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ARTICLE INFO ABSTRACT
Am'd_e history: Currently, most of administered anti-cancer drugs are low molecular weight compounds
Received 10 October 2013 (as compare to polymers) and hydrophabic in nature. Such small malecular anti-cancer

Received inrevised form 9 June 2014
Accepted 29 July 2014
Available online 1 August 2014

drugs possess fast clearance rate from the blood circulating system and have toxic side
effects. Poly(organophosphazenes) have wide range of biomedical applications owing
good biocompatibility, sustainability and degradability into non-toxic by-products. So, in
this review, we have carefully selected such poly(organophosphazenes), which proved
to be good anti-cancer drug carriers because of overcoming crucial issues related to the
P administration of anti-cancer drugs i.e. poor hydrophilicity, lack of cancer cells speci-
oly(organophosphazene) % 2 % 7

pH-responsiveness ficity, and fast clearance rate from blood circulating system. Thence, the main focus of
Drug delivery system this review is to highlight the advancement that have been achieved in the synthesis of
poly(organophosphazenes) and their application in anti-cancer drug delivery system (DDS).

Keywords:
Anti-cancer drug

© 2014 Elsevier Ltd. All rights reserved.
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ABSTRACT: Self-assembled polymer vesicles have emerged as exciting and 4
promising materials for their potential application in drug delivery, but the dynamics / %
of stimuli-responsive polymers in these areas with pendant functionality in order to ..., %
understand the structure—property relationship under different physicochemical — o N
conditions is still open to discussion. In this work, nitroxide radical-containing - vq.,‘
copolymers were synthesized and utilized to investigate local dynamics in their

vesicular assemblies. Herein, electron paramagnetic resonance (EPR) spectroscopy hap

was applied to reveal the smart supramolecular vesicular structure and polymer chain 2 2

dynamics in stimuli-responsive controlled assemblies by considering molecular-level - f/ Y \§3%e
- et

interactions. These interactions and dynamics were dependent on the microenviron-
P

at 18:14:34 (UTC).

o)

ment of the assemblies, which might be affected by physicochemical parameters such
as radical concentration, pH, redox agent, polarity, and viscosity. These observations
help to accomplish quantitative insights into the stimuli-responsive colloidal vesicular
assemblies. The vesicles were used as an anticancer drug carrier, which showed high
drug loading efficiency (63.65%). The reduction-responsive prompt disassembly accelerated the release. Furthermore, the
biocompatibility and anticancer activity were examined by cellular experiments against normal fibroblasts (1.929) and human cervical
cancer (HeLa) cell lines, respectively. The results demonstrate that this effort provides an easy strategy for designing controllable
stimuli-responsive polymer nanosystems which promotes their promising application in cancer treatment.

KEYWORDS: stimuli-responsive, self-assembly, dynamics, vesicles, radical-containing copolymer, electron paramagnetic resonance

1. INTRODUCTION

Over the past decade, research interest in cancer treatment is
growing to overcome conventional treatment defects and side
effects.” In many strategies, environmentally sustainable and
responsive polymeric nanocarriers are promising for better
cancer treatment due to target—sgeciﬁc delivery of therapeutic
agents and reduced side effects.”* Hence, the functionalization
capabilities of polymers make them more interesting and
attractive as responsive materials in cancer therapy.'™® Stimuli-
responsive supramolecular nanomaterials that respond to
chemical and/or physical stimuli are called “smart” biomate-
rials and are versatile in their applications.” Especially, self-

stability, robustness, high encapsulation eflicacy of both
hydrophilic and hydrophobic cargos, and bioinspired micro-
environment responsiveness, which make them extremely
attractive in drug delivery applications.'*™"7 For these efforts,
amphiphilic block and graft copolymers are mostly chosen,'*"?
However, generally, the research on vesicles constructed from
amphiphilic random copolymers with stable nitroxide radical
functionality is exceptional. The presence of bioinspired
responsive nitroxide radical (or unpaired electron) in
nanostructures makes them more attractive materials in
biological systems, reducing reactive oxygen species (ROS)
levels and other side effects in targeted cancer therapy.*’~**

Downloaded via ZHEJIANG UNIV on March 30, 20
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

assembled polymer nanomaterials are of great interest and offer
specific applications in biomedical fields such as high loading,
prolonged circulation, transpm‘tation, and stimuli-triggered
controlled release of drugs.”*™"" For this purpose, various
polymer nanomaterials with morphologies of spheres, micelles,
vesicles, worm-like nanostructures, tubes, etc. were used.””
Among these nanomaterials, stimuli-responsive vesicles made
from polymers, commonly called polymersomes, are a special
candidate for biomedical applications, e.g., drug/gene/protein
delivery, bioreactor, diagnostic imaging, and viral/cell capsid
mimicry.'* Vesicles show super chemical and mechanical

© 2021 American Chemical Soclety

<7 ACS Publications

Indeed, multistimuli-responsive materials have the assured
potential to be used in a wide variety of applications, compared
with single/dual stimuli.”* Therefore, to stimulate stable
radical-containing polymers in drug delivery applications, an

Received: November 9, 2021
Accepted: November 24, 2021
Published: December 16, 2021
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Article history: Hypothesis: Organic radical polymers with tailored pendant functionalities have emerged as exciting and

Received 19 August 2020 promising materials for their application versatility. Moreover, eco-friendly polymer-based organic nano-

Revised 7 November 2020
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Available online 19 November 2020

materials with redox-active pendant side groups can replace the harmful heavy metal-based inorganic
materials. On the other hand, self-assembled nanomaterials are of great interest and attracted more
attention recently for their promising application in different advanced fields, but it is yet challenging
to predict suitable hydrophilic-lipophilic balance (HLB) for stimuli-responsive random copolymers
assembly due to structural irregularity. Among several experimental techniques, electron paramagnetic
resonance (EPR) spectroscopy plays a unique and promising role in revealing structural and dynamic

Keywords:
Electron paramagnetic resonance
Amphiphilic random copolymer

Self-assembly information of nanostructured radical containing materials.
Stimuli-responsiveness Experiments: In this study, a series of spin labeled amphiphilic random copolymers poly(methyl
Conformational inversion methacrylate-co-acrylic acid) have been synthesized and characterized by FT-IR, UV-Vis spectroscopies,

TGA, DSC and water contact angle (CA) techniques. Their electrochemical properties have been deter-
mined by cyclic voltammetry (CV) in different organic solvents. EPR spectroscopy has been applied with
other analytical techniques to elucidate the smart supramolecular nanoparticles (SNPs) formation,

Abbreviations: HLB, hydrophilic-lipophilic balance; CA, contact angle; CV, cyclic voltammetry; EPR, electron paramagnetic resonance; SNPs, smart supramolecular
nanoparticles; ROS, reactive oxygen species; SL, spin label; CW, continuous wave; TMS, tetramethylsilane; GPC, gel permeation chromatography; GC, glassy carbon; DLS,
dynamic light scattering; ., rotational correlation times; ay, hyperfine splitting constants; &, anisotropy parameter; In,, anodic (oxidation) peak current; Iy, cathodic
(reduction) peak current; AC, ascorbic acid.

* Corresponding author.
E-mail addresses: hjyu@zju.edu.cn, hodgeyu@163.com (H. Yu).
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0021-9797/© 2020 Elsevier Inc. All rights reserved.
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