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Abstract

Nanogels are nano-sized three-dimensional polymer networks engineered by physical or chemical cross-linking of individual polymer 
chains loaded with drugs and nucleotides that swells in a good solvent
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Introduction
Nanomedicine and nanotechnology is heralded to play a 

pivotal role in the management of a several disease conditions 
with implication in prevention, diagnosis and effective treatment of 
patients. In the scenario of cancer, the impact of nanotechnology is 
proving to have a profound positive influence. By taking advantage 
of the unique features of nanoparticles and nanotechnology based 
biomaterials, new precision guided arsenals are being developed 
infighting the war against cancer. In this regard, nanogels are 
emerging as a one of the promising vectors for drug delivery and 
they have been largely screened for various cancers in the last few 
decades. However, the material toxicity and tissue selectivity are 
considered as major barriers for their successful translation [1]. 
Addressing the toxicity issues related to polymeric and inorganic/
organic nanocarriers has become critical for bringing such new 
agents into the clinical realm. Along these lines, the research fraternity 
has focused their efforts on the use of biodegradable materials 
for the fabrication of nanogels and nanoparticles. Biodegradable 
nanogels exhibiting favorable particle size entrapping bioactive 
such as anticancer drug and gene payload, when administered 
topically or transdermally can reach the desired site and deliver the 
drug payload (for instance, melanoma). The degradation products 
of the polymers are amenable for elimination via various biological 
mechanisms taking place within the body [2]. The biodegradable 
nature of the carries thus does not necessitate any specific care 

in its use and does not pose any safety concern while in use. This 
approach ensures delivery of desired dose of cytotoxic agents to 
the targeted site effectively, whereas the use of biologically safe or 
degradable components eliminates the unwanted adverse reaction 
caused by the carrier system. In the present scenario, a wide variety 
of nanocarriers with spatial and temporal control on the properties 
are being designed and developed using polymeric biomaterials, 
Dendrimer and liposome’s, that can be loaded with various 
therapeutic agents as well as conjugated with targeting ligands for 
more specific targeting [3].

Biodegradable Nanogel Synthesis Constituting PH 
Responsive Characteristic

Biodegradable nanogels are currently emerging as one of the 
potential carriers for treating diseases such as cancers, which can 
enhance therapeutic efficacy of drugs or bioactive at the target 
site (such as cancer osuleisions) and reduce its adverse toxicity 
to non-target organs and tissues. Nanogels can be synthesized by 
various methods and they generally exhibit a three-dimensional 
network of “cage” in which the active molecule or drug is 
entrapped. These nanogel networks can be made to possess stimuli 
sensitive characteristics such as pH, enzymatic or temperature 
responsiveness, that can, “on demand” either trigger the collapse 
or degradation of the matrix to result in drug release (at the site 
of action), based on the requirement of the nanogel system. The 
biodegradable nature of the polymers in conjunction with stimuli 
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responsive nature (such as pH or enzymatic responsiveness) can 
enhance safe and effective drug delivery with reduced off-target 
effects [4].

In addition, the nanogel scan be made to possess an ability to 
carry large payload of drugs and allows for sustained release of 
cytotoxic agents at the site of action (such as cancerous lesions). 
The conventional nanocarriers made of or constituting inorganic 
or organic (non-degradable) constructs such as metals, metals-ion, 
and chelates can elicit unwanted adverse reaction in the biological 
setting and can cause toxicities. Non-biodegradable carriers also 
have a tendency to reside in the body for longer time intervals 
leading to acute toxicities; however nanogels constructed using 
biodegradable polymers or biologically derived agents are devoid 
of such toxicity issues. Thus, biodegradable nanogel based targeted 
drug delivery offers efficacious and site specific delivery providing 
an opportunity for better management of the disease condition 
within a reasonable time to ensure good patient compliance and 
safety. Biodegradable topical nanogels can also be suitable for 
all types of cancer patients (sensitive, aged or young adults or 
children). More importantly, the sustained release nature can help 
avoid frequent dosing and improve patient compliance. In terms of 
economy of scale, the nanogels can be produced on an industrial 
scale and the raw materials can be affordable, providing high cost-
to-benefit ratio as well [5]. 

Drug development necessarily requires trade-offs among 
desired drug features, toxicity and patient compliance; but for 
the treatment of cancer, in the developing world, the provision 
of affordability, safety, robustness of the nanocarriers are highly 
demanding. Although some researchers have reported that 
the nanocarriers or novel drug delivery system are still under 
development and are not readily accepted as an alternative mode 
of therapy due to their safety concerns, biodegradable nanogels 
have tremendous opportunity for the treatment of diseases such 
as cancers with high therapeutic efficiency with reduced safety 
concerns [6]. In this regard, the delivery of drug also depends on 
several factors such as biocompatibility, tissue response, patient 
profile, age, severity of the disease, which directly or indirectly 
influences the treatment pattern and dosing regimen. One way to 
overcome these challenges is to design biodegradable materials or 
drug carriers which possess potential therapeutic effects with less 
toxicity or to fabricate the dosing agents in a manner that they are 
biologically safe/inert or biodegradable, or that can be cleared out 
of the body efficiently. 

In this regard, topical or transdermal drug carriers should 
ideally possess molecules size in the range of l00-500 Da, for 
efficient penetration and transport of material, as well as clearance 
after the treatment window. A wide variety of biodegradable 
materials are currently emerging which show great potential 
as carriers for drug delivery [7]. In one such effort, we recently 
employed the ionic interaction between the pendant cationic 
amino groups present on the biodegradable chitosan moiety with 
the anionic phosphate group of TPP (sodium tri poly phosphate) 

or glycerol phosphate which lead to the efficient chemical cross 
linking leading to the formation of biodegradable nanogel 
network. In this study, we found that the natural origin chitosan 
polymer and glycerol phosphate or TPP could form hydrogels with 
favorable drug loading properties with excellent biodegradability 
and demonstrated rapid clearance as the bi-product of various 
enzymatic reactions in body [8]. Advanced studies suggest that 
the biodegradable nanogel synthesize by the ion gelation method 
with the aid of Pluronic-127 exhibits formation of monomolecular 
micelles at low concentration whereas it exhibits multi-molecular 
aggregates at higher concentration involving hydrophobic central 
core containing hydrophilic poly oxyethylene chains in the corona. 

Functionality & Benefits of Biodegradable Nanogel 
Nanogel-based therapeutics has been successfully developed 

for disease diagnosis, imaging and therapy. Specifically, nanogels 
can enhance the therapeutic efficiency and eliminate the adverse 
effect and toxicity of the therapeutic agents when delivered 
topically or transdermally. Typically, when biodegradable nanogel 
is administered topically, it exhibits the ionic interaction with 
pH/stimuli-triggered release of the drug at targeted site showing 
excellent release kinetics with quick degradation of polymer 
networks. However, such functionality should be designed with 
low cost synthesis with a robust nanogel system. In some cases the 
cost of production of nanogel with additional stimuli-responsive 
features may impact the commercial production [9]. However, 
additional modification like surface coating, ligand tailoring makes 
the nanogels more attractive for treating a varieties of ailments. 
In this regard, chitosan possesses favorable cationic nature and 
slight acidic pH range of 5.0-6.0 units and the tumor environment 
shows negative charge on its cell membrane due to accumulation 
of lactic acid by elevated use of oxygen by cancer cell and exhibits 
pH 5.5-6.5. This ionic interaction and pH responsive characteristic 
makes nanogel system a ideal for targeted cancer cell killing 
[10]. This strategy for cancer treatment allows for development 
of numerous drug delivery systems with various payloads to 
cater to several types of skin or superficial cancers. In our case, 
we decreased the concentration of polymer and cross-linker to 
improve their biocompatibility, and then introduced Pluronic 127 
as a hydrophilic copolymer which forms monomolecular micelles 
at low concentration. Since the whole systems possess a pH range 
of 5.0-6.5 units the extra refinement in adjustment of the pH was 
bypassed resulting in reducing the costs greatly. 

The stoichiometry of all components were well controlled 
and the nanogels were placed at ambient temperature and 
chemical and biological conditions so that further assessments by 
employing various chemical and analytical evaluations guaranteed 
the consistency of components in the formulation, and assured 
reproducible pharmacokinetic behavior of the therapeutic agents 
in the body [11]. The core-shell particles loaded with cytotoxic 
agents revealed utmost advantage of ultrafine size between 200-
300nm which mimics the skin environment for the effective 
penetration when administered topically. Such nanogel delivery 
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system is not limited to the nanoparticles, but can also be utilized 
for multi vesicular carriers such as liposome, niosomes, and 
phytosomes. Therefore, other drugs such as antimicrobial and anti-
fungal agents can also be incorporated into the nanogel matrix to 
evaluate combination therapies for various disease conditions. 
Importantly, the nanogel particles can be rapidly cleared out from 
the body after post treatments via renal excretion and/or enzymatic 
degradation to reduce the unwanted toxicity. On the other hand, use 
of biodegradable nanogel vector exhibits sustained and extended 
release features for favorable long term response [12]. 

Outlook 
The future potentials for biodegradable nanogels offers great 

promises and provides novel opportunities for researchers for 
application in drug delivery against wide varieties of disease and 
disorders. By modification of nanogel system and fine tuning 
its compositing such as polymer type, molecular weight, and 
cross-linking density, we can attain optimal drug loading in the 
biodegradable nanogels. Furthermore, additional functional 
features such as imaging probes and targeting moieties can be 
easily anchored onto nanogels for exploring their targeted the 
ranostic potentials. We believe that the optimal nano-sized nature 
with multifunctional biodegradable 3-dimensional polymer 
architecture, with stimuli-responsive features, would make such 
agents highly attractive for topical targeted cancer therapy with 
reduced toxicity burden to patients. 
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