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ABSTRACT 

Nanogels, a class of nanoparticles composed of 

cross-linked polymer networks, have emerged as a 

promising tool in drug delivery and various other 

biomedical applications. Their miniature size, 

typically ranging from 10 to 200 nanometers, 

enables precise control over drug release kinetics, 

biodistribution, and targeting. Nanogels offer 

several advantages, including high loading capacity 

for drugs, proteins, and nucleic acids, as well as 

protection of encapsulated payloads from 

degradation. Moreover, their tunable 

physicochemical properties allow customization for 

specific therapeutic needs, such as pH or 

temperature responsiveness. Beyond drug delivery, 

nanogels hold potential in tissue engineering, 

diagnostics, and theranostics. This abstract 

highlights the remarkable versatility and potential 

of nanogels as miniature marvels poised to 

revolutionize biomedical science and healthcare. 

KEYWORDS: Nanogels, cross-linked polymer 

networks, miniature size, high loading capacity. 

 

I. INTRODUCTION 
Nanotechnology, an innovative methodology, 

presents vast opportunities for intelligent drug 

delivery and nanomedicine, encompassing the 

design, synthesis, and characterization of materials 

or molecules and devices with functional efficacy 

at the nanometer scale. This approach primarily 

emphasizes radical advancements in existing 

therapeutic and diagnostic 

methodologies.
[[1]]Theemergence of novel nano-

scaled particulate drug delivery systems (DDS) has 

effectively tackled obstacles by enhancing drug 

absorption, mitigating drug toxicity, regulating 

dose release, and curtailing biodegradation.The 

utilization of nanotechnology in medicine has led 

to the development of customized nanoparticles 

capable of encapsulating pharmaceutical agents or 

genetic material, which can then be precisely 

delivered to targeted regions of the body via a 

regulated mechanism.
[[2]]The term "Nano-gel" 

denotes a nanoparticle hydrogel featuring a cross-

linked hydrophilic polymer matrixhave a typical 

dimension of approximately 100 nanometers. 

Nano-gels are diminutive, swollen entities 

composed of pliable hydrophilic or amphiphilic 

polymer matrices that are physically or chemically 

interconnected. These polymer matrices may 

possess anionic or ionic attributes. They function as 

carriers for pharmaceutical agents and are 

engineered to readily assimilate biologically active 

substances through the establishment of bio 

molecular interactions like salt bonds, hydrophobic 

interactions, or hydrogen bonding. They are 

meticulously crafted to facilitate the encapsulation 

of a diverse array of biomolecules by refining 

molecular composition, size, and morphology to 

ensure precise control over drug release within 

living organisms.
[[3]] They possess a substantial 

water content, an expansive specific surface area, 

and excellent stability. Nanogel-based platforms 

are precisely engineered to prolong the cargo's 

circulation half-life within the body and facilitate 

its targeted delivery to desired sites in biomedical 

applications.
[[4],[5]]When nanogels disperse in the 

aqueous solution, their expanded networks soften 

and have the capability to encapsulate a specified 

amount of water.Preferred biological or 

pharmaceutical compounds can be encapsulated 

within nanogels through the facilitation of 

spontaneous interactions between the polymer 

matrix and the agents, leading to the creation of 
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finely dispersed hydrophilic particles. This 

resultant architecture offers substantial physical 

shielding to the encapsulated biomolecules, 

safeguarding them from degradation. 

Consequently, nanogelsrepresent a versatile 

platform for both the encapsulation of drugs and 

their controlled release at specific target sites. 
[[6],[7]] 

 

 
Figure 1: Properties of Nanogels

[[8]] 

 

Benefits of Nanogel-based Drug Delivery 

Strategy 

 Provides shielding against drug degradation 

within the body. 

 Allows simple and precise adjustment of 

nanogel size to match the specific delivery 

requirements. 

 Decreases the required drug dosage and 

frequency of administration. 

 Enhances drug bioavailability and mitigates 

drug toxicity. 

 Enables safe and effective delivery of drugs 

encapsulated within nanogels, with minimal or 

no adverse effects, both systemically and 

topically. 

 Facilitates crossing of physiological barriers 

such as the blood-brain barrier and skin 

barrier. 

 Nanogels elicit no immunological responses 

due to their inert nature within the bloodstream 

and internal aqueous context.
[[9]] 

 

Limitations of Nanogel: 

 Expensive methodologies are necessary to 

fully eliminate solvents and surfactants at the 

conclusion of the process. 

 Residual surfactants may sporadically induce 

toxicity. 

 Scaling up isn't straightforward due to average 

size and mass. 

 Nanogels exhibit restricted drug-loading 

capability and inadequate control over drug 

release.
 [[10]] 

 

DRUG LOADING IN NANOGELS  

Nanogel drug delivery systems have 

proven to be effective strategies owing to their 

impressive drug encapsulation ability and minimal 

carrier numbers; listed below are a few examples of 

such approaches. 

Chemical Bonding:Nanostructures within 

biological agents can be formed through chemical 

bonding i.e. covalent bond. Acrylic units are 

aligned with enzymes and polymerized alongside 

acrylamide in a dilute aqueous solution or a reverse 

micro emulsion to generate nanoscale hydrogels. 

The inclusion of lipophilic compounds into 

nonpolar regions led to the creation of a lipophilic 

sequence, which is present in certain 

nanostructures. For instance, prostaglandin E2 

dissolves readily in pullulan modified with 

cholesterol. Another illustration involves N – hexyl 

carbamoyl – 5 – fluorocil incorporated non-

covalently into NIPAAM & N – vinylpyrrolidone 

copolymer cross-linkednanostructures. 

Doxorubicin was also encapsulated within 

pluronicF127-based amphiphilic cross-linked 
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nanostructures. The hydrophobic interaction 

typically leads to relatively modest levels of drug 

encapsulation within the nanostructure (in most 

instances, below 10%).
[[11], [12]] 

Auto-assembly:  Involves the autonomous 

organization of components into well-defined 

structures, offering advantages such as minimal 

energy consumption, adaptability, simplicity, and 

cost-effectiveness. Many-molecule self-assembly 

relies on non-covalent interactions like diffusion, 

hydrophobicity, or electrostatics. Despite its weak 

nature due to numerous interactions, self-assembly 

governs the structural and conformational aspects 

of assembly. Electrostatic attractions and 

interactions between oppositely charged 

polysaccharides can disrupt self-assembly, but 

chemical modification may induce it. Highly water-

soluble polysaccharides can form nanoparticles 

through hydrophobic interactions. Amphiphilic 

polymers, with hydrophilic and hydrophobic 

components, exhibit three forms: grafted polymers, 

polymers with alternating hydrophilic-hydrophobic 

segments, and block polymers. In water, these 

polymers self-aggregate into nanoparticles to 

minimize interfacial energy, with hydrophobic 

sections forming the core and hydrophilic parts 

exposed to the aqueous environment. The critical 

micelle concentration, or the concentration at 

which polymer chains aggregate, plays a crucial 

role in this process.
[[13]] 

 

DRUG RELEASE FROM NANOGEL 

The release of drugs is influenced not only 

by the physicochemical characteristics of the 

nanogels but also by the manner in which active 

ingredients are encapsulated within them.When it 

comes to nanogels, mechanisms governing drug 

release can be classified as
[[14]]:  

i. Swelling-Mediated 

ii. Diffusion-Mediated 

iii. Chemically-Mediated 

 

Macromolecular therapeutics are 

frequently enclosed within nanogels through 

physical encapsulation. In such instances, once the 

nanogels swell, the drug can diffuse provided the 

mesh size permits. Essentially, the release 

characteristics primarily hinge on the mesh sizes 

embedded within the nanogel matrix.
[[15]] 

The most basic mechanism involves 

diffusive liberation, a process utilized in clinical 

applications of nanomedical techniques. Upon 

physiological or chemical breakdown of the 

nanogel structure, medications can also be 

liberated.As an illustration, the release of 

doxorubicin from pH-responsive nanogels was 

significantly hastened at lower pH levels, thereby 

augmenting the uptake of the drug by non-small 

cell lung cancer cells within a mildly acidic pH 

milieu.Moreover, substances that are sensitive to 

different environmental stimuli can also be 

discharged through nanogels.
[[16]] 

Reactive oxygen species interact with 

platinum nanoparticles embedded in a nanogel 

matrix, influencing both their catalytic activity and 

the protonation of acidic core polymers (2 – (N, N 

–diethyl amino) and PEG. The polymers, 

composed of methacrylic acid and ethyl acrylate, 

form insoluble 3D structures under acidic 

conditions. However, as the pH increases, the 

acidic groups within the polymers undergo 

ionization due to repulsions between polymeric 

chains. This leads to a distinct release profile of 

procaine hydrochloride.
[[17]] 

As a result of the temperature retention 

surpassing the lower critical solution temperature, 

polymers possessing thermo sensitive 

characteristics, such as poly(N-isopropyl 

acrylamide), induce initial contractions in gel 

volume and the efflux of indomethacin. Owing to 

its capability for release at body temperature 

despite being stored at low temperatures, the 

polymer (N-isopropyl acrylamide-co-acrylamide) 

combined with 5-fluorouracil demonstrates 

favorable outcomes in rats.
[[18]] 

 

CLASSIFICATION OF NANOGELS 
 

1. Structure based nanogels 

2. Linkage based nanogels 

3. Polymer basednanogels  

4. Stimuli basednanogels 

 

Structure Based Nanogels: 

According to the structure, nanogels are 

categorized into 4; 

i. Hollow Nanogels:Nanogels containing a 

void within their gel structure display an 

enhanced surface area in contrast to 

traditional nanogels. This provides precise 

targeting at specific sites. Moreover, the 

increased surface area might enhance the 

drug-carrying capability of the nanogel 

structure. The synthesis of hollow nanogels, 

utilizing Poly (N, N-dimethyl amino ethyl 

methacrylate) co-polymer, resulted in 

superior drug loading capacity compared to 

a hybrid hollow nanogel.
 [[19]]The uniform 

dispersion of the drug within the polymer 
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crevices, facilitated by its hollow structure, 

could account for this. Additionally, it might 

augment drug liberation from the polymer 

matrix by increasing free energy.  

ii. Multi-Layered Nanogels: These nanogels 

primarily consist of numerous layers of 

either a singular polymer or multiple 

polymers. The choice of polymer is crucial 

for achieving precise targeting. The 

sequence of polymers utilized in fabricating 

multi-layered nanogels substantially impacts 

the pattern of drug release. Substances that 

are exceedingly toxic or particularly 

vulnerable to bodily fluids can be 

administered using this method.For aiming 

at potent or drugs with a narrow therapeutic 

index, these nanogels may offer significant 

advantages due to their adjustability, 

enabling precise targeting compared to 

alternative nanogels. Nevertheless, the 

fundamental challenge lies in the complexity 

of the process, yield, scalability, and 

expenses associated with their development, 

hindering their transition into clinical 

research. Additionally, they demonstrate 

utility in transporting peptides, 

oligopeptides, and nucleotides to the 

intended site of action.
[[20]] 

iii. Core Shell Nanogels: These nanogels serve 

as the progenitors of nanogels when 

structural classification is employed.They 

are designed to gradually release the 

medication through surface degradation 

mechanism. Drug incorporation takes place 

on the core-shell creating component 

through surface adsorption, ionic bonding, 

or covalent bonding. These nanogels were 

synthesized to enhance biocompatibility, 

prolong drug release, and impart thermo-

responsiveness.
[[21]] 

iv. Hairy nanogels: The nanogels consist of 

slender filamentous extensions on their 

surface. These are synthesized employing 

regulated radical polymerization or macro-

RAFT (reversible addition fragmentation) 

agents. These filamentous extensions are 

generated by the polymers that are 

subsequently covalently bonded to the 

central gel matrix.
[[22]] 

 

Linkage Based Nanogels: 

According to the linkage, nanogels are categorized 

into 2; 

i. Non-Covalent Linkage: This involves 

spontaneous self-assembly through physical 

interactions without the need for any cross-

linking agents.
[[23]]Interactions at the 

surface/interface, Van der Waals attractions, 

adsorption, ionic bonding, etc., act as 

fundamental mechanisms for non-covalent 

connections. They possess specific 

advantages such as reversibility, lack of 

chemical reactions, and potential avoidance 

of detrimental bioactive agents or cells. 

However, their stability is compromised due 

to frail connections.
[[24]] 

ii. Covalent Linkage:Covalent bonding entails 

the formation of firm covalent bonds 

through exact stoichiometric reactions to 

yield steadfast and consistent connections. 

This process illuminates the components, 

empowering them to adapt to the 

environment while facilitating controlled 

release.
[[25]] 

Polymer Based Nanogels:  

Polyethers and polyesters are compostable 

polymers formed from monomers linked by ether 

and ester bonds. Polyethylene glycol (PEG) is a 

widely used polyether known for its 

biocompatibility and water solubility, making it a 

standard in drug delivery. PEG prolongs circulation 

time by reducing endocytosis, phagocytosis, 

hepatic uptake, and clearance. Poloxamers, which 

are block copolymers, comprise two hydrophilic 

polyethylene oxide chains and one hydrophobic 

polypropylene oxide chain. The commercialized 

variant, Pluronic™, is available in various grades 

distinguished by polymer block lengths.
[[26], 

[27],[28]] 

Polyacrylates arise from acrylic acid 

modifications, resulting from changes in vinyl 

and/or carboxyl hydrogen atoms. Under particular 

temperature, charge, and pH circumstances, these 

polymers exhibit proton donation and assume a 

negative charge. They experience swelling as 

counter ions exchange with the surrounding 

environment.
[[29]] 

Peptide chains, known as amide polymers, 

are biodegradable macromolecules linked by amide 

bonds. They are useful for delivering small 

molecules due to their customizable amino acid 

sequences. Common examples include 

poly(glutamic acid), poly(aspartic acid), and 

poly(L-lysine). However, controlling release is 

challenging due to their susceptibility to hydrolysis 

and enzyme-driven degradation, influenced by the 
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hydrophilic nature of their amino acids. Modifying 

the biodegradation process is possible by 

incorporating benzyl, hydroxyl, or methyl groups 

during polymerization.
[[30]] 

Polysaccharides are macromolecules 

formed by linking long chains of monosaccharide 

units via glycosidic bonds. When these units are 

identical, they are classified as homo-oligomers 

(e.g., starch, cellulose, pullulan, etc.), whereas if 

they vary, they are referred to as hetero-oligomers 

(e.g., heparin, chitosan, hyaluronic acid, and 

dermatan sulfate).
[[31], [32], [33]]Polysaccharides 

from various sources have reactive clusters like -

OH, -NH2, and -COOH. They can be chemically 

modified to create diverse derivatives with different 

structures and functions. These molecules are 

abundant in nature, and they are biocompatible, 

biodegradable, non-toxic, water-soluble, and 

bioactive.
[[34],[35]] 

 

Stimuli Based Nanogels: 

Depending on their reaction to stimuli, nanogels 

are categorized into 2; 

Responsive nanogels exhibit changes in their 

physicochemical characteristics such as structural 

composition and matrix integrity, consequently 

initiating the release upon exposure to external 

stimuli. 

Non-responsive nanogels liberate the medication 

regardless of the external stimuli. 

 

Temperature triggers drug release through 

temperature-responsive polymers with a specific 

temperature point known as VPTT. This causes 

changes in polymer structure and release patterns. 

Polymers sensitive to stimuli undergo phase 

transitions when stimulated externally, with 

categories like Van der Waals, hydrophobic, 

hydrogen bonding, and attractive interactions.
 [[36]] 

The temperature below which the polymer 

dissolves is the Lower critical solution temperature 

(LCST), whereas above it, the polymer undergoes a 

phase change from a dissolved (random coil state) 

to an insoluble (collapsed state) 

state.
[[37]]Temperature and solubility have an 

inverse relationship, so nanogels are called 

negative temperature-responsive. Polymers 

dissolve at the Upper Critical Solution Temperature 

(UCST), showing positive thermo sensitivity 

because solubility increases with temperature. 

 

APPROACHES FOR NANOGEL SYNTHESIS 

Solvent Evaporation Technique 

For a duration of two hours, the blend of 

drug and polymer is administered into the specified 

region of the liquid phase by continuous agitation 

at 1000 rotations per minute, aided by a magnetic 

stirrer.
[[38]]The nanosponges acquired 

consequently undergo filtration, followed by a 

drying procedure in a hot air oven set at a 

temperature of 40°C for 24 hours.
[[39]]Ultimately, 

the desiccated nanosponges are delicately relocated 

into vials for preservation. For uniform 

distribution, it is advisable to submerge the 

polymer in water for a duration of 2 hours prior to 

commencing gel formation.
[[40]]Afterward, the 

polymer needs to undergo agitation at a rotational 

velocity of 6000 rpm. The pH is adjusted using a 

pH-modifying substance. Following this, the 

aqueous dispersion is blended with the finely-tuned 

nanosponge suspension and permeation 

boosters.
[[41],[42]] 

 

Emulsion Solvent Diffusion Technique 

The drug's aqueous solution is emulsified 

within an organic layer. Polymer and gelling agent 

are dissolved in aqueous medium to create the drug 

phase, which is slowly added to the organic phase 

and homogenized for 30 minutes at 6000 rpm. 

Emulsification of an oil/water emulsion into 

nanodroplets is achieved through homogenization 

using a homogenizer.
[[43]]The nanogel is formed 

by incorporating Triethanolamine into the oil-in-

water emulsion, which is then stirred constantly for 

one hour at a speed of 8000 rotations per 

minute.
[[44]] 

 

Nano Precipitation Technique 

When the mixture of medication and 

polymer in the organic phase interacted with the 

surfactant aqueous layer, the polymer underwent 

precipitation. Subsequently, upon eliminating 

surplus solvent, polymeric nanoparticles 

remained.
[[45]]After moistening the particles, a 

gelling agent and appropriate quantities of 

nanoparticle dispersion are introduced, with pH 

stabilization achieved through the application of 

Triethanolamine.
[[46]] 

 

Modified Diffusion Emulsification Technique 

A mixture of the medication and a 

polymer, in a carefully measured proportion, is 

blended together. This blending occurs within the 

aqueous phase, where the drug-polymer 

combination is constantly stirred at a rotational 

speed ranging from 5000 to 10,000 rpm, resulting 
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in the formation of the organic phase.
[[47]]A 

needle-equipped syringe administers the organic 

phase into the stabilizing aqueous solution at a pace 

of 0.5 mL every minute. Following agitation for six 

minutes at a rotational speed between 10,000 and 

25,000 rpm, the mixture undergoes sonication for a 

duration of five to ten minutes.
[[48]] 

 

Reverse Micellar Technique 

A polymer, drug, and emulsifier are 

dissolved in an organic solvent. Following the 

addition of the cross-linking agent, it necessitates 

inclusion over an extended duration overnight. 

Once the nanoparticles have been purified, the 

solvent is removed through evaporation, resulting 

in a desiccated mass.
[[49],[50]]The nanogel was 

formed through the dissolution of the gelling agent 

in water. When nanoparticles are mixed with an 

aqueous solution containing a gelling agent, 

nanogel is produced. The pH is altered by the 

addition of a neutralizing agent.
[[51]] 

 

EXPLORATION OF NANOGEL 

APPLICATIONS 

Utilizing Nanogel for NSAIDs 

Carbopol and Methylcellulose (MC) 

formulated nanogels mimicking chitosan and 

PLGA bilayered nanoparticles with oleic acid. 

These nanogels carried anti-inflammatory drugs, 

spantide II and ketoprofen, for allergic contact 

dermatitis and psoriatic plaque. Topical application 

showed enhanced drug absorption into deeper skin 

layers, promising for treating inflammatory skin 

conditions.
[[52]] 

 

Enhancing Antimicrobial Efficacy through 

Nanogels 

Nanoparticles aid in augmenting the 

permeability rate within cells and boosting drug 

retention within the bacterial cell membrane, 

resulting in heightened antimicrobial efficacy. A 

study noted an improvement in the antimicrobial 

capacity of berberine.
[[53]] 

 

Nanogel for Autoimmune Disorders 

Cyclodextrin helped encapsulate 

mycophenolic acid in liposomes with PEG 

oligomers and a photo initiator. UV light triggered 

polymerization of PEG oligomers. Nanogels 

showed better accumulation in the body, binding to 

immune cells, boosting mycophenolic acid 

concentrations. This delivery method improves 

patient compliance and slows kidney damage in 

lupus.
[[54]] 

 

Utilizing Nanogel for Stopping Bleeding  

A protein compound designed for Nanogel 

synthesis has proven effective in halting bleeding 

even in deep lacerations. These proteins possess a 

nanoscopic self-organization process enabling the 

creation of a biodegradable gel.
[[55]] 

 

Ophthalmic Nanogel Formulation 

The PVP/PAAc Nanogel is synthesized 

through radiation-triggered polymerization of 

polyvinyl pyrrolidone-poly(acrylic acid) nanogel, 

enabling the sustained localization of pilocarpine at 

the intended site for an extended duration.
[[56]] 

 

Nanogel for Nasal Drug Delivery 

Nanogel pharmaceutical distribution 

systems possess great promise in overcoming 

several obstacles in delivery. Nanogels are 

effectively absorbed by nasal mucosa and thus, 

could serve as effective conduits and delivery 

mechanisms for medication through nasal passages. 

Utilizing nanogels for vaccine distribution via the 

nasal route represents a novel strategy to manage 

disease progression.
[[57]] 

 

Nanogel as Carrier for Antifungal Agents 

In cases of fungal infections, the preferred 

route for both physicians and patients is primarily 

the topical method. A chitin-fluconazole nanogel 

was formulated through innovative chemistry 

reconstruction and thus the wet-edge approach. 

Nanogels derived from polysaccharides were 

reinvented from a polysaccharide solution. This 

chitin-fluconazole nanogel exhibits a controlled 

release pattern, which is optimal for sustained 

fluconazole availability over an extended period, 

ensuring effective treatment against fungi.
[[58]] 

 

Nanogel for Anticancer Therapy 

Numerous composite nanogels are 

employed in cancer therapy. Embedding 

chemotherapeutic agents within the nanogel not 

only enhances bioavailability but also augments 

permeability and retention.
[[59]]The uptake of 

Doxorubicin was accelerated by grafting Glycol 

chitosan with a pH-responsive mechanism and 

incorporating 3-diethyl amino propyl groups.
[[60]] 

Nanogels are increasingly utilized for 

more efficient medication delivery in cancer 

treatment. A polymeric nanogel approved by the 
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FDA for breast cancer patients is Genexol-PM 
[[61]] 

 

Nanogels for Diabetics 

A newly created Nano-Network, 

injectable and responsive to aldohexose, has been 

engineered. It comprises a blend of countercharged 

nanoparticles that mutually attract, maintaining gel 

integrity and preventing nanoparticle dispersion 

within the body. In vivo trials conducted on 

diabetic rats in 2012 revealed that nanogels laden 

with insulin reduced glucose levels by fifty-one 

percent from baseline for nearly two hours. 

Remarkably, compared to free insulin, these 

insulin-loaded nanogels effectively stabilized 

glucose levels, mitigating fluctuations in sugar 

levels. 
[[62]] 

 

II. SUMMARY AND OUTLOOK ON 

THE FUTURE OF NANOGELS 
Nanogels, versatile nanoscale structures 

composed of cross-linked polymer networks, have 

emerged as promising platforms in various fields 

such as drug delivery, tissue engineering, and 

diagnostics. Their unique properties, including high 

water content, tunable size, and stimuli-responsive 

behavior, make them attractive candidates for 

targeted drug delivery and controlled release 

applications. Moreover, advancements in synthesis 

techniques and the exploration of novel materials 

have facilitated the development of nanogels with 

enhanced stability, biocompatibility, and 

functionality.Looking ahead, the future of nanogels 

appears bright with numerous opportunities and 

challenges. Continued research efforts are expected 

to focus on optimizing nanogel properties for 

specific applications, such as improving drug 

loading capacity, achieving targeted delivery to 

diseased tissues, and enhancing biodegradability 

for reduced toxicity. Additionally, the integration 

of nanogels with other nanotechnologies, such as 

imaging agents and therapeutics, holds promise for 

advancing personalized medicine and 

diagnostics.Nanogels represent a rapidly evolving 

field with significant potential to revolutionize drug 

delivery and biomedical technology. With ongoing 

research and technological advancements, nanogels 

are poised to play a pivotal role in addressing key 

healthcare challenges and improving patient 

outcomes in the future. 
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