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Preparation and in vitro characterization of octreotide-targeting doxorubicin

liposome
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Abstract The aim of this study was to develop the preparation method of octreotide-targeting doxorubicin lipo-
some. First, doxorubicin plain liposome ( P-L) was prepared by ethanol injection and ammonium sulfate gradient
loading, and optimized by single-factor design regarding formulation and pharmaceutical process. Then octreotide-
targeting liposome ( Oct-L) was obtained by post-inserting Octreotide-PEG,y,,-HSPE into prepared liposome.
Sephadex G-50 column separation and zetasizer were used to evaluate drug entrapment efficiency, size distribution
and storage stability; transmission electron microscopy was used to evaluate its surface morphology and dialysis
method was used to investigate the drug release profile. It was shown that octreotide-targeting liposome had a
mean size of 100 nm and a drug entrapment efficiency of 100% . The liposome particle was round and only 20%
of entrapped doxorubicin was released after 48h incubation in pH 7. 4 PBS under 37 °C. Compared to plain doxo-
rubicin liposome, octreotide-targeting doxorubicin liposome showed stronger cytotoxicity and higher cellular uptake
on NCI H446 expressing somatostatin receptor. Therefore, ethanol injection, ammonium sulfate gradient loading
and post-insertion method can be utilized to construct doxorubicin liposome and to achieve octreotide targeting

modification.
Key words doxorubicin; octreotide-targeting liposome; ethanol injection; ammonium sulfate gradient loading;

post-insertion method
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PR o B X bR o B K 23 AR AL LRI BIF 9T Y
ANWTER A, T ) e 4 i 2 T S 8 B 3K 1Y
SRS e S A R T, AR5 d AR PR SR e
W bR S A 2 RO 1) i S A, T e e e
PRSI TRA K 4T IR 25 9 ok 4R T R i kL
M 185 25 09 72, AR 2 e

B K (octreotide, Oct) & i 8 2 KR AH Al
MERARZ K, R KAR A KR 1 N LA B,
EALRIRA AW R A S AR N A 1 B B 5
f9-55 LKA 3 2 P SSTRs (2811 0 IR I,
St KT T 3T 2 AR 0 9 HL B ik
IO MR AE ™ '™ -] Tyr® J-octreotide , "' In-
diethylenetriamine penta-acetic acid ( DTPA ) oct-
reotide , FiI B-emitter yttrium-90 [ * Y-DOTA’, Tyr’ ]
octreotide ( OctreoTher) A] F] T+ SSTRs FE3k BH M i) i
TR AGATIN o1 3% By PR A S o 1 FH 47 g B P
B BT 2R AR TSR 1 S BRI, A, B
T B KR 1 B S AR A AF T Rl O
R R B O BIF ST I SE T R R
BB 2 25 W) TE R kA ) o0 A BT AR
TR R B Y Bl IR 1) B4 8 HSPE-PEG 400 -
Octreotide 5l | JIEL[A WSR2 e 5% IR IS , d it v
3 30 ) A B oty JORRES ) ) g RN B A (— 25
tF YIRS Rl SR TR M N N U
e

AR SR CWEE LSS G G 1l A 4 1 th
IREE BT R AR B . S5 48 AR )12 B TR %
KB AL IR AE 10 TF A5 R A m Y —
LT RO R, A 2R DL SCHR A2 18 H] T B ik i
T, AT MTT 5256 DK 240 i 5 S $5 B8 B ik
S, JE A A 3 T R IR A X il S5 AR A
A

1 # #

.1 & Al

R B2 2% ( doxorubicin, DOX , EJJiF RPG A= fiy
PR m]) 5 R OB (Hy 3l i 1t JE a8 >
80% , 45 N PC, {8 [E Degussa 23 w]) ; IH [ B2 ( cho-
lesterol , CH, [ 24 £ A1 4k "7 1051 A B4 W) ) ; HSPE-
PEG 4y, -Octreotide ( [ ")) ; 7 S BHEEIE 50 ( Seph-
adex G-50, L UK A FHEW HARA R 7)) 5 WEm:

=

2% (MTT, 2% [E Amresco /3 7)) ; RPMI-1640 | Ji 45 Ifi
i FBS (3E[H Gibeo 23 w]) 5 HoAt 150 45 Oy i 5 73
Bradi,

1.2 B &

UV-9600 225N al W36 G RE T (AL 5t B 1) 23 B
XA A R ) s RE-5301PC 2670 606 i (H
AR A ) 5 Zetasizer 3000HSA RUFS A% 73 7 4X
(%[ Malvern A 7] ) ; JEM22010 UHR 5547 5135 5t
RLBE (AR 7% A F) s Multiskan MK3 Y b5
X (£ Thermo 2AH]) .

1.3 mpbtk

NCI H-446 (A /)~ 2 Jfo s 8 4 g ) Wy 8 o B B

SR B IR A

2 HiEE4ER

2.1 MEELIMNEFRES

211 ik k EIUREERR 3.2 mL % 50 mL
s, DLABFKESR . KA I E R R R W
10 mL % 100 mL i, DU N BEE 25, e i iR
R EAR . 3 L 4 mg/mL B 2g 22 4 B L
KW 0. 25mL s 1 IR BT AR % WK 0.75 mL T
10 mL S, AR 1k 55 P9 Bt v v e 3L 2 4, AR
BN EEE W2 H, T 200 ~800 nm #4744,
£ 480 nm AbFEE A i KW, HotAb %5 F1 g T
AR A % B 8 2R B I 2 TG T 46, i A2 480 nm ohy
BI85 25 A ARSI A

2.1.2 AREw&esH KR 500 pg/mL
PR 22 K VA 0.1,0.2,0.3,0.4,0.5,0.6,0.8,
1.0 mL F 10 mL &Jfirh, LR 1k 5 N B 0 T 2
25 TR FESE BN 5 ~ 50 pg/mL 1 BT 55 3R bk
VW, ARRAL S T BV W 25 1, F 480 nm Ab
EWRE (A) o DL A X BTk B o (ug/mL) #E47
[EIJ9,4=0.012 7¢ +0.008 5,r =0.999 9, 7E 5 ~
50 g/ mlL J5E o e B VI PR N R R A

2.2 T EF AR R0 H) &

K SR A5 25 IR A, 7 R B e 2
ARG, DIRIAR I A S AL R 5 PR R, R AL
TR Bl 2 T2, il 4 B 2 28 383l i o ik
2.2.1 JERkH4&  FRELPC 200 mg, # LR
B CH, 13 [m] Bof 768 75 V2 M T — 2 R RN JE /K S
Hh,35 CEEBHE T ZIZH A 175 mmol/L i R
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VAW 10 mL 1,35 C ELAS gl 78 K Bk O, A
IREARCEZZE 10 mL,35 CJligd k4 30 min,
400 W RS —E B (TAE 1 s, 5 1 s) ),
i 0. 15 pum FEPR 27 4 2R JE M S W, il 15 25 1 iR o
A e REAR I3 At o 25 E AR BT AR DA A 38R 7K 6%
5 h(l h W 1 W) )5, 35— % 25 15 LA g B is
W5 4 mg/mL P 2R AR RER A FRE K IF IR B 5
T 45 Cliekk 224 30 min, §il 155 % A5 BiA, Il E
A3 3R NORAR 3 A o

2.2.2 @ RGN E

e FAE 7 E  WENRFAK 0.6 mL -1y
IrH , — 3 id Sephadex G-50 i SBEHERLAL, LA
A BRER K BRI Sy B R BRI B B A R R

RIBUALL 73, AR M S N BV MR 7L, T 480 nm
AR WS RS et et B P R W, ) —
T EZINR BN SRR 5 EAES IR B LH 4 AR
PR, AR S NI F L, T [ RS T I
WSCRE  FEhnifEf & P R R EE . PR 1Y
H BRI A £t (entrapment efficiency ,EE) .

Sephadex G-50 A ZEMARH & DiAEFIERIK
P-4 Sephadex G-50 #1 5 , B 25 R A B4 0. 3 mL
AR, FH 0. 9% FALBAEGERL , P R E 1. 4 ml/
min, 5 30 FPUCH— 13, I 5 R A6 S I s
DABRAY S PR Ry 25 0T BRI B WL S A, 2251
JiE b o R it £ 3 Y ] 2 3R A o S R i 5 )
R e 408 IR AL 4> T 3.5 ~ 6.5 min 1k
i ity , Sephadex G-50 #4324 7 7T F Pl 2% 2 M5 it
A EH R I E

HEDEC R F R [ 2 mg/mL B8 R KR
HE I AR b R e v AT 3 ik B ) B e 3R
BBV W, B U JBE A 0. 6 mL, P 1 43 1

30— LAAE BRER ZK R e 58 v W 2 i Jo A 2 3
TR PR A S, AR YE S N s W L e 55
T 480 nm LENE RIS, AP R R W, T —
RSN AL S R BT 1A 20 43 0 B 25 2% 4 43 AR )
PR, AR S5 N B VRO Ak 2 28 J5 L T 480 nm 4B
5 W R BT R R . PSR BE Y LU By
FE B R (recovery rate, RR) | 45 5 R W 24 ] 5 &
KW W PR R AR Ly 122,202 20 TH, RR
(%) 535} 95.66 +£0.36.99.04 +0.34.97.39 «
1.85(n=3), ] LLFE H Sephadex G-50 B A+ X}
JIR B4R T i 2 B 8 2R Y W 45 2D, Sephadex G-50
A B 12 T T B 2R R AR A B AR I E
2.2.3 LEAaRSERG YW RIEC2.2.17
I, #n(PC):n(CH) =5:1,400 W #75 250 R ( T.
PE 1s 215 1s) il s s FEE AR A, SR L ik
FRXPRIAR RN e 22 03 8 Z %X (poly index, PT) 5
ey, G4 R AN 1 TR

Table 1 Effect of the volume of ethanol on size distribution of blank li-

posome (x +s,n=3)

V( ethanol ) /mL Size/nm Poly index
1 164.2 £12.5 0.240 +0. 039
3 149.8 £15.0 0. 180 +0.013
5 101.1 +£15.4 0.260 +0. 038

AT LA 1 2B K, B /D, [ 35
BN VR VRN A I FE R Ay T 4R A
AN R NI A % HEE 2 BRI 1] % 2,1 5
R 150, 44 2 B BUE S S L,

2.2.4 B 5 B BLA R 60 WA 03 5 0 o
BRI PC 5 CH Wi B W 46 7 EUIR TR,
5 BEAE S BT m(DOX )t m(PC) = 1:15
HRZY R ARG SR R SM , W 2,

Table 2 Effect of molar ratio of PC to CH on size distribution and entrapment efficiency (EE) (x +s,n=3)

Blank liposome

DOX liposome

n(PC):n(CH) - - - - EE/%
Size/nm Poly index Size/nm Poly index
3:1 110.5 +16.7 0.272 +0. 003 95.9 +10.2 0.397 +0. 077 96.94 +1.83
5:1 98.1+6.4 0.299 +0.014 91.9+8.3 0.370 +0. 037 100. 00 0. 00
7:1 98.3+15.3 0.285 +0.016 92.4 +8.7 0.356 +0. 032 97.97 +2.86
10:1 90.8 +2.8 0.380 +0.013 96.5 +2. 1 0.399 +0. 041 95.88 +4.13
15:1 99.9+13.6 0.328 +0.014 98.6+11.4 0.386 +0. 039 98.61 +0.98
PC : phosphatidylcholine ; CH ; cholesterol ; DOX ; doxorubicin
R R LW, PC 5 CH Y M & X RifE 2.2.5 g astfag@w RA n(PC):

oA AL B R AR R BN, HAL B RAE n (PC)
n(CH) =5: IR FI R K,

n(CH) =5: 1 3% WA R 259 5 WA 00 o i L il 4
BAGNRIRA , BRI m(DOX) : m (PC) X4 4
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Figure 1 Effect of weight ratio of DOX to PC on entrapment efficiency

(x+s,n=3)

HIPE 1 TR 2505 HE R B R, 24

ZGREE/NT 1015, A BRI 100% 5 10 2515 LK
T 1015 AUEPRILE TR,
2.2.6 BUBAEREM AT G FGYa  JREA
PN AN i e J3E s J3E e Il 2 Pl e K ) 3 )
M m(DOX): m (PC) =155, K FA [ B 9 it
R Bl 1 R 6 R JB AR, 25 S IR e Ak B o X 0
RIS, 25 R LR 20 R] DL TR ik 2 ABOR ,
BRI B B 1k 200 mmol/L DL _E I,
(DESESNERTE 3. ISl ki P04 L D NP
PRI BR A o

100
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40
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O L L L L Il
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Figure 2  Effect of concentration of ammonium sulfate on entrapment
efficiency (¥ £s,n=3)

2.2.7 BHBEMLHEGYH  FHIRm(DOX):
m(PC) =1:5, B2 2k )& 5 300 mmol/L, % A
[vi i 2 2 24, 25 % 480 24 3 B X0 40 B A R ), 4
RUNE 3 Fros o SRR, BB AR T 0 G
B IRBE (40 °C) , B8 2 0 B B0k, B
UL B9 T, M o A i S AL gl M i 2
{01~ 24 14 ] e 2% B B ik AR TSR PR OK A,
(EROE Sy =IO R [ SR DR il A = T o
BESE N 45 C.

Figure 3  Effect of loading temperature on entrapment efficiency (x +
s,n=3)

2.2.8 HE e FEGHe I m(DOX):
m(PC) =1:5 BRERER FE 2 300 mmol/ L., 48, 24 ifi Ji
45 C RIS [R1 0 2Y B[] i 4 B 25 3R g o ik, %
ARG DAL B RS2, S5 R N 4 PR . %K
TR AR

100 ¢
. 90T
*
5 L
m
80 r
70 . . - )
10 20 30 60
t/min

Figure 4 Effect of loading time on entrapment efficiency (x +s,n=3)

2.2.9 BFRBAEAZSAG G A K400 W
B (AR U s B8 1 s) il 25 56 7 ROt i
JRUASRLAR 73 AT Y20, R A 74305 /T 100 nm
BRI A R R R A IR AR ILER 3. Al b
A BRI 250 WZE A7 Al AR AR RLAR IS /N T
100 nm fY 5 B4

Table 3 Effect of sonication cycles on size distribution

Sonication cycles Size/nm Poly index
150 119.5 0.267
200 106. 8 0.28
250 95.3 0.298
300 94.6 0.302
350 92.5 0.312
2.2.10 MERMAREREE R fELIRRINRELE

I, ARG A B AL Ty, B2y e 1
2 mg/mL. 735 % 3 Oy 2R R, TE Hide K
WER, T4 CUFECE— A Ja FRRE SRR
it AL B R AbTT SRR A RN 4 7R
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Table 4 Two formulations of DOX liposomes and their storage stability at 4 °C (x +s,n=3)

c[ (NH;),S041/  m(DOX): t( Loading)/ ¢(DOX)/ Size/nm EE/ %
Formulation®
( mmol/L) m(PC) h (mg/mL) 0 30 d 0 30d
1 175 1:15 0.5 1 93.6+3.97  110.4 £6.26 100.0 0 97.48 +2.34
2 300 1:5 1 2 103.9 +0. 24 NA 95.41 +3. 11 NA *

A2 (PC): n (CH),V(ethanol)and drug loading temperature of both formulations were 5:1,5 mL and 45 °C , respectively.

NA :not available. * One of the three preparations of liposomal formulation precipitated after a month

T4 FIE AT 2 KRR E MR kb Jr
1, fbJ5 1 HE 4 Chitifs— 1 A R R LA 2
K, 2Pyt g b, — > 5 a5 R 57 90% LA
RO R, DR ICR FH AL 5 K T 25 45 B
ESUS iy
2.3 B RRASAR 69 T B AR AR 60 B &
2.3.1 BRRWBRAS AT R HEHR—E I ) b
¥} HSPE-PEG 00-PE 5 8 Ji§ 1 49 57 1) £ LU A 1 B
B RZMAR AR A TS S AR R, T
PR 2 0 P BT R W AR . ORG  WOBOAR BT A
0.5 mL, AL B FKMBEER 2 10 mL, B AR
W1 mL, i HEE 5 mL LS e T, i A S
10 mL 88 75 (A, 750 DT IARAE SV TR . A %% TR
HUBR AR i 1 mL 3 T 10 mL HIE B0
IG5 % 3 mL, I 550 3 mL, T RO 5 FE R R
Bl o 1T M E W A . LA Xk
c(mg/mL) [A])5, 15 2IFRHER L TR A = 9.447 T +
0.0015,r =0.999 9, % B @5 A% 7£ 0.006 7 ~ 0.05
mg/mL ¥R B N Lk R 4T o
2.3.2  JEIEN R A i RS 64 T B F AR AR

W0l % 17 B IR AR BT 40 °C KV B H e TR B

PE, I E NS & B G, % n (HSPE-PEG,,,,-Octreoti-
de):n(PC) =3:100 fil A HSPE-PEG,y,-Octreotide
KW, W H 4h )5, B T8 M X F Ry
8 000 B T4 HH LAAE BRERKBHT 2 d, DL EBRIBE
BB R S S A4 A B HSPE-PEG,, -Octreotide
RV 5 L gt A o ) ) 2 2K 0 AR . 2k 24 1k I
5 1 A, 4 B 24 100% |, 715 5 5 A R 1%
[(111.9 +1.85) nm, P1.0. 203 +0. 016 | 5533 5
JEARIAZ[ (103.7 £ 1. 14) nm, P1.0. 229 + 0. 009 ]
AL
2.4 BEAWKRBEFHR

SR FH A5 ST LR (TEM ) S22 4824 B8y I 1) Jig
FEARI RIS o B R A TR B T Z8 1B KR R
100 1555 , i 2 M50 SRR A 9L, DL 1% Bl BH R
g, AR TG, T TEM F U HIE A I,

LB S o R BAORL T BRIE SR ERIE , AT WLAE LCER
RIS .

100 nm

Figure 5 Transmission electron micrograph of octreotide-modified lipo-

somes

2.5 BRRARGGRIMERAT A
Wl a2 (DOX) (B s 3 A it 4 (P-L) i b 25
ZR L BRAE 17 i BT 44 (Oct-L) 4351 F§ pH 7. 4 PBS
Wi 2 50 wg/mL, 250 1 mL & T4 B8 AH XS 43+ i
o 8 000 BT ASH KB4 E T pH 7. 4 PBS
30 mL 1,37 CHER A FE 48 ho 430 T — 2 i) 1]
JSEUENT MR 0.5 mlL, 18 1 2858 2 I 5 B
IR EE R & i, IR b s B fif PBS 0.5 mL, 2 )

[i]- BRARBEICA S 5 E (E 6) o
120 -
100 |
80
60 H
40 1
20 [
0

Release/%

ODOX & P-L

M Oct-L

Figure 6 In vitro release of DOX from DOX solution and liposomal
DOX (x+s,n=3)
P-L: doxorubicin plain liposome; Oct-L: octreotide-targeting Dox lipo-

MIE 6 AT LA Y, JiF 25 A9 DOX 24 h RIS
e TIP3 2 0 R A 0 o 2 L IR SR i T
1R 48 h B 20% , i W £ 1A Jo Mo ol e 2K
A RAFRZRCR , IF BT SCRRL LT, B ik
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VRS o) B AN S e 247 0 ) R TS A, 08 1 i
B EA RAFAARE Pk o B as L mT LA ibd W3 76 4
BE S ALEE I A0, B8 RS 1) g S Ak 5 el
B 2 1200 IR SO A 240 L S ) 2 RO R BRI
PR 25 S5 R 1Y, T2 fh Bl BRI 5 A 1, A2 iR
TJEHE AL A S
2.6 MTT &l & & 3 A A6 &k

b XA KA NCT H-446 201 fifd e 5L
4 x 10" SRR T 96 FLAR P, K757 24h J5 , AL
I EERE SR 55 100 L, FEINA © 55 3% 5540 B
ZRREE MR 2R (DOX) | P25 2 5 ik (P-L)
ol ] 2 2R S RHE [ B8 BT A& ( Oct-L) K 100 L,
B 2 25 ¥k BE Sl 20.10.5.2.5,1.25 0. 625,
0.312 5 wg/mL, Jf % 25 [ 35 I 50 B AL, B4 ik
3APATAL, T 37 CHiFAah RS 52 24 h, 24 h
Ja , BALIMAR 5 mg/mL MTT /1) PBS % 20 pL,
MR G IR IR A G, AU E S5 ) K
630 nm KK 570 nm A5 T WRCRE i
R 2s IR 50 AL RO I, 52 %t i
g R R S B 2 AN 3 R

100
80
60
40
20

0

Inhibition/%

0 5 10 15 20 25
c/(ng/mL)

—a— DOX;—m— P-L;—e@— Oct-L.
Figure 7 Cytotoxicity (24 h ) of three preparations of DOX to NCI H-
446 cells (x +s,n=3)

ME 7 AT LU, 7E X NCI H-446 (1) # 7%
H, H T S P 2R T AE L ) 5 3R R Y
290 it R 0 i S B R EE 4 (1C, 1. 40 pg/mL)
R T B 2 R 8% 58 g i 14 (1C5, 3. 84 pg/ml) fHR
FG 4 A 25 i 58 il JKFE 1) i BT 4R (1G5,
1.24 wg/mL) B 32 & T P85 2R 8 AR ) &2 1
IKPATERY NCT H-446 4 i 8 4, UE 58 T 5 46 A7
A A R
2.7 %k DR LRI

B4 T A K T NCT H-446 41 fifd 4% 55 £L
1 x10° AR T 24 FLAR P, 55595 24 h )5, 57
EIGEFRWL, S I LS5 F 5L B 2 10 pg/mL (1)

] e 2 i T A o ] 2 2R L e O 17 i o A
0.4 mL, 37 CWEH 6 h 5, HIV& i PBS ik
3UGETHEIETOCR B TSR (& 8) . 4
R 2R A I — B, SR P 4 AT i 5 1 Ly
JIHE [ g B A 7E. NCT H-446 40 ffy 1 (v 45 B 2 1)
Z T IR R NG B, U R i AR S8 TR
LSRN

A, B

Figure 8  Fluorescence images of NCI H-446 cells after incubation
with P-L. (A) and Oct-L. (B) for 6 h at 37 °C( x200). DOX concen-
tration of both preparations was 10 pug/mL

3 3 i

AR SCR FH BT RV PR 5 A 1 22 1 o
il 1 B R G SR A a5 SRR, 9
JEREL T B i P RSS2 PR RS G0 A S A Ja %
(IR, i # 1RLAR WG/ T 100 nm, £ R LT
100% , Fa e 1k R 45 B Bl 2 ZK R i, 7E BT o 5E iy
TR AL, 2405 LU (BRI B o6 J3E A B B 24 i JEE A
=S AL NN XNV R AL TR EY NGNS
T AR B T 250 b il e 4 Akl 4
T 2 Rl PR 1 JUR S, A LT B R AR
JRATIT &, FLA S8 1Y) 200 6 5 K% 4 i e iR, IS
THRAER AR, WA AR ], B K
LS i i S ARG P L e, TR Jo 5 3 o
RNGBUAARL . DR SR FH W 23 R — 20
T 6 - T TR A B g JORCRE o J S A R
JEAABL T o A SOR R 2 B AR 47 A2
] 8 B ] R 2% 5 3 i T A D L PR 1 i AR
48 h BEHCE D R L, BAE

AT G A8 3 PEG B LA 84 T i o 1
K, S 3 R LIk . — MO — Bk R A
FEBHEC IR -PEG-BE -5 R S AR i A AH [ s L ] e
e RS A M S IO B O 3k i o 40 1) I o
AT Tl A W i B N AT T A 0 1
R L BRI [ e I ]
e U il 2 IR B S, R LAY PEG 3
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U AN EL R S R o TR AR A AU (B
i v e G I PR BT T AL R 0 8 8 G B A S
PRGN [ IS AN [ FE A8 A 1 i o s AN ] i
PRAE M B A A B A P A I ) — g Jo A4
oy T AR ftlal 22 5 al i o A SO I ST
A BRR B A BE 25 5 Ja i A SR 5 3R AR Y B
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