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Osteoarthritis (OA) is a chronic inflammatory disorder of the joints caused by fluid and cartilage matrix
component reduction. This disease results in symptoms of pain, deformity, and limitation of movement. In
general, OA is treated with anti-inflammatory drugs and chondroprotection compounds, includes natural nutra-
ceutical ingredients, which are expected to be effective and have minimal side effects. Arecaceae plants are widely
spread worldwide, especially in tropical areas. The objective of this review is to collect information about the
Arecaceae family as anti-OA agents, with the main study focusing on the primary and secondary metabolites of
plants of the Arecaceae family, i.e., sugar palm (Arenga pinnata), nipa palm (Nypa fruticans), palmyra palm
(Borassus flabellifer), date palm (Phoenix dactylifera), and betel nut (Areca catechu) have potential as anti-OA
agents. The Arecaceae's metabolites that show anti-inflammatory and chondroprotective effects are gal-
actomannan, fatty acids (linoleic and linolenic acids), flavonoids (quercetin, luteolin, isorhamnetin), phenolics
(coumaric acid, ferulic acid), polyphenols (epicatechin), and steroids (stigmasterol, campesterol, spirostane).
Based on the reports, the Arecaceae family plants become worthy of being explored and developed into natural
anti-OA products, such as supplements or nutraceuticals.

1. Introduction

Osteoarthritis (OA) is a common syndrome that adults worldwide
suffer from as a chronic inflammatory disorder in the joints. This disease
is caused by the lack of synovial fluid and the components of the cartilage
matrix, which impact cartilage damage, pain, deformity, and limited
movement [1, 2, 3]. Drugs and nutraceuticals have been widely used to
treat this degenerative disorder [4, 5, 6].

OA can generally be treated with anti-inflammatory drugs and
chondroprotective agents [7, 8]. An anti-inflammatory drug treats the
pain symptoms caused by physical, chemical, and microorganisms
stimuli, such as tissue injury, cell death, degeneration, and microbial
infection [9, 10]. Anti-inflammatory drugs are divided into two groups,
firstly are steroids, such as dexamethasone and prednisone; and the
second category is non-steroidal anti-inflammatory drugs (NSAIDs), such
as ibuprofen, aspirin, diclofenac, and piroxicam [11]. These drugs have
been widely utilized, but the side effects accompany the therapy,
including gastrointestinal disturbances, cardiovascular risk, and hepa-
totoxicity [12, 13]. In addition to chemical drugs, various herbal medi-
cines from metabolites of different types of plants have also been used to
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treat inflammation, such as polysaccharides [14], flavonoids [15], alka-
loids [16], terpenoids [17], and steroids [18].

Another treatment for OA is the administration of chondroprotectors,
which can protect and repair cartilage tissues [19], i.e., glucosamine and
chondroitin [20]. Glucosamine is an amino monosaccharide in the
cartilage tissue as a component of glycosaminoglycans (GAGs). Mean-
while, chondroitin is a sulfated GAG composes of branched chains
(N-acetylgalactosamine and glucuronic acid) that maintain flexibility,
elasticity, and joint maintenance [21]. Several natural compounds,
including polysaccharide derivatives, have been reported as potential
chondroprotective agents [22].

The natural anti-OA, hyaluronic acid, is also used as a chon-
droprotector [23, 24] and is a component of joint fluid that functions as a
lubricant, free radical scavenger, and in the regulation of cellular activ-
ities such as protein binding [25, 26]. Other components of joint fluid are
fatty acids, such as linoleic acid, linolenic acid, tetracosadienoic acid, and
nervonic acid, which can be used to maintain joint fluid [27]. However,
research showed that treatment with hyaluronic acid had controversial
results through various clinical practice guidelines and meta-analyses.
The integrated meta-analysis and bioinformatics revealed that
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hyaluronic acid induces an inflammatory, inhibiting chondrocyte cell
regeneration and decreasing anti-OA effectiveness [28]. On the other
hand, the study of the efficacy of combination therapy of glucosamine
and chondroitin sulfate in patients with osteoarthritis (OA) using a
multicenter, randomized, double-blind, and placebo-controlled method
proved no significant difference in activity from placebo in terms of
reducing joint pain and functional impairment [29]. Therefore, searching
for safer and more potent natural anti-OA drugs is necessary.

One type of flora widely spread in the archipelago is the Areca-
ceae/Palmae family [30]. Some plants from this family, namely sugar
palm (Arenga pinnata) and palmyra palm (Borassus flabellifer) have
reportedly been used empirically and scientifically proven to treat OA
because they contain polysaccharides as chondroprotectors [31, 32].
Both plants have also been reported to produce various
anti-inflammatory secondary metabolites, such as flavonoids, alka-
loids, steroids, and phenolic compounds [33, 34]. Economically, the
development of natural medicines from plants of the Arecaceae family
can provide advantages over existing anti-osteoarthritis drugs, sup-
ported by abundant natural resources. They are safe food ingredients
with side effects and low toxicity [30]. Therefore, searching for the
Arecaceae family plants and their metabolites is interesting to study
and develop for alternative natural anti-OA therapy.

So far, no reviews have explained the Arecaceae family's role as a
natural source of anti-OA. This article aimed to collect and discuss the
reports about anti-OA from the Arecaceae plants during the last two
decades, including the primary and secondary metabolites from the
Arecaceae family that have anti-OA potential effects.

2. Overview of osteoarthritis (OA)

OA is a chronic inflammation of the joints due to cartilage damage
and results in pain, deformity, instability, and limited movement symp-
toms [35]. OA is characterized by cartilage degradation, osteophyte
formation, synovitis, and sclerosis [36]. Cartilage is a flexible connective
tissue located at the ends of long bones, whose primary function is to
facilitate the transmission of loads with a low coefficient of friction.
Cartilage cells (chondrocytes) are composed of a matrix consisting of
protein and water. Collagen proteins are embedded in a matrix linked by
proteoglycans and glycosaminoglycans (GAGs). These protein com-
pounds form a networked, flexible, and elastic structure with the GAGs
that distinguish them from hard bone [37].

OA occurs due to changes in the metabolism of joint cartilage, which
are caused by enzyme activity increase that damages the macromolecules
of the joint cartilage matrix and decreases the synthesis of proteoglycans
and collagen [38]. In the degeneration process, joint cartilage will pro-
duce substances that can cause an inflammatory reaction, which stimu-
lates macrophages to produce interleukin (IL)-1f, thereby increasing
proteolytic enzymes for extracellular matrix degradation. Changes in
proteoglycans result in the cartilage having a high resistance to withstand
pressure forces from the joint and other influences that can overload the
joint. Furthermore, osteophytes will form at the edges of the joints
against the damaged cartilage [39].

Osteophyte formation is a physiological response to repair and
reshape joints. By increasing the joint surface area to accept the load,
osteophytes are expected to improve the initial cartilage changes in OA.
Over time, there is progressive erosion, which also causes the underlying
bone to erode [40]. The pressure that exceeds the biomechanical strength
of the bone will cause the subchondral bone to respond by increasing
cellularity and vascularity so that the bone becomes thick and dense. This
process, known as eburnation, results in sclerosis of the subchondral
bone. Joint cartilage wears out, breaks down, and causes the symptoms of
OA [41].

Globally, the prevalence of radiographically confirmed knee OA in
2010 was estimated at 3.8%. In Southeast Asia, the prevalence of knee
OA was 2.2% in men and 3.8% in women [42], while Indonesia had a
round of 6.13% for men and 8.46% for women [43].
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2.1. Pathophysiology of OA

Osteoarthritis is known as a degenerative disease of cartilage. How-
ever, several studies have shown that several factors cause OA, such as
trauma, mechanics, inflammation, biochemical reactions, and metabolic
disorders [44]. Cartilage tissue lacks blood vessels and innervation, so it
cannot produce inflammation or pain in the early stages of the disease.
Therefore, the source of pain mainly comes from changes in the
non-cartilage components of the joint, such as the joint capsule, synovium,
subchondral bone, ligaments, and periarticular muscles. As the disease
progresses, changes in bone structure, osteophyte formation, periarticular
muscle weakness, ligament laxity, and synovial effusion occur [45].

In OA, the synovial fluid contains several inflammatory mediators,
including plasma proteins (C-reactive protein), prostaglandins (PGE2),
leukotrienes (LKB4), cytokines (TNF, IL-1p), growth factors, and nitric
oxide. These components can induce matrix metalloproteinases and
other hydrolytic enzymes (including cyclooxygenase-2 and prostaglandin
E), resulting in proteoglycan and collagen breakdown [46]. Recent
studies have shown that several signaling pathways involved in OA pa-
thology are Wnt/-catenin, TGF-§ and BMP, FGF, NF-kB, and Notch. Their
alteration leads to pathological changes in cartilage tissue [47].

Natural compounds such as flavonoids, fatty acids, steroids, and others
have promising potential in developing anti-OA drugs [48]. Flavonoids
significantly decreased IL-1p stimulated pro-inflammatory mediators in
OA-induced mice by inhibiting the NF-kB pathway and also enhanced the
repair of damaged cartilage considerably by reducing serum concentra-
tions of metalloproteinase-3 and metalloproteinase-13 (MMP-3 and
MMP-13) [49,50]. Similarly, steroids are involved in inhibiting the NF-kB
route [51]. At the same time, unsaturated fatty acids reduce the expression
of cartilage-degrading enzymes metalloproteinase-MMP-13 and metal-
loprotease with thrombospondin-5 (ADAMTS-5), oxidative stress, and
apoptosis via nuclear factor kappa-betta (NF-kf) and inducible nitric oxide
synthase (iNOS) pathways [52].

2.2. Management of OA

There are some physical and medical procedures to treat OA as
follows.

2.2.1. Care
Physically, some efforts are made to care for OA, including:

Reducing body weight. Weight loss is one of the efforts to treat OA by
decreasing joint load. The target body mass index (BMI) is around
18.5-25. Excessive BMI causes a large joint load, increasing joint
pressure and accelerating joint damage [53].

Physiotherapy and rehabilitation to relieve pain and maintain muscle
strength and range of motion (ROM). The recommended exercises are
ROM exercises for jointment and isometric exercises to help build the
supporting muscles. Isotonic exercises should not be done with
resistance because they can worsen the disease [54].

Compressing the OA joint with warm water. Heat therapy reduces
pain, muscle spasms, and stiffnes, and increases tendon extensibility
[55].

2.2.2. Medical treatment
The medical treatment is divided into modern and traditional medi-
cines usage, as follows.

2.2.2.1. Modern medicines.
e Anti-inflammatory agent

Inflammation is the body tissues responding to the presence of
infection, and physical -chemical stimuli [56]. It generally occurs when
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microorganisms (bacteria, viruses, or fungi) invade the body, reside in
specific tissues, or circulate in the blood. Inflammation can also occur in
response to tissue injury, cell death, cancer, ischemia, and degeneration
[57]. The inflammatory process is mediated by histamine, prostaglan-
dins, eicosanoids, leukotrienes, cytokines, nitric oxide, and others [58]. It
begins with tissue damage due to a stimulus that causes mast cell rupture,
followed by the release of inflammatory mediators, then vasodilation
occurs, which causes leukocyte cell migration [59].

The anti-inflammatory drugs are divided into steroids and NSAIDs
[60]. The first group works by inhibiting phospholipase, which produces
arachidonic acid, and produces prostaglandins as inflammatory media-
tors. Examples of steroids include dexamethasone, prednisone, and
betamethasone. Meanwhile, NSAIDs work by inhibiting the cyclo-
oxygenase enzyme and are used to treat patients suffering from pain and
inflammatory conditions such as chronic pain, rheumatoid arthritis, and
OA. NSAIDs are ibuprofen, aspirin, diclofenac, and piroxicam [61].

e Chondroprotective agents

Drugs that can repair or maintain joint cartilage in OA patients are
named chondroprotective agents, including glucosamine and chondroitin
[62, 63]. Glucosamine is an amino monosaccharide also found in cartilage
tissue as a component of GAGs. At the same time, chondroitin is a
sulfated-GAG composed of branched chains (N-acetyl galactosamine and
glucuronic acid) that maintain flexibility, elasticity, and joint mainte-
nance. Administration of glucosamine and chondroitin reduces cartilage
degeneration. Besides, these compounds have antioxidant activity and
protective effects on human chondrocytes by reducing nitric oxide syn-
thase expression and activity, thereby reducing oxidative stress [64].

In addition to those compounds, a substance that is often used as a
chondroprotective agent is hyaluronic acid [65]. Hyaluronic acid is a
polysaccharide-derived compound consisting of N-acetyl-glucosamine
and D-glucuronic acid residues connected by (1-4) and (1-3) bonds. In
OA patients, endogenous hyaluronic acid in the joints is depolymerized
so that it becomes a lower molecular weight, resulting in cartilage with
reduced mechanical and viscoelastic properties [66]. The administration
of exogenous hyaluronic acid has been used clinically to reduce the ef-
fects of endogenous hyaluronic acid depolymerization in OA patients
[67]. Hyaluronic acid is administered to OA patients in two ways: orally
and by local injection [68].

2.2.2.2. Traditional medicines. Due to almost all adults suffer OA,
empirical herbal medicines have been used for a long time. Specifically,
the following sections will explore the literature related to several plant
sources of the Aceraceae, as the extensive plant family growing well in
tropical areas with potential anti-OA therapies. Many reports explain that
they have anti-inflammatory and chondroprotective effects. For example,
the sugar palm fruit (Arenga pinnata) has been used as an anti-OA treat-
ment [31], and several other Arecaceae family plants, such as have a
potential anti-OA effect, including the palmyra palm, nipa palm, date
palm, and betel nut [32, 69, 70, 71].

3. Arecaceae and its potential as a source of natural anti-OA
compounds

3.1. Sugar palm (Arenga pinnata)

The sugar palm plant is a member of the Arecaceae family that is used
by the community for almost all parts, such as fruit, sap, fibers, stems, and
leaves. The sugar palm fruit pulp has empirically been used to treat OA
[72]. Research by Li et al. showed that the ethanolic extract of palm fruit
(A. pinnata) has anti-inflammatory and antinociceptive activity [73].
Sugar palm fruit also contains polysaccharides, protein, fat, and sera
[74], and the ethanol extract of sugar palm fruit contains flavonoids,
alkaloids, and quinones [72]. Research shows that sugar palm fruit
contains galactomannan polysaccharides, which have an anti-OA effect
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[75, 76]. The figures of the sugar palm tree (a) and fruits (b) are shown in
Figure 1.

3.2. Palmyra palm (Borassus flabellifer)

Just like sugar palm plants, palmyra palms also have many benefits.
The fruit's flesh is used as food or in fresh drinks containing galactomannan
[78]. Palmyra palm fruit contains fatty acids such as lauric acid, tetrade-
canoic acid, palmitic acid, palmitoleic acid, octadecanoic acid, oleic acid,
linoleic acid, linolenic acid, arachidic acid, and docosanoic acid. Phyto-
chemical screening of this palmyra palm plant shows the presence of
polyphenols, alkaloids, steroids, triterpenes, and saponins [79]. Palmyra
palm trees have anti-inflammatory activity, with existing research
showing that the male flower parts of the lontar plant have
anti-inflammatory and anti-arthritis activity. An ethanol extract of male
flowers at doses of 200 mg/kg body weight (BW) and 400 mg/kg BW
showed significant anti-inflammatory effects and anti-arthritis activity,
further confirming the traditional use of the palmyra palm (B. flabellifer) in
the treatment of inflammation and arthritis. Male flowers contain a ste-
roidal saponin-type spirostane compound with anti-inflammatory activity
[80]. The following are Figure 2 the palmyra palm tree (a) and fruits (b).

3.3. Nypa palm (Nypa fruticans)

The nipa palm plant has been used in various traditional medicines in
Asia. Several studies related to the nipa palm plant, namely nipa flower stalk
extract, have demonstrated its anti-pain and anti-inflammatory activity by
suppressing TRPV1 in sciatic nerve injury [82]. The phytochemical content
of the nipa palm plant includes phenolics, alkaloids, tannins, flavonoids,
terpenoids, steroids, and saponins [83]. Nipa palm sap contains phenolics
and flavonoids; the fruit skin contains polyphenols and tannins, and the
seeds contain alkaloids [84]. In addition, nipa palm fruit contains poly-
saccharide (galactomannan), crude fiber, protein, and fatty acid (oleic acid,
linoleic acid, linolenic acid, arachidic acid, docosanoic acid, lauric acid,
tetradecanoic acid, and octadecanoic acid) [85]. Afterward, the compounds
identified in nipa palm fruit flesh are gallic acid, cinnamic acid, chlorogenic
acid, protocatechuic acid, hydroxybenzoic acid, quercetin, rutin, and
kaempferol [86]. The Nypa palm tree (a) and fruits (b) are shown in Figure 3.

3.4. Date palm (Phoenix dactylifera)

Many studies have been carried out on date palm plants regarding OA,
including determining the effect of a topical preparation of date palm
(P. dactylifera) on clinical manifestations of knee OA compared to diclo-
fenac gel. A statistical comparison between the intervention and control
groups showed that the dates significantly reduced pain and increased the
patient's daily physical activity better than diclofenac gel [88]. Other
studies also support that date palm extract has a significant analgesic ef-
fect on chronic pain in rats at a dose of 200 mg/kg [89]. This was also
confirmed in a study on dates, where as much as 50 mg/kg of the extract
was analyzed in a formalin-induced leg edema test in rats. The level of
inflammation is detected by measuring the size of the edema, as well as
the dose of C-reactive protein (CRP) and the level of homocysteine in the
blood. The results showed a very significant reduction in edema size and
blood homocysteine levels (P = .000) and a significant decrease in CRP
values (P < 0.05) in the 50 mg/kg extract group compared to the control
group, which was 400 mg/kg methionine. The study showed that the
extract group had sufficient potential to reduce inflammation in vivo [90].

Date palm fruit contains flavonoids such as luteolin, methyl luteolin,
quercetin, methyl quercetin, catechins, epicatechins, cinnamic acid,
ferulic acid, sinapic acid, coumaric acid and its derivatives, 5-caffeoyl
shikimic acid or dactyliferic acid, protocatechuic acid, caffeic acid, syrin-
gic acid, p-coumaric acid, ferulic acid, and o-coumaric acid; steroid groups
such as cholesterol, stigmasterol, campesterol, and sitosterol; enzymes
such as phytase, invertase, and peroxidase; and carbohydrates such as
glucose, fructose, mannose, maltose, sucrose, starch, and cellulose. Those
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(b)

Figure 2. (a) Palmyra palm tree; (b) palmyra palm fruits [81].

metabolites have been known as functional nutrition and herbal medicine
components [91]. Below are Figure 4 date palms tree (a) and fruits (b).

3.5. Betel nut (Areca catechu)

Betel nut (Areca catechu) is a plant of the Arecaceae family that has
been a source of herbal medicine for a long time. The study showed the
inhibition effect of an ethanol extract of betel nut on lipopolysaccharide
(LPS)-induced inflammation. It indicated that the extract has a significant
anti-inflammatory effect by decreasing NO and the expression of iNOS
and COX-2 [93].

Furthermore, other studies also support the anti-inflammatory effect
of this plant; for example, the ethanolic extract of betel nut at doses of 1
and 10 mg/kg/day per oral for five days suppressed carrageenan-induced
inflammation in rats by decreasing edema and prostaglandin E2 levels
[94]. Some literature shows that betel nut contains polyphenols, alka-
loids, starch, and fat. Here are some of the compounds that have been
isolated from the betel nut; polyphenols (leukocyanidin, epicatechin, and
catechin), flavonoids (luteolin, quercetin, isorhamnetin), alkaloids
(arecoline, aracaidine, guvacoline), tannin (proanthocyanidin), and fatty
acids (linoleic acid, myristic acid, lauric acid, oleic acid, decanoic, acid,

dodecenoic acid, tetradecenoic acid and hexadecenoic acid [95, 96, 97,
98, 99]. Due to the many contents in the nut, some activities, including
anti-OA, become rational and make sense. The betel nut tree (a) and
fruits (b) are shown in Figure 5.

3.6. Sago (metroxylon sagu)

Sago is generally used as a food because it contains starch poly-
saccharides. In addition, sago also contains non-starch carbohydrates
consisting of arabinose, galactose, and rhamnose [101]. Screening on
sago fruit contains flavonoids and tannins, which have potential as an
anti-inflammatory agent [102]. The sago tree (a) and fruits (b) are shown
in Figure 6.

4. Primary and secondary metabolites in arecaceae as potential
anti-OA

4.1. Polysaccharides

One of the polysaccharides found in Arecaceae plants is a gal-
actomannan, with the structure shown in Figure 7. This compound is in
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Figure 3. (a) Nypa palm tree; (b) nypa palm fruits [87].

the flesh of sugar palm fruit, palmyra palm fruit, and nipa palm fruit.
Structurally, galactomannan consists of mannose and galactose chains,
formed from -(1-4)-D-mannose as the main chain, with one branched
unit of -D-galactose attached to the -(1-6) position [104].

Galactomannan has an anti-OA effect, with a recent study in rats
showing that it decreased the rate of joint damage and pain induced by
OA. In this study, sodium monoiodoacetate was administered to rats (OA
group, 1 mg/25 L) at the right tibiotarsal joint, and galactomannan
Delonix regia (30-300 g) was administered by the intra-articular route on
days 14 and 21 after induction of OA. The degree of hyper nociception
(pain) was evaluated daily by measuring the mechanical threshold
required to induce joint flexion and foot withdrawal reflex. After 56 days,
the groups of animals were analyzed using the OARSI scoring system. An
increased antinociceptive effect was observed with 30 g and 100 g doses
of galactomannan from day 15 to the endpoint at day 56. Joint damage
was also reduced in OA-affected animals following the administration of
100 g galactomannan, compared with the saline placebo group (5.9 + 1.8
vs. 19.0 + 1.8, respectively; P < 0.05) [105].

4.2. Fatty acids

Fatty acids are one of the constituents of lipids and are in the struc-
tural form of carboxylic acids with saturated or unsaturated aliphatic
chains [106]. Some fatty acids in Arecaceae are lauric acid, myristic acid,
oleic acid, linoleic acid, and linolenic acid [100, 107]. The two last
compounds, (a) linoleic acid and (b) linolenic acid have the structure as
shown in Figure 8.

Besides medicine and physical treatment, nutraceuticals, such as
omega-3 and omega-6 fatty acids, can improve symptoms, prevent
cartilage, or slow the degenerative process [108]. A study determined the
effect of fish oil omega-3 fatty acid supplementation on the dose of car-
profen in dogs with OA. The study design involved a randomized,
controlled, and multisite clinical trial. 131 dogs with stable chronic OA
were examined at 33 private veterinary hospitals in the United States.
The dose of carprofen over three weeks was approximately 4.4
mg/kg/day in all dogs. Dogs were then randomly assigned to a diet
supplemented with omega-3 fatty acid fish oil or a control diet low in

(b)

Figure 4. (a) Date palm tree; date palm fruits [92].
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Figure 5. (a) Betel nut tree; (b) betel nut fruits [100].

omega-3 fatty acids. The investigators decided about increasing or
decreasing the carprofen dose after 3, 6, 9, and 12 weeks, based on the
investigator's assessment of 5 clinical signs and the owner's rating of 15
signs. The results of linear regression analysis showed that the dose of
carprofen decreased significantly more rapidly over the 12-week study
period in the dog fed the supplement diet than in the control group. The
distribution of the change of carprofen dose in the control group was
significantly different from the distribution of the change of dose for the
dogs in the test group, with the conclusion that dogs with chronic
OA who received carprofen showed a clinically relevant reduction in
the dose of carprofen by a diet supplemented with omega-3 fatty acid fish
oil [109].

4.3. Flavonoids
Research has also been carried out on the role of flavonoids as anti-

inflammatory and chondroprotective agents. For example, quercetin,
with the structure shown in Figure 3, has a therapeutic effect in OA mice,

which is related to the inhibition of IL-1p and tumor necrosis factor (TNF)
production via the Toll-like receptor (TLR)-4/NF-kB pathway. The method
used was a mouse model of OA, following intra-articular injection with
papain. Changes in knee diameter, toe volume, and histopathology were
measured, and ELISA assessed IL- and TNF levels. The relative expression
of TLR-4 and NF-kB was evaluated by western blotting, proving that the
administration of quercetin reduced the changes in knee diameter and toe
volume in OA rats, as well as the serum levels of IL-1p and TNF. Expression
of TLR-4 and NF-kB was also significantly suppressed [110].

In vitro, quercetin suppressed the expression of matrix-degrading
proteases and inflammatory mediators and promoted the production of
cartilage anabolic factors in the chondrocytes of IL-1f-induced rats.
Quercetin also exhibited anti-apoptotic effects by decreasing reactive
oxygen species (ROS), restoring mitochondrial membrane potential
(MMP), and inhibiting the Caspase-3 pathway in the chondrocytes of
apoptotic rats. In addition, quercetin induced M2 macrophage polariza-
tion and upregulated the expression of transforming growth factor (TGF-
B) and insulin-like growth factor (IGF), which in turn created a pro-

Figure 6. (a) Sago tree; (b) sago fruits [103].
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Figure 7. Structure of galactomannan.

chondrogenic microenvironment for chondrocytes and promoted GAG
synthesis in chondrocytes [111].

In vivo, intra-articular injection of quercetin reduced -cartilage
degradation and chondrocyte apoptosis in the mouse model of OA. In
addition, the expression of TGF-p1 and TGF-p2 in synovial fluid and the
ratio of M2 macrophages in the synovial membrane increased. This study
proved that quercetin exerts anti-OA effects by inhibiting inflammation
and apoptosis of chondrocytes, modulating the polarization of synovial
macrophages to M2 macrophages, and creating a pro-chondrogenic
environment for chondrocytes to promote cartilage repair under an OA
environment [112]. Another study suggested that quercetin can
up-regulate SOD and TIMP-1, down-regulate MMP-13, and promote OA
degeneration by attenuating the oxidative stress response and inhibiting
cartilage extracellular matrix degradation [113].

Other flavonoid compounds, such as luteolin, exert cytoprotective
effects against oxidative injury, inflammatory response, and extracellular
matrix (ECM) degradation in primary murine chondrocytes through
activation of the AMPK/Nrf2 and AMPK signaling pathways [114]. In
addition, luteolin also protects mouse chondrocytes stimulated by IL-1p
and monosodium iodoacetate (MIA)-induced OA models [115]. At the
same time, isorhamnetin has an anti-inflammatory effect by reducing
knee swelling caused by MIA, significantly reducing articular cartilage
damage in mice. Isorhamnetin inhibits NO and PGE2 production, iNOS
and COX-2 expression, and COMP, CTX-II, and osteopontin production
[116]. The structures of the three flavonoids, (a) quercetin; (b) luteolin;
(c) isorhamnetin are shown in Figure 9.

4.4. Phenolics and polyphenols

Phenolic compounds such as ferulic acid and coumaric acid prevent
IL-1p-induced OA and have anti-OA potential [117, 118]. Polyphenols

such as epicatechin increase the articular cartilage structure and chon-
drocyte cellularity and reduce joint cartilage degradation by suppressing
nitric oxide production and tissue catabolism by proteases, suppressing
inflammation [119]. The structure of (a) ferulic acid; (b) coumaric acid;
and (c) epicatechin are shown in Figure 10.

4.5. Alkaloids

Arecoline, with the structure depicted in Figure 11, is the primary
type of alkaloid in the Areca nut (A. catechu). It has an anti-inflammatory
effect that can support the management of OA [120]. The effects of that
compound on bone have been investigated using an in vivo LPS-induced
mouse model. The results showed that arecoline prevents bone loss by
suppressing osteoclast genesis and promoting osteoblast genesis [121].
However, more research needs to be done regarding its benefits on
cartilage to see the potential for treating OA.

4.6. Steroids

One steroid compound, stigmasterol, has an anti-OA effect. Newborn
rat chondrocytes and human OA chondrocytes were used in primary
culture stimulated with or without IL-1p (10 ng/mL) for 18 h. Next, the
cells were incubated for 48 h with stigmasterol (20 mg/mL), then
compared with untreated cells. The results suggested that stigmasterol
inhibited several pro-inflammatory mediators and matrix degradation
commonly involved in OA-induced cartilage degradation via inhibiting
the NF-kB pathway [122]. Other steroid compounds, namely campesterol
and spirostane, were reported to have anti-inflammatory effects [123,
124]. The structure of the three steroids, (a) stigmasterol; (b) campes-
terol; (c) spirostane are shown in Figure 12.

(b)

Figure 8. Structure of fatty acids: (a) linoleic acid; (b) linolenic acid.
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Figure 9. Structure of flavonoids: (a) quercetin; (b) luteolin; (¢) isorhamnetin.
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Figure 10. Structure of phenolics and polyphenol: (a) ferulic acid; (b) coumaric acid; (c) epicatechin.

Some compounds in the Arecaceae family that have anti-
osteoarthritis activities are shown in Table 1.

5. Development of anti-inflammation with a structure-activity
approach

The development of drugs is commonly carried out using a structure-
activity relationship approach, including the search for anti-
inflammatory medications [125]. Studying the structural relationship
between the activity of a drug is very useful in designing new drugs with
more significant action, selectivity, lower toxicity, and fewer side effects.
Any active compound that undergoes structural changes can alter its
biological activity [126].

5.1. Polysaccharides

The anti-inflammatory activity of polysaccharides is closely related to
their chemical structure, especially their monosaccharide composition,
conformation, glycosidic bond position, and molecular mass [127, 128].
Research revealed that the monosaccharide composition significantly
affects polysaccharide bioactivity, including anti-inflammatory effects.
For example, glucans, homopolymers of D-glucose, were proven to have
therapeutic effects on inflammatory diseases [129]. In addition, the
conformation of the polysaccharide chain tends to change with variations
in molecular weight, which is associated with anti-inflammatory effect
change [130], as well as the type and position of the glycosidic bond.

O

N o~

Figure 11. Structure of arecoline.

Studies have shown that the (1—3) binding of -D-glucose satisfies the
requirements of the anti-inflammatory pharmacophore of Cipangopalu-
dina chinensis (CCPSn) [131].

Furthermore, the molecular mass of polysaccharides and the presence
of sulfate also affect biological activity. In a study on the anti-
inflammatory activity of polysaccharides from brown algae Sargassum
cristaefolium, a polysaccharide with a molecular mass of 386.1 kDa and a
sulfate content of 9.42% showed higher NO inhibitory activity in LPS-
stimulated RAW264.7. It is suspected that the sulfate content of the
polysaccharide may affect its binding to cell receptors, thereby affecting
NO production in cells [132].

One of the polysaccharides found in the Arecaceae family is gal-
actomannan. Research suggests galactomannan from Delonix regia has
anti-inflammatory and antinociceptive effects [133]. Galactomannan
also reduces inflammatory symptoms by decreasing neutrophil infiltra-
tion, leukocyte migration and adhesion, TNFa production, and thio-
barbituric acid reactive species (TBARS) [134].

The effect of changes in the chemical structure and bioactivity of
galactomannans has been widely reported. Most modified gal-
actomannans provide enhanced pharmacological effects; however,
several studies revealed the bioactivity reduction after chemical changes
to the original structure [135].

5.2. Flavonoids

Flavonoids are secondary metabolites with anti-inflammatory activity
[136]. This group has a variety of structures that allow it to interact with
different targets. The basic structure of flavonoids is shown in Figure 13.

Research shows that flavonoids' hydroxyl group (—OH) significantly
affects anti-inflammatory activity. An OH group at positions C-5 and C-4'
will increase the effect, while an OH group at positions C-6, C-7, C-8, and
C-3' will weaken it. Most of the anti-inflammatory activities of flavonoids
are via the NF-kB, MAPK, and JNK-STAT pathways, with the possible
cell-binding targets, are kinases, aryl hydrocarbon receptors (AhR), G-
protein-coupled receptors, and estrogen receptors [137].

Flavonols, such as isorhamnetin, kaempferol, and quercetin, inhibit
NO production, iNOS protein and mRNA expression, and NF-kB activa-
tion. Quercetin and kaempferol also influence STAT-1. Thus, quercetin
inhibits LPS-induced STAT-1 and has an inhibitory effect on iNOS
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(c)

Figure 12. Several types of steroids in Arecaceae: (a) stigmasterol; (b) campesterol; (c) spirostane.

Table 1. Some compounds in the Arecaceae family that have anti-OA activities.

No. Sources/Species of Metabolites/ Structure Anti-osteoarthritis Activities Ref.
Arecaceae Compounds
1 Arenga pinnata, Borassus Polysaccharide/ Reduces the level of joint damage and pain in rats with induced [105]
flabellifer, Nypa fruticans galactomannan osteoarthritis and has anti-inflammatory activity
2 Borassus flabellifer, Nypa ~ Fatty Acid/linolenic gy Improves symptoms and prevents the degenerative process in cartilage [108,
fruticans acid (omega 3) 109]
Linoleic acid (omega 6) 9
ANSNSNANAAN,
) Phoenix dactylifera, Flavonoid/quercetin OH Inhibits the production of interleukin (IL)-1p and TNF via the TLR-4/NF-kB  [112,
Areca catechu 2 pathway, suppresses the expression of matrix-degrading proteases and 113]
HD\(\TO inflammatory mediators, promotes the production of cartilage anabolic
‘ » | “on factors in IL-1p-induced mouse chondrocytes, upregulates SOD and TIMP-1,
IH lr downregulates MMP-13, and promotes osteoarthritis degeneration by
attenuating the oxidative stress response and inhibiting cartilage
extracellular matrix degradation.
Phoenix dactylifera, Luteolin Cytoprotective against oxidative injury, inflammatory response, and ECM [114,
Areca catechu degradation in primary murine chondrocytes through activation of the 115]
AMPK/Nrf2 and AMPK signaling pathways, protects rat chondrocytes
stimulated by IL-1p and monosodium iodoacetate (MIA)-induced
osteoarthritis model.
Phoenix dactylifera, Isorhamnetin OCH;, The anti-inflammatory effect reduces knee swelling caused by MIA, [116]
Areca catechu Ok significantly reducing articular cartilage damage in mice. Isorhamnetin
HO_~ O inhibits NO and PGE2 production, iNOS and COX-,2 expression, and COMP,
I P | CTX-II, and osteopontin (OPN) production.
T ” OH
OH O
4 Phoenix dactylifera, Phenolic and ClHa o It prevents IL-1p-induced osteoarthritis, indicating that ferulic acid has the [117]
Areca catechu Polyphenol/Ferulic o N NoH potential for osteoarthritis.
acid
HO'
Phoenix dactylifera, Coumaric acid Q Attenuates IL-1p-induced inflammatory response and cellular senescence [118]
Areca catechu WOH through inhibition of MAPK and NF-kB signaling pathways in chondrocytes
HO
Phoenix dactylifera, Epicatechin ™ Increases articular cartilage structure and chondrocyte cellularity and [119]
Areca catechu o reduces joint cartilage degradation by suppressing nitric oxide production,
- tissue catabolism by proteases, and suppressing inflammation
Ho
N
o
on
5 Areca catechu Alkaloid/arecolin o Anti-inflammatory activity [120]
|
6 Phoenix dactylifera, Steroid/stigmasterol Inhibits several pro-inflammatory mediators and matrix degradation [121]
Areca catechu commonly involved in osteoarthritis-induced cartilage degradation via
inhibition of the NF-kB pathway
Phoenix dactylifera, Campesterol Anti-inflammatory activity [123]
Areca catechu
- Borassus flabellifer - Spirostane Anti-inflammatory activity [124]
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Figure 13. The basic structure of flavonoids.

expression and NF-kB activation. Flavonoids and their derivatives (gly-
cosides, rhamnosides, rutinosides, or neohesperidosides) have several
structural requirements for inhibiting NO production, namely the C-2,3
double bond and OH groups at C-7 and C-4' [138].

Other studies have shown the effect of flavonoids on lipoxygenase
and peroxidase inhibition. The most potent lipoxygenase inhibitor was
kaempferol with one —OH group located at position 4’ in ring B, which
had an activity of 21.2 + 2.03 per mole of compound. The weakest in-
hibition was observed for diosmetin with a hydroxyl group at the 3’
position and a methoxy group at 4’ in ring B, which had an activity of
1.17 + 0.77 per mole. Peroxidase was most strongly inhibited by quer-
cetin (22.7 + 0.05) with two hydroxyl groups on ring B at 3’ and 4. The
weakest peroxidase inhibitor was genkwanin (0 + 0.16), with one hy-
droxyl group at position 4’ on ring B and a methoxy group at position 7 on
ring A. The results showed that weak peroxidase inhibition was related to
the reducing properties of phenol, and lipoxygenase inhibition was
associated with the antioxidant properties of flavonoids [139].

Luteolin and its glycoside derivates, such as cynaroside, cesioside,
isoorientin, and stereolensin, were tested in vitro to determine their
ability to inhibit enzymes for synthesizing thromboxane B2 and leuko-
trienes B4 and their hydrogen peroxide radical scavenging activity.
Luteolin exhibited high inhibitory activity regarding the synthesis of
thromboxane and leukotrienes; cynaroside and cesioside had moderate
inhibitory activity against both enzyme synthesis pathways. At the same
time, isoorientin and stereolensine showed good selective activity against
thromboxane synthesis. Luteolin and its glycoside derivatives showed
good antidote activity for hydrogen peroxide. The results showed that the
activity of luteolin and its glycosides reduces the synthesis of arachidonic
acid and hydrogen peroxide radicals, depending on their molecular
structure. The presence of an ortho-dihydroxy group in ring B and the
pattern of OH substitution at the C-5 position of ring A significantly in-
fluence the anti-inflammatory activity of flavonoids [140].

6. Potential development of arecaceae as natural anti-OA agents

The need for anti-OA drugs will increase in the future. Based on the
available research data, at least 26,000 individuals per 1 million popu-
lation aged 45 years are expected to experience OA in 2032 compared to
2012. These findings indicate that efforts are needed to develop new
effective treatments for OA [141]. The current treatment of OA generally
uses anti-inflammatory drugs such as NSAIDs, which have serious side
effects [142]. Treatments sourced from natural ingredients may be an
option in treating diseases, including OA.

Based on the articles that have been collected, the plant family Are-
caceae sp. can potentially be developed as a natural anti-OA agent. This
plant family contains both primary and secondary metabolites that have
anti-inflammatory and chondroprotective effects, so they are helpful in
the treatment of OA. For example, galactomannan polysaccharide com-
pounds found in sugar palm, palmyra palm, and nipa palm fruits can be
developed in OA treatments. Galactomannan has anti-inflammatory and
chondroprotective effects that can reduce cartilage degradation [105,
143]. According to the research, protein-free galactomannan provides a
better anti-OA result.

In contrast, structural modification of galactomannan in both the
oxide and sulfate forms did not have a significant effect [144]. Therefore,
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galactomannan in Arecaceae sp. can be developed as an anti-OA nutra-
ceutical. In addition, several other compound groups, such as flavonoids
in dates palm and betel nut, have anti-osteoarthritis effects as chon-
droprotective and anti-inflammatory. Hereafter, they promise to be
developed as natural anti-osteoarthritis [106].

7. Conclusions

OA is a chronic inflammation of the joints caused by reduced joint
fluid and cartilage matrix components, resulting in cartilage damage,
pain, deformity, and limitation of movement. Its prevalence is increasing
yearly and involves various treatments and medications. OA treatment
includes maintaining an ideal BMI, physiotherapy, rest, and warm com-
presses. Meanwhile, the medicine used involves anti-inflammatory drugs
and chondroprotective agents. Currently, NSAID drugs are commonly
used to treat OA, but those medicines have many side effects. Therefore,
natural pharmaceuticals and nutraceuticals may be explored as alterna-
tive options. Arecaceae plants include sugar palm (A. pinnata), nipa palm
(N. fruticans), palmyra palm (B. flabellifer), date palm (P. dactylifera), and
betel nut (A. catechu), have potential anti-OA action. This potency cannot
be separated from the role of primary and secondary metabolites that
have anti-inflammatory and chondroprotective effects, such as poly-
saccharides (galactomannan), fatty acids (linoleic and linolenic acids),
flavonoids (quercetin, kaempferol, luteolin), phenolics (coumaric acid,
ferulic acid), polyphenols (epicatechin), and steroids (stigmasterol,
campesterol, spirostane). This plant family can be utilized as the safe and
economical natural anti-OA because it has been consumed as daily food
and is very easy to find. Hence, this family plant is prospective to be
developed either as a preparation or for fresh food directly consumed.
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