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ABSTRACT 

The brief review aims at providing comprehensive illustrations on the novel applications, release mechanisms and recent synthesis methodologies 
of nanogels. Further insight on clinical trials and patents on nanogels have been summarized. Major therapeutic focus have been on anti-neoplastic 
applications and exhaustive discussion on variedgatedness of therapies anticipated in future by the advent of nanogels. 
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INTRODUCTION 

Nanogels may be defined as nano-sized hydrogel systems which are 
highlycross linked systems in nature involving polymer systems 
which are either co-polymerised or monomers1. Sudden outbreak in 
the field of nanotechnology have introduced the need for developing 
nanogel systems which proven their potential to deliver drugs in 
controlled, sustained and targetable manner. With the emerging 
field of polymer sciences it has now become inevitable to prepare 
smart nano-systems which can prove effective for treatment as well 
as clinical trials progress2. Nevertheless, these systems have been 
investigated from a longer period of time for making advancements 
in synthetic procedures not only for drug delivery but for 
miscellaneous agents like quantum dots, dyes and other diagnostic 
agents 3 ,4, 5,6. Traditionally in the name of gels we have heard of 
semisolid formulations with three dimensional network of organic 
systems encompassing fluids and drugs. Majorly these systems have 
been the part of traditional system of topical drug delivery for local 
effects. Prospects of targeted drug delivery perhaps could not been 
established with these preparations 7. The significance of nano-sized 
microgel and hydrogel have arisen due to specific delivery system 
anticipation. Wide variety of polymer systems and the easy 
alteration of their physico-chemical characteristics has given 
advantage for versatile form of nanogel formulations 8. Recent 
studies at clinical level have shown promising value of nanogels 9. 
Nanogels have revolutionized the field of gene therapy, since 

delivery of gene has now become possible within cellular organales 
for gene silencing therapy systems 10. Nanogels are typical 
formulations mainly of the size range of 100 nm, by varying solvent 
quality and branching the volume fraction can be altered variably to 
maintain a three dimensional structure 11

DRUG RELEASE MECHANISMS OF NANOGELS 

. The overall review 
suggests that innovation in this field shall bringforth sound support 
to cancer therapy in future. 

Mechanism of drug release have been investigated broadly based on 
the sensitive characteristics of polymer systems such as 
temperature, pH, volume transition and light responsive behavior 
either effecting the loading or release capacity of nanogels as 
described below. 

1. pH responsive mechanism 

Platinum nanoparticle containing nanogel showed on and off 
catalytic activity for scavenging reactive oxygen species due to acidic 
skin pH and for the reason of protonation of Cross linked poly[2-
(N,N-diethylamino)methacrylate] core and PEG 8. The polymers 
methacrylic acid-ethyl acrylate generally exist at low pH in insoluble 
3D structures, by applying variable increasing pH ranges acidic 
group ionizes due to which the polymeric chains repulsions begins 
and lead to a particular release profile of procaine hydrochloride 12

 

. 
(Figure 1)  

 

Fig. 1: Drug release from nanogel due to pH responsive polymer chainrepulsion. 
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Anticancer drug temozolodine release kinetics showed 
controllable mechanism due to swelling action of pH sensitive 
polyacrylic acid chains 4. The release of doxorubicin was 

significantly increased due to glycol chitosan nanoparticles 
sensitivity to pH stimuli due to grafting of diethylaminopropyl 
groups 13

 
. (Figure 2) 

 

Fig. 2: Drug release due to protonation of amine shell and destabilization of nanogel due to pH changes 

 

Significant mesh size alteration have been seen in dietylaminoethyl 
methyacrylate cationic nanogel for release of medium size molecules 
by virtue of pH sensitivity 14

2. Thermosensitive and volume transition mechanism 

. 

Poly(N-isopropylacrylamide) developed nanogels have 
thermosensitive characteristic leading to sudden shrinkage in gel 
volume and efflux of indomethacin drug due to maintainance of 
temperature above lower critical solution temperature (LCST) 15. 

The in-situ gelation of 5-fluorouracil poly(N-isopropylacrylamide-
co-acrylamide) nanogel in rats was advantageous for drug loading at 
low temperatures and release at body temperature 16. 
Polyethyleneimine nanogels on superficial modification of surface 
by pluronic had thermoresponsive characteristic with regard to size 
and were successfully used as gene delivery systems 17. Thermally 
trigerrred expanded volume nanogels of poly alkyylene oxides 
showed physical destruction of cellular network on expansion of 
1μm in nanogel size18

 

 (Figure 3).  

 

Fig. 3: Drug release due to thermo-volume reaponsiveness of nanogels 
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Further modifications recently made in nanogels for temperature 
sensitive drug delivery was biocompatible magnetic field targetibility 
of poly(N-isopropylacrylamide) and chitosan nanogel in which the 
lower critical solution temperature could be modified by changing 
ratio of polymers and hence found application in hyperthermic cancer 
treatments19. By utilizing the thermoresponsiv feature of the shell of 
hydrophilic core synthesized by amidoximation of hydrophilic 
acrylonitrile core provided suitable source for two times propanolol 
loading and release characteristics of the nanogel

3. Photochemical internalization and photoisomerisation 

20 

Excitation of photosensitizers loaded nanogels leads to production 
of singlet oxygen and reactive oxygen species which cause oxidation 
of cellular compartment walls such as endosomal barrier walls 
which effects release of therapeutics into cytoplasm easily which is 

otherwise hindered by intracellular compartments 21 (Figure 4). Cis-
trans isomerisation of azobenbenzene by photoregulation in azo-
dextran nanogel loaded with aspirin as model drug exhibited that E-
configuration of azo group lead to better release profile of drug than 
z-configuration at 365 nm radiation 22

4. Miscellaneous examples 

. 

It  include degradation of nanogel structure as in the case of action of 
reducing agents which degrade disuiphide linkage in crosslinked 
hylauronic acid nanogels 10, simple diffusive process involve 
polymeric release of doxorubicin for a week long period by simple 
diffusion 23 and control on initial release by coating with cationic and 
anionic polyelectrolytes increases the size of nanogel and layer by 
layer release of drug is possible without sudden initial outburst 
24

 
(Figure 5). 

 

Fig. 4: Drug release due to endosomal rupture caused by photosensitizers loaded 

 

 

 

RECENT METHODOLIGIES FOR NANOGEL SYNTHESIS  

1. Novel pullulan chemistry modification 

Synthesis of cholesterol based pullulan nanogel(CHP) was done by 
reacting mixture of cholesterol isocynate in dimethyl sulfoxide and 
pyridine. Pullulan was substituted with 1.4 cholesterol moieties per 
100 anhydrous glucoside units. The preparation was freeze dried and 
in aqueous phase it formed nanogel which was complexed with W-9 
peptide for delivery in osteological disorders. The capacity of pullulan 

has been known to act as good protein carrier hence was used in 
nanogel formulation for drug delivery 25. Further CHP has been 
modified with acrylate group and their thiol group was modified with 
polyethylene glycol by adopting Michael addition reaction, this 
allowed reduction in mesh size to 40 nm encapsulating 96% 
interleukin-12 26. These nanosystems have also been investigated by 
modifying cholesterol units by 1.1 units of cholesteryl group per 100 
glucose units of parent pullulan shown significant interaction with Aβ 
oligomer and monomer for alzhiemer’s disease treatment by 
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enhancing microglia and cortical cell viability (18).More recently 
pullulan have been used in folate receptor targeted system in which 
folate was substituted to pullulan by 1.6 glucose units. Further 
Coupling of pullulan and photosensitizer(pheo-A) was done with 

carbodimide to produce the conjugate which was converted to 
nanogel by dialysis in DMSO against deionised water., investigated for 
photodynamic therapy and were successfully localized at tumour cells 
to cause cell death by photodestruction 27

 
. 

 

Fig. 6: Schematic presentation of pullulan glucoose unit modifications. 
 

2. Novel photochemical approach 

Photochemical approach have been developed to produce ferric oxide 
nanoparticles nanogel for MRI application by coating oxide with N-(2-
aminoethyl)methyiacrylamide and N,N’-methylene bis acrylamide 
treared with UV radiation at 388 nm for 10 minutes recovering the 
product after washing with water 5, likewise, diacrylated pluronic and 
glycidyl methyacrylated chitooligosacchride were loaded with plasmid 
DNA at different ratio’s and were photo irradiated with long wave 
length UV light at 365 nm ,the photo initiator was igracure added to 
the mixture for cross linking 28

3. Novel free radical polymerization process with inverse 
miniemulsion technique 

 offering advantage to gene delivery. 

Free radical polymerization methodology was adopted more 
recently for poly(N-isopropylacrylamide) chitosan nanogel prepared 
by redox polymerization at elevated temperatures of 60°C using 
sulphate initiators producing highly hydrophobic chains with 
optimized LCST above 42°C relevant for hyperthermic cancer 

treatments 19 (Figure 7). Atom transfer radical polymerization 
process reported involves use of lower oxidation state metal 
complex added as activator to the substrate producing a non-
reactive species and a free radical which propagates chain reaction 
of monomer addition giving a cross linked structure of poly oligo 
ethylene glycol monoethyl ether methyacrylate nanogel by further 
adopting a inverse mini emulsion technique in which surfactant are 
oil soluble. Upon addition of initiator, polymerization occurs in 
aqueous droplets dispersed in oil droplets, finally nanogel can be 
obtained in the form of dispersion in organic solvents. Additional 
thiol-disulfide exchange process made the product target specific as 
reported for doxorubicin 29. For the same nanogel, rhodamine B 
isothionate labeled dextran loaded were prepared in cyclohexane 
inverse mini emulsion, It was entrapped in 3D matrix by 
photopolymerisation for 10 minutes under UV producing control 
release product30.Inverse emulsion polymerization was also adopted 
to generate diethylaminoethyl methacrylate nanogel, the method 
produced pH responsive mesh size controlled release product 
accepted for controlled drug delivery system 14(Figure 8). 

 
Fig. 7: Schematic presentation of general Atom transfer radical polymerization process 
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Fig. 8: Reverse miniemulsion process 
 

4. Addition fragmentation transfer(RAFT) process 

Reversible addition fragmentation transfer (RAFT) process adopted 
a single step of synthesis for PEGylated poly (N,N’-
dimethylaminomethyl methacrylate) nanogel utilizing an ampiphilic 
macroRAFT agent trithiocarbonate with hydrophobic dodecyl chain 
supporting polymerization rather than two step process which 
produced 500-800 nm size. However single step process presented 
advantage of reduced radii of nanogel (10 nm) apt for gene delivery 
31

5. Emulsion photopolymerisation process 

 (Figure 9). 

Emulsion photopolymerisation using UV was utilized for preparing 
cationic dextran nanogel in which the dextran hydroxyethyl 
methacrylate was emulsified with ABIL EM 90 as emulgent in mineral 
oil , the product was obtained in acetone:hexane(1:1), the precipitate 
was centrifuged, lyophilized and dessicated. The photosensitizer 
meso-tetraphenylporphine disulfonate was introduced in the 
preparation to cause breakage of endosomal membranes in cell and 
release of genes in cytoplasm and nuclease. Hence internalization 
accomplished for genetic material 21

 
 (Figure 10). 

 

Fig. 9: Schematic presentation of RAFT process 

 

 

Fig. 10: Schematic presentation of emulsion photopolymerisation process 
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6. Chemical modifications 

Chemical modification of polymers also support release of drugs 
from the nanogels. Acetylation of chondriotin sulfate can 
appreciably release doxorubicin in HeLa cells over a 3 week period 
suggesting antineoplastic prospects 32. Introduction of quarternary 
group core to nanogels of polyion complexes consisting of poly2-
(N,N-diethyl aminoethyl) methacrylate increases siRNA binding 
capacity provides prospects for cancer treatment and gene delivery 
33. Methotrexate release profile can be altered from nanogel of co-
polymerised N-isopropylacrylamide and butylacrylate saturated 
with sodium carbonate leads to further drug absorption and release 
from formulation 34.Modification of hydroxyl group of 
hydroxypropylcellulose-polyacrylic acid nanogel could sequester 
cadmium(II) ions quantum dots and polyacrylic acid pH sensitive 
behavior was utilized for bioimaging of cells by sensing 
physicochemical environment in a pH dependent manner at 
emission of 741 nm emission and excitonic vibration at 592 nm 4.use 
of heparin in pluronic nanogels containing RNase A showed better 
heparin RNase A conjugation and hence the enzyme was 
internalized with ease 35. Grafting of 3-diethylaminopropyl to glycol-
chitosan nanogel leads to deaggregation of product at lower pH, 
doxorubicin release pattern have been investigated 13

Undoubtedly cancer treatment involves targeted delivery of drugs 
with expected low toxicities to surrounding tissues and high 
therapeutic efficacy. Nanogels technology assures all these 
advantages as listed below in the table 1. 

. 

NANOGELS IN CANCER TREATMENT 

NANOGELS APPLICATION 

Nanogels provide suitable examples and advantages to 
biotechnological skills dealing with genetics, enzyme immobilization 
and protein synthesis providing efficient tool to cater with novel 
therapeutic systems in medicine.(table 2) 

CLINICAL TRAIL STATUS OF NANOGELS 

Cholesteryl pullulan(CHP) nanogels have shown tremendous 
potential in delivering peptides. The CHP-HER-2 vaccine was 
administered to nine patients biweekly dosing of 300μg with 
booster doses. The vaccine was well tolerated with some skin 
sensitivity at site of subcutaneous injection. All the patients 
showed CD4+ and CD8+ T- cell response suggesting better 
therapeutic activity 49, 9. CHP nanogels have further proved their 
prospects for clinical trails by reducing cytotoxicity of nervous 
system cells by showing increase in binding capacity to Aβ 
oligomer in treating Alzheimer’s disorder 18 it has also been 
clinically investigated for bone loss disorder and it proved its 
worth by reducing the dosage of W9 peptide by only two times a 
day than tedious eight time dosage of drug which was clinically 
impossible 25. Recent prospects in diabetes management by optical 
sensitive insulin loaded silver nanoparticle nanogel of poly(4-
vinylphenylboronic acid-co-2-(dimethylamino)ethyl acrylate) 
have been designed opening new era in the field of clinical trials 50. 
Development of antibiotic conjugated nanogels and their in-vivo 
application have given promising approach towards phase 1 
clinical trails 51

 

. 

Table 1: Applications of nanogels in cancer treatment 

Nanogel constitution Type of nanogel Application 
Acetylated chondroitin sulfate Self organizing nanogel Doxorubicin loaded 32 

Cross linked polyethyleneimine and PEG/pluronic Biodegradable nanogel 5’-triphosphorylated ribavirin reduced toxicity 
Glycol chitosan grafted with 3-diethylaminopropyl groups 

36 

pH-responsive Doxorubicin uptake accelerated 
Pullulan/folate-pheophorbide 

34 

Self quenching polysaccharide 
based 

Minimal phototoxicity of pheophorbide 

Crosslinked branched network of polyethyleneimine and 
PEG 

27 

Polyplex nanogel Elevated activity and reduced cytotoxicity of 
fludarabine 

Heparin pluronic nanogel 
37 

Self assembled nanogel RNaseA enzyme delivery internalized in cells 
Cross linked poly[2-(N,N-diethylamino)methacrylate] core 
and PEG 

35 

PEGylated and partially 
quarternized amine nanogel 

Efficient siRNA delivery 

Polyethyleneimine nanogels 

33 

Size dependent property 
nanogel 

Suicide gene hTERT –CD-TK delivered for lung 
cancer 

Cholesterol bearing pullulan nanogels 
38 

Sustained release nanogel Recombinant murine interleukine-12 sustained 
tumour immunotherapy 

Reducible heparin with disulfide linkage 
39 

Reducible nanogel Internalization of heparin for apoptotic death of 
melanoma cells 

Pluronic polyethyleneimine/DNA complex 
40 

Temperature responsive and 
volume transition nanogels 

Thermo responsive endosomal rupture by nanogel 
and drug release

Cross linking of oligo(l-lactic acid)-poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide)-poly(l-lactic 
acid) grafted poly(l-lysine) 

 17 

Thermally triggered and 
volume transition nanogel 

Traumatic cell death due to physical stress and 
good source for loading anticancer drugs 

Cross linked folic acid with pullulan 

18 

Self organized with minimal 
fabrication nanogel 

Doxorubicin targeting 

Acetylated hylauronic acid 

41 

Specific targeting nanogel Doxorubicin loaded nanogel 
Poly(N-isopropylacrylamide) and chitosan 

42 

Thermosensitive magnetically 
modalized 

Hyperthermia cancer treatment and targeted drug 
delivery 

Polyacrylamide 
19 

Novel core shell magnetic 
nanogel 

Radiopharmaceutical carrier for cancer 
radiotherapy 

Acylate group modified cholesterol bearing pullulan 
6 

Cross linked raspberry like 
assembly nanogel 

Efficient interleukin-12 encapsulation and plasma 
levels 

Cross linked poly(ethylene oxide)and polythyleneimine 
26 

Nanosized cationic hydrogel Enhancing oral and brain bioavailability of 
oligonucleotides 

Poly(N-isopropylacrylamide-co-acrylamide) 
43 

In-situ gelatinized 
thermosensitive nanogel 

Drug loading capacity of low mol.weight 5-
flourouracil was higher than that of 
biomacromolecules, bovine serum albumin 

Cholesterol bearing pullulan with modified amino group 
16 

Nanogel quantum dot hybrid Probe for bioimaging 
Hydroxypropylcellulose-poly(acrylic acid) 

3 

pH and temperature 
responsive cadmium(II) ions 
quantum dots 

Optical pH sensing, cell imaging and drug loading 
of temozolomide 4 
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Table 2: Applications of nanogels in gene delivery, enzymology and protein folding: 

Nanogel constitution Type of nanogel Application 
poly[2-(N,N-diethylaminoethyl)methacrylate] PEGlyated 
macroRAFT agent 

One step PEGylated cationic 
nanogel. 

Potential in gene therapy 31 

Cholesterol bearing pullulan Self assembled artificial 
molecular chaperone 

Assisted protein refolding of carbonic anhydrase and 
citrate synthase during GdmCL denaturation 

Cholesterol bearing pululan and amino group modified 
Cholesterol bearing pululan 

44 

Biocompatible nanogel as 
artificial chaperone 

Treatment of alzheimer’s disease by inhibiting 
aggregation of amyloid β-protien 

Cholesterol bearing pululan 
45 

Polysaccharide chaperone 
nanogel 

Comparision of chaperone with natural molecular 
chaperone of E. coli for refolding activity of green 
fluorescent protein 

Methylacrylic acid and N,N’-Methylene-bis-(acrylamide) 
46 

Supermagnetic nanogel 
functionalized with carboxyl 
group 

α-chymotrypsin immobilized on aminated nanogel

Methylacrylic acid and N,N’-Methylene-bis-(acrylamide) 

 47 

magnetic nanogel hydrophilic 
polymers 

α-chymotrypsin immobilized on carboxyl group 

Thiol functionalized hyaluronic acid 

48 

Target specific degradable 
nanogel 

siRNA delivery to HCT-116 cells 

Dextran hydroxyethyl methacrylate-co-[2-
(methacryloyloxy)-ethyl]trimethylammonium chloride 

10 

Nanogels with photochemical 
internalisation 

Endosomal escape of siRNA 

Di – acrylated pluronic 127 and glycidyl methacrylated 
chitooligosacchride 

21 

DNA nanogel with photo cross 
linking. 

Controlled delivery of plasmid DNA 28 

 

PATENT STATUS OF NANOGELS 

Patents on nanogels have been mainly filed for their synthetic 
procedures.‘’Ringing gels’’(system vibrates with a little tap for 
returning to original configuration) describes a surfactant free 
preparation of oil in water metastable nanaoemulsion which has 
mainly silicone as component prepared by high shear rate devices 
converting it into nanogel 5). Polyacrylic acid nanogel prepared by 
free radical polymerization method using gamma radiations for 
cross linking of polymers for dispensing biologically active 
molecules 53. Nanogel prepared from metal salts containing solid 
particulate matter or solid dispersions utilized for either barrier 
system or loading system for chemicals, gases, drugs etc 54. Invention 
of water soluble degradable bioimaging and drug particle 
conjugating to free carboxyl groups of polymers hydrogel have been 
made 55. Targeted delivery of anti-neoplatic agents non-covalently 
bound to polymer core in nanogel has been filed56

CONCLUSION  

. 

Nanogels and biopharmaceuticals have gone hand in hand promising 
future developments widening the prospects for drug delivery at 
large scale. Every new research entails to discovery of new 
polymeric systems and novel mechanistic approaches with 
promising role in therapies and new innovation on fabrication of 
nanogel design. Hence, we may certainly hope that these novel 
carrier systems hold promising virtues to pharmaceutical sciences. 

REFERENCES  

1. Phillips MA, Gran ML, Peppas NA. Targeted nanodelivery of 
drugs and diagnostics. Nano Today.2010;5:143-59. 

2. Malmsten M, Bysell H, Hansson P. Biomacromolecules in 
macrogels – Opportunities and challenges for drug delivery. 
Curr. Opin. Colloid IN. 2010;1:6-18 

3. Hasegawa U, Nomura ICM, Kaul SC, Hirano T, Akiyoshi K. 
Nanogel quantum dots hybrid nanoparticles for live cell 
imaging. Biochem.. Biophys Res. Commun. 2005;331:917-921. 

4. Wu W, Aiello M, Zhou T, Bernila A, Banerjee P, Zhou S. In situ 
immobilization of quantum dots in polysaccharide based 
nanogel for integreation of optical pH sensing, tumor cell 
sensing and drug delivery. Biomaterials. 2010;31:3023-31. 

5. Gong Y, Fan M, Gao F, Hong J, Liu S, Luo S, Yu J, Huang J. 
Preparation and characterization of amino functionalized 
magnetic nanogels via photopolymerisation for MRI 
applications. Colloids Surf., B. 2009;71:243-47. 

6. Sun H, Yu J, Gong P, Xu D, Zhang C, Yao S. Novel core shell 
magnetic nanogels synthesized in an emulsion free aqueous 
systems under UV irradiation for targeted radiopharmaceutical 
applications. J . Magn. Magn. Mater. 2005;294:273-80. 

7. Djordjevic, J. Michniak, B, Uhrich, Kathryn E., Amphiphilic star 
like macromolecules as novel carriers for topical delivery of 
non steroidal anti-inflammatory drugs, AAPS Pharm.Sci.Tech. 
2003; 5(4): 1-12. 

8. Oishi M, Miyagawa N, Sakaru T, Nagasaki Y. pH-responsive 
nanogel containing platinum nanoparticles: Applications to on-
off regulation of catalytic activity for reactive oxygen species. 
React. Funct. Polym. 2007;67:662-68. 

9. Kageyama S, Kitano S, Hirayama M, Nagata Y, Imai H, Shiraishi 
T et al. Humoral immune responses in patients vaccinated with 
1-146 HER-2 protein complexed with cholesteryl pullulan 
nanogel. Cancer Sci. 2008;99(3):601-7. 

10. Lee H, Mok H, Lee S, Oh YK, Park TG. Target specific 
intracellular delivery of siRNA using degradable hyaluronic 
acid nanogels. J. Controlled Release. 2007;119:245-52. 

11. Mourey TH , Leon JW, Bennet JR , Bryan TG ,Slater LA , Balke 
ST. Characterizing property distributions of polymeric 
nanogels by size-exclusion chromatography. J. Chromatogr., A. 
2007;1146: 51–60. 

12. Tan JPK, Zeng AQF, Chang CC, Tam KC. Release kinetics of 
procaine hydrochloride from pH responsive nanogel: Theory 
and experiments. Int. J. Pharm .2008;357:305-13. 

13. Oh NM, Oh KT, Baik HJ, Lee BR, Lee AH. A self organized 3-
diethylaminopropyl bearing glycol chitosan nanogel for tumor 
acidic pH targeting: in-vitro evaluation. Colloids Surf. B. 
2010;78:120-6. 

14. Marek SR, Conn CA, Peppas NA. Cationic nanogel based on 
diethylaminoethyl methacrylate. Polymer. 2010;51:1237-43. 

15. Shin Y, Chang JH, Liu J, Williford R, Shin YK, Exarhos GJ. Hybrid 
nanogels for sustainable positive thermosensitive 
thermosensitive drug release .J. Controlled Release. 2001;73:1-
6. 

16. Wang Q, Xu H, Yang X, Yang Y. Drug release behavior from in 
situ gelatinized thermosensitive nanogel aqueous dispersions. 
Int. J. Pharm. 2008;361:189-93. 

17. Lee J, Yoo HS. Pluronic decorated nanogels with temperature 
responsive volume transitions, cytotoxicities and transfection 
efficiencies. Euro. J. Pharm. Biopharm. 2008;70:506-13. 

18. Lee Y, Park SY, Kim C, Park TG. Thermally triggered 
intracellular explosion of volume transition nanogels for 
necrotic cell death. J. Controlled Release. 2009;135:89-95.  

19. Jaiswal MK, Banerjee R, Pradhan P, Bahadur D. Thermal 
behavior of magnetically modalized poly(N-
isopropylacrylamide)-chitosan based nanohydrogel. Colloids 
Surf., B. 2010;81(1):185-94 

20. Sahiner N, Alb AM, Mandal T, McPherson GL, Reed WF, John VT. 
Core-shell nanohydrogel structures as tunable delivery 
systems. Polymer. 2007;48:704-11. 



Dorwal et al. 
Int J Pharm Pharm Sci, Vol 4, Issue 3, 67-74 

74 
 

21. Raemdonck K, Naeye B, Hogset A, Demeester J, Smedt SCD. 
Prolonged gene silencing by combining siRNA nanogel and 
photochemical internalization. J. Controlled Release 
.2010;145:281-88. 

22. Patnaik S, Sharma AK, Garg BS, Gandhi RP, Gupta KC. 
Photoregulation of drug release in azo-dextran nanogels. Int. J. 
pharm. 2007;342:184-93. 

23. Missirlis D, Kawamura R, Tirelli N, Hubbell JA. Doxorubicin 
encapsulation and diffusional release from stable, polymeric, 
hydrogel nanoparticle. Euro. J. Pharm.Sci. 2006;29:120–129. 

24. Tan JPK, Wang Q, Tam KC. Control of burst release from 
nanogels via layer by layer assembly. J. Controlled Release 
.2008;128:248-54. 

25. Alles N, Soysa NS, Hussain MA, Tomomatsu N, Saito H, Baron R, 
Morimoto N, Aoki K, Akiyoshi K, Ohya K. Polysaccharide 
nanogel delivery of a TNF-α and RANKL antagonist peptide 
allows systemic prevention of bone loss. Euro. J. Pharm Sci. 
2009;37:83-88. 

26. Hasegawa U, Sawada SI, Shimizu T, Kishida T, Otsuji E, Mazda 
O, Akiyoshi K. Raspberry-like assembly of crosslinking 
nanogels for protein delivery. J. Controlled Release. 
2009;140:312-17. 

27. Bae B, Na K. self quenching polysaccharide based nanogels of 
pullulan/folate-photosensitizer conjugates for photodynamic 
therapy. Biomaterials .2010;31:6325-35. 

28. Lee JI, Kim JS, Yoo HS. DNA nanogels composed of chitosan and 
pluronic withthermo-sensitive and photo-crosslinking 
properties. Int. J. Pharm. (2009);373:93-99. 

29. Oh JK, Bencherif SA, Matyjaszewski K. Atom transfer radical 
polymerization in inverse miniemulsion: A versatile route 
towards preparation and functionalization of 
microgel/nanogels for targeted drug delivery applications. 
Polymers. 2009;50:4407-23. 

30. Bencherif SA, D J Siegwart, Shrinivasan A, Horkay F, Hollinger 
JO,Washburn NR, Matyjaszewski K. Nanostructured hybrid 
hydrogels prepared by a combination of atom transfer radical 
polymerization and free radical polymerization. Biomaterials. 
2009;30:5270-78. 

31. Yan L, Tao W. One step synthesis of pegylated cationic nanogel 
of polly(N,N’-dimethyl-aminoethyl methacrylate) in aqueous 
solution via self stabilizing micelle using an amphiphilic 
macroRAFT agent. Polymer .2010;51:2161-67. 

32. Park W, Park SJ, Na K. potential of self organizing nanogel with 
acetylated chondriotin sulfate as an anti-cancer drug carrier. 
Colloids Surf. B. 2010;79:501-8. 

33. Tamuru A, Oishi M, Nagasaki Y. Efficient siRNA delivery based 
on PEGylated and partially quarternized polyamine nanogels: 
Enhanced gene silencing activity by the cooperative effect of 
tertiary and quarternary amino groups in the core. J. Controlled 
Release. 2010;2(1):123-46 

34. Singka GSL, Samah NA, Zulfakar MH, Yurdasipe A, Heard CM. 
Enhanced topical delivery and anti-inflammatory activity of 
methotrexate from an activated nanogel. Euro. J. Pharm. 
Biopharm. 2010;40:234-53 

35. Choi JH, Jang JY, Joung YK, Kwon MH, Park KD. Intracellular 
delivery and anti-cancer effect of assembled heparin-pluronic 
nanogel with RNase A. J. Controlled Release. 2010;2(1):32-45 

36. Kohli E, Han HY, Zeman AD, Vinogradov SV. Formulation of 
biodegradable nanogel carriers with 5’-triphosphates of 
nucleoside analogs that display a reduced cytotoxicity and 
enhanced drug activity. J. Controlled Release. 2007;121:19-27. 

37. Vinogradov SV, Zeman AD, Batrakova EV, Kabanov AV. Polyplex 
nanogel formulation for drug delivery of cytotoxic nucleoside 
analogs. J. Controlled Release. 2005;107:143-57. 

38. Xu D, Yao S, Liu Y, Sheng K, Hong J, Gong P, Dong L. Size 
dependent properties of M-PEIs nanogels for gene delivery in 
cancer cells. Int. J. Pharm. 2007;338:291-96. 

39. Shimizu T, Kishida T, Hasegawa U, Ueda Y, Imanishi J, 
Yamagishi H, Akiyoshi K, Otsuji E, Mazda O. Nanogel DDS 
enables sustained release of IL-12 for tumor immunotherapy. 
Biochem. Biophys. Res . Commun. 2008;367:330-35. 

40. Bae KH, Mok H, Park TG. Synthesis, characterization and 
intracellular delivery of reducible heparin nanogels for 
apoptotic cell death. Biomaterials. 2008;29:3376-83. 

41. Kim S, Park KM, Ko JY, Kwon IC, Cho HG, Kang D, Yu IT, Kim K 
,Na K. Minimalism in fabrication of self-organized nanogels 
holding both anti-cancer drug and targeting moiety. Colloids 
Surf. B. 2008;63:55-63. 

42. Park W, Kim KS, Bae B, Kim Y, Na K. Cancer cell specific 
targeting of nanogels from acetylated hyaluronic acid with low 
molecular weight. Euro. J. Pharm. Sci. 2010;40:367-75. 

43. Vinogradov SV, Bronich TK, Kabanov AV. Nanosized cationic 
hydrogels for drug delivery: preparation, properties and 
interactions with cells. Adv. Drug Deliver. Rev. 2002;54:135-47. 

44. Nomura Y, Ikeda M, Yamaguchi N, Aoyama Y, Akiyoshi K. 
Protein refolding assisted by self assembled nanogels as novel 
artificial molecularly chaperone. FEBS. 2003;553:271-76. 

45. Ikeda K, Okada T, Sawada SC, Akiyoshi K, Matsuzaki K. 
Inhibition of the formation of amyloid β protein fibrils using 
biocompatible nanogel as artificial chaperones. FEBS. 
2006;580:6587-95. 

46. Asayama W, Sawada SI, Taguchi H, Akiyoshi K. Comparision of 
refolding activities between nanogel artificial chaperone and 
GroEL systems. Int. J. Biol .Macromol. 2008;42:241-46. 

47. Hong J, Xu D, Gong P, Ma H, Dong L, Yao S. Conjugation of 
enzyme on superparamagnetic nanogels covered with carboxyl 
groups. J. Chromatogr., B 2007;850:499-506. 

48. Hong J, Xu D, Gong P, Ma H, Dong L, Yao S. Covalent bonded 
immobilization of enzyme on hydrophilic polymer covering 
magnetic nanogels. Microporous and Mesoporous Mater 
.2008;109:470-77. 

49. Kitano S, Kageyama S, Nagata Y, Miyahara Y, Hiasa A, Naota H et 
al. HER-2-specific T-cell immune responses in patients 
vaccinated with truncated HER-2 protein complexed with 
nanogels of cholesteryl pullulan. Clin. Cancer Res. 
2006;12(24):7397-405. 

50. Wu W, Mitra N, Yan ECY ,Zhou S. Multifunctional Hybrid 
Nanogel for Integration of Optical Glucose Sensing and Self-
Regulated Insulin Release at Physiological pH. ACS Nano. 2010; 
4(8):4831-9 

51. Vinogradov S. The Second Annual Symposium on 
Nanomedicine and Drug Delivery: exploring recent 
developments and assessing major advances. Expert Opin. 
Drug. Deliv. 2004;1(1):184-4. 

52. Bowen-leaver, Heather A ,Tadlock, Craig C , George, Liliana. 
Ringing nanogel compositions. United States Patent 7153516. 
2006 . 

53. Somasundaran P, Chakraborty S, Polymeric. Nanoparticles and 
Nanogels for Extraction and Release of Compounds. US patent 
WO/2006/052285. 2006. 

54. Helling G. Metal salt nanogel-containing polymers. US patent 
20100178270. 2010 .  

55. Radosz M, Shen Y, VanKirk E A, Murdoch W J. Degradable 
nanogel for drug delivery. US Patent Application 20070224164. 
2005. 

56. Lyon, Louis, Andrew, McDonald, John, Dickerson, Erin, Beth, 
Blackburn, William, Hobart. Nanogels for cellular delivery of 
therapeutics. PCT/US2009/047555. 2010  

 


