3 No.3
2009 3 ACTA POLYMERICA SINICA Mar. 2009
*
1% 1 2 2 2 53 3 1 2
! 2 3 200062
- PEU- CH, ¢NH, , I II - -
PEU/DTPA || 1 1 — CH, ¢—NH,
2 I
3 . Il
(el Gd'* v v MRI I\
R, Gd-DTPA 38.40% 0.1
612 24 h Gd-DTPA 1.531.8 1.3 . IR NMR GPC
Icp
12
5 NIH National Institutes of Health
-MRI . PEG PEO
FDA
Gd-DTPA 67
0 Gd DTPA
PEG
DTPA 1 47 10- -1 4 7 10- —OCH, CH, NH,
DOTA
1 2 3 .
.Zhuo °
_ Gd3+
Weissleder  * PLL —OCH,CH,NH,  PEG
DOTA .Sander ° Gd-DTPA
Gd3+ - [[
CH,
PEG
— CH, ¢—NH,
- -
* 2008-08-11 2008-09-28 863 2004 AA302080
20474017 *x E-mail cmsong@ chem. ecnu. edu. cn

278



279

Gd*” I\ I\ . 2 - I
1 2.1 OCN-PEU-NCO
DTPA IPDI 6.3 mL 30 mmol DBTDL 0.075 wt%
PEG2000 M, = 2000 CP N, 60°C 30 g PEG2000
CP 16- Gd, 0, 5h
DBTDL N NCO 1.081% .
N- DMF AR 2.2 -
17.45 g 150.47 mmol 82
IPDI Bayer mL N, 3h
99.99% Sigama PBS pH=7.4 DMF 4
DTPAA 1 1355 ¢ 87.4% H,N-
0 mp 178 ~ 184°C CH, (-PEU- CH, (NH, I} NH,
“ '"H-NMR DMSO-d;, & 3.71 s 8H 3.3l 0.2609 mmol/g GPC
s 2H 2.77~2.73 t 4H 2.63~2.56 t 4H . 8200 d 1.2. 1.
CH,
H—(OCH,CH)—OH + OCN CHNCO DBTDL ~ NCO—R—NH O-PEG—Q_ NH—R}NCO
c, 0 0
CH;
(PEG) (IPDI) (OCN-PEU-NCO)

+ HyN~o~AA~NH,

HzN—(CH2)6+I\%i(NH—R—NH O+-PEG—Q NH—R—);NH NH—(CHZ)d;NHZ

M
i S
(1 (PEU-((CHy)¢NH,),)
Q 0O
| + O N~~N~~N 0 (1)
g COOH 20:

HOOC— COOH
N~NASN~N
NH,—CH,)g—PEU—(CHa) NH—(”iJ L. N NH (CHy)sPEU—(CH,%—-NH,
O "

COOH
(0]
CH
(b > o,
R=
CH,
CH;
Scheme 1 Synthesis of [l and [l
3 - - I DMF
II 21.37 g 5.580 mmol NH, M19.7 ¢ 90.0%
130 mLL DMF I 0.500¢ 4 - -
1.39 mmol 20 mL DMF
1 mmol DTPA I

24 h Gd** 0.9 mmol/L



280

2009

24 h 72 h
8 h
v
PEU-Gd-DTPA.
5
Nicolet Nexus 670 FT-IR
KBr Bruker DRX 500 MHz
TMS DMSO-d
CDCl, SGW X-4
GPC
Waters 1525
DMF "
HG/T 2409-92 DTPA 2
6 I\
6.1 Icp

radio frequency inductively coupled plasma
IRIS Intrepid 11 XSP

Thermo Elemental .

6.2 v
Gd-DTPA 10 ~ 40 mg/L
23°C 0.3T

. IR-FID TI
10 30 50 100 200 500 700 1000 1500 2000
3000 ms .
6.3 I\

Gd-DTPA

AL f8 Nﬁdk
O e 0.
VOW\IO( i

. 5 mmol/L. 500 pL. GE Twin Speed
1.5T MRI

7.6 cm
10
7.1 - I IR
1 c —NHCOO—
C=0 1716 ¢m™'
—NHCONH— C=20
1650 em™' N—H 1559 em™!
PEG 1 b .
3304 ~ 3128 cm™! NH, —N—H —NH-
COO— —NHCONH— . I 'H-
NMR CDCl, 2.0=4.50~6.00 a
b ¢ 416d e 3.45~3.75f g 3.09 h 2.86
i 25935 1.8k 1 1.63m n 1.28~1.50 o

p 1.13q 0.83~1.00"" r s t.

S e

I I | I 1 I
4000 3000 2000 1500 1000 400

Wavenumber (cm ™)

PEG Il and [l
Curve d

Fig. 1 The IR spectra of |
Curve b PEG  Curve ¢ I

Curvea |

Fig. 2 The 'H-NMR spectrum of [[


Absent Image
File: 0


281

3

Lo st it R
O%\k/k\o WOYNH ZH JM i i coon I
0 oy s
o
s & 7 6 5 4 s 21
5
Fig. 3 The 'H-NMR spectrum of [l
7.2 - - I} 10 d 1.5.
M IR 1 d I IR 8 N  Gd-DTPA
M R 8.1 MRI
1650 ¢m™ R,
1653 em™!
I IR
1716 cm™ 1650
em”! I DTPAA
1650 ¢m™ UTpa=UTy+ R M
M 1716 cm™ M
1653 cm™' T
Ml 3431 ~ 3131em™ COOH T R, .ICP
—0—H 1399 em™' 1385 \§ 0.88 wit% R,
em”™! COOH OH 8.21 mmol/L - s~ Gd-DTPA R,
¢—0 5.93 mmol/L. "~ s IV R, 38.40%
2886 1463 1360 1343 1303 1280 1243 |y
em™! . DIPAA IR 1 39
a 1821 1775 em™"* N Gd-DTPA
."H-NMR CDCl, 10
3.0=8.00 a a 0.1612 24h
4.50~6.00b ¢ d e 4.16 f g h i j 3.47 4 .Gd-
~375k 1l 314 mno 2.90~2.92p ¢q DTPA 0.1h IV 0.1h
1.83r s 1.70t u 1.33~145v w 1.17 12 h Gd-DTPA
x 0.86~1.04y z 0 . 1.5 1.8 6 h Gd-
I DTPA 3 .Gd-DTPA 6h
NH, 0.0964 mmol/g II| I\ 24 h Gd-DTPA
2.1 x 10* DTPA 0.0804 1.3 N
mmol/g .GPC 2.1x



282

2009
043 Gd-DTPA ’
-0 -Gd-
. - © - PEU-Gd-DTPA ! PEU-
0.40 - ’ CH, 6NH22]1 - -
7 ' . Mm. 2 -
5035 o0 T o G N N Gd
3 b R, -
L P DTPA 38.40% 0.1 612 24h
0.30 : .
: o] IR = PR o
Gd-DTPA
0.25 I I I I I I 1 1 1
=5 0 5 10 15 20 25 5318 3
Time (h)
Fig. 4 The imaging effect of [V and Gd-DTPA in liver
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STUDIES ON AMINO GROUP TERMINATED POLY ETHER-
URETHANE-AMIDE LIGAND AND MAGNETIC RESONANCE
IMAGING CONTRAST AGENT

SONG Chunmei' XUE Haili' LI Jianqi® YU Yihua® PENG Min® CHEN Qun’

QIAN Min' XIE Meiran' DU Bing’
v Chemistry Department 2 Physics Department > Biology Department  East China Normal University ~Shanghai 200062

Abstract To develop and characterize a new class of potential blood pool magnetic resonance MR contrast agents
which could be used as cancer target gene delivery carrier novel gadolinium amino group terminated poly ether-
urethane-amide /diethylenetriamine pentaacetic acid PEU-Gd-DTPA  polymeric chelate [V was synthesized. The
amino group terminated poly ether-urethane-amide /diethylenetriamine pentaacetic acid PEU/DTPA  copolymer
ligand [l could be designed and obtained from the reaction of diethylenetriamine pentaacetic acid dianhydride
DTPAA [  with amino group terminated PEU PEU- CH, (NH, , [  which was prepared in high yield by
the reaction of polyethylene glycol PEG with isophorone diisocyanate IPDI  and then with hexamethylene
diamine. Ligand [l was then coordinated with Gd’* ion to give the macromolecular contrast agent [V in water at
room temperature . The structure analysis and characterization of DTPAA [l Il were studied by IR NMR GPC and
functional group titration methods. Gadolinium content of the polymeric chelate [V was 0.88 wt% which was
determined by radio frequency inductively coupled plasma ICP spectra. In vitro relaxivity R, studies of [V
showed a 38.40% increase in R, relaxivity compared with gadolinium-diethylenetriamine pentaacetic acid
dimeglumine Gd-DTPA injection. The R, values for Gd-DTPA and IV were 5.93 and 8.21 mmol/L. ~" s~
respectively. In vivo distribution of Gd-DTPA and [V was studied at magnetic resonance imaging MRI  before
injection 0.1 6 12 and 24 h after injection with assessment of liver signal intensity SI in 10 nude mice. The
liver signal enhancement rates of [V at 0.1 6 12 and 24 h are 1.5 3 1.8 and 1.3 times respectively compared
with the largest signal intensity 0.33 of Gd-DTPA observed at 0.1 h.The half-life of [V in liver was as longer as 24
h while no signal enhancement was observed after 6 hours injection of Gd-DTPA. [V had also a longer circulation
life.
Keywords Amino group terminated PEU/DTPA copolymer MRI contrast agents Carrier Relaxivity





