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Abstract: Objective To prepare a reduction-responsive hybrid nano-micelles containing triphenylphosphine-doxorubicin (TPP-
DOX, TD) and quercetin (Que), and to evaluate its pharmacokinetics. Methods The redox-sensitive polymer material poly(ethylene
glycol) -deoxycholic acid-disulfide-poly(aspartic acid benzyl ester), PDSP, and the non-redox-sensitive polymer 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
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PDSP@Que, and non-redox-sensitive nanovesicles PDCP@TD and PDCP@Que. The particle size, polydispersity index (PDI), and
Zeta potential of the nanovesicles were analyzed using a laser particle size analyzer. The drug loading and encapsulation efficiency
were determined by HPLC. The morphology of the nanovesicles was observed by transmission electron microscopy. The stability
of the nanovesicles in storage, dilution, plasma, and freeze-dried powder reconstitution was evaluated. The effects of 10 umol-L™,
10 mmol-L™", and 20 mmol-L™" GSH on the particle size of the nanovesicles were examined. The in vitro release behavior of the
nanovesicles in release media containing 0, 10 umol-L™", 10, and 20 mmol-L™ GSH was also investigated. Resuits The particle size
of the prepared PDSP@TD and PDCP@TD micelles was approximately 180 nm, while the particle size of PDSP@Que and
PDCP@Que micelles was around 230 nm, with a zeta potential below -17.4 mV. All of four micelles exhibited LC and EE values
exceeding 6.3% and 65.3%, respectively. TEM imaging revealed that all of four micelles displayed spherical morphology and
demonstrated excellent physical stability under various conditions. Under the condition of 10 and 20 mmol-L™" GSH, the particle
size of PDSP@TD and PDSP@Que changes noticeably. The cumulative release rate of free drugs TD and Que in the release
medium containing 20 mmol-L™" GSH is less than 30% within 48 h, while the cumulative release rate of PDCP@TD and
PDCP@Que in all mediums was around 38% within 48 h, and the cumulative release rate of PDSP@TD, PDSP@Que, and the
mixed vesicle in the release medium containing 20 mmol-L™" GSH was around 78% within 48 h. Conclusion The reduction-sensitive

huydrid nano-micelles prepared exhibit excellent stability, and tumor cell-specific reduction sensitivity, rendering them suitable for

subsequent investigations on in vitro and in vivo antitumor drug resistance.
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Table 1 Results of of nano-micelles prepared by four methods of PDSP@TD (x+s, n=3)

J7 i $i4%/mm PDI Zeta B A7/mV HAE% AL E /%
) B0 280.7+20.2 0.265+0.102 -20.1+3.3 6.0+3.0 58.3+0.3
BT 320.0+18.1 0.321+0.210 -19.0+4.8 43+1.2 74.0+1.0
fEENRERTN 467.0+15.8 0.561+0.342 -13.443.1 5.542.2 63.0+£2.5
T R 190.3+19.6 0.178+0.123 -16.9+4.2 9.2+2.3 78.0+2.3
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K2 4 EHEH MK R PDSP@Que FAE (xts,n=3)
Table 2 Results of nano-micelle prepared by four methods of PDSP@Que(;is ,n=3)

Tk i /nm PDI Zeta L7 /mV HATE/% /%

WL A3 B0 335.2417.6 0.337+0.134 -20.0+3.4 6.0+0.3 60.242.0
FENTIE 369.0+15.2 0.264+0.048 -17.343.6 5.3+0.1 59.0+3.0
EENzERr 521.3+18.2 0.432+0.210 -16.842.4 4.140.3 55.240.6
TR R 230.6+18.0 0.126+0.123 -20.0+4.2 6.342.0 63.0+2.1
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Table 3 Results of nano-micelles PDSP@TD prepared by different organic solvents(x+s,n=3)

pagil Hif%/mm PDI Zeta B4 /mV YR % A3 5 /%
R e+ P4 P 189.0+17.8 0.130+0.125 -17.443.5 8.942.3 76.30+3.06
FR e+ 17 266.7+18.3 0.212+0.201 -25242.3 8.0+3.2 66.01+1.27
LS 290.3+15.1 0.178+0.125 -22.0+4.2 7.4+1.0 60.32+0.34

F4 FEBVAEF SIS HHKE R PDSP@Que RAE (xs,n=3)
Table 4 Results of nano-micelle PDSP@Que by different organic solvents (x+s,n=3)

el i /nm PDI Zeta A7 /mV =/ % A2 /%
FH 5+ A 310.4+20.5 0.365+0.122 -24.5+2.3 6.6+£0.5 59.22+1.33
R+ S0 298.0+18.2 0.165+0.075 -19.2+4.0 5.540.4 63.064+2.12
LB+ 235.3+17.4 0.203+0.154 -20.4+3.5 7.041.2 67.00+3.02
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Fig.1 Particle size distribution of nano-micelles
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Table S Size, PDT, Zeta, drug loading and encapsulation rate of four kinds of nano-micelles (x+s,n=3)

B HiA% /mm PDI Zeta AT /mV AR % 35 2/%
PDSP@TD 189.0+10.8 0.132+0.125 -17.4+1.5 9.8+1.2 77.1£1.4
PDCP@TD 180.0+12.2 0.201+0.032 -19.0+1.4 10.4+2.8 82.0+4.1
PDSP@Que 235.3+13.4 0.203+0.154 -20.4+2.5 6.3+0.4 65.3+£2.7
PDCP@Que 228.0+11.3 0.125+0.320 -22.0+1.2 7.1+0.7 70.0+3.0
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Fig.2 TEM images of PDSP@TD (A), PDCP@TD (B),
PDSP@Que (C), and PDCP@Que (D) nano-micelles
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Fig.3 Storage (A), dilution (B), plasma (C), and protein adsorption (D) stability test of nano—micelles(;:i:s,n=3)
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Table 6 Particle size, PDI, drug load and encapsulation rate of four kinds of nano micelles before lyophilization and after

lyophilization ( xts,n=3)

Bk b/ i) HTEEG
Hi4%/nm PDI WeE  SOEHER% $i4%/nm PDI AR WEHER%
PDCP@TD  186.30+8.96  0.24+0.08  10.73+2.23 79.50+1.67 206.90+10.79 0.26+0.07  10.00+1.87 76.84+1.43
PDSP@TD  196.33+10.88 0.23+0.04  9.53+1.76 77.93£1.49 212.50+£10.91 0.28+0.04  9.15+1.30 77.36+1.50
PDCP@Que 240.67£16.31 0.24+£0.06  7.86+1.33 67.45£1.32 238.07+2.16  0.25+0.09  7.54+1.12 66.92+1.05
PDSP@Que 237.8349.06  0.23+0.09  7.39+0.15 65.36+1.92 247.73+10.11 0.2440.08  7.29+1.13 64.48+0.67
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Fig. 4 Particle size change of four nano-micelles in GSH solution with different concentrations (ws,n=3)
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