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ABSTRACT

The flavonoid contents of intact tubers and cell culture media were determined
and physiological activities of Pueraria mirifica extracts were investigated. The total
flavonoid contents from cell culture media (PMC) were higher than from tubers (PMT).
Results from in vivo estrogenic activity assays indicated that PMT had a strong estrogenic
activity in ovariectomized rats. The same amount of PMC exhibited a weak activity. In
vitro osteoclast suppression investigations indicated that both PMT and PMC extracts
exhibited anti-osteoclastogenic activities with low toxicities in a standard test cell line.
Determination of the antioxidant potential using the DPPH assay revealed that the ICy,
value for PMT was lower than for PMC. P. mirifica cell cultures produce more flavonoids

and exhibit a mild estrogenic and more antioxidant activities than tubers.
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puerarin (¥172), daidzin (1%1), genistin (MLYX), daidzein (Lm’dau) and genistein
(#1) Aads+SE wazdasnusuaniAAuwAnAsesaivedfy Aseduaudesiv
95 %

sU 2 Anufiurowas RAW264.7 ¥83 PMT (O) waz PMC (@) ALads+SE uay

2

o

FrsnusuwansiauLaneesiddy Aseduannudesiu 95 %

Ul 3 grSmisiuadaaienszAnaInLead RAW264.7 483 PMT Wag PMC (50
meg/mL) A) Unstimulated cells, B) rRANKL+DMSO, C) rRANKL+PMT and D)
rRANKL+PMC

sUR 4 S1uuwad RAW264.7 Annsnaneanin wevaaauiu PMT uay PMC (50

v

Y [

me/mLANRAs+SE  uasfidnusuaniAnuwans1eeg1aifedifny Aseduainy
ol 95 %

'
1 a

Ul 5 wavesiuiing (A) way %Co (B) vowmydassld inaaoudu PMT way PMC
(Wdn; (0), 10 wia 50 me/kg Aetimdnsotu (@) PMT-10 and (M) PMT-50
uaz 10 ¥39 50 meg/ke setminssiotu (A) PMC-10 and (W) PMC-50 *uanedn

Arwnsnsegaiiveddey fissiuanudeu 95 %
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dl' o d' v 1 1 o a U U (2)
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Sa & o o w a = | ¢ a P . .
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daidzin, genistein, genistin WAz puerarin H3189UINATEAYLUAIUTNTAINY 1WU VAU
o w g c < ® o @ £
panTedu qrEiuradNzISe uazgvdealasiau dinIwazang  9189UVLEELATIUYeY
¢ U a (5) 1 Qo/ 1 U
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a b ¢ 6) v v | =~ ~ v &
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MszidsuYasnIAIe

Bdanuederuhanuazendeweanased 95% iunan 30 3wt annduslen
gTasonassond 15% WWunan 15 Wit uazdne 3 ase fredinduiiiendouds winfivasn
L%aLLé’i%gﬂ’mLgﬂquuawmimgéﬂﬂﬁaLﬁaqm5 Murashige and Skoog’s (ms)"™? Adsinana
glasa 3% ndsnudnsendufuiianysaiuds Jadnemzdunnmnseiuliineadunada
lngldomsgnIms ViLamﬁwmasgIma 3% naphthylacetic acid (NAA) 0.5 tg/mL wag benzyl
adenine (BA) 0.5 pg/mL lngmzidssneldaniizgamgd 25 sswnwaidea uarlfuaadunan
16 FalusdeTu Mamzidsseaduriuasawisulnenslfivadunadanty 4 dUav dheasun
sUwwy (Erlenmeyer flask) vum 125 mL ﬁusmmmsmmqmﬂﬁmfﬁ’umiﬂiﬁmmaé’a lng
TSnsauvasnimtnadan 0.25 ¢ soemsU3uns 25 mL mmwmgawzgﬂi’jum‘%mﬁ
AaiE7 100 rpm Llensedunsulagad
NSV UAIDLNUAZATANAET

089U KeaInHINIIATe7 wazsadinizlAes ndeulnoniseuiiguugil 60
ssmwaided Wunan 72 $alus wiesunimdnuisildai andurhnsualhfunsaziden
Tumsatnansldsogiauis 1 o deansazatswsiuea 100 mL vnisudidunan 26 $alus
MNTLNTOMILNIEATENTOT Lenansara1einauliIuumaslugUansaiaveny (Crude extract)
nsatasziUsuEslolananlausen

nsiAszilaensldmatia HPLC (High performance liquid chromatography)
Faulasanisnsveidenavaae lunslnsianslelenalouesd 5 wia tdun daidzein,
daidzin, genistein, genistin WWag puerarin
m’mﬂaaqu‘éé’mwjaﬁamansz@n

MnsnageualTananiAIornUEaaLuAlaTHIanYdn RAW  264.7 anuigusd
yuiSuazaay” §ae38n1s TRAP staining assay e MTT (3-(4, 5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) assay
nMsnageuqnsLealasiau

MN1TNAABUKININILATEVINUNUN AR DY mmﬁ%'éuaqqﬁ’fgigm,azﬂmz(m A8I5N13
Vaginal cytology assay
MsvadaUgnadTuaannt

o v A ada a o (3) 1'% aa
NINITNAFADUAITANANINILATDVIIY HNUITVBNVELAT AL AI8ITN1T DPPH assay

11



NANITIYUAZNNTIATIZANANITINY
MsNZEBaYasNAIe7 wasUSinaanslelewanliuaed
danmaaigiiulaveswaduviuacy waznswananslelunailuoss eiansluguil 1
MnnansngeuLandliiiuin luiud 3-6 sesmsinzidswadiinisiasadn (Lag phase) Tu
Fuft 6-12 1waddin19195a57 (Exponential phase) wazanniufl 12 Wuduly waddinisiaSwynsd
(Stationary phase) Tuiudi 15 ﬁﬂ%mmﬁmﬁm%éqdqm (15.19+0.21 ¢/L wosimminusa) ns
wAnanslelavaliuesdBudvnaniutulutud 6 uanfivgeanlutudl 12 vemamzdes
(28.03+1.66 mg/g suaafmﬁml,ﬁﬂ) NNITATIVEOUAEBINATA HPLC Usmgdw @19 daidzin
uay genistin fUsinasnnaalundguvesanslolewailiuess yunsanuldlunndisniaesy
Tuvauedl puerarin waz daidzein Usngiundsanmsaialutud 12 Hudulu aduldldh
daidzin k&g genistin Lﬁ“flumié?qéfusum puerarin tay daidzein ludgiuwag genistein 40159579
wuluuneiaan uwargameldseninnsdnansveaead nnsiSeuiisuusiuasiaila
oA Uiﬁﬂg’jwmaéLW’]ngm PMC (28.03+1.66 mg/g wasumiinuie) fusinamnnninlush
ALATE PMT (0.3620.12 me/e vawinmiinuie) fv 77.86 wih Seilans daidzin (15.76:2.41
me/s vamiminuia) ﬁﬁqmﬁﬂL{‘Jué’mdaumﬂil'%mmwgﬂﬂauamﬁﬁgwmlé’ﬁa 56.22 % 1NA1T
71 wansSaaiswanluesdiUSoudioudy PMC  fiUSuiaans daidzin genistin way

(Y

daidzein 11nA31M PMT 89 394 330 wag 210 Win MUY D9aanARe9iUNan8s1891uIdef

& - (7-9)
INZLREUYARNIILATEYIINN
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Days of culture

JUN 1 MRS AulavesgadiuIuaenI1AsuIkasNsHananstelanailiuess puerarin
(117), daidzin ("), genistin (WMLAY), daidzein (M189W), and genistein (A1) ALRAYLSE Lay

‘:4 Y} A

FIENBILANIAIAULANANOENLTYE ALY NT2AUAUTRNIU 95 %

A1519% 1 USunaanslelanaliusesaas PMT uay PMC

G708 (Me/g VBIUIMTINWIAY)

Isoflavonoids Puerarin Daidzin Genistin ~ Daidzein  Genistein Total
PMT 0.27+0.09  0.04+0.01  0.02+0.01 0.02+0.01 0.01+£0.00  0.36+0.12
PMC 1.23+0.32  15.76+2.41 6.61+1.27 4.20+0.18 0.23+0.05 28.03+1.66
PMC/PMT 4.55 394.00 330.50 210.00 23.00 77.86

LAAIANLAAEAINNITNAADY 3 1 (+SE).
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Concentration of P. mirifica extract (ng/ml)

Ul 2 Anwiiwsialwad RAW264.7 499 PMT (O) wag PMC (@) Aade+SE wazidnusuanaan

'
o w = [y

AwenAnsegaiiveddry fiseduanudediu 95 %
WanINARBUAVSALIBadaaIEnszeN

a13ainves PMT wag PMC lagnvageuiuiwaduualasniansin RAW264.7 HaUsINg
31919 PMT waz PMC fimanaidudiu 0.158 & 50 pe/mL ldfinasdennuii#invessad (Cell
viability) eesfitfoddny ieiuSsuifisuiungudaone dauanduguil 2 Tudrunsmaaeugys
AuwadaaIensEan lwad RAW264.7 lagnuiuaninluaisazateainues PMT  uag PMC
mﬂﬁ?uv‘i']mimzﬁuﬂmﬁmL%aﬁamams@ﬂ (Osteoclast differentiation) Aae RANKL wagyinn1s
wzdsaadiduna 5 u visiuhnsiugadfifenisnaisanmaneldindesgansaed (U
3) HaUs1n 3 PMT waz PMC fquslunsiuiwadaanenszgn sgreiioddny Weiuiouiiie
fungudiogns (OMSO) Taedl PMC fiquddusnnndn PMT (Ul 4) a1nsanisviaaesasuléin
nmmeferniigvddumadaaenszgn dsaenadestuneauresuunnsaiuazans® 9103

c’l’ v a 1 . I Ly £(16-18>
Vl@ﬁ@‘l.liuﬁ/ilé UDNITINU YININYIIUI 13 puerarin LUU@'JﬂW{LUﬂ']i@EJﬂZ]‘VIﬁ
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Uil 3 gsmsiuwadaaionszanainivad RAW264.7 w09 PMT wag PMC (50 pg/mL) A)
Unstimulated cells, B) rRANKL+DMSO, C) rRANKL+PMT and D) rRANKL+PMC
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200 |
iz}
8 b
[&]
% 150 f .
o
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& 100}
e
>
zZ

50 |

O =
Unstimulated DMSO PMT PMC

sUT 4 S1uauwad RAW264.7 fAanisnaneann ilevadeuiu PMT wag PMC (50 pg/mL)

v
o w ] (Y A

] PN U o ' ] | A &
ANLRAAYESE LLAEHIDNWILAAIAIAINULANAINDYNUUYANALY NTTAUAIULLDUU 95 %

o

s
HANINAFAUNSLOEINIAY
wungndnsilysenazinavilidngfinnssunisiu wasdmdndufiuduegaiidedfay
a = P [y A % A A = Y & (19-21)
WalUSeuliguiunuund Faigaiiiesainnisagdsseauiealasiauiues 31NN1TNAFDY

' '
v v a N o v oA

wyilasu PMT 50 mg sisuniingdasiadu (PMT-50) umiindindeanategailivddgy (e

a

Wiguiguiunguiegne msivgunuasiiinduluiuf 12 vean1sveass (3UN 5A) aumg
- 9 4 & (24-25) v o o & Y v
\esanmmaunuvetealasiauaniiniieietues  tududgatuil vynlasu PMC 50

me foumtnAIneIu (PMC-50) lgnsiealasiauintuiuniy willszeziainduninly PMT 3

agulein PMC-50 figvisioalnsiaustgngou wi PMT-50 dgndioalasausg1auss 91nn1snngaey

q

Tunyidindlaiia (U 5 Falimssrenuirasiiluiinisesngvsealasiausgiausdluii
b= A . . (26) 1 1 ' I3 1
N111A30 Ad miroestrol and deoxymiroestrol ™ usludiuvesansnaulelanailiuesn wu

. N N . . v A Q‘ 1 1 (27)
daidzein, genistein, WLag puerarin ﬂanJi]VlﬁLE)ﬁIGﬁLﬁm@SJ’NEJE]u
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Ul 5 wavesimiing (A) uaz %Co (B) veamydn3sly finaaeuiu PMT uay PMC (hudan;
(0), 10 %39 50 meg/kg finuiin@IseTy (@) PMT-10 and (M) PMT-50 uag 10 %38 50 mg/kg

aotmindroty (A) PMC-10 and (V) PMC-50 *uansarpauunnsseesiiiedndey 9

SEAUANULTDIU 95 %
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ASNATBUONSATUDINTLATY

NNANIINAABILUAITITN 2 a1sannain PMC dgnslunisiuesndinduninin PMT &4
aanraadnuUsSIaanslaleanaliuesAniunnI UL Feiis1eauInasielanailiussnnans

a gj = ¥V a £ (3) U 1 Q‘d‘ a 4%’ o 1 = 1 Y} 1

giatulldusendndu  usegslsinugndniavudldansafisurinduasuinsigiugy
a a . . & o 1A £ ! aa . (28) o A A LA
913U C (ascorbic acid) FednIndlgnsed1seau lnei5ues Qusti wazaAmy  LAdIDaIdlgnsa

A 1A a (29-31)
ANTITNVRANYVUN

i a

ATt 2 griddueenTadu (A1 1Cs, me/mL) vas PMT uay PMC lne33 DPPH assay

f19819 ICso (mg/mL)
PMT 15.65+0.35°
PMC 2.85+0.05"
Ascorbic acid 0.02+0.00°

[y

i PN v W ' ] | Aev o o oA A o
ANLAAYESE LLAYHIDNWILAAIAIAINULANAINDY1NUUYEN 8 NIEAUAINULYDUU 95 %

dgUnan1siveuazdolauauwu

MnNnaaesimun wansiiduimzidsneadniniedornasanananslalewan
TwesdldTunmnn Gadgviiuwadaaonszgn wazqrsdusendndulunasifia uwindus
guniiealasiauegnedou nadildenaidruddglunisndnerinuilsn fAnnsanannisidans
Telamtanlauesdlunmssnnlsanszanniu uaglsauzisa Inefiinadrafesoniign dedsnsdosl

nsAnen wagiaunell
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ABSTRACT

Bone density is maintained by the balance between bone formation mediated
by osteoblasts and bone resorption mediated by osteoclasts. The major causes of
osteoporosis, a major health concern for aging communities, is an imbalance between
osteoblasts and osteoclasts. The progressive decrease in bone mass leads to an
increased susceptibility to bone fractures. New prevention and therapeutic measures to
treat this condition is urgently needed. In this study, murine bone-marrow-derived
macrophage progenitor (BMMPs) were induced to differentiate to become osteoclast
using Receptor Activator of Nuclear Factor-kB Ligand (RANKL) in order to use for
screening for compounds with anti-osteoclastogenesis activity. Screening was conducted
to identify compound(s) with anti-osteoclastogenesis activity from plant derived
compounds, using tartrate-resistant acid phosphatase (TRAP) staining and TRAP activity
assay as indicators. Among twenty one purified compounds from medicinal plants, three
compounds significantly suppressed RANKL-induced osteoclast differentiation at the
concentration with low to no cytotoxicity. The three compounds were designated as
ASTP10, ASTP19 and WJ10. One of these compounds, ASTP019, was isolated from
Curcuma comosa Roxb. and has the structure in the group of diarylheptanoid. This
compound has an inhibitory concentration 50 (IC50) of osteoclastogenesis at 1.49 WM.
Detailed study was conducted to investigate the mode of action of this compound.
ASTPO019 treatment significantly suppressed the expression of nuclear factor of activated
T cells (NFATc1), a transcriptional master regulator of osteoclast differentiation, at both
transcription and translation level. Furthermore, the expression of Cathepsin K, a
downstream gene of NFATcl, was also down-regulated in ASTPO19-treated cells, as
compared to the vehicle control treatment. The effect of ASTPO19 treatment was
further investigated on mitogen-activated protein kinase (MAPK) and NF-KB pathways
which are two major downstream signaling pathways of RANK. The activation of
Extracellular Signal-regulated Kinase (Erk) was specifically inhibited by this compound
upon stimulation with RANK/RANKL signaling but other signaling molecules in the MAPK
and NF-KB were remained intact. Taken together, these results suggested that ASTP019



suppresses osteoclastogenesis via inhibition of Erk signaling pathways and this
compound may be developed further as drug for prevention and treatment of

osteoporosis.



AdARY

a

a158aNgVInTINIMN 1IANTEYNNTU Ladaanenszgn RANK/RANKL

Keywords

Bioactive compounds; osteoporosis; osteoclast; RANK/RANKL



GUETIERN

a a

ARANTIUUIENA

UNFNED

Abstract

ARty key words
a13Un N
mosuegefildlunsivy

. unin

[EN

. ANSNUNMIUITTUNTTUNLN LT

N RORES

- ayunamdeuastaiauaiue

2
3
4. Nan1539Y
5
6. UTTUUNTY
;

. ANARNUIN

O o0 oo U A~ W =S

N N N, ke e
W N O W ~ O o



a1305yn N

=D

U

JUN 1 madsuanmduwadaaienszanuesaadlal RAW264.7 visewadhe

€aN

AseanUsuN
U &9 Y

U

JUN 2 nan1smageunnsAtuNsRguaN YR LYadaa1ENITEANUBY ASTP10,
ASTP19

5UN 3 nansiUSeuLiisugMaeunNseNLEuYesasUsavsNaianie 2 yin
(ASTP10, WJ10)

e

gﬂﬁ 4 5laueY ASTP0O19 Gi@ﬂqﬁLLaﬂﬂaaﬂsﬂaﬂ NFATc1
Ul 5 Wawaa ASTPO19 ensuanioanved Cathepsin K mRNA luigadaaiensegn
76

U

€aN

HAUDY ASTPO19 fan13nseruIndnI MAPK Ing RANK/RANKL

JUN 7 Havas ASTPO19 sian1snsesuindayayias NF-KB lag RANK/RANKL

€aN

16

16

17
18
19
20



ANB5UNEANEN LT TUN15IRY

BMMP: Bone marrow-derived macrophage precursor
MAPK: mitogen-activated protein kinase

RANK: Receptor Activator of Nuclear Factor-KB

RANKL: Receptor Activator of Nuclear Factor-KB Ligand
RT-PCR: Reverse Transcription Polymerase Chain Reaction

TRAP: Tartrate-resistant Acid Phosphatase
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vhiwadlat RAW264.7 11nsdusng recombinant RANK-L (rRANK-L; Biolgend) finan
dugavine 100 unlunSudediaddns uiu 5 Ju wieufuansiimsdansesinudutugean
flinsegsenvansadgenii 80% duly lagldteyaannismeaeuarudufivdeisadvosans
noaeureunthd WasuewnaAsaadlyalfill rRANK-L WENeg 11N°) 2 1Y Mnduiamaasy
anmduwadaaionszgnlnen1sday tartrateresistant acid phosphatase (TRAP) Tne357
osuneseluil lunsdivoneadlunseanugund viwadlunssgnannvylud C57BL/6 w3e BALB/C
UINTEAUME Macrophage Colony Stimulating Factor (M-CSF) ﬁmwm%’m%’uqﬂﬁw 25 u1ly
nSusiofaddng w1y 3 Jundsantu Td RANK-L wuiieafuiadlal RAW264.7 uagtuu 9
fu vdntunsafanunisidsuanlaedeumueniiiives TRAP duifisafuimadla
RAW264.7

2) N15ATIINUBARIAYBITRAP UazNsdoulvadilansaant TRAP

ndnmieniiwadiddsuanmduivadanaionszgnud nuwadsie 10%
formaldehyde uwagiAuansazany p-nitrophenylphosphate 1u citrate buffer 50 faaluans
(pH 4.6) Bududuanmues TRAP waztiisl 0.1 N NaOH uazindinisganduuasii 410 uily
nsdelulasnavianed dwsunmstioumuoniiifves TRAP lulwadaanensegniiu thisadi
mﬁmﬁwL“ﬂumaa‘amamz@ﬂmm?qéﬁa 10% formaldehyde 11U 10 U9 wazdnslu 95% L
Muea Nt naphthol AS-MX phosphate 0.1 fadniunaiiadans wag fast red violet LB
salt 0.6 Hadnsuseliadans Tu sodium acetate buffer 50 fadluas (pH 5.0) il sodium
tartrate 50 fiadluaiuaney ndsndrsseiundinliuts desnelindesgansaa wagiy
Suuwadaanensygnidondndunatunaziiinnnii 3 duedealuniavad

3) Quantitative RT-PCR

Uninwadlunsegnuiseigadiatl RAW264.7 fgansainainiivnsediinagateaiuny
(Dimethyl sulfoxide; DMSO) ﬁQﬁizﬂuLL@iamﬁwmaaqﬁiwznm@hm Lﬁa%lﬁu RNA ﬂ’jwm
@mmmitﬁwauaéﬁmazLﬁu{fwm TriZol Reagent (Invitrogen) 1 ﬁaﬁﬁmaiumqul,l,azﬂuﬁal”iuwu
2 Wit Mnugaivwadiaaauaratn RNA nugiiovesdnan Tnusina RNA fildlas Qubit
Fluorometer (Invitrogen) wazti1 RNA 100-500 uilunduluidswdu cONA Tagld Reverse
Transcriptase (Fermentas) 9t DNA 1n¥nU3ana mRNA @edaimdues NFATCI uas
Cathepsin K Tngldlwsiesuaznnzlunafiuuiuudinseelud viugaselaeld M Mini

personal Thermal cycler (Bio-Rad) AMUIBITEAUNTUARNIDDNLTIELINNSVOY MRNA wrazviln

aa -AACT > i
g5 27 Tegld Bactin Uugaaiuay
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M13199 1 glnsiwesuaznzlunisiiuuiunalegds PCR

Gene Primer sequences Annealing temp. Product size
(°c) (bp)
NFATc1 Forward: 62 240

GGTAACTCTGTCTTTCTAACCTTAAGCTC
Reverse:

GTGATGACCCCAGCATGCACCAGTCACAG

Cathepsin K | Forward: GGCCAACTCAAGAAGAAA 58 225
Reverse: GTACCCTCTGCATTTAGC

ﬂ_acﬁn Forward: ACCAACTGGGACGACATGGAGAA 55 380
Reverse: GTGGTGGTGAAGCTGTAGCC

4) Western blot

thinmadeiiszylunsmanesfissesinaisine gronmadsusadiuasdaeadie
cold PBS 1 aSsy uazslviwadunnde RIPA buffer filiy protease inhibitor cocktail wag
phosphatase inhibitor (Sigma Aldrich) Mé’amﬂ@mmamLL@%LﬁulalfzimsuaﬁLezjaa%ams{jum%mﬁ
5,000 rpm WU 5 U Audlaiioiludnszinsuanseenvedusiu Sausunalusaudie
3% Bicinchroninic acid (PIERCE) wagUsuusunalusiuvesunaziegglmviniulazinliuen
ANIUINAIETS SDS-PAGE Tnenaudegnalusiulu Laemli Buffer wagduuiu 5 uiil wen
TUsiulngld 10% SDS-PAGE &8 Protein Ill system (Bio-Rad) Taunnalulsavlufauniiie
PVDF #t semi-dry transfer Trans-Blot SD (Bio-Rad) Lmz‘]_imﬁ“uLL@uﬁmﬁﬂgugﬁﬁﬁﬁquzm
NFATc1, phosphor-MAPK 139 total MAPK, phosphor-NF-KBp65 1139 total NF-KBp65, IKBQ

(Cell Signaling Technology) Wa¥ B-actin  (Millipore) LL@::mrmmLmuﬁmﬁﬂgmqﬁﬁw

'
a

wauAUeAALL)RNAnaaNfatewlad Horseradish Peroxydase fsaaudyny1alngis

chemiluminescence
N13AATIEINADA
Wnsideyailalag Student’s t-test Iagld SPSS software (SPSS15) TiAusineees

v o

HlpdAnyilan p<0.05
NANSIVYLAZNITIATIZUHNANITIVY
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1) msvagauszUUMsImisnihnsasuan mysswadaanenszgn

e aneimnganvesssuumsAnnsesansidnvdiunsudsuaninveeadaais
nszqn Jamilenineadlat RAW264.7  wieiwadlunszgnuguginnnmyludlhuadaais
nszgnfafiosuIeineiu waznaRammMsIABuan i dumadaaensegnlnenistiesvadiile
MTIVIATIZN TRAP ﬁmamﬂugﬂﬁ 1 Hawadlar RAW264.7 (A-B) wazwaalunsegnuguall (C-
D) fildsun1snsedudae RANKL  fouRndunauduiivusdfueniiifvesoulssl TRAP wazds
ansdanaiueadiifinnniy 3 Taedeadiuaunn Tuvasiwadnlilssudyyranseduan
RANKL lainufisadiifonfind uansitszuumamieninmavdsuanmannsaldlunsdnnses

a1soengydAunszuIunsile

3 §
A No Treatment B 3 +rRANKL

:‘;

-
4

e AT

RAW264.7

C

Primary BM ‘
JUTT 1 mawaguanmiuisasanienssgnueaaaalay RAW264.7 vSaiwaa lunsygnigugd
(A-B) idesiwadlan RAW264.7 melinisivialudl RANKL w5 Su uazdoumueniiinves
TRAP
(C-D) igaiwadlunszgnuguginelinisdl M-CSF u3e M-CSF Ay iRANKL w1u 9 Fuuaseoum)
uoNiIFYes TRAP

2) ManadaUaMARIUMIUABUAN NI LTARFANENTEANYBIENTNATEY

agUnamssenunaneuniing Tumsvaseunanudufiviesasadausansaniied
WUmMAAANToILALBNTIAAIUNTENLEY (Funsnanlunsneenlenanieadtlat RAW264.7)
Tups1eit 1 wazihanududugeanvesansafndivinlifivadegsenuinnin 80% (1C20) 14
nagounansiumsasuandumadaaionszgn Taeldiihazans DMSO 1ugariuay

UIN IUANIHANTNAdUgVERMUMSAsUan nvesYadaaIensen U199 1
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A15197 2 wan1snagdeuaUlufie gndsunTen@uLaraNsAIUNSUABUANINBIL YA

AaN8NIEANYRIANTUSANSANAINTY

Anti-inflammatory wanAIRAIUNS
v o . Cytotoxicity (ICs,) 4 .
TUHNDENY Activity (ICs,) WagUANTNUD IR
(lalasluand)
(LulasTaans) da18nszgn

ASTP001 12+3.41 \wadne -
ASTP002 > 50 > 50 -
ASTP003 > 50 > 50 -
ASTP00O4 > 50 > 50 -
ASTPOO5 > 50 > 50 -
ASTP006 > 50 > 50 -
ASTPOOT > 50 > 50 -
ASTP008 > 50 > 50 -
ASTPOO9 > 50 > 50 -
ASTPO10 17.35+2.25 5.28 +9.49 +
ASTPO11 > 50 > 50 -
ASTP012 > 50 > 50 -
ASTPO13 > 50 > 50 -
ASTPO14 > 50 > 50 -
ASTPO15 > 50 > 50 -
ASTPO16 lalazvanelu DMSO ND
ASTPO17 > 50 > 50 -
ASTP018 > 50 > 50 -
ASTPO19 > 50 25.31+£2.10 +
ASTP020 > 50 30.0+3.58 -
ASTP021 > 50 > 50 -
ASTP022 > 50 > 50 -
ASTP023 17.56+1.30 Lwadne -
ASTP024 > 50 > 50 -
ASTP025 > 50 > 50 -
ASTP026 > 50 > 50 -
ASTPO27 > 50 > 50 -
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ASTP028 > 50 > 50 -
ASTP029 > 50 25+4.31 -
ASTP030 > 50 > 50 -
ASTP031 > 50 > 50 -
ASTP032 lalazanelu DMSO ND
ASTP033 Taiazanglu DMSO -
ASTP034 > 50 > 50 -
ASTP035 > 50 > 50 -
ASTP036 > 50 > 50 -
ASTP037 > 50 > 50 -
ASTP038 > 50 > 50 -
ASTP039 14+1.85 LwaaRY -
WJ10 > 50 > 50 +
W21 > 50 > 50 -
WJ22 > 50 > 50 -

*ND: lllavinsnmasu
- lifuwen?if Gevazvaensudinisiasuaningnnin 10%)

+: Jueniif Gauarueanisdudinisiaguaninuinnin 50% Jubl)

2V

£ a A pRp £ a = o £
MNNInadeugnamuNMsiUasuanmlugadlunseannuindarsndgns 3 via Failagns
Aunsdguan mvegadaaensean Ineaewiln (ASTP10, ASTP19) gnananisniaune

Turauz W10 lifignsnanissniay

4

Wiphansvisauiaunadeududugnsaiuniswasuanmaesadaalanseaniinig

Y

% L

WNtusnee wudansianustalinadunisidsuanimveseadaatensegnivuiuaudud

P4 (SUT 2 wae 3)

U
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Sih pRN
< bf‘\.\ s
ez Spa \o

4

sUn 2 mamimaauqw%mumimﬁauamwmaqL%aéamaﬂiz@ﬂmaa ASTP10, ASTP19

Unwaalunsegnuguglunvrasagdviazaly DMSO (A-B), ASTP10 (C-E), ASTP19 (F-H) i
AT wazmideahiiTusadaaiegnsegnasiseyteiuuasnsIaiaueniiigves
TRAP lpein7sdouiisy19e

1504
100+

50+

Number of osteoclasts (%of cont)

FUI 3 HanIsiUTe Ui ug AN TENaUYNaISUSNETIaNnaINTY 2 %iln (ASTP10, WJ10)
wilganinaadlunsegnilduvadaarensegnnieldnisd ASTP10, W10 finaundudusieg wie
DMSO uaziludmunuyadanlensegn (Joudnaustiuoniiaf TRAP uazd 3 dupdgadull) uai

uanutunaiilaoinnisveass 3 91 a, b, c uaninwa e NdlgaAg p<0.05

3) Havas ASTPO19 fan1suanleanvasdiu NFATcI Tuseau mRNA uazlusau
wialvisaenalnniseengisvesansilignsdmunisifsuanmveseadaaiensean Jaduy
Anwignsues ASTPO19 Faluasulungu diarylheptanoid Miafawazviliusanslaainiiudn

ungn (Curcuma comosa Roxb.) NFATC1 ilulusfiunivihmiinfiaaununisuanseanveinguiui
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Aeatesfunisidsuan miuwadaaisnszgnuazfuilisadostunsinuvesadaais
nszgn Taefotudulsiuiifenudfyianlumsnuaunaudsuanmveneadeiind  Jeu
wadlunszgnuFoiadlar RAW264.7 uitinse ASTPO19 Aimnududu 1.8 lulasluandd
ITYLIANANNE) LAZANAINNITLARNIDDNTBY MRNA 1ae35 quantitative RT-PCR uazlusfune
Western blot fauanslusufl 4A sefunisuansoanuas NFATCI mRNA iiugstuiiloisadlisy
nsnsedulag RANK/RANKL Tneegflusyiugedianil 24 SalusmdsanniGunsedu Tuvniwadig
finsUntindae ASTPO19 finsaniatuasediu NFACTCI mRNA egnsfitudfay (p<0.05) 3
HANSEUTBY ASTPOL9 FoMTLAnIaantas NFATCI mRNA Hudenadoafuszdulusiuazanly
[wadTInTI9InlaeA Westem blot dawanslusuil 48 ety ASTPO19 Aamswansoanaes

NFATc1 TuseaunIsnensiavasdiu vinlnseauvaausauninisiuasiaansiaiene
NFATc1

o DMSO ASTPO19
Unsti 0 24 48 72 0 24 48 72 hr

—_— w1140 kDa

— e —— ™ —— ey e | |3 D2

fold of mRNA expression

ASTPO19 - - - + +

U7 4 naves ASTPO19 fion1suanieanyed NFATC
Uhimiwaalunsegn (A) niewwaalal RAW264.7 (B) #aeg ASTPO19 (1.8 lulpsluais) wiosan
ava18YAMIUAN DMSO U 30 uinaula rRANKL $2AU M-CSF (A) w5 rRANKL (B) uasiiu

’
1 =

1906791528219879799 (A)  UAANKANTTINTSAUTIaUNNEYaY NFATCI  mRNA  lagd5
quantitative RT-PCR lngndinavevseau NFTACI uUsuiiigunu factin ** 4amindiue N
oe1ilEaIARY (0<0.05) oy (B) kamsanisinszaulusaulag Western blot

o

Webudunaues ASTPO19 7ilfenisuaniaanued NFATCL F9INTEAUNITLARIDDNUDY

A aa ! | Y = o o 1 ° v a
EJ‘LWllIﬂ’ﬁi']ﬂﬂqu’)ﬁ@%ﬂqEJIGm']ﬁWJU@@Jﬂ']iLLﬁ@Q@@ﬂI@EJ NFATc1 ASUAINUFIAYADNTINTINRUIN

Juwadaatenszgn lawn Cathepsin K dadueuledninihfiddglunisaaienszgnvesead

o [ '
= =)

daunsegn fAawandlusuin 5 AU mRNA  vesduiliiugadulllowadisun1snseaumieg

Y

RANK/RANKL waziiiomadlasu ASTP0019 Taugnenuinsyduves mRNA sesiuilaniiasodadl

CY

HodAgy donransiunisanmIasues NFATCL
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Cathepsin k

fold of mRNA expression

RANKL - + + + +
ASTP0O19 - - - + +

U7 5 waves ASTPO19 slenisuansaanyed Cathepsin K mANA Tuiwasaa1enszgn

rdmadlunszgnaie ASTP019 (1.8 lulasluars) niedaviazareyanivnu DMSO Wl 30
uTinould RANKL aufy M-CSF uazifiudiee9isyeziia1sneg (A) uaninanIsinseduid
aumsves Cathepsin K mRNA 1ag35 quantitative RT-PCR lpegiinavessenu Cathepsin K

WWTUBUAY ractin *** 4aninIuen NoegNTTEa1AgY (p<0.05)

14

4) wavas ASTPO19 Aansnszdudfdyiaatsuiuas RANK/RANKL fiigadasiu

99N L‘Ugﬁl‘uﬁﬂﬂW‘UaﬂL‘Uﬁéﬁﬁ’]&lﬂ‘ézﬂﬂ

[ [

dyuUatsuives RANK/RANKL  Usznausmieindyeiandn 2 @iy Lawa 30

foyay10d Mitogen-activated Protein Kinase (MAPK) wag NF-KB @an13nseRuindaya1aiiaasd
Hunsiiuvgvleaanlusiudedayaa dhlugnsuaneanues NFATCL datiu Wie@nwinaln

= =

N1998NN38s ASTPO19  sian1snseAultdyy1auvaril J9fnyInansenuven1siasuy

o

ASTP019 sianisiaumaeainveslusiudsdyayinmiieeg

aa v

MAPK Usenaudie 3 Adduaaifoulesilawandn liud Extracellular  Signal-
regulated Kinase (Erk) (p42/44), p38 Kinase i@z Stress-activated protein kinases (SAPK)/
Jun amino-terminal kinases UNK) (SAPK/INK) Taganunsadnseiunisnseiulalaenisngiain
seRuMsIAImylealn fauansluguil 6 ewwadlunszgnléfunisnsedulng RANK/RANKL

aaa =

wa euleinsaugniiumiveamnegasiaiidioliilueniiin waslinstdnngveamnessn
a o

AENdINsvinnureeuliivenIuAuLaNIf Welyadlnsu ASTPO19 wuIitdeyayind Erk 3

nsandasveIM Ny eann luvaei p38 uay SAPK/INK tuliiiina
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DMSO ASTPO19

0 5 30 60 5 15 30 60 min

15
—_ -

Phospho-p44/42

pii e R EEESEST— ===

—— T —
Phospho-p38 - - P —
P3| g S - S D . & &
Phospho-SAPK/INK BT e G G =

fractin | e — e G S -

U7 6 Waves ASTPO19 senisnsesuaiamay1as MAPK Tng RANK/RANKL
V1awadlunsegnaieg ASTPO19 (1.8 lulasluars) iedaiavareyanavay DMSO W 30
uineuld rRANKL 5audy M-CSF uazifiudaegaiszezaa1sineg araainsedulysiuuasseay
TUsiuiiinsiiumyneainyes MAPK lag3s Western blot

a adoy

Wdeyeyrew NFkB 1 Judnitdeyayrauniimiuddguaisunain RANK/RANKL @slutana

'
o

voRIndgeInantaun NF-kB (p50, p65, c-Rel, RelB, NF-KB2) Fenneildfidad Luana

[ v

wianflazaseglulalanaraulaedlusiu ko JulusAudadu Welidygunszdu IkBo axgn

4 a

Wuvyneamnuazilugnisdesaarslaglusiialeu (proteasome) ¥l NF-KB @11130

aa

wndeundnglundeald Adyguilinertosiunmsneuausisedyaiunssnay nsiiauzs

o

LLagﬂ’ﬁLﬂaﬂ‘UﬂﬂWW“U@QL%ﬁéi’)ﬂﬁﬂlﬁﬁéﬁﬁ?ﬂﬂi%@ﬂ

=

WeANYINAYD ASTPO19  fian1snseAuindaye 1 NF-KB 39952910T8AUY09 NF-
KBp65 ﬁﬁmslﬁwyjmaLWmLazizoﬁ’waa IKBo ﬁgﬂ&i@ﬂama é’w’mamﬂugﬂﬁ 7 NF-KBp65 4
MIANVYNEANABE1NTINEINERINWAALATU RANK/RANKL wag ASTPO19 Aliifinansenusie
sriumsnanseenvesiusiuiusedidla dwiuszdurediusiiu kBa  wuidnisandiaude
wadldFunsnsedu Ssaenndesifunisnsedu NF-KBp65 G4 ASTPO19 Aliifnadenisanszdiuas

Y09 IKBOL LU U

21



0 5 15 30 60 5 15 30 60 min

PhOSPhO-p65 | —m e s e e — e

DOS | e — — — —— — — —

IkBo (D G sy s GUED GHD s anes G
fractl | qu— G G G G G GED Gl G

a

UM 7 waves ASTPO19 fion13nsziuiddnyaial NF-k8 lng RANK/RANKL

Vrinigadlunsegnaieg ASTPO19 (1.8 lulpsluads) wiedahasargyamavuny DMSO WU 30
U ineuld rRANKL 5audy M-CSF uazifiudaegaiszezaa1sneg araainsedulysiuuasseay
Zz/sﬁuﬁfnmﬁ?i/w%/m/amWﬁmm NF-KB p65  UagszAuYed NF-KB p65 Uaz IKBa  lngds
Western blot

ayunan1sIdeuasdatauanue

%4

nuellavinsfnnsesansainanigilenalseangnsaun1sUasuan IUBIwaa

Y YV

aaensegn lagwudidlans 3 vllandgnsdudinsiuasuaninveseadiinseruiigsaeuiuuum

q

[
£ A

RANKL @sanssanuadndalineiisiesuiagndninauiney wildluaisuu fie ASTPO19 &3

v [

afalaaniudnuegn Fudefnwnalnluszdvluananuindgnsnanisnseauindygin Erk

g
999 MAPK  @aidiud

o

ddayeyruUaneuIves RANK/RANKL — wazAIunun1skanisanuaslusiu
NFATc1 FadulusAundunummdniunisidsuanmvessadaaansegn tnaideliuiuunile
)~ ° A AY e S Y . v ¢ v o P ]

dsrganunisnegsuiharssiadlufnwignslusedu in- vivo  ludaineaesdnselugady

wuudnaevedlsAnsERnnIy wudtasilligvsveasnisanaswesnisgadeaialseanle [9] &

[% (% '
a v v a

A0AARDINUNANITNAABIN LA UIWITEL AatU asnennsasbanalidnaniwlunisurlunmun

) £ ° [ [y N o w 1 Y o [ a a A 1
Juansduwuudmiulesiuwag/mistndneinisnszanniuseluld dwsuansdnaeselinfinuin

a

fignsiuniswisuannvesgadaatensegnadsinsfnwmanalnlussivluanasdely wagais

fimsihlunaaeuludninaaesvuitaedsansegnuuluduseld

NaWan (Output) WIDAIYIN

Y

1. ldasu3ans 3 viinaniiwiiignsinunisiisuaninveseadaaionsean

£

2. $nalnnnseengnsuas ASTPO19 NilkaBN1SNIYAWIDAYQI MAPK
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3. ﬁWLauamamuiumiﬂizsqﬁsmmi Thailand Society of Biotechnology TSB2014 lagin1s

UausU1NUa) @nIneduuwidiinads senineiun 27-29 wgainiseu 2557)

A5 US8UBUNANTISANTUNISAULNUNISAMIUNISNAIL (Gantt Chart)

fanssu AU
6 7 8 10 | 11 | 12
nadauANMTuNuAaLTadY0dENT
anmaNN
NAFRUNEFIUNNSIUAB AN NTBY N LA
L WARARIUNTEAN o | o | o
Anwgnidiunisiudsuaninly N,
seauliiana o | o oo | o
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AMANUIN

JuUszaauntalganelundtunaunsulasanig

486,000 UM

NUINIUUTEUU SuUTELNTaSU 516978 (UN)
(umn)
1. QUYARAINT 356,400.00 356,400.00
1.1 faein3Teviauiuiaa
USRS (13,300 UM x 1 AU X 12 1hs) 159,600.00 159,600.00
WU (16,400 UM x 1AU X 12 Wfiaw) 196,800.00 196,800.00
2. uAL iU
2.1 ANNBULNY - -
2.2.a a0y 11,250.00 11,250.00
2.2.1 ANALNUTANT 3,750.00 3,750.00
2.2.2 ANTDULT 7,500.00 7,500.00
2.3 A1389) 74,896.00 76,009.28
~JanInendans 74,896.00 76,009.28
“Jandtinau - -
3. Quaanyulunisaniiueu 43,454.00 43,454.00
Pt 486,000 487,113.28
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(Development of prototype drug from herbs for the prevention of osteoporosis

in aging persons)

Tasanseas : maiwungduwuuanayulnslunistesiulsanszgnnguluggeeny: msmegeugnsly

dnivnnans
(Development of prototype drug from herbs for the prevention of osteoporosis

in aging persons: testing in laboratory animals)
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= 9 v Y v <
¥alasams: msimuigduuuuInagulnslunstesiulsansegnusuluggeeny: nsnaaeugnsly

dnlnnand
1

Ly

Aﬂ' vV A v a v aa sl % a 52 v a
YBIUNIY: FIUAT UNAYIVATUUN , UIAANE LITYNWUT , FNEYLEYT LITEYNT

a 2
annuu: ﬂ?ﬂ’)‘ﬂ’ﬁi’i]'ﬂ%ﬂ’] AMZINYIANANT ‘\]‘W’]ﬁﬂﬂiﬂ«lﬂ%?’)%ﬁ’mﬂ MAIBETTINGT AULINYAERT

UMINYABUTND

E-mail address: Suchinda.m@chula.ac.th

domawdde: lasnsideilfendsvasdifionaasugquilunisinulsanszannsuresniniaiesn
(Pueraria mirifica) Sadufiwasulnslnefiflanslvlnealasiauedrates 17 viia ludiwivessin lng
frenudeunihiimineiermannsanssfumahaureneadaiunszgnuaziudinishaures
WwadaaenseANveInywardtuIYY (Tiyasatkulkovit et al,, 2012; 2014) Tunasanaassla Feuns
naandluadsiiisinimaaeunaludnivaass 2 viin fo uyusn uardwnserinade nouflaziily
yaaouluaudely fodl 1) asAnwlunyusn dvyusn aneviug SD ineadle 07y 6 Wou wndnssld
wagislfifunan 4 faviidednidilianlsanszanngu 1nduutimyesnidu 4 ngu Jeuans
LUIUABENINUATEYNIULIA 5, 25 uay 50 un./nn. Ui/ fu uagdnansysidu 7 un./nn. dvin
f/¥u uru 12 dUansi famnamuiutunszgniingegn tibia  Lagnszgn L4 9n 9 2 §Uai wans
yaaesnunILILluTeInszgniielUseiinseen tibia uay La finnsanasedsdldodfymaain
(p<0.05) Aendandnsaliuy 2 aﬂmmﬂumuw WAZNIILATEVIVUIA 50 UN./NN. umuﬂm/w
annsadudenisaydenszaniolusaldfinszgnitsasausis 2) nmsAnunludmiesna a1
dndendmnsgninalieSovdmunuszdudeuiiiulsansegnngunusssund tngthasnse e
WedonoununyUszilihou ’"J’sﬁwﬁwgiﬂnwmﬂizﬁ%ﬁau uaziENaINAUTZILAOU (pre-, peri- and
post-menopause) aJ’WT’lmiLU%EJULﬁsmﬂ’;’lamml,uiuﬂiz@ﬂLLasmaﬂ'ﬁzaﬂ‘ﬁﬂ%@ﬂ radius Wag tibia
wuIANIIULURSEgRUaTINansEgnILanateg il Ameaia (p<0.05) ledudngnnizmun
Uszinfeunazanasmanideringendmunuszsuieu sgnduiusiusedusesluuealasiouiianas
uarsrozafiunlundmundsysifiou uasduiusiunisanasues osteocalcin Tumanauuaznng
distuves NTX luilaany ndudndondsisndmuayszdufounasdananszgniia 25D vosds
Foreunuauszafiow 1w 10 67 wwdseandu 2 ngu Jouasuiuassniuna3orivun 0 waz
1000 1n./nn. Wvednda/fu wiu 12 e uazfamunaiUdsuulasanuruiuiunssnniazaa
NI¥QN WAYNIBUBIUNATInGZAN (bone healing) Nuiilonszgnuaznismeesunadinsgnisuii
AwAnAsegslited A vneada (p<0.05) luifeufl 6 veanisnaaes asdenisnaaedludedslyl
AsU 12 Ifioudsiesinmunanisnaaswioly wisgslsAmuanaansmaassiildluvyusminaifionda
$ilduardonmsenmadefonuauszindouludesuansoasuliinueienadufivaylnsia
fnenmgsiazthunimunidusnsnulsanszannsuitelfluindeionuauszsudeuls
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Abstract
Project Title: Development of prototype drug from herbs for the prevention of osteoporosis in

aging persons: testing in laboratory animals

Investigators: Suchinda Malaivijitnondl, Narattaphol Charoeanphandhuz, Sukanya Jaroenpom1

Affiliation: 1Department of Biology, Faculty of Science, Chulalongkorn University; 2Department
of Physiology, Faculty of Science, Mahidol University

E-mail address: Suchinda.m@chula.ac.th

Abstract: This study aims to test the therapeutic effects of Pueraria mirifica (PM) Thai herb,
which contains at least 17 phytoestrogens in its tuberous roots, in laboratory animals, because
it was reported previously that PM can stimulate osteoblast and suppress osteoclast functions
in rat and baboon bone cells in vitro (Tiyasatkulkovit et al.,, 2012; 2014). Two series of
experiments, in female rats and monkeys, were set. 1) Study in rat: 6 months old female SD
rats were ovariectomized, kept for 4 weeks to induce bone loss and divided into 4 groups
which were fed with 5, 25 and 50 mg/kgBW/day of PM (PM5, PM25 and PM50, respectively)
and injected with 7 mg/kgBW/day of puerarin (PU) for 12 weeks. Bone mineral density (BMD)
of tibia and fourth lumbar vertebra (L4) were measured every 2 weeks. It was found that
trabecular (Th) BMDs of both tibia and L4 were significantly decreased starting form 2 weeks
after OVX (p<0.05) and only PM50 could inhibit the loss at both bone sites. 2) Study in
monkeys: naturally occurring osteoporotic, post-menopausal long-tailed monkeys were first
selected. BMDs and bone mineral contents (BMCs) of radius and tibia were compared
between pre-menopausal, peri-menopausal and post-menopausal long-tailed macaques. The
BMDs and BMCs of radius and tibia significantly decreased in peri-menopause (p<0.05) and
highly decreased in post-menopause monkeys, in correlation with a reduction of serum
estradiol levels and the length of post-menopausal period. This also correlated with a
decrease in plasma osteoclacin and increase in urinary NTX levels. Thus, 10 osteoporotic post-
menopausal monkeys (bone mass lower than 2SD of those of pre-menopausal monkeys) were
selected, divided into 2 groups, fed with 0 and 1000 mg/keBW/day of PM (PMO and PM1000,
respectively), and changes of BMDs, BMCs and bone healing were followed up. It was found
that BMDs, BMCs and bone healing on the PM1000 group were significantly higher those of the
PMO group (p<0.05) starting from 6 months of the treatment. Although the treatment in
monkeys has not done yet, it can preliminary conclude regarding the results in laboratory
animals that PM has high potential to be developed as anti-osteoporotic drug for post-
menopausal women.

Keywords: osteoporosis, Pueraria mirifica, estrogen, SD rat, long-tail macaques, bone mass
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GUETLTRRIT

JUN 1 wanen1s9anuUseauiusening osteoblast wag osteoclast Tuns
AUALFNAAYDINTENN M-CSF ey OPGL/RANKL \Ju osteoblast factor 7
nsgRuNsUasuLUa (differentiation) 4849 osteoclast

JUN 2 uanans¥uIuM1T bone remodeling cycle @aUsgnaumenszuIl
nsaaensEan nen1sYMtTves osteoclast WagNIEUIUNITAIINTEAN
1PN19YIUTN7IY9 osteoblast

U 3 uaaAIALVLILLUNSEN (BMD) U89nI¥anEIUAIeURviyILy
Wi ndinsala (§Ua1vin 0) Wuan 16 dUani

UM 4 uansAnAUnruILUuNSEN(BMD) YBINTEaNadIus1aqAUsdUAmT
0 -16 lunudindalenlasuninueiorinuuineie w12 dans

UM 5 wansrnanumvuiuiunsegn (BMD) veansegnaiusielunysnisly
MevaalasunIneTevy wiu 12 §am

UM 6 uansnInangINNABIganssMivenszandIu proximal tibial
metaphysis 7igfaumed Goldner’s trichrome Tunusdinsslinendslasy
NILATDVNINVUIAAIE

3UN 7 uansA1 bone volume ¥8InsEANEIU proximal tibial metaphysis
Tunysnsalunendslasuniniaievn

JUT 8 uansALafeveunanszgn (BMC) uaganumuiwdunszgn (BMD)

Y

D

insgan radius vesdeiunaununUsEINALU (pre-menopause), Adluied

WignnenuaUsednisieu (peri- menopause) kardvignaamuaUsednseu

(post-menopause)

JUN 9 wansAafivveanansean (BMO) uagauvuLiunsyan (BMD)

insgan tibia vesdadunau (pre-) Jeidng (peri-) uaziondmun

UszdLAu (post-menopause)

3UM 10 wansr1lafgvesseau Bone specific alkaline phosphatase (BAP)
Tunanaun vesdsivneu (pre-) J89idd (peri-) waglenaawunlszdnsou

(post-menopause)

N
10

11

17

18

19

19

20

23

24

25
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JUN 11 uansrefieuasseiu osteocalcin (O0) Tunanawvesdsianau

[y

(pre-) To9ting (peri-) waglovaawsnUszansou (post-menopause)

JUN 12 uansAadeuadseau Estradiol (E) lunanaunvesdsisnou (pre-)

o oA v

Toing (peri-) uagTevdmuauseinasu (post-menopause)

gﬂﬁ 13 uanIARABYessEAU follicle stimulating hormone (FSH) uaz
luteinizing hormone (LH) Tuwanaun wesdsionau (pre-) 581’7@’1"1@ (peri-)

wazionasuauszd1LAaU (post-menopause)

SUN 14 uansredunsiuasuLUasuesvuInLdusouN (perimeter) 194

Y

LHANNFR 21NANLBNLTEUAINIASUBIMISUNR (PMO) kazaantasu

A71A38213 (PM 1000)

UM 15 wansrafensiufsunuaiiuil (area) YaauNanIdn 9w

N SEUAINLASUDIMISUNR (PMO) hazdailasuninaIaw1d (PM 1000)

]
=1

JUN 16 nmenaisdilSeuifigusnansin (Usiinnseudvie) Tuieun 0
wazaull 6 senIvBNauNlasueIMITUNA (PMO) wagdanlasunituaie

2173 (PM 1000)

gﬂﬁ 17 LLﬁ@QﬁﬂLagﬂﬂJ@W’Jaﬂizﬂﬂ (BMC)  Tunszan Radius (H18) wae
tibia (¥21) $¥MIndanguiilauemsund (PM0) uazdsiiléiunniaiern
(PM 1000) lpgdwunesndu 3 ﬂﬁjuﬁa metaphysis trabecular BMC,
metaphysis cortical BMC uag diaphysis cortical BMC

26

26

27

30

30

31

32
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1. nénmMamaHaLazsEYsMATda e un1sITe
mnmsivszrnslanilengidss niuiilimainggeonglusumaieg sufsssmelngasd
Soudnnty  naalseiidanudendestunsynamiiddyndgunids o l5ANTEANNTU
(osteoporosis) %\1LﬂuiiﬂﬁflmLW{]@J’H]’]ﬂﬂ?ﬁulﬂiauﬁ]a“UﬁNﬂi%U’Jumia%’Nﬂ%@ﬂ (bone formation)
LagnsFUIUMSAANENsERN (bone resortion)  Innszulumsmaridinisvanlnewadesailou
anad (osteoblast) wavivadesailomaian (osteoclast) muanu gosluuealnsiay (estrogen) WWu
gosluuiindnuarvaunanisly uarlugndaiidngSovundszddiou viefomes (post-menopausal
women) agaglunneniegesluwedalasiay  sesluuealasiaulunumdrAyienszuIuNInm
aunavesnszgn (Compson et al, 1990) Tnsiealasiaudignisussnisvames wadesarlonanan
MMlAANszLIuNTaaIensEgnanal Lasnuilwadeeaflouaaduazivadosailenaas ffsuves
gosluuLoalnIlau (estrogen receptors) Hawdauear (estrogen receptor alpha; ERa) Hazlus
(ERR) (Bland, 2000) #sgosluuioalnsiauazanunsananigrslunIsmuaLnsvnNuTeTadteaos
yilald Inenisduiviisuressesiuuealnsiau
amgnszgnwsulunneiliamsomulimeneld uwiaunsangadanisgaydomansegn
LlfAnfinntu uazandmsnisfnnssgninls fdunstostuiaduitnisiinfian winudlng
fnlaiiuaud dgiiazdesiuliliiAnanznsegangu aunseisdennisiaazidnfunisinw Jagiu
nmstlaafunazsnmnniznsgangwilélas mseeniidinie waruusenuemsidusinauaaien
fifisawe drulufngsionuadszdnfoudsiinnensessesluuealnsiau aglvsesluuiealniau
NAwNY (estrogen replacement therapy) wui1nshigesluuealasiaunaunuausaanglianisal
\Annseantinla (Tongeson and Bell,, 2001) wionavilmAanatiafesidusunsie laun neliiaa
uzifadiuy unfadeylnseungn undsiengnuunn uazidssdeonnzaudongadiu (Sulak  1997;
Canavan and Doshi, 1999; Lissin and Cooke, 2000; Fontanges et al., 2004; Smith, 2006) Wusu
Fonsgvinfaatnafesfifintudangn 3ddinsfinu 198 wagduntien Aldsnw vietlesiunio
nszgnngu evanidsswadnafesfienaifiniy
Tutlagiiu sshalunsnansniie3nwilsansegangu (Wugsiafiflyaigenn faugu vidm

Y
=) (% !

Pfizer W@n8" Prempro fin1sdnunglunssmainnnUagUszanad 3,000 aI1UUIanss wa Primpro

v <9
1%
S v A a

finadrafesdoroliAnuifadiu uagidesionzaudengasuiivhle uenaniddondndaiidew
14fusnnile Fosamax (alendronate) findnlagudsm Merck fiyarnisnannitlaisinisain Primpro us
Fosamax fislnadnadss A vilvinszgruuse dadunisiaungninwlsanszgnnsuiiiisiagniass
watrafsadoniwiolifios Fududsdndussiu vssmalnafulssmmandouiififvuazaylng
fiflgnsmedanmiiuuinnuagrainuans mnannsaiaasatanayulnsinefifdgriteatulsa
nszgangulduazaneinistiades szifumsifiuyadiayulnslnewazanmsindreifegudiain
snsdszna uananddawinliszannsinedidlug Afgussnauiifamenseannguanansadndeld
0E197T

lasan153981 Fefigauseashavihivayulnsludsemalne laun na1uasev1 (Pueraria

q

v

vy o

. ope o [ ) | av v a 4 A < [
mirifica) wagazyudi Luau Fuduiivayulnsnladiunisinsigvimansifignslunistdesiulsa
nszgnngumanil uaglafnwgnsvesansndansedlalurasanaasiudd (Urasopon et al, 2007
2008; Wisutsitthiwong et al., 2011; Tiyasatkulkovit et al., 2012) snfnwnpgenludninaass Laun
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Tudnifluung wazdansen laeiidmneiiaztinailaluuszgndldlunuuaylundnduginulse
nszgnmu sialy Mrdulassnifedislddmilotunsdn Siam Natural Co., Ltd. e fiviuii
NAAN212LATEUINFUMS5 U (standardized  Pueraria  mirifica) WilodaselviuuIEven 1du
GlaxoSmithKline Lﬁaﬁﬁlﬂmamm%'ﬂmiiﬂﬂiz@ﬂwquiuﬂu

2. InQuszasA
1. iefnwmaveamslinmiedevnsenisteosiusazinmanensegnnsulunyusminadoway
et AgndminliAnanznszgamsulasnisdasesanmeen
2. uitefnwnavesmsliansatansyusisionisiesfunarinuinnensegnngulunyusninede
wazineg] AgndmiliiAnnnensegnwgulasnsdinsontanasen
3. ieAnwmavesnslinimiaievnsenisiesfunazinwinnenszgnnguludeneniiovun
Uszdnipauinelile

3 nUMUIssNTsuTigate

nsegn (Bone)

nsvgn \Huetnizddniiniiitslumaedeulmuesitnis aqu wasunilesetorznielu
wvaduundsavauuisniiddyresnenis  lesomeueadey  uaslealada ﬂizamwiaz%u
Usenaudeitlensgniiflassadauansnsiuasssiinde nsvgnitiowtiu (cortical bone) uagnszgniile
Tuss (trabecular bone) Tnenszgnidlautiu axnvegduusnvensygn fesiuszniadenszgniion
fevumuutiugs nululassadednlngoansegnuina diaphysis nsggnidlelusmudluves
nsvgn Sdnwarluseuns awfuulasndte vmihiitenszaeus lunsfuimdn wesduitoy
Yowaealden warlunszan WuuINUIIMNTEANEIU metaphysis Wag epiphysis  USIInuBNaAves
nszgnazvuseLdevnTEgn

cal o v al

wadnszgn dafloganuviiadiedu Ae  osteoblast Wuwadivimihiilumsaiianszgn
osteoclast (Humadvuelvey fmanededea viwmihdilunsaanonszan uay osteocyte Faily
osteoblast Thasafiuiiugs Tneunfudamadivanueinivhousuty devildinnszuiunmsden
a519 wazaalunszgn (bone remodeling cycle) %uﬂmamﬁﬁmﬁﬁumaa@nm Lﬁamau@a LaZAIU
uausaveINTEAN (Nakamura, 2007)

Tnemuin osteoblast uay osteoclast azdinsieudiuszanuiu (Ui 1) Tnedfuvansuind
AIUANNITHITEY (development) ¥4 osteoblast L Core binding factor Al (Cbfal) %38 Runx2,
Osf2 waw AML3 (Ducy et al, 1997; Komori et al,, 1997) InsBuimariasiinansedunisudouutas
(differentiation) Wazn15ta3ey (maturation)  leglunsedunisasnslushuvatesiln Wy osterix,
osteoponin, osteocalcin, bone sialopactin, type | collagen, receptor activator of nuclear factor
KB (RANK-L) wag osteoprotegerin (OPG) Osteocalcin uag osteoponin agaglunsazauuaaiges
(mineralization) Tuuauefl RANK-L uag OPG ¥AIUANNITYINIUVBY osteoclast 1ag RANK-L 9z
fiu RANK receptor ﬁag}uu pre-osteoclast (osteoclast precursor) %éﬂ%lﬂﬂizéju pre-osteoclast I
nanglulfu mature osteoclast fianansasimihiiaatenszgals Tuvaedl OPG anssadufu RANK-L



4.
NROT |81TNNUANENTTUNITIVUWIANYA

1o vl RANK-L Tada@snsaduiu RANK receptor % pre-osteoclast ¢ @4t pre-osteoclast 3l
anunsaUaeuluilu mature osteoclast Iél nmsaanenszanazanas

Stem Ceil
¥
CFU-M

¥
Menonuclear
Pre-Osteoclast

Proliferation
~ and
Y Differentiation

| 125(0H),D, \

| (VOR) \

i \
v

| PTH Osteoclast

(PTHP-R |

S =

BONE MATRIX

UM 1 wanen15iaulssauiusening osteoblast wag osteoclast lunisamuAuaunavensean M-
CSF uaz OPGL/RANKL U osteoblast factor insziun1silasuulas (differentiation) veq

osteoclast

gosluudAgitunumlunsmuauaugavesnszgn Ae sefluumsilnsesd (parathyroid
hormone) wazgaslanunadlafiu (calcitonin)  sosluuiiidesiriiasshmiindinsstiudy ool
ynslnsesdavyimihfaaenssgnuaveesluunnadlaiuavtiglumsaiianszgn (Jane and Gary,
2001)

Bone remodeling cycle Usznaudnenszuiunissing fwlseantidu 4 sves Fall (gﬂﬁ 2)

Resorption phase @8 ﬂizmumiammﬁaﬂisaﬂ 1ney osteoclast aglddiuves ruffle
border '.;mﬁ”m’%Lamﬁaﬂsz@ﬂdauﬁwﬁmiamaLﬁaﬂssQﬂ Mntuagnddlalnsnudosy (H) wasnds
hydrolytic enzyme Lﬁaamsjﬂiz@ﬂ FlmannsuanUdesuweadouneamnoanyn  Tuvasiiia
NTLUIUNTHANYNTEYN osteoclast Jevdneoulsyl Tartrate resistant acid phosphatase (TRAP)
gonun JeilmAnnszuIums dephosphorylation Lﬁﬁ]ﬂ’]iamm‘ﬁaﬂ%@ﬂ vilinszgniinidunguan
q Ty

Reversal phase mendsaniiinsaaienszgnuda xiilwadisinidony1aman macrophages
sAuAmInnszgn fingy mononuclear cells (pro-osteoblasts) sndsmumisiiimsaatonszgn way
L%IEJL‘i’lj’l?iﬂi”U’Jumia%’Nﬂi”ﬂﬂﬁi@iﬂ

Formation phase fp ﬂiuU’JUﬂ’]iﬁiNﬂiuﬂﬂ 1ae osteoblast avdaLAT1EH LLaw‘waq osteoid
Sousouiies  wdIntuasnds  pyrophosphate LLa”LLﬂaLSUEJZH genuIaunszandufuTes
LLﬂaLG'?JEJaJmEJuaﬂL%aamLﬂum’]mvavmaléf osteoblast 9zmds towlesl alkaline phosphatase
genunLfiedans (hydrolyze) - pyrophosphate FlfAanisavausiiveaadey  fivesinesening
LULaNAYDIADAAILIY FaSunnszurunsiiin mineralization ¥ils osteoblast foe gnaulvioanving
NnAnsEgn wdnddsuliduy osteocyte

10
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Quiescence phase Juszaznienaniinnssuiunisainnssgniasaduuas (Hill and
Orth, 1998; Nakamura, 2007)

[Fesorpuon >
R >
Endosteal sinus | Quiescence >
< Mesenchymal stem cell . ¢
" - G
Monocyte / Old bone
- ) Cement line
stem cells Pre-osteoclast e e RaGt N(;.:: bq:;e
eoi
/ l Bone lining cells
- -
e ] - -
L,._ ""q"%l ’! . s 3 B
f‘ - e - ) b
N
Osteocytes g >
Osteoclast  macrophages Oetecblasts

JUT 2 uanensEUIUN1T bone remodeling cycle #eUsznaumenszuIUMIAaIEnsEan 1Aen1s¥
MNNY09 osteoclast kAXNTEUIUNTATINTEAN LABN1SVINNUNNYS osteoblast

A1nTeQngU (Osteoporosis)

nsvgIngu Ao nzfinssgniimmmuiuiuvesdensgnantosas maviimsideuntas
vodlasadesyiuganiaveniodensegn dwmaliinszgniusnzune blaunsasuwiin vieusnald
AuUnd vilnszgniinlding (Kanis et al, 1994) Tneshumisiivinues 1dun nsvgndumds (spinal
vertebra) nsggnaglnn (hip) uaznszgndeile (wrist) nalnlumsiinniiznszgnuguiuinldanass
nalndeifufio 1ifiaa1n bone tumover gy iilesinnsegnil remodeling unit issndu dwali
Lﬁmé’mmmiam8ﬂ33@ﬂu1ﬂéﬁuﬂdwﬂﬂa LAE2ANAINNTLUIUNNT bone remodeling cycle imbalance
TnenuinAnnszuIums bone resorption 1NNNT1 NSEUIUANS bone formation &ssiinn1e
nsvgnnguiu o1ainannalalanalavils wieidaanisaesnalngauiuild (Compson, 2001)

gofluuealasiau JunumdAgydenssuiunssnyaunavednsegn (Compson et al., 1990)
Tneiealasiauiigrssudinisvieuues osteoclast YilMiAanszuauns bone resorption anas 9N
nanlULaIT9AUIN NTEUIUNS bone remodeling cycle ARAINNSYINUVEY osteoblast Way
osteoclast  wWuTwadaesiin Tfuressesluuealnsiau (estrogen receptors) Tawiauaan
(estrogen receptor alpha; ERa) waziudin (ERP) (Bland, 2000) Fesosluuiealnsiauasauisonand
grislunsmuuMstessadeaendald  Tasnisdudusiiurenedlasiau  Welinmenses
gosluuedalnsiau wiin15a319 cytokines 910 osteoblast Waz osteoblast progenitor cells mﬂgﬁu
cytokines L‘Via"]‘ﬁllﬁm interleukin - 1 (IL-1), interleukin - 6 (IL-6) wag tumor necrosis factor —
alpha (TNF-a)  @swudn cytokines widnilasdinasilyl osteoclast fiongenuiuiu wagyinlyi
progenitor cell Lﬁ]%ﬁglﬂl,flu mature osteoclast lﬁmﬂ%{u (Huges and Boyce, 1997; Jimi et al,,
1996 ) dwartiliiAanszuaumsaaensegnuindy uenanidomui sesluuealnnaudsinasens
9UVBY osteoblast nudgesluuealaslaunsEAUl osteoblast @314 type | collagen AT
(Nakamura, 2007) LLazﬁugﬂmiLﬁﬂﬂizmuﬂ’rﬁ apoptosis U4 osteoblast dlefinmznsesgesluy

11
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alpsiantudeinayiliingzuaunis bone formation WAintutiosas demamadanan edgTovus

Y
a

Usgdpeudsinliinanuliaunaveanszuiunis bone remodeling cycle AU yilvdinsgayidesna
nsggnuINnInG wasduladudrdgminliiianszgnngunun

N217LA39U7

netern iuivayulnsinuldilululsewealneg f¥emsingrmaniin Pueraria mirifica Airy
Shaw & Suvatabandhu 31n91W3seTuLMUT Freaniriaievrivseneulusie arsinlaealns
wuvareyia Anuanldun nguueslelenailiu FeUszneudae daidzin,  daidzein, genistin,
genistein, puerarin Wy mirificin Wudu (Chanakaow et al,, 2000; Ingham et al, 2002,
Cherdshewasart et al,, 2007a; 2008; Urasopon et al., 2008b) NNNSANEATETE UL WU
neTernansnansEiuveseesluumn o warstduuaaenludsy ludwnsenunnade
IaegsiitiadAgyneaia (Trisomboon et al., 2004) wagmaun Urasopon wagAmy (2007 wag 2008a)
lavins@nwinavesnisiinnaiaseriuiinendsainnisdadeudanaeen (Fasslulunyinadle
wazdndunzeonliunyusminay waznydslilduaniniaznszanngu) Wunaiuiu 90 Ju wuiiny
nauAmUANidindesanAseniazlilFunITerILanInIznTEYANTY LagNUIININIATEY
a1u150U8efiu (prevention) NMTAQLAENIANTEAN LATAIIUNUILUUNTEAN VOINTEANAIUTYIIA
(long bone) uaznszgNaILLALNATY (axial bone) Tuyiisansineldognsdidoddymsadn lnstuey
furaresnnieser il waghiflinuuandsfusswinane nanunTIdetmuniannsai
azazuléin nmueiermannsauanstasenszgnlfiduiieaiusesluuealasiou dufie na1alATeum
anunsadesiy (prevention) matAnlsanszgnwgulsl wazaniifseauinninedev daueaudily
nstfudsmsiinuarnsiasyueszdadualéaas (Cherdshewasart et al, 2004; 2007b) Fadudon
funifonimsldsefluumadunszd fuiudaduiiinauladiay Anwnavesayulnsninezav Ty
N33 (therapeutics) 120 svﬂﬂwsumwaqmﬂwmmsmﬂm’ﬂ,mmmﬁuuu,a:] InN13AAFONUS
meawumaaqmﬁaamm gitnmylfutu 90 fu iedninliiAnnnenszgnngu udrTmaaesls
N2112LA3DU) Imasumsumaqmmﬂa"Lﬂmiaaﬂqmm'eNﬂ'mLﬂimnamaL%aaﬂiw@ﬂwuawaﬂwaam
ypaeNlATINTITedu sgsguunuiu teliAnendesiuuazannsaineinanedern i
Juensnuitelsanszgnnuldluouien

AZYUA

pzyus 1Tufivsd Meliaceae Wisswdaieafidneglunguiivtmeiau fdemaineimans
11 Xylocarpus moluccensis asUsznaumanindniinuludiusneg vesfiveind Inoamzludu
Wwan (seed  kemel) Avansusznovaluussaussinneeg lawn aluuseaussian phragmalin,
mexicanolide, andirobin wag gedunin 91NU3TBTRLIN ANIEE TR ﬁmg'uﬁuﬁ%ﬁwmiﬁiu
upsdivanilunnasugrisunsiafuresuuasdngiivaiiane sunisldaulusiveniiutiu u
ﬂmzﬁf‘;%’aﬁuaqmLﬁunejmLLiﬂﬁlﬁﬁwaﬁahuaaﬁﬂ'1ﬂmsuﬂuﬁ’]ﬁmﬁmmaqqm%‘é’u&msm?{auamwmm
\Wwadaaensean (anti-osteoclastogenic activity) lunasanaaed (in vitro) wuidluuegauseinm

gedunin lnglanie 7-oxo-deacetylgedunin asnsadugansilisuaninveawadaaienseanlanuin

[

e ICs 4.1 mM uagiddgfelianudufivinun wenaindeusiidedsldfnwnalnnisesn

a

gusvesdluussavliniisie (Wisutsitthivong et al,  2011)  fedua158luUaEA 7-oxo-

12
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deacetylgedunin Fsunazilu candidate AlAnan ngenasiamnduesnwlsanszgnnguls agqdls
fAnu nsfnwIduludnineast (in  vivo) azlunisnaaeundnduseneds Fenneideasyinnig

naaeulunylsndaly

4. 521 08U5 Y
4.1. Msnagaulunyusy

4.1.1. Mavageugusninmesmeiernlumsinwlsanszgnngulunyusnneadedign
fnihliialsansegnngulasmsdnsiliaan

3EUNYNAADIDIY 6 IADY

é'i’ﬁammmwmﬁa aneug Sprague Dawley 91y 8 dUnnsi thviin 180-220 n3u WNAUY
dnfveneaisnd  univendoufinn S1wou 40 andedliTiquddnvanenaeinemans
PNAINTEINTINe ds muANeavliRl 25 + 1 esrmiwalea  lafunasadng 12 dalus (06.00 -
18.00 1) uazdin 12 2l (18.00 - 06.00 u) lé¥uuazomsdnFagy (U3 iesa Aosmuion
n3U $17in Uszelng) masarian aunszviamyflengld 6 Weu Fausvezfivyusvil peak bone mass

nsneaesilasunseudAnnAnenIITUNIMIAIUANALANITEEY  waen1slddniiieaums
WMEIENENT VIRULINAIERT LAUTE 1223005

Anwmauaznalnnmsesnguilussduiaduayseavevizvesninuaiovdenissnyinioy
nsegnngUilARa NN TITNIBsgeSTuAT U IALTY
thmyusnindasdlioon @awid 0) WednihliAnnnensessesluuealasiau udianm
mmJﬁEJULL‘LJawmmmwmLLu'uﬂizQﬂ (BMD) ¥@n3annunand Ag 4" lumbar vertebra (L4) ua
ﬂiz@ﬂimﬁ Ao tibia 7iUstd metaphysis 8¢ diaphysis e peripheral Quantitative
Computed Tomography (pQCT) 90 9 2 &Unnsi 1ukian 4 &ani sunseianuImyAnanzaszgn
wgumnﬁ?ﬁmﬂmyaamﬂu 5 naw 9 8¢ 10 Muaxdulviansieg yntu Wunan 12 dnne fed

=

nau? 1 Yauunnau Ysuns 1.0 ua.

q
quit 2 BanaFudduldfonds vue 0.7 un/ndniing Y3anes 0.2 wa.
nawl 3 Jouansadanimaiormvwia 5 un./nn g Tuthndu Uiines 1.0 ua.
q
q

D

f

D

D

AN 4 Uauansananini@3Iauivuin 25 Un./nn.U1utned ludindu Usuins 1.0 ua.
19 5 YauansananinA3aunvuna 50 un./nn.dnninga Tuiinay Ysunns 1.0 ua.

D

f

Jouanslurianan 08.00 - 10.00 u. Fanimdnimyyn 9 2 dUani egnisiuAsuulases
dmiing  wagldrdhmingaildluutasduaviinuiuinnunslians Aanutamanssgnuazan
MmLLﬂuﬁuaqmz@ﬂﬁmz@ﬂ right tibia Way 4" lumbar vertebra feipdes pQCT 9 9 2 FUani e
Augansnnaesvnsmynesnaywanfvifuiiensinin  bone markers fifivadioaty  bone
formation WAy bone resorption fiunszgn tibia Wensainnsaindnsinisadnensegn (bone
formation rate) LLazmiLUgEJULL‘UNGUENLﬁaL?jamz@ﬂiuisﬁUQamﬂ (bone histomorphometry)
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4.2. msnagaulugs

Mnfinmaaesnteunthiinimiedernansaiestuuasinuwamenszanwsulumyusy
matuaziwelefifnsony anaeen uraindedsiuras FDA (1994), IMHW (1999) uay CHMP (2006)
lumsnaaeunsasnsdsvesasla 4 ivongilunmstiestunazinuianznszgamgulunuazdesi
nanadeukazideludnd Addnuusniaisineiuaznienin Tuednunzens VDINTLANUAY
goslunadeiuau diulunsdnuideasatagshnmsinwinaresansadaniniaieunidenisinu
AMznszgnTUAnINaEnsessesluwaluAmE Al

N9NAABIELASUNTORIAIINANENTINNINIMUANALANIABY warnslddnTifionunis
WYIAENS VDIAULINIMARNT LavIIE 1123015

4.2.1. WIgUgUANNANTEAN UALANUNUILULNTEANTENINEIMIIE1TEdounUAUTEILsIBY
Teingnnevuauseinfey uazienunuseinney

thasmsennedle (Macaca fascicularis) fegluiaasyiugidadlseudsesnieuat (pre-
menopuasal monkey) éqmqm'gﬁLﬁﬁngﬂnwmﬂizﬁ'nﬁau (peri-menopausal monkey) Lazaan19
En'ameﬁsﬁagiuamawmﬂi%wLﬁauasmﬁaa 1Y o1glaidnin 20 U (post-menopausal
monkey) nutheiTelnsian euginermans guiasnsaiuiminerds Midesiludoudes Aldsu
uasadng 12 $alas (06.00 - 18.00 u.) wazdla 12 Falas (18.00 - 06.00 u.) gaumnfiasunuasm
anmuandou Adldsuamsiuar 2 afs Ao 11an 0900 - 1000 u. AvldFueadiadusasy (U3
wasa AeunLlley n3U 91 Usemelne) wagiian 1400 - 1500 u. AelasueImsan 1wu N
Tuwme waz nane udu

JaAnanansegn (BMO) wagAAamuILiunTEgn (BMD) vosdsiingzgn distal radius uaz
proximal tibia EOILE N peripheral quantitative computed tomography (pQCT; Norland startec
XCT Research SA+ pQCT, Starater, Pforzhiem, Germany) uaﬂﬁl'mﬁ?uﬁ’m’lim’maaﬂ (8.00-10.00
U.) wazugniunanas et luasiatnsesusesluy estradiol, luteinizing hormone (LH) uway
follicle stimulating hormone (FSH) #2833 radioimmunoassay (Malaivijitnond et al.,, 1998;
Malaivijitnond and Varavudhi, 1998; Trisomboon et al., 2005) WLazfsIINTLAVVDY bone
formation marker A8 bone alkaline phosphatase (bone ALP; Queidel, CA, USA, Catalog no.
8012) uarins¥Auvas osteocalcin (OC; Queidel, CA, USA, Catalog no. 8002) uagyiin15seaiu
Jaaiy (18.00-6.00 u.; 12 v4.) Lﬁlaﬁ’ﬂﬂfﬂﬁi’l bone resorption marker Ao N-terminal cross-linking
telopeptide of type | collagen (NTX; Wampole Labs, NJ, USA, catalog no. OST0001) lagif
urinary NTX #ilgagiluusudioususesiu creatinine (Jaffe kinetic method)

4.2.2. finvmavasninieernitenisuszaunduiiurenienszan (bone healing) TuAavng
g1 71UAUsEI RO

fnidendunsgnmadieiounUszdufeuainnmaass 4.2.1 AlAunanszgninil 25D
vosdamsmisieuvmaUszdfion S1uau 10 f wHIdndunsEn (bone biopsy) Turuna 1x1
wufins Usnadnaglin (lium bone) aanin 2 fumis Mntuutsdsoonidy 2 nax Nquag 5 #in
Aail

nauil 1 lasuenmsdsazusnuuni (PMO)
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ﬂ&jmﬁ 2 lé’%UaﬂmiﬁwL%ﬁ]gﬂ‘ﬁmammnLﬂ%manmum 1,000 un./nn. dwting/su (PM 1000)

Tngflsfansmniu Tudhanan 9.00-10.00 u. Wusvezna 12 Wou ndufinniunisuszaiu
nduAusvenionszgnlufausasngunng 2 Weu lasn1ienaiss (Poskom X-Ray Model:PXP-60HF)
yhnsavuiaiiuil (area) wazduseun (perimeter) YosuinaTiidinnszanesnifisutiueEudy
(baseline) nouN1IWIAA

4.2.3. Anwwanaznalnn13eangnsveInIuAIev e sinwlsansegnnuludamee1iiy
VAUsEILADY
denldlummaaei 4.2.2. wdanuinuianszan BMCO) wagauruIwiunszan (BMD)

v9In3gAN distal radius  way proximal tibia RCIERR peripheral quantitative computed
tomography (pQCT; Norland startec XCT Research SA+ pQCT, Starater, Pforzhiem, Germany)
yn 9 2 1feu uazlawdeslutisian 8.00-10.00 u. uazusnifunaa e luanainsziuseslu
estradiol, luteinizing hormone (LH) uag follicle stimulating hormone (FSH)  @18735
radioimmunoassay (Malaivijitnond et al., 1998; Malaivijitnond and Varavudhi, 1998; Trisomboon
et al, 2005) waznTI19IATLAUVOY bone formation marker Aia bone alkaline phosphatase (bone
ALP; Queidel, CA, USA, Catalog no. 8012) uazinseauwad osteocalcin (OC; Queidel, CA, USA,
Catalog no. 8002) wazfiutlaaziidueanuilugie 12 wu. (18.00-6.00 1) wieuluiam bone
resorption marker @® N-terminal cross-linking telopeptide of type | collagen (NTX; Wampole
Labs, NJ, USA, catalog no. OST0001) Ineen urinary NTX fildasthluudusiisufiusesu creatinine
1ne735 Jaffe kinetic method

5. HANIINARBY KATNITIATISINANITNARDY
5.1. fnwnagnsainninaaIavdrenisinenlsanszannIuiiinaInaensasseaslauedlng
wulunyusmiwadenansaly

5.1.1 AnwHavasn1zniasgaslaume fansinnenszannulunLsniwAleNan s

nsansslveaniilyimuruikiusi (total BMD) weinseqn L4 fsy ) anasegsiltdudfy
N9@dR (p<0.05) FousdUniit 6 auiednniil 16 nmendainnssingsly Fansanasues total BMD
99 L4 1intusgsaenndasiunisanasuainsegniiloluss trabecular BMD finuanassausdunnii 6
iU 16 Mevdsainnisinisld Lwilu'w*umimﬁauwawaqﬂix@mﬁauﬂu cortical BMD (5U
i 3, AC)

Tudwvesnsegn tibia wuinnisdadalaviilvianuvunuyusiy (total BMD) vednszgn tibia
metaphysis anasegndituddymeadn (p<0.05) Fusdaniii 2 wazavasiillaudedUadidl 16
mendsandinsly Fannsanaues total BMD veq tibia metaphysis ifintueesdenndasiunmsanas
yoansEgnitielUss trabecular BMD wudenifulunsegn La finunisanasieudiduninii 4 nievdaan
fnsaly  wallinumswdsunuasmeansegnidouiiy  cortical BMD  uagmsiBsuutases  tibia
diaphysis (U7l 3, D-F) anuamsveaesiiuandliiudt Wednssldagyiliamumiunszgnanas
Tnsnsanasasifniinszgnsensdnounsegnununans  wasisluduvesnszgnideluss  udlaiwunis

15



. | o« . au 4 a
srer [FUNNUANENTTUNTIVULAIYGA

a & 1 ' 1 sl 9 ol IR |
WasuwUadlunsegnilleudy Tngranuvniurensegnseiaianastudunivi 2 ndsinsaly den
AN31 2 wivesrileauunnigIu (25D) Fududusdveanisinnnienssanngy

5.1.2. Anwravasmslinanaeiavn sensinunnaznssgnwgulunyusmiwadieidaisly

AMenaRNARsIlUuy 4 dUasi wudienamuuiuvensegn trabecular veansegn L4 uay
tibia fiFdasedreiedAymeadfiilofieufuamiumnutureinssgnioudaild @Uasii 0) uay
lefynevdaandasilouny 16 dUasi (PMO) Bavilimsaumuiuiuvesnszgnanasiniy us
anmefnanansaiufulddenylifuamsuriuassnmuaioriaue 50 Saandu/Alaniinimidn
f/Su (5Ui 4)

delinuaternue 50 Sadnfw/Alansudwiinga/fu (PM50) Tunyfidasdlduasiisliu
4 Fat wuaunsalesiun1sanasuesAIAUMUILLLYeINTENUIUNAN L4 UAzNIENIensd
tibia Inglailansinluannida (Ui 6) Teemuindlelinanuesemnadunan 12 §Uni fnavildaa
FULLTaMNIEANWNLNAN Ld uagnsranIeadtibia Sidnganiinguaiugu (PM0) egeditduddny
ynaadd (U7l 5) Fadlefnwinsiasunlasssiuisaduaanszgn tibia WU MNAZEYNIUIR 50
faansw/Alansudmiinga/fu viliidenssgn (Uil 6) sty Tneluiiia bone volume, trabecular
number Wag osteoblast surface wagyily trabecular separation anavidlei3sulfisufiunaguniua
(PMO) (U7 7) Tuvauziins3udaduansiilaoalmauifiviinannniigalunanaedovn liflnasonis
Jesmsmatinanenseannyuls

MnranIsaaesnsaEnaIldi neTernuuaiiiies 50 fedndi/Alansuhmiingy/fu 1
gvstesiunnfnnmenssgnugulumgmadiold uiliannsasmvilfidensygnndusnwinby @uand
710) 1t
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NRCT
Total Bone Mineral Density Trabecular Bone Mineral Density Cortical Bone Mineral Density
760 A 400+ B 10501 c
7404
7201 3801 * 1025
ME 700 * ME 3604 *%k ok T mE
3 g 6801 o o, 3g 3 g 10001
£ 6604 £ 3407 - £
640 ok 2201 9754
620
600 L} L} L} L} L} L} L} L} L} 300 L} L} L} L} L} L} L} L} L} gsc L} L} L} L} L} L} L} L} L}
8001 1300~ E
(2} (%2 (2}
£ 7004 £ £ 1200+
T 5 g g s 5
5 < o3 g3
j=2} j=2) j=2}
EE EE EE
3 < 6001 s < T = 11007
] X ]
[= = =
5004+—r—r—r—T—T—T— T 00r——r—T—TT T T T 1000-—r——r—"—T—T— T T T
0 2 4 6 8 10 12 14 16
Weeks
12007 G 14507 H
é _ 11504 é _ 14007
£% £%
£ 9 11004 S O 13504 M
T O T o
s E s E
i) s
£ 10501 = 13007
1000 T T T T T T T T 1250 T T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Weeks Weeks
IUN 3 WEMIAIAINUNAUILUUNTEAN  (BMD) Ua3nTepn 4 lumbar vertebra (L4; A-C), tibial

metaphysic (D-F) wag tibial diaphysis (G-H) lud@iuaes total BMD (A, D, G), trabecular BMD
(B, E) uaw cortical BMD (C, F, H) vawiyusnianindnssly @Uansin 0) iuian 16 dUai
* %% = p<0.05 way 0.01 Wealigunuduaiiin 0
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£
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L
<3
£
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Tibial metaphysis (mg/cm 3)

ANUNIUAMZNTTUNITITULAIYG

780, Total Bone Mineral Density 4204 Trabecular Bone Mineral Density
A B
7501 400
720 -~ PMO &~ 3804
- PM5 £
- (8]
690 ~ PM25 > 3604
~- PM50 E
6601 <
- PU ~ 340
6301
320
6001
T T T T T T T T T 300 T T T T T T T T T
800~ 450
C D
&
£ 4001
L
[
700 E
o 3501
@
>
N =
Q
S 300
600 2
Ko
‘o 2501
2
500 T T T T T T T T T 200 T T T T T T T T T
0 2 4 6 8 10 12 14 1 0 2 4 6 8 10 12 14 1
Weeks Weeks

(% '
Y 1

metaphysic (C-D) Tugiuues total BMD (A, C) uagtrabecular BMD (B, D) siausidunnuiyi O -
16 lunysnsalanlasuninuaIavnivuin 0, 5, 25 uag 50 Tadnsu/Alansuindndd/iu
(PMO, PM5, PM25 Uag PM50m1ua16iu) 38 Ws13u (PU) 3u1a 7.0 daansu/Alansuimiin

/U (PU) wu 12 dUanvi (§Uansidt 4 — 16, fiudin)
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7001 ** A 4007 B
..6 *
G & T — o ¥ - =
[ 600 =
Ss @ 5 300
m 2 =)
s & 3 <
° 500 8 < 250+
2 3 2007 S ~ 2007
“—% - “_%
G T T G T T
PMO PM5 PM25 PM50 PU PMO PM5 PM25 PM50 PU
7004 C 4007 D

*%*

6007 3001 *

500+ 200—-| |

400T 1001 | |
0 T .—.% [

T E T T
PMO PM5 PM25 PM50 PU PMO PM5 PM25 PM50 PU

7

Total BMD of
tibial metaphysis (mg/cm?)

Tabecular BMD of
tibial metaphysis (mg/cm?)

=

;s‘dﬁ 5 ULAAIAIANUUILLLNTEAN (BMD) wadnsyan 4" umbar vertebra (Ld; A-B) uag tibial

metaphysic (C-D) Tuguwes total BMD (A, ) uag trabecular BMD (B, D) Tunysin3aly
mendaldsunneiovnaun 0, 5, 25 war 50 dadn/Alanduimeinga/u (PMO, PMS,
PM25 uag PM50 nnudndu) vide ws13u (PU) vuna 7.0 fadniu/Alansudmidni/fuumu 12
FUansh (FUAn9ATl 16) *** P<0.05 uaz 0.01 Wewleuiu PMO

UM 6 LanenIneeINNGesganssavenseandiu proximal tibial metaphysis Nfousied

Goldner’s trichrome lunysnsaldnendalaiuniniaiornivnn 0 uag 50 dadndu/Alansy
PUNA/ U (PMO (A) waz PM50 (B) miuanau) w12 dUat (@Uasint 16) (Scale bars,
500 pm)
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151 A 60+ B 1000- C
* e =
-T= 8004
= 10 E 40- E
) g E 600-
= & 2 il
= a8 8 400-
m 54 = 20- -
200+
0' T 0' T 0' T
PMO PM50 PMO PM50 PMO PM50
D E £
2.5+ * 3- 2.5
b i
2.0 2.0
1.51 R 1.5
E 2 2
Z 1.0 7 % 1.0
a S 1- o
= (o] (o]
0.5 0.5
0.0- T 0- T 0.0- T
PMO PM50 PMO PM50 PMO PM50

;:;U‘ﬁ 7 w@nsA1 bone volume (A), trabecular thickness (B), trabecular separation (C), trabecular
number (D), osteoblast surface (E) wag osteoclast surface (F) ¥@enseanadIu proximal
tibial metaphysis Tunydnsiliniendslasuninuaievnvuin 0 war 50 Tadndu/Alaniy
i/ Su (PMO uay PM50 anuidndiu) wiu 12 §Unni (@anid 16) (* P<0.05 ilerfleufiu
PMO)

5.1.3. Ja1saluazagunanimaaaslunyim

msiAnlsanszgnnsuiilesniniinmenieswessesluuiealnsiauinannsiinssuiunsaing
n3gan (bone formation) anad LANTEUIUNSEANIENTEAN (bone resorption) ity ilHAnns
adenanszgn (Devareddy et al,, 2006) lusuidsadsilldvinnsfnwnavosmsdnsladiednils
fanewsnseasluuealasaulunyusy nuiamsadnidlinyusninnisgadoidensegnlid
aonndeatussruiifindeunthifinsdasdlrluyusmnadsamsadniiliiannenszgnngu
14 (Fanti et al, 1998; Urasopon et al., 2008) InsnsiuAsuutasfandniuegiu Uszsinn suvis
wazviavonilonszan laeFumunmsaydaidenseanlunsegnitleluss (trabecular bone) Tdannni
nszgnitlautiu (cortical bone) fisiitiosannalnmsvitnuesnsgnidoutiuvesmyusvlsifissuunis
\Wasuulassnsiediua (Harversian remodeling system) wilouluuywd (Kalu, 1991) vilvideudiaed
nsanasassesluuealasaufiarliifinansenusonisvinudindn venanddmuinisgadede
nszgnuosnsEgnLielUse iindufidunisiansegn (metaphysis)  U0ensEgnILIAsININTEYN
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LAUNANS  IABNUNITANAITBIAIIUVILIUULYDINTEANTENAGILAEUANT 2 ndafndsld wagaa
MUULULYBINTEANTINATTANAIINNTN 2 WinvearTeauuLnsgIu (25D) Fadusustvesniaia
amgnsegangy ludUnid 4 ndandafals  ddulunisvaassiivihnisindslanydunan
&t e yusniAnnngnszanmgunowFiliniiaieun
nslasunmiesenmanfinnMgnsegnuIunudl  nnesernluruin 50 dadndi/
Alansutmiingy/ - annsndnwUSnameadensegnliiufuanld Senmsfinunoundhinu
nmueiermannsadesiunsgydemanssgniigninienilasnsdasalals  (Urasopon et al,
2008) TAgNUIININILATOUIHAUNINTEAUNITYINNUTDIYRTET 1IN TERN (osteoblast)
(Tiyasatkulkovit et al, 2012) fstfunmnuafernisnaziinalunisnsedunssuiunsaanszgn
(bone formation) vhlsinsanydeidonszgnanas wregndlsfnunisldsunmuaierilumma 50

a a

feansw/Alansidmidnd/fu Mendininnnznssgnngulunaiuiy 12 &avi dildannse
Snwldlenseanndusiniu FUawd o) 16

MnmsAnniasasUlidn mineiernvun 50 fadndu/Alansudwiing aunsadnwUium
densggnannangnsegniguvdinininisanasvessesluuealnaauld  Fafumiueterndsennas
Wumadenvildumsiestunsaaydovesnsegnuesiaelsansegnnguls uiae1alsnn1uan
Fotsfures FDA (1994), IMHW (1999) waz CHMP (2006) Tunsnageuarudasasdoresasla 7
songrslunslestutazinvinnensegnngulundgsionnUsedfoussiesinnmaaeunaridely
dnjosnation 2 vl dufte Dvyusn vedlidesnmmyuandudnifiidonaiiugiunn suidoya
Aenfunsegn wildesanyusmidudnifilsifinisiAn trabecular waz Harverasian remodeling uag
MSNANILNTEAANTUVBY cortical bone AnTusehedn 5 A9AnluAy shuviens T corpus luteum
vomyusinadiglifimsvdssosluwedlasiau  fufu  2FwioninsAnwiiuinludninduis
yalvgiiiyusn Wy 8 AdnuusneaiTineuazmenn Tuiednuisine q YeanIEgnLaY
gosluundeiuau ﬁqﬁ?ﬂumiﬁwﬁ%’aﬂ%ﬁwﬁwmiﬁﬂmmaLLazﬂalﬂmiaaﬂqm%‘maqmiaﬁm
nnaesernlunsinmaensegnnsuludweeunaldelonuadsednaeu
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5.2. fnwnavesansaiani1iaIavIdriansinenznszanniuludmeanale Javan
Uszahou

5.2.1. W3gULAUAINIANTEAN AMUNUILUUNTEANTENINNRINIeE1TeRaUunUn
Uszdufau Teiidhganzvuauszsuieu wazdevuaussinfou
NNMIIAAIANTEAN (BMC) ¥83nTEaN radius WUIUIIMEINIMINTEAN (metaphysis) 17a

nsggnilaluse (trabecular bone) vasAanduiiingnmgvanusesnfiou (peri-menopause) wavs
ndvunUsEaniou (post-menopause)  anateeafifuddan1aada (P<0.0003) ewleufiuady
ﬂfjuﬁé’ﬂmmﬂﬁzhﬁau (pre-menopause) (gﬂﬁ 8 41uilo) Inun1sanasazasiinagliiufuszerinan
frunuszsdiou  dlinunisdsuasegaiitdidynisadivesnanszgniiiowiu (cortical
bone)  Tuvdianidl luduununanensegn (diaphysis) Wudwmaﬂsz@mﬁaLLﬂusuaﬂamé’mm
UszdLhouanateg9ltudAgneana (p<0.018) LﬁaLﬁauﬁuaqﬁLsﬁngﬂwazwumﬂizai’WLﬁau IGERE
reununUszsuieu warnsanasiindustnedeiiios egrsduiusiuszernamdmuaUssduiou

Tudhuresrmumuiutuvesnszgn (BMD) Aiuniavinszgn nuimsiasundasdiulvg
AdefuAIIIansEgn Yufe danguilidngnnsuuausedfeunardmdmunusedufiou A
‘wmLLuumaqmumLuaiﬂiammﬂuua@aq dofleusvadlunguidslinuausssuiey luvagiinna
muutureInsEgnitioutu anasegadideddymaada (p<0.05) msmmmﬂmawmﬂsvmmaumu
oghation 10 U Tudauununananszgn (diaphysis) wuidAnumuiuvesnsegnitiontuanasoeadl
Hod1AYn19ada (p<0.001) TudmamunalszdnnouiisuivdsneunualszINADU 88 1NFURUSAY
szevamdaNnUsEdeu (U7 8 v1ile)

msinAnansEgALAALIMLILLIUNTEANYBINTEYN tibia  numTAsuLUadlUluTiAmNg
Fenfuiunsegn radius Hufie wanszgnuazauMuILLuEBlU (trabecular bone) avAIngwil
[ihdnmgmuaUszniey wardmdmunUsesuieu anasetnadidedfamnaaiin (P<0.005) eifiey
fuadunguiigslinuauszsniou (Uil 0 dneiio) lashidufuszornafinuaUssduiou  wavana
wazAIMUILUnszgnidauturedeiiingnnenuaUssdifounardmdmunuszsuiou anasogig
fdoddvneada (p<0.05) ledleufudsneunualszdnion  egnduiusiussozaivdmun
Uszduieu (U7l 9 ¥1ile)
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5150'
E
A 1001
b=
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Meno Meno pgised period (Years)
1400+
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Pre- Peri- 05 5110 >10
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5UT 8 uansARfieveunansygn (BMO) uazAuvuILLiunsegn (BMD)

Paused period (Years)

al

inszan radius Tudsie

AoununUsEINsau (pre-menopause) adluieidingnevualsednaeu (peri- menopause)

wazdsTouaanuauszdAou (post-menopause)

Tngdwuneandu 3 ngude radius

metaphysis trabecular BMC, radius metaphysis cortical Wag radius diaphysis cortical BMC
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sUfl 9 uansAlAsvasnanszgn (BMCO) uavAamuLLnsEgn (BMD) finsgn tibia Tudsiorey
nuAUs¥INALU (pre-menopause), AsluaNididn1iznunysediou (peri- menopause) kax

dviandmunuszdniiou (post-menopause) tneduuneanilu 3 nqude tibia metaphysis
trabecular BMC, tibia metaphysis cortical BMC Wwag tibia diaphysis cortical BMC
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5.2.2. W3suigual bone formation Waz bone resorption marker 52%31984%1981778
Aounuauszdnfeu Jemdrgnitenuaussdniou uazdisvuauszininey

52U Bone alkaline phosphatase Tunanaun vesdsngumingnnzvuauseinseu (peri-
menopause) fwualduanas (p<0.07) Waweuiudsunquidslinunysedinau (pre-menopause)
wagiluwilduisaunevanuausednsiou wasialndfusiuislungy pre-menopause (U7

10)
80+
604
- T
S T
o 404
<
2]
204
(25) (7)
0 T T
Pre- Peri-
Meno Meno

0-5 5.1-10 >10
Paused period (Years)

5UM 10 waneA1ladeuadsesiu Bone specific alkaline phosphatase (BAP) Tunanaun vasdeioneu

nuAUsEINADU (pre-menopause), ddluiefiignnenuausezansieu (peri- menopause)

wardsTundaunUszaniou (post-menopause)

25



T Y . Ao A
srer [FUNNUANENTTUNTIVULAIYGA

JeRU osteocalcin Tunanauvesianguiignnenunusedisieu (peri-menopause) hagds
namnaUszdLAeU (post-menopause) dfranasat9dtsd Ay 9ads (p<0.01) Weisuiudslu
U d'u 1 o = tﬂl |di( U dl o =
naundslanunusydnieu (pre-menopause) (3U71 11) wagliufussezafivuausydndeu

25-
a

E 20- I
B a,b
[
E’ 154 ab
S b D
S 10- T
o
(]
7 o
o (26) (7)

G ] ]

Pre- Peri- 0-5 5.1-10 >10
Meno Meno

Paused period (Years)
UM 11 uanIA1lRReuadsau osteocalcin lunanauvesaeienauvuaUsedaau (pre-
menopause), AtluTeTingnnenuaUseIaau (peri- menopause) karAeiunaann

U3241LA9U (post-menopause)

5.2.3. W3auLfiauan estradiol, luteinizing hormone (LH) wuag follicle stimulating
hormone (FSH) szninsdsmneenionaunanaysziniou Jofidhgninsuuausssnieu uazde
nuaUszIADY

5¥PU  estradiol 1uwmam€um§qmjm7iLeﬁwgimawmﬂsxé’%ﬁau (peri-menopause) AvE ¢
anasdlawieuivadlunguitdslivunyszdniiou  (pre-menopause) uaranasegiitfuddnymisada
(p<0.05) ludmdmuaUsditeu (post-menopause) 111AN31 10 T (U7 12)

200+
a
= 1o0] L
2
e 100 a,b a,b b
S 100+ T a
S T
= b
UUJJ 504
(25) (8) (8)
C T T !

Pre- Peri- 0-5 5.1-10 >10
Meno Meno

Paused period (Years)

JUT 12 uansrladevasszau estradiol lunanaun vesdeiensununuszdnseu (pre-), dluiemd

dngnuauszinaeu (peri-) wagdaisnaamunlsednneu (post-menopause)
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YU FSH way LH lunanaunifiniustsdenadesiusesiu estradiol fianas Inetfinduegnadl
TodFamneadn (p<0.05) ludwdmunUszsnion wavduiusiusssnanfivunUssdniousfieed
i lundeiovunUsedndeu  uindsfiunnssoonluuarliwedinonumnevluay  Ae
sesfU FSH way LH Tunanain nduinanasdnailudiivunuszsiieuuiy 10 U ddduszesiasdqu
Tngyfiangunnnin 30 Yuly vIeLig U iuEmaeTe 90 Yauld (gﬂﬁ 13)

1500+
b,c
T 1000-
S
T T
E 500+
(25) (8)
0 T !
Pre- Peri- 05 51-10 >10
Meno Meno  pgsed period (Years)
1500+

b
—
10001 T ab

a a T
500- 1T T

LH (pg/ml)

(25) ) ) (6) ®)

Pre- Peri- 0-5 5.1-10 >10
Meno Meno

Paused period (Years)

UM 13 uanerladeuessysu follicle stimulating hormone (FSH) @ luteinizing hormone (LH)
Tunanaun vesdedenaunuausydnaeu (pre-menopause), dluiefiingnngvun

Uszd1Lnou (peri- menopause) kazdtionasmunlszdtnau (post-menopause)
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5.2.4. Ja1saluasasunalUSeuLiisuAIuanIEnn AUNNILLUNTEAN bone marker uaz
stivgasluumAsznindmneeenesuvuaUssanfou Jefidigniisuunuszsuieu uazTevan
Uszdinoy

deiignzmuatszdnieussiliiinnsdeaunavesnszuiunisudadsunyuiou
nsggn (bone remodeling) ilesannnenieseesluuealasiau (Khosla et al, 2012; Weitzman et
al, 2006) lagdnsin1saarenszgn (bone resorption) 3wUINNINENIINTTAIIINTEAN (bone
formation) ¥ilAnnsgaydemnanszgnauinidulsansegamgulufiqn (Recker et al, 2004) 910
nsfnuludamsennuinUnasealnsiauanasedsil doddgiloaniignisvundsydniiou uas
anasegriaienilosrernamitdmuaysednfiousiuiuiu ilfinszen tivia Bufinisanaswesuna
nIEgNIATANTLULTaINTENAILAT SN e UsE s IRy Feaenadestumsfinuinon
stiluiliged Anvidudanguildudignsunusednfouasininisuulasmesdiaiifnuia
ﬂﬁz@ﬂLLazﬁmiamaaﬁummm‘mmLniuﬂizmasmiam%a Ao -43 + 1.3 mg/em’/year (Seifert-
Klauss et al, 2012) luvaiziinszgn radius LiANTTAAAIVOINIANTHANUAZAUMUILILLTOINTZYN
’Lumwammﬂawwmauummmu mumsmsvﬂﬂm 2 FuRenisnevauasiiunndisiuens
ownandnuurmahaureanszgnuiasiu nanfe Liesinnszgn tibia viuliilunissess
thviing (weight bearing) @slngUnfiazifuu3ianiiil mechanical load g nssgnuiiadidaing
AUMIULLLNN (Klein-Nulend et al, 2012) wieglsimuilosnindsmsemiltlunsmaasseg
lunssfifttuiidriavilsfimsndeulmuaznisléaunszgnaiu tivia tesnituni mechanical load
fosdshlifiunavesnsanasesianssgndniauniinasgn radius siuendinszdusesluuodlas
uianaauds nafisduvessedusesluu FSH uay LH o19asdudniladenidsiinelmanlsnnszgn
wyuldigui (Xu et al, 2009; Geng et al, 2013) @sluminaassadeififeldnmanunsnduan
anasBnasiwesszdusesluu FSH uag LH nendnfidmundsysidiouunusnnnd 10 U uaglsiiag
NUTIB UGN BEAINa1luAY ﬁy’qﬁt,ﬁaqmﬂl:‘f;luﬂ'158'1m?ig’{ﬁﬁ%’aa]3@mmmmﬂ?{auwawmszﬁu
soslunluauiiionguinnit 90 UlF Fdunslifmnaeniiddnvuensaisineuasiassadiaves
nszgn wasdsuuuumvdsuazseiusesluumandofuesay lunisinuideifnfulsanszgnngy
uaznznsesoosluuealnsiau Juhazdudninnassiidiasideyailaludssgndliluay

mmJ?EJULLiJaWENL‘f‘:aﬂizgﬂmwé’amiwmﬂizﬁi’wLﬁauLﬁmﬁuﬁg@ﬁﬁnmﬁ”mszammzu’%nm
ununanansegn lsAnnanssgnuazAIILuTesnsEgnLilUSsanaseeaiituddyiefinazgn
radius wae tibia Wikdesannszgnidelusuianiendndeummiouldifintnsegnidoudsds 510
Wi (Ruimerman, 2005) 3ail¥nszgnidleTusainnisgaydeiiionszgnegnesinids Tudiuveansegn
LuaLLuuLmeamwmiwamUaaumunauﬂﬁvmmvmm']meﬂwamsmaaqwmmmiamawmma
nszgnillautiuiefingzn radius uag tibia \wuiu MnnsAnwilufudelonuaussdnfounsnud
AENFIMUAUTEINADUAIAINNUIRULYBINTEAN radius anael.9 +0.7 WesiWudsel lnenalnanis
aydenszgnideudutiufninmsaaesveiensegnéulu (endosteal) sagyiilfnundause
V2INTEANDAA LLa318ﬂ’lﬂL?iIEJﬂum’iLﬁﬂﬂi%@ﬂﬁﬂlﬁﬂ%ﬂ (Ahbough et al., 2003) %qmslﬁmﬂiz@ﬂﬁn
Tuffgeorgilugamidsslunsynmanin, Sunsededin wasnisgadomaasugivediameaa
athaandesllle (Harvey et al., 2010)

luduvesdiidinnsmdniudsunuidsunssgn wuidinsistuvesiotadeidanisadie

=

wIansean wazaydidanisaatensean Jeazvieueni1siiuduvenisuantldeunyuilsunsegn
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(bone turnover) FsaanadafiunsAneily a9 (Legrand et al., 2003), AU (Lumachi et al., 2009) L#
og13lsAmunUIn 58fU osteocalcin Tumananfiuuiliuanasiledadigionuauszsfounaznds
nunUszdnfou Ssaandosfunisdnvinouniilugudsionunuszduieudanuinuum
osteocalcin ’Luwmamﬁmméfmﬁuél,mumcﬁ’uﬁ’umwwmwmamﬁvmﬂ (Susanto, 2003) ImsJLLfI'j']
W bone speof‘c alkaline phosphatase LLa” osteocalcin %“Lﬂuﬂ%uﬁmmm'ﬁaﬁ’mmaﬂ'ﬁvﬂﬂmﬂ e
wiadaudn duiidtmnansegnassisans dianansegnlutuneufiunnsisiu Tne bone  specific
alkaline phosphatase %wumﬁwwmﬁuaqLsﬁaamuml,umlﬂmwziaa osteoblast Fuduadiivimiing
lunmsasrailensegn vntunszgnlmififivainsAenisieussaueadouuasloanin Seivddin
N3¥UIUNITLABLIEIM AB osteocalcin (Foreberg et al., 1999) Fefuanwuntsmnassnsstionand
ihsneneenafimsnsedunisaiiaead Osteoblast ifissnntuusedislsinmuionininisanases
Feusswlunszan nevsfuiinafinduvesnszuiumsaaensegn vilidenseanlasswanadluiian

MnnsAnwasUliiinisanaswesnanssgniufindiurdisiisidadngnismuausesiiou
uarn1sanasazfivinTunevminuaUssnfounda fadunisinuilsansegnngunisndsaind
mundszdnfeuluudriuenvaduiuly drfimnralunissnunaetisdeunuaysesuiiou (ate
pre-menopause) %’%a‘d’mﬁﬁﬁﬂL“fhgjmawmﬂizﬁ%ﬁau (early peri-menopause)

5.3 Anwinavasnanaieieriadenisuszanundufuveaiilonszgn (bone healing) Tudsmnegna

YevuausEdnmeu

5.3.1. Anvinavasnanaeieradenisuszaundufiuvaiiionszgn (bone healing) Tuds
M1 EnUAUsEINARY

dleliinmefermuuin 1000 fiadndu/Alanfiimindy/fu waufuemnaidndisoguunas
e iendmunlszinfoudusseziiaiuiu 6 Weunuiuwnduseun (perimeter) (g"dﬁ 14) uay
fufl (area) (3UA 15) amaudowfisuiudaildiuewnsund Tnsanfunadaauludiurenduseun
(perimeter) flanaseesiiudfyn19adn (p<0.05)
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)
=
[N
o
[]

100+

Perimeter (cm)
(% Change form baseline
\I
o
[

C ) L} L} L} L} L} L}

0 1 2 3 4 5
Treatment period (months)

m-

UM 14 UanIA1RfgureIvUIAEUTEUN (perimeter) YaeUshaiimsidaLlonsyanaen
(bone biopsy) Tudsiilasusmsun@ (PMO) uazdsilasuniniaieers (PM 1000) Faunalay

= = & A a Y @ 1
iamwa@awwmmiﬂizmumaqLuaﬂizaﬂwmmlmi’smﬂ

™ 120+
=
O 100+
)
3 80+
=
Lo
Qo
<2 40~
=
O 20+
S

C J J J J J J J

0 1 2 3 4 5 6
Treatment period (months)

JUT 15 uansrnaieiiuil (area) vesusnaminisiidaeilonsegnesn (bone biopsy) Tudsnlasy

219115UNR (PMO) kagdanlasuninaIav1d (PM 1000) F99U1AdUSaUTIanadusdinen1susea e

\Wenszgniialalsangd
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0 month é month

PMO

PM 1000

UM 16 mwenaisdilssuiisuusnuninsidaenilensegnesn (@uduag) lubiaui 0 uasidiou

1 6 sewisdanguitlasuomsund (PMO) uasdsilasunirun3au1s (PM 1000)

5.3.2. 31saiuazasUnanIsnaaINsANYINATaINIILATaTIRBNMsUsTANUNdUAUTa e
n3zan (bone healing) TuAwmnseienuaussdifou

NnHamMamaaes  WelviansuriuassnnuesovnuidsmseninedsSovuauszdnsoudy
namu 6 1Weu wuirdsnguiildfunnueierniimsussauvesnsygnliiinindnauiilasueims
UnAusiilesogaLmien FamaiiliaenndasiunmmnaesifnouniiiliAsafumsnsedunisuszany
nszgnuasysulunseag (Wong and Rabie, 2007) uagnaveidnlaa (equol) Tumyusn (Kolios et
al, 2009) widheanmandndsusuisunsegnludsiuiotuegnedn 4 3azannsndfiunaly
mansgfumsUszanudensegnludomnseunadiofovuavssindould  mendeiliasuuie 6
wou  wisgslsAnmannaildldifiuyaailiuiivayulngninedorn  dwusnanazildldlums
SnulsANTEANNIULA? Henmazimuludusiiioissnsussanionszgnluaufinssgninld
Tnoiamnzegredslumdaionuaussdnfouiifinnsinuesnseguinamnslnn
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5.4. Anwnauaznalnnisaenguivasniaeiavarenisinulsanszgnnsuludneenia e

nuaUszdpau

5.4.1. Anvwanaznalansesngrivasninaaieradensinunlsanszganguludansen
YenuaUszIaeu

Mnuansanesiildiclunszgn radius way tibia flsdu metaphysic (fusgnoussdiuves
ﬂiu(ﬂﬂLLl@I‘Uiﬂ (trabecular bone) LLaumumummuaLLuu (cortical bone)) wazdiu diaphysis ( (7
UﬁzﬂaumaﬂﬁzaﬂLuaLLuuLUuuaﬂ) umimaEJuLLiJath‘Lummmmﬂu LAz RE AN DI UNAYRY
msUszauveailenszgnlude 531 wuhudelWmauuassnimederluruia 1000 fadn3u/
Alansininingy/u utdenserunadiefonuausesideudunaiu 6 Weu vilfnssgnidouiily
du diaphysis fifgenindenauildiuemsunfusifivsegiaien (p<0.05) (3U7 17)

i Radius PM 1000 Tibia
£ 120 -= PMO
u 2 Lo
¢ Jro P! ]
= E 100 v -
38 i i
.g % % o \ l /T\—T
g. = g 80 80
s 3 J I
o, 0 2 a 6 0 T v v v
.E _ 0 2 4 6
Q § 110 110 .—”L
i g E 100 100
g & o
g g %0
S E 70 80
é cT L L] CT 5 2

(=L

]

&

0
O
(]
FY
Ly

110+

10 b\"\_‘\‘

-

-

o
J

8
8

Cortical BMC
(% change from baseline)
-
g 8
L L
¥

o
h——

0 2 a : 0 2 a 6
Treatment period (months) Treatment period (months)

gﬂ n 17 LLﬁﬂﬁﬂ’]LQﬁ‘EﬁU@ﬂN’Jﬁﬂiuﬂﬂ (BMC) Tunszqn radius (#18) uag tibia (¥31) iumnaaﬂaw
losuemsuni (PMO) LLauawlmsmanmiama (PM 1000) lpedruuneenidu 3 nqude
metaphysis trabecular BMC, metaphysis cortical BMC &g diaphysis cortical BMC
** p< 0,01 leifleufiu PMO
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5.4.2. 3saluazazunanisaassnsinyinauaznalnnisesnguivednaneieriadenis
Snwlsansepnnsulufmnesnadevandssdnmau

Tuns¥ndnlansegnuuindlenaiuluasivuaussdudeusinisgadsinansegnagia
deriaslniamenszgniiouds (cortical bone) dsaenndoafunanisnaassrounth Maudalas
nizAn (metaphysis) kazknuNaINIzAn (diaphysis) Taglun IR LYIUADUNINUATOUIINULY
anunsatisanmsgydsntansegnldludauues cortical diaphysis afinsean radius wag tibia usin
mannaesiiazdiliudnata winanmeassildludestudfifuiumelalunisiauinnueiernly
Huendnwlaanszgnungudtelfluay lnslamizegnsdslunafumnanszgnludinesnssgniouii
¥84 diaphysis deoefunaAnalweInszgnsesvin long bone ifnazsindeudindu 4 Weoldsy
LI9NTEUNN

6. nsaunINaUITeLaznsulUTdUs Tovu
6.1. Msuauaranulun1sUTEgITINITUINIYIA
6.1.1. MINIFULTeY (Keynote speaker)
Malaivijitnond S, Anukulthanakorn K, Jaroenporn S, Parhar I. 2014. Neuroprotective and
neurotherapeutic actions of Pueraria mirifica Thai herb. Chulalongkorn University-Peking
University The 4" Life Science Symposium “Advance in Medical Biotechnology”. Faculty

of Science, Chualognkorn University. 26-27 March 2014 (Plenary Lecture).

6.1.2. MyINTFULTY (Invited speaker)

Malaivijitnond S, Urasopon N., Tiyasatkulkovit W., Kittivanichkul D., Charoenphandhu N. 2014.
Anti-osteoporotic effects of phytoestrogens containing plant pueraria mirifica: in vitro and
in vivo approaches. The 7" Intercongress symposium of the AOSCE. 18-23 March 2014.
National Taiwan Ocean University, Keelung, Taiwan (Invited Symposium Lecture).

Malaivijitnond S. 2014. Anti-osteoporotic effects of phytoestrogens containing plant Pueraria
mirifica: in vivo and in vitro approaches. Seminar Series at Keio University of Medical
School, Japan. 18 November 2014.

Malaivijitnond S. 2014. Anti-osteoporotic effects of phytoestrogens containing plant Pueraria
mirifica: in vivo and in vitro approaches. Seminar Series at Department of Neuroscience,
Jikei University School of Medicine, Japan. 19 November 2014.

Malaivijitnond S. 2015. Primate models for efficacy testing of phytopharmaceutical products.
31st Annual Meeting and International Research Conference in Pharmaceutical Sciences
(JSPS-NRCT and IAMPS) “Advanced Science and Technology in Pharmaceutical Research”
January 22 - 23, 2015 Faculty of Pharmaceutical Sciences, Chulalongkorn University 10th,
Thailand.
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6.1.3. n1suauaNaIULUUUINIUEN
Kittivanichkul D, Malaivijitnond S. 2014. Changes In Bone Mineral Density And Content In Pre-,
Peri- And Post-Menopausal Cynomolgus Monkeys. The 7" Intercongress symposium of

the AOSCE. 18-23 March 2014. National Taiwan Ocean University, Keelung, Taiwan

6.1.4. MsUNAUBNAULUUIUENDS

Kittivanichkul D, Watanabe G, Nagaoka K, Jaroenporn S, Malaivijitnond S. 2014. Changes in
bone mass of pre-, peri- and post-menopausal cynomolgus monkeys. 1" seminar of the
Indulging in science research, 27 Febuary 2014, Tokyo University of Agriculture and
Technology, Japan.

Suthon S, Jaroenporn S, Malaivijitnond S. 2014. Therapeutic effects of Pueraria candolleivar.

mirifica and puerarin on ovariectomy induced-osteoporotic rat. miﬂimgaﬁsmmia%ﬁwm

aunAuwisUsznelng ased 43 Usednl 2557, Wnen, vats, 23-25 Wwiwgu 2557,

6.2. UNANTUIITEITIVINITUIUIYIA

Kittivanichkul D, Watanabe G, Nagaoka K, Malaivijitnond S. 2014. Changes in bone mineral
density and content in naturally occurred menopausal cynokolgus monkeys. Menopause.

Submission.
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7. A1519US8UBUNANITANIUITUNULRUNITAEIUNSNA9E (Gantt Chart)

fanssu B.A. | W, | 5.4 | WA [ Aw | e | e | wa | He | nA | de. | ne.

1.ASNAROUNIITININ
< ......................................................................................... >
>N
7

= P
ﬂl@\‘iﬂ'ﬁ']')lﬁﬁ@‘sﬂq'ﬂuwy} <

wsninAELainAlen
andninlvegluniie
NIEANNTU (NINARDS

fa1)

2.NMINARBUNHINN
YDIAZYUA UYL

e Lagineile

3.N113992TAANNAUAY

AILLUNTEanTy

A
A\

AR
UsgdudoulSaudiou
TUAIMNINBLATEY
W (MInnaes

il

2.1.)

4. NMSNAABUNITININ

R GCECRTEEERE FECTRRRRS PERPRRRRR EECRERRREG SEOREERREE
&
<

Y9ININATBVILUAS

\ R

119817 78nRUAUTEIN
Wau (NSVAasIi
4.2.2 uay 4.2.3)

o

v : 1. WissyioufiGudidunsidonudyaniumu

2. fildaansaneaauansaianzyi (7-0X0) Tudninnodldluvnei Lﬁaqmrmzuﬁwaaﬂwmﬁmﬂam%ga
ity wagnsmaseuludninasesedldmsatasiuiuun Tnsnansyuswiin 500 Alansu aunsaatnas 7-OX0
I#idts 20 fadnsuwhiiu
Coend  MNEH MUSEAINITUTNRUL N9 alaweTASInTS

<——> vnehs NuUYEeNINITSUTYNlALAL
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8. “umulasINIsnazinseld
- NSNAABUNNNTININYBININILATEVTI (NMSNARBIN 4.2.2 kay 4.2.3) Tuaameenienun

Usgdsounaluauasu 12 hou

9. AFuanegfivavassavsalayeyr wiaudsnsuddywn (dd)
- NINAFBUNIFINNVBIRNEYUM IUNULTNINALAznAEelANa19T Wesanazyudeanalay
A3a Tudinsiou dmnay A naneu wazanialalulSuadesldiisanedenisnaaeuludaineass Juh

VA v

Tilsianunsanaaougrisvesnsyudlunyusnmadisld mvum%lm@?wLﬁumimmsaaﬂqvﬁmq
Fapwdalnd Ao @13 collinin %uﬁummﬁaqﬁiundu geranyloxycournarin  Ainuluiiwaddy
Rutaceae wu Zanthoxylum schinifolium laganunsaana collinin laanlunsewdeniuaisunes
Zanthoxylum schinifolium Wu31@15 collinin ﬁ’]ﬂ,ﬂiﬂnggﬂﬂ’]iﬁﬁmuﬁﬂmL%aéﬁawﬂiz@jﬂLLazETUgﬂ
mswasuwawevadaanenszgnivsouliiduwadaanonsrgniasafeld  uagldfinsinidedld
ANALISALATIZIENT collinin Tuﬁaqﬂﬁﬁ’amsmﬂafﬁﬁy’qﬁu pyrogallol way propiolic acid laldu
Nad59 (Curini et al, 2003) Fadnwarsinandaduileddyfasimuastn q Aaufinulufiv
wagluidusiieliluay fufuenedifodsdiiunisdinmsians collinin wasinnmaaeugudly

dninnansald
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U3FTUIUNTY

Ahlborg HG, Johnell O, Turner CH, Rannevik G, Karlsson MK. 2003. Bone loss and bone size
after menopause. N Engl J Med. 349:327-334.

Alatalo S, Penq Z, Janckila A, aija H, Vihko P, Halleen J. 2003. A novel immunoassay for the
eterination of tartrate resistant acid phosphatase 5b from rat serum. J Bone Mine Res.
18:134-139.

Bland R. 2000. Steroid hormone receptors expression and action in bone. Biochem Soc Med
Res Soc. 98:217-204.

Brzoska MM, Moniuszko-Jakoniuk J. 2005. Effect of low-level lifetime exposure to cadmium on
calciotropic hormones in aged female rats. Arch Toxicol 79:636-646.

Canavan T P, Doshi NR. 1999. Endometrial cancer. Am Fam Phys. 59: 3069 - 3077.

Chansakaow S, Ishikawa T, Sekine K, Okada M, Higuchi Y, Kudo M, Chaichantipyuth C. 2000.
Isoflavonoids from Pueraria mirifica and their estrogenic activity. Planta Med. 66:572-
575.

Chen X, Anderson JB. 2002. Isoflavones and bone: Animal and human evidence of efficacy. J
Musculo Neuro Interac. 2:352-359.

Cherdshewasart W, Panrisaen R, Picha P. 2007b. Pretreatment with phytoestrogen-rich plant
decrease breast tumor incidence and exhibits lower profile of mammary ERalpha and
ERbeta. Maturitas. 58:174-181.

CHMP. 2006. Guideline on the evaluation of medicinal products in the treatment of primary
osteoporosis. London: European Medicines Agency.
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Mucoadhesive thiolated chitosan suitable as a carrier for low water soluble drugs was designed and
synthesized by conjugating 5-amino-2-mercaptobenzimidazole (MBI) using methylacrylate (MA) as
the linking agent. A 14.4% degree of substitution of MA, as determined by 'H NMR analysis, and
11.86 £ 0.01 umol thiol groups/g of polymer, as determined by Ellman’s method, was obtained. The
MBI-MA-chitosan had an 11-fold stronger mucoadhesive property compared to unmodified chitosan at
pH 1.2, as determined by the periodic acid: Schiff colorimetric method. Chitosan, MA-chitosan and
MBI-MA-chitosan were fabricated as well-formed microspheres using electrospray ionization, including
an entrapment efficiency of simvastatin (SV) of over 80% for the MBI-MA-chitosan. The mucoadhesive-
ness of the SV-loaded MBI-MA-CS microspheres was still higher than that for SV-loaded chitosan at pH
1.2 and 6.4. The SV-loaded MBI-MA-CS microspheres revealed a reduced burst effect and an increased
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release rate (more than fivefold higher than pure SV) of SV over 12 h.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Over the past few years, mucoadhesive polymers have received
attention as excipients for various drug delivery systems, espe-
cially for oral system due to their possibility to localize the drug
at the target site, a prolonged residence time and sustained drug
release at the target site [1]. Drugs that are absorbed through the
mucosal lining of tissues can enter directly into the blood stream
via an increased drug concentration gradient in the mucosa, and
as a result the bio-availability of the drug is improved over those
that cannot or do so less efficiently [2,3]. Due to these advantages,
many attempts have been made to improve the mucoadhesive
properties of polymeric carriers.

Abbreviations: MBI, 5-amino-2-mercaptobenzimidazole; MA, methylacrylate;
SV, simvastatin; TM-HT, N,N-trimethylchitosan-homocysteine thiolactone; EI,
electrospray ionization; MBI-MA-chitosan, thiolated chitosan; PAS, periodic acid
Schiff.

* Corresponding author. Biomaterials and Bioorganic Chemistry Research Group,
Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok
10330, Thailand. Tel./fax: +66 2 2187635.

E-mail address: nongnuj.ms@gmail.com (N. Muangsin).

http://dx.doi.org/10.1016/j.ejpb.2014.08.016
0939-6411/© 2014 Elsevier B.V. All rights reserved.

Chitosan (poly[B-(1-4)-2-amino-2-deoxy-d-glucopyranose) is a
partially deacetylated derivative of chitin, a polysaccharide
consisting of the copolymers of glucosamine (GIuN) and
N-acetylglucosamine (GluNAc). Chitosan has been widely used as
a pharmaceutical excipient based on its non-toxic, high
biocompatible, biodegradable and versatile chemical and physical
properties [4,5]. Because of its beneficial properties, such as
mucoadhesiveness, adsorption enhancement and antibacterial
activity, chitosan is a promising candidate for the development of
conventional and novel drug delivery systems. The presence of
—NH,; and —OH groups, together with the cationic groups of chito-
san are considered to be responsible for the binding to the mucosa
layer via non-covalent bonds (hydrogen bonds and ionic interac-
tions as well as the weaker van der Waal’s interactions with the
mucus layer) resulting in a good mucoadhesive property [6,7].

From the various modification strategies, the introduction of
thiol groups on the polymeric backbone of chitosan (so called thi-
olated chitosan) has become of particular interest for biomaterial
and biomedical applications. This is because of the enhanced
mucoadhesive and enzyme-inhibitory traits of thiolated chitosan
that results from the oxidation and disulfide exchange reaction
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with cysteine rich sub-domains of mucus glycoproteins [8]. For
example, chitosan-thioglycolic acid conjugates [9] exhibit up to a
10-fold higher mucoadhesiveness than that of unmodified chitosan
and are used as a new scaffold material for tissue engineering [10].
Moreover, thiolated chitosan nanoparticles have been used to
enhance the bioavailability of leuprolide following nasal adminis-
tration [11], while N,N,N-trimethylchitosan-homocysteine thiolac-
tone (TM-HT)-chitosan/alginate polyelectrolyte complex particles
have been used for camptothecin delivery [12]. Thiomers show dif-
ferent properties according to their ionization (pK,) value, charge,
lipophilicity and hydrophilicity of the attached ligand. Addition-
ally, the effectiveness of alkyl thiolated chitosan derivatives can
be further improved by immobilizing aromatic mercaptan
molecules, including chitosan-4-mercaptobenzoic acid [13] and
chitosan-6-mercaptonicotinic acid, which exhibit an aryl entity
as these are supposed to show a higher reactivity at intestinal pH
values and are associated with improved mucoadhesiveness.

However, the thiolated polymers that have been developed to
date are not compatible or suitable as carriers for hydrophobic
drugs. The poor interaction of these thiolated polymers with
hydrophobic drug molecules often results in a faster, less sustained
drug release, low percent encapsulation which affects their poten-
tial applications in pharmaceutical fields [14].

Simvastatin (SV) is practically insoluble in water (maximum
solubility of ~30 pg/mL) [15] and so is poorly absorbed from the
gastrointestinal (GI) tract with, for example, an absorption of less
than 5% after a 40 mg oral dose [16]. Therefore, there are require-
ments to improve the release profile to be faster or give and higher
rate than pure simvastatin in order to enhance the absorption at
the gastrointestinal and lower loss of drug during administration.

On the other hand, nano/microparticles based on multifunc-
tional polymers exhibit a variety of beneficial features for the
enhanced uptake of orally administered drugs. Nanoparticulate
drug delivery systems can protect the embedded drug from enzy-
matic degradation and exhibit mucoadhesive, permeation enhanc-
ing and controlled release properties [3]. Various methods for the
preparation of composite micro- or nano-particles have been
reported [17]. One technique for the preparation of particles is
electrospray ionization (EI), where the liquid (polymer solution)
is atomized by means of electrical forces. The polymer flows out
of the nozzle in the form of a droplet when a high voltage is applied
[18,19].

The aim of this work was to design and synthesize a mucoadhe-
sive thiolated chitosan suitable as a carrier for the delivery of
hydrophobic drugs with high %encapsulation and give higher
release rate than pure simvastatin. This was achieved by modifica-
tion of chitosan with 5-amino-2-mercaptobenzimidazole (MBI)
using methylacrylate (MA) as a linker agent. The thiolated chitosan
based microparticles were prepared by El including with the
encapsulation of SV as a model hydrophobic drug.

2. Materials and methods
2.1. Materials

Chitosan with an 85% degree of deacetylation (Mw of 500 kDa)
was provided by Seafresh Co. Ltd. (Thailand). MBI, MA, mucin (type
II) from porcine, basic fuchsin (pararosaniline), 1-ethyl-3-3-
dimethylaminopropyl carbodiimide (EDAC), sodium metabisulph-
ite, periodic acid, 5,5'-Dithio-bis (2-nitrobenzoic acid) (DTNB),
sodium borohydride (NaBH,), sodium tripolyphosphate (TPP) were
purchased from Aldrich Co., USA. SV was obtained as a gift sample
from Silom Medical Co., Ltd. (Thailand). Tween 20 was obtained
from Sigma-Aldrich Co., USA. Dialysis tubing (molecular weight
cut-off (MwCO) 12-14 kDa) was obtained by Membrane Filtration

Products, Inc., USA. All other chemicals were commercially avail-
able and used as received.

2.2. Synthesis of thiolated chitosan (MBI-MA-chitosan)

The preparation of thiolated chitosan was performed via a
two-step reaction (Scheme 1). The first step was the preparation
of N-carboxyethyl chitosan methyl ester (MA-chitosan) from
chitosan and MA by the Michael addition. To 1g of chitosan
dissolved in 100 mL of 1% (v/v) acetic acid was added 0.50 mL of
MA and 40.0 mL of methanol. The mixture was stirred at 60 °C
for 3days and then concentrated under reduced pressure to
remove the excess MA and MeOH. The remaining mixture was then
precipitated with excess acetone and harvested by centrifugation
(12,000 rpm for 2 min). The pellet was dialyzed (MwCO
12-14 kDa) against 3 changes of 1 L of methanol over 1 day prior
to being air dried to obtain the MA-chitosan as a pale-yellow
powder at a yield of ~90%.

The second step was the coupling of MBI onto the MA-chitosan.
For this 0.1 g of MBI dissolved in 10 mL methanol was slowly
added to 100 mL of MA-chitosan under stirring. EDAC as a coupling
agent was added to the mixture and the mixture was stirred at
60 °C under nitrogen (N,) atmosphere for 2 days. The reaction mix-
ture was then precipitated with excess acetone and harvested by
centrifugation (12,000 rpm for 2 min). The pellet was re-dissolved
in water and dialyzed (MyCO 12-14 kDa) against 3 changes of 1L
of methanol for 2 days in the dark prior to being lyophilized at
—30°C and 0.01 mbar. The dry product as white powder obtained
at about 65% yield was stored at 4 °C before use.

2.3. Preparation of SV-loaded chitosan polymer microspheres

Chitosan, MA-chitosan and MBI-MA-chitosan microspheres
were prepared by EI Briefly, a 1% (w/v) chitosan or the respective
modified chitosan solution in 1% (v/v) aqueous acetic acid was pre-
pared. SV was dissolved in minimal amount of EtOH and then 2 mL
of Tween 80. The mixing of the SV/Tween 80 and chitosan was per-
formed ata 1:1,2:1 and 4:1% (w/w) final ratio of SV: polymer ratio.

Then 5 mL of this chitosan/polymer solution was placed into a
syringe pump and fed through silicone tubing and into the needle.
Particles generated by application of a high potential difference
electric field and the liquid jet was collected into a coagulant bath
containing 40 mL of 5% (w/v) TPP solution, stirred at 300 rpm. The
formed microspheres were then harvested as a pellet by centrifu-
gation at 12,000 for 5 min, washed in deionized water three times
and freeze dried. The chitosan and modified chitosan microspheres
without SV loading were prepared in the same method as men-
tioned above except without the addition of the SV.

Preliminary studies to optimize the electrospray parameters
with respect to the formed particle sizes and size distribution
(polydispersity (PDI)), evaluated the solution flow rate fixed at
1 mL/h), applied voltage (10, 15 and 20 kV), size of the gauge nee-
dle (24-26 G), and the working distance between the needle tip
and TPP coagulant solution (about 100 mL) as a sequential
univariate analysis.

2.4. Characterization of chitosan and its derivatives

2.4.1. 'H nuclear magnetic resonance spectroscopy (NMR)

TH NMR spectra were recorded on a Bruker NMR spectrometer
operated at 400 MHz. D,0/CF;CO,H at 1% (v/v) was used to
dissolve 5 mg of chitosan or the respective chitosan derivative
(MA-chitosan and MBI-MA-chitosan). The degree of substitution
(DS) of MA carboxylic and methyl ester groups ([COOH + COOMe])
were determined by 'H NMR spectroscopy as previously described
[20], using Eq. (1);
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Scheme 1. Synthesis of the N-carboxyethyl chitosan methyl ester (MA-chitosan) and the MBI-carboxymethyl chitosan methyl ester (MBI-MA-chitosan).

DS [COOH + COOMe] (%) = (250[H2])/([H3—H86]), (1)

where [H;] is the integral of the chemical shift of the methylene
proton at 2.32 ppm and [H3-H6] is the integral of the chemical shift
between 3.6 and 4.2 ppm.

2.4.2. Fourier transformed infrared spectroscopy (FT-IR)

The chitosan, MA-chitosan and MBI-MA-chitosan were pre-
pared as potassium bromide pellets. FT-IR spectra were performed
by a Nicolet 6700 Fourier transform infrared spectrometer in the
region from 4000 cm~! to 400 cm™ .

2.4.3. Determination of the thiol group and disulfide bond content

The DS of thiol groups in the modified polymers was
determined spectrophotometrically using Ellman’s method [21].
This reaction is now widely used for the assay of cholinesterase
and the estimation of sulfhydryl groups in tissues [22]. Briefly,
0.5 mg of MBI-MA-chitosan and, as controls, chitosan and
MA-chitosan, was added to 500 pL of 0.5 M phosphate buffer pH
8.0 and then 500 pL of Ellman’s reagent (3 mg of DTNB dissolved
in 10mL of 0.5M phosphate buffer pH 8.0) was added. The
samples were incubated for 2 h at room temperature and the
absorbance was measured at a wavelength of 450 nm. L-Cysteine
hydrochloride standards (10-70 pmol/L) were used to calculate
the amount of thiol moieties on MBI-MA-chitosan. The amount
of disulfide bonds was quantified after reduction with NaBH,4 as
described previously [23].

2.4.4. Thermogravimetric analysis (TGA)

The thermal stability of each of the samples was evaluated
using thermogravimetric analysis (TGA) using a PerkinElmer Pyris
Diamond TG/DTA machine under a N, flow at a rate of 30 mL/min.
Approximately 5 mg of sample was placed in an alumina pan,
sealed and heated from 25 to 500 °C at a ramp rate of 10 °C/min.

2.5. In vitro bioadhesion of mucin to chitosan and the modified
chitosan

2.5.1. Mucus glycoprotein assay

The periodic acid schiff (PAS) colorimetric method is widely
used for the analysis of mucins, glycoproteins and other polysac-
charides in tissues and cells [24], and was utilized here for the
detection of the free mucin concentration following on the adsorp-
tion of mucin onto the chitosan, MA-chitosan and MBI-MA-
chitosan.

Standard calibration curves were prepared from mucin stan-
dard solutions (0.025-0.5 mg/mL) and 100 pL aliquots of the solu-
tion were transferred in triplicate into a 96-well microtiter plate
and the absorbance at 555 nm was recorded.

2.5.2. Adsorption of mucin on chitosan and the modified chitosans

A 0.05% (w/v) mucin solution was prepared in three essentially
isotonic buffers of different pH, namely simulated gastric fluid
(SGF) (0.1 N HCI, pH 1.2), simulated cervical fluid (SCF) (0.1 M
sodium acetate buffer, pH 4.0), and simulated intestinal fluid
(SIF) (0.1 M phosphate buffer, pH 6.4). We prepared three stock
solutions of mucin for each pH (1.2, 4.0 and 6.4) in volumetric flask
in order to get accurate concentration of mucin. Chitosan and its
two derivatives were each individually dispersed (at 5 mg/mL
final) in the above mucin solutions, vortexed and then shaken at
37 °C for 2 h. The sample (chitosan or modified chitosan) with
bound mucin was then removed by centrifugation at 12,000 rpm
for 2 min and harvested the unbound mucin containing superna-
tant. The free mucin concentration was calculated by the PAS assay
with reference to the calibration curve (Section 2.5.1). The amount
of mucin adsorbed to the microspheres was calculated as the dif-
ference between the total amount of mucin added and the free
mucin content in the supernatant. Moreover, all experiments were
performed in triplicate to get more accurate results.
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2.6. Swelling of chitosan, MA-chitosan and MBI-MA-chitosan

The swelling behavior of the chitosan, MA-chitosan and
MBI-MA-chitosan was studied as cast films by observing the
change in the diameter of a disk over time when immersed at room
temperature in SGF, SCF or SIF (isotonic buffers at pH 1.2, 4.0 and
6.4, respectively). One gram of the polymer was dissolved in
50 mL of 1% (v/v) aqueous lactic acid to yield a 1% (w/v) polymer
solution. Then the solution was poured into a tray (8 x 10 cm)
and air dried to obtain the respective film. The dried films were
cut into 5.0 mm diameter circles and each one was immersed in
10 mL of one of SGF (pH 1.2), SCF (pH 4.0) or SIF (pH 6.4). The
swelling properties were determined by measuring the change in
the diameters of each film at various time intervals (0-24 h). The
swelling ratio (Sw) for each sample determined at time t was
calculated from Eq. (2) as previously reported [25];

Sw = 100(D; — Dy)/Do, 2)

where D, is the film diameter at time t and D, is the initial film
diameter.

2.7. Scanning electron microscopy (SEM)

The surface morphology of chitosan and modified chitosan
with/without SV microspheres was examined by scanning electron
microscopy (SEM). The samples were mounted onto an aluminum
stub using double-sided carbon adhesive tape and coated with
gold-palladium at 50 mA for 6 min through a sputter coater. The
particles were observed via scanning electron microscope under
high vacuum at an ambient temperature with a beam voltage of
10-20 kV.

2.8. Particle size and zeta potential

The anhydrous particle size of chitosan and modified chitosan
with/without SV microspheres was evaluated from the SEM anal-
ysis (Section 2.7). The hydrated particle size and size distribution
of each sample and their zeta potential were evaluated by
dynamic light scattering (DLS) with a particle size analyzer
(Zetasizer nano series, Malvern instruments). Microspheres were
suspended in an aqueous 5% (w/v) TPP solution and sonicated
for 2 min prior to assaying immediately. The scattered light was
collected at an angle of 90° through fiber optics and converted
to an electrical signal by an avalanche photodiode. All samples
were run in triplicate with the number of runs set to 5 and run
duration set to 10 s.

2.9. Determination of the SV encapsulation efficiency (EE)

UV spectroscopy was used to determine the SV encapsulation
efficiency (EE). Briefly, the dried SV immobilized onto the modified
microspheres (2 mg) were immersed in 10 mL of EtOH. The mix-
ture was stirred at room temperature for 30 min. The amount of
SV released into the EtOH was then determined by measuring
the absorbance at 238 nm and converted to the SV concentration
by reference to the standard curve, formed from different concen-
trations (3-20 ppm) in the same solvent. The standard curve was
found to be highly accurate and reproducible, with a coefficient
of determination of 0.999. All experiments were repeated three
times. The EE of SV was calculated according to Eq. (3);

EE (%) = (100 x We)/(Wr), (3)

where Wk is the weight of drug in the particles and Wr is the total
weight of the SV added to the solution in the synthesis of the
particles.

2.10. In vitro SV release

The release of SV from chitosan and the modified chitosan
microspheres was evaluated at pH 1.2 (SGF), pH 4.0 (SCF) and pH
6.4 (SIF) at 37 + 2 °C by dialysis bag diffusion which can potentially
reduce a burst effect of drug release and sampling and media
replacement. Each accurately weighed sample (~10mg) was
enclosed in a dialysis bag (MwCO 3.5 kDa) and the sealed bag
immersed into 50 mL of the appropriate buffer (SGF, SCF or SIF) in
a 250 mL flask and shaken at 100 rpm at 37 + 2 °C. At the specified
time interval (0, 10, 20, 30 and 45 min, and 1, 2, 3, 4, 5, 6, 7, 8 and
12 h) a 3-mL sample was withdrawn for analysis and replaced by
an equal volume of fresh dissolution medium to maintain a constant
volume. Each 3-mL sample was analyzed by UV-Vis spectropho-
tometry at 238 nm and converted to the concentration of released
SV by interpolation from the respective calibration curve derived
from known SV concentrations (10-100 pg/mL) in the respective
buffer. The percentage of cumulative SV release was calculated as
100 (amount of released SV)/(amount of SV before release).

3. Results and discussion

3.1. Formation and characterization of MA-chitosan and
MBI-MA-chitosan

The reaction of chitosan and MA to form MA-chitosan was
performed via Michael addition between the B-carbon of the
o,B-unsaturated-carbonyl group of MA and the amino groups of
chitosan [20]. Then MBI was covalently reacted at the carboxylic
group and the methyl ester group of MA-chitosan via the formation
of amide bonds. The reaction is summarized in Scheme 1.

3.2. '"H NMR analysis

The chemical structures of chitosan and the two modified chito-
sans were characterized by 'H NMR, as shown in Fig. 1. The peaks
at chemical shifts 4.39, 3.25-3.46, 2.71 and 1.61 ppm were
ascribed to the H1 (GluN), H3-H6, H2 (GIuN) and acetyl (GluNAc)
protons in the chitosan skeleton (Fig. 1a), respectively. The appear-
ances of new proton positions at 3.1 and 2.7 ppm were assigned to
the Hb and Hc, respectively, of the side chain of MA (Fig. 1b). That
the new proton positions were at a different position compared to
the peak of MA (6.3(d), 6.1(t) and 5.9(d) ppm) was attributed to the
alkene proton. The DS of MA [COOH + COOMe] on chitosan in the
MA-chitosan and MBI-MA-chitosan was 14.4% and 12.6%, respec-
tively. The amount of MBI immobilized in the MA-chitosan derived
polymers is comparatively very low because —NH; groups on aro-
matic ring of MBI used as nucleophile is less active than aliphatic
compounds. The spectra of MBI-MA-chitosan showed the protons
of the aromatic ring at between 7.1 and 7.5 ppm (Fig. 1c), which
were shifted from the 6.3 and 6.7 in the MA-chitosan (Fig. 1d).
Overall, the '"H NMR spectra confirmed that MA-chitosan and
MBI-MA-chitosan were successfully prepared.

3.3. Fourier transformed infrared spectroscopy (FT-IR)

The FT-IR spectrum of chitosan (Fig. 2a) showed a broad absorp-
tion at 3446 cm ™! assigned to the stretching vibration of the O—H
and N—H bonds. The absorption at 2928 and 2900 cm™! are related
to C—H stretching. The characteristic chitosan peaks that corre-
spond to the amide C=0 stretching and the N—H bending (amide
I band) were observed at 1645 and 1593 cm™', respectively. The
absorption in the 1146-840cm™! region was due to the
polysaccharide skeleton, including the symmetric stretching of
the glycosidic bonds (C—0—C) and the skeletal vibration of the
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Fig. 1. Representative of 'H NMR spectra of (a) chitosan, (b) MA-chitosan, (c) MBI, and (d) MBI-MA-chitosan.

C—O stretching. After coupling of MA onto the C-2 amine groups of
chitosan, the characteristic signal at 1720 cm~! (Fig. 2b), attributed
to the stretching vibration of the C=0 ester of MA-chitosan,
appeared and the N—H bending peak was shifted to 1562 cm™!
(amide II band). Moreover, the broad overlapping bands and
decreased intensity in the 1153-848 cm™! region results from
the coupling of the C—N axial stretching and N—H angular defor-
mation range. The MBI-MA-chitosan spectrum (Fig. 2c) showed
new absorption peaks at 1640 and 1615 cm™! that were attributed
to the amide C=0 stretching and secondary amine of MBI-MA-
chitosan, respectively. The absorption band at 1468 cm™' was
attributed to the aromatic C=C stretching and the peaks at
612 cm ! corresponded to the thiol group. Overall, the FT-IR spec-
tra confirm the presence of the thiol and MA groups and so the suc-
cessful preparation of MA-chitosan and MBI-MA-chitosan.

In order to define the interaction between the SV payload and
the polymer in the microspheres, samples of CS, MA-chitosan and
MBI-MA-chitosan with a SV loading of 1% (w/w) were investigated.

The FT-IR spectrum of SV (Fig. 2d) revealed the —OH stretching
absorption band at 3547 cm™! and C—H stretching vibrations at
3012, 2952, and 2872 cm™'. The main characteristic peaks of SV
at 1721 and 1695 cm™! were due to the stretching bands of ester
and lactone carbonyl group. The C—H in-plane bending vibration
and skeletal C—C vibrations were observed in the 1350-950 cm™!
region, while the C—H out-of plane bending modes were of weak
intensity in the 600-900 cm ™' region.

The FT-IR spectrum of 1% (w/w) SV-loaded chitosan micro-
spheres (Fig. 2e) revealed additional absorption peaks at
1711 cm™! corresponding to the ester stretching peaks of SV. The
peak at 1225 cm ™! was due to the C—H in-plane bending vibration
and those at 894, 795 and 664 cm~! were the C—H in-plane bending
vibrations of SV. That these SV characteristic peaks were shifted
when encapsulated in the chitosan or modified chitosan suggesting
interactions between SV and the chitosan based polymers.

The 1% (w/w) SV-loaded MA-chitosan and MBI-MA-chitosan
microspheres (Fig. 2f and g), also showed the C=0 ester stretching
peak at 1715 cm ™' and additional absorption peaks at 2960 cm ™'

and 2963 cm™! due to the C—H stretching vibrations of SV. The
other peaks have a nearly additional absorption in the position of
SV and 1% (w/w) SV-loaded chitosan.

The FT-IR spectra of the SV-loaded chitosan and modified chito-
sans microspheres were broadly similar but differed in the position
of the characteristic peaks of SV, which may be shifted compared to
that of pure SV because of the effect of TPP, Thus, the FT-IR spectra
appeared to confirm the successful loading of SV in chitosan and
the modified chitosan (MA-chitosan and MBI-MA-chitosan)
microspheres.

3.4. TGA of chitosan and the modified chitosans

The thermal stability and thermal behavior of chitosan,
MA-chitosan and MBI-MA-chitosan, were obtained by TGA. The
TG curve of chitosan showed two stages of weight loss, the first
being water loss and volatile products (6% of the total weight) at
50-150 °C, while the second stage at 325-350 °C, with a derivative
TG (DTG) peak at 326 °C and a weight loss of 45% of the total
weight, was ascribed to the degradation of the chitosan backbone
(Fig. 3a). In contrast, the MA-chitosan and MBI-MA-chitosan also
showed a first stage water loss at 50-180 °C (Fig. 3b and c), at
10% and 8% of the total weight respectively, but differed from
chitosan in that the second weight loss, the degradation of the
polymer, occurred at the lower temperature of 290 °C with a 35%
weight loss for MA-chitosan, and at 308 °C with a 40% total weight
loss for MBI-MA-chitosan. The results demonstrate a reduction in
the thermal stability of MA-chitosan and MBI-MA-chitosan
compared to chitosan, which presumably reflects the change in
the crystalline structure of chitosan following the introduction of
MA and MBI side chains. In addition, the amide bond in the
MBI-MA-chitosan is easily broken.

The TGA thermograms for the 1% (w/v) SV loaded chitosan
(Fig. 3d) and MA-chitosan (Fig. 3e) microparticles also showed a
two-stage weight loss of water loss and then polymer degradation.
The chitosan decomposition occurred at 300-350 °C with a DTG
peak at 329 °C for a 20% total weight loss, while for MA-chitosan
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Fig. 2. FTIR spectra of (a) chitosan, (b) MA-chitosan, (c) MBI-MA-chitosan, (d) SV, (e) 1% (w/w) SV-loaded chitosan, (f) 1% (w/w) SV-loaded MA-chitosan, and (g) 1% (w/w)
SV-loaded MBI-MA-chitosan.
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Fig. 3. TGA analysis (TG and DTG) of (a) chitosan, (b) MA-chitosan, (c) MBI-MA-chitosan, (d) 1% (w/w) SV-loaded chitosan, (e) 1% (w/w) SV-loaded MA-chitosan, and
(f) 1% (w/w) SV-loaded MBI-MA-chitosan.
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and MBI-MA-chitosan the decomposition occurred with a DTG
peak at 309 °C and 315 °C, respectively, accounting for a loss of
25% and 35% of the total weight. That SV loading of the polymers
increased the DTG peak reflects that the SV was entrapped by
the respective polymers. Indeed, the TGA curve of the SV-loaded
MBI-MA-chitosan microparticles appeared as combination of the
MBI-MA-chitosan and SV degradation (Fig. 3f). The higher polymer
decomposition temperature of the SV-loaded MBI-MA-chitosan
than the MBI-MA-chitosan is likely to reflect the inter- and intra-
molecular disulfide interactions.

Overall, the SV-loaded polymer microparticles showed a higher
thermal stability than the corresponding unloaded ones. It is well
established that intramolecular interactions increase the thermal
stability of polymers, and so leads to a higher decomposition
temperature.

3.5. Quantification of the thiol levels in MBI-MA-chitosan

Ellman’s reagent is very useful as a sulfhydryl assay reagent
because of its specificity for —SH groups at a neutral pH and short
reaction time. DTNB reacts with a free sulfhydryl group on MBI-
MA-chitosan to yield a mixed disulfide and 2-nitro-5-thiobenzoic
acid (TNB), a measurable product at 450 nm. The linearity range
for the L-cysteine hydrochloride standards at 450 nm was
10-150 pmol/L, with a linear equation, obtained by the least
square method, of y = 0.008x + 0.001.

From this, the amount of free thiol groups and disulfide bonds
immobilized in the MBI-MA-chitosan derived from a 1:0.1 (w/w)
ratio of MBI-MA-chitosan were found to be 11.86 umol/g and
6.54 umol/g polymer, respectively, while neither were detected
in the chitosan or MA-chitosan (Table 1).

3.6. Mucoadhesive properties

The mucoadhesive properties of the modified chitosans with or
without SV loading in SGF, SCF and SIF were determined compared
to that for chitosan with or without SV loading in order to evaluate
the effect of media pH. The PAS colorimetric method, used to quan-
tify the level of mucin in the aqueous solution [26], was found to
have a linearity range within 0.1-0.5 mg/mL and with linear
equations, as obtained by the least square method, of
y=0.257x — 0.021, y=0.758x+0.020 and y=1.266x+0.009 in
SGF, SCF and SIF, respectively.

The amount of mucin that was adsorbed onto a polymer has
been reported to depend on the ionization of sialic acid and
charged amino acids in the mucus glycoproteins, as well as the
charged groups in the polymer, and this is pH-dependent (pK,
and plI for sialic acid and mucin are 2.6 and ~3-5, respectively)
[3]. Therefore, the different forms of the glycoprotein will be
influenced by the pH of the environment.

Table 1

At a pH of 1.2 chitosan showed poor mucoadhesive ability but
those for MA-chitosan and MBI-MA-chitosan were about 10.3-
and 11-fold higher, respectively (Table 1). The amino groups of
the chitosan backbone would nearly all be protonated to —NH3
groups at pH 1.2 (pK;, of chitosan is 6.5-6.8), but the sialic acid on
the mucin would also be protonated and so uncharged (—COOH
and —SOsH groups) leading to a reduced electrostatic interaction
with chitosan but only hydrogen bonds and van der Waal’s interac-
tions. When the chitosan was coupled with MA, the aliphatic side
chain of MA provided further hydrophobic interactions with the
CH,/CH3 groups of the mucin side chain, while the carboxylic group
of the MA side chain can form strong hydrogen bonds with the
—COOH and —SOsH groups of the mucus glycoprotein leading to
an increased mucoadhesiveness. For the MBI-MA-chitosan, in addi-
tion to the MA (as above) it contained —SH groups and so exhibited a
slightly stronger mucoadhesiveness compared to MA-chitosan.
However, that the increased mucoadhesion of MBI-MA-chitosan
over that for MA-chitosan was only slight probably reflects the ste-
ric inhibition effect of the aromatic ring that hinders hydrogen
bonding between the —COOH/—COOCH;5 groups of MA and the
—COOH/—SO03H groups of mucin. Furthermore, the —SH groups on
the MBI-MA-chitosan can react with the —SH/—S—S (cysteine and
cystine) groups on the mucin to form disulfide bridges via oxidation.

At pH 4.0, the amino groups of chitosan are still mostly proton-
ated (—NH3), but the sialic acid groups of mucin are mostly depro-
tonated and so charged (—COO~ and —SO3)). This leads to increased
ionic interactions with chitosan and so the 4.7-fold higher mucoadhe-
sion than at pH 1.2. The mucoadhesiveness of MA-chitosan and MBI-
MA-chitosan were also increased at pH 4 (1.3- and 1.2-fold, respec-
tively) over that at pH 1.2 and so remained higher (2.8- and 2.9-fold,
respectively) than that for chitosan. Therefore, the effect of electro-
static, hydrogen and hydrophobic effects impact on the mucoadhe-
sion of chitosan and the modified chitosans at low pH values.

At pH 6.4, the amino groups of chitosan would be ~50% depro-
tonated and so the electrostatic interaction between the positive
charges of chitosan backbone (—NH3) with the —COO~ and —SO3
groups on the mucin would be decreased. However, the actual
level of total bound mucin to the chitosan was not significantly
decreased compared to that at pH 4.0. In contrast, the mucoadhe-
sion of the MA-chitosan and MBI-MA-chitosan was significantly
decreased at pH 6.4 (2.3- and 1.5-fold, respectively) compared to
that at pH 4.0. That the MA-chitosan still bound 1.25-fold more
mucin than chitosan at pH 6.4 reflects, as at the other pH values,
is a result of the hydrophobic interactions between the —CH3; moi-
eties and —CHj, side chain on the polymer with the —CH; groups on
the mucin side chains, For the MBI-MA-chitosan, in addition the
thiolate anions (—S~; pK; ~2.6) would lead to a greater extent of
oxidation and nucleophilic attack forming covalent disulfide bonds
between the thiol group of MBI-MA-chitosan and the cysteine-rich
subdomains of the mucus glycoprotein [27]. Therefore, the hydro-
gen bonding, hydrophobic and covalent effects impact more on the

Degree of substitution and mucoadhesive properties in different pH solutions of the chitosan, MA-chitosan and MBI-MA-chitosan with or without SV loading at 1% (w/w).

Sample DS of MA (%)* Thiol groups Disulfide groups Mucoadhesion of polymer (mg)? Mucoadhesion of 1% (w/w)
(umol/g) © (umol/g) © SV-loaded polymer (mg)"
pH 1.2 pH 4.0 pH 6.4 pH 1.2 pH 4.0 pH 6.4
Chitosan 0.0 0.0 0.0 0.07 £0.01 0.33£0.01 0.32 £0.01 0.06 £ 0.01 0.29 £0.01 0.27 £0.01
MA-chitosan 14.38 0.0 0.0 0.72 £0.01 0.93 £0.01 0.40 £ 0.01 0.42 £0.01 0.68 £0.01 0.29 £0.02
MBI-MA-chitosan 12.64 11.86 £ 0.01 6.54 £ 0.02 0.77 £0.01 0.97 £0.02 0.66 £ 0.02 0.44 £ 0.01 0.73 £0.01 0.35£0.02

b-d Data are shown as the mean + SD and are derived from three independent repeats.

2 Degree of substitution (%) of MA groups on the respective chitosans.

b Total number of thiol groups on the chitosan polymer (pmol/g of polymer).
c
d

Mucoadhesion is shown as the amount of adsorbed mucin (mg).

Total number of disulfide groups on the chitosan polymer (pmol/g of polymer).
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mucoadhesion of chitosan, MA-chitosan and MBI-MA-chitosan at
the higher pH.

Loading of the microspheres with SV at 1% (w/w) decreased
their mucoadhesiveness, although the magnitude of this decrease
was least for chitosan (1.14- to 1.18-fold over the three pH values).
However, the mucoadhesion of the SV-loaded MA-chitosan and
MBI-MA-chitosan was still greater than that for the SV-loaded
chitosan, especially at pH 1.2 (7- and 7.33-fold, 2.34- and 2.51-
fold, and 1.07- and 1.29- fold higher, respectively, at pH 1.2, 4.0
and 6.4, respectively).

Note that the chitosan and modified chitosans are likely to have
formed a polyelectrolyte complex between the charged amine
groups and the hydroxyl groups of TPP, explaining why the posi-
tive charged amine groups of chitosan was insufficient to increase
the mucoadhesion.

3.7. Swelling study

The swelling properties are of paramount importance to con-
sider as they influence the adhesive/cohesive properties as well
the drug release. However, most mucoadhesive delivery systems
are targeted to the small intestine where they will reach the muco-
sal membrane in a partially hydrated form. Excessive water uptake
results in overhydration and a loss of mucoadhesion. Therefore, a
moderate swelling behavior is indispensable for adequate interdif-
fusion between the polymer chains and mucosa since this provides
the basis for sufficient adhesiveness [13].

Swelling can be affected by many factors, such as the cross-link-
ing density and the hydrateability of the materials, and the ionic
strength and pH value of the media [28]. Thus, the swelling behav-
ior was measured in three broadly isotonic buffers of differing pH,
being SGF (pH 1.2), SCF (pH 4.0) and SIF (pH 6.4), and the Sw was
calculated as detailed in Section 2.6.

The chitosan, MA-chitosan and MBI-MA-chitosan polymers
showed essentially the same pattern of change in the Sw with time
(data not shown). With respect to that after 60 min as a represen-
tative time point (Fig. 4), as the pH value increased the degree of
the observed Sw decreased for all three polymers, ranging from
1.13- to 1.25-fold lower for MBI-MA-chitosan at pH 4 and 6.4 com-
pared to pH 1.2, up to 1.33- to 1.75-fold, and 1.22- to 1.81-fold, for
MA-chitosan and chitosan, respectively. Regardless, the MA-chito-
san and MBI-MA-chitosan presented a lower Sw than that of chito-
san in all three different pH media, which is likely to be due to that
the attachment of MA and MBI on the chitosan reduced the overall

350 -
T @|Cs
300 [HE @ME-CS
G MBI-ME-CS
250
K=}
=
S 200+
o0 +r [ e
= o
T 150 +
2
wv
100 -
50
0 .

12

Fig. 4. Swelling ratio (Sw) of the chitosan, MA-chitosan and MBI-MA-chitosan
preparations. The data are shown at equilibrium (60 min swelling time) as the
mean = 1 SD and are derived from three independent repeats.

hydrophilicity, and so lead to a diminished water uptake compared
to chitosan.

Considering the swelling behavior of polymer cast films and
polymer microspheres, the polymer cast films significantly
increase swelling ratio while polymer microspheres are very little
water swelling in an aqueous environment. The difference between
swelling behavior of the polymer cast films and the polymer
microspheres because the microspheres can be form by using
TPP which is crosslinking agent resulting in dense structure of
polymer. On the other hand, the polymer cast films do not using
any crosslinking agent.

In addition, this could be explained from the pH-dependent
charge balance of MBI-MA-chitosan, MA-chitosan and chitosan,
where the degree of swelling between these three polymers is
modified in accord with their charge balance, shown schematically
in Fig. 4. In a strong acidic medium (pH 1.2), the protonated (pos-
itively charged) amino groups of chitosan repel each other and
hydrogen bonds were dissociated, inducing the network to become
loose and leading to an increase degree of swelling and water
uptake. At pH 4.0, some of the amino groups of chitosan were
deprotonated (NH3), reducing the repulsion in the polymer chains
and so leading to a decreased degree of swelling. For MA-chitosan
and MBI-MA-chitosan the reduction in swelling at pH 4.0 com-
pared to pH 1.2 was less marked than that for chitosan due to
the ester and carboxylic groups of the MA side chain that hydrogen
bonded between the polymer chains resulting in a decreased
access to and uptake of water absorption. With respect to the lar-
ger Sw of MBI-MA-chitosan (1.25-fold at pH 1.2 up to 1.75-fold at
pH 6.4) at pH 4.0 and 6.4 the thiolate groups were negatively
charged and so repulsion between the polymer segments is
induced, while steric hindrance from the aromatic group inhibits
intramolecular interactions and so increases the swelling com-
pared to that in MA-chitosan.

At a high pH (pH 6.4), the amino groups of chitosan are ~50%
deprotonated and so interchain repulsion in the polymer and swell-
ing is reduced. Furthermore, re-association of the interchain hydro-
gen bonds and consequently weaker interactions between the
polymer chains and the aqueous media, leads to a decreased water
absorption and swelling. That MBI-MA-chitosan swelled more than
MA-chitosan reflects that (i) the thiolate groups remain charged
leading to electrostatic repulsion between polymer segments, and
(ii) the steric inhibition by the aromatic side chain of MBI-MA-chito-
san reduces intra-chain bonding. However, the polymers have only
a relatively low density of thiol groups compared to that for the
amine groups, and so the affects of the amino group are dominant.

3.8. Morphology

Chitosan and modified chitosans are used in the pharmaceutical
field, particularly as a vehicle for controlled drug delivery. Accord-
ingly, the ability to make suitable payload carriers from chitosan
based polymers by a relatively easy method is important. Here,
we evaluated the suitability of EI as a synthesis method for the
MA- and MBI-MA-modified chitosans as potential low water solu-
ble drug carriers.

Preliminary (univariate analysis based) optimization of the EI
parameters revealed the optimal conditions of a 21 kV applied volt-
age, 8 cm working distance, 0.5 mL/h flow rate, and a 26 G needle
(data not shown) with high percentage yield. The percent yield of
microparticles from El based is in relation to the amount of chitosan.

SEM analysis of the chitosan, MA-chitosan and MBI-MA-chitosan
microparticles formed under these conditions with or without
SV-loading revealed the successful fabrication of microspheres
(Fig. 5). Those without SV were comparable to those loaded with
SV in terms of being in a generic spherical shape with a smooth
surface without visible pores.
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Fig. 5. SEM images of (a and b) chitosan, (c and d) MA-chitosan, (e and f)
MBI-MA-chitosan microspheres, and (g and h) 1% (w/w) SV-loaded MA-chitosan,
and (i and j) 1% (w/w) SV-loaded MBI-MA-chitosan. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of
this article.)
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3.9. Particle size, size distribution and zeta potential

The particle size and size distribution of the chitosan, MA-chito-
san and MBI-MA-chitosan with and without SV loading are sum-
marized in Table 2. The size of the anhydrous particles, as
measured by SEM, showed that without SV the chitosan particles
were the largest followed by MA-chitosan and then MBI-MA-chito-
san. After loading with SV at 1% (w/w), the chitosan, MA-chitosan
and MBI-MA-chitosan particles were larger (1.2-, 1.4- and 1.5-fold,
respectively), and further increasing the SV loading level increased
the particle size (1.27-fold at 4% (w/w) SV over that at 1% (w/w),
indicating that the particles could encapsulate more SV.

The hydrated particle size, as measured by DLS, of chitosan,
MA-chitosan and MBI-MA-chitosan with and without SV were only
slightly larger than the corresponding anhydrous particle sizes
(1.03- to 1.15-fold), suggesting very little water swelling in an
aqueous environment. The particle size distribution, as the PDI that
ranges from 0 (monodisperse) to 1 (polydisperse), was fairly broad
for chitosan and relatively narrow for the two modified chitosans.

Zeta potential is the electric potential of a particle in dispersion
and provides information on the overall surface charge of the par-
ticles, and how this is affected by changes in the environment (e.g.,
pH, the presence of counter-ions, adsorption) [29]. It is a parameter
which is very useful for the assessment of the physical stability of
the colloidal dispersion, the overall surface charge of the particles
and how this is affected by changes in the environment. The sur-
face charge can greatly influence the particle stability in suspen-
sion through electrostatic repulsion between particles and so
reduce agglomerate formation. From the results, the zeta potential
of the formulation without drug was strongly negative, whereas
those with drug became less negative (Table 2). This is due to
the cationic charge present on the drug having neutralized the sur-
face charges existed on the formulation surface. Moreover, using
TPP as a solution gave rise to negative zeta potential of
formulation.

The chitosan and MA-chitosan microparticles had a negative
charge of —15.12 and -18.38 mV, respectively, because of the
bound TPP (Table 2). This increased for the MBI-MA-chitosan due
to the S~ anion on the MBI side chains in addition to the surface
TPP complexed with the chitosan amine groups.

The loading of these particles with 1% (w/w) SV slightly reduced
the zeta potential (1.14-, 1.27- and 1.18-fold or by 1.82, 3.87 and
3.3 mV for chitosan, MA-chitosan and MBI-MA-chitosan, respec-
tively), but the MBI-MA-chitosan particles even with a 4% (w/w)
SV loading should be reasonably stable in aqueous dispersion.

Mean particle diameter, particle size distribution (PDI), zeta potential, and SV encapsulation efficiency (EE) of chitosan, MA-chitosan and MBI-MA-chitosan particles with or

without SV-loading.

Abbreviations Anhydrous particle size

Hydrated particle size  Zeta potential Polydispersity Index  EE

(um)? (pm) " (mv)"® (pDI) " (%)
Without SV
Chitosan 4.5 +£0.05 4.65 +0.09 -15.1+£1.2 0.73£0.10 -
MA-chitosan 2.0+£0.15 2.30x0.15 -18.4+09 0.45+0.15 -
MBI-MA-chitosan 1.7+0.08 1.94+0.13 -21.5+0.7 0.39 +0.01 -
With SV
1% (w/w) SV-loaded chitosan 5.4 +0.05 5.62 +0.08 -133+13 0.75 +0.05 53.0+0.03
1% (w/w) SV-loaded MA-chitosan 2.8+0.15 3.12+0.15 -14.5+0.1 0.53 +0.05 70.90 +0.01
1% (w/w) SV-loaded MBI-MA-chitosan 26+0.12 2.81£0.20 -182+14 0.49 £0.15 64.83 +£0.01
4% (w/w) SV-loaded MBI-MA-chitosan 33+0.05 3.53+0.05 -16.1+£1.0 0.67 +0.02 82.10 £0.01

Data are shown as the mean + SD and are derived from three independent repeats.
¢ Anhydrous particle size measured by SEM.

b Hydrated particle size, polydispersity index and zeta potential measured by DLS with a particle size analyzer.

¢ EE encapsulation efficiency (%) of SV into the polymer particles.
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Fig. 6. Release profiles of SV from (a) 1% (w/w) SV-loaded chitosan, MA-chitosan
and MBI-MA-chitosan in SGF (pH 1.2), (b) 1% (w/w) SV-loaded MBI-MA-chitosan in
pH 1.2, 4.0 and 6.4, (c) 1% and 4% (w/w) SV-loaded MBI-MA-chitosan in SGF (pH
1.2). The data are shown as the mean+1 SD and are derived from three
independent repeats.

3.10. Simvastatin encapsulation efficiency

The EE of SV into the chitosan, MA-chitosan and MBI-MA-chito-
san microspheres is summarized in Table 2. For the 1% (w/w) SV
loaded samples the MA-chitosan showed the highest EE (70.9%),
while chitosan had the lowest (53%), revealing the improved com-
patibility between SV and the modified chitosans over chitosan.
Increasing the SV loading level in the MBI-MA-chitosan from 1%
(w/w) to 2% and 4% (w/w) increased the EE obtained to 70.3%
and 82.1%, respectively. (Table 2), and illustrates that EI can pro-
duce a high EE of SV.

3.11. In vitro SV release profiles

From the release profiles, pure simvastatin without any formu-
lation show the most sustained release profile in all pH tested
because simvastatin is a poor water soluble drug and therefore it
gradually swells and dissolve.

The release of SV from 1% (w/w) SV-loaded polymer (chitosan,
MA-chitosan and MBI-MA-chitosan) particles was evaluated over
12 hin SGF, SCF and SIF. The release profiles in SGF (pH 1.2) showed
an initial burst release (1 h) for all three polymers, due to the pres-
ence of free SV on the particle surface (Fig. 6a). However, the burst
effect was more marked for the SV-loaded chitosan (50% SV release)
than when loaded in the MA-chitosan or MBI-MA-chitosan (33% and
40% SV release, respectively). After 2 h (65%, 42% and 50% SV release
from chitosan, MA-chitosan and MBI-MA-chitosan, respectively),
the SV was then gradually released from the polymers over the
remaining 10 h reaching 76%, 57% and 63%, and 86%, 76% and 84%
total SV release after 6 and 12 h, respectively. Thus, MA-chitosan
showed the slowest sustained release of SV, which likely reflects
its hydrophobic nature and its diminished water uptake capability.

With respect to the SV release from the 1% (w/w) SV loaded
MBI-MA-chitosan in media of decreasing acidity (Fig. 6b),
increasing the pH caused a slight delayed release of the SV, but a
similar pattern of SV release of an initial burst (1 h), fast release
rate (post burst to 2 h) and then a slow sustained release for the
remaining 10 h was seen. The reduced rate of SV release with
increasing pH is consistent with the decreased Sw with increasing
pH (Section 3.7).

Finally, increasing the amount of SV loading (and EE, see
Table 2) on the MBI-MA-chitosan from 1% to 4% (w/w) resulted
in a faster release profile of SV at pH 1.2 with about 50% of the total
SV being released in 1 h, but still displayed a sustained released
thereafter over the 12 h period. In the same way a similar trend
(but differing magnitude) in the release profile for the 4% (w/w)

loaded MBI-MA-chitosan compared to the 1% (w/w) loaded parti-
cles was observed at pH 4.0 and 6.4 (data not shown).

Finally, the decreased particle size observed with a modified
chitosan implies an increase in the number of particles and there-
fore an increase in surface area for drug adsorption. The higher
drug loading also gave the higher drug encapsulation efficiency,
while the burst effect for all formulations is relatively comparative
in the range of 20% within the first 1 h and then prolonged release
to 80% of drug loading within 12 h. The results suggested that these
carriers can reduce the amount of simvastatin contained in the oral
formulation in order to maintain the similar release profile.

4. Conclusion

In this study, mucoadhesive thiolated chitosan was successfully
synthesized by covalent attachment under mild conditions. The
immobilization of thiol groups (MBI) onto the MA-chitosan
(11.86 £ 0.01 pmol/g of polymer) resulted in strongly improved
mucoadhesive properties at all three tested pH values (pH 1.2,
4.0 and 6.4), and especially at pH 1.2 (11-fold higher mucoadhe-
sion than chitosan). The chitosan, MA-chitosan and MBI-MA-chito-
san particles were fabricated and loaded with SV using EI, where an
82% EE could be obtained with 4% (w/w) SV-loaded MBI-MA-chito-
san. The obtained microspheres not only reduced the burst effect
but also increased the release rate of SV within 12 h at more than
fivefold higher than pure SV. Moreover, the mucoadhesiveness of
the SV-loaded MBI-MA-chitosan microspheres remained higher
than that for the SV-loaded chitosan microspheres at all three
tested pH values.
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