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Abstract

Oxyresveratrol (2,4,3',5'-tetrahydroxystilbene), a phytoalexin found in large amounts
in the heartwood of “Ma-haad” Artocarpus lakoocha Roxb. (Moraceae), is known to possess
a wide range of biological activities. It is also the major component in the traditional Thai
anthelmintic drug “Puag-haad”, a dried ageous extract prepared from the heartwood of this
plant. Currently oxyresveratrol has been widely used as an active ingregient in several skin
whitening products, due to its potent tyrosinase inhibitory activity. In adiition, the compound
has been recently reported to exhibit preventive activity against Alzheimer’s disease in vitro.
This research program consists of two separate but related projects with the following
respective objectives: (1) Development of method(s) for analysis of oxyresveratrol content in
plant materials and products and (2) Investigation of the protective activity of oxyresveratrol

against Alzheimer’s disease in vivo.

The first project was concerned with the development of method(s) for quantitative
analysis of oxyresveratrol through the use of the enzyme-linked immunosorbent assay
(ELISA) technique.  Three conjugation methods, including carbodiimidation, periodate
oxidation and Mannich reaction were used to connect oxyresveratrol to bovine serum
albumin, and thus yieled three types of conjugated products, which were employed as
immunogens in subsequent studies. An attempt to prepare a polyclonal antibody from the
carbodiimidation-derived immunogen was successful. The antibody was found to have high
specificity to oxyresveratrol, and was used to develop an indirect competitive ELISA method
for analysis of oxyresveratrol content in the heartwood of A. (akoocha and puag-haad. This
method showed acceptable values of accuracy and precision. However, its sensitivity was
about 1,000 times lower than that obtained by the high performance liquid chromatography
(HPLC) method. Efforts to produce monoclonal antibodies from each of the three above-
mentioned immunogens in mice were made by the hybridoma technique, and three types of
monoclonal antibodies were obtained. However, only a certain antibody against the
oxyresveratrol-BSA conjugate derived from the Mannich reaction had the properties suitable
for further investigation. An indirect competitive ELISA method developed from this
antibody was shown to have an acceptable accuracy and precision, with sensitivity 16-time
higher than that of the HPLC technique. Primarily, this antibody appeared to not show cross-

reactivity with any structurally similar polyphenolic compounds, including several flavonoids
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and stilbenoids. However, a closer examination revealed that it possessed a 89.92% cross-
reactivity with resveratrol. Thus, this newly developed analytical method, despite its several
advantages, seems to have some limitation, as it can only be applied to the samples that
contain no or only minute amounts of resveratrol. Nevertheless, the method could be used
as a tool for monitoring the distribution of oxyresveratrol in the internal organs of

experimental animals.

The second project aimed to investigate the ability of oxyresveratrol to protect
experimental animals from the toxicity of P-amyloid, the peptide responsible for the
pathophysiology of Alzheimer’s disease. The Morris water maze model was used. The
animals consist of 8 groups of 10 ICR male mice. The first group contained normal animals,
and the second was the control. The animals in the next three groups received
unformulated oxyresveratrol (in the form of suspension in water) orally once a day at the
dose of 90, 180 and 360 me/kg, respectively, for 7 days. The last three groups were given
formulated oxyresveratrol (in the form of self-microemulsifying drug delivery system,
SMEDDS) at the daily oral dose of 90, 180 and 360 mg/kg, respectively, in a similar manner.
Then, neuronal damage was induced to the animals by intracerebroventricular injection with
amyloid-B2s.35, and the oxyresveratrol feeding was continued for another 7 days. After 5 days
of training (to locate the hidden platform), the animals were subjected to the probe test.
The animal behaviors were observed, and the latency times were recorded. After
sacrification, the hippocampus were removed and analyzed for lipid peroxidation and
histological changes. The results showed that 360 meg/kg unformulated oxyresveratrol, as
well as oxyresveratrol in SMEDDS at all doses, showed significant preventive activity as
compared with the untreated control (p <0.05 - p <0.0001). Regarding the lipid peroxidation
in the hippocampus, oxyresveratrol in SMEDDS at all doses caused significant reduction of
the oxidative reaction (down to 64 — 74 %) when compared with the treated control (p <0.01
- p <0.005), whereas the unformulated oxyresveratrol (at all doses) did not show observable
effects. Examination of the hippocampus tissues revealed that unformulated oxyresveratrol
at the 90 and 180 mg/kg could not protect the neurons from death caused by B-amyloid,
but at a higher dose (360 mg/kg) it demonstrated significant neuroprotective activity as
compared with the untreated control (p <0.0001). Oxyresveratrol in SMEDDS at all doses
could similarly prevent damage induced by the toxic peptide. All of these observations
indicate the potential application of oxyresveratrol as a neuroprotectant against Alzheimer’s

disease. From the data in this study, it could be speculated that the SMEDDS formulation



could enhance the neuroptrotective activity of oxyresveratrol by increasing the biocavailability

and blood-brain-barrier permeability of the compound.
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(Lipipun et al,, 2011; Sasivimolphan, et al, 2013) lutagtiuldidoyansidomenisunmdiiiu@y
IluftelsaBundnfuaifndwomnouds asfimstlveate HSV-1 flaues Fawdngiu
vangeguinmsiisfvende  HSV-1  ddlnnuideadestunistelsarusdeuviedaluwed
(Alzheimer’s disease) (Speljko et al., 2011) ﬂmwﬁ%’ﬂﬁﬂﬁﬁﬂmLﬁ'mamwuiﬂ oxyresveratrol 3
qw‘éﬁmaaﬂ%wﬁu (antioxidative activity) wazaunsaunesiiduie (DNA protective activity) 310
ﬁmaqa%aﬁaszmqaﬂNiﬁﬁﬂdw trolox W@y ascorbic acid (Aftab et al., 2011; Chatsampun et
al, 2011) deyadsnaniaenndosfusenumsinaninidengudug 41 oxyresveratrol figvs
Unlessguulszam  (neuroprotective  activity)  laerunalnnisiueendinduluvaieguwuy
(Lorenz et al, 2003; Andrabi et al, 2004) usnandnsAneluwadimnziass rat cortical
neurons WU oxyresveratrol FeUniaswaduszamainfivies B-amyloid peptide duduansd
L?Jummmaqmmiﬁuaﬂiﬂmmaﬁ’ﬂL?%aw%aé’alsm,mﬁ (Alzhiemer’s disease) 1@ (Ban et al.,, 2006;
Jeon et al, 2007) ndeyatrsdunneideTsfiauufiguinas oxyresveratrol o1aildnenmiiay
vhulddesiunseussimennisvedsasalawesld  Fafufinnvedasimsitodes  “msAnwngns
12409NTNTaIDIMIDANTANBINSEBNvRsTTULYSEE N IulsAda lowes (Study of
oxyresveratrol for the ability to ameliorate neurodegenerative processes in Alzheimer’s
disease)”
INUIZAIALAZYIULUANITVININY
1. Wawisimsnzii oxyresveratrol wuu ELISA wiethluldiaseiusuna oxyresveratrol lu
fegingavayulng nansduanayulng
2. Anwgsues oxyresveratrol lumsanvielosiuoinsdenvesszuulsramludninaaes



¢ J Yo

Uszleviiianninazlasu

1edrns: @seesdanull 2 B Bewsnduisinsziians oxyresveratrol Tu
v a 4 A U« = o I av v oA vy 4 A &
TagAuuar/visendnduanayulng seraihluvssendldrelunuidesmuaug lame  Sewaeadu

1Y) a s v o= & Yy My o o v v o

wangIunIInemansnasdliauisenudulula/lila iagtdians oxyresveratrol unlddasiunse
usnmenslsadaluues

2. smuuleue: auesulovievessguanssiannliusemealneiudinuieguuitugiuves
pIRANS Uawtssaatinineremans uaziinide ilemeraniudeinisvesseina

3. muAswgiy/malvd: esdauslminasiduenadigiiunuiliunugmauazivaug 7
JuunassssumAves oxyresveratrol dso1arludnisasiagaahudanddsoly

4. puderuuasyuyy: asfrusninAnty sstvduasulivssnyumlisasdenulaidnla
wazneaiy Usglewid amnudnduwazaumlunisfneuazeysneitvayulnsing

NUBLNR

snumsifeactuanysai Ifwsminiaueiomeondu 4 un deil

unit 1 Juunth Fsnamfsenanduin Iaguszasd veuwn uazUsslomifianinagléfuain
WHUII1UIRE

wi 2 Judenmedasimsisedesmsiaunisinszinldnednslaslunsnsate
USUAN500NTL a5 (Development of enzyme-linked immunosorbent assay for
quantitative determination of oxyresveratrol)” Fanandsseasdeanisiuiiuay nseAusena

WazaUNaIRY

=1

unit 3 Juiomvedasnsidedes “ﬂ’]’ﬁﬁﬂ‘tﬂE]V]ésuax‘iaaﬂ%l,’iﬂl,’;ai’lwiaaiuﬂ’l'ﬁaﬂﬁ]’lﬂ’l’i
Gouvasszuulszamlulsadalawes (Study of oxyresveratrol for the ability to ameliorate
neurodegenerative processes in Alzheimer’s disease)” FanamieeasBoansindunu ns
AUTIENA UWazaTUNAITY
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LYY

=] [d Ao o= ! =2 a cav vo
U 4 LUUUV]E?E‘U“U@QLLNUﬂ'ﬁ'J‘\]EJ Fanamnanalevaviue wazUselevunlasy
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Tun1smsaadausunaanseandisaiiesvsea

1. anudAguasiiinvansise

90N3138129519588 (oxyresveratrol) dnLduasunvaladnfenll (secondary metabolite)
lungu stilbenoids fiftwasstuiiiedleafudunseaindssiieg fsuniunisdisedinvesiia laun
LuasdmgiY wuaTise 91 wazwas UV iudu a15 oxyresveratrol wuluileisd Moraceae waeviln
Taufiny oxyresveratrol TuuSunagslduannuugmn (Artocarpus lakoocha Roxb.) wagsinusiou
(Morus alba L) 91ndeyani13@nuiidowudn oxyresveratrol fgninievatgagiaigu qnsduds
wwulasl tyrosinase LLazqméé’wuagyjaﬁaiz (Kim et al., 2002; 2010) qwéﬂaf]aaé’mmﬁwaq
ethanol (Zhang et al., 2008) qméﬂaf]au%éﬂszam (Horn et al., 2004) qwé%zaamuﬁmﬁﬁwma
aaluwedila (Li et al,, 2007) qwéé’mh%a herpes simplex virus (Lipipun et al., 2011) ag
African swine fever virus (Alonso et al., 2011) mﬂ%;ﬂaqwémﬁ’smwmm oxyresveratrol FaNa1?
¥lW oxyresveratrol esumnuaulannindseegrsunn lunisfiasnensnuwaundluldusslomndld
Tugnamnssundnfusiayulnsfiegunmuaziedosdions Yagiuuiuvesdungmadaudufiviing
avan oxyresveratrol Tutinagaduiidesnisvesmaradusnumn e luldidussdusznovly
NAnSueiATedd1019 Lﬁaammﬂ@mauﬁ'ﬁmaq oxyresveratrol "Lumsaaﬂqméé’ué’?«,aﬂ%ﬁ tyrosinase
Fefunsieuastauiinngalinszinuiinaasdd oxyresveratrol ludngAuwazndniue
MATes Fadudsddnlunsmuauaunmvesayulnsliliunsg Bnsiinnegidananasd
AUYNFRITINGET TAuly wazAuliugIas winngdmsunisuiluasiainu3una oxyresveratrol
TuunusgyauasadnsusiiiAeides annsdsmenunsideonudt 1EinemAinsinseyinm
USuai @19 oxyresveratrol 1aa1438 high-performance liquid chromatography (Shao et al.,
2007; Huang 2008; Bertram et al,, 2010) wa ¥ thin-layer chromatography (TLC) densitometric
method (Maneechai et al., 2009)

Hagtuldinsfnuislinseiuinumsddyifgninandyingraniivayulns lagende

o
(% '
=)

wedlasuduyluladaiaeudvedndmzseansiu osnfinnuusiuguazdinizianzaags 35
w3buasfegdligesn ansadiansataverunivhnisienedls Savedaduizadenuasan
LazTIAEY FJamunzAunsieseiarslutiuiad wasiidiuiudiedianin 16 auzdideléd
Usraunisallunisudnueufivedisumzsdeans mangiferin Fauduansudnfioangusluluuziing de
75 enzyme linked immunosorbent assay (ELISA) (Yusakul et al., 2012) Fefmulinazaany
wiglunsmsaaey uenaindl Ssldvhmsfinunidesnseiieaionfundaueufvefsoansitoan
gusmandwineluivayulnslasléviinmanueuivefiiioiuldnsasvarsluduiaunuay
N1LATEYT (Tassanawat et al., 2012; 2013; Pongkitwitoon et al., 2010; 2011) mmmmaﬁna'n
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aa o |

udsdundrilurae dlifinnsdneisenisnanweuivenfisinnzdeas oxyresveratrol da1du
asndnuazanseengusinuluuzmie auzdidedaulafiegiaunitinseidmiunnoiauiunm
a3 oxyresveratrol mgemalaneduylulad lnssjadunisudnweuivefuuulnalaausauazluly
Traueafismniese oxyresveratrol Wi ouiau13zinseidldmaia ELISA dusunsiaans
oxyresveratrol Tufiwayulnsuazadnfas fovnadsUSinuuazannin Tuns Bieneidndiian
Tandulselovidedudningiu woefussnounsgramnssuasulng uenniueuRueAinaslies
o19thludszgndlunsidoiiendiu oxyresveratrol lusudug 1ife Wunsivasumsazauasludio
nsnsEefivedansiueislzvesdninnass wasmsAnwndyaummansvedans

2. nUIraAvalasINIsIdY
2.1 nanuelulpausauazlndlraueaneufueffisunizseans oxyresveratrol
2.2 WUISIATIeUSHNMET oxyresveratrol Tultwasulnsuwasndniagiaigds ELISA ngly
uolulraueauaufvefuazindlaausaueufvenfinasls

3. YBULINYBIIATINIGINY
nanlnalaausauazuelulrauealouAUDANLAINTUNIZAUENT oxyresveratrol LazULOUR
veiRInaIUTEENAldimLNISIAIEEns oxyresveratrol luiiwasulnsuasnansiaueineds ELISA

4. F/ANTUNITIY
4.1 nsdaaszsiansiliiduduyluay
4.1.1 msdunsrzviarsildiduduyluaulagds carbodiimidation

11@15 oxyresveratrol ﬁiﬁv’hmié’qmi’wﬂﬁﬁwgﬂqﬁ%’uﬁmmsaﬂumﬂ%amiaﬁuiﬂiauﬁﬁ
Tuanalugjitearsusunu (hapten) nethans oxyresveratrol acid #lfainnsasuutasms
Handulan methyl-carboxylic acid UStau phenol ring 1vnsdeusafulusiu cationized
bovine serum albumin (cBSA) uWag cationized ovalbumin (cOVA) lagvinufAzen
carbodiimidation fu EDC/NHS il OXA-cBSA aniunisasiadeunmsifeserulusiulagly
38 MALDI mass spectrometry dumeulunisviiufiiseusdovansilfiduduyluaunansdegud 2.1

NHS ester intermediate OXA-cBSA

2.1 Fsduaseiasnldiluduyluaulagds carbodiimidation

CaN
[l
=D



4.1.2 msdunsizviasildiduduyluaulags periodate oxidation

11415 mulberroside A Fuduansiilu elycoside v oxyresveratrol WY1 )AT81998735
periodate oxidation 911U ¥1n15A529d0UNIsIToudefuTUsAulaeld3E MALDI mass
spectrometry Funoulumahufieuiowniouansilidudugluausansfagui 2.2

OH

OH
oH OH
HO. Ho
0 O [ [ O

Ho OH , o )\ OHC OH

HO o - OHC o 7

OHC
NalO, )\
OH
HO' o o o o o

OH

HQ,

OH

HO, BSA
HO O \ OH
N:
N . 7 "o BSA
/ OH +—
b . ] pH9.6

BSA OH

JUN 2.2 Bnsduaseiansildiluduyluaulagds periodate oxidation

4.1.3 msduns1zvigrsiltiduduyluaulaegs Mannich reaction

11813 oxyresveratrol 11¥i1n1siieusefulUsiu cationized bovine serum albumin (cBSA)
way cationized ovalbumin (cOVA) Taavi1U§A5u197875 Mannich reaction ety OXY-cBSA
sntusiinisasageunisiousefulusiulagldid MALDI mass spectrometry dumaulunisvi
ViAo nflewdenansiiiidy Suyluiauuansdsgud 2.3

OXY-cBSA

JUN 2.3 FBEnsdaumszvansiiliduduyluiaulangds Mannich reaction

4.2 MInanlnwalaausauauived
4.2.1 dainnaeq

nsvetgnALa18Wug New Zealand White 818 3 Liiau laainauddninnao vl
unInedeuiing Jmdauasugy nsguadninnaedlaniun1sNaITUNITeIAMENITUNITITIOUTI



LaZH1RTTINNTEE AT INeNUMEINeIMaRS UnINIREVRULAY MINBNATTAUT 4.
. 31/2557

4.2.2 n1snszgunseagligiruauavan (immunization)

thduTulau OXA-cBSA lFianniBnsdansevisneds carbodimides (357 4.1.1) uwinnsdn
LmﬂmUiLamimmaﬁuﬂ (s.c) N3g mEJ (New Zealand White) Iﬂﬁm’lﬂ’liam’;uﬂu Freund’s complete
adjuvant n&sa1nn1snsERuAsausn 4 §Uni vinsdnansnseduaded 2 Lﬁumummﬂmmuamum
030518 (m.) 1neinn192A32uAU Freund’s incomplete adjuvant wantu 1 §Uandk 1
Funszeneilefunisdnduyluaunniinisasaasunisiiaueufvedlagds indirect ELISA uaz
indirect competitive ELISA n&sanyhmanszduadeil 2 uinen 2 Uasi vin1sdnduyluouads
7 3 Whilusnanduidediurivesnseais (m.) Ineiin1saasauiu Freund’s incomplete
adjuvant 90ty 1 a9 13 5unseneuniinisnsiaaeunsiinueuRuedlagds ELISA antu
yhmsdnadsd 4 TngldBugluauiiazanslu PBS wagvinnsdadiduiend (V) dunsunisnsedu
nszselvanaueuRveuansiaguil 2.4

15t Immunization
0.75 mg OXA-cBSA 1:1 FCAS.C.

3 Immunization
0.75 mg OXA-cBSA 1:1 FIA 1.M.

4 weeks . 2 weeks . >
2 weeks ‘ |
Blood
Collection

New Zealand White

Rabbit
47 |mmunization

0.325 mg OXA-cBSA in PBS I.V.

2" |mmunization — T7days
0.75 mg OXA-cBSA 1:1 FIA 1.M. Blood check

5UN 2.4 JunaunsnIEAuNsEaeLivenanlndlaauaaLausved

4.2.3 f)’)ﬁ'ﬁ’ﬂ?ﬁl@ﬂﬁﬂ@ﬁﬂ?&jﬂg

thiduannidennseieiiannsoaisueudvefuvillivianslnenisuen 1eG lngldnodul
¥ Protein G FF (0.46 x 11 cm, Amersham Pharmacia Biotech, Uppsala, Sweden) lned
Funoumsuen lsG Mndsunseesal

UFFUUTNINT 1-2 ml dumAeaulvln Protein G FF ¥11n19879A08116A28 20 mM
phosphate buffer (pH 7) Wilodnsans8uq eonarnaeduyl 910ty ¥n1syedieaisazate 100
MM citrate buffer (pH 2.7) vieldlun1suenuweufivefeanainaeduyl weufvediildainaeduy
ihluyhUFAsen1sazifiudae 1 M Tris-HCL buffer pH 9.0 aantu tlusiinis dialysis frevindi



gaumndl 4°C TusAuvesueudvedlsiluvinliursiendesssmeuiauuiiBenuds (freeze
drying)
4.2.4 n5I9q9vVAMANTAYOIUBUAYEA

yhnnsmsreaeunuautAvesueuAuedfild Inensinlunsrsaeunmantalunsduivans
oxyresveratrol uazansdufiiignslassadidlndifeiulagds indirect competitive ELISA 9904 ¥i1
ASAUIUWT % cross reactivity TeduauRUeRTinanlFiUa1sYIaceY Fae8ues Weiler and Zenk
(1976)
4.2.5 WaIU1359tA512%a15 oxyresveratrol 1ng35 ELISA

WAUIITA1TIATIZUNIUTUIUAT oxyresveratrol Aae35 indirect competitive ELISA Tagld
woufvedinanly nuihnsmeuiiss anal wazauwiugilunsiesedt waznsIde U
USunauans oxyresveratrol inulunzmial3euiisududs HPLC 38n1snsiadinsnziusunaans
oxyresveratrol 1ng33 ELISA ﬁ%umauuamé’qguﬁ 2.5

aflan15ATIERUTUNENS oxyresveratrol Tushegnsfiudaeds HPLC lduSoudieu fan1iy
Tunsmssvisd
High performance liquid chromatography PerkinElmer Series 200 LC pump &g
PerkinElmer 785A UV/VIS detector, PE Nelson computer
Column : LiChroCART®, 125 x 4 mm, 5 pum particle size; Merck, Germany
Mobile phase : 20% acetonitrile i 0.5% acetic acid
Flow rate : 1.0 ml/min
Detector wavelength : 320 nm

Injection volume : 20 pl
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WAL 100 pl U89 OXA-cOVA AMuLNTY 5 pg/ml Tu carbonate buffer pH 9.6 Tu
urarvauves 96-well plate

- Incubate % 37°C 1 %l.
- #1918 T-PBS 3 ASa

{ L 300 pl 989 1% gelatin Tua1sazany phosphaste buffer saline (PBS)

- Incubate 7 37°C 1 7.
- #1968 T-PBS 3 AS3

LaELANANTATANULDURUBANADINAdR Ul UALNIU LNz aLluaNsavany T-PBS
Usums 50 pl el

- Incubate % 37°C 1 wl.
- #1918 T-PBS 3 ASa

Wi 100 pl vesansaratsuaufuafsiiaes POD luaisavate 0.5% gelatin in T-
PBS

- Incubate ‘171 37°C 1 %4.
- #1918 T-PBS 3 AS9

{ Wil 50 pl vedansagagInTgIuvIeaNsinesn Iaaey deazansly 20% MeOH }

{ L3 100 pl vesarsazaty ABTS luaisazaiy citrate buffer pH 4.7
{ Samidudugie Microplate reader # UV 405 nm #ikaan 15-20 wafl

JUN 2.5 TuUABUNMIATITNATIZIUTUIUENT oxyresveratrol g5 indirect competitive ELISA
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4.3 N1SNARNDIUIAAUBALBURUDA
4.3.1 dninnaad

ndnaganeiug Balb/c 01y 6 dUai lnanauddninaasauiend unInedeuding
Jandauasugy MIguadnineasdldiunITRaITNY0IAUENTTUNITITTOIUTTULALNINTFIUNIS
Aoauaznslddniitonunidinemans untinerdeveunnu auenarsiavdl aa.un. 31/2557
(AARWIN)

4.3.2 mansequnyiasa1suouaven

yin15@nansduylulan OXA-BSA 1irfiudnamtinviesny (mouse, Balb/c strain) 909 2
ansi Tagvhnsandauifu Freund’s complete adjuvant anniiu vhmsanduyluiaundsd 2 wae 3
Tng9in158ngauiu Freund’s incomplete adjuvant dunsadi 4 agsinisdnnszdulaslallidn
3ty adjuvant 91ntu ihEsmyildsumsinduyluaunyhnsnseaeunisudnueuuefiildlag
38 ELISA Funsumsnssdumyliadisueuiveuanafigui 2.6

2st

immunization 4st
Ag-Protein conjugate1: 1 immunization
FIA Ag-Proteinin PBS
2 weeks L # 2weeks [ —
> I~
2 weeks :
BALB/c Mouse PEG
1st gt Spleen + Myeloma
immunization immunization :
Ag-Proteinconjugatel:1  Ag-Proteinconjugatel:1 :
FCA FIA : HAT
, 1 medium
<L 1
- 1
f v | 1
"l 1
b
v
€-—-===== <=
Clone by limit Hybridomas
dilution
Positive cells
Harvest MADb
— 5days

# Blood check

5UN 2.6 TumpunsnszAunLiendnuelulaaueakaufven

4.3.3 n1svasusIlivasuazandonivaalauslaug (hybridoma)
dwaddiunvuuivasusiuiuwad ludlaun (myeloma, sp2/0) (RIKEN BioResource

center, Irabaki, Japan) a187% polyethylene glycol (PEG) vinn1sAnldanigaalauslau

(hybridoma) uagyimsiaeawadi 37°C/5% CO, incubator 1ngld HAT medium anntiu vhnsiaes
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lUfuszezinan 10 U wd11dru supernatant 98981915 AMINITNIELABILINTIFAOUNITNAR
a a aa ., . = Y s a a a Y o ¢ al v & ¢
WoURUBALAYIS indirect ELISA wislawadiindntoufvafudivinnisuenwadilalmnduiwaaine
1ne1435 clone by limiting dilution A1elu 2-3 19ing azlalalailinens) NawsondnLouRvafuIn
d' ° aa = & o v i ° & A a
woNzinsnsiaaeulalagds ELISA Bnast laauilinauinsenisnsiaaey aggniundesiveiiiy
Ul
4

4.3.4 msinliueudveausgns

Weovhnsmnziaeslavilaunluoimsimiziassaulausunausufvedusuiuuin 910y U
lusanslagldaeduil protein G FF Lileuenuaufivafsanuilngedenannislun1sduiu Fc ved
wouRvesLazLenasoanulagldasduines (buffer) Al pH @1 adsnsiaztunauluts 3.2.3
4.3.5 n5I9deUAANTAYaUBUAUEA

MMsnsIvdeuRuantiveelulrausakeuiived Inansilunsiaasuamaudilunsuiu
@13 oxyresveratrol Wazansounilanslassasislndifesiulaeds indirect competitive ELISA 310ty
MNITATUIUNT % cross reactivity Y8suaufuaffinanlanualsuingaige A1e35999 Weiler and
Zenk (1976)
4.3.6 WIU13534A5129%a15 oxyresveratrol 1ng35 ELISA

WAUNITNTIATITRMIUIUIUET Oxyresveratrol A1837 indirect competitive ELISA Tagla
WOURAUBATINARLY MINTURBULAZISNTIUTRN 4.2.5 vian1suianuiies wazanullunsiaszi

a A a a U aa

UATATIVEDUMUIUIUETT oxyresveratrol InulungmalUSsuBUAUIS HPLC

4.4 N5A3BUA2DLINYLNDNTIINATIZIHMIUSUNUETT oxyresveratrol
Y 1 = o PN a IS I3 U ) Y @ a 3 o )
megsfiviiluaufigaungil 50 °C WWunan 2 Tu vinisualiilunsasiden 910U 154
fee19 50 me w1 luaineae methanol 500 pl wagiluduwiesini1uisiseu 3,000 seuse
w7 Wwan 5 ud wuaiula 9t vinsadagn 4 ase iivdulaianunsiuiueditiliseweau
WiTe walusuUsuInIAl8 methanol 1 ml 3nnuusinn1sinluns193AsIERUSUNM oxyreveratrol
P18735 ELISA Mau1dudseuiisunuis HPLC

5. Wan133Y
5.1 MmsdaaseiasilHiduduyluou
5.1.1 msdansrevarsildiduduyluaulngds carbodiimidation

oxyresveratrol  acid  Thdewsiefulusiiu  cBSA  (OXACBSA)  91nnswiseailaeis
carbodiimidation Tagltd EDC/NSH latnuvinn1smsiaaey hapten number 1ag MALDI-TOF-MS
(BrukerDaltonics, Breman, Germany) 3Ufl 2.7 uansthmiinlananavesduyluauiidaesesdld wud
OXA-cBSA fnfwiinluana 72633.02 Tuvneilusiu BSA fwidnluana 70319.62 ilevhnig
fruanmnd1ua hapten number Tngthwidnlananaves oxyresveratrol acid fifn 287 wuth Bulu
uiiduAT2ldTsuIu hapten number Wu 8 awiiuldin Afildeglurisiivangan (hapten
number  525) iy BuyluuiidiesieildSanmsatanldlunmanssdudnieaeditais
LaUAUDR
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gﬂﬁ 2.7 MALDI-TOF mass spectrum 484 cBSA (A) oz OXY-cBSA (B)

5.1.2 msdansrevarsildiduduyTuaulagds periodate oxidation

mulberroside A fiiaurofulusiu BSA (MuA-BSA) #1833 periodate oxidation Téinsi1vin
N130 32981 hapten number a8 MALDITOF-MS 35Ul 2.8 uansimidnluanavesduyluiaud
Fuaszaildnudn Mua-BsA fwminluiana 73309.88 luwnedlusiu BsA fdmdnluanaidu
66382 ilavin1sdiuamumsuy hapten number Tagthwiinlaianaves mulberroside A fidn 508
wud Bugyluiauiidanseildisuiu hapten number iu 13 Fadu woufiuiiduasesildds
ansninanlglunisnszdudninaasdiaiaweuiues

14



60

70319.62
50

30
73309.88

20

Intensity [arb]

10

500000 600000 700000 800000 900000 100000 mi/z

5U# 2.8 MALDI-TOF mass spectrum 8¢ MuA-BSA

5.1.3 msdaunsreviarsildiduduyluaulagds Mannich reaction

oxyresveratrol fidiousafulusiu cBSA (OXY-cBSA) a1nn1swadeulae3s Mannich reaction
1911159 599@8U hapten number lag MALDI-TOF-MS annns@nunlagldensnaiusening
15 oxyresveratrol wazlUsAu cBSA fiumnanafu lua 1:2, 1:5, 1:10, 1:20 4az1:50 WU 11
hapten number Flgfimnuuanseiu Amdu 63, 65, 62, 36 way 20 AUAIRU LLamﬁquﬁ 29 -
2.13

85383.26

5U# 2.9 MALDI-TOF mass spectrum 983 OXY-cBSA 1:2

15



90563.88

gﬂﬁ 2.10 MALDI-TOF mass spectrum 189 OXY-cBSA 1:5

84542.36

gﬂﬁ 2.11 MALDI-TOF mass spectrum 9839 OXY-cBSA 1:10

78544.10

gﬂﬁ 2.12 MALDI-TOF mass spectrum 983 OXY-cBSA 1:20

16



70554.63

5Ul 2.13 MALDI-TOF mass spectrum 484 OXY-cBSA 1:50
dnsdrusnitsueudiaunazlusiulunisidousslngds Mannich reaction 91n3Ufl 2.14
wandlfifiudn §ns1dru 1:2 fe 1:10 1d1uau hapten number sglutsdilndidssiufe 62-65
Turnuefisnsdruvedlusiuiiivdudy 1:20 was 1:50 avilnalfsuau hapten number anadu
36 Uy 20 AUAIAY

OXY1:5BSA

70 - OXY1:2BSA

—e

60 - OXY1:10BSA

50 -

40 -
OXY1:20 BSA

Hapten number

20 -
OXY1:50BSA

0 ‘ ‘ :
0 0.1 0.2 0.3 0.4 0.5 0.6

Antigen/protein

UM 2.14 dasndruserinanauiaukaslusiulunisdunsizianslangdd Mannich reaction

5.2 nsnanlnalaauaanaufiuan

INN13NTEAUNSEANY (New Zealand White) Aleduyluiauains carbodiimides (OXA-cBSA)
$1uau 4 ade uasthdsuildanideansemeniinsasaseunnautivesueufiuefieds indirect
ELISA uazn339aaunmuantflunisduiy oxyresveratrol a3835 indirect competitive ELISA Nan13
VInABILANIRITUT 2.15 Innan1Tnassaziiiuldin nsvseanunsnaieuRveduazinisandians
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oxyresveratrol 19 & muu WInNInTy G]Uﬂiwm%ﬂu{’ﬂiﬂ‘ﬂ a4 LLauVI’]ﬂ’]'ﬁLﬂULaaﬁ]ﬂium’]ﬂiuﬂ'ﬁﬂqm‘ﬂﬂﬂﬂ
GU‘Ll ‘VI’]ﬂ'ﬁLLEJﬂ"?JiiJLLau‘lJ’]""EiiiJVleéﬂ,ﬂVHﬂ’]iLLEJﬂLLE)‘LW]‘U@ﬂl%UiﬁWﬁIﬂﬂIsﬁﬂ@aﬂJu Protein G FF

JUN 2.15 lnnes (titer) vosuauRvefldan@iunseieuasannudnme
Tun1sdunuans oxyresveratrol

5.2.1 puauvaveslnalpaveauauivan

LﬁaﬁﬂLLauauaﬁﬁwﬁmlﬁmﬁﬂmsmwaammamﬁ’mums{mﬁ’uLLauaLwImsﬁ% indirect ELISA
WU weufvendimnududu 13.10 pe/ml s gaulunisduiuwaudiaulaglirin1sganiuuas
(absorbance) Uszaad 1.0 LLammiUm 2.16 sty arududuveweuivensina s aiwnldlums
WAUNI9LATI8MlAY indirect competitive ELISA

3.5 1
3
2.5 9
2
1.5 1

1 4

Absorbance at 405 nm

0.5 1

1 1.0 1(.)0
Concentration of OXY-PAb (pg/ml)

5UN 2.16 Msiinufisensenineanududuvednilraueauauiuediu oxyresveratrol
¢ne78 indirect ELISA

WigvhmsnTvaeuauaudRveswaufueflun13uiuans oxyresveratrol uarasaunians
lassaselndifeaiion1ujAzentu (cross reactivity) AMTILALEAIFINITIT 2.1 HANIIANBINUTT
weufveRnuanlatiaunnziuans oxyresveratrol g¢ laswouRvedliaunsaduivansdunians
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Tassad1elndideaiulsl 5903 resveratrol waz mulberroside A uduanslungu stilbenoids uay
a159u7 waneialungy flavonoids

M1519% 2.1 cross reactivity vaslnalaausaloufvoflunsiuiuanssinge

#13 QGHEEE Cross-reactivity (%)
Oxyresveratrol 100%
Resveratrol Stilbenoids < 0.01
Mulberroside A < 0.01
Rutin < 0.01
Artocarpin < 0.01
Cycloartobiloxanthone < 0.01
Norcycloartocarpin Flavonoids < 0.01
Chalcomoracin < 0.01
Quercetin < 0.01
Kaemferol < 0.01

5.2.2 n5WaI3531a512%a75 oxyresveratrol Ingldndlnausausuived
PINNITHAIUITTIATIZRET oxyresveratrol 2835 indirect competitive ELISA Tagldlna

lAaUBALBURUDANUIN YI9VBINITATIAIATIENANT oxyresveratrol 8E5ENIN 1.12-2.12 mg/ml

1AgNIMLINTFINVBY Oxyresveratrol UARIAIFUN 2.17
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Absorbance at 405 nm

JUM 2.17 N5 IMUINTFIUVEIENT oxyresveratrol g5 indirect competitive ELISA

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

y =-0.5468x + 1.5362
R2=0.9827

1 15

2 25

0.5 1 15

2 2.5 3 3.5 4

Concentration of OXY (mg/ml)

Tngldlnalaausaweufuefiisiniziu oxyresveratrol
NNIATINEBUAIATES (precision) esisilanzilasmameiaraniissaeluman (ntra-
plate) Lazseninawan (inter-plate) wuin dauﬁmwummgmé’uﬁwé (%RSD) fiAlaitAY 10% Tu
ynAsduduvesasnss Iy wanafans1e 2.2 wandliifiuin Bnsiivautudanuiedunis

AATIEN

A1919% 2.2 Apuissnglunan (intra-plate) wazsewinwwan (inter-plate) Vo93594ATIZN

indirect competitive ELISA (n=>5)

Oxyresveratrol concentration

Intra-assay RSD (%)

Inter-assay RSD (%)

(mg/ml)
2.12 2.69 3.47
1.91 6.41 6.11
1.72 4.14 4.14
1.55 0.58 3.15
1.39 3.13 5.09
1.26 3.99 1.12
1.13 2.90 2.66

91NN13ATIABUAILLLIUEN (accuracy) VBITRATILRLAENTENAITUINTFINASIUAIDENS

(spike sample) 11 3 F¥AU WAL % recovery WUTN % recovery ¥4 oxyresveratrol aglumis 98-

102.10% (1157471 2.3) Faogluinaeiniseensu wandliiuil ezt Tuiinnuuiug

aada 6

gnansadanldiiiemyusuneans oxyresveratrol lusnagnala
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A58 2.3 A recovery 909351A3184 indirect competitive ELISA (n=3)

Spike of oxyresveratrol Oxyresveratrol content Recovery (%) RSD (%)
concentration (mg/ml)
(mg/ml)
0 1.21+0.08 - 6.24
0.2 1.41+0.05 99.54 3.32
0.8 2.02+0.19 102.10 9.39
1 2.20+0.06 98.90 2.47

5.2.3 N19Ysu14a15 oxyresveratrol TuWvayulwsaae3s indirect competitive ELISA

uag HPLC

NMTIATIZAUSHIIET oxyresveratrol 1awdT indirect competitive ELISA Fmunduldiun
Usggndltiievnuinaansdsnanlusgmauazuinme Wisuifieuiuds HPLC uansisnsiedl 2.4

a1 A

WoRTUNIYINITIATIEIEITA8TD ELISA WU Sansiasizsidu 1.12-2.21 me/ml Feflandiaa

Y
a

13138 HPLC &3 1,000 wh wanslifidiugn ananula (sensitivity) Tunsiinsnzsidneds ELISA sni133
155U HPLC fatu nsdifidegsfisiivhnisasatinsediuiuimansi 38 ELSA aglalanunsn
asraaeuls 91ne15197 2.4 aziulen aunsansiadiasisinUSuaaslanfiegiswestinme
vidauAuuzmawil Yinaansanadiulu wWien wazde llanunsonsiaaeulddieds ELISA Ysunu
415 oxyresveratrol Ainvulutinmiauazuiuusnindaes ELISA Andu 683.52 uaz 212.14 me/e
dhvinurs audsiu dlethaAfinseaeuldanitiassisunmedulssansanduiug (Gecorrelation

coefficient) Wul1 A5nNseaaaliAduUsEANSanduNusS 0.9878
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A1 2.4 USual oxyresveratrol lusnzyalazUinma #1875 polyclonal antibody-based ELISA

Wy HPLC
o Oxyresveratrol content (mg/g dry wt.)
A28
HPLC ELISA
UM
Tumneias 1 0.07+0.00 ND
Tununeiay 2 0.02+0.00 ND
As 0.06+0.00 ND
Waen 0.08+0.00 ND
LAY 237.71+8.64 212.14+18.92
U2n1n
YINMANUNELEY 1 664.08+3.23 683.52+11.18
YINMANUGLAY 2 676.43+1.76 618.32+3.44

ND = not detected

5.3 nMsuanualulAauaalauAuaf

5.3.1 HAY@IDUYIUAUDINNITAUATILVIA G TFTAHIN ADNTSHAAUDUAYDA

5.3.1.1 Buylwauanis carbodiimidation
nmsanduglutausiin OXA-cBSA AlsinnnUfAsen carbodimidation iensedumyasiug

BALB/c TnAmuaufivedduiu 4 sy thdsy (serum) Aldannideanyanvhmsnmadeuueuiived

HARLAAI835 indirect ELISA wagn339dounuanUlun153uiy oxyresveratrol 1833 indirect

competitive ELISA Hansvinaeuanssiaguil 2.18

o

'
a

—&— Serum injection 2 (2 weeks)

2.5 1
- Serum Injection 3 (4 weeks)
== Serum injection 4 (6 weeks)
= <= Serum injection 2 + 100 pg OXY std
- ~
E 2 #- Serum injection 3 + 100 pg OXY std.
-~
= = & =Serum injection 4 + 100 pg OXY std.
Lo ~
S h
= 1.5 1
D
(&)
c
o
=
o 1 b \~~
172} Ss
Qo \‘
<
0.5 4
0 . : ; — "
0 100X 200X 400X 800X 1600X

Serum dilution
5U7t 2.18 lnimesuaswauivednlsain@sumy BALB/c wazAMusLniIzlun1sauiy

v Y

@13 oxyresveratrol 91N8uylULAU OXA-CBSA
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5.3.1.2 Buylulauaniy periodate oxidation
1nnsanduylulauyiin MuA-BSA Mlaanujisen periodate oxidation tensedunyae

WS BALB/c indnuaufvuafdnuiu 4 a9 dndsuilaanniennyunyiin1snsisdeulaufuafings
1A@1835 indirect ELISA wagnsivaauamaudmlun1sduiu oxyresveratrol A2835 indirect
competitive ELISA KAN1SNARBILAAIAIFUN 2.19

0.5 1
——Serum injection 2 (2 weeks)
=f-Serum injection 3 (4 weeks)
—#—Serum injection 4 (6 weeks)
= -Serum injection 2 + 100 pg OXY std.
=% -Serum injection 3 + 100 pg OXY std.
=& -Serum injection 4 + 100 pg OXY std.

0.45
0.4
0.35 1
03 1
0.25 1 .
0.2 o

0.15 4

Absorbance at 405 nm

0.1 1

0.05 A

0 50x 100x 200x 400x 800x 1000x

Serumdilution

JUN 2.19 Tnimesvesueuiuefnlann@sumy BALB/c waganudumiglunisiuiv
@19 oxyresveratrol ﬁ]’mamﬂulﬁ]u MuA-BSA

5.3.1.3 3uylulauaINIF Mannich reaction

nmsanduylulauviia OXY-cBSA #il#a1nUfATeN Mannich reaction Lilensgiuvyaneius
BALB/c Tiindnuaufveisiuau 4 afy ihdsuilldandennyuminnisnsasouneuiuefiinanldde
75 indirect ELISA wagnsi9a0uanany@luni1sIuiu oxyresveratrol fe35 indirect competitive
ELISA HansnAaauanafasuil 2.20

nan1sAnwLandiiui weuRueanmyilFiuans OXY-cBSA Tudnsndiu 1:50 Fefidu
hapten number Agafe 20 fanuannsalumsaiaoudveifisiniuiligeaaifisuiuduyluauly
Snsndndu uandlimdiuin OxXy-cBSA Tushsndn 1:50 fanumuganluninilundauelulaauea
LOUAUDR
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0.4 +

0.35 -

0.3 -

0.25 mOXY 1:50 cBSA

mOXY 1:20cBSA

mOXY 1:10cBSA
OXY 1:5cBSA
OXY 1:2cBSA

m+100ug OXY Std.

0.15 -

Absorbance at 405 nm
o
N

0.1 -

0.05 -

injection 2 injection 3 injection 4
2 weeks 4 weeks 6 weeks

5UT 2.20 Tninesvesueuiuefnlann@sumy BALB/c waganuduwiglunisiuiv
@13 oxyresveratrol 21n8uylULAU OXY-CBSA 719051871199

wansAnwansliifiuin Suyluaudiliannuffzen Mannich reaction annsaviliiAnnsdu
U epitope wiialulé antibody fifin15ansadiumniafisnnisfulassadiaves oxyresveratrol L
(high binding affinity) agalsfiny n1siisauau hapten number quﬁulﬂasdwaiﬁmiazaw
yosBuyluausuazyilindnuoufueldluuinam wansislumsnsd 2.5

M19199 2.5 navesduylulauvilanieg densndnwauivesiugiumy

Conjugate Antigen/Carrier Hapten  Antibody production® Oxyresveratrol
protein ratio number (Abs 405 nm)P recognition ability
(% inhibition)-
OXA-cBSA 1:1 8 2.30+0.12 10.71
MuA-BSA 1:1 13 0.39+0.05 48.71
OXY-cBSA 1:2 63 0.06+0.00 28.93
1:5 65 0.15+0.00 25.52
1:10 62 0.10+0.01 34.00
1:20 36 0.33+0.00 83.51
1:50 20 0.35+0.06 81.10
*Mean+SD

“Titer of anti-OXY antibody in the 4" immunized mouse sera determined by indirect
competitive ELISA, Serum dilution 1:100
“% Inhibition = [1-(Absorbance of 4" immunized mouse sera +

100 pg standard OXY/ Absorbance of 4™ immunized mouse sera)] x 100
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5.3.2 ualulpausauauivananduyluauvidngae

NnuansAnaziulid nyildsuduyluaurdanieg aunsaaaeuivefiuazinisand,
a3 oxyresveratrol I (n151971 2.5) fedufsliingadandhunesyfiadaueufvedfisimeseans
oxyresveratrol MAinaALOURIWE IR M Inaeu TN uwadluElaunE 833 PEG wazvhnns
Aeaeaddl 37°C/5% CO,incubator Tagld HAT medium Wuewnsidsusad antu inswenly
Iglnawdeaeae3s clone by limit dilution

5.3.2.1 3uylulauanI3 carbodiimidation
AENRIIINNTATIAUANELURYDILDUAUDAAILTT indirect competitive ELISA LagvinnIs
AnlaanlaaulAeaa1833 clone by limit dilution 311U 2 ASY WUl leuslauiduiu 3 laay

anunsoRAnueuRuaRTisIZAU oxyresveratrol 1 Taau Al finnuanunsalunisdusuweufiauléda
i feu Fahlaaudsnanuvhmafiuiinaluownsmnedes ogdlsinm ssrinsiivihnisude
WefinusunamouRiuefnuil auawsalunisudsuelulnausausuivefanasmaiowuasiiioni
MsHARTIsTRUMSINZIEDS 500 mL (1 Weu mendamzass) waddinanldaunsananuouiven
1§ Fawanslumsnad 2.6 daiu welulrausausufivenildainisnisissldansadudunisaeriie
psIEeUAMaNTRLA

A13197 2.6 NTHAALAZAIINEINITALUNITINTAT oxyresveratrol MNUBUAUDALAAU Al

Culture Volume Antibody production? Oxyresveratrol
(Abs 405 nm)P recognition ability
(% inhibition)”
5 ml 2514 43.12%
10 ml 2.149 45.14%
160 ml 1.263 42.60%
250 ml 0.424 53.87%
500 ml 0.039 0%
*Mean+SD

“Titer of anti-OXY antibody in the 4" immunized mouse sera determined by indirect
competitive ELISA, Serum dilution 1:100

5.3.2.2 3uylulauanig periodate oxidation
AYNEIINNTATIVADUAMANURVRIMDUAUDAMIETT indirect competitive ELISA Uagyiins

Fadenlnautiandaeids clone by limit dilution wudn lauslaunsiuau 1 lnaw @u1sands

wauRvaRTisumziy oxyresveratrol I Ao Taau B8 fuifu Tnaudandnidsgnidenifiotansns

WinUunamasinliusgnslaeld Aeduillusiiu G FF
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NA5ATIVFRUAMANTRVRILOUAUBALALTT indirect ELISA WU WouAUBANAIUTUTY
12.50 pg/ml wnganlunisdviuneumnulaglvAinisganfuuasyssunn 1.0 wananegui 2.21
MUY AN BT ILRUAUBARINA1T I T TUN 1IN AT 18lAY indirect competitive
ELISA

2.40
2.20 A
2.00 1

S 1.80 A

€ 1.60 -

S 140 1

<

8 1.20 A

S 1.00 -

g 0.80 -

2 0.60

<€ 0.40 A
0.20 A
0.00

0.10 1.00 10.00 100.00
Concentration of OXY-MADb (ug/ml)

JUT 2.21 nsifiauf]isenseninanuidudureselulaauaalaufuefiiu oxyresveratrol
878 indirect ELISA Inglduausivedlaau B8

WayiNsImUIITNINTI9d UMUSHNMENS oxyresveratrol 833 indirect competitive (5U
= ] a ol = W ° a a = 1%
#1 23) wu11 welulpausauoudvenilalulnuautilun15andians oxyresveratrol Miinasluiivalv
AnN1swgedu dn1sandameansieglusunuuresnsienseiulusauingu villdaiunsauily
Uszgnaldialiusunuansla

1.40 1
1.20 1

100 { @ o @ §

0.80 1

A/AQ

0.60 1

0.40 1

0.20 9

0.00
10.00 100.00 1000.00

Concentration of OXY (ug/ml)
JUN 2.22 N9 IMUIATZIUVBIENT oxyresveratrol AIYTT indirect competitive ELISA
Tnglduelulrausanoufuanlaau B8
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5.3.2.3 3uylulauaINI5 Mannich reaction

AYNEIINNTATIVADUAMANURVRIMDUAUDAMIETT indirect competitive ELISA Uagyiins
Fadenlnauiiandaeids clone by limit dilution wud1 lauslaunsiuau 1 lnau @ u1sands
LauRuaRTIsuNZRU oxyresveratrol I Ao Taau E4 fatiu Taaudsndndsgnidonidiewiuyiinis
WaSinauazyilruianslegld nedunilusiu G FF

AuauUAvasualulrauaaLauRuanlaay E4

nn1saasuRuautivewslulaaueataufivenlaay B4 lngldyansiaasusiinved
waURAUDA (IsoStrip mouse monoclonal antibody isotyping kit, Roche Applied Science, IN, USA)
WU uaiuiﬂauaauauauaaﬁmﬁmiﬁ%’mﬁumjmaa IsM waedl light chain 1Uu kappa () wanedisgy
2.23

UM 2.23 nansesivaeuvinveuslulrausaleufuanlaay E4

devinsdusunanisaasuamautivewelulaausaneufveflagitinadianlnslnida
(Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis, SDS page) Wui1 LouRuoATILe S
heavy chain au1AUs¥aNa 70 KDa way light chain aunausean 23 KDa wandliliiuin weufves
FYUANAU heavy chain wag light chain U84 IgM gﬂﬁ 2.24 uansrunvesuslulaausausuiven
lPau E4
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& Heavychain70 KDa

& Lightchain 23 KDa

MAb

sUT 2.24 YuavesuslulaaueauauRuafaNMInTIvaeulagly SDS page

1NNIATIvERUANANTRTDILOUATBALAETS indirect ELISA WUT1 WoUAUBATIAULTLTY 5
pg/ml mnzadlunisiuivueudinulagliAinisganduiasssuin 1.0 Lansnegun 2.25 deiluy

AMULTNTUTRRURUDARINa sl Tun SNSRIz RlAE indirect competitive ELISA
2.50

2.00

1.50

1.00 -

0.50 A

Absorbance 405 nm

0.00 e —_—
0.10 1.00 10.00
Concentration of antibody (ung/ml)

5UN 2.25 nsiiaufisenseninanuidudurestalulaauealeufiueiiu oxyresveratrol AIg3s
indirect ELISA Ingltuoufuedlaau E4

W1IN1InTIvdeuANANURvRaUAUDALUNITIUAUATT oxyresveratrol Wara1TDUNNANS

Y
a

lassaialndifeaiomuisentin ANlaLanIfwIsed 2.7 Hansan¥Inudl wauRueainaale
a1u1309uiuans resveratrol Felgnslaseasrdlndifeiula lneduasediu 89.92% walal
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Anuisenduiuansdulungu stilbenes lauA mulberroside A, moscatilin, gigantol kagansaulu
nau flavonoids

A19199 2.7 cross reactivity vasiolulaausaloufivaflunisiuiuasviingige

a9 QGHEEE Cross-reactivity (%)
Oxyresveratrol 100
Resveratrol Stilbenoids 89.92
Mulberroside A < 0.01
Moscatilin < 0.01
Gigantol < 0.01
Artocarpin < 0.01
Cycloartobiloxanthone Flavonoids < 0.01
Norcycloartocarpin < 0.01
Chalcomoracin < 0.01

INNTHAIUIIDIATIZYANT oxyresveratrol #2875 indirect competitive ELISA lagltualu
lAaueaLBUAUDANUIN 939U8IN1INTIVIATIENATT oxyresveratrol BETENIN 63-500 ng/ml Lag
NIINUINTFIUYBY oxyresveratrol Uanesiaguil 2.26

1.00
1.00 Y=-0.06In(x)+1.232
R2=0.989
0.90
0.90 -
0.80
0.70 —+ T 1
0.80 1 10.000 100.000  1000.000
o
% 0.70
0.60
0.50
0.40 —— ————rr
10.00 100.00 1000.00 10000.00

Concentration of oxyresveratrol (ng/ml)

gﬂ‘ﬁ 2.26 NFIMNUINTFIUVDIET oxyresveratrol Me3T indirect competitive ELISA
lngldualulpauoanaufiuedlaau E4 9INN13N5EAUAIEY OXY-cBSA (1:50)
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MM3RsIIEUAINILTIEY (precision) Tadisiiaseinlaenismamaadissnieluman (intra-
plate) kar3ziNWan (inter-plate) Wuan d’;mﬁmwummgmé’uﬁwé (%RSD) fiAlaitAu 109% Tu
ynaduduvetansmss Iy wanafansed 2.8 wandliifiuin nsfivautudenuiedunis
AATINR

A13°99 2.8 ArAuisaneluiwan (intra-plate) wazsewinawan (inter-plate) Yo9I5IATIZNA
indirect competitive ELISA Tnglduslulrausaloufiuef

Oxyresveratrol concentration Intra-assay RSD (%) Inter-assay RSD (%)
(ng/ml) (n=6) (n=3)
500 1.15 4.05
250 3.56 7.24
125 1.5 6.81
62.5 3.03 417
31.25 1.59 8.77

1139139980 UANHLUEIVRMITIATIENTIIAENSANA1SNINTTIUALUAIBE9T 3 S2AU Las

W1 % recovery U1 % recovery ¥ad oxyresveratrol agluY39 95.93-103.55% (M157971 2.9) %ﬂaq

Tunuan1seausu wansliiudl 333AT18 RN NI UTANWIUG a@1uisatun e Usuiu

@15 oxyresveratrol Tudagrsiale

M99 2.9 AN recovery YB9I9LATI¥I indirect competitive ELISA (n=3) lnglduelulaauea

WOUAUBR
Spike of oxyresveratrol Oxyresveratrol content Recovery (%) RSD (%)
concentration (pg/ml) (ng/mU)
0 661.14+35.04 - 5.30
125 781.05+£65.21 95.93 8.35
250 920.02+£57.59 103.55 6.26
500 1146.65+50.22 96.97 4.38

N15IATIERUITUIUETT oxyresveratrol 1ag3T indirect ELISA Taundulainandssandldiive
MUSUIUESAINA TULANLENIALATUINYA LUS8UWEUAUIT HPLC kandtumi1s199 2.10 118

RNITUNYIINTIATIENE156875 ELISA WU HYremsiasieidy 63-500 ng/ml 97nR15197 2.10

'
1A

ziulaIn @a1311500M522AS1EIIUIUS LIS LAAINA29819999UINMIANT DILAULZNIA LiDUN AT
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A979@U I INNI@DI DU ANFUUTLANTANAUNUS (% correlation coefficient) Wuin 35N15919804

HanduUseandandunus 0.975

A15797 2.10 USunew oxyresveratrol TuugyiauazUanma #e3s monoclonal antibody-based
ELISA wag HPLC

Oxyresveratrol content (mg/g dry wt.)

$9819
HPLC ELISA
UM
WA 1 23.01+1.26 22.74+3.78
UINne
YINMANUELEY 1 348.02+27.78 373.55+15.52
YINMANUELAY 2 498.34+2.56 444.65+34.28

6. 2AUTIHNANTTIVY
6.1 MsdaaseiasilHduduyluou

\{l9991na15 oxyresveratrol finuandAdu hapten waziierinisdeudefulusiuiiol
lidunluauiiluanalvgjazanansanszfulidninnasainnimevausdlasnisndnueuivedle
masenduyluauielidnludninnasadutadoniefidmarenuantfivosoudued Wefiarsan
9nlAseas1anesas oxyresveratrol anusavmsdaasiziduyluauldnatsds mnnisnundedl
iﬁﬁWﬂﬁiLm§amSMHIULauﬁaﬁmm 3 3% Ao (1) carbodiimides (2) periodate oxidation wag (3)
Mannich reaction

SugiuLﬂuﬁiﬁawﬂﬂﬁiLm%ﬂmImaiﬁ carbodiimides Iagld EDC/NSH #4111 hapten number
By 8 Tuvnuefiduylulauannnsissudies periodate oxidation fid11au hapten number 18y 13
aiiuldn Ariildeglutrsflimunzay (hapten number 5-25) faifu Fsanunsatiulénsedu
dnineassliaiaeusivenla

Susluauiildannnswienseds Mannich reaction axl¥8nsnadusznings oxyresveratrol
U cBSA Tumnsneiy lewa 1:2, 1:5, 1:10, 1:20 wag 1:50 WUl $1uIY hapten number #ilgilaaa
wanenaiu Aendu 63, 65, 62, 36 WAL 20 AUFIFU WULAI1 DRTIEIUTENINGENT oxyresveratrol
fu cBSA 1:50 #aléiAn hapten number Wy 20 Whazdimmmnzaslunisisnldnszdudninaass
snnidasdndug felduauguiullenvdmarenisazarsvesduyluiay uonaind S1uau
hapten number 813dHasBAMANTRYBMBUAUDR NaBAIUANATALUNTISNTEAUFR INAaeld
Ann1sasIeLausven
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6.2 Indlrauaauauiven

nn1sAnwIlagn1snanlndlaaueawauRuefnIgN1INTEAUNTEAEAI8BULIUIUINTD
carbodiimidation WU31 nszAteaNnsaasmeuRveRkaziin1ansans oxyresveratrol 1 1ievi
n1sasIvasUAmaNURveaILauRvenlagn1INIUGATEIUIMNUIT LouRvafTAIuTUNIEAY
oxyresveratrol g4 Insupufivedliaiuisnduivarsduiiiignslaseailndidoatuld sauva
resveratrol wag mulberroside A Safuanslungu stilbenoids uazansdulungu flavonoids Liletin
woudvefindnldlfuvinisnneasuguanTilunisduiuioudiaulagds indirect ELISA wudn
weufvedfiaududy 13.10 ug/ml winzanlunisiuiuvneudiaulagliAinisganfunaiUseuiu
1.0 Fedu arududuvesuoufiveddenandaiuildluniswauizimszilay indrect
competitive ELISA

NNTNAILIIDIATIZNAT oxyresveratrol f1875 indirect competitive ELISA WU 429U84
M373I93ATIEET oxyresveratrol BE51INA 1.12-2.12 mg/ml waziileyinisnsaaeu o
YosIs AT nud drudosvusnasgruduivnsianliiu 100% lunnaududuresasnasgiu
wazdauusiuglunisingest oglutag 98-102.10% deegluinusiniseensu uandliifiuga 35
Ainseifiiautudanuifisuarauusiugilunsineed aansodanldifeniviuimuans
oxyresveratrol lusieengla

agnalsfinny n153As1z9iUTuImas oxyresveratrol Tne3s indirect competitive ELISA
faunulfiundssandlfifiemuiumsdnanluzmauazinme Wisuifleuiuls HPLC ile
finsant s siiagiansenes ELISA wudn fir1#igendnds HPLC fs 1,000 wih uandliidfiudn dn
a3l (sensitivity) Tun133A1z9Rees ELISA dndn3suass iy HPLC fadu nsdlfidheghsfisiivh
MR RTUSINME A1 35 ELISA aghianunsansiaaeuld aniuléin ansansatinsei
yUFuansldnnmetsesinmanieuuszsawiniy Usinuansandulu wien uazs lal
a11150952980UlFEe3E ELISA Usunauans oxyresveratrol Ainululutanmauasuiuugmagieis
ELISA Al 683.52 wag 212.14 mg/g drondnuste anugdey

LI138n153A s e9ilae ELISA Ingldlndlaaueaweuivafazainisonsivasunivsuin
oxyresveratrol lutnmauasuduuzmald wididanulilunisnsiadmsiedt sideraiiewnan
dnwazveueuiveiiiulndlrausauoufueiviednuuzvesduyluluiduaseildanujize
carbodiimidation el OXA-cBSA fifumisveslaseairsniendefulusiuilimanzanlunis
nszdudninnasdlindnuoudvediiarunsaduiinnmsduiusnitaueudiauiuueuduedlad (low
binding affinity) ag1¢lsfinau SmyjiuLauﬁlé’mﬂﬂﬁﬁ'%mﬁﬁmmaﬁ’%wwLmzmqﬂumsmém
woufived fulu msdsuzluvunsndausuivedifuslulaausanionisidsusuuuunisii
UfATeuiledanseiduyluauisgnihalfifiewmunauansivesueuivedildlfinulifiniy
wazliauTmIza1wslunsIuiuLaURLaY

32



6.3 ualulpauaauauiuaf
6.3.1 HAYEIIUY LU INNITIUATILVIAIYTFFIN Y AaNTISHARUBUAUDA
ﬂﬂiaﬂﬁmgiuﬁlumﬁmﬂﬂﬁﬁ%ﬁl’l carbodiimidation, periodate oxidation Wag Mannich
reaction anunsanszunylindaueufived andusiinisnsavauLouivedludiuvyudaeis
indirect ELISA wagnsiaa@ouananURlun153uiu oxyresveratrol @833 indirect competitive
ELISA namsnwnansliiiugn ueudvefionmyildsuduyluaunnujisen calbodimides axdl
Awanunsalunisndauoudvedligaiiaiiuliin lusasiiuoudvedanujasen periodate
oxidation #Aua1u1salunisndnteudvafuazaaiuliviunans drukeudvafainuisen
Mannich reaction lugns1d@2u 1:50 F351§1u2n hapten number fgafe 20 Tarmaunsalunis
ahaneudveAitimhgwaaitsufuduyluaulusnsidindug wansiiuin Sasid 1:50 e
winganlumshlundauelulraueateufived
Tngildanuamnsolunisnszdudnineaediindauoufvedfisimefuneufiauinlian
naredadesiuisiuniwedlassaiisansfisufulusiuiinndeuss anusnvemyiladidudiun
Fousarulaseadneansniendsainnisdaunsiest §1u3u hapten number fAnatun1endin1nnis
Foudetulusau LLaz‘Uﬁﬁ'%mmsﬂumu%amaswdwmmaz‘msau (Gosling, 2000) a1nkMa
nsAnwuandlfifiuin dugluaudléainufiien Mannich reaction Famsj amine vesluUsAYU cBSA
a1unsarliifianisdeusefiadestulalnsaueznen (hydrogen atom) @31 phenol ring v84
TAs3a573 oxyresveratrol am1savlAnNSSURU epitope Wislild antibody 7ifin1sansdumi
fisnunzAulasead1eves oxyresveratrol 16d (hish binding affinity) ag13lsfin1u n15AsIuIY
hapten number gaiiuluazdamalinisazansvesdugluaumuagsilinanueuiuefidluysunasii
(A51971 2.5)
anslassainesarsildlunsdaunsziduyluutduidudndedoniefiinasdonisudn
wouAveRfifaudumzuazaalags 9nnnsAnwaziuliin OXY-cBSA 91nUFATe1 Mannich
reaction Falifinsiasunlaslnssaiiafinvesans oxyresveratol annsandnueuAveAisiniul
Tumsdutuseudauldifintu WewIeuifleusuufazen carbodimidation dafin1sudsuuuamny
flandurealaseasne oxyresveratrol agluguves methyl-carboxylic acid Aouinnisieusafu
Tusitu v3aUA3e" periodate oxidation &l mulberroside A fifvgjtiana 2 Tuiana Wulnssadns
AlHTeusefulusiu
nMsAnwIteunthifldaistaiivg carboxylic acid Tulsanalunmadonsiofulusiudes
carbodiimidation m:maaNﬁmLLauﬁuaﬁﬁﬁaﬁ’wwaqqﬁ’uamﬂmma (Limsuwanchote et al., 2014;
Kohno et al.,, 2014) fatiu OXA-cBSA annn1sidiousiadae? carbodimidation Fagninanldlunis
Fuarwidugluululasnisi Sesdiuléin drivasssaunsondnuouivedligeudioufuofi
wagldTauannsaludusiuueufiaus vliiFinsesise ELISA fiantuiiailsi fuandy
nan1sAnwIveInsHAnInAlAausaLoUAUBALAYNATINNNIN TR UMY lUUR 2.18 aenslsfnu fe
auandAvosduyluauiiduaseildanisdannsoazaisdiléd Tedemalianunsonseduls
dninnasafinnisnevaueswossuuiAuiuwasninuouRvealaas (high titer)
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6.3.2 walulpaveauaudvanainduylulouyilanieg
6.3.2.1 3uylulauaNI3 carbodiimidation

AENRIIINNITATIVAUANALURAYDILDUAUBARILTT indirect competitive ELISA LagviinIs
Fadenlaauioadaeis clone by limit dilution $1uau 2 Ade wudn leuslaunlaau Al &

anuannsalumsduiuneudiauldifian egrslsAnmusgnineiiviinsmaniofiuunaueuived
wui enuanasaluniswanselulaausaueufivefianawioiles fufu uelulrauoauoufueddils
nnEmstashiannsadidunsseiionsaaounautale
aunafinnuanunsalunisndnueufiveffianasuaslaau AL Selinsuuddn Tudosdy
Fuivgruiflunariwaduedleuilauniladlilifndulaauwier e1afwadlauilaunduily
ausonanueuivenlausamsaiulnldegmiislun dwalidudinisesyivinvensad
leuslaaniidesnisuazauannsalunswanueuivedanadluiian
6.3.2.2 8uylulauaINIF periodate oxidation
NENFIINNIATIVdUANANTRVDILBUATEANUI Llauslaunlaau B8 a1unsonanuaufiued
fisumziu oxyresveratrol 1§ Inenuin wouRveniimnududy 12.50 pe/ml wangaulunisduiv
woufiaulnelirnisgandukasssana 1.0 fafu anududureasuivednanndsiunldluns
Wau333ns1e9ilae indirect competitive ELISA ag4lsfinnu Wevhniswauniinisnsisaaumn
U3u10ud15 oxyresveratrol #3833 indirect competitive wui1 welulpaueausufuedfililyd
AnianAlun1sandians oxyresveratrol MiinaslieliAnnisugadu Insandanizarsieglu
sUsuvrasnsideuseriulUsAuwiiiy vlliaunsniludssgndldiioliusmaemsld
6.3.2.3 3uylulauaINIs Mannich reaction
MENFRINNIATIVEUAALTRvOILBURTBANUI lauslaunlaau E4 a1nsandntoufuen
fidumngiu oxyresveratrol 1 ovhnsnsnvaeunatRivesuelulrausausuAveflaay £4 wuin
uelulnausausuAuefindnldindungugos 1gM wazdl light chain 1Uu kappa (K)
deviinisnsraeuamantivesoufvedlagnismujazerdiunudt weufvediindald
au15adufuans resveratrol Faiignslassairelndidssduls TnedufAserdau 89.92% usilsl

Lﬁmﬂﬁﬁ%m%’mﬁumi?ﬁﬂuﬂdm stilbenes i mulberroside A, moscatilin, gisantol warasauly
ngu flavonoids Wethueudvedinanldliunviinisnsaasuauautdlunsiufuueuiiaulngds
indirect ELISA Wu31 waufivedfiaududu 5 pg/mlwanzanlunisdusuweufiaulagldainis
AANauLEUTEIIM 1.0 fatu eanduduveeufvefifindnfaiunldlunmsianisinssilag
indirect competitive ELISA 8813l5fn1u fuzninlagianizeg1edslinmanaziiuuznin
psAUsznaundnifiuans oxyresveratrol fatiu weuRveddananatuisniiluussgnildluns
asrvdoulunzmiald 21nn19RMUIISILAT1Z9 A0S oxyresveratrol A1835 indirect competitive
ELISA ngldualulpauaaiaufuafnyuin ¥39U8an15nsI93LAT189eaNs oxyresveratrol Bg5EnINg 63-
500 ng/ml

AFmsziinaunTuiieanuidissmeluman (intra-plate) wazszarinaman (inter-plate) lng
fendudsauunnsguduing (%RsD) liiiu 109% Tunnanudutuvesansuinsgiu uagilany
wsiuglun1siinsedt eglutig 95.93-103.55% deegluinausinissensy wandliifiuin 3531z
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wandulnelfuelulpaueauoufivediauisasanuusdudilunsinses aunsadunldiiie
M1UTUUENT oxyresveratrol ludaegnsld 1113531 %ide indirect ELISA 11Uszyndldm
UsunauanslulnuugimalazUinmg WIsufigunuds HPLC wuai 35a4nanaiunsansiaiinseim
USunaasaniiegnsesdinmansslnulgiale

PNNANSANEIaELIILLAIN N15RTI9ATIEIUSUINENS oxyresveratrol @83 ELISA lngldue
Tulnaueausudvefiitiamsiinsgidy 63-500 ng/ml Fsfimnulilunisnsiaiinsgsiganinis
ELISA l4Tndlnaueaweufived (¥1NIATINATINBYTENIN 1.12-2.12 mg/ml) Utz 16,000
W1 wazda1uliaandnds HPLC Uszuna 16 i1 wansliiiudl welulpaueauoufivedll
ANAIN50MUN159A1TATIaE19v89 oxyresveratrol L@ (hich affinity) agelsfiniy ilesann
Auautiveswelulrausaiildiiuvin igM Fsilluanavurslvguazanunsadusivueudaulivae
USha (multiple binding sites) Wlawfiauu IsG n1silulHifons193A5129d1875 competitive
ELISA LLﬁ'ﬁﬁ%ﬁmmlﬂumsmqﬁmeﬁqqLm'miﬁLLauauaﬁﬁé’ﬂwmﬁmdnawLﬁmmsmﬂmﬂau
AMendsannstuiureseuivewazweuiauld Jadudesdafivhlinisiiluidvesweufved
Ju 1gM fifesndnnisléuoufvefidu 156 (Dooper et al,, 2007) n15ldUSumnouRvafLay
wouRluimnyaslumsnnaiesgiuinandudsiidudoshilsds nedifiansiogsdinuad
Ju matrix e1aian1sanasneuluszninnisnsiaiaszils duiuaisazaiovesaisfiogii
AOINTITNTIVILATIEN é’aw‘iﬂﬁ@&ﬂmﬁ'mmmL%’u%uﬁmmzaﬂumﬁmiwﬁﬁwi% ELISA 399%
annsnannsiiademaenanale

wanani uaiuiﬂauaaLLauauaaﬁlé’é’aﬁmmaﬁwahigqﬁfﬂ anunsasuiuans resveratrol &4
Hlassasalnalfesiu oxyresveratrol 1a vinldidedinlun1snsIdaset amnsarunlgniusunm
13 oxyresveratrol 91nLAULEIIALazUINWALR eswnfisuazndndSasidenand resveratrol Tu
Usunaudiosann Tunsdiifisunssiindifians resveratrol iussAusznousialuusunamnn anvlduely
Trausauaudvefilunisns193tAs1eRlEUSua oxyresveratrol was resveratrol saunulusuves
UsunasvesnaudifiandisuinfuuSunaansiiien oxyresveratrol

7. a@3Unan133Y

oxyresveratrol auansusynounaniukiusziaLazUINUIA :ﬁqwéé’ugmul%ﬁ tyrosinase
Frueyyadass Unloawaduszam uazquisu herpes simplex virus sihlsifidnenimlunsiluld
Hundndusiieguamansssuvisuiinniluimuiiievssgndldlugnaimnssuiaieadions
Fatu FBn19inTeiUiinaans oxyresveratrol fisanisa Saruligauazusiug Jafinnududulunis
T¥nsaaevansoongndlunnuusmauasndnsneiildnfivedetifioldidunnsguuazasaaou
A nvasiisayulng anzdifedeldiuuAnfiagiauisnismduyluladlnglduoufveding
susuulndlaaueanazuelulraueainUszendldlunsiiasigiusuia oxyresveratrol

nawsouduyluauielfdnludn innasadutiedenisidmaronuaivesuouived  wa
nsAnwnudt Builulauannsieieslagds carbodiimidation wagdS periodate oxidation
1w hapten number 10U 8 uaz 13 sy Sseglurisinzaslumailunszdudaineaes
dmuBuyluauiildannsisouseds Mannich reaction fednsdmszminees oxyresveratrol
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wazlUshiu cBSA fiumnsinaiy wudn $nsndusenineans oxyresveratrol fu cBSA 1:50 e hapten
number 1 20 Fsfinrmsngaslunnianldnssdudninaasmnnnitdnsdmdu

Tumsuanlnalaausausuvedlaeliduyluauainis carbodiimidation W1 ueuRueAlesl
ArE Nz UANT oxyresveratrol g1 Insuaufvefdbiannsnfutvarsduiitgnslassadidlndifes
19U resveratrol Way mulberroside A dfuanslungy stilbenoids wagansdulungy flavonoids
dlerueuRueRfilduinsiauisiaszians oxyresveratrol #1833 indirect competitive ELISA
NU1 42900IN19ATI9TATIZNATT oxyresveratrol YN 1.12-2.12 me/ml uaziilayinis
#TI19ADUANUTBIVBIIBIATIEA WU muwsmwummmuamwmumlmmu 10% Tunnaau
WuduveEnTu1nsgIu wazdauuduglunsinsien oglugiag 98-102.10% N1sAs1eiUsuIm
@13 oxyresveratrol 1ng3% indirect competitive ELISA léjﬁﬂmﬂ58*qﬂm‘lﬁﬁamﬂ%mmmiﬁﬂﬂdﬂﬂu
uzyAlazUINIA NUI ARTgiieds ELISA Sannulilunsiiesgiani ds HPLC Usinmans
oxyresveratrol inulutinmauaziiuLEmAETE ELISA Anuliu 683.52 waw 212.14 me/g tuniin
WA MINAIAU N15ILATIZRLABTT indirect competitive ELISA lagldlnalaausalsufivanazll
fodnrin fie feulilunisasiadinsiziien udinnudumzinnzasgeiuans oxyresveratrol

nswdnuelulaausausudvedsisnisdaduyluaudiliainujAsen carbodimidation,
periodate oxidation Wa Mannich reaction WU weufveRaNTHumyldsuduluauainfizen
carbodiimidation fianuanansaluniswdnueuivedgausdueudvenildiailsilunisandrans
oxyresveratrol lurugikoufveainufizen periodate oxidation IA11ua1u1salun1suan
wouAvafkarAulIUIUNaIe dIukouRUaAaINU AT Mannich reaction ludnsidiu 1:50 &
pnuansalunsaaeuRvedifiniwgeaaifisuiuduylulauriindy uansliifiuin Sasidm
1:50 fiaumanganlunisiluninuelulaauealeuiuen

lunsudnuelulaaueaneuivedlagldduyluiauainujisen Mannich reaction Tudnsidiu
1:50 wu31 Teuslaulaau E4 auisandnuwoufiuaffisniniziu oxyresveratrol I Lilevians
nrraaeunmaNtAveselulaausaueuivedlaay £4 wuin uelulrausaueudvednuanlddady
nauges IgM wazdl light chain 1w kappa (k) ey sWauAsAlAs12viene s indirect ELISA Tag
l¥mdnn1s antigen-antibody binding precipitation assay #u31 uslulpausauwoufvamilnuauRly
M3duiuans resveratrol Failassadslndifesiiu oxyresveratrol Andu 89.929% wouRvedsing
aunsniluUszendldlunisasivaetlunesniald 91nn1simwnIBAAs1eians oxyresveratrol 67
78 indirect ELISA lngldualulpauoauaufivefnuii 939989n15951934A5189@735 oxyresveratrol 8¢
svin3 63-500 ng/ml FTAsgviTiimunTuiidanuiissnigluman (intra-plate) wazszuinaman
(inter-plate) Inefiddauidoauunnsgiudusing (%RSD) laitiu 10% lunnarududuvesans
WnsgIukaziauuiuglun1Tinse agluyae 95.93-103.55%

HANISANINUIY  NITATIDUNATIERUSNILENT  oxyresveratrol 1838 ELISA  laglduely
TrausausuAvediitnsieszidedmnulhlunsnseiengigniiis ELsA Tnglilndlnauea
LeuAUeR Uargeninis HPLC uandliifiuin uelulnausaueufued fawaunsnandidiumied
Tumziulassasneves oxyresveratrol 16id agnglsianu uelulpausausuRusffinaaILI0andn
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a3 resveratrol @eillassadslndlAeadiu oxyresveratrol fe ylwiidesAnlunisasiaiaszils
\ziegeiiflans oxyresveratrol 1Huansndn wazdans resveratrol TuuSunadidosunn wu wiu
sgmanazUinme  wenaniifienathluvszgndldifuaiesdielunisasataans oxyresveratrol lu
oTznuluvesdnineanslasnmie
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Uagtudsnulnglaningdemuggeivlainisaianisalinludnussana 15 U 9wiudasivas
st 23 % vesduaulszeinsTerha FeazidudndiuiiganinaedevesUssmadug Tuviu
dsoniuiunesdiu Tuewiandulndl msdnuinisduassuaeliuiiaeiodsldunnisgua
guaw m3destunazinwilsavesaursasdulandivnedmivssmdlng $g3edinnudndu
ot adaiazdoadiiuguatasiamnsansisagudmiuggeisliiiussansamuazaseungy
ALYTMNNGY LilemauaueIANFBIITesdInUAsulY neldnsousuUszanauagnine ns
yosUszmAislog9dnrin

luffaste viedfiflongdauseny 65 Biuludu Jamauamudosinisthefinuvesldud A
Anunfvesszuuladin wazarudouvesssuuuszam lunsdanufaunfvesssuuyssainiu
\Annnmsiauesgapdenimansalumsmugudinmseienzdug Taefiawnmnainnsiwadaues
gniane ¥38QnURvIaNTinau yiermansdeUszamluiodoaues fhegsvadsaggeieiiin
NneRnUARvessEUUUsEamluanes 1y lsannududenvdesalues (Alzhiemer’s disease)
waglsaw1$Audu (Parkinson’s disease) annafiviligetovaeidulsamarislinsuuidn
oghdlsfmumniannsatostululiasiefonfaunimeandld fasvhlifastodaunimudouss
faunmindd Lidunssuinsouniuaraulndda fevdmadidedinulnesn uenanilile
f1santukdiesygatans nistesiulsalianldanstdesniinissnuilsn vinlnsgaiusaussnda
sulsznuseteludymassagudndls Yssmdlnegaulufensneinssssuni Sfvawulng
1y nsanssathiivayulwsinianliidundndasiasuemsvdeendiotestunisides
vosames Aapdumsiannquiamnamainvatemsiinm iugavesiivayulng

DONTLIALIDIINTOA (Oxyresveratrol 39 2,4,3',5'-tetrahydroxystilbene) Juanssssuuid
wuluiwrateviialuied Moraceae 1t uga Artocarpus lakoocha Roxb Tusgegiianuszanu 10
YirnanlgfisenuidodefunarsFouisafugnsves oxyresveratrol lunsunflenwaduszam
(neuroprotective activity) (Lorenz et al., 2003; Andrabi et al., 2004) ladisrarunisanyluwas
WEAEN rat cortical neurons WU oxyresveratrol ggUntawaduszamainiiwsy B-amyloid
peptide Faduasiizndostunsiinlsaanusideuniodalowes (Alzhiemer’s disease)Ban et
al., 2006; Jeon et al., 2007) pugHiauslasansideladnudneninues oxyresveratrol Tun1sidu
an3#UT91 (anti-aging agent) UAEIWUTY oxyresveratrol Sqvifueendntu anunsauntesfiduie
NTUATIBVRIEULABaTEIARNIN trolox kag ascorbic acid (Aftab et al., 2011; Chatsampun et
al, 2011) MndeyatrefuansifeTafaauniigiuinats oxyresveratrol Unagiidnenindiaziiun
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WauniielddestunseussimeinisidenvesssuuUszamwuiinululsadalewes (Alzhiemer’s
disease) I og9lsfnun15in oxyresveratrol Tnadanlddasfundeussinionisidonvessyuy
UsvamilgUassavangusenis fiddeyléiun n157 oxyresveratrol gnihaneusendnegnesimsilag
nszuaunIsatvedaulusianie (Mei et al, 2012) wazn1s7 oxyresveratrol \Jua5d
ANENNSaFUHY blood-brain-barrier TuauasUndlaluusinaiitos Breuer et al, 2005) Farfu
AuzfideiadnnuszasdiiozAnuinisimuignsdnsuiivasly oxyresveratrol fn11unusie
nszurunswaUedanluenieliuiniu wagdaeli oxyresveratrol Furnunifimanaidenidg
defeaueduanmsundlutiinaiinnnefivzeengnitinmdeivadluayedly

Tulagumsimnanssinsudmsutings oxyresveratrol dafinsAinyniesunn wardlngdu
Asawfiethdmnsianlay gn3in3u ointment, cream wag microemulsion fiednwinisie
Felhasuludninaaes LL@SI@JWU%@;@miﬁwum‘%aﬁﬂmqmﬁh%’uLﬁ'mﬁuiwuﬁwﬁaﬁm%’umﬂﬁ
oxyresveratrol #119U1A (oral delivery) #3on15undsludsaues (brain delivery) seuvingeewuy
ayn1aululaeldluduuds (lipid nanoparticles) Faleun solid lipid nanoparticles (SLN) wa
nanostructured lipid carriers (NLC) §vu1a 50 - 1000 unluwnssanainlusiudiduvesudslunsd
89 SLN wardrunanvedluiuudstutidulunsdives NLC szu lpid nanoparticles fidafnans
Uszns W szuuiinislddudszneuiilulatuasidufiaansadduldafusaneuasdesaans
Ialusene aunsadesiueianmsvhaemeteulesiuazasedl wavaiunsanlununisUanydesen
uammmﬁymsﬁﬁaqmmmﬂLﬁﬂLLam’auUizﬂawaaﬁﬁ’umwﬁﬂ Wi Lo ulaga1TanLI IR IH7
mmaaﬁdaEJLﬁmmi@m%mﬂuw@ummi wagann1sgnyinatevisendnegeninialaensyuiunis
wanvedaulusninig uaﬂf\]’mﬁgﬂﬁﬂENWU’jWi%UUﬁWE‘iQ‘EHEULLUU lipid nanoparticles A&nsn1Wlu
naifiunsthematssdaidng human brain endothelial cells #fsunnzifeTsdanudsrasdi
murgnsifulunisindsoxyresveratrol Wilensralumsihdsdmivoongninedanimee
syuulszamlazausssioly

2. Inuszaavadlasanisidy
2.1 WaNgnssnTues oxyresveratrol Finzaudmumslinisin
2.2 AnwiHavas oxyresveratrol Tugnsisusienisundesssuulszamuesanss 3nfiwed B-
amyloid peptide wielansvaaamisuin

3. YBULUAVBILATINITIVY

1A5IN5LaRRIUIgAIA1TUVDY oxyresveratrol TugUuuy lipid nanoparticles Anwinuauds
ynilandLaTl (physicochemical properties) ldangnsmiuiivanzas ilunnasdunydlésunisin
B-amyloid peptide Inglitasnaassnisuin mﬂﬁ?uﬁqﬁ’m’ﬁﬁﬂmmaquaﬂ'iim"mv]ﬁtﬁmsﬁ’aqﬁ’u
Tsnnudndouviesalomes (Alzhiemer's disease) vosdninaass Wisuifisuszninanguaiuny
funauildsuamasou
4. F/ANTUNITIVY
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4.1 mawssunazfneanauifvasszuvihdsuvuwadluladiadlwdveseandiseaies
7398 (OXY-SMEDDS)

gn33u SMEDDS weseendisanesmsea ansnsawiesldmeismsnauuuude duilasnis
wan g neniufe thifu Capryol 90 dndiudoras 45 WhfuTaAasanusfafiafe Cremorphor
RH40 uae Tween 80 Tudndiusaeay 40 uay 15 nuadu suldaisazanela uadsfueandisae
smseasIuIu 40 fadniuse 1 nfuvesaswaudinanasly duauldarsuaula vdsnduriing
Usziliumsnnnzneuveden tnen1snsgesinfuiiwieuldlieamaiivios Wunan 48 $alus udada
ussastunaUgavunn 00 waziiulilunwuztosiunasaunsyiislday

nsAnwInuanURvegnIsiniu SMEDDS ¥9400ndL3al1931M58a ¥lAgn15138319gn 563y
Fananaluiin 20 wh widssduluiadesiey fgumgiivesdside 1) arwanunsoluninislulas
ity Feusuidudaenisueaiiu (visual erading system) (Singh et al., 2009) 2) TUINBUNALAY
MInszBrLIneyn1a deinlaeimafinnisnszidauas (dynamic light scattering) flyys 173 4fin
Tneldinsesinuuinaynin Zetasizer Nano ZS® (Malvern Instruments, UK) 3) U3unaugnlugns
#13u Favnleonsililasdfaduiien 1 faddns iazarglumisiuea (methanol) w&ILATIZYMA
USU1UNTLIANDIINTea AI875 High pressure chromatography (HPLC) LLUUEJauﬂa‘U%lﬂ'ﬁumi
PT9ADULAD WazAuIanfisuAUUSINAIBIENAY HANNIA5I9a8UTT HPLC nudndudsiianunsa
Aasgvimusinaeludiulaeggnaes (95.50 + 4.40% -101.87 = 1.61 %) wazusue (RSD <
2.0 %) Turneuduturesarsuinsgiui 0.2 -10 lulasniudefiadans (% = 0.9994) ndnnaaes
%1 3 asdwSuusazmInaaes

4.2 nsAnwgmsasiueinisdonvesssuuuszamlunyandiimienidrensdamulng
Amyloid-,s.55 1 Inssauas Fadulunadninaassdmiulsasalawes
4.2.1 dadnmasy
nsAnwillduyndaneiiug ICR i) damiin 30 = 2 n¥u $1un 80 1 BeldFusangus

dnivaaeauisn uninendeufing vyandgnidsnssay 5§ o Anuzndueans ywiadnsl
unTInends wionsidliomsuaztluuaiinesng sauiieuaueumnl sty waguasaing
wldimiiniidesnis luduneunsinyimgingsy dnivnasssgninlviduirsfuaniuiinnassogis
ffon 30 unfl neunImaaeInAts Hewmnassanduresiiinisinaisureseiniaiis uazdsimain
HEaTUNIU waEYINITNABBITENINNIAT 9.00-16.00 w. NelATaiIMUAYEIANENTTUNITITYTTTY
nsltdn imnaosvespnansalimineds vl 1533003
4.2.2 mansgsundIng Amyloid-f3

w3sNasazanenUlng Amyloid-Ros.ss Tngavasnandlndludindenoamnties (PBS)
09 7.4 anaidudu 0.1 Tuand flunisendouds deldldanududuvesarsazaremdlng 3
fiadnsudefadans udnAuliv -80 esrwailua neunslmulng Amyloid-Bas s Qﬂﬂmﬁ 37 aA
wanded Wunan 5 Tu vdndunenasazatedinanasuualaduia wdesaseuanuansoly
nsimenguueandlng aeldndesganssea
4.2.3 Suneun13naaed
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wasInNnIsRndnivaaesUszunn 1 dUanvt nuandgnuuadu 8 ngu o819y (10 Asongu)
lngnyland 7 ngu aggninllsniliiineinisideuvesssuudssammiegnisinaisazateindlng
Amyloid-Bos.35 USHew 9 lulasnsuseda 1 91n19lnss@ues (intracerebroventricular %38 i.c.v.

'
1 I

injection) Turauzdinguilivdadunydnd deagléfunisdninundeveamatvives ey 7.4 Anu
iy 0.1 Twan$ flunissinidouda uasnyand uwiasnguagldsunisdeuansiognainenmaln
Fuazas \unan 14 Yu Kuanafuea Taofivyiandynéi HamsldFuomsuazthmuund

1) nquuni (Normal group): 1inde 0.9% (Normal saline 0.9%)

2) nguAuA (Control group): WA 0.9%

3) NUBBNTLTALIDTIMTOAVINLITAUA (OXY90): ANTUUIUALNBUVDIDBNTLTA
nesmseatuth auinen 90 fadniudedlaniy

4) NFUPBNTLIALIDIINTBAVUINYITLAUNAN (OXY180): ASUUIUALNBUVBIBBNTLTALIDT
ysoaluth vune 180 Tadniudedlansu

5) NANDBNTLIAIBIINTBAVUINYNTLAUES (OXY360): H1TUYIUAYNDUYDIDBNTLIALIBT
nsoalui 1R 360 Tadniuseilaniy

6) NANENIATUIBNTLIAIDIMTBATUINETEAUAM (FO0): gassin3u SMEDDS wose0nd
isaniesmseatui vune 90 fadnduseRlaniu

7) NRNENSANTUBBNTLIALIDIINTOAVUINYITEAUNATS (F180): gnssiniu SMEDDS vesaan
Bisanesmsoatuin ungn 180 fadnSusieilanduveswmynd

8) NANENIATUBBNTLIALIDIINTOAUUINYITEAUES (F360): gnssiniu SMEDDS es08n
isaesmseatuih vune 360 Sadnsusoilaniu
NUIELAR: N153Aa15L0IN9lnssanes vinlaenisldnssueninen Hamilton (model 80301,
Hamilton, USA) Bsfiifianuas 26 vuin v 1 fignanudeviewanaiinem 9 fadums Liieruauaa
dnvesduiunadinssauondu 4 fadums luduneunisin dniveassasgniiliaausdisdoudne
2.8% isoflurane Inefifingoondiau (O 10usmn lnedalagnsaudndalnssauoiiudi (ateral
ventricle) §a861u 9119910 bregma lUn1adunds 3 fadwns wazisaindunalansluan
(midline) 1 fiadtums (Laursen and Belknap, 1986; Maurice et al., 1996)

wudsiunaummaaeaandluzuil 3.1 ndmimyandusiasnguldTuasiegiwhanduna
7 Yu Tufud 8 nyundezgnindeniiAnensidenvesssuudsramsnonisinasazardlng
amyloid-Rs.35 LlWlUNSINT@du D Mé’ﬂmﬂﬁ?uméLméé’aﬂﬂﬁ%’umiﬁaaéﬂmw6] HOIUASU 14 TU
Songansudmsen dnineassazgnilnunm 5 Yu wdihmsfnwimgAnssunisiSeuiuazaiud,
faeluLma Morris water maze a43nn 4 %’JINQEUENﬂ?iﬂﬂﬁﬁi%@ﬁ@ﬂﬂ%ﬂﬁﬂﬁ’]ﬂ (Delobette et al.,
1997; Zussy et al., 2011) ndea1nnageunyndnauas 5 41 gneillaen1seane ualenaueIaIu
sUluuanlasonegiesini ielilunismaasunisiin jAseneendinduveslusiu (lipid
peroxidation) aaly (Hermes-Lima et al., 1995; Meunier et al., 2006) d%u%wmﬁﬁmﬁaﬁﬂﬂdmaz
561 gnivinlvaavulagnis@neiaay Pentobarbital sodium (Nembutol®) 141M19%8 9% 04
(intraperitoneal 1130 i.p. injection) W&¥ perfusion H1ualadetndeneanadinesainy
Fudu 0.05 Tuand Usuas 40 fiadans ausie 4% paraformaldehyde Tudindenloamadiimes
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AMULIUTY 0.05 Tuais USunns 30 1adans naufazkente 1duadaanil wakd i luansazane
AINa1 Aeunsiasesiilaldonslu (Wanakhachornkrai, 2006; Zussy et al., 2011)

Perfusion
ICV AP »535 Probe test
__Oraltreatment | 5| [|(Training
| [ 1 v oV
Days 1 8 14 15 19 20

JUT 3.1 TumsunsAnwignslesiuanuidenvesatadunyundiiinanninvieitinignisin
wUlng Amyloid-Ros.ss W lumalnseaues Fadulumadninnassveslsadalmes

4.2.3.1 NMSANWINGANTTUNI5IT8USUAZANNINA2ELULAE Morris water maze

nsfnwngAnssunsBeuiuazanudlumyandignieniliifnanudouvesszuy
Ussamanesnienmsaandlng  Amyloid-Rasss lunsinssanes silaglelama Morris water
maze (Delobette et al., 1997) &slgrsmuadushaudnats 150 wufums 29 40 isufiuns 7
msuvady 4 dw (quadrant) Fsiinmsmuaueamgil (25 + 2 sswriwaldoa) ATUTDI Lo
sumuMesuen wareuuaseg1ssany windeg (platform) Afdusngudnarse 8 wudtums
Fathaeindmivdninaaos Qﬂ??ﬂlﬂéf’izﬁua’ﬂj’l 1 igufang fduvtinsanatsvesdnladiunils
898191 (Training quadrant) uazAnmudumImMT e vesdnivnasdendas CCD ?z'i'wiaa&uif'fu
poufimed  udinmeeninidumszerinauassrozmeiililunsmuiutng  felsunsu
VideoMot 2 (TSE systems GmbH, Bad Homburg, Germany)

Tudruesnisiindninaaeadunan 5 fu arlinyandiiet 3 afiletu Tnevdesdmyindd
uRadsffosusfsnarswesusiar quadrant udeygalinyandeimuiuigduna 90
Funil wagaguuwiuiagauasunan 30 Judl dwuvysndiliannsavhldnelunafidmue 9
gnrnlagdAnen uasndwin 4 %ﬁiuﬂ%@ﬂﬂﬂiﬂﬂﬂ%ﬂﬁﬂﬁ’w nyhdazgnnaaeungAnssy laenisi
windrgoonudalimysndhethegidassduna 60 Juit nfewissuiinuasiuinssoznaiuay
szogmaimyndldlunmsmusiuingludiuves Training quadrant LitelfluTeuifieunavegnsmiu
SMEDDS Uazeentisaesvsoalien

4.2.3.2 Msnegaunisiiauisenasndaduasludiu (lipid peroxidation)

msmss@fumiLﬁmJg’jﬁ'%maaﬂ%m%’uﬁuaqlwﬁuimﬁaL?J'a aunsannlalagis ferrous (Il)-
xylenol orange (FOX) (Hermes-Lima et al., 1995; Meunier et al., 2006) Failde nudgnyinly
mefenIsine wiroatearLendIuresdUlULAuiananttegaTIAE) ndsandadivin
debefuenlddandrngnifulilululasiaumaiaunsgidld dounismaaeu Woibefiudsgnarans
wiriluluwsuea (nsa HPLO) b ludnsndau 10/1 dwidnsdeu3anns finanumda 5000 sousio
it Wunan 5wl udvuissansnandanaianiud 6000 seusewdl iunan 5 unit wdh
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ansavanela (supernatant) filFarnuyindnaduaiuau (control group) lvhnismeasadesiuiile
ymuUTneslumainufzenfvanzau Taeliuiinpsvesasazanslaiiunnsnsiufe 2-100 lulasdns
amsavanglauasiedanangniduasluluasneuiien esznousne FeSO,TH,0 mnuituty
0.25 faaluans Hy,SOq AULUNTY 25 Hadluans way xylenol orange ANNLUNTU 0.1 Hadluans
NG LLmLm:ummammwaiﬁlmﬂimmam 1 §addns mswammﬂanmuﬂummmmmwm
dufu udr3sinenisganduuasd 580 uiluuns lunismaaesusazaseinsiad 3 ads udauden
Uhinmsvesansaraneiawdeiiliminisgandunandu 0.7 wieldlunismaaewioly

dnfuilodesulunesdavemyndnguiug fvhnsAnuideBnaderiuiuiieiu Tnes
USunasimngan (50 lulasang) vesansazanslailéanuyundusazngy adluluasneujisen
WdUUUIRsIUATU 1 TaddnT Mediudan’ widluiidefiguvnifesdudu udr3etadns
@mﬂﬁuLLaaﬁ 580 WUAT (Aggo1) WEa1NTRALUTRS 5 1alAsERT V89 cumene hydroperoxide
(CHP) mandiudu 1 Fadluans adluludededanann ududeluiiiafigumgives Wuan 30
Wit udrinAimaganduuasd 580 wTuisns (Asse2) Bnass ilevnszdumsiineendiatugean
USnaunsinuiiseeendintuvedutuluiede aunsauanududniiouvirfusmouluanes
CHP dethwiindenveuiiaifo faunsdolud

CHPE = (A5801/A5802) x CHP (anU

4.2.3.3 ms%ms'wﬁmaqama%mﬂLﬁal,?ia%aeamae (histological analysis)
a9ININsaaudninaasdlaen1s@n Pentobarbital sodium (Nembutal®) wWigeaevios wead
S99 perfusion susala Fetndeneamatriedanududy 0.05 Tuans Y3unns 40 fiadans
udeanTazats PFA (49%) Tutindewsamladriresaududu 0.05 lwans Uuns 30 fadans
rouflazueniotaneiooni wiaudlilu 4% PFA a gamndl 4 ssmnwaidea dednidunategles
48 $lua neunisdne aussazgnuddwAuluaisazansglasaninududy 10%, 20% uaz 30%

puEU MdanTURINSRnaNBULLLE 8ENS optimal cutting temperature (O.C.T) (Tissue-
Tek®; Sakura Finetek, Torrance, CA, USA) udwinlsiudsneldgamai -20 osmwaidoa luiedosin
éhasmﬁﬁgm%mvﬁﬂ (cryostat; CM1800, Leica, Germany) WEwinsiaeideduanunun 10
Talaswns Tukulrszununtnas (coronal section) a1nduntinvesaussdIudUlvuania udaviing
Fonfntuidaideuvuduasuualaduinfiindeudienaniiu ndannturiinisien PFA sen uasdeu
deidoaunsiinandeaden 0.2% cresyl violet udrsvoniesnaniieido nieuselngenszan
Unalad nowinlvlimsgrinieldndesganssmuiuuulduas (Nikon eclipse E600, Nikon Instrument
Inc., USA) wanduiingunimlagldlusunsy Nikon ACT-1 (New York, USA) wiaufutiuduiuiwas
Usramithignihangluusazaiurosduluumilarisansdn (hemispheres) Ssusenoudae CAL, CA2,
CA3 ua¥ dentate gyrus (DG) fifdaweny 40 i 6??@1/‘1"1miﬁuimﬁmaauﬁamuﬁmLﬁaamaﬂa
LLé"m"']mmmmmwmu,u'usuaqL%aéﬂizmmaﬁuﬁuuﬂaﬁ (m15198a81u83) (Wanakhachornkrai,
2006; Zussy et al., 2011)
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4.2.4 MIUATIZVINNAA

foyaannavaaesineg Tunysndusiazngy gruanafudiade (Means) + AnuAan
waouvesady  (SEM)  uarldmalinnsinsiziemnuulsUusiunuusiuunmaien  (one-way
ANOVA)  uaslUSeuiisuseninngunaaes  agldmsiuSeuiiounvaauuy  Tukey (Tukey’s

multiple comparison)

5. NANIINAABUAZBAUTIBNANITNARDY
5.1 mMsnssauazAneauauiavegnsf13u SMEDDS ¥810an@isaii93mMsea

gnth3u SMEDDS weseendisanesmssaiisiouldiidnuamduidiula Fhmoouvdes
wazdrimainih wdsmngnidersdae asdmdululasdiadu (microemulsion) Aifenaranseglu
peatniu  vieuuRmihssvhaidularansaoussiaialiios  maavasvesluszuuiitueg iy
AuANTRnIYEUTTUYEIEN TITiETanLIIRein uaransanusIReRaTld (Gursoy and Benita,
2004) feifu Tunmsdnunifldansanussisineiin Cremophor RHE0® waz Tweens80® anu1snddad
Tndihdunia Capryol 90° 167 awdndululasdadulussla (visual erade ) ndsanmsidoassae
ddednsdusneg Ao 1:10, 1:20, 1:100, 1:500 uay 1:1000 91nmsUsziiumuasalunsia
lulasdifadu lnsfleandisanermioaldnnaznoundsainidens 24 $alas Fuanddiiuinssuui
aunsndnweendisanesvseslugaraield Wedenssuudiedn 20 wh wuiwuaveavedly
Tasdfatuiifioondisaiosmsea Wy 26.6 + 0.1 wiluies uaziinisnszanevuineymaiiaiiase
Taedl PDI 10U 0.073 = 0.010 Tuvziivinueendisanesmsealugnsiiuimienlidy 101.4
1.2 % uansildiimsagydeelulussninmsnsey

5.2 miﬁnmqméﬂaaﬁ’ummiL?iamaeszwﬂﬁzmﬂwgLméﬁmﬁaaﬁﬂﬁfaamsﬁmwﬂ‘lwﬁ
Amyloid-,s.35 LU INTIENDS
5.2.1  maniznguvaundlng Amyloid-fzs.ss
MamznguuaanuUlng Amyloid-Rosss luasazats ganuvdsinmsuuil 37 esmwaldea
Hunan 5 Yu U 3.2) Tassadaidussiougedadvisdnvasvestounnslvauasdulosuvan
HfusnvariinelfiAnnuduiivioaueswenuung Amyloid-Rsss aINNSAaingdn inaaes

47



3UN 3.2 nmanndesqansiaukaninisiniznguvestulng Amyloid-Bos.ss
NAIINATUNN 37 aerwaded Wunan 5 Tu

5.2.2 msAanuiminvesdninaae
nMsAeeutntnvemyndluldazngusznianvaaes WWuan 20 Ju (FUN 3.3) wuin

o CY 1

thniinvesmynguauumileuiufuvynguund dsuandliifiuiundlng Amyloid-Ras s lsifinasie
dudndvemyund dmiulurasnislfelutuil 114 dwdnvemylunguitldsuansi
SMEDDS 98989584385 1M598 ﬁgqamﬂeju (F90, F180, F360) afﬂmaéwaﬁﬁaﬁwﬁ%ﬁam%mﬁw
fumynauund (p < 0.05) ustegslsfnuiniinvesylungunadniufifiufugssduRumdsnindas
sl (Fufl 15-20) dwsuimiinveanylunguiilésuansuriungneureseendisanosmsonly

JEAUNANS (OXY180) Laggs (OXY360) VLZJ'LLG]ﬂth‘iﬁ]’]ﬂ‘ij’mﬁﬂ%@ﬂwl‘émjuﬂﬂa Tunemsatamylungun

oY

1§%uansuriungnouvetoendisanasmsealusesum (OXY90) wuinditminifindulusewinenis
NAADY Naﬂ’]'iLﬂgﬁluLLUﬁWE]Qﬁ’MﬁﬂGUE]\‘mELiJ’]é 919UNNNENTOONTLTALIDIINTBALEY KT
druvsznouniaqlugnsiifu SMEDDS fnasoqudaiuquaIufiinien1ues1ne1u1sves
nivnaed
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JUN 3.3 dmthvesmyanduwiazngulugisssnininsmeaes lunan 20 Ju

5.2.3 M3ANYINGANTIUNITISEUUAAIINTIN I8 UAE Morris water maze

desnnlsadaluaesuanidnvazainismeeddnveddseie n1sanasegraunlunszuiums
L%ﬂu%fl,l,azmiﬁmﬁi’%%wﬁLLwﬂaamuﬁLLazi’ma 33 Morris water-maze 3sthurldlunisvaasunis
Seusuay mmmﬂwmmawlmumimummmaLwﬂl‘mm Amyloid-B,s.35 MWIAAAIURAUARRD
GERN i'gummamaﬂammiu SMEDDS VIEJ@E]ﬂ"?JLiﬂL’JE]i’Wl5@aiuﬂ’liﬂaﬂﬂuﬂ’s’mwﬂﬂﬂmiqumﬂiiu
fana1 Wisuileutueandisanesmseaiiis nan1snaasanuImdinnisdanulng Amyloid-
Ros3s 9 WbUNFU 1ngnssawes Wunan 1 dami nungumivauiinisiseuiuaznisandilunism
funswesinganas lutssgninamsiliniduinan 5 3u (U 3.9) uazdanismaaey (probe test)
(gﬂﬁ 3.5) uansbmniiuIn1saanylng Amyloid-Bos.ss Sﬁ’mmwmﬂ%‘auﬁumimﬁwLmﬂaamuﬁuaz
TnueImILNd
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Uil 3.4 wgAnssunisiFeuilaznisendudsiumisaniuiinaz inglutg 5 Suvesnsiin feds
Morris water-maze ¥891li1d ¥a93INAITUTIITRENTLTANDIMTRaNIUINtUTURUY
gn3913U SMEDDS (F) fluunnensineg auszsu fie 90, 180, 360 fadniusodlansy
Wisuiisufunguiilddueendisanesmseaiien (OXY) fvuingvindu lngnynas
uAuAevyildTuNsanmUING Amyloid-B,s 55 uilsildsuansiogns daumynguuniie
myiildsumsiminindeoamatues flo 7.4 udlalldfuansdiedng nansvanosuans
Hudnedsveanardildlunismusiuing (Mean latency) + AmnuAaIALAdBUYDIALRAY
(SEM) nawag 10 61
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sUfl 3.5 nansnaaoungAnssunsSeuiuarnsInsudwinunisanuiivaz g Tnsusimanusiy
ng donan 4 Plumdaainnistinasigadie (probe test) Faensinstnegsdaszidu
1381 60 U191 (35 Morris water-maze) YoMLY 16931NNTUTNNTOONTLIALIDTINGOR
meUnlugULuUgnseingu SMEDDS (F) ivuinensineg anusesu Ae 90, 180, 360 dadnsu
seAlanfu Wisuifsuiunguitld3usondisanosmseaiie fvuinevintu lnsvynas
muAuAonydildFunsaamulng Amyloid-Rs s ualilldsuansdedna druvynguundne
myildsunisdminindoreamatvlies oy 7.4 uilild¥uansiaegna wamsmeassuans
Wudnedsveanarfildlunsmusiuing (Mean latency) = AnunaIaLAdeuveIATLRAD
(SEM) naxag 10 f
o < 0,0001 WelSeuifiuiumynguund
b < 0.05, 5 < 00001 WlerFeulfisuiunynguAIUAL

dmsumylndnguildsuansietng awszdufe f nans wiegs Tnensldmaunnyniu fu
avada 1unan 14 u wuhAnedsvesnafildlunsmusiuinglutnisiinveanduiilétueandisa
93 MIBALALIVUIAM (OXY90) Waznans (OXY180) laiunnsnsegaditfddnyfunduaiuay (o >
0.05) uenaniinavesAnadsvesarfananlutrmaaeulaglifuviuing (probe test) ALfu
wWuientu eniunduitldsusendisanesmsealferuuings (OXY360) fuananisiingiumives
win¥nglu Training quadrant 1 nndfsansngudnadu (OXY90 uag OXY180) (U 3.6) 11n
msfnuuansliiiiuinnisliesndisanesmsoaifsafivuiatesnimiewiniu 180 Jadnfusie
Alansy Wanunsadestuanuduivdeaussiiinannsuideniemulng Amyloid-Bosss 16 us
Tunguiilésugmssiiu SMEDDS waseendisaiosmseadivuineinfufueendisanosmsoaiie,
ansnusnmAuAaUnATiinuannsmisitiveaulng Amyloid-Rasss I nefinnngui
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[ %
v

Anedgvesnaililumamuviningluriansiinanasuagiisuinfunynguund (Uil 3.0) uaziisdl
wynguiild3ugnseinsu SMEDDS fivunnesii (F90) Whiadsvesnandinaiiwinfufunynguitlddu
00NLTADIMIOARLIVUINGS (OXY360) luvaizfisidsveanaildlunsmuviuinguesynags
1#3ugnsii¥u SMEDDS wu1nen 180-360 fadn3usiodlaniu (F180 waz F360) anasedsunniile
Weufiunynguaauay (o < 0.0001) (U7 3.5) Beaonadesiunsinmunginssunisindeufivesy
wnd Bauanslifudenmilunsusngfvesiyndfildugnsiiu SMEDDS fiduvisvesuviu
fnglu training quadrant 881N (Ul 3.6) feduiilelieendisanesnsoalasnissulseniulu

'
a

sUkUY SMEDDS (F90) mmmamﬁummmﬁiﬁé’ﬂumsﬂaqﬁ’ummﬂmJﬂﬁﬁuaqﬂwsﬁauﬁuasﬂﬁmf\i’waq
yylndadldda 4 wih Wefisuiunislieendisanesmsealfisd nanisvaasssuanliingnsdiy
SMEDDS WfinlszAvnmaaseeniisanesimnsea lunstestumudufivdeaussiimiyiisemnd
6 Amyloid-Ras.55 Beeratdunauiarnnsiiunisdusuveseludld dwalifivadusunames
sonTLsanesMsealagszuy SMEDDS Weaudmsenlaen1ssuusennu
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Ul 3.6 MsfamungAnssunsiedeuivesiyndiignivieniiemlng Amyloid-Bsss sewing
nmaaaulaeUsiAanuviuiag (probe test) Inn1sinetneg sdassifuian 60 3und
A8 Morris water-maze ¥8491NN15UTMITRBNTITALIBIMTBaN19UIN TugUuuugns
#15U SMEDDS (F) flvunnenseg a1ussdu e 90, 180, 360 Aadnusenlansy
Wisuiflsufunguilldsusendisaiesmsealfien (OXY) fivuinswsindu vynduaiuay
wagnynguUn

5.2.4 msnadaunisinaufnsersandintuvaslvsiv (lipid peroxidation)
mstostiuaudenvessuulsramvssoondisaesmseagnaaeuluifanisney ausdse
mnuaIenlunisiineendindu dandenilaeimulng Amyloid-Rosss (GUT 3.7) nsAnwnud
18910 7 Tuveen1s@andlng Amyloid-Rosss 1iginssaues fimsfiuszduvesnisiineendiadu
voslusuludulvuanilavemyundesadidvdify WewSouifisufusuluuandaveanyundund
(~ 25%; p < 0.05) wagnslasurIunzneuTesoondsaneTMIen Turuine A msERy (OXY90,
OXY180, OXY360) lasn1ssulseniu Wawisaannisiinufiseneendnduvedludiulusulvuauia
Tunyunddsgaindentinlnomulng Amyloid-Russs I uiluvuzdinisliesndisanesmsealu
sULUU SMEDDS Hiwannisiineandinduvadluiuluguluupudavemywndandu 74% (p < 0.01),
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66% (p < 0.01) WaZ 64% (p < 0.005) dWFUBLIAEWN (F90), Nas (F180) wae 84 (F360) sstany
Sowfleuiunyngueuny MnsansansziumsAnuiiseeendintuvedluiuluduluuasdave sy
W wansdaUsEAnS A nveteendisanasmsealugukuy SMEDDS Tunsdesiuanuasentunis
Aneondindudanieithlaomulng Amyloid-Ras.ss Fenataonndosiudnoninlunisiesiuaiiy
Anunilunginssuniadouiuazandiludnivanoswes SMEDDS fiflsandisanesmsen fedunsidi
UszAnSnmuesesndisanesmsealagszuu SMEDDS 9199gan91nmaiiinsziusendisanesmsea
Tunanaun dwalvifiszdvenanniuludud fAseneendintuvesluty Fauilfamnsadestunis
yhaneaideauadulsndaluwesls

SU 3.7 seiunisiinufiseneandiaduvedluiy (lipid peroxidation) Tuguluuauilavosmyund
9nn1snaaeulngds ferrous (ll)xylenol orange (FOX) &1 % niswineandnduvedludy
YomyNdudazngugnianuiguiununguAIuay (% of Control) #AtAINNITUIUNTEONT
isanesmsean1ain luguiuugnsdisu SMEDDS (F) fluunnensiiag anusedu fe 90,
180, 360 fadn3udeAlaniu Wisuifisufunguilldiusendisanesmsoaiie fvuine
Winfu wagnynauund sanisvaaesuanafuAadBues % of Control + ANLAATALARDY
YosALAAY (SEM) nauay 5 i
“0 < 0.05 WoFsuifisuiunynguund
#5 < 0.01, ¥ < 0.005 WaTeuiTeuiuynguAUA
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5.2.5 n153AT129n9gan1gInaidaifiovasauad (histological analysis)
nsdsundasludnuuzaanieiniaiaidovesauss (FUN 3.8) Larn1sgynIgveteas

Usvamluanesdudllduanda (UN 3.9) Tunuwndusavngu gnimsigsinienisdeuse cresyl
violet

Ul 3.8 nndhednuasdeiovesdulduauialuuassuuntmds (coronal section) fidfoudae
cresyl violet luvyndngussgiigninienivemulng Amyloid-Bsss wazumsesnd
isanesmseansuInlugULUUgnsiFu SMEDDS (F) fluunnensineg awsssu fie 90, 180,
360 fiadnfusedlaniu WisuifsuiunguilldSusentisanesnseaiisl fvungviniu
wazvyundnlildzuansiodng feo naunduau uaznguund Taeftainauislunimidu 500
lulasnsifdswens 4 wi
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Ul 3.9 nmeednuaseganeiniadedovessuluandadndreludiu CA1, CA2, CA3 uax DG
Fadfausne cresyl violet 1umdm'1??ﬂajmmqﬁgﬂmﬁmﬁﬁwLwﬂlwﬁ Amyloid-Ros.s5 W
UinseendisanesmseantsUinlugunuugasdnfu SMEDDS (F) fluuinensineg anusesu
#e 90, 180, 360 Tadndusiedlaniy Wisuisuiunguilldiusendisanosmseaiien 7
YRy wazvyndlilduasinedns fe nquaiua uaznguund Taefiainauns
Tunmdu 50 lalasinsiidsens 40 wh

Iugﬂﬁ 3.10 wansliiiuadfidouRind cresyl violet Tudulunpudadiusigg VBINYNEY
AruAN AnLdu 40+2 %, 5242 %, 41+1 % waz 43+2 % d1m3U CAL, CA2, CA3 uay DG AuaIAy
Lﬁam%amﬁauﬁ’uwmjwﬂa FavsvenianisanasveagadUszamesnefitudda (o < 0.0001) Tu
guldwpudanndiu mawwméﬁgﬂmﬁmﬁﬂmamﬂlwﬁ Arnyloid-Rs 55 InefilalleaSuansiegne way
R fuiUENATlFSUasLILRLneuYeIBeNLTABIMIEATLIN 90-180 Tadnsudedlaniu
(OXY90 wag OXY180) in1sanasveuganusvamaussatilitdedfny (o < 0.0001) Tunnaiuves
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suluumdalewTouiiisuiunynguund uwisgrslsimumundildsuasurunsneuveseandisa
neTWTEaTUINgs (OXY360) Ssfidnvmsiiloidevesaunsduduluuandaiianysal ;Ui 3.8) Baud
sginmsgameveawadindlusuluuautlataileowssuiiisufuynduund Gededu 71%, 85%,
87% way 84% Tuguluwauladiu CAL, CA2, CA3 kay DG ANNaInY (gﬂﬁ 3.10) wfag19ls % wad
Uszammanigandriinulunynguaiuauegieiiffedidny (o < 0.0001) Kufunislieendisanes
N30aUIAtBENIT 360 Aadnusenlaniulagnissulseniu useansamlunisdesiueins
donvesszamiigninionilasmulng Amyloid-Bas ss Tunyund dso1afunaunainnisiioons
sanesmseaiidUiaiiiuasidags Jeilildaunsaduihuinsostussniadosuaraues
(blood brain barrier) Ssfilashuludrutsznauld vlvsrinnisesngrslunisundlesssuuuszam
838304 (Breuer et al, 2006; Sangsen et al, 2016) Tumenssfudn nywditldsugnsdy
SMEDDS 98400n315812931M50au1n87 90-360 faansusenlansy (FO0, F180 uay F360) wana
Snunzvonilofovesduluunudaiiiniinguiildsuoondisanesmeeaifivs (OXY90 way OXY180)
wagnynauAUAN uonniviinairadindlunndruresduluuenilavesmyisaungudang (F90,
F180 wa F360) g9ni1 80% wlowsufunynguund dadunislignssiiulaifussduunlud
(SMEDDS) a1315a93ganvuing1vetesndisanesmseatlunislesiunsgymeveseadussamly
FUlUuentlalde 4 wh msdunuiBusunsiuruaunsolumstiesiussuulszamilgninile
TAnResemUlng Amyloid-Basss Y80enBisaliesmsealnessuy SMEDDS dsofonalunisiiy
svdveludon lnsnsveruelunealuiu slfidunsgadunazdudnalanisiuenduludly
waziiunseiudinganeslddonuandindussuuluiu dwalvihdseludiumisoongnifiaues
o (Masserini, 2013, Sangsen et al., 2016)
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Lmﬁﬂzjms;mqﬁgﬂmﬁmﬂwﬁwmﬂlwﬁ Amyloid-Bos35 WATUIMITOONTLTALIBTINTOALAY
Ms3uUsemiluguuuugasinfu SMEDDS UATESUIIUAENURIvLINEIENSY @usEsy
fio 90, 180, 360 fadnfuseilaniu Wisuieuiumyundilllisuamsiedfe ngu
AuAN wagnauund nanisneaesmanalu % wWisuieudununguund (% of Normal
mice) + MNLAAIALATIUYBIALRAY (SEM) (n > 5 fongy)

*n < 0.05 waz "p < 0.01 LﬁaLU‘%EJULﬁEJ‘Uﬁ’uwmjuﬁiﬁ%miumumﬂaumaqaaﬂ%lﬁa
119311798UINES (OXY360)
o < 0,0001 WelSeuiiiusumynguenue

6. @3UNANIINAADY

Hansvaaeuandbiiiuilunmmeaetlunyand eandisanesmseatuvuin 360 Nadnsuse
Alansy a1u150UITINIANNRAUNRYDINISISUIUATNITINT TINRINTgadevagadUssainluy
avesdudUlULanta saduannyiwienh At ulaensdamdlng Amyloid-R,s.35 LN INT
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guluuauts Iﬂamaiﬂ‘mLﬂmﬁumﬂ‘um&ammaﬂmnumimmﬂgﬂimaaﬂmmwmaﬂwu HANTS
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unii 4
UNEFULHUUIRY

ukua1uITY (research program) 1309 “eandisaiesmsea : MwuIBaseviuiinaly
wanSousiasulnsuagnsAnugvdsunisidouesssuulszain (Oxyresveratrol: its quantitative
determination in herbal products and study for anti-neurodegenerative activity)” il
InquszasdfiazAnwilagyinnismeass ielilddeyauazisnsmaineimansfmunzandiaziily
atfuayumsiaaseendisanemsoavsofivayulnsiifeades e lUldiduemsiasuaunm
uuudded fdnuusdugalasenis Useneudelasenisidegos 2 Tasansldun (1) Tassmaides
“mMsiauiEheneiildnedadlaglunisnsiainuiuaanseandisaiesvsea (Development
of enzyme-linked immunosorbent assay for quantitative determination of oxyresveratrol)”
uaz (2) Tnsensides “nisdnweendisanesmsealunisaneinisidenvesssuutsvamilulsadalowes
(Study of oxyresveratrol for the ability to ameliorate neuro-degenerative processes in
Alzheimer’s disease)”

Tasensusn flgassvanefiaziauisiingieandisanesmsoalasliinadndlas (ELISA)
Buanmasdeuasaouginalasnisiluanaveesndisaiismseanieusefulsiuseufnien
3 Un381 A carbodiimidation periodate oxidation wag Maanich reaction lavluans duyluiau
(immunogen) 81wt 3 ¥alduA OXA-CBSA, MUA-BSA Way OXY-cBSA audisu o1 OXA-
cBSA mamLsihﬂswi'1wnﬁa%LLauﬁLﬁ'aﬂizéjﬂﬁa%’mwaﬁiﬂauaaLLauauaﬁ (polyclonal antibody)
wuIueuAveAnlFImuTnzdesendisaes Mo Wethumedeuiiaszinaeendisanie
smsealulAuAuLEMALarUINIA 7835 indirect competitive ELISA wuanfiAinsiaduldunsa
(linear measurement) 174 1.12-2.12 me/ml §iA213 (accuracy) Wl uS waZAI1ULT 8 AT
(precision) lusnausifiseudu AediAnpercentage of recovery lugas 98 - 102 uway Andenuy
1735 (SD) AndnFesay 10 uilimauil (sensitivity) lunsnsiaiaanseendisaesmsealiie
3138 high performance liquid chromatography (HPLC) 11n@ie 1,000 11 siadn3audansduylu
W 3 wiadneduan uwiazvinndadmyiieaiawouslrausausuiuef (monoclonal antibody)
Taewedalauslann wuinueusueufvediliain OXA-cBSA fimnudumesesendisanesnioags
wiwadlauslnuliaunsondoueuiveluufinug Bidddornildndnueuiviiiednudeld
TuTuueufvediliann MuA-BSA wuiliifimwanunsnsuieendisanesmsea druseusioudved
971 OXY-CBSA ﬁ?um’mwu*imsﬂumju lsM & lisht chain WUy Kappa iethuildimunisiesizv
USinaianseendisanesmsealusiegns wuindsisiainisimdudunsdugag 63 - 500 ng/ml 3%
Ansifiimuuiimaudissmeluman (ntra-plate) wazszwiaman (nter-plate) lneilrday
\Deauuunsguduing (%RsD) iy 10% Tuynanuiduduresansnasgiu wazdauusiugilu
M3BAT1e9 aglutie 95.93-103.55% fanulilunisnsiainesndisaiesnseadnlu 16 iweeis
HPLC 9 nmsnageuAmdmy nuiueuivedildiaudumzdoutnigs livanswfniondui
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aslnaiiueadu Afllassairlndifsatumsnguladiuesd uazansnguaiadu snliuisanes
yseatsdiansiuanduiosay 89.92 Medmaindunannlassaiesooniisanermsoauansa
noymsoafiiailndifeatunn ffuueuveAiniouldan OXY-cBSA Sumnzaniiailuld
nrviaUinueendisanesmsealuiioisiliil vieliansisanesmsealutiinuiitesunnivuliy
Fusigma Uana viiendndusiedosdonilifisanesmseaifuduyszney uenanildsorah
woufverilulfidwedosdodmivAnmnisnsznefvasansesndisanormsealudninaaos lu
nsaufishegsithandinssimuiinuesndisanesmsea fisanesmseatusgluuiinags aiiia
s dunasiuesansides

Tassnsfiaeadunisdnunludninaassisgniveseondisanesmsealunstesfufivrey
merdiassrtaduasiviliiAanedassanmuedlsndalomes nmmaasdliuuudiassaszisnmmies
3a lngldvyloTo1s Geutsoonidu 8 nduq ax 10 ¢ nquusnidunduund dninaaadlailduis
asiuneziasediazen (eandisaesmiea) nauiiassdunguaiugy Aevyldfuaisiumesd
asududlildduen ngud 3 - 5 1 Bunduilldsuansesndisanesmseanisuinluguveseuuiy
nznaulutifuazadslurunm 90, 180 wag 360 un/nn muddy Wue 7 Fu daungud 6 - 8 1u
nauiildsuasoandisanesmsoansinlusugnsmiudadudafisa Tuazadslurun 90, 180
way 360 un/nn awdy Wunan 7 fu vinsaumeriiasssdaduansiividfilnssausswomy
Tungudl 2 - 8 udlW/alfelusuuvuidusoludndunan 7 fu vdniuidn imnaesriindum
wiuinfgeulfifuan 5 Ju vinsvmedeumiudaznisBeuivesdnd Tnedunangdnssunas
Sufinaninyldlunismwiuin ieduganismnass ihauesdiuduluuauiavesdnivaasdly
3meﬁﬂ‘%mmﬂﬁﬂ‘%sﬂa%Lwaifaaﬂ%m%’uﬁtﬁm%u wagasniansdsuulaseadade wans
yAasdLansINoondlsanesnseafioglugusuviunzneu Tuvuia 90 waz 180 un/nn lianunsa
Undesfuwadanesainansiivld udlloiinvuiaidu 360 un/nn anansauansguduniesszuy
Uszamvesdninaassldedrfifeddilofisuiunguaiuauilidlésuen (o < 0.5) Inedfigns
Tn&iAestusendisanesmsealugnamiudadusifidalumun 90 un/nn uenaniwugniundes
flaatu (p < 0.0001) TusendisaneTmsnalugnss¥uauin 180 wag 360 un/nn Wan13NTI9T
Uﬁﬂ%aﬂa%LW@%@@ﬂ%L@%’iJML‘f‘I@L?J@%UIUmeﬂae?'fawudwaaﬂ%maL’JaimaaiugﬂLLUUEHLLmumﬂau
i1 3 vunn llaunsouanagmsiusendiaty Tumanduiusendisanesvsoatieglugnsmiulunn
yunannsaanUfniouneseentinduvesiuiuldaumaeiiudesay 64 - 74 Weawfivuriunguaiuay
(p < 0.01 - p<0.005) eamaidododuluuailanuiteendisanemseaiioguslsuriungnou
Tugwin 90 war 180 un/nn lanunsaannisaeveseadUszam udluauia 360 Un/nn @1150an
n1snngvenganblneg1elidedAgyisuiungualuau (p < 0.0001) diueendisaliosnsealugns
arsunnauinaluisaundesiuimadainalsiiuliedefitedAguiiendy (p < 0.0001) Wan1s
maaqsﬁwoﬁ’uLLam‘LﬁLﬁu'jwaaﬂ%LiﬁLﬁ@ﬁﬁﬂiaaﬁqwéﬂaaﬁuLsuaé‘d5”?1'11/1@%%%'1?115?15&11%1&@%15
wazisranansaviiligitaeduld Tnsmawdonanslveglugnaiiudadudifisa qrifigaudaad
L‘Uumamm@mmmimenﬂimmmammmmsﬂumwmmumﬂLa'emLmaamawaqaaﬂ%wanasﬂ
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