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75 S 19 B 25 99 K BT (DOX/GA-ALG NPs) . ) H 8% F & S R+ 5L AL 2 SR 4 R (SPECT) A2 ik iy
Gy A S B % DOX/GA-ALG NPs f BF#0 13 P HE 47 1 3P4l SPECT % /i, ™" Te ARI0 28 (140 Kk 7 (7" Te-GA-
ALG NPs) F 2t fE Wistar K B0 I BERBAL, 5 2 F 1k 40. 2% . 9K WA L5 A 45 R W oR , B # KIS 3 b
J& ,DOX/GA-ALG NPs 21 /IN BT U o i) 55 vk B2 15 1) 67. 7 g/, j& DOX-HCL 2 /4. 7 . AHXFHHOR (r,) |
B AR (e, ) RIS 249 8 () 003 (o)) i [ B 6 B DOX/GA-ALG NPs HLA5 fi 35 BT 40 1i i 1. 98 & WA 1
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LRI X A A 9T SRR TR A
M7 I 75 AR I o A8 R AR A B 2 AR T R
W, ek EFAREEN S, AT, 75267 i
I8 1) e 3 SR 5 12 (BAE ALY i B v AT 25 W)
TE4x B oA, bk Z e B 16 3% Ui 200 i A [m) s
X B JE 4 K RS B A AU R T S 45 0 N Al
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o] PEGA K 245 25 2 G2 9 F 5 © 51 R 4 22 9
*}I—LI‘B’A]'

HAE 1906 4F, Ehrlich i §2 Hi 40 17 45 24536 77
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BERVE AT 4L ) 25 4 A R R 4 R )
li] 465 20 (g S LB S R A W A K R T R
A B K A SR IR Sh e B9 A0 R S5 4 38 3 e 45
KA f i o, AT A A o 2 L ri) el 3 Sl R 1) A
P 25 A% 3% B0 ) o7 5. RLIE, PR PER S E
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20 fHh42 90 4 X4, Negishi &5 UE5E 1 K BT

MR 2 o R A A R R BRI H R R
(glyeyrrhetinic acid, GA) $F 7 45 & 7 /5., GA 5%
7 15 B 45 A AT R R SR B
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TR BALPE BT R AT 1 RAE IR RE M E S T A
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I Bt (9 AL 2 40 K 45 24 22 GE I A8 3 W0 1A P 19 1T
HLIE RETT .

1 XEs

L1 ERS5ME

WFEIR AN (L E 160 mPa-s,20°C, 1% /K%
WL T B A B R BT R A RA A 5 T B IR R
(HPLC 2liBE >98% , P44 & fE 25\ A FRA F] ) 5 46
2 B % % ( DOX - HCI, HPLC 4 JF >98% , b 5{1¢
TR A R A ) 5 1-(3- & JE N 3 ) -3-
L HERR W e ER R ER (EDC-HCL) | N, N-Z 36 0 3
W W f (DCC) Ko N-32 35 5% 31 16 W i (NHS)
W F 3 R AR A A PR W 5 B R AN T O TR
(REER Ry S ER S HE) s HPLC W3l A b 4
T Al R, H AR 1 A A Al 40 P I R 22t —
AR Al S A K R IR R K.

JCE 4> H1 AL ( Heraeus Vanio-EL, Germany) ;
Bk B Y (Malvern Nano ZS 90, UK) ;X #4851
HL 7 BE T A (PHI 1600ESCA, USA) ; B3t 7 & 4
TR Z A% X (GE Discovery-VH, USA) ; %¢
I 43 H6 96 BE 11 ( Hitachi F-7000, Japan) ; H 4 $F
#% (IKA RCT basic, German) ; /=5 & & 48 {8 1% 1X
(L6-P6, At 5t % #7 il FHAX A% 2> /) 5 2 4L 50 K A
(DY89-I1, T P8 Z AEWFHHA R AT

Wistar K ., /& & 200 ~ 250 g/ H ; Kunming
/NEL AR 20 ~30 g/ H (3l REESE S s ¥ b
P ) AR (23 £2)°C KL A R EROK
B AR A e R LA E 2 S sh )
O LS i 20 ) ) AT
L2 gRMF o) dl &

AR SCHIR [ 16 ] J7 1k il 4 H 55 Uk R 16 i v o4
M (GA-ALG) , 3@ #f IR ."H-NMR  Jt % 43 #7 X
GA-ALG 45l #EA7 RAE.

BRL7™Te ] bRic H 2 Uk B2 5 16 V5 56 9% 49 4 K
B (" Te-GA-ALG NPs) 19 1 &7 2% 100 mg
GA-ALG ¥ T 50 mL Rz K o, Bt 3 12 %, B 75
GA-ALG NPs 4K pi -, T4 H. B 1.5 mL GA-
ALG NPs 2 (2 mg/mL) , il A 900 pmCi = 553 &2
A1 50 pL SnCl, (3 mg/mL), &4 10 min, 15
#7"Te bR g KL T (7" Te-GA-ALG NPs) fit 5
YAl JH- 4 1)

B YR B M T R B A BT R 9 K kL
(DOX/GA-ALG NPs) i il #5 5 & H FL Ak ¥ il 4%

WG RF B 100 mg GA-ALG V5 T 50 mL XY
FoK, FE o B HE, i GA-ALG 5% 4 %5 fif ; B 15
mg DOX Jit A 10 mL & {5, A > & = 2 M
(TEA) [n(TEA):n(DOX) =1.5:1]ff DOX 58 4
Vi s DOX R M 212 0 I 3] GA-ALG ¥,
P 1R K2R T B R T, A B H R R R &
T W R AN 2 BT B R 90 OK B ( DOX/GA-ALG
NPs ) it 5 2 PEA 4 1) 1
1.3 = B 4KAF 7 KR KB EIES

¥ 0.7 mL ®"Te-GA-ALG NPs(0.39 mCi) &
BB kA S B0 R B IN , 4525 3 h J5 , Fl A SPECT
b A BRHEAT 4 B i S PR W BAL FE K R,
T RGBS A AL BR R 43 R A% A
YIPEAT G PR, %5 587" Te-GA-ALG NPs 7 K
RN TR
1.4 HARKNFEMREAFEAENEE
P Ay

DOX/GA-ALG NPs il DOX - HCl F & # ik /£
e Kunming /> AR, L5258 M7 mg DOX/kg
INEUR T, 4525 )5 4y W AE 0.25,0.5,1,3,6,12,
24,4872 F1 96 h AbBE /N, B HU/NER L
BT BB ZE 2, AR B R K T R U AR 2 R
B IR R A R K R B RIS 4 4 . B 0. 1
g WEUM ARSI a8, A 1 mL 4 i 2 g W
PRI 22K 10 min, FE 2] 2K 85 A 1 mL 6%
R OB W, AR S5 3K 10 min B 41 ZUA) 3K T
AFE 5 mL B0, PR BOEAIHL L BER 1 min,
5.0 (3000 r/min,5 min) , W B 13 i, 4R 9 SCEk
JriEt" R 66 B A I Kunming /) B
K44 DOX ¥R B, 115 4 5 41 1B A DOX
B(pg g ), LW BHEHR A, =480/590 nm,
L E 500 ~ 700 nm, 353 F 12000 nm/min,
sk E_E_ YK 5 nm.

iR v U oy < A N2 I N 11 S T T
AUC,_, , AT 25 20T 8K 9 2 A6 FRAE 19 5
IRYi oK & SEIN U E & SO IR Sk
MRCR (1)) & = DOX/GA-ALG NPs 1 JiT 4
DR

_ ( AUC(:C ) i1,DOX/GA-ALG NPs

< (1)

(AUCO )i,D()X‘HCl

AUCT ) et e
te — ( w() )ldlbe s$ (2)

(AUCT ) oot tisse
' - ( AUC: ) target tissue X ( Welght) largel lissue
’ ( AUC: ) non-target tissue X ( Welght) non-targel tissue

(3)
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oA @ Fonon LMW B ZH 2 target tissue 38
JIFZH 21 s non-target tissue $i.0> I [ Bl il 2H 2.
2 GR5H®

R i K AN oy, B AT AR A
li P, AR SCHEAR B AR 1A & v 5 g 7K H 5 iR 18
Wi ¥ B TR A, T 5 1 TR 1) 25 W) AR B R U R

ONa
ALG

%, _C—NHCH,CH,NH

HO

GA—e

GA-ALG

Hrill & GA-ALG v GA [ HUAC B 5.6% (mol/
mol ) . FI] FH WA 2 1k 22 0 ] 1) i /K AH B AR FH 1T i
H R N T2 8 R m it R e AR 2
I8 AR SCR B A A T BB R R GORRLT
B 1 Kl £ GA-ALG J I #% 28 ] Fil DOX/GA-
ALG NPs il £ 2 .

I
*, _C—NHCH,CH,NH;

GA-NH,

s f % Self-assemble %

DOX N

ALG

Fig. 1 The synthesis route of GA-ALG and the schematic drawing of preparation of DOX/GA-ALG NPs

ALG N3E KM Z 05, B LT sk H GA
4y FJE GA-ALG HA W EE, nlfE K | REE
BN KL T, B BT A8k 25 1 sk R 4. &l 2 i
LA YK BLF (GA-ALG NPs) il £ 25 44 K hL
F(DOX/GA-ALG NPs) 7K & kL4243 5 J (219.2
+14.2)nm f1(274.2 +18.9) nm. 1% DOX J5,
DOX #F A B /K 25 i, 5 B9l oK ok R AR A BT 1
T, 45 Sk — B

ARSCH GA AEAE K 5 K 3 A A i i B
JHF S 1 1 1 D, TR I 40 K R 3% THI 2 75 38 A7 7
GA FEHI X F kb 0y R ) g 1A & 2 X HE
TR . AN & B B GA REEZ I,
SRIG T SRR S (nE 1 FrR) Rtk H %

5 GG KL ¥ R T A6 I B A T R BT IESE GA 1Y
FAAE BT X Ot BT BE 3% (XPS) 70 #r, 44k
FFREATESTEN 1. 1% , X RILE GA
N K WK A7 AE T GA-ALG NPs [N, {2
348 5> GA JE Ml 73 Wt fE GA-ALG NPs 3R, iX
X 0 KA T PR T A M R T GA 2k A B
SR 25 )% 1k 1) H i g+ EE Y. H GA )
TIRMAIIR R TR B E 09 AW vk (R AR ) &
i S SR ], A S S A A 2 S 0 ) R R
A6 T8 34 IR B 2 11 400 KR 1 Sl ) R 9 Y 23 A
17 VEAG.

SPECT J&— Fift H A7 B3¢ iy 4 5 Ak 119 D) i 4k I
85125, AT XA R bR A SR RHTE Sh A R N i s
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Fig. 2 The size and distribution of GA-ALG NPs (a) and
DOX/GA-ALG NPs (b)

e P HEAT I A AR SRk 7 i AR SCR A
B I JF ik GA-ALG NPs #EAT T 08 P b i
B bRt J5 197" Te-GA-ALG NPs 2 J2 % ik 13 5 5
KA, 3 h 5 A B ), B 4% J0E 2% 0 X
AT SPECT #51, DA% %% GA-ALG NPs 76 K Rk
A O (& 3) 5 an &l 3 (b) i, g oK kL 7 4
JE w5 B R BRI 3 h S T S A8 ik S
SRR B S g 1 Rl DR R (R e IR 3. 4% 9K
KL, 1) 40. 2% ) X S5 AR LRI T AR 2
FHAE 5 T ) 5 H A A 25 4 5 5 P R B AR DN 0
JIE JLT- 35 A5 A6 09 M. SPECT 45 1550 GA &
4 VT TR A A KR T AR T, A AR
G- (1% JFF 08 1) RE 7 5 EL A O W v 1 5 ARG, 0
T AR 25 W AE O B BB, DA s 20 25 9 T R 1Y
O W 0 R

Wt DL b S 25 AT AL, GA-ALG NPs %2
3 A E K BT IE SR A7, 7 22 A T 8 g R T
T P 8 K 24 0 2 A b R B 24 0 AR N A% B e —
AT E 2 R XA T BRI ATTIE Tk e A
8. & GA-ALG NPs )25y R i FE R
FRULE SR RSB A, 38 T FRA T 10— 25 (R DA, DR 3R AT
537 8¢ T R [A) ¥ 8 ( DOX - HCL K ¥ W & DOX/
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Fig. 3  Biodistribution of *"Tc-GA-ALG NPs in Wistar

rats at 3 h after injection (n = 3)

GA-ALG NPs) H [y Bl 55 2 78 3 9 14 9 1) 43 A

¥ DOX-HCl fll DOX/GA-ALG NPs 4332 &
F ki 5t 2] Kunming /N BUA PN S 76K [R] B[]
Ab B 55 B H) , SR FH 2€ 06 43 )6 6 B vk X 41 4L rp
DOX ¥k BE 4700 B 4 8 7 1Y 2 A 8 AS 6] 77 4l
3 h S5, A% E g b B R R . W TR, 5 R
840 (DOX - HCL) AH b, # ) 2 ( DOX/GA-ALG
NPs) T A 28 11 25 90 76 JF A0 00 o 3 A5 308 3 A 4 1
SHEAE I JUE () 25 9 e BE 2 oF B 1) 4.7 1% 55 Ah il
TS0 1 1, 40 KL BT A 3R A9 24 9 1 i
T VLT %) e J3E b A — s b T O R R A
W 2] pi) 2 A O U P BT R R MR R T 4
50% 3k & WIHE 1] 45 245 99 K R0 7 nl LA i 35 P4 IR o
B A0 T RE P DT K 24 9 i P % 5 9 L
S AR EL WS 3 h e AT
S AR P 1 25 1 R S e R R A g
AN KRL T RE KT 25 4 FE R AR o L X
B T AR F F TE A 35 K Z 0T DL E K A (A
PR 4 B ) 5 [ Bk 4 KRz 7 A B ) 9% R AR It
A DR 25 9 R 23 7 1 A0 B mb g s 4 ik ok
PR AN, 30K 48 155 25 30 PR AR 45 25 TR B 08 0 25 )
B EIE A2 oA .

T %} DOX/GA-ALG NPs () i # [ fig Fy itk
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Fig. 4 Drug distribution of DOX/GA-ALG NPs and DOX
- HCI solution in normal Kunming mice at 3 h after

injection (n = 3)

11 2 G0 AL, FRATAI T2 30003 5 T 8
2y i £ i A AUC, ., AH X BIRCR (r,) |, 38 18] 2%
(o) FACE L 2R (1)), 3R 1 P T
AN G R AE /N BRAR N 2 A5 9 AUC ., 7t 8, fH.
241N 2R WAL (AUC) AU 25 1 i A W A1) EE
(2591 AR g e M TR R ) , AUC R U A=
PRI BE &, B Z R I b ml U FBEE XS
01 20 ( DOX/GA-ALG NPs) m T #7147 1) 25 %)
WeRAR T IR B) T H A BE AR A AY L 72 4% 5 T
M2 (DOX - HCL) w24 1y £ 45 JUE 45 v 70 A1 JC . 3%

220 X R WY AL [a] 94 KR AL H B A %
{14 JFF 5 1] BE 7, 7 EL 38 AT LUK A A 1 25 ) & 4
) i 2 B bR 2 B ——FFIE. 9 Ah, A rpnT I
] 4 Y 45 IE 2% AUC,, B B 2 T R 4] (M
22 4.7 fi5) X Ud W [ 45 25 R 45 nT DU RUIE K
2 A AR P )45 B B T, DTG R i 2 e R
REAR 25 25 U8 08/ 25 BIAE T, ik 5 AT 2wl
AIHEIR 58 4 — 2.

AEAT IR r, 25 52 1) 2 () ol U 25 %o A [] 1) 28
WK 25 B HURE 1 22000, r, KT 1 3 7R AH X X iR
A, 2 UE 28 X 1) 4 ) B BRURE O B /N T 1 ROR
FERZNE RS ] T DOX - HCL 4n % 1 i,
FEMEEY r, {5 5] 15,3, 3680 DOX/GA-ALG NPs
B ) 4 K DOX = 22 4% i 21 AL, JFFIIEXT DOX 1y
TRECRE 77 Wtk 5 T 6 BECZL [R) B TR 3 R ) G T
K XF DOX/GA-ALG NPs (4 A fE 1t A5 —
ST B o -0 Y o/ LA I (=92 E B A R TP 311
r. HFEALE] T 0. 64,38 DOX/GA-ALG NPs AJ [
IR0 EXT DOX A HR IR, X1 4% DOX .0 I B 1
A E X AE SPECT SZ5 A, 0 E JL-F- A A )
B AR KL T B AE 25 W 4 20 A v ik R A /b i
DOX A . 3% — 75 T J2& FH T AN [A] AR 08 46 I R A
[, 575 — J7 T o ] RS2 1 40 Kk 1 70 A PN 7 B e 7
A B 2 R R B

Table 1  Total area under DOX concentration time curves (AUC,_ . ), r., t, and ¢ in various tissues of Kunming mice, following the
intravenous administration of 7 mg/kg drug
AUG, ., (pg-h/g) Le t.”
Tissue r.
DOX-HCI DOX/GA-ALG NPs DOX-HCI DOX/GA-ALG NPs DOX-HCI DOX/GA-ALG NPs

Heart 233.3 148.2 0.6 1.1 26.6 10. 6 277.5

Liver 257.2 3934. 1 15.3 1.0 1.0 1.0 1.0

Spleen 210.5 1263.3 6.0 1.2 3.1 12.3 31.9

Lung 306. 6 623.2 2.0 0.8 6.3 5.5 46. 8

Kidney 313.2 245.4 0.8 0.8 16. 1 3.4 71.2

B A R A S 1, % DOX/GA-ALG NPs
8¢ DOX - HCL X JHF I (Y e £ AR 19 ¢, > 1 R B
DOX/GA-ALG NPs 5§ DOX - HCI 7F i% JIF 2% rp ¥ Ji&
B T XTI A ) e e, R, o R0 X
f e Bk Mchy. AE DOX - HCL 40, 4% JUE 2% ¢, {40 25
AKHLE T ££47) , & W] DOX - HCL X £ I #% 1%
A IEPEYE ; M AE DOX/GA-ALG NPs 4, .0 (g fii
B e AR T 1, W] DOX/GA-ALG NPs
BOK DOX A% 388 3 U, ¢ 1) A2 0 IE 1Y o, 35 3
26. 6,754 LB DOX/GA-ALG NPs i i Jik F1.0 ik
AR X4, 2 B R ) 44 KOk TT DL AR

i 25 2% O JUE T e B DT AR U OO0 U R . B R
Jliy e, A3 3020 3.1 R 6.3, 5 ¢, fHAH 2 A
F, B5BH DOX/GA-ALG NPs % JiF il (1) X 43 A 3
AR, 3 A7 — 8 43 4 Bl L 1 g D AL L ) of 2 45 U
A Y 25 50 v . R, R R AR A |
A ZH U 1A B0 ACE- 24 88 ) 253, AT DL R E
25 W 248 5 4t 2 J6E T SE 56 (0 52 ), FRATT AT LUK o)
{E A Sy RAE P 8 R AE & DEER h it 200 1 =
.M 1) (H ] LLFE H A XF DOX - HCL 41, DOX/
GA-ALG NPs 28 v 25 W) 76 i 0k 0 % & 5 oK, 36
DOX/GA-ALG NPs X JiF JIE iy 55 A AR & i 38 ) 2%
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PG K 45 25 & 48 (DOX/GA-ALG NPs) , # gi X
DOX/GA-ALG NPs 1) JiF §8 ) 14 47 1 & 48 (1 0F
fi. SPECT 45 5 /R , 28 B bk 58, " Te ARic 1Y
GA-ALG NPs %5 FI 9 KR+ R B AE T IE R, &
RN 40.2% 5 25 Wy Ak N o3 A 45 R R BT, 5 0 IR

41 (DOX - HCL) 1 H , 8 14 24 25 3 G5 0T 53 25 42 1%
DOX 15 JFF I vk S, 3 4 J e 5 T 3% 67.7 pe/e,
Jg BB 4. T 435 o BTS2 A A
S 29 50 160 2 2 4 B W% ] DOX/GA-ALG NPs
A4 DOX B &M AL B . Rt 75 4 25 H
R R 16 R 0 K 44 2 B LA R T I
L AT 98 10 L FE A0 (8, T 0146 26 U S 5 o
o 2R AT IR
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QUALITATIVE AND QUANTITATIVE EVALUATION OF
GLYCYRRHETINIC ACID MODIFIED
ALGINATE LIVER TARGETING DRUG DELIVERY SYSTEMS

ZHANG Chuangnian', WANG Ping', LAI Quanyong', ZHANG Qian', ZHANG Yue',
WU Yukun', LIU Tong®, WANG Wei', YUAN Zhi'

(' Key Laboratory of Functional Polymer Materials, Ministry of Education, Institute of Polymer Chemisiry, Nankai University, Tianjin 300071)

(* College of Chemistry, Chemical Engineering and Material Science, Soochow University , Suzhou 215123)

Abstract  Glycyrrhetinic acid modified alginate ( GA-ALG ) was prepared by covalent attachment of
hydrophobic liver targeting ligand glycyrrhetinic acid ( GA) onto the nature polysaccharide alginate (ALG).
The resulting amphiphilic GA-ALG could form self-assembled nanoparticles ( GA-ALG NPs) in an aqueous
medium as liver targeting drug delivery carrier. Broad spectrum antitumor drug-doxorubicin ( DOX) loaded
GA-ALG NPs (DOX/GA-ALG NPs) were obtained by emulsification method for liver targeting drug delivery.
Single photon emission computed tomography ( SPECT) and some mathematical relationships were used to
qualitatively and quantitatively evaluate the targeting efficiency of GA-ALG drug delivery systems in vivo. The
SPECT image confirmed that *"Tc labeled GA-ALG nanoparticles mainly accumulated in the liver of Wistar

. . . . . ~ 99
rats after intravenous injection,and the accumulation of "

Tc labeled GA-ALG nanoparticles in the liver was
about 40. 2% at 3 h after injection. The biodistribution data showed that the concentration of DOX in the liver
reached (67.8 = 4.9) pg/g after intravenous administration of DOX/GA-ALG NPs, which was 4. 7-fold
higher than that of DOX + HCI solution at 3 h post-injection. And the data of relative tissue exposure (r,),
targeting efficiency (t,) and weighted-average targeting efficiency (¢ ) showed that liver targeting efficiency
was enhanced by GA-ALG drug delivery systems. These results revealed the potential of GA-ALG nanoparticles

as liver targeting drug delivery carriers.
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