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a b s t r a c t

This article reviews the state-of-the art in responsive polymer systems for controlled drug
delivery applications. The paper describes different types of stimuli-sensitive systems and
gives an account of their synthesis through methods such as group transfer polymeriza-
tion, atom transfer radical polymerization and reversible addition-fragmentation chain
transfer polymerization. The article also discusses classification of various drug delivery
systems: diffusion controlled systems, chemically controlled systems, swelling-controlled
systems and modulated release systems. A survey of the recent literature on various stimuli-
responsive polymer hydrogels in controlled drug delivery is also included.
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1. Introduction

Hydrogels are three-dimensional high-molecular
weight networks composed of a polymer backbone, water
and a crosslinking agent. They are gaining tremendous
importance in a wide variety of applications in medical,
pharmaceutical and related fields, e.g. wound dressings
[1], contact lenses [2], artificial organs and drug delivery
systems [3].

Hydrogels are polymeric materials that do not dissolve
in water at physiological temperature and pH. They swell
considerably in an aqueous medium [4] and demonstrate
extraordinary capacity (>20%) for imbibing water into the
network structure. Gels exhibiting a phase transition in
response to change in external conditions such as pH,
ionic strength, temperature and electric currents are known
as “stimuli-responsive” or “smart” gels [5]. Being insol-
uble, these three-dimensional hydrophilic networks can
retain a large amount of water that not only contributes to
their good blood compatibility but also maintains a certain
degree of structural integrity and elasticity [6]. Hydrophilic
functional groups such as –OH, –COOH, –CONH2, and
–SO3H present in the hydrogel are capable of absorbing
water without undergoing dissolution.

Hydrogels can be prepared from natural or synthetic
polymers [7]. Although hydrogels made from natural poly-
mers may not provide sufficient mechanical strength and
may contain pathogens or evoke immune/inflammatory
responses, they do offer several advantageous properties
such as inherent biocompatibility, biodegradability and
biologically recognizable moieties that support cellular
activities. Synthetic hydrogels, on the other hand, do not
possess these inherent bioactive properties. Fortunately,
synthetic polymers usually have well-defined structures
that can be modified to yield tailored degradability and
functionality [8].

2. Responsive stimuli-sensitive materials

Hydrogels have been developed as stimuli-responsive
materials, which can undergo abrupt volume change in
response to small changes in environmental parameters:
temperature, pH, ionic strength, etc. (Fig. 1). These unique
characteristics of hydrogels are of great interest in drug
delivery, cell encapsulation and tissue engineering [9–12].
Stimuli-responsive polymers play an important role in the
development of novel smart hydrogels [13].

The most important systems from a biomedical point of
view are those sensitive to temperature and/or pH of the
surroundings. The human body exhibits variations of pH
along the gastrointestinal tract, and also in some specific
areas like certain tissues (and tumoral areas) and sub-
cellular compartments.

Polymer–polymer and polymer–solvent interactions
show an abrupt readjustment in small ranges of pH or tem-
perature. This is attributed to a chain transition between
extended and compacted coil states. In the case of pH sensi-
tive polymers, the key element of the system is the presence
of ionizable weak acidic or basic moieties attached to a
hydrophobic backbone. Upon ionization, the coiled chains

Fig. 1. Intelligent, stimuli-responsive hydrogels, modulated release of
drug (circles).
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