400 mmol ion
kim loai thuén t/L (gdm ca gié tri dAu mut), va thdm chi cy thé hon 14 ndm trong khoang

tir 250 dén 350 mmol ion kim loai thuén ti/L (gdm ca gia tri dau mut).

Thuc té 13 bude tron d) ¢6 thé dugc thuc hién ma khong c6 sy gia nhiét la c6 loi
vi tranh duge cc phan tng héa hoc / phan hity ma s& din dén cac san pham doc t6 tiém
nang.

Chéat dang truong dugc bd sung trong budc e) cu thé 13 natri clorua.

Luong natri clorua dugc bd sung trong budc e) duge bb sung dé tao ra ché pham,

ma t6t hon 14 dang truong véi huyét twong.

Do pH ciia dung dich trong budc f) duge diéu chinh dén do pH nédm trong khoang
fir 4,5 dén 8,5 (gdm ca gié tri dAu mut), cu thé 12 ndm trong khoang tir 6,6 dén 8,0 (gdm
¢4 gid tri dAu mut), cy thé hon 1a ndm trong khoang tir 6,9 dén 7,9 (gdm ca gié trj dau
mt), cu thé hon 1a ndm trong khoang tir 7,2 dén 7,6. Tham chi cu thé hon 1a d6 pH dugc
diéu chinh dén gia tri bang 7,4.

Buéc f) didu chinh do pH cu thé dugc thuc hién bing cach bd sung mot trong s6
c4c chit dém néu trén va/hodc bing cach bd sung dung dich nude bazo (vi du, natri

hydroxit hosc meglumin) hodc dung dich nuéc axit (vi du axit clohydric).

Bude g) diéu chinh ndng do cua chelat ¢6 cong thic (I) néu trén dc bigt duoc
thue hién sau khi do ty trong ctia ché pham, bang cach bb sung dung moi dugc dung.
Nong d6 dich cta chelat c6 cong thie (I) trong ché phim 14 nam trong khoang tir 1 dén
1000 mmol ion kim loai thuén tir/L (gdm ca gid tri dau mut) trong d6 ion cua kim loai
thudn tir khong 12 Gd**, hodc néu hop chét ¢ kha nang tao thanh phitc chat voi ion kim
loai thuan tr M tu do bét ky duoc b6 sung trong budce ¢) thi ion kim loai thuén tlir nay
6 thé 1a Gd**; va véi luong du dé tao ra dung dich cudi cung ¢6 chira ché phém duoc
1ong c6 ndng do tetra-chelat dugc dan xut tir DO3A c6 cong thire (I) nam trong khodng
tir 60 dén 750 mmol ion kim loai thuan ti/L (gdm ca gia tri ddu mut), trong d6 ion cua
kim loai thuén tr nay cling co thé 1a Gd**, cu thé 1a nam trong khoang tir 70 dén 700
mmol ion kim loai thuan tW/L (gdm ca gi4 tri ddu mut), cu thé 1a ndm trong khoang tir
80 dén 650 mmol ion kim loai thuén tir/L (gdm ca gid tri ddu mit), cu thé 12 ndm trong

khoang tir 90 dén 600 mmol ion kim loai thuan tir/L (gdm cé gia tri ddu mt), cu thé la
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ndm trong khoang tir 100 dén 500 mmol ion kim loai thuan tW/L (gdm ca gia tri dau
mut), cu thé 14 nim trong khoang tir 150 dén 450 mmol ion kim loai thuén /L (gdm ca
gi4 tri dAu mut), cy thé hon 1a ndm trong khoang tir 200 dén 400 mmol ion kim loai
thuan tW/L (gdm ca gia tri ddu mut), va tham chi cu thé hon nita 1a ndm trong khoang tlr

250 dén 350 mmol ion kim loai thuan ti/L (gdm ca gié tri dau mut).

Budc g) diéu chinh ndng dd cua chelat ¢6 cong thirc (I) nhu duge dinh nghia trén
day dic biét 1a bude didu chinh thé tich bing cach bd sung dung mdi dugc dung dé dieu
chinh ty trong ctua ché pham long dén ty trong nim trong khoang ttr 1,0 dén 1,3 grem™
(gém ca gia tri dau mut), cu thé 1a nam trong khoang tir 1,0 dén 1,2 g-em ™ cu thé hon

1a dén ty trong nam trong khoang tr 1,075 dén 1,125 g-em ™.

Budc h) tiét trung ché pham dugc thuc hién theo cac phuong phap da duge ngudi

¢6 hidu biét trung binh trong linh vuc nay biét dén.

Theo phuong an thr ba cta khia canh thir hai, sang ché bao ham quy trinh diéu
ché ché phdm dugc 16ng, trong d6 budce hoa tan tetra-chelat dugc dan xudt tr DO3A ¢6

cong thirc (I) bao gom:

hoa tan tetra-chelat dugce dan xuét tt DO3A ¢6 cong thire (I) nhu duge dinh nghia trén
day, trong dung m6i dugc dung hodc dung dich dém dé tao ra dung dich dau tién, trong
d6 tetra-chelat dugc dan xuét tir DO3A c6 cong thic (I) duge hoa tan véi luong du dé
tao ra ché phdm duoc long c6 ndng do tetra-chelat dugc dan xuét tir DO3A c6 cong thire
(I) ndim trong khoang tir 1 dén 1000 mmol ion kim loai thuan ti/L (gdm cé gi4 tri dau
mut), trong d6 ion cua kim loai thuén tir nay khong la Gd3*; va nam trong khoang tlr 60
dén 750 mmol ion kim loai thuén ti/L (g0m ca gia tri dau mut), trong d6 ion cua kim
loai thuén tir nay ciing c6 thé 1a Gd**, cu thé 1a ndm trong khoang tir 70 d&én 700 mmol
ion kim loai thuan ti/L (gom ca gi4 tri dau mut), cu thé 1a nam trong khoang tir 80 dén
650 mmol ion kim loai thuan t/L (gdm ca gi4 tri dau mut), cu thé 1a ndm trong khoang
tr 90 dén 600 mmol ion kim loai thuan t/L (gdm ca gia tri dAu mit), cu thé 1a ndm
trong khoang tir 100 dén 500 mmol ion kim loai thuan ti/L (gdm ca gié tr dau mit), cu
thé 12 ndm trong khoang tir 150 dén 450 mmol ion kim loai thuén tW/L (gdm ca gié tri

dau mut), cu thé hon 12 ndm trong khoang tir 200 dén 400 mmol ion kim loai thuén tir/L
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(2dm ca gia tri dAu mut), va tham chi cu thé hon 13 ndm trong khoang tir 250 dén 350

mmol ion kim loai thuan ti/L (gdm cé gia tri dau mut).

Theo phuong 4n thi tu cia khia canh thit hai, sang ché bao ham quy trinh diéu

ché ché pham theo sang ché, trong dé quy trinh nay bao gdm céc budc:

hoa tan mot luong hop chét c6 kha ning tao thanh chelat v6i ion kim loai thuén
tir M tu do ndim trong khodng tir 0,002% dén 5% mol/mol (gdm ca gia tri du mut) véi
su tham chiéu dén téng ndng dd cua ion kim loai thuan tir trong ché pham trong dung

moéi dugce dung hodc dung dich dém dé tao ra dung dich dau tién;

hoa tan tetra-chelat dugc dan xuit tir DO3A c6 cong thie (I) nhu duogc dinh nghia
trén day, trong dung dich dau tién véi lugng du dé tao ra dung dich cudi cling c6 chira
ché pham duge 16ng c6 ndng do tetra-chelat duge dan xuét tr DO3A c6 cong thire (I)
nam trong khoang tir 1 mmol ion kim loai thuén tir/L dén 1000 mmol ion kim loai thuin
/L (gdm ca gid tri dAu mit), cu thé 12 ndm trong khoang tir 60 dén 750 mmol ion kim
loai thuén tt/L (gdm ca gia tri dAu mut), cu thé 14 nim trong khoang tir 70 dén 700 mmol
ion kim loai thudn tir/L (gdm c4 gié tri dAu mut), cu thé 12 ndm trong khoang tir 80 dén
650 mmol ion kim loai thuan tir/L (gdm ca gia tri dau mut), cu thé 1a nam trong khoang
tir 90 dén 600 mmol ion kim loai thuan tw/L (gdm ca gi4 tri dAu mut), cu thé 1a nam
trong khoang tir 100 d&n 500 mmol ion kim loai thun /L (gdm ca gié tri dau mut), cu
thé 12 nim trong khoang tir 150 dén 450 mmol ion kim loai thuan tW/L (gdm cé gié tri
dau mut), cu thé hon 13 ndm trong khoang tir 200 dén 400 mmol ion kim loai thuén tu/L
(gbdm ca gia tri dau mut), va tham chi cu thé hon nita 14 ndm trong khoang tir 250 dén

350 mmol ion kim loai thuan tir/L (gdm ca gié tri ddu mut).

Theo phuong an thr nam cua khia canh th hai, sang ché bao ham quy trinh diéu
ché ché pham dugce 16ng, trong d6 budce hoa tan tetra-chelat dugc dan xuat tir DO3A ¢6

cong thie (I) bao gom:

hoa tan tetra-chelat duoc dan xuét tir Gds-DO3A c6 cong thire (I) nhu dugc dinh nghia
trén day, trong dung moi dugc dung hodc dung dich dém dé tao ra dung dich dau tién,
trong dé tetra-chelat dugc din xuét tr Gds-DO3A c6 cong thire (I) dugc hoa tan voi
luong du dé tao ra ché pham dugc long c6 ndng do tetra-chelat dugc dan xudt tir Gds-

DO3A c6 cong thite (I) ndm trong khodng tir 60 dén 750 mmol Gd**/L (gdm cé gié tri
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dAu mt), cy thé 13 ndm trong khoang tir 70 dén 700 mmol Gd**/L (gdm cd gid tri dau
mut), cu thé 12 ndm trong khoang tir 80 dén 650 mmol Gd**/L (gdm ca gia tri dAu mut),
cu thé 14 ndm trong khoang tir 90 dén 600 mmol Gd*>/L (gOm ca gia tri dAu mut), cu thé
14 nim trong khoang tir 100 dén 500 mmol Gd**/L (gdm ca gia tri dAu mat), cu thé 1a
ndm trong khoang tir 150 dén 450 mmol Gd**/L (gdm c4 gid tri dAu mut), cu thé hon 1a
ndm trong khoang tir 200 dén 400 mmol Gd**/L (gdm ca gia tri ddu mut), va tham chi
cu thé hon nita 12 nim trong khoang tir 250 dén 350 mmol Gd*/L (gdm c gid tri dau

mut).

Theo phuong 4n tht sau cia khia canh thi hai, sang ché bao ham quy trinh diéu

ché ché pham theo sang ché, trong d6 quy trinh nay bao gdm céc budc:

hoa tan mot lwong hop chat c6 kha ning tao thanh phirc chét véi ion kim loai
thudn tir M tr do ndim trong khoang tir 0,002% dén 5% mol/mol (gdm ca gid tri dau mut)
v6i su tham chiéu dén téng ndng dod cua ion kim loai thuén tir trong ché pham trong

dung méi dugc dung hodc dung dich dém dé tao ra dung dich dau tién;

hoa tan tetra-chelat duoc dan xudt tir Gds-DO3A c¢6 cong thirc (I) nhu duge dinh
nghia trén day, v6i lwong du dé tao ra dung dich cudi cing ¢6 chira ché pham dugc 1ong
6 ndng db tetra-chelat duge dan xuét tr DO3A c6 cong thuc (I) nim trong khoang tir 1
mmol Gd*/L. dén 1000 mmol Gd>*/L (gdm ca gi4 tri dAu mut), cu thé 12 ndm trong
khoang tir 60 dén 750 mmol Gd**/L (gdm cé gia tri dAu mat), cu the 1a nim trong khoang
tir 70 dén 700 mmol Gd**/L (gdm ca gié tri dau mut), cu thé 1a nam trong khoang tir 80
dén 650 mmol Gd**/L (gdm ca gid tri ddu mut), cu thé 1a ndm trong khoang tir 90 dén
600 mmol Gd*/L (gdm cé gié tri dAu mit), cu thé 12 ndm trong khoang tir 100 dén 500
mmol Gd**/L (gdm cé gia tri ddu mut), cu thé 14 nim trong khoang tir 150 dén 450 mmol
Gd>*/L (gdm ca gié tri du mut), cu thé hon 1a nim trong khoang tir 200 dén 400 mmol
Gd**/L (gdm ca gia tri ddu mit), va tham chi cu thé hon nita 12 ndm trong khoang tir 250

dén 350 mmol Gd**/L (gdm ca gi4 tri ddu mut).

Theo phuong én thi by ctia khia canh thir hai, séng ché bao ham quy trinh diéu

ché ché pham theo sang ché, trong dé quy trinh nay bao gdm céc bude:

hoa tan mot luong Ca-BT-DO3A nim trong khoang tir 0,002% dén 5% mol/mol

(gdm ca gia tri dau mut) voi sy tham chiéu dén tong nong do cua ion kim loai thuén tur
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trong ché phém, trong dung moi duoc dung hodc dung dich dém dé tao ra dung dich dau
tién;

hoa tan tetra-chelat dugc dan xuét tir Gds-DO3A c6 cong thie (I) nhu duge dinh
nghia trén ddy, v6i lugng di dé tao ra dung dich cudi cing c6 chira ché phim dugc 1ong
c6 ndng dd tetra-chelat duoc dan xuét tir Gds-DO3A ¢6 cong thirc (I) ndm trong khoang
tir 1 mmol Gd**/L. dén 1000 mmol Gd>*/L (gdm cé gié tri dAu mut), cu thé 1a ndm trong
khoang tir 60 dén 750 mmol Gd**/L (g0m ca gié tri ddu mit), cu thé 1a nim trong khoang
tir 70 dén 700 mmol Gd**/L (gdm ca gia tri diu mit), cu thé 1a ndm trong khoang tir 80
dén 650 mmol Gd**/L (gdm ca gia tri dAu mut), cu thé 12 ndm trong khoang tir 90 dén
600 mmol Gd**/L (2dm ca gid tri dAu mut), cu thé 12 ndm trong khoang tir 100 dén 500
mmol Gd*/L (gdm ca gia tri dAu mut), cu thé 14 ndm trong khoang tir 150 dén 450 mmol
Gd**/L (2dm ca gid tri dAu mut), cu thé hon 12 nim trong khoang tir 200 dén 400 mmol
Gd**/L (gdm ca gi tri ddu mut), va thdm chi cu thé hon nita 1 ndm trong khoang tir 250

dén 350 mmol Gd**/L (gdm ca gia tri dau mt).

Theo phuong én thir tAm cua khia canh thi hai, séng ché bao ham quy trinh diéu
ché ché pham dugc 1ong, trong d6 budce hoa tan tetra-chelat dugce dan xuat tir DO3A c6

cong thuc (I) bao gdm:

hoa tan tetra-chelat duoc dan xuét tr Gds-DO3A c6 cong thirc (I-a) nhu dugce
dinh nghia trén day, trong dung méi dugc dung hodc dung dich dém dé tao ra dung dich
dAu tién, trong do tetra-chelat dugc dan xudt tir Gds-DO3A c¢6 cong thire (I-a) dugc hoa
tan v6i luong di dé tao ra ché pham duoc long c6 ndng d tetra-chelat duoc dan xuét tir
Gds-DO3A c6 cong thire (I-a) nim trong khoang tir 60 dén 750 mmol Gd**/L (gdm cé
gi4 tri dAu mut), cu thé 12 nam trong khoang tir 70 dén 700 mmol Gd**/L (gom ca gid tri
dAu mut), cu thé 1a ndm trong khoang tir 80 dén 650 mmol Gd**/L (gdm ca gia tri dau
mit), cu thé 12 nim trong khoang tir 90 dén 600 mmol Gd**/L (gdm ca gié tri dau mut),
cu thé 12 ndm trong khoang tir 100 dén 500 mmol Gd**/L (gdm ca gi4 tri du mut), cu
thé 12 nim trong khoang tir 150 dén 450 mmol Gd**/L (gdm ca gia tri ddu mut), cu thé
hon 14 nim trong khoang tir 200 dén 400 mmol Gd**/L (gdm c4 gia tri dau mut), va tham
chi cu thé hon nita 12 ndm trong khoang tir 250 dén 350 mmol Gd**/L (gdm ca gié tri

dau mut).
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Theo phuong an thi chin cta khia canh thir hai, sdng ché bao ham quy trinh diéu

ché ché pham theo séng ché, trong d6 quy trinh nay bao gdm céc budc:

hoa tan mot luong hop chat ¢6 kha nang tao thanh phirc chét véi ion kim loai
thuén tir M tu do ndm trong khoang tir 0,002% dén 5% mol/mol (gém ca giatri dau mut)
v6i su tham chiéu dén téng ndng dd cta ion kim loai thuén tir trong ché pham, trong

dung moi dugc dung hodc dung dich dém dé tao ra dung dich dau tién;

hoa tan tetra-chelat duoc dan xuét tir Gds-DO3A ¢6 cong thirc (I-a) nhu dugc
dinh nghia trén déy, trong dung dich dAu tién v6i lugng du dé tao ra dung dich cudi cliing
c6 chtta ché pham duoc 1ong ¢6 ndng do tetra-chelat duge dan xuat tir Gds-DO3A ¢6
cong thirc (I-a) ndm trong khoang tir 1 mmol Gd*/L dén 1000 mmol Gd*'/L (gdm ca
gi4 tri dAu mut), cy thé 1a ndm trong khoang tir 60 dén 750 mmol Gd*'/L (gdm cé gia tri
dAu mut), cu thé 12 ndm trong khoang tir 70 dén 700 mmol Gd**/L (gom ca gia tri dau
mut), cu thé 1a ndm trong khoang tir 80 dén 650 mmol Gd**/L (gdm ca gi4 tri ddu mut),
cu thé 12 ndm trong khoang tir 90 dén 600 mmol Gd**/L (gdm ca gia tri dau mut), cu thé
14 ndm trong khoang tir 100 dén 500 mmol Gd**/L (gdm ca gi tri dau mat), cy the 13
ndm trong khoang tir 150 dén 450 mmol Gd**/L (gbm ca gia tri dAu mut), cu thé hon 1a
nim trong khoang tr 200 dén 400 mmol Gd**/L (gdm ca gid tri ddu mut), va tham chi

cu thé hon 13 n3m trong khoang tir 250 dén 350 mmol Gd*>*/L (gdm ca gi4 tri ddu muv).

Theo phuong 4n thir mudi cta khia canh thir hai, sing ché bao ham quy trinh diéu

ché ché phim theo sang ché, trong d6 quy trinh nay bao gdm céc budc:

hoa tan mdt lwong Ca-BT-DO3A nam trong khoang tr 0,002% dén 5% mol/mol
(g@)m ca gia tri dau mut) voi su tham chiéu dén tong ndng dd ctia ion kim loai thuén tir
trong ché pham, trong dung moi dugc dung hodc dung dich dém dé tao ra dung dich dau
tién;

hoa tan tetra-chelat duoc dan xudt tir Gds-DO3A c¢6 cong thic (I-a) nhu duge
dinh nghia trén déy, trong dung dich dau tién v6i lugng du dé tao ra dung dich cudi cling
¢6 chtra ché pham duoc 1éng c6 noéng do tetra-chelat dugc dan xuat tir Gds-DO3A ¢6
cong thire (I-a) nim trong khoang tir 1 mmol Gd**/L dén 1000 mmol Gd**/L (gom ca
gi4 tri dAu mut), cu thé 13 nim trong khoang tir 60 dén 750 mmol Gd**/L (gbm cé gié tri
dAu mut), cu thé 1a nim trong khoang tir 70 dén 700 mmol Gd**/L (gdm ca gia tri dau
mut), cu thé 1a ndm trong khoang tir 80 dén 650 mmol Gd**/L (gdm c4 gié tri dau mut),
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cu thé 13 nim trong khoang tir 90 dén 600 mmol Gd**/L (gdm ca gié tri dau mut), cu the
1 nim trong khoang tir 100 dén 500 mmol Gd**/L (g0m ca gid tri dau mut), cu thé 1a
nim trong khoang tir 150 dén 450 mmol Gd**/L (gdm ca gia tri dau mut), cu thé hon 12
ndm trong khoang tir 200 dén 400 mmol Gd*"/L (gdm ca gié tri dau mit), va tham chi

cu thé hon 12 ndm trong khoang tir 250 dén 350 mmol Gd**/L (gom ca gid tri dau mut).

Theo phuong an thir mudi mét cua khia canh thi hai, sang ché bao ham quy trinh

diéu ché ché phim theo sang ché, trong d6 quy trinh nay con bao gdm cac budc:

diéu chinh d6 pH cua dung dich twong phan dén d6 pH nam trong khoang tir 4,5 dén
8,5 (2dm ca gi tri dAu mut), cu thé 1 nim trong khoang tir 6,6 dén 8,0, (20m ca gia tri
dAu mut), cu thé hon 13 ndm trong khoang tir 6,9 dén 7,9 (gdm ca gié tri ddu mit), cu thé

hon 1 ndim trong khoang tir 7,2 dén 7,6, cu thé hon 12 diéu chinh do pH dén bang 7,4.

Theo phuong 4n thit mudi hai cua khia canh thi hai, quy trinh bao gbm cac budc
a) va d), va ty ¥ bude bat ky trong s6 céc budc b), ¢), e), ), g) va h) hodc cac ket hop

ctia chung, cac budc nay 12 nhu duge dinh nghia trén day.

Theo khia canh thi ba, sang ché bao ham ché phém dugc long thu duge theo quy

trinh didu ché ché pham theo cac phuong 4n khac nhau cia sang ché.

St dung ché phdm va moi truong tuong phan

Theo khia canh thir tu, sing ché bao ham viéc st dung ché pham theo sang ché
dé chup y té, hodc dé theo ddi chan doan hiéu luc cua viéc diéu tri, bao gdm viéc su

dung luong chép nhén duoc vé mat dugc ly cla ché phém dugc nhu duge mo ta & trén.

Do d6, cac phuong &n cua sang ché dé cap dén moi trudng twong phan dé chup y

té, chira ché phdm duoc 1ong ndy.

Theo phuong an thtr hai cia khia canh thi tu, sang ché bao ham viéc sir dung ché
phém theo sang ché hodc moi trudong twong phan da duge md ta cho viée chup MRI tang
cudng do tuong phan doi véi tAt ca cac vung co thé. Cac ung dung d6i v6i ché pham
theo sang ché bao gdm céc chi dinh tim mach, ung thu va viém d6i voi cac ving co thé

khac nhau.
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Theo phuong 4n thit ba cua khia canh thir tu, sang ché bao ham viéc st dung ché
phim theo sang ché hodc moi trudong twong phin da dugc mo ta dé phat hién va dac
trung hda cac ton thuong CNS, cac ton thuong cua gan va vung bung, ton thuong & than
va ving chau, trong chup mach MR, ciing nhu dbi véi cac chi dinh & cac co quan/cac

vung khac (tirc 1a ludi, dau va ¢6, hé tim mach, v, nguc, ti chi, khép).

Theo phuong an thi tu cua khia canh thir tu, sang ché bao ham viéce st dung ché
pham hodc mdi truong twong phan di duge mo ta trong chin doan céc bénh, cu thé 1a

bénh ung thu, bénh viém, bénh than kinh hodc bénh vé& mach mau.

Céc phuong an khac nhau cla sang ché ciing dé cap dén cac ché pham hodc méi truong
tuong phan dd dugc md ta trén day, dé st dung trong phuong phap chup, cu thé 1a

phuong phap nhu dugc mo td dudi day.

Theo khia canh thir nam, sang ché dé cap dén phuong phéap chup toan bd co thé
ctia mot dbi twong hodc chup mdt bd phén cia co thé, bao gém budc thu mdt hodc nhiéu
hinh anh ciia toan b co thé hoic mdt bd phan cia co thé ciia mot ddi twong bang ky
thuat chup y té, trong d6 toan bd co thé hodc mot bd phan cta co thé cua d6i tuong d6
6 chira ché phém nhu dugc md ta & trén, trong d6 do tuwong phan hinh dnh cia mot hoac
nhidu hinh anh duoc két hop véi su hién dién cia tetra-chelat dugc dan xuét tir DO3A
c6 codng thire chung (I).

Theo mdt phuwong an khéac, phuong phap chup theo sang ché bao gdm budc tiem
true hodc dung trude ché pham clia moi trudng twong phan cho d6i tugng, tot hon 1a
dung ngoai duong tiéu hoa, tot hon 14 tiém trong tinh mach, tiém trong dong mach hoac
tiém trong khop.

Trong cac phuong phap chup y té dugc dinh nghia trén day, cac hinh anh t6t hon
1a thu dugc bang cach chup cong hudng tir (MRI).

Dé chan doan bang MRI, viéc dung trong tinh mach béng cach tiém dién hinh 1a
dwoc thuc hién & lidu lugng ndm trong khoang tir 0,01 dén 0,3 mmol Gd/kg thé trong
(gdm ca gia tri dAu mat). Cac lidu duge dung s& phu thue vao dudng dung, va ca vao
bénh nhén va cu thé 13 phu thudc vao ban chét cua rdi loan duge nghién ciru.

Déi voi viée tiém trong tinh mach va quan sat bing MRI, ndng do cta ché pham

dién hinh 14 nim trong khoang tir 1 dén 1000 mmol Gd/L (gOm ca gia tri dAu mut), va
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lidu duoc dung cho bénh nhan theo trong lugng co thé ctua ngudi d6 sé 13, néu thich hop,

nim trong khoang tir 0,01 dén 0,3 mmol Gd/kg thé trong (gdm ca gia tri dau mt) va tot

hon 14 ndm trong khoang tir 0,01 dén 0,1 mmol Gd/kg thé trong.

Trong so céc chi dinh chan doan c6 1¢i, cac chi dinh chan doén c6 loi duoc de

cap dén 13 cac chi dinh da dugc sir dung trén 14m sang va céc chi dinh ma két qua chan

doan dugc cai thién bang cach sir dung cac chét tuong phan.

Theo khia canh th siu, sang ché bao ham cac tetra-chelat duoc dan xuét tir

DO3A véi cac lugng dudi hé s6 ty lugng ciia céc ion gadolini (Gd**), ma dugc chon tir

nhom bao gom:
chelat duoc dan xuét tir Gd;-DO3A c6 cong thie (Gds-1I-a),

o~

S

o
(0]
N oy (Gd,-11-a)
(@]
HO

5

chelat dugc dan xuét tir Gdr-DO3A c¢6 cong thirc (Gdz-11-a),
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chelat duoc dan xuat tir Gd-DO3A ¢6 cong thie (Gd-1I-a),
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hodc chét ddng phan 1ap thé, chét déng phan hd bién, hoac mudi ctia chiing, hoic hdn

hop cta ching.
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Theo phuong 4n thir hai ctia khia canh thit sau, sang ché bao ham céc tetra-chelat
duogc dan xut tr DO3A véi cac luong dudi hé s6 ty lwong cua cac ion gadolini (Gd*),

ma duogc chon tir nhom bao gom:

chelat dugc dan xuét tir Gd2-DO3A ¢6 cong thirc (Gda-11-a),

o
oi
o) /N
YON N
o[ Gd ]
Hsc‘gg—/\—/(
00" HN
o T
OWAN NG 0 OH
o) [ Gd3+j 0 NH o oH
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NH
HO oa\ﬁ HO” O
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chelat dugc dan xuét tir Gd-DO3A c6 cong thic (Gd-1I-a),
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hoiic chét ddng phan 1ap thé, chét ddng phan hd bién, hogc mudi cua ching, hodc hon
hop cua ching.

Theo bién thé cua khia canh thit s4u, séng ché bao ham cAc tetra-chelat dwgc dan
xuét tir DO3A véi cac luong dudi hé sb ty lugng clia cac ion gadolini (Gd*), ma duoc

chon tir nhém bao gdm:

chelat dugc dan xuét tir Gd3-DO3A c6 cong thirc (Gds-1I-b),

o
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9

chelat dugce dan xuét tir Gd2-DO3A ¢6 cong thirc (Gda-11-b),
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chelat dugc dan xuat tir Gd-DO3A c6 cong thire (Gd-1I-b),
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tetra-phéi tir duge dan xuat tr Gd DO3A c¢6 cong thire (II-b),
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hodc chét ddng phén lap thé, chat d6ng phan hd bién, hodc mudi cia ching, hodc hdn

hop cta chung.

Theo bién thé khéc ciia khia canh thir séu, sang ché bao ham céc tetra-chelat dugc
dan xuét tir DO3A véi cac lugng dudi hé sb ty lugng cua céc ion gadolini (Gd**), ma

duogc chon tir nhom bao gém:

chelat duoc dan xuét tir Gds-DO3A c6 cong thice (Gds-II-c),
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chelat duoc din xuét tir Gd2-DO3A c6 cong thic (Gdo-11-¢),
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chelat dugc dan xuét tir Gd-DO3A c6 cong thire (Gd-1I-c),
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tetra-phdi tir dugc din xuét tr DO3A ¢6 cong thic (IT-¢),
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hoiic chit dong phan lap thé, chét ddng phéan hd bién, hodc mudi cua ching, hodc hdn

hop cia chung.
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Theo khia canh tht bay, sang ché bao ham viéc st dung cac tetra-chelat dugc dan
xuét tir DO3A v6i cac lugng dudi hé s6 ty lwong ctia cac ion gadolini (Gd*"), ma duge

chon tir nhém bao gom:

chelat dugc dan xuét tir Gd3-DO3A c6 cong thire (Gds-1I-a),
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chelat dugce dan xuét tir Gd2-DO3A c6 cong thic (Gda-11-a),
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chelat dugc dan xuét tir Gd-DO3A c6 cong thire (Gd-11-a),
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va tetra-phdi tir duge dan xuét tir DO3A c6 cong thuc (II-a),
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b

hoic chit ddng phan 1ap thé, chit ddng phan h bién, hodc mubi cia ching, hodc hon

hop cta chung,
d8 san xudt cac chit twong phan dé chup cong hudng tur.

Theo phuong an thir hai cta khia canh thir bay, sang ché bao ham viéc st dung
cac tetra-chelat duoc dan xuat tir DO3A véi cac lugng dudi hé s6 ty luong ctia cac ion

gadolini (Gd*"), ma dugc chon tir nhém bao gbm:

chelat dugc dan xuét tir Gda-DO3A c6 cdng thic (Gda-11-a),
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chelat dugc dan xuat tir Gd-DO3A c6 cong thire (Gd-1I-a),
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va tetra-phdi tir duoc dan xuat tr DO3A c6 cong thire (II-a),
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hogc chit ddng phan 1ap thé, chit ddng phan hd bién, hodc mubi cta ching, hodc hén

hop cta chung,

dé san xudt cac chit tuong phan dé chup cong hudng tir.
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Theo bién thé ciia khia canh tht bay, sang ché bao ham viéc st dung cic tetra-
chelat duoc dan xuat tir DO3A véi cac lugng dudi hé s6 ty luong ctia cac ion gadolini

(Gd*"), ma dwoc chon tir nhém bao gom:

chelat duoc dan xuat tir Gd;-DO3A c6 cong thirc (Gds-1I-b),
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chelat duoc dan xuat tir Gd-DO3A c6 cong thire (Gd-1I-b),
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tetra-phdi tir duge dan xuat tir Gd DO3A ¢6 cong thire (II-b),
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hodc chét dong phan 1ap thé, chit dong phan hd bién, hodc mubi ciia ching, hoic hon

hop cta ching,
80
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dé san xuét cac chat tuong phan dé chup cong hudng tir.

Theo bién thé khac ctia khia canh tht bay, sang ché bao ham viéc sir dung cac
tetra-chelat dugc din xuat tir DO3A véi cac lugng dudi hé s6 ty luong cla cac ion

gadolini (Gd®"), ma dugc chon tir nhém bao gdm:
chelat dugc dan xuét tir Gds-DO3A c6 cdng thire (Gds-II-c),
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chelat dugc dan xuét tir Gdx-DO3A ¢6 cong thic (Gda-1I-¢),
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chelat dugce dan xudt tr Gd-DO3A c¢6 cong thire (Gd-1I-c),
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tetra-phdi tir duge dan xut tr DO3A c6 cong thic (II-¢),
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hodic chét ddng phan lap thé, chat ddng phan hd bién, hoac mudi ciia ching, hogc hon

hop cta chung,

dé san xuét cac chit twong phan dé chup cong hudng tur.

Céc phuong an khac nhau ctia sang ché s& dugc minh hoa bang céc vi du khong gidi han
dudi day.

Vi du thwc hién sang ché

Vi du 1 — Séan xuét ché pham dugc 1ong chua tetra-chelat duoc dan xuét tir Gds-DO3A
¢6 cong thirc (I-a) va Ca-BT-DO3A (Calcobutrol)

Quy trinh san xuét ché pham dugc 1ong dugce thuc hién theo cac bude sau:

a) Binh san xuit dugc nap 720,5 g nuéce dé tiém va 1,217 g trometamol dugc hoa tan
trong khi khudy. Do pH cta dung dich thu dugc trong budc a) duge diéu chinh dén bang
tir 7,6 dén 8,2 bang cach giam do pH bing cach bo sung dung dich axit clohydric 0,1N.

b) 0,147 g [tuc 1a 0,1% mol/mol tinh trén téng néng do Gd] cua Ca-BT-DO3A duoc bd

sung va hoa tan trong khi khuay.

¢) 193,4 g (ttrc 14 0,075 M) tetra-chelat dugc dAn xuét tir Gds-DO3A c6 cong thic (I-a)

duoc bd sung vao dung dich thu dugc trong budce b) va duge hoa tan trong khi khudy.
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d) 4,4 g natri clorua dugc bd sung vao dung dich thu dugc trong bude ¢) va dugc hoa

tan trong khi khudy.

e) Do pH cta dung dich thu dugc trong budc d) duge didu chinh dén béng tr 7.2 dén
7,6 bang cach giam do pH bang cach bd sung dung dich axit clohydric 0,IN. Ty trong
ctia dung dich dugc didu chinh dén gia trj dich 12 1,0998 g/mL béng cach b sung nude.
Sau d¢6 dung dich dugc loc qua may loc tiét trung vo6i ¢ 16 0,2 pm va dugc cho vao do
chita, db chira nay da duoc tiét tring & 121°C trong it nhét 15 phut dé tao ra ché pham

dugc long.
Bing quy trinh duge mo ta trén day, thu duoc ché pham dudi day:

Béng 2: Céc ty phan trong ché phim cia tetra-chelat dugc dan xuat tr Gds-DO3A c6
cong thuc (I-a)

Céc thanh phan Céc ty phan trong ché pham
Tf:tre}-chela}t duoc dan xuat tr Gds-DO3A 193.4 g (0,3 mol GA/L)
c6 cong thire (I-a)
0,147 g (0,3 mmol/L, tirc 14 0,1%
Ca-BT-DO3A mol/mol so véi Gd)
trometamol 10 mmol/L
natri clorua 44¢
HClI vira di, pH bang 7,4 £ 0,5
voadulL o
nudc deé tiém (thé tich cudi cung cta ché pham = 1
L)

Su thtr gadolini ty do duoc thuc hién bang phép so mau v4i Xylenol Orange.
Xylenol Orange tao thanh, véi gadolini ty do, phirc chit mau c6 do hép thu dac hi¢u
(Barge et.al. Contrast Media & Molecular Imaging, 2006; 1; 184). Thir nghiém dugc
tién hanh so v6i dung dich gadolini sulfat chira 2 ppm (khéi lugng/thé tich) gadolini.
Ché phim cubi ciing chita gadolini ty do véi lwong nhé hon hoac bing 2 ppm (khdi

luong/thé tich).
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Vidy 2 — Do 6n dinh va do thim thiu

Céc nghién ctru d0 én dinh va cac phép do do tham thau duoc thye hién doi voi

ché phém thu dugc nhu duoc mo ta trong vi du 1.

Cac phép do, theo thoi gian, ndng do ciia tetra-chelat dugc dan xuét tir Gds-DO3A

¢6 cong thic (I-a), gadolini tw do va dd thdm thu dugc thuc hién.

Bang 3: D6 4n dinh va do tham thiu

Thoi |2 —8°C/-- 25°C/ 30°C/ 40°C/
gian do am do am_ do am
bao trong doi | twong doi | twong
quan 60% 75 % doi 75 %
[thang]
Nong df cua tetra-chelat | Ban 187,7 187,7 187,7 187,7
duoc dan xuat tor Gds- dau
DO3A c6 cong thuce (I-
a) [g/L] 1 khong khong khong 187,7
duoc thr | dugctht | duge thu
nghiém nghiém nghiém
3 khong khong khong 193,0
duoc thr | duoc tht | dugce thir
nghiém nghiém nghiém
6 193,2 194,5 khong 194,9
duogc thu
nghiém
9 khong khong 192,1 khong
dugc thtr | dugce thi dugc thu
nghiém nghiém nghiém
12 khong khong 194,2 khong
dugc thtr | dugc thi duoc thu
nghiém nghiém nghiém
18 khong khong 192,7 khong
dugc thtr | dugc thi duoc thu
nghiém nghiém nghiém
Ban <2 <2 <2 <2
dau
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Thoi |2 —8°C/-- 25°p/ 30°p/ 40°C/
gian do ém, do ém’ do am
bao twong doi | twong doi | twong
quan 60% 75 % doi 75 %
[thang]
Luong gadolini tu do 1 khong khong khong <2
[ppm (khoi lugng/thé dugc thir | dugc the | dugc thu
tich)] nghiém nghiém nghiém
3 khong khong khong <2
dugc thr | dugctht | duge thu
nghiém nghiém nghiém
6 <2 <2 khong <2
duoc thu
nghiém
9 khong khong <2 khong
duoc thr | duoc thu duoc thi
nghiém nghiém nghiém
12 khong khong <2 khong
duoc thir | duoc thu duoc thu
nghiém nghiém nghiém
18 khong khong <2 khong
duoc thtr | dugc th dugc thu
nghiém nghiém nghiém
D6 thdm thu cua Ban 294 294 294 294
tetra-chelat dugc dan dau
xuat tr Gds-DO3A ¢o
cong thire (I-a) 1 khong khong khong 288
[mOsm/kg] dugc thtr | dugctht | duoc thu
nghiém nghiém nghiém
3 khong khong khong 283
duogc thir | dugc thtr | dugc thir
nghiém nghiém nghiém
6 283 284 khong 283
duoc thu
nghiém
9 khong khong 282 khong
dugc thtr | dugc thir dugc thu
nghiém nghiém nghiém
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Thoi |2 —8°C/-- 25°C/ 30°C/ 40°C/
gian d6 am d6 4m do 4m
bao tuong dbi | twong dbi | twong
quan 60% 75% | 46175 %
[thang]
12 khong 296 306 khong
dugc thir dugc thu
nghiém nghiém
18 khong khong 280 khong
dugc thtr | dugce the duogc thu
nghiém nghiém nghiém

Viéc dinh luong tetra-chelat dugc dan xudt tir Gds-DO3A c6 cong thire (I-a) duge
thuc hién bang HPLC-UV so véi cac dung dich ngoai chudn. Do thdm thiu dugc x4c
dinh bing céch sir dung thiét bi do d6 thim thau 4p suét hoi ty dong.

Su thtr gadolini ty do dugc thyc hién bang phép so mau v4i Xylenol Orange.
Xylenol Orange tao thanh, véi gadolini tw do, phirc chét mau c6 do hép thu dic hi¢u
(Barge et.al. Contrast Media & Molecular Imaging, 2006; 1; 184). Thtr nghiém duogc
tién hanh so véi dung dich gadolini sulfat chira 2 ppm (khdi lugng/thé tich) gadolini.

Luong tetra-chelat dwgc dan xuét tir Gds-DO3A ¢6 cong thire (I-a) duy tri on dinh
sau sau thang & 25°C (d9 6n dinh thoi gian dai) va ciing sau sdu thang & 40°C (diéu kién
bao quan gia tang). Gadolini ty do 1a nho hon hodc bing 2 ppm (khoi lugng/thé tich)
trong ché pham. Ché pham la dang truong véi huyét tuong.

Vidu 3 — D9 nhot

Céc phép do do nhot dugce thuc hién v6i ché phém thu dugc nhu dugc md ta trong vi du
1, 6 20°C va 37°C.

Bang 4: D9 nhét
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San pham

D6 nhét 20°C [mPas]

D6 nhét 37°C [mPas]

C~hé ph:flm chira tetra-chelat dugc
dan xuat tr Gds-DO3A c6 cong

thire (I-a), nhu duge md ta trong vi 1,87 1,22
dul

. 0 Ko A
n,atrl clorua 0,9% (khoi lugng/thé 1,03 0.74
tich)
Gadovist® 1.0 8,86 4,96*

*  Fachinformation des Arzneimittel-Kompendium der Schweiz®

b6 nhét duge xac dinh béng cach st dung may do do nhdt vi long (m-VROC,

RheoSense). Do nhét chi cao hon mét chut so véi dung dich natri clorua dang truong

nhung nho hon dang ké so v6i Gadovist® 1.0 va ¢6 thé duge xem nhu 14 thap.

Vi du 4 — Tdng hop tetra-phdi tir duge dan xuit tr DO3A ¢6 cong thic (II-a), chelat
duoc dan xuét tr Gd-DO3A (Gd-II-a), chelat dugc din xuét tir Gd2-DO3A (Gdy-11-a)

Axit [4,10-bis(carboxylatometyl)-7-{3,6,12,15-tetraoxo-16-[4,7,10-tris-
(carboxylatometyl)-1,4,7,10-tetraazaxyclododecan-1-y1]-9,9-bis({[ ({2-[4,7,10-tris-

(carboxylatometyl)-1,4,7,10-tetraazaxyclododecan-1-

yl]propanoyl }amino)axetyllamino}metyl)-4,7,11,14-tetraazaheptadecan-2-yl -

1,4,7,10-tetraazaxyclododecan-1-yl]axetic (II-a)
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Dung dich chtra tetra-chelat dugc dan xuét tr Gds-DO3A c6 cong thie (I-a),
tetragadolini [4,10-bis(carboxylatometyl)-7-{3,6,12,15-tetraoxo-16-[4,7,10-
tris(carboxylatometyl)-1,4,7,10-tetraazaxyclododecan-1-y1]-9,9-bis({[({2-[4,7,10-
tris(carboxylatometyl)-1,4,7,10-tetraazaxyclododecan-1-
yl]propanoyl }amino)axetylJaminojmetyl)-4,7,11, 14-tetraazaheptadecan-2-yl}-
1,4,7,10-tetraazaxyclododecan-1-yl]axetat (WO 2016193190, Vi du 3; 1,00 duong
lwong, 5,60 g, 2,12 mmol) trong nude (470 mL) duge xur ly véi axit oxalic dihydrat
(16,0 duong lugng, 4,29 g, 34,0 mmol) va dugc khudy & 100°C trong 6 gid. Hon hop
phan tmg duogc lam lanh duge loc (Microfilter PTFE 1,2 pm) va lam kho lanh. Vat liéu
tho thu duge dugce hoa tan trong nude (200 mL) va do pH duoc diéu chinh dén 4,5 bang
céch bd sung dung dich nude natri hydroxit (2M). Dung dich thu duge dugce siu loc voi
nude (18x100 mL) st dung mang 1 kDa va phin gitt lai cudi cung duge 1am kho lanh
dé thu duoc 2,98g bot rdn mau trang, bot ndy dugc phén tich bang cach st dung 'H-
NMR va HPLC.

"H-NMR:

(400 MHz, D>0):  [ppm]: 1,18-1,20 (m, 12H), 2,60-2,75 (m, 7H), 2,87-3,54 (m, 85H),
3,67-3,95 (m, 31H), 4,03 (q, 5H).
HPLC:
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Thiét bi: Agilent 1290 HPLC-ESI-MS G6130; cot: Hypercarb (Thermo) 5 pm,

100x4,6 mm; Dung mdi rira giai A: nuée + 0,1% axit formic, dung moi rra giai B:

axetonitril+ 0,1% axit formic; gradien: 0-7 phat 0-50% B, 7-8 phut 100% B; luu lugng
1 mL/phut; nhiét do: 60°C; tiém: 20 puL; quét DAD: 200-300 nm; ESI-MS.

Bang 5: HPLC
Luong Lugng Lugng Khbi
e tuong | thanh phéin cac géc luong
T e (¢] | DO3A | phanti MS
°p phag | 172.dién khong | [¢/mol] | (ES*vaES)
p tich c6 Gd
dinh] [mmol]

m/z(z=2)=
2+.
Il-a 30 oo | 77 | sar | o1ven | TN g)Hi ’
+655 (M + 3H)**

m/z(z=3)=
3+.
Gd-II-a 46 | 0313 | 093 132 | 2116 | 706 (M+3H)

m/z(z=-2)=
-1057 (M - 2H)>

m/z(z=3)=
3+.
Gdrlla | 55 | 0091 | 027 | 032 | 2271 +7H51§5Z(?Z4:32§D: :
-1134 (M - 2H)*

Tong cong 1,00 2,98 6,96

MS béc 16 ring san phAm diéu ché chira hop chét (IT-a) néu & dé muyc nay cing

v6i chelat duoc din xudt tir Gd-DO3A c6 cong thire (Gd-1I-a) va chelat duge dan xuét
tir Gd2-DO3A ¢6 cong thirc (Gdo-1I-a) véi ty 1& (Il-a) : (Gd-1I-a) : (Gdo-1I-a) = 59,6 :
31,3 :9,1, dua trén dién tich dinh tuong dbi ¢ 200 nm.

Luong mdi thanh phan duoc tinh tir % dién tich dinh (%PA) va tong khdi lugng
(w) ctia hop chét: %PA * w.

Téng lwong mol cla céac gbc DO3A khong chua trong hop chat duoc tinh cho

mdi thanh phan dua trén s6 luong cac ion Gd cta ching trén mot tetrame (nGd), khoi

luong cta chiing (a) va khoi lugng phan t cua chung (mw): (4-nGd) * a/ mw.
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Vi du 5 — Diéu ché ché pham dugc d8 tiém chra tetra-chelat dugc dan xuat tir DO3A ¢
cong thuc (I-a) v6i lugng du duoc xdc dinh cia cac gbc DO3A tu do (c6 mat trong cac

chelat dudi hé sb ty lugng), st dung hdn hop cuia cac hop chét theo vi du 4.

29,8 ¢ tetra-chelat dugc dan xuét tir Gds-DO3A c6 cong thic (I-a), ham lugng
nuée 1a 4,5% khédi lwong/khdi lwong, duge hoa tan trong 115 mL dung dich dém Tris-
HCI 10 mM, d pH bing 7.4 trong nuéc dé tiém. Do pH ciia dung dich dugce diéu chinh
dén 7,4 bing céach str dung dung dich natri hydroxit lodng va axit clohydric lodng. Nong
d6 duoc do bing ICP-OES: 334 mmol Gd/L. Thé tich cua dung dich dugc xc dinh bang
cach x4c dinh khéi luong va xem xét ty trong ctia dung dich (1,10 g/mL): 132 mL. Dung
dich chira 44,1 mmol Gd.

0,018 g hon hop cua cac hop chit dugc md ta trong vi du 4, tuong duong voi
0,044 mmol cac géc DO3A tu do, dugc b6 sung (0,018 g * 6,96 mmol / 2,98 g = 0,044
mmol). Thé tich dugc diéu chinh dén 176 mL béng dung dich dém Tris-HCL, d6 pH
bang 7,4.

P tham thau cla ché phém duoc do va lugng thich hop cua natri clorua dugc bd
sung dé thu duoc 312 mOsm/kg day 1a mic dang treong véi mau ngudi.

Cudi cung, dung dich dugc loc qua ¢& loc 0,22 pm trong céac chai thuy tinh, cac
chai nay duoc bit kin va dugc hép tiét trung bang hoi nude. S6 do cudi ciing nong do
Gd duogce xac nhén 1a 252 mmol Gd/L.

Két qua 13, didu ché dugc ché phim tiém déng truong chita 252 mmol Gd/L va
lwong du 0,1 %mol cia phdi tir tw do dua trén tbng nong do cua Gd va trén cac gbe
DO3A tu do (0,044 mmol / 44,1 mmol = 0,1 %mol).

D6 nhét ciia ché pham tiém nay, nhu duoc xac dinh bang thiét bi do do nhoét bi
lan (Paar) 6 37°C, 1a 1,2 mPas.
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YEU CAU BAO HO

1. Ché phém duoc 16ng chira tetra-chelat duge dan xuat tir DO3A c6 cong thire chung

):

R R
\ /
N N
H H
H H
/N N\
R' R
@,
trong do
R!'  lanhom duoc chon tu:
AT\ X_\N/_\ =X

N
ENMNj o R |
Sy S

X_\/_\/—X

o ]

x—/\_/ F‘{ﬂ

)

trong nhém nay, * biéu thi diém gén két ctia nhém véi phan con lai ctia phan tt,
R2, R3, va R* doc l4p v6i nhau 14 nguyén ti hydro hodc nhém dugc chon tir: Ci-Ce-alkyl,
C3-Ce-xycloalkyl, (C1-Cz-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhém C1-Cs-alkyl tily y duge thé, giéng hodc khac nhau, bang nhém
thé phenyl, trong d6 nhom thé phenyl nay tly ¥ dugc thé, mot, hai hodc ba
lan, giéng hoac khac nhau, béng nhom duoc chon tir nguyén tr halogen,
C1-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhém phenyl tiry ¥ dugc thé, mot, hai hodc ba lan, gidng hodc khac
nhau, bang nhém duge chon tir nguyén tir halogen, C1-Cs-alkyl, Ci-Cs-
haloalkyl, va C;-Cs-alkoxy,
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R’ 12 nhém duoc chon tir: Ci-Ce-alkyl, C3-Ce-xycloalkyl, (Ci-Cz-alkoxy)-(Ca-Cs-
alkyl)- va phenyl,
trong d6 nhom C1-Ce-alkyl tuy y dugce thé, gibng hosc khac nhau, bang nhém
thé phenyl, trong d6 nhém thé phenyl nay tiy y dugc thé, mot, hai hoac ba
14n, gidng hodc khac nhau, bing nhém dugc chon tir nguyén tir halogen,
C1-Cs-alkyl, C;-Cs-haloalkyl, va C1-Cs-alkoxy, va
trong d6 nhom phenyl tuy y duoc thé, mot, hai, hodc ba lan, giéng hoac khac
nhau, bang nhém dugc chon tir nguyén tir halogen, Ci1-Cs-alkyl, Ci-Cs-
haloalkyl, va Ci-Cs-alkoxy,
X 1a nhém C(=0)OH hodc C(=0)Or,
va

M 1aGd*,

hodc chat ddng phan 1ap thé, chét ddng phan hd bién, hodc mubi cua ching, hodc hon

hop cua ching,
trong d6 ché phém nay con chira dung moi dugce dung; va

it nhat mot hop chét c6 kha nang tao thanh chelat v6i ion kim loai thuén tir tw do
M, trong d6 it nhat mot hop chét 12 Ca-BT-DO3A (Calcobutrol) trong khoang ndng do
tir 0,002% dén 5% mol/mol (gdm cé gia tri diu mut), duge do dudi dang ty phan so voi
tdng ndng do cta ion Gd** trong ché pham,

trong d6 tetra-chelat dugc dan xuét tir DO3A ¢6 ndng do trong ché phdm nam

trong khoang tir 60 dén 750 mmol Gd** thudn ti/L (gdm ca gia tri dau mut).

2. Ché phim theo diém 1, trong dé:

R?  languyén tir hydro hodc nhém metyl,

mdi R? va R* 1a nguyén tr hydro, va

RS 12 nhém dugc chon tir: metyl, etyl, isopropyl, 2-metylpropyl, benzyl,
xyclopropyl, xyclopentyl, xyclohexyl, 2-metoxyetyl, 2-etoxyetyl, va phenyl.

3. Ché phim theo diém 1, trong d6 tetra-chelat dugc dan xuat tr DO3A c6 cong thire (1)

¢ cAu truc dugce chon tir cac chelat c6 cong thire (I-a), (I-b), va (I-c):
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b

hodc chat ddng phan 1ap thé, chat dong phan hd bién, hogc mudi ciia chung, hodc hon

hop cua chung.

4. Ché phém theo diém 3, trong d6 tetra-chelat dugc dan xuat tir DO3A ¢6 cong thire (I)

c6 cong thic (I-a):
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gz\_/ \/U\O_ (I‘a)
O

hodc chit ddng phan 1ap thé, chit dong phan hd bién, hodc mubi cua ching, hodc hon

9

hop cua chung.

5. Ché pham theo diém 4, trong d6 tetra-chelat dugc dan xuét tir DO3A ¢6 cong thuc (I-
a) ¢6 hoa hoc 1ap thé tai cacbon khong dbi xtmg cta bén nhom thé metyl dugc chon tix
nhém bao gdm céc chit ddng phan lap the RRRR, SSSS, RSSS, RRSS, va RRRS, va
céc hdn hop triét quang va khong d6i quang cua céc chat ddng phén bt k¥ trong s cac

chat ddng phan nay.

6. Ché pham theo diém 1, trong d6 ché pham c6 nong do Gd** thuén tir tw do nho hon
hodc bang 5 ppm (khdi lwgng/thé tich).

7. Ché pham theo diém 1, trong d6 ché pham nay c6 d6 pH ndm trong khoang tir 4,5 dén

8,5 (gdm ca gia tri dau mut).
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8. Ché phim theo diém 1, trong d6 ché phdm nay con chira chat dém, trong d6 chat dém
nay dugc chon tir nhém bao gém chét dém xitrat, chat dém lactat, chit dém axetat, chéit
dém tartrat, chit dém malat, chit dém maleat, chit dém phosphat, chit dém sucxinat,
chat dém ascorbat, chat dém cacbonat, chit dém trometamol (TRIS, 2-amino-2-
(hydroxymetyl)propan-1,3-diol), chidt dém HEPES (axit 2-[4-(2-hydroxyetyl)-1-
piperazin] etansulfonic) va chat dém MES (axit 2-morpholinoetansulfonic), va cac hdn

hop cua ching.

9. Quy trinh didu ché ché pham dugc 16ng, quy trinh nay bao gbm cac budc sau:
cung cap dung méi dugc dung;

hoa tan tetra-chelat dugce dan xudt tir DO3A ¢6 cong thire (I):

R R
\ /
N N
H H
H H
/N N\
R’ R
@,
trong do
R!'  lanhém dugc chon tu:
Ve X_\NF'\ X

N
ENMNjo R’ [NMleO
X \_/HQ/U\ﬁ/%* x_/\_J\)*

R © , R4 va
X_\/_\/—X

o ]

x—/\__/ .
o
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trong nhém nay, * biéu thi diém gén két cia nhém véi phan con lai ctia phan tu,
R2, R3, vaR* doc 14p v6i nhau 12 nguyén tir hydro hodc nhém dugc chon tir: Ci-Cs-
alkyl, C3-Ce-xycloalkyl, (C1-Cz-alkoxy)-(C2-Cs-alkyl)-, va phenyl,
trong d6 nhém C1-Ce-alkyl tiry ¥ dugc thé, gidng hodc khac nhau, bang nhém
thé phenyl, trong d6 nhém thé phenyl ndy tiy y dugc thé, mot, hai hodc ba
lan, giéng hoac khac nhau, bang nhém duge chon tir nguyén tir halogen,
C1-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhém phenyl tuy y duge thé, mot, hai hodc ba lan, gidng hozc khac
nhau, bing nhém dugc chon tir nguyén tir halogen, Ci-Cs-alkyl, C1-Cs-
haloalkyl, va C1-Cs-alkoxy,
R’ 1a nhém dugce chon tir: C-Ce-alkyl, C3-Ce-xycloalkyl, (C1-Cz-alkoxy)-(C2-Cs-
alkyl)- va phenyl,
trong d6 nhém C,-Ce-alkyl tiry ¥ dugc thé, gidng hosc khéc nhau, bing nhém
thé phenyl, trong d6 nhém thé phenyl nay tuy y dugc thé, mot, hai hoic ba
14n, gidng hodc khac nhau, bang nhém dugc chon tir nguyén tir halogen,
C-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhém phenyl tuy y dugc thé, mot, hai, hodc ba lan, gidng hoac khac
nhau, bang nhém dugc chon tir nguyén tir halogen, Ci-Cs-alkyl, Ci-Cs-
haloalkyl, va C;-Cs-alkoxy,
X 1a nhom C(=0)OH hodc C(=0)0r,
va

M 1aGd*,

hodic chét ddng phan 1ap thé, chat ddng phan hd bién, hoic mudi cua ching, hodc hon
hop ctia chung, trong dung méi dugc dung véi lugng du dé tao ra dung dich cua ché
pham c6 ndng d9 tetra-chelat dugc dan xuét tir DO3A c6 cong thire (1) nam trong khoang
tir 60 dén 750 mmol ion Gd®* thuan ti/L (gdm ca gia tri ddu mt), va

hoa tan it nhit mot hop chit c6 kha nang tao thanh chelat véi Gd** véi lugng du
dé tao ra dung dich c6 néng d6 nam trong khoang tir 0,002% dén 5% mol/mol (gém ca
gia tri dAu mut) v6i sy tham chiéu dén téng ndng do ctia ion Gd**, trong dé hop chét c6

kha nang tao thanh chelat véi Gd** 1a Ca-BT-DO3A (Calcobutrol).
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10. Quy trinh theo diém 9, trong d6 quy trinh nay con bao gbm mot hogc nhiéu bude bd
sung dugc chon tir nhém bao g@)m:

hoa tan chat dém trong dung mdi dugc dung hodc dung dich, nhd d6 thu duoc
dung dich dugc dém va didu chinh do pH cta dung dich dugc dém nay dén do pH ndm
trong khoang tir 7,6 dén 8,2 (gdm ca gid tri ddu mat);

hoa tan Ca-BT-DO3A (Calcobutrol) trong dung dich;

hoa tan chit dang truong trong dung dich;

didu chinh do pH cua dung dich dén do pH nam trong khoang tir 4,5 dén 8,5 (gdm
c4 gié tri du mut);

diéu chinh ndng do cia tetra-chelat dugc dan xudt tir DO3A c6 cong thirc (I) bang
cach bd sung lugng b sung cia dung méi duge dung; va

tiét trung dung dich nay.

11. Quy trinh diéu ché ché pham duoc 16ng, quy trinh nay bao gdm céc budce sau:
cung cap dung moi dugc dung;
hoa tan Ca-BT-DO3A (Calcobutrol) trong dung moi dugc dung nay; va

hoa tan tetra-chelat dugce dan xuét tir DO3A c¢6 cong thire (I):

R R
\ /
N N
H H
H H
N N
R’ R’
@D,

trong do

R!  lanhém dugc chon tir:
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X\ X X_\N/_\ X

IS g T
|
XJ\__/\RZ/U\m)\g X—/N\_/N\‘t/]*

, R va

X\ X
N N
Y
trong nhém nay, * biéu thi diém gin két ctia nhém v6i phan con lai ciia phan tu,
R?, R3, va R* ddc 14p v6i nhau 13 nguyén tir hydro hodc nhém duge chon tir:
Ci-Cg-alkyl, C3-Ce-xycloalkyl, (Ci-Cz-alkoxy)-(Co-Cs-alkyl)-, va phenyl,
trong d6 nhém Ci-Ce-alkyl tiy v duoc thé, gibng hoac khéac nhau, bing nhém
thé phenyl, trong d6 nhém thé phenyl nay tiy ¥ dugc thé, mot, hai hogc ba
l4n, gidng hoidc khac nhau, bang nhém duge chon tir nguyén ti halogen,
C,-Cs-alkyl, C1-Cs-haloalkyl, va C;-Cs-alkoxy, va
trong d6 nhom phenyl tiy ¥ duoc thé, mét, hai hodc ba lan, giéng hodc khac
nhau, bang nhém dugc chon tir nguyén tir halogen, C1-Cs-alkyl, C1-Cs-
haloalkyl, va C;-Cs-alkoxy,
R®>  lanhém duoc chon tir:
C1-Ce-alkyl, C3-Ces-xycloalkyl, (Ci-Cz-alkoxy)-(Ca-Cs-alkyl)- va phenyl,
trong d6 nhém C-Ce-alkyl tiry y duoc thé, gidng hodc khac nhau, bing nhém
thé phenyl, trong d6 nhém thé phenyl nay tiy y duge thé, mot, hai hoic ba
l4n, gibng hodc khac nhau, bang nhém duge chon tir nguyén tir halogen,
C1-Cs-alkyl, C1-Cs-haloalkyl, va Ci-Cs-alkoxy, va
trong d6 nhém phenyl tiiy ¥ duoc thé, mot, hai, hodc ba 1an, giéng hozc khac
nhau, béng nhom duge chon tir nguyén tir halogen, C;-Cs-alkyl, Ci-Cs-
haloalkyl, va Ci-Cs-alkoxy,
X 1a nhém C(=0)OH hodc C(=0)0Or,
va

M 1a Gd*,
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hodic chat ddng phan 14p thé, chét ddng phan hd bién, hodc mudi cua ching, hodc hon
hop cta chung, trong dung mdéi duge dung v6i luong du dé tao ra dung dich cudi cing
ctia ché phim c6 ndng do tetra-chelat dwgc din xudt tir DO3A c6 cong thirc (I) nam

trong khoang tir 1 dén 1000 mmol Gd**/L (gdm ca gié tri ddu mut), va

trong d6 Ca-BT-DO3A dugc hoa tan trong dung moi duoc dung véi luong du dé
tao ra dung dich c6 ndng dd nim trong khoang tir 0,002% dén 5% mol/mol (gdm ca gia

tri ddu mut) v6i sy tham chiéu dén tong nong do cua ion Gd**.

12. Quy trinh theo diém 11, con bao gdm:

hoa tan mdt lugng Ca-BT-DO3A (Calcobutrol) nim trong khoang tir 0,002% dén
5% mol/mol (gdm ca gi4 tri dAu mut) v&i su tham chiéu dén tong ndng do ciia Gd* trong
ché pham trong dung méi dugc dung dé tao thanh dung dich dau tién; va

hoa tan tetra-chelat duoc dan xuét tir DO3A c6 cong thitc (I) trong dung dich dau
tién voi lugng du dé tao ra dung dich cudi ciing c6 chira ché pham dugc long c6 nong
do tetra-chelat duoc dan xuét tr DO3A c6 cong thirc (1) nam trong khoang tir 1 mmol

ion kim loai thuén t/L dén 1000 mmol Gd**/L (gdm ca gi4 tri diu mut).

13. Quy trinh theo diém 11, trong do tetra-chelat duge din xuét tir DO3A ¢6 cong thirc
(D) 14 tetra-chelat duoc dan xuét tir Gds-DO3A c6 cong thie (I-a):
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hodc chat ddng phan 1ap thé, chit ddng phan hd bién, hodc mudi cia chung, hodc hdn

hop ctia chung,

trong d6 tetra-chelat dugc dan xudt tir Gds-DO3A c6 cong thire (I-a) duogc hoa tan véi

luong du dé tao ra ché phdm duoc 10ng c6 ndng d9 tetra-chelat duge dan xudt tir Gds-

DO3A ¢6 cong thirc (I-a) nim trong khoang tir 1 mmol Gd**/L dén 1000 mmol Gd**/L

(gdm ca gié tri dau mut).

14. Quy trinh theo diém 12, trong dé budc hoa tan lugng CaBT-DO3A (Calcobutrol)

bao gom:

hoa tan lrgng Ca-BT-DO3A nim trong khodng tir 0,002% dén 5% mol/mol (g6m

ca gia tri ddu mut) véi su tham chiéu dén tong nong do cua ion Gd** trong ché pham

trong dung moi dugce dung hodc dung dich dém dé tao ra dung dich dau tién.
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