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Foguszasd | mavasasildldasatninuiiuiu SuSenharseeniuesdiiusznaude Cu, De, Bis, CRE,
CRE-SD, CRE-Bin, and CRE-Ter tlatasnsesunisairslusiuanwadndnie Ineld cells 7 induce T
ﬂéﬁ&Jﬁ’Uﬂé’ﬁmﬁamaﬂl}EﬁLﬁu sarcopenia A28 dexamethasone

38n15@nwn : n1snnaesi ldldiwad ndrudede c2C12 vnvwinldigadidnvazessuusnag
dexamethasone sieanld@nw1 inhibition effects yasansafnnaniuasdiiuszneusne Cu, De, Bis, CRE,
CRE-SD, CRE-Bin, and CRE-Ter ¢1835 MTT, LDH, RT-gPCR wag western blot

HAN1SAN®A : Han 3ANWNUIN Cu, CRE, CRE-Bin, and CRE-Ter anansadfudinisuansesnvasdiu Atrogin-
1 uay MuRF-1 Gais Atrogin-1 Wag MuRF-1 danasionnzanandwiiiotes vairfi CRE-SD anunsadud
N13UARI88NTBY MURF-1 LilBaenafiey wonainilamed3dedanyudn Cu, CRE, CRE-Bin, CRE-Ter, and

Ao

CRE-SD amnsansedunisairslusiu Akt Fudulusiuiiddysenseuiunisarslsinlu TOR signaling
pathway

aguia : mifnyiadsifaunsadsulfiaaneniiuesdiiusznoude Cu, CRE, CRE-SD, CRE-Bin, and CRE-
Ter mmmé’ug’amuﬁm muscle atrophy %138 sarcopenia Iﬁﬂﬁﬂﬂﬂiﬂgugﬂguﬁﬁﬂiﬁ muscle atrophy fi®
W Atrogin-1 uay MuRF-1 uammﬁ%mmaaﬂiw’jumsa%’]ﬂﬂsawhu TOR signaling pathway



Abstract (1)

Background: Sarcopenia is a disease of progressive loss of muscle mass due to the imbalance
of protein synthesis and proteolysis, and tends to emerge with ageing. Currently its treatment
consists of non-drug therapies and drug therapies, but some medications can have various side
effects. Therefore, it is important to search for effective herbal medicines that can modulate
muscle mass.

Purpose: In this study, we investigated the inhibition effects of curcuminoids including, Cu,
De, Bis, CRE, CRE-SD, CRE-Bin, and CRE-Ter on dexamethasone-induced muscle atrophy
in differentiation of C2C12 cells.

Methods: C2C12 cells were cultured and treated with various concentrations of curcuminoids
including, Cu, De, Bis, CRE, CRE-SD, CRE-Bin, and CRE-Ter. The inhibitory effects were
studied using various methods, including MTT and LDH assays for cell viability and cell
cytotoxicity, RT-qPCR for gene expression analysis, and Western blots for protein analysis. In
this study, dexamethasone-treated C2C12 myotubes (Dex) are the positive drug control and
used as in vitro models of muscle atrophy.

Results: The results revealed that treating differentiated C2C12 cells with Cu, CRE, CRE-Bin,
and CRE-Ter reduced Atrogin-1 and MuRF-1 expression, whereas CRE-SD reduced only
MuRF-1 expression. The Western blot analysis results show that Cu, CRE, CRE-Bin, CRE-
Ter, and CRE-SD upregulated the phosphorylation level of Akt, which is an important protein
in the mTOR signaling pathway.

Conclusion: Our results show that Cu, CRE, CRE-Bin, CRE-SD, and CRE-Ter tend to inhibit
muscle atrophy by decreasing expression of Atrogin-1 and MuRF-1 inhibiting protein
degradation, and to upregulate Phospho-Akt to stimulate protein synthesis. These results
provide corroborating evidence of therapeutic potential to treat sarcopenia patients.
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Fauaiiugiu : lunszuiunsasne osteoclasts $nsuanioontes miR21 $3uda8 9INASANBTIRILLT
wuinalnues NFKB-miR-21 pathway tdunalnlusifianunsatlusnunlsn diabetic ulcers 1e wazdolsl
mumﬁﬂmwﬁ%’awudwm'ﬁma%@ﬁuaaﬁﬂjﬁm CRE-Ter annsadfudsnszuiunsasne osteoclasts K11 NFKB
pathway @1uANUEUNUGTEWINe CRE-Ter, miR21 LazAI¥UIUNITA5 osteoclasts Felaidins@nuianneu
I0UTEaA : ANYIAUFURUSIZUI9NTTLENI9NVBS MiR21, NFKB pathway LaznszuIun1sa3g
osteoclasts TnewirinazdunalnlmianmnsalUldnulsansegnngulaluouen

A5nsfnwn | Maveaesilifivad RAW 264.7 finsedusie RANKL aurliisadiudsudu osteoclasts Taw
fnRInn1suant8enves TRAP uaw Cathepsin K 9101 treat (wadsae CRE-Ter wazAnwnisuanieantes
ROS N19LaAI98NU0Y MiR21 WU signaling pathways #1139 1ae35 Real time PCR, Western blotting,
EMSA ag ChIP assays

NANIIANYI : NANITANYINUIY NAI91N treat cells A8 CRE-Ter vinlsin1suansasn ROS anas N3
LARIBENYBY osteoclast markers ¥n TRAP waz Cathepsin K anas wananii CRE-Ter Savinlnns
UARIDBNTDY MIR21 anas ﬁnﬂﬁ?uﬂmzﬁ%é’]’&lé’ﬁﬂmﬂalﬂﬂ’ril,l,amaaﬂﬁum miR21, signaling pathways wae
DNA-protein binding #awua1 CRE-Ter ¥i1l# miR21 fin1suansoonanad Wiun1suansoonveslysaiuly
NFKB uag Akt pathways uazsieiiiawiae DNA — protein binding tngld33 EMSA wag ChiP anasie
aguna : MsAnwiadaanusaagUldinanseegiuesdiivin CRE-Ter aunsndudanisadns osteoclasts
nunaln NFKB-Akt-miR-21 pathway gadunalnlviliidsliinesssnundeu Sanalndorniluldiiie
Shwilsanszgnnusioly



Abstract (2)

Background: miR-21 expression stimulates osteoclast cells in the context of
osteoclastogenesis. A previous report showed that NFkB-miR-21 pathway could serve as an
innovative alternative to devise therapeutics for healing diabetic ulcers. Furthermore, our study
demonstrated that a highly water-soluble curcuminoids-rich extract (CRE-Ter) inhibits
osteoclastogenesis through NFkB pathway.

Purpose: The interplay between miR-21 and CRE-Ter in osteoclastogenesis has not yet been
investigated.

Methods: In this study, we examined the relation of CRE-Ter and miR-21 gene expression in
receptor of the nuclear factor «B (NFxB) ligand (RANKL) - induced murine
monocyte/macrophage RAW 264.7 cells, osteoclast cells, in osteoclastogenesis. Effect of
CRE-Ter on generation of intracellular reactive oxygen species (ROS) was estimated by
dichlorofluorescein diacetate (DCFH-DA).

Results: The results reveal that CRE-Ter reduced expression levels of miR-21 gene in
osteoclasts. The inhibitory effects of CRE-Ter on in vitro osteoclastogenesis were evaluated
by reduction in tartrate-resistant acid phosphatase (TRAP) content, and by reduction in
expression levels of an osteoclast-specific gene, cathepsin K. Treatment of the osteoclast cells
with CRE-Ter suppressed RANKL-induced NFkB activation including phospho-NFkB-p65,
and phospho IkBa proteins. Western blot analysis revealed that NFkB inhibitor up-regulated
CRE-Ter-promoted expression of phospho-NF«xB-p65. In addition, CRE-Ter dose-dependently
inhibited phospho-Akt expression. CRE-Ter also dose-dependently reduced DNA binding
activity of NFkB and Akt as revealed by EMSA. ChIP assay revealed binding of NFxB-p65 to
miR-21 promoters.

Conclusion: In conclusion, our results demonstrate that CRE-Ter downregulates miR-21 gene
expression in osteoclasts via a de novo mechanism, NFkB- Akt-miR-21 pathway.
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Fayanugiu : asineiaiused CRE-Ter 1duUsenauved curcumin Felisrguaineuitaiusaduds
U459, antioxidant way anti-inflammation 8813ls5finy 109970 curcumin aza1eUuIEIN LALAATILS?
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Faguszasd : ilelinisgeduves CRE-Ter iingsramevesnuldognafivssansnim felunmedidedléin
ns3sedsusuy Tnoldin CRE-Ter 161lu liposome uazdnwinalnnisdussnisadne osteoclasts w1y
fnanafle scaffold vlln PLA foams Taenirinaufuislmifiannsaihluldsnulsanszgnnguldlusuan
38n13fnw : nsvaaesilldiead RAW 264.7 (monocytes) finsedudas RANKL aushlsieadidsudy
osteoclasts IngiNINNITHENIDDNVD monocyte markers (F4/80), TRAP gz Cathepsin K ﬁ]’mﬁ?u treat
\Wwagn a8 Liposomal CRE-Ter K 1uianans scaffold 4a PLA foam LazAnwin1ssud annsadag
osteoclasts WU signaling pathways #1134 13 Western blotting

NANISAN®N | HANISANYINUIN U970 treat cells AaE Liposomal CRE-Ter vilinnsiansoan F4/80
Wiy nsudnseeanues osteoclast markers wiln TRAP was Cathepsin K anaq wonand CRE-Ter a7
Tinsuansoonvaslusiulu signaling pathways vila NFKB wag ERK pathways anaInIY

agUna : nsfnwasatannsnasuléin Liposomal CRE-Ter anunsadudanisasne osteoclasts siunaln

NFKB- ERK pathway #@snalnienaiilulfiiiesnuilsanszgnnguseluldluouian



Abstract (3)

Background: Curcuminoid (CRE-Ter) is the active component of turmeric, and is widely
understood to offer anticancer, antioxidant, and anti-inflammatory properties. The drawbacks,
however, include rapid metabolism and systemic elimination as well as minimal
bioavailability.

Purpose: . In an attempt to address the issue of bioavailability, this study seeks to encapsulate
CRE-Ter in a liposome before its incorporation on PLA foams in order to inhibit the process
of osteoclastogenesis which takes place in RANKL-induced RAW 264.7 cells

Methods: Having encapsulated the CRE-Ter into the liposomes, the influence of the release of
liposomal CRE-Ter from PLA foams in order to inhibit the process of osteoclastogenesis in the
case of RANKL-induced RAW 264.7 cells was investigated. By measuring the decline in
tartrate-resistant acid phosphatase (TRAP) content it was possible to evaluate the influence of
CRE-Ter/Liposome upon osteoclastogenesis in vitro. Immunocytochemistry was employed to
assess the marker for the monocyte/macrophage cells F4/80 content, while Western blots were
used to evaluate the underlying mechanisms involved.

Results: The findings demonstrate a novel method which employs tissue engineering scaffolds,
which are produced to work alongside advanced additive manufacturing techniques with their
basis in concepts from the field of alternative medicine. Initially, it was confirmed that CRE-
Ter/Liposome at 20 pg/ml is able to inhibit the creation of multinucleated osteoclasts which
are induced by the receptor activator of the nuclear factor-«B ligand (RANKL) in RAW 264.7
cells. It was shown that the CRE-Ter/liposome was able to increase the F4/80 content (F4/80
immunohistochemistry) in the RANKL treated RAW 264.7 cells. The TRAP content was
lowered by the CRE-Ter/liposome along with the osteoclast-specific gene content such as
cathepsin K, via the use of liposome-encapsulated PLA foams. When treated with CRE-
Ter/liposome, RANKL-induced NF-kB and ERK components such as NF-kB-p65, ERK,
phospho-NF-kB-p65, and phospho-ERK pathways were all suppressed.

Conclusion: The successful encapsulation of CRE-Ter into the liposomes offered a new
opportunity to provide-a new inhibitor of osteoclastogenesis and offers the possibility of
developing treatments capable of addressing diseases which concern abnormal bone lysis.
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5. unaguEuTMg (Executive Summary)
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Hagtuuszansinelugn 4.0 Mdadrgdsauigeny damidesguanmduiymadnysusiu
fuq vesdsangaseny Taslamnzlsafiiinainnnsidenanimuessianieluauey 1Wunnizua
néailetieenie sarcopenia l3ANSEANNTU (osteoporosis) kaglsANTEANUIN (osteopenia) N1
wandsiiletiosvie sarcopenia datdunguoinisinuldvesiis 1 lu 3 vesgeterialy wagan
nsAnudeyadamudningiifietgunnnin 50 U ssanunznszgangu 1 Tu 3 vesdgelomands
way 11u 5 vesffgeioimmne nmsswivsansnmglutlagiu fonsldouwutagtiuiaininatnades
dorfldn fafunisldasatnanayulnsiidnadraudesdosuazamisaiinmansegnlulsa
sarcopenia Waz#1UN154An osteoporosis azidunindanlndlunisinuiasisselilusuinn
ity WWundduayulnsisguedaaiuliifounsianlidu product champion vesUszmale
Hagtufinisthansasnonefiuulivsslovilundadasidequamvanssiia HelugUuuus
Tum ndnsfusiaiuenns uasedesdens ansafnuiiudullansirosaiuees (curcuminoids) 1éun
curcumin, demethoxycurcumin tag bis-demethoxycurcumin Lﬁua’liﬁ’lﬁ@ﬁﬁqmcﬁfmq%’amwﬁﬁ
Uselevidseguaimauinuie 1dun qns dueendiadu (anti-oxidation) A1un1587MLEY (anti-
inflammation) AuNgL54 (anticancer) AUNTSUIH (anti-allergy) warA1uwUATLSE (anti-bacteria)
Wudu nsdnwisinuandedldansadn curcumin U3unags dseraidumsizinansada curcumin
azanunldden uazgnindaeenatninanisldogiesinga vilwiissansamlunisoangninis
Fanmildusslomidodunmelidasin anugdideldandunssuiniasiouasatnuiiududians
\woiniuasduSinugaannInAuds 85% lngtwmidn wasfiunisaranednannninduds 70 wi
uaﬂmﬂﬁﬂmz;ﬁé’aé’aﬁﬂmmiaﬁmmﬂﬁﬁzjaaguiwwﬁmﬁlu g ﬁgﬂugmwu pure compound Hag
crude extracts fiaganANBAdvEIaRT WagAuznITLIMELNULYY WAnendeasuatuaTung Lo
thanfnwgunivesasatninfivayulnsamdiisennzunanduietos uaznignszgnngu
mAfedannsoiltldlunsinudeseansedin dmsuifiuauamesayulnslng wagnnshlld
\Dundadusiiasueimafieananudssionndulsanszgngu uaziinnisaiismiansegnly
Henogsiald
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® ilafAnwiHadion1saTINIANAIULe LaENTATITAANTEANKALAIUNITINALEARNTEAN
Yo3a5anin curcuminoids Tuguuwuusingeg laua curcumin, bis-demethoxycurcumin, de-
methoxycurcumin, @15ai9 curcuminoids 713a15 curcuminoids saulaitipanin 85%

w/w Uz a13ain curcuminoids Tuguvesansuszneudadeuiilitunisazangun

o Lieintayanliannauideiugnlasalvldluns@nwideseanisadinlusuan dwsu
sl dundndusiadsuemsineaievennanuidouiuigniiauls wethlusesen
Jundaduiiieldananudssiennivuianaianiletos uagdulsansegnng waziiiy
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Hagunaneuszmaialandidudigdenuggeeny danmaidesnemaluladnisunneddiinmi
ogennilutagtuiidmalifaengluonenduuiliufiesiiogiuuiy viafnnnmsanasuesnie
\WSyiusuiesanmainantesas udegtslsfinumaiinturessiuiulgeigiiadiaunegimanides
LilshaeAredgmeiuaunn amriianailetiosnte sarcopenia foidudnuilanguennisinuliosds
1 1u 3 voufgeengalu mssneluagdulszneusenssnulaonishildewaznsléden mnvangiud
Unngnuinusgleminnnistiondiliissmedonisinvdniinislésuenunsoenelifamadiaieds
iy walnawmelsy (testosterone) Fndusofluuditoifuinandundeuaratralusiuvosndnie us
nadruAesdivateysgniy wilbiAnuzssiengnuun wiualaludane (gynecomastia) nzidaden
wAsn (polycythemia) denalifidodrialunsld 91nn1s@nvadseiiniuuimuitesduszneuaes
amafiinglufivanulnsunssinansofnvvdedudinmzananduietesld fufu mnansasnands
anulwsannsaiuldlunsinuls Adenudululiiazsnumiesudinnenandundeesiinuly
Hevengla

msrseluadeihidunnusiniiossninadnidovesnnzmaianisunmg Yniveannansindy
ANENT UMITNYITBEIAIUATUNS WNTT821n Morioka University N1AT97 Nutrition Science, Iwate
ﬂizmmjﬁu warn3dea1n University of Miyazaki n1a3%1 Anatomy, Histochemistry and Cell Biology,
Miyazaki Uizmﬂw‘jﬁu A18Y1IT8 Kobayashi International Scholarship Foundation, Japan %ﬂﬂmwg’ﬁﬂ
laaulavransana curcuminoidiu'u;lll,wum"m 9 lawn curcumin, bis-demethoxycurcumin, de-
methoxyurcumin, @158 ® curcuminoids 51815 curcuminoids saulalY 08N 85% w/w LazanTana
curcuminoids 1u§*dqusummiﬂizﬂauL%qs?iauﬁt,ﬁmmiazmenfwmﬂ 37.05.0n.01A98 Wdlvgunisiun
LazAnz NAMzNYMERT wninedeasvauaiund wWethlulflunsfnwignivesansataaini
ayulwamarisemsdnunnzmanduiletes
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amzanandailetios wde sarcopenia anInENATEIN3NFD sarx (flesh) waw penia (loss) 3
mm‘mmaﬂﬂasauﬁaﬂﬁgfyl,ﬁamaﬂé”mLﬁaLLazﬂ’nmvﬁﬂLLiﬂsuaaﬂé"lmfa %’ﬂLﬁ‘flumm&lﬁﬁmmaqmigmﬁa
snanduilefinuvesluggeny Ty gofinisaivesnnizananduniotosiimnuuansatunn esing
Sineesiimsialundazyssrnsi@nundanuunnsneiu Tasvialuny guAnisalluaueny 60-70
Yovay 5-13 wazifindudovay 11-50 Woorgiiu 80 T annsnuluussalneiiiuswug ifinisalys
FeUszanar 1 Tu 3 vesUszrnsialy Tnenudesas 32.5 lumanowazsevay 34.5 lumands nets
a3sInewenalnfiieadestunisinnzinanauieteslnenswdinarenaln Wiun n1sadralusiiy
(protein synthesis) n1saanelusiiu (proteolysis) n1svauaasszuvsyam Usunalviulundaie
Usinasesluuitanas UAATednau msvnansewnslasanelusiu slavesnmezmandaniotesus
gonaung1sassineaniaialdidu vlnusugd (primary sarcopenia) uazyilanfAvgll (secondary
sarcopenia) Tngwdaugugdnuiefaniiguaandtui otesd duwus fusigAnindu (age-related
sarcopenia) Iﬂ&Jm’mhjwummﬂﬁuuaﬂmﬂmqﬁmﬁu driamfsndindasonuavnduvesniizing
néuileten Wy fUiwRnfes §iilddesendidanie I8sulusiunnomsliiieame lsafifnissnay
Hudu Tnedndlugjagnuihnniznandwiletiesfiduiusiuogiifintuaziinanmgaydeaugaseming
nsdsaneiuaznisaanelusiulundide madnwlutligtuasdsenouludenssnuitlidldeuaslde
witlesndslifindnguusslominmsldssosfuannifisane Jeilvjaduldiinsdnuuuulilden Tae
msanwiiiualdnuinisuusemuemsUssanlusiuiivseneuludne 818 (leucine) Fadunsnosd
Tuiis 1y (essential amino acid) mugAun1soeniidameiidautglunisinuiuazdesiunisdeves
nduileld (muscle atrophy) wardsndugesldsunsinwinasenll Jansdsdyaaiddainuly
NITUIUNTEUATIEALUSAUA® insulin-like growth factor-1 (IGF1), Phosphatidylinositol-3-kinase (PI3K)-
AKt Tae IGF1-PI3K-AKt azdsdyaaailunszdu mammalian target of rapamycin (mTOR) dawalifiunis
Fuaseilusavluead uonand Akt Seanunsalududinisaanelsiuluwaduiu Forkhead box O
(FOXO) FaAerfetu proteasome activity drunsyurunsaanglusaulusadazil ubiquitin-proteasome
pathway Wag autophagy-lysosomal pathway A eadestunszuaunis lae ubiquitin-proteasome
pathway %5@Lﬁuﬂalﬂﬁwﬁ’ﬁgﬁmuqumiamSMﬁu

nnsAnwianulnaildifi etestunnzinand i eves n1sfnuifinium @nviwaves
a15UTEnDU ursolic acid Tu C2C12 myotubes wuin ursolic acid mmiaETUE“jgamiqzyLﬁamaﬂé’mu‘fﬁﬂm
nsnszRunsdaemeilusiunazannisaaislusiu 8nve8iann1suanianntes myostatin Loz
inflammatory.cytokines (TGF—B, IL-6 way TNF-OU) Jaflaruieadastu ubiquitin-E3 ligase (Atrogin-1,
MuRF-1i8% MUSA1) finuly ubiquitin-proteasome pathway kagiin1951891UNUI1 NATDY resveratrol
(ansinunludadas navsiou Lwdnew) sonsaamsiinnniznduiiedu (muscle atrophy) Minainlsa
Tniin3o%s s MURF1 signaling pathway WU resveratrol @wnsadudansiinnnzndaieauldlag
nsdudenisuansesnaes MuRF1 viliannsaanelusiiu lull 2018 Seongeuk Cho wazame Tddnuwna
maﬂagﬂwaﬁﬁﬁaumamm Schisandra chinensis Baill, Lycium chinense Mill wag Eucommia ulmoides
Oliv Gllaﬂ’li%'ﬂwﬁﬂ’]’szﬂéj’lmﬁlaaﬂu C2C12 myoblast cells Wua1 Schisandra chinensis Baill, Lycium
chinense Mill waz Eucommia ulmoides Oliv lugasidau 2:1:1 amnsadesduiunniznduiedulng

v
Y]

guEN ubiquitin-proteasome pathway paenauiunsELATzRUsAuly C2C12 myoblat cells
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nsRnwInvsTesasaia curcuminoids sen1s¥nuintagananduiietios Diaz-Castro J uazany
nuInssniauLagn el safiinaneandintuansavlindudefinnisaandsld Tud 2009
Alamdari N wazanignudn ansaitn curcuminoids anunsatiosfunisgyidenienisuinduveanduniols
Tnedudsnsmauues NF-KB pathway Fadusimuumsaatsveslusiulaziisadostunisdniauves

nanuLie

arsafanldlunsdnwiasalivsenaumey arsainainviiudy (curcuminoids) luguuuusngg laun
curcumin (Cu), bis-demethoxycurcumin (Bis), de-methoxycurcumin (De), @15&n a curcuminoids 9 &
@13 curcuminoids Taulaitieend1 85% w/w (CRE) uag @13aiin curcuminoids Tuguvesansusenauidsdau

Miinn1sazanel uaziuunaes Faleun CRE-SD, CRE-Bin, uag CRE-Ter fagul 1
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o oH
S - |\‘
HO = om
OCH: HsCO
Curcumin (Cu)
0O

= | =
o

Demethoxycurcumin (De)

OH

Bisdemethoxveurcumin (Bis)

; \._ H f#e —
o o, B
Y1
o el :
“"| HpBCD

CRE-Binary (CRE-Bin)
= CRE+Hvdroxypropvl-f-cvclodextrin (HPBCD)
(Oligosaccharide: outside is hydrophilic)

PVP

CRE-solid dispersion (CERE-SD)
=CRE+ Polyvinvilpyrididone (PVP)
(Polymer: hydrophilic)

=1

5Un

U Y

SD, CRE-Bin, way CRE-Ter

Curcuminoid rich extract (CRE)

= Cu+Bis+De

CRE-Ternary (CRE-Ter)
= CRE+Hydroxypropyl-p-cyclodextrin (HPBCD)

+ Pobwvinylpyrididone (PVP)
(OligosaccharidetPolvmer: outside is hydrophilic)

1 uandlassasevesansanananiiuasnnldlunisAnenluasall Fausenaunae Cu, De, Bis, CRE, CRE-



A5n15nnasg

15

1) wiguasanaIINNvaLUlNg

wissnasania curcuminoid Tuguwuusing o laud curcumin, bis-
demethoxycurcumin, de-methoxyurcumin, @15@nm curcuminoids ﬁﬁaﬂi
curcuminoids Taulaifosndn 85% w/w uaransaia curcuminoids Tuguuuves
ansusznoudsdoufifiumsaransth a1 3A.05.0N.01008 WAlYgUNMTTUN wazane
PINAULLATVANEANS UININYIRUEVATUATUNS

2) ANYINAYRIFITANANBNITINEINIITUIANAIUIDNBY

[

AnuayIonIg
Cell line: C2C12 myoblast cells (Mus musculus)

Medium: Dulbecco’s Modified Eagle’ s Medium (DMEM)+10% Fetal bovine

serum
(for growth), DMEM+2% horse serum (HS) for differentiation
Reagent: Dexamethasone

2.1 m3wzidsaTad

¥msIELagd C2C12 myoblast cells Tu DMEM @5 10% FBS aneldaninzlu
ﬂﬂ'ﬁwaL?:w?jaﬁm']mgm (37°C, 5% CO, uazfin1udu 95%) subconfluent C2C12
myoblast cells 9¥gniUAsuifiu DMEM i 2068351 (HS) YinsmizBeaeadaunsesi
wadiinsildsunuas (differentiation) Uiy myotubes Aifwanefiaadea vnisudsy
pnsiAgdwadnng 2 fulutae 5 Sufllwadifnnszurunsdsuudadluidu myotubes
U395 myotubes 698 1uM dexamethasone WiauiuvnNsIANENTANAIINTY
aulnsiedenld vasniy 24 Hlndeinsinsrzinareseasainanivaglng

2.2 M39157970 cell viability

vNn1sIA3 B C2C12 myoblast cells Tu 96 well plate waufuasannaIniey
auulnsTunnududusing 9 9nluinaisazats MTT WWens193n cell viability ve3a1s
afanndiomaNudtunngauluyinisveasssiely

2.3 A5797ANSWERI8aNUBIEU tneld Real-time PCR

N15Kd 83 C2C12 myoblast cells Nana1sainanayulnsidanududy
saniifinasiswadiosfigalunisnaaei 2 ain RNA 9 ntuuasuilu cONA ndsainiu
S

q
3414 primer fisimnzaoBu MURF-1 wax Atrogin-1 Tuns¥1 Real time- PCR

Primer design

MuRF-1 (mouse) Forward: GGAACCTGCTGGTGGAAAACATC
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Reverse: CGTCTTCGTGTTCCTTGCACATC
Atrogin-1F (mouse)  Forward: GCAGAGAGTCGGCAAGTC
Reverse: CAGGTCGGTGATCGTGAG
2.4 p319IN15aneenvedlusAulaeIs western blotting

M3 IANsLanteanvedlushu P-Foxo-1, P-Foxo-3 Wag P-AKt fe western
blotting JslUsAunnaufedesiunisasalusiuluauiilulse sarcopenia

2.5 Statistical analysis

Toyadlazuantoanunltugl mean = SD MntUSeuiiauringe Ingld one-
way ANOVA with student T-test #1v11%1 3 n15NAaBY A1 statistical significance Ae
p<0.05

M5NAaseN 1 AnwiAuddinuse Cell viability 1ng3s MTT

Az ATuldfnu cell viability nevinisidssead C2C12 Faufiu muscle cells 910ty induce
C2C12 @28 dexamethasone (control) T iaad naneiasioutdu muscle atrophy Laviiuansannds
Usyneusae  Cu, De, Bis, CRE, CRE-SD, CRE-Bin, uaz CRE-Ter lu C2C12 cells 71 induce 29
dexamethasone \leAnwAnuiitinveadadvdsainldasarin nansAnwinandldlugud 2

mDex 0OCu mBis<#EDe ECRE &CRE-Bin 'RE-Ter ®wCRE-SD

0.5

0.4 4

0.374

0.2 4

% viability

0.1 A

0.0

Dex 1 2.5 5 10 20 50

Concentration (ug/ml)

*P-value< 0.05
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=1

sun

o

cell viabitityﬁ 5 Wg/ml Youzdi CRE-Bin, CRE-Ter Way CRE-SD i cell viabilityﬁ 20 Kg/ml

2 wan1sAne cell viability A1838 MTT lagvinn1svaassdn 3 AS9 wuaa Cu, Bis, De, CRE &

F130lHANINARRY ULazaTUNANITMIARDY

a

ﬂ’]iﬁ/lﬂaﬁ]\?ﬁ 1 w@nsnawase Cu, De, Bis, CRE, CRE-SD, CRE-Bin, way CRE-Ter Me C2C12 cells
induce A8 dexamethasone NANSANWINUIN WUI1 Cu, Bis, De, CRE & cell viabilityﬁ 5 g/ml Yozt

CRE-Bin, CRE-Ter Wag CRE-SD il cell viability 1 20 plg/ml

N5NAABIN 2 ANYINTLEAIDDNUDY Atrogin -1 8% MuRF-1

Az AduldAnyInTsuantoanuesdiu Atrogin -1 g MURF-1 dvduiisanswila drin1suansaan
wnndnnfagrinlfiin muscle atrophy Taefddeyniadsausad c2c12 Fufiu muscle cells a1niu
induce C2C12 #e dexamethasone (control) Tiwadnaneiaiiowdu muscle atrophy Mniudisansade
%ﬂﬂizﬂavﬁw Cu, De, Bis,CRE, CRE-SD, CRE-Bin, wag CRE-Ter Tu cells ﬁ induce 18 dexamethasone
afin RNA WAy Real time — qRTPCR HadsgUfl 3.1 uag 3.2 mudiu
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Atrogin-1
BMDex OCu BBis mDe BCRE

Relative expression

1 25

Concentration (ug/ml) *P_yalie<0.05
Dex 5 10 Lg/ml
Cu
Bis
De
CRE
SENIS i i ——

(A)

BMDex BCRE-Bin BCRE-Ter @CRE-SD

0.8

N

Relative expression
(=]
(=)
1

-
(=]

3 10
Concentration (ug/ml) *P vahie<0 05

Dex

Dex 20 30 Lg/ml
P —— e
CRETer il
CRE-SD (Rt
ey — — —

B)

SUN 3.1 (ans CuCRE, CRE-Bin, waz CRE-Ter a@u130dugIn1suansonnued Atrogin -1 @ De Bis uag
CRE-SD luifinasonisuanieanued Atrogin-1 (A uaz B) lnsusaz lane (Waan15naasd) Wsuliisuiu Dex

(control)  wagyINN1SNAReYL 3 ASY
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MuRF-1
L4 - HDex OCu ®EBis ®BDe EBCERE
_ 12
z
03
2 05
2 04
02 -
D 1
Concentration (ug/ml) *D_yame<(.05
Dex 5 10 Lg/ml
S — — —
U — e —— |
e [N
G — — —— |
GAPDH i
(A)
BDex BCRE-Bin BCRE-Ter RCRE-SD
12 -
= 1 1
% 08
=
506
2 %
5 04
: %
024

Dex 23 3

Concentration (ug/ml) P ovalue<0.05
-vale<l) U3

Dex 20 30 Lg/ml
CREBin [ ——
CRETer [
CRE-SD [
e — — — |

(B)

SUN 3.2 wa@na Cu, CRE, CRE-SD, CRE-Bin, ka¥ CRE-Ter @u1508udInIsuandaanvad MuRF-1 @ De
way Bis hiinananisuanioanvad MuRF-1 (A way B) lagusas lane (103n15naana) wWSsuiisuiu Dex
(control) LaLYIINISNAaDEI 3 AS9
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AIUNANTIINARDY UATETUNANITNARDY

Cu, CRE, CRE-Bin, uay CRE-Ter anusadfudsnisuanseanues Atrogin -1 @ De Bis ua CRE-SD
Liifinasion1suanteonyas Atrogin-1 Uguzdi Cu, CRE, CRE-SD, CRE-Bin, waz CRE-Ter any13508u8an1s
LERIBENVDI MURF-1 @U De waw Bis Liflnafanisianiaanvad MuRF-1

MINARBLH 3 NSANVINITUANIEENTBT Akt WaAY phospho-AKT Tu TOR signaling pathway R
Ju pathway Tidrfysonisasalusiuaes muscle cells

Ya v

AzEIlAANYINSLaRIanYeslUsAY Akt Wag phospho-AKT Tu TOR signaling pathway G

a

u pathway iddaysonisaddusiuwes muscle cells Tnpvhnsideasad C2C12 dafiu muscle cells
9101 induce C2C12 #e dexamethasone (control) Tiwadnaneiaiioudu muscle atrophy iy
mﬁaﬁ’ms‘z‘iwﬁzﬂaué’w Cu, CRE, CRE-SD, CRE-Bin, Way CRE-Ter T cells ﬁ induce M8 dexamethasone
analusAy wazAnwlUsAu Akt Way phospho-AKT @28735 western blot maé’qgﬂﬁ 4
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g
=

Cu CRE
- #*
2 -
= - #*
g 23 * = 23 *
2 2 S 2
é 15 % 135
= < 1
4 053 I = 0.5 I
0 1 0
Dex 5 10 Dex 5 10
Concentration (ug/ml) Concentration (ug/ml)
*p-vale < 0.05
C Dex 5 10 ug/ml

e

CRE-Bin CRE-Ter) CRE-5D)

p-AktAK ratio
o -
(=] ) o L ()
*
*
p-Akt/ Akt ratio
= =]
= L = I O R R PH)
*
*
p-Akt/ Akt ratio
S e b
S n b Ln b L L
*

20 30
Concentration {ug/‘ml)

Dex 20 30 Dex 20 30 Dex
Concentration {ug/ml) Concentration {ug/ml)

*p-vale = 0.05

G Diex 20 30 ug'ml
p-Akt [ o— — —
ALt | —  E-Bin
DAL [ — — |
L CRE-Ter
p—Alct[-‘-—-—d' CRE.SD

Uil 4 uaind1 Cu (A), CRE (B), CRE-Bin (D), CRE-Ter (E) way CRE-SD (F) anunsansedunisain
phosphor Akt Fudulusiudiandalunszurunisadrelusiivlu TOR signaling pathway 16 Tneusiag lane

(tnn15Neaes) WWssuiguiu Dex (control) Lagyinn1snnassel 3 A9

A130IHANINARRY UazaTUNANITMIARDY

Cu (A), CRE (B), CRE-Bin (D), CRE-Ter (E) kg CRE-SD (F) @n3130n32AuN13a318 phosphor -Akt
Fadulusiufiddalunszuiunisadislusiulu TOR signaling pathway ¢ Inausias lane (won1svnass)

WSguigunu Dex (control)
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dyUnan1sAnun

1 Cytoplasm i UPS
mTOR — &
e————— > L
Nucleus J < 3

l

Pr(t)hteu_l Protein
synthesis degradation i |

Muscle Growth

=1

Ul 5 uananmagUnanisfine msAnuinsatannsnagUldiasieeniuesdiusznaudie Cu, CRE,
CRE-SD, CRE-Bin, and' CRE<Ter anunsaduSInTsAn muscle atrophy %39 sarcopenia Tnganunsadudaiy
fivilsf muscle.atrophy Aovia Atrogin-1 way MuRF-1 uaﬂmﬂﬁé’qmummzﬁumia%ﬂqmiaumu TOR
signaling pathway 675&ﬂmxQjﬁﬁdﬁaﬁmﬁﬁuaﬂmmuu (Sani A, Hasegawa K, Yamaguchi Y,
Panichayupakarahant<P, Pengjam Y. Inhibitory effects of curcuminoids on dexamethasone-induced
muscle atrophy in differentiation of C2C12 cells. Phytomedicine Plus 1 (1) 2021, 100012.)

(Corresponding author) §1u Scopus

nsfnwluadsdandutoyaiiugiu ethdeyailldanmuidedlvlslunsfnwdesonmeaddn
dmsumahluldidundnfusiiaduomslasaieneanasuifounvivniiauls ieirlusdesendu
wAnAnusiiioldananuidssionmzanandmietion uazdulsanszanngu wastiindesmislunsihans
annnee Tiusylevisioly
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¥. MSANBIABINUNITAIUNTINANLAANTEANYBIENTANR
UNNUNIUITIUNTTY

f\]’]ﬂﬂ’]iﬁﬂ‘iﬂ’]‘ﬁlmuu’IWU mMiRNA %Qﬂizﬂauﬁiﬂ miR-21, miR-26a, miR-125b, miR-133, miR-135,
miR-29a, miR-141, miR-200a, miR-210, miR-29, miR-378, miR-2861, and miR-206 ﬁﬂ’)ﬂmﬁ‘lﬁl’l‘%}@ﬂﬁU
N¥UIUNTTESS osteoclast (osteoclastogenesis) (30,31) @8?@155@1mﬁuyumdh@fgﬁ WALANUAUNUS
581319 MIRNA Ua osteoclastogenesis §ainsAnunties :9nMsANWIANIUNINGT1 MiR-21 NsEAUT
@319 osteoclast laensgAun15ai1alusAy c-FOS wag NFATCL /1w NF-KB signaling pathways wazdfuds
TUsfiu programed cell death 4 (PDCDA) &4 PDCDA 9z8udanszuiunisadne osteoclast (32) wazann
n15fnef Huud el urud usunudin1suanieanves mik-21 fAud 819o3iU NF-KB signaling
pathway 10 NF-KB-miR-21 pathway vz dunuamalmllunissnwlse healing diabetic ulcers (33)
uenniinnedisedmuii aloin aunsadudinszuiunisadis osteoclast KU NF-KB-miR-21 pathway

miﬁﬂwm%ﬂﬂfﬁ%"’saﬂaﬁwm'iaﬁmf\]’]ﬂmﬁuﬂz?’uiuiﬂu:uuﬁLﬁuﬂWiawawﬁéwf@mzmumsa%?m
osteoclasts K1 NF-KB-miR-21 pathway dsteyaiiliaztisiaiunanisdnyiiies navesansainineni
uasm‘iuimmwmemiaumaumaﬂ’ﬁaiwu,a LAUNTYINANELARNTEAN smimmuamammimml,wm
ASU995 (medical hub) 8¢ d1dnuneuatuayunsive (an3.) 2561-2562 ammﬂnuaaaLa%w
RDG6150075 (Humsifiuyarvesuiiuduliunngulunisiiluléidunandusiaiuommsvesudsn visnen
WU woust AeawiAn 1A iloanaudssensidulsansegangusioly

TgUTEaIAva9lATINIGTIRY
WefAnwilSeuliigunavedansaianeaiivesnlusukuuiiiiunisazaiedl wazansanameniiuoss
luguuuuUnd sentsuanseanues mik-21 Tunseuiunisaing osteoclasts

Ya o VoA v A = & & 9 Y] . .
ruzd3delildonansananltlunis@inwiasafiusznausie @sadn curcuminoids luguuuy @13

[

afin curcuminelds Wdeuilisinsara1euigeds CRE-Ter uviveldlunisfinulunsell Asgud 1

Y
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O ShaaAe
HO = OH HO OH
OCHz HiCO OCH,
Curcumin (Cu) Demethoxvcurcumin (De)

o o
HO OH

Bisdemethoxvewrcumin (Bis)

Curcuminoid rich extract (CRE)
= CutBis+De

CRE-Ternary (CRE-Ter)
= CRE+Hydroxypropyl-p-cvclodextrin (HPBCD)

+ Polyvinvlpyrididone (PVP)
(Oligosaccharide+Polymer: outside is hydrophilic)

=1

U1 Uanglassansansania curcuminoids Tuguvesansusenauidsdouiiiiaunisazangings CRE-Ter

o o Y

= ad
sz 08uUTN1SANE

1. @5.AlLkaLeIMNSIasLYas
RANKL #291nuUsen R&D Usewnelng, RPMI cell culture medium @au1a1nusEv Gibco Useina

e, TRAP staining §01191nUSEW sigma Useinalng, anti-NF-KB —p65, anti-p.NF-KB-p65,
anti-IKBOL, anti-p.IKBOL, Waz Anti B-actin #eu191nU3% cell signaling enuazansiadiaue
FDAMNUIEN Sigma Useinelng, USE 558mInns Lagusem Gibthai 9110
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2. mImsEsuTed
11 RAW 264.7 cells (l9a1n ATCC cell lines Uszineilne) undesly RPMI cell culture medium
e uNauues 10% FBS, 2 mM glutamin, 100 U/ml penicillin G tagz 100 He/ streptomycin
way anti-bacterial cocktail (PNS) Ty incubator il 5% Cco, 71 37°C TunseidosnsiUasu RAW
264.7 cells Inanendiu osteoclasts Foaiin 20 ne/ml RANKL wazidsaadum 5 Su

3. NIATIIN58319 TRAP enzymes U904 osteoclast lagl TRAP assays
USu RAW 264.7 cells Tisiaaudu 0.3 x 10° cells/mL Tu 96 well plate nauwaanuansanin
curcurninoids lumaidudusing waziiiy 20 ng/ml RANKL 1isawadiduian 5 Yu andussie
n158579 leukocyte acid phosphatase U84 osteoclasts Ingld TRAP staining reagent kit

4. A1IRTIANTES cathepsin K 983 osteoclasts 1ngi5 Real time -PCR
Lﬁysm RAW 264.7 cells naugaanuansanna curcuminoids TuAaadudusige waztiu 20 ng/ml
RANKL tfutian 5 Su afin RNA Tngld QAIGEN reagent kit anntiudaeuiu cONA Tneld
ReverTraAce gPCR reagent kit il primer Aigizduseg widhilievih PCR

Cathepsin K: Forward: ATGTGGGGGCTCAAGGTTCTG
Reverse: CATATGGGAAAGCATCTTCAGAGTC
Reverse: TGTGGGATGTGAACTCGGAA
GAPDH: Forward: AAATGGTGAAGGTCGGTGTG
Reverse: GAATTTGCCGTGAGTGGAGT
527!\‘1 Cathepsin K, c-Fos lLag NFATc1 \Juduwas osteoclasts
5. MSANYINITUANIDDATDY U89 miR-21 135 Real-time  PCR
LﬁyEN RAW 264.7 cells wasswadiuansana curcuminoids TuAadudusge uagiis 20 ng/ml
RANKL t8unan 5 Ju ain miRNA Tngld QAIGEN (miRNA) reagent kit
Primer sequences-for miR-21
RT-primer: 5’~GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA-3’;
Farwardy 5" -CGGCGGTAGCTTATCAGACTGATGT-3’
Reverse: 5’-GTGCAGGGTCCGAGGT-3’
U6 (RT-primer: 5’-CGCTTCACGAATTTGCGTGTCAT-3’
Forward: 5’-CTCGCTTCGGCAGCACA-3’
Reverse: 5’-AACGCTTCACGAATTTGCGT-3’)
PTEN (forward: 5’-ACCATAACCCACCACAGC-3’; reverse: 5’-CAGTTCGTCCCTTTCCAG-
3’), and GAPDH (Forward: AAATGGTGAAGGTCGGTGTG;
Reverse: GAATTTGCCGTGAGTGGAGT )
6. nMInTvinnIsLanteanuesluiulngis western blotting
Lﬁysm RAW 264.7 cells namgaanuansann curcuminoids TuAaadudusige waztiu 20 ng/ml
RANKL 1fusaan 5 $u afin proteins Tngld RIPA buffer snnduthansazanslusivunuendaeds
SDS-PAGE il 2-mercaptoethanol ¥nisguansazanslusiiud 95 °C wiu 5wl wdnhuwenly
10% poly acrylamide gel p2875 SDS-PAGE %’lmfud’mmiauﬁagﬂu gel aslu PVDF membrane
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189970 block nonspecific binding f78 nonfat milk in TBST (TBS taz 0.1% Tween 20) 9Nt
incubate membranes Tu specific antibody ustazuiadleun , anti-NF-KB —p65, anti-p.NF-KB-
p65, anti-IKBOL, anti-p.lIKBQL, anti-cathepsin K &g Anti B—actin %ﬁ‘?}lamﬂv%ﬁw cell signaling
Uszwnelng mﬂﬁ’;u incubate lu secondary antibody i conjugate A28 horseradish peroxidase
Mniiunsavaeunalagld digital imaging system

NN3ANEINITIUAUTENINIUIAY p65 NF-kB Aulusluwmeasaed miR-21 gene 1ngis
Electrophoretic mobility shift assays (EMSA)

Lﬁysm RAW 264.7 cells namgaanuansann curcuminoids TuAaadudusige waziiu 20 ng/ml
RANKL 1Uutaan 5 Ju @im nuclear proteins Ingld reagent kit 9ntut nuclear extracts 1
NeuU biotin labelled nucleotides (15 LLg protein #esiu 15 fmol DNA), ), NFKB (Forward):
5’-AGTTGAGGGGACTTTCCCAGGC-3" and NFKB (Reverse): 5’-GCCTGGGAAAGTCCCCTCAACT-
3’ 11lugu 30 Wit 37 °C. anntiu DNA-protein complex Yanuen@aes 5% native
polyacrylamide gels (SDS-PAGE) mm?udwiﬂiauﬁagiu gel aslu PVDF membrane %é’ﬂmmfu
11 PVDF membrane Taufi 80 °C 2 #lus block nonspecific binding A8 nonfat milk in
TBST (TBS ez 0.1% Tween 20) %’lﬂﬁlu incubate membranes Tu specific antibody e anti-
NF-KB -p65 ﬁ%ﬁ)mﬂﬁﬁw cell signaling Uszinelne mﬂﬁ?u incubate 1u secondary antibody
i conjugate 18 horseradish peroxidase mnﬁumwaauma‘ﬂmﬂ% digital imaging system
Chromatin immunoprecipitation (CHIP) assays

[A69 RAW 264.7 cells nauwadiivansaia curcurninoids lupnududusing uaziiy 20 ne/ml
RANKL tJutaan 5 Ju ﬁ]’mﬁ?u L%é%gﬂ cross-linked A28 1% formaldehyde wag chromatin
Wuian 10 ufl Iagld Pierce TM Chromatin Prep module (Thermo Scientific) 9Nt
chromatin %Qﬂ%’Uﬁ’U anti:NFKBp65 1neA8 immunoprecipitation Toel 1gG Ju negative
control 14 Piece TM agarose ChlIP kit (Thermo Scientific) nthubiluvi PCR Tagld primer i
§umeiU pri-miR21 endeuiubinging site vas NF-KB Taadl primers 2 set Usvnaudig set A:
Forward 5'--GGAGTGGATGGGTTCTGCCTTA - 3" and Reverse 5'- CAAGGTGGATTGCATCGAGG -
3" set Br-Forward)5'- TGCAACAGACTGGCCTTC-3" and Reverse 5'-
CATGCAAGACTGTTATCCAATCT-3".

Statisticat analysis
Toyanlazuanseanuntugl mean + SD MNUwUSEULTBUA1neY Ineld one-way ANOVA with
student T-test 1Y% 3 N15VAABY A1 statistical significance A® p<0.05
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N15NAABIN 1 LARINATed CRE-Ter Aonsdudanisuansonnyad TRAP uay Cathepsin K Faiduy

mature markers 984 osteoclasts

TRAP ua¥ Cathepsin K 18u osteoclast markers #inauzefidoAnuiluasod noaaedidelfass
RAW 264.7 cells mmfu induce 195 RAW 264.7 cells Tnaneidu osteoclasts lnani15i@a RANKL 20
ng/ml 91nuLiy CRE-Ter wuU dose dependent ag@nw1 TRAP activity (A) TRAP staining (B) hae
Cathepsin K (C) #2875 Real time -gRT PCR @83 osteoclasts

Osteoclasts (OS) + Osteoclasts (OS) +
Osteoclasts (0S) CRE-Ter (10 pg/ml) CRE-Ter (20 pug/ml)

[>]

=
o

z x
£ 06 * 2
S g 14
; 04 5 08 ] *
% *
0.2 O 06
Y. *
= 044
0 3
0s 5 10 20 30 g 02
]
CRE-Ter (ug/ml) O 0]

08 5 10 20 30
CRE-Ter (ugml) 08 5 10 20 30

GAPDH

¥
=1

U 2 wama CRE<Ter kuU dose dependent @1u15adudanisuaniasn TRAP (A, B) way Cathepsin

LT

K 984 osteoclasts 1o (*P-value < 0.05) Ing OS Aa osteoclasts (control) LLazﬁﬂﬂﬂimaaa%ﬂ 3 ﬂ%gq

I3NAN1TVIAABY LAZETUNANTNARDY

n1sNAaesil 1 uansHAvEq CRE-Ter flanTseudn1suanionnyes TRAP uay Cathepsin K daifiu
mature markers 183 osteoclasts n1sAnw1iluansliiiuit CRE-Ter fudunesafiuend favarstings
au1308U84 osteoclast markers I ustagndlsfinnm §4il osteoclast markers 8nvangagiaitu c-Fos uay
NFATC1 BslaildAnuilunded drAnwinmsuansoanues c-Fos uay NFATC1 fagagyilidoyaanysaiinniy
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N1SNARBIN 2 LARINATD9 CRE-Ter #an1SgugINISHanIaanvad miR-21

nMsfnwfiuesidenuin mik-21 iertesiunisaine osteoclasts fatiu anzdideTaauladn
a3ann curcuminoidsIugﬂﬁuaamiﬂizﬂauL%ﬂ%’auﬁt,ﬁmmsaxamﬁwqq CRE-Ter anansadudanisadng
miR-21 w3ola Tnoaney331d1d 09 RAW 264.7 cells annifu induce 19 RAW 264.7 cells Tnangly
osteoclasts laen15iAu RANKL 20 ng/ml mﬂﬂgulﬁu CRE-Ter WUy dose dependent Wag@ns1 molecules
P84 miR-21 %ﬂiéfLLﬁ pri-miR21, precursor-miR21 was mature miR21

124 12
> pri-miR21 precursor-miR21 mature-miR21
1 14
a1 o g
Q = =]
- =] =]
“ w08 ‘% 08
% 08 1 # § I §
5 el f o, § o5 , § o5 ] .
g v o
5 = ¥ i
o 041 5 044 5 044 -
%o Y %
% 14
0.2 4 02 A 02 -
0 - 04 04
05 5 10 20 30 0S5 0 20 30 05 5 10 20 30
CRE-Ter (ng/ml) CRE-Ter (ug/ml) CRE-Ter (ug/ml)

=1

5U# 3 Han15ANEEAYd1 CRE-Ter WU dose dependent @315ASUINITHAAIDDNTDY pri-miR21,

A E—

precursor-miR21 way mature miR21 1 (*P-value < 0.05) Ing OS #i osteoclasts (control) kagyinI3
NNABITT 3 A

AsalNaN1NNADY LLﬁ%ﬁ’a:‘UNﬁﬂ’]’i‘Vlﬂﬁaﬂ

A3ANBILEAII1 CRE-Ter LUU dose dependent @a13a8UgN15uanI00NYBY pri-miR21,

precursor-miR21 ey mature miR21 1%

N1591AABST 3 LaAAINAYas CRE-Ter U89 Akt uaz NF-KB signaling pathway

ANzRRAENUIINTES 98U T osteoclasts Wgadesriu Signaling pathway 5315413
WAR908NTBY MIR-21 ey AugERdliass RAW 264.7 cells 901y induce 1 RAW 264.7 cells T4
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naely osteoclasts Inen15iHin RANKL 20 ng/ml 9antiutfiyl CRE-Ter dose dependent taz@nun Akt

waz NF-KB signaling pathway #1875 western blot analysis

0.8
0.6 -

0.4 -

P-Akt/Akt ratio
*

0.2 -

CRE-Ter os 10 20 g/l

=

fractin | — |

8
© 12 - . 1.2 -
© 1 T 1
iy 3
m 1 08 -
¥ 08 : &
L 06 g 06 %
e = []
Ts) 4 04
Q@ 0.4 @
o 02 A 0.2 1
7 0
w 0+ 4
= s 10 20 0s 10 20
o
CRE-Ter os 10 20 Leg/ml

P-NF-1<B:p65 | — —

NF-B-p65 |

P-lcBor [ —— —

WEC  m— ———
proctin | —

SU# 4 1ans CRE-Ter dose dependent @nunsaduginisianioan Akt (A) wag NF-KB (B) signaling

A

pathway ¥89 osteoclasts (*P-value < 0.05) lng OS fio osteoclasts (control) WazyinNIsNAABIET 3 AT
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T0iNaNIMARRY WazaTUNAN1TMIARLY

mManaaesiliandliiviuin CRE-Ter dose dependent a@mnsadudsnisuansesn Akt way NF-KB

signaling pathways U84 osteoclasts Liasa1nn1svaasstinanaanizlusiues NF-IKKB u1eilinuuy 9g1als
AnudleAnwedsazideanuinlu signaling pathway fusenaumelusaumates nsanwinatuagyi
Tiulalunanisneaedluasaidunniu sgralsinudsliiinisseauannewin CRE - Ter anunsadedsninuia

@04 signaling pathways

N15NAABIN 4 LanINaYes CRE-Ter ADNS binding promoter sequence U84 NF-KB

transcriptional protein

\ioflagAnu protein — DNA binding luflandeasewing CRE-Ter sion1s binding promoter
sequence U8Y NF-KB transcriptional protein ﬂmzﬂﬁﬁﬂlﬁﬁg EMSA (A) ez CHIP precipitation assay
(B) AININUI9A

A
Raw cells #*RANKL (20 ng/ml 0s 0s oS
CRE- Ter (ug/ml) 0 10 20
B

Potential NFxB binding sequence

Primer set 1 Primer set 2
GGGAATTTTC GGGAATTCTC
Raw cells + RANKL (20 ng/ml) ©OS Os os os os oS
0 10 20

CRE- Ter (ug/ml) 0 10 20
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=1

SUN 5 uwans CRE-Ter wuu dose dependent au13aéugy CRE-Ter dose dependet #9115 binding

promoter sequence 184 NF-kB transcriptional protein (A uag B) lne OS @ osteoclasts (control)

LAZYINANTNAADITET 3 A9

3salnan1snaaeg LLﬁ%ﬁ’a:‘UNﬁﬂ’]’i‘Vlﬂﬁaﬂ

CRE-Ter iluU dose dependent mmmé’fvé’?& CRE-Ter dose dependent #9113 binding promoter
sequence 984 NF-kB transcriptional protein Ina@n®1a1n DNA — protein binding 135 EMSA way CHIP
precipitation assay 91nn15@N®1A875 CHIP precipitation assay lagld Primer set WA 2 set %138 2 AL
windu iinsn 1 fuvdds avdiilenansadivenudulafunansmeaesanniy

N15NAABIN 5 LanINaN158UTUIN CRE-Ter LanioanasdunIu NF-KB signaling pathway

AnuzEIT8lAlY NF-KB inhibitor Litegudunain CRE-Ter Landoanvedur1u NF-KB

signaling pathway 1aei5 western blot

o 1.2+ -
= .
Loy 1.4
[z=]
[
[an] 0.8 -
%
Lo
‘Z_ 06
=
= 0.4 o
=
" 0.2 A
=
= o T T 1
A B C
CRE-Ter(20 ng/ml) R + +
MNFxB inhibitor _ _ “+

P-NF-cB-p65 S —
NF-«xB-p65 -~ — —

Pactn

=1

sU#1.6 HanI5AN®I uAnI1 CRE-Ter Lani00nUaIdunIU NF-KB signaling pathway lagvinn1svaassgi 3

v
U

A3

3salnan1snaag LLﬁ%ﬁ’a:‘UNﬁﬂ’]’i‘Vlﬂﬁaﬂ

n3anulllaly signaling pathway inhibitor Iie8udun1sLanIaniU signaling pathway o a1l4
inhibitor agvily protein T signaling pathway wanseanlaiiudy fausinae cells azgn treat My CRE-
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Ter Anny Fawanisld inhibitor muA w6 n5wl C fnsuanseanyas p-NF-kB-p65 wnnliu Lilelfiguiu
nsl B lallaly inhibitor

MINARBST 6 LanINaNIEUS oxidative stress (ROS) 483 CRE-Ter dose dependent

MNNsANwINEITneunthilnuhansaiamiieg awnsadugs oxidative stress Mgy cells @
oxidative stress 1Ju first signal @ntuazds signal maluds protein signaling pathways #1144 Loy

NILAUNITUAAIDDNVBITUTINAY MIR-21 VBINTANWIATIH

120 -

100 -

80 4
60 &
&
40 4
20 4
0 4 T T T .
oS 5 10 20 30

CRE-Ter (ug/ml)

ROS generation (%)

=1

SUN 7 wan1s@nen wanein CRE-Ter dose dependent @ansagiugi oxidative stress (ROS) Tu

L

osteoclasts 1o (*P-value < 0.05) Tng OS Aa osteoclasts (control) kaLVINNITNAABITT 3 ASS

AIUNANIMARDY UagaFUNANITNAREY

ROS W first signal luiwad Faaunsadssia signal Tlunszeu signaling pathways saty 91n
Ns@nyIASIlnGdn CRE-Ter dose dependent aunsadug ROS Negluigad dsaunsaeSuiesadninly
CRE<Ter 33a731508984 signaling pathways sioq lUlg
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A5UNANSANEILABAINIIUNIAUA

Pri-miR21 u

AAAAA
|

Nucleus pre-miRNA Pre-
/ miR21
p

r@@

namsAnw1 a@3uin CRE-Ter annsadudinsuansesnyes miR-21 M Akt-NF-KB signaling
pathway %&L‘ﬁu de novo' mechanism kagARUN A LUINTAITUIUYR Pengjam Y, Prajantasen T,
Tonwong N, Panichayupakaranant<P.“Downregulation of miR-21 gene expression by CRE-Ter to
modulate osteoclastogenesis: De Novo mechanism. Biochem Biophys Rep. 2021 23; 26:101002. (First
and Corresponding atithor) aynasuivhltnidendn 1i¥usstanuaamaiuaiuns Jssan dn3dei
Aunudsvsivaslanusedsidinlmivaslan (Novel Finding) Usydnd 2564 sasne¥a 640100001 113y
se¥atuiud 13 fuina 2565 (online)
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A. N1SANBUNEINUNTATUNTINANEaanTEaNvasasania Tagvinlweans curcuminoid diAdMy
LED8UINTUA2Y liposome

NUNIUITIUNTIU

MnnsAnufundesiuannsildsunuiteandidnaunamualivayunside (@na) de
9AAMNTTUNINITUNNE (medical hub) Tul 2561-2562 s¥anu RDG6150075 N9AMEHIIENUIINGY
asafniresaiusdilinndafunssuisnswiouansadaguuul fgvisudumadivminiiaansile
n3en (osteoclasts) lannansidelusiosmaans (cell culture base) Invansafinnasaiiuessiimuaiios
teiloiilulusenie videvaginsveaes lileliiunanaies3dlii liposome umeviuasarinnonad
upesiiin CRE-Ter uaziilarfunisiosennsnnaesiiinumn msaaiedidedaaulamadessadiiuings
ﬁﬁﬂjﬂMﬂﬁﬂaﬂﬁﬂﬁUﬂ%@ﬂ Fu38n1 bone tissue engineering scaffolds %ﬂmamimﬂﬁjﬁ%%ﬂ 3A.05.297
N30l Aushuna wazAne NAIYINeImaaswasinaluladTae AugIne1rmans unInedeaaIuAunNs
Falarsunuissuussanausuiy Yseddauussana 2559-2560 sWalasanns SCI5901465 3aansingey
Lazauvivedlassaiiuisadiianudnsulanisinmeseuann Polylactic acid,lalaeu wauiu
aumﬂ?gl,?i'aa Tngnnsnaseadowiunydi \waaNIEAN osteoblasts ¥lin MG-63 cells aunsniasgyivln
Tu bone tissue engineering scaffolds indnTuly Tnssadradeaead (scaffold) ﬁﬁdmiﬂzﬂuﬁawﬁﬁﬁmi
1AR91N Polylactic acid (PLA) Sulunedwesiidesaanslinisdanm (biodegradable polymer) ATy
'ﬁaéﬁg&amagmdﬂ bone tissue engineering scaffolds %ﬁmﬁmazﬁﬂlﬂ%’lﬁaLﬂuﬂizaﬂﬁi’waaﬂumilﬁmL,Guaé
osteoclasts wagliluns@nuufAzervesansarn inefaiusediiviesiuse liposome taiinnLafes
vosasata senisdudeadiviminiiaaenionsegn (osteoclasts)

'3

faTun1svinddeluasethdunissiuiioiuseninalnitevesnL AL ANITWNNG ANsINFYANENS

D

uazAuzINeEans anivenduasuarueiuns ofnwnavesansadaironiuesdiifiunsazansyi i
wosiulng liposome vidliiimnmadesinnd u den1sdud weadiiviiminiiaaeidenszgn tneldYan
Falas191 bone tissde engineering scaffolds fifinuautAnd1eadsiunsegnuosuyudidutuudas
(model) tathiayaflsinnuuidedivslunsfnudesonmeadin uazdmsuns Ul dundn o
i vsifisanmuidgwansidulsansegngusiely

A5n15@nE

1. _nsii3Buasaia curcuminoids aMnviiudu
In3uansania curcuminoids CRE-Ter sunssdsissyludvedvins/eyanstng (Muednsing
WG9 1701001846, 31 funau 2560 uaz Avooydnstingiavil 1703001404, 2 Awnay 2560) 1ne 5705,
AMANE WdlvyUNSTUN uazAMe ANAMBNEYAENT I INeduasaIUATUNS

2. NS5 bone tissue engineering scaffolds
L3831 bone tissue engineering scaffolds AN sl Polylactic acid #335n15IUlATINITITY 1509015

wisuwazautivedasiainfeusaaninnudiiulanisdinmessuaindanuay Polylactic acid Ny
lalnguwazidios lag sA.03. 91910301 dushuna nMadainermanswasinaluladian auginermans
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Wisuiisuniu gelatin cryogel mulanan9198e Feo13158nUSnwIdenanireldvauzisaulsyyeni
auulutn.e. 2559 (37)

3. N13ANWINAYDIET5ENA Liposomal CRE-Ter fian15dudeni1sinnsauwadnszaniu bone
tissue engineering scaffolds
1. ansindiuaremsiasagas

RANKL @ 991nU3 ¥ R&D Uszinalyne, DMEM cell culture medium % o11910U5 8% Gibco
Uszwndlne, Leukocytes acid phosphatase activity kit ¥011910USEN sigma Uszinelng, anti-NF-KB-

p65, anti-p.NF- KB p65, anti-IKBOL, anti-p. IKBAL, Way Anti B actln euammmiw cell signalling, ‘m&n
LLaymimmam %amﬂmw Sigma Uszielng, UsEn ﬁsummm WaZUTEN Gibthai 911

2. MIWzlaBsaalu bone tissue engineering scaffolds

11 RAW 264.7 cells (laan ATCC cell lines Usewndlne) mlﬁyﬂﬂu DMEM cell culture medium
7ifl bone tissue engineering scaffolds ¥uIAN319 1 8717 1 IwuRALAT Wazwul 0.25 wuRuns Tneddiunay
YD 10% FBS, 2 mM glutamin, 100 U/mL penicillin G thag 100 pg/streptomycin Wae anti-bacterial
cocktail (PNS) 1w incubator 31 5% CO, 7 37°C lunsaidoan1siUasu RAW 264.7 cells T¥nanaidy
osteoclasts §oain 20 ng/mL RANKL uaziasawaduiu 5 fu (38)

3. AINTIINTE51E TRAP enzymes 984 osteoclast 1ng TRAP assays

USU RAW 264.7 cells TWd a1nsdudu 3 x 10° cells/mL Tu 6 well plate 73 bone tissue
engmeermg scaffolds mamevaaﬂumiaﬂm curcuminoids TUAMNLTNTUR19Y Lagifa 20 ng/mL RANKL
Lamwaamunm 59U mﬂuumwmiaiw leukocyte acid phosphatase U84 osteoclasts lagld TRAP

staining reagent kit
4. N1INTIANNAIN cathepsin K W94 osteoclasts tne3d RT-PCR

Nay RAW.264.7 cells fuansania curcuminoids Tu 6 well plate 71l bone tissue engineering
scaffolds Tumaniduduniee wagidsn 20 ng/mL RANKL tJutian 5 Yu @in RNA Tagld QAIGEN reagent
kit anntiusaswdu cONA 1neld ReverTraAce gPCR reagent kit wazld primer Ais1um 1z cathepsin K
wiahiliitevih PCR

5.’ A9RTTANTUANIDaNURILUTAULAYAS western blotting

N RAW 264.7 cells Auansana curcuminoids Tulu 6 well plate il bone tissue engineering
scaffolds fiTAIaduduA199 wazidiu 20 ng/mL RANKL 1uiian 5 Ju afnlusiiu Tagld RIPA buffer
nstasavaelusiunuendaeds SDS-PAGE il 2-mercaptoethanol ¥anisuansavanelusiiui
95°C U 5 w9 wduanenlu 10% polyacrylamide gel 678735 SDS-PAGE mﬂﬁ?umaiﬂiauﬁagﬂu gel
aslu PVDF membrane #&d331n%10135 block nonspecific binding A28 non-fat milk in TBST (TBS wag
0.1% Tween 20) ﬁ]’mﬁ?u incubate membranes Tu specific antibody uitazula@ldiun anti-NF-KB —-p65,
anti-p.NF-KB-p65, anti-IKBQ,, anti-p.IKBQ, anti-cathepsin K ag anti B-actin W doanusYn cell
signaling Usginelne mﬂﬁ?u incubate 1u secondary antibody i conjugate 18 horseradish peroxidase
Mntiunsvaeunalagld digital imaging system
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6. Statistical analysis

Toyainlaazuantoanulugy mean + SD AnUuUUTeuisuA9199 Iagld one-way ANOVA
with student T-test v1n91 3 N1MAaBs lnaA statistical significance Av p<0.05

Az 3deldldaisinendussdyia CRE-Ter Jaduansiiazateuigs wazdvszdnsamiign
encapsulate 111UTu liposome Tnadindann1sAnan liposome 91911195 CRE-Ter Sinnuiadesiiiaitnlulu
sumeldlunisfnunluassil dagun 1

palyvinylpyrrolidone K30

Hydroxypropyl-B-cyclodextrin

o
CRE ternary "
with hyeroxypeopyl i-cyelodoxtrin
e

Encapsulation
in PLA Biocomposite

f

sUn

A —

1 UEAININANS encapsulation U8s CRE-Ter Tu liposome



a wa . . . ¥
N1SNAABIN 1 AUFNUATDY liposome kagN1T encapsulation liposome A8 CRE-Ter
AzERdedenlY liposome ¥lin POPC liposome anldluns@inwassil Inelafnwinaaudfves

liposome U dimension, polydispersity Wag Z-potential 484 POPC liposome tay POPC liposome i

encapsulate ¢8 CRE-Ter uannadagu A uag B 919819 aniunnzd3delaly scaffolds (PLA foams) Lt

9188971 PLA foams zilnauaudfndne bone artificial 9nuuAn®INIT release 489 encapsulated

liposome CRE-Ter iguiiu CRE-Ter Un# 61w scaffolds (PLA foams) wanasagy C wag D

POPC liposomes

35 4

30 4

25 4

20 4

154

Cumulative release (%)

10 4

CRE-Ter POPC liposomes

3300+152 042+ 001 -2438+ 081
3866 + 26.2 042+ 0.01 - 30 .55 +162
B 0.08 —
o 006 —
(%)
| =4
o
]
S 004 —
w
=]
<
0.02 —
0.00
T T T T T T
300 400 500 600 700 800
Wavelength (nm)
C
D POPC Liposome encapsulated CRE-Ter
B crewm
D
Samples Seeding efficiency (%)
PLA foams 5522+ 145
PLA foams with POPC Liposome 63.55+1.99
10 20 30 40 50 60

Time (days)

sU# 2 uannaantRves liposome wazn1s encapsulation liposome ¢ae CRE-Ter (A uag B) Lag

L

q

WEAINANTT release Y89 encapsulated liposome CRE-Ter dlethunidesly scaffolds (PLA foams) C

ke D I9gvNISNAaBIEn 3 AS9
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3salnan1snaag LLﬁSﬁ’a:UNﬁﬂ’]’i‘Vlﬂaaﬂ

[V Y]
U A VA v

nsenwAseilEideladen liposome wila POPC liposome Faflsrenunnouinawsaliny
wafiosso curcumin faugideldAnuensatiosves liposome il CRE-Ter nuinfinuiadiosgs Tngld
ﬁﬂwﬂﬂmauﬁaﬁuaﬂ liposome U dimension, polydispersity ag Z-potential 499 POPC liposome Wag
POPC liposome 7 encapsulate ¢78 CRE-Ter uag@nuns release 94 encapsulated liposome CRE-
Ter \dlovhandedy scaffolds (PLA foams) dsldnaifuiiumelanewhludnumaves POPC liposome i

encapsulate ¢18 CRE-Ter fian136UgIN158519 osteoclast W1 scaffolds (PLA foams)

N1INAABIN 2 LARINANTT osteoclasts ABN1TLENIDDNTOT TRAP wag Cathepsin K Tu scaffolds
(PLA foams)

A ITelAfNYINTSUAAIBaNYBY osteoclast markers Aia TRAP Uag cathepsin K w1 14
scaffolds (PLA foams) w84 osteoclasts (induced RAW 264.7 cells fag RANKL)

— RAW 264.7 cells + RANKL + PLA foams : RAW 2647 cells + RANKL + PLA foams
"""""" RAW 264.7 cells + PLA foams B RAW 2647 cells + PLA foams
06 - 6 -
*
0.5 5 1
04 - : 54
z Pox .
203 - : 5
8 i* 58 3
o ! £3
¥ 0.2 - : 85
T ' g 2
0.1 4
1 i
0 I I I ]J_‘
0742 3 4 5 0 - ' - ——
o 1 2 3 4 5
Days of RANKL incubation p<0.05

Days of RANKL incubation

A B

=

SUN 3 a@ngIn osteoclasts aunsaasauiulalu scaffolds (PLA foams) taun@laein TRAP

o @

activity wag Cathepsin K (*P-value < 0.05) lngvinn15uaaoddn 3 A3
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AIUNANTIINARDY UATETUNANITNARDY

ALK LARNYINITLANIEBNTDY osteoclast markers A TRAP uag cathepsin K sy 14
scaffolds (PLA foams) 984 osteoclasts (induced RAW 264.7 cells At RANKL) Iag) POPC liposome
WUIAIN50 @579 osteoclasts TANSILLINISTUEAIBNYDY osteoclast marker 19 TRAP Wag cathepsin K

1NTU

n13Naaasi 3 uwand cell viability U84 osteoclasts ey encapsulation liposome 728 CRE-Ter
wazidsaadly scaffolds (PLA foams)

AuziIele Anw cell viability 484 osteoclasts Lilafid encapsulation liposome #iae) CRE-Ter
wazld gslgaaly scaffolds (PLA foams) Wui1U3unad encapsulation liposome CRE-Ter 4 luvinl1aa

Haun#me 20 Le/ml

i ] RAW264.7 cells + RANKL + PLA foams
. RAW 264.7 cells + PLA foams
35 -
3 -
E
S 25
X
5 2
e}
£
2 15 A
g .
1 .
05 -
0 1 T T T T T T T % <005
RAW 2647 O 1 25 5 10 20 30 p<t

CRE-Ter (ug/ml)

=1

3UN_4 ugnd cell viability 989 encapsulation liposome CRE-Ter Mdoiiy scaffolds (PLA foams)
(*P-value < 0.05) Tngvhn1snaaessn 3 ass
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T0INANIMARBY ULATETUNANITNARDY

Naves cell viability U89 osteoclasts oy encapsulation liposome ¢28) CRE-Ter Lazlaes
wadlu scaffolds (PLA foams) #u31U3x164 encapsulation liposome CRE-Ter filaivinlviwadRnunfife 20

He/ml vilvanunsaldanudutudl 20 pe/ml Widiilenaasssely

msneaasii 4 n15@nE TRAP staining waz F4/80 marker

ﬂmzﬂﬁﬁaﬁﬂm encapsulation liposome CRE-Ter #9n1583513 osteoclasts ( induced RAW
264.7 cells a8 RANKL) nan13@n®1nudn encapsulation liposome CRE-Ter (20 pg/ml) @unsa
inhibit multinucleated cells 784 osteoclast 1# (A) uay Anw1 F4/80 § 1y marker vas RAW
264.7 cells wuin encapsulation liposome CRE-Ter (20 pg/ml) @131190 induce N15a319 F4/80
marker lu osteoclasts 1Ty (B)

RAW 264 .7 + RANKL
RAW 264.7 RAW 264.7 + RANKL + CRE-Ter 20 pg/mi

A ‘ Acid phosphatase
(TRAP staining)
F4/80
B %% Immunostaining
SUTL 5 Uananaves TRAP staining (A) ag F4/80 marker (B) 9 encapsulation liposome CRE-Ter

(20 pg/mD) Tngvnsvaaesdn 3 ads
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AIUNANTIINARDY UATETUNANITNARDY

NNSNAABILEAILALIILIN encapsulation liposome CRE-Ter @1315a8ugan15as19 osteoclasts 16
Fawanalaen15inusuna cells NRwARoaRLA 2 Dandeaduly wasiiy cells Adunsakansaan F4/80

Fa.0u marker ¥84 monocytes

N1599a8sf 5 Han1sANYY TRAP activity

a

UBN21n TRAP staining Wa1 AugId8d9ladnY1 TRAP activity Lil9Liua15anm encapsulation

liposome CRE-Ter WUU dose dependent

120

100
S
2> 80
=
3
©
% 60
o
'_

40

®
*
: o AR 0
0 1 25 5 10 20 30

< >
+ >

* 0.05
RANKL + CRE-Ter (pg/ml) p=

SUN 7 waAnIHaTes encapsulation liposome CRE-Ter WUU dose dependent @131138 inhibit TRAP
activity984 osteoclasts e (*P-value < 0.05) lngvin1smnaaesg 3 A3

Jsalnan1snaay LLﬁ%ﬁ’a:‘UNﬁﬂ’]’i‘Vlﬂﬁaﬂ

ﬂmzsﬁﬁalﬁﬁﬂw’mﬁuamaaﬂ%ﬁ osteoclast markers @@ TRAP activity scaffolds (PLA
foams) U3 encapsulation liposome CRE-Ter Wu31 encapsulation liposome CRE-Ter @111508 U3
1383579 TRAP 1ol
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N15NAABIN 6 N13ANW signaling pathways

Signaling pathways 7id1# ausl 81158319 osteoclasts @0 NF-KB waz ERK signaling pathways

ﬂmzﬁ"iaﬁ’alﬁﬁwmaﬁum encapsulation liposome CRE-Ter WuU dose dependent sio NF-KB lag ERK
signaling pathways nusanssu A, B, C uag D

A B
o 1.5 =% 1.5
. b,
£ 1 * =
28 I g = ! -
Lo £ L
= =
) I I o I |
Lo £ L. ®
®
$
0 - . 0 i i =
Raw cell 0 5 10 20 30 Raw cell 0 5 10 20 30
RAMKL + CRE-Ter (pg/ml) RANKL + CRE-Ter (ug/ml)
c D
D e 1.6
s |
1.4
2 Z o 1.2
L 5
= 1
£ 15 £ .
& g 08
P oo
1 0.6
% * g 0.6
W W 04 *
0.5 .
* 0.2 i
* £
Raw.cell” 0 5 10 20 0 Rawcell 0 5 10 20 30
RANKL + CRE-Ter (ug/ml) RAMNKL + CRE-Ter (ug/ml)
*p<0.05

NP8 pes A S —

pNF-«B —p65 e - -
Erk D a—
pERK -_— —

pacin  EGCGCGEEEEE—

Raw cell 0 5 10 20 30

&
v

RAMKL + CRE-Ter (pg/ml)
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=]

sUR 8 uansleiiiugn encapsulation liposome CRE-Ter LUy dose dependent @1u1508UEIN15A519
3in 8

1Usfulu NF-KB wag ERK signaling pathways (A, B, C Wag D) (*P-value < 0.05) Tagvinsnaansdn 3 as

%ﬁaiwamsmaae LLﬁZﬁEUNﬂﬂﬁiVIﬂaﬁN

nInAaeatuansliiiuin encapsulation liposome CRE-Ter @nunsadudsnisuaniean ERK uay

NF-KB signaling pathways 984 osteoclasts llasannisnaasstiiandanizlysiuues NF-KB u19da
Wiy egralsinudiednwieg1savideanuinly signaling pathway Huseneumelusiuraled nsane
winduazyhlriulalunanisneaesluassiinniy egrslsinudalifinissieanuanneuin encapsulation

liposome CRE-Ter a@a130898901U9a84 signaling pathways

N5NAABIN 7 NIANYINITUANIDDAVDY Cathepsin K

Cathepsin K 10 u8n osteoclast marker A uAeR 398 TAAnwInaves encapsulation

liposome CRE-Ter WUU dose dependent #9n15Lans0anvad Cathepsin K

A B
1.2 -
1.2 4
1
Je)
" 3
c
s 5 0.8 A
S 08 ¥ &
h ] o
c 2 * - *
2% 06 X 061 I
£ ¢ 2 T
o= * )
©8 044 £ 044
14 0
02 = 02 7 *
5 10 20 30 0 5 10 20 30
RANKL + CRE-Ter (pg/ml) RANKL + CRE-Ter (ug/ml) “p<0.05

Cathepsin K m‘ - &

B-actin
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=1

SUN 9 UAAINATDY encapsulation liposome CRE-Ter LUU dose dependent sian138dudanisianiaan
294 Cathepsin K (A wag B) (*P-value < 0.05) Ingvinn1svaassdn 3 A3

A350INANITNARDY UAZEFUNANTNARDY

N13AN®ILEAII1 encapsulation liposome CRE-Ter WU dose dependent @1u15a8uginis
uanseeNYes cathepsin K @i osteoclast marker MislusfAunazorsidue agslsAnudsnsd osteoclast

a ' v = Y a N o & v
marker U YU c-Fos ﬂ']a’]ll']iﬂﬂﬂwﬁl‘lﬂf\]gﬂﬂEJUEJUﬂ”ﬁV]ﬂa@Qu‘,LW
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aA5UNaN1sANEIlABAINS AU

{ CRE-Ter/Liposome encapsulation in ]

PLA Biocomposite Foams

TRAP enzyme
Cathepsin K

Cell migration
Number of cells

.
iz 4 ;
- fir ) i AN 3
Osteoclasts

EM HANSANY1ATUIN encapsulation liposome CRE-Ter Fdeay scaffolds anunsadiudsnsadng
osteoclasts Inan1u NF-KKB wag ERK signaling pathways i1l# osteoclast marker Falgun TRAP,
Cathepsin K anas LaYHANLATE AWl TEN T UL Pengjam Y, Panichayupakaranant P,
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1). International Webinar on MOLECULAR & HUMAN GENETICS Nov 15 - 16, 2021 (GMT+1,
London Time) Certificate of Recognition for remarkable and worthy oral presentation on
"Downregulation of miR-21 gene expression by CRE-Ter to modulate osteoclastogenesis: De

Novo mechanism”

Downregulation-of miR-21:gene expression by CRE-Ter to modulate

osteoclastogenesis: De Novo mechanism

Yutthana Pengjam?®*, Sompot JantarawongP, Thanet Prajantasen?,
Natda-Tonwong?, Pharkphoom Panichayupakaranant®

8Faculty of Medical Technology, Prince of Songkla University, Songkhla, 90110, Thailand
®Department of Biological Science, Faculty of Science, Prince of Songkla University,
Songkhla, 90110, Thailand
‘Phytomedicine and Pharmaceutical Biotechnology Excellent Center (PPBEC), Faculty of
Pharmaceutical Sciences Prince of Songkla University, Songkhla, 90110, Thailand

ABSTRACT

miR-21 expression stimulates osteoclast cells in the context of osteoclastogenesis. A
previous report showed that NFkB-miR-21 pathway could serve as an innovative alternative to
devise therapeutics for healing diabetic ulcers. Furthermore, our study demonstrated that a
highly water-soluble curcuminoids-rich extract (CRE-Ter) inhibits osteoclastogenesis through
NF«B pathway. The interplay between miR-21 and CRE-Ter in osteoclastogenesis has not yet
been investigated. In this study, we examined the relation of CRE-Ter and miR-21 gene
expression in receptor of the nuclear factor kB (NFkB) ligand (RANKL) - induced murine
monocyte/macrophage RAW 264.7 cells, osteoclast cells, in osteoclastogenesis. Effect of
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CRE-Ter on generation of intracellular reactive oxygen species (ROS) was estimated by
dichlorofluorescein diacetate (DCFH-DA). The results reveal that CRE-Ter reduced expression
levels of miR-21 gene in osteoclasts. The inhibitory effects of CRE-Ter on in vitro
osteoclastogenesis were evaluated by reduction in tartrate-resistant acid phosphatase (TRAP)
content, and by reduction in expression levels of an osteoclast-specific gene, cathepsin K.
Treatment of the osteoclast cells with CRE-Ter suppressed RANKL-induced NF«B activation
including phospho-NF«kB-p65, and phospho IkBa proteins. Western blot analysis revealed that
NF«kB inhibitor up-regulated CRE-Ter-promoted expression of phospho-NFkB-p65. In
addition, CRE-Ter dose-dependently inhibited phospho-Akt expression. CRE-Ter also dose-
dependently reduced DNA binding activity of NFkB and Akt as revealed by EMSA. ChIP
assay revealed binding of NFkB-p65 to miR-21 promoters. In conclusion, our results
demonstrate that CRE-Ter downregulates miR-21 gene expression in osteoclasts via a de novo
mechanism, NFkB- Akt-miR-21 pathway.
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Yutthana Pengjam is the Doctor of Philosophy (in Medicine) who was graduated from
University of Miyazaki Japan. Now adays, he is a Principal Investigator at Faculty of Medical
Technology, Prince of Songkla University, Thailand. His research is contributions and
achievements in Cells and Molecular cell signaling in Bone, Biochemistry, Physiology, Natural
products and potential use.
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2). RECIHF Virtual conference “SAH International Conference 2022 | Allied Health Sciences

Natural Products for Health, Innovation & Medical Technologist, 28-29 March 2022, InlAe
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Soq “Inhibitory effects of curcuminoids on dexamethasone-induced muscle atrophy

in differentiation of C2C12 cells” (Abstract accepted for oral presentation)

Inhibitory effects of curcuminoids on dexamethasone-induced
muscle atrophy in differentiation of C2C12 cells

Yutthana Pengjam?, Asron Sani?, Sompot Jantarawong®, Kazuya Hasegawa®,
Yuya Yamaguchi?, Pharkphoom Panichayupakaranant®

8Faculty of Medical Technology, Prince of Songkla University, Songkhla, Thailand,
®Department of Biological Science, Faculty of Science, Prince of Songkla University,
Songkhla, 90110, Thailand, °Faculty of Health and Medical Science, Teikyo Heisei University,
Tokyo, Japan, “Department of Physiology, Faculty of Medicine, Toho University, Tokyo, Japan,
*Phytomedicine and Pharmaceutical Biotechnology Excellent Center (PPBEC),
Faculty of Pharmaceutical Sciences
Prince of Songkla University, Songkhla, Thailand.

Abstract
Background: Sarcopenia is.a disease of progressive loss of muscle mass due to the imbalance
of protein synthesis'and proteolysis, and tends to emerge with ageing. Currently its treatment
consists of non-drug therapies and drug therapies, but some medications can have various side
effects.” Therefore, itis important to search for effective herbal medicines that can modulate
muscle mass.
Purpose: In this study, we investigated the inhibition effects of curcuminoids including, Cu,
De, Bis, CRE, CRE-SD, CRE-Bin, and CRE-Ter on dexamethasone-induced muscle atrophy
in differentiation of C2C12 cells.
Methods: C2C12 cells were cultured and treated with various concentrations of curcuminoids
including, Cu, De, Bis, CRE, CRE-SD, CRE-Bin, and CRE-Ter. The inhibitory effects were
studied using various methods, including MTT and LDH assays for cell viability and cell
cytotoxicity, RT-qPCR for gene expression analysis, and Western blots for protein analysis. In
this study, dexamethasone-treated C2C12 myotubes (Dex) are the positive drug control and
used as in vitro models of muscle atrophy.
Results: The results revealed that treating differentiated C2C12 cells with Cu, CRE, CRE-Bin,
and CRE-Ter reduced Atrogin-1 and MuRF-1 expression, whereas CRE-SD reduced only
MuRF-1 expression. The Western blot analysis results show that Cu, CRE, CRE-Bin, CRE-
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Ter, and CRE-SD upregulated the phosphorylation level of Akt, which is an important protein
in the mTOR signaling pathway.

Conclusion: Our results show that Cu, CRE, CRE-Bin, CRE-SD, and CRE-Ter tend to inhibit
muscle atrophy by decreasing expression of Atrogin-1 and MuRF-1 inhibiting protein
degradation, and to upregulate Phospho-Akt to stimulate protein synthesis. These results
provide corroborating evidence of therapeutic potential to treat sarcopenia patients.

Keywords: Curcuminoids; Sarcopenia; Muscle atrophy; C2C12 cells; Atrogin-1; MuRF-1
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