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Equilibria between different forms of phenylboronic acid ( Adapted with

permission from Ref. [2]; Copyright (2003) American Chemical Society)
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Glucose-responsiveness of P ( NIPAM-PBA ) microgels: (a) P ( NIPAM-PBA) microgels

synthesized by modification APBA on P( NIPAM-AA); (b) glucose sensitivity of P( NIPAM-PBA)

with different PBA contents at 25 °C and pH = 9.0 ( Reprinted with permission from Ref. [4];

Copyright (2006) American Chemical Society)
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Glucose responsiveness of P( NIPAM-4VP-PBA) microgels: (a) illustration for Lewis acid/base interaction in the

microgels and glucose-induced swelling; (b) glucose sensitivity of p( NIPAM-4VP-PBA) with different 4VP contents at pH =

7.4 (Reprinted with permission from Ref. [20]; Copyright © 2011 John Wiley & Sons, Inc)
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Fig. 4 Hydrogels containing glucose-responsive skin layer showing

excellent self-regulated insulin release ( Reproduced with permission

from Ref. [7]; Copyright © 2012 John Wiley & Sons, Inc)
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Fig. 5  Structures of the nanogel and glucose-sensitive behavior of ARS-loaded nanogel in PBS

(Reprinted from Ref. [23]; Copyright (2013), with permission from Elsevier)
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Fig. 6 A schematic representation of the Wulff-type boronic acid-containing polymer with monosaccharides in different pH environments

The photograph shows tubes containing the polymer in different buffers after 18 h. Tube 1: polymer in PBS (pH =7.4), Tube 2: in PBS/D-
fructose (50 mmol/L) , Tube 3 : in PBS/D-glucose (100 mmol/L) and Tube 4 : in TRIS/D-glucose (100 mmol/L, pH =7.8) (Reprinted with

permission from Ref. [27]; Copyright (2007) American Chemical Society)
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Fig. 7 Well-defined boronic acid block copolymers exhibiting glucose-responsive disassembly at physiological pH

(Reprinted with permission from Ref. [30]; Copyright(2012) American Chemical Society)
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Fig. 8 Schematic illustration for sugar-responsive behavior of PEG-b-PPBDEMA micelles 3!

(Reproduced by permission of The Royal Society of Chemistry)
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Fig. 9 (a) Schematic illustration of glucose-responsive complex polymeric micelle (CPM) for repeated on-off release and insulin protection

under physiological conditions; (b) Repeated on-off release of insulin from CPM!**) ( Reproduced by permission of The Royal Society of

Chemistry)
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Fig. 10

Formation and disintegration of dynamic-covalent nanoaggregates wvia boronic ester formation and

transesterification ( Reprinted with permission from Ref. [ 38 ]; Copyright (2011) American Chemical Society)
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(a) Molecular structure of block copolymers, PEG-6-PSBA, and their equilibrium with sugar molecules in a basic aqueous

phase; (b) Schematic representation of the formation of bioreactors with a permeable membrane utilizing the sugar responsiveness of the

block copolymers ( Reprinted with permission from Ref. [40]; Copyright (2009) WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim)
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Self-assembly of PEG-b-PBOx and its disassembly in the presence of monosaccharides ( Reprinted with

permission from Ref. [41]; Copyright (2012) American Chemical Society)
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Fig. 13 Polyelectrolytes used for the fabrication of the hollow

nanocapsules and proposed mechanism of the glucose-induced
decomplexation of the polyelectrolyte bilayer ( Reprinted with
permission from Ref. [42]; Copyright ( 2006 ) American

Chemical Society)
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Fig. 14  Structure of (a) monoboronic acid and (b)

diboronic acid ( Reprinted with permission from Ref. [54] ;
Copyright (1995) American Chemical Society)
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Fig. 15 Smart hybrid nanogel for glucose monitor and self-regulated insulin delivery: (a) Structure of smart hybrid

nanogel; (b) Photoluminescence quenching and recovery cycles upon the repeated addition (30 mmol/L) and dialysis

removal of glucose (0 mmol/L) in the dispersion medium of the corresponding hybrid nanogels ( Reprinted with permission

from Ref. [60]; Copyright (2010) American Chemical Society)
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Fig. 16  Polymerized crystalline colloidal array photonic crystal sensing materials consist of anembedded CCA

surrounded by a polymer hydrogel network containing a molecular-recognition element ( Reprinted with permission

from Ref. [48]; Copyright (2003) American Chemical Society)
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fluorscent microgels via emulsion polymerization; (b ) Schematic illustration for the modulation of FRET efficiencies within

P(NIPAM-APBA-NBDAE-RhBEA ) microgels by temperature variations and the addition of glucose ( Reprinted with permission from

Ref. [61]; Copyright (2011) American Chemical Society)
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Phenylboronic Acid Based Glucose-responsive Polymeric Materials
for Insulin Delivery and Glucose Monitoring

Gan Liu, Hao Yang, Ru-jiang Ma, Lin-qi Shi®
(Key Laboratory of Functional Polymer Materials of Minisiry of Education, Institute of Polymer Chemistry ,

Nankat University, Collaborative Innovation Center of Chemical Science and Engineering , Tianjin 300071)

Abstract Recently, glucose-responsive polymeric materials have attracted great interest for their potential
applications in diabetes diagnosis and therapy. Among them, phenylboronic acid ( PBA) based polymers hold
advantages such as high stability and reversible response as they are totally synthetic materials. This article
reviewed the advances of PBA-based polymeric materials for self-regulated insulin delivery and continuous
glucose monitoring. Self-regulated insulin delivery systems mainly include glucose-responsive micro/nanogels,
polymeric micelles and vesicles. Their component and morphology have great effect on the glucose sensibility,
repeated on-off release and insulin encapsulation. On the other hand , PBA-based systems for continuous glucose
monitoring contain fluorescent sensors and colorimetric sensors. Since these polymeric materials are gradually
optimized , they would show more potential for further practical applications.

Keywords Phenylboronic acid, Glucose-responsive, Polymer, Insulin delivery, Glucose monitoring
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