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Dextran Gadolinium Complex Containing Porphyrin Groups for Using as
Potential Magnetic Resonance Imaging Contrast Agent
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Abstract: The macromolecular ligand containing porphyrin groups (APTSPP-Dextran-DTPA) were synthesized
by the incorporation of water-soluble 5- (4’-aminophenyl) -10, 15, 20-tris (4’ -sulfonatophenyl) porphyrin
trisodium salt ( APTSPP) and diethylenetriamine-pentaacetic acid (DTPA) to dextran. Dextran gadolinium
complex APTSPP-Dextran-DTPA-Gd was further prepared by the reaction of APTSPP-Dextran-DTPA. The
ligand and gadolinium complex was characterized by Nuclear magnetic resonance hydrogen spectroscopy,
Fourier transform infrared spectroscopy, and Ultraviolet spectroscopy. The relaxivity, magnetic resonance
imaging, average particle sizes and Zeta potential were evaluated in vitro and in vivo. Compared with
Gd-DTPA, the dextran gadolinium complex APTSPP-Dextran-DTPA-Gd shows high relaxation effectiveness and
good imaging performance, which improves the contrast and resolution of magnetic resonance imaging.
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Fig. 1 Synthetic route of APTSPP-Dextran-DTPA-Gd
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5-(4-5 HEHL)-10, 15, 20- = (4-fitfi R 4 3£ ) np mk
(APTSPP) 1) F B 5 45 A4 FAF 3 4% B SCHR 4R 5
) S 56 7 9 HEA T S i

Nicolet Impact 420 HH 37 21 4853 BT A (KBr
JE R ) ;PSS NICOMP380 %47 454X ; Varina Mercury
Vx-300NMR (300 MHz) B A% i Fe 4 3000 72 F Tié- ity
Mot BFIE] (7)) 5 Varina Mercury Vx-300 A% gty A
P& % 1% 1 ; UNIC-2802H UV/Vis Spectrophotometer
EAMETEAL 5 3.0T #f ez AR A (P2 [E] Trio Tim , 3
FEEBE ). VX2 J k5 A i 58 UL PR A VX2 i 97
e R IR AR BT 7Y 22 K 1 S (R EE 2.0 kg ~3.0 kg,
AP BRI A [ 5 B2 2 Bt B T T F s e A% = 2 R
PEAL).
22 KBWHIE
22.1 #H B4 K H T B 4K Dextran-DTPA # &
R HU2.06 g # B (12.7 mmol) % T 150 mL
DMSO 1 F 60 CHEHE i, g, B B2 =R, 7
il B2 M LR = 2 = e
Fi B N- %2 5L 3% 30 Wk 0 % 1% P B8 (DTPA-OSu) )
DMF % W, I 2 he B i B2 T+ 2 60 °C 4k 22 2 I
7 d S ZE IS e AE SN W BN B R 2
BIAV(EKZEE) VK L) =1:2 IR A H
P HEATUOVE , uE 45 £ K. R DMF-JE K
CEBEHATEDINE , B TR S 3 BRI TZ8 0K
o HZRIRAGENT. SRS BTG R R 28 T,
o3 T 157 8 (B R Dextran-DTPA 2.2 g, 73R
32%.
222 @4k APTSPP-Dextran-DTPA # & s HL
2.0 g KA FHEAK (12.35 mmol) % T 20 mL — /1 i
B, % R FE R, A 0.43 mL R 2 kIR
(4.94 mmol, /7 #j 2 B 5 JC FE IR B0 40% ) Fl
0.977 gkhE (12.35 mmol) , B £ 1 3 d. 2 W i H
TooK CBEDLVE , g IR B A [EVA , PR = iE T
DB ZEAR K F R FER K BT, bR 25 A S 1)
NG BT ZE T, LS T R HE AR

4 2.126 g, 77 % 85.42%.

H 1.0 g IAC =7 (6.17 mmol) 3 T 20 mL — !
WA, A 2.31 g 5-(4-F KK H)-10,15,20-—
(4-1 iR 25 L) PP KM (2.47 mmol) , UL 5 1 4 %K
25% 04T A E A B AR IR RN 2 d.
S FHTE 7K CBEGTVE , Fl0E, 1, BT A 4
TREBOKBEN R MR T 2 EE, R
1.832 g B8 A, 77 4 88.6%.
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B2 2.0 g K4 F B f& APTSPP-Dextran-DTPA , ¥
F 30 mLEE FKH L, HTA 6.5 ¢ GACL- H.0 /K IE R
(24.69 mmol) , 2= il 207 12 h. 40 UE , 545 (L W,
B BB N, BERE 1 h ok, B 253 A S ORI A
B Gd™. B AT IR 25 T, Bas TR A B A AL
il & % APTSPP-Dextran-DTPA-Gd 2.3 g, /= & Ky
38.7%.
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J& 2} 100 mg/L A A5 A 7 W PR 2.9 mg 4l J&
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Ji I Z AR K AT 38 25 B A 25 mL Gd™ ARk
W
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B i — 2 %L 25 Wk S 43 3 4 0.15 mmol/L .
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APTSPP-Dextran-DTPA-Gd 7K % W FIEL B T4 Bk
0.15 mmo/L 1% Gd-DTPA /K& W , 1F Varian Mercury
Vx-300 NMR (300 MHz) i 24 A - FH B e Pk 2
560 W VR TR BT T 1 e - A st B B[R] T AT
L IFTHEAR B R R,
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APTSPP-Dextran-DTPA-Gd B i 0.001 mg/L. |
0.000 1 mg/L 2 0.000 01 mg/L = Ff 4[] 5t 4 4k Ji
() 7K . SR I AE PSS NICOMP380 AUk #2243 | il
8 HORE AR 53 A7 Fl Zeta HLAVE.
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AR 1640 em™ b I — > TE I, A SR BE BC A L 9 Bk
B 08 ) I U B 1 B sh. EL Fd A W) APTSPP-
Dextran-DTPA-Gd 7£ 48 4P v WL 5% X A — AR 58 )
W WA (Soret 5 ) LA K 4 /4> %5 55 1 W YT HE (Q 45 ).
Soret A WE W W 37 T+ 416 nm &b 5 Q 5 5 W it e 1 43
% 519 nm. 560 nm. 590 nm. 648 nm. APTSPP-
Dextran-DTPA-Gd 1) %5 4} &1 1% UL 1] 3, 5 4l APTSPP
B 45 A0 18] 33 %F L, APTSPP-Dextran-DTPA-Gd fY 4
S I I 2T R

a

Transmittance / %

4000 3500 3000 2500 2000 1500 1000
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B2 (a)Dextran-DTPA 5 (b)APTSPP-Dextran-DTPA
B9 FT-IR B i
Fig. 2 FT-IR spectra of (a)Dextran-DTPA
and (b) APTSPP-Dextran-DTPA

U3 2t it /& APTSPP-Dextran-DTPA , P4 5 A€
DMSO YE% ] , 7€ Varina Mercury VX-300 % 4% 4 4t
R ASC L 0 AT 5 A 1) A 1R 3, LA A R U L
P 4. H A% g 3 P W i i K Al B R s R
'H NMR (DMSO-d¢, &, ppm) : 893 (br, 2H,
b-pyrrole) , 8.83 (br, 6H, b-pyrrole) , 8.17 (m,
6H, orthotriphyenyl) , 8.06(m, 6H, metatriphyenyl) ,
7.94 (br, 2H, 4-amionphenyl) , 7.05 (br, 2H,
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3 APTSPP-Dextran-DTPA-Gd B UV-Vis 1% &
Fig.3 UV-Vis spectrum of APTSPP-Dextran-DTPA-Gd

4-amionphenyl) , 4.69 (1H, C;H,—NH) , 4.51 (2H,
—NH—CH) , 2.39 (2H, CH,—N) , 1.23 (2H,
CH,—CH,0), -2.88 (s, 2H, pyrrole). o A] E—
AAUEW], APTSPP U BT B 42 45 A 3] 1 7 SR M K o
+ b RS SR S oC 45 R b H O i g R 3 T
5 5-(4-5 B K K )-10, 15, 20-= (4-Rf 2 8 5L )
A Bl b S i 0 Y AR THD AR 22 L, AT R4 )
APTSPP (1) BT IR HEA A8y 8.14%.

10 8 6 4 2 0 -2

B4 APTSPP-Dextran-DTPA B 'H NMR i &

Fig. 4 'H NMR spectrum of APTSPP-Dextran-DTPA
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14.68%.
33 (LRSS EMNNE

ELIC A it B 22 i WU Gn &1 5 e, XAl k7K
VSV T TC A B PR R R B Y il Ay st B R TR] 7 ) £



440 B TR R 222 4

o538 4

B, E R R By s B IS B R ¢
(A5 Ak, , 5th 75 38 A CEVE 30 K 43 7 o 51 11 5t 7
W) A . & A T B A F, APTSPP-
Dextran-DTPA-Gd [ 5t B %6 8.01 mmol ™'+ L-s™ ,
ZTAAE T R S A TN Y G-DTPA (1) 3th
#(3.63 mmol '+ L-s™").

17

151
13 1
11F

AlS™

0 0.5 1.6 1.5 2.0
C/ (mmol-L™)
B5 APTSPP-Dextran-DTPA-Gd & & 7k 5> F S#%
ISt 1 R
Fig. 5 Relaxation properties of water molecules in

APTSPP-Dextran-DTPA-Gd aqueous solution
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& 6 (d) .
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FNAE 5 30 min 22 J5 Y 5 R MR8 1 4 L R A5
[ 7 It 7% , APTSPP-Dextran-DTPA-Gd fiE #& 5 VX2
W96 2E 2B L AGONT LY BE 55 775 6T 2. APTSPP-Dextran-
DTPA-Gd fig 76 N Wbk APTSPP 35 41 5F i 5 26 21 1) 4
SOERMERERT , 3k A MR A U ES,
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Fig. 6 (a,band ¢) Particle size distribution and (d) Zeta potential of APTSPP-Dextran-DTPA-Gd in aqueous solution
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Fig. 7 MR images of VX2 tumors in the thigh muscles of rabbit (a) before and (b) after 30 min receiving
APTSPP-Dextran-DTPA-Gd injection at Gd dosage of 0.004 mmol/kg
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