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ABSTRACT

According to Centres for Disease Control and Prevention, Rheumatoid Arthritis (RA)
is an autoimmune and inflammatory condition in which your immune system
unintentionally assaults healthy cells in your body, leading to inflammation (painful
swelling) in the body areas affected. This review was emphasized on the process of
preparation, polymers used, benefits & demerits and applications of nanogel. Rational
treatment aims to reduce inflammation and relieve discomfort generally. Nonsteroidal
anti-inflammatory drugs (NSAIDs), which include acetylsalicylate (Aspirin), naproxen
(Naprosyn), ibuprofen, and etodolac are medications that are regarded as fast-acting.
Nanogels (nanosized hydrogels) are small, swelling particles formed of adaptable
hydrophilic or amphiphilic polymer networks that have been mechanically or
chemically cross-linked. lonic or anionic polymer networks are also possible. Benefits
of cutaneous drug delivery include sustained action, dose flexibility, less adverse
effects, the potential to avoid hepatic first pass metabolism and protection against drug
inactivation by gastro-intestinal pH and enzymes. Nanogels are prepared by the two
processes, i) physical crosslinking, ii) chemical crosslinking- inverse polymerization
method. Polymers are used in development of nanogel including albumin, pullulan,
hyaluronic acid, methacrylated chondroitin sulphate, chitosan, poly (N-
isopropylacrylamide), poly (N-isopropylacrylamide-co-acrylic acid) and poly (ethylene
glycol)-b-poly (methacrylic acid). It concludes that development of nanogels are
essential and beneficial fast efficient drug delivery and quick relief from the pain of
Rheumatoid Arthritis (RA).
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INTRODUCTION

According to Centres for Disease Control and
Prevention, Rheumatoid Arthritis (RA) is an autoimmune
and inflammatory condition in which your immune
system unintentionally assaults healthy cells in your
body, leading to inflammation (painful swelling) in the
body areas affected. RA primarily targets joints, typically
a number of joints at once. Hand, wrist, and knee joints
are frequently impacted by RA. Joint tissue is harmed in
a RA-affected joint because of the inflammation of the
joint lining. Long-lasting or persistent pain, unsteadiness
(loss of balance), and deformity can all result from this
tissue damage (misshapenness) (CDC, 2022).

All of this joint degeneration results in deformities and
bone erosion, which are typically excruciatingly painful
for the patient (Fox & Ahmed, 2002). Rheumatoid
nodules under the skin, weariness, fever, weight loss, and
morning stiffness of the affected joints lasting more than
30 minutes are all common symptoms of RA. This
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illness typically begins between the ages of 35 and 60,
with periods of remission and exacerbation. Juvenile RA
(JRA), which is comparable to RA but lacks the
rheumatoid factor, can also affect young children even
before the age of 16 (Chaudhari et al. 2016). The
prevalence of RA is estimated to be 1% globally (Picerno
et al. 2015) and 1-2 percent in the West (Chopra et al.
2008).

Osteoarthritis  (OA) primarily affects the distal
interphalangeal (DIP) joint; the proximal interphalangeal
(P1P) and metacarpophalangeal (MP) joints are impacted
in RA, which can be distinguished clinically from OA
(McGonagle et al. 2015). Osteoarthritis (OA) often
affects the distal interphalangeal joint (DIP), while RA
typically affects the proximal interphalangeal (PIP) and
metacarpophalangeal (MP) joints (Staheli., 1998). As a
result, osteoarthritis and RA can be distinguished
clinically (Smolen et al. 2018).
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Fig 1: Depiction of Rheumatoid arthritis & Osteoarthritis.

Rational treatments of RA

First line

First-line therapy aims to reduce inflammation and
relieve discomfort generally. Nonsteroidal anti-
inflammatory  drugs  (NSAIDs), which include
acetylsalicylate  (Aspirin),  naproxen  (Naprosyn),
ibuprofen (Advil and Motrin), and etodolac, are
medications that are regarded as fast-acting (Lodine).
Due to the suppression of prostaglandins, aspirin is an
effective anti-inflammatory for RA when given at high
doses. In order to stop the production of prostaglandins,
prostacyclin, and thromboxanes, NSAIDs block the
enzyme cyclo-oxygenase. Gl bleeding, ulcers, stomach
pain, and nausea are typical adverse reactions. If taken
with meals, antacids, proton pump inhibitors, or
misoprostol, these symptoms can be lessened (Cytotec),
Celecoxib (Celebrex), an even more recent NSAID, is a
selective Cox-2 inhibitor with a lower risk of GI side
effects (Ong et al. 2007).

Although corticosteroids are a more effective anti-
inflammatory drug than NSAIDs, they also have higher
negative effects. They are therefore only recommended
for brief periods at low doses, during RA exacerbations
or flare-ups. Corticosteroid injections intra-articularly
may be utilised to treat local inflammatory symptoms
(Combe et a. 2107). They function by inhibiting
phospholipid release and reducing eosinophil activity,
which reduces inflammation. Bone thinning, weight gain,
diabetes, and immunosuppression are a few of their
adverse effects. The patient can avoid bone weakening
by being advised to take calcium and vitamin D
supplements. As a patient's health improves, doses can
be gradually tapered off to lessen side effects (Liu et al.
2013).

Second line

Second-line therapy aims to promote remission by
reducing or halting the development of joint
degeneration and deformity. A medication is said to be
slow-acting if it takes weeks or months to start working.
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Disease-modifying antirheumatic medications
(DMARDs) can also lessen the possibility of getting
lymphoma, which is connected to RA (Smolen et al.
2010).

The first medication in the second line is methotrexate
(MTX) (also considered an anchor drug). It is a folic acid
analogue that competitively prevents dihydrofolic acid
(FH2) from attaching to the enzyme that transforms FH2
into folinic acid (FH4). Purine and pyrimidine
metabolism is compromised, and the production of
amino acids and polyamines is impeded, without FH4.
Due to the immunosuppressive medicine MTX's negative
effects, which include liver issues, cirrhosis, and bone
marrow decline, regular blood tests are necessary (Tian
& Cronstein, 2007).

A long-term RA therapeutic option is the antimalarial
medication hydroxychloroquine (Plaquenil). The release
of monocyte-derived proinflammatory cytokines is
reduced by this medication. Issues with the GI tract, skin,
and central nervous system are frequent adverse effects.
When this medication is taken in excessive amounts, the
eyes can be particularly affected. Patients taking this
medicine are required to visit an ophthalmologist
regularly (Silva et al. 2013).

Irritable  bowel illness is commonly treated with
sulfasalazine (Azulfidine), a DMARD. This DMARD
can be utilised in conjunction with anti-inflammatory
drugs to treat RA. There is no known mechanism of how
this medication works to treat RA. It is believed that
sulfapyridine, a decreased version of the drug following
administration, may lessen interleukin (IL)-8 secretions
(Volin et al. 1999).

Newer drugs

The oral drug leflunomide is metabolised to
malononitrilamide, which prevents the production of
ribonucleotide uridine monophosphate pyrimidine. It
eases symptoms and slows RA's progression. Although it
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is advised to be used in conjunction with MTX, it is also
an option if a patient does not respond to MTX. There
are numerous side effects, including as high blood
pressure, digestive discomfort, liver damage, leukopenia,
interstitial lung disease, neuropathy, rash, and bone
marrow destruction (Fox et al. 1999).

The biological DMARDs, sometimes referred to as
biologics, are highly efficient at halting the progression
of the joint destruction brought on by RA. They are
thought of as a more "direct, defined, and targeted" form
of therapy. However, the issue of major side effects, like
an elevated risk of infections, is present with biologics.
Multiple sclerosis and lymphoma are two additional
neurological conditions that can cause negative effects
(Rein P, Mueller, 2017).

Supplements containing omega-3 fatty acids and fish oils
are helpful for treating the acute symptoms of RA. In
people with this condition, cumin has been proven to

monomers

Nanogel
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have anti-inflammatory properties. Supplementing with
calcium and vitamin D can be beneficial for avoiding
osteoporosis. And finally, folic acid can lessen the
negative effects of MTX (Escott-Stump, 2011).

Nanogel

Nanogels (nanosized hydrogels) are small, swelling
particles formed of adaptable hydrophilic or amphiphilic
polymer networks that have been mechanically or
chemically cross-linked. lonic or anionic polymer
networks are also possible (Vinogradov, 2010). They
function as drug carriers and are constructed such that
they may quickly absorb biologically active substances
through the creation of biomolecular interactions such as
salt bonds, hydrophobic bonds, or hydrogen bonds. By
tailoring the molecular composition, size, and shape,
these nanogels may easily encapsulate a variety of
classes of biomolecules, ensuring the controlled release
of the therapeutic molecule in vivo (Jain et al. 2010).

Fig 2: Depiction of nanogel development.

By permitting the creation of accidental contacts between
the polymer matrix and the agents, which results in the
formation of highly distributed hydrophilic particles,
desired biological or drug molecules can be loaded into
the nanogels. The resulting structure can offer the desired
loaded  biomolecule  physical  protection  from
degradation. Nanogels are a flexible structure that can be
used for medication encapsulation as well as drug-
controlled release at the target site (Raemdonck et al.
2009).

During the first 10 years of their development, nanogels
were demonstrated to be a promising structure for
systemic drug release, multifunctional nanocarrier design
for theranostics, and controlled drug release at the target
location (Kabanov et al. 2009).

Drug release mechanisms from nanogel

There are a number of methods that can cause a
medication or biomolecule to discharge, including simple
diffusion, nanogel structure degradation, changes in
hydrogen ion concentration and temperature, counter ion
displacement, or provoked by an external energy source.

Volume 6, Issue 7. 2022 |

H* Concentration responsive mechanism

As its name suggests, drug Unleash reacts to variations
in the hydrogen ion concentration of the immediate
environment. In physiological conditions with varied
hydrogen ion concentration values, the release of
medicines will manifest entirely differently. Therefore,
the majority of discharges can come up inside the
permissible hydrogen ion concentration, indicating that
the discharge is mostly accomplished in a highly targeted
area of the body that has that concentration of hydrogen
ions. This method is based on the fact that the polymers
used to create a nanogel contain practical teams that are
sensitive to the concentration of hydrogen ions and
deionize within them the network of compounds.
Deprotonating causes the force per unit area, swelling,
and consistency of to rise the substance that causes the
electrostatically certain molecules to discharge (Nishcal
et al. 2020).

Volume transition mechanism (heat sensitive)

Some nanogels exhibit volume phase temperature
(VPTT) reactivity, which means they alter their volume
in response to changes in temperature. The molecule
becomes quenched and hydrous, which causes it to swell
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and release the drug-loaded if the surrounding medium is
below VPTT. The alternative occurs higher than VPTT,
where the nanogel contracts and the substance leaks out
(Lu et al. 2011). Cellular networks used to be torn apart
by thermoresponsive nanogels when they expanded and
gained volume. As a result, modifications were made to
the thermosensitive drug-containing nanogels, such as
constantly altering the polymer's magnitude in relation to
achieving a lower critical temperature. An honest
illustration is the biocompatible fieldtargeting capability
of the chitosan and poly (N-isopropyl acrylamide)
nanogel that is covertly used in the hyperthermia cancer
treatment.

Photoisomerization & Photochemical internalization
The process of photoisomerization involves exposing a
limited rotation bond to light, which causes various
conformational changes. Covalently linked molecules are
a good example; upon light irradiation, they often
isomerize from a trans orientation to a cis orientation
(Fomina et al. 2013). The production of two species of
atomic number 8 (singlet and reactive) by
photosensitizer-loaded nanogels, which are excited, can
result in reactions within cellular compartment walls and
have a significant impact on the release of medicinal
substances into living things. Studies were released with
the theme of azodextran nanogel filled with empirin. The
findings demonstrated that the E-configuration of an azo
cluster is produced by the photo-regulated Cis-trans
transition of azobenzene. As a result, Empirin has a
greater unleash profile when compared to previous Z
configuration.

Impacts of Nanogel in Rheumatoid Arthritis (RA)
Traditional RA  treatments often involve the
administration of first-line medications such non-
steroidal anti-inflammatory medicines (NSAIDs) and
glucocorticosteroids (GCs), which are primarily used to
relieve pain (Garg et al. 2017). Indomethacin (IND),
celecoxib (CLX), etoricoxib (EXB), meloxicam (MLX),
and other commonly used NSAIDs work by blocking the
inflammatory COX enzyme (Kwiatkowska et al. 2017).
However, long-term use of NSAIDs can cause
nephrotoxicity, hypertension, myocardial infarction, and
gastro-intestinal bleeding and perforation. The most
significant class of anti-inflammatory medications for the
treatment of pain and inflammation brought on by RS are
GCs. However, long-term use of GCs may result in
negative side effects include glaucoma, diabetes,
osteoporosis, muscle atrophy, and suppression of the
hypothalamic-pituitary-adrenal axis (Schache et al.
2002).

Second-line medications known as disease-modifying
antirheumatic medicines (DMARDS) are used to manage
and lessen joint deterioration. Some typical examples of
DMARDs include  methotrexate,  sulfasalazine,
clodranate, leflunomide (Krishnan et al. 2018), D-
penicillinamine  cyclosporine  and  tetracyclines
(Janakiraman et al. 2018). Curcumin, capsaicin, and
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withanolides are a few well-known examples of herbal
medicines that have been researched for reducing pain
and inflammation brought on by RA (Yang et al. 2013;
White et al. 2016). Transdermal medication delivery via
the topical route, which is non-invasive by nature and
patient-compliant due to its simplicity of use, has
received more attention in recent years. Benefits of
cutaneous drug delivery include sustained action, dose
flexibility, less adverse effects, the potential to avoid
hepatic first pass metabolism and protection against drug
inactivation by gastro-intestinal pH and enzymes (Turk
et al. 2002).

Preparations methods of nanogels

Nanogels are synthesized by choosing one of the 2
following mentioned methods.

1. Physical Crosslinking

2. Chemical Crosslinking

1. Physical Crosslinking

An insoluble molecule is physically incorporated into a
crosslinked  polymer  network via the  semi-
interpenetration process, and the resulting nanogels can
then extend the new properties of the incorporated
molecule. PPY/Co-dPG nanogels were created by semi-
interpenetrating poly(N-isopropylacrylamide-co-N-
isopropylmethacrylamide) cross-linked dendritic
polyglycerol (dPG) nanogels with polypyrrole (PPY)
with photothermal convention, which may be employed
for photoacoustic (PA) imaging. For PA imaging-guided
photothermotherapy with NIR irradiation, PPY/Co-dPG
nanogels having near infrared (NIR) responsive and
hermoresponsive qualities may be employed (Theune et
al. 2019).

2. Chemical Crosslinking

Chemical crosslinking is the most advanced and
adaptable method for creating nanogels, as opposed to
physical crosslinking. Reversible addition-fragmentation
chain transfer (RAFT), click chemistry crosslinking and
photo-induced crosslinking are a few examples of
chemical crosslinking techniques. For the creation of
biodegradable nanogels based on amino acids, amino
crosslinking is frequently utilised (Kabanov &
Vinogradov, 2009).

2.1 Inverse emulsion polymerization method

The constant emulsification of water-in-oil emulsifiers in
the oil phase is what starts the polymerization reaction
known as inverse emulsion polymerization. Numerous
variables, including the surfactant, feed ratio of the
monomer and crosslinker, and pH, can control the sizes
of nanogels. For instance, Ashrafizadeh et al. created
zwitterionic poly (AA-BA-EGDMA) nanogels utilising
acrylic acid (AA), butyl acrylate (BA), and ethylene
glycol dimethacrylate (EGDMA) as monomers. Peres
and coworkers created poly(I-AGA) and poly(I-AGA-co-
BIS) hydrogels by inverse emulsion polymerization
using N, N'-methylenebis(acrylamide) (BIS) and N-
acryloyl-I-glutamic acid (I-AGA), which showed that the
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degree of hydrogel swelling increased with modification
in pH (Wang et al. 2018).

Polymers used in preparation of nanogel

In order to create nanogels with anticancer applications,
various natural polymers (Martinez et al., 2017) are used
as enumerated below.

» albumin

> pullulan

» hyaluronic acid

» methacrylated chondroitin sulphate

» chitosan

» poly (N-isopropylacrylamide)

» poly (N-isopropylacrylamide-co-acrylic acid)

» poly (ethylene glycol)-b-poly (methacrylic acid)
Advantages

1. Physical characteristics like size of nanogels can be

easily adjusted and maintained according to the
desired delivery molecule (Al-Rahman et al. 2017).

2. It protects from biodegradation of drug inside the
body (Goncalves et al. 2010).

3. Low amount of drug is required as well as quantity
of doses is reduced.

4. Improves the bioavailability of the drug molecule
and reduces the toxicity of the drugs.

5. Drugs loaded nanogels can be delivered inside the
body with no adverse or side effects.

6. It can cross blood brain barrier and skin as physical
barrier.

7. Nanogels do not cause any immunological reactions

in the body since they are inert in the bloodstream

and the internal watery environment.

Superior permeation ability

9. rapid reaction to changes in temperature and pH in
the environment.

10. There are several different ways to give nanogels,
including orally, pulmonary, nasally, parenterally,
intraocularly, and topically.

11. For a number of in vivo applications, nanogel
dispersions are known to have an unusually wide
surface area.

12. When introduced in an aqueous media, nanogels can
swell or de-swell and absorb water due to their high
affinity for aqueous solutions.

13. A greater capacity for penetration.

14. Steer clear of abrupt renal exclusion. Lengthened
serum half-life results from renal clearance evasion
(Sultana et al. 2013).

15. Avoiding  phagocytic  cell  clearance  and
reticuloendothelial system uptake allows for both
passive and active medication targeting.

®

Disadvantages

1. The solvents and surfactants must be thoroughly
removed at the end of the procedure using pricy
techniques.

2. Surfactant residues can occasionally be harmful.
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Applications

1. Ophthalmic

Ph-sensitive polyvinyl pyrrolidone-poly (acrylic acid)
nanogel (PVP/PAAc) is made by radiation-induced
polymerization. To keep an appropriate concentration of
pilocarpine at the site of action for an extended period of
time, it is utilised to encapsulate pilocarpine (Abd et al.
2013).

2. Bleeding prevention

Even in serious gashes, bleeding can be stopped using
protein molecules that are in solution and have been used
to make nanogel. The proteins have a nanoscale self-
assembly mechanism that results in a biodegradable gel.

3. As NSAIDs- painkiller

The nanogels are made using Carbopol and
Hydroxypropylmethylcellulose (HPMC) in the desired
viscosity. Bilayered nanoparticles were created using the
same polymer, chitosan, and poly (Lactide - co - glycolic
acid), and their surfaces were changed with oleic acid.
For instance. Two anti-inflammatory medications,
spantide 11 and ibuprofen, were made into nanogel and
administered topically to treat allergic contact dermatitis
and psoriatic plaque. The findings demonstrate that the
use of nanogel enhances the percutaneous absorption of
these two medications into deeper skin layers for the
treatment of a variety of skin inflammatory conditions
(Shah et al. 2012).

4. In cancer

For the specific targeted medication delivery with low
toxicities and high therapeutic efficacy in cancer,
nanogel is utilised.

5. In autoimmune disorder

The loading liposomes with mycophenolic acid,
oligomers of lactic acid-poly (ethylene glycol) that were
ended with an acrylate end group, and Irgacure 2959
photo initiator were easily solubilized by cyclodextrin.
after being subjected to UV radiation, which causes the
PEG oligomers to photopolymerize (Look et al. 2013).

6. Combinational therapy

There are certain benefits to combination therapy above
standard single-drug chemotherapy. First, because the
medicine is taken in combination therapy at a lower level
than in single administration, it can lessen the toxicity
and side effects of chemotherapeutic agents. Second,
several therapeutic targets would be activated
simultaneously as a result of the various methods of
chemotherapeutic drugs, decreasing the emergence of
drug resistance (He et al. 2016).

7. Photo-chemotherapy

Since the beginning of the 20th century, light has been
used in clinical settings, and phototherapies have been
widely used to treat malignancies and skin conditions
(such lupus). Photodynamic treatment (PDT) and
photothermal therapy are the two types of phototherapies
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8. Fox CQ, Ahmed SS. Physician Assistant's Clinical
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Optical sensitive insulin loaded silver nanoparticle 2002; 138-139.
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place at the level of a single cell. Therapeutics that are 10. Garg N K, et al.,, Functionalized lipid-polymer
hydrophilic or hydrophobic can be encapsulated in hybrid nanoparticles mediated codelivery of
nanogels made either chemical crosslinking or physical methotrexate and aceclofenac: a synergistic effect in
self-assembly, including but not limited to small breast cancer with improved pharmacokinetics
molecule drugs, proteins, DNA/RNA sequences, and attributes, Mol. Pharm, 2017; 14(6): 1883-1897.
even ultrasmall nanoparticles. The carriers' nanoscale 11. Gongalves C, Pereira P, Gama M (2010). Self-
structure gives them a precise surface area and inside Assembled Hydrogel Nanoparticles for Drug
volume, enhancing the stability of loaded medications Delivery Applications. Materials, 3: 1420-1460.
and extending the time they spend in circulation in 12. He C., Tang Z., Tian H., Chen X. Co-delivery of
biological systems. chemotherapeutics and proteins for synergistic
therapy. Adv. Drug Deliv. Rev, 2016; 98: 64—76.
It concludes that development of nanogels are essential 13. Jain N, Jain R, Thakur N, Gupta BP, Jain DK,
and beneficial fast efficient drug delivery and quick Banveer J, Jain S. Nanotechnology: a safe and
relief from the pain of Rheumatoid Arthritis (RA). effective drug delivery system. Asian J. Pharm. Clin.
Res, 2010; 3(3).
FUNDING 14. Janakiraman J K, V. Krishnaswami, V. Rajendran,
Nil. S. Natesan, R. Kandasamy, Novel nano therapeutic
materials for the effective treatment of rheumatoid
CONFLICT OF INTEREST arthritis-recent insights, Mater. Today Commun,
None. 2018; 17: 200-213.
15. Kabanov A.V., Vinogradov S.V. Nanogels as
REFERENCES pharmaceutical carriers: Finite networks of infinite
1. Abd EI-Rehim HA, Swilem AE, Klingner A, capabilities. Angew. Chem.Int. Edit, 2009; 48: 5418-
Hegazy E-SA, Hamed AA. Developing thePotential 5429,
Ophthalmic Applications of Pilocarpine Entrapped 16. Kabanov AV, Vinogradov SV. Nanogels
Into  Polyvinylpyrrolidone— Poly (acrylicacid) aspharmaceutical carriers: finite networks of
Nanogel Dispersions Prepared By vyRadiation. infinitecapabilities. Angewandte Chemie
Biomacromolecules, 2013; 14(3): 688-98. International Edition, 2009 Jul 13; 48(30): 5418-29.
2. Al-Rahman Fateh, Magbool F, Elamin Ibrahim 17. Krishnan Y, S. Mukundan, S. Akhil, S. Gupta, V.
Elnima, Shayoub M E, Ali M Elhassan, Salah Eldin Viswanad, Enhanced Iymphatic uptake of
Omar Hussein. Nanogel as a Pharmaceutical Carrier leflunomide  loaded nanolipid  carrier  via
— Review Article. Sch. J. App. Med. Sci, 2017; chylomicron formation for the treatment of
5(11): 4730-4736. rheumatoid arthritis, Adv. Pharm. Bull, 2018; 8(2):
3. Chaudhari K, Rizvi S, Syed BA. Rheumatoid 257-265.
arthritis: current and future trends. Nat Rev Drug 18. Kwiatkowska B, M. Majdan, A. Mastalerz-Migas,
Discov, 2016 May; 15(5): 305-6. M. Niewada, B. SkrzydtoRadomanska, ~ A.
4. Chopra A, Abdel-Nasser A. Epidemiology of Mamcarz, Status of etoricoxib in the treatment of
rheumatic  musculoskeletal  disorders in  the rheumatic  diseases. Expert panel opinion,
developing  world. Best Pract Res  Clin Reumatologia, 2017; 55(6): 290-297.
Rheumatol, 2008 Aug; 22(4): 583-604. 19. Liu D, Ahmet A, Ward L, Krishnamoorthy P,
5. Combe B, Landewe R, Daien Cl, Hua C, Aletaha D, Mandelcorn ED, Leigh R, et al. A practical guide to
Alvaro-Gracia JM, et al. 2016 update of the EULAR the  monitoring and management of the
recommendations for the management of early complications of systemic corticosteroid
arthritis. Ann Rheum Dis, 2017 Jun; 76(6): 948-59. therapy. Allergy Asthma Clin Immunol, 2013 Aug;
9(1): 30.
Volume 6, Issue 7. 2022 I1SO 9001:2015 Certified Journal 39



Raturi et al.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Volume 6, Issue 7. 2022

Look M, Stern E, Wang QA, DiPlacido LD,
Kashgarian M, Craft J, Fahmy TM. Nanogel-
baseddelivery of mycophenolic acid ameliorates
systemic lupus erythematosus in mice. The
Journalof clinical investigation, 2013 Apr 1; 123(4):
1741,

Lu X, Sun M, Barron AE (2011) Non-ionic, thermo-
responsive  DEA/DMA  nanogels:  Synthesis,
characterization, and use for DNA separations by
microchip electrophoresis. J Colloid Interface Sci,
357: 345— 353.

Martinez Ana M., Marta Benito, Elena Perez, Maria
D. Blanco. Chapter 13 - Recent advances of folate-
targeted anticancer therapies and diagnostics:
current  status and  future  prospectives.
Nanostructures for Cancer Therapy. Micro and Nano
Technologies, 2017; 329-350.

McGonagle D, Hermann KG, Tan AL.
Differentiation between osteoarthritis and psoriatic
arthritis: implications for pathogenesis and treatment
in the biologic therapy era. Rheumatology
(Oxford), 2015 Jan; 54(1): 29-38.

Nishchal D, Jahangir Alam and Nitin Kumar.
Nanogels: A Mini-Review of A Future Perspective
Novel Drug Delivery System. Int. J. Adv. Res, 2020;
8(06): 1081-1092.

Ong CK, Lirk P, Tan CH, Seymour RA. An
evidence-based update on nonsteroidal anti-
inflammatory drugs. Clin Med Res, 2007 Mar; 5(1):
19-34.

Picerno V, Ferro F, Adinolfi A, Valentini E, Tani C,
Alunno A. One year in review: the pathogenesis of
rheumatoid arthritis. Clin Exp Rheumatol, 2015 Jul-
Aug; 33(4): 551-8.

Raemdonck K, Demeester J, De Smedt S. Advanced
nanogel engineering for drug delivery. Soft Matter,
2009; 5(4): 707-15.

Rein P, Mueller RB. Treatment with Biologicals in
Rheumatoid Arthritis: an Overview. Rheumatol
Ther, 2017 Dec; 4(2): 247-61.

Rheumatoid arthritis. 2022. Centres for Disease
Control and Prevention. www.cdc.gov.

Schache H, W D Docke, K. Asadullah. Mechanisms
involved in the side effects of gl. [Pharmacol Ther.
2002] - PubMed - NCBI, Pharmacol. Ther, 2002;
96: 23-43.

Shah PP, Desai PR, Patel AR, Singh MS.
Skinpermeating nanogel for the cutaneous co-
deliveryof two anti-inflammatory drugs.
Biomaterials, 2012; 33(5): 1607-17.

Silva JC, Mariz HA, Rocha LF, Jr, Oliveira PS,
Dantas AT, Duarte AL, et al. Hydroxychloroquine
decreases Thl7-related cytokines in systemic lupus
erythematosus and rheumatoid arthritis
patients. Clinics (S&o Paulo), 2013 Jun; 68(6): 766—
71.

Smolen JS, Aletaha D, Barton A, Burmester GR,
Emery P, Firestein GS, et al. Rheumatoid
arthritis. Nat Rev Dis Primers, 2018 Feb; 4: 18001.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

International Journal of Modern Pharmaceutical Research

Smolen JS, Landewé R, Breedveld FC, Dougados
M, Emery P, Gaujoux-Viala C, et al. EULAR
recommendations  for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs. Ann Rheum
Dis, 2010 Jun; 69(6): 964—75.

Staheli LT. Lower extremity management. In:
Staheli LT, Hall JG, Jaffe KM, Paholke DO,
editors. Arthrogryposis: A Text Atlas. Cambridge:
Cambridge University Press, 1998; 55-73.

Sultana F, Manirujjaman, Md Imran-Ul-Haque,
Arafat M, Sharmin S (2013) An Overview of
Nanogel Drug Delivery System. J. Appl Pharm Sci,
3: 95-105.

Theune L.E., Buchmann J., Wedepohl S., Molina
M., Laufer J.,, Calderon M. NIR- and thermo-
responsive semi-interpenetrated polypyrrole
nanogels for imaging guided combinational
photothermal and  chemotherapy.J.  Control
Release, 2019; 311-312: 147-161.

Tian H, Cronstein BN. Understanding the
mechanisms of action of methotrexate: implications
for the treatment of rheumatoid arthritis. Bull NYU
Hosp Jt Dis, 2007; 65(3): 168-73.

Turk M J, et al., Folate-targeted imaging of activated
macrophages in rats with adjuvant-induced arthritis,
Acrthritis Rheum, 2002; 46(7): 1947-1955.
Vinogradov SV. Nanogels in the race for drug
delivery. Nanomedicine, 2010 Feb 11; 5(2): 165-8.
Volin MV, Harlow LA, Woods JM, Campbell PL,
Amin MA, Tokuhira M, et al. Treatment with
sulfasalazine or sulfapyridine, but not 5-
aminosalicyclic acid, inhibits basic fibroblast growth
factor-induced endothelial cell chemotaxis. Arthritis
Rheum, 1999 Sep; 42(9): 1927-35.

Wang H., Chen Q., Zhou S. Carbon-based hybrid
nanogels: A synergistic nanoplatform for combined
biosensing, bioimaging, and responsive drug
delivery. Chem. Soc. Rev, 2018; 47: 4198-4232.
White P T, C. Subramanian, H.F. Motiwala, M.S.
Cohen, Natural withanolides in the treatment of
chronic diseases, 2016; 928.

Yang Q, S. Wu, X. Mao, W. Wang, H. Tali,
Inhibition effect of curcumin on TNF-o. and MMP-
13 expression induced by advanced glycation end
products in chondrocytes, Pharmacology, 2013;
91(1-2): 77-85.

Zhu H., Cheng P., Chen P., Pu K. Recent progress in
the development of near-infrared organic
photothermal and photodynamic nanotherapeutics.
Biomater. Sci, 2018; 6: 746-765.

1SO 9001:2015 Certified Journal 40


https://www.sciencedirect.com/science/article/pii/B9780323461443000131#!
https://www.sciencedirect.com/science/article/pii/B9780323461443000131#!
https://www.sciencedirect.com/science/article/pii/B9780323461443000131#!
https://www.sciencedirect.com/science/article/pii/B9780323461443000131#!
https://www.sciencedirect.com/science/article/pii/B9780323461443000131#!
https://www.sciencedirect.com/science/book/9780323461443
http://www.cdc.gov/

