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Preparation and evaluation of redox sensitive mixed micelles
containing paclitaxel
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Abstract: The structural modification of nano-micellar polymer carriers can not only increase the solubiliza-
tion of insoluble drugs, but also make drug-loaded carriers aggregate in tumor tissues. In this paper, paclitaxel
(PTX) was used as a model drug, D-a-tocopherol polyethyleneglycol 1 000 succinate (TPGS) modified by disulfide
bond (-S-S-) and oleic acid (OA) was synthesized and mixed micelles were prepared with different molar ratios of
sodium deoxycholate (NADC), and TPGS and NADC mixed micelles modified by thioether bond were synthesized
for comparative study. The effects of the critical micelle concentration (CMC) of the modified polymer and the
molar ratio of TPGS-OA and NADC on the physical and chemical properties of the micelle were investigated.
Finally, the redox drug release ability of disulfide bond and thioether bond was compared. The results showed that
when the molar ratio of TPGS-OA to NADC decreased, the drug loading increased, but the stability decreased.
When the molar ratio was 3:1, the particle size, potential and entrapment efficiency of TPGS-S-S-OA/NADC were
96.24 + 0.14 nm, —24.4 mV and (98.7 + 0.08)%, respectively, hemolysis rate of mixed micelles is less than 2%. The
disulfide modified mixed micelles released PTX completely within 5 h in 20 mmol-L* H,0, environment (pH 7.4),
which was similar to that of thioether modified micelles. It was also found that the stability of micelles decreased
when the pH value was low. All animal experiments were in accordance with ethical standards and were approved
by the Animal Experimental Center of Shenyang Pharmaceutical University (N0.211002300032403). In this study,
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we mainly developed stable nano-micelle carriers which can target drug release in tumor heterogeneous environ-

ment.
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nano-micelle
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Figure 1 Fluoresence intensity ratio (I,,5/155,) of pyrene as a func-
tion of logarithm polymer concentration D-a-tocopherol polyethyl-
eneglycol 1 000 succinate (TPGS), TPGS-S-OA, TPGS-S-S-OA
micelle. TPGS-S-S-OA: TPGS modified by disulfide bond and
oleic acid (OA); TPGS-S-OA: TPGS modified by thioether bond
and OA
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Table 1  The effects of the prescription ratio of mixed micelles on
the entrapment efficiency (EE) and drug loading (DL) of micelles
were investigated. Model drug: Paclitaxel; NADC: Sodium deoxy-
cholate. n=3,x*s

TPGS-OA/NADC

Polymer (mol/mol) EE/% DL/%
TPGS-S-S-0A 4:0 95.7+0.12 2.33+0.27
3:1 98.3+0.23 431+£0.34
2:2 96.9 +£0.15 4.45+0.11
1:3 97.8 £0.28 4.46 £0.45
0:4 97.7£0.20 4.55+0.27
TPGS-S-0A 4:0 94.79+0.035 2.22+0.08
3:1 98.2+0.15 4.45+0.12
2:2 98.0 + 056 4.49 +1.57
1:3 97.8+0.28 456 £0.58
0:4 97.7 £0.20 4.58 £0.23

2 Jie R AR 2 5 i 2 T BUR HORL AR A X 1
RSk 25 ) (1 B 3 S AR Mt 2 7 AR RS, [ Ut
Mo HE J5 R AR R 25 Ll s (10012021 F120:3) #H4T T
HH (K 2). EYPIKEIRA % T, RiAR A T45

Figure 2 Schematic diagram of TPGS-OA/NADC micelle struc-
ture (A); transmission electron microscope of TPGS-S-S-OA/
NADC mixed micelle (B)
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SRR 3 A A0 LA T LI 3.

Table 2 Physical characterization of nano-mixed micelles with different drug-fat ratio. n = 3, x + s

Polymer Fat-drug ratio (mol/mol) EE/% DL/% Stability/day Diameter/nm Potential/mV
TPGS-S-S-0OA 20:1 98.7 +0.08 4.45+0.77 30 96.24 +2.42 -24.4
10:1 78.3+0.07 7.51+0.16 30 204.4 + 2.36 -8.4
20:3 67.9+0.11 11.30 £ 0.07 25 365.5 +2.60 -2.68
TPGS-S-OA 20:1 94.7 +0.01 2.22+0.08 30 102.0 £2.72 -20.4
10:1 98.1+0.14 7.45+0.02 30 2148 +£2.51 -11.5
20:3 68.0 + 0.27 10.9 +1.27 24 359.0 +1.93 -2.1
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Figure 3  The particle size distribution (A) and potential (B) of
TPGS-S-S-OA/NADC mixed micelle
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Figure 4 Paclitaxel (PTX) release of TPGS-S-S-OA/NADC mixed micelle and TPGS-S-OA/NADC mixed micelle in vitro in DL-dithioth-
reitol (DTT) at pH 7.4 (A). PTX release of TPGS-S-S-OA/NADC mixed micelle and TPGS-S-OA/NADC mixed micelle in H,0, at pH 7.4
(B). PTX release of TPGS-S-S-OA/NADC and TPGS-S-OA/ NADC mixed micelles in DTT at pH 5.5 and pH 7.4 (C). Hemolysis rate of
mixed micelles with different concentration gradients in vitro (D)
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