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The application of poly(2-ethyl-2-oxazoline) in drug delivery system
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Abstract: Poly(2-ethyl-2-oxazoline) (PEOz), a hydrophilic long-chain polymer synthesized by living
cationic ring-opening isomerization polymerization of 2-ethyl-2-oxazoline, has the characteristics of low toxicity,
biocompatibility, flexible chain, and modified expediently. PEOz is a potential substitute of polyethylene glycol
(PEG) to render the ability of long-circulation, enhance cellular uptake and endosomal escape behaviors to PEOz
modified drug delivery system. In this review, we summarized recent literature for the research progress of
physicochemical properties, synthetic methods and the application of PEOz in drug delivery system.
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Figurel Schematic of the mechanism of the living cationic ring-opening polymerization of 2-ethyl-2-oxazoline
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Figure 3 Schematic of anti-prostate specific membrane antigen antibody modified poly(2-ethyl-2-oxazoline)-poly( D,L-lactide)

(YPSMA-PEOz-PLA) polymeric micelles and pH-triggered drug release

H
\[ /\/]/ Partial hydrolysis \{ /\+[- \/ﬂ\ Full hydrolysis Il\l
" oo C.Hcl Ti00 .HCl N

PEOz PEOz-PEI PEI

Figure4 Schematic of the partial and full hydrolysis of PEOz



+ 1238 -

24524244 Acta Pharmaceutica Sinica 2017, 52 (8): 1235-1240

LCST i 43 o & (138 I A+ s, Gn 2K oA R
f) PEOz 5 kDa LCST & 63 C, PEOz 16 kDa LCST
N 84°C. 7E PEOz A ¥ 5| NBi/K kB, Bk F BLIE 1)
BEAE ARG LCST [, #1140, 7£ PEOz K
Ui AR IR [2-(4-F HE ORIk )-2-WE LN ], BEAE B K B bE
Bt 3% EFtE 15%, AWK LCST H 64 CH %
21°C'®, PEOz-PCL-PEOZ 7K i fi 15 e HL i T B AT
DL I s Ak, FLAE PR 52 56 38 W JE 25 AR 2L,
38 3 5 AL 2 N AE PEOZ-PEI A i 3 4% 12%~15%
WK B W) 22 ZE BRI, A PRI AT (I B
fE, 42 R LG gk sl m i, AR A TR,

DA A 6 U2 B A i s RAE 11 Rl
T X PEOz ¥4 LCST (H1520il28 , 35 58 & Wi fit 1
BEARAE FH B9 K NHER 0 R COg2 > SO,% > S,04° >
H,PO* >F >Cl >Br *NO* >I >CIO* >SCN ., H:,
DL Browgt, AT Br ZHiME FERIKEEYH
LCST, 2 JaHiJte LCST. Ll 1g-L ™! PEOz 500 kDa
J9f5l, o LCST ELEAUKEHR+F S 61.1C, 7 0.2
mol-L ™ Na,CO3 ¥ 1 B %5 27.1°C, TfifE 0.2 mol-L™*
NaSCN H17+% 67.9 C. T AKX LCST
S, AT AR SLIR R R, 1520 IE A AR IR .
23 PEOz ATEXERRAY HEAMEBHAWA
GIERG S L —, PG s RS, (R A
W AR IAEAE, BRKMRRE, SBCEZEDE, £
FIFHBEAR . DASEKVE S G px LR T BEAT A2 1M, ReAE
AN 5 P R R B S e AR RS . BT EA R T
AifiE A E A ARG RN . S R
FER TG 45 g K I A AN [ 43 7 o & PEOz B 9T o
o7 2 i SE 7% )3 KT+ (granulocyte colony stimulating
factor, G-CSF) & —Fi{ERRPER M A0 E . %M S
REMED, DL PEOz 1&1fi G-CSF, 1t PBS (pH 7.4)
T 48 h G-CSF T4 % ] 55% (&KX & 25%, & iE PEiY
2o, 5 A E, PEOZ- i & 2% 4 ifi B £ FH I )
Hi 2 h $2 & 8 hi®% 78 B s S A e A i 4 5K [(2-
O -2-WE MR IR ) -4k BE -(2- T 6 -2-H& ek k)], Caco-2 4l
Fxt HAR BRI i 2~3 £,

I3 9% K Fu k5t L PEOz 5 kDa. PEOz 10 kDa.
PEG 5 kDa #1 PEG 10 kDa &1 ff it 4 I ¥ & 11
(BSA), kB4 BSA #FFAEMMPARILN 1,
4 MBI P4 & 4355 9 0.180, 0.034. 0.110
F10.016, K HfE#E BSA K i PEOz 5 PEG ) T Jii i&
Fy 138 0 328 M R A A P a8 R 00, e Ah, A BR (IR
Ui e ¥ PEOz, BT LA o35 AR A MLV 77 A 0 i 1k
B INAEAL 5 I S A AL Ak RE 40 PEOZ &1 1Y) JEE I

AR R RERINE 05 gLt WHMZH
18 AN R 2H R T K SR, 7 A LI 7R o i
Ve, e 1 PEOZ BB IN£E — I 5E F ik e o
VEARIEZ) 20 3%, WD A0 fE 03 1ERE
24 PEOz HEEREIBEPHINA  JEHVGIT N &
DRI S5k B B S 5 51 RS B T L A — MR A 1
BT B MRS MR A R I e A 22, R
FAL, H OGN, &R G & kAT
ik PEl & — P BA i Je R 1 B B 1 B AU,
REA Uik HE N, (HAN B TE R, BLSE/KER A H
HHATEME AT LR & M . FIFH PEOZ 78 il . BRI 2%
PETRIKfRAER PEL BITE)R, BL PEOz #43 /Kff =4
PEOz-PEI ik Bt 3L sh ik B[, BERE R F7A4 k) e
P, NRERK PEl AN EEYE. Bl 3 AR
[F K EFEFE (30%. 70% il 96%) [) PEOz-PEI i
i% SIRNA, Bl K fRFERE BI38n, gkt m. o
B 1 gL R K AR FERE A IR RS HeLa 40l
% 5 24 h, PEOz-PEI 96% ZH 4l il /7% K T~ 20%, 1M
PEOz-PEI 30% %5 PEOz-PEI 70% 4 )1 ~F 4 i &
P, W] 70% IR AR LLAGE T ik 3L BT, PEOZ
(R 7K B E P K AR FEE « HICI P JBE ZK R B8 A1 Js o i 1]
Pe), HphE— R, 7F 180 C K fift i K fr 4,
NI — A5 B I AR R ST e R, A e 4
P BAT pH RUB I B A Wik JE P ¥ PEOZ-PLA-g-
PEI-SS i3, PAHIL#% me-DNA & DOX, 442 20
R S e TR 4 A S 0 3R /0N B P e 8 A AR 24 Dy it R 4L
(01 172, ¢ ZHE K2R IA th W B PR, SR SRk
F B PEOz. MU BUR (-7 2k -2-WEmEnpk) A1 pH
BT BRI R AL RN ABC B B AL R %
SARHR, ML S TAE LCST (25 C) IR
FBUAE, IR S Al BB A3 i, DAL 1% pDNA,
o B R e 240 40 135039,
25 PEOz AEHREFEEFHNA PEOz £8 W
THACEEAE T AR AR K AR, 1% T 5 5 1 B
PO T PRRE . DAL R ARE (SIO) 9Kk AR
B, A HLR TR 2 B M 23 1 5 & 34 9 5000 1) PEOZ Al
PEG, 253 /R & 5] 3 N g oK ki % 8 R L RE 7,
{EL PRI AR ) 43 7 J5f B 1) PEOZ %K 5 4, 1B 15 3 14
KRR /N, PEOz HAER R B AR EBL N
PEG Z1f) 1.5 15137, #E— 25252 PEOZ 1 i % 5
RN R RO REN, PRI (2-F BE-2-MEMENRK) . 2R (2-
L HE-2-WEMEIRR) FIER (2- PN Jk-2- W e bk ) 188 1 1y Ak
YR KORL IS B L RE 77, K LN B . R K H R 2
SHY W AREIIBIE I EAG, R EMRH R K



E BT R (2-ZFE-2-TEMME) £EZWig I R G I R H

+ 1239 -

B 2 I B 7 1) B A8
3 5B

PEOz 1 —Fa i 711 PEG B4, BA AU
PEG [H5E K MR ZRIPE o oA R fai s mT 5, 4544 5 h
REfL, WS 4niusRE, H A pH fusdt, fescm
AR . IEER, B Z R T AR
gr, WPE R T E AR SR, S 6H
b R G W ) % o0 JUE SC AR B AR 2R, PR DT A2
PE. H¥s PEOz N H T I ARAK IH I — R 5 BRR, &
Je TR BN A AR, UL T, R AR AR
W 2B )12 I Z B AR, LLIRTS FDA fitdE =
Zj4% PEOz. fESCPRRIAH, %5 PEOz [Ei/K PR
5y 0T 8 I SR AR, WA AUE R A E
(1093 F I £ S 33k — 25 PR Joe 35 00 6 o) A4 el &40 i 45% i
M. BB 7R, PEOz NEAAMREHZM4E T
—ANH R

References

[ Sun L, Wu QJ, Peng F, et a. Strategies of polymeric
nanoparticles for enhanced internalization in cancer therapy
[J. Colloids Surf B Biointerfaces, 2015, 135: 56 —72.

[2] Zhang D, Xu H, HuMN, et al. “PEG dilemma” for lipasomes
and its solving approaches [J]. Acta Pharm Sin (Z52%%3k),
2015, 50: 252—-260.

[3] Bauer M, Lautenschlaeger C, Kempe K, et a. Poly(2-ethyl-
2-oxazoline) as aternative for the stealth polymer poly(ethylene
glycol): comparison of in vitro cytotoxicity and hemocom-
patibility [J]. Macromol Biosci, 2012, 12: 986 —998.

[4] Luxenhofer R, Han Y, Schulz A, et al. Poly(2-oxazoline)s
as polymer therapeutics [J].
2012, 33: 1613-1631.

[5] Li JW, Zhou YX, Li CW, et a. Poly(2-ethyl-2-oxazoline)-

Macromol Rapid Commun,

doxorubicin conjugate-based dual endosomal pH-sensitive
micelles with enhanced antitumor efficacy [J].
Chem, 2015, 26: 110—-119.

[6] Luef KP, Hoogenboom R, Schubert US, et al. Microwave-

Bioconjugate

assisted cationic ring-opening polymerization of 2-oxazolines
[J. Adv Polym Sci, 2015, 10: 183—-208.

[7] Rossegger E, Schenk V, Wiesbrock F. Design strategies for
functionalized poly(2-oxazoline)s and derived materials [J].
Polymers, 2013, 5: 956—1011.

[8] Koshkina O, Westmeier D, Lang T, et al. Tuning the surface
of nanoparticles: impact of poly(2-ethyl-2-oxazoline) on protein
adsorption in serum and cellular uptake [J]. Macromol Biosci,

2016, 16: 1287—1300.

(9

[10]

(11]

[12]

(13]

(14]

(19]

(16]

(17]

(18]

[19]

[20]

Schlaad H, Diehl C, Gress A, et a. Poly(2-oxazoline)s as
smart boinspired polymers [J]. Macromol Rapid Commun,
2010, 31: 511-525.

Glassner M, Palmieri L, Monnery BD, et al. The label
matters: pPET imaging of the biodistribution of low molar
mass %Zr and °F-labeled poly(2-ethyl-2-oxazoline [J].
Biomacromolecules, 2017, 18: 96—102.

Hendessi S, Giiner PT, Miko A, et a. Hydrogen bonded
multilayers of poly(2-ethyl-2-oxazoline) stabilized silver nano-
particles and tannic acid [J]. Eur Polym J, 2016, 88: 666 —
678.

Yang J, Li L, Ma C, et a. Degradable polyurethane with
poly(2-ethyl-2-oxazoline) brushes for protein resistance [J].
RSC Adv, 2016, 6: 69930—69938.

Kronek J, Kronekova Z, Luston J, et a. In vitro bio-
immunological and cytotoxicity studies of poly(2-oxazolines)
[J. JMater Sci Mater Med, 2011, 22: 1725-1734.

Qiul, YanL, Zhang L, et al. Folate-modified poly(2-ethyl-
2-oxazoline) as hydrophilic corona in polymeric micelles
for enhanced intracellular doxorubicin delivery [J. Int J
Pharmaceut, 2013, 456: 315—324.

Xu H, Zhang W, Li Y, et a. The bifunctional liposomes
constructed by poly(2-ethyl-oxazoline)-cholesteryl methyl
carbonate: an effectual approach to enhance liposomal circula-
tion time, pH-sensitivity and endosomal escape [J]. Pharm
Res, 2014, 31: 3038—3050.

Xu H, Hu M, Yu X, et a. Design and evaluation of pH-
sensitive liposomes constructed by poly(2-ethyl-2-oxazoline)-
cholesterol hemisuccinate for doxorubicin delivery [J]. Eur J
Pharm Biopharm, 2015, 91: 66—74.
Zhao Y, Zhou Y, Wang D, et a. pH-Responsive polymeric
micelles based on poly(2-ethyl- 2-oxazoline)-poly( D,L-lactide)
for tumor-targeting and controlled delivery of doxorubicin and
P-glycoprotein inhibitor [J]. Acta Biomater, 2015, 17: 182 —
192.

Gao YJ, Li YF, Li YS, et a. PSMA-mediated endosome
escape-accelerating polymeric micelles for targeted therapy of
prostate cancer and the real time tracing of their intracellular
trafficking [J]. Nanoscale, 2015, 7: 597 -612.

Xia GM, An ZJ, Wang Y, e a. Synthesis of a novel
polymeric material folate-poly(2-ethyl-2-oxazoline)-distearoyl
phosphatidyl ethanolamine tri-block polymer for dual receptor
and pH-sensitive targeting liposome [J]. Chem Pharm Bull,
2013, 61: 390—-398.

Merino S, Martin C, Kostarelos K, et al. Nanocomposite

hydrogels: 3D polymer-nanoparticle synergies for on-demand



+ 1240 -

24524244 Acta Pharmaceutica Sinica 2017, 52 (8): 1235-1240

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

drug delivery [J]. ACS Nano, 2015, 9: 4686 —-4697.
Hendrickson GR, Lyon LA. Microge translocation through
pores under confinement [J]. Angew Chem Int Ed, 2010,
49: 2193-2197.

Van Kuringen HPC, Lenoir J, Adriaens E, et al. Partia
hydrolysis of poly(2-ethyl-2-oxazoline) and potential implica-
tions for biomedical applications? [J].
2012, 12: 1114-1123.

Legros C, Wirctius A, De Pauw-Gillet M, et a. Poly(2-

Macromol Biosci,

oxazoline)-based nanogels as biocompatible pseudopolypeptide
nanoparticles[J]. Biomacromolecules, 2015, 16: 183 —-191.
Konefat R, Spévacek J, Jiger E, et a. Thermoresponsive
behaviour of terpolymers containing poly(ethylene oxide),
poly(2-ethyl-2-oxazoline) and poly(e-caprolactone) blocks in
aqueous solutions: an NMR study [J]. Colloid Polym Sci,
2016, 294: 1717-1726.

Kronek J, Petrencikova N, Mikulec M, et a. Structure
analysis and thermosensitive properties of copolymers
prepared from 2-ethyl-2-oxazoline and 2-(4-aminophenyl)-2-
oxazoline[J]. Polym Bull, 2015, 72: 1081 —-1094.

Hwang YS, Chiang PR, Hong WH, et a. Study in vivo
intraocular biocompatibility of in situ gelation hydrogels:
poly(2-ethyl oxazoline)- block-poly(epsilon-caprolactone)- block-
poly(2-ethyl oxazoline) copolymer, matrigel and pluronic F127
[J. PL0OSOne, 2013, 8: €67495.

Mees MA, Effenberg C, Appelhans D, et al.  Sweet polymers:
poly(2-ethyl-2-oxazoline) glycopolymers by reductive amination
[J. Biomacromolecules, 2016, 17: 4027 —4036.

Giiner PT, Demirel AL. Effect of anions on the cloud point
temperature of aqueous poly(2-ethyl-2-oxazoline) solutions [J].
J Phys Chem B, 2012, 116: 14510-14514.

Mero A, Fang Z, Pasut G, et al. Selective conjugation of
poly(2-ethyl 2-oxazoline) to granulocyte colony stimulating
factor [J]. JControl Release, 2012, 159: 353 -361.

[30]

(31]

(32

(33]

(34

(35]

(36]

(37]

(38]

Viegas TX, Bentley MD, Harris M, et al. Polyoxazoline:
chemistry, properties, and applications in drug delivery [J].
Bioconjugate Chem, 2011, 22: 976 —986.

Tong J, Luxenhofer R, Yi X, et al. Protein modification with
amphiphilic block copoly(2-oxazoline)s as a new platform
for enhanced cellular delivery [J]. Mol Pharmaceut, 2010, 7:
984-992.

Konieczny S, Fik CP, Averesch NJH, et a. Organosoluble
enzyme conjugates with poly(2-oxazoline)s via pyromellitic
acid dianhydride[J]. JBiotechnol, 2012, 159: 195 —203.
Fernandes JC, Qiu X, Winnik FM, et a. Linear poly-
ethylenimine produced by partial acid hydrolysis of poly(2-
ethyl-2-oxazoline) for DNA and siRNA delivery in vitro [J].
Int J Nanomedicine, 2013, 8: 4091-4102.

de la Rosa VR, Bauwens E, Monnery BD, et a. Fast and
accurate partial hydrolysis of poly(2-ethyl-2-oxazoline) into
tailored linear polyethylenimine copolymers [J].
Chem, 2014, 5: 4957-4964.

Gaspar VM, Baril P, Costa EC, et al.

Polym

Bioreducible poly(2-
ethyl-2-oxazoline)-PLA-PEI-SS triblock copolymer micelles
for co-delivery of DNA minicircles and doxorubicin [J]. J
Control Release, 2015, 213: 175-191.

Osawa S, Osada K, Hiki S, et al. Polyplex micelles with
double-protective compartments of hydrophilic shell and ther-
moswitchable palisade of poly(oxazoline)-based block copoly-
mers for promoted gene transfection [J].
2016, 17: 354—-361.

Mansfield EDH, Sillence K, Hole P, et al. POZylation: a new

Biomacromolecules,

approach to enhance nanoparticle diffusion through mucosal
barriers[J]. Nanoscale, 2015, 7: 13671-13679.
Mansfield ED, de la Rosa VR, Kowalczyk RM, et al. Side
chain variations radically alter the diffusion of poly(2-alkyl-2-
oxazoline) functionalised nanoparticles through a mucosal
barrier [J]. Biomater Sci, 2016, 4: 1318-1327.



