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Abstract 
___________________________________________________________________________________________________________________ 

One of the most popular applications of nanotechnology in both topical and internal medicine 
administration to the body is nanogel technology. The materials comprising the nanoparticulate 
frameworks are less than 100 nm in a single measurement. The goal of this review paper is to provide 
a concise overview of the most recent developments in the nanogel medicine delivery framework with 
regard to drug loading and swelling. It categorises according to links (chemical and physical) and 
responding behaviour. This article is to give a broad overview of nanogels, their innovative use in 
many contexts, and current synthesis techniques. NGs use drugs for a variety of reasons, including 
diagnostics, gene targeting, organ targeting, and many more. Different pulmonary, nasal, transdermal, 
intra-ocular, oral, and parenteral routes can be used to give NGs. The primary goals of this review are 
to present broad details on NGs, their characteristics, multiple categories, medication targeting 
strategies, kinds of drug delivery systems, assessment techniques, and cutting-edge uses for NGs in 
depth. 

Keywords:  Nanogel, DLS, CD, mechanism of drug release, classification, application  

 

Introduction:  

The use of nanogels as frameworks for redox-responsive DDSs 
is growing in popularity 1. Since novel biomaterials may be 
created with noticeably better qualities, the advent of nanogels 
was a breakthrough advance in the detection and treatment of 
illnesses 2. The term "nanogel" was initially used to refer to 
bifunctional cross-linked networks that use a nonionic polymer 
and a polyion to transfer polynucleotides 3. Nanogels in a range 
of 100–200 nm in diameter 4. Nanogels, also referred to as 
hydrogel nanoparticles or comprised of nanoparticles Gels are 
three-dimensional, nanoscale, chemically or physically cross-
linked polymer networks 5. In addition to having the potential 
benefits of nanoscale formulations, nanogels are appealing 
drug delivery vehicles because they have the alluring qualities 
of a hydrogel, such as high hydrophilicity, high loading capacity, 
and the potential for biocompatibility and regulated 
dispensation 6. As a new and promising medication delivery 
technology, nanogel exhibits opportunities in the biomedical 
industry because of its high drug loading capacity, stimuli 
reactivity, and outstanding biocompatibility. Biodegradability 
and little toxicity 7. The drug release is possible due to the 
breakdown of the diffusion gradient and the drug’s supporting 
structure, swelling behaviour, or affinity-based processes 8. Due 
to this notable variation in GSH levels, redox-responsive 
nanogels present a highly appealing platform for targeted drug 
delivery. Nanogels are widely employed in situations where a 
burst release in reaction to the redox environment is necessary, 
as well as in the transportation and delivery of substances to 
specified locations at certain times 9. Making advantage of 
Natural polymers with functionalized properties, like 
hyaluronic acid, polypeptides, alginate, pullulan, and dextran, 

are still a crucial decision to make nanogels biocompatible and 
biodegradable. Complimentary to the chemical Physical 
crosslinking, or crosslinking, is particularly fascinating because 
of its reversible nature 10. This analysis offers a provides a 
broad review of nanogels and lists their primary applications 
11. The nanogels can be employed as a delivery mechanism for 
various medication combinations for different types of cancer 
and other immunological diseases. The system was created to 
contain bioactive materials with various chemical and 
functional characteristics, such as cytokine delivery, 
vaccinations, In the future, nasal vaccinations and nucleic acid 
may offer novel treatments for autoimmune diseases and 
possibly cancer 12. They can be administered orally, through the 
eyes, sublingually, topically, or by any other route 13. This kind 
of Particularly for those exhibiting behaviour sensitive to 
various stimuli, nanogels are of great interest because of the 
manillnesses (such as cancer, degenerative processes, diabetes, 
etc.) that alter the body's pH or temperature tissue 14. Its good 
self-degradability property facilitates easy removal of the 
leftover nanogel formulation and helps with drug release 15. 
Nanogels have reduced the likelihood of toxicity and increased 
drug loading; however, these carrier systems work better with 
hydrophilic medicines 16.  

Routes of Administration of Nanogels: 17-19 
➢ Oral 

➢ Pulmonary 

➢ Nasal 

➢ Parenteral 

➢ Intra-Ocular 

➢ Topical 
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Advantages of Nanogels: 20- 30  
• Highly biocompatible, eliciting immune reactions because 

of its high water content and ability to function like genuine 
tissue. Because these nanocarriers are biodegradable, they 
are not harmful. 

• Quickly escape reticuloendothelial system entrapment. 

• It is possible to control drug release by adjusting 
crosslinking densities. 

• Better penetration across biological membranes because of 
the minuscule size. 

• Has the ability to combine charged solutes with both 
hydrophilic and hydrophobic medications. 

• Outstanding features for transportation. 

• Capacity to enter the tissues either by penetrating the 
tissues or by reaching the tiniest capillary veins. Via the 
transcellular or paracellular routes. 

• Adaptability in style. 

• Flexibility in the loading and release of drugs. 

• High water absorptivity: Due to their nanoscale size, 
nanogels may absorb a significant quantity of water when 
they are swelled and unloaded.  

• Rapid responsiveness to external stimuli: Extended and 
accelerated circulation time: This increases their likelihood 
of concentrating on the desired location. 

• Particle size reduction and surface characterization may be 
used to prevent the absorption of phagocytic cells. Should 
allow for both active and passive medication targeting in 
order to prevent rapid removal. 

• Avoid excluding the kidney abruptly. Renal clearance 
evasion causes a longer serum half-life. 

• The main benefit of using nanogels is that there is less 
chance of the medication escaping the solution too soon. 

• Nanogels will include macromolecular medicinal specialties 
such as proteins, siRNA, amides, and DNA. 

Disadvantages of Nanogels: 21-23, 25, 26, 28-31 

• Expensive method to fully eliminate the solvents and 
surfactants at the conclusion of the preparation process; 
residues of surfactant or monomer may still be present and 
may have negative consequence. 

•  A portion of the particles have a micrometers size. 

•  Because of average weight and size, scaling up is difficult. 
Nanogels' efficacy in loading drugs is limited, and 
inadequate control over the discharge of drugs. 

• The polymerization processes used to create the nanogels 
are quite severe. 

Characterization of Nanogels: 31-33 

Efficient production of nanogels is necessary to obtain a 
consistent product. Nanogels have a number of noteworthy 
physical characteristics that have particular attributes. For 
instance, visible light is finely scattered by nanogels, giving 
them a white appearance. Refraction is the cause of the multiple 
scatterings of light. Mechanism brought about by the increased 
refractive index of the nanogel particles. The little photon 
bundles that are passing through the nanogels and scattering 
the particles many times before leaving the nanogel because 
there is insufficient optical absorption. In addition to having 
cross-linked hydrophobic pockets, the nanometric dimensions 

of the nanogels give them a higher surface area-to-volume 
aspect ratio, which improves the solubility of hydrophobic 
medications. Several more characterization criteria also show 
the numerous unique characteristics of the nanogel drug 
delivery technology, which are covered in the sections that 
follow. 

1) Dynamic light scattering: 

One method for figuring out the size distribution profile of 
nanoparticles in liquids is dynamic light scattering (DLS). Light 
scattering is measured and recorded in a microsecond time 
frame. Measurements of the cross linker's impact and potential 
charge of the effective hydrodynamic particle radius polymer 
chains based on the nanogel's size. Additionally, DLS may be 
used to gauge how much a nanogel is swelling in various media. 
It is important to note that the DLS data shouldn't be 
interpreted as more accurate than the DLS readings in ignoring 
the smaller polymer particle population. Often, a variety of 
analytical techniques are required to completely comprehend 
the properties of nanogels. 

2) Scanning electron microscopy:  

One may ascertain the size and surface of a particle using 
electron microscopy. Nanogel morphological properties and 
particle sizes between 50 and 80 nm can be ascertained with 
scanning electron microscopy (SEM). It gives the nanogel 
particles' three-dimensional picture. The final picture is further 
examined using top-notch software, such as a Leica imaging 
system, to get automatically generated analysis findings. Of the 
nanogel particles' form and surface morphology. 

3) Circular dichroism: 

CD, or circular dichroism, is used to measure the final product's 
optical activity. This approach works especially well for finding 
chiral compounds that have been added to nanogels. Their 
existence results in spiral-based macromolecular formations 
that have chiral centres and are detectable by CD. 

4) Size-exclusion chromatography:  

The technique known as size-exclusion chromatography (SEC) 
separates the material based on its size. The distribution of the 
nanogel molar mass and the molar mass of particular fractions 
are the most frequent uses for it. Atomic force microscopy 
(AFM), TEM, Zeta-size analyzer, and SEM may all be used to 
examine particle size. 

5) Field-flow fractionation:  

A solution or suspension is pushed through a long, narrow 
channel, and cross-flow is applied as part of the field-flow 
fractionation (FFF) separation procedure. This cross-flow's 
direction is perpendicular to the flow direction. Compared to 
other separation methods, FFF is unusual in that it can separate 
polymer material throughout a large colloidal size range while 
maintaining high resolution. Typically, FFF relies on the smooth 
movement of particles inside a solution. Sample components 
flow at different speeds because of their mass and size, which 
causes separation since the components move at different 
speeds. 

6) Nanoparticle tracking analysis: 

NTA, or nanoparticle tracking analysis, is a method for 
measuring particles with sizes ranging from around 30 to 1,000 
nm. This method makes it possible to see and record 
nanoparticles in a solution by fusing charge-coupled device 
microscopy with laser light scattering microscopy. When a 
single nanoparticle moves in a Brownian motion, NTA can 
detect it, monitor it, and correlate its movement with particle 
size. It measures both specific size and concentration. 
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7) Swelling studies of nanogels: 

 The most significant characteristic of nanogels is swelling, 
which is determined by how effectively they can absorb water 
or another aqueous solution. The weight component of the 
swelled nanogel and the beginning weight are used to quantify 
the degree of swelling, making weight measurement the 
simplest method for determining the kinetics and swelling 
equilibrium. The type and content of the monomer, cross-link 
density, pH, temperature, and ionic strength all affect how 
much the nanogel swells. 

Ideal characteristics of drug for Nanogel: 34, 35  

• The medication should have a low-weight unit.  

• The medication should work well with the polymers used to 

make nanogels.  

• A drug's charge density should be less than  

• Drugs that are hydrophilic or hydrophobic will be added to 
nanogel. 

Benefits of Nanogels: 35, 19 

• They act like genuine tissue because of their high-water 

content, making them highly biocompatible; Because of the 

biodegradable carrier, they are safe. 

• Their loading capacity is great. 

• Via tuning, crosslinking densities may be changed. Because 

of its tiny size, it may penetrate biological membranes more 

easily. It also makes it easy to combine medications with 

charged solutes of both the hydrophilic and hydrophobic 

types. 

• Drugs may penetrate even the tiniest capillaries and enter 

tissues by transcellular absorption due to their minuscule 

volume. Or channels paracellular. 

• By using a polymeric network in the formulation, the 

medication can be delivered gradually over time. Why the 

iridescent solution that "nanogels" freely flow in aquatic 

settings can spread quickly. 

• Parenteral and mucosal administration.  

• It protects against the body's innate propensity to degrade 

prescription drugs. 

• It is simple to alter and maintain the physical properties of 

nanogels, such as size, to make them compatible with 

certain delivery molecules.  

• Merely a tiny amount of the drug is required, requiring 

fewer doses. 

• Reduces toxicity while increasing the absorption of 

medications.  

• Transdermal application of drug-loaded nanogels allows 

for internal body penetration without adverse or side 

effects.  

• These can pass across blood-brain barriers and other 
physiological barriers like the skin.  

Properties of Nanogels: 

It is believed that the use of gels and nanoparticles together 
represents a significant advancement in the realm of 
medication delivery 36.

 

Figure 1: Properties of Nanogels 31 

Biocompatibility and Degradability:  

Polymers, both synthetic and natural, can be used to create 
nanogels. Because they are biocompatible and biodegradable, 
they won't build up in the circulatory system 37.  

Swelling Property in Aqueous Media: 

As a result of solvent penetration, the polymeric framework 
grows, increasing the volume of the system. External stimuli 
like pH, temperature, or certain molecules can change the 
swelling or de-swelling capabilities. Structural factors like the 

cross-linking degree or the presence of a functional group can 
also regulate these features 38.  

Higher Drug Loading Capacity:  

The presence of a functional group within the polymeric unit 
determines the features of nanogels with increased drug-
loading capacities. A handful of these functional groups have 
the ability to combine with medicines or antibodies for targeted 
applications. These functional groups have a significant impact 
on drug-carrying and drug-releasing capabilities 39.   



Mendake et al.                                                                                                                            Journal of Drug Delivery & Therapeutics. 2024; 14(8):161-174 

ISSN: 2250-1177                                                                                            [164]                                                                                            CODEN (USA): JDDTAO 

Particle Size: 

Since nanogels are tiny enough to evade reticuloendothelial 
system absorption while still being efficient in preventing rapid 
renal exclusion, their usual size ranges from 20 nm to 200 nm, 
or India metre. Excellent permeability because of its extremely 
tiny size. It has the ability to pass across the blood-brain barrier 
(BBB)39.   

Solubility: 

Hydrophobic medications and diagnostic chemicals can be 
dissolved into nanogels' gel networks or cores [39]. Furthermore, 
several nanogels have lipophilic domains that can solubilize 
lyophilic compounds. The solubility of prostaglandin E2 was 
found to be pollulan nanogel modified with cholesterol. 
Additionally, doxorubicin was placed in amphiphilic cross-
linked nanogels made of poly [oligo (ethylene oxide)-methyl 
methacrylate] or Pluronic F127. Interestingly, in the majority of 
cases where hydrophobic interactions alone are the cause of 
loading, the resulting loading capacities are rather modest 23.  

Electro mobility: 

In order to create nanogels, which are essential for encasing 
biomacromolecules, gentle conditions and energy sources such 
as homogenization or sonication are used 23.  

Colloidal Stability: 

Compared with surfactant micelles, polymeric micellar nanogel 
systems, or nanogels, exhibit greater stability, with slower rates 
of dissociation, lower critical micelle concentrations, and 

extended drug retention. Colloidal nanogels are platforms that 
are sensitive to environmental changes 39. That two are 
intended for the delivery of drugs, targeting, and imaging and 
diagnostics. Applications involving physicochemical 
mechanisms like hydrophobic interactions and ionic or 
hydrogen bonding 40. 

Non-immunologic Response: 

Immune reactions or effects are often nonexistent with 
nanogel-based drug delivery methods 23. 

Viscoelasticity: 

Since nanogels frequently have highly solvated structures, they 
typically have viscous and elastic properties that ensure flow 
through the extracellular matrix and needles 41.  

Others:  

Drugs of both kinds charged solutes and hydrophobic and 
hydrophilic drugs are frequently administered using nanogels. 
Temperature, the existence of hydrophilic or hydrophobic 
groups in the polymeric networks, the gels' cross-linking 
density, the concentration of surfactants, and the kind of cross-
links in the networks all have a major impact on these 
characteristics of nanogels 39.   

Classification of Nanogels: 

Nanogels are generally classified into three major groups 
namely the linkage type, the responsive type as well as 
structural Type 42.

 

 

Figure 2: Classification of Nanogels 42 
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On the basis of responsive behavior: 22 

Nanogels can react to stimuli in one of two ways:  

• Nonresponsive gels simply swell up when introduced in an 
aqueous medium; stimuli-responsive nanogels swell or deswell 
in response to environmental stimuli such as temperature, 
magnetic field, pH, and ionic strength 43.  

• Multiresponsive nanogels readily swell due to water 
absorption and can swell or deswell in response to many 
environmental changes. 

Stimuli-responsive nanogels: 

Active drugs are included in stimulus-sensitive nanogels, and 
when the volume changes or is stimulated externally, the 
medicine is released. Biological cues, such as specific pH and 
temperature variations, cause the medication to be released 
from nanogels in a regulated way at the site of action, improving 
therapeutic efficacy. Blood and healthy tissues have a pH of 
around 7.4, but tumours and inflammatory tissues have a lower 
pH. Furthermore, as the carriers first enter the endosome, 
which has a pH of roughly 6, and subsequently the lysosome, 
which has a pH of 4, a pH gradient is seen during cellular 
absorption 21. Temperature is one of the environmental stimuli 
that is studied the most. Certain nanogels are engineered to 
undergo a sol-to-gel transition at body temperature, which is 37 
°C. Nanogels are in a sol form below 37 ◦C. The viscosity of 
nanogels increases to produce a semisolid gel at 37 °C 44. The 
estimated location affectability for glucose change is ±0.1 mM, 
and the reaction pace is accounted for as happening within 100 
ns of the request 24. 

Thermo-responsive nanogels:  

Among the most appealing intelligently responsive DDSs are 
thermoresponsive nanogels. Thermoresponsive nanogels 
exhibit shrinkage-swelling behaviour in response to changes in 
ambient temperature, allowing the medicine within to release 
at a regulated rate. Additionally, induced particle size reduction 
may lead to accumulation in the disease-related 
microenvironment and enhanced intracellular absorption 
efficiency, which would enhance therapeutic results 45. The 
temperature-responsiveness of nanogels with water-based 
network architectures makes them suitable for use in biological 
applications 20. 

PH-responsive nanogels: 

Cross-linked nanoparticles with basic or acidic groups that 
display swelling-deswelling behaviour based on pH are known 
as pH-sensitive nanogels. Of particular relevance are nanogels 
having a volume-phase transition pH (VPTpH) in the medically 
relevant range. At pH levels higher than the pKa, cationic 
nanogels are compressed; however, when the pH falls below 
the pKa, these nanogels inflate because of the network being 
protonated and the electrostatic repulsion between positively 
charged groups 21. It has also been shown that pH-responsive 
nanogels are effective in deeply penetrating tumours. With a 
cross-linked polyelectrolyte core made of poly (N-
isopropylacrylamide) and N-lysinal-N'-succinyl chitosan, a 
nanogel was created as is well known, the pH of plasma is 7.4. 
In contrast, the pH of intracellular organelles like lysosomes 
and the milieu around tumours are 6.5 and 4-5, respectively 46, 

47.  

Light-responsive nanogels: 

In order to achieve a regulated release of active molecules, light 
is employed as an external trigger. To achieve the intended 
therapeutic effect in vivo, variables including exposure time, 
light intensity, and wavelength are adjusted. Two types of light-
responsive nanogels are distinguished: (i) nanogels made of 
light-responsive polymers, and (ii) hybrid systems that 

incorporate noble metals like silver or gold 21. among the most 
promising external stimuli for DDSs is near-infrared (NIR) light, 
which has a wavelength between 750 and 1300 nm. NIR light 
has advantages over other forms of light, such as high tissue 
penetration and less     damage 44.    

Magnetic nanogels:  

Magnetic nanoparticles (MNPs) can induce hyperthermia in the 
presence of an alternate magnetic field (AMF), in addition to 
their ability to cause magnetic targeting in the presence of an 
additional magnetic field. Thus, temperature-sensitive nanogels 
and MNPs were combined to form hybrid nanogels, which were 
subsequently loaded with the chemical drug DOX (DOX-
MagNanoGels). Due to their three-dimensional network 
structure, nanogels enable the co-encapsulation of chemical 
medications and MNPs. Furthermore, the shrinking-swelling 
property of nanogels ensures the stimuli-drug release when 
AMF is applied 45.  Innovative nanogels could be made with 
MNPs' intrinsic magnetic properties and biocompatibility in 
biomaterials 48. 

Targeted nanogels:  

An additional viable method for precisely targeting the sick 
region is the attachment of active targeting ligands to nanosized 
delivery carriers. These targeting ligands, which bind to cell 
surface receptors, might be anything from tiny compounds to 
big antibodies. Since surface-functionalized ligands are readily 
recognised by cell surface receptors, they are often chosen for 
attachment to specific delivery systems 49.   

Redox-responsive nanogel: 

The concept of redox sensitivity is founded on the variation in 
GSH concentrations found in extracellular fluid (2–20 μM) and 
inside cells (2–10 mM) 50. Reversibly crosslinking it with 
disulfide bonds, which are redox-responsive and cleave when 
exposed to reducing chemicals like glutathione (GSH) or 
dithiothreitol, is an alternate method for creating stimuli-
responsive nanogel particles. Usually, the post-polymerization 
modification incorporates the disulfide moiety to provide the 
polymers with redox responsiveness. Developing amphiphilic 
copolymer nanoassemblies adorned with redox 
responsiveness while preserving their biodegradability and 
biocompatibility takes a lot of work 49. 

Structure-based: 22 

These nanogels are classified according to the source of their 
structure. There are many different kinds of nanogels, including 
hollow nanogels composed of pH- or temperature-sensitive 
nanogels, Hairy, multilayer, functionalized, and simple nanogels 
(artificial chaperons) cross-linked core-shell nanogels and 
cross-linked nanogels that are also utilized to produce nanogels 
that respond to stimulation. 

On the basis of linkages: 

Physically Cross-Linked Nanogels:  

Self-assembling (supramolecular) interactions between 
identical or dissimilar polymer chains cause physically cross-
linked nanogels to form. These reversible interactions include 
hydrophobic, electrostatic, van der Waals, and hydrogen 
bonding interactions 51. Therefore, as will be discussed in the 
next sections, physically crosslinked nanogels must be carefully 
developed to survive the stress under physiological settings 52. 

Hybrid Nanogels:  

A hybrid nanogel is a nanogel that has been mixed with 
different polymers or inorganic nanoparticles, such as 
plasmonic, magnetic, carbonaceous, and so on. This section 
covers the noteworthy stimuli-responsive hybrid nanogels that 
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have been created for a range of medical and diagnostic uses. 
Wu et al., for example, created a multifunctional hybrid nanogel 
(< 200 nm) with an Ag nanocore shielded by a copolymer gel 
shell for insulin administration and biosensing at physiological 
pH 53. These are made by the self-assembly of two 
hydrophobically modified polymers: a copolymer of N-
isopropylacrylamide (NIPAM) and a cholesterol-bearing 
pullulan (CHP) 21. The main idea behind hybrid nanogels is the 
deliberate blending of polymers with other substances to 
create multipurpose nanogels 54.  

Micellar nanogels:  

Polymeric micelles are nanoscale particles with a standard 
core-shell structure, in which the corona stabilises the interface 
between the core and the external medium and the core is 
capable of solubilizing the hydrophobic medication 55. The 
stable core-shell structure surrounding the micelles is the 
consequence of the hydrogen bond formed, and the hydrophilic 
section is essential to this process. These core-shell micellar 
nanogels are very stable and exhibit a stimuli response 31.  

Liposome-Modified Nanogels:  

Liposomes are a type of small, tiny vesicles that have an 
aqueous volume completely surrounded by a membrane made 
of lipid molecules. They have a lipid-bilayer structure. 
Liposomes are made up of several different substances, the 
primary ones being cholesterol and phospholipid 55. When 
applied transdermally, liposome-tailored nanogels made of 
poly (N iso-propylacrylamide) polymeric molecules 
demonstrate a thermoresponsive-triggered mechanism of drug 
release 31. 

Chemically Cross-Linked Gels:  

Generally, water-soluble polymers, such as polysaccharides 
that have been modified with reactive groups, including vinyl 
and thiol groups undergo a cross-linking process to create 
chemically cross-linked nanogels under diluted circumstances. 
Moreover, NGs may be created by joining polymer chains 
together via covalent chemical interactions 56. Because these 
relationships are stronger and largely irreversible, they are 
more stable than physical contacts. Some methods of chemical 
crosslinking are photo-induced crosslinking, reversible 
addition-fragmentation chain transfer (RAFT), click chemistry 
crosslinking, and polymerization by emulsion 51,57. A wide range 
of chemical cross-linking techniques, including "click" 
chemistry, photo-cross-linking, and quaternization of amino 
groups, have been documented in the literature 58. Amino acid 
crosslinking can be used to create biodegradable nanogels 
based on amino acids 46. 

Disulfide Cross-Linking: 

Reacting groups: thiol and disulfide, under mild reaction 
conditions and pH, with straightforward additional 
fictionalisation-Amphiphilic random copolymers that self-cross 
link (pyridyl disulfide, a hydrophobic and cross-linkable unit, 
and PEG, a hydrophilic unit) 59.  

Amide cross-linking:  

Iodides, carboxylic and amino esters, reacting groups; no other 
ingredients are required; degree of cross-linking is adjustable 
59.  

Imine Cross-Linking:  

Mild reaction conditions, no catalyst, Schiff-base reaction 
between amine or hydrazide and aldehyde 59.  

Copper-free Click Chemistry Cross-Linking:  

Alkyl units with amino groups immobilised to the particle shell 
by amidation of hydrophilic polymer micelles are the reacting 

groups. Depending on whether a catalyst is used or not, on a 
quick or gradual reaction 59.  

Photo-induced Cross-Linking: 

An exceptionally effective method for stabilizing polymers 
containing reactive groups such as alkenes or coumarins by UV 
irradiation, photo initiators that are highly efficient, and 
concerns about toxicity 59.  

Features of Nanogel: 60 

Targeting Delivery: 

Because of their surface reliance and attention to local 
conditions, nanogel carriers are often administered at specific 
places via binding to them or by other "passive" strategies, 
including retention inside physiological regions. 

Low Level of Toxicity:  

Biofriendly and non-toxic nanogels that break down quickly 
into non-toxic compounds that the body may quickly remove 
from it are also required. 

Controlled and Sustained Medication Delivery: 

Drugs should be delivered at the designated location in order to 
guarantee that each therapy is used as efficiently as possible 
and with the least amount of side effects. High drug loading is 
necessary to achieve therapeutic objectives. 

High Stability of Encapsulation:  

The greatest therapeutic benefit and lowest level of toxicity or 
side effects are offered by embedded drug molecules; however, 
they must not be overused or leak before their time. 

Size Control:  

Physicochemical techniques are frequently used to modify the 
size and surface characteristics of nanogels in order to reduce 
somatic cell clearance and alter the targeting of either active or 
passive cells. Nanogels should be small enough to allow them to 
enter tissues and capillaries by transcellular or paracellular 
routes. 

Synthesis techniques of Nanogels: 

Many methods for creating nanogels have lately been 
condensed into a number of outstanding evaluations 61.  
Provides a synopsis of the methods along with citations to 
further in-depth information. Nanogels have historically been 
divided into two categories: physically crosslinked nanogels 
and chemically (covalently) crosslinked nanogels 62. 

Polymerization of Monomers in a Homogeneous Phase or 
in a Microscale or Nanoscale Heterogeneous Environment: 

A drawback of self-assembled nanogels is their propensity to 
become unstable during blood circulation; however, covalent 
polymerization yields nanogels that are more diverse and have 
higher biological stability. Reverse (water or oil) and 
conventional heterogeneous polymerization are the two 
techniques for creating nanogels. (Oil/water) mixtures. 
Hydrogel preparation using micro- and nanoparticles has been 
the subject of several investigations. Amounts by emulsion 
polymerization. Typically, emulsion-based polymerization 
reactions consist of the following basic ingredients: oil, water, 
monomer solution, polymerization initiators, and surfactant 
acting as a stabilizer 63. In general, chemical synthesis in 
heterogeneous colloidal settings might offer chances to change 
the nanogel's structure and characteristics [64]. First, controlled 
polymerization may be used to create synthetic polymers with 
the required function, fine-tuning their composition, molecular 
weight, functional groups, and architecture. Alginate, pullulan, 
chitosan, dextran, hyaluronic acid, polypeptides, and other 
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functionalized natural polymers help to increase the 
biocompatibility and biodegradability of nanogels 61.  

Cross-Linking of Preformed Polymers:  

This method creates large-sized NGs by emulsifying oil in water 
and then removing the solvent. Using the oxidation procedure, 
branched PEG (thiol-functionalized) and dimethyl sulfoxide-
containing DNA are combined to create cross-linked NGs with 
DNA. This approach yields NGs that are toroidal, spherical, and 
rod-shaped. This technique works well for regulating the NGs' 
surface characteristics, composition, size, and form, among 
other factors 65.  

Novel Photochemical Approach: 

A novel photochemical approach is used to produce NGs in a 
150 mL interlayer quartz flask with a nitrogen gas input and a 
stirrer. 60 milliliters of deionized water containing 186 
milligrams of monomer are mixed with a predetermined 
amount of nanoparticles, usually 10 mg. After agitating the 
mixture for ten minutes, 0.8 milliliters of a one-weight percent 
cross-linker are added. Additionally, it is subjected to 25 
minutes of ultraviolet (UV) light. Throughout the preparation 
process, N2 is effervescent. To be used again, the NGs are 
gathered, repeatedly cleaned in distilled water, and then 
redispersed in the same water. Utilising N-(2-aminoethyl) 
methyl acrylamide and N, N′-methylene-bis-acrylamide, this 
technique was utilised to create amino-functionalized magnetic 
nanogels (NGs) of coated ferric oxide nanoparticles for use as 
MSI contrast agents. The same UV light with a wavelength of 
365 nm was used to create DNA-loaded diacrylated Pluronic 
and glycidyl methyacrylated chito-oligosaccharide NGs. A 
photoinitiator was also used. Injectable deposition strategies 
for gene therapy were improved with the use of these NGs, 
leading to increased native transgene expression at the 
injection locations 65.  

Inverse emulsion polymerization:  

One popular synthetic methodology for creating pH-responsive 
nanogels is the inverse emulsion method. There is no 
complicated equipment required for this procedure, and it is 
easy to manage the size range of the nanogel that is created. The 
monomer or precursor polymer solution is continuously 
emulsified in an apolar phase during the first step. For this, an 
appropriate oil-soluble surfactant is utilised. The precursor 
polymer, which is included in the emulsion droplets, is 
chemically crosslinked in the next stage. Direct polymerization 
of the monomers is another option. To accomplish crosslinking, 
a functional group of the polymer chain or an appropriate 
crosslinker may react 66. By adding an aqueous polymeric 
solution to a water-miscible non-solvent, NG is prepared by 
inverse nanoprecipitation. This process creates nano-sized 
polymer clusters when the solvent and non-solvent are mixed 
and then crosslinked 67.  

Novel Pullulan Chemistry Modification: 

This technique involves the chemical alteration of pullulan. A 
mixture of cholesterol in DMSO and pyridine is used to create 
cholesterol-based pullulan (CHP) NGs. To modify, substitute 1.4 
cholesterol moieties for every 100 glucoside units. The 
formulations made using this method require freeze-drying. 
Protein NG formulations function as an effective carrier when 
using the CHP-based approach. By using a Michael addition 
reaction to substitute PEG for the acrylate and thiol groups, the 
CHP technique may also be modified. A pullulan that is 
appropriate for targeting folate receptors is created when 1.6 
units of glucose are used to modify it. After conjugating pullulan 
and the photosensitizer with carbodiimide and dialysis, NGs are 
produced. These NGs work well in the treatment of cancer 65.  

 

Drugs loading technique in nanogels: 

Nanogels are frequently employed in the transportation of 
therapeutic substances. More medications should be able to be 
delivered by a nanodelivery system by reducing the number of 
carriers required. Three techniques might be used to include 
medications in nanogels: self-assembly, physical trapping, and 
covalent conjugation 19.  

Covalent Conjugation:  

Drug distribution is more convenient with the use of 
nanosystems. This is the outcome of its natural functional 
groups influencing how nanoparticles behave in terms of 
structure and characteristics. The medication is covalently 
conjugated to the cross-linked nanogel, which gives the 
encapsulated drug more stability. Ester bonds are established 1 
between the hydroxyl groups in polysaccharides and the 
groups of carboxyls in the medication, resulting in hydroxyl 
groups that are easily interacting with one another. Here, the 
medicine will be released early because enzymes like esterases 
will cleave the functional groups 29.  

Physical Entrapment: 

Proteins are integrated into pullulan nanogels that have been 
modified with cholesterol, and siRNA is physically trapped in 
HA nanogels. Furthermore, the nonpolar area formed by 
nanogels containing hydrophobic chains might include 
hydrophobic materials. Hydrophobic interactions between the 
drug molecules and the nanogel were frequently the means by 
which loading was achieved, resulting in relatively low loading 
levels (no greater than 10%) 19.  

Self-Assembly:  

The self-assembly process is the autonomous grouping of 
components into distinct aggregates. It's easy, flexible, and 
reasonably priced, among many other good qualities. The 
system's thermodynamic minima cause this process, which 
results in stable and dependable structures 19.  Due to 1 the 
dynamic and reversible nature of the non-covalent contacts, 
physical cross-linked nanogels exhibit unique activities and 
have the ability to perform, recycle, and fix oneself when 
compared to chemically cross-linked nanogels 7. Since the 
circumstances for crosslinking and self-assembly during the 
nanogel's creation are rather benign, this technique might be 
used to include delicate bioactive substances like proteins in 
the nanogels. A suitable polymer concentration and/or 
environmental factors, for example, pH and temperature and 
ionic strength, can be used to adjust the formed nanogels' size 

68.  

Mechanism of drug release from nanogels:  

The two drug releases from nanogels work as follows: 
Biological agents can be included into nanogels via the 
following methods: 1) physical trapping 2) covalent 
conjugation; 3) directed self-assembly or Biochemical One can 
also release compounds from nanogels: 1) basic diffusion; 2) 
The nanogel degradation 1) displacement by environmental 
counterions; 2) pH change; 3) nanogel; 4) or 5) changes 
brought about by a source of outside energy 69.  

It has been noted that both the network mesh size of the 
nanogels and the drug's affinity for the polymer affect how 
readily pharmaceuticals are released from them. In the former 
scenario, on the other hand, interactions between the 
medication and polymer may play a major role in managing and 
controlling the drug's release 42.  

Diffusion Mechanism: 

When a medication is physically enclosed in the nanogel, a very 
basic drug release mechanism is anticipated. The steric 
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interactions between the encased pharmaceuticals and the 
nanogel polymer network are regulated by the sizes of the open 
gaps (meshes) between the networks, which in turn affect how 
the medications diffuse through material 42.  When a medication 
or other active ingredient diffuses through a polymer that 
creates a controlled release mechanism, diffusion takes place. 
Diffusion can happen at the molecular level by passing between 
polymer chains or at the macroscopic level through pores in the 
polymer matrix. There are two ways to regulate when a 
medicine releases by diffusion from the delivery system: (1) 
The degree to which the drug binds to the micelle core (e.g., 
hydrophobic binding in hydrophobic cores), as indicated by the 
drug's partitioning between the micelle and the surrounding 
environment; and (2) The degree to which polymer chains bind 
to one another within the micelle structure, as indicated by cmc 

26.  

The use of the diffusion process to transport therapeutic 
compounds has drawbacks, such as blood components 
interfering with the production of micelles and making it 
difficult to correlate the stability profiles of in vivo and in vitro 
features. Additionally, measurements of the compounds with 
continuous release produced from micelles are needed for 
assessment 70.  

Nanogel Degradation: 

Another method for the release of medications trapped in the 
polymer network is the breakdown of nanogels. Drugs diffuse 
out of the material as a result of the degradation's rise in 
nanogel mesh size. The polymer backbone of the cross-links 
may undergo nanogel breakdown, which is often mediated by 
hydrolysis or enzyme activity 42. It has been demonstrated that 
the breakdown of these nanogels causes the release of 
encapsulated substances, such as the fluorescent dye 
rhodamine 6G and the anticancer medication doxorubicin, and 
also makes it easier to remove empty vehicles 17. Improved 
drug release characteristics are a benefit of using this 
technique, as it makes use of the nanoparticles' pH 
responsiveness 70.  

Displacement by Ions Present in the Environment: 

Displacement with counter ions is a different method of drug 
release 71. There is an increased interest in developing nanogels 
that can release biological agents in response to environmental 
cues at the targeted site of action. For example, disulfide cross-
linked POEOMA nanogels biodegraded into water-soluble 
polymers in the presence of a glutathione tripeptide, which is 
commonly found in cells. Negatively charged substances 
released from cell membranes it was also suggested that drugs 
from complexes with cationic nanogels could account for the 
cellular build-up of an NTP drug delivered via nanogels 17.  

PH Responsive Mechanism: 

This process explains how variations in pH induce nanogels 
with weakly basic or acidic groups in their structure to swell or 
de-swell. The method, then, makes use of the body's pH 
fluctuations to produce a targeted reaction in particular cellular 
compartment 42.  Their nanogels were made up of ovalbumin 
nanospheres, with a portion of the chitosan chains creating the 
shell of the nanogel and the remainder being inserted 
throughout the structure. The hydrodynamic radius of the 100 
nm-sized, pH-sensitive nanogels increased in the pH range of 5-
5.3, increased in the pH range of 4.3-5.8, and increased 
considerably in the pH range of 5.3-5.8. They also mentioned a 
shift in pH-related hydrophobicity and hydrophilicity. At 
neutral and acidic pH, they are hydrophilic, whereas at alkaline 
pHs, they are hydrophobic. Because of their pH-dependent 
characteristics, the nanogels they created may find application 
in medication delivery 20.  It was found that this nanogel was 
stable at physiological pH, but that its swelling properties and 
size altered at pH 6.8 and 5.5. It dissociated at pH 6.8 after 
growing from 56 to 386 nm in less than a day 72.  

Photochemical Internalization and Photoisomerisation:  

Exposing a restricted rotation bond to light results in a variety 
of conformational changes throughout the photoisomerization 
process. One example would be molecules that are covalently 
bonded, which frequently isomerize from a Trans orientation 
to a cis orientation when exposed to light 25. Photoexcitation of 
nanogels laden with photosensitizers produces reactive oxygen 
species and singlet oxygen, which oxidise cellular compartment 
barriers such as endosomal barrier walls and cause the release 
of medications into the cytoplasm17. Aspirin was used as a 
model medication in which Azo dextran-loaded nanogels 
presented an azo group in the Z-configuration, which has less 
release compared with the E-configuration at 365 nm radiation. 
The trans-cis was then able to see this using photoregulation in 
the isomerization of azoben-Zene 28.  

Preparation Techniques of Nanogels: 

Various methods have been developed over the years to create 
nano-gels, depending on the excipients that are employed. 
Stepwise or contemporaneous polymerization-cross-linking 
processes can be used to create nanogels 73. There are several 
methods for creating nanogels, some of which are listed here. 
Four types exist for the preparation of nanogels: 27. 

1. Preparation by monomer polymerization  

2. Preformed polymer cross-linking  

3. Polymers physically interact through pressures  

4. Nanofabrication with help from templates

 

 



Mendake et al.                                                                                                                            Journal of Drug Delivery & Therapeutics. 2024; 14(8):161-174 

ISSN: 2250-1177                                                                                            [169]                                                                                            CODEN (USA): JDDTAO 

 

Figure 3: Method of preparation of Nanogels 49.  

Evaluation of Nanogels: 19, 34 

Appearance: 

Visual examination was conducted to determine the clarity, 
color, and presence of any particles in the ready gel bases. 

Homogeniety: 

Visual inspection was used to verify the homogeneity of each 
generated gel once it was placed within the instrumentality. 

Particle size and polydispersity index (PDI): 

The findings of measuring the average size of the nanogels 
using the Zeta sizer and Malvern MasterSizer 2000 MS were 
reported. 

PH measurement: 

The pH of the nanogel formulation was measured using the 
Electrolab® digital pH metre. One beaker with a certain volume 
of filtered water contained a small amount of the formulation. 
After dipping the electrode into the formulation, the pH of the 
mixture was determined. 

Drug content: 

The level of medicines in the formulation was ascertained by 
both high-performance liquid chromatography and scanning 
using UV spectrophotometers. 

Spreadability: 

Mutimer's recommended equipment determines spreadability. 
Spreadability was determined by applying the formula S=M. 
L/T, where  

S=spreadability, L=Length of glass slide, M=weight  

tied to higher slide, T=Time taken to separate the slides. 

Infra-red spectroscopy: 

The infrared spectra of nanogels in the 4000-400 cm1 IR region 
were acquired using an FT-IR spectrophotometer. 

Viscosity: 

Using the Brookfield rheometer at 10 rpm and spindle number 
64, the viscosity of the nanogel formulation was determined. A 
water bath with a thermostat-controlled temperature of 25°C 
was connected to the assembly. A thermostatic jacket was 
placed over the beaker, and the viscosity was computed and 
applied. After letting the spindle go through the nanogel, the 
values were noted. 

In-vitro drug release study: 

The Franz diffusion cell device was used to study the 
formulation's in vitro drug release. The formulation was 
distributed on a dialysis membrane in the donor-receptor 
chamber centre of the Franz diffusion cell. The 30-degree 
Celsius temperature was maintained. This assembly was 
magnetically stirred and continuously agitated using a 
magnetic field. It was computed how much medicine was 
released from the nanogel formulation. 

Stability study: 

The ICH guidelines were followed in performing the 
accelerated stability of nanogel. A three-month stability study 
at 25 °C and 60% relative humidity was carried out in an 
environmental stability chamber in order to assess the stability 
of topical nanogel. The liquid was filled into glass vials with caps 
that were amber in colour and stored in the chamber of 
stability. After three months, the medication's composition, 
consistency, and in vitro drug release were evaluated. 

Scanning electron microscopy (SEM): 

The surface morphology of a nanogel formulation was 
examined using scanning electron microscopy at 
magnifications of X30, X500, X1000, and X3000 using a 20 kV 
electron beam. A droplet of the nanoparticulate dispersion was 
applied to an aluminium metal plate during sample 
preparation, and the plate was vacuum-dried to create a dry 
film visible under a scanning electron microscope. 

Application of Nanogels: 

Particularly because of their encapsulation stability, water 
solubility, and biocompatibility, nanogels have great potential 
as delivery methods. Drug delivery for cancer is only one of the 
many applications for these nanocarriers 74. 
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Figure 4: Application of Nanogels 34 

 

Anticancer Therapy: 

During surgery, one possible use for nanogels would be to 
remove some of the tumour tissue, then implant the nanogel, 
which would solidify and offer a layer of protection or fill the 
void left by the tumour removal. To further prevent the tumour 
in the foreseeable future, nanogels might also be loaded with 
many therapeutic medicines 44.  

Autoimmune Disease: 

The use of nanogels in the treatment of autoimmune diseases 
has enormous promise. Immunosuppressive therapy, which 
completely shuts down the human immune system, is the 
mainstay of care for many autoimmune illnesses. Since 
autoimmune illnesses have the potential to cause inflammatory 
affections, it is important to maximise therapy efficacy. A 
medication delivery vehicle based on nanogels was created to 
provide the immunosuppressant mycophenolic acid (MPA) 75.  

After being exposed to UV radiation, which causes the PEG 
oligomers to photopolymerize, the loading liposomes 
containing mycophenolic acid, oligomers of lactic acid-poly 
(ethylene glycol) that were ended with an acrylate end group, 
and the Irgacure 2959 photo initiator were readily dissolved by 
cyclodextrin 25.  

For Local Anaesthesia:  

One of the main goals of therapeutics in dental care is pain 
management. By adding local anaesthetics to medication 
delivery devices, the regional administration of these drugs 
might be improved. In research to design and assess a 
medication delivery method for periodontal anaesthesia using 
thermo-reversible in situ gelling, Pluronic gel was discovered 
to be a viable carrier for the efficient release of mepivacaine 

hydrochloride throughout the dental operation. Given their 
longer blood circulation duration and reduced discomfort 
following injection, nanogels are likely one of the best options 
55.  

Stopping Bleeding: 

Solution-dissolved protein molecules, which have been utilised 
to create nanogels, may halt bleeding even in severe cuts. A 
biodegradable gel is produced by the proteins' nanoscale self-
assembly process. 

Anti-Inflammatory Action: 

The primary therapy for several inflammatory illnesses 
involves the prescription of anti-inflammatory medications, 
such as nonsteroidal anti-inflammatory medicines, or NSAIDs. 
Oral NSAID medication might result in anemia when used 
chronically since it can induce gastrointestinal bleeding and 
ulcers. The medicine can be delivered transdermally to prevent 
these adverse effects. Transdermal delivery improves patient 
compliance, avoids first-pass metabolism, and sustains drug 
levels in the plasma for extended periods of time. Because of 
these characteristics, nanogels may be able to increase the 
penetration and transdermal permeation of active ingredients 
75.  

Ocular Problems: 

Owing to the unique anatomical and physiological 
characteristics of the eye, ocular medication delivery continues 
to be a significant issue for pharmaceutical researchers. The 
cornea, retina, and sclera of the eye continue to enclose the 
solitary organ that is the eye within the eye socket. The main 
defence against foreign objects getting into the eye is these 
layers themselves. Administering therapeutic drugs becomes 
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more challenging due to the absence of blood flow to the cornea 
and crystalline lens. Further limiting the ocular availability of 
the delivered medications might be the presence of an efflux 
pump that actively transports out the drug candidate. Further 
issues with ocular medication administration include protein-
drug binding, drainage due to lachrymal fluid, lysosomal 
enzyme degradation of the active component, and drug loss via 
regular blinking behaviour. When combined, these variables 
lead to a ten-fold decrease in the administered drug's 
concentration, a five- to six-minute residence period, and a one- 
to three-percent drug penetration. It is observed that 
ophthalmic drugs have a longer residence duration in nanogel 
systems that use muco-adhesive polymers like durasite and 
chitosan. Functionalized polymer-based nanogels are a good 
option for ocular delivery because they enable surface 
modification to regulate the release kinetics of loaded drugs, 
boost bioavailability, improve corneal penetration, target 
particular anatomical sites in the eye, etc. By preventing 
repeated medication administration, the longer residence 
period provided by nanogel improves patient compliance 76.  

Neurodegenerative Diseases:  

An effective method for delivering ODN to the brain is nanogel. 
Systemic transport of ODN to the central nervous system is 
necessary for the therapy of neurodegenerative disorders. 
Higher-molecular-weight injections into the bloodstream are 
quickly removed from circulation because they are unable to 
pass across the blood-brain barrier. Nanogels are included in 
when combined with a negatively charged ODN, it produces 
polyelectrolyte complexes. (A stable aqueous dispersion) 
capable of effectively crossing the BBB with particle sizes less 
than 100 nm. The. When insulin or transferrin modify the 
nanogel surface, the efficiency of transport is significantly 
increased 22,77. 

Diabetics: 

A novel nanotech approach, involving a single injection of a 
nanogel that can stabilise blood glucose levels for up to 10 days, 
is being used by researchers at the Massachusetts Institute of 
Technology (MIT) and Boston Children's Hospital to create a 
self-operating insulin delivery system. Because the nanogel is 
glucose-sensitive, it can measure blood glucose levels and 
produce insulin in response. An oppositely charged 
combination of dextran nanoparticles, which are attracted to 
one another by electrostatic forces and give the gel mechanical 
consistency, is the basis of the MIT method's nanogel. Modified 
dextran, glucose oxidase enzymes, and insulin make up the 
nanoparticles' inner core. Gluconic acid is produced when the 
enzyme reacts with the elevated blood glucose levels. By 
dissolving the dextran spheres and releasing insulin, the 
gluconic acid that is so produced brings the blood's glucose 
level back to normal. The body eventually dissolves both 
dextran and glutamic acid since they are biocompatible 27.  

Nasal Drug Delivery: 

One of the most appealing immunization techniques is 
intranasal vaccination, which delivers vaccine antigens straight 
to the mucosa in order to stimulate a protective immune 
response. The world has made needle-free vaccines a top goal 
in order to lessen the possibility of needle-related mishaps, 
such as the transmission of infections by reusing or disposing 
of needles incorrectly, and to prevent the discomfort or anxiety 
that comes with needle usage. A novel needle-free mucosal 
vaccination has the benefit of simultaneously inducing mucosal 
immunity, particularly in the aerodigestive and reproductive 
systems, and eliciting antigen-specific systemic humoral and 
cellular immune responses. Using type-A neurotoxin subunit 
antigen Hc (BoHc/A), a recombinant non-toxic receptor-

binding fraction of Clostridium botulinum, an intranasal 
vaccination utilising the CHP-NH2 nanogel was shown 78.  

Vaginal Drug Delivery:  

Different vaginal infections have been treated with 
antibacterial drug-loaded vaginal nanogels. Applying them can 
also help relieve other sexual difficulties and reduce vaginal 
discomfort and discharge. One of its disadvantages is that 
vaginal nanogels should not be used if a woman is pregnant or 
during her period. According to research, women's risk of HIV 
infection may be lowered by a small amount of vaginal nanogels 
containing antiretroviral medications 22. Tenofovir vaginal gels 
can be used to prevent HIV. Tenofovir gelatin nanoparticles 
may be made using a two-step desolvation process. Both a 
gelling agent and a bioadhesive polymer were employed with 
HPMC K15M 21.  

Nanogel in vaccine delivery: 

Vaccination is one method of generating active immunity, 
which is the immune system's stimulation to generate cellular 
immunity (T-cell immunity) and a humoral immunological 
response (IgG antibodies) with specificity for certain antigens. 
The primary benefit of vaccinations utilising live, attenuated 
microbe particles is a strong T-cell response; nonetheless, these 
vaccines may pose a risk. Since protein- and peptide-based 
vaccines contain adjuvants such as aluminium salts, this benefit 
is not relevant to them. Consequently, it's imperative to create 
better, safer, and more effective vaccinations that don't include 
attenuated germs or cause inflammation from aluminium salts. 
Targeted drug delivery Nanosystems are one avenue of study 
being pursued to develop a new generation of vaccinations. For 
the purpose of preventing or treating infections, cancer, 
allergies, and/or autoimmune illnesses, nanogels can be 
designed to either upregulate or downregulate the immune 
response 75.  

Targeted drug delivery: 

Nanogels' nano-particulate dimension offers them limitless 
opportunities for precise medication delivery. Medication 
delivery targeting improves optimum medication 
concentration in specific areas and decreases drug losses inside 
physiological voids 54. Targeted drug delivery is particularly 
important for treating diseases like cancer 79-82. Targeted drug 
administration also lessens unpleasant drug responses, which 
might result in non-adherence to prescribed medicine. Created 
nanogels that are intended to administer curcumin specifically 
to colon cancer patients. They created tailored medication 
delivery with potential future applications by combining 
several materials in multiple ways 54.  

Controlled drug delivery:  

The wide range of materials and nano-sizes of nanogels utilised 
in formulations result in solutions that are adaptable and can 
be adjusted for precise drug delivery. The production of a 
promising nanogel for the "on-demand" and regulated 
administration of camptothecin to tumour locations was 
reported by Qu et al. in 201954.  

Future Perspective:  

The primary focus of nanogels' future needs to be on their 
therapeutic use. A number of nanogel components require 
further optimization and refinement prior to clinical use. It is 
necessary to do more thorough research on the 
pharmacokinetics and pharmacodynamics of nanogels. 
Research that focuses on the specifics of how nanogels achieve 
therapeutic effectiveness as well as their physicochemical 
properties will pave the way for the creation of various 
biomedical applications 76. Drug release control based on 
stimulus responses is the main focus of upcoming nanogel drug 
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delivery technologies. The term "smart" refers to the ability of 
these nanogels to perceive changes in their environment and 
adjust the medication release profile accordingly. The 
development of such systems might have a wide range of uses, 
particularly for medications with strong side effects or limited 
indexes. When signals from certain environmental stimuli are 
identified, smart nanogels ought to be able to respond 
appropriately and provide immediate feedback. Research has 
already shown that, in comparison to traditional hydrogel 
particles, nanogels often exhibit a quick reaction 83. 
Furthermore, one unique property of nanogels is their capacity 
to absorb large volumes of water or biological fluids without 
losing their structural integrity. This allows nanogels to 
introduce swelling behaviour, which is a feature shared by 
macroscopic hydrogel systems 84.  Numerous stimuli, including 
pH, redox, temperature, light, and others, have been created for 
use in targeting drug delivery systems; nevertheless, a 
significant problem remains in effectively integrating these 
stimuli together to maximize their synergistic effects 85.   

Conclusion 

In this study, we paid close attention to the characteristics, 
categorization, drug targeting or assessment techniques, and 
uses of NGs. NGs can develop a medication delivery mechanism 
that works well. NGs are classified based on how they behave in 
response to particular stimuli, how they cross-link, and how 
they are structured. The treatment of ocular issues, nasal 
medication administration, vaginal drug delivery, and other 
uses for nanogel have become clearer with the recent 
advancements in nanogel and nanotechnology. Given the 
progress made with nanogels, we think that more studies and 
trials are necessary. There is more possibility for evaluating 
nanogels with smart qualities based on controlled physico-
chemical characteristics of the apparatus. 
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