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Abstract 
This review describes some commercially accessible stimuli-responsive polymers of synthetic 

and natural origin, and their applications in drug delivery with the help of nanocarriers and 

treating cancer like dosages. The polymers of natural origin such as gelatin, albumin, cellulose, 

and chitosan are found to exhibit both pH-responsive and thermo-responsive properties and 

these features of the biopolymers impart sensitivity to act differently under different pH and 

temperatures conditions. Stimuli-responsive biomaterials that include logic gates maintain 

excellent potential for detecting and responding to pathological markers as phase of medical 

treatments that they are not perfecting. Some virtually essential thermo-responsive polymers 

such as poly (N-isopropyl acrylamide) (pNIPAAM)and Pluronic F127 (PF127) of synthetic origin 

has been mentioned in the review. In recent years, a lot of progress has been impelled in 

stimuli-responsive nanocarriers, that might response to the pathological and intrinsic 

physicochemical factors in diseased regions to extend the specificity Currently, various 

nanocarriers are designed with physicochemical changes in responding to external stimuli, like 

ultrasound, thermal, light, and magnetic field, as well as internal stimuli, including hydro gen 

ion concentration. This review has summarized the general strategies of developing stimuli -

responsive nanocarriers and recent advances, presented their applications in drug delivery, 

treatment and tumor diagnosis with help of stimuli-responsive polymers. Owing to precise 

stimuli response, stimuli-responsive drug delivery systems will management drug release, thus 

on improve the curative effects, reduce the harm of organs and normal tissues and reduce the 

side effects of traditional anti-cancer medicine. 
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***** 
 
INTRODUCTION:  
Variations in physiological parameters, such as pH, 
enzymes, metabolites, temperature and shear force, 
are important parameter for development, genesis 
and prognosis of human diseases (for example, heart 
disorders, cancer, infection and neurodegeneration), 

presenting as promising diagnostic biomarkers and 
therapeutic targets. (1,2,3). The aim of functional 
polymers principally centers around stimuli-
responsive polymers and these polymers have 
attracted great attention since these will show sol-
gel transitions in response to external triggers like 
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hydrogen. Moreover, the physical changes in stimuli-
responsive polymers are reversible, and they are 
capable of returning to their initial state when the 
trigger is removed. [4] In recent years, there has 
been a remarkable growth within the development 
of stimuli-responsive polymer-based drug delivery 
systems with controlled drug release (CDR) and 
sustained release (SR) properties [5,6]. The vital 
feature of stimuli-responsive polymers is the critical 
solution temperature (CST), which might be outlined 
as a critical temperature at which the polymeric 
solution shows a phase separation that moves from 
the isotropic state to the anisotropic state [4] Cancer 
remains one among the leading causes of human 
death worldwide. Although significant progress has 
been created in cancer biology, genomics, 
proteomics, and clinical oncology throughout the 
past many decades, antineoplastic treatments are 
inadequate and also the overall survival of many 
cancer patients stays low. (7) Chemotherapy is one 
of the foremost normally used cancer treatments 
usually within the clinic. Typically, chemotherapy 
drugs are toxicant chemicals and administrated 
systemically via either parenteral or oral routes. 
However, these medicines usually have drawbacks, 
as well as poor solubility and bioavailability, 
unfavorable pharmacokinetics, and nonselective bio 
distribution, which may complicate their clinical use 
and cause undesirable side effects. (8,9) The 
nanotechnology-based medicines, that is, 
nanomedicines, have shown excellence in drug 
delivery, diagnosis, and medical aid, significantly in 
cancer analysis. Nanoscale drug delivery systems 
(NDDSs) or nanocarriers play a crucial role in 
nanomedicine to overcome the same drawbacks of 
chemotherapy medicine. Compared to traditional 
drug delivery systems, nanocarriers have shown 
greater potential in rising drug bioavailability, 
prolonging drug circulation time, dominant drug 
release, and targeting neoplasm. additionally, to 
activity these basic functions, the newly emerging 
technology and nanomaterials could provide further 
functions or opportunities to nanomedicines/ 
nanocarriers for numerous functions of cancer 
diagnosis and treatments.(10,11) Various 
nanocarriers are developed, of that the foremost 
normally studied is the organic nanocarriers, like 
liposomes, polymeric micelles (PMs), and 
dendrimers, and inorganic nanocarriers, like carbon 
nanotubes, silica nanoparticles, gold nanoparticles, 
magnetic nanoparticles, and quantum dots. (14,15) 
In general, nanocarriers within vary of 10 to 200 nm 

are additional possible to be accumulated in solid 
tumors by passively extravasation from the hyper 
permeable neoplasm blood vasculature [14] and also 
the dynamic openings [13]. Nanocarriers offer a 
versatile platform for loading a wide range of 
payloads, as well as imaging agents, nucleic acids, 
anticancer medicine, photosensitizers, and 
antibodies, etc., to enhance the diagnostic and 
therapeutic outcomes [16,17]. By incorporating bio 
active compounds inside nanocarriers, it may avoid 
unwanted exposure to healthy organs and enzymatic 
degradation, maintain drug activities, additionally as 
alert the half-life in blood circulation, neoplasm 
accumulation, and biological performance. Until 
now, many varieties of nanocarriers are designed for 
drug delivery in oncology [18,19] presently, some 
nanocarriers have been approved for cancer 
treatment in clinic, for instance, the doxorubicin-
incorporated PEGylated liposome (i.e., Doxil®) is 
approved for handling Kaposi's sarcoma and female 
internal reproductive organ cancer. Nanocarriers are 
presupposed to deliver bio active compounds (e.g., 
imaging or therapeutic agents) to tumor tissues or 
cancer cells for achieving improved diagnostic and 
therapeutic effectiveness. However, it meets several 
barriers throughout circulation or in tumors [20], 
such as super molecule corona, degradation, burst 
release or leaking of cargos, and recognition and 
clearance by the reticuloendothelial system (RES) 
etc.  
The swelling-shrinking behavior of pH-responsive 
polymers in response to associate external pH 
condition makes them appropriate for drug delivery 
applications [21-23]. The cationic pH responsive 
polymers together with chitosan, poly (N, N-diethyl 
amino ethyl methacrylate) (PDEAEMA) and poly (N, 
N-dimethyl amino ethyl methacrylate) (PDMAEMA), 
swell in acidic hydrogen ion concentration and shrink 
in basic pH, wherever the basic pH-responsive 
polymers like albumin and poly acrylic acid (PAA) 
swell in basic pH and shrink in acidic pH [24,25]. The 
stimuli-responsive behavior of pH-responsive 
polymers has been given in Figure 1, and this 
schematic diagram of pH-responsive hydrogels 
provides a concept about the sensitivity of pH-
responsive polymers toward completely different 
external pH conditions. As shown in Figure 2, 
depending on the charge groups of pH-responsive 
polymers, and their hydrogels are found to change 
their swollen state in response to external pH of the 
media.
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Figure 1. The schematic representation of thermo-responsive behaviour (LCST) of the stimuli responsive 
polymer hydrogel drug delivery system. 

 
 
Figure 2. The schematic representation of pH-responsive behaviour of the stimuli-responsive polymer 
hydrogel drug delivery system. 

 
 

Classification of Stimuli-Responsive Polymer and Their Application. 
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Table 1. Chemical nature, type of stimuli-responsiveness, and biomedical applications of stimuli-responsive 
polymers. 

 
 
2.1 Natural Stimuli-Responsive Polymers 
2.1.1 Albumin 
The anionic colloidal gel forming albumin can show 
pH-responsiveness by swelling in basic pH medium 
and shrinking in acidic pH [27,28]. Albumin, that 
could be a natural spherical protein usually found in 
plasma, is capable of showing a stimuli-responsive 
property in response to external stimuli like 
(hydrogen ion concentration) pH and temperature. 
[26]. The pH responsive colloidal gel developed by 
radical polymerization of methacrylate bovine 
albumin and N-isopropylacrylamide was used as a 

drug delivery system for caffeine and theophylline. 
The pH-responsive colloidal gel developed from BSA 
with hydroxyethyl methacrylate and carboxylic acid 
monomers were used as a drug delivery system for 
anti-neoplastic drug flutamide [28]. BSA-based pH 
responsive colloidal gel fashioned by radical 
polymerization was applied as a drug delivery system 
for oral delivery [29]. The drug delivery system 
supported the pH responsive colloidal gel from 
alginate and albumin was used for delivery of 
prednisolone [30]

  
Figure 3. Human serum albumin (HSA) structure. 

 
 
2.1.2 Chitosan 
Chitosan due to its primary amine teams forms a 
cationic colloidal gel network in water, and it shows 
hydrogen ion concentration-responsive behavior by 
swelling in acidic pH scale (pH < pKa) and shrinking in 
basic pH (pH &git; pKa) [31]. Chitosan as a natural 
stimuli-responsive polymer is capable of showing 

both pH scale responsive and thermo-responsive 
properties [32,33] The colloidal gel fashioned from 
chitosan, propanoic acid, (2-dimethylamino) ethyl 
methacrylate via in situ radical polymerization 
showed pH-responsiveness with increased 
mechanical stability and was used as a drug delivery 
system for controlled delivery of albumen and 5-
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fluorouracil in cancer medical aid [36]. The thermo-
responsive colloidal gel made from cross-linked 
chitosan and pNIPAAm via emulsion polymerization 
was applied as a drug delivery system for 
antibacterial levofloxacin [34]. The thermo-
responsive colloidal gel created by attachment 
Pluronic onto chitosan was used as associate 
injectable cell delivery system for cartilage 
regeneration [35] The drug delivery systems made 
from chitosan show relevance to drug delivery 
applications particularly for cancer medical care and 

skin treatment because of their, biodegradability, 
biocompatibility, and low toxicity [26].The pH-
responsive hydro gel network was found to release a 
lot of drugs in simulated gastric (fluid) than simulated 
intestinal fluid [37]. The pH-responsive colloidal gel 
made from poly(N-vinyl-2-pyrrolidone) and chitosan 
within the presence of 74 neutralized Polyacrylic acid 
(PAA) was used for healing. It showed completely 
different extent of swelling depending on the pH of 
external media [38].

  
Figure 4. structure of Chitosan 

 
 
2.1.3 Cellulose 
The stimuli-responsive hydrogels made of cellulose 
have been becoming widespread for the last few 
years because of their biocompatibility and non-
toxicity. The pH-responsive colloidal gel of cellulose 
was developed by merely combination liquid 
solutions of cysteamine dihydrochloride and 
cellulose acetoacetate at room temperature and, 
moreover, this cellulose-based hydrogel showed 
dual cellulose, that is the most abundant natural 
polymer on earth, is formed from glucose monomers 
and capable of forming colloidal gel using their useful 
hydroxyl groups [40,41] The thermo-responsive 
colloidal gel made up of pNIPAAm and methyl 
cellulose showed gel formation close to the body 
temperature and also the mechanical strength of the 

hydrogel was improved [43]. The thermo- responsive 
colloidal gel from methyl cellulose and PF127 was 
used as a drug delivery system for anti-cancer drug 
docetaxel and also the system showed additional 
sustained drug release than free docetaxel [44]. The 
thermo-responsive colloidal gel from methyl 
cellulose and kappa-carrageenan showed double 
thermal gel-sol-gel transition upon heating and was 
used for developing the drug delivery system [45]. 
Methyl cellulose, which is the useful material 
developed from cellulose, is water-soluble and might 
show a thermo-responsive property with the sol-gel 
transition within the temperature range of 60 to 800 

C [26,42]. responsiveness via reversible sol-gel 
transitions in response to each pH and redox triggers 
[46]. 

 
Figure 5. Structure of Cellulose. 

 
2.1.4. Gelatin 
The nanogel made of gelatin, sodium methacrylate, 
and N, N-ethylene bis acryl amide showed a pH-
responsive character, and it was developed by a 
solvent-free emulsion polymerization method with 
sun flower seed oil as a continuous phase [47] 
Gelatin, which is an animal origin natural protein, can 
show thermo-responsive properties and is 

commercially available in different forms such as 
nanoparticles, fibers, and, hydrogels [48]. The 
tunable thermo-responsive gelatin hydrogel showed 
volume transition near the body temperature, and it 
was reported to be a promising drug delivery system 
[49]. The injectable thermo-responsive hydrogel 
made of chitosan and gelatin showed sol-gel 
transition near the body temperature and it showed 
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compatibility with human tissue [50]. The gelatin-
based pH-responsive hydrogel was developed by 
grafting β-cyclodextrin to gelatin (Gel), which is 

followed by cross-linking with hydrogel and the 
oxidized dextran was used as a drug delivery system 
for anti-cancer drug 5-fluorouracil [51] 

 
Figure 6. Chemical Structure of Gelatine. 

 
 
2.2. Synthetic Stimuli-Responsive Polymers. 
2.2.1. Poly (N, N-dialkylamino ethyl methacrylate) 
and Eudragit 
Eudragit prepared by the polymerization of acrylic 
and methacrylic acids or their esters was first 
introduced commercially in 1950 by Röhm GmbH & 
Co. KG—Germany. Eudragit RL and Eudragit RS are 
anionic co-polymers of acrylic and methacrylic acid 
esters having quaternary ammonium groups and 
used as anionic pH-responsive polymers for mainly 
oral delivery of the drug [52] poly(N, N-diethylamino 
ethyl methacrylate) (PDEAEMA) and Poly(N, N-
dimethylaminoethyl methacrylate) (PDMAEMA), 
which are both cationic pH-responsive polymers and 
swell in acidic pH (pH < pKa) due to the protonation 

of their tertiary amine groups [53] The pH-responsive 
hydrogel made of block co-polymer of poly 
(dimethysiloxane) and PDMAEMA was applied to 
deliver antineoplastic drug doxorubicin and the block 
co-polymer (poly(dimethysiloxane)-b-PDMAEMA) 
was synthesized by atom transfer radical 
polymerization (ATRP) [54]. The pH-responsive 
hydrogel made of PDMAEMA and poly (vinyl alcohol) 
was used for drug delivery applications [55]. The pH-
responsive nano-hydrogel was synthesized by co-
polymerization of PDEAEMA with hetero-
bifunctional PEG bearing a 4-vinylbenzyl group at one 
end and a carboxylic acid group at the other side end. 
The nano-hydrogel was used as a drug delivery 
system for anti-neoplastic drugs doxorubicin [56].

 
Figure: 7 Chemical structure of Eudragit ® RS PO and Eudragit ® RL PO. 

 
 
2.2.2. Pluronic F127  
PF127 is approved by the ‘U.S. Food and Drug 
Administration’ (FDA) to be employed in biomedical 
areas particularly for drug delivery tissue 
engineering, and also the administration of the 
PF127-based drug delivery system, which may be 
intranasal, subcutaneous, oral, ocular, vaginal, and 
rectal. [45] (PF127) is a nonionic triblock polymer of 
poly (ethylene oxide)-b-poly (propylene oxide)-b-
poly (ethylene oxide) and, being a thremo-
responsive synthetic polymer, PF127 form type the 
hydro gel close to the body temperature [46]. The 
thermo-responsive colloidal gel manufactured from 
PF127 and hyaluronic acid showed gel formation at a 

body temperature of 370c and was used as a drug 
delivery system for an individual's somatotropic 
hormone [47]. The thermo-responsive colloidal gel 
manufactured from hyaluronic acid grafted PF127 
showed in situ gel formation and was applied for 
delivery of model anti-neoplastic medication 
cisplatin and carboplatin [48]. The drug delivery 
system made from thermo-responsive colloidal gel of 
glycol chitosan and PF127 by photo-polymerization 
was applied for delivery of doxorubicin anti-cancer 
medication [49]. The thermo-responsive colloidal gel 
made of chitosan and PF-127 was applied as a drug 
delivery system for model anti-cancer drug 5-
fluorouracil [50] The thermo-responsive colloidal gel 
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of pNIPAAm and spiropyran formed by a facile and 
versatile surface-initiated controlled polymerization 
technique (SI-ARGET-ATRP) showed the potential of 

dimensional changes on cotton fabric upon 
temperature stimulation or a irradiation with visible 
light [51] 

 
Figure:8 chemical structure of Pluronic f127. 

 
 
2.2.3. Polyacrylic Acid 
The pH-responsive PAA-based colloidal gel cross-
linked by poly (l-glutamic acid)-g-(2-hydroxyl meth 
acrylamide) showed pH-dependent swelling-
shrinking behaviors and was used for the delivery of 
the model macro molecule BSA [52]. Polyacrylic acid 
(PAA), that is associate anionic synthetic compound, 
will, can pH-responsive colloidal gel, swells/dissolves 
at hydrogen ion concentration [pH]on top of its pKa, 
and remains collapsed at acidic pH (pH < pKa) [53]. 
This hydrogen ion concentration responsive behavior 
of PAA attributes to oral delivery of the drug by the 
PAA-based drug delivery system [54]. The hydrogen 
ion concentration and thermo-responsive micelles 
developed from the block polymer of pNIPAAM 
(pNIPAAm-b-PAA) and PAA was used as a drug 
delivery system for anti-cancer drug doxorubicin 
[55]. The pH-triggered oral drug delivery system was 
developed by capping mesoporous silica SBA-15 with 
pH-responsive polymer PAA via a facile graft-onto 
strategy, and it was wont to deliver antineoplastic 
drug doxorubicin for the treatment of carcinoma 
[67]. The pH-responsive biodegradable hydrogels 
made up of four forms of pH-sensitive poly (l-
glutamic acid) and PAA derivatives as a cross-linker 

were applied for oral delivery of hypoglycemic agent 
[insulin] [68].  
2.2.4. Poly (ethylene glycol) (PEG) 
The drug delivery system manufactured from PEG 
and cholesterol-modified poly (monomethyl 
itaconate) showed a pH-responsive property and was 
used for controlled and targeted unharness of the 
model drug piroxicam, that was employed in tumor-
targeting therapy [69]. Poly (ethylene glycol) (PEG) 
could be a water-soluble synthetic polymer with no-
toxicity and excellent biocompatibility, and shows a 
pH-responsive property in response to an external 
pH modification [70]. The pH-responsive colloidal gel 
manufactured from the gel, β-polyaspartylhydrazide 
and PEG by-product was applied as a drug delivery 
system for anti-cancer drug doxorubicin [71]. The pH-
responsive hydrogel from PEG and poly (itaconic 
acid) was developed using UV free radical 
polymerization with tetra ethylene glycol as the 
cross-linking agent and Irgacure 2959 because the 
initiator, and it was used as a drug delivery system 
for oral delivery of the drug [72] pH-responsive 
nanoparticles manufactured from PEG-poly(l-
histidine)-poly(l-lactide) were used as drug carriers 
for antineoplastic drug doxorubicin [73]. 

 
Figure: 9. Chemical Structure of Poly (ethylene glycol) (PEG). 

 
 
3. Classification of Stimuli-Responsive Nano 
Delivery Systems OR Nanocarriers  
Ideal drug delivery systems (DDS) are expected to 
satisfy the requirements of excellent 

biocompatibility, high drug loading and controlled 
release capability [74,75]. Nano-technology can 
management the biological changes below the 100 
nm scale, and provide assessments for the 
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monitoring, diagnosis, and treatment of diseases at 
the cellular level [76,77]. Since the concept of 
stimuli-responsive nano delivery system was 1st 
planned first within the, there has been 1970s of 
related researches and applications [78-82]. the 
concept of immediate-responsive drug delivery the 
same as a switch (open/close) is designed to simulate 
the response of living organs by constructing stimuli-
responsive carrier system to acknowledge the 
dynamic method of body’s changes of a 
microenvironment and organic chemistry reactions, 
therefore, on achieve sustained and controlled 
release of drugs. In different words, based on the 
particular intracellular and extracellular physio-
chemical stimulations, stimuli-responsive 
nanocarriers will modification their structures by 
suggests that of hydrolysis, protonation, 
isomerization and polymerization, getting to 

accelerate the discharge of active components in 
special physiological environments [83]. 
Endogenous stimuli are mainly derived from the 
pathological changes and physiological, such as 
enzyme concentration, pH and redox potential 
gradient [84-88]. Exogenous physical stimuli mainly 
include, ultrasound, light, magnetic field, and 
temperature. [89,90]. The compound stimuli-
responsive delivery system consists of two or more 
than two stimuli-responsive factors [91-94]. 
Additionally, perfect drug delivery systems can 
control drug release by responding to stimuli signals 
that exist in the tumor microenvironment and 
extracorporeal physical stimuli [83,95]. According to 
the sources, physiological properties, structures and 
biochemical properties of stimuli signals, the 
irritation-responsive nano delivery systems can be 
classified into exogenous, endogenous and multi-
stimuli responsive delivery systems [96-98].

  
Figure :10. The stimuli-responsive nanocarriers for drug delivery to tumours towards precision imaging, 
effective therapy and theragnostic. The nanocarriers could penetrate and accumulate tumors, and target 
cancer cells for achieving different applications and functions by responding to the internal and external 
stimuli. 

 
  
3.1 Exogenous Stimuli-Responsive Drug Delivery 
Systems. 
Exogenous physical stimuli mainly include light, 
temperature, magnetic field and ultrasound. When 
these stimuli signals act on exogenous stimuli-
responsive nanocarriers, they will trigger drug 
release rapidly [99-103]. With the external stimuli, it 
facilitates enhancing the accumulation of 
nanocarriers in desired regions with outer forces 
(e.g., magnetic field), controlled release, intracellular 
drug delivery, as well as activated imaging and 
therapy. There are several advantages of applying 
external-stimuli for drug delivery to tumors: (1) it 
could precisely control the location and intensity of 

given external stimuli (e.g., magnetic field, laser 
irradiation); (2) the external stimuli could be added 
or removed depending on the treatment 
requirement; (3) multiple external stimuli could be 
overlaid for achieving multifunction in cancer 
theragnostic; (4) the possibility to provide multi-
times or continuous (e.g., several hours or days) 
stimuli for drug delivery and therapy. However, the 
externally-directed triggers would be impractical for 
treating and accessing the metastatic lesions, when 
their location is uncertain.  
3.1.1 Temperature-Responsive Delivery Systems 
The temperature-sensitive nanocarriers have also 
been widely applied for drug delivery and dealing 
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with cancer. Temperature-responsive carriers 
generally involve liposomes, nanoparticles and 
polymer micelles, etc. When the ambient 
temperature is higher than the critical solution 
temperature (CST) of polymer, the polymer chain 
dehydrates and the hydrophilic hydrophobic 
equilibrium breaks, resulting in the changes of the 
carrier’s structure and the release of the contents 
packed in the system [104]. The thermal-sensitive 
nanocarriers is generated with materials that could 
undergo physicochemical properties variation 
associating with temperature change [105,106]. In 
2017, Liu et al. (2017) loaded the salmon calcitonin 
and oxidized alginate complex (sCT-OCA) on the 
temperature-sensitive three-block polymer, poly 
(lactic acid-glycolic acid)-polyethylene glycol-poly 
(lactic acid-glycolic acid) (PLGA-PEGPLGA), and the 
sol-gel phase transformation occurred at 37 ℃ in vivo 
(Figure 2). With the degradation of the hydrogel and 
the decomposition of the complex sCT-OCA, the 
calcitonin was sustained release slowly from the in-
situ gel system [107]. The temperature sensitive 
materials are mainly including poly (N 
isopropylacrylamide) (PNIPAM) [108,109], poly (N-
inyisobutyramide) (PAMAM) [110], poly(2-oxazoline) 
(POxs) [111], and poly [2-(2-methoxyethoxy) ethyl 
methacrylate] [PMEOMA], etc. Besides, another 
strategy for achieving thermal-sensitivity is to 
incorporate thermal-unstable materials inside 
nanocarriers. For instance, the NH4HCO3 
incorporated liposome could generate CO2 after 
giving local hyperemia (42°C) to make liposome 
swollen and collapse [112], leading to drug release 
for efficient intracellular drug delivery.  
3.1.2. Light-Responsive OR Ultrasound-Responsive 
Nanocarriers Delivery Systems.  
Under specific wavelength of exogenous light (such 
as ultraviolet, visible or near infrared, etc.), light-
responsive drug delivery systems can change the 
stability or break down the structure of responsive 
nanomaterials to appreciate the precise release of 
drugs [113-117] Ultrasound could be a type of high-
frequency sound waves, which could affect 
nanocarriers for controlled drug release at diseased 
sites (i.e., tumors). The intensity of ultrasound may 
be adjusted for various applications. At a low 
ultrasound frequency (< 20kHz), it might be applied 
for imaging, while it could be applied for disrupting 
nanocarriers to release cargos or enhancing the 
permeability of neoplastic cell membrane at a high 

ultrasound frequencies (> 20 kHz) [118]. The 
ultrasound-responsive nanocarriers may be applied 
for tumor ultrasound imaging, which is safe, low cost 
and providing images with high spatial resolution and 
widely applied in clinic. The gas and contrast agent 
(e.g., perfluoro pentane) incorporated nanocarriers 
[119]. 
The technology of near infrared (NIR) laser has finer 
penetration, and minor damage to tissues. 
Meanwhile, plasma materials with NIR absorption 
characteristic can convert light energy into energy, to 
make up a stimuli-responsive delivery system [120]. 
as an example, when the gold nanoparticle was 
loaded with doxorubicin (DOX), the discharge rate of 
drugs increased under the 808 nm illumination [121]. 
Compared with the free drug, light-responsive 
delivery systems have a decent ant neoplasm 
activity. Until now, several microbubbles are 
commercialized, like Albunex, Optison, Definity, 
Imagent, Levovist and Sonazoid etc. [122]. However, 
the massive size (1-10 µm), short half-life, and low 
stability of microbubbles limit their access to 
vascular compartments in tumor tissues and deep 
penetration. Several size switchable microbubbles 
(i.e., from microbubbles to nanobubbles) [123], or 
nanocarriers are engineered for ultrasound imaging 
[124], ultrasound triggered drug delivery [125-127], 
and ultrasound triggered cancer theranostics (Table 
2), including nanobubbles [128], calcium carbonate 
(CaCO3) nanoparticles [129], liposome [130], 
nanodroplets [131], vesicles [132] and nanoparticles 
[133], etc. Generally, the ultrasound-sensitive 
nanocarriers are incorporating gas or contrast agents 
[134], including air, N2 and perfluorocarbons, etc., or 
generating gas within the biological environment 
[135-137], like CaCO3 nanoparticles [138]. as an 
example, the phase changeable, polymeric 
nanodroplets may be generated for tumor imaging 
and doxorubicin release due the collapse of 
microbubbles when responding to the low-intensity 
focused ultrasound [131]. Moreover, the ultrasound-
responsive property may be applied for intracellular 
delivery of bioactive compounds and enhancing the 
tumor accumulation (e.g., siRNA, DNA). Because 
ultrasound could increase gap in tumor vasculature 
wall (i.e., disrupting of vascular integrity) to facilitate 
extravasation of drug delivery systems to malignant 
tissues, in addition as enhance cellular uptake by 
cancer cells [140-142].
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Table:2. Representative ultrasound-responsive nanocarriers. 

 
 
3.1.3. Magnetic Field-Responsive Delivery Systems 
Magnetic field responsive nanocarriers are usually 
liposomes, micelles, super-molecule aggregates 
formed by implanting the paramagnetic or 
superparamagnetic materials into polymer scaffolds 
[143]. The magnetic-responsive nanocarriers have 
been engineered, as the magnetic nanoparticles has 
intrinsic tropism to magnetic field for tumor 
targeting, while it also could generate local 
hyperthermia under an alternating the magnetic 
field for cancer ablation and triggering drug release. 
Until now, several magnetic-responsive nanocarriers 
have been formulated (Table 4), including magnetic 
nanoparticles [144,145], liposomes [146], 
superparamagnetic iron-oxide nanoparticles 
(SPIONs) [147], polymeric micelles [148], albumin 
Nano capsules [149], magnetic nanocarriers 
[150,151] and magnetic nanogels [152], etc. Among 
inorganic, nanomedicines, magnetic nanoparticles 
(MNPs) have been investigated most widely for 
treatment and diagnosis of cancer. Magnetic 
nanoparticles have involved considerable interest 
due to their outstanding magnetic properties, 
biocompatibility, and biodegradability [153]. 
Generally, nanocarriers are incorporating magnetic 
materials for achieving magnetic-sensitivity, which 
are mainly including iron oxide nanoparticles (e.g. 
Fe3O4 nanoparticles) [154], iron oxide hybrid 
nanoparticles (e.g., graphene/Au/Fe3O4 hybrids) 
[155]. The incorporated magnetic materials also 
could be applied for tumor imaging by magnetic 
resonance imaging (MRI) [147,156,157] 
Besides magnetic materials, the contrast agents 
[158], anticancer drugs [156], plasmids [159], 
antibodies [153] and photosensitizer [146], could 
also be incorporated inside the magnetic-sensitive 
nanocarriers for achieving multiple functions or 
multimodal therapeutic effects. Moreover, the 
nanocarriers could be engineered for passive tumor 

targeting through the EPR effect [161], as well as be 
installed with targeting moieties (e.g., folic acid) for 
active targeting cancer cells [162] 
Guisasola et al. (2018) prepared an iron oxide 
magnetic nanoparticle embedded in a mesoporous 
silica matrix, which can provoke the release of anti-
tumor drug DOX trapped inside the silica pores. In 
vivo and in vitro experiments showed that significant 
tumor growth inhibition was achieved in 48 hours 
after treatment [163]. Moreover, magnetic materials 
could also be applied into nuclear magnetic 
resonance imaging to realize the integrated 
diagnosis and treatment of diseases [164-169]. The 
interaction between magnetic flux facilitates and 
magnetic nanocarriers the magnetic-guided 
accumulation of nanocarriers in tumors, while a 
typical approach is to locate a permanent magnetic 
flux in malignant tissues For example, much higher 
level of SPIONs and doxorubicin-loaded nanocarriers 
in tumors are achieved with external magnetic field-
guided tumor targeting, resulting in effective tumor 
ablation [151].Besides primary tumors, the magnetic 
responsive nanocarriers have also demonstrated 
high potential for treating metastatic tumors (e.g., 
lung cancer) [170]. Further, the magnetic-sensitive 
Nano-carriers could also be applied for tumor 
theranostics [171], because it could probe tumors by 
MRI or other imaging modalities, and non-invasively 
and remotely eradicate tumors with the generated 
hyperthermia within the alternating flux of magnet 
[172]. as an example, the PEGylated MoS2/Fe3O4 
nanocomposites (MSIOs) made through a two-step 
hydrothermal method, have demonstrated high 
potential for tumor diagnosis by T2-weighted 
photoacoustic tomography imaging and MR imaging, 
and magnetic-targeted effective photo-thermal 
ablation of tumors [173]. while, it further allowed 
both T2 andT1 weighted MR imaging of tumors by 
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doping multifunctional nanoflowers into the core of 
Fe3O4@MoS2 nanocomposite [174]. 
3.2. Endogenous Stimuli-Responsive Drug Delivery 
Systems. 
The stimuli-responsive nanocarriers are sensitive to 
some specific endogenous stimuli, like the pH of 
various tissues and organs [175-177], the particular 
expression of enzymes within the tissues of normal 
physiological condition and disease [178,179], and 
therefore, the changes of cells’ redox potential [180-
184]. At the cellular level, endogenous stimuli can 
trigger targeted drugs to release into endosomes or 
promote the nanocarriers to escape from lysosomes 
to cytoplasm. At the extent of tissue, endogenous 

stimuli-responsive nanocarriers can make use of the 
changes of cancer cells micro environment or other 
pathological conditions (hypoxia, infection, and 
inflammation, etc.) to hold out targeted drugs 
release [185]. The internal triggers are intrinsically 
existed in cancer microenvironment or inside tumor 
cells. However, they typically show poor specificity 
and heterogenetic distribution in tumors, which can 
affect the efficacy of internal stimuli-sensitive 
nanocarriers. during this section, recent advances in 
nanocarriers responding to internal stimuli, mainly 
including hypoxia, pH, redox and enzymes, for tumor 
theragnostic are focused.

 
Figure: 11. Endogenous Stimuli-Responsive Drug Delivery Systems. 

 
  
3.2.1. pH-Responsive Delivery Systems 
The pH-responsive nanocarriers are extensively 
exploited, because of the character of low pH inside 
the organelles (e.g., lysosomes and endosomes) of 
cancer cells and in tumor cells microenvironment. In 
general, the pH in cytoplasm, blood and normal 
tissue region is nearly around pH 7.0 to 7.4, while it 
exhibits approximately pH 6 to 4 in endosomal/ 
lysosomal organelles, and pH 6.5 to 6.8 in tumor cells 
microenvironment [186]. Thus, the pH-responsive in 
tumor cells microenvironment can be applied for 
controlled drug release or prodrug activation, while 
keep the “stealth-effect” of nanocarriers in normal 
regions (e.g., within blood circulation) without 
leaking of cargos. This would decrease the danger of 
exposure normal organs (e.g., heart) to the toxic 
cargos (e.g., doxorubicin), and specifically deliver 
them to tumors for achieving high therapeutic 
performance. Until now, several forms of pH-
sensitive nanocarriers, including CaCO3 
nanoparticles [187,188], calcium phosphate (CaP) 
nanocarriers [189-191], inorganic nanoparticles or 
crystals [192,193], polymer-drug conjugates [195], 

nanogels [196-198], polymeric micelles [199-201], 
liposomes [202], and dendrimers [204], etc., are 
exploited for imaging, intracellular drug delivery, 
charge conversion, and controlled drug release in 
tumor- microenvironment [203,205]. According to 
the changes of pH gradient inside and outside the 
cells, the development of the delivery systems 
mainly includes the subsequent two categories: One 
is that the changes of conformation or dissolution 
behaviors of the polymer under different pH 
conditions [206-209]. The other is that the delivery 
systems may disintegrate due to the fracture of acid-
sensitive groups within the nanocarriers, resulting in 
targeted delivery on specific sites [210-213]  
Meanwhile, several pH-sensitive polymers have been 
synthesized for fabricating nanocarriers with pH-
responsibility [81], including poly(2-
(pentamethylenediamine) ethyl methacrylate) 
(PC6A), poly(2-(hexamethyleneimino) ethyl 
methacrylate) (PC7A), poly(β-amino ester) (PAE), 
polysulfadimethoxine (PSD), poly(L-histidine) (PHis), 
poly(4-vinylbenzoic acid) (PVBA), 2,3-dimethylmaleic 
anhydride (DMMA), poly(N,N-diethylamino2-
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ethylmethacrylate) (PDEAEMA), poly(N’-(N-(2-
aminoethyl)-2-aminoethyl) aspart amide) [PAsp 
(DET)], poly(2-diisopropylaminoethyl methacrylate) 
(PDPA), poly (N, N-dimethyl amino ethyl 
methacrylate) (PDMAEMA), poly [(2-N morpholino) 
ethyl methacrylate] (PMEMA), poly(4-vinylpyridine) 
(P4VP), poly (glutamic acid) (PGlu) [82], poly(L-

aspartic acid) (PAsp), poly (methacrylic acid) (PMAA), 
and poly(2-vinylpyridine) (P2VP) (Figure 12). 
Meanwhile, certain pH-sensitive chemical bonds 
have also been applied for drug conjugation, 
confirmation/ size change ana charge conversion, 
etc. (Figure 14), which facilitate pH-triggered drug 
release, and disassociation of nanocarriers inside 
cancer cells or in tumor microenvironment [220] 

 
Figure 12. The pH-responsive chemical bonds have been utilized for developing pH-sensitive nanocarriers. 

 
Lately, researchers have successfully developed 
nanoparticles containing pH sensitive precursor 
drugs, which might be used for the combined 
delivery of hydrophobic anti-cancer drugs [218]. as 
an example, the polyethylene glycol (PEG) 
nanoparticles loaded with curcumin (CUR) were 
modified by transferrin (Tf) to make a polymer 
(TfPEG-CUR NPs). Doxorubicin was then loaded on 
the polymer to create Tf PEGCUR/ DOX NPs, which 
was used to transport DOX and CUR at the identical 
time. The drug release from Tf-PEG-CUR/ DOX NPs 
was studied at 37˚C under pH 7.4 and 5.0 in vitro. The 
results showed that DOX and CUR release was 
significantly accelerated under mildly acidic 
environments. for example, 79.2 and 57.6% of DOX 
was released from NPs in 24h at pH 5.0 and 7.4, 
respectively. it absolutely was observed that Tf-PEG-
CUR/DOX NPs displayed beneficial physicochemical 
characteristics, including high encapsulation efficacy, 
narrow particle size distribution, uniform particle 
size, and sustained drug release [219]. Compared to 
cytoplasm with an almost neutral pH (pH 7.2), the pH 
in endosomal/ lysosomal organelles was around pH 6 
to 4. Generally, nanocarriers enter into tumor cells 
through the pathway of endocytosis, which needs 
endosome/ lysosome escape to avoid further 

degradation in late lysosomes with low pH. 
Currently, several intercellular pH-triggered 
nanocarriers are engineered for liberating cargos 
inside cancer cells [220]. The pH-triggered charge 
conversion nanocarriers have also been engineered 
for intracellular drug delivery, where the neutral or 
negative charged nanocarriers could communicate 
be charged by responding to low pH in endosomes/  
lysosomes for disrupting endosomes/ lysosomes, 
because of the protonation of the cationic materials 
[198,222]. The pH-triggered charge conversion can 
be obtained with certain chemical groups, like 
citraconic anhydride, 2,3-dimethylmaleic anhydride 
(DA), cis-aconitic anhydride, carboxy dimethyl maleic 
anhydride (CDM) and cis-4-cyclohexene-1,2 di 
carboxinic anhydride, etc. The charge conversion 
strategy facilitates intracellular delivery of antibodies 
[223] siRNA [225,226], and DNA [227], proteins 
[222,224] as well as enhancing the tumor 
accumulation of nanocarriers [228], etc. In recent 
study, the pDNA loaded nanocarriers (HA-NPs) were 
innovated by using PAsp (DET) for formulating 
cationic PAsp (DET) /pDNA condensate, and 
endosome escape, as well as installing hyaluronic 
acid (HA) for active targeted gene therapy of cancer 
[229]
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Figure 13. The intracellular or tumour microenvironment pH-responsive polymers have been applied for 
engineering pH-sensitive nanocarriers. 

 
  
3.2.1 Hypoxia-Responsive Nanocarriers 
The poorly vascularization inside solid tumors is likely 
to form hypoxia (oxygen level is low), which plays an 
important role in cancer (malignant tumor) 
progression, such as loco regional spread and distant 
metastasis [230]. The promoted malignant tumor 
phenotype by hypoxia has negative impact on 
prognosis and therapy and leads to resistance to 
standard therapy (e.g., chemotherapy, 
radiotherapy). Therefore, several strategies have 
been utilized for treating hypoxic tumors cells, 
mainly including increasing the oxygen (O2) level and 
using hypoxia activatable prodrugs, etc. [231]. 
Several types of nanocarriers have been engineered/ 
designed for drug delivery to hypoxic tumors (Table 
5) [232], including liposomes [233], albumin 
nanoparticles [234], silica nanoparticles [235], up 
conversion nanoparticles (UCNPs), layer-by-layer 
nanoparticles [236], nanovesicles [237], polymeric 
micelles [238], cell membrane coated metal organic 
framework (MOF) [239], solid-state sensors [240], 
polymeric probes [241], and polymer hybrid CaP 
nanoparticles [242], etc. Meanwhile, different cargos 
could be loaded inside the hypoxia-activation 
nanocarriers, anticancer drugs (e.g., doxorubicin), 
siRNA and photosensitizers (e.g., ICG), ranging from 
imaging agents (e.g., contrast agents), prodrugs (e.g., 
dihydrochloride), etc., demonstrating high 
performance in hypoxic tumor imaging and effective 
therapy by overcoming various types of drug 
resistance [243]. 
The tumor hypoxia could be targeted with hypoxia-
responsive and some pH-sensitive nanocarriers, 

since hypoxic tumor regions are generally associated 
low pH (hydrogen ion concentration) due to the 
glycolysis of glucose and production of H+ and lactate 
[244]. The major strategy is utilizing hypoxia-
sensitive nanocarriers, which are generally 
constructed with hypoxia sensitive materials or 
derivatives, e.g., nitroimidazole [248-253], 2-
nitroimidazole [238-240], metronidazole [243], nitro-
benzene derivatives [238], azobenzene [251-253] 
and Iridium (III) complexes, etc. Hypoxia could trigger 
cargo release from the hypoxiasensitive 
nanocarriers, e.g., the incorporated antibody (i.e., 
Cetuximab) could be released from the silica gel 
nanoparticles in hypoxic tumors due to the cleavage 
of the hypoxiasensitive cross-linkers i.e., Azo 
monomer [254]. In another study, the nanocarriers 
were prepared with light-sensitive conjugated 
polymers and hypoxia-sensitive 2-nitroimidazole for 
generating ROS and local hypoxia after laser 
irradiation, to trigger doxorubicin release for 
enhanced synergistic anticancer efficacy [256]. The 
hypoxia-sensitive nanocarriers also facilitate 
molecular level imaging of tumors and metastasis. 
For example, the nanoscale probes with oxygen 
level-sensitive Iridium (III) complexes have 
demonstrated high potential for optical imaging of 
metastatic lesions and tumors [241]. Besides, some 
nanocarriers could delivery hypoxia-activatable 
prodrugs [e.g., banoxantrone (AQ4N) and 
tirapazamine (TPZ) etc.] to hypoxic tumors for 
enhanced therapy, while some photosensitizers 
could be co-loaded to generate hypoxia by laser 
irradiation for prodrug activation. For example, the 
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TPZ and ICG-incorporated liposomes with iRGD as 
targeting moieties could target hypoxic cancer cells, 
while the irradiation of ICG by NIR laser could 
produce extra hypoxia activate TPZ for enhanced 
therapy [255] 
3.2.3. Enzyme-Responsive Delivery Systems. 
Enzymes play a crucial role in biological reactions, 
while the unregulated expression of certain enzymes 
in neoplastic conditions can be triggers for enzyme-
responsive drug delivery. Some enzyme responsive 
nanocarriers are engineered for achieving controlled 
release of cargos in cancer cells and tumors cells 
[257-258], prodrug activation, likewise as 
morphology change, mainly including magnetic 
nanoparticles [259], mesoporous silica nanoparticles 
[260], liposomes [288,289], dendrimers [264], and 
polymeric micelles [265]. Etc. As shown in Table 6, 
nanocarriers could response to many upregulated 
enzymes in tumor microenvironment and cancer 
cells [263], which are mainly including cathepsin B 
[266], transferases (e.g., creatine kinase) [263], 
oxidoreductases (e.g., peroxidases) [267], and 
hydrolases, like matrix metalloproteinases (MMPs) 
[268-270], human recombinant caspase 3 [271], 
proteinase K [272,273], trypsin [275,276], and 
intestinal protease [277] etc. So far, some 
nanomaterials have been used for constructing 
enzyme-responsive drug delivery systems, including 
polymers, phosphor esters and inorganic materials, 
etc. [278-282]. In the pathological conditions of 
inflammations or tumors, ester bonds or peptide 
structure of the stimuli-responsive nanocarriers may 
fracture due to various enzymes, so that the loaded 
drugs will release at targeted sites to exert 
therapeutic effects [283,284]. Relative researches 
showed that N-(2-hydroxypropyl) meth acrylamide 

(HPMA) copolymer was water-soluble, non-charged, 
and non-immunogenic, which was developed for 
site-specific delivery of anti-cancer drugs [285,286]. 
The enzyme-sensitive nanocarriers can be utilized 
within the following aspects: (1) Activating prodrugs, 
probes and ligands by cutting the enzyme-sensitive 
bonds between the bioactive compounds and 
protective groups; (2) Direct cleaving the conjugation 
between nanocarriers and drugs; (3) Degradation or 
disassociation of nanocarriers through enzyme-
triggered cleavage of polymer backbones, charge 
conversion of nanomaterials and disassembly of 
nanoparticles; (4) Enzyme-triggered physical 
disruption of nanocarriers; (5) Enzyme-triggered 
controlled release of cargos. For achieving enzyme-
sensitive function, several factors should be 
considered for rational design nanocarriers: (1) the 
influence of physiological conditions and also the 
physicochemical properties to the enzyme-
sensitivity; (2) the popularity and accessibility of 
enzymes to the sensitive groups/substrates in 
nanocarriers; (3) the edge of the substrates that 
responding to enzymes, which should make sure the 
enzyme-triggered reaction; the particular enzyme-
triggered (triggered by enzyme) cargo release allows 
drug delivery to cancer cells and avoids cargo 
exposure during circulation, which could maintain 
the activity of bioactive compounds, while avoid 
causing sides effects to normal organs. For triggered 
by enzyme drug release, the cathepsin could cleave 
the hydrolyze peptide bonds in gemcitabine 
conjugated dendrimer carriers inside lysosomes to 
liberate gemcitabine and cationic dendrimers, 
resulting in lysosome escape and intracellular 
gemcitabine delivery [243].

Figure. 14. Tumour Microenvironment. 
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Duan et al. designed a biodegradable amphiphilic 
block HPMA copolymer-gemcitabine (GEM) 
conjugate-based nanoscale and stimuli-sensitive 
drug delivery vehicle. An enzyme-sensitive 
oligopeptide sequence glycylphenylalanylleucyl 
glycine (GFLG) was introduced to the most chain with 
hydrophobic and hydrophilic blocks via the reversible 
addition-fragmentation chain transfer (RAFT) 
polymerization. Then GEM was conjugated to the co-
polymer via the enzyme-sensitive peptide GFLG, and 
also the amphiphilic copolymer-GEM conjugate 
could self-assemble into compact nanoparticles. it 
absolutely was demonstrated that the conjugate-
based nanoparticles could accumulate and be 
retained within tumors, leading to significant 
increased antitumor efficacy compared to free GEM 
[287]. 
3.2.4 Redox-responsive nanocarriers. 
Vitamin C (ascorbic acid), glutathione (GSH) and 
Vitamin (tocopherol) are the reductive substances 
that widely exist within the human body [288-291]. 
according to the characteristics of those substances, 
some redox responsive nanocarriers are developed 
and applied in ultrasound imaging and controlled 
release and targeted delivery of genes, proteins and 
anti-tumor drugs (anti-neoplastic drugs) [292-295]. 
The redox-responsive nanocarriers are widely 
applied for drug delivery due to the significantly 
different reduction potentials and capacities in 
tumors, e.g., the glutathione (GSH) level inside 
cancer cells (2-10 mM) is remarkable more than that 
in normal regions (2-10 μM). Until now, several redox 
sensitive nanocarriers are engineered (Table 7), 
including nano capsules, mesoporous silica 
nanoparticles [296], polymer-drug conjugates [297], 
polymersomes [298], gold nanoparticles [299]. 
polymeric micelles [300-302], nanogels [303], and 
hybrid nanoparticles [304], polymeric vesicles [305], 
etc. The disulfide bonds can be cleaved into 
sulfhydryl groups by GSH [306], while the diselenide 
bonds (Se-Se) also are sensitive to redox potential 
[307], but with lower bond energy than that of 
disulfide bonds [308]. Moreover, the H2O2-
responsive nanocarriers have also been developed 
for tumor therapy [309,310], multidrug resistant 
tumors [313] and including for treating hypoxic 
tumors [311]. Zhao et al. (2015) developed a redox 
responsive Nano-capsule through surface 
modification technology, which could load two 
functional molecules, one was encoded in the 
capsule's shell by di-sulfide bonds, and the other was 
physically encapsulated in the core of the capsule. 
Triger of the redox reaction could induce the 
cascading release of the loaded drug [312]. 

The redox-sensitive nanocarriers could trigger cargo 
release inside cancer cells [314], as some bioactive 
compounds were conjugated to nanomaterials 
through the disulfide bonds [297,315] and the drug-
loaded cavities in some nanocarriers (e.g., 
mesoporous silica nanoparticles) were sealed by 
disulfide bonds [296]. The redox-sensitive strategy 
could also be applied to detach the surface shell 
[316], and cross-link the core to increase the stability 
of nanocarriers [317,318]. In another strategy, the 
cationic vesicles were formed by chelating of Fe3+ 
with amphiphilic piliararene, exhibiting GSH-
triggered release of incorporated doxorubicin and 
siRNA from the collapse vesicles, as a result of GSH-
induced reduction of Fe3+ to Fe2+ inside cancer cells 
[305]. Besides, the redox-responsive function could 
trigger the disassociation and degradation of 
nanocarriers inside cancer cells, as some 
nanocarriers were cross-linked by redox-sensitive 
bonds to increase the stability [317,139]. The 
disulfide bonds cross-linked polymer nano capsules 
could be disassociated by responding to GSH and 
dithiothreitol (DTT) [308]. Meanwhile, nanocarriers 
prepared by polymers with diselenide bonds (Se-Se) 
could also response to environmental redox-
potential (i.e., GSH, H2O2) for controlled 
disassociation of nanoparticles and release of cargos 
[305]. Moreover, the redox-responsive nanocarriers 
facilitate intracellular delivery of bioactive 
compounds into cancer cells to overcome the cellular 
barriers, such as siRNA [300] and sodium 
borocaptate (BSH) [297], etc. For one example, the 
BSH-polymer conjugates have been engineered by 
conjugating with disulfide bonds for tumor boron 
neutron capture therapy (BNCT), because of the poor 
cellular uptake of clinically approved 10B-
compounds (e.g., BSH) and the limited effective 
distance almost within diameter of cancer cells [320]. 
The BSH-polymer conjugates have significantly 
promoted the intracellular delivery of BSH, slightly 
extended the half-life in blood circulation and highly 
enhanced the tumor accumulation for deep 
penetration in tumor tissues and significant tumor by 
BNCT. 
4. Multimodal-responsive nanocarriers. 
In addition, nanocarriers have additionally been 
designed with multiple stimuli-responsive functions, 
facilitating multistage drug delivery, similarly as 
achieving higher specificity and effectivity. as an 
example, nanocarriers responding to both 
intracellular pH (Hydrogen ion concentration) and 
GSH are developed for promoted intracellular drug 
delivery [321]. In another study, the developed Pt 
drug delivery nanocarriers may response to 
intracellular GSH for disassociation, and response to 
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intracellular low pH for controlled drug release [322-
328]. Indeed, the multiple stimuli-responsive 
nanocarriers hold high potential in achieving long 
circulation, deep penetration in neoplasm tissues, 
high neoplasm accumulation, internalization with 
cancer cells and endosome escape, etc. Thus, many 
multiple stimuli-responsive nanocarriers are 
designed for delivery cargos to tumors [329]. 
In one example, the multiple stimuli-responsive 
nanocarriers may be discharged into small 
nanoparticles by responding to the low pH in tumor 
microenvironment, then the platinum prodrugs 
within the small nanoparticles were activated by GSH 
for promoted treating and penetrating the poorly 
porous pancreatic tumors [330]. In another example, 
the nanocarriers created by made polymer–drug 
conjugates (PBEAGA-CPT) conjugates might response 
to both transpeptidase (GGT) and GSH are 
developed, that might convert to be positive charged 
nanomaterials by responding to GGT for 
incorporation with cancer cells and by responding to 
GSH within cancer cells to release CPT. The 
multimodal responsive polymer-drug conjugated 
nanocarriers have demonstrated high effectivity in 
extravasation, transcytosis, incorporation with 
cancer cells and deep neoplasm penetration, leading 
to effective suppression of subcutaneous HepG2 
tumors. In general, it's sophisticate for developing 
multiple stimuli-responsive nanocarriers, and 
additionally difficult to keep up the multiple 
functions in biological systems. Thus, nanocarriers 
with single or dual stimuli responsive functions are 
additional targeted [331] 
5. Clinical translation of the stimuli-responsive 
nanocarriers. 
The advances in stimuli-responsive nanocarriers 
have led to clinical translation of several 
formulations. As shown in Table 8, there are six 
nanocarriers responding to magnetic, temperature, 
pH and secretory phospholipase A2 (sPLA2), are 
under clinical translation. Two magnetic-sensitive 
iron based nanocarriers, iron oxide magnetite, and 
doxorubicin-loaded iron and carbon (MTC-DOX), are 
under clinical trial for treating cancers. The iron oxide 
magnetite was conducted Phase I clinical trial to 
evaluate safety, retention and distribution after 
injection, which final score is for treating prostate 
cancer in men by thermal ablation. Three clinical 
trials have been applied for MTC-DOX, including 
Phase II and III studying the safety, tolerance and 
efficacy (survival time) on treating unresectable 
hepatocellular carcinoma (NCT00034333); Phase I 
and II evaluation of prohibiting hepatocellular 
carcinoma progression after injection with external 
magnet (NCT00054951); and Phase I and II studying 

on liver metastasis (NCT00041808). Besides, the 
thermal-sensitive doxorubicin incorporated 
liposomes (ThermoDox) have been applied for the 
following three clinical studies: Phase I and II 
studying the maximum tolerated dose, safety, 
pharmacokinetics and hyperthermia effects in 
patients with recurrent regional breast cancer 
(NCT00826085); Phase I investigation of doxorubicin 
release from liposome by focused ultrasound in liver 
tumors (NCT02181075); and MRI and high intensity 
focused ultrasound (HIFU) combined study to 
determine doxorubicin release in pediatric refractory 
solid tumor (NCT02536183)  
The clinical trial of Thermo Dox has also been 
designed to evaluate the safety and efficacy by 
combining with HIFU on several tumors (Phase II, 
NCT01640847), e.g., painful bone metastases, breast 
carcinoma, non-small cell lung cancer, small cell lung 
cancer and adenocarcinoma; as well as study the 
efficacy on treating hepatocellular carcinoma 
combined with standardized radiofrequency ablation 
(Phase III, NCT02112656). Moreover, the pH-
responsive, epirubicin-loaded polymeric micelles 
(NC6300) have entered Phase I and II study 
(NCT03168061) for evaluating the dose, activity and 
tolerability in patients with soft tissue sarcoma. In 
previous preclinical clinical study, NC6300 could 
reduce the cardiotoxicity of epirubicin by conjugating 
to polymers through pH-sensitive bonds (i.e. 
Hydrazone) [327], and exhibited better therapeutic 
effect (10 mg/kg based on epirubicin) on treating 
hepatocellular carcinoma [328]. The preclinical 
evaluation has provided positive evidences for 
further clinical evaluation. In addition, the secretory 
phospholipase A2 (sPLA2)-sensitive, cisplatin in 
corporated liposomes (LiPlaCis) have entered Phase I 
and II to study the safety, tolerability and sensitivity 
on patients with advanced breast cancer and 
metastatic breast cancer (NCT01861496). 
 
CONCLUSION: 
Some stimuli-responsive polymers have made a 
major contribution within the area of drug delivery. 
The stimuli-responsive polymers of natural origin like 
chitosan, cellulose, albumin, and gelation are 
capable of showing both pH-responsive and thermo-
responsive characters. Some synthetic thermo-
responsive polymers like pNIPAAm and PF127 are 
capable of in situ gel formation, and their drug 
delivery applications have earned extremely high 
commercial importance. The pH-responsive 
polymers are useful for developing drug delivery 
system. during this review, some natural polymers 
(chitosan, cellulose, albumin, and gelatin) with both 
pH responsive and thermo-responsive characters are 
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discussed and their drug delivery applications are 
mentioned. Six categories of stimuli-responsive 
polymers are discussed. While the endogenous 
stimuli (redox, pH and enzyme)-responsive drug 
delivery systems depend upon the abnormal 
environments in diseased tissues to attain specificity, 
the exogenous stimuli (thermal, photo and 
ultrasound)-responsive drug delivery system 
requires a prior knowledge on the location of the 
target site to understand specificity. However, 
stimuli responsive drug delivery systems for clinical 
used are still desirable, and more works in 
evaluations, materials development, formulation 
and are needed. The nanocarriers bring novel 
strategy for delivery bioactive compounds to tumors. 
The stimuli-sensitive nanocarriers provide high 
specificity and multiple functions in drug delivery, 
including controlled release, alerted tumor 
accumulation, switch “ON-OFF” activities, as well as 
promoted diagnostic and therapeutic accuracy and 
efficacy. The stimuli-responsive systems could be 
widely applied for diagnosis, probing, sensing and 
therapy tumors and other diseases, such as 
cardiovascular diseases, etc. 
 
ACKNOWLEDGEMENTS: 
The authors are grateful to Sanjivani college of 
pharmaceutical education and research kopargaon, 
for providing necessary facilities. 
 
REFERENCES: 
1. Martinez-Outschoorn, U. E., Peiris-Pagés, M., Pestell, 

R. G., Sotgia, F. & Lisanti, M. P. Cancer metabolism: a 
therapeutic perspective. Nat. Rev. Clin.Oncol. 14, 11–
31 (2016). 

2. McKinney, E. F. & Smith, K. G. C. Metabolic exhaustion 
in infection, cancer and autoimmunity. Nat. Immunol. 
19, 213–221 (2018). 

3. Khan, A. T., Dobson, R. J. B., Sattlecker, M. & Kiddle, S. 
J. Alzheimer’s disease: are blood and brain markers 
related? A systematic review. Ann. Clin. Transl. 
Neurol. 3, 455–462 (2016).  

4. Jeong, B.; Kibbey, M.R.; Birnbaum, J.C.; Won, Y.Y.; 
Gutowska, A. Thermogelling biodegradable polymers 
with hydrophilic backbones: PEG-g-PLGA. Macromole 
cules 2000, 33, 8317–8322.  

5. Kuckling, D. Stimuli-responsive gels. 4, 60, Gels 2018. 
6. Raza, A.; Rasheed, T.; Nabeel, F.; Hayat, U.; Bilal, M.; 

Iqbal, H.M.N. Endogenous and exogenous stimuli-
responsive drug delivery systems for programmed 
site-specific release. Molecules 2019, 24, 1117.  

7. Aly HA. Cancer therapy and vaccination. J Immunol 
Methods. 2012; 382(1–2):1–23. 

8. Lorusso D, Bria E, Costantini A, Di Maio M, Rosti G, 
Mancuso A. Patients’ perception of chemotherapy 
side effects: expectations, doctor–patient 
communication and impact on quality of life–an 

Italian survey. Eur J Cancer Care (Engl). 2017;26(2): e 
12618. 

9. Demaria M, O’Leary MN, Chang J, et al. Cellular 
senescence promotes adverse effects of 
chemotherapy and cancer relapse. Cancer Discover. 
2017;7(2):165–176. 

10. Shi J, Kantoff PW, Wooster R, Farokhzad OC. Cancer 
nanomedicine: progress, challenges and 
opportunities. Nat Rev Cancer. 2017;17(1): 20–37. 

11. von Roemeling C, Jiang W, Chan CK, Weissman IL, Kim 
BYS. Breaking down the barriers to precision cancer 
nanomedicine. Trends Biotechnology. 2017;35(2):159 
–171. 

12. Zhou Q, Zhang L, Wu H. Nanomaterials for cancer 
therapies. Nanotechnology Rev. 2017;6(5):473–496. 

13. Gupta AD. A review on recent advancement of cancer 
therapy using nanoparticles. Biochem Mol Biol Lett. 
2017;3(1):104. 

14. Cabral H, Matsumoto Y, Mizuno K, Chen Q, Murakami 
M, Kimura M, et al. Accumulation of sub-100nm 
polymeric micelles in poorly permeable tumours 
depends on size. Nat Nanotechnology. 2011; 6: 815-
23. 

15. Matsumoto Y, Nichols JW, Toh K, Nomoto T, Cabral H, 
Miura Y, et al. Vascular bursts enhance permeability 
of tumour blood vessels and improve nanoparticle 
delivery. Nat Nanotechnology. 2016; 11: 533-8. 

16. Peer D, Karp JM, Hong S, Farokhzad OC, Margalit R, 
Langer R. Nanocarriers as an emerging platform for 
cancer therapy. Nat Nanotechnol. 2007; 2: 751-60. 

17. Mi P, Wang F, Nishiyama N, Cabral H. Molecular 
cancer imaging with polymeric nano assemblies: from 
tumor detection to theranostics. Macromol Biosci. 
2017; 17: 1600305. 

18. Shi J, Kantoff PW, Wooster R, Farokhzad OC. Cancer 
nanomedicine: progress, challenges and opportunity 
es. Nat Rev Cancer. 2017; 17: 20-37. 

19. Cabral H, Miyata K, Osada K, Kataoka K. Block 
copolymer micelles in nanomedicine applications. 
Chem Rev. 2018; 118: 6844-92. 

20. Blanco E, Shen H, Ferrari M. Principles of nanoparticle 
design for overcoming biological barriers to drug 
delivery. Nat Biotechnol. 2015; 33: 941-51 

21. Jeong, B.; Kibbey, M.R.; Birnbaum, J.C.; Won, Y.Y.; 
Gutowska, A. pH-responsive hydrogels: Swelling 
model. Adv. Exp. Med. Biol. 2004, 553, 29–43. 

22. Xu, L.; Qiu, L.; Sheng, Y.; Sun, Y.; Deng, L.; Li, X.; 
Bradley, M.; Zhang, R. Biodegradable pH-responsive 
hydrogels for controlled dual-drug release. J. Mater. 
Chem. B. 2018, 6, 510–517.  

23. Hibbins, A.R.; Kumar, P.; Choonara, Y.E.; Kondiah, 
P.P.D.; Marimuthu, T.; Toit, L.C.D.; Pillay, V. Design of 
a versatile pH-responsive hydrogel for potential oral 
delivery of gastric-sensitive bioactives. Polymers-
Basel 2017, 9, 474.  

24. Gupta, P.; Vermani, K.; Garg, S. Hydrogels: From 
controlled release to pH-responsive drug delivery. 
Drug Discov. Today 2002, 7, 569–579.  

25. Yoshida, T.; Lai, T.C.; Kwon, G.S.; Sako, K. pH- and ion-
sensitive polymers for drug delivery. Expert Opin. 
Drug Del. 2013, 10, 1497–1513.  

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

91 

26. Klouda, L.; Mikos, A.G. Thermoresponsive hydrogels 
in biomedical applications. Eur. J. Pharm. Biopharm. 
2008, 68, 34–45. [CrossRef] [PubMed] 

27. Sood, N.; Bhardwaj, A.; Mehta, S.; Mehta, A. Stimuli-
responsive hydrogels in drug delivery and tissue 
engineering. Drug Deliv. 2016, 23, 748–770. 
[CrossRef] [PubMed] 

28. El-Sherif, H.; El-Masry, M.; Taleb, M.F.A. pH-sensitive 
hydrogels based on bovine serum albumin for 
anticancer drug delivery. J. Appl. Polym. Sci. 2010, 
115, 2050–2059.  

29. Iemma, F.; Spizzirri, U.G.; Puoci, F.; Muzzalupo, R.; 
Trombino, S.; Cassano, R.; Leta, S.; Picci, N. pH-
sensitive hydrogels based on bovine serum albumin 
for oral drug delivery. Int. J. Pharmaceut. 2006, 312, 
151–157. 

30. Oliveira, K.A.L.d.; Sitta, D.L.A.; Guilherme, M.R.; 
Muniz, E.C.; Rubira, A.F. Design of pH-responsive 
albumin-alginate hydrogels for drug delivery. J. 
Control. Release 2017, 259, e5. [CrossRef] 

31. Mao, J.; Kondu, S.; Ji, H.F.; McShane, M.J. Study of the 
near-neutral pH-sensitivity of chitosan/gelatin 
hydrogels by turbidimetry and microcantilever 
deflection. Biotechnol. Bioeng. 2006, 95, 333–341.  

32. Chuang, C.-Y.; Don, T.-M.; Chiu, W.-Y. Synthesis of 
chitosan-based thermo- and pH-responsive porous 
nanoparticles by temperature-dependent self-
assembly method and their application in drug 
release. J. Polym. Sci. A1. 2009, 47, 5126–5136.  

33. Fathi, M.; Zangabad, P.S.; Majidi, S.; Barar, J.; Erfan-
Niya, H.; Omidi, Y. Stimuli-responsive chitosan-based 
nanocarriers for cancer therapy. Bio impacts 2017, 7, 
269–277.  

34. Shin, B.; Kim, J.; Vales, T.P.; Yang, S.K.; Kim, J.-K.; Sohn, 
H.; Kim, H.-J. Thermoresponsive drug-controlled 
release from chitosan-based hydrogel embedded with 
poly(N-isopropylacrylamide) nanogels. J. Polym. Sci. 
A1. 2018, 56, 1907–1914. 

35. Park, K.M.; Lee, S.Y.; Joung, Y.K.; Na, J.S.; Lee, M.C.; 
Park, K.D. Thermosensitive chitosan-pluronic 
hydrogel as an injectable cell delivery carrier for 
cartilage regeneration. Acta Biomater. 2009, 5, 1956–
1965.  

36. Che, Y.J.; Li, D.; Liu, Y.; Ma, Q.; Tan, Y.; Yue, Q.; Meng, 
F. Physically cross-linked pH-responsive chitosan-
based hydrogels with enhanced mechanical 
performance for controlled drug delivery. RSC Adv. 
2016, 6, 106035–106045.  

37. Patel, V.R.; Amiji, M.M. Preparation and 
characterization of freeze-dried chitosan-poly 
(ethylene oxide) hydrogels for site-specific antibiotic 
delivery in the stomach. Pharm. Res. 1996, 13, 588–
593.  

38. Rasool, A.; Ata, S.; Islam, A. Stimuli responsive 
biopolymer (chitosan) based blend hydrogels for 
wound healing application. Carbohyd. Polym. 2019, 
203, 423–429.  

39. Kamoun, E.A.; Kenawy, E.-R.S.; Chen, X.A. review on 
polymeric hydrogel membranes for wound -dressing 
applications: PVA-based hydrogel dressings. J. Adv. 
Res. 2017, 8, 217–233.  

40. Chang, C.; Zhang, L. Cellulose-based hydrogels: 
Present status and application prospects. Carbohydr. 
Polym. 2011, 84, 40–53.  

41. Gopi, S.; Balakrishnan, P.; Geethamma, V.G.; Pius, A.; 
Thomas, S. Applications of cellulose nanofibrils in drug 
delivery. In Applications of Nanocomposite Materials 
in Drug Delivery; Woodhead Publishing Series in 
Biomaterials: Arlington, TX, USA, 2018; pp. 75–95. 
ISBN 9780128137581. 

42. Li, L.; Shan, H.; Yue, C.Y.; Lam, Y.C.; Tam, K.C.; Hu, X. 
Thermally induced association and dissociation of 
methylcellulose in aqueous solutions. Langmuir 2002, 
18, 7291–7298. 

43. Liu, W.; Zhang, B.; Lu, W.W.; Li, X.; Zhu, D.; Yao, K.D.; 
Wang, Q.; Zhao, C.; Wang, C. A rapid temperature-
responsive sol-gel reversible poly (N-isopropyl 
acrylamide)-g-methylcellulose copolymer hydrogel. 
Biomaterials 2004, 25, 3005–3012.  

44. Kim, J.K.; Won, Y.W.; Lim, K.S.; Kim, Y.H. Low-
molecular-weight methylcellulose-based thermo-
reversible gel/ pluronic micelle combination system 
for local and sustained docetaxel delivery. 
Pharmaceut. Res. 2012, 2, 525–534.  

45. Tomsic, M.; Prossnigg, F.; Glatter, O. A 
thermoreversible double gel: Characterization of a 
methylcellulose and kappa-carrageenan mixed 
system in water by SAXS, DSC and rheology. J. Colloid 
Interface Sci. 2008, 322, 41–50.  

46. Liu, H.; Rong, L.; Wang, B.; Xie, R.; Sui, X.; Xu, H.; 
Zhang, L. Facile fabrication of redox/pH dual stimuli 
responsive cellulose hydrogel. Carbohyd. Polym. 
2017, 176, 299–306.  

47. Curcio, M.; Altimari, I.; Spizzirri, U.G.; Cirillo, G.; 
Vittorio, O.; Puoci, F.; Picci, N.; Iemma, F. 
Biodegradable gelatin-based nanospheres as pH-
responsive drug delivery systems. J. Nanopart. Res. 
2013, 15, 158. 

48. Li B, Smilgies D-M, Price AD, Huber DL, Clem PG, Fan 
H. Poly(N-isopropyl acrylamide) surfactant-
functionalized responsive silver nanoparticles and 
superlattices. ACS Nano. 2014; 8: 4799-804. 

49. Gandhi, S.S.; Yan, H.; Kim, C. Thermoresponsive 
gelatin nanogels. ACS Macro Lett. 2014, 3, 1210–
1214. 

50. Chang, Y.; Xiao, L.; Tang, Q. Preparation and 
characterization of a novel thermosensitive hydrogel 
based onchitosan and gelatin blends. J. Appl. Polym. 
Sci. 2009, 113, 400–407.  

51. Anirudhan, T.S.; Mohan, A.M. Novel pH switchable 
gelatin-based hydrogel for the controlled delivery of 
the anticancer drug 5-fluorouracil. RSC Adv. 2014, 4, 
12109–12118.  

52. Akhgari, A.; Tavakol, A. Prediction of optimum 
combination of Eudragit RS/ Eudragit RL/ ethyl 
cellulose polymeric free films based on experimental 
design for using as a coating system for sustained 
release theophylline pellets. Adv. Pharm. Bull. 2016, 
6, 219–225.  

53. Deen, G.R.; Loh, X.J. Stimuli-responsive cationic 
hydrogels in drug delivery applications. Gels 2018, 4, 
13. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

92 

54. Car, A.; Baumann, P.; Duskey, J.T.; Chami, M.; Bruns, 
N.; Meier, W. pH-responsive PDMS-b-PDMAEMA 
micelles for intracellular anticancer drug delivery. 
Biomacromolecules 2014, 15, 3235–3245.  

55. Wu, W.; Liu, J.; Cao, S.; Tan, H.; Li, J.; Xu, F.; Zhang, X. 
Drug release behaviors of a pH sensitive semi-
interpenetrating polymer network hydrogel 
composed of poly (vinyl alcohol) and star poly 2- 
(dimethyl amino) ethyl methacrylate. Int. J. 
Pharmaceut. 2011, 416, 104–109.  

56. Oishi, M.; Hayashi, H.; Iijima, M.; Nagasaki, Y. 
Endosomal release and intracellular delivery of 
anticancer drugs using pH-sensitive PEGylated 
nanogels. J. Mater. Chem. 2007, 17, 3720–3725.  

57. Chiang CS, Shen YS, Liu JJ, Shyu WC, Chen SY. 
Synergistic combination of multistage magnetic 
guidance and optimized ligand density in targeting a 
nanoplatform for enhanced cancer therapy. Adv 
Health Mater. 2016; 5: 2131-41. 

58. Huang P, Li ZM, Lin J, Yang DP, Gao G, Xu C, et al. 
Photosensitizer-conjugated magnetic nanoparticles 
for in vivo simultaneous magneto fluorescent imaging 
and targeting therapy. Biomaterials. 2011; 32: 3447-
58. 

59. Cazares-Cortes E, Espinosa A, Guigner JM, Michel A, 
Griffete N, Wilhelm C, et al. Doxorubicin intracellular 
remote release from biocompatible oligo (ethylene 
glycol) methyl ether methacrylate based magnetic 
nanogels triggered by magnetic hyperthermia. ACS 
Appl Mater Inter. 2017; 9: 25775-88.  

60. Zhang ZQ, Song SC. Multiple hyperthermia-mediated 
release of TRAIL/ SPION nanocomplex from 
thermosensitive polymeric hydrogels for combination 
cancer therapy. Biomaterials. 2017; 132: 16-27. 

61. Yin PT, Shah S, Pasquale NJ, Garbuzenko OB, Minko T, 
Lee KB. Stem cell-based gene therapy activated using 
magnetic hyperthermia to enhance the treatment of 
cancer. Biomaterials. 2016; 81: 46-57 

62. Yu J, Yin WY, Zheng XP, Tian G, Zhang X, Bao T, et al. 
Smart MoS2/Fe3O4 nanotheranostic for magnetically 
targeted photothermal therapy guided by magnetic 
resonance/photoacoustic imaging. Theranostics. 
2015; 5: 931-45 

63. Carling CJ, Boyer JC, Branda NR. Remote-control 
photo switching using NIR light. J Am Chem Soc. 2009; 
131: 10838-9. 

64. Yan B, Boyer JC, Branda NR, Zhao Y. Near-infrared 
light-triggered dissociation of block copolymer 
micelles using upconverting nanoparticles. J Am Chem 
Soc. 2011; 133: 19714-7. 

65. Yen HC, Cabral H, Mi P, Toh K, Matsumoto Y, Liu X, et 
al. Light-induced cytosolic activation of reduction-
sensitive camptothecin-loaded polymeric micelles for 
spatiotemporally controlled in vivo chemotherapy. 
ACS Nano. 2014; 8: 11591-602. 

66. Ghoroghchian PP, Frail PR, Susumu K, Blessington D, 
Brannan AK, Bates FS, et al. Near-infrared-emissive 
polymersomes: Self-assembled soft matter for in vivo 
optical imaging. P Natl Acad Sci USA. 2005; 102: 2922-
7. 

67. Qian C, Feng P, Yu J, Chen Y, Hu Q, Sun W, et al. 
Anaerobe-inspired anticancer nanovesicles. Angew 
Chem Int Ed. 2017; 56: 2588-93. 

68. Luo D, Carter KA, Razi A, Geng J, Shao S, Giraldo D, et 
al. Doxorubicin, encapsulated in stealth liposomes 
conferred with light-triggered drug release. 
Biomaterials. 2016; 75: 193-202 

69. Chen HB, Xiao L, Anraku Y, Mi P, Liu XY, Cabral H, et al. 
Polyion complex vesicles for photo induced 
intracellular delivery of amphiphilic photosensitizer. J 
Am Chem Soc. 2014; 136: 157-63. 

70. Wang H, Cao GX, Gai Z, Hong KL, Banerjee P, Zhou SQ. 
Magnetic/NIR-responsive drug carrier, multicolor cell 
imaging, and enhanced photo thermal therapy of gold 
capped magnetite-fluorescent carbon hybrid 
nanoparticles. Nanoscale. 2015; 7: 7885-95. 

71. Yan L, Li X. Biodegradable stimuli-responsive 
polymeric micelles for treatment of malignancy. Curr 
Pharm Biotechnol. 2016; 17: 227-36. 

72. Nomoto T, Fukushima S, Kumagai M, Machitani K, 
Arnida, Matsumoto Y, et al. Three-layered polyplex 
micelle as a multifunctional nanocarrier platform for 
light-induced systemic gene transfer. Nat Commun. 
2014; 5: 3545. 

73. Nishiyama N, Iriyama A, Jang WD, Miyata K, Itaka K, 
Inoue Y, et al. Light-induced gene transfer from 
packaged DNA enveloped in a dendrimeric 
photosensitizer. Nat Mater. 2005; 4: 934-41. 

74. Fleige E, Quadir MA, Haag R. Stimuli-responsive 
polymeric nanocarriers for the controlled transport of 
active compounds: concepts and applications. 
Advanced Drug Delivery Reviews. 2012;64(9):866-
884. 

75. Padmanabhan P KA, Kumar S. Nanoparticles in 
practice for molecular-imaging applications: An 
overview. Acta biomaterialia. 2016; 41:1-16. 

76. Bobo D, Robinson KJ, Islam J, et al. Nanoparticle-
based medicines: A review of FDA-approved materials 
and clinical trials to date. Pharmaceutical Research. 
2016;33(10):2373-2387. 

77. Chen Q, Ke H, Dai Z, et al. Nanoscale theranostics for 
physical stimulus responsive cancer therapies. 
Biomaterials. 2015; 73:214-230. 

78. Alvarez ‐ Lorenzo C, Concheiro A. Smart drug delivery 
systems: from fundamentals to the clinic. Chemical 
Communications. 2014;50(58):7743-7765. 

79. Lehner R, Wang X, Marsch S, et al. Intelligent 
nanomaterials for medicine: carrier platforms and 
targeting strategies in the context of clinical 
application. Nanomedicine Nanotechnology Biology & 
Medicine. 2013;9(6):742-757. 

80. Mekaru H, Lu J, Tamanoi F. Development of 
mesoporous silica-based nanoparticles with 
controlled release capability for cancer therapy 
Advanced Drug Delivery Reviews. 2015; 95:40-49. 

81. Vasudevan Pillai BJ. Chemical modifications and 
bioconjugate reactions of nanomaterials for sensing, 
imaging, drug delivery and therapy. Chemical Society 
Reviews. 2014;43(3):744-764. 

82. Mura S, Nicolas J, Couvreur P. Stimuli-responsive 
nanocarriers for drug delivery. Nature Materials. 
2013;12(11):991-1003. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

93 

83. Li JJ, Ke WD, Li H, et al. Endogenous stimuli‐sensitive 
multistage polymeric micelle plex anticancer drug 
delivery system for efficient tumor penetration and 
cellular internalization. Advanced Healthcare 
Materials. 2015;4(15):2206-2219. 

84. Liu MR, Du HL, Zhang WJ, et al. Internal stimuli-
responsive nanocarriers for drug delivery: Design 
strategies and applications. Materials Science & 
Engineering C. 2017; 71:1267-1280. 

85. He HN, Sun L, Ye JX, et al. Enzyme-triggered, cell 
penetrating peptidemediated delivery of anti-tumor 
agents. Journal of Controlled Release 2016; 240:67-
76. 

86. Xiao D, Jia HZ, Ma N, et al. A redox-responsive 
mesoporous silica nanoparticle capped with 
amphiphilic peptides by self-assembly for cancer 
targeting drug delivery. Nanoscale. 2015;7(22):10071-
10077. 

87. Yin S, Huai J, Chen X, et al. Intracellular delivery and 
antitumor effects of a redox-responsive polymeric 
paclitaxel conjugate based on hyaluronic acid. Acta 
biomaterialia. 2015; 26:274-285. 

88. Molina M, Asadian-Birjand M, Balach J, et al. Stimuli-
responsive nanogel composites and their application 
in nanomedicine. Chemical Society Reviews. 2015;44 
(17):6161-6186. 

89. Movahedi F, Hu RG, Becker DL, et al. Stimuli-
responsive liposomes for the delivery of nucleic acid 
therapeutics. Nanomedicine. 2015;11(6):1575-1584. 
doi: 10.1016/j.nano.2015.03.006. 

90. Zhang Q, Colazo J, Berg D, et al. Multiresponsive 
nanogels for targeted anticancer drug delivery. 
Molecular Pharmaceutics. 2017; 14:2624-2628. 

91. Torchilin VP. Multifunctional, stimuli-sensitive 
nanoparticulate systems for drug delivery. Nature 
Reviews Drug Discovery. 2014;13(11):813-827. 

92. Guragain S, Bastakoti BP, Malgras V, et al. Multi-
stimuli-responsive polymeric materials. Chemistry. 
2015;21(38):13164-13174. 

93. Knipe JM, Peppas NA. Multi-responsive hydrogels for 
drug delivery and tissue engineering applications. 
Regenerative Biomaterials. 2014;1(1):57-65 

94. Ding C, Tong L, Feng J, et al. Recent advances in 
stimuli-responsive release function drug delivery 
systems for tumor treatment. Molecules. 
2016;21(12):1715. 

95. Abouelmagd SA, Hyun H, Yeo Y. Extracellularly 
activatable nanocarriers for drug delivery to tumors. 
Expert Opinion on Drug Delivery. 2014;11(10):1601- 
1618. 

96. Hatakeyama H. Recent advances in endogenous and 
exogenous stimuliresponsive nanocarriers for drug 
delivery and therapeutics. Chemical & Pharmaceutical 
Bulletin. 2017;65(7):612-617. 

97. Taghizadeh B, Taranejoo S, Monemian SA, et al. 
Classification of stimuli responsive polymers as 
anticancer drug delivery systems. Drug Delivery. 
2015;22(2):145-155 

98. Chen KJ, Liang HF, Chen HL, et al. A thermoresponsive 
bubble-generating liposomal system for triggering 
localized extracellular drug delivery. Acs Nano. 
2013;7(1):438-446. 

99. Shen B, Ma Y, Yu S, et al. Smart multifunctional 
magnetic nanoparticle-based drug delivery system for 
cancer thermo-chemotherapy and intracellular 
imaging. ACS applied materials & interfaces. 2016;8 
(37):24502-24508. 

100. Poelma SO, Oh SS, Helmy S, et al. Controlled drug 
release to cancer cells from modular one-photon 
visible light-responsive micellar system. Chemical 
Communications. 2016;52(69):10525-10528. 

101. Rwei AY, Wang W, Kohane DS. Photoresponsive 
nanoparticles for drug delivery. Nano Today. 
2015;10(4):451-467. 

102. Taurin S, Almomen AA, Pollak T, et al. 
Thermosensitive hydrogels a versatile concept 
adapted to vaginal drug delivery. Journal of drug 
targeting. 2018 Aug;26(7):533-550. doi: 10.1080/106 
1186X.2017.1400551. PubMed PMID: 29096548 

103. Xu S, Fan H, Yin L, et al. Thermosensitive hydrogel 
system assembled by PTXloaded copolymer 
nanoparticles for sustained intraperitoneal 
chemotherapy of peritoneal carcinomatosis. 
European Journal of Pharmaceutics & 
Biopharmaceutics 2016; 104:251-259. 

104. Hervault A, Dunn AE, Lim M, Boyer C, Mott D, 
Maenosono S, et al. Doxorubicin loaded dual pH- and 
thermo-responsive magnetic nanocarrier for 
combined magnetic hyperthermia and targeted 
controlled drug delivery applications. Nanoscale. 
2016; 8: 12152-61 

105. van Elk M, Decker’s R, Oerlemans C, Shi Y, Storm G, 
Vermonden T, et al. Triggered release of doxorubicin 
from temperature-sensitive poly(N-(2-hydroxypropyl) 
-meth acrylamide mono/ dilactate) grafted liposomes. 
Bio macromolecules. 2014; 15: 1002-9. 

106. Liu Y, Chen X, Li S, et al. Calcitonin-loaded 
thermosensitive hydrogel for long-term 
antiosteopenia therapy. ACS applied materials & 
interfaces. 2017 Jul 19;9(28):23428-23440. doi: 
10.1021/acsami.7b05740. PubMed PMID: 28640588. 

107. Barhoumi A, Wang WP, Zurakowsi D, Langer RS, 
Kohane DS. Photothermally targeted thermosensitive 
polymer-masked nanoparticles. Nano Lett. 2014; 14: 
3697-701. 

108. Mi P, Ju XJ, Xie R, Wu HG, Ma J, Chu LY. A novel stimuli-
responsive hydrogel for K+-induced controlled-
release. Polymer. 2010; 51: 1648-53. 

109. Kono K, Murakami E, Hiranaka Y, Yuba E, Kojima C, 
Harada A, et al. Thermosensitive molecular 
assemblies from poly(amidoamine) dendron-based 
lipids. Angew Chem Int Ed. 2011; 50: 6332-6. 

110. Osawa S, Ishii T, Takemoto H, Osada K, Kataoka K. A 
facile amino-functionalization of poly(2-oxazoline) s' 
distal end through sequential azido end-capping and 
Staudinger reactions. Eur Polym J. 2017; 88: 553-61. 

111. Hu JM, Zhang GQ, Liu SY. Enzyme-responsive 
polymeric assemblies, nanoparticles and hydrogels. 
Chemical Society Reviews. 2012;41(18):5933-5949. 

112. Geng Y, Wang Z, Lin B, et al. Amphiphilic deblock 
copolymers bearing a cysteine junction group: 
Synthesis, encapsulation of inorganic nanoparticles 
and near infrared photoresponsive properties. 
Chemistry. 2016;22(50):18197-18207. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

94 

113. Shiao YS, Chiu HH, Wu PH, et al. Aptamer-
functionalized gold nanoparticles as photoresponsive 
nanoplatform for co-drug delivery. ACS applied 
materials & interfaces. 2014;6(24):21832-21841. 

114. Cai W, Gao HY, Chu CC, et al. Engineering photo-
theranostic nanoscale metalorganic frameworks for 
multi-modal imaging-guided cancer therapy. ACS 
applied materials & interfaces. 2017;9(3):2040-2051. 

115. Chung JW, Lee KA, Neikirk C, et al. Photoresponsive 
coumarin‐stabilized polymeric nanoparticles as a 
detectable drug carrier. Small. 2012;8(11):1693-1700. 

116. Nahain AA, Lee JE, Jeong JH, et al. Photoresponsive 
fluorescent reduced graphene oxide by spiropyran 
conjugated hyaluronic acid for in vivo imaging and 
target delivery. Biomacromolecules. 2013;14(11):408 
2-4090. 

117. Wang J, Mi P, Lin G, Wang YX, Liu G, Chen X. Imaging-
guided delivery of RNAi for anticancer treatment. Adv 
Drug Deliv Rev. 2016; 104 44-60. 

118. Li C, Zhang Y, Li Z, Mei E, Lin J, Li F, et al. Light-
responsive biodegradable nanorattles for cancer 
theranostics. Adv Mater. 2018; 30: 1706150. 

119. Wang H, Han R, Yang L, et al. Design and synthesis of 
core-shell-shell up conversion nanoparticles for NIR 
induced drug release, photodynamic therapy, and cell 
imaging. ACS applied materials & interfaces. 2016;8 
(7):4416- 4423. 

120. Yang Y, Velmurugan B, Liu X, et al. NIR photo 
responsive crosslinked upconverting nanocarriers 
toward selective intracellular drug release. Small. 
2013;9(17):2937-2944. 

121. Son S, Min HS, You DG, Kim BS, Kwon IC. Echogenic 
nanoparticles for ultrasound technologies: Evolution 
from diagnostic imaging modality to multimodal 
theranostic agent. Nano Today. 2014; 9: 525-40. 

122. Huynh E, Leung BY, Helfield BL, Shakiba M, Gandier JA, 
Jin CS, et al. In situ conversion of porphyrin 
microbubbles to nanoparticles for multimodality 
imaging. Nat Nanotechnol. 2015; 10: 325-32. 

123. Kang E, Min HS, Lee J, Han MH, Ahn HJ, Yoon IC, et al. 
Nanobubbles from Gas-Generating Polymeric 
Nanoparticles: Ultrasound Imaging of Living Subjects. 
Angew Chem Int Ed. 2010; 49: 524-8. 

124. Wang L, Zhang M, Tan K, Guo Y, Tong H, Fan X, et al. 
Preparation of nanobubbles carrying androgen 
receptor siRNA and their inhibitory effects on 
androgen-independent prostate cancer when 
combined with ultrasonic irradiation. PloS ONE. 2014; 
9: e96586. 

125. Zhou Q-L, Chen Z-Y, Wang Y-X, Yang F, Lin Y, Liao Y-Y. 
Ultrasound-mediated local drug and gene delivery 
using nanocarriers. BioMed Res Int. 2014; 963819. 

126. Frenkel V. Ultrasound mediated delivery of drugs and 
genes to solid tumors. Adv Drug Deliv Rev. 2008; 60: 
1193-208. 

127. Delogu LG, Vidili G, Venturelli E, Menard-Moyon C, 
Zoroddu MA, Pilo G, et al. Functionalized multiwalled 
carbon nanotubes as ultrasound contrast agents. Proc 
Natl Acad Sci U S A. 2012; 109: 16612-7. 

128. Min KH, Min HS, Lee HJ, Park DJ, Yhee JY, Kim K, et al. 
pH-controlled gas-generating mineralized 
nanoparticles: a theranostic agent for ultrasound 

imaging and therapy of cancers. ACS Nano. 2015; 9: 
134-45. 

129. Geers B, Dewitte H, De Smedt SC, Lentacker I. Crucial 
factors and emerging concepts in ultrasound-
triggered drug delivery. J Control Release. 2012; 164: 
248-55. 

130. Cao Y, Chen Y, Yu T, Guo Y, Liu F, Yao Y, et al. Drug 
release from phase-changeable nanodroplets 
triggered by low-intensity focused ultrasound. 
Theranostics. 2018; 8: 1327-39. 

131. Huang L, Yu C, Huang T, Xu S, Bai Y, Zhou Y. 
Ultrasound-responsive ultrathin multiblock 
copolyamide vesicles. Nanoscale. 2016; 8: 4922-6. 

132. Min HS, Son S, Lee TW, Koo H, Yoon HY, Na JH, et al. 
Liver-specific and echogenic hyaluronic acid 
nanoparticles facilitating liver cancer discrimination. 
Adv Funct Mater. 2013; 23: 5518-29. 

133. Shapiro MG, Goodwill PW, Neogy A, Yin M, Foster FS, 
Schaffer DV, et al. Biogenic gas nanostructures as 
ultrasonic molecular reporters. Nat Nanotechnol. 
2014; 9: 311-6. 

134. Jin Z, Wen Y, Hu Y, Chen W, Zheng X, Guo W, et al. 
MRI-guided and ultrasound-triggered release of NO 
by advanced nanomedicine. Nanoscale. 2017; 9: 
3637-45. 

135. Gao H, Wen D, Tarakina NV, Liang J, Bushby AJ, 
Sukhorukov GB. Bifunctional ultraviolet/ ultrasound 
responsive composite TiO2/ polyelectrolyte 
microcapsules. Nanoscale. 2016; 8: 5170-80. 

136. Min HS, Kang E, Koo H, Lee J, Kim K, Park RW, et al. 
Gas-generating polymeric microspheres for long-term 
and continuous in vivo ultrasound imaging. 
Biomaterials. 2012; 33: 936-44 

137. Min KH, Min HS, Lee HJ, Park DJ, Yhee JY, Kim K, et al. 
pH-controlled gas-generating mineralized 
nanoparticles: a theranostic agent for ultrasound 
imaging and therapy of cancers. ACS Nano. 2015; 9: 
134-45 

138. Cao Y, Chen Y, Yu T, Guo Y, Liu F, Yao Y, et al. Drug 
release from phase-changeable nanodroplets 
triggered by low-intensity focused ultrasound. 
Theranostics. 2018; 8: 1327-39. 

139. Sirsi SR, Borden MA. Advances in ultrasound mediated 
gene therapy using microbubble contrast agents. 
Theranostics. 2012; 2: 1208-22. 

140. Paris JL, Manzano M, Cabanas MV, Vallet-Regi M. 
Mesoporous silica nanoparticles engineered for 
ultrasound-induced uptake by cancer cells. 
Nanoscale. 2018; 10: 6402-8. 

141. Florinas S, Kim J, Nam K, Janat-Amsbury MM, Kim SW. 
Ultrasound-assisted siRNA delivery via arginine-
grafted bio reducible polymer and microbubbles 
targeting VEGF for ovarian cancer treatment. J Control 
Release. 2014; 183: 1-8. 

142. Yoo JW, Doshi N, Mitragotri S. Adaptive micro and 
nanoparticles: temporal control over carrier 
properties to facilitate drug delivery. Advanced Drug 
Delivery Reviews. 2011;63(14-15):1247-1256. 

143. Yoo D, Jeong H, Noh SH, Lee JH, Cheon J. Magnetically 
triggered dual functional nanoparticles for resistance-
free apoptotic hyperthermia. Angew Chem Int Ed. 
2013; 52: 13047-51. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

95 

144. Yan H, Shang W, Sun X, Zhao L, Wang J, Xiong Z, et al. 
“All-in-One” nanoparticles for trimodality imaging-
guided intracellular photo-magnetic hyperthermia 
therapy under intravenous administration. Adv Funct 
Mater. 2018; 28: 1705710. 

145. Di Corato R, Bealle G, Kolosnjaj-Tabi J, Espinosa A, 
Clement O, Silva AKA, et al. Combining magnetic 
hyperthermia and photodynamic therapy for tumor 
ablation with photoresponsive magnetic liposomes. 
ACS Nano. 2015; 9: 2904-16. 

146. Smith CE, Ernenwein D, Shkumatov A, Clay NE, Lee JY, 
Melhem M, et al. Hydrophilic packaging of iron oxide 
nanoclusters for highly sensitive imaging. 
Biomaterials. 2015; 69: 184-90. 

147. Thorat ND, Bohara RA, Noor MR, Dhamecha D, 
Soulimane T, Tofail SAM. Effective cancer theranostics 
with polymer encapsulated superparamagnetic 
nanoparticles: combined effects of magnetic 
hyperthermia and controlled drug release. ACS 
Biomater Sci Eng. 2016; 3: 1332-40. 

148. Li ZF, Yang T, Lin CM, Li QS, Liu SF, Xu FZ, et al. 
Sonochemical synthesis of hydrophilic drug loaded 
multifunctional bovine serum albumin Nano capsules. 
ACS Appl Mater Inter. 2015; 7: 19390-7. 

149. Chiang CS, Shen YS, Liu JJ, Shyu WC, Chen SY. 
Synergistic combination of multistage magnetic 
guidance and optimized ligand density in targeting a 
nanoplatform for enhanced cancer therapy. Adv 
Healthc Mater. 2016; 5: 2131-41. 

150. Huang P, Li ZM, Lin J, Yang DP, Gao G, Xu C, et al. 
Photosensitizer-conjugated magnetic nanoparticles 
for in vivo simultaneous magneto fluorescent imaging 
and targeting therapy. Biomaterials. 2011; 32: 3447-
58. 

151. Cazares-Cortes E, Espinosa A, Guigner JM, Michel A, 
Griffete N, Wilhelm C, et al. Doxorubicin intracellular 
remote release from biocompatible oligo (ethylene 
glycol) methyl ether methacrylate-based magnetic 
nanogels triggered by magnetic hyperthermia. ACS 
Appl Mater Inter. 2017; 9: 25775-88. 

152. Rizwanullah M, Amin S, Mir SR, et al. Phytochemical 
based nanomedicines against cancer: current status 
and future prospects. Journal of drug targeting. 2017 
Dec 18:1-22. doi: 10.1080/1061186X.2017.1408115. 
PubMed PMID: 29157022. 

153. Zhang ZQ, Song SC. Multiple hyperthermia-mediated 
release of TRAIL/ SPION nanocomplex from 
thermosensitive polymeric hydrogels for combination 
cancer therapy. Biomaterials. 2017; 132: 16-27. 

154. Chen YT, Guo F, Qiu Y, Hu HR, Kulaots I, Walsh E, et al. 
Encapsulation of particle ensembles in graphene nano 
sacks as a new route to multifunctional materials. ACS 
Nano. 2013; 7: 3744-53. 

155. Wang H, Wang K, Tian B, Revia R, Mu Q, Jeon M, et al. 
Preloading of hydrophobic anticancer drug into 
multifunctional nanocarrier for multimodal imaging, 
NIR-responsive drug release, and synergistic therapy. 
Small. 2016; 12: 6388-97. 

156. Yao X, Niu X, Ma K, Huang P, Grothe J, Kaskel S, et al. 
Graphene quantum dots-capped magnetic 
mesoporous silica nanoparticles as a multifunctional 
platform for controlled drug delivery, magnetic 

hyperthermia, and photothermal therapy. Small. 
2017; 13: 1602225. 

157. Wang RH, Zhou Y, Zhang P, Chen Y, Gao W, Xu JS, et 
al. Phase-transitional Fe3O4/ perfluoro hexane 
microspheres for magnetic droplet vaporization. 
Theranostics. 2017; 7:846-54. 

158. Wu F, Zhang M, Chen K, Mabrouk S, Pathak R, Tong Y, 
et al. Triple stimuli-responsive magnetic hollow 
porous carbon-based nanodrug delivery system for 
magnetic resonance imaging-guided synergistic 
photothermal/ chemotherapy of cancer. ACS Appl 
Mater Inter. 2018; 10:25604-13 

159. Yin PT, Shah S, Pasquale NJ, Garbuzenko OB, Minko T, 
Lee KB. Stem cell-based gene therapy activated using 
magnetic hyperthermia to enhance the treatment of 
cancer. Biomaterials. 2016; 81: 46-105.  

160. Meikle ST, Pineiro Y, Banobre Lopez M, Rivas J, Santin 
M. Surface functionalization superparamagnetic 
nanoparticles conjugated with thermoresponsive 
poly(epsilon-lysine) dendrons tethered with 
carboxybetaine for the mild hyperthermia-controlled 
delivery of VEGF. ActaBiomater. 162. Li ZF, Yang T, Lin 
CM, Li QS, Liu SF, Xu FZ, et al. Sonochemical synthesis 
of hydrophilic drug loaded multifunctional bovine 
serum albumin Nano capsules. ACS Appl Mater Inter. 
2015; 7: 19390-72. 

161. Guisasola E, Asin L, Beola L, et al. Beyond Traditional 
Hyperthermia: In Vivo Cancer Treatment with 
Magnetic-Responsive Mesoporous Silica Nano 
carriers. ACS applied materials & interfaces. 2018 Apr 
18;10(15):12518-12525. doi: 10.1021/acsami.8b0239 
8. PubMed PMID: 29561590. 

162. Veiseh O, Gunn JW, Zhang M. Design and fabrication 
of magnetic nanoparticles for targeted drug delivery 
and imaging. Advanced Drug Delivery Reviews. 
2010;62(3):284-304. 

163. Yang G, Gong H, Liu T, et al. Two-dimensional 
magnetic WS2@Fe3O4 nanocomposite with 
mesoporous silica coating for drug delivery and 
imaging guided therapy of cancer. Biomaterials. 2015; 
60:62-71. 

164. Muthiah M, Park IK, Cho CS. Surface modification of 
iron oxide nanoparticles by biocompatible polymers 
for tissue imaging and targeting. Biotechnology 
advances. 2013;31(8):1224-1236. 

165. Muzzalupo R, Tavano L. Advances on magnetic 
nanocarriers based on natural polymers. Current 
Pharmaceutical Design. 2016;22(22):3353-3363. 

166. Shabestari Khiabani S, Farshbaf M, Akbarzadeh A, et 
al. Magnetic nanoparticles: preparation methods, 
applications in cancer diagnosis and cancer therapy. 
Artificial cells, nanomedicine, and biotechnology. 
2017 Feb;45(1):6-17. doi: 10.3109/21691401.2016 
.1167704. PubMed PMID: 27050642. 

167. Luo Q, Xiao X, Dai X, et al. Cross-Linked and 
Biodegradable Polymeric System as a Safe Magnetic 
Resonance Imaging Contrast Agent. ACS applied 
materials & interfaces. 2018 Jan 17;10(2):1575-1588. 
doi: 10.1021/acsami.7b16345. PubMed PMID: 29260 
844016; 40: 235-42.57. 

168. Stocke NA, Sethi P, Jyoti A, Chan R, Arnold SM, Hilt JZ, 
et al. Toxicity evaluation of magnetic hyperthermia 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

96 

induced by remote actuation of magnetic 
nanoparticles in 3D micrometastasic tumor tissue 
analogs for triple negative breast cancer. 
Biomaterials. 2017; 120: 115-25. 

169. Hayashi K, Sato Y, Sakamoto W, Yogo T. Theranostic 
nanoparticles for MRI-guided thermochemotherapy: 
“Tight” clustering of magnetic nanoparticles boosts 
relaxivity and heat generation power. ACS Biomate Sci 
Eng. 2016; 3: 95-105. 

170. Cho MH, Lee EJ, Son M, Lee JH, Yoo D, Kim JW, et al. A 
magnetic switch for the control of cell death signalling 
in in vitro and in vivo systems. Nat Mater. 2012; 11: 
1038-43. 

171. Yu J, Yin WY, Zheng XP, Tian G, Zhang X, Bao T, et al. 
Smart MoS2/Fe3O4 nanotheranostic for magnetically 
targeted photothermal therapy guided by magnetic 
resonance/photoacoustic imaging. Theranostics. 
2015; 5: 931-45. 

172. Jing XN, Zhi Z, Wang DQ, Liu J, Shao YP, Meng LJ. 
Multifunctional nanoflowers for simultaneous 
multimodal imaging and high-sensitivity chemo-
photothermal treatment. Bioconjugate Chem. 2018; 
29: 559-70 

173. Yang Y, Wang S, Wang Y, et al. Advances in self-
assembled chitosan nanomaterials for drug delivery. 
Biotechnology advances. 2014 Nov 15;32(7):1301-
1316. doi: 10.1016/j.biotechadv.2014.07.007. Pub 
Med PMID: 25109677. 

174. Luo GF, Xu XD, Zhang J, et al. Encapsulation of an 
adamantane-doxorubicin prodrug in pH-responsive 
polysaccharide capsules for controlled release. ACS 
applied materials & interfaces. 2012;4(10):5317-
5324. 

175. Wang M, Gong G, Feng J, et al. Dual pH-mediated 
mechanized hollow zirconia nanospheres. ACS applied 
materials & interfaces. 2016;8(35):23289-23301. 

176. Zhong J, Li L, Zhu X, et al. A smart polymeric platform 
for multistage nucleustargeted anticancer drug 
delivery. Biomaterials. 2015; 65:43-55. 

177. Tukappa A, Ultimo A, De lTC, et al. Polyglutamic acid-
gated mesoporous silica nanoparticles for enzyme-
controlled drug delivery. Acs Journal of Surfaces & 
Colloids. 2016;32(33):8507-8515. 

178. Shim MS, Xia Y. A reactive oxygen species (ROS)-
responsive polymer for safe, efficient, and targeted 
gene delivery in cancer cells. Angewandte Chemie. 
2013;52(27):6926-6929. 

179. Noyhouzer T, L'Homme C, Beaulieu I, et al. Ferrocene-
modified phospholipid: an innovative precursor for 
redox- triggered drug delivery vesicles selective to 
cancer cells. Langmuir. 2016;32(17):4169-4178. 

180. Zhang P, Zhang H, He W, et al. Disulfide-linked 
amphiphilic polymer-docetaxel conjugates assembled 
redox-sensitive micelles for efficient antitumor drug 
delivery. Biomacromolecules. 2016;17(5):1621-1632. 

181. Wu J, Zhao L, Xu X, et al. Hydrophobic cysteine 
poly(disulfide)-based redox hypersensitive 
nanoparticle platform for cancer theranostics. 
Angewandte Chemie. 2015;54(32):9218-9223. 

182. Zhuang Y, Deng H, Su Y, et al. Aptamer-functionalized 
and backbone redoxresponsive hyperbranched 

polymer for targeted drug delivery in cancer therapy. 
Biomacromolecules. 2016;17(6):2050-2062. 

183. Chen B, Dai W, He B, et al. Current Multistage Drug 
Delivery Systems Based on the Tumor 
Microenvironment. Theranostics. 2017;7(3):538-558. 
doi: 10.7150/thno.16684. PubMed PMID: 28255348; 
PubMed Central PMCID: PMC5327631. 

184. Helmlinger G, Yuan F, Dellian M, Jain RK. Interstitial 
pH and pO2 gradients in solid tumors in vivo: high-
resolution measurements reveal a lack of correlation. 
Nat Med. 1997; 3: 177-82. 

185. Dong Z, Feng L, Zhu W, Sun X, Gao M, Zhao H, et al. 
CaCO3 nanoparticles as an ultra-sensitive tumor-pH-
responsive nanoplatform enabling real-time drug 
release monitoring and cancer combination therapy. 
Biomaterials. 2016; 110: 60-70. 

186. Wang S, Ni D, Yue H, Luo N, Xi X, Wang Y, et al. 
Exploration of antigen induced CaCO3 nanoparticles 
for therapeutic vaccine. Small. 2018; 14: e1704272. 

187. Mi P, Dewi N, Yanagie H, Kokuryo D, Suzuki M, Sakurai 
Y, et al. Hybrid calcium phosphate-polymeric micelles 
incorporating gadolinium chelates for imaging-guided 
gadolinium neutron capture tumor therapy. ACS 
Nano. 2015; 9: 5913-21. 

188. Huang D, He B, Mi P. Calcium phosphate nanocarriers 
for drug delivery to tumors: imaging, therapy and 
theranostics. Biomater Sci. 2019; 7: 3942-60. 

189. Nomoto T, Fukushima S, Kumagai M, Miyazaki K, 
Inoue A, Mi P, et al. Calcium phosphate-based 
organic-inorganic hybrid nanocarriers with pH-
responsive on/off switch for photodynamic therapy. 
Biomater Sci. 2016; 4: 826-838. 

190. Liu J, Luo Z, Zhang J, Luo T, Zhou J, Zhao X, et al. Hollow 
mesoporous silica nanoparticles facilitated drug 
delivery via cascade pH stimuli in tumor 
microenvironment for tumor therapy. Biomaterials. 
2016; 83: 51-65. 

191. Xu R, Zhang G, Mai J, Deng X, Segura-Ibarra V, Wu S, 
et al. An injectable nanoparticle generator enhances 
delivery of cancer therapeutics. Nat Biotechnol. 2016; 
34: 414-8. 

192. Wang F, Wen L, Liu J, Peng W, Meng Z, Chen Q, et al. 
Albumin nanocomposites with MnO2/Gd2O3 motifs 
for precise MR imaging of acute myocardial infarction 
in rabbit models. Biomaterials. 2019: 119614. 

193. Zou J, Zhang F, Zhang S, Pollack SF, Elsabahy M, Fan J, 
et al. Poly (ethylene oxide)-block-polyphosphoester-
graft-paclitaxel conjugates with acid-labile linkages as 
a pH-sensitive and functional nanoscopic platform for 
paclitaxel delivery. Adv Healthc Mater. 2014; 3: 441-
8. 

194. Zhan FX, Chen W, Wang ZJ, Lu WT, Cheng R, Deng C, 
et al. Acid-activatable prodrug nanogels for efficient 
intracellular doxorubicin release. Biomacromolecules. 
2011; 12: 3612-20. 

195. Madhusudana Rao K, Krishna Rao KS, Ramanjaneyulu 
G, Ha CS. Curcumin encapsulated pH sensitive gelatin 
based interpenetrating polymeric network nanogels 
for anti-cancer drug delivery. Int J Pharm. 2015; 478: 
788-95. 

196. Huang K, He YH, Zhu ZH, Guo JK, Wang GL, Deng C, et 
al. Small, traceable, endosome-disrupting, and bio 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

97 

responsive click nanogels fabricated via microfluidics 
for CD44-targeted cytoplasmic delivery of therapeutic 
proteins. ACS Appl Mater Inter. 2019; 11: 22171-80. 

197. Quader S, Cabral H, Mochida Y, Ishii T, Liu X, Toh K, et 
al. Selective intracellular delivery of proteasome 
inhibitors through pH-sensitive polymeric micelles 
directed to efficient antitumor therapy. J Control 
Release. 2014; 188: 67-77. 

198. Li P, Sun M, Xu Z, Liu X, Zhao W, Gao W. Site-selective 
in situ growth-induced self-assembly of protein-
polymer conjugates into pH-responsive micelles for 
tumor microenvironment triggered fluorescence 
imaging. Biomacromolecules. 2018; 19: 4472-9. 

199. Luo M, Wang H, Wang Z, Cai H, Lu Z, Li Y, et al. A 
STING-activating nanovaccine for cancer 
immunotherapy. Nat Nanotechnol. 2017; 12: 648-54. 

200. Vila-Caballer M, Codolo G, Munari F, Malfanti A, 
Fassan M, Rugge M, et al. A pH-sensitive stearoyl-PEG-
poly (methacryloyl sulfadimethoxine)-decorated 
liposome system for protein delivery: An application 
for bladder cancer treatment. J Control Release. 2016; 
238: 31-42. 

201. Pang X, Jiang Y, Xiao Q, Leung AW, Hua H, Xu C. pH-
responsive polymer-drug conjugates: Design and 
progress. J Control Release. 2016; 222: 116-29. 

202. Mingming W, Yu W, Ke H, Naimin S, Yiyun C. Tumor 
extracellular acidity activated idquooff-onrdquo 
release of bortezomib from a biocompatible 
dendrimer. Biomater Sci. 2015; 3: 480-9. 

203. Karimi M, Eslami M, Sahandi-Zangabad P, Mirab F, 
Farajisafiloo N, Shafaei Z, et al. pH-sensitive stimulus-
responsive nanocarriers for targeted delivery of 
therapeutic agents. WIRES: Nanomed Nanobi. 2016; 
8: 696-716. 

204. Pafiti K, Cui Z, Adlam D, et al. Hydrogel composites 
containing sacrificial collapsed hollow particles as 
dual action pH-responsive biomaterials. Bio 
macromolecules. 2016;17(7):2448-2458. 

205. Jin Y, Song L, Su Y, et al. Oxime linkage: a robust tool 
for the design of pH sensitive polymeric drug carriers. 
Bio macromolecules. 2011;12(10):3460-3468. 

206. Du YF, Chen W, Zheng M, et al. pH-sensitive 
degradable chimeric polymersomes for the 
intracellular release of doxorubicin hydrochloride. 
Biomaterials. 2012;33(29):7291-7299. 

207. Liu J, Huang YR, Kumar A, et al. pH-sensitive nano-
systems for drug delivery in cancer therapy. 
Biotechnology advances. 2014;32(4):693-710. 

208. Du JZ, Du XJ, Mao CQ, et al. Tailor-made dual pH-
sensitive polymer doxorubicin nanoparticles for 
efficient anticancer drug delivery. Journal of the 
American Chemical Society. 2011;133(44):17560-
17563. 

209. Ren D, Kratz F, Wang SW. Protein Nano capsules 
containing doxorubicin as a pH-responsive delivery 
system. Small. 2011;7(8):1051-1060. 

210. Kanamala M, Wilson WR, Yang M, et al. Mechanisms 
and biomaterials in pHresponsive tumour targeted 
drug delivery: A review. Biomaterials. 2016; 85:152-
167. 

211. Lee JM, Park H, Oh KT, et al. pH-Responsive 
hyaluronated liposomes for docetaxel delivery. 

International journal of pharmaceutics. 2018 Aug 
25;547(1- 2):377-384. doi: 
10.1016/j.ijpharm.2018.06.028. PubMed PMID: 
29902507. 

212. Deirram N, Zhang C, Kermaniyan SS, Johnston APR, 
Such GK. pH-responsive polymer nanoparticles for 
drug delivery. Macromol Rapid Comm. 2019; 40: 
1800917. 

213. Kocak G, Tuncer C, Butun V. pH-Responsive polymers. 
Polymer Chem. 2017; 8: 144-76. 

214. Chen PP, Qiu M, Deng C, Meng FH, Zhang J, Cheng R, 
et al. pH-responsive chimaeric pepsomes based on 
asymmetric poly (ethylene glycol)-b-poly(L-leucine)-
b-poly (L-glutamic acid) triblock copolymer for 
efficient loading and active intracellular delivery of 
doxorubicin hydrochloride. Bio macromolecules. 2015 
; 16: 1322-30. 

215. Wu W, Luo L, Wang Y, Wu Q, Dai H-B, Li J-S, et al. 
Endogenous pH-responsive nanoparticles with 
programmable size changes for targeted tumor 
therapy and imaging applications. Theranostics. 2018; 
8: 3038-58. 

216. Zhang Y, Yang C, Wang W, et al. Co-delivery of 
doxorubicin and curcumin by pH-sensitive prodrug 
nanoparticle for combination therapy of cancer. Sci 
Rep. 2016; 6:21225. 

217. Cui T, Zhang S, Sun H. Co-delivery of doxorubicin and 
pH-sensitive curcumin prodrug by transferrin-
targeted nanoparticles for breast cancer treatment. 
Oncology Reports. 2017;37(2):1253-1260. 

218. Hou SL, Chen SS, Dong Y, Gao S, Zhu BS, Lu QH. 
Biodegradable cyclometric polyphosphazene 
nanoparticles: a novel pH-responsive drug self-
framed delivery system. ACS Appl Mater Inter. 2018; 
10: 25983-93. 

219. Lee Y, Kataoka K. Biosignal-sensitive polyion complex 
micelles for the delivery of biopharmaceuticals. Soft 
Matter. 2009; 5: 3810-7. 

220. Wang W, Wu S, Wang J, Li Z, Cui H, Lin S, et al. 
Superoxide dismutase transcellular shuttle 
constructed from dendritic MOF and charge 
reversible protein derivatives. Chem Sci. 2019; 10: 
4476-85. 

221. Lee Y, Ishii T, Kim HJ, Nishiyama N, Hayakawa Y, Itaka 
K, et al. Efficient delivery of bioactive antibodies into 
the cytoplasm of living cells by Theranostics 2020, Vol. 
10, Issue 10 http://www.thno.org 4586 charge-
conversional polyion complex micelles. Angew Chem 
Int Ed. 2010; 49: 2552-5. 

222. Lee Y, Ishii T, Cabral H, Kim HJ, Seo JH, Nishiyama N, 
et al. Charge-conversional polyionic complex micelles-
efficient nanocarriers for protein delivery into 
cytoplasm. Angew Chem Int Ed. 2009; 48: 5309-12. 

223. Tangsangasaksri M, Takemoto H, Naito M, Maeda Y, 
Sueyoshi D, Kim HJ, et al. siRNA-loaded polyion 
complex micelle decorated with charge-conversional 
polymer tuned to undergo stepwise response to intra-
tumoral and intra-endosomal pHs for exerting 
enhanced RNAi efficacy. Biomacromolecules. 2016; 
17: 246-55. 

224. Pittella F, Cabral H, Maeda Y, Mi P, Watanabe S, 
Takemoto H, et al. Systemic siRNA delivery to a 

http://www.ijpbs.com/
http://www.ijpbsonline.com/
about:blank


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

98 

spontaneous pancreatic tumor model in transgenic 
mice by PEGylated calcium phosphate hybrid micelles. 
J Control Release. 2014; 178: 18-24. 

225. Lee Y, Miyata K, Oba M, Ishii T, Fukushima S, Han M, 
et al. Charge-conversion ternary polyplex with 
endosome disruption moiety: a technique for efficient 
and safe gene delivery. Angew Chem Int Ed. 2008; 47: 
5163-6. 

226. Ranneh AH, Takemoto H, Sakuma S, Awaad A, Nomoto 
T, Mochida Y, et al. An ethylenediamine-based switch 
to render the polyzwitterion cationic at tumorous pH 
for effective tumor accumulation of coated 
nanomaterials. Angew Chem Int Ed. 2018; 57: 5057-
61. 

227. Zhang H, Liu J, Chen Q, Mi P. Ligand-installed anti-
VEGF genomic nanocarriers for effective gene therapy 
of primary and metastatic tumors. J Control Release. 
2020; 320: 314-27 

228. Keith B, Simon MC. Hypoxia-inducible factors, stem 
cells, and cancer. Cell. 2007; 129: 465-72. 

229. Brown JM, William WR. Exploiting tumour hypoxia in 
cancer treatment. Nat Rev Cancer. 2004; 4: 437-47. 

230. Liu Y, Jiang Y, Zhang M, Tang Z, He M, Bu W. 
Modulating hypoxia via nanomaterials chemistry for 
efficient treatment of solid tumors. Acc Chem Res. 
2018; 51: 2502-11. 

231. Liu HM, Zhang YF, Xie YD, Cai YF, Li BY, Li W, et al. 
Hypoxia-responsive ionizable liposome delivery siRNA 
for glioma therapy. Int J Nanomedicine. 2017; 12: 
1065-83. 

232. Yang G, Phua SZF, Lim WQ, Zhang R, Feng L, Liu G, et 
al. A hypoxia-responsive albumin-based nanosystems 
for deep tumor penetration and excellent therapeutic 
efficacy. Adv Mater. 2019: e1901513 

233. Im S, Lee J, Park D, Park A, Kim YM, Kim WJ. Hypoxia-
triggered transforming immunomodulator for cancer 
immunotherapy via photodynamically enhanced 
antigen presentation of dendritic cell. ACS Nano. 
2019; 13: 476-88. 

234. Poon Z, Chang D, Zhao XY, Hammond PT. Layer-by-
layer nanoparticles with a pH-Shedd able layer for in 
vivo targeting of tumor hypoxia. ACS Nano. 2011; 5: 
4284-92  

235. Zheng X, Tang H, Xie C, Zhang J, Wu W, Jiang X. 
Tracking cancer metastasis in vivo by using an iridium-
based hypoxia-activated optical oxygen nanosensor. 
Angew Chem Int Ed. 2015; 54: 8094-9. 

236. Zhen J, Tian S, Liu Q, Zheng C, Zhang Z, Ding Y, et al. 
Nanocarriers responsive to a hypoxia gradient 
facilitate enhanced tumor penetration and improved 
anti-tumor efficacy. Biomater Sci. 2019; 7: 2986-95. 

237. Li SY, Cheng H, Qiu WX, Zhang L, Wan SS, Zeng JY, et 
al. Cancer cell membrane-coated biomimetic platform 
for tumor targeted photodynamic therapy and 
hypoxia-amplified bio reductive therapy. 
Biomaterials. 2017; 142: 149-61. 

238. Zhang G, Palmer GM, Dewhirst MW, Fraser CL. A dual-
emissive-materials design concept enables tumour 
hypoxia imaging. Nat Mater. 2009; 8: 747-51. 

239. Zheng X, Tang H, Xie C, Zhang J, Wu W, Jiang X. 
Tracking cancer metastasis in vivo by using an iridium-

based hypoxia-activated optical oxygen nano sensor. 
Angew Chem Int Ed. 2015; 54: 8094-9. 

240. Mi P, Kokuryo D, Cabral H, Wu H, Terada Y, Saga T, et 
al. A pH-activatable nanoparticle with signal-
amplification capabilities for non-invasive imaging of 
tumour malignancy. Nat Nanotechnol. 2016; 11: 724-
30. 

241. Liu J, Liu Y, Bu W, Bu J, Sun Y, Du J, et al. Ultrasensitive 
nano sensors based on up conversion nanoparticles 
for selective hypoxia imaging in vivo upon near-
infrared excitation. J Am Chem Soc. 2014; 136: 9701-
9. 

242. Yin W, Qiang M, Ke W, Han Y, Mukerabigwi JF, Ge Z. 
Hypoxia-responsive block copolymer radiosensitizers 
as anticancer drug nanocarriers for enhanced 
chemoradiotherapy of bulky solid tumors. 
Biomaterials. 2018; 181: 360-71. 

243. Gatenby RA, Gillies RJ. Why do cancers have high 
aerobic glycolysis? Nat Rev Cancer. 2004; 4: 891-9. 

244. Thambi T, Deepagan VG, Yoon HY, Han HS, Kim SH, 
Son S, et al. Hypoxia-responsive polymeric 
nanoparticles for tumor-targeted drug delivery. 
Biomaterials. 2014; 35: 1735-43. 

245. Ahmad Z, Lv S, Tang Z, Shah A, Chen X. Methoxy poly 
(ethylene glycol)-block-poly (glutamic acid)-graft-6-
(2-nitroimidazole) hexyl amine nanoparticles for 
potential hypoxia-responsive delivery of doxorubicin. 
J Biomater Sci Polym. 2016; 27: 40-54. 

246. Tseng SJ, Kempson IM, Huang KY, Li HJ, Fa YC, Ho YC, 
et al. Targeting tumor microenvironment by 
bioreduction-activated nanoparticles for light-
triggered virotherapy. ACS Nano. 2018; 12: 9894-902. 

247. He H, Zhu R, Sun W, Cai K, Chen Y, Yin L. Selective 
cancer treatment via photodynamic sensitization of 
hypoxia-responsive drug delivery. Nanoscale. 2018; 
10: 2856-65. 

248. Hua L, Wang Z, Zhao L, Mao H, Wang G, Zhang K, et al. 
Hypoxia-responsive lipid-poly- (hypoxic radio 
sensitizer polypro drug) nanoparticles for glioma 
chemo- and radiotherapy. Theranostics. 2018; 8: 
5088-105. 

249. Li Y, Lu A, Long M, Cui L, Chen Z, Zhu L. Nitroimidazole 
derivative incorporated liposomes for hypoxia-
triggered drug delivery and enhanced therapeutic 
efficacy in patient-derived tumor xenografts. Acta 
Biomater. 2019; 83: 334-48 

250. Son S, Rao NV, Ko H, Shin S, Jeon J, Han HS, et al. 
Carboxymethyl dextran-based hypoxia-responsive 
nanoparticles for doxorubicin delivery. Int J Biol 
Macromol. 2018; 110: 399-405. 

251. Wang W, Lin L, Ma X, Wang B, Liu S, Yan X, et al. Light-
induced hypoxia-triggered living nanocarriers for 
synergistic cancer therapy. ACS Appl Mater Inter. 
2018; 10: 19398-407. 

252. Zhang X, Wu M, Li J, Lan S, Zeng Y, Liu X, et al. Light-
enhanced hypoxia-response of conjugated polymer 
nanocarrier for successive synergistic photodynamic 
and chemo-therapy. ACS Appl Mater Inter. 2018; 10: 
21909-19. 

253. Yuan P, Zhang H, Qian L, Mao X, Du S, Yu C, et al. 
Intracellular delivery of functional native antibodies 
under hypoxic conditions by using a biodegradable 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

99 

silica nano quencher. Angew Chem Int Ed. 2017; 56: 
12481-5. 

254. Wang YZ, Xie Y, Li J, Peng ZH, Sheinin Y, Zhou JP, et al. 
Tumor-penetrating nanoparticles for enhanced 
anticancer activity of combined photodynamic and 
hypoxia-activated therapy. ACS Nano. 2017; 11: 2227-
38. 

255. Qian C, Yu J, Chen Y, Hu Q, Xiao X, Sun W, et al. Light-
activated hypoxia-responsive nanocarriers for 
enhanced anticancer therapy. Adv Mater. 2016; 28: 
3313-20. 

256. Hu JM, Zhang GQ, Liu SY. Enzyme-responsive 
polymeric assemblies, nanoparticles and hydrogels. 
Chem Soc Rev. 2012; 41: 5933-49. 

257. Chandrawati R. Enzyme-responsive polymer 
hydrogels for therapeutic delivery. Exp Biol Med. 
2016; 241: 972-9. 

258. Gallo J, Kamaly N, Lavdas I, Stevens E, Nguyen QD, 
Wylezinska-Arridge M, et al. CXCR4-targeted and 
MMP-responsive iron oxide nanoparticles for 
enhanced magnetic resonance imaging. Angew Chem 
Int Ed. 2014; 53: 9550-4. 

259. Liu J, Zhang B, Luo Z, Ding X, Li J, Dai L, et al. Enzyme 
responsive mesoporous silica nanoparticles for 
targeted tumor therapy in vitro and in vivo. 
Nanoscale. 2015; 7: 3614-26. 

260. Zhu Y, Meng W, Gao H, Hanagata N. Hollow 
mesoporous silica/Poly(l-lysine) particles for 
codelivery of drug and gene with enzyme-triggered 
release property. J Phys Chem C. 2011; 115: 13630-6. 

261. Hu Q, Katti PS, Gu Z. Enzyme-responsive 
nanomaterials for controlled drug delivery. 
Nanoscale. 2014; 6: 12273-86. 

262. Fu H, Shi K, Hu G, Yang Y, Kuang Q, Lu L, et al. Tumor-
targeted paclitaxel delivery and enhanced 
penetration using TAT-decorated liposomes 
comprising redox-responsive poly (ethylene glycol). J 
Pharm Sci. 2015; 104: 1160-73. 

263. Zhang C, Pan D, Li J, Hu J, Bains A, Guys N, et al. 
Enzyme-responsive peptide dendrimer-gemcitabine 
conjugate as a controlled-release drug delivery 
vehicle with enhanced antitumor efficacy. Acta 
Biomater. 2017; 55: 153-62. 

264. Gu XL, Wei YH, Fan QY, Sun HL, Cheng R, Zhong ZY, et 
al. cRGD-decorated biodegradable polycytosine 
nanoparticles for robust encapsulation and targeted 
delivery of doxorubicin to colorectal cancer in vivo. J 
Control Release. 2019; 301: 110-8. 

265. Cai H, Wang X, Zhang H, Sun L, Pan D, Gong Q, et al. 
Enzyme-sensitive biodegradable and multifunctional 
polymeric conjugate as theranostic nanomedicine. 
Appl Mater Today. 2018; 11: 207-18. 

266. Van den Mooter G, Samyn C, Kinget R. The relation 
between swelling properties and enzymatic 
degradation of azo polymers designed for colon-
specific drug delivery. Pharm Res. 1994; 11: 1737-41. 

267. Callmann CE, Barback CV, Thompson MP, Hall DJ, 
Mattrey RF, Gianneschi NC. Therapeutic enzyme‐
responsive nanoparticles for targeted delivery and 
accumulation in tumors. Adv Mater. 2015; 27: 4611-
5. 

268. Liu Y, Ding X, Li J, Luo Z, Hu Y, Liu J, et al. Enzyme 
responsive drug delivery system based on 
mesoporous silica nanoparticles for tumor therapy in 
vivo. Nanotechnology. 2015; 26: 145102. 

269. Nguyen MM, Carlini AS, Chien MP, Sonnenberg S, Luo 
C, Braden RL, et al. Enzyme‐responsive nanoparticles 
for targeted accumulation and prolonged retention in 
heart tissue after myocardial infarction. Adv Mater. 
2015; 27: 5547-52. 

270. Xin X, Teng C, Du X, Lv Y, Xiao Q, Wu Y, et al. Drug-
delivering-drug platform-mediated potent protein 
therapeutics via a non-endo-lysosomal route. 
Theranostics. 2018; 8: 3474-89. 

271. Gu X, Qiu M, Sun H, Zhang J, Cheng L, Deng C, et al. 
Polycytosine nanoparticles enable ultra-high loading 
of doxorubicin and rapid enzyme-responsive drug 
release. Biomater Sci. 2018; 6: 1526-34 

272. Nosrati H, Mojtahedi A, Danafar H, Kheiri Manjili H. 
Enzymatic stimuli‐ responsive methotrexate‐
conjugated magnetic nanoparticles for target delivery 
to breast cancer cells and release study in lysosomal 
condition. J Biomed Mater Res A. 2018; 106: 1646-54. 

273. Cai H, Wang X, Zhang H, Sun L, Pan D, Gong Q, et al. 
Enzyme-sensitive biodegradable and multifunctional 
polymeric conjugate as theranostic nanomedicine. 
Appl Mater Today. 2018; 11: 207-18. 

274. Zhang H, Fei J, Yan X, Wang A, Li J. Enzyme‐responsive 
release of doxorubicin from monodisperse dipeptide‐
based nanocarriers for highly efficient cancer 
treatment in vitro. Adv Funct Mater. 2015; 25: 1193-
204. 

275. Hou X-F, Chen Y, Liu Y. Enzyme-responsive 
protein/polysaccharide supramolecular 
nanoparticles. Soft Matter. 2015; 11: 2488-93. 

276. Huang J, Shu Q, Wang L, Wu H, Wang AY, Mao H. 
Layer-by-layer assembled milk protein coated 
magnetic nanoparticle enabled oral drug delivery with 
high stability in stomach and enzyme-responsive 
release in small intestine. Biomaterials. 2015; 39: 105-
13. 

277. Li X, Burger S, O'Connor AJ, et al. An enzyme-
responsive controlled release system based on a dual-
functional peptide. Chemical Communications. 2016 
;52(29):5112-5115. 

278. Zhu S, Nih L, Carmichael ST, et al. Enzyme-responsive 
delivery of multiple proteins with spatiotemporal 
control. Advanced Materials. 2015;27(24):3620-3625. 

279. Gao L, Zheng B, Chen W, et al. Enzyme-responsive 
pillar [5] arene-based polymer-substituted 
amphiphiles: synthesis, self-assembly in water, and 
application in controlled drug release. Chemical 
Communications. 2015;51(80):14901-14904. 

280. Hu JM, Zhang GQ, Liu SY. Enzyme-responsive 
polymeric assemblies, nanoparticles and hydrogels. 
Chemical Society Reviews. 2012;41(18):5933- 5949. 

281. Zhang C, Pan D, Li J, et al. Enzyme-responsive peptide 
dendrimer-gemcitabine conjugate as a controlled-
release drug delivery vehicle with enhanced 
antitumor efficacy. Acta biomaterialia. 2017 Jun; 
55:153-162. doi: 10.1016/j.actbio.2017.02.047. 
PubMed PMID: 28259838. 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

100 

282. Li N, Cai H, Jiang L, et al. Enzyme-Sensitive and 
Amphiphilic PEGylated Dendrimer-Paclitaxel Prodrug-
Based Nanoparticles for Enhanced Stability and 
Anticancer Efficacy. ACS applied materials S& 
interfaces. 2017:6865-6877. 

283. Li N, Li N, Yi Q, et al. Amphiphilic peptide dendritic 
copolymer-doxorubicin nanoscale conjugate self-
assembled to enzyme-responsive anti-cancer agent. 
Biomaterials. 2014 Nov;35(35):9529-45. doi: 10.1016 
/j. biomaterials.2014.07.059. PubMed PMID: 251458 
54. 

284. Sirova M, Horkova V, Etrych T, et al. Polymer donors 
of nitric oxide improve the treatment of experimental 
solid tumours with nanosized polymer therapeutics. 
Journal of drug targeting. 2017 Nov - Dec;25(9-
10):796-808. doi: 10.1080/1061186X.2017.1358724. 
PubMed PMID: 28726521. 

285. Eldar-Boock A, Blau R, Ryppa C, et al. Integrin-
targeted nano-sized polymeric systems for paclitaxel 
conjugation: a comparative study. Journal of drug 
targeting. 2017 Nov - Dec;25(9-10):829-844. doi: 
10.1080/1061186X.2017.1358727. PubMed PMID: 
28737432. 

286. Duan Z, Zhang Y, Zhu H, et al. Stimuli-Sensitive 
Biodegradable and Amphiphilic Block Copolymer-
Gemcitabine Conjugates Self-Assemble into a 
Nanoscale Vehicle for Cancer Therapy. ACS applied 
materials & interfaces. 2017;9(4):3474. 

287. Chiang YT, Yen YW, Lo CL. Reactive oxygen species and 
glutathione dual redox-responsive micelles for 
selective cytotoxicity of cancer. Biomaterials. 2015; 
61:150-161.  

288. Belbekhouche S, Reinicke S, Espeel P, et al. 
Polythiolactone-based redoxresponsive layers for the 
reversible release of functional molecules. ACS 
applied materials & interfaces. 2014;6(24):22457-
22466. 

289. Zhao N, Lin X, Zhang Q, et al. Redox-triggered 
gatekeeper-enveloped starlike hollow silica 
nanoparticles for intelligent delivery systems. Small. 
2015;11(48):6467-6479.  

290. Kang Y, Ju X, Ding LS, et al. Reactive oxygen species 
and glutathione dual redox-responsive 
supramolecular assemblies with controllable release 
capability. ACS applied materials & interfaces. 2017 
;9(5):4475-4484.  

291. Qin B, Liu L, Wu X, et al. mPEGylated solanesol 
micelles as redox-responsive nanocarriers with 
synergistic anticancer effect. Acta biomaterialia. 2017 
;64: 211- 222. 

292. Liang C, Zhou XJ, Wei N, et al. Multifunctional redox-
responsive mesoporous silica nanoparticles for 
efficient targeting drug delivery and magnetic 
resonance imaging. ACS applied materials & 
interfaces. 2016;8(49):33829-33841. 

293. Nan Z, Song Z, Yang L, et al. Redox-responsive, 
reversibly-crosslinked thiolated cationic helical 
polypeptides for efficient siRNA encapsulation and 
delivery. Journal of Controlled Release. 2015; 
205:231-239.  

294. Lin JT, Liu ZK, Zhu QL, et al. Redox-responsive 
nanocarriers for drug and gene co-delivery based on 

chitosan derivatives modified mesoporous silica 
nanoparticles. Colloids & Surfaces B Bio interfaces. 
2017; 155:41-50.  

295. Luo Z, Cai KY, Hu Y, Zhao L, Liu P, Duan L, et al. 
Mesoporous silica nanoparticles end-capped with 
collagen: redox-responsive nano reservoirs for 
targeted drug delivery. Angew Chem Int Ed. 2011; 50: 
640-3.  

296. Mi P, Yanagie H, Dewi N, Yen HC, Liu X, Suzuki M, et 
al. Block copolymer-boron cluster conjugate for 
effective boron neutron capture therapy of solid 
tumors. J Control Release. 2017; 254: 1-9.  

297. Zou Y, Meng FH, Deng C, Zhong ZY. Robust, tumour-
homing and redox-sensitive polymersomal 
doxorubicin: a superior alternative to Doxil and 
Caelyx? J Control Release. 2016; 239: 149-58 

298. Kim HJ, Takemoto H, Yi Y, Zheng M, Maeda Y, Chaya 
H, et al. Precise engineering of siRNA delivery vehicles 
to tumors using polyion complexes and gold 
nanoparticles. ACS Nano. 2014; 8: 8979-91. 

299. Liu J, Ai X, Zhang H, Zhuo W, Mi P. Polymeric micelles 
with endosome escape and redox-responsive 
functions for enhanced intracellular drug delivery. J 
Biomed Nanotechnol. 2019; 15: 373-81.  

300. Sun H, Meng F, Cheng R, Deng C, Zhong Z. Reduction-
responsive polymeric micelles and vesicles for 
triggered intracellular drug release. Antioxid Redox 
Signal. 2014; 21: 755-67.  

301. Liu H, Wang R, Wei J, Cheng C, Zheng Y, Pan Y, et al. 
Conformation-directed micelle-to-vesicle transition 
of cholesterol-decorated polypeptide triggered by 
oxidation. J Am Chem Soc. 2018; 140: 6604-10. 

302. Elkassih SA, Kos P, Xiong H, Siegwart DJ. Degradable 
redox-responsive disulfide-based nanogel drug 
carriers via dithiol oxidation polymerization. Biomater 
Sci. 2019; 7: 607-17 

303. Qiu L, Zhao L, Xing C, Zhan Y. Redox-responsive 
polymer prodrug/AgNPs hybrid nanoparticles for drug 
delivery. Chinese Chemical Letters. 2018; 29: 301-4. 

304. Chang Y, Yang K, Wei P, Huang S, Pei Y, Zhao W, et al. 
Cationic vesicles based on amphiphilic pillar [5] arene 
capped with ferrocenium: a redox-responsive system 
for drug/siRNA co-delivery. Angew Chem Int Ed. 2014; 
53: 13126-30. 

305. Guo X, Cheng Y, Zhao X, Luo Y, Chen J, Yuan WE. 
Advances in redox-responsive drug delivery systems 
of tumor microenvironment. J Nanobiotechnology. 
2018; 16: 74. 

306. Xu HP, Cao W, Zhang X. Selenium-containing 
polymers: promising biomaterials for controlled 
release and enzyme mimics. Acc Chem Res. 2013; 46: 
1647-58. 

307. Ma N, Li Y, Xu H, Wang Z, Zhang X. Dual redox 
responsive assemblies formed from diselenide block 
copolymers. J Am Chem Soc. 2010; 132: 442-3. 

308. Li J, Ke W, Wang L, Huang M, Yin W, Zhang P, et al. 
Self-sufficing H2O2-responsive nanocarriers through 
tumor-specific H2O2 production for synergistic 
oxidation-chemotherapy. J Control Release. 2016; 
225: 64-74. 

309. Lin LS, Huang T, Song J, Ou XY, Wang Z, Deng H, et al. 
Synthesis of copper peroxide nanodots for H2O2 self-

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                Gaikwad A.R* and Salunke K. S 

                                                                                                                           www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

101 

supplying chemo dynamic therapy. J Am Chem Soc. 
2019; 141: 9937-45. 

310. Chen H, Li F, Yao Y, Wang Z, Zhang Z, Tan N. Redox 
dual-responsive and O2 evolving theranostic 
nanosystem for highly selective chemotherapy 
against hypoxic tumors. Theranostics. 2019; 9: 90-
103. 

311. Zhao Y, Berger R, Landfester K, et al. Double redox-
responsive release of encoded and encapsulated 
molecules from patchy nano capsules. Small. 
2015;11(25):2995-2999. 

312. Chen H, Tian J, He W, Guo Z. H2O2-activatable and O2-
evolving nanoparticles for highly efficient and 
selective photodynamic therapy against hypoxic 
tumor cells. J Am Chem Soc. 2015; 137: 1539-47. 

313. Liang Y, Li S, Wang X, He B, He B, Dai W, et al. A 
nanosystem of amphiphilic oligopeptide-drug 
conjugate actualizing both alphavbeta3 targeting and 
reduction-triggered release for maytansinoid. 2017; 
7: 3306-18. 

314. Chen J, Zou Y, Deng C, Meng FH, Zhang J, Zhong ZY. 
Multifunctional click hyaluronic acid nanogels for 
targeted protein delivery and effective cancer 
treatment in vivo. Chem Mater. 2016; 28: 8792-9. 

315. Zhong YN, Yang WJ, Sun HL, Cheng R, Meng FH, Deng 
C, et al. Ligand-directed reduction-sensitive shell-shed 
able biodegradable micelles actively deliver 
doxorubicin into the nuclei of target cancer cells. 
Biomacromolecules. 2013; 14: 3723-30. 

316. Christie RJ, Matsumoto Y, Miyata K, Nomoto T, 
Fukushima S, Osada K, et al. Targeted polymeric 
micelles for siRNA treatment of experimental cancer 
by intravenous injection. ACS Nano. 2012; 6: 5174-89. 

317. Wu LL, Zou Y, Deng C, Cheng R, Meng FH, Zhong ZY. 
Intracellular release of doxorubicin from core-
crosslinked polypeptide micelles triggered by both pH 
and reduction conditions. Biomaterials. 2013; 34: 
5262-72. 

318. Oe Y, Christie RJ, Naito M, Low SA, Fukushima S, Toh 
K, et al. Actively-targeted Polyion complex micelles 
stabilized by cholesterol and disulfide cross-linking for 
systemic delivery of siRNA to solid tumors. 
Biomaterials. 2014; 35: 7887-95. 

319. Zhou M, Wei W, Chen X, Xu X, Zhang X, Zhang X. pH 
and redox dual responsive carrier-free anticancer 
drug nanoparticles for targeted delivery and 
synergistic therapy. Nanomedicine. 2019;  

320. Li Y, Li Y, Zhang X, Xu X, Zhang Z, Hu C, et al. 
Supramolecular PEGylated dendritic systems as 
pH/redox dual-responsive theranostic nanoplatforms 
for platinum drug delivery and NIR imaging. 
Theranostics. 2016; 6: 1293-305. 

321. Li J, Meng X, Deng J, Lu D, Zhang X, Chen Y, et al. 
Multifunctional micelles dually responsive to hypoxia 
and singlet oxygen: enhanced photodynamic therapy 
via interactively triggered photosensitizer delivery. 
ACS Appl Mater Inter. 2018; 10: 17117-28. 

322. Han H, Valdepérez D, Jin Q, Yang B, Li Z, Wu Y, et al. 
Dual enzymatic reaction-assisted gemcitabine 
delivery systems for programmed pancreatic cancer 
therapy. ACS Nano. 2017; 11: 1281-91. 

323. Zhu R, He H, Liu Y, Cao D, Yan J, Duan S, et al. Cancer-
selective bio reductive chemotherapy mediated by 
dual hypoxia-responsive nanomedicine upon 
photodynamic therapy-induced hypoxia aggravation. 
Bio macromolecules. 2019; 20: 2649-56. 

324. Du JZ, Du XJ, Mao CQ, Wang J. Tailor-made dual pH-
sensitive polymer-doxorubicin nanoparticles for 
efficient anticancer drug delivery. J Am Chem Soc. 
2011; 133: 17560-3. 

325. Lu J, Chen Q, Ding X, Wen J, Zhang Y, Li H, et al. BSA 
modified, disulfide-bridged mesoporous silica with 
low biotoxicity for dual-responsive drug delivery. 
Micropor Mesopor Mater. 2019; 278: 257-66. 

326. Zhao X, Yang CX, Chen LG, Yan XP. Dual-stimuli 
responsive and reversibly activatable theranostic 
nanoprobe for precision tumor-targeting and 
fluorescence-guided photothermal therapy. Nat 
Commun. 2017; 8: 14998. 

327. Wu MX, Gao J, Wang F, Yang J, Song N, Jin XY, et al. 
Multiatomic responsive core-shell nanoplatform 
constructed from Fe3O4@MOF equipped with pillar 
[6] arene nano valves. Small. 2018; 14: 1704440. 

328. Li HJ, Du JZ, Du XJ, Xu CF, Sun CY, Wang HX, et al. 
Stimuli-responsive clustered nanoparticles for 
improved tumor penetration and therapeutic 
efficacy. Proc Natl Acad Sci U S A. 2016; 113: 4164-9. 

329. Zhou Q, Shao S, Wang J, Xu C, Xiang J, Piao Y, et al. 
Enzyme-activatable polymer-drug conjugate 
augments tumour penetration and treatment 
efficacy. Nat Nanotechnol. 2019; 14: 799-809. 

330. Fang S, Lin J, Li C, Huang P, Hou W, Zhang C, et al. Dual-
stimuli responsive nanotheranostics for multimodal 
imaging guided trimodal synergistic therapy. Small. 
2017; 13: 1602580.

 

 
 
 
 
 
 
 
 
 

http://www.ijpbs.com/
http://www.ijpbsonline.com/

