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Abstract: Polymeric micelles have become a potential drug carrier. However, some single-copolymer micelles
often have some performance defects, such as low drug loading, poor stability and weak response to microenviron-
ment. Mixed micelles self-assembled from two or more dissimilar macromolecular polymers provides a direct and
convenient approach to improve drug delivery. This paper attempts to review the internal force, preparation and
characterization, performance advantages and biological activity of mixed polymer micelles, aims to show the

advantages of polymer mixed micelles, analyzes the problems and shortcomings, and hopes to provide reference

for the development of anti-tumor nano-micelles.
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Figure 1 Structure and internal interaction of mixed polymer micelles (MMs)
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Table 1

Comparison of some physical and chemical properties between MM, and single-copolymer micelles (SMs). PS: Particle size; EE:

Entrapment efficiency; DL: Drug loading; TPGS: D-a-Tocopherol polyethylene glycol succinate; PTX: Paclitaxel; LACPEG: Lipoic acid-

chitosan-poly(ethylene glycol); DSPE-PEG: Distearoylphosphatidylethanolamine-poly(ethylene glycol); HDUS: An unspecified hydrophobic
drug; DOX: Doxorubicin; DHA: Dihydroartemisinin; CPA: Cyclosporine A; ARP: Aripiprazole; FA: Folate; F87: Pluronic F87; PLA: Poly
(lactic acid); PPG: Polypropylene glycol; HA: Hyaluronic acid; L61: Pluronic L61; PCL: Poly (e-caprolactone); VIN: Vinpocetine; PBC:

Phenylboronic acid; AmB: Amphotericin B; PBC: Phenylboronic acid; PUC: Urea-functionalized polycarbonate; HDP: Dextran-g-poly(lactide-

co-glycolide)-g-histidine

No. Micelle composition Drug CMC PS/nm EE/% DL/% Ref.
1 TPGS PTX 133.2 pmol-L" 12.3 / / [9]
Soluplus/TPGS (4:1) 4.2 ymol-L"! 120 / /
2 Soluplus Dioscin 130 pmol-L™! / 66.7 33 [24]
Soluplus/TPGS (3:2) 0.4 umol-L"! 67 92.6 4.6
3 LACPEG HDUS / 115 45.6 2.4 [29]
LACPEG/DSPE-PEG (1:1) / 49.8 80.3 3.8
4 TPGS DOX/DHA 133 pmol-L"! / / / [40]
Soluplus-TPGS (1:4) 0.98 pumol-L"! / / /
5 Poloxamer 407 CPA 456 pumol-L" / / / [41]
Poloxamer 407/TPGS (1:1) 110 pmol-L™ 200 / /
6 Tetronic T1107 DOX 3.8 ug'mL™" 390 / / [42]
T1107/TPGS (1:3) 0.8 pg-mL" 10.7 / /
7 Soluplus Piperine 1.5 pmol-L" 65 80.6 4.2 [43]
Soluplus /TPGS (4:1) 0.46 pmol-L"! 62 90.6 4.7
8 Soluplus ARP 7.6 ug-mL™ / / / [44]
Soluplus /TPGS (12:1) 48 pumol-L"! 52 98 1.5
9 FA-F87-PLA PTX / 101 32 1.0 [45]
FA-F87-PLA/TPGS (5:3) / 65 13.5 4.0
10 PPG-g-HA DOX 50 pg-mL™ 192 / 22 [46]
PPG-g-HA/L61 (100:3) 10 pg-mL™" 136 / 3.1
11 Pluronic P123 VIN 20 pg-mL™ 22 94 2.1 [47]
PEG-PCL/P123 (11:14) 1.6 pgrmL”! 36 93 3.1
12 PEG-PBC AmB / 55 66.4 / [48]
PEG-PBC/PEG-PUC (1:1) / 57 72.2 /
13 FA-TPGS,, PTX 13.8 ug'mL™" 102 63.7 10.6 [49]
FA-TPGS, /HDP (1:5) 9.78 ug-mL" 170 80.1 11.4
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Table 2 Comparison of drug release behaviors between MM, and SM,. LTG: Lamotrigine; BSP: Bletilla striata polysaccharide; SA: Stearic
acid; F68: Pluronic F68; F127: Pluronic F127; SGA: Syringic acid; MPEG: Poly (ethylene glycol) monomethyl ether; HS15: Solutol HS15;
CM: Curcumin; P123: Pluronic P123; P407: Kolliphor P407; QCT: Quercetin; HAdase: Hyaluronidase; DTT: Dithiothreitol; SIF: Simulated

intestinal fluid

No. Micelle composition Drug Drug release behavior Ref.
1 MPEG-ss-2SA PTX 10 mmol-L" DTT, 12 h 90% [38]
MPEG-2SA/TPGS (1:1) 10 mmol-L" DTT, 12 h 30%
MPEG-ss-2SA/TPGS (1:1) 10 mmol-L" DTT, 12 h 70%
2 FA-F87-PLA PTX 11 h 57.4%,93 h 65% [44]
FA-F87-PLA/TPGS (5:3) 11 h71.2%, 93 h 93%
3 PPG-g-HA DOX 2 mg-mL" HAdase, 1 h >70%; No HAdase, 1 h 27.6% [45]
PPG-g-HA/L61 (100:3) 2 mg-mL" HAdase, 1 h >70%; No HAdase, 1 h 47.2%
4 P123 VIN SIF, 10 h 90% [47]
PEG-PCL/P123 (11:14) SIF, 16 h 90%
5 PEG-PBC AmB 24 h 48.6%, 48 h 55% [48]
PEG-PBC/PEG-PUC (1:1) 24 h 59.2%, 48 h 70%
6 mPEG-PLA LTG 4 h 68%, 24 h 85% [50]
mPEG-PLA/TPGS (2:5) 4h47%, 24 h 80%
7 FA-BSP-SA DOX pH 5.0, 12 h 74.4% [51]
FA-BSP-SA/TPGS (3:1) pH 5.0, 12 h 93.6%
8 F127/F68 (2:1) SGA pH 7.4,0.5h 75% [52]
TPGS/F127/F68 (1:2:1) pH 7.4, 0.5 h 45%
9 TPGS/HS15 (1:5) CM pH 1.2, 10 h 12%; pH 6.8, 10 h 10% [53]
F127/HS15 (8:9) pH 1.2, 10 h 7%; pH 6.8, 10 h 8%
10 P123/P407 (7:3) QCT 8h 12%,5d 75% [54]

P123/P407/TPGS (7:2:1)

8h30%,5d97%

FA-F87-PLA ¢ %L, AUC,, 1 306.0 pg-h-mL" 3 i &
432.5 ug-h-mL", 3X /& BT TPGS I 0N SE K A4 P i 24
I ] A0 P-gp 2505 MHEVE MY #E DL HA-ss-PLA %%
PTX i s I N 3& & TPGS, ¢,, 1 3.59 h 3 i %5 5.87 h,
C, . H13.49 ug L' $27+ % 4.64 pg-L"', MRT H4.57 h#E &
%6.97 h, AUC,_ M 3.96 pg-h-mL" #8142 8.12 pg-h'mL,
I VR & J SR BE 3G 0 PTX Ak P i B I 1), et 254 4
VIR RS R TPGS/F127/F68 (1:2: 1) 4 T
B2 5 A, M EE T F127/F68 (20 1) IR & IR A, 1, 34/
% 62.6 min, MRT % + % 112.6 min, AUC,, #& i &
1 501.8 pg-min-mL", ¥ B TPGS (1) i A\ AT DA I ik 41 ]
P-gp SMHERE I i Wi, eI REFRLAR, JBE 4 IR Y B
RGPS B, SRR T SRR, BRI M R
E 45 &, IR N IR PR I ), AT o3 245 90 2 0 0
;#i[ﬂ]’ ﬂig 3[45,47‘50,5255-59] R
4 HMERSREMN

TR G ME B RE, AL AT S i R i) 2R
A SRR AR ) FE R, 3 R d e R A% - 7 R TH ) SR A )
SRAKBEBCE, W T 2 D REMA SR B, 78 CRAIEAE PR 2
IHTHR T, 3 i 5 G 0 IR P P e EL 1) @ 77 4 i 2 B
BB, T Z A R 2 AR K, DI R FE B AR 25
4.1 RINARRFME

FEGUMR I E PR b, H R A MTT 2 CCK-8 S2156:
M58 1C,, B = H A K 40 1) WK FE (growth inhibition of

50%, Gl,,) 18, LAFRAE 24549 J i 70 0 200 i 25 1, 0 (R
RN R R BRI . — R 5, 586 W IR oo i xof
EVEZI RS E R GRAL, T S SR UM R . 7
IR b, SRR G S E AL T M R ISR D ReAt, MY
BT DA A S5 (SZ A4 pH I LA S5 45 e 82, 39
S 60 £ L ot P-gp A1 HE, 38 AR T TR AR I SR
JHT, ANTARAS B4 () A 903& 1 . R FH FA-F87-PLA il
# PTX JiE S I\ TPGS, 1] 5 3% 34 it OVCAR-3 (1) 4]
Hu & 1, 1C, 18 (24 h) H14.69 mg-L" F#{K £ 2.63 mg-L",
IXJE BT TPGS IS IN4H M £5 H # k) P-gp 2454 7
45 9L, FIF FA-PF127/F68 fill % 3k 5 1M A M IR A ik
TR, T R 7 AR A 5 I PN R AR R G n 25 P i
WP, MCF-7 41 g 24 h 1) GI,, {4 1 31.9 pmol-L™' F& A%
2 16.5 pmol L) 5 419204546.5460-65]
4.2 HBEIFENEE

MR SR S A BICE M. — RIS,
KRR S A5 AR T IR R 4B A AL . X SR A I
AR RN AT PR AL, BT FH 28 R A 5 15 B R
FHRE 5 1 3808 CD44  BL R B A R R 55 2 A A 340
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Table 3 Comparison of pharmacokinetic properties between MM, and SM;. MCT: Myricetrin; CSO: Chitosanoligosaccharide; ADM:
Administration; iv: Intravenous; ig: Intragastric; in: Intranasal; AUC: Area under the plasma concentration-time curve; MRT: Mean resi-

dence time; C, , : Maximum plasma concentration; 7, : Time to maximum plasma concentration; CL: Clearance

No. Micelle ADM Pharmacokinetic property Ref.

1 PTX AUC,, 153.1 pg-h'mL" [45]
PTX-SMs iv AUC,, 306.0 pg-h-mL"
PTX-MMs AUC,,432.5 ng-h'mL"

2 VIN-SMs ig MRT 187 min, C,_90.7 ng'mL", AUC,, 20.1 pg-min-mL’ [47]
VIN-MMs MRT 165 min, C, 123.4 ng'-mL", AUC,, 23.8 pg'min'mL"

3 LTG in 1,528 min, 7, 7.5h,C, 0.75 ug'L"', AUC,23.0 pg-min-L" [50]
LTG-SMs 1,,106.7 min, T, 42.5h,C, 040 ng-L", AUC,,50.7 pg'min-L"
LTG-MMs t,,109.0min, 7, 25h, C, 0.43 pug-L', AUC,, 2.5 pg'min-L"

4 SGA ig t,, 14.3 min, MRT 51.2 min, AUC, 667.2 pg-min-mL"' [52]
SGA-MMs t,,49.0 min, MRT 75.5 min, AUC, 812.7 pg-min-mL"'
SGA-TPGS-MMs t,, 62.6 min, MRT 112.6 min, AUC,,1501.8 pg'min'mL"'

5 PTX iv t,,0.66h,C, 2.08 pg'mL", MRT 1.81 h, AUC,, 1.92 pg-h-mL"' [55]
PTX-SMs 1,,359h,C,, 3.49 ug'mL", MRT 4.57 h, AUC,, 3.96 pg-h-mL"
PTX-MMs t,,5.87h,C,  4.64ug'mL", MRT 6.97 h, AUC,, 8.12 pg-h-mL"

6 MCT ig t,,8.10h,C 0.584 pg'mL', AUC,5.54 ug-h-mL" [56]
MCT-SMs t,811h C 1421 pg'mL', AUC,, 16.75 pg-h-mL"
MCT-MMs t,,921h,C_ 1630 pgmL", AUC,,19.65 ng-h-mL"

7 PTX-SMs iv t15, 128, AUC_, 17.53 pg-h-L", CL 0.34 L-kgh™ [57]
PTX-MMs t,,;,0.82h, AUC, 8.1ng'h L™, CL 0.74 L-kg'h'

8 DTX-MMs iv C,..168.1 ng'mL™, MRT 5.0 h, AUC,,764.3 ng-h-mL" [58]
DTX-CSO/SA-MMs C,..123.9 ng'mL", MRT 4.9 h, AUC,, 889.6 ng-h-mL"'

9 PTX-SMs ig T, 28h,C_ 0.16ug'mL", MRT 10.5 h, AUC_,2.8 pg-h-mL" [59]
PTX-MMs T . 35h C_1.09 pg'mL", MRT 14.5 h, AUC, 20.0 pg-h-mL"'

Table 4 Comparison of in vitro tumor cytotoxicity between MM, and SM¢ CHS: Chrysie; RSV: Resveratrol; PSA: Polysialic acid; VES:

Vitamin E succinate; RGD: Arginine-glycine-aspartic acid peptide; IC;,: Half maximal inhibitory concentration; Gl,;: Growth inhibition of

50%

No. Micelle composition Cells/incubation time In vitro cytotoxicity Ref.

1 PTX-Soluplus MCF-7, SKOV, MDAMB-231/48 h IC,,>100 pg'mL" [9]
PTX-Soluplus/TPGS IC,, 13.4,10.8, 11.6 pg'mL"'

2 HDUS-LACPEG A549, PC-9/72 h IC,, 6.85, 0.24 pmol-L"! [29]
HDUS-DSPE-PEG IC,, 14.5,0.10 pmol-L"
HDUS-LACPEG/DSPE-PEG 1C,,9.9, 0.30 pmol-L"!

3 PTX-FA-F87-PLA OVCAR-3/24 h IC,,4.69 mg'L" [45]
PTX-FA-F87-PLA/TPGS IC,,2.63 mg'L"

4 DOX-PPG-g-HA MCF-7 MDR/48 h IC,,27.8 pmol-L"! [46]
DOX-PPG-g-HA/L61 IC,, 18.9 pmol-L"

5 QCT-P123/P407 MCF-7, DA-MB-231/72 h IC,, 33,41 pmol-L" [54]
QCT-P123/P407/TPGS IC,, 2, 24 pmol-L"!

6 CHS-F127-FA/F68 MCF-7/24 h GL,, 16.5 pmol-L" [60]
CHS-F127/F68 GI,, 31.9 pmol-L"

7 RSV-P127/TPGS MCF-7/24 h IC,, 35.19 pmol-L" [61]
RSV-FA-P127/TPGS IC,, 27.89 pmol-L"

8 CM-mPEG-PLA HCE/48 h IC,, 18.6 pmol-L" [62]
CM-PLA-COO/mPEG-PLA IC,, 7.7 pmol-L"!

9 CM-mPEG-PSA HeLa/48 h IC,, 6.80 mg'L" [63]
CM-mPEG-PSA/mPEG-PLLA IC,,2.92 mg'L"

10 PTX-VES U87MG/24 h IC,, 0.142 pmol-L"! [64]
PTX-VES/TPGS-RGD IC,, 0.042 pmol-L"
11 DOX-DSPE-PEG H460 TaxR/48 h IC,, 7.47 pmol-L"! [65]

DOX-DSPE-PEG/TPGS

IC,, 3.15 pmol-L"

B B 2y 5 R H PPG-g-HA . PPG-g-HA/L61 1, #;
DOX, K % 3% L61 [f) PPG-g-HA/L61 18 & 5 3 (1 21
Ji $5 B 6 4 PPG-g-HA JIZ 3 1) 198.8%, {H i 45 L61 Lh

538 T, 4 B B R A, X T IR R S H R %
fK) PEO %[, 2% 1] iz Bk > 7 HA-CD44 A H.{F F),

% 5110,55,65-76]
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Table S Comparison of cellular uptake of MM, and SM; in vitro. CSDA: Deoxycholic acid-modified chitooligosaccharide; PSA: Polysialic
acid; DEX: Dexamethasone; CH: Cholesterol; CS: Cystamine; BHS: Baohuoside I; DDAB: Didecyldimethylammonium bromide; PSO:

Polyoxyethylene sorbitol oleate; PMC: Penetrating peptide modified cholesterol; PBLG: Poly(y-benzyl-L-glutamate); DTX: Docetaxol; BU:

Bufalin; Fru: D-Fructose; PCL: Poly(e-caprolactone) ; HPG: Hyperbranched polyglycerol; CD: -Cyclodextrin; LA: Lactobionic acid

No. Micelle composition Cell/incubation time Cell uptake Ref.
1 PTX-TPGS A549/Taxol/4 h 2.5 times, HA-ss-PLA/TPGS MMs vs TPGS SMs [55]
PTX-HA-ss-PLA/TPGS
2 DOX-DSPE-PEG H460/TaxR/8 h 2.9 times, DSPE-PEG/TPGS MMs vs PEG/TPGS MMs [65]
DOX-DSPE-PEG/TPGS
3 PTX-mPEG-PLA A549/12 h 1.2 times, PTX by CSDA/mPEG-PLA MMs vs mPEG-PLA SMs [66]
PTX-CSDA/mPEG-PLA
4 DEX-PSA-CH RAW 264.7/4 h 2.4 times, FA/PSA-CH MMs vs PSA-CH SMs [67]
DEX-FA/PSA-CH
5 DOX-F127 S180/2 h 1.85 times, F127/PSA-CS-CH MMs vs F127 SMs [10]
DOX-F127/PSA-CS-CH
6 PTX-F127 B16F10/1 h 1.6 times, F127/TPGS MMs vs F127 SMs [68]
PTX-F127/TPGS
7 BHS-DDAB/TPGS A549/2 h 1.3 times, DDAB/HA/TPGS MMs vs DDAB/TPGS MMs [69]
BHS-DDAB/HA/TPGS
8 PTX-CH-PSO U87/4 h PMC-PSO > CH-PSO [70]
PTX-PMC-PSO
9 PEG-PBLG-DTX MCF-7/4 h PEG-PBLG-DTX/PEG-FA MMs > PEG-PBLG-DTX SMs [71]
PEG-PBLG-DTX/PEG-FA
10 mPEG-ss-PTX MCF-7/DOX/4 h Twice, mPEG-ss-PTX/TPGS MMs vs mPEG-ss-PTX SM [72]
mPEG-ss-PTX/TPGS
11 DOX-P407/TPGS SKOV3/4 h FA-P407/TPGS MMs > P407/TPGS SMs [73]
DOX-FA-P407/TPGS
12 BU-VES LoVo/ADR/2 h VES/TPGS-RGD MMs > VES SMs [74]
BU-VES/TPGS-RGD
13 PCL-PEG-N,/TPGS MCF-7/4 h 2.3 times, PCL-PEG-Fru/TPGS MMs vs PCL-PEG-N,/TPGS MMs [75]
PCL-PEG-Fru/TPGS
14 PTX-HPG-CD HepG2/6 h HPG-CD/HPG-LA MMs > HPG-CD [76]

PTX-HPG-CD/HPG-LA

4.3 THERA

TR B SR W I A I AR R B A M BT, — AT B
I /b W 2T Y A W, 32 A T 4 R, R e A e R
P, o T DARE KA P 08 PR B 1], 45 5 2 2R B 1), 32 0
AR EE, AT s A s vE v . IR B, 304
R & EA 2590 B o8 e 0 /N BRI SR D7 v, o DA
Je 400 o) 3 m b TR AR AR PR 4R A, bR A R /N L 411
IR, M 25308 4T . F F FA-TPGS,, /HDP N # 4 #4
BHE % PTX VR AR A, MCFE-7/PTX i 4R L4525 16 K,
PTX-HDP.PTX-FA-TPGS,,/HDP Z1 {1 [} 4 11 1 2 43 5]
N 29.2%- 64.1%, 1t B FA-TPGS,,/HDP 1] & 3% $2 & bt
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#j 11 K J&, PTX-HA-ss-PLA Fl PTX-HA-ss-PLA/TPGS
214D ek 988 0 1) 26 43 31 h 49.76% FT 69.08%, BT 5 it

(1) 396 % b g T 24 P, X 2 BT HA 2R S N 7
FITPGS (1) P-gp AMEVE P, L3 68156751,
44 HYHEEMRIERAR
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Table 6 Comparison of antitumor activity of MM and SM in vivo. PHis: Poly(L-histidine) ; Pep: Her2 peptide; TIR: Tumor inhibition

rate; TV: Tumor volume

No. MMs Model (cell, animal, day) TIR/TV Ref.
1 DOX-FA-BSP-SA/TPGS 4T1, female mice, 16 d  TIR 110%, DOX-FA-BSP-SA/TPGS MMs vs DOX-FA-BSP-SA SMs [51]
2 PTX-CSDA/mPEG-PLA  A549, nude mice,27d TV 60%, PTX-CSDA/mPEG-PLA MMs vs mPEG-PLA SMs [66]
3 DOX-HA-GA/HA-His H22, mice, 14 d TIR 114%, DOX-HA-GA/HA-His MMs vs DOX-HA-His SMs [77]
4 DOX-PLGA-mPEG/ KB, nude mice, 24 d TV 65%, DOX-PLGA-mPEG/PLGA-PEG-FA MMs vs DOX-PLGA- [78]

PLGA-PEG-FA mPEG SMs
5 DOX-HA-PHis/ MDA-MB-231, mice, TV 58%, DOX-HA-PHis/Pep-TPGS,, MMs vs DOX-HA-PHis/TPGS,,  [79]
Pep-TPGS,, 10d MMs
6 PTX-FA-P123/F127 KBv MDR, mice, 22 d TV 47%, PTX-FA-P123/F127 MMs vs PTX-P123/F127 MMs [80]
7 DOX-PHis-PEG/ A2780/DOX" MDR, TV 25%, PHis-PEG/PLA-PEG-FA MMs vs PLLA-PEG/PLA-PEG-FA [81]

PLA-PEG-FA

mice, 27 d

MMs
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