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At - Ashervaclenosis 1 an arserial disesse often aseciaied with lipids and oéher metabohic abiermic@E) Varions ficnors wm
invalwed indeveloping ghemseleross, inclwding Galerin-3 (Gal-3) . Pre-clinics! ausdies have shown that Modifed Cimms Pecrin
(MCPL & mesdified polvsscchinde from clomes pecls, fos (ke potemtial of inhisging Gal-3 and ooamering e develapment of
atkernsclemosis. Thos, this review aims 0 analyxe the mie of MCP oo inkihitng amd regolatmp Galechn=3 #Gal-30 s an
alfemmnive terageuric el We examingd salid poe-clinica) esperimenial suuly desigis mken fom the dinhases Seictor
Drrect. Tevlor & Francis, PubMed, and Google Schnlaz, wish publication daies mnging feom 2014 0 2024, 15 research articles
e Ahe el s hed Incluson crinerin, §ur review Tomsd 1hin Tial-3 levels mee duriag sheoacerass development, miggering
proschs el Esiurbs cordiovascula physiobesy, Addilonally, Gal-3 mipeed mhibson e=mg MOP hae shown o BEase
therupentic effecis thal alkevistes hypertrophy and plague’s size. In essence, MCP omenges ax o pomising alemative therapy
arpcling Gial-3 e piherosclemosin proges s,

Koy words —Athenosclerotic, Geld, MO, Therupy, Kegulation.

I INTRODUCTHIN
Adherosclernsis is on arenal disease often sesocinbed with lipids and other n@Ybolic nlterations and is &
iapor canse of cardicvascular discases. Athcrosclerosis cnomnpasscs o condfBns: scheme Hean
Mrigesiss CHHIF and Cenetrovanct lar Disease (primarnily ischestiie siroke ), Ciiohally, THD and stroke ane the
first aned third keading casses of death, sceounting for approximately 247.9 deaths per 100 KN peoplel,
Aulditionally , THD affects arpund 126 million individaals, or abour 1.72% of the global population, ed is
projecied o exceed 140 million individuals affecied by THD by the end of 20307,

Alberoac lernss = the garrowens and baedesmg of Blood vessels cansed by the butldup of pligees
{athermmal within the ariemal walls, These plagues ohstruc hload Dow o the bear . leseding o gracdual
hlockapes that con conse coronary heart disesse (CHD), According boodatn from the 2008 Riset Kesehatan
Drazar {Riskesdas )y, the mumbser of coaousary heart disease {CHD patients has been increasing annually, with
3 rosimEely 15 ot oF every 1000 Indonessins, or about 2,753 964 people. sulTering Trom e dissase
The 2018 Riskesdas also reported that the prevelence of heart discase based on doctor dingnoses in
Isdomizsia 15 1.5%, with the highest prevalemce found m Noeth Kalimantan Province at 225, followed by
the Special Region of Y ogyakarta and Corontalo, each with a prevalence of 257,

Many risk foctoffon be sources of atherosclerosiz, such us high cholesterol levels, diet, siress,
smoking, and obesiy®, High concentrations of plasma lipoproeins like VLDL, LDE, and IDL are also
mociated with atherogenesis. Low.-density lipoproteine (LDL) are easily oxidized into oxidized low
density  lipoproteins (0alDL), which are asbsorbed by mocrophage scavenger receptors without
dawnregulation despite the ineremse of chelesiernl content, leading we fomn cell’s denth amt the formation
of necro@fipid cores, Atherosclerotic plogues then oceumulate wascular amooth muscle cells {VEMC]) that
inagrate . proliferate, and syithesize extracellular nsatns prolcing, contilaang to e narowing of the lumen
ant the formation of 3 srrong fibrous cap that suppoets plague growth ad stabiliy®,

Risk Fnciors that infloence atherosclerosis penernlly develop thrmugh imflom@htory mechanisms
within the ameries. Ome of the mechonizms affecting mflammation §s the protcin Galectin-3 {(Gal-3).
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Gabectin-3 ia - galu!m-jd@lnﬂjng protein Mo the lectin family that haes pleiotropic repulatory sctivities
aned plays a role in various physiological @ llubar functions, such as cell growih, proliferation. speposis.
differentiation, and cell slhesion®. In scue inflammsory sesponse, Gal-3 scis 2= a promoder of
monneviemacropheee chemolaxis, reacting with oxLDL to form foam cells thit then accumuolate info
plagues.

The Gal-3 inflammatory nsk [actor ooald be inbibit@@o prevent atheromelerosis, One of the
inhititors s known s Modified Corus Pectin dMCP), Several preclinical studies have been comiucted 1o
cxamine the mechanisms of inhibition and regulation of atherosclerosiz by MCP both in vitro snd i vive,
MCP acts a5 o competitor of Gal-3 in binding with recepions expressed in monocytes, macroplages, and
enchothielial cells, which plays a mole in athersclemsis thrgh vascular soussh mescle cells, anenal
endothelin] damage leading to lipid infiltrmation in the blood vessels, and acting a5 o promoter of monocybes
od macrephages. Additionally . the mbibsvory effects of MCP have been shown moseveral studees 1o neduce
the potential visk amd severity of afieroselerosis. Therelore, based on te preclinical stiales conducied oo
the effects of MCP on atherosclerosis, we present this litersture review o onalyae the role of Ceal-3
nbititn with MO administrdion as an abernative therapy for stherosclenssis,

i RESEARCH METHODS
A. Research Sirategy

This literarure review discusses the compelitive inhibiton response of Modified Cinis Peetin
{MCF) i the ocowrrence of atherosclerosis in both in wivo and in vitre studies, viewed trom preclinical
aspects, was coiklucied based on the PRISMA guidelines. This review includes studies sowrced from the
Jeirnal databases Science Direct, Tayloe & Francis, Pubbed, and Google Scholkar, with pubslication dates
ranging from 2014 to 024,

The literwture search uiilizes Boclean operators with the keywords [~ Gelectin:3" ar " LOALST vl
“markers” amd Ctherapy” ond “ncherascleronis”]. The search process wes structured as a flowchart, as
shovwn s Figune 1. A wetal of 6477 articles were adeniified dunng the inital idemtification stage. Thess
articles wene then screened hasesd on established criteria, and duplicates wene removed, resalting in 15 valid
andd relinble journaks,
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The incluseon crateria tor the laerabare review wene structured wing the PIOOS framework, sunumacized
in Table |. Semmary results of lersaune studies from mcluded aeticles are displaved i the suppleimentary
dldila

Tabde 1. Inclu=ion crteeia for de lireraiure review based on the PICOS framework
Criterins Inclusion

Froffems The increasing sl widespres]  developmem of
athernsclerosis is infleenced by Galectin-3

lurerwrting The role of Modified Cores Pectin (MCF} o
suppressing the progresseon of atherosclerosis through
Cealeetin-3 inhibition

Comparasion The pobential wse of MCP in seducing Galectin-3
lewels in atheresclernsis gromps compared I coirl
L0 e

(hetcame MCP a5 a novel therapy in discases relaed o the
develapment of stherscleross

Sty Dhesign Preclinical studies encompassing both in vive and in
vitew research published within the last [0 years

M.  RESULTS AND DISCUSSION

Kile of Cial=3 in the Pathogenesis of Cardiovascular Atherosclerosis

Atherosclerosis is o pothelogical condition that is o major couse of coronary ariery disease, siroke,
and periphern] vascolor disense, resulting from & series of compley processes with pathoeenesis that starts
with endopibelial dysfunction. Vifpus stimul can tragger this Sysfuncaon. One factor anvolved i the
pathozenesis of atherosclenosts 15 Galectin:3 (Gal=3), Gal-3 15 0 member of the f-galacioside-bmding bectin
family with pleistropic regulatory activity and varows  physiclogical cellulor fumctions, incloding
invol vement in inflammation ., tissue fibrosis, snd angiogeness. Identifying Gal-3 os a pro-inf lammintory
meculs thar facilitates imflammatocy cespenses through ineracticn with cell surface recepors amd
extracellular matris {ECM) proteins eal@hces our undesstandang of the complesaty of Gal-3s role i
pithelogical conditions. Additiosally, Gal-3 contributes o the regulation of scute and chro@l
inflamrmation _as well as timsue fihrogenesis. Bs role in candise remodeling and dysfunciiom_as well as s
vl versent 1o nflammateon and fibeedes velated W aortee valve cond itsons. peovides further insight st it
potential as o therapentic arget in managing comples cardiovascular conditions swech s heart failures”,

Analysis from Matilln @ af. study in 2023 demanstrafed the role of Gal-3 in the inflammutory
agingenic, and caleificstion processes of atheroscleratic plagues in pasents with sorbe stenosis, a3
ithestraned in Figure 2,
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Fig 2. The mechanism of Gal-3'5 effect on aortic sienosis”,

The disteibution of Gal-3 within colls depends on s abilay w inleract with verious componenis of
the: extracellular matria (BECM). such s laminin, efastin, and (g mecting These imeractions facilinee cell-
ECM ndhesion and fransendothelial migration. Additionnlly. Gal-3 plays o crucial mole in medioting the
inteeaction between neu@hphils aed monecyies with cidotelinl cells, both direetly and indivectly. Thes
process is influenced by the relesse of reactive species and protealvie enzymes mdiscad by neutrophal asd
monoevte sdhesion, which can lend to endothelinl erosion, endothelial cell dysfunction, moressed vessel
permeabilicy, laukocyte accumulution in atherosclenotic areas. The expression of major adhesion molecales,
such & flantegnn on the sicface of meutrophils, playe 3 key role in recrusting and ransmigraing
dewtrephils and monocytes. Gal-3 strengthens adbesion by bindowg to endothelzal cefl surfaces and also
perentElly enhances n::llagl'l;:&xiim throwgh imeractions with Mac-2 binding proteins, Additionsl v, Gal-3
octe s n receplor for advanced ghycosylonon end-product clesrance and medistes macrophage-led
cisdocyiosis of oxidized ow-density lipoprotein (LDL @which can Facilitae foam cell formation and
.'n'.||:|r|i|':r' nuhmq:mm ||!.|"|3.1n1119|m. Ths, the destribution of Chal=3 om cell surfsces and in e exirscellular
envirenment can mfluence the inftiation snd progresson of stherosclerosis by regulating levkocyte
sccimulation u@ sctivation”.

Several studies bave highlighied that oxidized low-density lipoprotein (LDL| mggers endotbelial
el mpory by altering the expressson of pro-inflammatory genes. From accumulntng evidence it is known
hat Geal-3 exacerbares LD -indieead endothelial injury by stimuliting inflammation. LDL iselfl induoces
endathelial dysfancton, wltimately increasing € expression of atheropenic signaling molecuabes. Ths
subsequently Tacilitates monocyle adbesion o aneri@) endothelivin and moncyle penetration inle the
intima fayer. Scientific studies support findings that Gal-3 is specifically Iocalized in macrophages and
foam cells, core clements of stherosclerotic plaguess . Gal-3 sccumulntes significantly and exclusively within
the intimal ploagees, with iis distribation co-locued with macmphage sites within the plagqee. The process
of macrofage differentiation mto fomt cells afier LODL upake also indicates Gal-3 invalvement. This
sygpests that Gal-3 facilitotes lipoprotein uplske by foam cells, therehy exocerbating atheroselernsis
progression.  Therefore. ressarch suppons the hypoehesis that Gal-3 worsens the progression  of
stherosclerote plagues drowgh increased poprotem endocytosis and dissapiaon of lped metabolism.

The Mechanism of Modified Cionas Pectin (VICP)

Modified Citrus Pectingg#CP) is o polysaccharide derived from citnes peels that hos heen modificd.

MCP has been shown o have anti-imflmmatory and anti-fbroce eMects in varioos cordioyascular diseases
due o its ability o mlabic the effects of Gal-3. MCP 5 a moadifzcation of Cirus Pectin {CF) achieved
through acid or alkoline treptment, The study conducied by Zhong of ef.. in 2016 ouilined o methad for
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modi fying CF inte MCP using scid -bose treatment. First, CF was dissolvesd in distilled water {1,553, and
ihe pH of this sedution was mised o pH P00 asing 3 NaOH. The solimion wa@@llowed 1o stand for | howr
before adjusting the pH o 2.0 using 38 HCD asd then incobated overnight ot room temperatase. Afer
incubation, the pH of the solution was adjusted o pH 63, Subsequently, MCP was precipetated by adding
5% el o achieve TR v, Tl ol h}' recuvery Thrigzh l.:l.'.lllTirlljljliﬂll. wilshiug Witk acenaime, aml
gt dn'lng"'

Another su@lg conducted by Lim ed o, in 2004 concluded that when pectin s digested by the body.
it i% hroken down ik consliiien monosacchandes sich as arabinose and xyinse i the brge intestine.
These monossccharides ome then fermented by gui microfkra. producing short-chain fatty nckds (SCFAs)
which are belicved to influence the effectiveness of pectin, inclwling ardbipose amd its metabelice buty mee.
Adklitionally, the srudy demunm'mj that consumemng pectin can protect the beart frons schemic attacks,
with implications for I::lph'lmmg the role of dictary fiber i redusing the nisk of corennry heart discose
{CHDY.

Regulation of MO i Inbibiting Gual-3 Expression

Several studies confirm that Gal-3 plagfl central role a5 a contributing facior in wariows
cardiovascular diseases, |114:I|.|-:I|r|g atherosclerosis, Gal-3 hos been shown to be :nrnlwd in the pathozenesis
of atherosclemsis by trigeering inflammation. fibrogenesis, and cardisc remadeling'=. This phenomenon is
supported by the ease of Gal-3 expressson o monoeyies, macrophages, and endedbelal colls dunng
atherosclerotic plague formation”’, These findimgs are reinforced by several in vivo and i n vitre {pre-clinical)
studies demonstmtimg o signifcont ineresse due to Gol-3 expression in stheroselerosis,

The mechanim of the relaiondup Between the downregulation of Gal-3 and the propression of
atherosclenesis is demonstrated by in vitro research @ndocted by Sadaba er @i in 2016, The sowdy showead
Tt @ ministration of MCP can reduce the secretion of 1L-6 and [L- 1, a5 well a2 the levels of Gal-3 protein.
The decrease i Gal-3gs accompanied by a0 redoction m fibronectin protein levels. Additionally, Valvuler
Interstitial Celline (VICs] treated with MCP showed o decrease in calcification markers. MCP reduces
the levels of BMP-2, BMEP-4, SOX49, and Bunxd, which are pro-inflammutory and  pro-cabeificatinn
proleins, therehy significantly suppressing inflammation potential in arterial vabves (P<0,05 %,

Studies by Xp er al, in 2020 comducied in vivo also demonstmied thit MOCP administration can
downregulate Gal-3 by reducing mRNA and peotein levels of Gal-3 in Obroti@seart trasues, therehy
sgnificantly (P<ILESy improvieg cindise deslunction by inkhibiting e ediscion ol lell veatricalar end-
systolic diameter, kefl venimiculor end-dizstolic dinmeter, strok@olume. condise ouipot, ejection fraction,
aed fractional shoepesing. T thes stsdy, 0 was also fowsd that MOP prevents the sctivation of the
TLRAMyDESNF-kE sigimiling pathway, which 5 a potential pro-oflanmaory pathaery, oeduces
myocardsl injury, collogen deposition, and decreases Cal-3 expression in lsoproterenol (IS0 -indoced
ms . Mo ef al. also demomstroted in their research wsing infrared (LK) infury treatment that MCP
dgnificantly reduces canfiac dysfunction and improves myocardial injury’, This stedy is further supported
by an iocvivo stady an 2020 by La e ol which demonstraied thar cardiac by pertrophy decressed due i the
effiect of MO P, evidenced by it aibility wo lower the elevation of Gl 3 expression in Wistar rats'*, Mirtines
ef @l im M5 aleo stated that MCP can inhibit Gal-3. prevent inflammation and by pertension, thershy
ierinalizing blood pressre levels in aldosierone -induced pas'™

In 2024, Wang ef of, comlucted dan in vivo study using Speague-Dewley ras subjecied to arreral
cult placement. high-fot diet, nnd sham surgery@he results showed that after restment with MCP, there
w o =i gnificant redwction in luminal narrowing and @ intima-o-lumen aea e, Fonhermore. comparad
1w the CUFF + HED groap, the MCP group exhigred kvwer blood flow o the penile vessels during ereciinn
ind lower recial emperoture mto, while the penis-toaresium emperture g was also lower, These
@ndings highlight & potential relationship between sthemogenic erectile dysfunction development amd
vascular remsodeling influenced by cuff @Bcement and high-fat diet. Dunng the erectson plase, such
vascular remssdeling may haonder adequate blood suppdy o the penile ves@lls, which MCP reatnens can
pestentially armeliorate, Addimnaily, the study ke that MO could inhibin e apregulation of Gal-3, Todl-
like receptor 4 (TLE4 |, and myekoid differentistion primary respense protzin 88 (MyDER), which could
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increase the eisk of mflammation and fbrosis in the peaile corpus covermosn@) Trestment with Gal-3
inhibior modified citros pectin (MCP] successfully normalized the decrease in intrecavernosal pressure,
endothelial sitric sxide synthase expression, sﬂmm muscle content, ad reduced Inflantination and
fibrosis , This Gad-J inhitor proves effective in redusing mﬂlmunuudnldnﬂulml injury, and fibrosis in
the penile corpus cavemosum through the TLREAMMyDERNF-xE pathaay ' 2]

In 2022, Geldken ¢ of. conducted a study siming (o investigaie the mEu bitory effects of Gial-3 both
im vive and i ovitro, They wilized a CSPBLAL mowse mode] induced with subcatanesas infusien of
mmgictensin 11 o simulate cordisge fibrosis, Ang 1T infusion significantly ingreased fibrosis fommation = gnals
by 4-5 times and elevated the number of CE45+ cells m the lefi ventreulnr fissee. In theo in vivo
experiments, treaiment with MOP provided srong evidence of is thergpestic poenstizl in relucing cardise
fibroeds . Furthermore, in their in vitro sssays, researchers isoloted monocytes from buffy ooats, MCP
dernonatrated significant inbibitson of Gol-3-anduced omoecyte cheasotais, kighlightsne MCPs poteatial
mile i i:lhi.hi[irlj:; the muwermend of PRI VEE% LR i et illl'lilu:lll:l:l[e:rr:,.' ]m\:exmh'". Thex patlern Wik il
obzerved in & previows study by Wan et al. in 2021 vsang Sprogue-Dwwley s, which found thot MCP
effectively inhibited fibrosis and collagen accumulation induced by Gal-3E3Both studics ane supporied by
mesearch condocied by Li ef af, in 2019, stating that MCP comparatively improved ischemic heant failure
by reducing Gal-3 regulation, tarchy decreasing myocardial Blrosia, delaving veatmcular rermesdsling, and
prewenting bt Gailure™, Collectively, thes: three stnfies conclude that MOP significanty contribuies m
reducing cordisc@frosis and preserving heart function, both in vive and in vitro contexts, These findings
highleght MOP's potemtial & o therapeutic agent for addressing cardise fibrosis and peeventing heort failure
thresiigl thee preechaniso of Cial- 3 inbabiton,

Baged on vanous previous studies, MCP hns been shooen to play 8 erecial role in the chorocteristies
ol giherpsclerosis. s crocia role b= evidenced by significant reductions o inflammation, fhrogenssis. amd
cardhiae remcdeling by orhabening Gial3, wihich iriggers these factors and impacts the accurrence of
atherosclersss, The wse of MOP thus hokis the poientiod 1o become an effective new therapeutc model in
the treatment of atherosclemsis,

The Potential of MCF as an Alternative Therapeutic Agent for Atherosclerotic Cardiovascular
Dhisenses

22

Ga]-“;!.pla}-*sacrmiai role im inflammation. caleilicution, and angogenesis processes involved inithe
devalnpment of athernselerodis and various ather cardiovaseular diseose:, hased on preclinacal research®
Therefore, several interventions and therapies heve been developed to lower Gal-3 kevels, one of which is
ihe use of Modified Citrus Pectin (MCPL, MOCP is a molecule fregquently stwdied a5 a specific ligamd for
Gial- 3" MCP shows high potential 25 an altensative therapy for atherosclemsis,

The preclinical stedics invelving in vitro amd in vive research have revealed the role of MOCP in
cardiovascular atherose lerosis therapy, Sodaba of @f, in 2008, and Martinez e @/, in 2019, demorstrated
that MCP sigeificantly (P=00.03) reduces the activity s levels of Gal-2, contnbuting to inflammation
redction amd osteopenic dilferentiation, Adeitenslly, Gal-3 inhibition has been shoswn o mitigats
inflammation and cardise fibresis in experimental hyperaldasteronism, irrespective of higifiood pressure
levers! 1, A similar pattem was observed mothe 2007 study by Thaerola er af.. wihere MOP treatment
prevented the incnease in Cial-3, frosis, inflammation, sad caleification in e aome valve {AV), therehy
inbubiting remaodeling in rats under pressure overlomd (P00 conditions™. Amalysas of the relationship
between heart dystuncion and Gal=3 downregulatson via MOCP admimistrtion in mabe Wistar ro heart tissee
induced by Isoproterenol (T§R) was conducied by Xu erai..in 20200 The fimdings from Xu eral.'s study in
2020 are depactied in Fagure 2.
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Fig 3. The mechanism of MCP in lsoproterens|-induced M yocardial Inflammation and Myocardial
Fibrosis ',

3

The model of myocurdial fibrosis (MF) o rats, IS0 activoes dee Renin-Angiotonsin- gdostcmn:
Svetem (RAASR), ithereby increasing plasmn aldosterone levels.  Aldosterone indeces  myocardial
inflammsateen and Gbrosis by activating e maeralocostsesid recepor (MR} Gal-3 mediates ventricular
dysfunction and remode@g caused by 150, while Gal-3 inhibitor {MCF) and MR antagonist {potissium
canrzneate b con reverse myocardel inflammation and fbresis. Aldosterone alse triggers Gal-3 secretion
via the MEPDBEAKTEF-kE signaling pathway in macrophages, contributnng o cardiovaseular fibrosis,
MR ntagonisis such as eplerenone and SP1 reduce i3 expression and decrense markers ol [ibnosis an@)
inflammation in e medbels of left ventriculur systolic dysfunction pest-acute myocardinl infarction, Gaol-3
Bhio acts a5 an endogenous parscrine ligand for TLRA. inducing pr@inflammatory respoases, asd mediating
pro-inflamenatoey and pro-apopisec effecs on chosdmeyvte mjury . Phammacobagical blockads of Gal-3 with
MCP improves ISO-induced cardisc injury by inhibiting the TLR4/MyDEYNF-xB signaling pothwoy”,

In vive rescarch wing CSTBLMA apoE -~ mouse mdel discussed the mechanism of MCP in
rediscing atherosclernne lesions. In 2007, L er ol fowd that MCP reatment for 4 weeks sigmiicu@ly
reduced the size of aortic lesions, bruchiocephiafic antery (BCA) lesions, and sorie root compared to the
mishel growp, as sbown Mool seining. Scanning Elecion Microsoyw (SEMb analysis revealad
significant damnge 10 the endathelinl structure in the model proop, whereas the MOP-trested groop only
showal mald endothelial stnscturs selaxation, with the susface of the atherosclemtic plague rermuning
incact”. Therefure, the use of MOP as & Thesapeulse agenl for atherosc lemtic -a'lJil.w.ahLulil'r T [ETEHRS LIS £
supporied by preclinical studies nand demanstrsted promising results in reducing athemosclerotic kesions by
inhibiing keukocyte sdhesion wendohbelial oells. Rescarch hes alse shown thet MCP signifbcantly reduces
thie actiedty and levels of CGal-3.which contribures to reducig inflammation aed osteogenic differenteanon.
Thus, MCF may represent a promising therapestic strategy as an allemisive treatment for candioviscular
mtherosclenesis in the fubume,

v,  CONCLUSION

17
Elluiln-] (Gal-3). as o member of the f-galactoside-binding lectin fumily, plays 2 kgY mole in the
esis of atherosclerosis. The distrabution of Cal-3 in various cellular comparimenis, inchuding the

nuglens, cell surdice, and extrocellular emvironment, significanily impacts the inittsn and proeression of
this disepse. Gal-3 g involved in reguloting cell sdhesion, transendothelial migration, and critical cellular
interacisnms in the process of atherosclerosas. Addittonally, Gal-3's eode in mediating the chearamce of low
density lpopr§EBin (LOL) modified by macrophapes strengthens foom cell formation aml associated
inflammution. The potential of Gal-2 a5 a therapeutic target in managing complex cardiovg=scolar conditions
=uch ns atherosclerosis ond heart fuilure is becoming increasingly evident,

7
Studies alse indicare that downregulation of Gal-3 by Modified Citnes Peciin {MCF), both in vivo
anad 18 vitro research, significantly reduces the expression of proteins actvated by Gal-3, zuch as IL-6_ 1L
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| B BMP-2, BMP-4, SOX-9, aad Runxl, all of which play moles i pro-inflanmatory . pro-caleiflicatiodn,
ansd pro-fibrosis processes. @UCP bas alse boen shown o redice mflammaetion, endmtbelial injury, and
fibrosds by irilabeting Caal-3 through the TLRAMyDERNE-¢B pathway, thereby significantly reducing the
risk of atherosclerosis,

The development of MCP through pH modification of citnes pectin {CF} has affirred thm MCP
helds significant potential as o therapeutic agent for cordiovascular atherosfosis . Besides nhsbiting
leukoeyte adhesion o endethel il cells, MOCP has also shown promising resubts in both in vitre and in vive
studics, demonstrating 8 reduction in the severity of shermclerosis, This confirms that MOCP could be an
effective aliernative therapy for atherosclerosis, providing consistent posilive responses in teating this
dizegme,
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