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WE  RATMIE, — M 2 DA i AE BT (Dextran)fo DTPA # = BF 4 B K, DMAP A | %
Fl, B — R LA EMEE A DTPA % JEK, %J§ DMAP & EDC-HCI A BRI, &kt Bn | B mEe
Dextran-DTPA-GA. it 80 Mty A I Gd & BHE T REM &AM, AHTLEEN |,
16.1%. KEMFH B THYA; #iL FTIR. BE S HAET Dextran-DTPA-Gd MK | g
DT ARAZ KN ATIEE K 100~150 nm, FHEH 130 nm); 4 Lk, DALEBRERENR | stRme

(Magnevist) A FH P %t B8, 3 3t 3t b K e BR SR L 3R AR AR B, ) BBk B R 018 5 80 58 R - it |]
H 4, F ¥ Dextran-DTPA-Gd B A EEH1E 5 BB RGREEN 314%) Kotk B £ i & B4t 4
B, HEHFA—FNHEE T HA

BRIRR S I 7> AR B, I H . A,
RAFEMRANE L W%, VIERKILHFA G 1), 14
s BReR, IR AR AR E L. AR 1L

1 55

1973 3£ [HBLE K Lauterbur B IR RAZ AR
% (Magnetic Resonance Imaging, MRDHi A, Mt

X FARAE AW 2 B 2 55 AU AT B T 3R R R
TN LR, B R R (MRDEOR
2B BB A L BT T B, BRI 2 TR e
e LR AR P /0N ) 3 5% )t Bt 2 i A 03
ooz RINE 64 M LocE4L(Gd), 1 7
KRR T, 5 B oK G 2% 54, 2w IL R
3% S0 H A 4 B 1, R T R L e R T
VE S (Magnevist) £l DU %3 81 (Multihance) &
LA S (Omniscan) 5, ‘BN Ny FE G
W, WEIRIFH ) 325 SRS I 75 4 S S 4 LA RE K
AR, ELUE AT SR R 40 A B 4 2]
BT, B RS ER, R REPECE ) ) B, O T SR B
Rk AL, TR, AITFF IR Sl N o B S RIE

A WA B i Af 2 FL 2 B -DTPA-GA', b A i £ i -
DTPA-Gd"', PEG-DTPA-Gd™, HMD-DTPA-Gd K
CHD-DTPA-Gd™. UL 2444y F I\ H i 8l =+ )7
ANEE, BN )R B b Tt N A R B W L
JUE i R I A5 P R B, [ B A G R A B T N A
M PR R — 8 IR L, AR TG, ik
WL, HATERRE R W etk kiR e
K R SRR AR IS R K 2 Rk 410,
kO RRIEHAEENETTEX, 7k
PRSI B, bk 2 45 7 A 2 6 P Mg 55 RN 3K ) 32
WG, ) UK T S R W] DU bk a5 R
HH S R T B, IR IR R R T R B T OCEEE
LB B EL S50 9k B2 RS G L PR 3 s ) i HSA-
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DTPA-Gd"" "1 Jig Jo 44 4 2% 19 4L A i U145, HSA-
DTPA-Gd /&3l it ##i % 2 - (&35 5 DTPA-Gd 4y,
B2 HAS(A ML A A7 7 KA #6], HAE
DURAE . g oA 4 2 f AL A e U] (80 = 0% Stk
CLZR, (E2 T H AR Ry, RN A S, 1
hy R Vb W ) OR Ay 1 3R, A e R I
(Dextran) H A5 5 4 6 £ 03 B P A e vk, i HLH 4y
TR AL 2, ] DU s 2 1 K /DL
CAAT TE B T b ik, i ARS8 T VF 2 TAE, Duarte
xS 20— ¥ DTPA 5 Dextran 4%, Rebizak
ST L FE R IS AL T Dextran, 51 o B
DTPA, FEHFS T AR EE 4 8 — 0/ (NHL(CHy) -
NH,, 2 < n < 6)% Tt P8 . AR fe dg v s,
CL B A o B2 3 B o B 4% Wang S5 T
Dextran-DTPA-Gd T/ il & 3 i ik 8, W/ B 2%
BANMEAE . BRI A B IR WA S, Rtk DTPA-Gd
HA A A 145 5 58 )% Yan 25U TH] DTPA 13t
fis 5 Dextran &% T Dextran-DTPA-Gd, *f Lt T AN[A
AR BE 1K) Dextran T4t g bERE, JF0 e T %F
RN RN EVE T, WERT T Dextran- DTPA-Gd %
T3 1E K 4 R s B B AR R A A L A L
DTPA-Gd 5 5 [F15 5 3 50 % .

A T fEifk Dextran-DTPA-Gd ¥4 it e, Asi
16 KPR Dextran-DTPA-Gd & 12, 1 o
NS E T AR T, AR AT B AL
E R R IR YER) Dextran-DTPA-Gd i 5%51; i
R E AT E Dextran-DTPA-Gd ki f2yE [, )
PSR R I, 5 L W IR A S VK (Magnevist) AH L
B, %R T DA B (N S R TR A R
MBSk e g, BAG S A i e, LA i A
N FHANME.

2 SRRy

21 RKFN S5

O =T CTR TR I (cDTPAa) fR 415 SCHR[19]
B, 1- 48 (3- B R S N ) Bk T i R R L
(EDC-HCH( B 47 T3k 7l 2 7] ), 4- — F 20 KLt we
(DMAP)(F 47 T F & ®) = & = ik 1 & 1
(DTPA)(FTHL T A F]), A BedEEF 40 (Dextran 40,
M, = 32000~42000 Da, 5 & & A 254 R 7))

B ek #, ok DMSO AT &t 4 i 1
P b PR AL TS R T Y 1 S R (Magnevist) H O B PR 2
PRAEAT R 2\ A2 7=, GACls % #(0.347 mol/L) Hi Gd,05
IR HCL i did £ 2 i e T, MoB e AL H.

YL [E Malvern 23 &) F) 3000HS 7Y A7t 5 40 BT A3
F DR & 1 43 T Ri AR o A i L. 7500a 7Y L JERY
BB A TSR (ICP-MS)(E [ Agilent 2 &) 5E
H¥r7% Dextran-DTPA-Gd 4L &, 204NERE
2% [E Thermo Nicolet 23 5] ] Nexus 470 7Y {8 B 45 4
LEAN RGN E, S i FE R A 26 E GE A+
() G AL WE LR (3.0T Signa HDx)14 5¢ B
I MR . S256 20 R AR R (1) s A7 e v =2
% 4 (New Zealand white rabbit, 2.7~3.7 kg ).

2.2 Dextran-DTPA-Gd 14

Tk WA BERERT (Dextran) (1.01 g, 6.2 mmol),
LR = L LR R T (cDTPAa) (3.00 g, 8.4 mmol),
DMAP (0.15 g, 1.3 mmol) ¥ 250 mL #iJEHEH, HEA
DMSO (50 mL), /W 2 e miE ], 50 C
P HE Y 48 h. i A GACl %5¥%(20.6 mL, 0.35 mol/L),
PR RV 24 h, B[R] RN 25K (150
mL), A KRR EAZRY, H NaOH % (1.0
mol/L) A ¥ pH IS, (FH DM27 RLET
85 (1H 255 AL 24800 PR 2 W) AR R S i, F &
BKIENT 3 d, WIEEERIK 4~6 K. BUENTAS N
W, B8 RIRGE A 10 mL, LA Shsess, il
it ICP-MS il H Gd 5 &

J7: 7 ¥ DTPA (0.37 g, 9.3 mmol) #7125 mL
DMSO 1, M#GEAEZ) 1.5 h, FREsis)E, A
DMAP (0.01 g, 0.1 mmol), EDC-HCI (0.20 g, 1.0
mmol), 30 CHEFAL I T RWME, 7€ 50 CHMT,
W UL B SR ) 7 A JiE B T (Dextran) (0.10 g, 0.6
mmol)[¥] DMSO (6 mL)H &N, 4kaii & W
48 h. EVKHSAE R, L RN I E S 4
ik VR A (v 7:8), BB 4R A 2R yliE, JF
RLLBERE 2 h R DUEAFHROIN, g s &5 S
TR I, K IR D EOFE T 20 mL Z%1H
/K, CHCLy ¥ 1 ¥k, 7E 30 C4MF R GdCls %l
(5 mL, 0.342 mol/L), fii#F N 24 h, Z 5B AN
DM27 BENTEE, FH 21 KENT 3 d, IR R K
4~6 K. BUBHTIS N, B A R4 % 10 mL,
DL SN sess, JFmak ICP-MS & H: Gd 75 .
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2.3 SR NG LR AR ST

A T R IR U WA VA (50 mg/keg) JBR I Ji5 1387 7Y ==
FADENMY [H 52, #E47 MRIF-41: 3D Fast TOF-SPGR
CE-MRA J7%1#14#, Flip Angle 30°, TE 1.6 ms, TR
4.5 ms, YLEF 280 x 280 mm, XE[F 360 x 224, )
1.0 mm, slah70, NEX 2.

SEH G A — . = S REBEAL R 4 2 )
T A I 40 i B Dextran-DTPA-Gd (0.4 mL,
3.96 mmol/L), %/ 30 s i 4T 3D #4413, 30 min
JEFREDTIE T 2R — . - =R R N 5 0 4
NS AR )L o 1 A8 e 5 95(0.4 mL, 0.50 mol/L),
T e 30 s J54T 3D MhamAHE, LSRG =4 EG. s
FIMES S 10 min FF4G, FHGRIBE R 10, 15, 20,
25. 30, 40, 50. 60 min L} 24 h, FFH A
SRS P2

3 AREIR
3.1 Dextran-DTPA-Gd )i &

#1%¢ Dextran-DTPA-Gd A N2 1 o,
J7ik— DTPA i /KHE i DTPA BRI (cDTPAa), ff
54T/ DMAP MIER T 484, A8 RcA e b it
M EWE, N G BB &Y, Hik ",
DTPA ¥ DTPA &[if(cDTPAa), {£/] DMAP FI

+—0
H HO

H
fo H + cDTPAa—_MAP Gdcly 0
n OH HQ O H
0
- “n H O\
- - C: O n
T

EDC-HCl AELEA G, 54 Temnr s N, A st
VEREBTATAEM R, Y GBS Y. MR Tk
Bm i E A LR N TAE Y, B RS
ff) DTPA. ItEMHEAFILLL G\ CI&EF, L
afi b= .

BTN G, BOBATIE N P, e 28 R
45, JFlk ICP-MS W& F=# 1) Gd% & i, ik ] AR
PEIE AR Gd% = 157.25/(162n+550.6) x 100%
VI E TR 0 AMFER TN — DTPA-Gd.
TSI AR B, UG AR Gd%id /ML
T 10%)H, WE RS EZE5mELK, ALy
e T LABEAR K P GA% N 2% v HLK R s
RUF. Ao k&, 42T A Gd &
HIFER, W3R 1 FizR, 4 Dextran 5 DTPA [1]J WV Lt
Bk 1:1.5, OB RS [ 43930 4 50 °C J 48 h, 15
T Gd% & & EIE 16.1% 578, T4 2.6 HE
JG_ 4 DTPA-Gd. T-Ai A TAEMILL, & Yan 250
] DTPA [F)i5PERE S Dextran il 7 d R NAK T
Dextran-DTPA-Gd, ASSZEG548 T [ N I [A) R AR

PL b N AE AR R R T, KT E R £ DXt
SN 48 SRR, TR I T 3 P 7 A g 1R AR AR,
I FLPR T A B SN PR e )= 4, Bk W AR A
TIE—AEIENT 20, T pH RIS,
A pH 5% pH AR A (pH 7.4), 15 WIZEZE AT I

£ co0
< HO (.__,/J“N
H N
Ro A\H 4 prea DMAP_  GdCl N7 oo
H EDC-HCI (e
ooc--4__ v’ -
= (:oE‘,i:---GcI3
B 1 Dextran-DTPA-Gd FiFl & i 7 i i % 2eon =& E
x® 1 AFE N T Dextran-DTPA-Gd £ 57 1) Gd & &=
Bk REALF Dextran:DTPA SRV 5 S I i) Gd (%) BT
1 DMAP 1:1.5 50 C 24 h 55 143
2 DMAP 1:1.5 50 C 48 h 10.5 5.9
3 DMAP 1:1.5 80 C 24h 9.4 7.0
4 DMAP 1:1.5 50 C 72h 3.5 24.7
5 DMAP 1:1 50 C 48 h 6.0 12.7
6 DMAP, EDC-HCI 1:1.5 50 C 48 h 16.1 2.6
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HOB TSN S 7= A4 (L e, VT s s, J7
E B R R, S KR N GACLs R
G, G HEENT, M NETER, HEW pH 5
PR pH AH[H (pH 7.4).

SR R, Tk TR L Gd%itE i
109}, Ho LA B ZURYTE, WA pH 4G
KB DL R NVALEEHER, DMSO 5 DTPA JREFIX
FER SR BG4 4, nI{E DMSO %745 if M B 6,
TP B AR ) S A A T B b 0 e R B
fiil, DMSO | f5 & Ak g — FRaimE. ik, 4 eksiT
FT AR T AN BB 5 7K T B B ) A 3 — 3 43 Bl AR AL,
—#r HB S DTPA JEMEREE, 5 XS HFH
Gd™ (1) LB WL B 1 T, 3 gt vk B o i 7K T I
IR PR HE R D T D O v R A o R P
(15 DTPA, A5 454 DMSO 1 H o 42k, Rti%
i VEREEFAT A LRI R T %, EDAERE S R
Gd% & ft i T 07— PrAF FEdh, R DR FF R & (1%
ittt , WALV, H pH IEH (pH 7.4), &40 14k
£ 3 5 7R ) BELARL P .

32 R THECAYIN FTIR 450 RAE

DTPA IRt 54 BEH I (2 5L T8 el te, SRe 5
MR GAYEEL, LR T 2R B AR DTPA-
Gdic&4). B 2 y DTPA (a), Dextran (b), Dextran-
DTPA (c) 1 Dextran-DTPA-Gd (d)[I£L4MGRERE. H
2 1] W, Dextran-DTPA (¢) /% Dextran-DTPA-Gd (d)
HA7 Dextran (b)[FFEAEIE, BI 1020 cm ! fffiF C—-OH
i s, 1 HL T DTPA 55 47 b I 1 F 5%

)
o) @
S8
o
(b) ©
=
=4
=

4000.00 3500.00 3000.00 2500.00 2000.00 1500.00 1000.00 500.00
Wavenumber (cm )

El2 DTPA (a), Dextran (b), Dextran-DTPA (c) LA}z Dextran-
DTPA-Gd (d)f] FTIR /5]

JE % lE 5, Dextran-DTPA (c){E 1743 2 1153 cm ™' &b %3
BT C=0 K C-O M%ifks)W %, Dextran-
DTPA-Gd (d)7f 1745cm ™" J 1154 cm ™' Ab2y 5 EL T
C=0 M C-O M4iPsh i ¥, DTPA (a), Dextran-
DTPA (c) } Dextran-DTA-Gd (d)¥J E£ 1600 f 1400
em ' B (5 COO™ 5 S R AFH 4 4 29 W A Ve AR 4o ok fif 4
sl &, BT Gl /B X COO HI SR>
44, Dextran-DTPA-Gd (d)[F] COO % Fr A 4 4= 5
R B 1415 em ' B, LB 20 HT AT 45 4548,
R P A Y B .

33 RATEAEYNS T RARRAE

B 3 LS Dextran-DTPA-Gd 4> T Rif2 o041 &,
o PRt 444 130 nm, 43 AHYEHA 100~150 nm.
Y R 3 ARM SR AL TERE T 40, 43 F = 7E 32000~42000
Da, it 6L 45 & /N o B AW R Le ], wp
DUAE L2 T E ik 3] 50000 Da Zi4y, g HoRiAs A
IG5 B 4R B PN B 41 B 16 T 784 B (30~120 nm)
AP, T KT B4 L fLAR4~5 nm), K51
fe 43 T4 T DASE Ik T TS 2R Bt B b N A A
B, RS B Z bR B A, T e 4N i e e A
RO I, % IS R AR R LR G kA 1
KR FE R, &K ) Dextran-DTPA-Gd H A3 K
1245 A T A DL RS bk B )R

34 ZhWIR GRS ST 2 R

i 4 1) Dextran-DTPA-Gd (3.96 mmol/L)
KRt BRI FAVEL IS IR i e 569 ¥ (Mlagnevist)(0.50 mol/L)
43 A SN ] RS () A AT 2 0, 32 S i) TR AH
K% 30 min, X LG 3 0] ME B vk I AR G Im) R A ROR,

i E 4. O)FFIR. 5 RERW AL
— B0[
:‘:%,
I
40
& 40
io
=
E 20f
5 10 50 100 500 1000
15 &2 (nm)

B 3 Dextran-DTPA-Gd 14> THi12 5 i
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JE ] PV N & 1) Dextran-DTPA-Gd(3.96 mmol/L),
25 B 4(c)Fn.

4, S A 4(a) K e 2 R (A ) 5 1B 4(b)
FARANECEMN), & e SN & 5 30
min [P SRR E, B 4(a) Z R0 BE ) i 5
TEMT, KRR AU AR, BT Ik
iR B 4b) K A R ) Hh i B bk L 4
WREE WIS, AN B, UGS RO
7] Dextran-DTPA-Gd #E[n) P iE N Tk RS, il
I L ] 4(a) 5 B 4(e) ) ZK R 52 8CR 7T LU HY
A(C) Z AN 1) 18 B3 9k B 45 Atk B e ), 20
iF B Dextran-DTPA-Gd H AW E REGEFE, R
NECY, & N w1 () H AN o) TR N e AP REEE Y
Tl AL Mt T T e v B I (Magnevist) AN HE K B R S,
T HAE M PR e A AE. S ad i B 4R,
Jageid 24 h, ZKARAURR )R R Ge i A I8 g 48 58 4
T 2, RN Sk B R S 5t LV . U AL R I T ey
1 (Magnevist) & 75 %[ Dextran-DTPA-Gd 1t 24 h
WIS e 4. 25 BRTIR, AH LG 2L W IR i i S i,
90 TR Dextran-DTPA-Gd A5 AL, Ak p
A 77 Kok A Rtk — AT,

T8 3k AN [] IS R) B pA AR T 5 0 B R PR ik
SRR, AR S FoR. S SR XL B R
80 YRS, AR TS AR A G U B
WREL S5 )45 5 3 )% (Signal Intensity of Lymph Node,

B4 AR AR AR B (MRI)
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SDFNZR GE M 75 (). v S0 2 45 TR 4 1 LU (SNR) S A
5 51 & 2 (Enhancing Rate, E%), A 20H:
SNR = SI/N, E% = (SNRpost—SNRpre)/SNRpre x 100%
iR 3 SNRpre. SNRpost 43 AR V-1 F1 18
ST IS R ST R L A5 R I EE . T E% 3R s JIE 5 i
B2 1) A FE B2 ] BUE Y Dextran-DTPA-Gd( £
5(a)) 7L AR BEA T30 Fe R ) L i i 7 frac i S (B 5(b))
(M50 R, ESHE 34 min A 85 5 314%, FLIER
i1 e B (Magnevist) 3 51 J5 20 min 215 5 = {E
98%, I & Rk LR e A T 0m B K BG n W] RAR T S
H.

4 5iig

I W Fp 5304 T i 4y T i 52 /) Dextran-
DTPA-Gd, #3HKH 7k g3 2K L. Gd &
s pH IEH . WA, B&HE T i
1 W 441k Dextran 5 DTPA ¥ W HoAsl K 1:1.5,
SIS AR B 43 50 4 48 h F11 50 °C, St N TAEAH
Ll MO b AR T SN AR, 92 T SRR R IR IR
YRR e i 25 IR, Al L& ) Dextran-DTPA-
Gd 7 FRAZR AT E 4 (100~150 nm), kFif2 kN5
B2 ELE A B 40 LI T TR B (30~ 120 nm) AH 7520,
N 1/ 8 %771 b YN S B N s = N 1 & 5 e o
ELEl, BEAN SR o TR KB JE 45 1, 3 A i i
UK R AE A, MBI ANAZUR, 1T LA b
U8 R LI 5 1R ). S R I, 4R
/3 Dextran-DTPA-Gd EHFMERIE N E S, FHHEE
B Wk ELSY), 7E Dextran-DTPA-Gd H
) Gd ¥ J5(3.96 mmol/L)K 5% i 1) £L 1o 1 i frie
S(0.50 mol/L)WIT UL T, Hi& MR IREF T mi i)

4
(a)
= 3t
o
k)
& i
=3 2
2
2 1t (b)
c
w /-/’—‘/\-—‘
0 L L L L
10 20 30 40 50 60
t (min)

B 5 Dextran-DTPA-Gd(a)Ll & Magnevist(b)¥f T K Hu il &

WRELEEIRAF 5  im 2- ] P
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SR, ARMTRREE R R M AR 24 h, W DA RCRA AR IR 5 2 ZUk 4 1
DU IR R AR B R AR R, E— AL

B ARTAES 2R E FFA1E T E (2009DFA32080) i i B /N 25 T Bl % #(201005024), 45 3 — I .
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Preparation and animal experiment of lymphatic system-targeted
contrast agent in magnetic resonance imaging

SUN Yue', WU Jing®, WAN ShengBiao', LIU ShiEn’, FENG YuanYong®, SHANG Wei* &
JIANG Tao'

1 Key Laboratory of Marine Drugs, Ministry of Education; School of Pharmacy, Ocean University of China, Qingdao 266003, China

2 Department of Oral and Maxillofacial Surgery, The Affiliated Hospital of Medical College, Qingdao University, Qingdao 266003,
China

3 Department of Radiology, The Affiliated Hospital of Medical College, Qingdao University, Qingdao 266003, China

Abstract: Macromolecular conjugates of Dextran-DTPA-Gd were synthesized in two ways. One is that Dextran reacted
with DTPA anhydride using DMAP as catalytic agent, the other is that Dextran reacted with DTPA using DMAP-
EDC-HCI as catalytic agents. The best reaction conditions were obtained by comparing the weight content of Gd and
water-solubility of the products. The product with higher content by weight of Gd (16.1%) and good water-solubility was
obtained and characterized by FTIR and particle size analysis (Size distribution ranged from 100 to 150 nm, 130 nm in
average). In animal experiments, the MRI of Dextran-DTPA-Gd was evaluated in comparison with the MRI of Magnevist
as positive control. The signal intensities of the regional lymphatic system were qualitatively assessed by the
Time-Enhancing Rate curve. The results indicated that Dextran-DTPA-Gd obviously had higher signal enhancement
(maximum enhancing rate to 314%) than that of Magnevist, and can be taken up selectively by lymphatic system and
showed the potential as MRI contrast agents in lymphatic system as well.

Keywords: Dextran, DTPA, Gd, macromolecular contrast agent, magnetic resonance imaging
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