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Preparation and in vitro anti-tumor activity evaluation of docetaxel liposomes
modified with mPEG-PCL
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Abstract: Objective To prepare monomethoxy polyethylene glycol 5000- Polycaprolactone 10000 (mPEG5000-PCL10000)
modified docetaxel (DTX) liposomes (DTX-PLip), preliminary evaluate the antitumor activity in vitro. Methods DTX-PLip was
prepared by thin film dispersion-hydration method. The optimal prescription process of DTX-PLip was optimized by one-way and
orthogonal tests using particle size, encapsulation efficiency (EE), and drug loading capacity (LC) as evaluation indexes, the
transmission electron microscopy microstructure, particle size, { potential, EE, LC, and stability of the optimized DTX-PLip were
investigated. The in vitro release characteristics of DTX-PLip were studied using dialysis method. MTT method was used to evaluate
the inhibitory effect of DTX-PLip on the proliferation of mouse breast cancer 4T1 cells. Quantitative analysis of the uptake efficiency
of DTX PLip by 4T1 cells was conducted through in vitro cell uptake experiments, combined with fluorescence microscopy observation
and flow cytometry. Results The optimal formulation of DTX-PLip was mPEG5000-PCL10000 at 150 mg, DTX at 8 mg, with
a drug-to-lipid ratio of 1:20 and a bile-to-lipid ratio of 1:5. Transmission electron microscopy images showed that DTX-PLip
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had a closed vesicular structure, with an average particle size of (82.13 £ 3.33) nm and a { potential of (—15.70 £ 3.86) mV. EE was
(89.34 £ 1.07)%, and LCwas (2.04 £ 0.02)%. In vitro release results indicated that the cumulative release rate of DTX-PLip was

58% after 72 h, demonstrating a certain sustained-release property. It remained stable during storage at 4 °C for 21 d. The

cytotoxicity assay results showed that the ICso value of DTX-PLip against 4T1 cells was (0.13 + 0.01) pg-mL"!, which was

significantly higher than that of the DTX solution group and the DTX-Lip group (P < 0.001), indicating good anti-tumor activity.

Fluorescence microscopy observations revealed that the average fluorescence intensity of DTX-PLip was significantly higher than
that of DTX-Lip at each time point (P < 0.01). Flow cytometry results indicated that the cellular uptake of DTX-PLip was

significantly increased compared with DTX-Lip (P <0.001). Conclusion DTX-PLip demonstrated a significant sustained-release

effect and could enhance the anti-tumor efficacy of DTX.
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0.504~52.920 ug'mL"',

245 LEMEEEE RIFREL 2427 TR SIE
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WA, AAE=ER T TH4& 0. 20 40 64 8.
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Table 1 Investigation of polymer types ( X *s, n=3)

AT FifRinm EE/% LC/%
PLGA 15381+113 46.64+0.10 1.490-+0.003
PLA 16022+1.07 49.66+0.09 1.590+0.003
mMPEG5000-

8453+201 63.92+0.09 2.050+0.002
PCL45000
mPEG5000-

15021+142 67.83+0.13 2.170+0.004
PLGA28000
mPEG5000-

87.80+163 79.48+0.09 2.540+0.003
PCL10000
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204424035 71384064 2.28040.021
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33811+089 58434004 1.870+0.001
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#, LC PR, LC TR T 04%; HUEAY
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2 REVAEEER (X Ls5,n=3)

Fig. 2 Investigation of polymer amounts ( X *+s, n =3)
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Fig. 3 Investigation of DTX amounts ( X *s, n =3)
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RILE 4, BEEBERRIMNERIIGI, Kk 5
fn, EE A1 LC Je¥mmai. MZ5gHN 1 1 20 B,
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2.6.5 fHARELIESE  [FHE DTX HEHN 8 mg, ZillE
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o o 0 . . . 0
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Fig. 4 Investigation of drug-lipid ratio ( X *s, n=3)
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Fig. 5 Investigation of cholesterol-lipid ratio ( X =*s,
n=3)

2.7 EREMA DTX-PLip LS TE

LA FPRPRERERLIEE R, KU DTX
Fl & . mPEG5000-PCL10000 JH & . 24 gt fHAR
bRk, Mk £ DTX P& (4) EfEEL (B) |
Zifigtk (C) « AW mPEG5000-PCL10000 [¥)
® (D) fFAFEZmEE, DR{E. EE #M LC
Z T B AV o NI B 2R 5 0 0 B 4R
br, HAT 4 B 3 KFIIERRSLE, ik DTX-
PLip M4 77 T2

LEGVEr =hi AR e/ ME/KL AR X S0+ LC/LC f ki X
25+EE/EE & K1H X 25

BRI R R Bt R ERIER 2, TESER
Wk 3. E (R MR/ 20 g ot kL
%+ EE. LC WAFRFEFRZ M XRINT, R B
KR EEFEEEHE, RIERESRE
N, ANHREPEWEERKNA: 4>C>D>
B, ¥JMH k BRI — AN & T A E KX EE
ARy, BTN 4.B.C.Ds, BJ
DTX &N 8 mg, #jfatkA 1120, MHIEHLA
1:5, 4% mPEG5000-PCL10000 KN\ &H
150 mg.
2.8 HEIZWIE

Foc ke FEAL 7 AN % L2 % DTX-PLip, 47 3
ek EE L, DTX 19 EE 5 LC 251N (89.34+
1.07) %. (2.04+0.02) %, Zi&VFHN (90.35+
2.56) , RSD N 0.97%, 45 RE M%7 1EEE R
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*2 EXSERITREGR
Table 2 Orthogonal design and results

il Almg B C D/mg iz /inm EE/% LC/% CEOVEY
1 4(1) 1:4(1) 1:15(1) 50(1) 117.80 70.40 1.38 65.01
2 4 1:5(2) 1:20(2) 100(2) 98.28 79.50 1.07 72.72
3 4 1:6(3) 1:25@3) 150(3) 104.25 81.20 0.84 69.08
4 8(2) 1:4 1:20 150 84.56 89.30 2.00 88.51
5 8 1:5 1:25 100 87.92 82.40 1.90 83.90
6 8 1:6 1:15 50 135.24 78.20 3.16 74.37
7 12(3) 1:4 1:25 100 123.15 74.90 2.48 72.05
8 12 1:5 1:15 150 141.54 80.10 3.14 73.47
9 12 1:6 1:20 50 154.08 76.70 3.70 73.67
Ki 206.80 225.56 212.84 213.04
Kz 246.77 230.09 234.90 228.66
Ks 219.19 217.12 225.02 231.05
ki 68.93 75.19 70.95 71.01
ka 82.26 76.70 78.30 76.22
ks 73.06 72.37 75.01 77.02
R 13.33 433 7.35 6.01

®3 HEDNER

Table 3 Variance analysis results

WKW WETIOIR HHE HUiE FE BENE

A 837.024 2 418512 2313.83 P<<0.01

B 42.021 2 21.010 116.160 P<<0.01

C 206.455 2 103.227 570.714 P<<0.01

D 75.254 2 37.627 208.030 P<<0.01
U 3.256 18 0.181

29 EEREMER

¥ DTX-PLip T 4 CUKFEHIRAE 21 d, BERE 7
KA ZNE A IRIAS . EE AT LC. % 4 45 B8R,
Fife. EE. LC %A R4 RN, R DTX-PLip
7E 4 CHEIPMERF 21 d N, BEtk R,
2.10 BERRIRHISRAE
2.10.1 ESTHSE (TEMD M%  HUEE DTX-PLip
FE 20K MFE 110 £ )5, ¥ 10 pul #ikeJ5 i) DTX-

*4 BEREMEER (X £s,n=3)
Table 4 Storage stability of DTX-PLip ( X *s,n=3)

H#ENE  CPRRm EE/% LC/%
0 80.25+3.13 90.96+0.49  2.08+0.01
7 81.13+236 89.34+137  204+0.33
14 79474321 87294102  2.00+0.02
21 83374372 8515+1.11  1.95+0.03

PLip M| 200 H 44K £, §E 5min, H 2.0%
BRAS IR 1 4% 3 min, 758 TIERES, =R TR, K
K 40 000 £5KH TEM M% DTX-PLip LA,
R 6 Fin, DTX-PLip &Ry T2 454
TR S IR, K208 100 nm.
2.10.2 Rife. CHAIHIMIE XA SAE T2 &%
3 #it DTX-PLip, % “2.5”7 Wi | 73 kifd FCH,
firo 5B LK 7. DTX-PLip HIFERAE N (82.13+
3.33) nm, CHLN (~15.70+3.86) mV, DTX-PLip
IERISA], RGeS .
2.11 DTX-PLip BYEIMNERFRZ

K HE T AL (U AR 737 B 8 000~

6 DTX-PLip HJESTHE EE
Fig. 6 TEM image of DTX-Plip
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Fig. 7 Particle size and  potential of DTX-PLip
14 000) , A&E% & DTX %~ DTX-Lip. DTX-
PLip % 200 pL, & TIACE I f@E g, Wk
LEEET 30 mL 15 0.5%% 1LALES 80 1) PBS
Wi, B THEESBIRG S GRE 37 C, i
75rmin™) o ZHTF 1. 2. 4. 6. 8. 10, 12, 24,
30, 48+ 56+ 70. 80 h WZHY 2 mL, [A]AS M [FIAE
AR BB A 2 % 2 mL AR LA 10 000 r-min !,
B0 10 min, W BIEWAE “2.4.17 TUR 7k
€ DTX LK, FHitE 49 ZRBE . LA
[ R A AR, 29010 R R A hR, 2l
AR 22, 45 3 WL 8. Vi DTX #E 12h N
IR IGE R 100%, DTX-Lip 78 72 h 2541 &
TR TR Ny 84%, 1 DTX-PLip 7£ 72 h 25¥(1) &
FRRETCR A 58% . K BK DTX il %% 3 &9 Ik
B AR RRERCR .

¥ DTX. DTX-Lip. DTX-PLip Bill¥¥iiu%
Z%. —%. Higuchi. Ritger-Peppas 72L&, PAFUL

——DTX-Plip
100, ——DTX-Lip
T DTX HREE
80/
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%
=404
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B8 iRIMEMHEL
Fig. 8 In vitro release curve
HAIRRE () BN RELE R, RN 5, DTX
H R VBRI M 2 755 — R Bh )5y, AT e ezl
YILEN B R BOE 2, AT DTX fERN
RS2 bR IMGE 2, DTX-Lip FIFIR HIZ 45 & Ritger-
Peppas 3 /12251 AL, 8] DTX-Lip H DTX A
SE Y BOL AR, AT HORIE b R
DTX-PLip HIBHIZ AT & Higuchi 3 /)R 2515
A4, R DTX M DTX-PLip A IR Bl
HOLHIEAT ) o
2.12 DTX-PLip &SN BRI A MM
2.12.1 AfpEEPERE SRA MTT M, Bk T-x¢
FOWAEKH) 4T1 20k, DLEEAL 6X 103 M 4HME
HEEMIEE] 96 FLARH, T 37 C. 5% CO %4 T
3824 h G, FEEMMBEEEITFR. A0 200 pL
ANF IR E R DTX. DTX-Lip. DTX-Plip (0.011+
0.055. 0.220. 2.200~ 2.000 ug'mL™") , PAIERR5FEHE
NRTIRA, 2 AR, AR REIRERE 6

x5 FINERIREMAER

Table 5 Fitting results of in vitro release model

FEA iR Jifd r
DTX H B FRFEI Q=5.420 3 t+40.603 0.9386
— BRI In(100—Q)=0.329 7 t+4.627 3 0.990 3
Higuchi Q=25.751 t42414.325 0.9791
Ritger-Peppas InQ=0.428 6 Int+3.596 5 0.982 4
DTX-Lip TR Q=0.858t+18.7 0.9799
— SRR In(100—Q)=4.4716—0.019 2 t 0.988 5
Higuchi Q=8.848 4 t}2+2.104 5 0.996 4
Ritger-Peppas InQ=0.4609 Int +2.3591 0.998 2
DTX-PLip FRFEI Q=0.626 4 t+15.952 0.956 3
— BRI In(100—Q)=4.449 9—0.0103 t 0.9795
Higuchi Q=6.8328 t}2+1517 8 0.990 8
Ritger-Peppas INnQ=0.515 2 Int+1.917 6 0.9907
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APATAL, THMREEFRAT R 24 h G, LIRS
FREE, M 100 uL MTT &, HER RS 4 h
Ja"H, FEFLIN DMSO ¥ 150 uL, 28 10 min.
FFHBEFRAAE IR KN 490 nm TR I & 2H FO WO i
(A 15 THESHAMAEKINHIZ, N SPSS19.0
AR S H R B RIR B (ICso) 1H -

M KIEIR =1— (4 se—A =) | (4 uyw—A =6)

LI LR WE 9 Fion. DTX. DTX-Lip
DTX-PLip %} 4T1 4 i (13 58 35 — 52 (1 H0 il 1
M, HEGWREMXM; 5 DTX 4 DTX-Lip
HAHLL, DTX-PLip 4% 4T1 4 ffd i #0115 FH 2
i (P<0.001) . DTX-Plip. DTX-Lip. DTX
) 1Cso 35~ (0.13+0.01) . (3.4840.28) .
(116.70+4.63) pg-mL™', S5HAWPAHLLE, DTX-
PLip ICso fFTERFEMEZSR (P<0.001) , XFA[HE
T PLip {8 DTX HIZAR(E 3 T 4T1 40 ot
DTX M4, MG T DTX 7E 4T1 40 (1)
BAEE, WU T AWRPUE AR AEKAER .

=23 DTX
100 il

=3 DTX-lip
80 == DTX-PLip

Fkk T
X
:4_ 60~ *kk ﬁ
= %
% 40 Kk ;’:é
|
20 7

S
NNNNNNNNN

O

0.011 0.055 0.220 2.200 22.000

JRIRZ (ug mL™)

5 DTX #H%E: ™P<0.001; 5 DTX-Lip ZHEL4: ##P<<0.001
P <0.001 vs DTX DMSO group; P < 0.001 vs DTX-Lip group

9 DTX. DTX-Lip 1 DTX-PLip %t 4T1 ZRAEHHIHIE
B (X xs,n=3)
Fig. 9 Inhibitory effects of DTX, DTX-Lip and DTX-PLip
on 4T1 cells (X *s,n=3)

2.12.2 PGB S M E UG O K FH
A EG R 6 (C6) WY, H&
DTX-C6-Lip [ DTX-C6-PLip. B 4T1 400
FEEHEAC)S , 4Ll 2.5X 105 A~ mL™! 20T
6 FLIR A, LI 2 L A4 R iR 297 24 h 1
HWiBE, 24h JFWEIRREFREE, LA MG T H
B 723 PR ) DTX-C6-Lip M DTX-C6-PLip (C6 Jii
BIRFEN 1.0 pgmL™) , 4RE53%, AR

WAL (1 24 4. 6h) RFFREEFE 4, H PBS o
Ve 2. TG EE BB TN, 2R E
10, K Image J AT FI)0OG0RE 1 8 &5
B, RN 6, BEFE(EAREIFES M, DTX-PLip
5 DTX-Lip K765 A Prgin. 5 DTX-Lip #H
b, DTX-PLip 7585 [B] S350 7% it FE 34 S & 38
(P<<0.01. 0.001) , BEHIZyYELE T DTX-PLip )5,
AL A S R o

2h 4h
o ..

DTX-PLip

B 10 TEIRE S 4T1 A SAEFRERRAER
Fig.10 Fusion of 4T1 cells with liposomes at different time

&6 TEITESAMAEREECAEE (X £5,n=3)
Table 6 Fluorescence intensity of cell uptake at different
time (X *s,n=3)

1 POhTREIAU
1h 2h 4h 6h

DTX- 31.78+  40.66+ 5150+ 51.94+

Lip 2.59 0.95 1.17 0.84
DTX- 37.11% 48.01+ 57.73 & 70.40 =
PLip 1.15™ 1.51™" 2.10™ 0.85™"
5 DTX-Lip tb#: *P<0.01 ***P<<0.001.
"P<0.01 *"P<0.001vs DTX-Lip group.

2.12.3 RIMPEAE N (AR IR ERIE S
BUAERORES R U B0 308 4T 1 40 i R i 3
g, KLl 2.5X105 4~-mL~! #:F T 6 FLIR
W, BALIIA 2 mL B4R 2, $55% 24 h Al
MHNGEE, 24h 5 R IHEE R, DL 1.0 pg-mL™!
(1) C6 M AXTHRA,  siie 24 B L 2 Al m A H
B BB DTX-C6-Lip K DTX-C6-PLip (C6
JREWE N 1.0pugmL™") , K408 E, 75 T4
NSRS (1. 24 4. 6h) FEFiE;9E%E, ] PBS
Mk 2 3 . BB AL S P T I R R R TR AR AN,
PLH A 1X 106 A>-mLY, SR Ji K 4 i = 7 vt
200 Hif, WAL TR AT T A
MR AT 8 BT, & AR o 4 B AR A i e
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N H 26 25 B an i 11 Fros. {1 Flowlo
ARG S H AR, TR EECRNe, gk
7 HR

2 L PR B = % Y 2 K 4 L

5 DTX-Lip #HEt, DTX-PLip e 4% 56 £ (1148
MU EREL, 45 55Ot BB a gt R —8. W
I, FEA MBI AR TR T LASR s R AR, DA
IR B i 7R B R

-
FLIA FLiAr| =X HE

FL1-A- FL1-A+ FL1-A FLI-A+ FLI-A-

846% Th s 715% A 2h sy 48.7%
3 [}

L
I

Count

4h U osew 1 6h 751 DTX-PLip

51.3%

". Y DTX-Lip

K
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Fig. 11 Quantitative uptake map of 4T1 cells

F7 BB 4TI BN ESHEER (X £5,1=3)
Table 7 Quantitative uptake results of liposomes by 4T1
cells (X *£s,n=3)

t/h DTX-Lip U E/%  DTX-PLip $EHE /%
1 12.20+0.04 15.4040.07"™
2 18.30+0.07 28.50+0.05
4 29.20+0.11 51.30+0.08"
6 40.50+0.09 75.10+0.13"

5 DTX-Lip te4: ™ P<0.001.
**P < 0.001vs DTX-Lip group.

3 Wie

DTX & P& PiiE 2y, —IENL
IT A 25, (BRI K2, Fooe PR AR A it 245
PESE IR, 7= H 12 TGRS PR DT Jli
JRAAAE R R NG X7 T 2 A8 BRI AR oK ) B A
A7 5 e 4 IR 5 1 2 S A 326 305 A L AT T R £
#, ORI AR T AU E R TR (AfES
B R ARATFE SR 1A RE AN R 240 SR ™ 45 Gk
B, PRI T VAT RORIS, AR FUCR PR R S
Yk mPEG5000-PCL10000 X fii o 44k 4T 2 1 &
i, B AR R S5 IR SkEe A DTX-PLip 477,
e RN EE Mfesett, FRidid g0 i A i
PRSI VA LR SN R v

mPEG5000-PCL10000 1E A — Fl i 55 £ K &
Yy, SRR SRR B K IR B 45 4, AT TE AR T AR 1)
B RSy F E R SRR SMNZ « 1Z41 2 i85 2% 5]
AN BEL 2850 i 25 8 i g o AR 1 [R] PRI P 0, AN
AR R AR B AR S, IR REIRAE B s

HHBE IR R AR, TR) T ORI A o A4 7 A7 i 2 e 1)
2y AR S C PINTITE 7o =t) [=PD IR NI 9k i A N 1
Xl mPEG5000-PCL10000 X fig i (& AT & 14, FI
FH T 3 B /KA %649 2] DTX-Plip, FoP¥kE
% (82.13£3.33) nm, /MT 100 nm, {FIHAEHSIE
it R ZH VR A (1) EPR, R 25 3k B 546 (1) B 4
I %% BE S B S8 ) 3% . DTX-PLip ) EE Al 1A
89.34%, FHELTHdE AR A BT AR e
R RN, H@EfE AL (4+2) CHMATNHE
7d JEIREA A ADUE, FRE A%, 1 DTX-PLip
fE (4£2) CHKMN, JCE 21d, KiAEM EE &H
RAPEREL, R RGHKItEARREE.
W E N AR ARG S, S Bk RES Fr,

% Fl mPEG5000-PCL10000 &1 J5 HI NI A4, fig

ACRE T S5 R N YR PE Lo 4, RE BRI RES 1
TR, kT SE I A R R RE R ER 2O ]
i, mPEG5000-PCL10000 [5i7K PCL F BLa] LAk
MR BRIy, SEA 259 (PR TRORT B] o 200 B 25 5 50
5K, DTX-PLip XF 4T1 4 40 o 25 18 FH B¢
58, UL SRS YIR R ARIE S DTX B8, (E3 05
JoRAA TR TS 1) B SR AE K, DTX F 40 254 ) 2 2 4
o A EE AN LIS R AR T DTX-Lip, DTX-PLip
(4 () 200 . A 7 AR AT B ORISR T o AR 70 i D ) 1
7 mPEG5000-PCL10000 &1 [ g Jii 4 3% 265 R 45t

Frifil &) DTX-PLip B &k 245 —n#%. EE &+ ¥
PR E MRS, HEA RPN S B3
SRR T . AR, AT H T R 52 T
TR RSB E T, ST 3 IR B LU S 4
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