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Abstract 

Nanogels have attracted considerable attention as nanoscopic drug carriers, particularly for 

site-specific or time-controlled delivery of bioactive mediators. A high diversity of polymer 

systems and the simple modification of their physico-chemical features have provided 

multipurpose forms of nanogel preparations. Nanogels have outstandingly high stability, drug 

loading ability, biologic consistence, good permeation capability and can be responsive to 

environmental stimuli. Great potential has been shown by nanogels in many fields including 

delivery of genes, chemotherapy drugs, diagnosis, targeting of specific organs and several 

others. This review focuses mainly on different types of nanogels, methods of preparation 

including methods of drug loading, different modes of biodegradation mechanisms as well as 

main mechanisms of drug release from nanogels. Recent applications of nanogels are also 

briefly discussed and exemplified. 
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Introduction 

In the design of novel drug delivery systems, nanotechnology has been extensively employed 

as it tenders appropriate techniques for time-specific or time-controlled delivery of bioactive 

agents. The nanoscale size can provide certain benefits in drug delivery; particularly in 

enhancing the dissolution rate of poorly soluble drugs, increasing the accumulation of drugs 

in tumors, improving the therapeutic agents’ stability towards chemical/enzymatic 

degradation, and reducing cytotoxic side effects in cancer therapy. Different kinds of 

nanoscaled delivery systems such as polymeric micelles, liposomes, sol–gel derived materials 

and so forth, have been reported on to address these challenges [1-3]. Another material that 

has proven to be suitable for the fabrication of nanocarrier systems is hydrogel. Hydrogels, 

consisting of the three-dimensional polymeric networks having great capacity of water 

uptake, are mostly made up of hydrophilic polymers cross-linked by either physical or 

chemical bonds. They are of considerable significance for a wide range of applications in many 

fields, such as agriculture industry, biomedical, biotechnology, biosensors, cosmetic industry, 

contact lenses, and pharmaceuticals. By controlling the chemical  composition,  varying  the  

methods of polymerization  and  amending  the  cross-linking density, the network 

arrangements and pore sizes of the hydrogels may be modified and customized to meet  the  

requirements  of  the  desired  application [4]. 

The word ‘nanogels’ is demarcated as nanosized particles prepared by cross-linked polymer 

networks that rapidly swell upon solvent penetration. Initially, the term “nanogel” 

(NanoGel™) was used to define a bifunctional system consisting of a polyionic and nonionic 

polymer; i.e. cross-linked polyethyleneimine (PEI) and poly(ethylene glycol) (PEG); PEG-cl-PEI) 

[5]. By description, nanogels are three-dimensionally sub-micron sized cross-linked polymer 

systems. Nanogel is made of hydrogel particulate constituents with a size range of 

nanometers; hence, it possesses the properties of both hydrogels and nanoparticles. From a 

materials point of view, nanoparticles commonly comprise of polymer nanoparticles, lipid 

nanoparticles and inorganic nanoparticles. According to this classification, nanogels are 

categorized as polymer nanoparticles. Nanogels can be divided into different types. 

Nanohydrogels are the type of nanogels that are composed of hydrogels at nanoscale, and 

are prepared by reducing the size of dried hydrogels to nanoscale range with the help of a 

pestle mortar. Nanohydrogels thus have the advantage of possessing the properties of both 



the hydrogels and nanoparticulate systems. They can be defined as three-dimensional 

polymeric network composed of cross-linked macromolecular chains having a diameter of 1-

100 nanometers (nm) [6]. They have the ability to absorb a large quantity of water [7]. The 

absorbed liquid medium by the nanohydrogels acts as a filter medium for the diffusion of 

solutes, while the cross-linked network acts as a matrix to hold the absorbed liquid 

medium[8]. They are important moieties for the delivery of drugs; they are biocompatible, 

can be monitored e.g. by an infrared imaging system in the case of fluorescent nanogels when 

entered into a living system and they degrade slowly, releasing the drug at a particular site. 

They can carry a variety of drugs, such as drugs with low and high molecular weight, molecules 

of hydrophilic and hydrophobic characteristics and can be utilized for numerous delivery 

strategies [9]. The second type of nanogels, the nano-organogels have the capability to hold 

oily substances. They are micelle-like nanoparticluate systems, which form aggregates when 

in contact with water while enfolding their hydrophilic regions at the center. The hydrophobic 

region consists of loaded oily moieties attached to the polymeric support containing different 

functional groups, such as aldehyde, carboxyl and many others [7].  

Organogelation or oleogelation is a novel method of transforming oil into a gel-like structure. 

Oleogelation has been recently marked as of great interest in the field of pharmaceutics, food, 

cosmetics, petrochemistry etc. The process results in the transformation of the liquid into a 

gel-like structure having characteristics of solid fats, without containing large amounts of solid 

fats [10]. The resultant product of the oleogelation - called oleogel - can be defined as an 

organic liquid entrapped within a thermo-reversible, three-dimensional gel network. Based 

on the component use of gelator, organogels may be divided into two main groups: (a) low 

molecular weight organogelators (LMOGs) and (b) high molecular weight organogelators 

(HMOGs). The LMOGs are composed of graded congregation of gelator moieties, the bonds 

among them are facilitated by weak physical molecular interactions (van der Waals 

interactions, dipole forces, hydrogen bonding, electrostatic forces, hydrophobic forces and 

London dispersion interactions). The mechanism involved in the process of gelation is 

controlled by either molecular self-assembly or crystallization; both of them are stimulated 

by external stimuli such as temperature and shear. HMOGs are basically polymer-based gels 

synthesized either by chemical reactions or physical interactions, both of which facilitate the 

supramolecular network. HMOGs prepared via chemical reactions are not reversible in 



nature, the physical assets of which are highly affected by the cross-linking density. Those 

assisted through physical interactions are, in turn, characterized by reversible dynamic 

networks; deliberating a precise method to alter the properties by external stimuli e.g. 

temperature or shearing forces [11]. 

 Nanogels in general may be developed from heterogeneous polymerization of monomers or 

synthesized from polymer precursors. Like hydrogels, nanogels possess the capacity of 

retaining a great quantity of water or biological fluids within its structure while preserving its 

arrangement, which is devoted to the existence of hydrophilic groups like –OH,–CONH–, –

CONH2–, and–SO3H in the polymer [12]. Yet, nanogels display swelling feature instead of 

being liquefied due to the presence of cross-links in the nanogels. Such exceptional feature 

renders nanogels a favorable aspirant for a variety of uses. Various studies have promoted 

nanogels as a model drug delivery vehicle because of its outstanding drug loading capability, 

great stability, biologic consistence (i.e. density, firmness or viscosity) and response to a 

diversity of environmental stimuli, which is unique for common pharmaceutical nanocarriers 

[13,14]. 

 According to the properties of the constituents used in the preparation of nanogels, the 

preparation approaches for nanogels may be categorized into two main classes: a) 

formulating nanogels from polymer precursors; and b) preparation of nanogels through 

heterogeneous polymerization of monomers. Polymers such as amphiphilic or triblock 

copolymers are polymer precursors from which nanogels can be prepared through self-

assembly or polymers, which possesses a large amount of active sites that may be flexibly 

employed for chemical cross-linking. In fact, also the polymers may be modified with 

assemblies that may consequently be applied to synthesize physical or chemical cross-links 

[15]. Due to their hydrophilic characteristics, nanogels are inherently compatible with 

accommodating cargoes such as a wide chemical spectrum of drug molecules to 

biomacromolecules (e.g. proteins and nucleic acids) through suitable structure alteration; but 

deprived of affecting the gel-like performance [16-19]. Nanogels thus have the unique 

capability to encapsulate more than one bioactive ingredient in the same carrier by diverse 

physical assets. This capability is not feasible to most other categories of nanoparticles, like 

dendrimers, micelles, liposomes or solid lipid nanoparticles [20].  Because of the distinctive 

properties such as swelling and stimuli-receptive manner, the nanogel network protects the 



encapsulated biological particles from in vivo degradation and elimination, and endows the 

delivery process to achieve a controlled, triggered release at specific sites [21-26]. They 

possess potential for targeted delivery and controlled release of bioactive substances with 

reducing harmful effects as they release the drug rapidly when aqueous medium incorporate 

into the nanogel network. In bioactive substance delivery array, similarly to hydrogels, 

tunable nanoparticle size, biocompatibility, greater water content/swellability and 

hydrophilicity, premeditated physico-chemical-mechanical characteristics are significant 

features [27]. 

Biopolymer nanoparticles are considered to be one of the main class of food nanocarriers that 

can be prepared by single biopolymer nanoparticles (made from protein desolvation or 

carbohydrate precipitation) complexation of two contrarily surface-charged biopolymers, 

nanogels of specific biopolymers like alginates, whey and soy proteins; and chitosan and 

nanofibrils or nanotubes of whey proteins [28,29]. Alginate, an anionic polysaccharide of (1–

4)-linked β-D-mannuronic acid (M) and α-L-guluronic acid (G), has been used in many 

applications such as bioencapsulation of drugs, proteins, nutraceuticals, and even whole cells. 

Beads of calcium alginate are regarded as one of the broadly used carriers for the 

immobilization of enzymes, proteins and similarly for the controlled release of drugs. It has 

been proved experimentally that alginate nanoparticles have been successfully synthesized 

via emulsification/internal gelation method and have recently been extended to the 

nanotechnology field [30]. It can be cross-linked by both external and internal gelation 

method using polyvalent or divalent cations such as Ca2+. As previously reported, in external 

gelation the salt ions diffuses into alginate solution while in case of internal gelation, an 

insoluble calcium salt is added to the gelatinate drug solution [31,32]. Ionic gelation, also 

known as ion-induced gelation, has attracted huge attention due to its non-toxicity, as well 

as convenient and controllable gelation properties. This technique does not require any 

organic solvents, which avoid any residual leaching from the system into living organisms 

[33,34] but is an ionic interaction between positively and negatively charged functional 

groups e.g.  gelation of LMW (low molecular weight) chitosan with sodium tripolyphosphate 

anion [34,35].   

Classification of nanogels 

On the basis of responsive behavior 



Nanogels may be either stimuli-responsive or non-responsive:   

a) Stimuli-responsive nanogels are those when exposed to environmental stimulus like 

temperature, magnetic field, pH and ionic strength, they swell or deswell.  

b) Multi-responsive nanogels are those that swell or deswell when exposed to more than one 

environmental change, and they easily swell as a result of water absorption. 

 

On the basis of linkages 

Physically cross-linked nanogels  

Hybrid nanogels  

These are the complex of nanogel particles dispersed in both organic or inorganic medium 

[36]. A number of studies have verified the synthesis of nanogel through self-assembly or 

accumulation of polymer amphiphiles in an aqueous medium, like pullulan-poly(N-

isopropylacrylamid) (PNIPAM), hydrophobized pullulan and hydrophobized polysaccharides 

[37]. Mostly, pullulan is employed in cosmetics, food, and in pharmaceutical industries due to 

its easy chemical modification, as well as non-toxic, non-carcinogenic, non-mutagenic, and 

non-immunogenic nature [38]. The main advantages of pullulan are biocompatibility, non-

immunogenicity, blood compatibility and biodegradability [39]. It may be further chemically 

altered to numerous derivatives to provide amphiphilic properties. Other benefit of pullulan 

is its strong interaction with asialoglycoprotein receptor, which can subsequently lead to 

internalization by receptor-mediated endocytosis. Cholesterol-bearing pullulan (CHP) 

nanogels have been explored by this class. [40].  

The main ability of this type of nanogels is promoting interactions with a diverse array of drug 

molecules, proteins and DNA; is and it is promising even in producing coatings on particles, 

liposomes, and cells of solid surfaces. Such hybrid nanogels also have the capability of carrying 

anticancer drugs and insulin efficiently. CHP has cholesterol branches along with pullulan 

backbone. The molecules of CHP self-aggregate to make stable mono-dispersed nanogels via 

the implication of hydrophobic groups that supply physical crosslinking evidence [37] as 

indicated in Figure 1. 

Poly(N-isopropyl acrylamide) PNIPAM is a non-toxic thermo-responsive polymer with a lower 

critical solution temperature (LCST) of around 32 0C that makes it suitable for medical 

applications. Due to concerns with regard to toxicity of the monomer, a cytotoxic inclusive 

study of PNIPAM and PNIPAM-coated surfaces was performed. The commercially available 



PNIPAM and PNIPAM synthesized in laboratory were used for the tests. A concentration 

gradient test was used by both polymers in order to examine the cytotoxicity of PNIPAM. Four 

types of PNIPAM-coated surfaces were generated for the purpose to determine the 

cytotoxicity of PNIPAM-coated surfaces: vapor-phase plasma polymerization of NIPAM 

(pPNIPAM), sol gel (sPNIPAM), free radical polymerization (frPNIPAM), and commercially 

available PNIPAM (cPNIPAM). These surfaces were widely tested with extracts and direct 

contact experiments. Different cells such as endothelial, epithelial, fibroblast and smooth 

muscle cells were used for cytotoxicity tests. 

NIPAM monomer was found toxic at 0.5 mg/mL in pure powdered form to all types of tested 

cells, except to fibroblasts due to short period exposure. The highly sensitive cells to the 

monomer were endothelial and epithelial cells, while the most resistant cells were fibroblasts. 

Though primarily the attachment and production of fibroblasts and smooth muscle cells was 

stuck on sPNIPAM surfaces, extended period exposures demonstrated that all PNIPAM-

coated surfaces were not cytotoxic to the four types of cells appraised in the direct contact 

test. No cytotoxic effects were shown by the values of plating efficiency, except for the 

monomer, which was an expected result. No cytotoxic effects were indicated by extract and 

concentration gradient experiments when tested with epithelial, smooth muscle, and 

fibroblast cells. After 48 h exposure, increased sensitivity to extracts at the concentration of 

100% was shown by endothelial cells. It was shown by concentration gradient experiments 

that endothelial cells were more sensitive to commercially available PNIPAM, which was an 

expected result of existence of certain monomers. Hence, endothelial cells were found to be 

more sensitive as compared to epithelial cells [41].  

 

 

 

 

 

 



 

Figure 1. Graphic representation of CHP nanogels. Reproduced with permission from [42]. 

Copyright © Elsevier (2017). 

 
Micellar nanogels  

Nanosized particles with a distinctive core-shell arrangement, where the core may solubilize 

a hydrophobic drug and the corona stabilizes the interface between the core and the external 

medium are known as polymeric micelles [43]. Supramolecular self-assembly of amphiphilic 

block or graft copolymers in water are the main sources for achieving polymer micellar 

nanogels. 

In the 1980s, while the usage of block polymer micelles by means of drug-carrying vehicles 

was anticipated, micellar drug delivery systems designed to transport drugs at fixed rates and 

definite time intervals, saw an upsurge in research consideration [44]. They hold excellent 

core-shell morphological assemblies, where a hydrophobic block section in core form is 

enclosed through hydrophilic polymer blocks by means of a shell (corona) in order to stabilize 

the whole micelle. Through physical entrapment, micellar core delivers sufficient volume for 

loading numerous biomacromolecules or small-molecular drugs. Moreover, the hydrophilic 

blocks can be bound with the aqueous media through hydrogen bonds that result in the 

formation of a complete shell near the micellar core [45]. Hence, the drug entities in the 

hydrophobic core are protected from degradation of enzymes and hydrolysis. For instance, 

multipurposed micelles of poly(oleic acid-Y-N-isopropylacrylamide) in Y-shape have been 

successfully developed where the distribution of prednisone acetate was established beyond 

its lower critical solution temperature (LCST) [37].  

 



 

Liposome revised nanogels 

Liposomes when combined with succinylated poly(glycidol) may be proficiently deliver calcein 

to the cytoplasm via merging the chain beneath pH 5.5. Liposomes such as poly (N- 

isopropylacrylamide) which are thermo- and pH-responsive nanogels are being examined for 

delivery of drugs across the skin [46]. Liposomes are modest tiny microscopic vesicles where 

a lipid bilayer structure surrounds an aqueous volume exclusively. In liposomes, different 

kinds of ingredients are present and the main ingredients are phospholipid and cholesterol 

[47]. Particularly, for different types of particles like anti-viral agents, anti-bacterial, anti-

fungal and anticancer, liposomes have been successfully used as carriers and bioactive 

macromolecules [48].   

 

Chemically cross-linked nanogels  

Gels cross-linked chemically are composed of stable chemical networks (covalent bonds) all 

over the gel systems. The assets of a cross-linked gel system rely on the chemical interaction 

and functional groups existing in the gel system [37].  Chemically cross-linked hydrogels are 

prepared through gamma and electron beam polymerization, chain growth polymerization, 

and addition and condensation polymerization. Chain-growth polymerization encompasses 

anionic and cationic polymerization, controlled free radical polymerization, and free radical 

polymerization. It is completed through three procedures such as initiation, propagation, and 

termination. A free radical active site is produced after initiation,  that accommodates 

monomers in a chain network-like style [49]. The crosslinking mediator is described through, 

for instance, by exhausting the disulfide crosslinking in nanogel preparation (20 – 200 nm) 

where the pendant thiol groups are attained “environmentally friendly chemistry” [46].  

 

On the basis of structure 

These nanogels are categorized based on their structural source. Various kinds of nanogels 

include: hollow nanogels consisting of pH- or temperature-sensitive nanogel, simple nanogels 

(artificial chaperons), cross-linked core-shell nanogels also employed to form stimuli-

responsive nanogels, functionalized nanogels, multilayer nanogels and hairy cross-linked 

nanogels [50]. 



Characteristics of nanogels 
 
Biocompatibility and degradability 

Nanogels are synthesized by either natural or synthetic polymers. Nanogels are 

biocompatible and biodegradable in nature, thus, evading organ accumulation. Ethyl 

cellulose, methyl cellulose, chitosan, and many polysaccharide-based polymers such as 

pullulan, dextran and dextrin may be used for preparation of nanogels. Carbohydrate-based 

polymers are mostly polysaccharides, formed of repeating monosaccharide units 

interconnected through glycosidic bonds. All these polymers are hydrophilic, non-toxic, stable 

and biodegradable in nature [51]. Biodegradation is the conversion of a substance into new 

products by biochemical reactions or the actions of microorganisms such as bacteria [52]. 

The biodegradation mechanism can be classified into three main phases: biodeterioration, 

biofragmentation, and assimilation [53]. Biodeterioration is the type of degradation that is 

limited to surfaces only and alters the properties of the material; particularly mechanical, 

physical, and chemical properties. This phase arises when the substance is visible 

to abiotic factors in the external atmosphere and permits for extra degradation through 

weakening the structure of the material. A few abiotic factors, which stimulates these early 

modifications are temperature, light, compression (mechanical), and chemicals in the 

environment [53]. Classically, biodeterioration represents the first biodegradation phase, 

while in some conditions it may be equivalent to biofragmentation [54]. 

Biofragmentation of a polymer is the lytic mechanism in which polymer bonds are broken, 

producing oligomers and monomers in its place [53]. The phases taken to portion these 

materials also vary based on the oxygen existence in the system. The catabolism of materials   

through microorganisms in the presence of oxygen is aerobic digestion, and the catabolism 

of materials in the absence of oxygen is anaerobic digestion. The main difference between 

these procedures is that methane is produced as a  result of anaerobic reactions, while 

aerobic reactions do not produce methane (although water, carbon dioxide, residues of 

certain types, and a new biomass is produced by the reactions of both) [55]. 

The products which are produced as result of biofragmentation are then combined into the 

cells of microbes, which is the phase of assimilation [53]. A small amount of the products from 

fragmentation are effortlessly delivered inside the cell through membrane carriers. However, 

https://en.wikipedia.org/wiki/Abiotic_component


others still have to pass through biotransformation reactions to produce products that may 

be then delivered into the cell. Once inside the cell, the products move in catabolic pathways 

which may either lead to the adenosine triphosphate (ATP) production or components of the 

cells structure [53]. 

  

Swelling characteristics in water 

Fast swelling or de-swelling behavior is one of the most dominant properties of nanogels [37]. 

Swelling behaviour of nanogels in water is regulated through both nanogel configuration, 

chemical nature of polymer chains, concentration for polyelectrolyte gels, and amount of 

cross-linking, charge and environmental factors for polyelectrolyte gels: ionic strength, pH, 

and chemical nature of low molecular weight ions for thermo-responsive gel. It is known that 

physical dimensions of a hydrogel particle is controlled by an equilibrium between the 

osmotic pressure and the polymer elasticity [22].  

 

Drug loading capability 

The characteristic high drug loading capability of nanogels is based on the functional groups 

existing in the polymeric entity. These functional groups possess an admirable effect on drug 

carrying and drug-releasing characteristics, and a few functional groups possess the capability 

to be combined with drugs/antibodies for the purposes of site-specific uses. This pendulous 

functional group of polymeric chains promotes hydrogen bond formation or van der Waals 

forces of interaction inside the gel linkage, and therefore facilitates the carrying efficacy of 

drug. Furthermore, the existence of functional groups at a boundary with a drug or protein 

molecules is liable for maximized loading [37]. 

  

Particle size effectiveness 

The range of particle sizes of nanogels are commonly 20 to 200 nm in diameter, which is 

generally associated with being effective in evading fast renal elimination, while being small 

enough to refuse uptake through the reticuloendothelial system [56]. Further, extremely 

small sizes are associated with good permeation capabilities, due to which it has been shown 

to be able to cross the blood brain barrier (BBB) [37]. Size is the main parameter in the 



biodistribution of long-circulating nanoparticles on the basis of physiological factors such as 

tissue diffusion, tissue extravasation, hepatic filtration, and excretion via the kidneys [57]. 

 

Solubilization behavior  

Nanogels have the capacity to solubilize hydrophobic drugs and diagnostic agents in their shell 

or via linkages of the gel [37]. Furthermore, hydrophobic molecules may be solubilized into 

accessible hydrophobic areas present in certain nanogels. For instance, prostaglandin E2 has 

been solubilized in cholesterol-modified pullulan nanogels while doxorubicin has been 

encapsulated in amphiphilic cross-linked nanogels synthesized from Pluronic F127  or 

poly[oligo(ethylene oxide)-methyl methacrylate]. Particularly, loading relying on hydrophobic 

linkages alone results in comparatively poor loading capabilities [57]. 

 

Colloidal stability and electromobility 

Polymeric micellar nanogel structures or nanogels possess good immovability or stability over 

surfactant micelles, and display minor critical micelle concentrations (CMC), gentler 

dissociation rates and higher maintenance of loaded drugs [37]. Nanogels can be formulated 

without using energy or unpleasant situations like homogenization or sonication that is 

harmful for the encapsulation of fragile biomacromolecules [37] 

 

Non-immunologic response 

Any immunological response is not produced commonly by this kind of drug delivery system 

[37]. 

 

Other characteristics 

The main advantage of nanogels is the ability to deliver all types of drugs, i.e. hydrophilic and 

hydrophobic drug molecules, and charged solutes. Such characteristics of nanogel are 

expressively inclined by the existence of hydrophilic/hydrophobic groups in the polymeric 

networks, temperature, density of cross-linked  gels, concentration of surfactant and kinds of 

cross-links existing in the polymeric system [58]. 

 

Preparation methods for nanogels 

Polymerization of monomers on a standardized level 



In this technique, the homogenous nucleation of aqueous miscible monomers (that are used 

to form improved nanogels) are functional to form a polymer colloidal suspension as shown 

in Figure 2. This technique is particularly used to regulate the particle size. By the addition of 

an ionic surfactant, nanogels of small particle size may be produced that also enhances the 

colloidal constancy of the preparations. For example, the quantity of surfactant reduces, size 

of particle expands in preparation of nanogels [59].  

The precipitation polymerization technique was used by Donini and Coworkers to make (PEG)-

grafted poly (methacrylic acid) (PMA) nanosuspension in water medium. This technique is 

individually employed for the thermostable and hydrophobic constituents and may not be 

used for biological particles [60]. 

Certain studies contained monomer polymerization through inverse microemulsion (w/o) 

technique by the accumulation of cross-linkers to form a stabilized nano system as shown in 

Figure 3. Focal copolymerization of monomer solubilized in inverse micelles was approved by 

. Water-soluble nanoparticles are produced through numerous polymers like 

poly (2-hydroxyethyl methacrylate (PHEMA),  polyacrylamide (PAAm) and polyacrylic acid 

(PAA) Landfester, Willert, Antonietti [62] Kriwet, Walter, Kissel [63]. This technique is likewise 

useful to produce pH-sensitive diethylaminoethyl methacrylate nanogels used as controlled 

drug delivery systems . In inverse microemulsion technique, stable cross-linked nanogels 

are produced by atom transfer radical polymerization (ATRP). Numerous disulfide cross-

linkers were used to produce nanogels that are chemically stable in extracellular 

environment, consequently with slow drug liberation. Biodegradable nanogels may be 

prepared through poly [oligo (ethylene oxide)-methyl methacrylate] polymer . 



 
Figure 2. Preparation of nanogels through copolymerization in colloidal environment. (a) 
Direct polymerization of monomers; (b) assembly of a polymer precursor. Reproduced with 
permission from [66]. Copyright © Taylor & Francis (2017). 
 

 

 
Figure 3. Process of inverse microemulsion. Reproduced with permission from [67]. Copyright 
© American Chemical Society (2013). 
 



 

Physical self-assembly of interactive polymers 

By employing the physical self-accumulated technique of polymers with those of amphiphilic 

polymers, nanogels are prepared where the interaction between drug and solvent take place 

through van der Waals’ forces and hydrogen bonding. Throughout self-assembly, micro- and 

macromolecules are trapped inside the nanogel network [68,69]. Self-associating hydrophilic 

polymers have been used to prepare several protein-loaded nanogels. For example, Akiyoshi, 

Kobayashi, Shichibeet al. [70] used the cholesterol-modified pullulan technique for the 

formulation of insulin hydrogels where they achieved particle sizes of 20 to 30 nm. In this 

technique, the size of nanogels is regulated through appropriate polymer concentration and 

diverse environmental settings, like temperature, ionic strength, and pH, as shown in Figure 

4. For example, Yu, Yao, Jiang, Zhang [71] formulated nanogels of oppositely charged proteins 

like ovalbumin and ovotransferrin or lysozyme through a technique of temperature-induced 

gelation. Chitosan or ovalbumin may be employed to form nanogel with the technique of pH- 

and temperature-induced gelation. 

In order to synthesize amphiliphilic polymers, systems based on living radical polymerization 

(LRP) e.g. nitroxide-mediated polymerization [NMP] techniques and reversible addition–

fragmentation chain transfer [RAFT] are used. The micellar structure of amphiphilic polymers 

may be altered through modifying the length, configuration and nature of the polymer 

[68,72]. For the synthesis of delivery systems of genes, commonly RAFT technique is used 

since minor size of particle is produced by this technique, which is suitable for gene delivery 

[73]. The introduction of additives or solvent or temperature fluctuation deliver additional 

steps of choice in the adjustment of the micellar manners of the amphiphilic block copolymers 

[74,75].   

There are various types of systems in which oppositely charged colloids interact mediated by 

charged polymers. For example, a polyelectrolyte is formed by the complexation of polyions 

with colloid particles like micelles, proteins, and colloidal silica; the hydrodynamic size of 

which is smaller than that of common polymers with an indiscriminate walk conformation. 

Three types of complexes may be the result: (i) water-soluble intrapolymer complexes where 

the colloid particles are bound to a polymer chain, (ii) insoluble amorphous precipitates and 



(iii) complex coacervates. The main factors that determine the resulting type are: (a) salt 

concentration, (b) pH of media and (c) mixing ratio of colloid-polymer. The great change in 

the size of polyelectrolyte nanogels rely on their state of ionization. The charges of nanogel 

particles are dispersed within the network, and are smooth in structure because of many 

dangling chains. Although generally the size of nanogels seems to be greater than the size of 

the polymers even when the gel particles are under a completely collapsed state, the 

polyelectrolyte complex formation would be of interest due to similar biochemical variations 

that are found in various biological systems. Furthermore, the formation of complex between 

polyelectrolyte nanogels and oppositely charged polymers would be complemented by a gel 

collapse because of network charge elimination [76]. Similarly, complexation method is 

considered to be a feasible system for nanoencapsulation for the protection of flavors. This 

method facilitates to entrap flavor oils in the complex of two different biopolymers. The 

biopolymers involved in this complexation method are proteins and polysaccharides, which 

can bind with each other through electrostatic attractions. For most cases, polysaccharide-

protein nanoparticles are given preference over single biopolymer nanoparticles. The fact 

behind this reason is their profound chemical and colloidal protection. The charge on protein 

is usually negative in pH values above their isoelectric points (pI ≈ 5) and is positive below this 

pH value. So because of this factor, when proteins and polysaccharides are mixed together in 

a liquid medium, two phenomena can be observed. In case of higher rate of attraction, soluble 

and insoluble complexes are reported. And in case of higher rate of repulsion, separation of 

the two biopolymers from each other occurs. One of these two phenomenon will be reported 

depending upon the presence of charge on both the biopolymers and profound factors such 

as pH and ionic strength [77,78].  

 



Figure 4. Synthesis of nanogels by interactive polymers (self-assembly). Reproduced with 

permission from [50]. Copyright © Taylor & Francis (2016). 

Cross-linking of preformed polymers technique 

Particularly large-particle-sized nanogels are synthesized by this technique. For 

polynucleotide delivery, cross-linked cationic nanogels was used [79]. In cross-linking 

polymerization technique, oil-in-water emulsion was used for the preparation of nanogel, 

tracked through solvent evaporation technique where PEG and split or branched 

polyethyleneimine were conjugated [80] in aqueous media, as shown in Figure 5. Cationic PEI 

having nanogels with the diameter of 80 to 200 nm were achieved additionally through the 

photo-fenton reaction in aqueous media [80,81]. By exhausting PEI linked through hyaluronic 

acid and disulfides linkers, cationic nanogels were synthesized [82]. The inverse water-in-oil 

emulsion technique was used for the formation of nanogels having biodegradable disulfide 

linkages [83]. The synthesis of DNA loaded cross-linked nanogels was carried out by the 

chemical interaction between thiol-functionalized six-arm branched PEG and DMSO in which 

DNA was incorporated through oxidation process [84]. Numerous chemically cross-linked 

nanoparticles have been prepared with different morphologies such as rods, spheres, and 

toxoids [85]. 

 

Figure 5. Preparation of nanogels through cross-linking of pre-formed polymer chains. 

Reproduced with permission from [22]. Copyright © John Wiley and Sons (2009). 

 

Admirable opportunities for preparing functional nanogels with huge pore dimensions for 

administration of drugs are delivered by covalent linking network of pre-formed chains of 



polymer [84]. The cross-linking technique is particularly functional to regulate the particle 

size, shape, surface characteristics and composition of the nanogels [86]. 

Emulsion photopolymerization procedure 

In the emulsion photopolymerization procedure, UV technique is applied to form a special 

type of nanogel such as dextran nanogel, which is achieved by the combination of dextran 

hydroxyethyl methacrylate and ABIL EM 90 as emulgent in mineral oil, while the product is 

formed in acetone: hexane (1:1) solution. 

Novel pullulan chemistry modification technique 

For the synthesis of cholesterol-based pullulan (CHP) nanogel, a mixture of cholesterol 

isocyanate in dimethyl sulfoxide and pyrindine was used. 1.4 cholesterol moieties per 100 

anhydrous glucoside units replace the pullulan. The whole formulations prepared through the 

CHP technique must be freeze-dried. The CHP technique has been particularly identified to 

behave as an excellent protein carrier nanogel preparation [87]. For the modification of CHP 

technique, Michael addition reaction was used in order to replace the thiol group and the 

acrylate group through polyethylene glycol [88]. For the modification of nanosystems of CHP, 

as whole 1.1 parts of cholesteryl group per 100 glucose parts of parent pullulan. This 

modification displays a communication with Aβ oligomer and monomer for management of 

Alzheimer’s syndrome and also improves feasibility of cortical cell and microglia Gq [89]. 

Novel photochemical method 

Poly(PEGMA) modified superparamagnetic nanogels (poly(PEGMA) magnetic nanogels) were 

prepared via in situ polymerization, while as monomer the poly(ethylene glycol) methacrylate 

(PEGMA) is used and as cross-linking agent, N, N’-methylene-bis-(acrylamide) (MBA) is used 

in magnetite aqueous suspension below UV irradiation. The components and surface 

functional groups of magnetic nanogels were examined with thermogravimetric analysis 

(TGA) and Fourier transform infrared spectroscopy (FTIR). The outcomes specified that the 

poly(PEGMA) magnetic nanogels were synthesized successfully by coating of Fe3O4 

nanoparticles with poly(PEGMA) where the nanoparticle content was above 50 wt% [90]. 

Regulatory factors of nanogels swelling  



There are different factors that control the swelling of nanogels in water. These factors are as 

follows: a) the concentration of cross-linker; for example, the swelling of cationic PAETMAC 

nanogels was focused through the concentration of cross linker at high ionic strength, while 

the swelling was predisposed as a result of mutual charge concentration and cross linker at 

low ionic strength; (b) concentration of charge (for polyelectrolyte gels); and (c) 

environmental factors (temperature, pH and ionic strength). Because of carboxylic group 

ionization of PMA, core-shell nanogels of cross-linked PEG-b-PMA swelled as the pH enhanced 

from the range of 5-9. On the other hand, reduction in the size of PEG-cl-PEI nanogel was 

observed as pH enhanced from 8.5 to 10 because of deprotonation of PEI amino groups [58]. 

 

Swelling ratio: 

The nanogels swelling ratio can be calculated from the equation by Crowther and Vincent 

shown below [91]: 

SR = ( 
𝐕𝑠𝑤𝑜𝑙𝑙𝑒𝑛

𝐕𝑠ℎ𝑟𝑢𝑛𝑘𝑒𝑛
 ) = (

D20

D50
)
3

 

        

Here, Vswollen and Vshrunken indicate the volumes of nanogel particles in swollen and shrunken 

positions at 20°C and 50°C correspondingly. D20 and D50 are the average diameters of the 

nanogel  particles at 20°C and 50°C correspondingly. 

 

Loading techniques of drug in nanogels 

Nanogels are broadly applied as carriers of therapeutic agents. For a successful nano-delivery 

system, the capacity of drug loading should be high, thus decreasing the necessary quantity 

of transferor. Loading of drugs in nanogels can be accomplished by:  

 

Covalent conjugation 

During nanogel synthesis or by employing preformed nanogels, conjugation of bioactive 

entities may be accomplished covalently [37]. For example, the alteration of acrylic groups  

occurs when it interacts with enzymes, and after this copolymerization  with acrylamide either 

in dilute aqueous solution so as to achieve hydrogel of nanosized or inverse micro-emulsion  

[46]. 

 



Physical entrapment 

In cholesterol-modified pullulan nanogels, the loading of proteins has been accomplished 

through physical entrapment in nonpolar domains via incorporation of hydrophobic 

molecules that is existent in particular nanogels [46]. For instance, in cholesterol modified 

pullulan nanogel, prostaglandin E2 was solubilized. Similarly, N-hexylcarbamoyl-5 fluorouracil 

(HCFU) was loaded noncovalently in cross-linked nanogels of N-vinylpyrrolidone (VP) 

copolymers (PNIPAAm/VP and Nisopropylacrylamide (NIPAAm) [37]. Basically, the molecular 

size of enzymes and pore size of nanocarriers determine the physical entrapment. Further 

methodologies are established on the basis of functional groups of nanocarriers and enzyme 

surfaces [92]. 

 

Self-assembly 

The phenomenon of self-assembly has been stated as the spontaneous, autonomous, and 

reversible organization of molecular units into structurally stable and definite aggregates 

where deficiencies are omitted vigorously. It ensures numerous advantageous characteristics 

such as: 

• Being profitable, 

• Multipurpose and facetious, 

• A hard and stable structure were formed by the process occurs towards the thermodynamic 

minima of the system. 

Self-assembly is characterized just before the thermodynamic minima of the system via an 

equilibrium of attractive and repulsive interactions, which are mostly feeble and non-

covalent: van der Waals, electrostatic and Coulomb interactions, hydrophobic forces, and 

hydrogen bonds [93]. Highly aqueous soluble polysaccharides are prompting the 

nanoparticles development through hydrophobic connections. The amphiphilic polymer of 

this type may be employed via three approaches:  

• Hydrophilic chains embedded to a hydrophobic backbone;  

• Grafting of hydrophobic chains to a hydrophilic backbone; or, 

• By interchanging hydrophilic & hydrophobic parts [46]. 

By the penetration of an aqueous environment, amphiphilic polymers extemporaneously 

make nanoparticles of self-aggregated type, through intra- or intermolecular associations 

among the hydrophobic agents, mainly to reduce the interfacial free energy. From the 



physicochemical perspective, the important feature is the ability of molecule to familiarize 

itself to uncover the hydrophilic areas to the polar atmosphere (usually the water medium) 

and the hydrophobic molecules masses in the material’s internal core. Critical micelle 

concentration (CMC) is the concentration above which the aggregation of polymeric chains 

occurs  [37]. 

 

Drug release mechanisms of nanogels 

 The drug is released when the aqueous medium penetrates into the nanogel network 

through the porous particle surface. The nanogel network is swollen as aqueous medium is 

introduced, and this causes release of drug. The rate of drug release is reliant on the swelling 

behavior of nanogels in a particular medium. 

One of the most common mechanisms for drug release from hydrogels is passive diffusion. 

As far as nanogels are concerned, the mechanism of drug release may be classified in three 

categories: a)  diffusion-controlled, b) swelling-controlled, and c) chemically controlled. The 

drug release mechanism is not only dependent on the drug compound’s physicochemical 

properties, but also depends upon how the drugs are loaded into the nanogels. Mostly, the 

loading of the drug into the nanogels is done by physical entrapment, covalent and non-

covalent interactions. In case of physical interaction, the loaded cargo should release 

immediately from nanogels after they swell. Macromolecular therapeutics is generally 

physically loaded into nanogels. In this case, if the mesh size allows, the loaded cargo will 

release immediately from the matrix of the nanogels after swelling. In other words, it can be 

quoted that release of the drug is primarily dependent upon the size of the mesh within the 

matrix of the nanogels. Mostly, small molecules of drugs diffuse easily from the matrix while 

larger molecules like proteins, oligonucleotides, and peptides will exhibit a sustained release. 

In the case of drugs loaded in nanogels through covalent and non-covalent interactions, the 

release of the drug from the nanogel matrix is as desicive as the swelling of the nanogel. Both 

the drug dissociation and swelling may be stimulated by different physical and chemical 

stimuli; for example alterations in temperature, pH, ionic strength, electrical field, pressure, 

or molecular recognition. In short, whether the drug is loaded physically or is coupled 

covalently to the system, the release mechanism is in relation with the stimuli faced by the 

system resulting in the release of the loaded drug. Several kinds of stimuli-induced release 



systems are: i) thermo-induced release from nanogels, ii) pH-induced release from nanogels, 

iii) enzyme-responsive release from nanogels, iv) glucose-sensitive release from nanogels and 

v) dual-responsive or multiresponsive  release from nanogels [94].  

As shown in Figure 6, the swelling/shrinking process of the nanogel system below the external 

stimulus exploit the release of bioactive materials in a controlled manner. The drug release of 

the nanogel is governed by the linkage of hydrogen links, hydrophobic, complexation and/or 

matching of drug molecules and polymer chain systems. The features of the nanogel system 

i.e. the polymer molecular weight, cross-linking thickness of the gel network, rate of 

degradation of polymer of the gel network and the communication of biomacromolecule of 

the drug by the polymer chains in the gel system, regulate the discharge profile of the drug. 

Thermoresponsive polymeric nanogels having three-dimensional cross-linked structures 

permit molecules of water to transmit by hydrophilic groups of the polymer barrier aiding it 

to expand. These assets are demonstrated close to the inferior critical solution temperature 

(LCST) when it impulses hydrophobic groups and eliminates water content. As a result, the 

nanogel’s particle size reduces and the therapeutic agent is freed through temperature-

initiated stimuli [66]. For instance, hydroxypropyl- β- cyclodextrin hybrid nanogels were 

prepraed by free radical polymerization technique and used as nano-drug delivery carriers for 

the solubility enhancement of dexibuprofen. A high concentration of drug was released 

successfully from nanogels because of maximum swelling upon exposure to the external 

stimuli (pH 1.2 and 6.8) [95]. Moreover, 5-fluorouracil loaded nanogels were prepared by 

convenient method without using any chemical treatment. High drug release was observed 

in simulated intestinal fluid (SIF) as compared to simulated gastric fluid (SGF) [96].  

 



Figure 6. Drug release mechanism of nanogels. Adapted with permission from [37]. Copyright 
© Open science publisher (2013). 
 

Additive manufacturing can be utilized as a processing technique for production of complex 

structures with different controlled release features. Additive manufacturing, today perhaps 

more commonly known as 3D printing, is a process where an object is made from a digital file. 

Two methods are used for this purpose: (a) subtractive and (b) additive manufacturing 

methods. In subtractive manufacturing, an object is machined from a material block using 

conventional procedures such as cutting, milling, grinding and drilling. While in additive 

manufacturing, the final product is produced by the deposition of successive layers of 

materials. Because of superfluous waste of materials and restrictions in complex design 

production, subtractive manufacturing is not broadly used. On the other hand, additive 

manufacturing is widely used because of possessing the capability to build complex and 

intricate designs rapidly. For 3D printing, a widespread assortment of materials fluctuating 

from hard metals to elastic polymers may be used. By the usage of various types of materials 

and fast prototyping capabilities, the opportunities with regard to 3D printing applications 

seem to be more or less endless. 3D printing has already found established uses in prototyping 

automotive parts in the aeronautical industry, preparing novel drug delivery systems in the 

pharmaceutical industry, bioprinting implants and organs in the medical and healthcare 

industry, manufacturing clothes in textile and fashion industry, and various uses within the 

chemical and food industries [97]. Thus, it should come as no surprise that 3D printing also 

has been deliberated as a useful technique to synthesize 3D structured nanogels. Generally, 

nanogels have been 3D-printed as formulations containing drug(s), liposomes, or 

photoinitiator-loaded nanoparticles. By suspending nanoemulsions into hydrogels, 

hydrophobic drugs can be captured in the emulsion droplets and thus, their elution into the 

medium may be prolonged for extended durations of time because of passing of drug 

molecules via two carriers, nanoemulsion droplets and the hydrogel matrix. Nanogels have 

been applied as a filler of the 3D-printed external construct to amend its physical and chemical 

property or biocompatibility. Liu et al. incorporated simvastatin loaded Poloxamer 407 (also 

known as Pluronic F-127) nanogels into 3D-printed porous titanium alloys for orthopedic uses. 

The titanium alloy by itself was not properly compatible with bone ingrowth. Osteogenic 

factors was induced and promoted osteogenesis by simvastatin encapsulated Poloxamer 407 



nanogels, but these are not good in mechanical strength. Thus, by the combination of these 

two constructs, 3D-printed porous titanium scaffolds occupied with simvastatin loaded 

nanogels, both good compatibility with bone ingrowth and mechanical strength of the 

construct was accomplished. Consequently, this construct increased vascularization and 

presented a connection between the new bone volume and neovascularization in 1-2 months 

after implantation [98].  

Advantages and reasons for nanogels as a superior drug delivery system  

Nanogels can be considered a superior drug delivery system because of its numerous 

advantages. These include nanogels having high biocompatibility, biodegradability, and 

recyclable preparation methods [58]. Nanogels can also provide a more precise sustained 

drug release due to the preparation through the amassing of a polymer system, and such a 

system also controls the particle size of the preparation [99]. Furthermore, the free-flowing 

pearlescent solution of the nanogels is smoothly disseminated in water solution [99]. 

Nanogels can be effortlessly delivered in mucosal and parenteral administration [100]. Both 

hydrophilic and hydrophobic drugs can be encapsulated by the nanogel network [101]. The 

main benefit of nanogels is the decreased initial outflow of the drug from the solution 

[102].To avoid phagocytic cells uptake, the particle size reduction and surface 

characterization may be employed to avoid fast clearance by permitting both active and 

passive drug targeting. Therapeutic efficacy is being enhanced by controlled and sustained 

release at the target site, and side effects are reduced in the same manner. One of the most 

critical properties of nanogels is to preserve drug activity. Loading of the drug is comparatively 

high and can be achieved without chemical reactions. Because of their small volume, it 

possesses the capability to influence the tiniest capillary vessels and either by transcellular or 

paracellular pathways to penetrate to tissue [103].  

 

Limitations of nanogels 

There are obviously also certain limitations associated with nanogel preparations, such as 

complete removal of solvents and surfactants being very difficult. Monomers or surfactant 

comprising nanogels can cause adverse effects in the preparation [104]. Further, some 

portion of the formed particles tend to be in the micrometer range [105]. Occasionally, the 

hydrophilicity of the nanogels is reduced by a solid contact between polymer and drug,  and 



as a result, the structure is collapsed, and therefore the molecules of the drug are irreversibly 

entrapped simultaneously augmenting the nanogel’s hydrophilicity [106]. As with many other 

drug delivery systems, there is an inefficient transition of the in vitro properties to in vivo 

efficacy. 

Similarly, toxicity can be associated with the degraded residues of the gel, immunogenicity, 

inconsistency in pharmacokinetics behavior in rodent and human models, and regulation 

issues [107]. The biological system may be subject to various toxic effects if any residue of the 

polymer or the surfactant is left in the body [108]. Clinically, it is challenging to handle nanogel 

systems. Physical gelation should occur ideally to assist in clinical handling of the nanogel 

system. The gelation should occur at low polymer concentration and at an entirely controlled 

gelation temperature, which minimizes the risk of premature gelation. One of the significant 

challenges of the nanogel system is controlling the release kinetics of payloads. The challenge 

can be solved by the synthesis of release-rate modulating nanogels using stimuli-responsive 

nanogel systems with different degradation profiles, in order to obtain the intended release 

profiles of the payloads from the nanogels network. 

Moreover, there are practical difficulties in mass production, controllability, and precise 

synthesis of nanogels carrying payloads. Scale-up is not easy because of the mean size and 

weight [109].  Microfluidic technology has been used to cope up with such problems and carry 

out the formulation of nanogel systems on a large scale [110]. 

 

Applications of nanogels 

Nanogels are suitable for application via different administration routes such as oral, nasal, 

pulmonary, topical, intra-ocular and parenteral. To mention a few examples, curcumin for 

oral delivery has been encapsulated into low density lipoprotein (LDLP)/pectin nanogels 

[111], acetazolamide intended for ocular delivery was loaded into nanogels constructed out 

of surfactant-based nanovesicles [112] and bio-inspired pulmonary surfactant-modified 

nanogels (a promising siRNA delivery system) and nanogel-based antigen-delivery system 

were used for pulmonary and nasal purposes, respectively [113,114]. In the following, a few 

examples of nanogel applications are presented with respect to indication, area of application 

as well as a few examples of marketed products. 

 



 

 

Uses in autoimmune diseases 

The basic need of treatment of autoimmune diseases is the ability of the delivery system to 

disable the immune cells that play a role in progression of the disease by mediating the 

immune system. The incorporation of immunosuppressant drugs into nanogels has been 

studied for treating autoimmune diseases, because of their ability to target cells contributing 

in autoimmune diseases and enabling systemic accumulation of the loaded drug. As an 

example, a nanogel system of mycophenolic acid complexed with nonmethylated β- 

cyclodextrin was produced by the combination of liposomes with a diacrylate terminated 

copolymer of poly (lactic acid-co-ethyleneglycol) for the purpose of systemic lupus 

erythematosus treatment.  

Uses in anti-inflammatory drug delivery 

Nanogel systems can be utilized for the topical delivery of non-steroidal anti-inflammatory 

drugs. Such system can overcome problems associated with topical delivery systems, e.g. the 

comparatively short duration of contact between active drugs and the application site, and 

this is accomplished through retaining water into the gel matrix, and thus a uniform dispersion 

of the nanogel is formed. Spantid II and ketoprofen are two anti-inflammatory drugs whose 

delivery was successfully accomplished by a nanogel of poly-(lactide-co-glycolic acid) and 

chitosan. Oleic acid was applied for the modification of surface. 

Uses in vaccine delivery 

To enhance the performance and potency of vaccines, nanogels have been utilized as a novel 

and effective vaccine delivery systems. The main advantage of nanogels over conventional 

delivery of vaccines is the protection of the vaccines from enzymatic degradation. Surface 

modified nanogels accompanied with antibodies and other ligands can be utilized to enhance 

the target specificity of the vaccine. 

Uses in bone regeneration 



Regeneration of bone can be achieved by the release of the lithium along with other 

medicaments slowly and locally. Lithium nanogels is prepared through micro-emulsion 

polymerization of polyacrylic acid and assimilated into the matrix of biodegradable 

polyhydroxybutyrate, have been formulated for lithium controlled release into bone tissue. 

Antibacterial and anti-microbial activity 

In the current “post-antibiotic” era, infections are becoming difficult to be cured because of 

the resistance to conventional antibiotics. To overcome this problem, nanogel systems can be 

beneficial, providing a targeted and localized delivery of the antimicrobial agent with 

immediate release characteristics. Mini-emulsion method was used for the preparation of 

zinc (in the form of ions) loaded, dextran cross-linked polyacrylamide nanogels (i.e. 

polysaccharide based nanogels).  Methacrylated hyaluronic acid was used as crosslinking 

agent. This nanogel was prepared for the purpose of targeting the methicillin-resistant strains 

of Staphylococcus aureus. 

Uses in diabetes treatment 

Since diabetes has become one of the main medical problems and lots of delivery systems 

have been formulated to tackle this disease, an injectable nanogel system sensitive to 

changes in glucose levels in the blood with subsequent release of specific amounts of insulin 

accordingly has been synthesized. The nanogel system is accompanied with oppositely 

charged particles and the purpose of these charged particles are attracting each other, 

resulting in a gel matrix that rests together and reacts to pH changes. By the use of dextran, 

the nanogel system will convey insulin and other enzymes that are required for the 

transformation of glucose into gluconic acid. In instance of hyperglycemia, glucose molecules 

diffuse thorugh the nanogel network and initiate the process of conversion of glucose into 

gluconic acid, thereby reducing the pH of the medium. As result, this will stimulate the insulin 

release. Although the nanogel system for the management of diabetes has been synthesized, 

this system still needs some additional research so as to make it possible to be utilized as a 

possible system for human trials  [115].  

Uses in cancer therapy 



   Nanogels have been developed for the purpose of cancer therapy through integrating the 

following drugs: cisplatin, 5-flurouracil, heparin, doxorubicin, temozolamide, and so on. For 

management of prostate, breast, lung, and liver cancer, loaded nanogels of chitin-

polymerized doxorubicin are utilized [116]. The management of cancer involves specific drug 

delivery with predictable low toxicities to nearby tissues and high therapeutic efficiency.   

Cisplatin loaded nanogels (thermo and pH responsive nanogels) were used mostly for the 

treatment of breast cancer [117]. Reducible nanogels containing heparin were used in 

internalization of heparin for cell death of apoptotic melanoma [118]. Similarly, fludarabine 

encapsulated polyplex nanogels were used to increased activity and decreased the 

cytotoxicity of fludarabine [119].  

   

Uses in gene delivery, protein folding and enzymology 

Different types of nanogel preparations have also been employed for the delivery of proteins, 

genes, and enzymes.  Amphiphilic polysaccharide-based nanogels with artificial chaperon 

were used for the  accurate collapsing of cyclodextrin with rhodanese in cell-free system and 

to avoid protein aggregation [120]. DNA loaded nanogels made of di-acrylated Pluronic 127 

and glycidyl methacrylated chito-oligosaccharide have been used for controlled 

administration of plasmid DNA [89]. Single step PEGylated cationic nanogel prepared by the 

interaction of poly [2-(N, N-diethylaminoethyl) methacrylate] and PEGlyated macroRAFT 

agent have also been applied for potential gene therapy [73]. Similarly, target specific 

degradable nanogels and nanogels with photochemical internalization were used for siRNA 

carriage to HCT-116 cells and endosomal discharge of siRNA, respectively [83,121]. 

 

Marketed formulations of nanogels 

A variety of marketed formulations of nanogels are used in daily life. The marketed 

formulations such as zyflex nanogels are used as muscle relaxant and removal of body 

discomfort. Oxalgin nanogels, which is a combination medicine of diclofenac, menthol and 

methyl salicylate used to relieve symptoms such as knee pain, muscle pain or tenderness, 

neck pain or tenderness, back pain or tenderness and shoulder pain. Some nourishing gel such 

as aqua multi effect nanogels cream provides hydration completely for an extended period of 

time and acts as anti-wrinkle cream. Revivagenix pro collagen nanogel is an anti-wrinkle 

cream, contributes to complete hydration of the skin for prolonged time. Similarly augen 



nanogels eye-care gel is an eye care gel with subterranean permeation characteristics while 

skin perfect brightening nanogel animates the skin and provides widespread hydration. It 

cares, tones, and protects the skin. 

Nanogels in bleeding blockage 

A protein-loaded nanogel has been used to block bleeding, even in critical conditions. The 

proteins get  assembled on the nano-carrier into a biodegradable gel [37] . 

 

Nanogels in ophthalmic drug delivery 

γ-radiation induced polymerization of acrylic acid (AAc) in an aqueous solution of  polyvinyl 

pyrrolidone (PVP) was used to produce a pH-sensitive polyvinyl pyrrolidone-poly (acrylic acid) 

(PVP/PAAc) nanogel for the purpose of pilocarpine encapsulation, in order to keep a 

satisfactory quantity of the pilocarpine at the action site for extended periods of time [122]. 

 

Nanogels in local anesthesia   

In dental treatment, pain control is considered to be one of the highest priorities in 

therapeutics. Enhancement in regional delivery of local anesthetics might be accomplished 

through integrating them into drug delivery systems [123]. [124]. The incorporation of the 

local anesthetics in delivery systems like nanogels can facilitate and assist in the regional 

administration of the anesthetic moieties. Procaine hydrochloride, an amino ester local 

anesthetic when loaded into methacrylic acid ethyl acrylate nanogel by hydrophobic and 

hydrogen bonds demonstrated an enhanced release rate at high pH. The release mechanism 

from the delivery system is based upon the phenomenon of the deprotonation of the acid on 

the nanogels leading to the profound osmotic pressure and swelling of the system, increasing 

the porosity which in turn promotes the release of the procaine hydrochloride from the 

nanogels system [108]. Because of minor pain, nanogels are almost certainly one of the 

superior candidates throughout injection and extended blood circulation time [125]. 

Nanogels in neurodegenerative disorders 

Nanogel is a favorable system for oligonucleotides (ODN) delivery to the brain. For 

management of neurodegenerative diseases, the systemic delivery of ODN to the central 

nervous system is required. Molecules of higher molecular weight that are injected into the 



bloodstream do not easily cross the blood-brain barrier (BBB) and are promptly cleared from 

the circulation. Nanogels encapsulated or bound with extemporaneously negatively charged 

ODN results in preparations of polyelectrolyte complexes (a stable aqueous dispersion) with 

particle sizes smaller than 100 nm that can successfully cross the BBB. The transport efficiency 

is further enhanced when the nanogel surface is altered by insulin or transferrin [126]. 

Nanogels in vaginal drug delivery 

Antibacterial drugs loaded vaginal nanogels have been used to stop different vaginal 

infections [127]. They can also be applied to decrease the vaginal irritation, vaginal secretion 

and relive other sexual complications. During menstruation and pregnancy period, vaginal 

nanogels are contraindicated, which are some of its drawbacks. Researchers have indicated 

that a few vaginal nanogels holding antiretroviral drugs can reduce the risk of  HIV infection 

among women [46]. Tenofovir is a vaginal gel that has been studied for the purpose of HIV 

prophylaxis, in which gelatin nanoparticles containing Tenofovir were prepared by a two-step 

desolvation method where HPMC K15M was used both as a gelling agent and as a bioadhesive 

polymer. The membrane permeation and bio-adhesion study revealed that gel showed an 

enhanced bio-adhesion with profound strength and maximum membrane permeability [128]. 

Conclusions and future perspectives       

Nanogels are promising and innovative drug delivery systems that can play a dynamic role via 

addressing the complications accompanying traditional and modern therapeutics, such as 

non-specific effects and reduced constancy. All recent new research involves discovering new 

polymeric systems and innovative systematic methodologies with favorable roles in 

therapies, and novel innovations in the production of nanogel designs. Current advances in 

nanogel development have delivered a positive vision in the applications of nanogels, 

especially within the treatment of cancer, gastrointestinal complications and gene 

transfection, protein folding and enzymology. The use of nanogel formulations on market 

basis is the recent success of nanogel-based drug delivery systems.  

As nanogels have delivered considerable recent improvements in drug delivery as therapeutic 

and diagnostic tools, a number of inadequacies still requisite urgent attention. In order to 

produce nanogels on large scale, developmental procedures for cost-effectiveness and 



resolution of technological problems are needed. A number of challenges relating to 

pharmacokinetics and pharmacodynamics also still need to be properly addressed. While 

solving these challenges, nanogels can translate into a proficient coming generation of 

pharmaceuticals to serve for improved clinical care. Furthermore, nanogel seems to be an 

excellent candidate for the solubility enhancement of poorly water-soluble drugs. Recently, 

research has started to accumulate on these aspects as well, but still a lot of work is required 

to be done to rationally and swiftly bring more nanogel-based formulations to the market.   
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Executive summary 

 Introduction 

Nanogels have attracted considerable attention as nanoscopic drug carriers, 

particularly for site specific, thermo-responsive or pH-responsive drug delivery. 

 Synthesis of nanogels 

Different types of techniques such as polymerization of monomers on a standardized 

level, physical self-assembly of interactive polymers, and cross-linking of pre-formed 

polymers are explained for the synthesis of nanogels. 

 Mechanisms of drug release from nanogels 

Drug release from nanogels takes place via diffusion-controlled, swelling-controlled, 

and chemically-controlled mechanisms. 

 Advantages of nanogels 

Particle size, surface characteristics, therapeutic efficacy, biodegradability and 

biocompatibility are a few factors owing to which nanogels are considered to be an 

advantageous drug delivery system.   

 Applications of nanogels 

Great potential has been shown by nanogels in many fields, including delivery of 

genes, chemotherapy drugs, poorly water-soluble drugs and several other payloads. 
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