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Abstract: Objective To study the in vitro anti-tumor resistance and mitochondrial targeting effects of reduction sensitive nano mixed
micelles loaded with triphenylphosphine-doxorubicin (TPP-DOX, TD) and quercetin (Que). Methods The redox-sensitive polymer
material poly (ethyleneglycol)-deoxycholic acid-disulfide-poly (aspartic acid benzyl ester), PDSP, and the non-redox-sensitive polymer
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material poly (ethylene glycol)-deoxycholic acid-carbon-carbon bond-poly(aspartic acid benzyl ester), PDCP, were used as the carrier.
TD and Que were loaded onto the polymers by solvent evaporation, respectively, to prepare redox-sensitive nanovesicles PDSP@TD
and PDSP@Que, and non-redox-sensitive nanovesicles PDCP@TD and PDCP@Que. The resistance of human breast cancer DOX-
resistant cell line MCF-7/ADR to free TD and DOX was investigated by MTT assay. The optimal synergistic ratio of TD and DOX,
PDSP@TD and PDSP@Que in combination with MCF-7/ADR cells was examined. The toxicity of TD, Que, PDCP@TD,
PDCP@Que, PDSP@TD, PDSP@Que, PDCP@TD + PDCP@Que, and PDSP@TD + PDSP@Que on normal liver cells HL-7702
and MCF-7/ADR was evaluated. The uptake of DOX, TD, Que, TD+Que, PDSP@TD, PDSP@Que, PDCP@TD, PDCP@Que,
PDSP@TD + PDSP@Que, and PDCP@TD + PDCP@Que by MCF-7/ADR cells was quantitatively determined by HPLC. The
mitochondrial targeting of the micelles was verified by nuclear and mitochondrial staining of MCF-7/ADR cells, intracellular ROS
detection, and mitochondrial membrane potential measurement. Results The resistance indices (RI) of TD, Que, and DOX to MCF-
7/ADR cells were 126.76, 2.54, and 1.65, respectively. Free drugs TPP-DOX and Que, as well as nanomicelles PDSP@TD and
PDSP@Que, showed strong synergistic effects at mass ratios of 1:2 and 1:1, respectively. The toxicity of PDSP@TD + PDSP@Que
to HL-7702 cells was significantly lower than that of free TD and Que (P < 0.05, 0.01, 0.001), and the toxicity to MCF-7/ADR cells
was significantly higher than that of TD and PDCP@TD + PDCP@Que (P < 0.05, 0.01). The uptake rate of PDSP@TD + PDSP@Que
by MCF-7/ADR cells was the highest. After DOX administration, it mainly accumulated in the cell nucleus, while after PDSP@TD +
PDSP@Que administration, most of the DOX accumulated in the mitochondria, and the intracellular ROS content significantly
increased. The damage to the mitochondrial membrane potential was stronger than that of DOX, TD, and PDSP@TD (P < 0.05, 0.01,
0.001). Conclusion PDSP@TD + PDSP@Que has better biocompatibility and antitumor activity than free drugs, can better reverse
the resistance of MCF-7/ADR cells to DOX, and has better mitochondrial targeting.
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Fig. 1 Cell viability of human normal hepatocytes 7702 for 24 h (A) and 48 h (B) and cell viability of tumor cells MCF-7 (C)
and MCF-7/ADR (D) for 48 h treated by different drugs (X s, n=3)

X PDCP@Que. PDCP@TD. PDSP@Que. PDSP@TD K E N (28.21+£0.54) %, EEIEMIN T
7E 0.5 h B2 (9.3240.55) %, (14.32+ 13.02%. 1B & 9K PDSP@TD+PDSP@Que 7£
0.31) % (12.30+0.65) %-. (16.66+0.33) %fE 12h  0.5h I PDSP@Que MIEELE N (11.23£0.55) %,
IR > BN S (174+0.88) %. (26.36+ 12 h I B ECE N (26.1610.34) %, FEEUERGN
0.87) %- (23.63£0.83) %. (35.840.76) %I & 7 14.93%, PDSP@TD 4 & N (17.32£0.53)%,
ST 7.68% 12.04%. 11.33%. 19.14%. i 12 h B3GR (37.2140.33) %, RECGER N
AWK HK PDCP@TD+PDCP@Que 7 0.5 h I} 1 19.89%. FiR&E REAX TUiF 2%, MCF-
PDCP@Que [MHEHE N (8.3240.23) %, 12 h Bf  7/ADR XK AR K IR Z R T s 2454, 2
(AR R A (17.6540.65) %, TEREUCEIIN T 9.33%, TR RV S, BN T 259 4 HL, 1 TPP FHE
PDCP@TD FI4FELE N (15.1940.53) %, 12hi  FRIEGWAERNE . LANE & 99K KRR
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#*3 7 [EAJE MCF-7/ADR X 254 R9 B B
Table 3 Percentage of drug uptake by MCF-7/ADR at different times

eI
5
0.5h 20h 6.0h 120h
DOX 7.35£1.01 9.04£0.35 10.22£0.66 12.61+0.23
TD 11.32+0.31 13.65+1.15 16.01£0.76 19.23+2.21
Que 10.02+1.12 11.65+2.10 13.35+3.10 16.98+2.00
TD+Que 13.75£1.06 15.98+1.11 19.38+£0.22 24.28+1.21
PDCP@Que 9.32+0.55 11.44+0.87 13.54+0.38 17.00+0.88
PDCP@TD 14.32+0.31 16.80+1.31 22.201+0.65 26.361+0.87
PDSP@Que 12.30£0.65 14.83£0.55 20.30£0.44 23.63+0.83
PDSP@TD 16.66+0.33 22.901+0.26 29.86+0.63 35.80+0.76
PDCP@Que in PDCP@TD+PDCP@Que 8.32+0.23 12.57+0.43 15.18+0.29 17.65+0.65
PDCP@TD in PDCP@TD+PDCP@Que 15.19+£0.53 16.70£0.36 23.661+1.02 28.211+0.54
PDSP@Que in PDSP@TD+PDSP@Que 13.23%+0.55 16.12+0.66 19.78+0.33 24.16+0.34
PDSP@TD in PDSP@TD-+PDSP@Que 19.32+0.53 23.981+0.44 30.15+1.21 36.211+0.33
PDCP@TD + PDCP@Que . PDSP@TD -+  J3& ROS (M. W7 DOX 7E 2 h fl 4 h I3

PDSP@Que HHECRE SRR T TPP [1)#E [H]
ik Z9WAE FH LN, Que PR E AR KL ) mPEG-
DCAUER ] A4 N P-gp HIRIE, RAFEREE
AT R 2 A R AN E R, R R
RREE TP ZER

3.5 TPP-DOX Ik iRER G

351 MR ANZRRIARGL th 20 A RN 2R Ak e
4 K 2 fras, DOX ZE it AL th, 4k
Hoechst33258 G N4, 5 DOX HE )5 W
¥, BIFES 254 DOX AbT-4HMuiZ i 2 o
Mitochondria Tracker Green W YtHi a2 &, 5
DOX HEEJ5 B, B TD REMLRIAN 2K
. PKEEH PDSP@TD 57 2254 TD M HL R4
TELRRRN I EIG 2, O, MEERZ
J& PDSP@TD+PDSP@Que 4HK IR A ¢ % B isi
PR 2, R 259K 2 B IR AR AR 2R R ik
WMo SRIGEE KW TD LA LYK R T TPP
AFAEA SRR [ 01, TR & PDSP@Que %4
Zifa REAEL RN EE 2, A Que AT
M Z51ER , 7 40259 4 HEE AR sE 2 1)
TD SRR

352 4ffaN ROS HIkrlll  Z5RWE 3 Fiow,
DCFH-DA TEZHffi N ROS & & L s i i, 2o
BRI ZR I, T DA 40 H P 2R 0 b =R

FRIEJN 0, 6 h M ESHR R . E/EH T4
JifL 2 h (RO, 35552540 TD RISk 5% 6 iR 55,
PDSP@TD HZGHRERL TD Miuk, MREZ 2511
PDSP@TD-+PDSP@Que 7 6o, i 1E
R A 4K, TD. PDSP@TD. PDSP@TD +
PDSP@Que MG A BTG, £ 6 h I
PDSP@TD-+PDSP@Que 5% )t & 1A B 5 o

ZERELW TD /MorF ol LAY i Ny ROS & &Y
I, TR A GURERE 4IRS 74 ROS & &
S, DRI SR SE M8 4 i ) £ FH U2

3.5.3 SRR AAES B LA R i Re A i 2k R A
HA AN T IEE AR E s B AL, JC-1 58 6HR
B 2 FH TS I oA A B P A7 A o FH R e I 4
LR R B AT A R I, TC-1 A TR ARG, S
L, URRAZ B S BU AL T PR,
JC-1 b T HARES, RBGETIEM), A sw
i B LU AR B LA 5 SR AR AR ) B AR S 0 W 4
WK 4 foR, W25 DOX B4 G508, 2
¥ TD. 91K H PDSP@TD. PDSP@TD +
PDSP@Que 7E1F T MCF-7/ADR 4 h &, 524
Y TD Bon/bEIER 5, MILGUHA Y
TD & Jl 42 R0 M B F A7 1) 28 Ak, T 40 oK i R
PDSP@TD £k 8,5¢ 6. it B i S 25 WA B s, H.
R LRSS, WAEKK PDSP@TD+
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Nucleus DOX Mitochondria Merge

o ....
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B2 ZHBOAZ. SRR REIRNE

Fig. 2 Fluorescence results of nuclear and mitochondrial staining

3 MCF-7/ADR ROS &l
Fig.3 Detection of ROS in MCF-7/ADR

PDSP@Que ZR (050G HRE H ok, LGN 28 HAMA LS, HWEREE (P<0.05. 0.01. 0.001),
RORAM, UORHERAEI B KT REANE, § RN B A2 B T E . KA TD
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JC-1 Hifk

JC-1 ReEtE

Merge|

DOX TD

X i

*P<0.05 *"P<<0.01

PDSP@TD PDSP@TD+
PDSP@Que

T

_

~
1

JC-1 HARIREER DO

WA v

Xof lDOX TD PDSP@TD PDSP@TD-+
PDSP@Que

*P<<0.001.

4 BFE 4h 5 IC1 WRTKIER

Fig. 4 Fluorescence changes of JC-1 after incubation for 4 h
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IER .
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R P A ) R R L B ) 245 40 TR B IR T 2496 9T
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PDSP@Que, A5 iEE— RYISLIGIGUE 1% A
YK R PRSP 257 DA K iR vE M . MCF-
7/ADR ZH Xt DOX. TD A& Que i 251 45 B i
N, TD J& Que BA—EHMZ1EH, MWHEINZT5
HAHELT DOX /N TIEE RS, R TD Al REEL 2R
R AR A F 238 DOX R g o it 250, i o
25T Que BRI SiE 78 A A 10 %% MDR 1E
o Nl 2 290 RIE AR 25 BE 1, % TR
ARRBH P REMEE, #E 79 KRRE
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5 P [FAE

1 60 0% H S 56 45 R S 7 T T 35 0 4 i 50 H
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I A P-gp A, AR T 25 A A HE
0K Ji SR D 44 i % D K A L PR U 5 24590, R
BH 9 2K i R ] R E 258082 ] DA o 245 470 1 44 i 45%
W, (15259 BA Ean i dn e ys @ v, B Rk

1 mPEG-DCA B A Ml 259 4 HEVE AL, w] LA
ZHEA R i s Uk, VR A AR R R AR
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Jed it 25 /E F i ARG BRI U 29 4E A2k
JiRg A B FE I A % . AN BRI IR AR, TR G 9N
K SR AR A T S 25 ) B BT AR 2 A
HLGT T 24 240 i LA B i A R g 1, e SRR
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R IR IEI15], ) B0 1) 500 55 /N 93 R A
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