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— AR s B Bk fg B L BE R - — B A - % & = B% 5000 (DSPE-S-S-PEG5000) | = A% g B2 A% i Bt & B e - B & = BE 2000-TAT
(DSPE-PEG2000-TAT) , 5% /A # E &,4% (TLC) . 20 91 % 3% (IR) . Ak S5 ("H-NMR ) 5 5 51 3- A i = M AT FAE | 35 2R AR €18 %
M T TAT BkaE 25 KR pH A B ik 4] & DOX 5 Ak (DOX-LP) , J& 36X ik 4] & C-TAT-DOX-LP, ¥ X L $5. /2 Zeta w1z B & @
HE BFERII T MRS BLER R Zeta W 128 T, T HFRASh G RINBRE L, ER . RIS RIFEILET
DSPE-S-S-PEG5000 & DSPE-PEG2000-TAT, TAT Ak % 3= % 4 96.3% , Ff 4] & # C-TAT-DOX-LP “F 3 %242 4 152.1 nm, Zeta ¥, 1%
A —54mV, 8HEH I 8%, FIFNEIIKSI G B EHN, 2748 (DTT)VER,C-TAT-DOX-LP #4542 155.1 nm %
1% £ 140.5 nm, w42 h —5.9 mV LA £ 7.8 mV, AT R W 4L . 48 h ey R RARBEHUE 29 4 40% ,PEG 3 415 A #) T DOX #9
Bk, %R LT C-TAT-DOX-LP, Bt B A —F 69 B,
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Preparation and Characterization of Cleavable PEG and TAT Peptide Co-modified Doxorubicin Liposomes
ZHU Ya-qin', LI Ling', HU Qing', HUANG Fa-zhen', CHENG Liang', CHENG Li-fang', CHEN Da-wei"*(1.School
of Pharmacy, Soochow University, Jiangsu Suzhou 215123, China; 2.Shenyang Pharmaceutical University,
Shenyang 110016, China)

ABSTRACT OBJECTIVE: To prepare and characterize the cleavable PEG and TAT peptide co-modified doxorubicin liposomes
(C-TAT-DOX-LP). METHODS: DSPE-S-S-PEG5000 and DSPE-PEG2000-TAT were synthesized and characterized by TLC, IR, and
'H-NMR. Interconnection rate of TAT peptide was determined by HPLC. DOX-LP was prepared by pH gradient method, C-TAT-
DOX-LP was prepared by post-insertion method. Particle sizes, Zeta potential, morphology, encapsulation efficiency and the in vitro
release rate within 48 h of DOX from C-TAT-DOX-LP were investigated. RESULTS: DSPE-S-S-PEG5000 and DSPE-PEG2000-TAT
were successfully synthesized and characterized, and interconnection rate of TAT peptide was 96.3% . Mean particle size of
C-TAT-DOX-LP was 152.1 nm and encapsulation efficiency was 91.8% , Zeta potential was — 5.4 mV. Prepared liposomes were
well-distributed and regularly spherical in shape. By DTT reaction, the particle size of C-TAT-DOX-LP decreased from 155.1 nm to
140.5 nm, while Zeta potential increased from —5.9 mV to 7.8 mV, the disulfide bonds were cleaved. Accumulative release rate of
DOX from C-TAT-DOX-LP was 40% within 48 h, and was relatively enhanced after PEG was cleaved. CONCLUSIONS: C-TAT-
DOX-LP is successfully prepared, showing certain sustained-release property.

KEY WORDS Cleavable PEG; TAT peptide; Doxorubicin; Liposomes; Preparation; Characterization
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Heo BRI, TAT IKICANM S B, B S 40K B A % J5 2 %
ARAOR AL N A PR SR 1 . AR P BY DI R & —
fi£ (PEG) 5000 % H2 7E /I iU 14 3= 1fil , TAT JIk 38 &2 PEG2000 i $2
Regc £E N )2 , # 2 0] 8747 PEG M TAT Bk 3444 DOX I Ji {A&
(C- TAT-DOX-LP) , H- X A7 A
1 #

RV 10 Jiie 5% 7% % A% (f [5 IKA 23 7] ) ; Nicomp TM380 ZLS
A MY (32 [ Nicomp 28 ] ) s DeBEE 15 He U3 i 449 K 44 it
HL (2 [E Nano DeBEE /2 7] ) ; SPD-M20A = &0 AH (1,15 ( H
REEAF]).

R R DOX (k2 , Jb nt A AR R F AR A PR | L it
5 HF100622, 4l : >99.5% ) ; — WAk £ Bk (DSPE,
AR R A BR A F] L 51 100929, 4l . =99% ) 5
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K UIWERE (KA 200 A B2 A, 350 040403, 4 i .
96% ) ; JIEL 1 ([ 25 AR Ak 2R BRAN /L diE 5 . F20101215,
AL 95% ) s TAT- Bt & R (TAT-Cys, 75 /R A AL A R4S
7], 5 P120322-CQ289039, £ i : 98% ) ; N-¥23 T it I
JHiz- 3R 2, 185 2000- T4 3 i 0 i (NHS-PEG2000-Mal,, b 5 L
BHEARAT S ZZ112P038, 4l i : 95% ) ; N-3E FiE-3-2-
I FRILILNE- N iR Eh (SPDP, St i & i A R AT BN H]
= A1912, 4l F - 95% ) 5 HH A3 - R £ ¥ 5000- %it 2
(CH,O-PEG5000-SH, iR G4 A F L Hit 5 : B120628,
AERE . =95% ) s R IR (DTT, Fi T4 A YRk A BR 2
AL 5233155, 4l . =99.5% ) ; B4 (437 .8 000~
14 000, _F¥IE AR IRA T s &5 b, 0 =
ORI el

2 HES5ER

21 “TERRBRMEBRZER- —HE-EZ 285000
(DSPE-S-S-PEG5000) HI& B 5 R1E

2.1.1 DSPE-S-S-PEG5000 [ & i . MR 482 % SC#k™, DSPE-
S-S-PEG5000 145 B AL BR AN - FRHL 20 mg DSPE 8.2 mg SP-
DP % T ICK & AT 5 = Z e, No AP, 38 T BE s T 4k
FEROV 5 ho )2 @35 (TLC) Woill 52 282 . K¢ 80 mg Ch,O-
PEG5000-SH ¥ fift T 505 SR, k252 [ g 12 h, IR B 45 R 5
% 2 E T TTERR 2R N A DSPE, 3 000 r/min 5.0 5 min, I
TEWOIE L ZE K 25 205 gtk Bd A b B 48 h, % 1.
2.1.2  DSPE-S-S-PEG5000 ) #% i %% ("H-NMR ) 1l . 'H-
NMR GAH] AR5 5 ) F£AF , DSPE: 8 0.88(t,—CH,,6H) , 1.25
(s,—CH,—,56H), PEG:3.65(s,—CH,—,456H), JL& 1.
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Figl 'H-NMR spectrum of DSPE-S-S-PEG5000

DL I R AF 14 3% B PEG5000 A% 11 % 4% %) 7 DSPE |-, LA
83.65 1551.25 bW 1 A EL A P Wy S BE , 25 SR e Al 2y
84.49% .

2.2 DSPE-PEG2000-TAT B & B 5 FRAE

2.2.1 DSPE-PEG2000-TAT )4 /. #3225 SCHR™, DSPE-
PEG2000-TAT A& M R 3 i i 22 e 1.2 1 FRE
DSPE .NHS-PEG2000-Mal ¥ T JC/K G475 H i 5 pl = 2,
N AR, IR 5 he TLC WEIM S B RR . N 45 o | e
KRG EE B LB UIVE DSPE, FIFRIEHZERG I .
FEMIIENT A8 h, R R TR . FEW A= 2 1 1.2 BRI DSPE-
PEG2000-Mal , TAT-Cys, V& T-4li/K , N AR R B2 fdi £ . TLC
WM B 1 AR o T 25 U BB T AS R BT 48 h, B R TR
2.2.2  DSPE-PEG2000-TAT B £1.4h i (IR ) AL o 43 B BUE
& TAT-Cys . DSPE-PEG2000-Mal , DSPE-PEG2000-TAT, Jjil KBr
JER IR FAEILE 2,

TEZD; 20134555 24 4555 29 1]
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Fig2 FTIR spectrums

a. TAT-Cys;b. DSPE-PEG2000-Mal; c. DSPE-PEG2000-TAT

Horp,al®H 2 556 cm ™' iy TAT-Cys FR &t 5 (—SH) BO4FE
Wz T, 7 o Pl Pz R IS AR 2K, b Tl PR e ey B T WS T
., WEB TAT Jik F—SH 5 DSPE-PEG2000- Mal H* Y Mal 2 [
CR Y. bocBH 2920 cm™' .2 850 cm ™! PEG H C—H
%43l ,1 104 em™' i PEG H C—O 45 1R 3l ,a.c EH 1 664
em 'y TAT Bk Bk e bt C—O 4 R 3, B T B oh & i
DSPE-PEG2000-TAT,

2.3 TAT BREZEZEZRHNE

2.3.1  TAT K% 8 IE 3% 45 . @i+ : Promosil Cis(250
mmx4.6 mm, 5 pm) ; WA : A(ZNE+0.1% = L2 )-B (UK +
0.1% =% 2 12) , B e : 0~12 min, A: 12% ~37% , B:
63% ~88% ,12~16 min, A: 37% ~100% , B:0~63% ; i 1 :
1.0 ml/min; KA : 220 nm #1330 °C 5 #FFE R 20 pl,

2.3.2 RS MR MATRE M BRI, 4
AR B KRG H PRS2 5 RSD 435914 0.30% .0.67% ,0.58 %
(n=5), H[A]¥5 % & RSD 43 % 4 1.56 % . 1.23% . 1.31% (n=
5) 5 253515 (98.68 + 0.23) % (99.49 +0.21) % . (99.40 +
0.43) % ,RSD 435114 0.62% .0.71% .0.75% (n=5) .

2.3.3 W FH . BN HTR % PRI TAT-Cys, B il A% 100 pg/
ml (7R, 4% 2.3 17 TS AR HERE 20 wl, 0 SR I T AR 4,5
SR I BGE S YRR R I 2 M ) €0 335 2% A B R | i SR 0ég TG
BN 4., 35 WLE 3,

i 18 3 1] I, , DSPE-PEG2000-Mal 7 . 45 {1 F % TAT ik G
FHoo MRIEIIR— s IR 1Y TAT K[ = (100x4,x
T A B R NIRRT ) /4,], E— 25 AT 31 TAT K94 2%
[= (S B TAT JIK (K& — S0 i TAT JIK (19 & )/TAT JIK B¢ S
R x100% ], 451584 96.3% .

24 BERERFE

SR FA 8 IS 43 500k T pH A6 3 75 il 4% DOX I i {4 (DOX-
LP), LUR i AL % TAT IKIE1#i i DOX-LP(TAT-DOX-LP) .
C-TAT-DOX-LP. JyiEUN « FRIBUE 5t KGO0 g | AR &1 mis
FIOK LT, WEREZE A U . A pH. 4 AT 16 R -l iR A — 4N
ZE I, 40 COKAL 20 min, AT A A BT (AR E AT 75 R A5 (100
W, 400 s) , 2875 FE WU AR T (20 000 psi, 5 min) 5 1525 A g
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Fig3 HPLC chromatograms of TAT peptide
a. TAT peptide before reaction; b. TAT peptide after reaction; c. DSPE-
PEG2000-Mal

JF 1A (Blank-LP) %% . BU Blank-LP ¥ /1% & , J1 0.1 mol/L i
Na.HPO, /W pH % 7.6, #2515 LE 1: 15 FRE DOX ¥ T pH
7.6 FTAERR-WE IR S AN Ge oo K LG8 ) Blank-LP 75
W, 70 CiA 30 minJ5 , 37 BIVA4D, BIF5 DOX- LP, KAl
DOX LLi#EHT#:FRZ: . U DSPE-S-S-PEG5000 , DSPE-PEG2000-
TAT 35 57 T pH 7.6 BRI IR -BERR S — 028 vhif IR Ui
PR, H T ek 22 LU 0 MR B St RV VR A DOX-LP
W, 55 CAMF N 1 h, 2415 RIFS 2] C-TAT- DOX-LP, LA[F]
T 45 TAT-DOX-LP,
2.5 $iI12F Zeta BAIAITE

Bt Blank-LP .DOX-LP . TAT-DOX-LP /% C-TAT-DOX-LP %
&, 2K RS FRIAR 2 A S0 8 A% R B o . S5 258
3R BAR A4 7E 200 nm LA, bR TAT-DOX-LP 47 1E HL Ak, H:
RN AR T i, AR 1.

Fx1 AREBRENEZ B BHENELER (X Ls,n=3)

Tab 1 Particle size, Zeta-potential and encapsulation effi-

ciency of different liposomes(x +s,n=3)

fig A Y RiAE , nm Zeta U7 ,mV A%, %
Blank-LP 108.2+2.4 —86+0.5 0

DOX-LP 116.4+1.4 —14.4+10.7 93.5+0.8
TAT-DOX-LP 122.1£23 8.4+04 92.1+1.3
C-TAT-DOX-LP 152.1+1.2 —54+03 91.8+1.5

2.6 EHTHE(TEM) EANE

Bt DOX-LP } C-TAT-DOX-LP i& & , i i =4 4N I+,
RS TR IS HET F TEM 3, 45 SR IR 4,

A AT I B RIS OB B 25 ), /3 A 355 H 2 BR0E .
2.7 SHRHNE
271 A& F . @A Promosil Cys(250 mmx4.6 mm, 5
um) s FBIAH K (5 0.01 mol/L BERR — UK )-H B (35:65) 5 i
B : 1.0 mU/min; #1305 Rl : 497 nm; FFFRE - 20 plo
2.7.2 LIS, MR PR R A g . 255
oL m KR N RS %5 B RSD 43 51 0.43% . 0.41% ,0.32%
(n=5), H [} % £ RSD 4 0.62% .0.78% .0.58% (n=5) ; [A]
W 43 )y (98.75 + 0.52) % . (98.82 + 0.31) % . (100.04 +
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B4 2FB5FRER TEM B
A. DOX-LP;B. C-TAT-DOX-LP

Fig4 TEM micrograph of 2 kinds of liposomes
A.DOX-LP;B.C-TAT-DOX-LP

0.52) % ,RSD 43514 0.52% .0.81% ,0.63% (n=5),

ANMERRFLE . PRMER AT 45 K PRI ER IR DOX i
i, HEAL 1.0 mg/ml ARER, SRR 20 I BE AR 1.5.10,20 .40 pg/ml
PV o H52.7.17 TN 3G S PRRERE , DL AR (4) X BT ik
JE () AT N A AR MR )y B 4=12 129.4c—1 064.5(r=
0.999 8) . 4 RFKH], DOX HYAL M 5t e EAE 1 ~40 ug/ml i
Rl 5 I TR M G R R
2.7.3 {13} (Entrapment efficiency, BE) 2 . >R FH M08 &
TR E NG A AL B 38 43 Sl B 2.4 J5UT g BT MRV W A5
0.5 ml, BT 10 KD #JER .4t , 12 000 t/min 250> 60 min,
IR 0T SR, 1L 85 B 20 plgbA: $422.7. 17100 (a3 441
W E S K AR i B 25 0 % . F2 DA A TSR BT iy
f PR, fdRe = (AR B2 i — IR A 25 ) AR 2
1x100% o SEARFTIN G BRI AL 2K >90% , WK 1.
2.8 fkSMATETEIR IS

HGE it TAT-DOX-LP } C-TAT-DOX-LP, 4351l 1 Hopr £
LA s A S5 B 25 (DTT, 10 mmol/L) J= , [l i £&
37 CARU I 30 min, PRI AE — kA2 K HLAZ[DTT(-)
FORAIDTT, DTT(+)F/R I DTT], 45 R 2.
F2 AEEREEIIEVIEHER Zeta BALINELE R (X s,

n=3)

Tab 2 Particle size and Zeta-potential of different liposomes

after cleaved in vitro(¥+s,n=3)

*jﬁ% ,hm Zeta H:Mﬁ ,mV
2 > FF1]
LIRS DTT(-) DTT(+) DTT(-) DTT(+)
TAT-DOX-LP 1208423 122.1+12 84405 8.1+0.3
C-TAT-DOX-LP 155.1+2.8 1405+37 —59+08 7.8+06

B2 7 30 min J , TAT-DOX-LP K% & #4735 JC ] . 254k,
UL DTT A B i K it A JG S 35 540 5 T C-TAT-DOX-LP
H kA2 N 155.1 nm B 2 140.5 nm, B i —5.9 mV [+ &
7.8 mV,iF5E T AT /E DTT /R v id SRk 2, 2 82
TAT Jik,
2.9 IMEERLIA TG

47 3 B C-TAT-DOX-LP. 55 Y] J5 C-TAT-DOX-LP ( R
TAT-DOX-LP) . ;2 DOX ¥ ik % 5 ml(DOX Jit 2 ¥ £ 44y 5
mg/ml) FBEVAS S, PGl S5, A LA 50 ml pH 7.4 BB
PR 6 % v R (PBS) 1 = M, T (37 £0.5) CIUTHIR/K T
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P& i M 100 Y/min, 43 %1F 0.5.1.2.4.6.8.10,12.16,
24.36 .48 hHUFE 1 ml, [RIF 4R 78 S5 AR pH 7.4 1B IR ER 5% v
VR . WOERES IR 2.7 17 R (A 4 1R I 5E | 54 BRI
FE il Rt 2, LKL 5
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Fig 5 Accumulative release curves of DOX, C-TAT-DOX-
LP and TAT-DOX-LP in vitro
5 AT UL, %12 DOX 7E 8 h I B LA 3 90% , 10 hiirf
JLTF-C RIS 4 ; 1 C-TAT-DOX-LP ) TAT-DOX-LP ¥ B %%
M AFLE, TRBE T o W H 2 1R B {4, TAT-DOX-LP /it DOX
A FTHE N, A PEG 9% 55 V5 A #1T DOX ARSI -
3 itig
A BFIE & 18l % C-TAT-DOX-LP. % N8 i 14 41 2 1)
PEG5000 AJ & EHSAFIE T , [ B ik TAT JIK ; 72 Mg g 28
I JF IR, DSPE-S-S-PEG5000 H ) - S i i I 24, 2%
2 H 2 TAT K, AL E DOX-LP AL, 3858 Hp7T i 24
B A ISy, % FH 'H-NMR % DSPE-S-S-PEG5000 i# 17 %
1IE, #24/% DSPE K& PEG W HRRAE Jot 06 %5 o FLgh by, Jfamad — %
WA TR AR L T B3 0 5 S Y v 2800 A € 15 A5 TAT Bk i 422
A, SR AR TR WA RO LR 54T H A
F R VAL . AT A, SR 4 L) pH R EE T 45 T 5 EE
1 DOX-LP, J54fi ALl 45 T C-TAT-DOX-LP. J&iffi A AHAL
TALGE iR 194 Rk HX EE Elﬁﬁﬁf L PN S g
W FE S 10 mmol/L i) DTT APl Rs 21 2 )3 S oA, 3 3k

JE C-TAT-DOX-LP #74% K HL A3 (472 (o of %5 42 FLRE 153 75 87 ok
PREE T 5% TAT Ik, #52R 875, C-TAT-DOX-LP 7£ DTT £
N H ff R f 48 OF 45 TAT- DOX-LP # H 07 %5 45 300, UE W]
C-TAT-DOX-LP REW% %72 TAT Jik, ik 8] T il g s+ Hiv . 14

SN GRS F2 B, BT 45 ) C-TAT-DOX-LP 45 W] g 22 R AU R

PEG BIVIJE A1 T DOX HYRETL -

25 L FTIR AT I A TORAR S — R C-

TAT-DOX-LP, 2y I — B H 4 HA TR BOR B5E T 560,

S22 3Lk
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