
_____________________________________________________________________________________________________ 
 
++ Associate Professor; 
*Corresponding author: E-mail: juliyas.shrotriya@gmail.com; 
 
Cite as: Shrotriya, J. (2024). Nanogels in Herbal Medicine: Revolutionizing Drug Delivery for Enhanced Arthritis Treatment. 
Journal of Pharmaceutical Research International, 36(7), 32–38. https://doi.org/10.9734/jpri/2024/v36i77536 
 

 
 

Journal of Pharmaceutical Research International 
 
Volume 36, Issue 7, Page 32-38, 2024; Article no.JPRI.117682 
ISSN: 2456-9119, NLM ID: 101716968 
(Past name: British Journal of Pharmaceutical Research, Past ISSN: 2231-2919, 
NLM ID: 101631759) 

 

 

Nanogels in Herbal Medicine: 
Revolutionizing Drug Delivery for 

 Enhanced Arthritis Treatment 

 
Juliyas Shrotriya a++* 

 
a Department of Pharmacy, Oriental University, Sanwer Rd, Opposite Revati Range, Jakhya, Indore, 

Madhya Pradesh-453555, India. 
 

Author’s contribution 
 

The sole author designed, analyzed, interpreted and prepared the manuscript. 
 

Article Information 
 

DOI: https://doi.org/10.9734/jpri/2024/v36i77536 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/117682 

 
 

Received: 22/03/2024 
Accepted: 26/05/2024 
Published: 31/05/2024 

 
 

ABSTRACT 
 

In terms of stability and quick reaction to external stimuli, nanogels are highly fa-voured materials in 
herbal medicine. In order to provide herbal products with greater cellular penetration than currently 
possible, nanogel is proving to be a novel approach to oral and transdermal medicine delivery for a 
number of untreated ailments, includ-ing. Inflammation of one or more joints causes pain and 
stiffness that can worsen with age. Different types of arthritis exist, each with different causes 
including wear and tear, infections and underlying diseases. Symptoms include pain, swelling, 
reduced range of motion and stiffness. The ability of nanogel formulations to alter a drug's profile, 
genetic makeup, amino acids, peptides, a carbohydrate, or immunologic mate-rial, along with their 
capacity to pass through biological hurdles, biological distribu-tion, and drug kinetics, has been 
signalled as a promising target for drug delivery sys-tems. This may enhance effectiveness, safety, 
and compliance among patients. a num-ber of reasons, including their small size, huge surface 
area, and their ability for cover-ing both hydrophilic and hydrophobic molecules, hydrophobic 
nanogels that are repre-sent a promising drug delivery technique. As an innovative medication 
delivery meth-od, nanogels can reduce toxicity and enhance the incorporated drug's bioavailability. 
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1. INTRODUCTION 
 

One of the many aspects of nanomedicine, the 
convergence among medication delivery and 
release, has been shown by nanogels in recent 
years of substances, medicine, and 
nanotechnology. Crosslinked polymer networks, 
or nanogels, are able to absorb large volumes of 
water.Rane et al., [1] Nanogels that are less than 
a nano meter is polymer-based gel produced by 
combining chains of monomers to create a 
network of biomolecules. There are multiple 
methods for generating hydrogels, but all of them 
include the formation of polymeric monomers, 
which must subsequently be polymerized with 
functional cross-linker molecules to generate a 
polymer structure that looks a net.(A. Patil & 
Kontamwar, [2]. It is conceivable to load 
medications into the openings and subsequently 
release these later through stimulation might 
come from an outside source or from the body's 
immediate surroundings, relying on the release 
mechanism utilized. frequently to as the volume 
transition from phase-to-phase temperature, the 
most typical internal–external components that 
result in a physical change are a specific pH and 
a temperature increase within a certain 
volume.(S. S. Patil et al., [3] . 
 

Positive results have been reported in the 
bioavailability of several chemical and herbal 
bioactive substances utilized as nanomedicines. 
Considered as a nanomedicine product, 
nanogels exhibit exceptional stability, 
pharmaceutical loading competence, biologic 
consistency, powerful penetration ability, and 
Several sectors, which include transferring 
genes, organ targeting, chemotherapeutic 
administration, drug diagnostics, and herbal 
medicine, considered nanogels as important 
players.(Gugulothu et al., n.d.) Nanogels have 
been employed in biotechnology just recently, 
mostly in the fields of genetics, protein synthesis, 
and enzyme immobilization.S. Khan et al., [4] 
They are a source of information for advanced 
medical treatment plans. likewise amphiphilic 
nanogels that are used because to their high 
drug loading capacity, which is achieved through 
collection and sedimentation. Aspect of new 
generation nanogels,Jadhao & Harsulakar, [5]. 
 

2. USING NANOCARRIERS TO DELIVER 
DRUGS 

 

Any type of nanomaterial utilized for carrying 
another molecule, such a drug, is known as a 

nanocarrier. As nanocarriers, archetypes like 
liposomes, carbon-based materials, systems of 
polymers, and the micelles are frequently 
employed.Sindhu et al., [6]. On an outcome of 
their distinct features, nanocarriers are right now 
being investigated for use in the delivery of 
medications, and treatment may benefit from 
them.Chitare et al., [7] Upon accessing the 
organs, nanostructures can enter the body by a 
number of different methods, such as the skin, 
the respiratory system, the digestive tract, and 
medication injections. Once there, these can 
have serious physiological effects such                      
oxidative stress, DNA damage, and                  
inflammatory reactions. Because Nanoparticles 
may load and carry an incredible array of 
therapeutics action to all body parts.(A. Khan et 
al., n.d.) 
 
Nanogel's characteristics transportation focus 
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.Hadi et al., 
[8]. 
 

3. LOWEST DEGREE OF THREAT 
 
The nanogels require to be non-toxic, 
environmentally friendly, and perishable that 
release readily expelled non-toxic breakdown 
products. To guarantee that each remedy is 
delivered successfully and with the lowest 
potential side effects, drug delivery needs to take 
occurred at the intended place of delivery. Drug 
loading requires to be high in order to                     
achieve goals. Integrity of The Encapsulation;                  
It is essential that drug molecules                       
entrapped in nanogels are not withdrawn or 
liberated. 
 

4.TYPES OF NANOGELS 
 
Nanogels can be classified as natural or 
synthetic based on the type of polymer they 
include. Natural or synthetic polymers that have 
undergone hydrogenation are regarded as raw 
materials for medical purposes. Hydrogels are 
made from natural and synthetic polymers that 
are biocompatible, biodegradable, and, in certain 
cases, compatible with blood in situations where 
the hydrogel comes into contact with 
blood.Sakthiganapathi et al., [9]. 
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4.1 Natural Nanogels 
 
Nanogels using polymers derived from natural 
sources are known as natural hydrogels. 
Hydrogels made from natural polymers have 
non-toxic, biodegradable, and biocompatibility 
properties. The goal of using biomaterials 
determines whether or not natural polymers are 
used in the production of hydrogels. For 
instance, hydrogels that are utilized to discharge 
compounds under control need to be 
biocompatible, biodegradable, and non-formal. 
Polysaccharides and associated proteins are 
examples of natural polymers that are frequently 
employed as carriers for the release of 
chemicals. The outcomes of in-body testing 
demonstrated the biocompatibility of these 
polymers; polysaccharides are the most 
appropriate due to their high durability, enzymatic 
degradation, biocompatibility, and lack of toxicity. 
Alginate, collagen, gelatin, and fibrin are 
examples of natural hydrogels that are utilized in 
clinical applications. For instance, alginate has 
been utilized.Samaiya & Kumar Sharma, [10]. 
 

4.2 Synthetic Hydrogels 
 
Polyamides and polyethylene glycol are 
examples of synthetic polymers from which 
synthetic hydrogels are made. In hydrogel 
manufacturing, synthetic polymers have replaced 
natural polymers more recently because of 
advantages including longer life, stronger gel, 
and improved water absorption. Sakthiganapathi 
et al., [9]. Hydrogels made from synthetic 
polymers have a variety of medical uses. In 
terms of chemical composition and mechanical 
structure, synthetic polymers outperform natural 
polymers and are hydrophobic. These polymers 
include PEG, polyvinyl alcohol, and 
polyacrylamide and its derivatives. Samaiya & 
Kumar Sharma, [10]. 
 
One of the most widely utilized polymers for 
synthetic hydrogenation in medicine is PEG, 
which is employed in wound dressings, tissue 
engineering, medication release, and bone 
prostheses. Narayana Murthy, [11]. This 
polymer's qualities make it useful for a number of 
medicinal applications, including resistance to 
protein adsorption, immune system non-
stimulation, and biocompatibility. PEG has the 
capacity to create insoluble network structures 
on its own. Nevertheless, the crosslinking within 
the hydrogen network's structure is enhanced by 
the addition of factor groups.Samaiya & Kumar 
Sharma, [10]. 

5. THE EVOLUTION OF NANOGELS 
 
Hydrophilic, hydrophobic, or amphiphilic 
polymers which have been cross-linked 
chemically or physically give the framework of 
nanogel Furthermore, proteins and 
polysaccharides that are chosen for their 
breakdown and reduced immunogenic responses 
could be included in the components which 
generate the nanogel. These have been 
engineered to be particularly efficient at handling 
the inclination of all other nanocarriers that to 
leak when filled with bioactive and boosting the 
therapeutic payload in the defined region. 
Narayana Murthy, [11] Nanogels having diameter 
that range from 1 to 1000 nm combined the 
features of nanomaterials and hydrogels. Two 
main criteria should be included in a distinctive 
drug transporter: the drug must travel at the 
required pace, and the medication should be 
effective. Two essential features should be 
incorporated into an exceptional drug transporter: 
the drug should travel at the specified pace and 
the medication should be effectively delivered to 
the appropriate location. Given this, nanogels 
contain many of distinct features that can help 
create novel delivery methods. Better 
pharmaceutical diffusion into the biological 
membrane and delayed drug release form two of 
nanogels have primary benefits. Unlike to 
traditional transdermal application agents (oils, 
creams, and lotions), nanogels provide a more 
stable controlled drug carrier for topical 
applications. Akotkhane et al., [12] Because of 
their natural ability to swell as a result of 
chemical alter, with enabling the medication to be 
provided in the proper dose form, nanogels are 
employed to achieve regional and widespread 
drug action. Ionic delivery of medication, 
biological sensors, and transdermal patches may 
each be made using nanogels.(Jamadar & 
Husen Shaikh, [13]. By regulating their release, 
nanotechnology attempts to boost the 
bioavailability of weak water-soluble medicines 
made from herbs. The lipid and polymer makeup 
of these structures can be utilized for 
distinguishing them. Through enhancing lectins, 
drug delivery through carbohydrate-based 
nanogels, which may also be improved.Hadi et 
al., [14]. 
 
The most often used polymers for the fabrication 
of nanogels that are consist of chitosan, alginate, 
polyvinyl alcohol, and carbomers. A synthetic 
polymer called carbomer/Carbopol gels when its 
acidic pH is adjusted. The carbomer partially 
uncoils after dissolving in a liquid solvent, 
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nonetheless it is initially highly coiled. Jiménez-
Rosado & Romero, [15] Complete uncoiling with 
thickening is brought about by the salt 
subsequent generations when the pH rises to 7.0 
using sodium hydroxide/potassium hydroxide, 
leading to the development of a nanogel. When 
trying to deliver macromolecules such 
oligonucleotides, genes, peptides, proteins, and 
antigens, chitosan hydrogel nanoparticles are 
frequently utilized. 
 
In addition, these nanogels contain a capacity to 
release the medicines after activation. For the 
procedure to liberate charged in the opposite 
direction proteins from Poly acrylic acid and 
Polyethylene glycol cross-linked hydrogels, The 
pH of the medium must either be lowered 
between 7.4 to 5.5 or calcium ions having an 
affinity to carboxylic groups must be introduced. 
Medicines in is enclosed in a triple-layered 
nanogel, which is being shown to dissolve down 
and release the antibiotic whenever lipase 
enzyme is introduced. (Bagde et al.,)The layers, 
a lipase-responsive polycaprolactone crosslinked 
with the particles, an ester linked with the drug's 
phosphate group, and a Polyethylene glycol shell 
compose the nanogel. The PCL 
(polycaprolactone) is intact, which preserves the 
antibiotic in the core in an ordinary environment. 
The cellular microbial lipase dissolves the 
PCL.(Bagde et al.,). 
 

6. SYNTHESIS OF NANOGEL 
 
The polymerization technique, and nanometre 
scale can be used to categorize the methods 
used to create nanogels. P. D. Patil et al., [16]. 
This section includes an exhaustive overview of 
the techniques used of producing gels.  
 

6.1 Manual Methods 
 
Some common physical methods to produce 
nanogels are inverse nanoprecipitation, 
microfluidics, and the Mini emulsion technique. 
The Mini emulsion approach, involving minuscule 
particles of oil-soluble surfactants present in a 
continuous organic phase, produces an oil in 
water emulsion. In the microfluidic method, glass 
chambers or a capillary tube composed of silica 
which simulates polymers are used for producing 
droplets. The most methodical technique for 
creating aqueous nanogels is the last system, 
referred to as inverse nanoprecipitation, which 
involves just mixing an aqueous polymeric 
solution with another miscible non-solvent.P. D. 
Patil et al., [16]. 

6.2 Covalent Linkage 
 
Physical crosslinking nanogels, such as weak 
van der Waal forces, hydrophilic and 
hydrophobic contacts, and so forth, are created 
via non-covalent binding.  
 
Chemical crosslinking nanogels are less stable, 
and the temperature, crosslinking agent, and 
composition all have a significant impact on 
sensitivity of the gel. It has been demonstrated 
that the use of nanogels, which produce micelles, 
these variations are less consistent.P. D. Patil et 
al., [16]. 
 

7. ADVANTAGES OF NANOGELS:(S. 
Khan et al., [17] 

 
1. One benefit of nanogel is that less 

medication is needed. 
2. Offer defence against the drug molecule's 

internal biodegradation within the body 
system. 

3. The nanogel's size can be changed based 
on the delivery molecule.  

4. Lessen the toxicity of medications.  
5. Nanogels can pass through both the blood-

brain barrier and the skin's physiological 
barrier.  

6. Drug-loaded nanogels can be applied 
topically and absorbed into the body 
without causing any negative side                  
effects.  

7. A comfortable and simple to use 
formulation process. 

8. Increase the capacity for permeation. 
9. Better access to regions after                   

intravenous delivery that hydrogel cannot 
reach. 

 

8. LIMITATION OF NANOGELS;(Jadhao & 
Harsulakar, 2022) 

 

1. One drawback of nanogel is the                       
high cost of solvent and surfactant      
removal at the conclusion of                   
preparation. 

2. If any traces of surfactants or other 
residues still present in the body, negative 
consequences could happen. 

3. Limited ability to load drugs and 
inadequate release control. 

4. The drug-polymer interaction may cause a 
structural collapse, which would improve 
the hydrophilicity of the nano-gel                     
matrix and permanently trap the drug 
molecules. 
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9. CHARACTERISTICS OF HYDROGEL 
MATERIALS NECESSARY FOR 
ARTHRITIS 

 
Persistent synovitis is the primary characteristic 
of rheumatoid arthritis. Histologically, it shows 
hyperplasia of the cells, angiogenesis, an influx 
of leukocytes that are inflammatory, and 
alterations in the expression of proteins, 
numerous cytokines, cell-surface adhesion 
molecules, and proteinase inhibitors. 
Simultaneously, the evolution of rheumatoid 
arthritis causes several synovial alterations. 
Wang et al., [18] The unique structure and 
inflammatory milieu present a problem for 
rheumatoid arthritis medication and cell 
treatments. To meet these obstacles, hydrogels 
for the treatment of rheumatoid arthritis should 
possess great comprehensive, characteristics. 
Certain characteristics of hydrogels for 
rheumatoid arthritis therapy.Wang et al., [18] 
First and foremost, the most crucial and 
fundamental characteristic of all hydrogel types is 
high biocompatibility. Second, hydrogels need to 
possess strong mechanical characteristics. 
Mechanical properties such as swelling ratio, 
toughness, and so forth. Thirdly, hydrogels used 
to treat rheumatoid arthritis have crucial features 
such as wear resistance and tribology. The fourth 
factor is biodegradability and the capacity to bind 
and release medication or cells. Finally, the 
transdermal hydro-gels' capacity to penetrate the 
epidermal barrier is critical.Wang et al., [18]. 
 

10. CHALLENGES  
 
Currently, rheumatoid arthritis treatment hydrogel 
materials' characteristics are always being 
enhanced. Higher requirements are placed on 
the applied hydrogels due to the complicated 
physiological environment in the articular cavity 
of rheumatoid arthritis.(Bagde et al., n.d.-b) 
These hydrogels must have a variety of qualities 
in order to effectively treat rheumatoid arthritis. 
[19-22]. Strong mechanical strength, robust drug 
or cell loading capacity, good biocompatibility, 
and the ability to release drugs gradually and 
steadily are some of these qualities. 
(Sakthiganapathi et al., 2023) Therefore, 
improving the overall characteristics of hydrogels 
through the fusing of diverse materials is an 
urgent topic that needs to be tackled right now. 
We can shorten experiment periods and simulate 
the fusion of different materials with the help of 
artificial intelligence. Ultimately, composite 
hydrogel composites with improved extensive 
qualities that are appropriate for rheumatoid 

arthritis treatment. (Bagde et al., n.d.-b)Patients 
with rheumatoid arthritis have considerable 
challenges in their treatment due to the 
complexity of the disease's genesis and 
management.Samaiya & Kumar Sharma, [10]. 
The rheumatoid arthritis joints' ongoing 
inflammatory environment is the primary cause. 
Significant angiogenesis, cell proliferation, 
alterations in the expression of cell-surface 
adhesion molecules, proteases, protease 
inhibitors, and several cytokines, as well as 
ongoing bone tissue degradation until the patient 
loses joint function, are all consequences of 
persistent inflammation [23-26]. Unfortunately, 
the majority of hydrogels used to treat 
rheumatoid arthritis only deliver one kind of 
medication, which may be constrained by the 
hydrogel's characteristics and lead to a less 
degree of therapeutic impact than when many 
medications are applied. Thus, future research 
should concentrate on enhancing the 
comprehensive characteristics of drug-loaded 
hybrid delivery systems to co-deliver therapeutic 
compounds through various routes for a more 
synergistic therapeutic effect.Malpure et al., [19]. 

 
11. CONCLUSION AND SUMMARY 
 
hydrogel is a three-dimensional network of 
polymers that is insoluble in water and can 
absorb bodily fluids in a biological setting. Such a 
polymer network is created via physical 
crosslinking, which includes ionic crosslinking, 
temperature- and pH-dependent processes, and 
enzyme reactions, as well as chemical 
crosslinking mechanisms like optical 
polymerization. Chemical hydrogels are created 
by covalent forces, whereas physical hydrogels 
are formed by weak secondary forces. Hydrogels 
are made from a variety of synthetic and natural 
polymers. The most significant characteristics of 
hydrogels are swelling, mechanical 
characteristics, and biological characteristics, all 
of which have an impact on the hydrogel's 
morphology and structure. Hydrogen finds 
application in numerous medical fields due to its 
structural resemblance to the extracellular matrix 
(ECM) and its capacity to absorb water where 
Hydrogen finds usage in a number of medical 
applications, including contact lenses, wound 
dressings, tissue engineering, and therapeutic 
drug release. 
 

12. FUTURE PROSPECTIVE 
 
Drawing from the various studies covered in this 
review, it can be inferred that nanogel has 
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emerged as the most promising choice for topical 
drug administration during the development 
process of innovative drug delivery systems. 
Nanogel has been developed to improve 
pharmacodynamics and pharmacokinetics and to 
address the low bioavailability of numerous 
medications. Many lipophilic medicines with 
improved therapeutic characteristics across 
numerous therapeutic areas are currently being 
developed as nanogels. Within the medical 
system. 
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