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Abstract The aim of this study was to synthesize and evaluate the necrosis avidity of MRI contrast agent based
on thein and linked by ether. The novel ligand 10-{[ 6-(1, 8-dihydroxyanthraquinone-3-carboxamido) ethoxyethyl]
amino} carbonylmethyl-1, 4, 7, 10-tetraazacyclododecan-1, 4, 7-triacetic acid ( DO3A-Ether-Rhein, E1) was syn-

Wi HE 2019-03-11 BEEE * Tel ;025 —52362107 E-mail ; zhangjian@ jsatcm. com
**Tel 025 -86185371  E-mail : chyzq2005@ 126. com
EEWMB BERAAAFELSTHRA (No81771870) ;i 7 H“ S RKAL & G ERAFTAA (YYO011) ;i 58 a AA e F
R B (No.20171512) s B R B AAF“ SA— TR RAF AR B (No. LGY2018075) 5 3 — i 5 A4 47 H FA
F 853 B (No. CPU2018GFO5 , No. CPU2018GY31)



55 50 5 4 1) KI5 MRI X L5 Gd-DO3 A-Ether-Rhein (943 i M HIRSE R FIPERTFE 445

thesized by two steps of acylation and deprotection reaction. The paramagnetic gadolinium 10-{[ 6-( 1, 8-
dihydroxyanthraquinone-3-carboxamido) ethoxyethyl| amino} carbonylmethyl-1, 4, 7, 10-tetraazacyclododecan-1, 4,
7-triacetic acid ( Gd-DO3A-Ether-Rhein, GdE1) was obtained by coordination of Gd®* with the above ligand. We
examined the necrotic avidity of GdE1 in human hepatocellular carcinoma HepG2 cell necrosis induced by hyper-
thermia in vitro and in rat model with muscular necrosis induced by microwave ablation in vivo by MRL. The MRI
was implemented before administration of GAE1 and during 0-9 h after administration of GdE1 (0. 1 mmol/kg),
and Gd-DOTA ( gadolinium 1, 4, 7, 10-tetraacetic acid-1, 4,7, 10-tetraazacyclo dodecane) was used as control.
The signal intensity of necrotic cells (4 369 +70) was significantly higher than that of normal cells (2 555 +84)
(P <0.05). Similarly, the contrast ratio between necrotic and normal muscle at 3 h after administration of GdE1
(2.00 +£0. 12) was remarkblely higher than that at O h after administration of GdE1 (1.27 +0.03) (P <0.05).
Therefore, GAE1 presents good necrosis affinity and has the potential to be used in the diagnosis of necrosis-
related diseases.

Key words rhein; Gd-DO3 A-Ether-Rhein; necrosis avidity; contrast agent; magnetic resonance imaging

This study was supported by the National Natural Science Foundation of China ( No. 81771870) ; the Six Talent Peaks Project of Jian-
gsu Province (YY-011); the Natural Science Foundation of Jiangsu Province (No.20171512) ; the “Six one project” for High Level
Medical Talents ( No. LGY2018075); the Funding of Double First-rate Discipline Innovation Team ( No. CPU2018GFOS5, No.

CPU2018GY31)

WHCIE—Ff i F 2t Y AL A 30 B S SR 1
PR 2R W CanBTLARA 7 L SRR o R RNk ML) 350
AT R PR T IR R AR S & A
T LMo b, g O LREZE RO A 4
[FIERE, — S oI 36 7 77 3%, a0 FRTH il | o 4 BEL DBy 79
S, F B T R A0 MO SRR B4 R i H
9570 R, R A AR IR FELH 2R X AH S 5
(1) R IHIZ W JRIT BRI SR T i R A
EEEL T

B FNVEIR B 2 — R RB A iy S VR R TR
R, WAL R AT T AE AL S . AR
DRAGUZH RO E L BLR IR 2L B B A BRI
SRAEZE AN A 3K 2518 30 Jy vk B, Heopok i
fi% (rhein ) 2 —F AW IR E Y. BT RE
R P (Y B0 A ST AL 2 2% (SPECT) 5
£ Te-HYNIC-Rhein, 78 .0 LI 58 Y bR 53 15 A
Ji IR TS S S0 W O 7y T S s S R G A R TR
S5O (B SPECT 1A% 45 1] 43 9 R 41K, X LA
HERRIPPAL SR FE I 1 5

WEIER B (MRI) S R TR T B, %
FOREA 25 3 B i DA R s o BRI,
AR 13 TR B R A A B be ke i %
%8 ) MRI %f [ 7] Gd-DO3A-Linker-Rhein
(GdL,_y) , SEH 45 5 32 B = 38 1) 5t 35 38 KoK i 1
R 22 5, X UL B 1) 25 e s X 1

FIA G (0 BEAL M = A s i (] B i AF 98 & 3
GdL, REMSAELA 24 )5 3 h X CA4P JAYT7 8K K B
BT W256 i e K AT IR 1%, GdL, B
RUUF ) UG IRSEA G /11 . MRI AR 5 )
AR, T B AT LA AR AR, R 5 22 MRI
XFHCHR A RAF IR, HE GdL,y 17K 43 Bl
FECH - (0.71 £0.01) , HAK A FF e e 70—
D5 T, 3 452 1) 2 S 2 X 2 5 R 1 R T 2 R
Mgt AR MRT S HE S L e e Ay 32 32 8 A
EPREL, D B AS R A S A i R A TR IR ALY
WEFE, AT BEAS 2 K 1 5 4 AR B SR BE 2 A 1) LA
KHCER A Femti i) MRI X L7

AR, k4% (ether) 8532 T O PR R 5
(A 5 A8 s v L S0 245 0 1 e 3 A 1 T 24 4
B 2R R AT TS AR 8 R M S
B W Tk ( L ARE 3 ) O i 1 R IR AL SR
P MRI %} I 5] Gd-DO3A-Ether-Rhein ( GAEL ) , %
FRITRK VAR R A RCAE A4 P 1 A SR SR g 1
S MRT USSR

1 &7 #

L1 255

RIEHR (thein, AR RIEEY AR AT 5
=R ME-N, N, N', N'-J9 B 3L iR 7S 9B 1R
(HBTU) \2-BEFFIME Ve 5E-1, 1,3, 3- P4 F AL I Y 9

OB %



446 ‘? @} % ‘ﬂ' x # 2% #it Journal of China Pharmaceutical University 2019,50(4) :444 —451

%5 50 &

BT (TSTU) ( RS EARHCARAR]) N-&
HEZ RN (DIPEA) (=R (TFA) 5 [2-(2-2 5k
LKL OOk ] F A RARUT iR ( i REAR R 25 R
AIRAF]) ;1,4,7,10-PU A 30+ —ke-1,4,7,10-14
LR =T #EE [ DOTA-tris (¢-Bu) ester , 3 [E Macro-
cyclics 23 F] ] 5 HABIRTR B Ry i 85 23 Hir i
1.2 B %

Echo speed Plus 1.5 T L3RI ( £ E GE 2
A]) ;AW 4. 3 J5 Ab I T A3, ; NM120 A% # ek 52
FIBTR AT 55 UR F 58 (T3 M A0 53 #4884y
B PR/AT]) ;Shandon K% Y) i ( 9€E Thermo Fisher
Scientific 23] ) 5 42 i 4 22 Ty RE AR A ( 56 = 38 80
CHHRBHCA R A A o
1.3 @il s

NI HepG2 AR IIAR A IE # T 102 20 g bk
WA T 2 L 5 A SD KRR, K2 (220 £10) g,
WK B b e SE 3 sh WA IR DAL A ), S A8
5 :SCXK(/)2017-0005 . HF5E H K B4 AT 5
e 5 7 TLAEWFIEBE A A1 Y S 50 3l 0 O fedt Js ) )
No. 85-23 (1996 4F-4&1T) , %I 5815 2 2 9 1 ]
Zz A FRAB B AL T

2 F ik

2.1 10-{[6-(1,8-— X BmR-3-FEAL) LA
AR BT H-1,4,7,10-9 R R+ =
Ye-1,4,7-= T B2 4 4L ( Gd-DO3 A-Ether-Rhein, Bp
GdEL) # &A%,

211 a1 bR A 500 mL [5]IE K
IMA KB 1. 24 g(4. 36 mmol ) Al 130 mL. ZJi , 2%
MR 2-(2-FEE A HE) S | A EE P R AUT e
863 pL(4.36 mmol) , FiIIA 2-BEHIME W -1 ,1,
3,3-P0 B IR P 60A R B ( TSTU ) 1.45 g (4.82
mmol ) , I Il N-2 3 — F A i ( DIPEA) 2 mL
(11.5 mmol ) Z X Wi , A FE 24 h, igfh 78 k&
Ry ), 280 ik oAt Ak ( — 5 A - FH B, 70+ 1)
RE A EARL A 1(1.08 ¢,52.43 %)

2.1.2 fesh2 e94 7850 mL B IELEH K
THAALG P 1 800 mg(1.70 mmol) | = H LR
1 mL A1 H BE 10 mL, S0 55048~ R0 6 h, Jig%%
ZER BRI, INATC/K ik 10 mL, 438, I8 UF&
45 CHZ TG 3@ AR UHE &Y 2 M9, H
P T Al

2.1.3 Aai3 e FRBCRIF =R ME-N, N,
N',N'-JU B RS s iR £k (HBTU ) 631 mg( 1. 66
mmol) \1,4,7,10-PU% 23+ —ke-1,4,7,10-10 2
fig =T FEME 866 mg (1. 51 mmol) F 50 mL |7 JiE
PO, A DMF 5 mL 2 45 FE i T i N-2
H TS RE (DIPEA) 527 L (3.0 mmol) , %y $if
5 ~ 10 min J5, ¥ L5 2 HL 5 (560 mg,
1. 51 mmol) f¥) DMF (5 mL) iR N2 F 3 Sl
o SERBEE 12 h, SN 5 RS DR BR L), 15
FE MR G 3, A EAT 8L, H AT
e A
2.1.4 Btk 10-{[6-(1,8-—% & B BR-3-F Bt &,
K)TEK TR BT A-1,4,7,10-m9 R &
F+=kz-1,4,7-= T8 (DO3A-Ether-Rhein, Bf El)
abR A Bk s Ok LS Y 3 BT 250
mL BEEH A A AIA & e 9 mL Al =5 LR
3 mL, Sl AR AF T RN 6 h, ks 75 kB v A
FHL™ Y R W) 200 BORA g AE 2l Ak (it s AH
FFEE-7K ,60: 40 ) 15 2] 75 {% [#] & DO3 A-Ether-Rhein
(E1) (865.1 mg,74.82% , %" % “2. 1.2" Hifk
S 1 BORETTRAR)
2.1.5 Gd-DO3A-Ether-Rhein ( GdE1) #4 &%, %
~NKE &AL 250 mg (0. 67 mmol ) Al E1 500 mg
(0. 66 mmol) ¥ T 25 F7K 10 mL 1, f§ 1 mol/L
LAY pH ZE b, IR SFE 12 h 54 IR
FE DB R 250 0, BT AR 7 ) 48 A €3 A ik
(it 3l AR o W -/, 80+ 20) 15 3 ¥ €4 [ 14 Gd-
DO3 A-Ether-Rhein( GAE1) (468. 2 mg,77.79% ) .,
2.2 T FMZ KA AL AR R

SR 13] 19775, L PBS (pH 7.4) Ky
#,% GAE1 Bl B 5 >k B (0. 125,0.25,0.5,
10,2, 0 mmol/L) HyRE & 4 KGN 5 /- BE i %
OGN ] SFRINEE] ¢, LA BE R AR bR 1/t g AR bR
PE B, BB HLRRERR r, A NMI120
(0.5 T) B AR R 5 o i 5 R R Gex) |
WS RS EAT R, BOE S R IR 160 ms,
JZJE 0.7 mm, [P A} [E] 13.5 ms, Gd-DOTA
IR Ik S GAEL A H .
2.3 K HEFZE(lg P) syl e

AR AT DL pH 7. 4 IE B
FE) PBS 4G GAEL B AN [R) e B2 A RE i
ANV BE A it b & 3 mL 3 3 E 435 nm



55 50 57 4 1]

ST, 25 MRI %) Ee )] Gd-DO3A-Ether-Rhein (4 5 HXR 50 25 FIHEBFSE 447

TR WOE, FRiC O Ao D& A, S5, 230
A PBS {0 FN Y IEFBEE IR 3 mL, 762 i T I
JiE 15 min, 2RJ57E 14 000 r/min 25/ F &0 5 min,

OH O OH
TSTU, DIPEA N> O"NiiBoc
O‘O CH;CN rt, 12 h
COOH  rt,12h
O
Rhein
COO-Bu
N\~ _t
N N COO-Bu
OH O OH

?N N

HBTU, DIPEA N\/\O/\/N\ NPAN /N7

I PBS R, ARIC o A, R A g P =
lg[ (Ag = A /A TIFREMUK P IR B (g P) , B4
2y 3 K.

OH O

TFA
N NHB: DCM
NN THEOC rt, 12h

1

COO-'Bu
/7 N\ /~COO-Bu

¢

OH O

N N ug Bu-00C
0

DMF
o rt., 12h

2

COOH
v
OH O OH COOH
TFA [
[
s (L Ty 0e
rt,12h ~ "N N N 7
o 5 HOOC

DO3A-Ether-Rhein (E1)

Scheme 1 Synthesis of Gd-DO3A-Ether-Rhein ( GdE1)
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Figure 1 Relaxation measurement and images of GdE1 (upper pan-
els) and Gd-DOTA ( lower panels) in PBS (pH 7.4) with different
conditions (0. 125,0.25,0.5,1.0,2. 0 mmol/L)
A :Images of GAEI and Gd-DOTA ;B Relaxivity of GdE1 and Gd-DOTA
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Figure 2 MTT assay of GdE1 and Gd-DOTA with different conditions (0,12.5,25,50,100,200 pmol/L)
A :MTT in the human hepatocellular carcinoma HepG2 cells (x +s,n=3) ;B:MTT in the human normal hepatic 102 cells (x +s,n=4)

*P <0.05," " P<0.01 vs control group

Figure 3 MR images of the human hepatocellular carcinoma HepG2

cells
A :HepG2 treated with GdE1 for 30 min;B:HepG2 heated in 57 °C for
1 h and then treated with GdEl for 30 min
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Macroscopic Section

Figure 4 MR images , macroscopic section, contrast ratio and HE images of rat model with musclar necrosis induced by micrawave albation

A : Representative T1-weighted MR images at different time points and corresponding digital photographs of macroscopic section,red arrows indicate the

necrotic area;B:Line chart of contrast ratio of necrotic and viable muscle post injection of GAdE1 and Gd-DOTA at different time points (x £s,n=3) ;

C.HE images and micrograph of muscle (HE, x100)
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