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Scheme 1 Synthetic route to dextran gadolinium complex SD-Dextran-DTPA-Gd
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1.1 =5

Nicolet Impact 420 %I H 57 - 2T 4 43 B AL (36
[# Thermo Fisher Scientific 2 7] ) ; UNIC-2802H
UV/Vis Spectrophotometer AN TEAL (L
UNIC 7~ A ) ; Varian Mercury Vx-300 %4 ff 3L 4z
WA ( 2 [F Varian 22 7)) ;PSS NICOMP380 7 ki
AL (L PSS 2R ) 5 HL I8 & 45 B TR R 55Ot
A (ICP-AES, 1IRIS Intrepid II, 2% B Thermo
Fisher Scientific A& ). 3.0 T i Fe R W12 AL ( 1z
[ Trio Tim, PpF1EE B¢ ) 5 4 M 55 32 46 (5% CO,,
37 °C M AN R, 38 [ Thermo forma A ] ).

R M (dextran, 7> F 54 4 x 10%) il i
BE(SD), &AL 4L (GdCly), =4 =l &
(DTPA) , N-¥2 5 3% ¥ BE W B (SuOH) , 3 O 4t
B (DCC) , S 4L 88 (NaOH ) | N, V- HT JE
Wt (DMF) , — B AR (DSMO) , = Z Jic , B 2
AT 4. iR A I, RPMI-1640 15 97 3% | K

fitg >k HE AR )L X 2R R AR K A F A2 4K (epidermal
growth factor receptor, EGFR) 15 2 ik Y Jili 2 40 g
% H460 , 3L L5 40 il 2 MDA-MB-231 F1 T40D,
BB A7 v ] AU 55 53 W DR 0 B2 3t g s
B4l (SDNa) ' | 2 = 4R B N-FR R B 3
T\ JHe 175 PTG ( SuO-DTPA ) 11 43 il 42 STk % 1 1
J7 vk il
1.2 BERIEEMHGE &

# BB (dextran,0.823 g,5.08 mmol) & F
30 mL DMSO H, 7E 60 °C it £ i i, i U8, 76 = i
G T3 T M = 2 = e L TR BRL B FA T 0 0
PE S ( DTPA-OSu, 2. 438 g,5. 08 mmol) i DMF %
W, WV 2 h, MV (60 °C) 4kEE Ry 7 K. K
S5 W R AR 5 B8 W 2 12 B A TE K L/ TE K Tk
FIRA R (V/V,1:2) RUTTE , 8 , 15 v 8 o [
7. T AR T /0 B DMF B JE K 2 B 9T
VE. B TR R A T2 K 7808
IKF AT, B 7 AT WA R R 2 T, A TR A
0.850 g V&% (% [ & Dextran-DTPA , 7% 30. 1% .
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Dextran-DTPA (2.0 g, 12.35 mmol) % T 20
mL ZHOEA A Z R T A 0. 43 mL ¥ 2 Bt
R (4. 94 mmol, 5 ] BT EE/RB 40% ) 5
MEIE (0.977 g, 12.35 mmol) , & iRk W 3 K. T
U8R JC K SRR UUTE , o B AT IR 0 A 1
2 FHRE K AR T B K T R R AR
K IZE AT R 2 2R K2V B /N 43 TR 37 BT TR A 2
T, EH2 T, 15 2,126 ¢ B {4 [# /& Br-Dextran-
DTPA, =% 85.42% . ¥R A =¥ (2.0 g,12.35
mmol) ¥ T 20 mL = F AR A, i A 4 B 0 R
TCIE IR BN 40% B B e e BE BN (1,34 g, 4.94
mmol ) KW 5 /D& 25% W T RAF I, TR
PP RN 2 K. RN R R TG K S BEDTVE kg, T
P PR AR TS T R ZEIB K G B AT, 8 BT e
7%%:£‘IEE, 4 1.832 g {4 [# {& SD-Dextran-
DTPA, 7 % 88.6% . SD-Dextran-DTPA: IR ( KBr,
v, ,em ') :3450 (OH) ,3008, 2930 (CH,CH,),
1725, 1640 ( COO ), 1420 ( C—N), 1231, 1018
(€CO0C), 1109 (S = 0), 915, 695, 668
(C4H,) ;' H-NMR(DMSO-d,,8): 9.0, 8.49, 8.3
(m, —CN—CH=CH—CH=N—), 8.15,
7.63, 7.01 (m, C;H,—), 6.58 (s, NH,—),
4.69 (d, OCH,0), 3.93 (d, OCH), 3.41 (m,
CCH), 3.11 ~3.06 (s, NCH,CO), 2.87 (m,
CHC), 2.55 ~2.51 (t, NCH,CH,N); UV (H,0,
A nm) ; 267.

$ 2.0 g oA SD-Dextran-DTPA & T 30 mlL
TRFEMK A GdCL, (6.5 g,24. 69 mmol)
FIRBEFER N 12 h. FE , 155 05 T, B I A
Br, B BB M AN IR B Gd* . K 3B BT
ZT WA 2.15 ¢ Ko FELBC A ¥ (SD-Dextran-
DTPA-Gd) , 7= # 36.2% . Dextran-DTPA-Gd: IR
(KBr, v, em '): 3421 (OH), 2924 (C—H),
1640, 1450 (C0O0), 1322 (C—N), 1010 (C—
0), 1109 (S = 0),915,695,668 (C,H,); UV
(H,0, A,, , nm): 267.
1.3 K& FEERELE S W E KA &b B R
0 zeta H AL E

FH R ZE M8 K ¥ Bt /K SD-Dextran-DTPA Fl4L
fii &%) SD-Dextran-DTPA-Gd 435 Bt A% 0. 02 .0. 01
g/mL W F R [m] v BE B9 RO W, SR IS T7E PSS
NICOMP380 AL AR A 13 a2 HORL AR T zeta HILAV.
1.4 SLESYMBRENE

W T EL Mk B R 100 mg/ L VW T 5 AL &

max %

¥ SD-Dextran-DTPA-Gd FH F /K o 47 B f# , E
2%, LR B 55 B8 1R R 9 6 1% A (1CP-AES,
IRIS Intrepid I1) il % £LHC 5 9 5 F o EL A BE R &
. B¥4ELE A Y SD-Dextran-DTPA-Gd & T K
FEMR/KTC AL 0.1 ~ 1. 6 mmolGd/L W) Hi ¥ W , FI-lic
il —ZH ) M 0. 15 mmol/L B Gd-DTPA 7K I .
P S5 R 2 5 7E Varian Mercury-Vx300 NMR (300
MHz ) i e P A 100 7 ¥ 9 v JBT - 1Y) e - i 4% ot
Bt T, R R SR R,
1.5 ¢HREIBEUSEIE

PO E A= K ) H460 , MDA-MB-231 F1 T40D 4l
L, ST A 10 % G 4 176 79 RPMI-1640 15 7%
SV BE A 5 x 10" A~/mL, 80 F 12 fLE; 57
e KR R T 5 % CO, B FRA67E 37 C T 55 48
he W25 12 FLAR T i JE s SR, A6 5 3R AL 4 il
ANEL MR B 0.002 mmol/mlL 1 4L B & ¥ SD-
Dextran-DTPA-Gd 5 # 41 & 57 2 (1 mL/4L) , B 1k
FET 5% CO, FiFAAE 37 CFHFE 2 h. a5
W2 12 FLAR 3 3R, B PBS UEW 3 IR TRIK S
PR A 22 WA T LA AN RT3 B . R
AL B ABOE D PR G PBS EEZEVE 2 i,
A A 1.5 mL B0 N, 2% MRI K.
1.6 HERMESH

YA 3.0 T f 4R AR A AT G L
BGRE. I  EAR S 8O R B N 12,7
cm; EF(FOV) 14 em x 14 cm; BRI RE 2 ~ 4,
JZIE 5 mm I M 332 x 332 M 415 5 9 IR
MR X (ROL) HX 20 mm”. AR P 5, H BE ik
(SE) k¥ %] T, WI, E & B[] (TR) 400.0 ms,
[m] 3% I5F R (TE) 17.9 ms, 25 ff 90°.

£LEC &5 %) SD-Dextran-DTPA-Gd % T RPMI-
1640 55 32 KR WA AL Gd ¥) FE R 20 mmol/L 1Y IR
W 3% R R R 2505 RPMI-1640 15 5% JE 3 )
X R HEAT MRI $1 3 52 56

2 BR5UE

2.1 EHS5&HMRIE

PH B W5 E SD 55 DPTA 43 i el 2 75 3 58
Koy F & AR 00 B A5 T R4 F BEAR SD-
Dextran-DTPA , 755 & AL &L FE 47 B & 5 1, Mg 46
25 I Jgg 8 1) M K T ELEC & 4 SD-Dextran-DTPA -
Gd. it & S 100 x 10 ~° mol/L 1 K 4 T 4L B
B WIS, R 5 A5 B R ke S i DU v R
G W& Falad Gd’ " 5 DTPA PAFE/JREL 1:1
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e & 1E FH Y 26 2115 DTPA 7685 BB K 4> 7 3%
A 5% b B PR IR HE B R 11, 94% . AE K53+ Tie
A H-NMR &% BT SD ms g 2R A0 45 AE 10
Welg (8 =9.0, 8.49, 8.3) , MR 4f i 5 M =AY Wi
U BLAR THTFLS SD M e B 1 A A W A 0 R 1 AR
Z L Ao B e 1 E ) A R SR K A R By
JEIRFERCRE N 7. 3% .

575 B4 (dextran ) #H [t , SD-Dextran-DTPA ¥
IR &% |9 T 1725,1398,1231 em ™' 3 AbWg ik
g 43 3% CO0—, C—N,—C—0—C Ay HFFE
WU IF B /NG T~ DTPA B 4 1) 4 58 0 ) 4
. [FIBFEE 1109,695,668 cm ~' 4b 43 5 M 30 T ik i
WEREY S = O 5 2R IR HE A 45 HE W s 06 i LK
TR 5 ELEC A& W 1 S AMEIE B T oKy
267 nm [ BE 1 1 W 5 AT 5 5 R AE W A UG | AT
I P e W ok, 0 ) A TR I
2.2 BEEYEELEESYRIEF zeta BALHY N E

# SD-Dextran-DTPA I SD-Dextran-DTPA-Gd
A3 BB AL 0.01 g/mL,0.02 g/mL WKW, T
PSS NICOMP380 #Y ki 4% A - il & oKL 72 Fl zeta
A3 1 Ar7n. Bl 4K SD-Dextran-DTPA 3% ¥R 1Y
W N 0.02 g/mL i}, SD-Dextran-DTPA - H447 #2
3 470.3 nm; ¥ N 0.01 g/mL B, FHRi 42 K
616.8 nm;zeta HL VN - 20 mV. 4L B & % SD-
Dextran-DTPA-Gd ¥ W& /Y ¥ £ 24 0. 02 g/mL, SD-
Dextran-DTPA-Gd ¥ 812 K 467.3 nm; ¥ F N4
0.01 g/mL K45 773. 0 nm; zeta H 37 52 L

P MORLAR 23 A Tk B, FE 7K i IS 6 90 KB
Fo & PR e A ¥ 50, HLEEE T & W AL & 4
WP BR800 | TE A5 W) KL IE A W A K R B R
IR H. Zeta LB 22 I TC AT £
5 Gd* BA RS B A LA ) S

Table 1

Particle size and zeta potential of dextran ligand and

complex solutions

Particle size (nm) Zeta potential

Sample solution

0.01 (g/mL) 0.02 (g/mL) (mV)
SD-Dextran-DTPA 616.8 470. 3 -20
SD-Dextran-DTPA-Gd 773.0 467.3 0
2.3 $EREMHBREANE
T & W% 7K ST ¥ B4 it T e T 52 e LA A R

il R AR F) 8 i A0SR | AR S92 6 3R R DAy 6 o X
VR oK BT s R R BE ) bR R, R
78GR BB R H S TR BB ) B AR R
4 AT BA T AR

(L/T)) pw = (L/T)), + R, [M] (1)
P (1/T)) 0 2878 38 5 700 18 W v v 5] 19 9 1) st
PRI (1/T,) DA 1) i A 1) st 3R 3% 5 [ M
SR VR R TR A ) B P R MR BB 3R 2 AL A
¥ SD-Dextran-DTPA-Gd £ A [&] & & (0 ~ 1.6
mmol/ L) 7K B b BT i 45 1) 38 ) 7K 0 5 S Y
O\ 1w TR ] T, LA K BT SR R R A st 35 R
A 1/T ARG () AT AL TS A W R ot
BRR H(ER2).

Table 2 Relaxivity of Gd complexes

Gd complex® [M] (mmol/L) (T)) gyt (5) (1/T)) ua (s71) R, (mmol "' +L-s™")
SD-Dextran-DTPA-Gd 1.6 0.082 £0.0016 12.200 +0. 244 7.438 £0. 152
SD-Dextran-DTPA-Gd 1.2 0.111 £0. 0020 9.092 +0. 083 7.258 £0. 145
SD-Dextran-DTPA-Gd 0.8 0.171 £0. 0051 5.853 +0.175 6.943 £0. 219
SD-Dextran-DTPA-Gd 0.4 0.323 £0. 0060 3.099 +0. 062 7.001 £0. 155
SD-Dextran-DTPA-Gd 0.15 0.673 £0.0134 1.486 £0. 029 7.920 £0. 193

Gd-DTPA 0.15 1.186 +0.023 0.843 £0.016 3.633 £0. 109

“Temperature =19 °C, Frequency: 300 MHz, Distilled water; T,, = (2.89 £0.017)s,1/T,, = (0. 346 +0.021)s -1

HRAE 2 2 BHi /R AR 1, o Bl /K P e
B W EE IR R BE Bl A R (] T, B R, RP
sh R . WE 1 AT LLE S LA IR
MASA B K 3 F B F R s 3 A i
O E AR LG R ORI LA
KZH r R 0.9983 15
(1/T,),,., =7.4306 [M] - 0.1674 (2)
(1) . (2) 1 W, SD-Dextran-DTPA-Gd 1 3t ¥

FN7.43 mmol '+ L-s™' LM A T Gd-DTPA K
A (3,633 mmol '+ Les ™). KN T R M
SIASEI 7T REN & a, HaE o 5 K AE B 4
FlE] E R FTAEBC A R A4 2 B K 4y 5 [
IRl G B A B K5+ R 5R 1
53 T T AR A G | TG et 74 AR Y e
2.4 $LEEEWAR MRI X1

£LEC & %) SD-Dextran-DTPA-Gd % T RPMI-
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Fig. 1
DTPA-Gd solution

Relaxivity of gadolinium ions in SD-Dextran-

1640 15 7= FIE TR EC AL Gd ¥k N 20 mmol/L %
W 15 RPMI-1640 H5 37 3300 BE 4T MRI 1
SCde. A2 AL i, 5 RPMI-1640 55 57 25
FH EE , SD-Dextran-DTPA-Gd f) RPMI-1640 ¥ T,
(6P 2 0, AT A B R AP 09 7, AL MRT 3 5 4]
%, HAG 53R 15,

Fig. 2 MR imaging of SD-Dextran-DTPA-Gd in
the RPMI-1640 solution

(Left; RPMI-1640 solution; Right: SD-Dextran-
DTPA-Gd in RPMI-1640 solution)

2.5 ZHFBES MRI XLE

K3 5ok & A 2 BB WL 5% SD-
Dextran-DTPA-Gd £ 5% & J&5 19 ili 48 40 )ig H460 19
K. WK T FE . 5 SD-Dextran-DTPA-Gd 5%
B I 09l A0 i Ha60 A K R AP B A — 3, 16
PER G KSR 3 Frn i 8 5 940 E 1T MRI A
I 5 00 3 L IR AR B T, A SR AR T 1
SR X L RE U E 4 P S TR

K 4 & SD-Dextran-DTPA-Gd 43 9 5 Xt 3% %
H KA T %Z K ( Epidermal Growth Factor Receptor,
EGFR) i #3519 il g H460 41 i bk , 7L AR 8 MDA-
MB-231 5 T40D 4 Jfd ik 3 1% = 41 9 1% 3t 9k 1l 14
g I el LUF Y, g0 ) 5 %A i SD-

Fig. 3 Photo of the H460 lung carcinoma cells
incubated with  SD-Dextran-DTPA-Gd under the

inverted microscope

Table 3  Positional distribution of cells in cellular uptaking assay in

MRI

trypsin + PBS trypsin + PBS

H4 M4 T4 trypsin + PBS

H-3 M-3 T-3
H-2 M-2 T-2
H-1 M-1 T-1

Tumors cells: H: H460 lung carcinoma cells; M: MDA-MB-231
breast carcinoma cells; T: T40D breast carcinoma cells. 1,2,3,4.
group number. H-1, M-1, T-1. H460, MDA-MB-231, and T40D
carcinoma cells without incubation using the SD-Dextran-DTPA-Gd
solution; H-2, 3, 4, M2, 3, 4, T2, 3, 4. H460, MDA-MB-231,
and T40D carcinoma cells with incubation using the SD-Dextran-

DTPA-Gd solution, respectively.

Dextran-DTPA-Gd 35 52 AU 40 M (H-1, M-1, T-1) A
Lt ,3 Fh i itk 5 SD-Dextran-DTPA-Gd L FH 5,
MRI & 55 B 570 B R 303 K {5 5 i B 3 K.

Fig. 4 MR imaging of tumor cells

Positional distribution of cells as Table 3. Tumors cells: H:
H460 lung carcinoma cells;M: MDA-MB-231 breast carcinoma
cells; T: T40D breast carcinoma cells. 1,2,3, 4. group
number. H-1, M-1, T-1. H460, MDA-MB-231, and T40D
carcinoma cells without incubation using the SD-Dextran-
DTPA-Gd solution; H-2,3,4, M-2,3,4, T2, 3, 4. H460,
MDA-MB-231, and T40D carcinoma cells with incubation

using the SD-Dextran-DTPA-Gd solution, respectively.

5 A& SD-Dextran-DTPA-Gd 43 % 5 Hii J
H460 4 fu ¥k , FL AR MDA-MB-231 5 T40D 4il fd
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Fig. 5 MRI signal intensity of tumor cells

Tumors cells; H: H460 lung carcinoma cells;M: MDA-MB-231
breast carcinoma cells;T: T40D breast carcinoma cells. 1,2,3,
4. group number. H-1, M-1, T-1. H460, MDA-MB-231, and
T40D carcinoma cells without incubation using the SD-Dextran-
DTPA-Gd solution; H-2, 3,4, M2, 3,4, T2, 3, 4. H460,
MDA-MB-231, and T40D carcinoma cells with incubation using
the SD-Dextran-DTPA-Gd solution, respectively.

PRAL S 5 20 0 0 AL Ak nUIR A5 5 1 05 B 09 e 1t
K. N LLE W, 49 5 %A il SD-Dextran-
DTPA-Gd K52 A9 40 M (H-1, M-1, T-1) 4,3 Fl
20 g Bk XF SD-Dextran-DTPA-Gd 3] 4 %5 4 14 15 B,

HowE L PR AR A5 5 0 0 R B R . R SD-
Dextran-DTPA-Gd XJ L Jiit % 40 g MDA-MB-231 R
AR 0 SR AT R IR WA A S 4 iR R R A
PR e B

3 e

DA RO S K o0 AR, DA e g E Sy i oRd
B ) FE WAL T O B A W BE 5 Gd-DPTA
%) Jieb 9 B ) 4 K 43 4L C 5 9 SD-Dextran-DTPA-
Gd. LI LR EW, Ky FEAR A HAE RN
i ig %, B AE K% W P 4 534 4], SD-Dextran-
DTPA-Gd % fili 8 40 e & H460, FL F % 40 I &
MDA-MB-231 5 T40D ¥4 %45 i 36 F | g 4
T i TR 200 L 2 B B B, O B AR AR B A 1 b e
AN T, AR FE AR W% B TR 41 R 6 R 4y
LAY R B BCE AR, H d SD-Dextran-DTPA-
Gd %t FL IR 40 . MDA-MB-231 H A 4 55 1Y 3 Al
I1 R AR AR AT 5 1 R R B A, IR R I
G, DR O e s i R A 1) R A3 R R AL L S
¥ SD-Dextran-DTPA-Gd A 22 ¥ 4 M 588 8 ) P4 7
LR AR 1 5 ).
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Studies on Dextran Gadolinium Complex Containing Sulfadiazine Groups

Qian Li', Lin Han', Guo-ping Yan'", Yuan-yuan Tu', Hui Yuan®,
Tou-jun Zou', Chun-tao Shao', Hui-fang Liu'
(" School of Material Science and Engineering, Wuhan Institute of Technology, Wuhan 430074)
(* Center for PET of Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022)

Abstract Sulfadiazine-containing dextran ligand (SD-Dextran-DTPA) was synthesized by the incorporation of
diethylenetriaminepentaacetic acid ( DTPA) and sulfadiazine (SD) as a tumor-targeting group into dextran.
This ligand was further reacted with gadolinium chloride to produce tumor-targeting macromolecule gadolinium
complex (SD-Dextran-DTPA-Gd). Experimental data of '"H-NMR, IR, UV, average particle sizes and zeta
potential evidenced the formation of the dextran ligand and gadolinium complex. In witro properties including
the relaxivity, cell uptake assay and magnetic resonance imaging were also evaluated. In the aqueous
solutions, the average diameter of the dextran ligand SD-Dextran-DTPA and complex SD-Dextran-DTPA-Gd
increased when the concentration of their solutions decreased. Compared with Gd-DTPA | this tumor-targeting
dextran gadolinium complex SD-Dextran-DTPA-Gd possessed obviously higher relaxation effectiveness due to a
slowly tumbling system and an increase in rotational correlation time. The cell uptake assay indicated that SD-
Dextran-DTPA-Gd had a high affinity to the H460, MDA-MB-231 and T40D tumor cells and can be taken up
selectively by these tumor cells. Magnetic resonance imaging ( MRI) tests showed that SD-Dextran-DTPA-Gd
possessed the relaxation effectiveness higher than that of Gd-DTPA and can enhance the contrast of MR images
of the tumor cells. Moreover, the T, signal intensities of the MDA-MB-231 cell suspensions were obviously
higher than those of the H460 and T40D cell suspensions. Therefore SD-Dextran-DTPA-Gd has shown the
potential as a tumor-targeting contrast agent in MRI.

Keywords Magnetic resonance imaging, Contrast agent, Tumor-targeting, Dextran, Sulfadiazine,

Diethylenetriaminepentaacetic acid

# Corresponding author: Guo-ping Yan, E-mail: guopyan2006@ 163. com



