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Preparation and characterization of tumor targeting doxorubicin liposomes-

modified via click chemistry
SHANG Yunkai, JU Caoyun, XTE Daping, ZHANG Can "

Jiangsu Key Laboratory of Drug Discovery for Metabolic Diseases, Center of Drug Discovery, China Pharmaceutical University, Nanjing
210009, China

Abstract In this study, octreotide targeting doxorubicin liposome ( Dox@ Oct-L) was prepared by modifying cho-
lesterol with azide group to prepare azide-modified doxorubicin liposome ( Dox@ N;-L), followed by click reaction
on the vehicle surface with alkyne-modified octreotide. HPLC chromatographic determination showed that octreotide
was successfully attached to drug loaded liposome. No significant effect of click modification on the drug loaded
within liposome was detected, and the entrapment efficiency of Dox@ Oct-L was 99. 8% . Dox @ Oct-L showed
improved in vitro anti-tumor activity against HepG2 cell when compared with Dox@ N,-L, demonstrating that Dox
@ Oct-L possessed targeting ability against HepG2 cell. Therefore, the click chemistry in modification of drug-
loading carrier surface is gentle and efficient, providing the possibility to functional modification in drug-loading

carrier surface convieniently.
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W e L, A6 « T el A A T 174 i R R ) o] 2 2% M TR A 19 o 5 R AIE 709

IR BRSO T X B A R T AT B A
T AURBAAZ R IR, PR, RS m A 4ok
BARRIEB MG 5 1232 BT TBOR 2 1 T

ITAER , — R A S R SO R —— s
WA VZ I T 4K A ) R TE MR I .
i BN — & AR AR 1~ Z [A) Y S, FLAT 1k
PEVESR SR AN | B s A M R e A 2
S AR AR T L B 2 A K A8 A 1) 35 T W i
T — 4Bk M A R B R
Wom s s B [ Cu (I)-catalyzed azides-alkynes
cycloaddition, CuAAC ] R dx & Mt N A& 1Z W) —
Kt Ak, B K (octreotide , Oct ) J&—
i 5L I #E ] PE D RE D FRIR 22 K, 7T LARE S PR 1
B[] iR 2 T Aok BE 2R A 1 AR KA R 2 A (soma-
tostatin receptor, SSTRs) , ¥ HAZ I 2 2k F 11 )5,
(AL o N Al o 1 SO v s o N B
CuAAC J Py 5 g 8 ) ek L ot A6 1 39 € 2
B2 2R ) B TR SR T, o 1 Bt JOACHES 1o e 2 2R MR
AR, I8 T sl ali SR B E R | a5y SR X 24
LB R, LA S o 240 0 B R S B AR AP IR UE T

BB Y #E 1] 1R RE

1 # #

.1 X |

RIRPT R &R (4l 99% At i AR AR A A
PR 5 7 B AEEE RS Sephadex G-50 ( 2 [E Pharma-
cia W) s DMEM @l e bt B R -5 R AR
7P I3 (FBS, 2 [ Hyclone 2% F] ) 5 Je 8 1 i ( SE ]
Gibeo 24 ] ) 5 /U HT J: BE e i (MTT, /e 3 2B % A2 )
TARABRAT) s KEBENG (SPC, Eig KA 2547
PR F] ) 5 E (4B BE 95% , b B LA AL IRF A
R D) 5 HAth R 34 S T B 4 i
12wtk

U b3 20 i HepG2 4 i ik (b [l )2 B
A .
1.3 L &

BS110S Hi K1 (12 [ 38 2 R W A ) ; Zeta
Plus B3 K42 70 A ( & [ Brookhaven /3] ) ; EU-
2600A ZEARA] WA G RE T ( i By PR A R
) s LC-20A BRI AR (A ( HA By A w5
Fitg b (6 EFEBR IR A H]) o

7 &
2.1 B FEEES ST A RS KL
2.1.1 & fAch2 B 8 (N,;-Chol) 49 & & & & 4E
B R AL MH [ B A S RO RO A Y 4R
B ARG ORI,

2-[ (2-F R I ) &AL T B ] K 7 B8R (N,-HHPA)
Ao 2-ALMEEIRE (5.0 g,43. 1 mmol) 575
REN (8.4 g, 129.0 mmol) # F /K, i &
80 CHitHt 15 ho SRIG A SAALERE A, 55 pH
12 ~ 14, CWEZEHL, Wi, 77 % 50.5% , ¥ 779
(2.1 g,24.4 mmol ) F1 /N S A B (HHPA,3.7 ¢,
24. 4 mmol ) Vi FREM T, FiRIEFE 3 ho LR
JERE G, 133 B AR AR [ {4 N,-HHPA |
#.80.3% ,'H NMR (300 MHz,CDCl,) §:11.8(1H,
br.s,COOH) ,7.86(1H,s,CONHCH,) ,3.36 ~3. 11
(4H, m, CONHCH,CH,N;),2.74 ~2.56 (1H, m,
CHCOOH) ,2.48 ~2.53(1H,m,CHCONH) ,2. 05 ~
1.86(2H, m, CH,CH,CH), 1.71 ~ 1.49 (3H, m,
CH,CH,CH and CH,CH,CH,) ,1.45 ~1.22(3H,m,
CH,CH,CH,) ,

N,-Chol & & 5%  # N,-HHPA (5.9 g,24.5
mmol ) ,DMAP (0.6 g,4.9 mmol) 1 EDCI(9.4 g,
49 mmol ) ¥ T 45,0 CHEFE 1 ho fin A JH & B3
(9.5 ¢,24.5 mmol) , RARLELFE 12 ho ST 2
WA EIEL 1538 3 @ AR E & N;-Chol ,
#68.4% ,'H NMR(300 MHz,CDCl,) §:5.36(1H,
s,C=CH),3.71(1H, m,CHOCO),3.50 (4H, m,
N,CH,CH,NH) ,2.89(1H,m,CHCONH) ,2.5(1H,
m, CHCOO),2.0 ~ 1.5 (8H, m, CH, ( hexahydro-
benzene) ) ,1.5 ~1.01(43 H,m,CH,(Chol) ),
2.1.2 B4R Ak (al-Oct) #9455 A AE

5-TkEReg Ak, BEES (0.6 mL,5. 0 mmol)
BT AW S 10 mL A E T - 78 CHRA-LBER
B, 83 5 min, Al A DMSO (0.7 mL, 10 mmol ) ,
20 min J5NIA 5 24-1-F2 (0.5 mL,4. 5 mmol ) , 4
FeROW EETE — 78 C #6420 min J5 A = 2 %
2.5 mL,7E 10 min PR 2 %0, A Z & H L
40 mL, S5 H] 172 MO FIRK AR A BA7 U (40 mL x2) F
F10.5 mol/L #i #5182 (40 mL x 2) P& , Jo/K BRIRH T
M e iR Tk alifl (Fr k- R R 20 1)
RN AR Y, 7% 60. 4% ,'H NMR (300 MHz,
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H4TE

CDCL,) 6:9.82(1H,t,J =1.2 Hz,CHO),2.60(2H,
m,CH,C=CH) ,2.27(2H,m,CH,CHO) ,1.95(1H,t,
J=2.4 Hz,C=CH),1.86(2H,m,CH, ) ,

al-Oct #94-m%,  EEHR B i Ik (20 mg,20 nmol)
VT pH 5.0 B IR-IS IR 94 22 vh i (0. 1 mmol/1)
20 mL A IACREE T A AL 4H (25 mg,4 mmol ) , 4K
JEIIA 5-C B (40 mg,400 nmol) Y — 58 Hl Le %
W, R U, 30 S 24 b, RN 45 RS 43 B ok
L E TR P AR,

al-Oct #9 AL EAE (R B0 AR 035 125 3%
# : Inertsil ODS-SP C5 (250 mm X 3.6 mm,5 pum)
SIATAE s P 1. 0 mL/min; K7 1< 0 215 nm g AE
15:30 C; W shAH A:0.01% =3 L BR/KIEW, B:
0. 01% =3 LR LNV, >R P BE BRI, i s Al
B H 5 7E 20 min N 35% F+ & 50% .,

il — 0, 3% 2 ofF B K5 al-Oct % fif 7E pH
7.4 19 0.01 mol/L iR Z% vhifg b (ot i vk B 1 O
100 pg/mL) , 7948 P Fl 190 ~ 250 nm, 47 %8
1 nm, S HEE 100 nm/min, BEFE &4 3 0,
K CD (A S BE R TR LT 15 B 5 A 54 32 ( deg -
em’/dmol)
2.2 B RAGAR 6 T E F B AR (Dox @ N,-L) #)
) &

SR VR 3 Hi i 1 6 2 A M A4 g A, B 5
R R BR B 12 R R P 8 R
2.2.1 &R RE ARG F S RIBCR G R
120 mg N,-Chol 36 mg, In& /i 4 mL HEE 1 mL &
fift, T 500 mL AHTEIH H,40°C I8 7% K U,
2T BB, A 250 mmol/ L i R £ 7 W (pH
5.5)5 mL,37 C/K4,30 min i BUH B T P9 MO
RS R (Th# 30% ) 438 15 min, 3 0. 22 pm
TALIRRE , 74 38 BB MG 1 i BTk Ny-L,4 CLRAF
# o
2.2.2 BBEMWEEBRLIRTEL K N-LE
T 10% BEREHA W (pH 6. 8) AT i3 5 FRIUER IR
FE: 2% 3 mg, & T 50 mmol/L Hepes 2% ik ( pH
7.4)4.5 mL, 5EERRE L E T AL R N,-L 55 °C
LFE 1 h, 15 5] 5 ZAE M 1) 8 R R K Dox@
N,-L,
2.3 KGR R A @ ERE

PR 5 o SR T R A 1 < DS I R M /KR
W (1 mg/mL) 80 wL HI LK AR R K IE I (1 mg/

mL) 10 pLiRA , SR JE A 2 145 A B iRk & 41
FEGEHR R AN KA (1 mg/mL)40 pL,

B Dox@ N,-L 500 wL, I Af#EAk 5 25 s S i i
W 110 WL ZRJE A al-Oct #3 [ 1 mg/mL, bl Jk-
FA(0.03:1) 72 pL, & T I/KE 37 CHREKRH,
N2 h SR AT R A EEIE Sephadex G-50 #:4lifk, R
PRI REN T SS9 N N | I
Rt BRAE W 1 B 25 2R IR B 14 Dox @ Oct-LL,

R FHEOERLE DI E A, 7351 %€ Dox@ N,-L 5
Dox@ Oct-L ki 5 2 1 L o
2.4 al-Oct & & KMt ZAE
2.4.1 al-Oct A7 o8 & (HPLC i) 692 %)  H5%
FREL al-Oct 4.2 mg & T 5 mL g, Ik ERZ
ZVEE NERRE AR A% R A A S i, B
5 mL fEHfH, SE7KE 2 2 205, o ) v vk
4 10,20, 50, 100,200,800 we/mL & TAEW,
HPLC 5l , DA T R (A) X al-Oct BV FE (¢) #47
AAEENH, 2 hARERT £ .
2.4.2 #H\F S al-Oct JKE M Z B Dox@
N;-L 500 pL, I AR s SOW R 110 L, 28
JEIMA al-Oct % (1 mg/mL)72 pL, 5 37 CHK
B 2 hy, 45 Dox @ Oct-L, 55 B al-Oct ¥ R
72 wL, IAIK 610 wL FiBEAE A XT HE

W b3 A 7R A HC 2000 W, A 2 AR
CIERRR BT EL , W€ 5 min, BT ELOHLH B
(12 000 r/min, 10 min) , 58 5 B E 38 WEAE , 10 5%
2 2R s HPLC bR, A AR 2554
2.5 EEGAMtaHEGYE
2.5.1 MEFHABE(UV E) G245 HHEK
BRI 2 R 5. 0 mg, B 10 mL fifiH, 27K E 25
ZZNBE R A W o R B R TR R R R
BT 10 mL s, H 80% M /K I W8 25 2 4)
JE 4y BIC % 0. 5,2.0,5.0,20,50,100 pg/mlL ff)
TAFM o RFHEESMA] W43 G BE T+ 3 480 nm &
& TAEM AT EE Aggy o LA Aygo X0 ER R BT 25 3R T it
WBE (o) HEATER RN, 22 il bm o T 28
2.5.2 MEHEaFFEHME  H Dx@ N,-L
500 L, I AR s ROV 110 L, SR J5
A al-Oct I (1 mg/mL)72 uL, & F/Ki#E 37 CHE
KA, s 2 h, 45 Dox@ Oct-L, 55 B Dox@ N,-L
500 wlL, fiIn AZK 182 wL R Xt
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W 2L, 4 Tl S PR 1 T 25 22 1 5% ) 15 A -

B E & P F i 7], Sephadex G-50 A4 8 % 4fi
b, F e A PR . UM 2 4l 4h )5 1 o 70 45
100 wL, i 4 £5 (4 BUAG R i 2L, W 0, B0
(12 000 1/min, 10 min) , B E35 ¥, T4h0] WL
JEIGRE TP I E R Ao ,ARARRHE M 2R 153
2 2R ) P BT 2 AR, AR T A T BT
REIER,
2.6 mibAEEE
2.6.1 fmpasEic RN HepG2 HEAT
il 750 4 20 B 2 P A 5T, S 10% BiG AR Il E Y
DMEM S o5 BT 1535, A 1% %R,
BT 37 CEH 5% CO, (ia A ssah . fh
VR R B 38 i 11%) 40 B 55 5 R, 15 200 L il 5 23R 35 )
80% LA I, LA 1: 61 EL B EA T4 L A AR
2.6.2 Dox@ Oct-L.Dox@ N,-L o [ & & 7 & 49
a oAtk le BOUECE K IR HepG2 4 ML, /3
SILAEEFL 1 x 10* A4 A 25 5 2 Fh 22 96 FL 21 i
SFRAT, B ALARR R 200wl ' THE IR B SR A
HRFR 24 h J5, 70 R8I ARG 43 I A RL TG
MM 3% DMEM = 0 5 3% JE B 28 AN R Wk B2 1) Dox
@ Oct-L Dox@ N,-L FIPi 5 Z /A % 200 ul, &
ZH R 2 R T o 0.31,1.25,2.50, 10,
20 pg/mL, % 3 A& AL, I LR 2 2k B
HepG2 4ififl X BE4H , =5 AR NS HdH ., T
37 CHEFM P AR LB 57 24 h, RIGBALIMA S
MTT(5 mg/mL)20 pL, #5353 h 535 MTT 1,
FFLIMA DMSO 200 wL, FIEEARACKI 570 nm 4b
WS, AR 45 2 A B AE T R, T F B O TR LA A
(1):

Cell viabili _Ai _Ao
e Vlallty—A ) x 100% (1)
c 0

Horp A A A 0 AR ST 20 Xt IR 2 A
2 AT Asyo o

3 GRSIHR

3.1 al-Oct #54-5%,

BN IR — R A5 R AR & 1 s o By Bk —
A 8 JIRESHE , HAT P B Y Ak 3 2 XX
MR R T IR . (U TEXT AT AT
AARBIFFE NS A B, N i BRATT AR 1 7 ) B 0 Y 45
PR PEREY IR E S R AR S0 300 T4
BN S AT A ALY al-Oct, SCHERBFFEERBT, T N

Ui AL (pK, =7.8) Fl Lys 3% 5 (pK, = 10. 1) 7E pH
5.0 B BT FAERRBEAN[A], 300N sz Ak S oy 3 7R i
T Lys 3RIEAY L, UL, 7RI M (pH 5.0) &4
PEAT BRI KR L A S, AT DA 6 75 2] N sy B AT
A ALY al-Oct™®

eNH,

oNH,-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-ol
| |
S S

Figure 1 Primary structure of octreotide ( Oct)

1099.509 2
(M+H)
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Figure 2 HR-MS spectrum of alkyne-octreotide ( al-Oct)

al-Oct [ /5743 BRI IS 45 SR UL 2, 45 R 30, A
o3 B g 1 000 ~ 1 200 Fff T 35 22 1 i R
m/z 1 102. 490 7, 528474 1) al-Oct FHR 4+ i i
HHAF o

Oct

0 5 10 15 20 25 30

#/min
al-Oct
0 5 10 15 20 25 30
#/min

Figure 3 HPLC chromatograms of Oct and al-Oct

P 3 Ry B KD al-Oct 1) 80RO G 1],
FAINFTRIE 8. 2 min BFSL (915 5 080 al-Oct, £85I
FRIA—ALi 15, al-Oct B4ERES 93% .

WG, Xt B al-Oct @ it B — 3% AT T —
PAEF AL GERANIE 4 Ps 7E 190 ~250 nm {5
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BN, BT AR S al-Oct {335 EE m) B4 — 34, 3] HOULEE BIiE 25 al-Oct [ 0E TH AR /D . 275 AH G SC

B al-Oct 55 B IRAR L , —REHGBEA K LE W]
AR A BAT R AL D RE

2 r

0‘&\ YT %0000, 0 00

[0]1x107 deg-cm’ /dmol
)
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A/nm

— Y —Alkyne-octreotide ;— @ —Octreotide
Figure 4 Circular dichroism spectra of octreotide and alkyne-octreoti-

de

STIRUN =102 TR N L U NN P v a7
MIZRAE, G LT N o AT A= 4k 1Y) al-Oct, 15 51
(1) al-Oct AN AR , i FATR SR PR B T Ui s By
JR A b Rg B0 [m) DO R, A R TS 225 g ik A T o
3.2 RRAREEH B E AR

R T 255 i B R AR R T B ST Y R
Wi, ASHIFZE AL T 5 A B 1R Dox@ N,-L 5 5 i
B )5 1 Dox@ Oct-L {042 43 A MR R HL AL, &5
REIR, Dox@ N;-L KifE K (159.8 £1.2) nm, £4)
BEKHR 0.246 +£0.015, B {7k — (0.13 £0.81)
mV ,Dox@ Oct-L Fi 2k (162.6 +1.4) nm, 278 &
FR 0.244 +0. 027, R (0.63 £0. 11)mV, 255
FH A 28 A B R IR PR RAR S A 1 — 3R
T FELAAE O mV FfF I, A 1] T FRAR A G 5 b 1Y)
B, HLA B M 5 2 AR AR AR Ha A3 41 TC B i) A
Ak, FRITEE ] 53—~ B R %) 5o 1 i %) B B 4R ) R
RHALILICH M, 2 — PR A& =
3.3 al-Oct & B 5 6§ R AE
3.3.1 al-Oct 49 HPLC #:/£w 4% L) al-Oct JFiHE
JE(e) At aatn, AR (A) AL FR, Lt [al )3 7
FiR A =8 943.6¢ —110 850,r =0.999 9, F2H al-Oct
TESCRREE S 10 ~800 wg/mlL JEHE NN R AT
3.3.2 # % al-Oct R E MM Z  al-Oct 55 E B
BT RS 2R R AR RN 2 I, Pt 5 S WAL 2T
JI— R S5 R o 79 i P49 R O DL 1 e -
FE—E2 , DT B i K 43 1 2 76 Mg o 1k 2% 1, i
B al-Oct YA EE 2 5%, AT A HPLC i 4]

HRBFSE 7 Ak HPLC RMES bk ) al-Oct €
ZME R AR, IF LRI ARY al-Oct
SRR EE B, 556 LA (2)

al-Oct conjugated = [ 1- cre"'ai"“i] x100% (2)

€ control

HH Cmined IREEPTE R NE BAR S al-Oct %A=
Fli BV AR A BB al-Oct AR L 5 ¢ 0 1R
2 al-Oct RO R Hh Bk Bl IR AR T o

L&A IR R Ny -Chol 1Y He 491 22 718 i 422 31 3
PRRTY al-Oct 1%, TR ITEILAR(3) .

N, -Chol occupied = (‘alkyne: N; ratio) x al-Oct

conjugated (3)
ARSI, e FE F R =003 1 (FERE, W
“2.3700) AR L

Table 1 Concentration of al-Oct after clicked with Dox@ N;-L

Preparation Dox@ Oct-L al-Oct control
al-Oct cone. (pg/mL) 92 135
al-Oct conjugated( % ) 30 -

N; -Chol occupied( % ) 0.9 -

R BR AR al-Oct (5 N;-Chol )i
(1Y 0. 9% , 4 SCHR A IE , 2004 3% 1rr 5L il KA o=
FE0.5% ~10% il N A] LA™ A= 0 ) Dy g, R I 3
s 1 5L 13 T LA 7 i S5 A i o 408 ri S RECS
SR, A al-Oct HAT 30% 458 T 2 k 3R,
MR AE AR, H Sl R 45 5 i BB 2
AT, B4 T i )R A D BR, X S AN R T
CuAAC S W FE AR R THAE i i
3.4 B kST 4 R A
3.4.1 MEEFEWE(UV E) 624 LIE
IR (o) BRSO (A) R AAR , 3K
HR LRI A R A =0.022 4¢ - 0.006 6,
r=0.999 9, KW P E K EFEHKE N 0.5 ~ 100
g/ mL 35 [l 2R R AT
3.4.2 EEMSARETE SR Rey T TEJRR
PRI HEA T8 1T g 2> 1 BOAR A B 4 2y, AT
SR, P, D25 S M ) R A
Y ER I FE A, AR DA B i S B R
(DE2 BRI (e &= 2 et v DO g pik LN S yred é 3 ei]
s, & 2 H ] LG #, Dox @ N;-L 5 Dox @
Oct-L A3 R B 1k 25 5%, U i i s i 8
MRHEA N2 18 L Wik | 1 — 20 W] i o B
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Table 2  Effect of click modification on entrapment efficiency (x +s,

n=3)
Preparations EE/ %
Dox@ N;-L 97.3 +5.8
Dox@ Oct-L 99.8 +7.8

3.5 @parEk

R T 25 5% AR AE IS 1 2 24 B S A ry 4
BT, AR SCHESE T Dox @ Oct-L ., Dox@ N,-L FlI ]
B B IBON R I BE 3k A KA 2 32 AR R
A1 HepG2 AN 5 SR ULIE 5. | Ty

B EE K BAT IR, By 5 3R 2 O R A I
i, DRIt HL 0 M 75 A 3 o 3 A A

B g O i o s T TS e T TR R R A i
A HepG2 AYZRMIRENE , 76 iy e BE I, B KL
1] B 2 2R I B A ) 200 i i T D s B 3R, 3R ]
B PR )l B T U] A A v 1 R RN S A X
AN HepG2 (1 41 i 5 E , ik BH i aod 5 07 3018
WA 50 i o R 22 T 1 B g IR, T L5 P 24 e 2% v o
FEFR M E RN AR A &, AT — 2 L)
P, 320 1 HepG2 4R 5 (A S, DA T 4 5
THANM R ER

100

80

60

40

Cell viability/%

20

=
W
—

1.

[\

5 2.50 10.00  20.00
c(Dox)/(ng/mL)
[ Free Dox; E= Dox@N,-L; HE Dox@Oct-L

Figure 5 Cytotoxic effect of Dox@ Oct-L,Dox@ N5 -L and free Dox to
HepG2 cells (x +s,n=3)
* P<0.05
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