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Intelligent polymers or stimuli-responsive polymers may exhibit distinct transitions in physical-chemi- 
cal properties, including conformation, polarity, phase structure and chemical composition in response 
to changes in environmental stimuli. Due to their unique ‘intelligent’ characteristics, stimuli-sensitive 
polymers have found a wide variety of applications in biomedical and nanotechnological fields. This 
review focuses on the recent developments in biomedical application of intelligent polymer systems, 
such as intelligent hydrogel systems, intelligent drug delivery systems and intelligent molecular rec-
ognition systems. Also, the possible future directions for the application of these intelligent polymer 
systems in the biomedical field are presented. 
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Living systems consisting of many biopolymers such as 
proteins, polysaccharides, and nucleic acid regulate their 
biological functions by precisely responding to the en-
vironmental stimuli (e.g. life activities of a single cell). 
Synthetic polymers that exhibit similar environmental 
responsive behavior have been extensively investigated 
for use in intelligent and biomimetic systems. Of par-
ticular interest are these intelligent polymers which have 
found tremendous applications in the biomedical field, 
including drug delivery, bioseparation, biomolecular 
diagnostics, biosensor and tissue engineering. Common 
types of the stimuli-responsive polymers are tempera-
ture-responsive, pH-responsive, photo-responsive, elec-
tro-responsive, bio-responsive, and multi-responsive 
polymers. In the present review, intelligent hydrogel 
systems, intelligent drug delivery systems and intelligent 
molecular recognition systems based on these intelligent 
polymers are emphatically introduced. Hydrogel is one 
of the biomedical materials which have the widest ap-
plications. These gel materials are formed from net-
works of hydrophilic polymers by physical or chemical 
crosslinking, taking up water whose weight is 10%－ 

20% to several thousand times their own weight. Hy-
drogels containing stimuli-responsive polymers can un-
dergo volume phase transitions or sol-gel phase transi-
tions in response to external stimuli and thus are used in 
tissue engineering, biosensor, controlled drug release 
and so on[1]. For intelligent drug delivery systems, tak-
ing polymeric drug delivery nanoparticles (e.g. poly-
meric micelles or vesicles, etc.) for example, they will 
undergo deformation/dispersion (micelles, vesicles) or 
swelling/shrinking (microgels, core/shell cross-linked 
nanoparticles) in the presence of external stimuli. These 
properties make it possible for the drug delivery systems 
to control release at the pathological sites selectively and 
sustainedly[2,3]. Combining intelligent polymers and 
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bioactive molecules with biorecognition ability, such 
intelligent biorecognition systems can not only selec-
tively recognize corresponding targets, but also induce 
dramatic changes in volume, shape, chemical composi-
tion or phase structure with external stimuli. Thus, po-
tential applications can be found in bioseparation, bio-
sensor and cancer molecular diagnostics[4].  

1  Intelligent hydrogel systems 

There are two types of hydrogels, i.e., synthetic hy-
drogels and natural hydrogels, depending on their origin 
and composition. Natural hydrogels mostly derive from 
collagen, hyaluronic acid (HA), fibrin, alginate, agarose 
and chitosan, while synthetic hydrogels are three-di- 
mensional gels which are swollen but not soluble in wa-
ter, generated from physical or chemical crosslinks of a 
series of water soluble polymers such as poly(hy- 
droxyethyl methyacrylate) (PHEMA), poly(vinyl alchol) 
(PVA), poly(ethylene glycol) (PEG), poly(acrylic acid) 
(PAA), polyacrylamide (PAAm), and poly(N-isopro- 
pylacrylamide) (PNIPAM)[1]. Because there are ion-dis-
sociable, polar and hydrophobic groups in the backbones 
or side chains of the component polymers, the intelligent 
hydrogels can undergo reversible, discontinuous (or 
continuous) volume changes induced by the changes of 
external solvent composition, temperature, pH, electric 
field, photo, and magnetic field. Thus, it is possible to 
influence the swelling or shrinking properties through 
controlling the microstructure and morphology of the 
polymer gel networks. As a result, hydrogels turn out to 
be intelligent due to their ability to respond to external 
stimuli. Depending on the different responsive aspects, 
intelligent hydrogels can be defined as tem-
perature-responsive, pH-responsive, photo-responsive, 
pressure-responsive and multi-responsive hydrogels.  

1.1  Temperature-responsive hydrogels 

All the temperature-responsive polymers have a critical 
solution temperature. For example, poly(N-substituted 
acrylamide) undergoes phase separation in water when 
the temperature is higher than its lower critical solution 
temperature (LCST). Poly(N-isopropylacrylamide) 
(PNIPAM) is one of the most widely studied tempera-
ture-responsive polymers. It undergoes sharply reversi-
ble phase separation at about 32℃ in water. This prop-
erty is influenced by its chain structure. There are both 
hydrophobic group (isopropyl group) and hydrophilic 

group (amide group) in the side chain of PNIPAM. 
Therefore, when temperature is below LCST, hydrogen 
bonds between hydrophilic group and water make the 
polymers soluble in water. By contrast, as the tempera-
ture increases to above LCST, the interactions of the 
hydrophobic groups are promoted and the hydrogen 
bonds are weakened, resulting in aggregation of the 
chains and precipitation of the polymers from water. The 
LCST of PNIPAM could be adjusted by copolymeriza-
tion methods, increasing as the NIPAM monomer is co-
polymerized with hydrophilic monomers and decreasing 
if hydrophobic monomers are copolymerized into the 
PNIPAM chains. PNIPAM hydrogels are typical 
thermo-shrinking hydrogels, which deswell above LCST 
and swell below LCST. Although the temperature sensi-
tivity of PNIPAM is great, the PNIPAM hydrogels re-
quire even several weeks to reach equilibrium, which 
brings about hindrances to the applications of such hy-
drogels. In order to solve this problem, several strategies 
have been investigated. Yoshida et al.[6] synthesized a 
comb-type grafted hydrogel (PNIPAM grafted PNIPAM) 
with fast deswelling properties. When the temperature 
increased, the free grafting side chains generated some 
hydrophobic cores due to the hydrophobic interactions, 
which dramatically enhanced the aggregation of the 
crosslinking points, resulting in decrease of the deswel-
ling time from more than one month to about 20 min 
(Figure 1). More recently, comb-type grafted polymer 
hydrogel with amphiphilic polymers as the grafting 
chains was synthesized by Xu et al.[7]. The swelling ratio 
of this hydrogel was higher than that of conventional 
ones and its deswellling rate was also fast.  

 

 
 

Figure 1  Structure and deswelling mechanism of homo- and comb-type 
grafted PNIPAM hydrogel[6]. 
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Besides being insensitive, poor mechanical property 
is another disadvantage of the conventional PNIPAM 
hydrogels. One of the effective methods to improve the 
mechanical property of hydrogels is to form the inter-
penetrating polymer networks (IPN). IPN is a kind of 
unique polymer blend or polymer alloys structure, gen-
erated from interpenetrating entanglement networks. The 
special force within the IPN is able to combine two 
component polymers with great differences or diverse 
functions stably so as to realize complementation among 
different components. Simultaneously, the cellular 
structure, interface interpenetration and bicontinuous 
structure of IPN enable the synergy of their properties or 
functions, leading to enhanced mechanical property and 
improved responsiveness of the hydrogels. In a recent 
study, PNIPAM hydrogels containing silk fibroin inter-
penetrating networks were synthesized[8]. The results 
showed that the presence of silk fibroin with β-sheet 
structure could increase not only the viscoelasticity but 
also the deswelling rate. Another strategy to improve the 
mechanical property is to synthesize organic/inorganic 
hybrid hydrogels. Haraguchi et al.[9] have synthesized 
PNIPAM/clay nanocomposite hydrogels exhibiting good 
mechanical property superior to common PNIPAM hy-
drogels. Moreover, the hybrid hydrogels could withstand 
large amplitude stretching, bending and compression 
without destruction, and even could be stretched up 10 
times or knotted.  

Polymer gels based on hydrophilic-hydrophobic bal-
ance are another type of temperature-responsive hy-
drogels. They undergo reversible sol-gel transitions in 
aqueous solution via changing the hydrophobicity of the 
physical crosslinking area in response to temperature 
stimuli. Therefore, these hydrogels different from those 
undergoing volume phase transitions are always used as 
injectable hydrogels applied in non-invasive or mini-
mally invasive treatments.  

PoloxamersⓇ and PluronicsⓇ are general designation 
of a kind of nonionic surfactant. They are a series of 
amphiphilic ABA triblock copolymers with poly (ethyl-
ene oxide) (PEO) as the A segment and poly(propylene 
oxide) (PPO) as the B segment. A general mechanism of 
the thermo-gelling behavior has been proposed that co-
polymers firstly form micelles in the aqueous medium as 
the temperature increases, and then interpenetrations 
between micelles leading to gelation as the temperature 
further increases[10]. However, applications of these hy-

drogels encounter several limitations. Firstly, a relatively 
high concentration is required to form hydrogels at body 
temperature, which is a hindrance to apply such hy-
drogels in vivo. Then, poly(1,2-butylene oxide) (PBO) as 
a more hydrophobic segment is introduced to replace the 
PPO block, causing gelation of the copolymers solution 
at a lower concentration. Likewise, biodegradable poly-
esters (i.e., poly(lactic acid), poly(glycolic acid), poly(ε- 
caprolactone) and their copolymers) can be also used to 
copolymerize with PEO block in place of PPO. The re-
sultant copolymers not only have good biocompatibility 
and biodegradability, but also settle the problem that 
poloxamer hydrogels are erosible from its surface into 
soluble unimers quickly in vivo[5]. In a case study, Zent-
ner et al.[11] synthesized low molecule weight poly  
(lactide-co-glycolide)-poly(ethylene glycol)-poly  
(lactide-co-glycolide) (PLGA-PEG-PLGA) for delivery 
of proteins and water-insoluable drugs. Biodegradable 
experiments showed that hydrogels were sorbed almost 
completely over 4 to 6 weeks after being injected into 
rats. In vitro studies indicated that the release of Pacli-
taxel from hydrogels sustained up to 50 days, however 
the Poloxamer 407 released the paclitaxel within 1 day.  

When the temperature decreases, most of the natu-
rally derived thermosensitive polymers undergo gelation 
in aqueous solution, such as gelatin and carrageenan. 
They adopt random coil conformation at higher tem-
peratures, and transform it to helix by lowering the tem-
perature, during which physical crosslinking networks 
occur. Some derivatives of cellulose present an opposite 
mechanism of gelation. They are soluble in water at a 
certain concentration at lower temperatures, while 
forming gel networks at higher temperatures. Tate et 
al.[12] have investigated methylcellulose-based polymers 
as the tissue engineering scaffold for repairing traumatic 
brain injury. These polymers show low viscosity in 
aqueous solution below 23℃ and gelation occurs in 
brain at body temperature. The biocompatibility of the 
hydrogel was assayed to be good both in vitro and in 
vivo. Another example is that ethyl(hydroxyethyl) cellu-
lose and surfactant complexes used as a drug delivery 
system for peridental anesthesia were studied by Scher-
lund et al.[13]. Results showed that the gelation behavior 
would not be disturbed by addition of the local anes-
thetic agents, lidocaine and prilocaine. And the sustained 
release time achieved from the complex gels was at least 
60 min, which may be used as short-term drug sustained 
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release systems. However, the presence of poisonous 
ionic surfactants in such system has limitations on its 
applications. Chitosan/glycerol phosphate is another 
polysaccharide-based reversible gel system. Chitosan is 
a kind of biocompatible cationic polymer which is solu-
ble in acid medium and forms gelatinous precipitate as 
the pH increases, while forming thermo-sensitive  
hydrogels in the  presence of polyol salts (such  
as glycerol phosphate). Hoemann et al.[14] reported  
some experiments on the proliferation of primary bo- 
vine chondrocytes on chitosan/glycerol phosphate hy-
drogels.  Mechanical strength test revealed the deposi-
tion of functional matrix after being cultured in vitro for 
3 weeks. It was also found that chitosan/glycerol phos-
phate hydrogels could adhere well to around the bone 
and cartilage after injection of its aqueous solution into 
rabbit with bone defects. Subsequently, they used chito-
san/glycerol phosphate/blood complex system to repair 
cartilage. Such complex systems were named CarGelⓇ 
and used in vivo experiments on rabbit, sheep and horse, 
indicating that there were no local or systemic side ef-
fects. 

1.2  pH-responsive hydrogels 

The pH-responsive hydrogels are another kind of widely 
studied stimuli-responsive hydrogels. Its swelling/ 
deswelling behavior occurs in response to the environ-
mental pH changes. In general, there are plenty of ioni-
zable groups in the macromolecular networks of 
pH-responsive hydrogels. As the variation of environ-
mental pH, these groups are ionized to cause differences 
of internal and external ionic strength and breakage of 
hydrogen bonds between the molecular segments. As a 
result, the decrease of crosslink densities and the in-
crease of electrostatic repulsions lead to macroscopical 
swelling of the hydrogels. According to the different 
functional groups, there are three types of pH-responsive 
hydrogels defined as anionic, cationic and zwitterionic 
hydrogels. Anionic pH-responsive hydrogels generally 
have －COO−, and － 2

3OPO −  as its sensitive pendants. 
The most commonly used monomers are acrylic acid 
(AAc) and its derivatives. Cationic pH-responsive hy-
drogels generally have basic pendants such as primary 
amine, secondary amine and tertiary amine. The most 
commonly used monomers are N,N′-dimethyl amino-
ethyl methacrylate, 2-vinylpyridine, etc. Zewitterionic 
pH-responsive hydrogels consist of both acid and basic 
ionizable groups, obtained by crosslinking of different 

polyions.  
Kadlubowski et al.[15] synthesized hydrogels consist-

ing of poly(vinyl pyrrolidone) (PVP) and poly(acrylic 
acid) (PAAc) via photo-initiated cross-linking. These 
hydrogels collapsed, turned to turbidity and exhibited 
phase separation at low pH due to the protonation of 
carboxyl groups. These properties are absent in the hy-
drogels that only contain PAAc. Another kind of hy-
drogel based on semi-IPN of chitosan (CS) and PEO 
were synthesized and studied in comparison with 
crosslinked CS hydrogels[16]. Results showed that  
the swelling of the former was highly dependent on  
pH, and the swelling and mechanical properties were  
all superior to the latter. Brahim et al.[17] synthesized 
hydrogels by copolymerization of 2-hydroxylethyl 
methacrylate (HEMA), 3-(trimethoxylsilyl)propyl me- 
thacrylate (PMA) and N,N′-dimethyl aminoethyl metha- 
crylate (DMAEMA), by using tetraethylene glycol dia-
crylate (TEGDA) as a cross-linker. In the presence of 
PMA which could crosslink with hydroxyl groups of 
HEMA, the maximum swelling ratio decreased with the 
increase of the mole ratio of PMA in monomers. These 
hydrogels to swell at low pH are considered to have po-
tential applications in pH-responsive delivery of hydro-
phobic drugs. 

Anionic hydrogels that shrink in acid medium and 
swell in neutral or basic medium have been investigated, 
proving that they can be used in oral or colonic targeting 
delivery of peptide or protein drugs. Because the 
shrinkage in acid medium can protect the peptide or 
protein drugs from being destroyed in stomach, the 
swelling and bio-adhesion in colonic neutral or slightly 
basic environment may be favorable to drugs release and 
absorption. Park et al.[18] synthesized pH-responsive hy-
drogels using poly(vinyl alcohol) (PVA) as the networks 
backbone grafted with PAAc and poly(methacrylic aicd) 
(PMAAc). In vitro studies on insulin release showed that 
there was no visible release of insulin in simulated gas-
tric fluid (pH 1.2), but controlled release of insulin was 
observed in simulated intestinal fluid (pH 6). Further 
studies on the oral delivery behavior in vivo in a rat 
model confirmed that the effectively released insulin 
could control the level of glucose within 4 h. Murthy et 
al.[19] synthesized acid-labile acetal crosslinked hy-
drogels and microgels. Release behavior was studied 
using bovine serum albumin (BSA) as a model drug, 
showing that at pH 7.4, the release rate was so slow that 
only 5% BSA was released after 2 h and a relatively 
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long time (96 h) was required to obtain complete release. 
By contrast, under an acidic condition (pH 5.0), the 
crosslinking points were destroyed quickly through aci-
dolysis, leading to fast release of loaded BSA within 2 h. 
Moreover, gel electrophoresis confirmed the retained 
bioactivity of the released BSA.  

1.3  Electro-responsive hydrogels 

Electro-responsive hydrogels are a kind of intelligent 
hydrogels to undergo swelling, shrinking and bending 
behavior in response to electro stimuli. One of its unique 
characters is that such hydrogels can transform the elec-
tric energy to mechanical energy. Electro-responsive 
hydrogels generally consist of polyelectrolyte. Their 
responsive property is attributed to the directional mi-
gration of free ions in solution in DC electric field. The 
migration of free ions within hrdrogel causes inho-
mogeneity inside and outside the hydrogel, leading to 
variation of osmotic pressure and deformation of hy-
drogel. Therefore, these hydrogels with ability to trans-
form electric energy to mechanical energy have been 
investigated significantly as energy converter applied in 
fields such as robots, sensors, controlled drug release 
and artificial muscles.  

These hydrogels have been investigated since 1965. 
Hamlan et al.[20] firstly reported that the ionic PVA hy-
drogels connected to anode shrank in 1% NaCl solution 
after applying 5V DC voltage. Subsequently, Tanaka et 
al.[21] found that partially hydrolyzed polyacrylamide 
hydrogels in water-acetone underwent discontinuous 
volume changes in the presence of electric field, and 
recovered to its original form as the electric field was 
removed. Because of the poor mechanical property of 
hydrogels made by simplex polymerization, copoly-
merization or blends are adopted to obtain electric hy-
drogels with better mechanical strength. Yao et al.[22] 
synthesized crosslinked hydrogels bearing sulfonic 
groups via sulphonation of polystyrene-polyethylene- 
polybutylene block copolymers. These hydrogels bent 
towards cathode in electric field after swelling in saline 
solution, but bent towards anode after swelling in de-
ionized water. Semi-IPN hydrogels consisting of 
polyaniline and chitosan were prepared by Kim et al.[23]. 
The swelling ratio and electric sensitivity were studied 
at various pH. A relatively high swelling ratio was ob-
served at low pH. And the gel membranes showed di-
verse mechanical behavior depending on the pH in DC 
electric field. It bent to anode in buffer solutions at pH 

of 1.0 or 4.0, while bending to cathode at pH of 10.0. 
This is attributed to the fact that the polyaniline has dif-
ferent electro-activity under these conditions. An oscil-
latory bending was observed in neutral (pH 7.0) buffer 
solution, which might be attributed to reverse transfor-
mation between the electro-activity state and the oxida-
tion state of polyaniline.  

1.4  Photo-responsive hydrogels 

The responsive property of the photo-responsive hy-
drogels is mainly based on the following three mecha-
nisms: (1) Photodegradable compounds are conjugated 
to the polymer gel and generate a number of ions within 
gel when exposed to light. The marked increase of ions 
induces abruptly changes of the osmotic pressure within 
gel which allows the solvent outside to diffuse towards 
inner part and volume phase transition occurs subse-
quently in a manner of photo-response. (2) Introducing 
photosensitive compounds into a temperature-sensitive 
hydrogel, local temperature within the hydrogel will 
increase when the photosensitive compounds absorb a 
number of protons and convert them to heat. Volume 
phase transition occurs if the temperature continues in-
creasing up to the phase transition temperature of the 
hydrogel. (3) Photosensitive groups to undergo elec-
tronic transitions from ground state to excited state by 
absorbing a certain amount of photon energy are intro-
duced into backbone or side groups of polymers. The 
molecules in excited state undergo isomerisation through 
intramolecular or intermolecular energy transfer which 
induces changes in molecular conformations, and further 
results in physical-chemical changes within hydrogel. 
Thus, these hydrogels make response to photo-stimuli 
corresponding to the isomerization of the photosensitive 
groups. For instance, azobenzene and its derivatives can 
undergo cis-trans isomerisation under UV illumination, 
which may change the molecular sizes and the distance 
between macromolecules, resulting in volume changes 
of the gel. 

Desponds et al.[24,25] prepared a photosensitive co-
polymer based on copolymerization of NIPAM and 
N-acryloxysuccinimide (NAS), and subsequently con-
jugated chromophore group, 3-aminopropyloxy azo- 
benzene, to the side chain of NAS. The LCST of the 
resultant polymer was 16℃ in stable trans form of azo 
group. If exposed to 330 nm UV illumination, the azo 
moieties converted to more hydrophilic cis form, and the 
LCST increased to 18℃. However, the azo groups could  
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be recovered to trans form under 440 nm visible light 
illumination. Thus, the photo-modulated temperature- 
sensitive point can be achieved. Zheng et al.[26] reported 
that the sol-gel transition point of the azobenzene-func- 
tionalized hydroxypropyl methylcellulose would shift to 
high temperatures if exposed to UV illumination, but 
shift to low temperatures, by contrast, if adding a small 
amount of α-cyclodextrin. This is because the α-cyc- 
lodextrin could interact with cis zaobenzene groups un-
der the illumination of UV. Therefore, the different 
shifting trends of the sol-gel transition point in the pres-
ence of α-cyclodextrin have opened a new avenue to 
investigate hydrogels with photoregulated tempera-
ture-sensitive point.  

1.5  Pressure-responsive hydrogels 

Pressure-responsive hydrogels are a kind of hydrogels 
that undergo volume phase transitions in response to the 
changes of external pressure. The pressure dependence 
of hydrogels was firstly proposed by Marchetti[27] 
through theoretical calculation. The calculated results 
suggested that hydrogels collapsed at a low pressure, 
while expanding at a high pressure. This prediction was 
confirmed by experiments conducted by Lee et al.[28]. 
They prepared PNIPAM hydrogels using N,N′-methy- 
lenebisacrylamide as a cross-linker. Results showed that 
the volume of hydrogels changed in response to pressure 
variation and suggested that the pressure-dependent 
volume changes of hydrogels might be attributed to the 
contribution of pressure to the systemic free energy. 

1.6  Multi-responsive hydrogels 

Hydrogels with a single sensitivity usually can not sat-
isfy the actual application demands, especially the ap-
plications in complex environment and multi-intelligent 
systems. Accordingly, multi-responsive hydrogels with 
ability to respond to different external stimuli would be 
more available. For example, Shim et al.[29] synthesized 
an injectable temperature and pH double sensitive hy-
drogel. Sulfamethazine oligomers serving as pH sensi-
tive components were coupled to the ends of tempera-
ture-sensitive poly(ε-caprolactone-co-lactide)-poly(eth- 
ylene glycol)-poly(ε-caprolactone-co-lactide) (PCLA- 
PEG-PCLA), leading to a temperature and pH sensitiv-
ity system. This copolymer could undergo a sol-gel 
transition within a narrow range around the physiologi-
cal pH. It formed a gel at pH 7.4 and 37℃, but presented 
as a sol at pH 8.0 and room temperature. Bhattacharya et 

al.[30] synthesized a temperature, pH and magneto- sen-
sitive hybrid microgel. This microgel was prepared by 
addition of magnetic particles while preparing tempera-
ture and pH sensitive microgel. The content of magnetic 
particles could be adjusted by the concentration of ferric 
salt (maximum up to 15%) without influence on the sta-
bility and other two kinds of sensitivity of the microgel. 

2  Intelligent drug delivery systems 

Before 1970s, most of the drug administrations are tra-
ditional tablets, drops and injections. But no matter 
whether drugs act on an organ or system, most of them 
have a therapeutic window, that is, drugs should gener-
ate an effective concentration in the pathological area. 
This leads to new requirements on the design of drug 
delivery systems that could control concentration of 
drugs at the targeted sites. Meanwhile, some drugs exert 
their effects not only at the targeted sites but also at the 
adjacent sites and cause side effects, which demand to 
control the drugs distribution after entering humoral 
system and tissues. To meet the new demands of drug 
administrations, intelligent drug delivery systems have 
been developed to release drugs timely, quantitatively 
and site-selectively in response to the variation of 
pathological signals such as pH, temperature, or bio-
molecules in order to gain a better efficacy. 

2.1  pH-Responsive drug delivery systems 

Drugs will encounter complex environmental pH inside 
the body. For example, oral administration will go 
through acidic environment in stomach and then neutral 
or slightly basic intestine, while anti-caner drugs will 
come up against lower pH values in tumor and inflam-
matory tissue (pH ~6.8－7.2) as well as in endosome 
and lysosome of cells (pH ~5－6) compared with pH 
~7.4 in normal tissue and blood. Therefore, pH-res- 
ponsive drug delivery systems have been developed 
mainly based on the following two types: (1) Nanoparti-
cles with basic groups (e.g. amines) in the core are pro-
tonated in acidic solution and the hydrophobic core is 
changed into a hydrophilic system, leading to dissocia-
tion or swelling of particles and release of the loaded 
drugs, which is suitable for controlled drug delivery in 
tissues and cancer cells. (2) By contrast, nanoparticles 
with acidic groups (e.g. carboxyl) in the core become 
hydrophilic by deprotonation in basic solution and can 
be used as controlled drug delivery in intestine[3,5]. 
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More examples have been focused on the first type of 
drug delivery system. This kind of system is constructed 
by polymers with basic groups which show hydropho-
bicity at a pH above its pKa and form stable drug-loaded 
particles by conjugating hydrophilic polymer segments. 
As the pH decreases below the pKa, the protonation of 
polymers turns the “hydrophobic segments” to hydro-
philic ones and increases the electrostatic repulsion be-
tween charged groups. For example, micelles consisting 
of poly(L-histidine) and PEG (pHis-PEG) dissolved at 
physiological pH 7.4. But micelles constructed by 
PLA-PEG and pHis-PEG were stable at pH 7.4 and dis-
solved at pH 7.2. This dissociation pH depends on the 
blending ratio of PLA-b-PEG and pHis-PEG[31,32]. Block 
copolymer poly(2-vinylpyridine-b-ethylene glycol)  
(P2VP-PEG) formed stable vesicles in neutral and alka-
line solution. However, these vesicles dissolved at pH 5 
and fast released loaded fluorescent dye at pH 4, which 
showed potential applications in pH-responsive drug 
delivery systems[33]. Irvine et al.[34] reported a kind of 
crosslinked core-shell nanoparticle using pH sensitive 
poly(N,N′-diethyl amioethyl methacrylate) (PDEAEMA) 
as the core and poly(2-aminoethyl methacrylate) 
(PAEMA) as the shell, which could effectively deliver 
the membrane-impermeable molecules, such as calcein 
and ovalbumin, into cytosol of dendritic cells. It was 
showed that these nanoparticles could effectively disrupt 
endosomes due to their pH-responsive core and then 
released the loaded drugs into cytosol without overt cy-
totoxicity.  

The type (2) drug delivery systems show an opposite 
pH sensitivity. These systems remain stable at low pH 
while releasing drugs at high pH, which can usually be 
used for oral administration. For example, a series of 
pH-responsive block copolymers were developed by 
Leroux et al.[35,36] by using PEG as the hydrophilic 
component and poly(alkyl acrylate-co-methacrylic acid) 
as the pH sensitive core. Depending on the polymer 
composition, these block copolymers formed micelles 
with the sizes from 120 nm to 350 nm at pH < 4.5, while 
releasing drugs as the pH increased up to 7.2. Another 
study performed by Sarmento et al[37]. was that dextran 
slufate/chitosan nanoparticles were investigated for oral 
delivery of insulin. Insulin can be fully retained by dex-
tran sulfate at low pH in stomach and released in neutral 
intestine. The mucoadhensive property of polysaccha-
ride nanoparticles also enhanced the uptake of insulin 

via intestinal mucosa. The insulin association efficiency 
was over 70% and the release of insulin was in a 
pH-dependent manner under simulated gastrointestinal 
conditions. A significant increase of efficiency over 
1.6% in comparison with direct administration was ob-
served in treatments of diabetic rats.  

In recent years, pH-induced charge-reversal poly-
meric nanoparticles have received great attention to ap-
plications in drug delivery systems. Lee et al.[38] firstly 
synthesized PEG and poly(β-benzyl-L-aspartate) block 
copolymer and then modified it into PEG-poly ((2- 
aminoehtyl)aspartamide) bearing positive pendant 
groups by aminolysis with excess ethylenediamine. This 
copolymer further reacted with citraconic anhydride to 
transform the positive pendant groups into negative 
carboxyl and meanwhile had acidic degradable citra-
conic amides in the pendants. These polymers were used 
to form polyion complex (PIC) micelles with cationic 
model protein. The PIC micelles disintegrated and selec-
tively released the active protein owing to charge-con- 
version of the pendants caused by the acidolysis of citra-
conic amides. Therefore, these pH-responsive block 
copolymers are promising for controlled protein drugs 
delivery. Similarly, Xu et al.[39] synthesized PCL and 
polyethyleneimine (PEI) block copolymers (PCL-b-PEI). 
The primary and secondary amines of PEI block were 
partially converted into amides to form micelles with 
negative surface by reacting with cis-1,2-cyclohexa- 
nedicarboxylic anhydride. At low pH, the hydrolysis of 
amides led to recovery of the micelles surface into posi-
tive charge (Figure 2). In vitro experiments revealed that 
the doxorubicin (DOX)-loaded nanoparticles could ef-
fectively kill SKOV-3 ovarian cancer cells and its nega- 
tive surface at neutral pH could reduce interactions with 
proteins in blood, which prolonged the circulation time 
with enhanced efficiency. Therefore, these interestingly 
designed nanoparticles may have potential applications 
in drug delivery in vivo.  

2.2  Temperature-responsive drug delivery systems 

Poly(N-isopropylacrylamide) (PNIPAM) is considered 
to be the most commonly studied temperature sensitive 
polymer. When PNIPAM block is copolymerized with 
hydrophobic segment, it forms micelles in neutral aque-
ous solution with hydrophobic segment as the core and 
PNIPAM segment as the shell. This type of micelles 
presents typical temperature sensitivity. The hydrophilic 
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Figure 2  The structure of folate-targeted charge-reversal nanoparticles and its pH-induced charge reversal[39]. 

 
PNIPAM turns hydrophobic at the temperature above 
LCST which induces dissociation of micelles, while as 
the temperature decreases below LCST, PNIPAM re-
verts to hydrophilicity and micelles are reformed. This 
course is reversible in aqueous solution. Drug delivery 
systems using such kind of copolymers are feasible to 
control drug release by facile healing/cooling steps to 
adjust the structure of micelles. Yang et al.[40] synthe-
sized a series of block copolymers based on poly(N- 
isopropylacrylamide-co-N,N′-dimethylacrylamide) 
(P(NIPAM-co-DMAAm)) and poly(lactide-co-gly- 
colide) (PLGA). These copolymers formed micelles in 
phosphate buffer solution (PBS) and their LCST was all 
around 39℃. The micelles loaded with DOX were stable 
and released DOX slowly in serum-contained PBS at  
37℃, while they were destroyed and released DOX 
quickly as the temperature rose to 39.5℃. This kind of 
micelles with temperature-dependent structure reversal 
property provides an intelligent drug delivery system for 
local hyperthermia.  

However, drug delivery systems with simplex tem-
perature-responsive character usually can not meet the 
clinical requirements. It should be used in combination 
with pH or photo responsive component. For example, 
Sershen et al.[41] developed a photothermal responsive 
nanoshell-composite hydrogel using thermal responsive 
poly(N-isopropylacrylamide-co-acrylamide) in combi-
nation with photo sensitive gold nanoshell. The gold 
nanoshell could absorb near IR irradiation (1604 nm) 
and convert it to heat leading to collapse of hydrogel and  
release of the loaded drugs. Additionally, using BSA as 

the model protein, pulsatic release behavior could also 
be achieved by modulating the on-off near IR laser irra-
diation.  

2.3  Glucose-responsive drug delivery systems 

Diabetes presently is one of the most prevalent diseases 
in modern society. It is caused by the deficiency of insu-
lin which can not control the glucose concentration in 
blood. To treat diabetes, the most frequently used 
method is that a predetermined amount of insulin is in-
troduced to control the metabolism of blood glucose 
according to the monitoring concentration of blood glu-
cose. But this method is too complicated with its effi-
ciency being not satisfactory. Thus, many efforts have 
been made attempting to develop intelligent drug deliv-
ery systems. These systems themselves may control the 
release rate and amount of insulin depending on the 
concentration of blood glucose, i.e., the so-called glu-
cose-responsive drug delivery systems.  

One of the most commonly used glucose-responsive 
drug delivery systems is to combinate glucose oxidase 
into pH sensitive hydrogels, membranes or capsules. 
Their insulin release behavior is based on the following 
mechanism: when glucose enters the insulin-loaded sys-
tem, the glucose oxidase converts glucose to gluconic 
acid which decreases the microenvironmental pH re-
sulting in swelling of the system and release of insu-
lin[42].  

Park et al.[43] prepared glucose sensitive hydrogels by 
blending the glucose bearing polymers and PEGlated 
Con A. Studies on the modulated release of insulin from 
these hydrogels showed that the release rate depended 
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on the concentration of glucose. The release rate in-
creased as the glucose concentration increased from 1 to 
4 mg/mL, but decreased as the glucose concentration 
decreased to below 1 mg/mL. 

2.4  Antigen-responsive drug delivery systems 

For treatment of infectious disease, cancer and hyper-
sensitivity, the ultimate efficacy relies on directly in-
duced proper immune response. With the improvement 
of biotechnologies, researches on the delivery systems 
applied to low molecular weight proteins, peptides and 
DNA have become more and more important. And most 
of the researches on the controlled delivery systems 
have been laid on antigen and hypersensitive drugs.  

Depending on the characters, antigen can be classified 
into two types. The one with both immunogenicity and 
immune reactivity is called complete antigen, such as 
bacteria, viruses and serums from heterogenous animals, 
the other that only has immune reactivity with corre-
sponding antibody or sensitized lymphocytes but no 
immunogenicity is called hapten, such as most polyssa-
charides, lipid and some simple chemicals. They do not 
have immunogenicity themselves but obtain it after 
forming complexes with protein macromolecules. This 
kind of protein macromolecule to form complexes with 
antigens and endow the complexes with immunogenicity 
is called carrier.  

Metastatic renal cell carcinoma (RCC) is an aggres-
sive disease refractory to most existing therapeutic mo-
dalities. Identifying new markers for disease progression 
and drug targets for RCC will benefit this unmet medical 
need. Wahlaf et al.[44] used the anti-CD70 as a drug car-
rier that targeted to CD70 whose expression was found 
to maintain at the metastatic sites of RCC. Hence, these 
anti-CD70 antibody-drug conjugates (ADCs) could se-
lectively recognize RCC, internalize, and reach the ap-
propriate subcellular compartments for drug release and 
tumor cell killing. 

2.5  Targeted drug delivery systems 

Majority of the therapeutical drugs have side effects. 
Especially, the anticancer drugs kill the cancer cells 
while inducing death of normal cells. Therefore, intelli-
gent drug delivery systems are required not only to con-
trol release according to biological microenvironment, 
but also to selectively enter the pathological tissue or  
cells after being introduced into body. Compared with 
naked drugs to distribute nonspecifically in organs and 
tissues after administration, nanoparticle drug delivery 

systems can selectively accumulate in pathological tis-
sue. This phenomenon is called EPR (enhanced perme-
ability and retention) effect[45,46]. The mechanism is that 
the rapid and abnormal angiogenesis in tumor tissue en-
hances the permeability of the blood vessels in tumors, 
which facilitates the leakage of nanoparticles into tumor 
interstitial space; on the other hand, the immune system 
with poor lymphatic drainage of the metabolic products 
in tumors makes it possible to retain the nanoparticles in 
the tumors, leading to the targeted release of the loaded 
drugs. Researches using liposomes with different mean 
sizes suggested that the suitable vesicle size for access-
ing tumors was about 400 nm, but other studies showed 
that particles with size < 200 nm were more effective [47]. 
Although passive targeting approaches based on EPR 
effect have received more attention in fundamental and 
clinic investigation, they suffer from several limitations. 
For instance, the distribution of nanoparticles in tumor 
tissue is lack of control, leading to over accumulation of 
the drugs in partial areas which may induce resistance of 
cancer cells towards a variety of drugs (multiple-drug 
resistance, MDR). Moreover, the EPR effect is absent in 
some tumors and the permeability of vessels may be not 
the same even within the same tumor tissue[48]. 

However, active targeting has no such limitations as 
described above. The active targeting drug delivery sys-
tems are able to selectively deliver drugs to targeted 
cells achieved by conjugating targeting agents (e.g. 
some biomolecules that can recognize and bind specific 
receptors on cell surface) to the surface of nanocarriers. 
In general, the agents used for targeting delivery are 
imperative to bind selectively the specific receptors of 
the cell surface. Based on the present studies, targeting 
agents general can be classified into the following types: 
(1) antibodies and their fragments; (2) small proteins 
and antibody analogues: fusion proteins, avimers, affi-
bodies, etc.; (3) aptarmers: short single-stranded DNA or 
RNA; (4) other receptor binding ligands: growth factor, 
folate, transferrin, RGD peptide, etc.[48,49]. For example, 
in order to deliver specifically anti-arthritic drug, indo-
methacin, to inflammatory regions and investigate its 
biodistribution in the vicinity areas, a number of 
folate-dendrimer conjugates were prepared by Diwan et 
al.[50] and applied to the delivery of anti-anthritic drug to 
inflammatory tissues. These systems used G4-PAMAM 
as the main body conjugated with folate by CDI chemis-
try on the surface, and then indomethacin was loaded. 
The in vitro release rate decreased for the folate-conju- 
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gated dendrimers when compared with unconjugated 
ones. However, the half-life and residence time of in-
domethacin in inflamed region were longer for folate- 
dendrimer conjugates. In addition, the time of the drug 
exposed in inflamed area and targeting efficiency were 
all superior to unconjugated dendrimers, suggesting that 
the folate-targeted drug carrier has potential applications 
in targeted delivery of anti-arthritic drugs.  

3  Intelligent recognition systems 

Molecular recognition is ubiquitous and essential in 
natural life processes, such as enzyme/substrate binding, 
antigen/antibody interactions, receptor/ligand interac-
tions, complementary RNA or DNA hybridizations. 
Polymers with recognition ability can mimic the life 
processes, recognizing specific targets based on the de-
signs of polymer composites and architectures. Thus, 
these polymers were found to have wide variety of ap-
plications in drug delivery, molecular diagnostics and 
bioseparation[4,51－54].  

One of the most direct strategies to prepare polymers 
with recognition ability is to combine functional intelli-
gent polymers with bioactive molecules through conju-
gation chemistry, leading to bioconjugate/hybrid sys-
tems. Bioactive molecules used in bioconjugations in-
clude proteins, peptides, sugars, polysaccharides, sin-
gle-/double-stranded oligonucleotides, DNA plasmids, 
simple lipids and phospholipids, a wide spectrum of 
recognition ligands and synthetic drug molecules[4]. Ad-
ditionally, the functional intelligent polymers are exter-
nally stimuli-responsive (such as temperature-, pH- and 
photo-responsive). The combination of bioactive mole-
cules and intelligent polymers building up “double 
smart” systems, and integrating properties of the two 
components, may have attractive potential applications 
in biomedical fields.  

Bioaffinity separation is an important method to 
separate and purify bioactive molecules, such as proteins 
and nucleotides. Bioactive molecules randomly conju-
gate to the polymer pendant groups are allowed to bind 
targeting molecules specifically, afterwards, external 
stimulus is applied to inducing phase transition of poly-
mer. As a result, phase separation of the system and the 
separation and purification of the targeting molecules 
are achieved. At present, affinity precipitation systems 
based on such mechanism as described above have been 
applied in separation and purification of proteins and 
nucleotides. Figure 3 shows a typical bioconjugate 

which contains temperature sensitive poly(N-isopro- 
pylacrylamide) (PNIPAM)[4]. After the LCST poly-
mer-ligand conjugates bind corresponding affinity re-
ceptor, raising temperature causes precipitation of affin-
ity complex from aqueous medium. And then the puri-
fied affinity receptor can be recovered by eluting the 
complex. Another advantage of this bioconjugate is that 
the LCST polymer-ligand conjugates could be recycled. 
Therefore, affinity precipitation separation used as a 
simple and economical purification method for bioactive 
molecules has received more and more attention. For 
example, Hoffman et al.[4,53] used PNIPAM-protein con-
jugates to recover the enzyme from its reaction solutions 
and applied them to affinity precipitation separation of 
IgG. Similarly, Maeda et al.[54] synthesized a vinyl de-
rivative of a single-stranded DNA (dT)8 and used it to 
copolymerize NIPAM monomers in pH 7.4 buffer solu-
tion to yield PNIPAM-(dT)8 copolymer. The results 
showed that the conjugate copolymer could effectively 
precipitate (dT)8 complementary  single-stranded DNA 
(dA)8 at a rate of 84%, while only a small amount of 
(dA)8 (6%) was precipitated in the absence of the con-
jugate copolymer. The applicability of the affinity pre-
cipitate system was further examined in a mixture of 
(dA)8 and (dA)3dT(dA)4. The results indicated that 
PNIPAM-(dT)8 copolymer could selectively precipitate 
the complementary (dA)8 from aqueous solution other 
than the (dA)3dT(dA)4. Moreover, the affinity phase 
separation concept can be further extended to selective 
isolation and assay of analytes from more complex sys-
tems, such as serum. In this case, another labeled anti-
body was introduced to bind targeting antigen, and then 
formed a ternary sandwich complex consisting of poly- 
mer-antibody conjugate, targeting antigen and labeled 

 

 
 

Figure 3  Schematic of affinity precipitation separation based on mo-
lecular recognition[4]. 
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antibody. The complex could undergo phase separation 
under the external stimuli, resulting in the isolation and 
assay of the targeting analytes. Thus, this method was 
expected to be used as enzyme linked immunosorbent 
assay (ELISA) in solution[4,53]. 

However, these random conjugations have a signifi-
cant disadvantage, especially for proteins. The space 
hindrance and the conformation of proteins may be 
changed after conjugating polymers, leading to decreas-
ing and even losing the bioactivity of protein[4,55]. 
Therefore, preparation of polymer-protein conjugations 
with well-defined structures is the precondition of their 
application in biomedical fields. One strategy is to in-
troduce cysteine residue to a specific site in protein by 
gene engineering and then use it to conjugate polymers. 
The site specific polymer-protein conjugations could not 
only retain the bioactivity of the proteins, but also con-
trol the bioactivity through controlling the hindrance at 
the recognition site[56]. Moreover, recent developments 
in controlled polymerization also facilitate the synthesis 
of well defined polymer-protein conjugates. Controlled 
living radical polymerization methods such as atom 
transfer radical polymerization (ATRP) and reversible 
addition-fragmentation chain transfer polymerization 
(RAFT) can be used to synthesize well defined poly-
mer-protein conjugates in one-pot by coupling initiators 
to protein and subsequently using the protein macromo-
lecular initiators to initiate polymerization directly in 
PBS at mild conditions[57－59]. It is believed that more 
and more polymer-protein conjugates with unique prop-
erties may be synthesized by gene engineering technol-
ogy and controlled polymerization to gain new applica-
tions.  

As the development of glycochemistry and glycobi-
ology (i.e. glycomics), it has been more and more rec-
ognized that sugar plays a key role in biological process 
including inflammation, cell-cell interactions and signal 
transmission[60,61]. However, the difficulties in synthesis 
and isolation of carbohydrates have greatly limited its 
applications in carbohydrates molecular biology re-
search and clinical pathogen detection, anti-infection 
drugs and vaccine development[60]. Homopolymers 
bearing carbohydrates pendants and its copolymers 
combining with stimuli-responsive polymers (i.e. gly-
copolymers) obtained by polymerization strategies are 
considered to be promising in mimicking the function of 
oligosaccharides and polysaccharides and have been 
investigated in diverse applications including glcomics, 

macromolecular drugs, molecular diagnostics and bio-
separation[61－63]. It has been reported that glycopolymers 
that agglutinated bacteria through interactions with re-
ceptors on the surface of bacteria could be used to detect 
and deactivate pathogens[64－66]. Recently, Alexander et 
al.[63] prepared two sets of glycopolymers with LCST at 
41℃ and 44℃, respectively. The glycopolymers were 
synthesized by using thermo-responsive PNIPAM as the 
central component and incorporating glucose to the side 
chains. At room temperature, the interactions between 
the sugar moieties on the polymers and the cell-surface 
receptors (fim H protein) resulted in aggregation of the E. 
coli. As the temperature increased, glycopolymers un-
derwent coil-globules transition and then no aggregation 
of the E. coli was observed due to the unavailable glu-
cose residues in the globules state for interaction with 
fim H protein. This reversible thermo-control of bacteria 
aggregation is promising for application in separation 
and detection of pathogens. Miura et al.[62] also reported 
a series of glycopolymers prepared by direct polymeriz-
ing of vinyl saccharide and used them to investigate the 
recognition ability and interactions with protein recep-
tors. The results showed that the glycopolymers could 
recognize the protein receptors specifically with a bind-
ing constant being more than 10 times the monomeric 
oligosaccharides. More interestingly, glycopolymers 
also have affinities with pathogens of protein toxin, bac-
teria and virus, and subsequently inhibit their bioactivi-
ties. This strategy may find potential applications in de-
velopment of toxin inhibitors and anti-infection drugs.  

Molecular imprinting technology is a rapidly devel-
oped and effective method to create artificial recognition 
sites in the polymer matrix. It is produced by mixing 
functional monomers, cross-linkers and templets in ad-
vance followed by polymerizing in situ to form 
crosslinked networks. Cavities with recognition ability 
were formed after removal of the templets. The resultant 
molecular imprinting polymers (MIP) have an affinity  
constant comparable to natural products and can recog-
nize different targets according to the selections of dif-
ferent monomers, cross-linkers and templets. Also, the 
molecular imprinting polymers capable of withstanding 
much harsher conditions such as high temperature,  
pressure, extreme pH and organic solvent, can be used 
as “artificial antibody”, in place of natural biomolecules, 
applied in clinical analysis and diagnosis, chromatogra-
phy separation, environmental monitoring and intelli-
gent drug delivery systems[51,67－69].  
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For example, Miyata et al.[70] creatively used molecu-
lar imprinting in the presence of minute amount of 
cross-linkers to prepare molecular recognition respon-
sive hydrogels and applied it in detection of 
α-fetoprotein (AFP, it is a glycoprotein widely used for 
serum diagnosis of primary hepatoma). In previously 
reported studies, molecular imprinting usually used large 
amounts of cross-linkers in order to obtain MIP with 
good mechanical property which is essential for MIP to 
retain the lefted template cavities with greater specific 
molecular recognition ability. However, the difficulty of 
molecular diffusion in such highly cross-linked MIP 
makes it difficult to remove the templets and may de-
crease the affinity capability to a great extent as well. 
Miyata et al. have surmounted these disadvantages by 
using minute amounts of cross-linkers and using interac-
tions between template molecules (AFP) and the ligands 
as the additional cross-linking components. Thus, the 
gels could swell due to the decrease of crosslinking de-
gree after removal of the template AFP, but recover to 
shrinkage by affinity binding AFP molecules. Therefore, 
the gels to undergo macroscopical volume changes in-
duced by molecular affinity recognition may have po-
tential applications in clinical molecular diagnostics.  

4  Summary and outlook 

Due to their smart behavior in response to environ-
mental stimuli, intelligent hydrogels have significant 
potential applications in cell-cultured matrix, controlled 
drug delivery systems, tissue engineering and molecular 
diagnostics. Therefore, design and synthesis of new 
stimuli-responsive hydrogels will be applied in bio-
medical and biotechnological fields. The designed hy-
drogels are required to have suitable chemical properties, 
mechanical strength and biological functionalities. Hy-
brid hydrogels consisting of synthetic and naturally de-
rived polymers or those composed of organic and inor-
ganic components have received increasing attention, 
owing to their good mechanical properties and biologi-
cal functions.  

How to simply and effectively deliver the drugs to the 
predetermined pathological sites with less side effects 
and subsequently released drugs in an intelligent fashion 
are considered to be the key challenges for the applica-
tions of intelligent drug delivery system. Thus, synthesis 
of multi-functional responsive systems will be the first 
task in designing intelligent drug delivery systems. 
However, most of the reported work mainly focused on 

the physical-chemical sensitivity (such as pH, and tem-
perature). Along with the combination of material sci-
ence and biology, biosensitive drug carriers have at-
tracted increasing attention. For example, polysaccha-
rides and proteins can be used as biomarks for detection 
of physiological variations which may provide the pos-
sibility to release the drugs at the predetermined sites 
and tissue. It has been shown that intermolecular inter-
actions, such as interaction between hemagglutinin and 
glucose and that between antigen and antibody, have 
provided advantageous tools to intelligent drug delivery 
systems. Thus, polymeric drug delivery systems based 
on the combination of biomolecules and stimuli respon-
sive polymers may have wider applications in biomedi-
cal field. Additionally, the fundamental researches con-
ducted on the drug delivery systems also facilitate us to 
better understand the biofunctions of biomacro-
molecules.  

Polymers with molecular recognition ability can be 
achieved by introducing bioactive molecules to the 
polymer backbone, and then can be applied in different 
biomedical fields such as bioaffinity separation and mo-
lecular diagnostics. Although well defined polymer- 
protein conjugates have provided the possibilities to 
synthesize the excellent intelligent polymers with mo-
lecular recognition ability, the preparation methods and 
applications of such functional polymers are still limited 
at present. The synthesis of bioconjugated polymers with 
controlled and well defined structures is full of chal-
lenge. It is believed that with the development of the 
biotechnology, molecular biology and polymer chemis-
try, more and more polymers with molecular recognition 
ability will be synthesized and widely applied in bio-
medical fields. It is also worthy to note that the rapid 
development of glycomics in recent years has led to 
deeper understanding on the important role that carbo-
hydrates molecules play a role in biological process in-
cluding bacteria and virus infection, cell-cell interactions 
and signal transmission. However, it is difficult to syn-
thesize and purify polysaccharides due to the  
multi-functionalities of the sugar unit (usually contain- 
ing several hydroxyl groups) and the conformation vari- 
ety of the oligosaccharides. Since glycopolymers may be  
prepared directly by polymerization methods and can  
mimic the function of polysaccharides to a certain de- 
gree, the development of novel glycopolymers is ex- 
pected to be one of the crucial investigated fields in 
preparation of polymers bearing molecular recognition  
ability. 
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