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Abstract- Stimuli-responsive polymers specify a class of soft materials exhibiting sharp changes in properties upon small or 
modest changes in environments. They have attracted tremendous attention for their diverse medical applications including 
bioseparation, biosensing, targeted drug/gen delivery, magnetic resonance imaging (MRI), and hyperthermia therapy. Herein 
we have reviewed current strategies towards using these materials for targeted delivery and on-demand release of therapeutics.  
 
Index Terms- Stimuli-responsive polymers, drug delivery, on-demand controlled release, Nanocarriers 
 
I. INTRODUCTION 
 
Chemotherapy has improved survival rates in patients 
with many of the common cancers. However, cancer 
treatment can activate various host processes that 
contribute to therapy resistance and tumor regrowth or 
induced damage to normal cells [1,2] Targeted 
therapies with the goal of accumulation of drugs inside 
cancer cells lead to more effective treatments with 
fewer side effects. In this regard, advances in 
nanotechnology, reform drug delivery systems (DDS) 
by giving more hands on loading of wide range of 
drugs, biocompatibility, physiological stability, 
targeting means, the ability to cross the barriers, and in 
vivo controlled release. It is also resulting in therapies 
that were previously thought impossible, such as drugs 
that change their properties depending on where they 
are in the body, or that target proteins once deemed 
undruggable [3]. 
Nanomedicine breakthroughs in cancer therapy are 
due to unique physical and chemical properties of 
nanomaterials, which are thoroughly different from 
the bulk ones. Accordingly, inorganic nanomaterials 
(INMs) have attracted great attention in the field of 
drug delivery and their nano-based systems, shown 
promising potentials for revolutionizing the 
therapeutic and diagnostic approaches[4].. In this 
sense, the future DDSs are widely expected to improve 
targeted delivery of gen/drug across tight epithelial 
and endothelial barriers; offer functions for 
enhancement the solubility of drugs; increase 
bioavailability; endow sustained controlled-release of 
one or more drugs through effective multi-functional 
therapeutic agents. 
 
Initially, nanotechnology came up with the visionary 
idea of making nanorobots traveling through the body, 
searching out and clearing up a disease that was voiced 
by Richard P. Feynman. In this context, advances in 
smart DDSs, which are consisted of magnetic 
nanoparticle (MNPs), fluorescence agent, 
stimuli-responsive shells, and conjugated targeting  

 
molecules aimed to primary design of the 
nanorobots[5]. Interestingly, superparamagnetic 
nanomaterials have attracted tremendous attention for 
their unique properties which combine multifunctional 
targeted drug delivery [6], magnetic resonance 
imaging [7], and hyperthermia therapy [8]. 
Superparamagnetic properties facilitate conducting 
and navigation of the DDS to the vicinity of targeted 
tissue without the risk of agglomeration. 
Over decades numerous physical stimulus including 
temperature, ionic strength, solvents, radiation (UV, 
visible), electric field, mechanical stress, high 
pressure, ultrasound waves, and magnetic field as well 
as chemical stimuli including pH, specific ions, 
chemical agents, biochemical enzyme substrates and 
affinity ligands have been implemented.The most 
common types of externally controlled stimulus used 
in the field of drug delivery are temperature, 
ultrasound, and electric and magnetic fields. For 
example, remote radio frequency (RF) was used for 
stimuli-responsive drug release out of a lipid–polymer 
hybrid nanoparticles system [9]. These hybrid 
nanocarriers show long-term stability in terms of 
particle size and polydispersity index in phosphate 
buffer saline (PBS). Controllable loading of CPT and 
Fe3O4 in the hybrid nanoparticles was demonstrated 
and RF-controlled drug release from these 
nanoparticles was observed. Cell viability results 
showed a significant reduction in MT2 mouse breast 
cancer cell growth in vitro in the presence of a remote 
RF field. The on-command controlled release of the 
drug/gen provide unique the opportunity to improve 
cancer chemotherapy. Table 1 represents a short list of 
stimuli-responsive materials for therapeutic 
applications. 
 
II. TEMPERATURE-RESPONSIVE POLYMERS 
 
Temperature-responsive polymers and hydrogel 
exhibit a volume phase transition at a certain 
temperature, which causes a sudden change in the 
solvation state. 
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Table 1. Examples of stimuli-responsive materials in the field of drug delivery. 

 
 
In this regards, polymers are classified into lower 
critical solution temperature (LCST) and upper 
critical solution temperature (UCST). The former 
become insoluble upon heating while the latter 
behaves different and become soluble upon heating. 
LCST and UCST systems are not restricted to an 
aqueous solvent environment, but only the aqueous 
systems are of interest for biomedical applications. 
The change in the hydration state, which causes the 
volume phase transition, reflects competing hydrogen 
bonding properties, where intra- and inter- molecular 
hydrogen bonding of the polymer molecules are 
favoured compared to a solubilisation by water [27]. 
From thermodynamics point of view, because of the 
dissolution process itself and due to the ordered state 
of water molecules in the vicinity of the polymer the 
entropy of the system would change. The entropy 
variation along with the enthalpic effects ascribed 
from the balance between intra- and intermolecular 
forces and due to solvation, e.g. hydrogen bonding 
and hydrophobic interaction establish new energy 
level and equilibrium. As a result, the coil-to-globule 
transition can be viewed [27]. 
 
Poly(N-isopropyl acrylamide), or PNIPAAm is one of 
the thermo-responsive polymer has attracted attention 
for their interesting transitional properties [28,29]. 
The LCST of PNIPAAm is 32°C and it shows a sharp 
phase separation when aqueous solution is heated 
above this value. A highly wettable PNIPAAm-coated 
surface will suddenly become hydrophobic, and a 
cross-linked PNIPAAm hydrogel sharply shrinks and 
excretes its aqueous swelling solution. These 
phenomena all reverse when the stimulus is reversed, 
although reversal rates can vary widely depending on  

 
the geometry and composition of the smart polymer 
system [30]. The LCST is tunable through addition of 
salt, linker, block, or co-solvent. The amphiphilic 
triblock copolymer,  
 
Pluronic, consisting of poly(ethylene oxide) (PEO) 
and poly(propylene oxide) (PPO) blocks with a 
PEO−PPO−PEO structure, have been extensively 
studied for drug delivery applications [16,31-35]. 
Pluronic exists in various compositions and they can 
self-assemble into polymeric micelles with various 
morphologies depending on the aqueous solvent 
quality, the critical micelle concentration (CMC), and 
critical micelle temperature (CMT) [36]. Pluronics 
micelles are among the best vehicles for the 
encapsulation of hydrophobic drugs and their 
controlled release due to lower price andtoxicity as 
well as high biocompatibility. The main advantage of 
micelles is their relative ease of fabrication. Above 
the CMC, they self-assemble in aqueous solution and 
form micelles. The hydrophobic drug can be loaded 
by spontaneously partitioning into the nonpolar 
environment of the micelle core. The release of the 
drug takes place by diluting the system below the 
CMC [37]. However, the CMC is a complex property 
that depends not only on the structure of the 
amphiphile, but also the local microenvironment. For 
instances, in blood circulation, proteins, association 
colloids and may alter the chemical potential gradient 
between monomers in the micelles and those in the 
milieu, thus shifting the CMC to a higher value. 
Consequently, micelles that are stable in saline may 
be found to be unstable when introduced into the 
bloodstream, where they disassemble and prematurely 
release their cargo drug [38]. 
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At low temperature, due to hydrogen bonding 
between PEO segments, Pluronics tend to swell or 
dissolve in water. As temperature increases, 
hydrophobic interactions among hydrophobic 
segments are prevalent and hydrogen bonding 
becomes weaker resulting in the shrinkage of the 
hydrogels. In fact one can tune LCST through 
variation of hydrophilic and hydrophobic segments of 
the Pluronic chain. Generally, by increasing 
hydrophobic units along the polymer chains, the 
LCST becomes lower. The aggregation behaviour of 
Pluronics strongly depends on temperature and 
concentration; multimolecular micelles form above 
the CMC and CMT [39]. It is also demonstrated that 
the addition of drug to the Pluronic aqueous solutions 
influence aggregation behaviour, CMC, CMT, and the 
structure of the micelles [40]. Small-angle neutron 
scattering (SANS) is an excellent technique to reveal 
information on structure and size of the micelles as 
well as the interaction and localization of the drug 
within the aggregates.is one of the best technique 
information and associative interactions between the 
Pluronic and drugs. 
 
The presence of the hydrophobic drug molecules such 
as naproxen and indomethacin in F127 solutions 
results in slight decreases in the micellar sizes and 
aggregation numbers, in addition to a lowering of the 
gelation temperature [15]. The aggregation behavior 
of F127 micelles was studied systematicaly when 
drugs of varying hydrophobicities were incorporated 
in the micellar cores. It was found that the most 
hydrophobic drugs increased the sizes of the micellar 
core and corona while generally decreasing the 
micellar aggregation numbers [15,40]. In a study, 
Foster et al. reported that the encapsulation of 
hydrophobic drugs results in the lower CMC, increase 
in the aggregation number and the micellar core 
radius [41]. Alexanderet.al showed that addition of 
flurbiprofen to the Pluronic at low pH leads to an 
increase in the fraction of micellization, aggregation 
number, and the core radius of the micelles. However, 
changing the pH to above the pKa of flurbiprofen in 
an ethanol/water mixture reduces the fraction of 
micellization and results in a weaker interaction 
between the drug and micelles due to the increased 
drug solubility in aqueous solution [42]. 
 
III. PH-RESPONSIVE POLYMERS 
 
In case of pH-sensitive nanocarriers, changes in the 
swelling behaviour of the hydrogels containing weak 
acids e.g phosporic acid and bases like carboxylic 
acids, e.g, amines. Linkage of these ionisable groups to 
the polymer leads to a change in the ionisation state 
and a subsequent conformational and structural 
changes for the soluble polymers upon variation of the 
pH [27]. The range of physiological pH is from 1.2 to 
7.4, and different body part may have a special pH 

surroundings. For example, the stomach possesses pH 
1.2 while the pH of the intestine is 7.4. Moreover, it is 
known that the extracellular pH of tumors (6.8-6.9) is 
more acidic than both tumor intracellular (pH =7.2) 
and normal extracellular tissues (pH  
=7.4) [43]. Therefore, the main application of 
pH-sensitive hydrogels is delivery of drugs or peptides 
to a specific site in the gastrointestinal tract or in 
response to small changes in the pH of blood stream or 
tissues in a pathological situation, such as a clot or 
cancer. Controlled release of drugs through external 
activation gives more hands in therapeutic 
applications. 
 
IV. ELECTRIC-SENSITIVE MATERIALS 
 
Once the electric field applied to the polyelectrolyte 
hydrogel exceeds a threshold value, the polymer 
system generally deswells gradually [44]. Since 
volume changes of responsive hydrogels are usually 
diffusion-controlled, the deswelling equilibrium is 
reached slowly. Anionic hydrogels collapse at the 
anode meanwhile the cationic ones shrink at the 
cathode [45]. The extent of the gel contraction is 
dependent to the electric field and may result in 
increase in gel opacity. At high voltage the capability 
of the hydrogel response tails off due to an increase of 
resistivity to the charge passage as the content of “free” 
water decreases [46]. Upon the removal of the electric 
field, the hydrogel absorbs the solution and tends to 
swell. In fact the hydrogel shrinkage and swelling can 
be controlled by switching “on” and “off” of the 
electric field. However, the efficiency of the system 
and the gel sensitivity decrease with the increasing 
number of the on – off cycles performed. 
 
The electrical response of polyelectrolyte hydrogels is 
characterized by the nature of hydrogel and parameters, 
such as the shape and the orientation of the gel, charge 
density, hydrophobicity of crosslinks, monomers, 
pendant groups, and aqueous conducting medium. By 
alteration of those conditions, hydrogel can exhibit 
different behaviours. Tanaka et al. studied partially 
hydrolyzed polyacrylamide hydrogels in a 
water-acetone solution at different voltage. Results 
have shown that at voltage of 1.25 V, nearly 20% of the 
gel near the anode collapses 200 fold in volume while 
the rest of the gel remained swollen. Once the voltage 
increased, the hydrogel continued to shrink and the 
hydrogel collapsed at 2.5 V. Conversely, if the 
water-acetone mixture was changed with pure water, 
the hydrogel continuously deswells along the whole 
axis [44].  
 
It is suggested that gel deswelling at one electrode may 
be accompanied by gel swelling at the other electrode. 
Yuk et al. reported different swelling behaviours by 
using contacting or non-contacting electrodes. 
Contacting electrodes induced bulk shrinkage of 
calcium alginate/polyacrylic acid composites. 
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Conversely, non-contacting electrodes resulted in gel 
surface deswelling, while the bulk of the gel remained 
in a swollen state [23]. 
V. PHOTORESPONSIVE MATERIALS FOR 
PHOTOTHERMAL THERAPY 
 
The capability of functionalized GNPs to serve as a 
general platform for loading and delivering of short 
hairpin RNAs to a xenograft tumor in a mouse model 
has been investigated [47]. Delivered gene, knocked 
down levels of Mcl-1L mRNA and protein by �36% 
and �26%, respectively, which were sufficient to 
induce apoptosis of the xenograft tumor cells so that 
inhibited the development of the tumor. As a step for 
understanding the mechanism of delivery, the GNPs 
rotational diffusion on cell membrane has been 
performed. Results revealed that the rotational 
behaviors of gold nanorod probes are strongly related 
to the surface charges of the gold nanorods. For 
instance, positively charged gold nanorods that have 
modified with Polyethylenimine (PEI), TAT, and 
CTAB showed a stronger interaction with cell 
membranes rather than those were modified with 
tranferrin and have negative charges.On the other hand, 
specific surface functional groups and availabilities of 
receptors on cell membranes also contribute to the 
rotational dynamics of the gold nanorods [48]. 
 
Photodynamic therapy (PDT) is a promising technique 
being used in the clinic to treat cancers of the head and 
neck, brain, lung, pancreas, intraperitoneal cavity, 
breast, prostate, and skin [49]. PDT is an externally 
activable treatment modality for various diseases, and 
has already been approved for cancer treatment in the 
clinic. Upon administration of photosensitizer (PS) 
molecules, the lesion is then selectively illuminated 
with light of appropriate wavelength [50]. The 
underlying mechanism involves light, photosensitizers, 
and tissue oxygen that can be excited with light of an 
appropriate wavelength in order to transfer energy to 
surrounding tissue oxygen, generate highly reactive 
oxygen species and induce apoptosis or necrosis 
directly [51]. A wide range of PS molecules, most of 
which contain porphyrin structures, have been applied 
in the PDT. Over the past decade, nanoparticle-based 
PDT has emerged as an alternative to conventional 
PDT to effectively target cancer. PS-carrying 
nanoparticles could increase the water solubility of PS 
molecules, enhance their tumor accumulation, and thus 
improve the therapeutic efficacy and specificity of 
PDT [50]. 
 
VI. MAGNETIC-RESPONSIVE 
NANOCARRIERS 
 
Magnetic responsive materials are the topic of intense 
research due to their potential breakthrough 
applications in the, coatings, microfluidics, 
microelectronics, and biomedical fields. Recent studies 
have suggested that physicochemical properties of 

nanomaterials can govern their biological responses, 
which have led to considerable progress in the 
engineering of their size, shape, and surface chemistry 
for specific applications [52,53]. Different 
morphologies can be used for different purpose. 
Nanorod carriers found to have higher cell uptake 
while iron oxide nanotube characterized with high drug 
loading capacity [52,54]. In case of surface 
modification, the number of decorated Pluronic on the 
SION surfaces has shown significant effect on the 
efficiency of doxorubicin loading [16]. In fact, once 
the number of Pluronic moieties grows up, the loading 
efficiency increases. Pluronics are also known as 
stimuli-responsive block copolymers and have been 
successfully employed for controlled release of drugs 
into the central nervous system[5][55], and increasing 
cellular uptake of drug in breast cancer [56]. 
 
Superparamagnetic properties facilitate conducting 
and navigation of the DDS to the vicinity of targeted 
tissue without the risk of agglomeration. In responses 
to these stimulus, polymers may dissolve in or 
separated out of aqueous solutions, adsorb on or 
chemically-grafted onto aqueous-solid interfaces, 
chemically cross-link, H-bonded, and/or physically 
entangled in the form of hydrogels [4,5,30]. This 
behavior utilized for fabrication of smart DDS with 
myriad applications, such as drug and gene delivery 
systems and tissue engineering scaffolds, which mimic 
biological response behavior to a certain extent [57]. 
Specifically, stimuli-responsive nanoparticles offer the 
potential of enhancing the therapeutic efficacy and 
minimizing the side-effects of chemotherapeutics 
through on-demand controlled release of the 
encapsulated drug at the target site. Drug release can be 
controlled by physiological condition (pH) or through 
external activation. Magnetofluorescent of MNPs 
analogues have drawn attention for in vivo imaging 
using magnetic resonance imaging and fluorescent 
optical methods[4,53]. A number of monodisperse 
MNPs have been produced over the last decade for 
angiogenesis imaging, cancer staging, tracking of 
immune cells and for molecular and cellular targeting. 
Next generation of MNPs are expected to be truly 
multifunctional, incorporating therapeutic 
functionalities and further enhancing an already 
diverse repertoire of capabilities [58]. 
 
A remotely drug vehicle exhibiting MRI imaging and 
ultrasound (US) imaging was developed for 
encapsulation and release of a hydrophobic agent. 
Lipophilic SIONs were self-assembled with an 
amphiphilic chitosan derivative, carboxymethyl 
hexanoyl chitosan (CHC), to form superparamagnetic 
CHC/SIONs micelles and then loaded with CPT (a 
hydrophobic anticancer agent). The superparamagnetic 
micelles were then conjugated with albumin-based 
microbubbles (MBs) to form superparamagnetic 
micelle-decorated MBs (CHC/SIONs-decorated MBs). 
The albumin MBs and CHC/SIONs decorated MBs 
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both demonstrated in vitro concentration-dependent 
US imaging contrast. Interestingly, the in vitro US 
contrast was enhanced by decoration. In vivo US 
images showed that the B-mode contrast of the 
proposed vehicles could be clearly observed in the 
veins and arteries of Sprague–Dawley rats. Moreover, 
the proposed vehicle exhibited significant 
US-triggered release behavior under therapeutic US 
sonication at a frequency of 1 MHz and power density 
of 2.4 Wcm-2 for 30 min. However, similar behavior 
was not observed under diagnostic US bombardment at 
a frequency of 12 MHz and mechanical index of 0.5. 
On the other hand, in vitro MR images of the 
CHC/SPIO-micelle-decorated MBs also revealed a 
significant concentration-dependent T2 (spin–spin 
relaxation time) contrast due to their decoration with 

superparamagnetic micelles. Most importantly, the 
r*2-r1 value of the CHC/SIONs-decorated MBs 
decreased after therapeutic US bombardment for 30 
min. This might be considered as an index to probe 
destruction of the drug-loaded CHC/SIONs micelles 
[59]. 
 
Many researchers concentrated on the design of 
multifunctional systems, which combine diagnostic 
and therapeutic capabilities into a single agent to 
develop more specific, individualized therapies for 
various diseases [4,5,60]. Due to the fascinating 
breakthroughs emerged using such systems, 
multifunctional DDSs remain the international 
forefront of researchesdrug delivery.  

 

 
Figure 2. Schematics of magnetic multifunctional nanocarriers for drug delivery.

 
CONCLUSION 
 
cancer ranked as the most frequently cause of death 
worldwide. Although chemotherapy has improved 
survival rate, currently used anticancer drugs are 
unable to improve the prognosis of advanced or 
recurrent cancer, which remains incurable. 
Multifunctional targeted drug delivery systems using 
stimuli-responsive materials can convey current 
cancer drugs more effectively, reduce the side effects, 
and increase patient compliance. It is well known that 
the physiology of tumor tissue is different from 
healthy tissue, so mounting an external magnet 
enhances delivery of magnetic nanoformulation 
through passive targeting as a consequence of 
enhanced permeability and retention effect. 
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