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 E HELEORTERSNIEERICIEEA/KESR 12 BR-HE%EE(HV12p - rPA) §l & B M
HE B, IR SCR . MBI BA R & HV12p - 1PA IR B, B BT RAL 77, R
B B B e AT 4 B 1 R FERE R (McADSZ - 65) #4 HV12p - rPA $E 1 g B4, 2% Fi ok B 3L 5 k.
AR, 2 2% HV12p - rPA A SRR M N BERR . 4R B d HVI12p - 1PA JRIERRI AR R
(142. 45+ 1. 20) nm, Zeta B3 H7 (—30. 6310. 48) mV, FE-3¥4u Bt K (91. 5941. 39) %6, #Up il iF A4l 0. 48+
0. 083) mg ZEARFIFI & T (80k TU/kg) 55 PBS %5 [ 4F M4 (2. 04 £ 0. 114) mg, #if & HVIi2p - rPA 20 (1. 2+
0. 100) mgMIEE HV12p - rPA JgFAZH (0. 740. 089) mg M5 bhisr , Ho il 48 T3 B BI85 (P<C0. 05) ; ¥} g
Btk 5 5 fERR 400k TU/kg) B#EES HV12p - rPA 41(0. 5240. 084) mg L, Hli e T EE Z wmR (P>
0.05), 14 B8 A HV12p - rPA PSR R RS B R R .

REgiT:
hES#ES  Q54;R965 XEKERERRE A

EERRAEL R LTREEARRERAY ST
BER A B LA R T, X EPTEE R
MAEAREWENINE =RERAYIRW T
M. APFSTAERTEAR FHE O TR R M
FIPRA TEAKER 12 Ik-wmEEE(HV12p -
PAREER, BADEE M MERIEIGR, R
ZRL AR TR AR —FR TE R SE R LB A 12
HURMIAZEN S . R HV12p - rPA M8 4,
AR LB VE A » A BF5E4 HV12p - rPA EH“HE
[ 33" McADbSZ - 65 # s # 7] HV12p - rPA Ji§
JEEAAR s SR FH KBRS BN ok i A2 AR R 5 2 JHL A Py B i) 75
BRUR.

1 {ERFer#

1.1 B HEAMN

RE - 52A kb 28 228 (LB W S A AL AR s 7K
WAL TY92 -TIRE S BRI (T EH 24
YRl By A BR S B s B ¥ % 55 .0 L (Beckman
Counter, Allegra X — ZZR; Centrigug) ; 5L F B4

Uik H#A. 2010-12-23 fEEHHE: 2011 -02-25
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B (H A& F/A 8], JEM - 100SX B ; B % & (3K
El S /R L4\ A Zeta Sizer, NanoZS — 90 3% Y& %i
0L — o - ISR (5, from soybean, Type II-
S,14%~23%, Sigma P5638) ; JH [ BE GREBRL AL
T ) BCA B B & B NEH & (m sl gl 4
YR R R A B B s &4 (RE T AR .
McAb SZ - 65(FR M K2E, BEEH K E 1 mg/mL, 2
>80%),

%) : Sprague - Dawley, & KR, PUJIIR#5L
B0
1.2 #a4é

S 4 A F pET - 21«/HV12p - rPA
HAFRBAK KBFFE E. coli BL21 (JHJI| kK24
P2 Bt gt R » B R R RS Rk,
T EEEMM P A REKKG W
HV12p - rPAH & M T 8, 5 B HLEETE N
600 ATU/mg, IBRIE M 8782 TU/mg HIFE 5.
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2.1 HVI12p-rPA BB R K& 44

2.1.1 FEo#-8EFRCIHELEEAK W
fiE JE E BEEE T80 BRI R A TR A
HV12p - rPA(PBS, pH7. 4), KB . H
BB (50 W, [A]FS 2 5,10 min) ¥—kif2,
2.1.2 ERXEBFERHLT STREMIEHRARAG
HEOBERFTHE, EH 4 DN mERWEE.
Bl S5 HEE B A H (A) 253k (B)  PBS AR
(O) JKBBAEBE(D) . PIX 4 FhEE/E R
HE,. BPMEER 3 PNKE, RAERLEITE
Lo (3 #ATEL 5 WEK 1, LI RIERITH
brie fiAbsb 5 .

Tab 1 Orthogonal design with different factors and levels

Factors Level 1 Level 2 Level 3
A PC: Chl(m: m) 3:1 4+ 1 6:1
B Pr(mg/mL) 2 3 4
C PBS(mL) 10 15 20
D Time(min) 5 10 15

2.1.3 BEAKAEAZ BRIEZTHABRIMULE
BT 2% HV12p - rPA JEFT{E 3 4it, F BCA &
FlEl e as R, RARE/E. B 1 mL IBRERA
EP &, 8T Zeta H07, ¥ % 550> (14 000 r/min,
4°C, ThYB LW 20 uL fNATE 96 FLARMI E iff
BEEEWRE Wy BU 1 mL 85 A8 A TG AR, i
4 mL Triton - 100(3 %)W ¥L, B 20 pL LA 96 fL
BMEBREOAYERE W, AHE= Wy —
Wi ) /Wi X100%,

BRI BB, B R FRME TN
EHES; | ,

BN IO A B A R A 4, B 1 L, RO
LB S R B4R BokiA% 4y A s B 1 mL, FHZRTE HL AL
A E Zeta HLAT,
2.1.4 =hmieicfenl e H&5 EIRREA,
mMEHA HV12p - rPA(PBS, pH7. 4) {fi 5 Bk
B4Rk 0. 25, 0.15, 0. 05 g/L, ¥ % &L
(14 000 r/min, 4 °C, 1 h) EHEW FiFWKO. 1 mL,
W _FHWP HV12p - rPA UK, IR IR BRI
AR EHEIKCER,

2.1.5 HVI12p - rPA B /R 9tk M B £ B
Bt HV12p - fPA JEEIK B W 5. 0 mL, jim
0.1 mol/L pH7. 0 i PBS 5. 0 mL, B FFEMIHES,
FEBEREI T 37 C LL 100 r/min BEER .
¥ o0, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24 h 5
B, RIS B R , T B TR, TR
il g 5T AR P AR SN BT 28
2.2 183 McAbSZ- 65

BUE & # EDCI % McAbSZ - 65 {8 B 3|
HV12p - rPA Jg AR ™ . ¥E 10 mL g A&
Wi A 0.5 mL EDCI(5. 0 mg/mL) & ¥k f
0.1 mL McAbSZ - 65(1. 0 mg/mL)., TEVKKIBH
Wi 2 h,
2.3 KRB ARE
2.3.1 %3454 Sprague - Dawley K R
30 B8 JKHE 150~200 ), BEHL /0 5 4, 46 H.
S¥4H: PBS 75 [ T B 4 /b FI B HV12p - PA 4
(80k TU/kg) ; K& HV12p - rPA 4H (400k TU/kg);
HV12p - 1PA J§iiA4H (80k TU/kg) ; A McAbSZ -
65 FY¥EN HV12p - rPA A& (80k IU/kg) .,
2.3.2 KEAHMHHBE SLIETAE 12k, 10%
7K FEECO. 3 mL/100 @) B 1 5 BRBEsh ¥, TR
NEEMS S RERABEALSInE. H
6 mm X6 mm JE4CIREE 10 uL. FeCl; (20%0) 138
MAHMEE 10 min, RS, LB BT S 4K
2%, A AEE 5 AR ZS YIS W, 10 min ¥ 58
£, 40 min J5BYEUM A2 B M, FEHYIE 6 mm K
M, FEMRERE, B THE 24 h 5KRE
Il o =
2.3.3 it ¥ E EFHWH UKL
(xts) #FR, f SPSS17. 0 Gt R HIT S 4
B, KA

35 R

3.1 HVI12p-rPA JERHH & L LHEX KL
FRAEL?2, AFR2 O BWERA
L4 B R R XA KRR C>A
>D>B. A DL &R, o o ok &
HV12p-rPA B FEAMEEL T T ZHE R
ABCD:  iPBEE S BB EREE N3 1,
YR B N4 mg/mL, PBS 10 mL, JK{E# =

10 min,
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Tab 2 Results of Ly (3*) orthogonal test

No. A B C D EEX%
1 1 1 1 1 87.03
2 1 2 2 2 87. 83
3 1 3 3 3 85. 32
4 2 1 2 3 85.03
5 2 2 3 1 79.01
6 2 3 1 2 87.52
7 3 1 3 2 81.37
8 3 2 1 3 85.25
9 3 3 z 1 81. 89
K, 86.72667 84.47667 86.6 82.643 33
K, 83.85333 84.03 84.91667 85.57333
K; 82.83667 84.91 81.9 85.2
R 3.774 0.793 4. 837 2.99

3.2 HVI12p~-rPASHERREXE

BAEAL T 3 41t HV12p - rPA g B i X361
12k (142, 45 & 1, 20) nm, Zeta B3 {37 - #1{H K
(—30.63+ 0. 48) mV, ¥ ¥ 1 & R K
(91.59+1. 3D % (B 1~KE 3), FEH BT WL
BE AR &, B8 R R T 75 S & A W) % 12 2R /D
BRE D,
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Fig 2 Size distribution by intensity of HV12p - rPA liposomes
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Fig 3 Zeta potential distribution of HV12p - rPA liposomes

3.3 T mEEIKRGR T

WRE R PR 3 DR B2 B e B R 4y
54 89. 31 %,90. 25 %,101. 52 %,
3.4 HVI12p - rPA B8 Ak 84 4R s 3%

DA IR S A A, BT BUE 7 R ARAR,
NIRRT RE 2R WL 4. 24 h ABEBURILSER.

05 10 15 20 25 30
Time (h)

Fig 4 Release of HV1Z2p - rPA liposomes

FRBRBOBEE AR R M BB R LA, B E
HEEN AN — R BMEAL LB R,
In(100 —P) =—0, 30282 +5. 6152 (+* = 0.9814),
3.5 KAKLER

M ERRESRILE 5,5 PBS X4 (5. 18+
0. 31) mg ##47 LI, A IFF & T (80k TU/mg) , JiF &
HIV12p - rPA 41 (4. 0240. 28) mg 1B Giit kL5
(P>0. 05), RESHABHA G iH¥ZER (P<0.05);
5@ HV12p - rPA R BifA41(3. 38£. 23) mg t

g

Mean dry weight of thrombosis(mg)
=3 3 — ; ST

1:PBS;2:Free HV12p- rPA(80k 1U/mg);3: Free HV12p - rPA
(400k IU/ mg); 4: HV12p - rPA liposome ( 80k U/ mg);
5:HV12p - rPA targeted liposome: (80k [U/mg)

Fig 5 Wet weights of thrombi of rats in different groups
and their stastistical analysis (n = 6)
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i AB%EAR McAbS Z-65 fy# s HV12p - rPA g
FEARA (2. 92+0. 18) mg ) I 1218 & B BB =
(P<C0.05) A SE5G v, ¥ ] fg i iA 4l 5 1 5 &7
& (400k TU/mg) 5 HV12p - rPA #H (2. 804
0. 16) mg EbAk . $1a) 5 5 4 41 1 25 7% R I 25 (P>
0.05),

m@eTEERmE 6, SWERRE AR,
5 PBS4 (2. 0440.114) mg L&, HEFET
(80k TU/mg) , K H A G it2E# 7 (P<<0. 05);
B3R g A4 (0. 484-0. 083) mg 5H 5 fFH| &
R ES HV12p - rPA 2H (0. 524:0. 084) mg #H 1L,
M TERP>0.05),

Mean wet weight of thrombosis(mg)
S =~ N W A O\

1:PBS;2: Free HV12p - rPA(80k 1U/mg); 3: Free HV12p - rPA
(400k 1U/mg) ;4: HV12p ~ rPA liposome(80k IU/mg);5: HV12p-
rPA targeted liposome(80k TU/mg)

Fig 6 Dry weights of thrombi in rats of different groups
and their statistical analysis (n=16)

MUL FEERFEE,BECT McAbSZ - 65 B
HV12p - rPA i FRA 25 B AH X4 T 5% HV12p -
PA FIZHR R 1/5 SEREA B I O R

4 it it

HEl X THERAGYERENH &S E /&
WaEE . R B9 S BB R, LR RN
53.44 %, %42k 235. 7 nm; 4% B9 BR RIS B Ak
HEFEN 65.4 %o, LIk TEB B HIAEH R
WK R mR. £F HVI2p - rPA B —F AT
BT 2B X2 FRE N 39. 6 k I RI-F
EA.-HECEREMERSGYHLL, HV1Z2p -
rPAESFERE SHWALEYENE LEERRE
5, 5y ERMERIE., HTHREEEEE
R A2 A HV12p - rPA BB, A 52586
RAMBE-BEL, T UReELRAYEE
FAE WLV 3 ok, ELIR S M 75 4 AR VK I 0k AT s

AT LU R R ) A 2 AR 8 3 0 M s et
ARG THIESEEEAR L. AYIRE.
PBS & KB IR 4 SR BB ERRR R, B
bR T E SR LBR Y- B THE
FEFA91. 5911, 39) %y HVI12p - rPA fJ§ &
ErH s T2 . B8RRI 42 W K/ & IR R
{AFE I % P A% 8 0 B 8 ek [R]85 Bk v S ) B R B
AR B RLAR HE 100~200 nm 75 BN, A BF 5T i &
BIHV12p - rPARS BifAki 42 4 (142, 45+ 1. 20) nm,
HAamys).

i 1 Sephadex G- 50 43 BB BT A AE
5B B McAbSZ — 65, Il 2 1785 McAbSZ - 65
W, RIE (BECR=(HE LW EBRE/RIRE
H B & X 10090 T BB N 35.2 %o, AR
BN, 25 S Piiksy FHUAER S 10 = 1 B, BpwAT
PR IG5 =R M. WA RIE BRI
FIREEX R B BT, NRSHYIHEY
AL RS AR EEY R — LB
Fo WECRASIABIRNIT A R PE -2t
B8, AEREOIESRT &4 E 225, B
BEFHRP BN B R E T RBEES . AHEN
HV12p - rPA g i 03 i #% — W 5 McAbSZ -
65 BEATMEEL, — ARk L iERH 4 60~70 P
U, RN R 4 R R B B BB B IR R 8K
HV12p - rPA JI§JF 38 1] B e 3501 47, (B 2
ST AR I .

4R A R (Fe) 7 i W0 5E [ 1 72 R, 4% 8 1L
B b M B T, N2 XUTEFER, &
BRI T AN S R B, i /MR LIE 5 Fe R R4
ARMEBERNERELFER. AHEARBRT
BEBLIARE HEAE A T i /M B £ 4 B R
AL 27 2 B RS2 AR, TR i /MR (] A A BR A
HAEAER maim M RE. ALBH
McAbSZ - 65 {BE: R HV12p - rPA &L, ]
PLifk— 548 5 HV12p - rPA B3 fy 44, iR N v 8
LI FRM HVI12p - rPA B A8 B 7 AR il
B HV12p- rPA 1 1/5 BB B LR AR & 7
M, MESEHAR N R a) R B B AR 5

HTFALIGHIFH HVI2p - rPA ¥ B ik
EL AT SCEL T 3 v LS () VA A I Th Rk /N B Y
B o] s S L B VE Y B Y, 3R H B A SR
—RHE ey L LRV RN RIS IR T A BT
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Preparation of Thrombus — Targeted HV12p — rPA Liposomes and Its

Thrombolytic Effect in Model Rats

DENG Xuan ', LIANG Lan ', GAO Man-lu ', KANG Limei !, YU Rong *!, SU
Zhi-guo ?, WU Wu-tong ®

(1. West China School of Pharmacy, Sichuan University, Chengdu 610041, China;2. Chinese Academy of
Sciences , Beijing 100190, China;3. China Pharmaceutical University, Nanjing 21009, China)

Abstract To prepare thrombus-targeted fusion protein of 12 peptide of hirudin and reteplase(HV12p —
rPA) liposomes and to observe its improved thrombolytic activity on thrombus model rats, HV12p -
rPA liposome was prepared by a film-ultrasonic method. Orthogonal design was employed to investigate
factors influencing the encapsulation efficiency of HV12p — rPA liposomes. Thrombus-targeted HV12p -
rPA liposomes coupled with anti-fibrin monoclone antibody SZ -~ 65 were prepared by carbodiimide (ED-
CD method. Experiment in vivo: a rat thrombosis model of carotid artery was induced with ferric chlo-
ride. Encapsulation efficiency of HV12p — rPA in liposome reached (91. 5941, 39) % after optimization,
with the mean size of (142, 4541. 20) nm and the Zeta potential of (—30. 63=+0. 48) mV. The obtained
At the
same dose age (80 k IU/kg), compared to the dry thrombi weights of PBS control group (2. 04 +
0.114) mg, free HV12p - rPA group(1. 2£0. 100)mg and HV12p - rPA liposomes group(0. 74+0. 089) mg,
those of targeted HV12p - rPA liposomes group (0. 48 0. 083) mg were significantly decreased (P <C
0. 05). Compared to free HV12p - rPA liposomes of 5 times of dose (0. 52+0. 084) mg, the targeted
HV12p - rPA liposomes showed the lighter dry weight (P>>0. 05) . The targeted HV12p - tPA lipo-
somes displayed a good targeted thrombolytic effect.

targeted liposomes were characteristic of high entrapment efficiency and small mean diameter .

Key words HV12p - tPA, Liposome, Thrombus-targeted, Common carotid artery thrombus model



