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Introduction. Rheomatoid arthritis (RLA) 15 a chronic
systemic inflammatory and auoimmune disease that
cssentially  affects the joinis. Although the severity
of RA has reduced dunng recent decades, the discase
prevalence has risen. According fo population-based
studies, the global prevalence of RA between 1980 and
2009 was 460 per 100000 population. Trend analysis
showed that RA was observed more in developed
counines than developing countries {Finckh et al |, 2022,
pp. 391-602; Almutairi, 2020, pp. #863-877). This discase
arises more in adult populations and is characterized by
swelling, redness, pain and stiffness and progressive
disability, affecting multiple  joints  symmetncally
(Kaloni, Chakraborty, & Biswas, 2020, pp. 179-190),
The role of several amo antibodics such as rhenmatoid
Tactor (RF), anti-citrullinated protein antibodies {ACPA}
and anti-carbamylaied protcin antibodies (anti-CarP}
in the pathogenesis of RA 5 evidend. In symowial
joinds, type 1 T helper cells (Thl) arc involved in the
activation of macrophages that induce the production
of pro-inflammatory cyvioking like inmor necrosis factor
(TNF) {Mucller ot al., 2021, p. 3017). Although rcoemt
rescarch has shown that interleukin (IL)-24 posscsses
anti-inlammatory effects, 1t {together with IL-20) was
detected 1o be enhanced in plazma from patients with RA
{Zhong, Zhang, & Chong, 2022, p. 627). Mon-stcroidal
anti-inflammatory dmgs (NSAIDs) are one of the
symptomatic treatment options for BA- However, these
medications are known to have multiple adverse cffects
including nephrotoxicity, gastrointestinal bleeding and
ulceration, increasing blood pressore and the nsk of
first hospitalization due to congestive heant failure. In
arder to conirol these reactions it 15 recommended 1o
administer NSAIDs for a short peniod of time and in the
lowest efficctive dose (Wongrakpanich, Wongrakpanich,
& Melhado, 2008, pp. 143-150). Conventional disease
modifying anti-rhenmatic dmes (DMARDS) are usually
the first choice to diminish disabihity and improve long-
term outcomes for people with RA. Biologics are much
maore costly than other subscis of DMARDs, they are
commonly used as partial responders to traditional
DMARDs  Althongh the combination of biologics
and traditional DMARDs has demonstirated improved
cificacy, the potential benefits and harms (such as cancer
and infections) are still controversial (Singh et al,
2016, p. CDOL2183). Various ircatment stralegies aim
o suppress the activity of the disease. The introduction
of synthetic and biologic DMARDs in very early stages
of A minimizes joint damage and functional disability,
oplimizing outcomes for patienis. However, in spite of
applving aggressive pharmacologic treatiment regimens
carly in discase onset, complete clinical remission is nod

joints,
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achieved {Guo ot al, 2018, p. 15). Although biological
medications  seem  to effectively  fargel  molecular
pathways imvolved in the inflammatory process of BA,
therz is a lack of long-term safety data regarding their
use. Moreover, biologic dmgs appear to have some
disadvaniages. Among these is their chemical and
phyvsical volatility. Immunobiobogicals should be stored,
distributed and transporied at specific  temperatires
(2—-8°C) in order to avold compromising their safery
and cificacy, Patients need to be informed  about
home storage temperatnre condition monitoning via
instructions provided by dmpe mamifacturers (de Assis
Damasceno et al,, 2020, pp. 1-6). Various investigations
hawe demonstrated an increased prevalence in the use of
herbal medicing in developing countries. Since ancicn
times, herbs have been utilized as medicines for treating
numerons diseases including mflammatory  discases.
Interestingly, a rise in the prevalence of herbs used as
complementary and alternative medicine among chronic
disease paticnts has been reporied in recent vears {Pelizer
& Pengpid, 2019, pp. 573-582; Welr, Emberger-
Klein, & Menmad, 2008, p. 92). The anti-inflammatory
propenics of some herbal products are well-known
and they have fewer unwanicd effects than existing
amti-inflammatory medications. As such, herbs and
their derivatives constituie a promising arena in novel
medical therapics. Furthenmore, the cosi-cffectiveness
of namral products has been explored and summarized
by high quality stodics (Xong ct al., 2022, p. T63216).

This article aims to present a review of novel insighis
imnto the use of medicinal planis, phytochemicals and
their pharmacological activities against RA that have
already becn investigsied via recemt e vive, s vilro
cxpenments and clinical trials.

Anti-inflammatory phytechemicals and their
mechanism of actions. Inflammation is a pathological
process characterized by the accumulstion of pro-
inflammatory mediators at the site of cell or tissue
injury. Contimuous inflammatory  responses may lead
to different types of awtoimmune diseases such as BA,
The pathological process in BA involves macrophages
and lymphocytcs migrating o the synoviom of
cansing  synovitis, Cerain  phytochemicals
are considered to inhibit the release of inflammatory
molecules o suppress inflammatory responses (Shin et
al., 2020, p. 5932; Gandhi et al,, 2022, pp, 1-15)

Punicalagin, 1s the precursor of ellagitannin and
has been reporied to be the most active polyvphenol
obiained from differcnt parts of the pomegranaie tree
{Punica gramatum Linn). Methanolic (and ethanolic)
pomecgranate pecls extmct containg a high amount
of bwactive compounds, incloding  punicalagin
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{10-30 mgg) (Mu ct al, 2021, pp. 1-12). Historically,
sepds and joices are belicved to have been taken as
supplements to reduce the clinical symptoms of RA
(Singh, Singh, & Mahajan, 2020, pp. 1306-1327),
Margues and coanthors (2016) have already revealed
that Punicalagin diminished TNF o and inierlenkin
{IL} 6 secretion in macrophages and primary haoman
chondrocytes  with  lipopoelysaccharide  (LP&)-
induced inflamed RAW264. 7, (Margues et al., 2016,
pp. 463-146T). Noclear factor kappa B (MF-xE) is a
transcription factor that 15 activaied by inducers such as
cytokines in the cytoplasm of vanons types of immune
cells. It migrates to the nuclens where il in tum induces
transcription of target penes that mediate inflammatory
responses, including thosz imwolving cyiokines and
chemokines. H is worth noting that many findings
confirm activated NF-kB can be detected in human and
animal arthritis synovium. (Singh, Singh, & Mahajan,
2020, pp. 1306-1327).

Cao et al (2019, p. 2794} demonsirated that in
RAWZXG4.7, in a mouse culhured macrophage cell
ling that was pre-ireaied with punicalagin and LPS,
punicalagin redoced release of LP5-induced nitnic oxide
(N0}, TMF-m, and IL-& by suppressing NF-xB and the
mitogen-activaied protein kinase (MAPK) signaling
pathway that is responsible for apoptosis of chondrocyies.
These results testify o the anti-inflammatony property of
punicalaginvia its ability to affect different inflammatory
pathways,

Anthocyaning (ACNsh. Are a subtvpe of flavonoids;
wiler-soluble  polyphenol compounds and  which
maturally exist in fneits and vegetables. Pelargonidin,
delphinidin, cyanidin, peonidin, petunidin, and mabvidin
are widespread ACNs, presend in many  common
planis. They have been shown to represend potent anti-
inflammatory, anti-oxsdant, anfi-cancer, anti-obesity and
immunomodulatory activity (Salehi et al, 2020, pp.
1-20), The rolc of oxidative stress as onc of the factors in
the pathogencsis of RA is well-known. The regulation of
oxidative stress by ACNs has beendemonsirated inrecent
studics (Li et al., 2009, pp. 68156818, Min et al, 2015,
pp. 1-17). The dvsregulation of T helper 17 (Th17) cells
which secrete proinflammatory IL 17 plays an important
role in inflammation of affiected joints in RA and may
coniribuie to the destmction of cartilage and bone
(Mizo, Zhao, & Chen, 2022, pp. 1-9; Min et al, 2015,
pp. 1-17). Decreasing the mumber of Thl7 cells and the
suppression of Thl7 cells differentiation via the effect of
oral ACNs has been examined in vive and @2 vifes by Min
and comuthors (2015). Furthermore, the sauthors reported
the inhibitory effect of ACNs on osteoclasts via the
downrepulation of cviokines inchading IL-1, IL-6, IL-17,
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and TMF-a in wirro. Although these studies suggest
ACN therapy could represent a useful, novel approach
in moderating  inflammatory  processes imvolved In
chronic inflammatory discase, the results indicate that
the oral bioavailability of ACH s low and its conjugated
metabolites are released through bile withowt systemic
distribution. 11 15 worth noting that, not only the chemical
stmucture of ACMs, but factors such as gut microbiota and
metabolic process may affiect the bioavailability of these
natural compounds. Recent data proposes that cyanidin-
1-0-ghicoside may possess a higher bioavailability than
other ACNs (Salchi et al., 2020, pp. 1-20; Kozlowska, &
Dazierzanowske, 2021, pp. 1-17).

Ellagic acid {EA). Is a widely-distnbuted natrally
binactive phenplic agent, found predominanily in bermics
and nut kermnels in different concentrations. The bur of
the plant Castanea sativae Ml (sweel chestmut), the
mesocarp of Punica gramatum L. (pomegranate) and
the fresh weight base of Rubus idaeus L. (mspberry) all
contain a high EA content, The pronounced binlogscal
propertics of EA such as anti-mflammatory, anti-
oxidant, anti-apoptofic and anti-mutagenic effects have
been well-documented, Additionally, the antidiabetic,
hepatoprotective, neuropreteciive and cardioprolective
capacity of EA has been summanzed by Shanfi-Rad
and comuthors (Sharifi-Rad et al, 2022 pp 1-24)
The effect of EA on various indices and possible
mechanisms imvolved in the pathopencsis of BA has
been investigated in Freund s complete adjuvant (FCA)-
indwced arthritis rats by Fikry and coanthors (2019)
Administration of oral EA (50 mg'ke/day) for 20 days
in the rals considerably decreased paw edema and levels
of chitingse-3-like protein-1 {CHI3L1}. CHISLI is an
inflammatory marker induced via the NF-xE pathway
and its over expression by chondrocyies and synovial
tissue is associated with the inflammatory process of
RA. Morzover, the study showed EA reduced cartilage
destmiction, synovial hyperplasia and bone erosion
gencrated by Freund's adpvant. Significant suppression
of caspasc-3 cxpression in moedels treated with EA
lestifies fo the anti-apopiotic property of this biologic
compound (Fikry, Gad, & Eid, 2019, pp. 87T8-8864)

A study carmmed out by Lin and colleagues (2020
asseszing the protective effects of EA In osteoarthritis
sugpests that EA suppresses scoretion of iNOs (inducible
nitric oxide synthase) and COX-2 (cvclooxygenase)
in culiured human articolar chondrocyies with IL-1j-
induced inflammation. Moreover, they observed that EA
could impede the destruction of cartilage surface and
decrease Osteoarthntis Rescarch Society Indcrmational
(DARSI) gmdes in osteoarthritic mice models in
vive (Lim et al, 2020, pp. 1-9. The results of the
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trial conducted by (Ghoochani, Kamndish and Mowla
(2016, pp. 4377—4381) on 38 paticnis revealed that the
consumption of pomegranaic juice, which is rich in EA,
markedly diminished the stiffncss score and improved
cartilage destruction and physical function, Although
it has been proposed as a therapy due o its poleniial
benefits and little toxicily to normal cells, poor water-
solubility and limited oral bioavailability resinict the
cificacy of dictary EA. Inthis regard, a mumber of studies
arc being conducted, specifically focusing on dmg
delvery systems and formulation strategics o improve
the bioavailability of EA Micronized EA powder
particles, amorphous EA dispersion, EA inclusion
complexes (in cyclodextrins), EA encapsulated in arene-
ruthcnmm  metalla-prism  cages, EA-polymers, and
chitosan (%) micro/nanospheres are some examples of
such biopharmaceutical technologics aiming to allow
for the adminisiration of EA in a more bioavailable form
(Znccari et al., 2020, p. 3353).

Punicic acid (P4). Is koown as a conjugated
linoleic fatty acid and the main bicactive compound of
pomeeranate sced oil, s ant-inflammatory, antioxidant,
antidiabetic and anti-cancerogenic properties  have
been recently reporicd (Amna, Venkataramanamma,
& Singh, 2016, pp. 16-27), Tahenan, Maghsoudi and
Wazin (20018, pp. 31-44) examined i vifro the effect
of PA on LP5-induced mainx metalloprofcinases
(matnxing, MMPs) gene expression in synoviocvies.
These play a major rale in pathogenesis of ostcoarthntis
by degrading the cartilage's extracellular matrix (ECM).
The study revealed that PA reduces MMP9 penc
cxpression, the overexpression of which is associated
with activation of noclear factor-xB (NF-xB) (Li et
al., 2012, pp. 2096-2106). This may mediaie the anti-
inflammatory effect of PA in osteoarthrtis,

Future perspectives. Fescarch inderest in a combination
of phyiotherapy and comventional, Westerm medication is
rising worldwide. Phviochemicals are being inmvestipated
in witre, dn vio and tooa lesser cxient in buman tnals, for
betier understanching of their podential benefils as thempy
fior many diseases. Herbs have demonstrated amy ability
io imfluence metabolic and immume sysiem fonctions.
Flant maicrials have been reported 1o be useful in the
treatment of mental disorders, imfammatory diseases and
cancers (Mata, Figueroa, & Navarrese, 2019, pp. 1-142),

The established ongin of mamy moderm medications in
cthnobotanical remedics testifies to the important mile of
phyto-compounds not only in traditional bat comeendsonal
medicine, Increasingly, siudics are investigating the mole
af hethal medicine in treating autoimmune disorders (eg.,
multiple scleroszs, Crohn's disease, ulcemtive colitis,
atopic dermatitis, and RA). Preliminary results from manmy
recent sindics have shown the cffect of mmomumomaodulatory
planis on the immune system as immunostimolanis
and'or  mmmunosappressors. However, regarding  the
immunamadulatory power of some hicactive compounds,
the resull of climical studics differs from those imexperimental
mindels. Thos, the lack of reliable data in clingcal studics 15
the main limitation for supporting experimental evidence.
The incompatible anbi-inflammadory or proindlammatory
propertics of these hicactive constfuends in differend
aoimmune disorders further necessitaies more supportive
clinical tnals (Di Soto, Vialone & Di (Facomo
20, p. 468), Assessing the awarencss of health care
profssionals on the safety of herbal medicine has gained
growing inderest worldwide, Accordingly, due 1o rising
importance of nmatural products in the medical sphere,
health care professionals require imming o recogmize
the pharmacokinctic imemctions of concomitam use of
herbal medicines with comventional dmgs, resuli of natml
remedies overdose, tolerance, hypersensibivily, their impact
on different omzans, toxdcity and tersogencity (Hasen, &
Hashim, 2021, pp. 2001-2008). The imporance of health
cducation programs o improve knowledge and awarcness
of health care providers regarding medicinal plants benefits
and safiety should be considered as research inkerest in thas
Aarca cominues o grow,

Conclusion. In recent years, growing evidence
has highlighted the fact that biological agents
possess the ability to block inHammatory mediators
anid modulate the immune system, marking them
as candidate drugs for the treatment of chromnic
inlammatory discases such as RA. However
planning for more clinical trials to investigate
pharmacological potential of herbal medicine is
necessary. Althongh to date natural prodocts are
mainly used a5 notraceuticals, the treatment of RA
by medicinal plants needs more investigation to fully
cxplore their potential as pharmacological agents in
the treatment of autoimmune inflammatory discases
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15.04.202 1 Mo, 420 {mnex 3), 222 Medicame. 226 Pharmacy,
Inchestrial Pharmacy pursuanl o the Order of the MES of Ukmme
duted 27.00 2021 Mo, 1017 {annex 33, and 227, Physical Therapm,
Ergolirapy pursuant io the Order of the MES of Ukrame dated
06.06.2022 Na. 530 {mnex ).
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