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Nanoformulations for treatment of Rheumatoid Arthritis!?
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Resumo

Artrite Reumatodide (AR) € uma doenca crénica inflamatdria autoimune que comeca
com danos nas articulacdes. A AR afeta 1% da populacdo mundial e € caracterizada
por inflamacdo da sindvia, infiliracdo de células imunes e degradacdo da cartilagem e
osso. O tratamento para esta doenca inclui medicamentos anti-inflamatdérios ndo este-
roides (AINEs), glicocorticdides, medicamentos anti-reumdaticos modificadores da do-
enca (DMARDs) e muitos outros moduladores imunolégicos. No entanto, esses tratamen-
tos ndo tem conseguido curar a AR, e devido aos muitos efeitos colaterais que causam
os pacientes ndo conseguem aderir ao tfratamento. Outro método que tem sido apli-
cado para o tratamento da AR € o uso da Medicina Tradicional. Este ramo da terapia
aplica extratos de plantas pelo seu efeito terapéutico conhecido. Geralmente, os com-
postos naturais de extratos vegetais, t€m baixa solubilidade no corpo e grandes quanti-
dades podem ser téxicas para varios orgdos do corpo. O problema da seletividade te-
cidual para o fratamento, tem chamado a atencdo para a Nanofarmacologia. Esta
ciéncia formula medicamentos encapsulados em nanoescala que oferecem direciona-
mento especifico para os tecidos, protecdo dos medicamentos dentro da nanoestru-
tura, evitando a degradacdo do composto ativo e fornecendo atividade sustentada
do medicamento. Além disso, a nanofarmacologia aumenta a seletividade do medica-
mento na nanoestrutura adicionando ligantes especificos direcionados as células infla-
matdrias. Todas essas vantagens oferecem uma possivel solucdo para o tratamento da
AR. Nesta mini-revisdo, pretendemos fornecer alguns dos tfrabalhos mais recentes feitos
com nanomateriais em modelo experimental de artrite. Unindo o uso da medicina oci-
dental e da medicina tradicional com a nanotecnologia.

Palavras-chaves: arfrite reumatoide, modelo experimental, nanodrogas, nanofarma-
cologia, medicina natural.

Abstract
Rheumatoid Arthritis (RA) is a chronic inflammatory autoimmune disease that begins with
damage to the joints. RA affects 1% of the world population and is characterized by in-
flammation of the synovium, immune cell infiltration, and degradation of the cartilage
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and bone. The tfreatment for this disease includes non-steroidal anti-inflammatory drugs
(NSAIDs), glucocorticoids, disease-modifying antirheumatic drugs (DMARDs), and many
more immune modulators. However, these treatments have not been successful in the
cure of RA, and due to the many side effects, that they cause patients tend to drop-out
of freatment. Another method applied for the treatment of RA is the use of Traditional
medicine. This branch of therapy applies plant extracts for their known therapeutic ef-
fect. Generally, natural compounds of plant extracts have low solubility in the body and
large amounts can be toxic to various organs of the body. The issue with tfissue selectivity
has brought attention to Nanopharmacology. This science formulates encapsulated no-
noscale drugs that offer specific targeting for tissue, protection of the drugs inside the
nanostructure, avoiding the degradation of the active compound, and providing sus-
tained drug activity. Furthermore, nanopharmacology enhances the selectivity of the
drug in the nanostructure by adding specific ligands addressed to inflammatory cells. All
of these advantages offer a possible solution for the treatment of RA. In this mini-review,
we aim to provide some of the latest works that have been made using nanomaterials
on an experimental model of arthritis. Merging the use of western medicine and Tradi-
tional medicine with nanotechnology.

Keywords: Rheumatoid arthritis, experimental model, nanodrugs, nanopharmacology,
natural medicine.

1. Introduction the mortality rate of patients with Rheu-
Rheumatoid Arthritis (RA) is a syno- matoid Arthritis (MCINNES; SCHETT, 2011).
vial autoimmune disease, characterized The specific cause of Rheumatoid Arthri-
by chronic inflammation of joints. This tis is still unknown. Studies have linked the
event leads to loss of function of the ar- development of RA with the human leu-
ticulation and in consequence work dis- kocyte antigen HLA-DRB1 locus, which
ability, affecting 0.2 - 1% of the world- has demonstrated susceptibility in pa-
wide population (SMOLEN; ALETAHA; tients. The allele HLA-DR4 is expressed in
MCINNES, 201¢; DINI et al., 2019). The de- 70% of RA patients, for this reason, scien-
generation of the affected joint starts tists give it the name of “suscepfibility
with asymptomatic inflammation of the epitope” (ALMEIDA et al., 2011).
synovium and gradually progresses to Other explanations for the cause of
deformity and destruction of the articular RA are molecular mimicry by the profeins
cartloge and bone (ALETAHA et al, of pathogens, T-cell senescence in-
2010aq). duced by HLA molecules and proinflam-
RA is one of the most prevalent au- matory signaling non-related in response
toimmune diseases and its development to HLA and T cell activation (MCINNES, et
is related to other comorbidities includ- al. 2011). Deciphering the specific cause
ing cardiovascular disease, pulmonary, of RA is key for freatment and prognosis.
vascular, musculoskeletal, and psycho- The main components of RA pathogen-
logical disorders; all of these increasing esis are the hyperplasia of the synovium,
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migration of immune cells that accumu-
late in the articular tissue and production
of proinflammatory cytokines like TNF-q,
IL-1B, IL-6 and IL-17 (SHARMA; BHAR; DEVI,
2017).

This cascade of cytokines induces
the differentiation of B lymphocytes into
plasma cells which then produce auto-
antfibodies, known as anti-citrullinated
protein antibody (ACPA) and rheuma-
toid factor (RF). The synthesis of ACPA, RF
and proinflammatory cytokines lead to
an autoreactive adaptive immune re-
sponse and an ongoing cycle of destruc-
tion of the joint (SONG; KANG, 2009).

Not knowing the specific trigger of
Rheumatoid Arthritis, makes it more diffi-
cult to find a cure. Current freatment in-
cludes non-steroidal anti-inflammatory
drugs (NSAIDs), like aspirin and Diclo-
fenac, which inhibit the activity of cy-
clooxygenase (COX), a known enzyme
that induces inflammation. These drugs
are used to treat the pain sensation of
the patients. (CHAN et al., 2010).

Other pharmaceuticals are gluco-
cortficoids, like cortisone and predniso-
lone that inhibit the production of prosta-
glandins (PG) and tumor necrosis factor
(TNF), helping on the reduction of inflam-
mation of the joint tissue (FERREIRA; AH-
MED MOHAMED; EMERY, 2016). Finally,
the disease-modifying antirheumatic
drugs (DMARDs) and Biologic DMARDs,
which include the anti-cancer drug
Methotrexate, the immunosuppressant
cyclosporin, anti-TNF-a monoclonal anti-
body adalimumab (LAMBERT, 2012).

DMARD:s target specific molecules
that intervene in the pathogenesis of RA,
like proinflammatory cytokines and their
receptors. The downside of these phar-
maceuticals are the life-threatening ad-
verse effects, like gastrointestinal and
cardiovascular complications, impaired
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renal function, visual problems and in-
creased risk of osteoporosis (BADER,
2012). All the adverse effects are due to
the non-specific targeting for the in-
flamed tissue of these drugs leading to
their systemic absorption.

This is where Nanopharmacology
comes in discussion, offering medication
in nanosized particles with specific target
release, avoiding all the adverse effects,
minimizing the dosage of the drug and
providing sustained release throughout
the treatment (BONIFACIO et al., 2014).
With these advantages, Nanopharmao-
cology seems to be a promising way of
tfreatment for Rheumatoid Arthritis. The
aim of this review is to describe the re-
cent work made applying nanopharma-
cology in the study of an experimental
model of arthritis. Comparing western
medicine pharmaceuticals and tradi-
fional medicine compounds with nano-
technology. We will emphasize the ad-
vantages that nanomedicine brings to
this issue.

2. Methodology

The references for this literature re-
view were obtained from the following
websites: PubMed, ScienceDirect, and
Google Scholar. The timeline included
the search of the articles was between
the years 2000 and 2020. The keywords
for searching were: “rheumatoid arthri-
tis”, “experimental model of arthritis”,
“nanoparticles”, “nanotechnology”,
“nanocarriers”, “herbal drug” and “fradi-
tional medicine”, "nanoemulsion”,
"nanocapsules”’. The list of papers was
analyzed and the works that did not re-
late to our objective were excluded.
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3. A background in nanopharmacol-

ogy

Nanopharmacology develops na-
noscale materials that have improved
physical, chemical and biological prop-
erties (ASHAI et al, 2012). These nano-
materials have an increased surface size
due to their nanoscale dimension, char-
acteristics that give them an enhanced
reactivity and strength in vivo experi-
mentation. Nanopharmacology devel-
ops nanodrugs or nanomedicines that
run on a size range generally from 1-1000
nm and have a spherical shape. These
nanoparticles have improved solubility
by an increased surface-to-volume ratio
(AHMED et al., 2016).

Nanopharmaceuticals provide a
sustained release of the encapsulated
drug, they reach the targeted tissue and
deliver the pharmaceutical (FISSELL,
2013). These nanomedicines enhance
the selectivity and effectiveness of treat-
ment alleviating drug toxicity. All of this is
possible due to two different mecha-
nisms: passive and active targeting (KO-
THAMASU et al., 2012).

Passive targeting is due to the en-
hanced vascular permeability at sites of
inflammation. The intercellular union of
endothelial cells at inflammation areas
have gaps where the nanoscale drugs
can go through and reach the inflam-
mation site (BERTRAND et al., 2014). Ac-
tive targeting is possible thanks to adhe-
sion of specific ligands for target cell re-
ceptors to the nanostructured pharmao-
ceutical. Another advantage is the en-
capsulation of the drug, that protects it
from excessive metabolism by enzymes,
proteins, and other cells. Providing a ma-
jor quantity of the drug to the specific tis-
sue (CHUANG et al., 2018).
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4. Types of nanoformulations accord-
ing to their structural components
Polymeric Nanoparticles

Polymeric nanoparticles are generally
made out of PGA (poly-y-glutamic acid),
polyethylene glycol (PEG), polyvinyl al-
cohol (PVA), poly-I-lactic acid (PLA), pol-
ycaprolactone (PCL), or chitosan (CH).
They are biodegradable, biocompatible
and minimally immunogenic. Polymeric
nanoparticles can be synthesized as
nanocapsules (polymeric shell) or nano-
spheres (porous shell) (DUDICS et al.,
2018).

Metal-oxide Nanoparticles

Metallic nanoparticles are usually
made out of silver (Ag) or gold (Au). They
have a higher surface area and larger
pore sizes which gives them the ability of
better drug encapsulation. The metal
gives the nanoparticle unique biode-
gradable characteristics, caused by the
formation of labile bonds with the ligands
(AHMED; ALJAEID, 2016).

Liposomes

Liposomes are vesicles with the
nanoscale-sized and spherical shape
made out of a bilayer of biological
phospholipids. A lipophilic drug can
be fransported dissolved in the bi-
layer of the liposomes (ALLEN; CULLIS,
2013).

Nanoemulsions

Nanoemulsions are an isotropic sys-
tem, a diffusion of two non-miscible lig-
vids, generally water and oil. This diffusion
is stabilized by a surfactant that helps de-
crease the tension between the water
phase and the oil phase. Nanoemulsions
have a high surface area and optical
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transparency (SINGH et al., 2017; JANA-
KIRAMAN et al., 2018).

Solid Lipid Nanoparticles

Solid Lipid Nanoparticles (SLN), combine
the characteristics of nanoemulsions and
polymeric nanoparticles. They are made
of phospholipids, fatty acids, mono-
glycerides, diglycerides, and triglycer-
ides. As their name describes, these na-
nomaterials have a solid hydrophobic
core surrounded by phospholipids. SLN
have the capacity to carry lipophilic and
hydrophilic drugs (KUMAR et al., 2018;
GESZKE-MORITZ; MORITZ, 2016).

Nanomicelles

Nanomicelles are composed of a
monolayer of phospholipids. They are an
amphipathic particle, with a hydropho-
bic core, for the encapsulation of hydro-
phobic drugs, and a hydrophilic shell for
better solubility. This junction of mono-

mers  ranges  from 50-200 nm
(VADLAPUDI; MITRA, 2013).
Nanocapsules

Nanocapsules have an internal

core for the active materials and an ex-
ternal polymeric shell that protects the
core from degradation. This is the reason
why it is sometimes described as a poly-
meric nanoparticle. Nanocapsules can
transport drugs in the form of liquid, solid
or molecular dispersion (BALE et al., 2016;
WANG et al., 2016).

Lipid-core Nanocapsules

Lipid core nanocapsules are made
out of friglycerides and sorbitan monos-
tearate covered by a polymeric wall. The
core is formed by a liquid lipid and a solid
lipid. Lipid-core nanocapsules derive
from Nanocapsules (FRANK et al., 2015)

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021
Revista on-line http://www.scientia-amazonia.org

CS52

ISSN:2238.1910

Biomimetic Nanoparticles

They imitate the natural character-
istics of cell particles and cell mem-
branes. These nanomaterials have the
benefits of synthetic nanoparticles and
natural nanomaterials. They mimic the
natural mechanisms of the immune sys-
tem to get to the inflammation area. Bio-
mimetic nanoparticles can be: 1) Syn-
thetic nanomaterials with a targeting lig-
and that imitates a cell membrane pro-
tein, 2) Nanoparticle coated with cell
membrane or 3) Liposomes with cell
membrane proteins. Whatever the struc-
ture, Biomimetic nanoparticles have en-
hanced selectivity for inflammatory ar-
eas making the delivery of the drug more
accurate (JIN et al., 2018).

5. Nanopharmacology
mental model of Arthritis

Many studies have been made re-
garding nanomedicine and the treat-
ment of Rheumatoid Arthritis. Prabhu et
al. demonstrated the anti-rheumatic ef-
fect of lipid nanovesicles loaded with
methotrexate on adjuvant-induced ar-
thritis induced rats. The novel treatment
was compared with free solution of
methotrexate (MTX). The authors ob-
served a significant diminution of edema
volume in the hind paws of rats freated
with the PEGylated MTX liposomal formu-
lation, in comparison with the arthritis
control group that did not receive any
treatment. The strongest anti-rheumatic
effect was observed in the PEGylated
MTX nanoformulation, followed by the
chitosan-coated lipid vesicles and at last
the conventional freatment with a free
solution of MTX. When analyzing the se-
rum levels of hepatic proteins of each
tfreatment group, SGOT and SGPT levels

in experi-
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of the nanoformulations were signifi-
cantly lower in comparison with the
treatment of MTX solution. With these re-
sults, the authors demonstrate the effec-
tiveness that nanoencapsulation with li-
pid vesicles have over conventional
treatment of MTX (PRABHU et al., 2012).

Following the lipid nanostructure
particles, a lipid nanoemulsion of metho-
trexate (LDE-MTX) was tested in rabbits to
measure its anti-inflammatory activity on
experimental arthritis. Mello et al. in-
duced arthritis on New Zeland white rab-
bits with CFA. Their results showed a sig-
nificant reduction of leukocytes count on
the synovial fluid of the rabbits freated
with LDE-MTX, in comparison with the un-
treated group. The authors tested the fol-
lowing doses for the nanoemulsions 0.25
and 0.5umol/kg. Furthermore, the lipid
nanoemulsion showed a better reduc-
tion of cytokine levels of IL-17 and IFN-y
when compared with commercial MTX
that did not alter cytokine levels of the
synovial fluids (MELLO et al., 2013).

A few vyears later, studying the
same drug (MTX), Boechat et al. com-
pared the anti-inflammatory effects of a
lipid-core nanocapsules loaded with
methotrexate (MTX-LNC), on a chronic
animal model of arthritis in rats, and in
vifro cells obtained from synovial fluid of
RA patients. Analyzing the edema vol-
ume of the hind paws, they observed
similar results when comparing MTX-LNC
with MTX, taking in consideration that the
dose of MTX inside the nanocapsule was
75% lower than the solution of MTX. The
animal group freated with the loaded
nanocapsules presented  significantly
lower levels of proinflammatory cyto-
kines TNFa and IL-1a. Also, the CRP levels
of the MTX-LNC group were lower in
comparison with the solution of MTX.
Evaluating the in vitro experiments with
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the human synovial cells, the group that
received loaded nanocapsules showed
areduction of the proinflammatory cyto-
kines TNFa and IL-6 and lower levels of
IFN-y and IL-17A. Demonstrating a better
anti-inflammatory activity of methotrex-
ate when administered in nanocapsules
(BOECHAT et al., 2015).

In 2017 Zhao et al., published their
work on polymeric lipid nanoparticles
loaded with methotrexate (PPLNP/MTX)
marked with folic acid (FA) ligand. The FA
ligand was produced with the purpose
to interact with the folate receptor (FRB)
of activated macrophages of the in-
flamed areas. The authors observed the
lowest clinical score (0.6) on the group
treated with FA-PPLNPs/MTX. The nano-
particle with the folic acid ligand showed
a significantly reduced paws thickness in
comparison with the PPLNP/MTX and
with the solution of MTX. The biochemical
analysis showed a significant reduction
of serum levels of TNF-a and IL-6 in com-
parison with MTX. Furthermore, the au-
thors analyzed the cellular uptake of the
nanoparticle by RAW246.7 cells. On the
fluorescent test, they observed that the
activated macrophages that were
treated with FA-PPLNPs/MTX showed
higher intensity of rhodamine B, suggest-
ing a better uptake of the nanoparticle
due to the ligation of the FA ligand with
the FRPR receptor. Their results demon-
strate that targeting specific receptors
enhances the selectivity of the nanopar-
ticle (ZHAO et al., 2017).

Also targeting the folate receptor,
Duan et al., fabricated a liposome
loaded with siRNA and MTX with a
pegylated coating and folate ligand (F-
SIRML). The authors used siRNA to silence
the gene of NF-kB and enhance the anti-
inflammmatory activity of the MTX nano-
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particle. They observed a significant re-
duction of paw thickness and arthritic
score on the mice treated with F-siRML, in
comparison with siRML and free MTX.
Also they observed a larger diminution of
the inflammatory cytokines TNF-a and IL-
1B. The team measured the lymphocyte
count of the treated mice and observed
no diminution of lymphocytes on the
mice that received the F-siRML. On the in
vitro test, they activated RAW246.7 cells
with LPS and measured through fluores-
cence the uptake of the FA nanoparticle
in comparison with another nanoparticle
that did not contain the FA ligand. They
observed a sustained uptake of the FA
loaded liposome by higher fluorescence.
The results show the efficacy and selec-
tivity that nanoformulations can offer for
treatment, without causing side effects
(DUAN; LI, 2018).

Targeting the folic acid receptor,
Shi et al., tested the anti-inflammartory
capacity of chitosan (CH) nanocarrier
with folic acid ligands (FA), formulated
with polyethylene glycol (PEG) and car-
rying SIRNA (folate-PEG-CH-
DEAE15/siRNA) to silence TNF-a gene.
Their results presented a significant de-
crease of arthritic score and hind paw
edema in the group of animals freated
with folate-PEG-CH-DEAE15/siRNA, when
compared with the control group and
CH-DEAE15/siRNA-TNFa.  Via immuno-
histochemistry they observed a diminu-
tion of the concentrations of TNF-a in the
synovium of mice. To analyze the degra-
dation of cartilage and bone, they used
the bone density test and serum levels of
CTX-Il (C-terminal telopeptide type Il col-
lagen), ALP (Alkaline phosphatase) and
OC (osteocalcin). The group that re-
ceived the folate chitosan nanoparticle
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showed better conservation of the carti-
lage and bone structures with lower lev-
els of serum CTX-II (SHI et al., 2018).

Aldayel et al., synthesized acid-sen-
sitive sheddable PEGylated solid-lipid na-
noparticle formulation of TNF-a-siRNA
(ASTNF-a-siRNA-SLNs). The team tested
the nanoparticle on three different ex-
perimental models of arthritis: LPS in-
duced, Collagen Induced (CIA) and
Collagen Antibody Induced Arthritis
(CAIA). With the LPS and CIA model, they
evaluated the accumulation and distri-
bution of ASTNF-a-siRNA-SLNs on the in-
flamed ftissue and organs. Through fluo-
rescent and spectrum image they ob-
served that fluorescence intensity was
significantly higher in the inflamed feet of
mice that received tha acid sensitive no-
noparticle ( AS-siRNA-SLNs) in compari-
son with the mice that received the acid
insensitive nanoparticle (Al-siRNA-SLNs).
The distribution of the nanoparticles on
the paws of CIA model, was compared
with free siRNA. The results showed that
fluorescent signals in the inflamed joints
in mice injected with the AS-SiRNA-SLNs
were significantly higher than that in
mice injected with free siRNA. Further-
more, evaluating the therapeutic effect
of ASTNF-a-siRNA-SLNs on inflamed joints
of CAIA mice, the authors observed that
treatment with AS-TNF-a-siRNA-SLNs sig-
nificantly reduced the paw thickness
and diminished the inflammation when
compared with Methotrexate and AS-
SIRNA-SLNs. Demonstrating the potential
of the novel nanoparticle on treating ar-
thritis (ALDAYEL et al., 2018).

Using NSAIDs therapeutics, one
group studied the anti-inflammatory cao-
pacity of indomethacin loaded
nanocapsules (INdOH-NC) on experi-
mental model of arthritis. On the acute
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protocol of arthritis, they observed a ma-
jor reduction of paw edema in the rats
that received INndOH-NC compared with
the solution of INdOH. With the chronic
protocol of edema, the indomethacin
nanocapsule also presented a marked
reduction of paw edema. Analazing the
biochemical analysis, the tfreatment with
INdOH-NC showed a significant reduc-
tion of the serum levels of TNF-q, IL-6 and
a significant increase of the anti-inflam-
matory cytokine IL-10. Finally the reserch-
ers evaluated the gastrointestinal le-
sional index (LI) of the arthritis group and
observed the lowest LI on the group
treated with INndOH-NC. Demonstrating
the efficacy of the anti-inflammatory ac-
tivity of the encapsulated drug and
avoidance of adverse effects (BERNARDI
et al., 2009).

Also applying NSAIDs, Nguyen et al,
tested the transdermal drug delivery
(TDD) capacity of a Diclofenac loaded
lipid nanocarrier (DFC-LNC). They ob-
served that particle size and composition
of lipids of the nanoparticles have major
impacts on transdermal drug delivery.
The amount of permeated drug after
24hrs of the application was higher with
the nanocarrier that had a smaller size.
Furthermore, these same small nanocar-
riers presented a more efficient reduc-
tion of paw edema, when compared
with the solution of Diclofenac. Since na-
noparticles have instant access to the
skin with a better absorption rate, they
obtained the strongest diminution on
paw edema with these nanomedicines
(NGUYEN et al., 2017).

Lornoxicam (Lx) is another NSAID
used for the treatment of RA, preferred
by many because of its protective effect
(TAYAL, 2012). In 2017, Helmy et al., pub-
lished their work on lornoxicam loaded
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nanomicellar (Lx-NM) formulas on the ex-
perimental model of RA. Analyzing the
paw edema of the rats, they observed
that the higher doses of Lx-NM produced
a significant reduction of the edema vol-
ume in comparison with the low dose of
Lx-NM. Furthermore, they observed that
the nanomicellar formulation produced
more reduction of the edema than the
free solution of Lx. Also, the use of Lx-NM
significantly reduced the serum levels of
TNF-a, IL-18, PGE2, and NF-kB. The treat-
ment with the nanomicellar formula
showed a significant decrease in levels
of malondialdehyde and nitric oxide.
Demonstrating a better efficacy of the
drug in the nanoparticle presentation
(HELMY et al., 2017).

Using polymeric  nanoparticles,
Shao et al., tested the capacity of ra-
pamycin to regulate the immune re-
sponse in the RA mice model and in vitro
tests. The in vitro test with the rapamy-
cin/NP showed a downregulation on the
activation markers CD80+ and CD40+ of
dendritic cells. Also, the production of
proinflammatory cytokines by macro-
phages was reduced when treated with
rapamycin/NP. All IL-6, TNF-a and IL-1B
cytokines had a significant reduction
compared with the empty nanoparticle.
The results of the in vivo experiment
showed that rapamycin/NP caused a
marked reduction in clinical score and
diminution of serum levels of TNF-a and IL-
6. Demonstrating an enhanced immune
regulation by the drug presented on the
nanoformulation (SHAO et al., 2017).

Studying glucocorticoid therapy,
Zhou et al., tested the efficacy of solid li-
pid nanoparticles (SLN) loaded with
Prednisolone (PD), with hyaluronic acid
(HA) as ligand to enhance specificity
(HA-SLNs/PD). The authors observed that
the arthritic score of mice treated with
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the coated nanoparticle was the lowest
(mean score 1) in comparison with free
prednisolone (mean score 2.9) and the
uncoated nanoparticle (mean score 2).
Also, the HA coated nanoparticle re-
duced joint swelling and erosion of the
bone of the mice. Furthermore, the se-
rum levels of proinflammatory cytokines
(TNF-a, IL-1B, IL-6) were reduced on the
mice treated with HA-SLN-PD. These re-
sults demonstrate efficacy and selectiv-
ity of the drug, when presented as a na-
noparticle (ZHOU et al., 2018).

Merging the use of glucocorticoids
and polymeric nanoparticles, Yu et al.,
formulated a lipid-polymer hybrid nano-
particle loaded with Dexamethasone
(Dex). Using PCADK; Poly (cyclohexane-
1,4-diyl acetone dimethylene ketal); egg
phosphatidylcholine (egg PC) and poly-
ethylenimine (PEIl) with a coating of Hya-
luronic acid (HA) for the structure of the
nanoparticle. Testing cellular uptake, the
rhodamine B test showed strong fluores-
cence in the cells that received HAP-
NPs/Dex nanopartficles in comparison
with the nanoparticles that did not have
HA. In the in vivo experiment, the authors
observed a decrease in the clinical score
of the rats treated with the hybrid nano-
particle (HAPNPs/Dex). The paw thick-
ness of the rats tfreated with HAPNPs/Dex,
was considerably lower compared with
the other treatments. Also, the rats
treated with HAPNPs/Dex showed better
conservation of bone and cartfilage
structure with a reduced cell infiltration
(YU et al., 2019).

Lorscheider et al.,, developed a
Dexamethasone nanoparticle to ana-
lyze the anfi-inflammatory activity of the
pegylated nanocarrier of Dexame-
thasone palmitate (DXP-NPs). The nano-
particles presented a size of 130nm. The
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dose of DXP-NPs (100 pg/mL) wass com-
pared with a free solution of Dexame-
thasone. The treatment was tested invitro
with a culture of RAW 264.7 cells stimu-
lated with LPS. The researchers measured
pro-inflammatory cytokines like TNF-a
and MCP-1, and observed a significant
decrease of MCP-1 in the presence of
DXP-NPs when compared with the con-
frol. DXP-NPs was also fested on
DBA/10laHsd mice with Collagen In-
duced Arthritis (CIA) model. The authors
tested two doses of DXP-NPs the first one
was 0.1 mg/kg and the second was
Img/kg and compared this tfreatment
with a free solution of Dexamethasone.
The authors observed a significant re-
duction of the inflammation on the
mice's paws, compared to free drug at
the dose of 0.1mg/kg of DXP-NPs. At the
dose of 1mg/kg of DXP-NPs, they ob-
served significant reduction of the arthri-
fis score compared to free dexame-
thasone. Histological findings showed
that DXP-NPs caused a remarkable re-
duction of inflammation of the fissue,
compared with the control group. More-
over, Hepatic enzymes and renal func-
tion showed no signs of toxicity for DXP-
NPs. The authors concluded that the en-
capsulation of Dexamethasone demon-
strated to be efficient for the reduction
of inflammation with the absence of side
effects. Making it a possible way of treat-
ment for RA (LORSCHEIDER et al., 2019).

These studies (Table 1) showed that
the common drugs used for treating
rheumatoid arthritis, have a better co-
pacity of action when presented in any
form of nanoparticle drug delivery sys-
tem. Avoiding toxicity and adverse ef-
fects. The use of nanoparticles can also
enhance the activity of other types of
pharmaceuticals.
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6. Traditional Medicine meets Nano-
technology

Natural plant extracts are the basis
of many pharmaceutical drugs and can
have their therapeutic effects enhanced
when applied with nanomaterials
(STROHL, 2000). Usually, these plant ex-
fracts have low bioavailability because
they are easily degraded. Nanoformula-
tions provide the structure to keep the
active principle from being degraded by
enzymes. This is why both therapeutic
branches, traditional medicine and
nanopharmacology, have merged to
provide enhanced natural medications
(DEVI; JAIN; VALLI, 2010).

Traditional medicine applies the
use of plant extracts to treat diseases.
Many plants have been attributed with
the capacity to treat Rheumatoid Arthri-
tis (CAMERON et al., 2009). In Chinese
traditional medicine is well known the
use of Tripterygium wilfordii. This plant is
use fo treat inflammatory and autoim-
mune diseases (MATTA et al., 2009). Trip-
tolide (TP), is a diterpenoid epoxide, pre-
sent in this Chinese plant. The chemical
compound has proven to have the im-
munosuppressive capacity and protec-
tive activity towards inflamed joints in RA.
But the serious side effects that Triptolide
(TP) causes, restrain its use (LI et al., 2017).

To prove the medicinal capacity of
TP, Zhang et al. made a polymeric
nanocarrier system containing Triptolide
(PAT) and tested it on arthritic transgenic
mice (TNF-a transgenic). Evaluating
through near-infrared range with ICG,
the authors observed that 24hrs after the
administration, PAT tended to accumu-
late more at the inflamed joints and was
completely cleared after 80hrs. For cyto-
toxicity the authors made kidney and
liver function tests. Treatment with PAT
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presented lower damage to the liver and
kidneys (ALT: 81.58+14.12 mmol/L; AST:
38.58+18.38 mmol/L; CRE: 175.36£35.76
mmol/L; BUN: 7.84+1.30 mmol/L). In addi-
tion, the TP loaded nanoparticle showed
a reduction of inflammation on syno-
vium, less cartilage loss and reduced
bone erosion on the knees and ankles of
the freated mice. These results demon-
strate the efficacy and reduced toxicity
that the implementation of nanoparti-
cles offer (ZHANG et al., 2018).

More recently, Gu et al.made a
study evaluating the transdermal drug
delivery (TDD) of Triptolide lipid nanocar-
riers (TPL-NLCs), on the inflamed joints of
CFA's arthritic rats. The authors made in
vitro analysis to evaluate drug permea-
tion with Franz diffusion cells method, us-
ing excised rat skin. The penetration rate
of TPL-NLC was 73.51 £ 17.29 uyg/cm2 and
for the nanoemulsion 23.94 + 0.78
pg/cm?2. In the in vivo experiment, the
team analyzed the concentration of the
Triptolide loaded lipid nanocarrier in the
skin and plasma of the rats with a syn-
chronous microdialysis system. The scien-
tists observed a high mean residence
time (MRT) on the plasma of the
nanocarrier (20.06h) and a longer half-
life in the blood (12.2-fold). Their results
demonstrated a diminution in joint
edema of the knees of the animals
treated with TPL-NLC. Also, the nanocar-
rier showed reduction on the expression
of proinflammatory cytokines TNF-a, IL-18
and IL-6 of the joint fluids. Presenting a
promising treatment for inflammation-re-
lated to rheumatoid arthritis (GU et al.,
2019).

Another plant extract known for its
medicinal properties is Curcuma longa L.
(Zingiberaceae) or Curcumin. Curcumin
is found in Turmeric, an ancient Asian
spice. One of its active components is
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curcuminoid, recognized for anti-inflam-
matory, antibacterial, antiviral and anti-
fungal effects (JURENKA, 2009). The anti-
inflammatory properties of curcumin
come from its ability to modulate some
pro-inflammatory compounds like TNF-a,
IL-1B, IL-6, NF-kB, COX-2 and others
(MOGHADAMTOUSI et al., 2014).

In 2018, Fan et al., made a study us-
ing curcumin as a freatment for arthritic
rats. They formulated a nanomicelle
composed of Hyaluronic acid (HA) and
Curcumin (Cur), and tested the anti-in-
flammatory and joint lubrication capac-
ity of this nanomaterial. The in vitro tests
showed elevated proliferation of chon-
drocytes for all the concentrations of na-
nomicelles tested. The authors analyzed
the edema of the ankle with the CT en-
ergy spectrum and observed that the
group of rats treated with the nanomi-
celle had a major diminution of edema
(30%) in comparison with the other treat-
ments. When evaluating the ankle joint
with Multiple planar reconstruction pho-
tographs of CT, the HA/Cur nanomicelle
group presented the less blurred articular
surfaces with no swelling of the soft ftis-
sues. The histological analysis of the ankle
joints revealed no evidence of inflamma-
tion or cartlage damage in the group
treated with the nanomicelle. Finally, the
authors tested the lubrication status of
the joints with a UMT-2MT fribometer in a
ball-on-plate  contact configuration.
Here the HA/Cu group presented the
lowest friction coefficient (~0.03) in com-
parison with the other treatments. Sug-
gesting a better function of the knee ar-
ticulation (FAN et al., 2018).

Another component known for its
antioxidant and anti-inflammatory prop-
ertfies, is Resveratrol, a polyphenol found
in grape seed and red wine (SHAKIBAEI;
HARIKUMAR; AGGARWAL, 2009).
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Resveratrol has shown the capacity to
modulate the levels of insulin growth fac-
tor | (IGF-1) (BROWN et al., 2010) and di-
minished the proliferation of colorectal
epithelial cells in cancer tissue (PATEL et
al., 2010). The anti-inflammatory action
of Resveratrol is associated with the inhi-
bition of the franscription factor NF-
kappa B (BISHT; WAGNER; BULMER, 2010).

In 2015, Coradini et al., published
their work on resveratrol and curcumin
co-encapsulated lipid-core nanocap-
sules (RC-LNC). They compared the
tfreatment with a free solution of resvera-
trol and curcumin. The team evaluated
the anti-inflammatory activity of the
nanocapsules in  CFA experimental
model of arthritis. Researchers observed
a significant reduction in paw edema
(37-55%) with the treatment of RC-LNC.
On the biochemical analysis they olb-
served, that the co-encapsulation of the
polyphenols did not alter the hepatic en-
zymes (ALP, ALT, AST) demonstrating the
absence of side effects. Furthermore, on
the histopathological evaluation, the
paws freated with RC-LNC showed lower
levels of fibrosis on the cartilage and syn-
ovial membrane, and reduction of bone
loss. Demonstrating the benefits of the
nanocapsules (CORADINI et al., 2015).

In Pakistan, fraditional medicine
recognizes the anti-inflammatory and
antioxidative capacity of the cactus
Opuntia dillen (MAHMOOD, MAHMOOD,
TABASSUM, 2018). This plant has been
used to treat asthma, gastric ulcers and
diabetes. Its therapeutic effects are con-
ferred by the two major compounds a-
pyrones opuntiol and opuntioside. These
two bioactive compounds have demon-
strated anti-inflammatory and antino-
ciceptive effects (SIDDIQUI et al., 2016).

Roome et al. studied the antirheu-
matic capacity of opuntiol (OP) and



Ciéncias da Saude

opuntioside (OPG) in silver and gold na-
noparticle formulations (OP-AgNPs/ OP-
AUNPs). They tested the metallic nano-
particles in an experimental model of ar-
thritis with Wistar rats. Also, the authors
target mRNA expression of TLR-2, TLR-4, IL-
1B and TNF-a. The results demonstrated a
marked diminution of the arthritic score
(score 1), in the groups receiving the me-
tallic nanoparticles at a dose of 1 and 3
mg/kg. Furthermore, OP-AgNPs and OP-
AUNPs reduced paw inflammation on
>40% compared to the non-treated rats.
Radiographic analysis showed minor
edema of the soft tissue and mild erosion
of the bone in the presence of opunti-
oside nanoparticles. On the histological
analysis, the gold and silver nanoparti-
cles showed better conservation of the
joint tissue with a diminution of inflamma-
tory cell infilfration. Furthermore, in rat
spleen ftissue the expression of TLRs was
diminished from 65-80% in the presence
of metallic nanoparticles. (ROOME et al.,
2019).

Recently, Barros Silva et al. con-
ducted a study analysing the anti-inflam-
matory activity of a nano-capsule
loaded with nerolidol (NN) in a Zymosan
induced arthritis model. Norelidol is a ses-
quiterpene found on more than 30 spe-
cies of plants, one of them being Ginkgo
biloba L.(TAO; WANG; KONG, 2013). To
test the toxicity of the nanoparticcels,
the researchers made in vitro tests with a
culture of J774 cells. The cell viability es-
says using reduction of resazurin and MTT
tests, demonstrated that the cultured
cells remained viable and the formula-
tion may not presente toxicity, MTT re-
duction percentage varied from 90 to
95%. To test the anti-inflammatory activ-
ity of the nerolidol nanoparticles (NN) the
authors analyzed the joint neutrophil mi-
gration, histological analysis of the joint
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and quantification of interleukins of the
joint of Zymosan arthritic mice. The neu-
trophil migration assay showed that NN
reduced neutrophil migration in 26.7%,
similar with Indomethacin 26.6% and free
nerolidol at 10 mg/kg 27.4%. The histolog-
ical evaluation demonstrated that the
synovial membrane of the groups
treated with NN and free nerolidol had
reduced inflammation and edema,
compared with the control. Furthermore,
the authors measured the effects of
nerolidol and NN on infra-artficular inter-
leukins like TNF-a, IL-18 and IL-10. The au-
thors observed that the freatments ele-
vated the concentrations of all the cyto-
kines, specially NN elevated the levels of
anti-inflammatory IL-10. The results show
that nanoencapsulation of nerolidol im-
proves its antfi-inflammatory  activity
(BARROS SILVA SOARES DE SOUZA et al.,
2020). These studies are summarized in
Table 2

7. Conclusion

As the number of patients diag-
nosed with Rheumatoid Arthritis
grows, the need for an effective
freatment turns urgent. Many phar-
maceuticals have been created for
this purpose, but their poor specificity
for tissue makes them prominent to
serious side effects. Studies with
nanopharmacevuticals are demon-
strating a better range of action on
treating diseases. With their high
specificity for inflamed ftissue, they
provide target delivery and sustained
release of the drug. Encapsulating
the pharmaceuticals or plant ex-
tracts, in nanomaterials avoids the
dissemination of the drugs through
the whole system, minimizing the side
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effects that these could cause.
Nanopharmacology is a promising
field for the treatment of Rheumatoid
Arthritis. Even though the results pre-
senfed with these nanomaterials
seemed to be nonharmful for in vivo
and in vifro experiments, these sce-
narios could not represent the sys-
temic reactions that nanoformula-
fions could have on humans. For this
reason, more studies need to be con-
ducted.

Acknowledgments

To the Federal University of Amazonas
and the Postgraduate Program of Basic
and Applied Immunology, for their institu-
tional support; to CAPES for the post-
graduate scholarship given to the first
author.

Disclosure

This article is unpublished and is not
being considered for any other publica-
fion. The authors do not report any con-
flict of interest during their evaluation.
Therefore, the journal Scientia Amazonia
holds the copyright, has the approval
and permission of the authors for the dis-
semination of this artficle, by electronic
means.

References

AHMED, S. et al. A review on plants extract me-
diated synthesis of silver nanoparticles for antimi-
crobial applications: A green expertise. Journal
of Advanced Research, v. 7, n. 1, p. 17-28,
2016.

AHMED, T. A.; ALJAEID, B. M. Preparation, char-
acterization, and potential application of chitosan,
chitosan derivatives, and chitosan metal nanopar-

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021
Revista on-line http://www.scientia-amazonia.org

CS60

ISSN:2238.1910

ticles in pharmaceutical drug delivery. Drug De-
sign, Development and Therapy, v. 10, p.
483-507, 2016.

ALETAHA, D. et al. 2010 Rheumatoid arthritis
classification criteria: An American College of
Rheumatology/European League Against Rheu-
matism collaborative initiative. Arthritis and
Rheumatism, v. 62, n. 9, p. 2569-2581, 2010.

ALDAYEL, A. M. et al. Lipid nanoparticles with
minimum burst release of TNF-a siRNA show
strong activity against rheumatoid arthritis unre-
sponsive to methotrexate. Journal of Con-
trolled Release, v. 283, p. 280-289, 2018.

ALLEN, T. M.; CULLIS, P. R. Liposomal drug de-
livery systems: From concept to clinical applica-
tions. Advanced Drug Delivery Reviews, v.
65, n. 1, p. 36-48, jan. 2013.

ALMEIDA, D. E. DE et al. IMMUNE DYSREGULA-
TION BY THE RHEUMATOID ARTHRITIS SHARED
EPITOPE. Journal of Immunology, v. 185, n.
3, p. 1927-1934, 2011.

ASHAI, Z. A. et al. Nanopharmacology. JK-Prac-
titioner, v. 17, n. 1-3, p. 83-85, 2012.

BADER, R. A. The Development of Targeted Drug
Delivery Systems for Rheumatoid Arthritis Treat-
ment. In: LEMMEY, E. BY D. A. (Ed.). . Rheuma-
toid Arthritis Treatment. IntechOpen ed. Ban-
gor. p. 111-124.

BALE, S. et al. Overview on therapeutic applica-
tions of microparticulate drug delivery systems.
Critical Reviews in Therapeutic Drug Car-
rier Systems, v. 33, n. 4, p. 309-361, 2016.

BARROS SILVA SOARES DE SOUZA, E. P. et al.
Anti-inflammatory effect of nano-encapsulated
nerolidol on zymosan-induced arthritis in mice.
Food and Chemical Toxicology, v. 135, n. Novem-
ber 2019, p. 110958, 2020.

BERNARDI, A. et al. Effects of indomethacin-
loaded nanocapsules in experimental models of
inflammation in rats. British Journal of Phar-
macology, v. 158, n. 4, p. 1104-1111, 2009.

BERTRAND, N. et al. Cancer nanotechnology: The
impact of passive and active targeting in the era
of modern cancer biology. Advanced Drug De-
livery Reviews, v. 66, p. 2-25, 2014.



Ciéncias da Saude

BISHT, K.; WAGNER, K. H.; BULMER, A. C. Cur-
cumin, resveratrol and flavonoids as anti-inflam-
matory, cyto- and DNA-protective dietary com-
pounds. Toxicology, v.278, n.1, p.88-100, 2010.

BOECHAT, A. L. et al. Methotrexate-loaded lipid-
core nanocapsules are highly effective in the con-
trol of inflammation in synovial cells and a chronic
arthritis model. International Journal of Na-
nomedicine, v. 10, n. 1, p. 6603-6614, 2015.

BONIFACIO, B. V. et al. Nanotechnology-based
drug delivery systems and herbal medicines: a
review. International Journal of Nanomedi-
cine, v. 9, p. 1-15, 2014.

BROWN, V. A. et al. Repeat dose study of the
cancer chemopreventive agent resveratrol in
healthy volunteers: Safety, pharmacokinetics,
and effect on the insulin-like growth factor axis.
Cancer Research, v. 70, n. 22, p. 9003-9011,
15 nov. 2010.

CAMERON, M. et al. Evidence of Effectiveness of
Herbal Medicinal Products in the Treatment of Ar-
thritis Part 2: Rheumatoid Arthritis. PHYTO-
THERAPY RESEARCH, v. 1662, n. July, p.
1647-1662, 2009.

CHAN, F. K. L. et al. Celecoxib versus omeprazole
and diclofenac in patients with osteoarthritis and
rheumatoid arthritis (CONDOR): A randomised
trial. The Lancet, v. 376, n. 9736, p. 173-179,
2010.

CHUANG, S. et al. Lipid-Based Nanoparticles as a
Potential Delivery Approach in the Treatment of
Rheumatoid Arthritis. Nanomaterials, v. 8, n.
42, p. 1-16, 2018.

CORADINI, K. et al. A novel approach to arthritis
treatment based on resveratrol and curcumin co-
encapsulated in lipid-core nanocapsules: In vivo
studies. European Journal of Pharmaceutical
Sciences, v. 78, p. 163-170, 27 jul. 2015.

DEVI, V.; JAIN, N.; VALLI, K. Importance of novel
drug delivery systems in herbal medicines. Phar-
macognosy Reviews, v. 4, n. 7, p. 27-31,
2010.

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021
Revista on-line http://www.scientia-amazonia.org

CS61

ISSN:2238.1910

DINI, V. S. Q. et al. Acdo anti-inflamatdria do dleo
de copaiba em artrite induzida em modelo ani-
mal: Uma Revisdo Sistematica. Scientia Ama-
zonia, v. 8, n. 1, p. 1-12, 2019.

DUAN, W.; LI, H. Combination of NF-kB targeted
siRNA and methotrexate in a hybrid nanocarrier
towards the effective treatment in rheumatoid ar-
thritis. Journal of Nanobiotechnology, v. 16,
n. 1, p. 1-9, 2018.

DUDICS, S. et al. Natural Products for the Treat-
ment of Autoimmune Arthritis : Their Mechanisms
of Action , Targeted Delivery , and Interplay with
the Host Microbiome. International Journal of
Molecular Sciences, v. 19, n. 9, p. 2508, 2018.

FAN, Z. et al. Anti-Inflammation and Joint Lubri-
cation Dual Effects of a Novel Hyaluronic
Acid/Curcumin Nanomicelle Improve the Efficacy
of Rheumatoid Arthritis Therapy. ACS Applied
Materials & Interfaces, v. 10, p. 23595-
23604, 2018.

FERREIRA, J. F.; AHMED MOHAMED, A. A.; EM-
ERY, P. Glucocorticoids and Rheumatoid Arthritis.
Rheumatic Disease Clinics of North Amer-
ica, v. 42, n. 1, p. 33-46, 2016.

FISSELL, W. H. What Is Nanotechnology?. Ad-
vances in Chronic Kidney Disease, v. 20, n.
6, p. 452-453, 2013.

FRANK, L. A. et al. Improving drug biological ef-
fects by encapsulation into polymeric nanocap-
sules. Nanomedicine and Nanobiotechnol-
ogy, v. 7, n. 5, p. 623-639, 1 set. 2015.

GESZKE-MORITZ, M.; MORITZ, M. Solid lipid na-
noparticles as attractive drug vehicles: Composi-
tion, properties and therapeutic strategies. Ma-
terials Science and Engineering C Elsevier
Ltd, v. 68, p. 982-994, 2016.

GU, Y. et al. Transdermal drug delivery of trip-
tolide-loaded nanostructured lipid carriers: Prep-
aration, pharmacokinetic, and evaluation for
rheumatoid arthritis. International Journal of
Pharmaceutics, v. 554, n. September 2018, p.
235-244, 2019.

HELMY, H. S. et al. Therapeutic effects of lornox-
icam-loaded nanomicellar formula in experi-



Ciéncias da Saude

mental models of rheumatoid arthritis. Interna-
tional Journal of Nanomedicine, v. 12, p.
7015-7023, 2017.

JANAKIRAMAN, K. et al. Novel nano therapeutic
materials for the effective treatment of rheuma-
toid arthritis-recent insights. Materials Today
Communications, v. 17, p. 200-213, 1 dez.
2018.

JIN, K. et al. Biomimetic nanoparticles for inflam-
mation targeting. Acta Pharmaceutica Sinica
B, v. 8, n. 1, p. 23-33, 2018.

JURENKA, J. S. Anti-inflammatory Properties of
Curcumin , a Major Constituent of Curcuma
longa: A Review of Preclinical and Clinical Re-
search. Alternative Medicine, v. 14, n. 2, 2009.

KOTHAMASU, P. et al. Nanocapsules: The weap-
ons for novel drug delivery systems. BioIm-
pacts, v. 2, n. 2, p. 71-81, 2012.

KUMAR, R. et al. Solid lipid nanoparticles for the
controlled delivery of poorly water soluble non-
steroidal anti-inflammatory drugs. Ultrasonics
Sonochemistry, v. 40, p. 686—-696, 1 jan. 2018.

LAMBERT, D. G. Disease-modifying antirheumatic
drugs. Anaesthesia and Intensive Care Med-
icine, v. 13, n. 3, p. 128-130, 2012.

LI, Z. et al. Glycyrrhetinic Acid Accelerates the
Clearance of Triptolide through P-gp In Vitro.
PHYTOTHERAPY RESEARCH, v. 1096, n. May,
p. 1090-1096, 2017.

LORSCHEIDER, M. et al. Dexamethasone palmi-
tate nanoparticles: An efficient treatment for
rheumatoid arthritis. Journal of Controlled Re-
lease, v. 296, p. 179-189, 2019.

MAHMOOD, A.; MAHMOOD, A.; TABASSUM, A.
Ethnomedicinal Survy of Plants From District Sial-
kot, Pakistan. Journal of Applied Pharmacy,
v. 3, n. 3, p. 212-220, 2018.

MATTA, R. et al. Triptolide induces anti-inflam-
matory cellular responses. American Journal of
Translational Research, v. 1, n. 3, p. 267-282,
2009.

MCINNES, I. B.; SCHETT, G. The Pathogenesis of
Rheumatoid Arthritis. The New England Jour-
nal of Medicine, v. 365, p. 2205-2219, 2011.

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021
Revista on-line http://www.scientia-amazonia.org

CS62

ISSN:2238.1910

MELLO, S. B. et al. Intra-articular methotrexate
associated to lipid nanoemulsions: anti-inflam-
matory effect upon antigen-induced arthritis. In-
ternational Journal of Nanomedicine, v. 8,
p. 443-449, 2013.

MOGHADAMTOUSI, S. Z. et al. A Review on Anti-
bacterial , Antiviral , and Antifungal Activity of
Curcumin. BioMed Research Internationa, v.
2014, p. 1-12, 2014.

NGUYEN, C. N. et al. Nanostructured lipid carriers
to enhance transdermal delivery and efficacy of
diclofenac. Drug Delivery and Translational
Research, v. 7, n. 5, p. 664-673, 2017.

PATEL, K. R. et al. Clinical pharmacology of
resveratrol and its metabolites in colorectal can-
cer patients. Cancer Research, v. 70, n. 19, p.
7392-7399, 1 out. 2010.

PRABHU, P. et al. Investigation of nano lipid ves-
icles of methotrexate for anti-rheumatoid activity.
International Journal of Nanomedicine, v.
7, p. 177-186, 2012.

ROOME, T. et al. Opuntioside, opuntiol and its
metallic nanoparticles attenuate adjuvant-in-
duced arthritis: Novel suppressors of Toll-like re-
ceptors -2 and -4. Biomedicine and Pharma-
cotherapy, v. 112, n. August 2018, p. 108624,
2019.

SHAKIBAEI, M.; HARIKUMAR, K. B.; AGGARWAL,
B. B. Review: Resveratrol addiction: To die or not
to die. Molecular Nutrition and Food Re-
search, v. 53, n. 1, p. 115-128, 2009.

SHAO, P. et al. Modulation of the immune re-
sponse in rheumatoid arthritis with strategically
released rapamycin. Molecular Medicine Re-
ports, v. 16, p. 5257-5262, 2017.

SHARMA, J.; BHAR, S.; DEVI, C. S. A review on
interleukins: The key manipulators in rheumatoid
arthritis. Modern Rheumatology, v. 27, n. 5, p.
723-746, 2017.

SHI, Q. et al. In vivo therapeutic efficacy of TNFa
silencing by folate-PEG-chitosan-DEAE/siRNA na-
noparticles in arthritic mice. International
Journal of Nanomedicine, v. 13, p. 387-402,
2018.



Ciéncias da Saude

SIDDIQUI, F. et al. Analgesic potential of Opuntia
dillenii and its compounds opuntiol and opunti-
oside against pain models in mice. Records of
Natural Products, v. 10, n. 6, p. 721-734,
2016.

SINGH, Y. et al. Nanoemulsion: Concepts, devel-
opment and applications in drug delivery. Jour-
nal of Controlled Release, Elsevier B.V., v.
252, p. 28-49, 2017.

SMOLEN, J. S.; ALETAHA, D.; MCINNES, I. B.
Rheumatoid arthritis. The Lancet, v. 388, n.
10055, p. 2023-2038, 2016.

SONG, Y. W.; KANG, E. H. Autoantibodies in rheu-
matoid arthritis: Rheumatoid factors and antici-
trullinated protein antibodies. QIM, v. 103, n. 3,
p. 139-146, 2009.

STROHL, W. R. The role of natural products in a
modern drug discovery program. Drug
Descovery Today, v. 5, n. 2, p. 3941, 2000.

TAO, R.; WANG, C.-Z.; KONG, Z.-W. Antibacte-
rial/Antifungal Activity and Synergistic Interac-
tions between Polyprenols and Other Lipids Iso-
lated from Ginkgo Biloba L. Leaves. Molecules,
v. 18, n. 2, p. 2166-2188, 2013.

TAYAL, S. The Role of Lornoxicam in Pain
and Inflammation: A Review. Disponivel em:
<http://crpsonline.com/index.php/crps/arti-
cle/view/45/31>. Acesso em: 6 fev. 2020.

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021
Revista on-line http://www.scientia-amazonia.org

CS63

ISSN:2238.1910

VADLAPUDI, A. D.; MITRA, A. K. Nanomicelles:
an emerging platform for drug delivery to the eye
HHS Public Access. Therapeutic Delivery, v. 4,
n. 1, p. 1-3, 2013.

WANG, Y. et al. Manufacturing techniques and
surface engineering of polymer based nanoparti-
cles for targeted drug delivery to cancer. Nano-
materials, v. 6, n. 2, 1 fev. 2016.

YU, C. et al. Hyaluronic Acid Coated Acid-Sensi-
tive Nanoparticles for Targeted Therapy of Adju-
vant-Induced Arthritis in Rats. Molecules, v. 24,
n. 1, p. 146, 2019.

ZHANG, L. et al. Fabrication of a triptolide-loaded
and poly-&gamma;-glutamic acid-based am-
phiphilic nanoparticle for the treatment of rheu-
matoid arthritis. International Journal of Na-
nomedicine, v. Volume 13, p. 2051-2064, 2018.

ZHAO, 1. et al. Multifunctional folate receptor-tar-
geting and pH- responsive nanocarriers loaded
with methotrexate for treatment of rheumatoid
arthritis. International Journal of Nanomed-
icine, v. 12, p. 6735-6746, 2017.

ZHOU, M. et al. Targeted delivery of hyaluronic
acid-coated solid lipid nanoparticles for rheuma-
toid arthritis therapy. Drug Delivery, v. 25, n. 1,
p. 716-722, 2018.



Ciéncias da Saude

Scientia Amazonia, v. 10, n.2, CS48-CS68, 2021

Revista on-line http://www.scientia-amazonia.org

ISSN:2238.1910

Table 1. List of pharmaceuticals and their nanoformulations on experimental model of Arthritis.

Nanoparticle

Compared

Experimental

Effect on arthritic

Effect on blood, tissue and flu-

Refer-

Drug/Agent Nanoformulation size treatment model in vitro Test joint ids ences
Lipid Nano vesicles Cl?vlvméréﬂlrgg ?/;I—
1)DSPC:MPEGDSE: CH 1)210 nm Mix solution Dialysis mem- Eme (P<0.01) b Decrease on serum levels of (PRABHU
(0.13 mg/kg ) 0.13 ma/k AlA brane in Franz Thé Y hepatic proteins SGOT and et al.,
2) DSPC: CH 2) 253 nm -9 Ma/kg diffusion cell. ) : SGPT (P<0.01). 2012)
(0.13 g/kg) DSPC:MPEGDSE:
-5 g/Kkg CH
Lipid Nanoemulsion Decline of cellin- cii?w?f)?wotzgzlen%k\ggmiisd
LDE-MTX 40 nm Mtx solution AIA B filtrate on the (P=0.004) and (;Iiminuﬂon of (MELLO et
(0.0625, 0.125, 0.25 and 0.5 umol/kg synovial mem- . _ al., 2013)
0.5 umol/kg) brane cytokines levels of IL-17 (P =
i i 0.05) and IFN-y (P = 0.05)
Lower levels of proinflamma-
tory cytokines TNFa
- T (P=0.0114), IL-1a (P=0.778)
Lipid-core Nanocap- Diminution of
® sule P Mtx solution Human mono- paw edema simi- and CRP (P=0.011). (BOE-
17517 nm AlA nuclear syno- . In vitro: reduction of the proin- CHAT et
MTX-LNC 1.5 mg-kg-1 . lar fo Mtx solution .
(0.375 mg-kg-1) vial cells (P=0.951) flammatory cytokines TNFa al., 2015)
: 9k9 7ol and IL-6 (P=0.046 and
P=0.033), IFN-y (P=0.046) and
Methotrexate IL-17A (P=0.006).
FA-PPLNPs/MTX
showed de-
Polymeric lipid nano- crease of clinical Reduction of serum levels of
particle with Folic Acid score (score 0.6) TNF-a (P<0.001) and IL-6 (P<
ligand 1)PPLNP/MTX 1) 148.8 nm MTX solution AIA Activated and paw thick- 0.01) (ZHAO et
(257 pg/kg) 2) 133.6 nm 0.5mL RAW246.7 cells ness (P <0.01). In vitro: Higher uptake of the al., 2017)
2)FA-PPLNPs/MTX (257 Lower bone and nanoparticle by better inter-
ug/kg) cartilage erosion action of the FRp receptor
of the joint.
. . Diminution of the inflamma-
Calcium phosphate/lip- .
osome—gosez hybr/idp tory cytokines TNF-a (< 15
nanocarrier loaded Reduction of pg/mL) and IL-1B (< 10
N . MTX solution Activated paw thickness pg/mL) (DUAN; LI,
with siRNA and Folic 170 nm CIA
Acid ligand 0.6 mg/kg RAW?246.7 cells and arthritic In vitro: Increase internaliza- 2018)
(F—siR?AL) score (P<0.0071) tion of the nanoparticle with
0.4 ma/k better interplay of ligand and
’ 9/kg receptor activity.
Naocarrier with- . T
. . : - Decrease of in- Diminution on the concentra-
Polymeric nanocarrier out folic acid lig- Hela cells flammation and tions of TNF-a in the synovium (SHI et al
SIRNA-TNF-a of Chitosan with Folic 233+21 nm ands CAIA (cell viability) I, Y v
Acid ligands (CH- arthritic score (P<0.05), low serum levels of 2018)

DEAET5/sIRNA-

(P<0.05)

CTX-ll (P<0.05).
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(folate-PEG-CH- TNFa, size 259+3 In vitro: 89-97% cell viability
DEAE15/siRNA, 50 ug nm) with both nanoparticles.
SIRNA)
. " Accumulation of the nano-
At;(I:édI;SEzwsllg\t/:dsr;zl?dd-l(i]: free SiRNA Reduction fo ioint | PArficle on the inflamed fissue
d nor\wlo article of (0.5 mg 1)LPS inflommoﬁén with release of the therapeu- (ALDAYEL
SIRNA-TNF- a P pe 120 nm siRNA/kg) 2) CIA J774A.1 cells . fic on the inflamed area. etal.,
TNF-a-siRNA and clinical score N
Rk Methotrexate (5 3) CAIA Lower cartilage damage and 2018)
(ASTNF-a-siRNA-SLNs) (p <0.05) :
2 mg/kg mg/kg) less rqughness of the articula-
tion bone (p <0.05)
r]eﬁir;%%eoefnocn\;v 2) AIA: Reduction of serum
Indomethacin P levels of TNF-a (P<0.05), IL-6
Nanocapsule (IndOH) 1)Carrageenan edema (44x7%, P (P<0.01) and increase of IL-10
Indomethacin (INdOH-NC, 1 mg kg-1 240 nm - 9 - <0.05) : (BER-
R solution 2)AIA ) . (P<0.001).
i.p.) 2)AlA: reduction . . . NARDI et
(1 mgkg-1) Low gastrointestinal lesional
of paw edema index (LI) (P<0.001) at., 2009)
(33 +4%, P<0.05) )
Nanostructure Lipid NLC1:54.38 = .
Carrier 1.54 nm Reduction of
(DFC-NLC) NLC2: 126.67 + edema with all
NLC1: 0.5% DFC 121 Voltaren Cellulose ace- nanocarries Better t d ld (NGUYEN
Diclofenac DO <1 hm, Emulgel; Vol) Carrageenan tate synthetic (P<0.017). NLC1 ereriransaermal drug per- et al
NLC2: 0.4% DFC NLC3: 92.75 % ’ membrane presevntea 72.9% meation with NLC1 (153.3%). 201 7')'
NLC3: 0.2% DFC 0.82 nm A e
Equivalento to 4mg of (all transder- 'n:;éb#:ﬁgf?;r']nf
Diclofenac mal)
Carrageenan:
Nanomicelle higher doses of
(Lx-NM) 1)Lornoxicam 1)Carrageenan Lx-NM cause re-
(Lx) solution (1.3 duction of paw AlA: reduced the serum levels
Lornoxicam 1)Dose]s 2'25}865 and 169.45 nm mg/kg) - edema (p of TNF-q, IL-1B8, PGE2 and NF- (glELSAOT;T
= mg/kg 2)Lx solution <0.001) kB (0<0.001) K
2)Dose 0.325 mg/k (0.325 mg/kg ) 2)AIA AlA: reduction of
’ 979 paw edema
(p<0.001)
Diminution of serum levels of
1)Mice spleen TNF-a and IL-6 (P<0.05).
P In vitro: DC: downregulation
DC . S
Polymeric nanoparticle Empty nanopar- Reduction on the on the activation markers (SHAO et
Rapamycin . 16535 nm - CIA . clinical score CD80+ and CD40+ (P<0.05).
(rapamycin/NP, 135 ug) ticle (NP, 1 mg) 2)Mice bone K . al., 2017)
(mean score 7) Macrophages: reduction on
marrow mac- ; ;
rophages cytokine production IL-6, TNF-
phag aand IL-1p
(P<0.05)
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Solid Lipid Nanoparticle

HA-SLNs/PD presented longer
periods on plasma (29 ng/mL)

coated with Hyaluronic 1) 166.86 £ . e
. . Low arthritic and the joints.
Acid 1.25nm Prednisolone score (mean Serum levels of proinflamma- (ZHOU et
Prednisolone 1)HA-SLNs/PD (15 mg (PD) solution CIA RAW264.7 cells ) p
score 1) fory cytokines (TNF-a, IL-1B, IL- al., 2018)
PD/kg) 2) 147.8+1.46 (15 mg PD/kg)
6) were reduced (p < 0.05)
2)SLNs/PD (15 mg nm o
PD/kg) In vitro: higher uptake of HA-
SLNs/PD than SLN/PD (p<0.05)
Acid sensitive Polymeric Low clinical score Conservation of bone and
oV presented by the cartilage structure with a re-
Nanoparticle D th HAPNP/D Il infiltration. L
1)HAPNPs/Dex examethasone RAW 264.7 A /Dex duced cell infiltration. Low (YU et al
Dexamethasone 150 nm (Dex) solution (5 AlA : (p<0.001) and re- levels of serum TNF-a (p<0.01) v’
2)HANPs/Dex cells 2019)
3)PNPs/Dex mg/kg) duc_ed paw _ cnc_j IL-6 (p<0.00T)
thickness In vitro: higher uptake of HAP-
(p<0.001) NPs/Dex
Conservation of the joint. In-
Peaylated nanocarrier crese of white blood cells
of D%xcmethcsone al- Dexamethasone Reduction of joint count (p <0.005) and lym- (LOR-
: P solution (DSP) RAW 264.7 edema and dimi- phoctes (p <0.01). SCHEIDER
Dexamethasone mitate (DXP-NPs) 310nm CIA : " - .
At 0.1.m/kg cells nution of arthritic No significant difference on etal.,
At 0.1, m/kg .
And 1 mg/kg score ( p<0.001) the concentraton of hepatic 2019)
And 1 mg/kg
ALAT. Increase on serum level

of Creatinine (p <0.01)

The in vitro release tests of the papers were not taken in consideration for this table. Abbreviations: AIA, adjuvant induced arthritis; CIA, collagen
induced arthritis; CAIA, collagen antfibody induced arthritis; SGOT, aspartate aminotransferase; SGPT, serum glutamic pyruvic transaminase; INF-y,
interferon gamma; TNF- a, tumor necrosis factor alpha; PGE2 prostaglandin e two; NF-Kb, nuclear factor kappa b; CRP, c-reactive protein; IL-1B,
interleukin 1 beta; IL-1 interleukin 1; IL-6, interleukin 6; IL-10, interleukin 10; IL-17 interleukin 17.
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Table 2. List of Nanoformulations loaded with natural compounds in the use of experimental model of Arthrifis.

Bioactive Nanoformula- . Compared Experi- . Effect on arthritic Effect on blood,
Plant Name Com- . Size (nm) mental In vitro test . . ; . References
fion freatment articulation fluids and tissue
pound Model
. Low damage fo
Higher absorb- | 0 ver and kid-
. tion of the nano-
Polymeric Na- Triptolide (TP) NF-a article on in- neys.
noparticle pre Trans- RAW?246.7 P . In vitro: high cel- (ZHANG et
7918 solution (0.15 . flamed joints. LY
(PAT) genic cells . lular viability al., 2018)
mg/kg) . Conservation of
(0.15 mg/kg) mice . (P<0.05) and low
bone and carti- .
lage of the joint apoptosis rafe
) 7.2%
Tripterygium Elevated pene-
Sv”fg’rgdn Triptolide tration rate 73.51
*+17.29 ug/cm?2.
Lipid Nanocar- Diclofenac so- Franz diffusion T High MRT on
. - Diminution in joint plasma 20.06h
rier 179.0 dium gel (25 cells method (GU et al.,
(TPL-NLCs) 0.286 ma/ka) AlA with excised | Sdemaofthe | andlonger half 2019)
: 9/xg ; knees (P<0.05) | life in blood (12.2
(90 mg/kg) rat skin
fold).
Reduced levels
TNF-a, IL-18 and
IL-6 (P<0.05)
Diminution of TNF-
a, IL-1 (p<0.05)
o and liver proteins
Diminution of (ASTALT, ALP).
. . . edema (30%, S .
Curcu- . Nanomicelle Curcuminoid Bovine chon- Friction coeffi-
Curcumi- - p<0.05), conser- . (FAN et al.,
malonga L. noid (HA/Cur) 164 solution (Cur, AlA drocytes vation of bone cient (~0.03) 2018)
(Curcumin) (336 ng/mL) 100 pl) In vitro: elevated

and carfilage of
the joint.

proliferation of
chondrocytes
with ~3.7 absorb-
ance
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Lipid-core
nanocapsules
1)B-LNC (Blank
nanocapsule)
Diminution of
2)R-LNC 1)197+5 paw edema (p <
(Resveratrol 1)Resveratrol 0.05)
Vitis Vinifera Resveratrol nanocapsule) 2)192+5 SOlLrJT:IO?k] 75 attenuation of fi- No alteration on
and Curcu- S brosis in the syno- the levels of he- (CORADINI
and Curcu- | 3)C-LNC (Cur- AlA - . .
malonga L. minoid cumin 2)Curcumin so- vial membrane, patic enzymes et al., 20195).
(Curcumin) 3)200+3 . cartilage and (ALT, AST, ALP).
nanocapsule) lution 1.75 b | <
ma/kg omce) Ooss (P
3)RC-INC 4)196£7 .05).
(Resveratrol
and Curcumin
nanocapsule)
Common dose:
1.75mg/kg
Conservation of
. the joint tissue
1)Opuntiol (GP) Diminution of ar- | with diminution of
. Metallic Nano- gnd opunti- thritic score inflammatory cell
Opuntiol ricl oside (OPG) so- d infiltrati
Opuntia parficles lution (100 Rat spleno- | (5¢0r€ 1) and re- infilfration. (ROOME et
L . (OP-AgNPs/ 57 AlA duced paw in- Reduction on the
dilleni Opunti- mg/kg) cytes . - al., 2019)
. OP-AUNPs) flammation on expretion of TLRs
oside 2) Dexa 0.5
(10 mg/kg) ma/kg) >40%. 65-80%.
3)Indo% n? /kg) In vifro: low levels
9/kg of IL-18 and TNF-a
(p<0.007)
Nerohglol solu- Reduc’r.lon‘of (BARROS
fion neutrophil migra- SILVA
Nanocapsule 219 1)300 mg/kg Diminuition of in- tion to the in- SOARES DE
- nerolidol NN 2)3mg/kg Zymosan J774 cells flasmmation and flamed tissue.
+8.4 . SOUZA et al.,
3mg/kg - edema Increase of anti- 2020)
Indomethacim inflammatory cy-
5mg/kg tokine IL-10

Abbreviations: AlA, adjuvant induced arthritis; TNF- a, tumor necrosis factor alpha; TLR2, toll like receptor 2, TLR4, toll like receptor 4; IL-1B, interleukin 1

beta; IL-1 interleukin 1; IL-6, interleukin.
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