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Co-delivery of Pirarubicin and Vinorelbine by Micelles for the Treatment of Breast Cancer

[ Abstract] Objective To develop a pirarubicin (THP) and vinorelbine (VRL) codelivery nano-micellar system
(T+V-CS micelles) of pirarubicin (THP) and vinorelbine (VRL) by using chondroitin sulfate-cholesterol polymers (CS-
Chol) and DSPE-mPEG,,, and to evaluate the therapeutic efficacy of the codelivery nano-micelles in breast cancer
treatment. Methods T+V-CS micelles were prepared by ultrasonic-dialysis method, and the physicochemical
characterization were evaluated using multiple technological means. The anti-tumor efficacy of T+V-CS micelles in vitro
was evaluated by MTT assay and cell cycle arrest analysis. Evaluation of the therapeutic effect of T+V-CS micelles in vivo
was carried out on xenograft 4T1 murine breast cancer bearing BALB/c mice model. Results T+V-CS micelles displayed
a nearly spherical shape when observed through transmission electron microscope. The particle size and polydispersity
indexes (PDI) of T+V-CS micelles was (155.5+4.5) nm and 0.170+0.003 respectively, while the Zeta potential was
(-23.0£0.9) mV. Meanwhile, T+V-CS micelles demonstrated high encapsulation efficiency of (81.87+2.56)% for THP and
(87.54+2.82)% for VRL and a high overall drug loading efficiency of (10.20+1.20)%. In vitro and in vivo studies of the
therapeutic efficacy of breast cancer showed that T+V-CS micelles had synergistic anti-tumor effect and induced
increased G,/M cell cycle arrest in 4T1 cells, which could significantly inhibit tumor growth and prolong survival
compared with the therapeutic efficacy of micelles loaded with a single kind of drug or free drug solutions. Conclusion
The study showed that T+V-CS micelles had excellent anti-tumor effect, offering a reference to the clinical treatment of
breast cancer.
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22 4 ¥ (chondroitin sulfate-cholesterol polymers,
CS-Chol), ‘& HAHAR 1l SR A i, ol AR 4R 4%
24 W R IEGURR R B R G, R 1
(polyethylene glycol, PEG), HJ L ik 6 44 KR WAR P9 B¢
IS AR GEIRBIE B, DT SEE A AR P LS AT PRI ] AR
WF5¢ B 76 FCS-Chol 5 i i B S AR IE L B -2 &
T (DSPE-mPEG, 0 ) 14— FI R A R 45 25 R e 3k 3k
THP-5 VRLAB A (T+V-CSJEE A ), 1 [ 988 240 /240 L PR
PR e AR A, S TO 496 00 24 ) A e A L P £ 2 RO R
e R BEARSE A6 DI RE, 85 TR A AP SE B IE SRR S AR AT
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1.1 FEAHRESRFA

M2 L B (P T B R 240 BRA B, WG 20 Ak oK, 46
J599.0% ) 5 A1 R 1< 75 B 22 (0 2 vh 2500 ey A BR A
A, FHEASE A ERR, 41 99.0%); CS-Chol (A SLH =
FI i) s DSPE-mPEG, (I SR MRHLA R A D)5 35
Bras (CEIIE A= YA BRA A ) ; DMEM S 7= 5 (S5
Hyclone/A 1)); %5 2 /55 % (L [H HyclonA 7)) ; Jifi 4+ IfiL.
1t (9 [E Gibco); G75HEME . MTTHYA | JEEERY A . BLAL T
WE (PI) . RNasefiif L K PBSKy AR FAb st R R RHEA
FRZA F)s B (el ) s AR o i st
12 FEUE

BP 211DHL, T K- (1% 5 Sartorius/\ 7 ) ; DE-101S# /1
PPk (JLSC TR A FRTTATE A 7)) s SCIENTZ- 1L D4
i e 7 R A (T IR 2 RIS T ) s H2- 16K 5 2K
AL GBI R AT AR % %A B3 F] ) ; NanosizerNano
ZS903 Gk A (¥ [E Malvern/A ) ) ; H-600% 375 5+ Hi, 5%
( H ZKHitachiZA 7]); RE-60009¢ 65066+ ( H A 1t
/ATl ) Agilent 1260 Infinity i 250 OR (035X (36 [®
Agilent/A 7] ); Tecan spark 10 MZ I g B AR 1% (i -+

Tecan’A 1)) ; UPH-II- 10T 88 26 /K A (h AT R 2R A
PR3] ); BD FACSCelestaifii 401X (3& EBD A H]) .
1.3 RIS ZHAEFISEIG EN4Y

/N ERFLI I A L RR AT 1 B ATCC, M A 5230 =
P BRI AT LA & 1% 75 % 2 /5 R M
10% 6 4 I3 (4 A DMEM S8 15 32 54837 °C | KR
R 5%CO, MR T FRAR 5T, R AR

SPFZLIYBALB/ /N, METE, 6 ~ 8JE I, 1A BT 18 ~
22 g, T AR S B Zh WA IR A W o AR FR AT &R
(25+2) °C, HHXHRE (50£10) %, H H#FEAEK. FTH
BN S G B A Y e B )1 R 25 06 T 52 56 3l ) 1Y) e 77 A
SERUEN] YHEAT, FF SRR
14 XWHE
141 T+V-CSE R &4 & 55 & LAY CS-Chol 5
DSPE-mPEG,0& T°12.5 mLAGALIK, 7535 F & i i 3
N2 mg/mLIIR & /KW, FRI10 mg THP 510 mg
VRLILE 5 mL DMSOH 15 S| 251 &7 W, 2.5 mL
25 )R & W WA B HE L M 2 CS-Chol MIDSPE-
MPEG 000 TR A KIE T, AREEAEH1:30 min, HEFELE A
VTR A5 VBT A e 7 R AR 7, R SRS 200 W
5 min, 1175 #% 2B HT4E (R ARXT 22 B 43 500) H
PLalifb K A s i, LABRZsDMSORIF R 254, f
Je 5 IS AR T T4 000 r/min 0210 min, BB, RIf53:
YA (T+V-CS) . HL10 mg THPYF 2.5 mL DMSO
i85 iR R, A L THP YR (T-CS) 5 BL10 mg
VRL¥# T°2.5 mL DMSOH, il % /i [A] |, 15 5.8 VRLAY
JEH(V-CS) .
142 T+V-CSE R FAE  HL200 pLIE AR H4lifbK
R 21 mL T30 N 5 JR SO BE {0 s oA A2
G35 Zetali A, SRJTIBE ST HLEE (TEM) X 40245 IR A TE
AT S WD EEHE AT A RS R0, s 4R
T 5 I LYo A TR 1 VA 2 ¥ 11 43 min, BT, F458 N
G2 BEMCAETE I A 48024 1 R Y 42 B % (encapsulation
efficiency, EE) 124 24 & (drug loading efficiency, DLE), 43
SV I8 6 4350016 BE 1 R0 e ZOOM €3 125 5 THP 5
VRLIY i DM T BU& 1K< 480 nm, &
SR 588 nm, UL AU B AT S8 4545 nmo 580K
AR 51 (B3 HE (Kromasil-Cy,, 150 mmx4.6 mm,
5um), FEEHAH I P EE : 0.05 mol/LBERR — S0 (BRI
pH4.2)= 67 : 33(V/V), #i# A1 mL/min, KK 4267 nm,
HE 30 C, FEREARFR 120 uL. FIRAE (1) F1(2) 2341
AR R EEMIDLE

EE (%) = C,/C,x 100% (1)
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DLE(%) = W,/W x 100% )

Horr, CFNC, 53 ) 375 28 24 15 AR5 5 Fee A I R TP
THP 5 VRLAY I W B3 W, R R #8025 i R P THP 5
VRLIY BT i WS IR A ST i
143 @ieFm Rk BOGHE KRS 4T 14000 L
2x10°/FL 1Y % B 3 A T o6 fL A b, 08 15 3R 4 v s 3R
24 ho FERIEFRIEL, 43 BN SE 55 3R IR ] 1) &R
B IRV JEE A 259, 45 M THPIR M (T-SOL) . VRLIE
(V-SOL) . THP 5 VRLIWIR B (T+V-SOL) . T-CSHZ
W V-CSIZHUFIT+V-CSIEH, e THP 5 VRLIT it Ly
11, 259 v B RS 0.1, 0.2, 0.5, 1,2, 5, 10,
20 pg/mlL, [R] i E BHPE N2 24 % 40 £L ) A0 BH 4 %o 1
AL, AR TR E R E3 N E L. AR
A AR TR B 48 h, 3 L2590, A 100 uL MTTIH
(AARTE R REFR SR, DTV 0.5 mg/mL) iU E WEAE
ARSI E 4 h, WA FREMIEELIMAL50 uL
DMSO., K4t A 37 CAE R R TP 4RFE 10 min, {f
FHBEARCI 5E 45 FLAE490 nmifz K AL I ERE (A) . $57 18
ARG AL 2R (cell viability), 24T 1404
T A 25 25 20 19 B RO iV 2 (half inhibitory
concentration, IC,) . A T ¥FH THP5 VRLFI 24 95
JEAHA PHEHTIE E L B FH Chou-Talalay 7k R4 A
#(4) 5 THP 5 VRLEE & I 25 B A 7550 (combination
index, Cly), CIy< 1, Cly= 1, CL> 150l 3R Bk & H 2 H
A YA A BRI ER] . CL,. CLMCL AT
FH T H0 0w 25 02 15 HA PrIRME T, JRATT3EHE 18 0
CL/E N AR AT 00T . CL R Z R 50%
(R4 il e B2 ) B THP 5 VRLER A F 25 IO BX A H6 48

Cell viability(%) = (Ax—A,)/(A; —A)) x 100%  (3)
Clx = (Cx)r/(C)r +(Cx)y/(C)y “4)

Hod A AJRIA Gy IR 45 2541 . B BE AL A FH
PEXT BRFLAE490 nm P K AR ERE s (Co)+M(Cy) v J3 i 3
7N 3 A X Yo A 255 24 i ) Hh THP I VRLAY Jo i Vi J32 5
(C) FH(C) 4337 2 735 3 1 52 kg X %o Hif B — 255 24 1 5] v
THPFIVRLAY TR
1.4.4 @@ B 5% SR HPI/DNAYL (K0 2 240 i J)
W1, P BRAT s BOSEUE KA 4T 1A i LA 5 X10°/ L 1Y 25
JEHER T oLk, BUa AR, FARK R
80%/C A, 3R HEFRAE, 3 INAT-CSIEH . V-CSIEHAN
T+V-CSEH, THP 5 VRLE: 24 i 4 4354 60 ng/mL, 75
BEAS N B (R N2 4 ), B2 s & 32 AL, iE B
FEA YRS E o 24 b G T AL T U AR A i =
1.5 mLES.LAE 1, 2 000 r/min®.0>3 min, F25 FiE, A

PBSHE &, &0k, WA UIIE; F300 L PBSHELE, A
700 LI TG K Z %, 5421050, 4 CRIE R, B0
FEVLVE; FH1 mL PBSES.LPE W36, 200 uL PBSH &, A
100 uL RNase 9 (100 pg/mL), 37 ‘CI¥E 15 min, FAIA
100 pL PIH (50 pg/mL), 37 CHEEHFF 15 min. KRR
22300 H JE BRI U, LAST-HUAmA, 24 h9 i i =S am Y
K, #5 )7 FIModFit LT 54745 4 10 41 i F 48

145 HABRFHAR  BOTEERKBINAT 14046
Ji I Ak 5 HPBSHE B AL il 2% 107 mL ™" Ay 40 it BL i, HX
100 WL B K T #2202 MEVEBALB/ o/ N BRZEAN 35 — X6
FLHEN, @A AT LR AR G50 R) o TFiiE
K 22100 mm B}, B arfg /N EBEHL - 74, Fd 12,
A3 R R K 4 (SALINE) | i B THPZH (T-SOL) | JiiF
BIVRLYL(V-SOL) , #i# B THP/VRLA (T+V-SOL) . T-
CSHl, V-CSLHMT+V-CS4l. FKHURH KA 2=,
SRGZIIR, L4254k, Hoh THPRIVRLIY 45 2557 53
h13 mg/kgo BN IO SRR K ARL . KR DA
/INER AR T i, AR 20 3K (5) 1 (6) T R AR VAT N
AT AR b % (body mass shift, BMS), 2 ill i A= 4 il
LAVNRIR TR . 23 R AT, A AL
FE5 FUINER, FH/INEUA P I, 40 BUS AR ER, TR AR A =X
(7) 318 I #0628 (tumor growth inhibition, TGI)., %
ARSI T AN BRA A, KA A /N R T
FEic sk, i/ B AR 2 I 1T 325 AL /N B TP o7 2R A
WP A A0, AR A 2K (8) THEAfar s /1N BT 75 i 4B
A /7 b (increase in life spans, ILS)

V=05xLxD? (5)
BMS(%) = Moo/ My % 100% (6)
TGL(%) = (1 = Wiea/ Waaiine) X 100% @)

ILS (%) = (T/C - 1) x 100% )
Forb, MR M, S RGRIG ST HTRNG YT IS 1/ B
JHHR 5 W oo P Wi 53 IR ERTA Y7 4RI A: BEER /K AL 1P 2

JRE; TR CAT B A )7 4 AN A A9 S 29 A 17 0
1.5 SFitEHE

SCEGHE X £ s 3R . BALIE] HLBCR FH ek 56, 2240
[i] HE AR FH LR 260 225047, P< 0.05 M 25 A Gii =47 o

2 #HR
2.1 T+V-CSERRAIFRAE
gE LR, F1, H&ERRGR AR AEFE130 ~

160 nmZ [i], 273 B R K (PDD) #/T0.2, B2 i oK
KIAREIN, B SS —, M EPE R 38 A BRI 25
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R1 HARCRWBUERRIE (n=3, X£5)
Table 1 The physicochemical characterization of the drug loaded micelles (n=3, X £ §)

Micelles Size/nm PDI Zeta potential/mV EE of THP/% EE of VRL/% DLE/%

T-CS 135.4+1.8 0.143+0.030 —22.6x1.1 87.70+1.86 / 10.01+£1.08
V-CS 132.2+1.7 0.132+0.007 -17.7£2.3 / 73.87+2.59 8.30+0.17
T+V-CS 155.5+4.5 0.170+0.003 —23.0+0.9 81.87+2.56 87.54+2.82 10.20+1.20

T-CS: Chondroitin sulfate-modified micelles loaded THP; V-CS: Chondroitin sulfate-modified micelles loaded VRL; T+V-CS: Chondroitin sulfate-modified
micelles co-loaded THP and VRL; PDI: Polydispersity indexes; EE: Encapsulation efficiency; DLE: Drug loading efficiency.
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Fig1 The particle size distribution and morphology of the prepared
drug-loaded micelles
A: Particle size distribution of these micelles measured by dynamic light
scattering (DLS); B: Morphology of these drug-load micelles observed by
transmission electron microscope (TEM), the scale bar being 100 nm. T-CS, V-

CS, T+V-CS denote the same as those in table 1.
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Fig2 In vitro cell viability of 4T1 cells treated with different
formulations for 48 h (n=3)
V-SOL: Free VRL; T-SOL: Free THP; T+V-SOL: Free combination of THP
and VRL; T-CS, V-CS, T+V-CS denote the same as those in table 1.

F2 EEPEREHIFIAIE48 hF4T1H AR FEINH R EFBK ST
HE(Xxxs)
Table2 In vitro IC,, and CI,, of 4T1 cells treated with different
formulations for 48 h (X + §)

Treatment n IC,,/(ng/mL) Cl,,
V-SOL 3 7.816+2.310" /
T-SOL 3 2.245+0.312" /
V-CS 3 8.990+2.290" /
T-CS 3 1.984+0.272° /
T+V-SOL 3 3.127+1.001" 0.897+0.287
T+V-CS 3 1.326+0.358 0.408+0.110

V-SOL, T-SOL, V-CS, T-CS, T+V-SOL, T+V-CS denote the same as
those in fig 2; IC,,: Half-maximal inhibitory concentration; CI,,: The
combination index of THP and VRL at half-maximal inhibitory
concentration. *P<0.05, vs. T+V-CS.

T+ V- CS 5 AT JE 301 45 78 G,/ MUY 4 200 i 250 4k 2% 34 i
(P<0.05), SHASH L, T+V-CSL G,/ M4 40 i K
£ H2E A G5 L (P<0.05), P T+V-CSHE i At
7 IOEL P45 240 L 341, 040 o oo 240 %
2.4 T+V-CSEIRAE N HiipsE1E A

SR, F3. SR KA AR, £IRIT /IR
4 i A K RIS [ R b o], e AR 5 /N, g ot
R (P<0.05) . FRHE23 K, A BER /K 4H 1) g - 1
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Fig 3 The results of cell cycle assay

Relative percentage of cells/%
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)
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A: Representative image of cell cycle analysis by flow cytometry; B: Relative percentage of 4T1 cells at each cycle phage treated with different formulations. *P<0.05,
vs. T+V-CS; # P<0.05, vs. control. T-CS, V-CS, T+V-CS denote the same as those in table 1.
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Fig 4 Evaluation of antitumor efficacy in vivo

A: The 4T1 tumor growth curves during the treatment (n=>5); B: Image of 4T1 tumors were captured on the day 23 after treatment with different formulations or

saline; C: The tumor mass were evaluated (n=>5); D: The tumor growth inhibition were evaluated (n=5); E: The body mass change of 4T1 tumor-bearing mice during the

treatment (n=>5); F: Kaplan-Meier survival curve of mice bearing 4T1 tumors in different treatment groups (n=7). ***P<0.001, ****P<0.0001, vs. T+V-CS. T+V-CS, T+V-
SOL, T-CS, V-CS, T-SOL, V-SOL denote the same as those in fig 2.
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®3 ZEAEGFIFEREKETRHEATIENRNPLEFREGERER (n=7)

Table 3 Median survival and ILS of 4T1 tumor-bearing mice treated with different formulations and saline (n=7)

ILS/%

Group Median survival/d Mean survival/d
V-SOL T-SOL V-CS T-CS T+V-SOL T+V-CS

SALINE 34.0 33.342.6° 223 227 34.8 36.1° 50.2
V-SOL 38.0 38.4+4.1" 59 6.3 167" 17.8" 30.1
T-SOL 41.0 40.744.8" / 0.4 102" 11.2° 228
V-CS 40.0 40.9+4.2" / / 9.8 10.8" 22.4
T-CS 46.0 449432 / / / 10" 115
T+V-SOL 46.0 4531217 / / / / 10.4
T+V-CS 50.0 50.0+3.2 / / / / /

* P<0.05, vs. T+V-CS. ILS: Increase in life spans; T+V-CS, T+V-SOL, T-CS, V-CS, T-SOL, V-SOL denote the same as those in fig 2.

AR B 43 R (1 273.24+176.53) mm*Fl(1170.92+
140.28) mg, Z:V-SOL, T-SOL, V-CS. T-CS. T+V-SOLFI
T+V-CSIRIT G, A3 555 1731.83% . 43.45%.
53.37%. 57.68%. 64.41%F178.83% KRl , Hh
T+V-CSZH IR Feik, A T HAh A7 24 (P< 0.05) o
A FRER K /N 2 A AE B 34 d, T+V-CSH/N R
H AR 50 d, FLIZZL /N RG-S 38 R AR i
S HAIATT A A 22 A G4 L (P< 0.05) o J3 Ak,
PAAE BRER K 4R 6 BRZH, T+V-CSZ I B i K H 43 1
Hi550.2%, SEHARITHARKERALS T 28X
(P<0.05).

TRYT A E] /N B 1A T 1t AR it £ 11 2R Y, A B K
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