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Fig. 1 Synthesis of @ B-poly L-aspartic acid derivatives-Gd complexes
ICR B-  L- PA
SCXK 9 DCC M,
2003-0003  RPMI1640 10% FBS 7.5%x 10" 25C DMF 7 =1.48 x 107 x
GIBCO USA 100 units/mL M
100 frg/mlL MTT 122 o p- 2 -L- PB
L- a B-  2- L PB
9 86%
: M, 8.9x10" GPC PEG
Bio-Tek 'H-NMR 500 MHz D,0 & 4.5 ~4.6 b
BRUKER AVANCE 500 IH —CH— 3.1~3.2 b 2H —NH—CH,—
Nicolet Nexus 670 -
2.7~2.6 b 2H —CH,— 2.6~2.7 b 2H
- - B
IRIS intrepid T XSP CH,—NH, C-NMR 500 MHz D,0 & 172.0
03T C=0 49.5 —CH— 41.0 —NH—CH,—
1.5T GE Serirs200 38.5 —CH,—NH,  36.0 —CH,— .
FD 20099D000 1.2.3 D- PC3
VARIOEIL3 2.57¢ N- 22.3 mmol
ELEMENTAR - 20 mL pH=5.7 2g 5.6
Cary100 Varian mmol 40 mL 4.28 ¢
1.2 EDC. HCI 22.3 mmol -5C 20
1.2.1 a pB- L- PA a min 2.92 ¢ PB 10 mL
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0°C 1h 36 h.
4°C 3500 72 h
45C
PC3 4.38 g 89% . D-
24% . D-
3% 11% PC1
PC2. PB
PC3 3.5~4.5
LA PB
LC-D-

.PC-NMR 500 MHz D,0 § PB 172.0 C=
0 50.5 —CH— 39.0 —NH—CH,— 37.0
—CH,—NH, 35.7 —CH,— [A 160.1 C=
0 103.4 LC CH—0—C—O0 81.6 CH—0—(C—
0 75.3 LC 0—CH—CH,—OH 62.0 LC 0—
CH—CH,—OH 59.7 —CH,—OH 72.4 71.5

71.4 71.1 70.3 68.6 6 —CHOH—
1.2.4
SuO-DTPA-OSu
8.6 ¢ DTPA 6.648 ¢ N-
10 mg DMAP 100 mL. DMF
24 h. 1:1 -
SuO-DTPA-OSu 9 g 63.8% .

L- DTPA

SuO-DTPA-Tyr 6.3541 g 27.4
mmol 30 mL. DMF 4
mL 20 min

DTPA 40 mlL DMF
16.0975 ¢ 27.4 mmol 12 h
24 h. 1:1 -

SuO-DTPA-Tyr 15 g.

85.6% . 85.6% C
48.43/50.7 H 6.53/5.79 N 9.967/
10.95

9.3 mmol PC3 150
mL 500 mL 10
min 9.8 mmol SuO-DTPA-Tyr 52 mlL
DMF 6 h
24 h. 4°C 3500

72 h 45°C
PD3 7.7 g
89% .
PC1 PB SuO-DTPA-Tyr
PD1  PDO.
1.3 /
0.1407 g 0.18 mmol PD3 0.0831 g
0.22 mmol GdCl;.6H,0 50 mL
10 mL 0.01 mol/L
pH 6 6 h
4°C 3500
72 h / PD3-
Gd ICP
Gd 4.9% .
PD1-Gd PDO-Gd Gd
5.8% 11.4%.
1.4
1.4.1
D1 10s 25
Tl Dl1=2s
D1 Delay Time
2s
1.4.2
0.01 pg 0.02 pg 0.04 pg 0.06 pg 0.08 pg 0.1 pg
1 mL 4 mL
2 mg/mL 7
min 620 nm

PC1 PC2  PC3

1.5 PCO PC1 PC3 PDO-Gd PD1-Gd PD3-Gd

MTT 3
PCO R =
0% PCl R =3% PC3 R =24% R-lactobionic
acid A375
L- PLL .
RPMI1640 96
100 L 2x 100/
37°C 5% CO, 24 h
PCO PC1 PC3
100 pL/ 48 h
MTT 5 mg/mlL 20 pL/ 4 h.

DMSO 200
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pL 10 min 570 nm
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1 1 1
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6 ICR .
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0.015 mol/L EDC
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Fig. 2 The quantitative 13C NMR spectrum of PC3
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PC3
24% PC1 PC2 7
3% 11%.
PC1 PC2  PC3 3.5% 9.6%
22.8%
2.2 PCO PC1 PC3 .
PD0-Gd PD1-Gd PD3-Gd 3b PDO-Gd
3 a 3 L- PD1-Gd PD3-Gd
PCO PC1 PC3 L- A375
A375 . 100 pg/mL
.3 Gd PDO-
L- . PC1 PC3 Gd PD1-Gd PD3-Gd
200 pg/mlL . PDO-
60% Gd PD1-Gd PD3-Gd
180 A 60| ©
_ 160 140
; 100 *i 100
.
B 40 % 40 a
) 280 50 100 15|0 2003 250 ) 23 L . (E
0 50 100 150 200 250
Concentration (ug/ml.) Concentration (ug/mL)
' Fig. 3 A Cytotoxicity of polymers a PCO b PCl ¢ PC3and d polylysine
B Cytotoxicity of contrast agents a Dimeglnmine Gadopentetate b PDO-Gd ¢ PDI-Gd and d PD3-Gd
2.3 PD0-Gd PD1-Gd PD3-Gd
1 3 PDO-Gd PD1- 2.4 PD0-Gd PD3-Gd ICR
Gd PD3-Gd
& . PDO-Gd PD1-Gd PD3-Gd 4 3 6h
T1 . a
PDO-Gd 6 h b
60% . PD3-Gd ¢ PDO-Gd d
c d
Table 1 Relaxation rate ry of the contrast agents PD3-Gd
Contrast agents Relaxivities r; = 1/ T,
PDO-Gd 9.48 mmolL.~'s ™! )
PDI-Gd 8.00 mmolL~ s~ PDO-Gd —
PD3-Gd 7.77 mmolL.~'s ™!
DTPA-Gda 5.95 mmoll."'s™"

* DTPA-Gd  Dimeglnmine gadopentetate
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T1-weighted MR images of the mice without injection of any contrast agent a 6 h after injection of DTPA-Gd b PD3-Gd ¢ and PDO-

respectively
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- 5 A Signal enhancement of mice livers at 0.1 h 6 h 12 h after the injection of different contrast agents B Signal enhancement of mice
livers at 0.1 h 6 h 12’ h 24 h and a week after the injection of different contrast agents
a PDO-Gd b PD3-Gd ¢ DTPA-Gd dimeglnmine gadopentetate

5a PDO-
Gd PD3-Gd
24 h b PD3-Gd 6 h
6 h
D- PD3-Gd
6h
PDO-Gd PD3-Gd
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PREPARATION AND EVALUATION OF LIVER SPECIFIC NON-IONIC
POLYMERIC CONTRAST AGENT

SHU Jie' LI Jiangi' XU Min' LUO Shufang’ LIU Shunying® YU Jiahui" CONG Rong’ DU Bing’
! Key laboratory of Optical and Magnetic Resonance Spectroscopy — East China Normal University —Shanghai 200062
2 College of New Drug Innovation Research & Development  East China Normal University — Shanghai 200062
3 College of Life Science East China Normal University —Shanghai 200062

Abstract Contrast agents special for liver are always required to have a relatively longer metabolic time and a
stable contrast effect in liver tissue. Therefore D-lactobionic acid residues which are generally used as liver-targeted
groups were introduced here. Single N-hydroxysuccinimide active ester of DTPA  SuO-DTPA-Tyr was synthesized
as the ligand of gadolinium III ion forming the basic structure of non-ionic contrast agent. Three a S-poly L-
aspartic acid derivatives PDO PDI and PD3 with different D-lactobionic acid residue contents were synthesized
by conjugation of D-lactobionic acid and single N-hydroxysuccinimide active ester of DTPA with o S-poly 2-
aminoethyl -L-aspartamide respectively. Polymeric gadolinium 1III  complexes PDO-Gd PD1-Gd and PD3-Gd
were prepared by the reaction of @ [-poly L-aspartic acid derivatives with GdCl;» 6H,0. The contents of D-
lactobionic residues and gadolinium IIT  were determined by quantitative ” C-NMR and ICP respectively . Properties
of these polymeric contrast agents were evaluated here . Cytotoxicity test shows that all the polymer ligands PCO PC1
and PC3 have better cell viability rate than that of poly L-lysine with corresponding concentrations. The value of
cell viability rate rises with the increase of D-lactobionic acid residue content. The reason is the D-lactobionic acid
residues mostly shield the positive charge of backbone which blocks the delivery of carrier to the cells. Compared
with the commercial contrast agents polymer complexes have the same level of cytotoxicity . However their relaxivities

7.77 8.00 and 9.48 mmoll.”'s™" for PDO-Gd PDI1-Gd and PD3-Gd respectively are obviously higher than that
of commercial contrast agents 5.95 mmolL.™'s™" for dimeglnmine gadopentetate .That is because the mobility of
polymer molecules is lower than that of small molecules which leads to an increase of relaxivities. Experiments in
vivo were carried out on ICR mice which were divided into 3 groups for 3 different contrast agents PDO-Gd PD3-
Gd and Dimeglnmine Gadopentetate for commercial used . Mice for each contrast agent were also divided into 5
groups 6 mice each for testing in different time after injections. As the result shows polymeric complex with liver
targeted groups gives a better result than that of complex without liver targeted groups. All of the polymeric
complexes give much better image contrast effects and longer circular time than that of commercial contrast agent in
mice livers. During the first 6 h after being injected polymeric complexes with D-lactobionic residues have much
lower metabolism rate than those without D-lactobionic residues and gives the clearest liver image among all those
contrast agents even though the signal is not the strongest one which mostly depends on the relaxivities. Besides
that mice liver with liver-targeted complexes show a stable and clear image statistically . After 6 h metabolism rate of
liver targeted polymer complex increases and has almost same metabolism rate as that of commercial contrast agent.
Those results illustrate that the introduction of D-lactobionic acid residues can moderately prolong the metabolic time
in liver and stabilize the liver signal enhanced by contrast agents.

Keywords Poly L-aspartic acid derivatives Polymer-gadolinium complexes Lactobionic acid MRI





