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Abstract:

Osteoarthritis is a debilitating disease involving chronic pain and inflammation of joints
culminating in joint immobility. The increase in the aging population and obesity have contributed
to the rise in osteoarthritic patients. The disease is characterized by gradual erosion of articular
cartilage with loss of collagen type Il and proteoglycans attributed to pro-inflammatory cytokines,
reactive oxygen species, and proteolytic enzymes. Presently, there are no therapies to curb or
reverse osteoarthritis progression. The avascular nature of cartilage causing poor drug penetration
and retention coupled with rapid synovial clearance compromises the efficacy of conventional
intraarticular injections. There is an urgent need to develop novel therapies that can address the
disease on multiple fronts and enhance patient quality of life. This review showcases the incredible
potential of nanoparticles in the management of osteoarthritis. The commonly used drugs for the
clinical diagnosis and treatment of OA have limitations such as low bioavailability, shorthalf-life,
poor targeting, and high systemic toxicity. With the application of nanomaterials and intelligent
nanomedicines, novel nanotherapeutic strategies have shown more specific targeting, prolonged
half-life, refined bioavailability, and reduced systemic toxicity, compared to the existing
medications. In this review, we summarized the recent advancements in new nanotherapeutic
strategies for OA and provided suggestions for improving the treatment of OA.
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INTRODUCTION:

Osteoarthritis (OA) is an incapacitating disease involving chronic pain and inflammation of joints
culminating in a compromised quality of life [1]. The World Health Organization (WHO) has
included osteoarthritis as one of the three killers of human health [2]. WHO has declared 2021
2030 as the decade of healthy aging emphasizing the need to focus on diseases like osteoarthritis
which strongly impact functional capacity and quality of life [3]. Osteoarthritis is the second leading
musculoskeletal disorder after low-back pain in Disability Adjusted Life Years (DALYS)
calculation in the geriatric population [4]. The growth of the elderly population coupled with the
enhanced occurrence of obesity is responsible for the upsurge in osteoarthritis cases [5]. It is
expected that by 2030, around 25 % of the adult population will suffer from osteoarthritis [6].
Osteoarthritis may affect the knee, hips, hand, and spine [6]. Osteoarthritis cases are projected to
increase by 74.9 % for the knee, 48.6 % for the hand, 78.6 % for the hip, and 95.1 % for other kinds
of osteoarthritis by 2050 in comparison to cases in 2020 [3]. Osteoarthritis involves gradual
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degeneration of articular cartilage, long-lasting pain, and joint immobility [7]. These symptoms
culminate in poor quality of life and pose a socioeconomic burden [8].

Gastrointestinal annoyance, renal malfunctioning and enlarged cardio vascular risk were also
connected with RA [9]. RA development seems to be stronger for men’s connected with cigarette
smoking than women’s. The incidence of RA is unrevealed, but it is supposed that the
environmental factors may add to its development in hereditarily susceptible individuals [10]. The
genetic components and environmental factors affect the various types of cells (including B cells,
T cells, macrophages/ synoviocytes) have been identified as key regulators for RA immunological
events over the years following immune response and studies [11]. The linkages between
environmental factors and the genetics of patients are correlated with the development of RA.
Coffee/alcohol consumption, oral contraceptive use, birth weight abnormalities and breast feeding
were more significant environmental risk factors for RA development [12].

Nanoparticles for the treatment of RA:

Nanoparticles are spherically shaped particles [13]. The size, surface characteristics and
morphology of nanoparticles possess essential role towards the biodistribution of nanoparticle for
RA treatment. Nanoparticles (NPs) are utilized as therapeutic/imaging agents, for theranostic
applications. The encapsulated drug containing particles helps to afford targeted delivery/controlled
release of encapsulated drugs. Physicochemical properties associated with, passive targeting of
drugs for RA treatment, includes particle size, charge shape and surface characteristics. Especially,
nanoparticles due to their biocompatibility and biodegradability properties hold its vital role in
pharmaceutical industries. Nanoparticles conjugated with specific ligand targets and facilitate
cellular penetration. The most commonly reported liposomes, micelles, metallic nanoparticles, and
polymeric nanoparticle affords efficient delivery towards the treatment of RA. Nanoparticles can
be taken by systemic circulation through different process such as adsorption, ligand receptor
attachment, covalent coupling, and internalization.

NSAIDs based delivery systems were widely reported for RA, which decrease pain (analgesia)
associated with early stage of RA through its anti-inflammatory mechanisms without loss of
articular function, additionally; it blocks COX-1 and COX-2 enzymes which play an essential role
in the generation of prostaglandins. Drug containing nanoparticle systems were delivered
therapeutically to inflamed synovium. Metal oxide nanoparticles reveals various desired
characteristics such as drug carriers with incredible higher surface area and huge pore sizes for drug
encapsulation, intrinsic biodegradability characteristics due to its labile metal-ligand bonds, and
versatile functionality for post synthetic grafting of drug molecules. Rutin stabilized silver
nanoparticles elicits anti-inflammatory activity in chronic inflammation by its critical inhibition of
the creation of pro-inflammatory cytokines (tumour necrotic factor-a (TNF-a) and interleukin-6
(IL-6). Silver nanoparticles have been also utilized for therapeutic benefits in RA patients [13].

Nanoemulsion for the treatment of RA:
Nanoemulsions are isotropic, transparent systems consisting of oil, water and emulsifier and hold
an average diameter of 20-500 nm. Emulsifiers plays essential role in settling nanoemulsions
through repulsive electrostatic interactions and steric hindrance. The expansion of an emulsifier is
mandatory for the production of smaller sized droplets as it decreases the interfacial tension and
surface energy per unit range, between the oil and water phases of the emulsion [14].
Nanoemulsions have been reported to enhance bioavailability and efficacy of most anti-
inflammatory agents [15]. Nanoemulsions have been used in food industries as flavored
nanoemulsions and in cosmetic industries for skin hydration with ease of application. In
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pharmaceutical field, nanoemulsions have been utilized for drug delivery systems especially for
parenteral, oral, ocular, and topical administration [16]. In addition to that, nanoemulsions contain
building blocks for complex material such as compartmentalized nanoparticles and encapsulated
oil droplets [17]. The properties associated with nanoemulsion were, high surface area per unit
volume, robust stability, optically transparency, and tunable rheology.

Solid lipid nanoparticle for the treatment of RA:

Solid lipid nanoparticles (SLNs) are colloidal carriers with particle size ranging from 120 to
200 nm, widely utilized for controlled drug delivery which merges the benefits of polymeric
nanoparticles and oil in water emulsions. SLNs possess remarkable properties such as a good
tolerability, protection of incorporated active compounds against chemical degradation, higher
bioavailability with incorporation of both lipophilic and hydrophilic drugs, higher drug loading
capacity and relatively safe for biological applications [18]. Due to its unique size range SLNs
rarely undergoes blood clearance by the reticulo endothelial system. SLNs were made up of
physiological lipids, fatty acids, phospholipids and mono/di/triglycerides. SLNs may be prepared
by wvarious techniques such as, high shear homogenization, ultrasound, high pressure
homogenization, hot homogenization, cold homogenization, solvent emulsification and evaporation
methods. In recent years, greater attention has been focused towards lipid based formulations for
the improved oral bioavailability of poorly water soluble drugs using SLNs [19]. The drug carrier
combines the advantage of polymeric nanoparticles, fat emulsions and liposome; due to its
improved physical stability, low cost, ease of scale-up, and producing [20].

Nanomicelles for the treatment of RA:

Nanomicelles are amphiphilic molecules or surfactant monomers that have a polar head and a
lipophilic tail. The properties related with amphiphilic molecules in solution results in
developmental structures termed as micelles. These micelles hold internally hydrophobic core and
externally a hydrophilic surface [21]. Micelles are generally made up of 50-200 monomers. The
parameter which affects the micelle formation was the size of the hydrophobic area of amphiphilic
molecule, amphiphile concentration, temperature, and solvent [22]. Polymeric micelle holds the
diameter of 10-100 nm. Micellar core serves as a compatible microenvironment with center point
for joining water insoluble guest molecules. Hydrophobic molecules can be covalently coupled to
the block copolymers or it can be physically incorporated into the hydrophobic micelle core.
Solubilization process of nanomicelles leads to enhancement of their water solubility and
bioavailability.

Nanocapsules for the treatment of RA:
Nanocapsules are sub-micron sized formulations ranging from 10 to 1000 nm, which contains one
or more active materials (core) which forms a protective matrix (shell) [23]. The therapeutic
substance may be in the form of liquid/solid/molecular dispersion surrounded by a polymeric
membrane. Nanocapsules have recently attracted significant interest due to its protective coating,
which is generally pyrophoric and gets effectively oxidized [24-26]. The main advantages of
nanocapsules towards drug delivery applications were sustained release property, incremental drug
selectivity, improved bioavailability and alleviation of drug toxicity [27]. In addition, polymeric
nanocapsules enhance the safety and efficacy of drugs by increasing their aqueous solubility,
protecting them from degradation, controlling release, enhancing bioavailability and tissue
selectivity [28-31]. The diversified applications of nanocapsules in various fields includes,
agrochemicals, genetic engineering, cosmetics, wastewater treatments, adhesive component
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applications, delivery of the drug to tumours, radiotherapy and as liposomal nanocapsules in food
science/ agriculture [32].

Targeted nanoparticulate systems for the treatment of R:

Drug delivery systems can be further improved for its therapeutic efficacy and specificity towards
the treatment of various disorders using active targeting ligands such as antibody, peptide and
polysaccharides. The two modes of targeting were active and passive. In the treatment of RA, the
nanoparticulate formulation has been targeted towards the selectively expressed CD44 surface
receptors. Mediators such as growth factors, pro-inflammatory cytokines, chemokines, cell
adhesion molecules, and proteases plays vital role in the RA development. In this strategy
angiogenesis and inflammation were the conditions associated with RA progression. The CD44,
CD64, folate receptor-beta (FR-B), vasoactive intestinal peptide (VIP) receptor, and scavenger
receptor class A, toll-like receptors, transforming growth factor-beta receptors were over expressed
in macrophages. Whereas avp3 integrins, E-selectin, vascular cell adhesion molecule-1 (VCAM-
1), and intercellular cell adhesion molecule-1 were predominantly expressed during angiogenic
conditions [33].

NANOMATERIALS FOR THE DIAGNOSIS OF INFLAMMATORY ARTHRITIS:
Traditional Approaches
The disease is difficult to diagnose as there are more than 100 various kinds of arthritis and among
the various disorders affecting the joints, several symptoms are identical [34]. The following classes
will usually be defined as arthritis: inflammatory arthritis, degenerative arthritis, infectious arthritis,
and metabolic arthritis. [35]. The most common form of arthritis is the inflammatory arthritis [36].
Historically, for the diagnosis of inflammatory arthritis, some common laboratory assays and
imaging methods have been carried out. Popular laboratory tests include the detection of blood
antinuclear antibodies, arthrocentesis (collection and testing of synovial fluid), complement tests,
and blood cell counts (white and red blood cells, and platelets) [37, 38]. For example, the
sedimentation rate of erythrocytes or ESR determines how easily red blood cells deposit at the
bottom of a test tube. When there is inflammation in the body, the amount of ESR increases [39].
The amount of red blood cells present in a sample of blood is determined by hematocrit or packed
cell volume (PCV). Low red blood cell levels (anemia) are frequent in patients with arthritis [40].
The rheumatoid factor (RF) monitors the presence of an antibody in most patients with RA [41].
Interestingly, for inflammatory arthritis, uric acid and CRP increase in gout [42]. On the other hand,
biomarkers may allow for the diagnosis of inflammatory arthritis at early stages of the disease. The
ACR/EULAR 2010 criteria for the diagnosis of RA focus on the detection of RF and of antibodies
against cyclic citrullinated proteins (anti-CCP), while early diagnosis may also include antibodies
against carbamylated proteins (anti-CarP), mutated citrullinated vimentin antibodies (anti-MCV),
cartilage oligomeric matrix protein (anti-COMP), serum calprotectin, and 14-3-3 eta protein.
Imaging methods, on the other hand, may provide a better understanding of the processes that occur
in the joint(s) during inflammatory arthritis. X-rays, ultrasound (US), MRI, and arthroscopy are
imaging techniques that can be employed for inflammatory arthritis. X-rays reveal changes in the
joints and damage to the bone seen in inflammatory arthritis. In order to see the condition of
synovial tissue, ligaments, tendons, and joints, US is based on sound waves without radiation. MRI
photographs are even more accurate than X-rays, showing joint damage, including in the muscles
and tendons [43]. Arthroscopy consists of a thin tube (arthroscope) carrying a flashlight and a
camera to peek through the joint. It is used to diagnose any joint debilitating and/or arthritic
alterations, to classify bone disorders and tumors, and to evidence the severity of bone inflammation
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and pain [44,45].

All methods have many drawbacks such as low precision, poor image resolution, and high cost,
despite the extensive use of conventional methods in the diagnosis of arthritis. However, important
progress in nanomedicine has been made recently and new platforms for high precision diagnosis
of inflammatory arthritis can be introduced by nanotechnology [46,47].

Nanoimaging

A selection of imaging methods contributes in the diagnosis and evaluation of inflammatory
arthritis, although the proper assessment of arthritis, especially in the early stages of the disease,
can be problematic [48]. Various studies are therefore ongoing to improve the sensitivity and
accuracy of imaging methods to facilitate early stage diagnosis of inflammation arthritis [49]. In
the biomedical area, the engineering of nanoscale materials is increasingly used to fulfill this goal
[50]. In the following paragraphs, the use of SPIO, gold, polymeric NPs, and multimodal
nanomaterials (cerium and silica NPs) will be discussed that could have promising biomedical
applications in the imaging of inflammatory arthritis.

Biosensing NPs

Imaging NPs

Carbon nancallotropes
Superpa etic Quantum Dote
Iron oxide (SP10)

Polymeric NPs 7 1

Figure 1: Nanoimagine Techniques
Nanodiagnosis
The prevalence of arthritis since the start of the post-industrial period has alarmingly risen [51].
Historically, the traditional medical diagnosis of arthritis is focused on symptoms of pain and
decreased function and computed tomography (joint disturbances) that frequently appear late in the
course of the disease [52]. The analysis of biological parameters may be an enticing and realistic
alternative. For example, RF and anti-CCP are used for inflammatory arthritis diagnosis based on
EULAR 2010 guidelines [53]. The most promising alternative for the future diagnosis and treatment
of inflammatory arthritis are actually NPs [54]. Nanomaterials such as quantum dots, carbon
nanoallotropes, micelles, and liposomes will be discussed in following paragraphs.
RA is characterized by the development of auto-antibodies, synovial inflammation, and degradation
of bones and RF auto-antibodies are the most recognized biomarkers for arthritis as described
above. To address this problem, Veigas et al. [55] developed a cost-effective and simple approach
to detect and quantitatively measure the RF marker. This colorimetric nanosensor was based on
crosslinking of the Au nanoprobe, resulting in extensive accumulation in the vicinity of the
pentameric IgM RF. Nanoconjugate accumulation causes a change of color from red to purple that
can be easily detected by the unaided eye. A limit of detection (LOD) of 4.15 UA/mL IgM RF was
obtained by the nanoplatform.
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Figure 2: RA treatment with NP’s

Polymeric NPs

Polymeric NPs are being prepared from colloidal particles and the diameter ranges considered (1—
1000 nm). In fact, polymeric NPs have a great potential in the medical field due to their
advantageous properties such as biodegradability, biocompatibility, great synthetic flexibility,
ability to be precisely tailored, and appropriate mechanical properties [56]. To prevent the
macrophage uptake, the surface of NPs may be sheathed with stealth polymers like PEG, and as the
PEG covering density and thickness enhance, the polymeric NP circulation time increases in the
blood. Modification of NPs via PEGylation, a process of covalent conjugation that prevents removal
from the reticuloendothelial system, or via conjugation with other small molecules (peptides,
vitamins, and antibodies) can greatly prolong the circulation time of the systems in the blood and
improve the efficacy of the anti-RA drug being delivered, such as NSAIDs, corticosteroids,
DMARDs, small interfering RNAs (siRNAs), and therapeutic peptides [57]. Synthetic cationic
polymers such as polyethylenemine (PEI), poly-L-lysine (PLL), and dendrimers are usually utilized
to deliver nucleic acids such as DNA and interfering RNAs (RNAI) [58]. Among them, PEI is the
most frequently employed because of numerous protonated amino functional groups, allowing for
a higher cationic charge density at physiological pH that facilitates the attachment of nucleic acids
via electrostatic adsorption.

Macrophage

Destruction of Cartilage

chitosan-siRNA .
nanoparticle

Figure 3: Polymeric NPs
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Niosomes.

Niosomes are vesicles with lamellar morphology that are microscopic in size and are mostly
composed of nonionic surfactants and cholesterol. They display significant advantages as drug
delivery systems due to their ability to support a controlled release of drugs at a targeted site, to
their nonimmunogenic properties and biocompatibility, and to their delayed clearance from the

environment.
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Figure 4: Structure of Niosomes

CONCLUSION:

The natural therapies such as physical therapy, occupational therapy and psychosocial therapy
relevantly supports the cure of autoimmune inflammatory diseases RA at present. Eventhough
combinatorial therapies are providing a better response, the aspects of selectivity and toxicity to the
healthy cells creates a major issues. The future treatment options for RA treatment apart from
nanoparticulate formulations may focus towards the development of selective inhibitors of
proinflammatory cytokines by the virtue applications of monoclonal antibodies, bioactive peptides
and siRNAbased delivery systems. Molecular biology and computational chemistry oriented
focussing may offers a better design for developing formulations that specifically target pro-
inflammatory cytokines.
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