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Abstract

Osteoarthritis (OA) is a common disorder of the synovial joint. Knee pain is a
predominant clinical symptom that causes disability, especially in the elderly. It is typically worse with
weight bearing and activities resulting in the loss of the patient’s quality of life. The current
medications used for OA, such as steroids and NSAIDs, cause serious side-effects. Therefore,
alternative medicines that offer a superior safety profile are required. Morus alba L. (Mulberry tree) has
long been widely used in traditional Chinese medicines. It has been reported to have various
pharmacological properties including anti-inflammatory and anti-oxidant activities. Although a
number of studies have reported the anti-inflammatory effects of M. alba L., its potential for treating
pain associated with OA and the ability to delay the progression of the disease has not been explored.
Thus, this study was designed to investigate whether M. alba L. stem extract can attenuate pain-related
behavior and delay the progression of the disease in a rat model of OA. OA was induced in male Wistar
rats by anterior cruciate ligament transection (ACLT). The pain-related behavior was determined using
a hind limb weight bearing tester. The severity of the knee joints cartilage damage was determined
using Mankin’s scoring system. Moreover, the antioxidant capacities of the plant extract were also
determined by using several in vitro antioxidant assay systems to determine whether the efficacy of this
plant could be attributed due to its antioxidant effects. M. alba L. extract significantly attenuated joint
pain in a dose-dependent manner and its effect at the highest dose appears to be comparable with
glucosamine. An improvement in the Mankin score was observed in the group of rats that were treated
with this extract, suggesting that this extract could delay the progression of the disease and may be used
as a disease-modifying OA drug (DMOAD). In addition, the extract exhibited the positive scavenging
activities in all the antioxidant assays, suggesting its antioxidant capacity.

This study is the first to demonstrate that M. alba L. extract can attenuate pain associated
with OA and delay the progression of the disease in a rat model of OA. Based on this finding, it
suggests that the anti-oxidative effect of M. alba L. stem extract may be involved and responsible for

its effects. However, further study is required to fully define the precise mechanisms involved.
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tg 9 a [ 9 1 ax
3.1 gNHNMTANUDUYADFATSUDI (A) trolox it (B) asana laudunieu lagds

DPPH radical scavenging

tg 9 a [ 9 1 ax
3.2 gNHNMTANUDUYADFTSUDI (A) trolox it (B) asana laudunieu lagds

HO° scavenging activity (A) DPPH radical scavenging

Qa‘ 9 a (% 9 1 asy
3.3 ONTMTANUDYYADFTSUD (A) trolox 8 (B) asana lauauviou laeds

0,° scavenging activity

4
3.4 gnsmsmueyyadaszvesmsana lnuduntonlagdd °NO scavenging
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mganlyluadde

ACL Anterior cruciate ligament

ACLT Anterior cruciate ligament transection
AlCI, Aluminum chloride

ANOVA Analysis of variance

AUC Area under the curve

DPPH 2,2-Diphenyl-1-picryhydrazyl
DMOAD Disease-modifying OA drug

EDTA Ethylenediaminetetraacetic acid

FC Folin—Ciocalteu

FeSO,.7H,0 Ferrous Sulfate Heptahydrate

FRAP Ferric 1on reducing antioxidant power
g Gram

GA Gallic acid

GAE Gallic acid equivalents

g/kg Gram per kilogram

H&E Hematoxylin & Eosin

H,0, Hydrogen peroxide

H,PO, Phosphoric acid

HPLC High Pressure Liquid Chromatography
IC,, Half maximal inhibitory concentration
IGF-1 Insulin-like growth factor-1

IL-1 B Interleukin-1 beta

IL-6 Interleukin-6

iNOS Inducible nitric oxide synthase

kg Kilogram

mg Milligram

ml Milliliter

mM Millimolar

MMPs Matrix metalloproteinases

M. alba L. Morus alba Linn



NaCl
NaHCO,
NADPH
NBT
o

NBTH
NED
NaNO,

nm
NMR
SNP
NO,
NO
NSAIDs

OA

QU
QUE
RAW 264.7
SEM
SOD
TBA
TBARS
TCA
TE
TEAC
TNB
TNF-OL

AeloN]FluanuIdY (so)

Sodium chloride
Sodium hydrogen carbonate
B-nicotinamide adenine dinucleotide phosphate
Nitro-blue tetrazolium
Tetrazoinyl radical
Naphthylethylenediamine dihydrochloride

Sodium nitrite

Nano meter

Nuclear Magnetic Resonance

Sodium nitroprusside

Nitrite ion

Nitric oxide

Non-steroidal anti-inflammatory drugs
Osteoarthritis

Hydroxyl radical

Superoxide anion radical

Prostaglandin E,

Quercetin
Quercetin equivalents
Mouse leukaemic monocyte macrophage cell line
Standard error of the mean
Superoxide dismutase

Thiobarbituric acid

Thiobarbituric acid reactive substances

Trichloracetic acid

Trolox equivalent

Trolox equivalent antioxidant capacity

5-thio-2-nitrobenzoic acid

Tumor necrosis factor - alpha

Xi
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Ultraviolet
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Degree Celsius

Microliter

Xii



DBG5480013

Unn

4 .. <3 { 1 A
Tsadoriion (Osteoarthritis, 0A) 1iluTsadennu 1dtes Taammizedwasludgeoy o113
A @ Y 1 dyd 9 1 A 9 A o Y Ao %‘ %
uaasnausalugiramaiinee1nisdianiuve laganized 989U MMM NT VWD
o ] 1 1 a 3 % g I
oNA20619%U Yol Yousnaay Tnn 1udu (Bove et al, 2009) Fs01mstatvzilugildassa
v A A o a w o w P A Aa 9 ) A
pg19gIonInaon Inaazmsineiasdszsriuvesdihe erdiieuldludvgiumeussim
9 9 [ [ = 4 9 @ ~ [] 1 =) 4 A
p1msiaade 1dun erlunquaieseos uazerdunsonaui lilsadeseoa uaiiosainerlu

Y
1 =

a Y A ' v & = Y| Y A g A TR A Y A v
nauiliinatnafesedann asiumsanIdoie 19 laeriilumaden Inigslinadrafeios
' Amq Y v R A o o '
AN lgeglutlgiinaaianuiuiluegiaun
= Y 9 A @ [] 9 A 1 [ [ = ) A 1
tadnlsadodouszgniaeglulsaden lulinmsdnay  uamsAnuIS1uIuLINGe I
[ [} = d' 9 [} 1 d' 1 d' a 9J Sld'
nszuIUMIenEUnazlidIuneIdesedauInaemadonvenszgnesunuinude luauldn
< Y A A A o qUa o . .
Wulsadoido (Allen et al., 2010) asaenaanmldinanisonay (pro-inflammatory mediators)
o 2 4 ﬁ’ . 4 1
mmu3J1ﬂgﬂa%'1ﬁumm,«yaamam?a (synoviocytes) — UAIFAANTEANDOU (chondrocytes)
v 1 1 4 { 1
gNAIDY LB U prostaglandin E, (PGE,), nitric oxide (NO) and 15l T lmainisonan proinflammatory
cytokines 14U interleukin-1 beta (IL-IB), interleukin-6 (IL-6) L@ tumor necrosis factor-Ol (TNF-Q)
[ 1 { < 4 4 { o a
(Fernandes et al., 2002) HnmsAnu iy Tudieiiilulsadeidon arsdenariiildinanis
o v Yo ] 2 o q ¥ a ' ! v
enaugnnszguldinisaiunniudwamlfinanig luaugaseninenszuiumsadas
[ Y
N32UIUNMINIAI0VDINTZYNODY (Amin et al., 2000, Heinecke et al., 2010) Taga1sdonalunalil
o 4 . : o w { o
lifinavir19%5n5 up-regulate Yo 9101 lanai proteinases FekanudrAgnertoalunmsiatenszgn
90UVDIND AD matrix metalloproteinases (MMPs) (Amin et al., 2000, Fernandes et al., 2002,
Y v
Heinecke et al., 2010) Uon1NHHIN1331091U721 NO wag PGE, Iaunedessilninasinisiie
A v 9 Y A A v A A ¥ 2 & . 0o q Yo o YA w
nvolugihelsnve@on 1Woannasmaitazinsai NnUNEIdIHa 1Ha5 3 ReIN AN
< . v A 1 a . )
wuia (nociceptor) Hanuaedudinninlng (hyperalgesia) (Schaible et al., 2002, Moon et al.,
2010)
1 ° @ 1 1 o I
Tudsemedu Morus alba L. vsedunvou lagniunldnuedisunivats Tagihwuilu
4 r'd
drdsznenlumSvetuTusa ImsAnynyNduntoulignimundsIneunnuneg 15U gns

a

1 g A £ y '
ammumma“lmﬁaﬂ qmﬁ’mauyaaaix uaziﬂmawwamqmqmﬁ’mmﬁaﬂmu ERUNRITER

v A

E’fﬁﬁfTﬂiﬂﬂ@gl}uﬁij’f)u?ﬂiﬂiﬂﬁﬂﬂﬁﬁﬂ\‘lﬂWiﬁ@ﬂﬁN‘llf]\iﬂﬁ’ﬂwﬂLﬁ‘U (Inflammatory mediators) 1Y

v ]

a { 1 4
NO tag PGEZ(ChOi and Hwang, 2005) Wad1nN137 BNHIUNT WU 0ONFHITHLIDTTINT O
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& v Y A v v oA £y o P
(oxyresveratrol) Gl)'\‘]ﬁﬂﬂVlﬂémﬂlfﬂa@ﬂﬁ’]ﬂﬂlﬂﬂﬁuﬁu@uuQﬂﬁﬁ1uﬂ15@ﬂlﬁﬂ (Chung etal., 2003) 1A
v 4
%gflﬁﬁWﬂﬂ’lﬁﬁﬂ‘HWﬁi’lﬂ\ﬂuwaﬁWUﬂWi@ﬂlﬁUﬂl@Qg{UﬁN@u Lmﬁﬂﬂﬂﬂ’\lGluﬂWﬁﬁﬂfﬂﬂ’li‘iJ'JﬂlLﬁgﬂVl‘ﬁ

] X Y
Tumsszaomadouvenszgnooululsadeidoudnauds lulinsAny uonvnil 1INWaN15I9e

' ¥ 2 o ' A 7 A A o Ay Y A g A o
AUV UIU YINUIFT DONBLTALIDIIINGTOAR lJﬂil]']ﬂlll']ﬂaluﬁ']iﬁﬂﬂﬂllﬂ%']ﬂﬁquﬂlﬂuﬂquaga']

@ ]

Y 9 T A =~ Y ' A & o & a e~
@umamuwmumamﬂmnmu‘wnJu“lfu (Thongsuk, 2007) ANUUNITI ﬂumuﬁmywmﬂu
s ' '
ﬂ”liﬁﬂi‘:ﬂf]‘i/]‘ﬁﬂlﬂﬂﬁ”l'iﬁﬂﬂﬁ]”lﬂiﬂu@%juﬁll91!11!ﬂﬁaﬂﬂ"lﬂ”liﬂ’;lﬂ!m$‘B$ﬁ@ﬂ1§tﬁﬂllf’ll’f]\1ﬂi%@,ﬂi’)@uﬁ
a 9 VA = ) Y a 9 VA o Y g Aad ' .
Lﬂﬂﬁ]”lﬂﬂlﬂlﬂ]”ILET@EJGLMWHTME]’ENGNQﬂ"lfﬂi!"lclﬁtﬂﬂjiﬂﬂ]m“‘lﬂlﬁﬂujﬂEJﬂ"Ii@]ﬂLﬁu!ﬂuT]iﬁ)'ﬂ’J”l anterior

cruciate ligament (ACL)
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Jd Ay
ﬂ%}ﬂ‘i%ﬁﬁﬂﬂlﬂﬁﬂﬂ?%ﬂ

A = [ 9 1 a 4 =Y = 14 v A
o3 sNasana lnuaurlouuaz AL HUsnaeasoonmsaeisImsoa luasanan

=~ 9
wyou'ld
A £ o D) ' A~ P
ienageugNIvedaIanann laudunssuimionld Nansoaneinstiatazszasnny
A
ou

&' d‘ 1 [ d' 1 d‘ Y A 1
ﬂl@ﬂlu@tﬁl@ﬂ‘i%@ﬂ@@u@ulu@ﬂh1%1ﬂ1‘iﬂﬂl@Lﬁ@uﬁluﬁk‘!qﬂﬁiﬂqu

A Ly PN o Ay Y £y ' A A £y
LW@ﬂﬂﬁ@ﬂﬂﬂ‘ﬁﬁWﬂ@Hy’ﬁﬂﬁﬁgﬂlﬂﬂﬁWiﬁﬂﬂﬂulﬂ‘ﬂWﬂﬂuﬁlJf]u%lﬁﬁﬂllulﬂ
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N1INAA93

v a = U 4 v a 4 = d
MINARRIEIUN 1: MIEIENATaNAIANAUTINBY 1AM IIATTHHIUSINMeNFITAIB5
nseadingilszasnveamsivy

A ~ Y 9 ] a 4 =y = 4
iowIsuasana lnuduvyey taz i znlsmnams eendsmieismsoaluas

analaudunieuiwsonla

ad o a =
ASNNIAUUUMNIANEN
M08 InY (Plant materials)

o I A Aqyd v ' v ¢ Aw o 4 Yo ¢
G]’J?JEJNW‘]WI‘IGHHJHI?’]H@]HWN@U ‘W‘L!T.JI 3348 60 i’]”lf!ﬂi%ll”lﬂ! 15 TJ llﬂiﬂﬂ?”lﬂ@lélﬂi?%ﬁ

Q

a a = a < Y

g
mﬂuﬂawuaummqué’wuau"lwmmwmmauwsx NYTATULAINISUIIANITINA

NILUTUTIFUUID JIHIAAN

MIAIBNTISANAIAUAUINOU (Preparation of mulberry stem extract)
o A ) ' 2 Y A & Yy o oA ¥ & qug £
mmsaenaen lauduniousuuensenlvimaeuaile 1 (imaes) nturiuliiduyu

a

<] o Y ® A = I o
rana wazii lloulugon (Memmert”, Germany) Nguvgil 50 osuwaiBod 1Tuan 2-3 1 au
o 1 { I 4 U o o (% .
uhe hmleuneuntadumnualiiunslagldinsosuaayulng nowilniinana (maceration)
o v { [ 0o 3 ' { < [
A28 80% 1ONIUBA  TIUIU 2 30U TOUUTN 2 U wazseueaes 3 T dnherdaulaimy1dn 2
' ¢ 0 Y v A .
sou Tnsesriunszamnsouwes 1 uaziilszientedaeinses Rotary evaporator (Buchi B-

9
o 1 Y o (% I
171 Vacobox, Switzerland) uaxm”lﬂszmﬂuﬁ'mauu water bath 91NUUIEITANANIVAVUL WA

MIMHINNS08aZ VY INANEN (Determination of percentage yield)
i Y H
PIUTNUNAITANAYIY1U (crude extract) ﬁulf:]} uazmmmm%’aﬂazmmwawa@ (% yield) 310
qUNII

Y Y
%’aﬂazﬁummawaﬁ = (UM UNUDITITANA/ H1ﬁ1n!ﬂellf)\‘lﬁ615ﬁﬂ) x 100

[y d
MIANAUENT1500NTBISAI0IIINT A (Isolation of oxyresveratrol)
v 4 [ %’ 1
MSANAUINDONFLTAIDTTINTAINAITANAUIVRILAUYINKIA (Artocarpus

o ] [ 3 g
lakoocha) ¥ Taeniwadnviasnazaisalemniveadsuauaniios uasHaualw silica gel 60 (No.
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9
7734, particle size 0.063 — 0.200 mm) tazyi lduiameldnuau aniui Il anauenalemaiin
T, A . ! @
Aoauy lasun Insns 1 W¥iia37 (quick column chromatography) tazlddrunauvesnas Isesy
Aa . . A [ () v A = ' . =
HaZIMUOaNN polarity gradient Neanuiuahazaeluigmanaoun Taeaiu (fraction) 0 1-
4 1 1 { 4 1 o
2 l9nas IsvlosuaeunIuea 95:5 LAz aIU (fraction) 7 3-25 1¥nae IsWesuasmmiuea 90:10 11
o [ 4 v U a,
arsiruAsaNooNUIAaZ AU (fraction) MIANBIZUIUVYGY fingerprint 1A8AT Thin Layer
4 = I )
Chromatography (TLC) Tagldumuealunae Iswesuanuiutudosas 15 Tastsuias Wudwi

A o . o 1 A . A v Y Y 0 o Y
ATNYNWAUUDY (developing solvent) UITIUNY fingerprint NAAIYNUNITIVNY wazih ldvild

zg 1 9

UTgNTADAIUIT gel filtration chromatography 1a81% Sephadex LH-20 tazimiuoa Aua1siniu

[ a A

d 1 a A 2 {
ADANEIY (fraction) @z 20 Aaddns AN¥IFULUVYL fingerprint 1A8IT TLC BNATY fraction

= 9 = A ) o Y Y
AN spot LﬂfJ’JﬂNJGLG]!,L?N UV nNanygIInau 254 uﬂumm TUTINTITIUNU uazﬁiszﬂmmq

9 ' o a o Y Y ad .
mai@qaumunmﬂ ﬂauuﬂﬂwqﬁmimminmmﬁ Nuclear Magnetic Resonance (NMR) spectra

a d = d (Y] Y v ad =
MsAAIIZHIeaNdIsTNessInIaalumsanalaudurieulagIsiasunlans i Wueuriar
aNIIOULGN (Determination of oxyresveratrol in stem mulberry extract by High Pressure Liquid

Chromatography)

e

AN1NZMINABDI Al

- Mobile phase ﬁi%}ﬁﬂ Acetonitrile: 0.05 M KH,PO,, 1 :3,pH 3

- 89515 1aved mobile phase A9 1 ml/min

- ﬂﬂﬁulﬁlﬂl% o C-18 Reverse phase HPLC column (Gemini, 5um C18, 150 x 4.60 mm,
Phenomenex, USA)

- QUWQNVDY column oven AD 30 PIAUTAITYA

d
M3ANNTINHIANTFIU (calibration curve) Y94 9ONTHITAIIVDFTINTOA
~ =y 14 9 =
19383 stock standard IA8ALA180DNHITAIIDITINTOA lHEMIUBAT DAL S0 Tagd5u1as ]y
Y 9 a Aa o 1 A Aaa 3}_, A YA Y 9 1 [] a a o

ANUAINTY | Taaniuaeladans 31nUWA N IRLANTNIUDEY1UYI9 0.0005 - 0.05 Wadn3w
1 A aa c’:‘/ J o a 4 N
ADNARANT NTOITNTATALNINNARIY 0.45 pm filter membrane RoUI TRz AI8ATITATIN

Tnnsllveunaraussausge (HPLC)
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MINATIZHvNTIsaSIIMIealumsanalnuAuriNou
191583 stock solution VoIENTANAlAUAUKLoU Tasazateaisanaluomueaiosas 80
=Y Yy 9 Aa Aa o 1 A Aaa ?x‘; N [ 9 [} YA
Tas31105 Tuanuudy 1 Jaansudslaaans AUUERDINATANA Iauduiou 1FIA

9
[WUYU 0.25 FadnTuADNAaanT NI0IANITATAININNAAIY 0.45 pm filter membrane AU 11/

a J o 2 g
’Jlﬂ'i'lgﬁg]}’lﬁl HPLC MMIinaasdsy 3 A
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Nam3ANE
SoaazvoaNanan (Percentage yield)

¥ ] [
Wrinves laurvoudn 3,700 NTY

ov

Y] [ [

WIURUNUBITITANA 190 NI

Y
Y

U Percentage yield

‘DG

(190/3700) x 100
=513%
(Y] dJ
MIaNANNEISNBISAIIBSTINT0A (Isolation of oxyresveratrol)
~ P Aq v = Ay o &

FITUINTIIUDDNGLITLIDITINGDA mi%iuﬂ13ﬁﬂy1u llﬂﬁﬂﬂllﬂﬂﬁ]”lﬂﬂ\iﬂ?]ﬂ?ﬂﬂ BN
I U { [ %’ 1 ) a £ .
Hudaun ldanarsanatinueaunu Artocarpus lakoocha 1agiuLENUIgNTA1E quick column
chromatography SIUNVITIIADVAIV (Thin layer chromatography; TLC) 910 TLC 11 fraction? 14

2 A . A v [ o &R Yy Aaa Y Y o v [ Y
- 19 93U fingerprint “lflﬂa1Elﬂuiﬂi’n]ﬂu%ﬂﬂ’é)u“UNiJﬁ\iﬂuﬂaﬂiJuﬂElllﬂunJTi’JiJﬂu nagyin v

Q\{l Y ady

vy v X D o 0o q ¥ a .

iU Tao 14 rotary evaporator ttaz1i1 v 1% UTgn5a0A107% gel filtration chromatography €15
AN YN @ I KX A A 1 =0 A ~ A
nldtanvuzilunanTivaowdou uaz UV spectrum HAINISAANAULEIZIZATIAINGIAAY 329

wTumas (A, 329 nm) 507 1.1

max

1.0 T T
osl 329 nm
06{ / \'\
/ \
absorbance I ~ f ‘]n
I"i Y — et .
al i N K |
i P / \
| 1 .'I, I"n
J 1\ J \
| J |
0.2} \ 4 L
)l \ J.r \
! - |
0.0 ""L 1

s 1
200 300 400 500
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a d Y =~
gangaslnssadramanil

A o = 14 9 a Q( Y ) A Y a 4

Weana vendsaneismsea 1ndanialaasuignsuda hashlauninszvigas
Tassaramaniidrsaiosiundesunauans TsuuugalnInsalnll  (Nuclear Magnetic
Resonance; NMR) 12148 400 tnztd3n1aalsd deuterated dimethylsulfoxide 11Judiazate naaq
dayanuaae 11l

'"H NMR (400 MHz, DMSO): 06.07 (1H, t, H-4"), 6.24 (1H, dd, J = 2.31, 2.34 Hz, H-5), 6.32
(1H, d, J = 2.35 Hz, H-3), 6.34 (2H, d, J = 2.09 Hz, H-2’ and H-6"), 6.77 (1H, d, J = 16.44 Hz, H-P3),
7.15 (1H, d, J = 16.48 Hz, H-Q), 7.34 (1H, d, J = 8.52 Hz, H-6) (1% 1.2) 910 'H NMR Wy
Tnsaa519e0Ananany 2,4,3",5 ~tetrahydroxystilbene H3® oxyresvertrol (1AL ABANADINVT 1YY

YO Sritularak (1998)

OXY in DMS0 19/4/2548

\ |
OH
3'
OH 277 N4
) v ‘ ¥
3| NN Non 2,6
4
a5 ;/ 6 3 4
R .
|- | M
WIS, e __J‘Lj'k_ U _J"\th_ . N o % | N

gﬂﬁ 1.2 'HNMR spectrum of DONHLTE o35 MI0n (2,4,3°,5’-tetrahydroxystilbene)
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a d = d (Y Y | Aan =
N15IASIZHIN ONTISAIRSIINTea luasanalauauriNeulasIslasulansiNveuriar
ANII0ULGN (Determination of oxyresveratrol in stem mulberry extract by High Pressure Liquid
Chromatography)

@ v Jda 9 as a 4 = 4 1 9
AMINAAUANNTUNUTIFUFUATIVOIITNMINATILHMIBONTIT DI TIMT 08 WU 19

T a Q‘{ o 4 1T @ Y] 1

niiduase Taelimduilsz@nSanduwus (Correlation coefficient, R*) 110U 1 aanaaslugili
a 4 =Y I'4 [ 1 1 [

1.3 91nM3 3T H S eendisanessimsea luasanan laudunieu wun a1sana

Il = N J Vv Y
HUOUNTUIN 00NFSHIDITINTDA NN S080L 17.86

y = 84,160,996.2682x - 21,353.4504

4500000 - R2 = 1.0000
4000000

3500000
3000000
2500000
2000000

Peak area

1500000
1000000
500000

0 T T T T T 1

0 0.01 0.02 0.03 0.04 0.05 0.06
Concentration (mg/ml)

51 1.3 n519lw1A5310 (calibration curve) Y3 BONFITANIDT T MIEA NAIMANTUTUG 0.0005 -
0.05 HadnSuAeiiadans A1 R WU 1.0000 LazaumInla Ao y = 84,160,996.2682x -

21,353.4504
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asiwamsanluaiui 1
msaniuauvedlnsamslugie e fouusn Tdhmsesonasananeny (crude extract)
9y ] an 1 o . Y Yy 9 9 Y o
vin InuduniiouTagI5Msusnin (maceration) AIgeMUDAANUTNTUTREAL 80 Hag TarinIs
= 4 A Y a 4 S =
ugnaseandisaesmeannlinmaiie lniuasnasgulumsinnginilsnaeend
P o A a 1 Aoy o a ¢ a ~ 7
sanesmsealumsanainwsoniy venainiidilaminisdmazinfSinaeendisaneis

o 9 1 A A 49! ~ YA k) v Ao I = %‘ 9
1/15aamﬂmiﬁﬂﬂTﬂummaummamu uazwam“lﬂﬂa Ilﬂﬁ’ﬁﬁﬂﬂ‘ﬂll Y uREIR a1y

4 1T W
TagHlSuaeondsanosimsea (MU Sosaz 17.86

10
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v ~
N1IINAADIAIUN 2
Ad % d‘ 4 k4 ' oA U
ﬂ1§‘Vlﬂﬁﬂﬂq‘nﬁ‘l]ﬂ\‘iﬁ1§ﬁﬂﬂﬂulﬂinﬂiﬂuﬂuﬂﬂﬂiﬂuﬂ1ﬁﬂﬂﬂ1ﬂ1ﬁﬂ')ﬂ!!ﬂ%”ﬁgﬁﬂﬂ1§ﬂ1!141!sllﬂ\‘ii‘§ﬂsllf’)
A
roulumy
(Y] d av
ﬂigﬂi%ﬁﬂﬂﬂlﬂﬂﬂ15?fﬂﬂ
A a o A Y y 1A A P
!W@‘nﬂﬁﬂ‘]Ji,]Tlﬁ‘Uﬂ\‘]Eﬂ5ﬁﬂﬂﬂqﬂ%1ﬂiﬂuﬂuﬁﬂﬂuﬂ!ﬂﬁﬂﬂﬂﬂ Naanseanaimsiauay

yzaomsautiuvelsaveraonlunylanselu

[ ~ I = v 7 = 1 Ao a3 [ [ Y] dy
msnaaealuaiun 2 dunsarw ludainaaos Fauansivesoniluaeaaluges aail
MINAavIaIuA 2.1
- . A .4 - - 44
MIAnEINIAmiuved Isaveaen Tasnslsziiveinsirauazwensaninnnlasuulas

lindannmsdmildinadenndonlunuuiiaeany

ad oA =2
ABMIAUVUUMIADYN

Fainaaog
Y

. o Jd o @ o 1 < 1
WY1 Wistar eI 01g 5 de dnnindszanar 140-160 nSu gnuiseemilu 4 ngu
9 1
Taun

- ﬂijiJ‘ﬁ 1 Naive (n=6)

]
1A

- NQUN 2 Sham (n=7)

- NQUA 3 OA-15 weeks (n=12)

- NAUN 4 OA-6 weeks (n=6)

L)

[
1

vynaud 1 Wlunquatuguii hildimsnszsilen dauvylungui 2 - 4 funguitlasuy

] '
1 =

1w = Yo (Y] ] = @ oA 9 19 3 Aa 1
marda laeivyngui 2 Tasumsidasufodnungui 3 uaz 4 sndussidueuiFonin
anterior cruciate ligament (ACL) vz lugndnoen luvmziivylungui 3 uaz 4 185umswiida uay
¥y 2 a A o A o o qYa A v o A a v
idupuriatignaaeeniosnih liinaeimsiaiiesandemuden wazmslsziiiueimsiala
1 Y
mmsany iz luryngui 1-3 aaumsdsziunasanwimsane lunyne 4 nqu Tagwy
' { Y a a [ @ A '
Tungui 13 1a5umsdszitiunenTaniwnaigniuaa1aa (euthanized) Tudla1in 15 aauny
oA Yo a a [ [ P a
nqui 4 lasumsszdunensanwnasgnuamanaludilanin ¢ Tasnmslsziiveimsianay

a Yo A (4 dy
WﬂWﬁﬁﬂ1Wllﬂﬂ1&uuﬂWiﬂ\1u

11



DBG5480013

msiszdivermsiaa

i1 1 k4
noumsiaaiosnii Idinadorindon nynnaa9zgnianiiugIu (baseline) YoIN1TA

9
@ 9

3 { 4 H 1
WminivdsvesnynsdesdnelaomieelioNiFond1 hind limb weight bearing tester 130

v
v A

. . A o o 1 &K VoA Yo Y
incapacitance tester (3U 2.1) nasanmsiamiugiu vylunqui 2 - 3wz 1dsumardAadsi
Ll U 1 u u 1 H % 1 901 -7 4 % g}/ Z/ H
NANANAL naIMsrAanyNnA lungud 1-3 9zgnianINMsaniuminuNManIded e N9
" Yo T W . Yy Ay Yo 1w . o 4
13i'185Un5W1AR (contralateral non-surgical leg) 1az V191991 1A UMTHIAA (surgical leg) Tudanv
d’ d‘ = o a o d' [ Y [
11,3,5,6,9, 12 uaz 15 iednINsaniuveslsn lagguinmsnanvesoinisiianialaluua

Z 1 doyy o o & 72 da gy 1 A .
AT ﬂW]ﬁﬂhlﬂﬂz@.ﬂuﬁﬂﬂ']uﬁﬂllﬂuﬂjﬂﬁlcﬁu@ﬂﬁﬁllfﬂﬁﬂTHﬁNH (Pomonis et al., 2005)

%Weight on the surgical leg
[weight on surgical leg] x 100

[weight on surgical leg + weight on contralateral non — surgical leg]

J J 3 I Sde ] Y I o A A ~ Yo @ v o Yya 9 A
ﬂ1L“]JfJ’iLclfuﬂ‘1/1”1@ui]8um11611!:1]umm‘u\1“Imﬁﬂ”mJ1J’m‘Vl‘ﬁuulﬂ3‘Uﬁmmﬁﬁvﬂuﬂﬁ!ﬂﬂ%!mm@u

U

Start Ueishins

L TN

SCPM-S3F-186

gﬂﬁ 2.1 Incapacitance tester (Hind paw weight bearing tester)
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msdsziunensanInveIvaIn
a a a A 9 ' =2 v v
nmsisziiunensaniminlasumlasllvesdonlunyszAnyinignaaninmsianis
@ 1 [ Qy A [ Jd‘ o [ 1 [ e’d‘
Wanveseimsialunyuaasnquaugaas Aediain 15 (dmsungu 1-3) uazdianii 6

v o

] Y ] )
(@ mSunguil 4) nawniunyRnAIgNIuaaINa tazdoivesteigninih liinadouion
o Il { . I [
(@19971) grueneenuazihldegluaniizaaiily 10% neutral buffered formalin 1Hurar 3 Ju
@ £ 9 1 o . 3 [ J . 2 A
vasnuude1gniily decalcified 131u9a1 2 @@ Tu phosphate  buffered  saline @93
d1u152NOUUDI 10% ethylenediaminetetraacetic acid (EDTA) tazsu pH 71 7.4 1agna191nns
decalcification 914190 embedded 11 paraffin HAZQNAAAILAIINNUI 4-5 Um  wazdoudie
T ] 2 1]
hematoxylin and eosin (H & E) Wa¥safranin-O/fast green toAnu1dnyae Iagna lveaiiawonasy
o X X I ' {o o ' o w
AIUTNY IV matrix proteoglycans %Qlﬂuﬁ’mﬂizﬂE)‘UﬁﬁWﬂﬂJﬂJENﬂ‘izﬂﬂ@@u MNA1AY (Braza-
Boils et al., 2011) 32AUANNFULTIUBINSLTONVOIW oI Tunynaasgnisziiulunszgnaiui
= 1 . an a 4 . . Qddy a
13807 tibial plateaux AINITNITUATILHILUY Mankin’s grading (Pearson et al., 2011) 5 U152
MnRMaNEUzATzNMIVeINIZANooU ¥ 1AUN cartilage structure (0-6 AZLWY), abnormality of the

4 a 4
chondrocyte (0-3 ALLLUY), matrix staining (Iﬂﬂ‘l%} safranin-O/fast green Lﬁ@ﬂi%tﬂl&ﬂﬂﬂﬁ%giﬂ!%ﬂﬂ

proteoglycan (0-4 AZIIUY) LAE tidemark integrity (0-1 AZLUY) T10azBoaLaAIlUAITI9N 2.1
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Y k4
AT 2.1 mﬂﬁﬂmuuwgﬁ@iumiﬁﬂmma@awmﬁmm (Pearson et al., 2011)

Features Score | Histologic features
0 Normal
1 Surface irregularities
2 Pannus and surface irregularities
Cartilage structure 3 Clefts to transitional zone
4 Clefts to radial zone
5 Clefts to calcified zone
6 Complete disorganisation
0 Normal
1 Diffuse hypercellularity
Abnormality of the chondrocytes
2 Cell clusters or cloning
3 Hypocellularity
0 Normal
1 Slight reduction
Matrix staining 2 Moderate reduction
3 Severe reduction
4 No dye noted
0 Intact
Tidemark integrity
1 Crossed by blood vessels
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Ao T FUAYIUIHENNNIAIVUVINGIVOINYNGUAIVAY Naive (DGuR 1) UAIAIN A
1 ’O‘ v { QU 1 % 1 v
sEAUszUw 50% AaeANITNAReY taAIlnMsauiminivInds 2 a9 iy daundins
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msnaaes wai latuaaslimunmsidaiinalinannuivialusie 12 ddamusnrdanis

1w 1 1% Z 1 J 3 J ¥ o ad v A 1 2 { ]
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v
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U

ya 9 A oA 1 J 3 J 3 o ad v A ]
1mﬂﬂmmﬂmﬁd’ou (ﬂQlJ‘V] 3, OA-15 weeks) A5 FUAYDIHINNNIBILUVIHAINNITaRAIBY1

v o w 4 o J { < J @ <
tiednnionSeuieunungu 1 (Naive) ag 2 (Sham) (314 2.2) naasldunmsdadudu

(X 1

= 9y a ] 1A ' o J @ < P2l
ACL NNﬁiﬁtﬂﬂﬂ’ﬂlﬂﬂ‘Uﬂ’Jﬂ IﬂﬂmWW%f)EJNENGlH‘B'Nﬁﬂ@]Tﬁuiﬂ‘ﬁa\‘lﬂWiNWIﬂflglﬁl‘lVlﬂ'ﬂ‘ﬁHL!ﬁﬂﬂ
v Y 9

A [ Y ' J J ¥ A A v @ ]
@1ﬂ'lﬁﬂ'lﬂﬂq@]IﬂﬂﬁuJ'liﬂﬁﬂlﬂﬂulﬂﬂWﬂﬂuﬂ’ﬂﬁLG])"HGIEll’E'NUWWHﬂVWNﬁ\‘]Uuﬂnﬁﬁﬁuuﬁﬂﬁﬂ@ﬂ’l\i

2

520157 Mnalszanas 50.05 £ 0.22% maed 35.74 + 1.76% Taslinnuuandsedeiiioddsy

v
=

dyw 1 o P o [ 1 < 4 %‘ Y] d't:y 9
p < 0.05 uaﬂmﬂumwmﬂuaﬂmwm 5 ANITHIAA Alosiyuaves M nNNI@IUUVIVIN

?1}1 A ~ [l [ 2K o P
aiusunm uazmag“luizﬂ‘u 42.5 -45.0% IUDIFUMHN 15

]
= v o

= a A A X A ' '
mﬂNamiﬁﬂy”|1NEJ”l‘ﬁﬁm‘W‘VlmJaEJanm"lﬂsumm@Lﬂﬂﬂ’iz@ﬂﬂau‘luﬂqmlm‘m‘maﬂ%ﬂm

£

]
1A

a [} 4 a 4 1
Tinadomndon TaslHi5n1531A12 WA MUY Mankin’s grading W31 Mankin score Tunyngui
o o I ] 4 I @ d 1 { o k4 ' {
gnanihlditludeindomilung ¢ dani (nquil 4, 0A-6 weeks) t1az 15 dilasi (ngui 3, OA-
=] o w =< A Y A dg! 1 A v o W A
15 weeks) A1 4.40 £ 024 uaz 8.33 = 1.43 mwday Femnla Iamgeuediiisdanie
= % 1 1 d' d' = 1 .
n38uMeuAUNGUAILAN sham (AGUN 2, 1.17 = 0.31) (3UN 2.3) vinulFeuMeua1 Mankin score
1 1 . 1 VoA 1= 1 1 A v o W 9 dy Y
5EMINNGUAIDANNaive 1Az sham Wu A 1@ lufinnuuanawedeiiveddy Joyatiuaasld
<3 1 ~ d’! o A 1T @ n) Yy 1 ~ a
uMegNNINIUYe I azurasiesnmsada b ldlinanemalasunlasmendanin

£ 4 '
VOIUBLYDNISANDOU
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47.5+

45.0
42.5-
40.0+
37.54

% Weight on surgical leg

35.04
32.54

30.0

L L L L L L L L L
5 6 7 8 9 1011 12 1314 1

0123 4
Time after surgery (weeks)

Y ! I < J ¥ v A v & a {
s 22 manfasunlasesefiFudvenihminiivrdsmsaestiavesyilnd (Naive), Tuwnyd

o R 1KY < {1 o v o a 4 '
1a5umsendalag hidaduou (Sham) uaﬂuwg‘ﬁmmu,awnm“lﬁ’mﬂmmsﬂ’mgﬁmmﬂ{l’am
A Aan v Y & Aad o ' . . . . . .
@ouTas T MIAATUIDUNITDI38NI  anterior  cruciate ligament (anterior cruciate ligament

. ~ I 1 A oA 1 A
transaction) (ACLT) (OA) Wanuaauiluaunae t ANVYAUVUNIATTIUVDIAURAY (+ SEM) VO
aed1eluunazngunaaes ANTedIAYNINADATENINNGN sham WoMeUNUNGN OA HAZTTHIN

1 4 @ J o @ J o w
NQW naive IWOHBLAUNGN OA taad Ingdyanbal * Lag # audiay
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- = =
o N b
1 1 1

Mankin Score

Naive Sham 6 wk 15 wk

d' d' a dy d' U ::'9) ] a . d'
sUn 2.3 ﬂTi!“lJﬁEJ’L!!L“IJ@\?“I/]NWElTﬁﬁﬂ1W"’U’fN!1.!fJLEJ®ﬂigﬂﬂﬁﬂuﬂmﬂﬁﬂ‘ﬂﬂﬂﬁwﬂﬂ@l (Naive), HUN

Y

Yo [ Y 9 <3 Al o o o Y a A 9 [
lasumseda Tag ludaduou (Sham) wazlunyirdauazdmildinaeimstaadiosaindonin
A axy o Y 3 AaA A ' Aa a o o P
@oulaedsMsaaduleuN¥eison1 ACL (0A) lagmsisaiunensanminluddarvin 15

1 a Y] P ] 1 o a
(OA, 15 wk) sniungu OA, 6 wk Usziiuludain 6 nasmsrida nsdszdiuleis Mankin’s
. v A tﬂy A ' [ ﬂlg’/ ! = A
grading TA832AUAMNTULTIVOIMIITBNYDLDIBONTZANOOUAINNTD IR IdALA 0 DI 14 wad

< 1 A VA 1 A @ ] 1 '
uaauluaunay = AUVIUVUNINTIIUUDIAURAY (+ SEM) maqma&nﬂmmazﬂqwﬂam Iﬂﬁl

Y] v

ANBAIAYNNADATZHINYDINGN sham WOAEUNUNGY OA, 6 wk 1Az OA, 15 wk Laadlag

daydnual * (p< 0.05), **** (p < 0.0001) LLAZTLHINNGY OA, 6 wk LA OA, 15 wk uaadlag = (p<

o

0.01)
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dy [ 1w A o o Y a 9 A @ ) 3

mﬂwamsmamuwmmﬁwmmwmﬂﬂuﬂwwwﬂﬂTsmammﬂmTﬂﬂmmumumma
1 U o 4 %’ v { QU
LdSEJﬂ’J”I anterior cruciate ligament (ACL) ﬁ”liJ”lSﬂ%ﬂuﬂﬁlﬁL}LLﬁ@N61ﬂ15ﬂ’3ﬂlﬁﬂaﬂu1ﬁuﬂﬁﬂ11ﬁaﬂ

] Y Y
aEmﬁufJf?"mquﬁamﬁmﬁmﬂuﬂqummumamﬂqm (naive 148¢ sham) meu@ﬂiﬂﬂﬁ el
A ~ o P [ 1 o 1 [ dy = A F2
summmiﬂ’Jmmmmiuﬁﬂmwm 5 waqmiwmﬂuaxmag“lmmuumaﬂmimam G]NNQ‘V]Ulﬂ

YA A g

2 Y o A g & o ¥ Ao P o
Uﬁ@ﬂﬂaﬂﬂﬂ‘]Jﬂ1i1/]ﬂa@QIUWHV]"lﬂﬁWNWﬂ@uWU"IH (Wenetal., 2010) AIUUNTUA 11N 5 aens

1w 3 o ? & { 2 £ A ] U {
midadegnldiluddaninsdunGuiins Iiasfdesmsnaaeugns e ¥uiladienisiein

Y =] 12 A X A ' ~ = 9 Ay & Aol
Funamu lulinsmuduvseanasnounziins aisndeansnadou Fanmsnaaoviinaulu
[ [ d Y ~
drmvedingilseasadon 2.2
Y Y
] 1 a 4 an a
UeNINNIUNITNABDIUEINYIIHANITAATIZHNI9aNEITING1 1A87T Mankin’s grading
{ @ a 1 o <3 1
Tdwadoandosnunamstsziiueinmsihalunynaassnguifernu Taseziiulaieinsiia
A d’! A A Lg A 1 [ I = dy ] Y
mavuluvazdiinsdeuvouilowonszgnoou sg1alsng lumsanuil bigwsavenldn
Y

o Aa XK 1 o g’/ dyw I A o Y A A A o P o [
m@;mimalmﬂmuﬂﬂuﬂu 1’1QuENUJH‘V]ﬁ\uﬂ@]vlﬂ'J’l@’lﬂWil]’Jﬂ%glillﬂ\‘]ﬂ naYMN 5 nasnsHIAn

] @ dy ~ A g A U @ oA 1
uazm@g“luizﬂuuﬁaaﬂmimam Gluﬂlﬂ!zﬂﬂ'lﬁlﬁﬂil“ll@ﬁLu’ﬂlﬁl’ﬂﬂi$@ﬂﬂ®uﬂﬂﬂﬂﬂ1!uuﬁ®‘lﬂ
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MINAADIAIUN 2.2
4
nmsanpIgnsvesasanalaudunioulunyuiiassnylunmsaseinsihanazyzae
ﬁ' i‘ d’ 1
ANUITONVOUUBITONTZYNODY

U

d av
ﬂigﬂi%ﬁﬂﬂﬂlﬂﬂﬂ1i?%ﬂ
¢
Y

meAn¥IgnIvesmsana laudunioulunuuiiaesnylumsaneimsiianazyzae

A A 4 '
ANULFTDNUBDIUDIYDNICANDDU

ad o a =S
AHAUUHUNIANHN
= £ [ ) ] o @ v o ya 9 1
2.2.1 ﬁﬂ‘Hm‘ﬂﬁ‘1J'iimTlJ’Jﬂ"U’eNﬁ”lﬁﬁﬂﬂTmmuwuau“lmm‘lm”lamwl‘mmﬁl”mgﬂ%ﬂuﬂmﬂﬂmmﬂn
4 o 4 %‘ @ @ (91}/
L?Tﬂll TﬂﬂﬁﬂBT‘luWHmTQ Wistar LW?@) 01 5 ﬁﬂﬂ1ﬂ Tﬂ‘ﬁuﬂﬂﬁgiﬂﬂl 140-160 NJY WHV]\‘]WNQQT‘I
] I 1 1
LL‘]J\T@@T‘IL']JU 6 GEY ]'I,é]}l;!,ﬂ
4 .
NAWUN 1- Sham + vehicle (n=7)

AANN 2- OA + vehicle (n=10)

=h.

NANN 3- OA + glucosamine sulfate (250 mg/kg) (n=6)

=h.

NANN 4- OA + M.alba stem extract (5.6 mg/kg) (n=6)

=h.

Ny

4
4
4
4
Ej 5- OA + M.alba stem extract (56 mg/kg) (n=6)
5]

NQUAN 6- OA + M.alba stem extract (560 mg/kg) (n=6)

=

' { I { [ [ ] @ <] J '
Tagvylungui 1 Hunyh1dsumsidalaslulinsaaduwdn ACL amnyngquil 2-6

Yo 1w @ 9y <3 A o o Yya 9 A o v @ ] ~ ]
"lmumiwmmmwmﬁumu ACL LW@%ﬂuﬂ‘mﬂﬂﬂl@L‘lﬂlﬁ@N FIMITUAIDYWNATDUYNIATINUY

€

dy =\ o Y 9/%1 1 o A Y Y ' o
a1 ng Tanfiu gnih IdazaneTaeldin daunsvesasanai laninTnudumiougnihuinszaie
Tuiin &

e 4

Aal 101 (vehicle), nglawsIUY Faa (glucosamine sulfate) VYUIA 250 HAANTUADUINIINAD |

1 399z Idmeganadouluguesd1suviuaznou (suspension) HyLaIza AU ITNATOU

13 ﬁoe

A3

K a

Alansuy v3e ansanann laudunueuluuina (5.6, 56 uag 560 NaansuavIMIing 1 Alansy)
v I @ 4 1 1 4 A g’/
Tae 35 ilouti M1 (Oral gavage) Nniwilunan 8 dlaniedsaetiioslaoEulnarsnagouass

v oA o 7 A = ' J 3 J ¥ o ad v o Ao s
LliﬂﬂuﬂﬁluﬁﬂﬂTﬁ‘ﬂ 5 Tﬂemmtmu‘nﬂﬂuﬂeﬁwummumuﬂ‘wmawummawmaﬂmwm 5

(3

' @ A o £ .
ﬂ@uiﬁﬁTi‘ﬂﬂﬁ@U wazalamn 6, 9 LAY 12 MUY NUU UYNNAIPNINAATNIAN (euthanized)

U

]
IS 59 o

o o 1 1< g 2 ] a ] 4
wasanmsdamanuivlianisgatiedugaas tagdomivesinangndmi liinadeinaon

U
v

(@19v) gnusneeniioni ldnuae 11 Tasldi5meganesine @oi 2.2.2)
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4 1] 9 ]
2.2.2 MsAnEIgNs lumsrzasanudonveuilodonizgnoouvesasana lauduntonly
HUUIADINY
dy I = Qa‘ @ 9 [
TuminaassliaztlumsanyIgnivesdIsana lauauriou I unIrEanANUFUII
. a ~ = 9 A % % o a3 1% 4
(severity) voanensamwiilasunlasliveslsndormenrasnngndminiiuszeznar 12 diand
o J { I 1 [ { H 1 $
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'
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= dg! [} A v o w 1 d' Yo [ d' a a o a [
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(NN 1 5;552.20 = 2.02) tag 560 Haaniw/nlaniu (NQUTN 6; 569.00 + 5.52) uazlunquueariyn
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-o- Sham + Vehicle -+ OA+ M.alba 5.6 mg/kg
A -#- OA + Vehicle -+ OA + M.alba 56 mg/kg
—— OA + Glucosamine -¥ OA + M.alba 560 mg/kg

525
50.0

o}

= 4757

O

2 45.0

5 45.

C

O 425-

= . . ,

= Test articles administration

“;’ 40.0- [ |

XX

© *p<0.05
37.5- **p< 0.001

***1 < 0.0001
35.0 T T T T
0 3 6 9 12

Time after surgery (weeks)

Bl Sham+Veh W 5.6 mg/kg
Bl OA+Vehicle El 56 mg/kg
650~ @0 Glucosamine [ 560 mg/kg

S 600
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8 *%*
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S 5004
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£

3 4501

AUC (% weight on surgical leg [0

400~
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v o Y a & 9 A v Y & Aad a ' . . . = |
ﬂ%ﬂu’ﬂﬁmﬂﬂ?ﬂ'ﬁﬂ?ﬂluﬂﬁnﬂﬂJ'ﬂﬂl']Lﬁ't‘]ﬂJIﬂEJﬂ'li@lﬂlﬁumuﬂﬂ"lfﬂﬁﬂﬂ]'l anterior cruciate ligament Wﬁﬂl!ﬁﬂ\uﬂu
oA ' A o ' ' ' 3 s 3 @
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umuﬂ‘ﬂmamumﬂmﬂluﬂg (A) Uag ﬂﬁ]ﬂ\iwuﬂiﬁﬂiﬂﬂﬂlﬂﬂﬂTiL‘]JﬁEJHLL‘]Jﬁﬂﬂl@ﬂ!ﬂ@il“ﬁuﬂﬂl@QUTﬁuﬂ‘ﬂ‘ﬂ\?ﬁ\iﬂu‘]ﬂﬁﬁﬂ

aa a o o . .
(B) MINATDUNNADA LTI AATIEHANUNTUS LUV MU NI IR (one-way analysis of variance (ANOVA)) wazIs
a s o oo o aa ' ' o A ' 4 o
Gumu’;uuuﬂaﬁ (Newman-Keuls post hoc test) IﬂfJﬂTL!EJfT'lﬂilJ‘V]'Nﬁﬂ@l55“H'J'l\‘iﬂlel"]]'ﬂ\iﬁ?ﬁﬁﬂﬂﬂﬂIUTQWT\iﬂlﬁ@LﬁﬂUﬂU

QU OA + vehicle nanalasdaydnual * (p< 0.05), ** (p< 0.01), *** ( p < 0.0001) uazANTedIFYNIATATZHIINGY

sham + vehicle 1tag OA + vehicle 11arad Taadayanual #4#4 (p< 0.05)
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500
400-
. -o- Sham
? 300+ = Vehicle
§~, Glucosamine
2 200 5.6 mg/kg
-- 56 mg/kg
-+ 560 mg/kg
100-
C ) ) ) )
0 3 6 9 12

Week (3)

d‘ d’ 1 d’ 901 v 3 1 1
suUf 2.5 ﬂTiL‘l]'ﬁEIHLL‘]Jﬁ\i*llf]\‘iﬂnﬂﬁEIGUENHWWHﬂGI’J‘U@Qﬁk&ﬂﬂﬁ@ﬁiu!mﬁgﬂQN

Y

an g A 1 9 1 ~ Y o Y Y VoA I
Na‘V]Ni]ﬂ‘WEﬂ‘ﬁ’J‘VI811GIJi’]\1L‘Lli’]LEJ@ﬂi%ﬂﬂﬂ@uﬂlﬂﬂﬂlﬂﬁﬂﬂlﬂﬂﬁklﬂgﬂﬂiﬂuﬂﬁﬂl@mﬂlﬁﬂulﬂu
v o 9 9y . ' v XA A ' A
1301 12 ﬁﬂﬂTViI@]fJﬂﬁEJ@llﬂ’Jﬂ safranin-O/fast green WU ﬂﬂHmz%ﬂﬂm@Lﬂ@ﬂi%ﬂﬂ@@u%WTJ‘I‘L!
1 A Yo 3 . A o A a (% Y (%
nauy sham ‘V]"l,ﬂiuﬁ”lilﬂ (sham + vehicle group) uaﬂymz‘nﬂﬂmTﬂammsammMmmamgmx
a i‘ d’ L} =S o = = = dy % L} =) a
GIJE’NN’JluﬂlﬂﬂﬂigﬂﬂﬂﬂuuaﬂBm%LiﬂULLﬁ%llﬂJiJi@ﬂﬂﬂelﬂﬂ Lm%u@ﬂ%WﬂHEN"I,NWUﬂ”ISHJTE}JJW]‘UI@]
1 o Aa a 4 1 { 8 a 4 g 4
Wdi’f)ﬂﬁlmwn‘ﬁNﬂﬂﬂ@]%ﬂﬂl%ﬂﬂﬂi%f}ﬂ@@u (chondrocyte) (gﬂ‘ﬁ 2.6A) Lﬁ@?!ﬂi?gﬂlumﬁﬂﬂi%ﬂﬂ
' 9 Ay Y ' Ay Yo 3 VoA . J &’ A J =
ﬂﬂuﬂlﬂﬂﬂlﬂlﬁlﬂ‘iﬂ]’lﬂinﬂﬂqu OA ‘Vlllﬂi‘l_l‘lﬂ (ﬂfjﬁJ‘V] 2, OA + vehicle group) W‘]J’JH‘L!@LEJ@ﬂﬁ%@ﬂ’E]@M?J
v a a 4 & A A A o 1A . .. =~ =
aﬂymzmﬂﬂ@ TﬂElmuawamﬂzmﬂymzllmsau (surface 1rregular1tles) HAZUNITRNUIA
a o J '
(fibrillation and fissures) mi%mﬂ?{mm safranin-O/fast green ﬁ’@am NUIUFAAVDINTTANDOU
U Aa 4 4
anliegad (chondrocyte hypocellularity) & awal¥iinams cloning Y84 chondrocytes fonaLNUIan

v v v Y I H
widel GUa 2.68) maildilldgmitliinsizlao]93% Mankin’s grading #anaii ldnudis

. a d’! v = 1 . oA A = [
Mankin score umgwuammuamﬂmaluﬂqmm OA + vehicle group (NQUN 2) Wonl3sumeuny

9

QW sham + vehicle group (NGUN 1) (8.33 £ 0.71 vs. 0.83 + 0.48) (3111 2.7)
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o

v Y ! H
s 2.6 mmdedmInanganesImeveiloonizgneouvotovesnyignanii g

Fowndeuiiunar 12 §1a1 Iasn13donde safranin-O/fast green (YI1AUNA x 200). (A) sham +
vehicle group (B) OA + vehicle group; (C) OA + glucosamine sulfate (250 Haan3’ w/nlansu) group

and (D) OA + M.alba (560 ¥aan3u/n laniv) group
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*kk

= -
o N b
1 1 1

*

*

*

*

Mankin Score

Sham Vehicle Gluc. M.alba

517 2.7 Mankin score voatHoodo1ve vy lungui 1 (sham + vehicle), 2 (OA + vehicle), 3 (OA

Y

+ nglaaiiv) (250 daansu/mMlansu) uaz 6 (OA + msdnavInlauauMton (560 Naaniu/
a o A I 1 a oA 1 A Y ] 1
ﬂIaﬂﬁJ)) WﬂﬂllﬁﬂﬂlﬂUﬂTLﬂaﬂ i AUVYIUUUNIATTIUUDNINURAY (+ SEM) GU?D\W]’J'E]EJNClHLWIEW
1 aa a 4 o
NRAUNAADI ﬂ1iﬂﬂﬁ@‘ﬂ‘ﬂNﬁﬂ?‘lcl‘]%}ﬂTi'J!ﬂ31$Wﬂ31llllﬂiﬂﬁﬁuLLUU%WLLuﬂVINLaEJ'J (one—way
a 4 1
analysis of variance (ANOVA)) uaﬁ%ﬂlmmuuuﬂaﬁ (Newman-Keuls post hoc test) Tagan

@ [ @ t4

HedAgnadasznINnguuaalasdaanyal * (p< 0.05), ** (p< 0.01) AL *** (p < 0.0001)
A A S A o A X A ' ¥ !
ganaulanfessAAINFUISIVEINITONYDULBIBENIZYNOBUUAAAI IUNQUUDY

oA + nglamiiu wazngu OA + ensanavinlauduntey (560 Haanswnlaniy)lasawisn

v Y o a A A 1 A a 2 o 7 ' A 9

duna ldnndnyaziiveuiiomenizgnoouBsuaulazanyuzvoIsaaNTZgNooUNABUYI

a A A 9/::9’ 9 [ . A 1 A v o W '
Un@ (319 2.6 C uaz D) wai lAtideandeInl Mankin score Nanatodiiisd Ay uryngy OA
+ng IAaiiu (6.50 + 0.43) 1Az OA + A15ANANIN IAUAUNLDY (4.83 + 0.48) 1HoIfioUNUNGY OA +
. 1 A tﬂ' =1 1 1 d‘ Yo =
vehicle group (8.33 = 0.71) TagmnizedeaiionfSouiionszwiangy OA M lasung laaiiv uag

@

d‘ Yo (% 9 1 1 . = 1 [ 1 = o @ d‘
OA “VlulﬂﬁUﬁWﬁﬁﬂﬂinﬂIﬂu@lu‘ﬁllf)ui]%W‘U’ﬂ Mankin score HAITUUANANNUDYINNUYT 1N (g‘ﬂﬂ

o

2.7)
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=4
asilwamsanyn

]

o A

Y g '
HAaMIIeUNUNETANAIN Iaudurtioulgniussmemsliaannderudenlunyi

A o qya 9 A Yy v 2 o a 2o ' v Aoa £
E]ﬂWi‘L!EJ’JUTIWLﬂﬂﬂJ@Lﬁ@?Jllﬂﬂa”IEJﬂQQﬂ‘l_lﬂgjﬂ%"lllu uﬂﬂﬂTﬂuaﬂWU31ﬁ15ﬁﬂﬂu&QNQﬂ51Uﬂ1§

Y
av A

A A A ' ~ < = Z A Y3 = £
6])'351i’)ﬂ31Nlﬁﬂuﬂlﬂﬂluﬂlﬂ@ﬂ§$ﬂﬂ@@u Iﬂf]‘ﬂ\‘]”lu'}]i]ﬂu ll1!ﬂ1§ﬁﬂBTﬂjQLLiﬂﬂllﬁﬂQ‘lWLﬁUﬂQf]Vl‘ﬁ

D.

o 1 Y 1 ) ~ ) Yya 9 v A 1 < v 9 ~
Gummiﬁﬂﬂﬁ]”|ﬂTﬂucﬁ]uwmuimmumaawlﬁl%g]ﬂmumuﬂmﬂﬂmmﬂnmau 981\113‘?]@]1118\1@]@\11]

= A a d‘ = tg o d'dl d‘ 9
ﬂ”liﬁﬂi‘:l”l!WiJL@]iJLWﬂﬁﬂH”Iﬂaulﬂﬂ"li’f]’flﬂf]m‘ﬁ"llﬂﬂﬁﬁﬁ”l iy‘iﬂllﬁ’JuLﬂEJ’JGU’ENGLUﬂ”IﬁJSim”Iﬂ’Jﬂ
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MINAAVITIUN 3

a Y

MINATOUNEM MO UNARaszYaIITaNAlAUAUTINOY

w

d av
ﬂigﬂi%ﬁﬂﬂﬂlﬂﬂﬂ1i?%ﬂ

A Sy a o Ay v 1A A v
!W@‘nﬂﬁﬂ‘]JE]Tlﬁﬂ11!ﬂE?q»!ﬁf’]ﬁﬁ%‘llf’)\‘lﬂ1§ﬁﬂﬂﬂl’lﬂ‘ﬂ1ﬂiﬂuﬂ1—!‘ﬁuﬂu°ﬂ!ﬂiﬂunlﬂ

ad o a =
AIAUHUMSANY
3.1 Determination of total phenolic content
. v 9 ' as . .
#5794 115019 Total phenolic content VoIEI5ANANN IAUAUTINeU 18D Folin-Ciocalteau
. . I A °

(FC) (Chumark et al, 2008) Tagl¥ gallic acid (GA) 1lua1suInsgIu Isnadeuriilae naw
A1392a18U09e1TANAN IAUAUNNoUNANMTNTUA199 11 50% N 1o ¥5® GA solution

Y3110 100 TuTAs8A5 910D FC reagent (10% viv) 1U311a35 500 lulasans aiuneaui'ld 11

9
[ % a

. { 2 I =
vortex 118 incubate NgangiHoudua1 2 WAl 1INY AVAITAZAIY 7.5% Na,CO, U511a3 400

1uTnsdns ezl incubate Ao8N 60 W1 Agagiivfes newi1luSamganauuasii 765 uiTu
wasTasl a3 e spectrophotometer 11A17150 1a 11112081 Total phenolic content Tasnsifiow
) standard curve Y94 GA taznaasnaiiuluTns- Tuaved GA equivalents (GAE) @ormiinmg
asanauite 1 Jaan3y (umol GAE/mg of dry extract) Taglumsinswmiuiiunisuensing
NAABUTIUI 3 A5s (three independent experiment) Taousazaargiinis ias1s119u 2 ase

(duplicate)

3.2 Determination of total flavonoid content

A1301399M 11319 Total flavonoid content YBIANTANAIN IAUAUNNDUIALIT aluminium

. . . < .
colorimetric Tagld quercetin (QU) Lﬂumimmgm (Omoruyi et al., 2012) @150 1YVDINTT
nadoLIa A1TNAIFIATIN IAeN13aza18 11U 50% methanol AFNATOVIN IASNTNAITALAUDY
a1snadoulsuiag 500 lulnsaasdny @1502819 2% aluminium chloride (AICL) 1311013 500
a A a9y I =\ ?,‘, 1 dy o [ A ~

luTnsaas vunguugiiveuiluna 60 wii intudrunaniignih liiasganauuasi 420 u

Tuwas Tagl#aT049 spectrophotometer 1171130 18 11)f1199uA1 Total flavonoid content 18NS

IMBURD standard curve Y09 QU tazuaainaiylulasTua (umol QUE/mg of dry extract) Tag Ty
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a 2 ¥ g o o g . . 1 o
MIAATIEH U UM THINITIMINATDUTIUIU 3 A3 (three independent experiment) Tagunazas

9 9
ATNINTIAFIIUIU 2 AT (duplicate)

3.3 DPPH radical scavenging assay
maaqu%miﬁmawaSaizeuaqfmﬁﬁ“ﬂilmTﬂw?fumjauuaxaaﬂ«?ﬁﬁnmmiaaiﬂﬂ
2% DPPH radical scavenging (Roche et al., 2005) Tae 1% trolox ﬁJumﬁmmgm "1T0LDYVINT
anaanTaudumniou (0.1 Jaansu/daaans), 9enEsaI03IMIoa (0.1 Jaa 1Nais) uag trolox (0.1
fiaaluad) w3sulasnisazarely 100% methanol I5nadeuiilasnauaisazaly DPPH 100

TuTasaasindy arsazarevesansasanin laudurvouludSnanuana1anu ¥SomHaudUtrolox

=

A A Yy 9 ' [ aq ¥ 9 ' 1A Aa aa
#30 oxyresverattrol NANUITNTUNUANAAY Tas IH)5uasgaiiovesdiunauegn 1 Jadans
o 1 { . { a I o [ 1
waumani 1811 incubated Ngmuginouiiuna 3 wiil uaziliiamganduuasd 515 u1lu
[ v
w3 Tagldinse spectrophotometer %ﬂ&lﬁzﬂlﬁ]ﬁﬂﬁﬁlﬂﬁlwuya@ﬁ‘ig (scavenging activity; SA) VDY

Y
E’fﬁﬁﬂWMﬂTﬂu@a]}uﬁiJ@uLm%@ﬂ%!iﬁl’l@‘ﬂ“ﬂi@ﬁﬁWNWiﬂﬁWH’quﬁ}MﬂﬁNﬂﬁ Aal
SA (%) =[A —B/ A] x 100%

Tavii A ilumganauuasued blank sample (vehicle);
B iflumqanduuasvesasnaaon (@15anannlauduniion, 9onHIdI0IINGoa Hio
trolox)
Tﬂﬂﬁgﬂai«?uﬁmsﬁmawaﬁmz (DPPH radical scavenging activity (%)) 90 plotted U

anuuTuvesasildmageuie 14lumsmai I,

3.4 Ferric ion reducing antioxidant power (FRAP) assay
S A 4 a [ Y ] =
anuausalumsiardveinlesuvesasananin Iaudunioulazeons a0
a an . . 9 <

nsoagnsziiulaneIT FRAP assay (Benzie and Strain, 1996) a8l ferrous sulfate 1Juas
WAIT U Anaaeurilaenay 100 TuTasans ¥ee FRAP reagent nu 50 luTnsansveq ferrous
sulfate solution (FeSO,.7H,0; standard) NANuutua199 tagnaunuasanannlaudunmion
A = g o 1 oA a9 I ~ ) v
30 pONHITANI Mo Nnwhaukan liuRgurgineuilunal 3 wiil uazgmiilldanm

A A Y A o 1 A o '
AANAULAIN 593 W luwas laglnsed spectrophotometer 1A 314 11fuIaa1 FRAP values
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[ I [
TaeMsNeURY standard curve ¥D9 ferrous sulfate trazuaadnatluluInsluaves Fe () @0
%’ ] [ A Aa o a c’g‘J < o ) g‘/
miineamsanaue 1 saansy Taglumsiaszgmiuidlumsteniimsnaasusiviu 3 asa

1 g.‘l o QJ 90‘ o g‘J .
(three independent experiment) TasLaazASI9LIINSIAFINUIU 2 AT (duplicate)

3.5 Scavenging of hydroxyl radical by deoxyribose method
Hydroxyl radical scavenging activity YBIATANANA IAUAUNIBY LATEONFITAIDIINT A
a I
gnsziiinTag1935 deoxyribose (Srinivasan et al., 2007) Tagld trolox 1uasuasgv dsazate
YoIAINATO LA AIININTTIUAToN Taen13aza1e]l 50% methanol A5NAABUY IABHAN 100
a Y o a . . . & Y
luTnsans veaessnaaouny 900 1ulasans ved reaction mixture solution 315z lilde
. Aa A 4 a Aa A 4 a
deoxyribose (14 Haalua1s, 200 lu1nsans), ferrous sulphate (2.5 Faalwas, 100 lulasans),
a Aa A 4 a [ g’/ o
normal saline (400 111n5875) and hydrogen peroxide (4 §ad Iuans, 200 luInsans) naeeniiuih
[ g 1 { a I g’/ a a . . .
dyuwawil T ugamgl 37°C Wuna 60 i 11miway 300 luTasans ¥oe 1% thiobarbituric
Aa A 4 a
acid (TBA) solution 11 50 §adlua1s NaOH uag 300 lulnsans vea 2.8% trichloro acetic acid
o 1 1 ] I ?1}1 < 1 [ < {
(rca)  harumanluudely water bath Wunar 10 Wi nmiunlaeeslidrunauduain
Ay ' ° v A A A P-4 9 A
garigiiviosnowh lidamganduuasn 532 wnTuwwas  Tashinlesisudmsdueyyadaszgn

plotted N1 ANUNTUVRIEnsh Idnaaewiveldlumsman 1c,,

3.6 Superoxide scavenging assay
£ @ a 4 J o 9 ' =
“lflﬂﬁ@‘ﬂi]‘ﬂ‘ﬁﬂTi%‘UE)lgll“ﬁ@ﬁigcﬁﬂ!ﬂﬁl‘i’ﬂﬁ]ﬂulclfﬂ‘llE)\‘iﬁﬁﬁﬂﬂmﬂiﬂu@]uﬁuﬂu HasoanwLse

nesmsoa awasmsnlaiminan ludrluszilienisues Channbane et al, (2012) Tagoyya

()}

{a & o aan @ . . x I . x
a5z MAAIUIZEHA3010D nitroblue tetrazolium (NBT) Haiidnians 1aillu NBT-diformazn ¥4l

Fhidu minageuld quercetine (QU) Wumsnesguuaz1d superoxide dismutase (SOD) Hu
positive control Tagensnaaevzylgnsonueyyadaszaluleionn’led 0,) Tailulalasnu
wesoonlad (1,0, Hazeondnu (0, M130LABUDIATNAADULALAITNIATIIUATEY IABNT
azanely 50% methanol Isnaaevyinlaeway 100 1ulasans vesaINAAOUWINDY reaction
mixture $91/52n0u11&20 100 luTnsans ves 65 faaluars EDTA, 200 luTnsans vee 40 Ty
Ta3Tuans riboflavine, 200 JuTn3aas ¥99 960 1uTasTuars nitroblue tetrazolium salt (NBT) ta

a

400 'luTnsans ¥4 50 daaluas phosphate buffer, pH 7.4 91t thaumaui 1a liufgamai

Y

I = ) [ = ~ v A ~ S 3 4 9
30°C luran 30 it waggmiluiamganaunasi 560 Tuwasiuil Tashnlesidudnisd
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ewaﬁaﬁz (superoxide radical scavenging activity (%)) 90 plotted U AnuNYuUesashn e

A q 1
naaouie 14 1umania IC,,

3.7 Nitric oxide scavenging assay

NATDU Nitric oxide scavenging activity vosesana laudunioulazeen®Isa11931MI00

ax A ' v v = ax . 9 . of e
AuIsMInIMIna1n Budr luszitisnisuea Omoruyi et al., (2012) Taela sodium nitrite (NaNO,)
I
L']JuﬁTillWﬁﬁ”l‘L! fﬂiagﬂ"lfJ"lJ’fNﬁ”liTlﬂﬁ@‘ULLﬁgﬁ"lill”l@]ﬁﬁWum%fJilTﬂﬂﬂ1§a$ﬁ181u 50% methanol
as o a Aaa a A 4 . . . é = dzj [}
”JTJTIﬂﬁ’E]‘]JTnTﬂEJNﬁil 1 Yaaang Uy 10 Nﬂailla”li sodium nitroprusside (SNP) mgﬂmiamuiwu
w250 1uTn3anT Yo phosphate buffer saline, pH 7.4 tag 250 lulasans vesansanalaudu
] A = A Y 9 J ] o 1 ~ oA a Y I
UTUDU 1I9 9ONKLINLIDIINTOD NANUUVUVYUAININY uWﬁﬁuWﬁNﬂVlmﬂUNﬂQﬂ!ﬁQNWﬂﬂ HJU
v

a1 60 Wi ntiwAY 500 Tulnsans ¥o9 1% sulfanilamide 11 2% phosphoric acid (H,PO,) tag
v A a9y I =} A a Aa
UN@I@‘I’]QQAT?QNW@QLTJ“U'QW 5 UM WeATUal Wy 500 vllliﬂ'iaﬂi Y3 0.1%

. . ] 1 { a I o [ {
napthylethylenediamine (NED) uag unasfigangiivios Hunar 10 wiii ihlliamganauuasi

U

& v Ay v = ST ° = .. .
546 u'ﬂutllﬂi ‘ﬁfﬂﬁ]gv\lﬂﬂ']ﬁjuﬂﬁllﬂulﬂﬂglﬂaﬂutﬂuﬁlqu ﬂ'IU'Jﬂ‘!W'nJﬁlﬂmsllfJ\i nitric oxide 911

e - & . . { - a .
3310 nitrite ions (NO,) #1 14910 sodium nitrite (NaNO,) Taghiloiduamsduoyyadase (nitric
oxide radical scavenging activity (%)) 0 plotted N1 ANUTNTUVRIEITH IgNaao U1 lunsim

A1 1C,,
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NamsANE
3.1 Determination of total phenolic and total flavonoid content
Y3119 total phenolic 1A total flavonoid Yeea1sanavIn Iaudunteu lauaas 13 luasei 3.1

A15199 3.1: USu1at Total phenolic content ILai& total flavonoid content Yoeasanann laudurteu

Assays Content
Total Phenolic Content (Limol GAE/mg extract) 34.87+1.12
Total Flavonoid Content ([lmol QUE/mg extract) 0.13 +0.00

=~ I J A oA 1 A J ]
wanugauuanae = ANVIULUUNIATIIHVDINURAY (£ SEM) 99301308 NINNTIUNITNANDY

Qd % a v %4 )
3.2 i]‘i’lﬁﬂﬂ!i’)‘léyﬁi’)ﬂﬁgsllﬂﬂﬁ’]iﬁ’ﬂﬂ‘iﬂﬂiﬂuﬂu‘}’mi’)u

=2 dy Y o £ Y a [ 9 1 am o1
‘luﬂ"liﬁﬂr]‘:l”lullﬂvnﬂ”lﬁﬂﬂﬂﬂﬂf]ﬂ‘ﬁ@]”luﬂiémvﬂﬂﬁix"ﬂﬂﬂﬁTiﬁﬂﬂTﬂu@]u‘Vm@uIﬂﬂTﬁ@]N‘]
Y
@11 DPPH radical, hydroxyl radical, nitric oxide radical, superoxide radical L& ferric reducing
antioxidant power (FRAP) assay WANIANKINUI M1IVINTTIU (trolox LAY quercetin) asanalau
] ] = = Ly a A 2 Aq ¥
AUNUDU UL DDNHLINLIDIINT DA m;m‘ﬁmuauuﬁaaﬁixmmummmwh (dose-dependent) 11!
ax 1 9 ~ @ v 7 1

waeIsmsnaden laoa I1C,, laagd1iluaisien 3.2 nagnsluaasnnuduiussznitena

Y £y a Aq ¥ ax v A
L‘UllGIJLlﬂ‘].li]‘V]‘TJG]1u@1§yja@ﬁ§$ﬂlﬂﬂﬁ15ﬂj%ﬂﬂﬁﬂﬂIﬂﬂ?ﬁ@]ﬁ“’]"lﬂllﬁﬂﬂiugﬂ% 3.1,3.2,3.3u10% 3.4

MINA 32 @ A1 IC,, VOIETIATTIU A1TEANA IAUAUNNOY LAz 0ONTITAIDIIMIen layly

4
ﬁmﬁmaauqmﬁma%aaﬁsmuumm

IC,, (Mlg/ml)
Scavenging assays
Standard Extract Oxyresveratrol
“DPPH® 6.46 + 0.05 26.62 +0.96 13.50 £0.48
“HO° 1.49 +0.03 5.16 £0.28 3.34+0.16
eXd 132.00 + 6.35 173.73 + 12.66 N/A
°NO N/A 12.19 +1.03 8.06 % 0.30

A I 1 = oA 1 A % ]
nanugauuaunne = AUVUVSIVUNINTFIUHUDIAURAY (£ SEM) 49401308 NINTIUNITNADDY

I . I
“1% Trolox iua13anasgu, " 19 Quercetine (Huaisuasgiu
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Trolox M.alba stem extract
100+ 1001
90] 1Cs0 = 6.46 £ 0.05 pg/ml 90 IC5q = 26.62 £ 0.96 pg/ml
S 804 & 80-
< 2 701 < 2 704
o= 8= ol
T3 90 3%
S R
E o 0] T2
o £ 401 o £ 401 !
Q% 304 D§ 30 |
g 204 8 201 :
3 1]
“ 104 101 |
0 |
C T T T T T L) L) L) L) L) L) L) L) 1
0 2 4 6 8 10 0 5 10 15 20 25 30 35 40 45
Conc. (pg/ml) Conc. (pg/ml)

v '
gﬂ‘ﬂ 3.1 qmmiﬁ’mmgu“aaaizmm (A) trolox a2 (B) msanalaudumienIagds DPPH radical scavenging

A B

Trolox M.alba stem extract
100+ 100-
. 90 1Cs0 = 1.49 2 0.03 pg/ml 90] Cs0 = 5.16 £ 0.28 pg/ml
T 5 5.2
LT R
S5 =S
g x 2
) £
25 2§
e e
© ©
Q (5]
(7] (7]
0 T T 1 0 T T 1
0.1 1 10 100 0.1 1 10 100
Log [Trolox] (ng/ml) Log [Extract] (ng/ml)

A £ A Y ' an
gﬂ‘ﬂ 3.2 qmmiﬁmauyaaﬁimm (A) trolox ttag (B) msanalaudunioulaeds HOO scavenging activity (A)

A B

Quercetin M.alba stem extract

60-
ICs50 = 132.0 + 6.35 pg/ml IC50 = 173.73 £ 12.66 pg/ml

(4] [=2]
o o
1 ]

Superoxide radical
scavenging activity (%)

Superoxide radical
scavenging activity (%)
w
o

10 160 10lOO 10 160 10l00
Log [Quercetin] (ng/ml) Log [Extract] (ng/ml)

A £ v a o ) ' an . . .
gﬂ‘ﬂ 3.3 QNIMIAUBYNABATEUDN (A) trolox LA (B) asana lauduriieu Iaeds 0,° scavenging activity
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Abstract

Osteoarthritis (OA) is a common disorder of synovial joint. Knee pain is a predominant
clinical symptom that causes disability especially in elderly. It is typically worse with weight
bearing and activities resuiting in the ioss of patient’s quality of life. The current medications
used for OA such as steroids and NSAIDs cause serious side-effects. Therefore alternative
medicines that offer a superior safety profile are required. Morus alba L. (Mulberry tree) has
long been widely used in traditional Chinese medicines. It has been reported to have various
pharmacological properties including antihyperglycemic, anti-oxidant and in particular anti-
inflammatory effects. M. alba extract has been shown to suppress the production of
inflammatory mediators including NO, PGE,. Although a number of studies have reported the
anti-inflammatory effects of M. alba, its potential for treating pain associated with OA has not
been explored. Thus, this study was designed to investigate lhe..efﬁcacy of M. alba extract on
pain-related behavior in rat model of OA. OA was induced in maie Wistar rais by anterior
cruciate ligament transection (ACLT). The paln-related behavior during OA development was
determined up to 12 weeks post-OA induction by using hind limb weight bearing tester. M.
alba extract significantly reduced OA-associated joint pain in similar manner as glucosamine.
This study is the first to demonstrate that M. alba extract could attenuate pain associated with
OA in rat model. However, further studies are required to determine the active components and
the mechanism of action responsible for its effect.

Key Words  Osteoarthritis, Morus alba L., anterior cruciate ligament transection, joint pain,
glucosamine
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Introduction

Osteoarthritis (OA) is a painful
condition of chronic  progressive
degenerative joint disease, and is a leading
cause of disability in elderly. It can affect
any joint in the body. The most common
affected joints include hands, feet, spine,
and weight-bearing joints such as knees
and hips. Since the current medicine used
to treat OA possesses scveral adverse
effects, an alternative medicine that
provides pain-relieving effect as well as
delays disease progression with superior
safety profile for OA is needed.

The mulberry (Morus alba L.) tree .

(also known as white mulberry) has been
widely wused in traditional Chinese
medicines. Methanolic extract of M. alba
leaf has been shown to suppress the
production of inflammatory mediators
including NO, PGE, (Choi and Hwang,
2005). The active component isolated from
water extract of dried root bark of M. alba
have been shown to exhibit the anti-
inflammatory effect (Chung et al., 2003).
This anti-inflammatory property might be
correlated with inhibition of the iINOS
expression through down-regulation the
binding activity of NF-kB, a pivotal
transcription factor that has been involved
in the regulation of expression of numerous
genes associated with inflammatory
response (Roman-Blas and Jimenez, 2006),
and significant inhibition of COX-2
activity. Although OA has traditionally
been regarded as a non-inflammatory
arthritis, inflammatory processes are
believed to play a significant role in the
progression of cartilage degeneration and
joint damage in OA patients (Allen et al.,
2010). The possibie mechanisms that are
responsible for the anti-inflammatory
effects of M alba extract has been
identified (Chung et al., 2003, Choi and
Hwang, 2005), however its potential for
treating OA has not been explored. This
study is therefore aimed to investigate the
potential of stem M alba extracts as a
novel treatment for OA pain.

Materials and Methods

Animals
Five weeks old male wistar rats (140

123

- 160 g) were obtained from National
Laboratory Animal Center, Mahidol
University, Thailand. Ethical approval of
this study was obtained and approved by
the Faculty of Science, Mahidol University
Animal Care and Use Committee. Animal
were housed in pair in a temperature-
controlled room (20 + 2°C), maintained at
humidity 60 = 10%, and a 12 h/i2 h dark-
light cycle. Standard laboratory rat food
and water were supplied ad libitum. The
OA was surgically induced by anterior
cruciate ligament transection (ACLT) as
previously described (Naito et al., 2010).
Sham-operated rats were treated identically
as ACLT rats except that transection of the
ACL is omitted.

Investigation of the efficacy of M. alba
extract in rat model of OA

M. alba ethanolic extract was
prepared by maceration from Department
of Pharmaceutical Technology, Faculty of
Pharmaceutical Sciences, Naresuan
University, Thailand.

Wistar rats were divided into four
groups: 1. Sham group with vehicle (Sham
+ vehicle; n=7), 2. ACLT group with
vehicle (ACLT + vehicle; n=10), 3. ACLT
group with glucosamine sulfate (ACLT +
glucosamine; n=6) and 4. ACLT group
with M. alba extract (ACLT + M. alba
extract; n=6). M. alba extract (280 mg/kg)
and glucosamine sulfate (250 mg/ky) were
dissolved in water.

All groups received test articles or
vehicle (water) via oral gavage once a day
for 7 consecutive weeks starting at week 5
post ACLT induction. Changes in hind
paw weight-bearing distributions were
assessed at the following time points: at 0
(baseline), 5, 6, 9 and 12 weeks post ACLT
induction.

Assessment of Pain: Weight-bearing
distribution test

The incapacitance meter (hind limb
weight bearing tester) (Harvard Apparatus,
Barcelona, Spain) was used to assess the
pain-related behavior (knee joint pain).
This technique measures the difference in
weight bearing between the contralateral
operated limb and the contralateral
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Figure I  Effects of M. alba extract (280 mg/kg) and giucosamine (250 mg/kg) on the %
weight bearing. M. alba extract and glucosamine were orally administered once a
day for 7 consecutive weeks starting at week 5 following ACLT induction.
Statistically significant differences were determined using one-way analysis of

variance (ANOVA), followed by Newman-Keuls post hoc test (*p < 0.05, p <

0.01, ¥**¥p <0.0001 vs ACLT + vehicle group)

non-operated limb. Changing of hind paw
weight distribution between the operated
and the contralateral non-operated limb
were used as an index of knee joint pain in
this study. The percentage of weight
distributed on the operated limb was
determined as previcusly described
(Pomonis et al., 2005).

Statistical Analysis

All data were expressed as the mean
and standard error of the mean (mean *
SEM). Statistical ~significance was
determined using one-way analysis of
variance (ANOVA), followed by Newman-
Keuls post hoc test. The p value was set at
p < 0.05 for the significant different
between groups.

Resuit and Discussion
As can be seen in Figure 1, a

significant reduction in the percent weight-
bearing on the surgical limb was observed

throughout the study period in ACLT
group received vehicle, while sham-
operated rats maintained the percent
weight-bearing of approximately 50%.
Oral administration of glucosamine (250
mg/kg) significantly reversed the percent
weight-bearing at all test time points.
Similar result was also noted in ACLT
group received M. alba extract, in which
the percent weight-bearing was higher
than that of the ACLT group received "
vehicle at 6, 9 and 12 week post ACLT
induction (45.6 + 1.2% vs 42.6 = 0.5%,
*p < 0.05; 45.6 + 0.3% vs 42.9 + 0.8%,
**p <0.01; 47.6 £ 0.5% vs 44.0 + 0.8%,
**¥p < 0.0001, respectively).

Conclusion

To our knowledge, this is the first
study to demonstrate that the ethanolic
extract of M. alba at dose of 280 mg/kg
significantly - attenuate pain associated
‘'with OA in ACLT-induced rat model.
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further studies are required to determine
the active components and the mechanism
of action responsible for its effect.

Acknowiedgemeni

This work is supported in part by
the grant from Center of Excellence on
Environmental Health and Toxicology,

References

Allen KD, Adams SB, Setton LA. Evaluating

* Intra-Articular Drug Delivery for the

Treatment of Osteoarthritis in a Rat Model.
Tissue Eng Part B-Re. 2010; 16(1):81-92.

Choi EM, Hwang JK. Effects of Morus alba leaf
extract on the production of nitric oxide,
prostaglandin E2 and cytokines in
RAW264.7 macrophages. Fitoterapia. 2005;
76(7-8):608-13.

Chung KO, Kim BY, Lee MH, Kim YR, Chung
HY, Park JH, et al. In-vitro and in-vivo
anti-inflammatory effect of oxyresveratrol
from Morus alba L. J Pharm Pharmacol.
2003; 55(12):1695-700.

125

However,

Science and Technology Postgraduate
Education and Research Development
Officc (PERDQ), Ministry of Education.
The study is also financially supported by
the Thailand Research Fund, grant#
DBG5480013. The authors would like to
thank Mrs. Piyanee Ratanachamnong for
her technical assistance.

Naito K, Watari T, Furuhata A, Yomogida S,
Sakamoto K, Kurosawa H, et al. Evaluation
of the effect of glucosamine on an
experimental rat osteoarthritis model. Life
Sci. 2010; 86(13-14):538-43.

Pomonis JD, Boulet JM, Gottshall SL, Phillips
S, Sellers R, Bunton T, et al. Development
and pharmacological characterization of a
rat model of osteoarthritis pain. Pain. 2005;
114(3):339-46.

Roman-Blas JA, Jimenez SA. NF-kappaB as a
potential therapeutic target in osteoarthritis
and rheumatoid arthritis. Osteoarthritis
Cartilage. 2006; 14(9):839-48.



lana157 2
Original article

Goo  Evaluation of In Vitro Autioxidant Activity of Morus alba L. Stem Extract
%}we&?—m’?ﬁ; .

Pham Phuong Phi"’, Noppawan Phumala Morales', Tasana Pitaksuteepong’, Warinkarn Hemstapat'

. 'Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand: *
- Pharmaceutical Technology, Faculty of Pharmaceutical Scierices, Naresuan University, Phitsanulok 65000, Thailand
E-mail: warinkarn. hem@mahidol.ac.th

bstract

- recently. The antioxidant activity of stem, twig and leaf of M alba has been compared by 2,2-Diphenyl-1-
 picrylhydrazyl (DPPH) scavenging assay and found that the activity of stem was shown to be the highest, followed by
_ twig and leaf, respectively. Therefore, antioxidant activity of M. alba stem extract was further investigated using total
- phenolic content (TPC) assay, DPPH scavenging assay and FRAP assay. The data showed that the amount of total
~-phenolics in the stem extract of M. alba was 34.8 + 1.9 pmol GAE/mg dried stem extract; trolox equivalent antioxidant
capacity in DPPH scavenging assay was 0.98 + 0.09 umol trolox equivalent/mg dried stem extract and ascorbic acid
- equivalent in FRAP assay was 1.3 + 0.3 pmol/mg extract. However, further experiments are needed to determine the
* potential antioxidant capacity of this stem extract as an alternative treatment for oxidative stress-related diseases.

- Keywords: Morus alba L. stem exiract, Oxidative siress, Antioxidant activity

- Introduction

.-Oxidative stress is a condition occurring when there is an imbalance between the level of oxidants and the capacity of
~ antioxidant defense system in the body. Oxidative stress has been implicated in several diseases, including
. cardiovascular and neurodegenerative diseases, diabetes, cancer and arthritis (1). Several studies have demonstrated
- health benefits of dietary intake of herbal plants containing high content of antioxidants. For instance, M, alba, a plant
_that contains several antioxidant active components, including phenolic acids, stilbenes, flavonoids and coumarins has
- long been used in traditional Chinese medicine. Several health benefits have been reported, including antihyperglycemic
- (2), hypolipidemic (3) and anti-inflammatory and analgesic (4). The antioxidant activity of different parts of M alkba
- such as leaves, fruits, root bark, and twigs has been widely investigated, however none has been compared the
* antioxidant activity of various part of M. alba. Until recently, the antioxidant activity of stem, twig and leaf of M. albg
- has been compared by DPPH scavenging assay (5,6). The activity of stem was shown to be the highest, followed by
- twig and leaf with the half maximal inhibitory concentration (ICsp) = 44.8 + 0.01, 214.3 + 0.02, and 365.4 + 0.01

~ pe/mL, respectively (5,6). In addition, stem of M. alba was found to contain the highest amount of oxyresveratrol, a
- polyphenolic hydroxystilbene, compared to twig and leaf. Moreover, oxyresveratrol was also reported to be an effective
- scavenger for DPPH radical (ICso= 6.9 + 0.0 pg/mL) (5,6). Therefore, antioxidant activity of M. alba stem extract was
 further investigated for the antioxidant activity.

 Since, a strong correlation between the level of phenolic content and antioxidant activity has been reported (7). The
 present study was designed to determine the antioxidant activity of methanolic extract of M. alba obtained from stem

and to provide additional séimﬁﬁcdatatomppmﬂievainablepmpeﬂyofﬂﬁsplamﬁxﬁmhe; development as a

- natural source of antioxidant. This study is the first 1o evaiuate an in vitro antioxidant activity of methanolic M. alba
stem extract.

Materials and Methods

Preparation of M. alba stem extract and purified oxyresveratrol ‘

Methanolic M. alba stem extract was prepared by maceration from Department of Pharmaceutical Technology, Facuity
of Pharmaceutical Sciences, Naresuan University, Thailand. Gallic acids, trolox, DPPH were purchased from Sigma

Chemical Co. (St. Louis, MO). Folin-Ciocalteu reagent and sodium carbonate were obtained from Merck (Darmstadt,
Germany).



annie
Typewriter
เอกสารที่ 2


94

Evaluation of the antioxidant capacity of the stem extract in vitro

Determination of total phenolic content (TPC): The total phenolic content of the stem extract was determined
using the Folin-Ciocaltean (FC) method as previcusly described with slight modification (8). Briefly, 100 puL of
prepared extract solution or a standard solution of Gallic acid in 50% methanol was mixed with 500 pL FC reagent (10%
v/v). The mixture was carefully vortexed and incubated at room temperature for 2 min. Thea 400 pL of 7.5% Na,CO;
solution was added and the mixture was further incubated for 60 min at room temperature. Absorbance was measured at
765 nm using a spectrophotometer (GBC Cintra 10, Melbourne, Australia). Gallic acid (GA) equivalents value was
calctﬂatedbyusingthemndmdregressimmmdﬂmr&uhmsmmedhmnul GAE/mg of dried stem extract.

_ DFPH radical scavenging assay: ‘The radical scavenging activity (SA) of the M. alba stem extract on DPPH
radical was assessed based on the method described previously by Roche et al. (9) with some modifications. Stock
solutions of the stem extract and trolox (standard antioxidant) were prepared in 100% methanol and further diluted to
0.1 mg/mL and 0.1 mM, respectively. A fixed volume of | mM DPPH (100 pL) was mixed with varying volumes of
the stem extract or di crent concentration of trolox to obtain a 1 mL of the reaction mixture. The mixture was then
incubated at room temperature for 3 mﬁyandﬂaeabscrhancewasasseswdimnediaielyatSlS nm using spectrophotometer.

resuit was expressed in pmol trolox equivalent/mg of dry stem extract. X '

Ferric ion reducing antioxidant power (FRAP) assay: The iron reducing capacity of the M. alba stem extract
was evaluated using FRAP assay, which was performed according to the method by Benzie and Strain (10) with some
modifications. One mL of FRAP reagent was mixed with 50 pL of various concentrations ferrous sulfate (FeSO,.7H,0
solution; positive control) or the stem extract solution. The mixture was then incubated at room temperature for 3 min

The free radical scavenging activity of the extract and trolox increased dose-dependently, in which the ICso value of the

extract and troloxwere 26.6 + 1.7 pg/ml and 6.5 + 0.1pg/mi, respectively {Figure 1). Trolox equivalent antioxidant
capacity (TEAC) was 0.98 £ 0.1 ymol trolox equivalent/mg dry stem extract (Table 1). These results suggest thai this
stem extract has a hydrogen-donating activity to free radical.

In FRAP assay, the reducing capacity of the extract was also observed as indicated by FRAP value as 3.9 + 0.5 umol
Fe (IT) per mg of M. alba stem extract and 16.0 0.3 pmol Fe (II) per mg of ascorbic acid,

These results suggest that this stem extract has a ferric reducing activity which can prevent the formation of the most
harmful hydroxyl radical,

Table 1. DPPH scavenging activity.

Stem Extract 266£17  0o3ro)
Trolox 6.5+0.1 N/A

Ascorbic acid 16.0+ 03 N/A
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Figure 1. DPPH radical scavenging activity of M. alba stem extract (A) and trolox (B).

..__-Conclusion

The present data showed that the methanolic stem extract of M. alba contains phenolic acid with a radical scavenging
~activity and iron reducing capacity. These activities may be due to its phenolic acid component, especially oxyresverairol,
- which was reported to present at a high concentration in the stem of M. alba (6). However, further experiments are
. needed to determine the potential antioxidant capacity of this stem exiract as an alternative treatmeni of oxidative
. stress-related diseases.
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