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Abstract

The annual report issued by National Health Administration reveals that
the chronic liver diseases and cirrhosis ranks sixth in the cancer
casualties since 1986. A syndrome of liver fibrosis appeared in the
beginning, resulted in decreasing of asialoglycoprotein receptor,
becoming worse and worse, and finally the liver cirrhosis is developed.
Early detection of liver fibrosis will certainly benefit the prevention of
the liver diseases. In this study, the monomer and dimer galactose
derivatives (*"Tc-MGal and *™Tc-DGal) were successfully prepared
via a multi-step synthesis (total synthesis yield of precursor were 14.3%
and 7.3%, respectively; the radiochemical purities were >98%).
Dynamic microSPECT imaging and biodistribution of *™Tc-MGal and
¥MTc-DGal after injection in mouse model indicated significant
radioactivity retention in the liver and then rapidly excreted via
hepatobiliary system and renal clearance. The differences in the
metabolism of *™Tc-MGal and *™Tc-DGal in the liver are significant (p

< 0.05).
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(=) & = S-(Trityl)cysteamine (1)

B~ cysteamine hydrochloride (4 g, 0.05 mole); >+ dichloromethane
F= dimethylformamide (1:1, 200 mL)/® & ;% # - 4 » trityl chloride
(1459,0.052mole) > >tz B 2h FF BRI E T L8P
iz 0 A2 A 4773 >t dichloromethane (500 mL) 2 i 47 v NaHCOs -k /%
7% (250 mL) % B~ ~ i jp T 4 45 0 £ 55 flash chromatography
(dichloromethane/ethyl acetate, 9:1) % it 18 15.28 g » # & 92% - 'H
NMR (400 MHz, CDCls) d 7.38-7.13 (m, 15H, Tr), 2.62 (t, 2H,

S-CHy), 2.34 (t, 2H, CH,-N)
(=) &=i 42

P~— [f] & &¥g A #-bromoacetyl chloride (1.17 mL, 14.08 mmol);3 **
dichloromethane (20 mL) ¥ » ¥ B~— [f] % ’&¥g, B #-compound 1 (4.5
g, 14.08 mmol);% >+ 7 triethylamine (3 mL, 12.5 mmol)z.
dichloromethane (45 mL)® » 3t 0°C #-F] & 53 B 273 7% 4 » Fl &
EILAP FREISmMin T L 2 EEF RISmin s F R S b ~

8OML ek o F s v kBt & 2 1N 2 HCl~ -k ~ i e 4
j



NaHCO; ki3 ik 2 4rfra B-R 5P #5 8k ok~ BT
3z 0 #e A& 47 5 flash chromatography (dichloromethane/ethyl acetate,
9:1)% it ¥ {1t £ 4 550> & & 90% - 'H NMR (400 MHz, CDCl;) d
7.42-7.18 (m, 15H, Tr), 3.9 (s, 2H), 3.10 (g, 2H, CH,), 2.41 (dd, 2H,

CH,)
() &=t e+@Q)

#-1v & $ 1 (4.5g, 10.08 mmole);% *+ acetonitrile (200 mL) s & B 4c

»~ methyl 3-bromopropionate (2309 mg, 10.08 mmole) ~ KHCO; (680
mg)f= K,CO; (680 mg) » *+ 80°C 7 J& 12h > & F = & -5 i

53 %R 7B §5 0ok A ¢ 5 flash chromatography (ethyl acetate/
hexane, 1:10) % it ¥ # it & 4 3(2.82 ¢ & % 60%) - 'H NMR (400
MHz, d-MeOH) d 7.92 (d, 2H, J = 6.6 Hz, Ph), 7.38-7.15 (m, 17H,

Ph), 3.87 (s, 3H, OMe), 3.59 (s, 2H, Ph-CH.,), 2.36 (s, 4H, CH,)
(z) &=+ E&EH4)

#-1v & $ 3(1.55 g, 3.314 mmole);3 *+ acetonitrile (30 mL)# i & 4c
~ it &4 2 (1.5eq, 2.18 g) ~ KHCO; (220 mg)4r K,CO; (220 mg) -
*80°CF R12h: FF B 3#F R I 2R T @RIz

# 1= & chromatography (ethyl acetate/hexane, 1:2) )& it ¥ 1 it & 4=



4(21g> A =% 76%) - 'H NMR (400 MHz, d-MeOH) d 7.84 (d, 2H, J
= 8 Hz, Ph), 7.41-7.15 (m, 32H, Ph), 3.86 (s, 3H, OMe), 3.49 (s, 2H,
Ph-CH,), 2.91 (t, 2H, NCH,), 2.85 (s, 2H, NCH,C=0), 2.42-2.26 (m,

6H, CH,)
(I) &=+ &+

#-it & 4 4 (39, 3.6 mmole);s >+ methanol (30 mL) ~ -k (20 mL){~
tetrahydrofuran (30 mL) ® 4t » lithium hydroxide (180 mg, 7.5
mmole)>t 38 F & 6 h# "f*ﬁ W o KRk & 10% HCl e i 3 pH
4 15 2 ethyl acetate 5 2~ ~ "%k ~ g4 4 ¥ 1 & 4 5(2.23
g> A % 75%)-'H NMR (400 MHz, d-MeOH) d 7.86 (d, 2H, J = 8 Hz,
Ph), 7.38-7.15 (m, 32H, Ph), 3.49 (s, 2H, Ph-CH,), 2.90 (t, 2H, NCH,),

2.85 (s, 2H, NCH,C=0), 2.41-2.26 ( m, 6H, CH,)

(=) &=+ E£4(6)

#-iv & # 5(1115.9 mg, 1.372 mmole)~HOBLt (205 mg,1.1eq) DIPEA
(0.7 mL, 3eq)fr e £ = H pE+ 5%+ 6-amino-1-hexyl-
-galactopyranoside (460 mg, 1.647 mmole);% >+ dimethylformamide

(8.5mL)» ** 0°C £ J& 15 min 4 4 » EDC (289.5 mg, 1.1eq) > % &

T F J& 18 h {2 34 5z » 12 flash chromatography (dichloromethane



/methanol, 10:1) 4 it 7 18 it & 4 6 (500 mg » A & 34%) - '"H NMR
(400 MHz, d-MeOH) d 7.68 (d, 2H, Ph), 7.36-7.14 (m, 32H, Ph), 4.19
(d, 1H, J = 7.2 Hz, H-1°), 3.87 (m, 1H, H-1a), 3.82 (M, 1H, H-5"),

3.72 (M, 2H, H-6"), 3.54-3.42 (M, 6H, H-1b, Ph-CH,, H-2°, H-3",
H-4%), 2.90 (t, 2H, NCH,), 2.85 (s, 2H, NCH,C=0), 2.43-2.25 ( m, 6H,

CH,), 1.63-1.38 (m, 8H, H-2, H-3, H-4, H-5)
(<) &=+ &4 (7a)

it & 4= 7 (360 mg, 0.34 mmol);% ** methanol (23 mL) £z
tetrahydrofuran (3.3 mL)z_ ;& f=i% # > iz & 4c »~ tin(ll) chloride
(1.1eq, 147 mg ;3 >+ ImL z_ 0.1 M HCI) ~ sodium perrhenate (200 mg
%3 1mLH0) 3t 66°C F i 24 h {8 55 celite i g T o 32 > 42 &
4~ 14 reverse-phase silica gel column (methanol/H,0 =1:4 —
methanol/H,0 = 2:3) i ¥ (@ 1+ £ 4 7a (50 mg » A & 20 %) - H
NMR (400 MHz, d-DMSO) d 8.54 (br, 1H, NH), 7.91-7.77 (m, 4H,
Ph), 5.31 (d, 1H, H-14a), 5.08 (d, 1H, H-17a), 4.76 (d, 1H, H-17h),
4.66, 4.57 (s, 1H, OH), 4.42 (m, 2H, H-6), 4.33 (s, 1H, OH), 4.02 (m,
3H, H-1°, H-1a, H-16a), 3.86 (m, 1H, H-19a), 3.70 (m, 2H, H-5",
H-14b), 3.6-3.14 (m, 8H, H-2°, H-3’, H-4’, H-1b, H-16b, H-15a,

H-20), 3.03-2.87 (m, 4H, H-6°, H-19b, H-15b), 1.51~1.32 (m, 8H,



H-2, H-3, H-4, H-5)
(*) &+ EF@)

PHBA LA L B AP P F R A (S RF iR g 12 ethyl
acetate ;3 f& & & 11 2N HCI ~ i 47 fv NaHCO; -k /3 7% 2 E4rfr a
PR EF Pk kBT MR T @ AP 9(9784mg A F 82%) -
'H NMR (400 MHz, d-MeOH) d 7.7 (d, 2H, J = 4.4 Hz, Ph),
7.37-7.15 (m, 32H, Ph), 4.64 (m, 1H, H-a), 3.71, 3.60 (s, 6H, OMe),
3.49 (s, 2H, Ph-CHZ), 2.92-2.84 (m, 4H, mama), 2.48-2.06 (m, 10H,

glu-CH,, mama)
(1) &=1£+(9

BAHIE LS LB 55 QA S S T1% (688.9 mg) - 'H
NMR (400 MHz, d-MeOH) d 7.73 (d, 2H, J = 8 Hz, Ph), 7.39-7.15 (m,
32H, Ph), 4.63 (dd, 1H, H-a), 3.52 (s, 2H, Ph-CH;), 2.98-2.81 (m, 4H,

mama), 2.47-2.05 (m, 10H, glu-CH,, mama)
() &= £+(10)

HFEE AL AT o fLF R L S 300 2 flash
chromatography (dichloromethane /methanol, 10:1) % it ¥ {8 iv & 4~

10 (232.9mg > & & 30%) - "H NMR (400 MHz, d-MeOH) d 7.81 (d,

10



2H, Ph), 7.48-7.15 (m, 32H, Ph), 4.5 (dt, 1H,glu-Ha), 4.2 (d, 2H, H-1",
7°), 3.89-3.82 (M, 4H, H-1a, 17a, 5°, 11°), 3.73 (d, 4H, H-6", 12°),
3.55-3.45 (m, 8H, H-1b, 17b,2°, 3°, 4°, 8°, 9%, 10°), 3.32 (s, 2H, H-25),
3.22-3.11 (dt, 4H, H-6,12), 2.93-2.90 (t, 2H, H-30), 2.85 (s, 2H, H-28),
2.44-2.08 (m, 10H, H-8, 9, 26, 27, 31), 1.68-1.25 (m, 16H, H-2, 3, 4,

5,13, 14, 15, 16)
(+-) &= &y

P I £ i g Tadp 7 o e A F¢ 4 reverse-phase silica gel
column (methanol/H,O = 1:1 — methanol/H,0 = 3:1)% it ¥ {F i+ &
$ 11a (90 mg » # & 50 %) - 'H NMR (400 MHz, d-MeOH) d
8.03-7.77 (m, 4H, Ph), 5.41 (d, 1H, J = 16 Hz, H-24a), 5.21 (d, 1H, J

= 14 Hz, H-27a), 4.85 (m, 1H, H-27b), 4.58-4.48 (m, 3H, H-6a, H-12a,
H-a), 4.20-4.17 (m, 2H, H-1°, H-7"), 4.04-4.02 (m, 1H, H-29a),
3.91-3.69 (m, 7H, H-5", H-11", H-25a, H-24b, H-26a, H-1a, H-17a),
3.55-3.43 (m, 9H, H-2’, H-3°, H-4°, H-8’, H-9°, H-10’, H-1b, H-17D,
H-26b), 3.23-2.90 (m, 10H, H-6’, H-12’, H-6b, H-12b, H-25b, H-29Db,
H-30a, H-30b), 2.39-2.09 (m, 4H, H-8, H-9), 1.65-1.28 (m, 16H, H-2,

H-3, H-4, H-5, H-13, H-14, H-15, H-16)
COE FAE0IM HRIEE 72 1 (T~ 11b)

11



£5-99m it it B 2% ;U descheme 1 #4757 o #-k35 5 5547 6 (1
mg)+f= 10 (2 mg)r4 200 puL = & fir i (trifluoroacetic acid, TFA)K,% 4 %
A R FC I 4~ I T fR 4 4 (potassium sodium tartrate
tetrahydrate, 50 puL, 0.14 M)% z = ixw 2 B
(ethylenediaminetetraacetic acid, EDTA, 50 uL, 0.1 M) & 5 33 % & fie
T+ BEg it LT4OnCL)E R A A 2R R E45-99M & B EF T
PMTe-MGal v *"Tc-DGal = 12 & Bk 4p ¥ & 17 (high-performance
liquid chromatography, HPLC)# it » RP-C18 ¢ i (Hibar Purospher
STAR, RP-18e¢, 250 x 10 mm, 5 um, Merck, Darmstadt, Germany) » #«
M H B 278 0 3% (gadient elution) » 0 4 45 90% 0.1% TFA buffer +
10% 0.1% TFA in acetonitrile » 25 4 45 : 10% 0.1% TFA buffer + 90%
0.1%TFA in acetonitrile » 30 4 43 : 10% 0.1% TFA buffer + 90%
0.1%TFA in acetonitrile » 7xi& 3 mL/min o % it =0 15 2 2 8¢ & & (Silica
gel 60 RP-18 F,5,S aluminium sheets) 4 4534 i &£ & B > #5402

100% # 1™ & B K 7 AR o
ERN (=

o Jx s = @ L 3 pf s(dimethylnitrosamine, DMN) 4 2 7+ 4
it o d P4 ? @+ - & C57BL6 (B6) | &(= -

6~8 %) M BFHEF A LA L - B 8o FRENE DY

12



= R s E 5 10 mg/lkg 2. = 7 A I A (DMN, 2 0.9%2.
AR RKHFEIRARS 10 mg/mL) > X BEFw & g e p]s
BRI B R FHFTFRANNDET > FHREBFEENT P

R GE K2 A E o
VN S A

g+ & 259Ch57BLE >R 5§ s o HY - wife ¥
£ 012 # = 7 AT A R(DMN) L FFFgalt > ¥ - e i1 F )
B> 4z BRERE (n = 5) > A wgk#E% s P Te-MGal 2
®MTe-DGal » % - & : & %) &%+ *"Tc-MGal (MN group) ; % =
oo F o) K3 P"Te-DGal (DN group) ; % = % @ ghait ] B>
5 ¥™Tc-MGal (MF group): & = %: gk ) 8%+ *"Tc-DGal (DF
group) ° 15+ 530 2 120 A 4aiS TR B B L BF ¢
7 nR \.uﬁ;‘ﬁ?\ﬂﬁ’?;g\ R A | \J?E',.P \az,» RTINS JF
TR PR PRV S R 2 K I 0 I r4y-counter R E Gk EHE 0 B %

12 %ID/g (percent injection dose per gram) % 71 o
I ~ MicroSPECT ¢ #

#-%7 14.8 MBq (400 pCi)z 45-99m {54 ¥ ~ 2 S g s74 4 o5

B %t b o0 1 ¥ foo 7 A T A R (DMN) 3% 3 AR o) &

13



(C57BL6 > = » 8 % > i¢ * 1% isoflurane/O, Jfrfi%) > 4L T i& {7 7 B 6
Yoz e H k3 st Tk R @ B (FLEX Triumph™ preclinical

PET/CT scanner) -

14



F 1RFERALH

£6-99m 412k L 5 4 47 4 " Te-MGal f- " Te-DGal 2 b it
4 R %% 98% HPLC A 457 § PR A %) 5 1650 2 14.45 4 4 -
Wbt B A F AR RRD 5w 5 35%% 3200 8 SR Y 3

P o

®MTc-MGal &2 P Te-DGal »+ & F 2 it ) B4 poaF k%

A BT 0 AR BRI B EE-00M iR~ L kA S
PMTe-MGal = *MTc-DGal » = & Peig # 5o 824752 L dod % R

LD 5 A ABISIFES § X B E A R(S Y 5 41.34+£3.48
%IDIg % 20.18 + 2.38 %ID/Q) » km¥e P 5 {5 k5 MRS R AL Fy 5
RS A& S R IR B X bR b (P Te-MGal)*t 7 e
P R BE e R e % o T8 (liver-to-blood ratio, L/B) s & % % *t gL 5t
a2 4 (PTTe-DGal) o MR gk 2 g g e A R T RO
RsHE Ko B 2% B & U1 st UM Te-MGal & " Te-DGal 0 &t
PR S P A BN RE R @ 3 4 (P TC-MGal 1 5 4 48 0.72 + 0.37
%ID ~ 30 A 45 1.91 + 0.80 %ID ~ 120 4~ 48 2.74 + 1.41 %ID ;
¥MTc-DGal : 5 4 45 1.56 + 0.23 %ID~30 » 48 4.65 + 1.44 %ID ~ 120
448532 + 1.34%ID) » ¥ 7 Je R gLz, PMTe-MGal 1 R A ¥

g % i1 ¥"Te-DGal (5 4 48 p <0.05 ~ 30 4 45 p <0.01 ~ 120 ~> 45 p

15



<0.05); *t - = 4 R F5 3 PMTc-DGal 5 4 4515 > H i iEE
HEMFF st PTTe-MGal & 0 B E T L kL
o H L AT S F i 2 TPERY 24 (ASGP-R) % &%

B g AR R 2 A (10° M)# B L 5448 (10°M) % & 4p

3
e

g PMTe-MGal 3t ] B A g B2 4 fa o0 3 E
Frid bt 540 30 A AR E  BALT ] BN R P g st A (A B S
6.01 + 2.25 %ID/g & 1.35 + 0.32 %ID/g) ¥ %8 ¥ 1+.% *(p < 0.01) 1 ¥
| (4§ 5 2.67£0.62 %ID/g & 0.77 + 0.06 %ID/Q) ; % 41 5+ 5 fr
30 A 415 R B LA ROFRLL R o AF R B 2B
)y ¥ REEFHEs R BB 4~45:16.06+343% 9.21+
531> p<0.05;30 44 :1747+1.37 & 1070+ 1.84 > p<0.01) »
B RS Ao o o IR R i A e F e ASGP-R B2 A E
TR RS EY AR R LR RCE M AR e 5 2 ks
MR B TR kb % 1% ASGP-R IR 15 £ kB g d

T

SN "L‘IF °

=5

PMTc-DGal > ¥ -] BUE gt | Bz 4 4 f RIEE T 4p 02
% OMTC-MGal 2 #5144 ¢ ZAREOT D ¥ ) Bk ] BF B3 s

Bt d o R R R D L B R R ]

16



Eloptoh o 3 st 5o 30 4RI T BT E ) K2
&M B(A Bl 5 131.9 %ID/g & 12.42 %ID/g) kg % 1+ % *+(5 4 30 A
454 %] 5 p<0.054rp<0.01)4 s | B(4 % 5 32.73 %ID/g £ 8.32
%IDIg) > FLRIA_F] 5 T F ] BUAIERN g 5P > b T i
EOFRR L PE R XSG D 2w ¢ NS R e

FAGI e 2 8% LS 120 440 ¥ ) B - 4
2_ & 4% %.(0.50 %ID/g) i gk it ] &1(1.49 %ID/g) o s E_d »¢
o] B2 M T B L R T N ERE T s A R ] Bp FE

GRS PR St 0 oY 120 2 AEPE 1 AP FTE L EE AT o

1999 & Nobumitsu % f’fﬁ %+ Journal of Nuclear Medicine #1%
Fo20 % ety ) TAL T s 4 ) albumin TF G Ak A 4 A 2
i 4F 44 (PMTe-GSA) o #718 F 2 receptor index (15t & 15 A 48
fs B]iE "5z ROI K,ért s BT iR 2. RONEE ¥ Mot § % ;éig o AFT
7 B3 P Te-MGal & P"Te-DGal » 2 3%5/ 5 % v & (L/B ratio) i
BOAFEREE R MR S 7 EF DA I ) B2 L/B ratio & F KAt

F o] B %o gt ob ¥ Te-MGal 2 ®™Tc-DGal 4p #=*+ albumin-based

PITC-GSA» TN EM N ik E F B4 BT s g b OO S

N

=

-

P WSS £ R RSy SRR 0 i PTTC-GSA A i 2 4 i

\

DEDFEP R -
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WD F R SRR ] B 7400 itk L U T2 o 18 e

AN

mMicroSPECT # i 13 2

) BET L BLH L gl pT 4 $ P Te-MGal 14 2
FREFL AT 2L AP BETFEEF L E Rl 2]

BOFRERARG HME LR BPAMEERT S 5 R

Poif M 4e > BT o T E RN 2 #¢ 4 (pharmacokinetics) 3 & -
B 0 2 ML R P d FORE » R AU S et

PMTe-MGal » 2 5 g4 4+ T Te-DGal *t I F 2 34 v Fak i)
R P chE e B G i 0 30 A AR SR F o RO

9

g

o2 e AR R R TR R AR

g TE B e

AT A iR 2 A00M R E L fE T4 F O Te-MGal
z PM"Te.DGal » F TR L D AT ER A A F 5 3t ¥ KB
BFait ) Hz 4L % F %% microSPECT/CT i3 8 » 2% &7

PMTc-MGal 2 P"Tc-DGal »+ /2P 2 M3 54 BEF LR > fgd 2

\

ErNEEEBROIEFEGITELIT PG F 5 R IF5

18



B g

1.

Friedman SL. Hepatic fibrosis -- overview. Toxicology. Dec 30

2008;254(3):120-129.

Friedman SL. Liver fibrosis -- from bench to bedside. J Hepatol.

2003;38 Suppl 1:S38-53.

Ferrell L. Liver pathology: cirrhosis, hepatitis, and primary liver
tumors. Update and diagnostic problems. Mod Pathol. Jun

2000;13(6):679-704.

Herholz K, Coope D, Jackson A. Metabolic and molecular imaging

in neuro-oncology. Lancet Neurol. Aug 2007;6(8):711-724.

Rudin M, Weissleder R. Molecular imaging in drug discovery and

development. Nat Rev Drug Discov. Feb 2003;2(2):123-131.

Bybel B, Brunken RC, Shah SN, Wu G, Turbiner E, Neumann DR.
PET and PET/CT imaging: what clinicians need to know. Cleve

Clin J Med. Dec 2006;73(12):1075-1087.

Franc BL, Acton PD, Mari C, Hasegawa BH. Small-animal SPECT
and SPECT/CT: important tools for preclinical investigation. J Nucl

Med. Oct 2008;49(10):1651-1663.

Sawamura T, Kawasato S, Shiozaki Y, Sameshima Y, Nakada H,

19



10.

11.

12.

Tashiro Y. Decrease of a hepatic binding protein specific for
asialoglycoproteins with accumulation of serum asialoglycoproteins
in galactosamine-treated rats. Gastroenterology. Sep

1981,81(3):527-533.

Stadalnik RC, Vera DR. The evolution of (99m)Tc-NGA as a
clinically useful receptor-binding radiopharmaceutical. Nucl Med

Biol. Jul 2001;28(5):499-503.

Virgolini I, Muller C, Angelberger P, Hobart J, Bergmann H,
Sinzinger H. Functional liver imaging with
99Tcm-galactosyl-neoglycoalbumin (NGA) in alcoholic liver
cirrhosis and liver fibrosis. Nucl Med Commun. Jun
1991;12(6):507-517.

Yang W, Mou T, Zhang X, Wang X. Synthesis and biological
evaluation of (99m)Tc-DMP-NGA as a novel hepatic
asialoglycoprotein receptor imaging agent. Appl Radiat Isot.
Jan;68(1):105-109.

Sasaki N, Shiomi S, Iwata Y, et al. Clinical usefulness of
scintigraphy with 99mTc-galactosyl-human serum albumin for

prognosis of cirrhosis of the liver. J Nucl Med. Oct

20



1999;40(10):1652-1656.

13. Woodle ES, Vera DR, Stadalnik RC, Ward RE. Tc-NGA imaging in
liver transplantation: preclinical studies. Surgery. Jul

1987;102(1):55-62.

21



