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ABSTRACT:  
Rheumatoid arthritis (RA) is a persistent autoimmune disease which affect joints on both the sides of the body in a 
symmetrical manner. Currently there’s no complete cure for RA, as most treatments focus on relieving the 
symptoms linked to the condition and stop further progression of RA. Presently, a variety of conventional drugs like 
Nonsteroidal Anti-inflammatory agents (NSAIDs) and Disease Modifying Anti-Rheumatic Drugs (DMARDs) and 
corticosteroids to treat RA. Nevertheless, these compounds show certain drawbacks such as low solubility, 
gastrointestinal disturbances, high first pass metabolism, degradation by gastric enzymes, interaction with food and 
toxicity and low bioavailability. These potential problems can be addressed by utilizing novel drug delivery systems 
(NDDS). Several NDDS at various stages of development for use in RA are solid lipid nanoparticles, microspheres, 
liposomes, ufasomes, spanlastics, emulgels, microneedles, dendrimers and microemulsions. These systems deliver 
the conventional drugs safely to the site of action thereby avoiding damage to other organs. Moreover, these systems 
are able to overcome most of the shortcomings as mentioned above. This review attempts to summarize the several 
NDDS that leverage such technologies to tackle the therapeutic complications related with RA. The advantages and 
limitations of these NDDS along with their application are presented. 
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INTRODUCTION: 
Rheumatoid Arthritis (RA) is long term immune 
mediated condition manifested by inflammation of 
synovial joints, resulting in the deterioration of 
articular cartilage, bone damage and related defects.1 
Besides damage to the joints, RA also damages 
various organs and systems like kidney, heart, eye, 
skin, nervous system and digestive system, etc.2 
Initially it affects peripheral joints then as the 
condition advances it slowly affects larger joints. 
Common symptoms of RA are fatigue, fever, joint 
stiffness in the morning and tender and warm joints.3 
Its prevalence is predominant in females than in 
males and may occur in any age group.4 There are 
some differences in development of tenderness and 
swelling, as tenderness mostly occurs in proximal 
joints such as shoulders, knees and elbows, while 
swelling occurs in peripheral joints like 
metacarpophalangeal joints.5 In the synovium there is 

presence of various immunological cells like B cells, 
T cells and macrophages - that following activation 
produce cytokines, Interleukins and TNF-α, 
responsible for inflammation and swelling. The 
subsequent release of these mediators activates 
enzyme metalloproteases and induces osteoclast 
production, leading to bone erosion in addition to the 
stiffness in bone, pain and swelling.6  
As discussed above, RA is a complex, multi-
dimensional and multifactorial disease, and so far, 
there is no cure for RA. The objective of the 
treatment for RA is to reduce pain and inflammation, 
decrease swelling and protect other joints from 
damage.7 Four types of drugs are currently use to 
manage the disease and these are Glucocorticoids, 
Biologicals, Nonsteroidal Anti-inflammatory agents 
(NSAIDs) and Disease Modifying Anti-rheumatic 
Drugs (DMARDs). Each of these agents have their 
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limitations for example glucocorticoids results in 
osteonecrosis and atherosclerosis, biologicals are 
costly and require hospitalization for administration, 
NSAIDs cause gastrointestinal diseases and 
cardiovascular disease and DMARDs are slow acting 
and hence co-prescribed with another drug ad may 
result in pneumonia and hepatotoxicity.8 Various 
novel drug delivery system are being extensively 
researched and developed to surmount the failure of 
conventional systems. These systems deliver the drug 
to the specific site and hence reduce systemic side 
effects. Moreover, due to targeted drug delivery there 
is a reduction in the dosing frequency.9 Now-a-days 
researchers are focusing on topical route of drug 
administration to overcome drawbacks associated 
with oral route. To enhance the drug permeation 
across the skin various nanosized drug carriers have 
been developed. These carrier systems show 
enhanced entrapment efficiency, are relatively non-
toxic and demonstrate great potential to reach site of 
inflammation.10 
Pathogenesis: 
Rheumatoid arthritis is complex disorder which 
involves several mechanisms that trigger an auto-
immune response resulting in joint damage. There are 
interactions between various cells which cause 
inflammation of synovial tissues. B cells produce 
autoantibodies while T cells activate macrophages 
leading to an excess secretion of inflammation 
producing cytokines. Various cytokines and 
chemokines are release by the activated T cells and B 
cells. These released cytokines further result in 
synovial fibroblast stimulation.11 The cascade of 
events results in hyperplasia in synovial cells. The 
osteoclast laden zone of synoviocytes and enzymes 
(matrix metalloproteinases) released by various cells 
(Neutrophils, Chondrocytes and Synoviocytes) 
causes further degradation of bone.12 Collectively 
these factors including activation of synovial cells 
results in deterioration of joints and swelling 
associated with RA. 13A simplified schematic 
representation of the pathway is presented in Figure 
1. 

 

Figure 1. Pathogenesis of Rheumatoid Arthritis 
Genetic Factors:  
Studies have suggested various genetic factors to be 
responsible for RA. Human leukocyte antigen (HLA) 
contributes 30-50% to RA. Besides this, major 
histocompatibility complex (MHC) is also involved 
and consists of dense genes responsible for immune 
functions. Mostly HLA-DRB1 alleles contributes to 
genetic risk in RA.14 Also, Protein 
TyrosinePphosphatase non-receptor type 22 
(PTPN22), Colony stimulating Factor 2 (CSF2), C-C 
chemokine receptor 6 (CCRS6), Cytotoxic T-
Lymphocyte-Associated Protein 4 (CTLA4), 
Phospolipase D Family Member 4 (PLD4), Protein 
Tyrosine Phosphatase Non- Receptor Type-2 
(PTPN2), Beta-1-3-n- acetylglucosaminytransferase 
(2B3GNT2), Annexin A3 (ANXA3), AT- rich 
interactive domain- containing protein 5B (ARID5B), 
Cluster of Differentiation 83 (CD83) - genes are 
additionally involved in progression of RA.15 
Environmental Factors: 
Different environmental conditions like, occupation, 
smoking, drinking and food consumption habits are 
also risk factors for RA.16  Exposure to silica, 
consumption of more amount of coffee are also risk 
factors for RA.17 Notably tobacco smoking stands out 
as a significant risk factor for Anti Citrullinated 
Peptide Antibodies (ACPA).18 Smoking interacts with 
the HLA-DR shared epitope gene, illustrating the 
gene-environment interaction contributing to RA 
susceptibility. Smokers carry two copies of SE genes 
which is responsible for 21 fold greater RA 
development risk than non-smokers.19,20 Moderate 
alcohol drinking inverses the possibilities of RA, 
whereas consumption of more amount of sweetened 
soft drink and salt increases the risk of RA.21  
Treatment of RA: 
As pathogenesis of RA is complex and multifactorial, 
the therapeutic strategy to treat RA is mostly 
symptomatic, i.e. to treat the symptoms - to reduce 
pain, swelling and prevent complications associated 
with the disease.22 The primary treatment approach 
for RA is management of disease by NSAIDs, 
corticosteroids and opioid analgesics while the 
secondary treatment approach is by DMARDs. The 
aim of primary treatment approach is to decrease 
ache and inflamed condition, whereas the goal of 
secondary treatment approach is to promote 
abatement by stopping the disease progression.23,24  
Corticosteroids: 
Corticosteroids are the highly preferred drugs for 
treating RA. Even though NSAIDs are widely used 
for reliving pain their use is limited by the 
cardiovascular and gastrointestinal disorders caused 
by them.25 Corticosteroids act by enhancing the 
action of inflammation reducing genes while 
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decreasing level of inflammation producing genes. 
Hence, these prevent the release of pro-inflammatory 
cytokines responsible for immune response.26 Also, 
these act by decreasing the permeability of blood 
vessels and reducing vasodilation. However excess 
use of corticosteroids causes osteoporosis, 
dyslipidemia, and hypertension.25   
DMARDs: 
DMARDs are the drugs which slow down the disease 
progression by interfering with the disease process. 
Biological DMARDs are sometimes recommended 
when conventional DMARDs are not effective in 
treatment of RA.27 By using biological DMARDs the 
use of glucocorticoids (which shows multiple side 
effects) is also decreased.28 In case of early RA 
patients, monotherapy of DMARDs is generally 
preferred. Triple therapy is sometimes preferred when 
patient requires short term benefit. An example is the 
co-administration of Methotrexate with a TNF 
inhibitor, which has shown better effect in RA.29  
NSAIDs: 
NSAIDS are used for treating RA because these 
agents reduces pain, inflammation and swelling 
associated with RA. NSAIDs inhibit 
cyclooxygenage-2 (COX-2) mediated conversion of 
arachidonic acid to prostaglandin and shows anti - 
inflammatory activity.30 These agents are not used 
alone because they do not reduce the disease 
progression.31 Moreover, NSAIDs have demonstrated 
gastrointestinal and cardiovascular side effects. 
Further, these agents sometimes show serious side 
effects related to kidney and hypersensitivity.32 
Novel Drug Delivery System for the treatment of 
Rheumatoid Arthritis 
As discussed in preceding section, the current 
therapies have numerous limitations that restrict their 
use in the prolonged treatment of RA. Significant 
research continues to be undertaken to manage these 
drawbacks and enhance the delivery of therapeutic 
agents for RA. The various novel drug delivery 
systems under investigation for RA have been 
depicted in Figure 2. Additionally, some prominent 
examples of agents and their respective delivery 
systems have been summarized in Table 1. These 
include various approaches such as solid lipid 
nanoparticles, microemulsions, dendrimers, emulgels, 
spanlastics, microneedles etc. Each of these and their 
relevant application from literature is discussed as 
follows. 

 
Figure 2. Various Novel drug delivery systems for 
the treatment of Rheumatoid Arthritis 
Solid Lipid Nanoparticles: 
Now-a-days numerous biological molecules are used 
to treat RA; however, these duffer from various 
downsides like quick metabolism and less absorption 
and occasionally harsh adverse effects. So solid lipid 
nanoparticles (SLNs) can overcome these limitations 
by encapsulating the drug and protecting it from 
degradation. 33 El-Refaie et al formulated SLNs by 
using two potent DMARDs (Diacerein (DIA) and 
Methotrexate (MTX)). Diacerein is prodrug of Rhein 
(RH) which possess good anti-inflammatory effect. 
The formulation was evaluated in animal models by 
using Adjuvant Arthritis Animal (AAA) model. After 
treatment with MTX-RH-SLN it was observed that 
there was no ulceration even on the 28th day.  
Moreover, there was also a decrease in the level of 
TNF-α.34 
Microemulsion: 
A microemulsion is a transparent thermodynamically 
stable, isotropic mixture of two immiscible liquids. It 
is usually stabilized by use of surfactants and co-
surfactants. Qing et al., developed koumine (KME) 
loaded microemulsion for the treatment of RA. 
Permeability study was done by using caco-2 cells 
and an increased permeability in the cytoplasm of 
KME via the formulated koumine microemulsion 
(KME-ME) was observed. There was reduction in the 
arthritis in animals treated with koumine 
microemulsion (KME-ME) compared to that of the 
normal saline treated group. Further, major 
suppression of paw volume (P = >0.05) in KME-ME 
treated animals compared to animals treated with 
saline was observed.35 
Dendrimers: 
Dendrimers are highly branched tree-like polymer 
macromolecular structures used in drug delivery. 
These have distinct advantages like facile passage of 
the drug through the biological membrane, 
targetability and rapid entry into the cell. Dendrimers 
formulated with poly (amidoamine) are mostly 
studied. These are used to transport the drug towards 
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the site of action to manage the pain and 
inflammation by facilitating the delivery of the drug 
via ocular, oral, topical and transdermal 
formulations.36 Oliveira et al., studied poly 
(amidoamine) dendrimers with anti Tumor Necrosis 
Factor-α antibodies that targets TNF-α which is 
responsible for the inflammation observed in RA.37 
The formulation containing TNF-α antibodies 
captures more TNF-α suggesting that the formulation 
could be used for controlled and sustained delivery of 
drug. In-vitro study revealed that there were no 
deleterious effects on cells suggesting the formulation 
possessed histocompatibility and cytocompatibility.37 
Microspheres: 
Microsphere is a drug carrier system with particle 
size diameter ranging from 1 micron to 1000 
microns. The main benefit of the microsphere system 
is its ability to provide controlled and targeted drug 
delivery.38 It releases the drug at targeted site and 
thereby other tissues remain unaffected. These 
spheres are made up of proteins or synthetic 
polymers.39 Khaled et al., formulated prednisolone 
loaded poly lactic-co-glycolic acid (PLGA) loaded 
microspheres for treatment of RA in animal models. 
Arthritis was developed in mice using Frends 
complete Adjuvant (FCA) confirmed by a significant 
difference between the paw volume (p<0.005). The 
change in the diameter from the beginning of the 
study to its end was found to be 0.95 ± 0.21 mm and 
0.52 ± 0.07 mm respectively for the control 
(untreated) and the treated groups respectively.40 
Emulgel: 
An emulgel as the name suggests is a formulation 
composed of an emulsion and a gel matrix. It 
provides site specific drug delivery to the affected 
joints by topical administration of the formulation, 
thereby reducing side effect and increasing 
therapeutic efficacy.41 Donthi et al., recently 
developed a topical emulgel using a multi-kinase 
inhibitor Dasatinib.42 The optimization of the 
formulation was done by a quality by design (QBD) 
approach. In vitro release studies demonstrated stable 
drug release for 24 h. Further, there was reduction in 
the generation of TNF-α in Lipopolysaccharide 
induced Monocyte Macrophage cell line (RAW 264.7 
cells). The prepared emulgel exhibited good 
spreadability on the skin, thus hydrating the skin 
resulting in skin swelling and a concomitant 
enhancement in the permeability through the skin. 
After applying of the formulation on day 5th of 
disease induction, there was suppression of arthritis 
induction (p<0.001). Moreover, a reduction in the 
paw swelling and redness was also observed.42 
Liposomes: 
Liposomes are multilamellar vesicular formulations 
used to deliver the drug topically to the synovial 

cavity. As the active ingredient is localized in the 
synovial cavity; this prevents rapid clearance of the 
drug. Moreover, this further limits the uptake by other 
cells and hence undesirable off-target effects 
associated with the drug are eliminated.43 Jiaqi et al., 
formulated mannose modified liposomes of Celastrol 
as an anti-inflammatory agent. Activation of 
macrophages is associated with pathophysiology of 
RA. Mannose binds to mannose receptor on 
macrophages and releases Celastrol an anti-
inflammatory agent via a targeted drug delivery 
approach thereby showing efficacy in the treatment of 
RA.44 
Ufasomes: 
Ufasomes are made up of unsaturated fatty acid, 
mostly linoleic acid and/or oleic acid. These show 
property of enhanced permeation, thus are effective 
in treatment of RA by topical route.45 Mittal R. et al., 
prepared Dexamethasone ufasomal gel by using 
carbopol 940. Ufasomal vesicles (UF-2) formulated 
with oleic acid and drug (2:8 ratio) showed an 
enhanced entrapment efficiency.46 The skin 
partitioning and transdermal permeation was higher 
with the optimized batch compared to plain drug 
formulation. A possible reason could be that the 
surfactant enhanced the permeation of the drug, as the 
permeability was found to be 4.7 times more than the 
normal drug preparation. Further, to check anti-
inflammatory activity; carrageenan-induced arthritic 
model was used. It was observed that there was a 
decrease in the oedema in the ufasomal preparation as 
compared to marketed formulation.46 
Spanlastics: 
Spanlastics are vesicular drug delivery systems, 
which are amphiphilic in nature and prepared by 
using non-ionic surfactants. Due to non-ionic 
surfactants these are more compatible with our 
biological membranes and so exhibit no toxicity. 
These are chemically more stable and exhibit elastic 
behaviour.47 Alaaeldin et al., developed Celecoxib 
spanlastics with the objective to deliver the drug at 
the inflamed site. The gel containing celecoxib 
spanlastics was compared with niosomal gel and it 
demonstrated a decrease in the size of paw and 
significant decrease in the Nuclear Factor Kappa B, 
COX-2 and TNF-α as compared to niosomal gel.48 
Nanoparticles:  
Various types of nanoparticles can be used in 
formulations to diagnose and treat RA. Nanoparticles 
are used for the examination and detection of various 
biomarkers in RA.49,50 This nano diagnosis process 
results in early diagnosis of disease and hence helps 
in rapid intervention and treatment. This technique is 
superior in specificity, sensitivity and efficiency.50  
Silver nanoparticles are mostly used for biomedical 
purpose because they possess intrinsic anti-
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inflammatory activity and can be easily synthesized 
and modified. If nanoparticles are prepared by using 
chemical reducing agent, it might be hazardous, due 
to the toxic nature of the chemicals. However, if 
herbal extract is used as a reducing agent in the 
preparation of silver nanoparticles, then it will be 
advantageous because these are eco-friendly, have 
low cost, low toxicity and are easy to prepare.51 
PLGA is one of the widely used macromolecular 
biodegradable polymers employed in the preparation 
of nanoparticles (NP), as it is has potential for the 
encapsulation of hydrophobic, hydrophilic molecules, 
proteins and other macromolecules etc. It also shows 
prolonged release effect. When Collagen type II was 
encapsulated in PLGA nanoparticle, it showed 
decrease in the severity of diseases in collagen 
induced arthritic mice model.49 
Carbon Quantum Dots: 
Carbon quantum dots are fluorescent carbon-based 
nanomaterials that show excellent optical properties, 
eco-friendliness, less toxicity, aqueous solubility and 
biocompatibility and are relatively easy to prepare. 
Carbon quantum dots have various applications in 
bioimaging, biosensing and drug delivery etc.52 
Qiang et al., prepared quantum dots from herbal 
medicinal agents with dual effect of lubrication and 
anti-inflammatory action to treat RA. Safflower and 
Angelica Sinesis carbon quantum dots showed great 
lubrication and anti-inflammatory activity. When 
used in collagen-induced arthritic rat model these 
exhibited reduced swelling and reduction in the 
expression of various inflammation producing 
cytokines like Tumour Necrosis Factor-α, 
Interlukein-2, Interlukein-6 etc.53 
Stimuli Responsive Nanomaterials: 
Stimuli responsive drug delivery system has gained 
more attention to treat several complex diseases such 
as RA and cancer. As the name suggests, these stimuli 
responsive system undergoes  physicochemical 
transformation  in response to  particular temperature, 
pH and in presence of certain enzymes.54 The normal 
pH of knee joint is 7.3 and in case of RA the pH at 
the inflamed knee is decreased to 6.6 due to increased 
consumption of glucose through glycolysis resulting 
in lactic acid production and acidosis. After delivery 
of nanocarriers, due to low pH there is release of drug 
through the system at specific site, hence it decreases 
side effect and shows site specific action.55 Likewise, 
there are two parts in enzyme responsive system, one 
is nanomaterial scaffold (portion sensitive to enzyme) 
and encapsulated agent linked with carrier with 
biodegradable bond. Functional groups which are 
sensitive to enzymes released in pathological 
condition are incorporated into the nanocarrier 
system. Therapeutic agent is released upon 
degradation of this carrier system by different 

enzymatic pathways. Enzyme responsive system 
shows excellent regulation of release as the release of 
the drug will be dependent on the disease activity. If 
the disease activity is low then the release of the drug 
will be less. Additionally, in RA the level of reactive 
oxygen species increases therefore this change in the 
redox potential could also be used to regulate drug 
release. There is change in physical and chemical 
properties of redox responsive nanomaterial and this 
contributes in the drug delivery at the site of 
inflammation.56 
Microneedles: 
Microneedles (MN) are tiny, micron sized needles, 
which present a physical method for penetration 
enhancement at the inflamed joint. These deliver the 
drug into the joint without affecting nerve endings 
and hence provide painless drug delivery. It shows 
several benefits such as avoiding first pass 
biotransformation, as unlike intravenous or oral route 
of administration the medication is not delivered into 
the circulatory system. Moreover, it avoids the 
diffusion of the drug into the healthy tissues and 
hence there will be no tissue toxicity. Due to these 
reasons, it requires lower dose as compared to intra 
articular injection, hence shows better patient 
compliance.57 MN delivers the drug directly into the 
dermis or epidermis. After penetration the drug does 
not pass into the blood, but instead it goes into the 
lymphatic system which is the site for production of 
proinflammatory cytokines. It shows rapid, sustained 
and controlled delivery of drugs at inflamed site.58 
There are various types of MN such as, solid 
microneedles, coated microneedles, hydrogel 
microneedles, hollow microneedles etc. prepared by 
using stainless steel, polymer and silicone material.59 
Zhao et al., formulated dissolving microneedles for 
delivery of methotrexate to the inflamed joints. When 
evaluated in animal study in adjuvant induced 
arthritis (AIA) rats; these showed a reduction in paw 
swelling and lowering in release of inflammation-
causing cytokines like TNF-α, Interluekin-1β thereby 
resulting in decreased synovial and bone 
destruction.60 
Limitations of NDDS 
As discussed in the preceding section, despite the 
significant advancements in novel drug delivery 
systems each of these systems have some inherent 
limitations. Nanoparticles suffer from low drug 
loading (10-20%) and instability due to aggregation 
and oxidation resulting in low joint accumulation. 
These limitations result in frequent administration via 
injections thereby reducing patient compliance. 
Liposomes on the other hand, despite better drug 
loading (20-30%) rely on passive targeting and may 
be cleared by the immune system. These are also 
prone to leakage, oxidation and have some stability 
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issues. Hydrogels offer localized delivery, but are 
affected by motion erosion. Transdermal patches 
despite being low cost haven’t been efficacious in 
overcoming the skin barriers for delivering RA drugs. 
Microneedles, despite enhancing absorption, face 
their own challenges: coated types have low payloads 
while dissolving ones are fragile and moisture-
sensitive. Likewise, hollow microneedles risk 
clogging and mechanical failure, and hydrogel-
forming variants may release drugs too quickly 
followed by insufficient drug levels. Across the 
different systems low drug loading, stability, handling 
difficulties and poor drug accumulation pose 
significant challenges to these novel delivery 
systems. Moreover, technical issues such as complex 
manufacturing processes and high manufacturing 
costs also affect the scalability of these products. 
Collectively these challenges provide ample scope for 
researchers to explore and overcome in order to 
realize the full potential of multiple drug delivery 
techniques.61 
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CONCLUSION:  
The chronic nature of autoimmune disorders gives 
rise to major challenges in their treatment. This is 
further complicated by involvement of multiple 
pathological pathways and the requirement for 
precise medication to minimize side effects. 
Currently, there is an increasing interest in using 
herbal drugs to treat autoimmune conditions such as 
rheumatoid arthritis (RA). However, traditional 
herbal compounds often suffer from challenges such 
as low solubility, limited bioavailability and extensive 
first-pass metabolism. These challenges can be 
effectively addressed by incorporating herbal 
compounds into novel drug delivery systems 
(NDDS), which provide localized delivery and 
controlled drug release, ultimately improving their 
therapeutic potential. In recent years, drug delivery 
systems have evolved from conventional macro-scale 
approaches to advanced nanoscale technologies, 
aiming to enhance therapeutic efficacy through 
targeted delivery and reduced toxicity. Biodegradable 
and stimuli-responsive nanocarriers have emerged as 
critical tools in the management of these conditions, 

offering localized, controlled, and site-specific drug 
delivery. These systems not only lower the rate of 
traditional drug administration but also enhance 
overall therapeutic outcomes by strengthening patient 
commitment to treatment. By targeting inflamed 
tissues, NDDS minimize circulatory exposure and 
possible adverse effects. This review attempts to 
summarize the several NDDS that leverage such 
technologies to tackle the therapeutic complications 
related with RA. Select examples highlighting the 
advantages and limitations of these NDDS have been 
discussed. Further, as discussed, the challenges 
associated with each delivery system is unique and 
paves the way for future research in this exciting 
area.  
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