3UN 2 \llevesdulens 6 aneiuginldluniside

a

thluwiflgaumail 20 esmwaldea uazdeuazthlusemeliiluugiionmgll 80 o
ALy

Wndulomnszimeuisaudunssioinios Freeze drier \lowasaudunfinaisazaioium
uaa ldiAuliiunaady 1an 2-3 Ju

nsosEnsannaulofel1v1IUe UdINYeuraINTaIEnsEAEnIeuUes 1 wagildidn
1384 Evaporator Wieszmeiuueaseniuun auldidaedule
afmhmasenanusdalelngisuenmundnnistasunlansilaegldiuneunisatauenyiany
wAlAves Li et al., 2005

WIeuaEsazany acidified methanol lagmis HCL Usums 1 Haddns azarsluumiuea
YIU1ns 999 Haddns

w3pnansazanedulelnsiedulefistmomusasenudanavanslutingy 1ladudule
Aty 300 fadntu/dadans Tnetedale 450 Tadndy wdufuhndu 1.5 Tadans
nauliAuauduloazatenun

wisupedutildilneldnedund Sep-Pak C-18° wdefunasnidnevuia 10 faddns
YraautfsmnIuea Usuns 10 Jadans Wewnuealraiiunedutisunun Tissaodud

3NATINIY 0.1% HCL USu19s 10 Jaddns 5805919 0.1% HCl rakuradudaunin
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10. dhansazanvdulefadouls wvinsuendiena  Tnetiunansazatsdulenssay 400
lulasans laadluneduyl udufiu 0.1% HCL Usuas 10 faddns lilnad ureduiiiiousn

dhanasenanansavanedule sonseita 0.1% HCL lvanunedutiauvue

11. sheeaudluynlvuismeinglulasiauaunaulwa

12. \fy acidified methanol USu195 10 Jadans Lﬁaﬁnzé’miaﬁa@umé’mﬂ waltdasazany

duiiisvualduusla centrifuge tube ToliUSuswnAuY ndutluviinissene

wusasenlagltiaios evaporator kaziluvinimeasmaly
AsAaszvdsngneadiluansanailedulaneis HPLC

'3'§msﬁlmwﬁﬂ%'w§qmﬂmﬂﬁﬂmaa Zhang et.al, 2010

1. wilsuansaraeu1nsgIune 5 vianldiiensiwaeaisngnueiiluansidedule lawn
naringin, hesperidin, neohesperidin, neohesperidin dihydrochalcone, naringenin g
hesperitin Tuga3a113L 009U 1.95 §ia 250 lulasniunaladans

2. hns@nansazangdananiiing HPLC Ingldmadutl reversed-phase C-18 column (4.6 x
250mm, 5um) 3 mobile phase ¥ila A Ao deionized water/acetic acid (99:1) uag iin B
I~ o e . . o A |
A9 acetone nitrile/acetic acid (99:1). UsuRaulvvesnisuennislasuilans il lagsieeu

\Ju % mobile phase B wazdufimdedu mobile phase A

L3871 | MP(B)% |[a1 | MP (B)% | w3a1 | MP (B)% | 1381 | MP (B)%
0 5 17 22 38 53 60 85

5 8 22 25 40 55 83 8%

7 12 27 35 42 60 85 5

12 18 37 53 57 80

USuuseiua3 mobile phase Tusnsn 1.2 fiaddnseoundt 19 Uv-detector finnueandu
280 ULULUAT

3. wisuansaraneaniiedulelunududy 2 fadnudeiadans nsesansavaruaviiiludn
WA3es HPLC muiteuladef 3

4
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4. mMuuANUTLTUTRINaussAwsazylatumiig lulasnsuseliadnsy d@1sanm

}24
v W

nsNagaugnsdugIn1seaeaisiulamsnvasansannainiladule

FBMsnedauveumatiaved Adisakwattana et al., 2009

nsduduauluidaninalading (LoanauazyAsH)

1. wssuansazaeeuleddani-ngladna (LoawauazylAsa) 310 rat intestinal acetone
powder Tagtnungsdnuau 100 dadnsu azansme 0.9% lafsunaslsn (NaCl) Usuins 3
a aa goj @ a = 13 = gfl o
faddns lududs gamnll 4 ssewalea  Wuan 5-10 wii anduwihansazaieves
wulsdlaldlurasannass vwn 1.5 faddns wdnhludumesdiamd 12,000 seuse
Wil Wuiar 30 Wil geansazatsanzdnlanluinzneuldluvasanaaes vum 1.5
a aa Y & £% 1 a =
faddns waniulilududaamgil -20 esmwalgya

2. W3BuENTazanY phosphate buffer pH 6.9 AULULTY 0.1 M

3. WSgNasavangNealnanululy 86 mM wazansavateglasandiduty 1200 mM lay
=3 a I £ ] a s
Auluriananadin urhilududonmnll 4 esriwaigea

4. wssyasavangvesEsannIndulenavun 6 aeiuglagazaigly DMSO

5. ipsgugnsazaty PGO enzyme Ime11 PGO enzyme 1 LLﬂ‘lJizuja avangluiUsuins 100
1088n5 wazds O-dianisidine dihydrochloride 50 fiaansu azaeluun 20 addns Ywaun
1.6 fiaddns dlunauiu PGO enzyme 7wsewld inuliviuuas wazudlilududgamgd
4 paraLiea

6. vhneasdlagldansatnandulousavareiugiluimduds  Tnelilnansadlunasannaes

AR

nsduguaulasiuaama

d15azane Aaunn (lulasans) nagau (lalasdng)
asazavualag 30 30
DMSO 10 -
fhifud (@safinanndule) - 10
asazareUivines 50 50
oulagl o-glucosidase 10 10

4
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10.
11.
12.

13.
14.

nsfugaeuludyasa

d19azany aun (lulasans) nagau (lulasdns)
asavangylasa 10 10
DMSO 10 -
U (@nsatmandale) - 10
asazaetviines 50 50
ouleyl o-glucosidase 30 30

wawliiniu MntdudsidiAnuiiseigaumall 37 ssrwalea 1Wuan 30 wiil dmsu

o o

wulwidueama uay 60 UM dwiuleuledigiasa

a

weaUAse e sEuNaumall 100 esrwaidea Wuan 10 wid

U

Ynarsanuaeannassn 10 lulasans u PGO enzyme 1 fiadans asluudmanliien

[y

AU

a

Wlumafidlinaufisenfioamgl 37 esmwadea Wuan 30 wiil

ansazaneila linAn1sgandunasil A3Ne1IARY 450 nm

ATUINIAT % Enzyme inhibition

% Enzyme Inhibition = (AIN15AAAULES control — ANTARAULAY test) x 100

AIN1SAANGLUES control

[
v v v

lg?l  ANsgAndAuLas control fla AnTspanduuadisladfadugs

[
v

AINNSAANGULAS test B AIN1spanaulailellfmgugs Hansainaindule)

YMNISNABDITIANUD 6-12 F1A1UIU 3 AT (N=3)

o L ! a LY N <
MmnsneaesluanwasvufgInulnelUasuluen acarbose

ansdvesaulwioan-azluias

1.
2.

WIBNA1TazaY Sodium phosphate buffer pH 6.9
wissnansararseuleidan-ogluna anuduty 3 gile/daddes netaeuluidani-oz
laaa F1uau 3.80 Tadnsu avansluansavaretvivesiiwseulaannde 1 auiivSunsdu

20 fiaddns AnUuLatsazangvewaulellald vasaneasswun 1.5 Naaans waunly
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&

WUpsTIfiANE 4,000 seuseiwiilunal 4 Wit wenansavansnnzanla il
aenau tivlunasanaaes aun 1.5 fadans wauwdlilugudanmall -20 esrwaided

3. W3uNa19a18 40% Sodium pottassium tartrate

4. wisuansazany 1% DNS lmeds 3,5-dinitrosalicylic acid 1.0 n$u, phenol 0.2 n,
Sodium sulfite 0.05 A4, sodium hydroxide 1 N3y avaneaneIn deionized uiU3IAS
Ju 100 faddns

5. wisnasazaneuilinnuud 1% wiv

6. wisuasaraevesansatnandulovionun 6 aeviug Tavazanslu DMSO

[
LYY o

7. Mnmeasslaensidaisannaindulausiduds veusieazduasaseluil

Usuns Total enzyme Blank Enzyme Inhibitor
(lulasans) activity (E) (EB) inhibitor (T) blank (TB)
thutl 75 75 75 75
asann - - 10 10
DMSO 10 10 - -
asazaninines 90 90 90 90
toulal 75 - 75 -
ddlAnUFRRenTunaT 10 unit flonmnd 37 ssreaidua
DNS Solution 250 250 250 250
toulal - 75 - 75

o ~ v K P & I
Umaeaneassfiussyansararsluduludnfondunan 10 wid

40% Sodium
potassium 250 250 250 250

tartrate

ansavaelaluinnisganauueas 1ANe1IAdY 540 nm
8. YINMIAUIUMAT % enzyme inhibition Y89a5aiRINNYIUIU 6 ¥iA NGRS

% Enzyme Inhibition = AIN13QANGUUEY (E-EB) — AMn1saanauues (T-TB) x100

AIN1SAANGUULES (E-EB)

4
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Tned
AINTIAANGTULE
AINIIAANGTULEA
AINTAANAUKES

AINISAANGTULE

d’u ¥

(E) Gk
(EB) Gk
(T R
(TB) Gk

nMageUNSEugINsEaELagn

= o/ o/ zgl’ Y
%u‘lwwmmmnmmLuaaﬂa

AINTIAANGLUEIYY Total enzyme activity

1 =
AINITNANAULEIVDY Blank
ﬁ'm'ﬁ@ﬂnﬁuumﬁuaq Enzyme inhibitor

mmiamﬂﬁuuawaq Inhibitor Blank

WNsadeuinmALlaves Negamukote et al., 2011

A158U89N15YINUTa B lwsinaLadLInaTDALRELNDLSE

1.
2.

WIUa15a¥ane Taurocholic acid 12 mM USu1es 5 Haaans

Tles 1 faddns W7 du 0.1 Tadnsu/laddng

LW3BNANTazae phosphate buffer pH 6.9 AUNTY 0.1 M USH1AT 100 Hadans

wseueulesl cholesterol esterase 1 fiaansu/Aaaans laeduoulesl 1 Jadnsy avaelu

3By p-nitrophenylbutyrate (p-NPB) 20 mM Tu acetonitrile
wssasatafinadutusiige luasazanetiiles
yhnmnaedlagldansainanduleudararsiusifusduds Inetnasaslumasamaas
AR

USunsasall E T EB TB

(lalasans)

d135ava1y Buffer 30 30 40 a0
Taurocholic acid 50 50 50 50
asana - 5 - 5
DMSO 5 - 5 -
p-NPB 5 5 5 5
toulal 10 10 - -

7. AWIAT % enzyme inhibition 3MNENT

% Enzyme Inhibition = ANMIAANGLLES (E-EB) — ANnnsganduues (T-TB) x100

ANIRANGULES (E-EB)

4
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Tagi

AIN1sAANGULEL (E) Ao AIN1IAANGULAIYDY Total enzyme activity
AIN1IAANGLLEY (EB) Ao AIN1IRANGULAIYDY Blank
AINTAANAULES (T) Ag  ANIYANGULEIYBY Enzyme inhibitor
AINTSAANAULES (TB) Ao AIN1IRANGULEAIYBY Inhibitor Blank

N158U89N15:NA Micellization

10.

11.

12.

13.

Wnsegeuvmmatiaues Ngamukote et al., 2011

wisuasazauluwadusning 10 Jadans Usenaumiy 2 mM asladinasea 1mM Oleic
acid wag 10 mM Phosphatidylcholine Tngld Dichloromethane Wusvihazane
wsuneamates pH 7.4 Usums 100 §addns Jeusznoulusae 15 mM NaH,PO,,
15mM Na,HPO, thaz 132 mM NaCl
wisnasaranenasatndulefirnududuinazatelusiles

%3 Taurocholic acid 53.768 fiadnsu avarelutvwes 10 Haddns
Vndansarargluwadldnanivadniuiuuvinas 500 lulasans

Pldsemnrameldinelulnsau

Wakrakan bRuansazateUniesinay Taurocholic acid kad viaanas 475 lulasans

a Ql'

1l Sonicated seLA3as ultrasonic cleanser {Wwan 30 w1l antuluiujnzend

gl 37 sxrnwaded Wuan 1 Au

a

ldansaindulefinnuidudusineg Uuns 25 lulasing wanhansilaluviugisenneumgd

Y

37esrnwalded Wuai 2 Talua

a

hluduiimnmigaseu 16,000 rpm Aigaumgdl 37esmueaidea unan 20 wil
Vnansazanetuvueenin 10 lulasdns udald color reagent 18ad8ns (4 Test Kit
Cholesterol liquicolor) wivdeeliAnUfiGefigaumnd 37 ssewaidea Wuan 5 wil
thluindnsganduuasil 500 nm

AWM % NITUTINIYATUARLAAADTOR IINGAT

ANIRANFULEIC) - AINTIYANGUUE(T) x 100

% M3fudinsnady = : ”
AINIIAANAULEI(C)

4
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[
v v o

log?l  Ansganduuas control (C) Ae AIN1sganauwauilelidfdugs (1 DMSO)

(%
v v v

i a a i a A o a o o
mmi@jmﬂauuad test (T) Ao ﬂqﬂqiamﬂGULLﬁﬂLﬂJ@Nmeﬂ‘UU\i (llﬁ']iﬁﬂ@"ﬂ']ﬂﬁlli@)

FBmsvedeuanuEsavesarsatnlunissuiunsatig
Wnsageuvmmatiaues Ngamukote et al., 2011
1. wisuasazatwwaaaiwines pH 7.4 USuns 100 Hadans wssnaisazalsasadindule
Paududusineg
2. W3BUNTALNA (Bile  Acid) lewn Taurocholic  Acid  Glycodeoxycholic  Acid
Taurodeoxycholic Acid Tuanududy 2mM 19 PBS Wudvinazans
3. Ywnansavaneansanadule Usuies 100 lulasans  aisazane Bile acid Usuims 100
lulasansuazarsazanneanUiasusuins 800 lulasdnsas naoannassaun 1.5
Hagans
4. thluvinuFsenfigumndl 37esmieaidea Wuian 90 wnfl
5. nsewiiu filter AAUKIAUENA1 0.2 pm ud9Inty thumaaeuyItuveansathid

WABAINNITTUAUEITANR I@Eﬂ%‘gﬂ Bio Quant [Total Bile Acid Assay Kit (Colorimetric)]

waztldinnisgandunasi 540 nm

6. AUIUMIAIAINLTNTUYDS bile acid kag % NTTUSINTTRATUIINGNT

A AMIANGUKAS Sample
Bile Acid (umole/L) = x Standard (35 umole/L)

A FMIRANGULAY Standard

7. AU %N1STUNTAUIR ANERNT

ANALUNYY bile acid (C) — AUINUY (T) x 100

% NNSIUAUNTAUNG = —
AMULUTU (C)

(%
[ B A

Tnefl  Aududu bile acid () e Addy bile acid wielalishsuda & DMSO)

AMUILTY bile acid (T) AB ANULINTU bile acid wiadlfduds (Hansannainduls)

4
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A1sdugenisyinauva e lusilalaainfusou

WAIegeUnImATATEY Sugiyama et al., 2007

1. wisuasazaretines lagly 13 mM Tris-HCL 150 mM NaCl uag 1.3 mM CaCl, pH 8.0

2. W3eNasanAaNleNAINLTLTUAINE

3. agany Porcine Pancreatic lipase avangludvies lvildmnuduty 50 yiln/dns

4.1 0.1 mM  4-Methylumbelliferyl oleate (4-MU) solution aransludvles antu

Ywmansazareun 2.21 19dans WuTWWesauAsu 25 Jadans

a

5. vihnsneasdlagldasainandulousiazaneiugilumduds lnetiunarsadluvasnnaaes

AIRITN
Usumsiild ansane wulesl | @1sazaie 4-MUO | DMSO | aisazany
(ulasdng) Trlles
Control (E) - 25 50 5 20
Control Blank (EB) - - 50 5 a5
Sample (T) 5 25 50 - 20
Sample Blank (TB) 5 - 50 - a5

6. fanslAAnUfAze Nl

7. wn 0.1 M Sodium citrate (pH 4.2) Usu1as 100 lulpsdasiluivgnuiizen

a

U

25 peAwaLdea 1unan 30 u

8. :nuuinlUinUsua 4-methylumbelliferone InginAIn1sgandunasaInigeetsaisus

N9M51@7U 355 nm ey 460 nm

9. AIUIUMIAT % Enzyme inhibition

% Enzyme inhibition =

ANIRANGULLE (E-EB) — ANNSAANAULES (T-TB) x 100

AIN1sAANGULES (E)
AIN1SRANGLILEL (EB)
AN1sAANGuLEs (T)

AIN1SAANAULES (TB)

D) Db Db
© © ©

o))
©

AN1IYANGLUE(E-EB)

ﬂ'ﬂmi@jﬂﬂﬁmmwm Total enzyme activity

AINNINANGTULEAIYDY Blank

AINIIAANGULAIYDS Enzyme inhibitor

AINTSAANGLIEIYDY Inhibitor Blank

4
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nsdugensiiaufisenlnaiadu

I|NIege UM UmAllaves Adisakwattana et al,, 2012

1.

I a

Ya1sazaelloduls 5 ANUUNTIY NENAU BSA Wuvu 1.0 Jaansusaliadans wag 500

mM Wsnangnisaluaisazane phosphate buffered-saline pH 7.4 9131 0.02% sodium

azide AIUANRUNNI 37 BIANTALTYA

aeUfisenduszoznan 7, 14, 21, uay 28 Tu nsIansganauLasigeaLsalguilag
~ & a ¢ al P . .

winsalninsvigeslsiimesiiniueindu  excitation wavelength = 355 nm  Uay

emission wavelength = 460 nm

mMuaUasidusnisdudinisiinlnaiadu

N150529USUa Fructosamine

/NsneaeuIeIuwmALlATeY Johnson et al,, 1983

1.

2.

1MegnlaanLAazeindunias1est amadori products MAATUTIIVNA
ha1siegrs 10 lulasans waudvaisazans 100 lulasansvesansazaty NBT reagent
(0.5 mM NBT lugnsazareiwiwes sodium carbonate lWudu 0.2 M pH 10.4) asludiogng

a

diliAnufRsenfionmnd 37 ewwaea dilufanasganduuasdl 530 nm mendah
UiAzen Taendl 10 wag 15 undl

fonassvesnruemaduiinaviaos

AMNAAULTNTUTDY fructosamine lagldansazaiy 1-deoxy-1-morpholino-D-fructose

(DMF)

N3 IUsNUlATIES9 B-amyloid

FBMsVedauYeILmATtAYY LeVine et al., 1999

1. tharsiiegne 10 lulasans wwdy 32 pM thioflavin T Usums 100 lulasams Tu 0.1 M

PBS, pH 7.4

2. aauisenduan 60 widl insianisgandusasigesisasudlnaisesadnivsngeels

AMoSNAINNYNMAAUY excitation 7 435 nm wag emission 9 485 nm

4
U1 20



N135A523U3U8U Protein carbonyl
WnIageuvnuwatiaTeg Ardestani et al., 2007
1. dasiegnslunnazdUniein 0.1 Hadans wauiu 10 mM 2,4-dinitrophenylhydrazine
(DNPH)
2. Feuffsendune 2 dalus anifudia 2.5 M HCL Uines 400 lalasdns uwazanudae 20%
(w/v) 989 trichloroacetic acid Usuas 500 lulasans wdansazanelutudadunan 5
U9

a

3. ihlUussihdnanus 10,000 seuseunit 1uian 10 wil gaumgll 4 esrwaldya

Y

4. ynseanegnaug1lutef 2 ntungnaunlAtuNLANA1998 2 ml W89 ethanol/ethyl
acetate (1:1, v/v) 3 A3 Uavazawasiu 0.25 Jaddns ¥e09 guanidine hydrochloride
(6 M) ilusiuenuemedaudl 370 nm @Awasd Protein carbonyl  lagld

e=22x10"cm M wansuanafu nmol/mg protein

n1301323U3U18L Thiol groups

F/N1snedauvieumAataved Ellman, 1959

1. hasazatedegdtuwsiazdunviusuins 70 lulasdns vujasedu 2.5 mM 5,5+
dithiobisnitro benzoic acid (DTNB) U3u1ms 130 lulasans iluian 15 wiil

2. INIAANAULAINANEIAGUN 410 nm USaa free thiol Tusegrensiadalaegvingil

WNTFIUSEUWEUAU L-cysteine

n159aUSuNae CML

asaga1eNdUnign e veInIsAinyl 1nsIa Ng—(carboxymethyl)lysine Wio CML
advanced glycation end products lngldyansiaaeuldndnis ELISA ¥aq Oxiselect® f1u0M
Uinas CML iFeasansavangliiinundudugarineogi 1 lulasniu/iadans Uszana 10,000 i1
Mnduthasazarefidenaudiiuns 100 lulasdns widlu 96-well plate Gefisdanzay
oehation 2 $9lus d19de PBS wawif diluent 200 lailashns uazdanelilmAnuRAzen 2 Halusd
guuiive dshetmesnanueduanfiu antibody 100 TulasAns Taesandlflsvinugasen 1
Flus wazinsie 100 1ulpsdns ves secondary antibody-HRP waz substrate solution 100
lulasans unan 20 wnit ldiansgandunasil 450 nm wazAMANLTITUYEs CML-BSA

lngldansazalennsgunuiuynnsam

4
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0N lalun1s39e

AUIUAT ICsp INNITNABANTINTENIN %n158udaoulesl AU AMULTUTUYBIRSANANTS
WIBUIBUANLANAINSTEE Ay 9ata 19 One Way ANOVA wagld post hoc Tukey's range

test WeLUSsuLisuAULANENIvasAtdsluwsagngy AULTEUN P <0.05

4
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NANTSVNIAADILAZIVITUNANITNARDY

1. N159AsITIUS IS neadl lugsannaniladulalaglyd HPLC

JUN 3 uandlasunlawnsuvedansuinsgiurlailiuesnia 6 wia laud naringin hesperidin

neohesperidin  neohesperidin  dihydrochalcone naringenin Wag hesperitin AMANAN1TNAGDY

nuaralueeanueneanuINAeaNUTaLIAlY AB naringin wazae

[y

U

Ejﬂﬁ’lﬂﬁa hesperitin

600000

500000

400000

300000

Peak Area (mV)

200000

100000

1. Naringin

2. Hesperidin

3. Neohesperidin

4. Neohesperidin Diyhrodochalcone
5. Naringenin

6. Hesperitin

I

A_on

5 10 15 20 25

30

35

40 45 50

Retention Time (min)

55

60 65 70 75 80

85

5UN 3 Tasunlawnsuvasansvanliuess 6 sliafinududy 250 lulasnsudedadans

91NN193ATIzREsannInledulanvalsngneLAlndaunaInnane @1u1503LAT19R

6

asngnuailunquueanailiusedlanidu 6 ¥ia Funazaisiugnuansainailuaududun

WANANAAY A9RN597 1 an8RuguILAINITUIHIN naringin - 1nWian aeiugvinvesiiuiuin

neohesperidin 1Mn7idn wagaeRuguIIURIEUTU naringenin 11NTign

dulaifuldguduruinnardlunsegaifeadudy Fanvansngnuedniinauvainiany

Ingianizansngnwaiilunguuesaliuees Aldduaisazarsuinsgiu 51891398 WU31 naringin

waz naringenin sintduanswgnuiaiiinuuinluiovesdule (Kim et al, 2009; Zhang et al, 2011) 90

nIvgluasstinuInsanmladulomeuniusataz kmadaniadaulnsns W lun1sena@1sanwan

NIABUVIOLAzUINIATNIU @111909599TREIINENBLATINS naringin neohesperidin kA% naringenin

Iouiu nsldmaiianig HPLC anunsailuussyndiiansisdeuiendnuaivedaisannainiiodule

a9

4
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3500000

3000000

Naringin

y = 12472x + 22775

400000

Hesperidin

0 50 100 150

Concentration (Llg/mU)

200

250

< — y = 1486.5x - 1710.2
€ R? = 0.9979 = 500000
< 2500000 - é Rz = 0.995
2 2
E 2000000 - E
o C 200000
+— [
€ 1500000 - 2
= c
§ 1000000 - § 100000
o
500000 -
0 T T T 1 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Concentration (pg/ml) Concentration (Llg/ml)
Neohesperidin Neohesperidin Dihydrochalcone
1600000 3500000
1400000 y = 5351.9x - 37221 ‘ ~ 3000000 y = 13293x - 79094
< 1200000 z
z R? = 0.9819 £ 2500000 R? = 0.99
£ 1000000 >
> 2 2000000
£ 800000 'g
§ 500000 £ 1500000
c
< 400000 § 1000000 -
§ 200000 o 500000 .
0 T T T 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Concentration (Llg/ml) Concentration (g/ml)
Naringenin Hesperitin
3000000
‘ 5000000
2500000 y = 10337x - 81350 _ l
s . s 4000000 y = 15854x - 83875
E 2000000 - Re = 0.9755 £ R2 = 0.9839
2 2 3000000
& 1500000 ‘a
2 9]
£ € 2000000
1000000 =
5 =
S 0000 & 1000000

0 50 100 150 200 250
Concentration (Lg/ml)

JUN 4 nsmlasginvesnaliuesd 6 viafrnaduty 1.95-250 lulasniudeliadans
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80000

Retention Time (min)

70000 A'L 1
1. Naringin U1 (quu
60000
2. Hesperidin
% 50000 3. Neohesperidin
2 40000 4. Neohesperidin Dihydrochalcone 1
(%)
] 5. Naringenin
£ 30000 B
x 6. Hesperitin 3
& 20000
10000
0 N
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Retention Time (min)
P o o & l
sUT 5 lasulaunsuvesduleagiuguniveg
150000
135000 1. Naringin ‘VIENa
120000 2. Hesperidin
105000 3. Neohesperidin
S
£ 90000 4. Neohesperidin Dihydrochalcone
.‘BE: 75000 5. Naringenin
[} e
£ 60000 6. Hesperitin
X
©
9 45000
30000
15000
o LA y
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

5UN 6 lasunlaunsuvesduloaneiugnedd
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150000

1. Naringin
o | VT1ILANNIT
2. Hesperidin "
120000
3. Neohesperidin
%105000 T 4. Neohesperidin Dihydrochalcone
.E 90000 4 5. Naringenin
w
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M99 1 YSunasansngnuwaiilungulanlivesainwuluansadinainitiedule

YSunamanluess (ulasndy /dadnsuansann)

Waluesd anemiug
Moy amhils YTILAIND o Fiuinaew ylug)
Naringin 41.29 + 0.43 234 £ 0.11 81.29  0.39 8.13 1 0.13 26.31 + 0.44 11.90 £ 0.21
Hesperidin ND 22.78 £ 0.33 ND 10.08 +0.12 ND 12.04 £ 0.12
Neohesperidin 36.79 £ 0.25 14.76 £ 0.15 ND 10.76 = 0.03 29.92 £ 0.18 2541 0.12
Neohesperidin
Dihyrodochalcone "o N 24543 066 "o . "
Naringenin 7.39 £ 0.15 29.52 = 0.40 24.47 £ 0.98 10.89 £ 0.15 7.40 £ 0.04 9.20 = 0.19
Hespertin ND ND 479 +0.10 3131+ 0.01 ND ND

[ ! = = o & a (4
FIYUNANITVNAADUTUANRAY + AITHAFINLARBUNINTITU (Mean+SEM) FIUIUASILUNITIATIEN

Windu 3 ND = hanunsansiainka
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2. msfugeansiaueuleidani-ngladinauazdavin-azlauasvasainainiladule

wuarsanedulaagiuganeaignslunisdudimshaueulsddani-nglaginanaueaina
WazgLATARBUYIeN WaliuANTNTUaWUILE 2 HadnTusieladians nuliauaiunsalunisdugs
nsvinueulydsar-nglaiaaiuliiiu 30% luvagifgitunsdugimsinaueuluidarezlug

o O o o o o 1% ° | a a d'
ﬁg\nﬂG]U@@uuumﬂ'ﬂ']Na']m']iﬂIUﬂ75EJ‘U'EJQﬂ']iV]'N']L!IUiSG‘I‘UWQUGUrNWWLGUUL@EJ'J (sUn 11-13) LB

3
Y
v
v

a = Y & ::4' ! v v = 1Y) ° ¢
Wisuileuduenasanslua (5Ui 14) wuinasadeduledmiuaiunsalunisdugansinuenles

dan-nalaginansueaalarynsa Taudsean-ozluaansi

n1sfudsnisinueuleidan-ngladnanazioulesidan-ezluaa Hrelvinssuiunisdes
aslulawsalinateduiinaluanaies wu nglaa vgnlaa 91as (Adisakwattana et al., 2009) dwa
Isgauihaanglegluidenvesirsiumnundsseauusemue misiuliga@uluviug In1sfinwinui
ns¥raeMsiidurenimanglaanievaeiulssnuestiannsiiniuvesmanglaaayay 1y
HbALC Tuftheiumnuld msvzaenszuunisgesmsiulawmsalugtisummuiadunuimanialuy
nstesiulsaunsndeudionuuitugUasiumvnuld Walwwesdluasngnualindsisaunisfinwia
£ % :.// o ¢ o a 6 IS awv a ! =
guslunisdudensvirnueulesidani-ngladinawaziouluida-azluaa dsreauidenndnds
=< Q{ (% dy v d' I Y :’1 o L3
nsfnwignsvesarsainaniledulenugnluniziey Ussineanimalddenisduganisyianueules
dan-ngladinauazioulsddani-asluea wuddgnsaoudad wallievitn1sudin microbial enzyme
(A. saitoi) vibiensdrAgynuluansaiaiiedule Wasuanmlassadeluiidgnslunisdiunisyinau

¢ o a 'z = < v a X .
vouaulasidan-ngladinauazieulesidant-ozluaa sutagnslunisiueuyadassiiuastu (Kim et

al,, 2009) anAsANwIlUASIENUIN d@rsannanleduladuse@nsnnlun1aunisnauvesani-

v A 1%

naladinauaziouleidann-orluaalussduiidoudioin sndnfudosiauarsatnaniedulelugans
idsugun e Tngusrasddanan enasududedld microbial enzyme WerinUszAnEnwsonsHy
msihnuvessarh-ngladinauazieuleisani-erluaa snuuimamidusunanie n1suszgndldans
afmdeduledausueiozanslua dadusunudlagiuildauauszduinianglaaludenvesiae
Wy Ineaumsiteiinaniamgnuailungunaliuesd wu ueulslesdu aunsaaiugn’
Msfuansyinaueulesiveassuindielisiufiueteyanslua (Adisakwattana et al, 2011) dadu
yunandsildasmgnuadsuivewnutiogdy wasihgnisanuunaendild esangrezailuaeiarh
THiAnttosda seudle Tufueinstradesiinulfidelddnd fufumuideluouanenasaiuis

nsfnwansainaniieduladenisiasugvsiueesasiua
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% Intestinal maltase inhibition

% Intestinal maltase inhibition

% Intestinal maltase inhibition
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1 gvSvesansanalodulesionisinunisinueulesidar-ngleding (Loawma) Kan1snaaes

enuluzuaady + ANUAAARUINATEIU (Mean £ SEM) n = 3
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% Intestinal sucrase inhibition

% Intestinal sucrase inhibition
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5UN 12 guisvasansadaiieduladonisinunisyihaueulesidani-naladng (4uasa) Han1Inaaes

eandluguaaie + AuARIAAGEUNINTEIY (Mean = SEM) n = 3
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% Pancreatic a-amylase inhibition

% Pancreatic a-amylase inhibition

% Pancreatic a-amylase inhibition
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ALRAY = AUAAIAAGEUNIASFIUY (Mean = S.EM) n = 3
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M131991 2 Msdudamsihanueuludueaina giasa wagdanh-erluaavesansainaniledule wanis

naapeseauluuaade £ AnuAaIAAREUNINTEIN (Mean = SEM) n =3

Anududuves % mstudaeuledueaing
asdrio Y¥19lngy GRE uana | v 7Yy ATTHGERH
(HiadnTusio
Hadans)
0.125 5.55+0.31 | 9.34+0.59 | 0.60+£0.40 | -0.75£2.71 | -7.67+0.86 | 20.24+0.96
0.25 6.35+0.77 | 11.69+1.31 | 5.40+0.86 | 8.49+0.54 | 1.23+0.97 | 22.75+1.87
0.5 11.89+0.36 | 19.65+£1.94 | 12.05+0.42 | 15.83+0.20 | 5.68+4.74 | 23.93+2.29
1 16.17+0.69 | 24.27+0.37 | 12.81+0.34 | 21.94+1.71 | 8.82+2.07 | 19.32+0.23
2 22.66+1.42 | 32.92+0.37 | 16.11+1.05 | 33.05+1.73 | 17.76x£1.73 | 20.06+1.21
ANUTuTuYs % msé‘fué’%au‘l%ﬁsgl,ﬂia
QUL Y¥19lngy NG AN | w1t viivey | Miuniugey
(Hagnsusio
{adan9)
0.125 -2.85+1.63 | 15.59+1.12 | 9.76+0.91 | 14.20+1.50 | 3.55+1.67 | 4.72+1.27
0.25 11.43+2.20 | 18.74+2.88 | 10.33+1.96 | 14.71+1.72 | 16.10+2.19 | 9.79+1.89
0.5 1.63+1.06 | 14.47+2.24 | 4.18+0.43 | 10.92+1.74 | 12.38+2.35 | 8.70+0.76
1 5.39+2.01 | 17.35£2.02 | 4.42+1.34 | 23.09+0.67 | 7.33+1.91 | 5.39+0.92
2 7.53+2.59 | 19.68+1.35 | 3.08+0.75 | 32.96+0.27 | 8.17+1.09 | 12.45+2.44
anududuves % mstudaeuledan-ozlauag
asiio Y13lngy NG AN | w1t viivey | Miuniugey
(Hagnsusio
{adan9)
0.125 5.56+3.13 | 7.94+0.27 | 0.65+0.53 | 2.14+1.98 | 1.04+0.36 | 28.28+2.68
0.25 11.40+3.03 | 3.24+0.49 | 2.17+1.44 | 4.51+3.44 | 0.32+3.59 | 19.02+3.89
0.5 6.13+1.43 | 3.74+0.61 4.63+1.42 | 7.65+4.37 | 6.43+2.61 | 5.42+2.38
1 21.65+1.74 | 10.54+0.82 | 14.15+2.87 | 22.23+1.75 | 10.36+1.69 | 4.07+0.49
2 27.23+0.17 | 17.91+0.26 | 17.89+2.40 | 27.15+3.43 | 9.05+0.51 | 18.59+1.09
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100 100
L 90 Acarbose o | Acarbose  — [7]
S g0 — | & =
5 = z 807
€ 701 = < 70 ]
3 60 - ] % 60 -
£ 50 ] 5 .
] 1 © 50 A
E »
E 40 A 5 40 -
E 30 | g 30
E 20 E 201
CJ o
o “ ol o]
0 T T T T T T T T T 0 T T T T T T T T T
0.39 0.78 1.56 3.12 6.25 12.5 25.0 50.0 100.0 0.39 0.78 1.56 3.12 6.25 12.5 25.0 50.0 100.0
Concentration (ng/ml) Concentration (pg/ml)
100
5 90 Acarbose . [
S 80 -
< —
£ 701
[}
o I
S 60 A
£
s 50
S 40
3 30
Q
€ 20
o
* 104
0

0.47 0.93 1.87 3.75 7.50 12.5 25.0 50.0 100.0

Concentration (ug/ml)

ICso ¥0902ANSLUE (ug/ml)

wulwiivoama wouleilgnsa ouleidan-ozluaa

1.334 + 0.049 4.644 + 0.447 3.070 £ 0.302

JUN 14 grisvesenezasiuarenisimumsinueuluddan-ngladnauasdavi-azluaa uazen ICs,

HanIMeaessIulugAnad £ AUAAIAAGEUNINTEIU (Mean £ SEM) n = 3
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3. n1sduganisinauesuladlaavasannanniiiodule

NNsnAaeINsfuginsinureteuludlawannduseumeasataduleiugaeiugsingg

(%
LYY o

wudnmsdudimsvhnuveseuladlaiaanduseussuusiunmuainudutuvesasaindulofugyn

§ o

g18NUS AISUN 15 1aedian ICs, M1uA19199 3 Laaldulauniuing nod Lagw1umenntuszansnin

9 Y
i 2

Tunisgugantsyinauenleilawlalad annn1smeassnisdugenisyvitnuveseulasilaaannfuesy
fee18e3awan (orlistat) LLamiugiJ‘ﬁ 16 WAz 4 wuiinnstudimsviauveseulssieulla
Waaniuseu azuUsiumunudidureseieesaunn Weaudududann ssdnsdudnisyieu
yoaeulwiunuasiofnlawaldunnuazsanududuvesenesiauwam fanunsadudinisviauveseules
unupstodnlaald 50% Ao Anududu 0.035 lulasndusefiadans ednslsinuansafnainidedule

719 6 JUszansanlunisdudeuleilaadaeninenoasawmn

nsdudansiaueulelaannduseuiuwummilsluniserasnisdesludiulunduuaes
lnsndweslsdlinanelunsalududaszdias Falinaliinisgadunsaludiudassanas Msduasgsiludu
Insndweslsalunseuadondsantiosnu (Birar et al, 2007) fetunistudsmsviaueulsilawaan
fugeniafunalnvilefildsuanuaulalunsdumanseangniansssumivieannsdaunset iield
Tunseueuseauluiulugon Fazdreananudesranisinlsaiilonaznasnden (Susyama et al,
2007) srenumsideiAnulunzundadunalilussegadunui asadaanuruniannsadudinis
auveseuleidlaa (Sharma et al, 2005) Kawaguch s1eauimuitansiungunailiuesd wu
hesperidin fiaffnannidenduanansadudsnmaiauveseuledlaaandugou (Kawaguchi et al,
1997) uenaniinuinasatarieriivativesddussdussneundnnatsuie Wy a155388 (-
Epigallocatechin 3-O-gallate (EGCG)) fimuanunsalunisiiunisvinnuvesieulesilaiaandueouls
Wuieatu (Nakai et al, 2005) TurAdosinaniamgnuaifilasasdudnuusinduesvesans
Tunduandu (catechin) Aifiwdnlaana 903 waz2,017 Sauanansolumsiueuledlaaun
flgn Wefinsanananuduiusvedlasiaiwosanaiifunnuannsolumsdudsnisinueulwila
Wa wudansngnuaiiing ealloyl m81u1ﬂsaa§waﬂsﬁqw§1uﬂW5§Us"?qmiﬁfmumﬂﬁqm Fatfuga
Bululghansatnidedulefiarslundurarluesddussdusznouiu oraifuarsiiuansgnsluns

(%
LYY

ygansvinaueulesilaaansusou
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JUN 15 guisvesansanailedulasonsinunisvihnueulsdlaaandudeu nan1snaaessenulugy

ALRAY = ANUAAIAAGEUNINSEIY (Mean = S.EM) n = 3
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A15197 3 nsduginshaueuledlalavesansainainitiedule wagai IC, Nan1snAassIeuly

JUALRRY + AUARIAARBUNIATEIU (Mean £ SEM) n = 3

% mstusaeuladlawa
ALY ¥l 6N PUAIN | V1R viey | Miudindey
SONGRERNE
0.125 33.90+9.29 | 37.99+2.12 | 34.20+6.03 | 33.53+6.74 | 36.00+1.77 | 17.77+4.08
0.25 52.66+7.48 | 48.68+4.71 | 38.61+6.95 | 51.38+11.41 | 48.58+0.72 | 46.73+0.88
0.5 70.83+4.20 | 60.09+1.80 | 50.43+£6.89 | 70.05+4.26 | 66.00+3.18 | 64.00+0.95
1 72.33+14.23 | 66.01+1.32 | 84.37+3.57 | 82.71+1.23 | 79.78+1.94 | 74.76+0.50
2 90.94+4.35 | 71.15+1.37 | 97.40+1.30 | 83.63+3.26 | 82.69+2.36 | 89.27+1.46
IC,, vasasanaiiodula (me/ml)
1l N29A PUAIN | V1S vindagy Nundaey
0.277+0.048 | 0.262+0.044 | 0.316+0.081 | 0.252+0.067 | 0.359+0.024 | 0.340+0.016
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©

2
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© 40 -

o

[&]

c

©

o

L 20 A
0_

0.0975 0.0195

0.0390 0.0780 0.1560 0.3120

Concentration (ug/ml)

JUN 16 grSveseaiawmm (orlistat) Aenisiumainueulsdlaanndugey nan1snaaessieanuly

sUARGY + ANUARIAARBUNIATEIU (Mean £ SEM) n = 3

a £ a . J £% o v 1 1
A1399 4 qSUDIR3aALN (orlistat) sianisanunisvinweuleslaiaandusouraszan ICs, nan1s

naresTgulugUARe £ ANUAIIAAREUNIANTEIU (Mean £ SEM) n = 3

AN UYB IR AN % nsdusseulusilawd
0.0975 13.05+2.89
0.0195 43.16+0.63
0.0390 56.35+2.06
0.0780 65.33+2.47
0.1560 73.88+0.54
0.3120 86.12+1.06
ICso (ng/ml) 0.035+0.002
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4. n158ugenNTIsinuaulinaLadmasaatedmatsavasanaanilodule

s

21NN15NABDINISTUTINTYINULaLaUlwinaladInaTaaLRdNaLSaRea1sannduloa 8 wus

9

199 NUIINITTUIINTVINNUTD LU ADLAALNDTOALDAWBLTAYZLUTR UM LANTNT U DIa AR AN

5 o

Tostusnnanesiug daguil 17 Tasdian 1Cs, aumsnsd 5 Gmudansataannidedulonnaneiusness
LLazmaﬁ"Jﬂﬁaﬁﬂaﬂmaﬂm15m1uﬂw35Us’qumw‘mmt,aul%ﬁﬂaLaamaiaaLaamaLiaumﬁq@‘[mﬁmmwmﬂ
i 1Cso WAZRINNISVARDINSTUTIN ST uTeLoulelnoIadInDI0RLOAMBLSAR I U dLARY
LLaﬂﬂugﬂﬁ 18 warms1eft 5 wudiedananiian ICy, toeninansatnaniiedule SauTeudieuldin
ansatnaniledulefivsyansamlunsiudueuledmroiaaineseaoamersatosnineFuaduniu

unummihiveseuluiiouluinelaaineseatoamoisadudsiaulalutestudanunsatae
muaunsaangluiulagionzensiitinelaanesealusuvesiusieames lnemlunisaaeiusyioa
mesvasnetaanesealudldidnaviintulagerfonsinaueteulyiiovlsdnoaaneseaeanelsa

Hagnsniauvedeuleddinavihlninneiaanesealugudassiu venanfiioulysineaanesea

1%
= =

wawesadasatvayulinoaamesoadnglusuluwadlaiedu lnalaenssionisiiiunisnndy
ABLAALNDT0a (Myers-Payne et al.,, 1995) ﬁaﬁumié’ué’amaﬁwmmul«aﬁﬁuﬁmﬁ?jaﬁmam'amiammi@m
= v 1 & = dy Y @ 1 Y] dy %4

Fupslaawmaseaiingnszuaiien (Nsamukote et al, 2011) msfnwiluandliiuiiarsadnainilody
Tesiuszaniaimurunanslunisduginsvinnuveseulesnoiadinesoalodvealsd F9auuRgIumilaves

A £ ' 'z ¢ | A a

a1sngnuaiNeangnseran1nansiunguves Wailiuses n1sAnwidelynuiraula As n1suen
ansngnualeannansanaileduleliiiaiuuiansias wethind@nwignanisdugenisinnueules
AomawesoaamasakazillUgnsimwnduanseangrsvmstinmitenmunduevsondn dasiasy

91MNINTILAANTIRATUABLAENDTOR LA
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0.50 1.00 2.00 4.00
Concentration (mg/ml)
100 T 3z
V1IUINY
80 - T
60 -
40 4
20 1
0 = T
0.25 0.50 1.00 2.00 2.50
Concentration (mg/ml)
100
yunugen il
80 -
T
60 -
40 4 T
20 1
0 T T T T
0.50 4.0 4.5 5.0 8.0

Concentration (mg/ml)

JUN 17 guisvesansanailedulodonsinunisvinueulineinanesoaloainelsadndusey Han1s

naaesTeuluzUaady + ANuAMIAAREUIATEIU (Mean £ SEM) n = 3
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A15199 5 N158UEIN19911911 0 U LI ABDLAALA T DAL ALV BLIANNAUDAUYBIANTANAIINLLDEULD LAy

A1 ICso HaN1MARBITIEUlugUALadY £ ANUAALAFEUNINTEIY (Mean = SEM) n = 3

% nmstusaeuledeoiaamaseaioninalsaandusou
ALTUTU Y13 lngy 946 uAn | v vy | vivdinaeu
YDIEITANN
0.25 0.94+0.31 - - 0.25+0.98 1.13+0.51 -
0.50 8.37+3.00 9.57+2.57 | 7.88+£3.24 531+1.55 | 14.04+2.31 | 4.75+2.48
1.00 27.04+3.61 | 43.07+£7.20 | 38.90+£3.76 | 21.54+1.55 - 8.62+1.65
2.00 50.88+1.25 | 69.53+3.40 | 48.75+3.47 | 48.29+5.29 | 23.10+6.61 | 33.28+7.60
2.50 - - 50.76+7.39 | 76.40+3.26 | 40.35+£3.62 | 66.01+5.77
4.00 84.07+6.01 | 77.60+7.54 | 58.03+7.62 - 79.54+7.26 | 92.35+6.90
IC,, vasasanaioduls (mg/ml)
Y1 lngy 946 MmN | v vinviag Nuiuaey
2.10+0.06 1.50+£0.30 2.97+0.97 1.87+0.12 2.89+0.32 2.31+0.27
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100
[
S
S 80 - -
=
=
3
] 60 -
[}
a I
[}
S 40 - T
g
2 -
S 20 _
(&)
2
0 : : :

0.39 0.78 1.56 313 6.25 12.50

Concentration (ug/ml)

U 18 qyizvesTuaauniiy (simvastatin) densaunisinanueuledaelaamesealeamalsaainsy

gou nan1meaeITenulugUAtaiy = ANUAIIALATEUNINTEIU (Mean + SEM) n = 3

M19199 6 YVIBVRTUNMAALARY (simvastatin) sian1siunsyihuelelasiaanasonleamoisaN

AugauLazAl ICs Han1snaaaesgaulusuAede + ANUAAIAAREUNIRTEIN (Mean = SEM) n = 3

AU UYR I FUNTARARY % nsfusseulusinaladnasontannaLss
0.3900 17.81+0.92
0.7800 26.03+2.77
1.5600 36.12+6.28
3.1300 48.38+1.35
6.2500 74.78+0.59
12.5000 78.70+0.76
ICs0 (ng/mU) 2.63+0.35
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5. N158UEINTIIUANTUABLAAINDToA luwadYasdnnANLladule

nmanaanamsiuiinsnuduiureiasnesealieadieasatnduloaoiusiineg fasui
7 wuhasatedulodudu 5 fadnsudedadtng SussAndamlunisdudimmududulueadues
rolaanesen IHsaduaTannInegsEning 9-14% eanaududuresmsatniofulosunio
2 fiadnfusiofiaddng anuannsolunssudamafaluwadantosas uazduleluaeiugunniiuas

Puiuagulifiarunsaduginisiialuwadle

'
v

nszuIuNIsRRduneLadneseatuedeniseindudiatuwaziinuiisenlalasladave viusy
Wwanes lngodun1svinureseulvineladinosealoanelsd NUUIAANTEUIUNTSIUaE lal T
wargnaAnduruaTlddaNaAAgEN (ejunum) AuinnseuiunseamessTnduretneadneTaaTudn
asdlugadanldidnuazindoudneluddiusneg Tusulalaluaseu (chylomicron) rrunisszuud Lo
nsaaNIzEUILNIsARTuAadneTealaen siugainsinluwadlawdulumaduemsusiandldian
& ad o a1 [ LY & [ a | = | '3
Juitnilandglunisshwlsalufulubdenguaslsngiu Inenuiasngnwaiilunquuesiailiueys
WU @sieeEanIu (theaflavins) wuannluaisadnuen @unsaduginisiialuwadvesnoladinesealy

P = Y a Y] = aa
YU Fagrgannsaduneiaaneseaiingnszuaiien (keda et al., 2010) asannanvniginilaislu
NAuBATI (EGCG) anunsadudamsiinasiaamesealuwad Lalguiu (Raederstorff et al., 2003) Ay
FJadululanansaimannlleduledmnuanunsalunisdudsnisifinnsyuiunisluwadvesneiadinesea

a ! e < E4
p1aEnnasngnuedlungunaliueanduls
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25

N 5 mg/ml
3 20 - C—J 2 mg/ml
©
2
€ 15
= 1
S
2
2 10
]
S
: ’J_‘
c
2
B T
=
£
S
-10 T T T T T T
Y1 lngy NI VNIMAIN VRS videw  diufiuaeny

JUN 7 qrisvasansaiaiiledulosonisdudinsrudmiiuluneiaamesealuad nanisnaasssieanuly

sUALRRY + AUARIAARBUNINTEIU (Mean £ SEM) n = 3
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6. N15AUNUNSAUNRAYBIENAINLLDFULD

AUNTY 1 Tadnsuseliadans wuii asadaduleiugnesd ¥1aiis auneniLagyinves
fgnslunisdunsmiiaviia taurocholic acid 5839 6-16% (5U7 8) Tuvaugnduleriudvnlnguaz

Woitwasn Tdfiguslunmsduiunsaindsdanelsladn  Weomnanududuvesarsadadu 2 Jadnsume

v 6 [y

Ta88nT nuUl a1sanadulonusnnatswusia uaIu1IsaIUAUNSALNAYIA T RNTULAN T oY VAN

. = a va v v Y Ao YY) YA a A va
cholestyramine "'ZNLUuEJ’WIiJQOJﬁNUGIIUﬂWi"\]Uﬂ°Uﬂiﬂuqﬂllﬂﬁl’]llﬁﬂll’ﬁﬂ‘\]‘UﬂUﬂi@uW@%umubL@VIﬂ'mll

o |

WUTY 1 WAy 2 Haansuseliadadansiviniu 24 % way 32% ANUafU LetlaguriaueInsAtim wuan

asainduleynateiugignslunisduniminfviin taurodeoxycholic acid 10f Meaadudun 1 wag

' '
a a o 1 1 1 <

2 fadnsuseliadans AUENIalUNIITUAUNTAUNRDYTEIING 6-20% Uzl cholestyramine ey

U

1%
o [ 1

g1 NTAUANUR MUNITIUAUNIAUNATANUEIUTATUNUNIAUNATRAT LA NANUINTY 1 way 2 Taansume

q

1ad8nsnAY 27 % waz 49 % auaisu wazdmsunsninfAuila glycodeoxycholic acid wuinasana

nnilleduledinuandalun1sduiunsatrnviiatrouden Nanududy 2 Jadnfudeliadngdl

(%
=1

ANMUAIUTALUNTIUAUNTAUIATEIING 5-17% @uANUduty 1 Haansunaiiadns a1sannanniilody

lannangiugiauaiunsalunisiviunsatifviialldeud1ein daduaiunsatunisduldiiuy 10%

v

P . = & aa A (YY) o aa YY) -
YeUey cholestyramine SZNLUUSWW@JﬂMﬁ@JUWIUﬂWiQ‘Uﬂ‘UﬂiﬂuqﬂﬂJﬂ’ﬂuﬁﬂu’ﬁﬂﬁ]‘UﬂUﬂ§WUW®%u®u1®W

9

ALY 1 kA 2 TadnSuraladansivinnu 30 % way 42 % AuaIeU

[

nsnnRandunszianaeladnesean1glufu nsanfausasuiiunsaoriilu 1w lnadu

Y

wazNoIU LLay%aﬂ‘maqmsmmlmaﬂiumumiamuu (duodenum) mmwammammmﬁmu (primary

Y %9

[y

bile acid) IasUnAnsnidazgnaedunduiidldlvgludiuvesledou (leum) lusdvesyisgd

(secondary bile acid) wazlvarisunduingdudnasa (Hofmann et al,, 2008) N15¥nuI19uAbilingn

aa o %

andunduldsssuulvadeuladin awsnrlilaenisldarnadfituivonifiinduasusznoy

daduitliaranethludléifin 1t o1 cholesteramine dsagifiun1svdnthdeannisgaanssanntu vl
ihildasogadunduludssuulnadouladin duisindudosduaseinsnindduumaunuie
puANaunaInNsidnalmnesen fenalniasdnaliszduaeiaanesealudonanadld  (nsull,
2006) wazUszmsfididnife seduresnsnfvdanfoniftazanganniululudldlvydu o1y
awAlAiAnnssnEuTe I Biue s afiuanudsslunsiAauzisadnldlugll (Peterli, 2008) 910
Sﬁaagaﬁuaqmiﬁﬂmﬁ wuthansataannieduleaunsadudaléfu slycodeoxycholic  acid  way
taurocholic acid Wa¥ taurodeoxycholic acid %ﬂLﬁuﬁgﬂﬂiﬂﬁﬂaﬂgmqﬁuammEJQﬁ Feo1a920a0

maladnesealuldonLazanaudsdunsiaunsiluuzSanldlugle
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N
(3}

N 2 mg/ml
20 - 3 1 mg/ml
T
T
15 ~
10 -

(3, ]
-
B

o

% Taurocholic acid binding

!

&
|

-10 T T T T T T
Ymlugy NBIR VWA VIR iUy siufiuaeny

25
o N 2 mg/ml
£ I 1 1 mg/ml
©
T ]
e
i}
8
© 15 -
‘©
]
>
x 10 -
o
@
o
o
5
s 91
l—
S

0 T T T T T T
; o ¥ g - o o
v17lng MR9E  wwAnI e vides  viufiudeny
Il 2 mg/ml

o i
£ 20 1 1 mg/ml
T
£
i
T 10 -
o
(]
.9 i ’l‘
2 0
o
>
5
3
B -10 -
3 0
o
=
]
2 -20

. =1 « @ a
1]'1’311)]%]} 7199% V1IILAINIT - YUY N1UdY NunudyIU

sUN 8 grisvesansadaiiiedulesenissiudiiunsaiifviingieg sanmsmeasssignuluglanade «

ANUARIAAFOUNINTZIU (Mean + SEM) n = 3
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nsdugeufnsenlnainduvesainaniiadule

ca' A Y] & v v sal 1Y) !
INNANINAADY (M15199 7-12) W‘U'J']llﬁqiﬁﬂ@l'ﬂqﬂLu@aﬂi@nﬂa’]ﬂWUﬁqWﬂ’ﬂmLGUlIGU‘lJig‘Vi'J'N 0.25

Ia

a a o aa = a a % 5 a o A N o ngoj v
2 Tadnsusiedliadans duszdavannlumsdudainmaiinlnanduinmieiilaenislddinaninlnalas

=

)
Zo

wAduN 7 anendeinmsisuuiise leewesidudnisdudinisiinlnamdu egsening 62-95%

b
LDEE

(% '

nuulisUasgliufizeriiusiely nuiasadaanitedulediauisadudinisinlnamdulaiguiu
wilsEANSAIMNIsEudanasilaiiuszeznatvensinuisenluiun 14, 21 was 28 Useansand

ANlNALABIAUET aminoguanidine MiANULTNTU 0.5 Hadansunaliaddns

1%
LY o

syduimanglaaluidenigitubu Wuavmuosnisiamuluglsaunsndeudidrdylugiae
wwnlagrunszvaumsinaledudsavndifyresnsidsuuvastasiadieniglulsiu mndinng
azauvemAnsilnawndu (AGEs) TudeiTimanduamalfiAnnisdsuulansinuveaieide
s fisenunsinnifirruaenadeadwseindinnisifnlnaiduiiunumédgyuesnsiaunllg
TsiFesamumnluewian iwu Tsauwanu Tsale Tsndalewes (udu nadalnawduduaingddy
Tun1swan reactive oxygen species (ROS) Tariunszuaunsinalasendndu (slycoxidation) 3ol
nsguuMIDEnBndu uananihimanglaawazinianisnlaatuinnszuiuns autooxidation wag
asslelasiauesdenlad (hydrogen peroxide) wazansAladadlos (ledlanensudduaiunse
wiileniliANMsass AGEs I8 fenunisinuinhnansnlpatuaansaieuiaselnanduliis
ninimanglaauszana 10 1 (Suarez et al, 1989) ndngiunisinemanslutlagtuuandiifiui
anudululdlunisanainudssdonisiiannsunsndoulufilsiuimudonisdudanisiia AGEs
(Brownlee et al., 1988) 871 aminoguanidine L%ﬁﬁﬂﬂﬁﬁﬁgﬁéﬂﬁﬁﬁﬂﬂﬁLﬂsfi"us?fqlﬁ%%ﬂmmuiﬂww
afinlnnsdudenaiin AGEs Telunaennnassuardninaass urognalsinunuin aminoguanidine

)=

fanudufiviugiitisvudfiennisunsndeunsla  (Giardino et al, 1998; Ihm et al, 1999)
Feduisfieumenuiiagdumarniadoinsssusianniy saliuarayulnsdenisdudinainlnaiady
984 AGE fimseiitenuhasatnandiluduenudonannsadunsinalnanduldfuasdigniluns
duoyyadasy arsataitisanninialsiumivedalueadluiiufgnnisnhdelslnnauleidon
lo@ (Ramful et al., 2010) mnmu"?%’&ﬁ’lﬂumsﬁﬂwm%LLiﬂﬁaﬁmmswqﬂwmﬁmﬂa"ausuaqLﬁaé’miam
msdunaiislnaiadu wuirduleynaeiiusiinuannsolunisiulnaidulndidssiu deananse

9

Yrunwaunatsiulnaadulelusuian
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a s & & v & a Y] & o Y |
A5 7 LWUBSUANITEUEINISLINA AGE ‘Uax‘ia’liﬁﬂﬂmﬂLuaauiaa’lﬁlwuqm’ﬂmy

% n158UgIN1SLAn AGE

¥lug) 0.25 mg/ml 7837 £ 0.74 6732 £ 412 59.05 % 2.20 49.97 £ 0.96

412lug) 0.75 mg/ml 88.68 = 1.33 87.24 £ 0.90 86.38 £ 0.77 80.65 T 0.63

912lvigy 1.50 mg/ml 93.51 & 0.60 89.88 T+ 0.19 87.97 = 0.48 89.61 £ 0.15

AG 0.50 mg/ml 85.23 1 1.89 86.06 + 0.56 81.81% 4.54 73.62 1 0.90

HAN1INARRITIENUluUARRY + ANUARIAPEUNINTEIU (Mean £ SEM) n = 3 AG =

aminoguanidine

a f < s v O a 1Y d’l’ ¥ v 6 I
M13199 8 LUBITUANITIUEINITLNA AGE %@Qﬁ’ﬁaﬂﬂﬁnﬂL‘L!E]?INIE]?HEJWUQ‘V]ENW

% n5EULINSIAn AGE

797 0.25 mg/ml 69.12 £ 0.82 59.63 + 2.30 58.34 £ 0.13 54.96 +0.21

9947 0.75 mg/ml 78.13 £ 0.40 72.65 £ 1.84 69.81 £ 1.62 63.63 X 0.06

Mesd 1.50 me/ml 91.80 £ 4.39 83.71 £ 1.01 81.45 * 0.46 79.19 £ 0.12

AG 0.50 mg/ml 85.23 + 1.89 86.06 + 0.56 81.81F+ 454 73.62 £ 0.90

HaN1InAaeITenulugUAaty + AuARIAPRouNIRTEIU (Mean £ SEM) n = 3 AG =

aminoguanidine
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M19°99 9 Wesiudn1sduginisiin AGE vesansainanileduloaneiuguniunanag

% n158UgIN1SLAn AGE

Y1IUAIN10.25 mg/ml 63.89 = 1.92 62.24 +9.13 49.50 = 7.78 37.63 1 1.30

Y1UH9N10.75 mg/ml 72.54 £ 2.47 67.39 £ 0.59 59.81 = 1.01 49.15 +4.79

Y1HAINA11.50 meg/ml 87.96 + 2.37 85.69 + 2.20 75.17 + 6.73 65.40 + 8.99

AG 0.50 mg/ml 85.23 1 1.89 86.06 + 0.56 81.81% 4.54 73.62 1 0.90

HAN1INARRITIENUluUARRY + ANUARIAPEUNINTEIU (Mean £ SEM) n = 3 AG =

aminoguanidine

a f < s v a [ dy £ LY - é’
M13799 10 LUBSLIURNITEUEINTTINA AGE ‘(JEJ\‘iﬁ’]iﬁﬂﬂﬁ]’]ﬂLUEJﬁQJIEJa’IEJWUGq‘UTJU’IN\?

% n5EULINSIAn AGE

17U 0.25 mg/ml 62.37 £ 0.21 57.49 & 0.20 54.07 £0.43 49.48 + 0.31

71U 0.75 mg/ml 76.11 £ 0.05 70.70 + 0.97 68.35 + 0.82 67.43 +0.55

Y1911 1.50 mg/ml 90.26 +0.12 88.39 +0.10 86.22 = 0.24 84.75 £ 0.18

AG 0.50 mg/ml 85.23 + 1.89 86.06 * 0.56 81.81+ 4.54 73.62 £ 0.90

HAN1INAaRITIenUluUARRY + AUARIAPRUNIATEIU (Mean £ SEM) n = 3 AG =

aminoguanidine
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M19°99 9 WesldudAn1sdudainisiiin AGE vesansainanilleduloaneiudvinvey

% n158UgIN1SLAn AGE

yingiae 0.25 mg/ml 63.89 + 1.92 6224 +9.13 4950 + 7.78 37.63 + 1.30

yiniae 0.75 mg/ml 72.54 £ 2.47 67.39 £ 0.59 59.81 = 1.01 49.15 +4.79

ey 1.50 mg/ml 87.96 + 2.37 85.69 + 2.20 7517+ 6.73 65.40 + 8.99

AG 0.50 mg/ml 85.23 1 1.89 86.06 + 0.56 81.81% 4.54 73.62 1 0.90

HAN1INAaRITIENUluUARRY + AUARIAPEUNINTEIY (Mean £ SEM) n = 3 AG =

aminoguanidine

a f < s v a [ dy £ v Y a
M13799 10 LUBSLIURNITEUEINTTINA AGE ‘(JENﬁ’]iﬁﬂﬂ’i]’]ﬂLUEJ?liJIEJﬁ’IEJWUﬁqVIUWQJﬁEJ'm

% n5EULINSIAn AGE

€

=

uuasu 0.25 mg/ml 62.37 £ 0.21 57.49 +0.20 54.07 £ 043 49.48 +0.31

yiufinaeu 0.75 mg/ml 76.11 +0.05 70.70 + 0.97 68.35 1 0.82 67.43 +0.55

€

=

Unyaed 1.50 mg/ml 90.26 +0.12 88.39 +0.10 86.22 = 0.24 84.75 £ 0.18

AG 0.50 mg/ml 85.23 + 1.89 86.06 * 0.56 81.81F 454 73.62 = 0.90

HaN1InAaeITenulugUAaty + AuARIAPRouNIRTEIU (Mean £ SEM) n = 3 AG =

aminoguanidine
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n1sdugansiiannlngnfiuvvesainainilodule

1nnIsnaassnuInlevassliuiisenlnandudnduainiun 7 WWAsiun 28 wuanusuiu

'
(% a (% )

fructosamine winTuAINUATe Nt mansninaadiulusAiudayiiuy fan15199 11 31nHaN1SAae3

Y

¥
a = 1

v A A a X a . = @ a A a &

UIBINUATENNVUYBIUIUIUETS amadori product  FaduansialvnanIuInauazilagullaady
advanced glycation end products ansafiaLiledulaaneiugaidiusednsanlunisdudinisiiangnla

~ v ) v o Y] v o A ~ o a ! a ~

smmulmmﬂﬂu A55UGIEANNNITOFWNALAAIWATUNA 7 audaTUR 28 ﬁlzwmwimmmﬂmmuamaqmm
AMNLTUBsENSanndulalLTY Tunaeien aminoguinidine 88 UgIN15LAR fructosamine TR
U t:ll QIJ = o d‘ = 1 o o % aa d‘ a % 1 1 v s
AUN 7 JUATLYNAIUN 28 ImsmmmLL@ﬂmqmqusmﬂ@wamLmamwﬂmqumuau Tuwpazddan

USunamgnleeniiunanasilaenadesiunisdudanisiinlnaindy

'
v fa a

AGEs undnduaifiinainnszuaunistnandu sadunsiuiizowvulderdoeulsdssning
! v Al (3 g aa a o 1 A a a o Y a . ‘g = Y ‘é’Q ‘g

naudanlanvestinia3iigaiunyesiludaszvedlusiu viliiAn Schiff base Fuw Beansirfliindu
stemnTnazansoadunauld usdminujserdesniiunely Schiff base Aazdinisizeeiaiul
nanelu amadori  product FailmumsianinTunanaiuisadunaula amadori  product 919
AnufAsennely lneasdrluvinudisereondinduiungesilusiigg gavinenatelu  AGEs Fudu
Handueindaua ldasnsaduganimiauls Ine AGEs sgluwenduiulusiudiauquainlilsiu
TuAnnsildsundasanimuazinlinisiauddsuly nszurumshnandudulfiseniniseiu
Ansiariuluizons) uwazluudaztunauvesisenvsiansusenaudivniiintuun 89819009699 001
nszuumsinaadueenly 3 suzfe 1) Svavhu (early phase) 2) Szgznand (intermediate phase)
3) 528378 (late phase) a1sngnlngniiu WWuansAlaediu Fsdmdu amadori product Minlugaesiu
) . ) a (% e a o aaa 1 [ 4
YaINTEUIUMInaAtu (early glycation) Inetdundnduainiinainnisvinugisesuulieidoteule
seindnannlaanazlusfuves BSA Miedusgesinsa vibiinnisdaisedasiasnluife a1
schiff base waz amadori product auasiu Feansngnlagduaziluaisissuresnisiinufisenoels

panTndunazufisenlnanandindunaly

femAdevanenanuwuin msatnanfividasszneuiludnaiisoanyIuamssnlneniy
1§ flesanansuseneuilludnwailiuess (Ardestani et al, 2007; Wu et al., 2009) Fsaonndssiuna
nsvaaesiife arsatmanideduledeidiutsznauresarsusznouiiludnuazrlaliusedarunsnan
UFmnamgnlagnduld Sseradululéan arsafaannidedulefinadenssuiunislnaeduluasneunis

\Ana13 amadori product %39 early glycation lngtawanusua amadori product
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M99 11 YSananisiiavisnlneiuvesansainaniieduloaneiuguiilvg

YSunaungnlaendiy (mm)

Juil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 1.77 £ 0.07 2.17 £ 0.06 2.49 £0.16 2731033
91lvigy 0.25 mg/ml 1.47 +0.21 1.80 £ 0.04" 231+ 001 263 10.02
413l 0.50 mg/ml 1.39 £ 0.06" 1.70 £ 0.03" 207 +0.12" 246 £ 0.02
413lgy 0.75 mg/ml 132+ 0.07" 157 £ 0.01" 201+ 031" 239+ 001"
413lg) 1.00 me/ml 128 +0.11" 1.44 + 0.03" 1.88 + 0.06" 225+ 001"
913l 1.50 me/ml 1.21 + 007" 139 +0.01" 170+ 0.16" 213+ 001"
a13lg) 2.00 me/ml 113+ 0.10%" 1.20 £ 0.01" 157 + 021" 203 %003
AG 0.50 mg/ml 147 £ 0.21" 188 +0.16" 1.88 +0.06" 239 +0.01"
AG 1.00 mg/ml 1.31 % 0.04" 1.59 + 0.21" 1.76 £ 0.60" 2.04 +0.02"

HAN1INAaRITIenUluUARRY + AuAAIAPRaUNINEIY (Mean = SEM) n = 3

, o 3 " o
AG = aminoguanidine NfuAIUAN = BSA+mansnlaa  P<0.05 WWSguifigufiunguniumu *P<0.05

WIgUWBUnU AG 91 1 Jaansusolaaans

a a a a Y] & v I =
A15197 12 YSunanisiiansnleenduvesansainanileduloaeiiugness

Yinamlsnlaediy (mm)

fuil 7 Suil 14 Suit 21 Suil 28

nauAIUAN 177 £0.07 217+ 0.06 249 1 0.16 2731033
M03f 0.25 mg/ml 1.66 £ 0.21 1.88 +0.14 1.99 +0.39" 222+ 027"
V837 0.50 me/ml 1.51 £ 0.06 1.69 £ 0.20" 184 +0.74" 207 £0.06"
Mo 0.75 me/ml 132+ 021" 151 £ 0.06" 177075 196 £ 017"
V997 1.00 me/ml 1.24 +0.07" 143+ 032" 1.66 +0.23" 1.84 + 0.28"
M193# 1.50 mg/ml 1.13 £ 0.20" 136 +0.14" 1.54 + 0.51" 177 £ 007"
V997 2.00 me/ml 1.06 + 0.11" 124 +0.16" 147 017" 162 +0.30"
AG 0.50 mg/ml 147 £ 021" 188 +0.16" 1.88 £ 0.06" 239+ 001"
AG 1.00 mg/ml 131 £ 0.04" 159 +0.21" 1.76 £ 0.60" 2.04 £ 0.02"

HanIeaeesIeulugAnaiy £ AuAAIAAGeUNINTEIY (Mean = SEM) n = 3

. . ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+Umansnlag  P<0.05 WWSguifigufiungualumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M13199 13 YSanaunsiiangnleeniiuvesansadnainileduleaneiuguiunani

YSunaungnlaendiy (mm)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 177007 2.17 £ 0.06 2.49 £0.16 2731033
Y1IUAIND10.25 mg/ml 1.88 £ 0.14" 201t 017" 2113023 252 %017
Y1IUAINI0.50 me/ml 181+ 0.14 1.94 +0.29" 202+ 017" 229 +0.19"
Y1UAIN0.75 mg/ml 1.77 £ 025 1.86 +0.14" 199 +0.11" 218+ 0.11"
Y1IUAIN211.00 mg/ml 162+ 011" 1.69 £ 0.23" 186 017" 2101 036"
Y1IUAINIL.50 mg/ml 1.36 £ 0.07" 159 £ 0.14" 173+ 017" 1.84 £ 0.22™
Y1IUAIN212.00 mg/ml 1.28 +0.06" 148 +0.16" 1.66 £ 0.55" 1.77 £ 0.04"
AG 0.50 mg/ml 1.47 £ 0.21" 188 +0.16" 1.88 +0.06" 239 +0.01"

AG 1.00 mg/ml 1.31 % 0.04" 1.59 + 0.21" 1.76 £ 0.60" 2.04 +0.02"

HANMIMAaBeTIUlugUANade £ AUARIALERUNINTEIY (Mean + SEM) n = 3
. o 3 " o
AG = aminoguanidine NquAIUAN = BSA+mansnlna  P<0.05 WWSguiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

o a a a Y] & v I v X
M99 14 ﬂilﬂﬁuﬂ']iLﬂ@WﬁqﬂI@sﬁqllusﬂa\iﬂqiﬂﬂﬂ"ﬂqﬂLu@aﬂi@ﬁ’]&lwuqmqﬁquﬂ

Yinamlznlaediy (mm)

Juil 7 Suil 14 Suit 21 Suil 28

nauAIUAN 177 £0.07 217+ 0.06 249+ 0.16 2731033
vhila 0.25 mg/ml 1.58 & 0.19* 1.96 & 0.05* 2.04 £ 0.05 2.82+0.19"
amthits 0.50 mg/ml 153+ 0.11* 174 £ 0.19™ 1.99 + 0.28* 273+ 0.23"
1A 0.75 mg/ml 1.41 £ 0.09" 163+ 014" 1.89 £ 0.19" 236+ 053"
y1thia 1.00 me/ml 137 +011° 158 £ 0.16" 1.79 £ 0.09° 228 +0.15"
amthita 1.50 mg/ml 131+ 005" 153+ 1.19" 162 £ 030" 201 % 0.09"
gnis 2.00 me/ml 126 001" 1.42 +0.09" 1.54 + 030" 185+ 0.46"
AG 0.50 mg/ml 147 £ 021" 188+ 0.16" 1.88 £ 0.06" 239+ 001"
AG 1.00 mg/ml 131+ 0.04" 159 +0.21" 1.76 £ 0.60" 2.04 £ 0.02"

Han1svaaesTelusuAlady + ANUARIAAGRUNINIEIU (Mean = SEM) n = 3
. .. ' - # - a Y] i
AG = aminoguanidine nguAIUAN = BSA+UInaNgnlag P<0.05 WisuWisuiunguaiunu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M19199 15 YSanaunsiiangnleeniiuvesansadnainileduleaeiudindey

YSunaungnlaendiy (mm)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 177007 2.17 £ 0.06 2.49 £0.16 2731033
v1veY 0.25 mg/ml 1.69 £ 0.43 1.96 £ 0.11 222+ 0.04 2.37 %+ 0.20%
Y98 0.50 mg/ml 1.51 £ 0.28 1.73+0.11 2.10%0.20 214 +0.10"
Winvee 0.75 me/ml 1.43 £ 0.20" 162 +0.11" 1.92 +0.04 2031 0.10°
¥wael .00 mg/ml 139 + 0.07" 143+ 026" 181 +0.23" 1.90 +0.09"
Ywos 1.50 mg/ml 128 +0.11" 132 £ 0.10" 1.69 £ 0.26" 1.88 +0.14"
e 2.00 mg/ml 113+ 0.10" 1.2¢ £ 0.04™ 154 +0.75" 177 015"
AG 0.50 mg/ml 1.47 £ 0.21" 188 +0.16" 1.88 +0.06" 239 +0.01"
AG 1.00 mg/ml 1.31 % 0.04" 1.59 + 0.21" 1.76 £ 0.60" 2.04 +0.02"

HaN1snAaeITenUlugUARby + AuAAIPEaUNINEIY (Mean = SEM) n = 3

. o 3 " o
AG = aminoguanidine NquAIUAN = BSA+mansnlna  P<0.05 WWSguiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

o 2 a IS LY dy b4 v f v A
1971990 16 Uimmmimm/\lsqﬂimmmmmiaﬂmwﬂLuaauiaawwquumamm

Yinamlznlaediy (mm)

fuil 7 Suil 14 Suit 21 Suil 28

nEuAIUAY 177 £0.07 217+ 0.06 249 +0.16 2731033
Wudinsenn 0.25 mg/ml 1.77 £ 0.04 1.92 £ 0.31 218+ 0.11 255+ 0.16
Viufiudey 0.50 mg/ml 169+ 0.10 175+ 0.07" 1.96 + 0.06" 218 £ 0.28"
Wufiudey 0.75 mg/ml 158 £ 0.07" 1.69 £ 0.10" 1.88 £ 0.04" 210 £ 0.04"
Fiufinagns 1.00 me/ml 1.47 + 0.04" 157 015" 1.77 £ 0.04" 203+ 0.04"
Wuinaeu 1.50 mg/ml 132+ 031" 1.32 £ 0.10™ 162+ 017" 1.92 £ 0.10™
Viufivaey 2.00 me/ml 121 +0.16" 1.28 +0.13" 1.54 +0.10" 1.84 +0.06"
AG 0.50 mg/ml 1.47 £ 0.21" 1.88 £ 0.16" 1.88 £ 0.06" 239 +0.01"

AG 1.00 mg/ml 1.31 £ 0.04" 159 +0.21" 1.76 £ 0.60" 2.04 £ 0.02"

HaNIeaeesIeuluglAnaiy £ AuAAIAAGeUNINTEIY (Mean + SEM) n = 3

. .. ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+Umansnlng  P<0.05 WWSsuifigufiungualumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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n1sdiugenislaseadne p-amyloid Tulusiudayiiuvesainainiadule

I1nnsneaasanuInlevassliufazelnanduanduainiui 7 1UAsiun 28 wuanusuiu

1A59a379 B-amyloid WsFuanUfAsenlleltimannlaaaiulusiusay
NAaIUINTinsIRuTuvesUSuNENs amadori product Faluansiadif

fiu §I951991 17 99nmanIs
NanTuINReuazdsuuUas
\u advanced glycation end products ﬁﬁﬁﬁﬂLﬁ”e)?g{lﬂamﬂﬁuﬁ:ﬁwﬁﬂizawgﬂ’IWIUﬂﬁgUE%Qﬂ?iLﬁm
TAseadns pramyloid Idwidleniu nmsdudeanunsadanalddousiudl 7 auietudl 28 (ns1ed 17-22)
sznuilaseadng p-amyloid anasmumnududuvesansatnduloiudu luvaeiien aminoguinidine
Fredudansiialassadne pamyloid IedauaTudl 7 aunseitedeiud 28 Usunalaseadng p-amyloid 7
anasienndastumstiudiniafalnaindunasUiinamsnlneduanasie

5enI9lUsAY amyloid LLazﬁwmaWsﬁIma FlAlUsAY amyloid n1swdsunlasiasadreain

a a

Tsiunfegifiillassadraduindeivdednuazves helical protein nn1sEnseniulriumie beta
sheet unu nanedu cross beta amyloid structure @slusfusianunsaluidaufaserlnanduvieidn
nMsideusiafu amyloid ﬁaﬁulﬁsialﬂﬁam waziilefinisazauues beta sheet 11N Aaviinnsinie
ﬂ&jmﬂuiv\lu‘%aﬁhjazmaﬁﬁ waznanesly amyloid plaque fineliAnnesanmsnagaell wu Tsadaly
wes TsAumu wisiudu (Sasaki et al, 1998) Sanuimsvinlilassasaveslusiudayiiui cross
beta amyloid iy fnalvanimnisinauvedayiuiinund anuaiunsalunisduivansiail Ianiu
Aaundly wenaniidamuinnisiiia cross beta amyloid wieiliAnlussiu aggresation fisned1ena
dawasionisiranevioviliiwadiuiuiniiu nsndedugduazanasaziduannguieiivihlfiin

15ALUN9U (Chiti et al., 2006; Uversky et al., 2004)

finsseanuneuniiinui asidauantiduasiuoyyadasstisanninin cross beta
amyloid  structure iflasinduganinfinnszurunisinawaduitunanalnnistdesfuniaiAaujisen
PONTATU-SANTU ITITBaAN5IARNAIE oxidative stress 1¢f (Prasad et al, 2004) Feaonndosiuna
nseaadlunisinunadsd Ao arsatmandulofedanautilunisiuouyadassannsotisanuina
cross beta amyloid structure 11 1fosanansatnaniudenaquunsiidulsznauvesansilanliuess
Faduarsiueyyadaszlutimnaigs Feannsndudaufiselnandy AIENITANTUBULADATEUAY
lanentnlugianisiinufiseesldeondindusazuiselnanan@ndy vinluliaisuseinn reactive

intermediates anasiazdsnalnuIunnaes glycated amyloid anaslusiy
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M19199 17 YSanaunsiinlaseasne B-amyloid ludayiiudlediansadinaniieduleaeiugvniivg

Y3unaulassasns B-amyloid (435/485 nm)

nEUAIUAN

¥17lng) 0.25 me/ml
9mlngy 0.50 mg/ml
21319g) 0.75 me/ml
97121119)1.00 mg/ml
417181.50 mg/ml
9121119)2.00 mg/ml

AG 0.50 mg/ml

AG 1.00 mg/ml

Sudl 7
2,946 £ 71.63
2,020 + 60.41"
1,725 + 32.62"

1,697 + 190.97"
1,545 £ 20.48™
1,210 & 29.79™
829 + 111.90™
2,878 +40.38

2,643 * 45.26

fuil 14
3,808 T 208.85
2,934 + 36,84

2,113 & a9™
1,999 * 88.88"
1,337 £ 50.45™
1,454 % 106.78™
1,082 + 32.27"
3713 * 311.67
3,456 T+ 367.52

Suit 21
4,371 *103.24
2,965 * 286.70™
2,090 + 67.58™
1,597 & 21.96™
1,578 + 40.34"*
1,415 + 82.11%
1,308 & 111.19™
4,019 £ 111.32
3,658 = 132.55

Juil 28

5,156 X 24.92

3,295 & 59"

2,603 & 200"
2,169 * 12430
1,829  181.47™
1,696 + 148.94"
1,506 + 117.23™
4,203 + 147.87
3,949 ¥ 101.10

HaN1snAaeITeulugUAaby + AuAaInRiauNIngIU (Mean £ SEM) n = 3

, o 3 " o
AG = aminoguanidine NfuAIUAN = BSA+Umansnlaa  P<0.05 WWSeuifigufiunguniumu *P<0.05

WIgUeUnU AG 91 1 Jaansusolaaans

a a a Y . Y] a A o Y & v Y a
M19191 18 ‘Uiu’lmﬂ’liLﬂ@IﬂNai’N B—amylmd IuaauMULﬂJaﬂaqiaﬂﬂf\nﬂLu@ﬂﬂﬂ@ﬁ’]ﬂwquaﬂﬂ

Usunailaseasns B-amyloid (435/485 nm))

nauAIUAY

N93R 0.25 mg/ml
M83R 0.50 mg/ml
9947 0.75 mg/ml
M09d 1.00 mg/ml
9948 1.50 mg/ml
M83R 2.00 mg/ml

AG 0.50 mg/ml

AG 1.00 mg/ml

Sudi 7
2,946 £ 71.63
1,099 * 148.43"
615 T 134.54™
573 % 16.99"
493 % 68.20"
401 + 84.87™
358 & 22"
2,878 +40.38
2,643 & 4526

Suil 14
3,808 =+ 208.85
1,340 * 48.06"
1,295 + 180.82"
1,104 £ 110.20™
1,007 & 331.20"
889 & 202.47™
419 + 33834
3,713 = 311.67
3,456 * 367.52

Suit 21
4,371 £103.24
1,392 + 293.55"
1,384 & 51.32™
1,296 * 213.27™
1,218 + 92.55"
592 & 230.96"

520 + 72.16™
4,019 + 111.32
3,658 & 132.55

Suil 28
5,156 % 24.92
1,638 + 293,55
1,553 £ 92.45™
1,423 £ 51.32"
1,372 + 213.27"
1040 & 92.55"
901 & 230.96*
4,203  147.87
3,949 =+ 101.10

HanIeaessIuluglAtady £ AuAAIAAGEUNINTEIU (Mean £ SEM) n = 3

. PR ! g # ) a (% !
AG = aminoguanidine NquAIUAN = BSA+imansnlaa  P<0.05 WWSguifigufiungunlumu *P<0.05

Wguwilgunu AG 71 1 Jadnsuneladans
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M19199 19 YSanaunisiinlaseaine B-amyloid ludayiiudlediansainainilodulaaneiuguiwnani

Y3unaulassadns B-amyloid (435/485 nm))

nEUAIUAN

2713UA9N310.25 me/ml
A17UA9N310.50 me/ml
V1IFINII0.75 me/ml
V1IWAINI1.00 mg/ml
A13UA9N11.50 mg/ml
A1IUAINI12.00 mg/ml

AG 0.50 mg/ml

AG 1.00 mg/ml

Sudl 7
2,946 £ 71.63
1,560 & 100.6"*
1,380 £ 91.92"
1,207 + 113.35"
548 + 186.36™
433 & 294.77"
269 + 86.10™
2,878 +40.38
2,643 * 45.26

fuil 14

3,808 T 208.85
2,014 + 271.91™
1,520 + 155.83"
1,482 + 161.38™
1,121 £ 18.67™

646 & 58.77"
362 & 181.78™
3713 * 311.67
3,456 T+ 367.52

Suit 21
4,371 *103.24
2,293 + 126.51™
1,891 £ 84.72™
1,619 + 138.78"
1,381 + 61.55™

1,115 100"
754 % 331.11"%
4,019 £ 111.32
3,658 = 132.55

Juil 28
5,156 X 24.92
3,283 + 54.87"

2,314 + 383.11"*
1,908 + 143.59"
1,681 +430.19"
1,289 + 256.75"
831 & 165.33"

4,203 + 147.87

3,949 ¥ 101.10

Han1snAaeITIeuluUAaty + AuAaInRiauNInsgIu (Mean £ SEM) n = 3

. e 3 " o
AG = aminoguanidine NAuAIUAN = BSA+Umansnlng  P<0.05 WWSguiflgufiunguniumu *P<0.05

WIgUeUnU AG 91 1 Jaansusolaaans

P a a v . ) a A o« Y] E Y Y 1
M99 20 ‘Uiu’lmﬂ’liLﬂ@IﬂNai’N B—amylmd IuaauMULﬂJaNaqﬁaﬂﬂ"\nﬂLu@ﬂlﬂ@ﬁ’]ﬂwuqsﬂ’]'ﬂu’mﬂ

Usunailaseasns B-amyloid (435/485 nm))

NANAIUA

1 [

e

o

12U 0.25 mg/ml

e

Zoe
=),

V1IUINY 0.50 mg/ml

e

Soe
pad!

YU 0.75 mg/ml

o

P
=1

YUY 1.00 mg/ml

‘U’]’J‘ﬁ’]ﬁiﬂ 1.50 mg/ml

ﬂwaﬁwﬁa 2.00 mg/ml
AG 0.50 mg/ml

AG 1.00 mg/ml

Sudi 7
2,946 £ 71.63
18,446 + 91.80"
1,616 £ 70.59™
1,536 & 115.57"
1,478 + 210.25"
1,362 £ 221.97™
1,296 + 156.39"
2,878 +40.38
2,643 & 4526

Suil 14
3,808 =+ 208.85
2,077 £ 51.54"
1,731 £ 101.66™
1,680 £ 112.15™
1,584 % 42.49"
1,472 £ 266.16™
1,394 + 133.72"
3,713 = 311.67
3,456 * 367.52

Suit 21
4,371 £103.24
3,245 + 26.59"*
2,427 £ 172.83™
2,301 & 167.12"
1,689 + 86.91"
1,576 £ 73.39"
1,477 + 188.37"*
4,019 + 111.32
3,658 & 132.55

Suil 28
5,156 % 24.92
3,306 + 52.48"*

3,110 £ 236.04"*
2,637 + 218.88™
1,815 * 66.64"
1,676 + 184.32"
1,584 + 113.88"
4,203  147.87

3,949 =+ 101.10

HanIeaessIuluglAtady £ AuAAIAAGEUNINTEIU (Mean £ SEM) n = 3

. PR ! g # ) a (% !
AG = aminoguanidine NquAIUAN = BSA+imansnlaa  P<0.05 WWSguifigufiungunlumu *P<0.05

Wguwilgunu AG 71 1 Jadnsuneladans
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M19199 21 YSanaunsiinlaseaine B-amyloid ludayiiudlediansainainileduleaeiugiindes

Y3unaulassadns B-amyloid (435/485 nm))

nEUAIUAN

yinviae 0.25 mg/ml
yiniae 0.50 mg/ml
9oy 0.75 mg/ml
vyl .00 mg/ml
yinviae 1.50 mg/ml
yiviae 2.00 mg/ml

AG 0.50 mg/ml

AG 1.00 mg/ml

Sudl 7
2,946 £ 71.63
1,800 & 20.9"
1,721 % 20.67™
1,699 & 10.82"
1,641 £ 25.83™
1,510 + 10.67™
1,286 = 8.41"
2,878 +40.38
2,643 * 45.26

fuil 14

3,808 T 208.85
1,894 & 59.41"
1,781 + 18.5™
1,756 + 113.88™
1,735 £ 120.8"
1,615 + 99.7"
1,456 + 17.16™
3713 * 311.67
3,456 T+ 367.52

Suit 21
4,371 *103.24
2,294 % 30.66™
2,219 + 97.59™
2,163 £ 62.13"
1,915 £ 20.03"
1,747 + 208.73"
1,693 + 182.18™
4,019 £ 111.32
3,658 = 132.55

Juil 28
5,156 X 24.92
2,683 + 275.39™
2,599 & 123.14"*
2,5087 £ 5.61%
2,286 + 77.51"™
2,043.67 + 64.38"

1,764.67 & 152.88™

4,203 + 147.87
3,949 + 101.10

Han1snAaeITeuluguAaty + AnuAaIRiauNInsgIu (Mean £ SEM) n = 3

. e 3 " o
AG = aminoguanidine NfuAIUAN = BSA+Umansnlag  P<0.05 WWSguiflgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 Jaansusolaaans

a a2 a k4 . LY a A (% dy k74 v Y A
M13199 22 USinaunsiialaseasne p-amyloid Tudayfiudlediansadnaniileduleaeiugviviivagiy

Usunailaseasns B-amyloid (435/485 nm))

nauAIUAY
yiudae3 0.25 meg/ml
yiuinae s 0.50 me/ml
yiurinaeIu 0.75 mg/ml
MuANgs1y 1.00 mg/ml
yiuriNaeIu 1.50 mg/ml
NuNagy 2.00 mg/ml

AG 0.50 mg/ml
AG 1.00 mg/ml

Sudi 7
2,946 £ 71.63
1,805  120.50"
1,793 + 133.41"
1,762 % 55.43 ™
1,718 & 29.55"
1,693 + 44.44"
1,671 + 38.63"
2,878 +40.38
2,643 T 4526

Suil 14
3,808 =+ 208.85
2,608 * 122.58"*
2,527 & 20.22"
2,443 + 37.55™
2,243 + 109.88"*
1,931 + 62.76™
1,885 +169.01"
3,713 = 311.67
3,456 * 367.52

Suit 21
4,371 *103.24
3,241 £ 72.34
3,104 £ 25.20"
2,635 + 40.25™
2,493 & 72.43™
2,207 £ 1357
2,104 £ 37"
4,019 + 111.32
3,658 & 132.55

Suil 28
5,156 % 24.92
4,273 £ 67.27
3,780 * 138.84
3,500 & 58.01
3,115 + 35,53
2,852 + 167.75™
2,406 * 127.87"
4,203  147.87
3,949 =+ 101.10

HanIeaessIuluglAtady £ AuAAIAAGEUNINTEIU (Mean £ SEM) n = 3

. PR ! g # ) a (% !
AG = aminoguanidine NquAIUAN = BSA+imansnlaa  P<0.05 WWSguifigufiungunlumu *P<0.05

Wguwilgunu AG 71 1 Jadnsuneladans
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n13Uasiulaseaine thiol wazn1sdudamsiialusiu carbonyl Tulshudayiiuvasainainiiadule

[ a

nsiinugnsenlnanduazdinalagnseielusiudayiiu sswmierlvlusfudeaninvinli

USunau thiol group Meglulassafravdsunadly Usunalasease thiol group zanauilauisenlna
O a £ v oA = o A A Y o S N °
WAARTEITENINRTUN 7 83 Juil 28 (115197 23) Tunmeasatuiunuinisangnlaaaiunsamiiedn
Tilusiuinufizersendndulmguiu viliinlaseasne carbonyl Junielulaseasne Faunsadang
lgannudiselnaadufinUusenineiuil 7 8 28 (115199 29) Mnuaneassasariaieduloaeiugag
fiusgansanlusnulaseaina thiol veslusAudayilu uazanuunas carbonyl AMUANMITLTUYBIATS

ANATMANTY NSLNLTUYBIlATIATNY thiol Hudenndesiuusuial carbonyl Nianas

TUsfumsvedadunaanniinlusiueandiadu (protein oxidation) luszes intermediate vDs
nszvaunsinaiedy Fufeidasfuninineyyadasy uay Reactive oxygen species (ROS) 91ntuagin
lmAnn1e oxidative stress Uﬁﬁ‘%maaﬂ%Lmsi'fusuaamsmumﬂﬂaLﬂﬁi’f’ummimﬁmlﬁmﬂsﬁ’jumau [t
1) UjAseneelfoendinturesansidudusingg wu iina wyjerdlu lusfu vieas schiff base uay 2)
UfAselnanen@indutes amadori  product @svis 2 UfAze v ltAneuyarUeseanlefiay
miﬂizﬂaum‘fuaﬁa%uﬁuaﬁ reactive intermediates %30 AGEs precursor f\]’mﬁ?ua’liﬂizﬂaum‘fua
Jaasinludutunyeriiludug TnevilmAnnsinseslassairslmivaznaraidu AGEs dely Foifunns
\Anayyadasy ROS $1uauann Ssvendansidsuutaseslusiu suvininialusiunsueiadady
FrUsiTidAyderuidsmeredusiuduidennannuiitenesndiadu (Stadtman et al,, 2000) Tuvaz
Alusiy thiol ilulusAudase ieinufzeneendindunioifnlusiueendintu avdaalilusiu thiol
LU?sJuLLUaaImqa%’NLLaSLﬁma%aSaﬁssﬁum FamniAnufAsendanarndudiuninfezinai:
oxidative stress msanasvientsgapdelusiiu thiol Faudunisustdsausuusiwesnszuiunislna

AT L9 USAUDBNTLATUBN NI (Teld et al,, 2000)

2

asusgneviludnuazwailiuesd laghluduansiuesntindu aunsodudfazereold
sandnduvieufisenlnanentiadu mensinfueuyadassuazleouveadlane visevangeuyadasel
finuieslianas warlauees fnvluarsadaduloduldun naringin  naringenin hespiridin
mmmmmiumiéhua%aSassﬁﬁ (Wang et al,, 2012; Nandakumar et al,, 2011) Ssgonndasiuna
nsnnaesll AeansataainidedulotisanUialusfuasvedanazannsnannisgadelusiu thiol
1¢ nalnfivawannisifnlnaadunazeendiadueiaunainanuaiinsavesarsngnuadlunguanls
uaaﬁﬁlﬂumi(ﬁma%aﬁasz Tnedudanszurunsinandulusyey intermediate glycation I Tean

USunailushuansueila uwavdisannisaydelusiu thiol la
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M13199 23 UTinalasease thiol ludayiulledasainnileduloargiusuiing

U3u1au thiol (nmol/mg protein)

Fuit 7 Yuil 14 Juit 21 Juil 28

nEUAIUAN 214014 181+ 0.14 142+ 022 129 £0.17

¥alug) 0.25 mg/ml 2151 0.20 1.55 & 0.20 1.38 = 0.25 0.76 £ 0.36

213198y 0.50 me/ml 2291083 1.88 £ 0.83 1.45 +0.38 0.81+0.13

y12lug) 0.75 mg/ml 239 £0.49 2.04 £ 0.49 1.58 £ 0.41 0.99 + 0.28
9171aj1.00 mg/ml 250+ 1.08" 214+ 108" 1.62 £ 0.21 1.16 £ 0.15
977199j1.50 mg/ml 271 to74" 223+ 074" 1.80 + 0.56" 1.38 £ 034"
9171M19)2.00 mg/ml 299 + 0.49"™ 242+ 049" 192 +0.74" 1.55 + 0.28"
AG 0.50 mg/ml 238 £ 0.12 1.66 = 0.12 1.32 = 0.61 1.06 & 0.60
AG 1.00 mg/ml 246 +0.08" 220 + 0.08" 1.97 + 0.58" 1.54 +0.48"

HaN1sNAaeITenUluUARby + AuAAIAPEaUNINEIY (Mean = SEM) n = 3

. o 3 # o
AG = aminoguanidine NAuAIUAN = BSA+Umansnlag  P<0.05 WWSeuiflgufiungunlumu *P<0.05

Wguwilgunu AG 71 1 Jadnsumeladans

a a % . Y] a A o Y] & v Y a
M99 24 ﬂiﬂqﬂﬂﬂiﬂaiqﬂ thiol IuaﬁuMULﬂJ@Naqiaﬂﬂﬁ]’mLu@ﬁﬂi@ﬁ’]ﬂwquaﬂﬂ

U3uau thiol (nmol/mg protein)

Suil 7 Suil 14 Suil 21 Suil 28

nauAIUAY 2141014 181+ 0.14 1421+ 022 129+ 0.17

9947 0.25 mg/ml 2.46 £ 0.16 2.05 % 0.06 1.72 £ 0.14 1.31 £0.21
V837 0.50 me/ml 255+ 0.11" 2234 017" 1.96 + 0.47" 157 +0.21"
M3f 0.75 mg/ml 270+ 017" 236+ 0.16" 203+ 005" 1.70 = 0.20"
1997 1.00 me/ml 260 £ 0.42" 233+ 022" 1.80 £ 0.14 1.52 £ 0.20
M3# 1.50 mg/ml 293+ 0.14" 265+ 051" 238+ 0.10" 2.06 £ 0.20"
V837 2.00 me/ml 3.06 & 0.08" 2.89 +0.17" 246 £0.15™ 223+ 0.11%
AG 0.50 mg/ml 238 £0.12 1.66 = 0.12 1.32 + 0.61 1.06 & 0.60
AG 1.00 mg/ml 2.46 % 0.08" 220 *+ 0.08" 1.97 +0.58" 1.54 +0.48"

HaNIeaeesIeulugUAnaiy £ AuAAIAAGeUNINTEIY (Mean = SEM) n = 3

. . g ! 901 # (% !
AG = aminoguanidine NAuAIUAN = BSA+UmaNsnlag  P<0.05 WWSsuifigufiungunlumu *P<0.05

Wiguwilgunu AG 71 1 Jadnsumeladans
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M13199 25 UTinailasease thiol ludayiulledasainnileduloaneiuguniuninii

U3u1au thiol (nmol/mg protein)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 214014 181+ 0.14 142+ 022 129 £0.17
Y1HIN10.25 meg/ml 204 £0.22 1.85 £ 0.75 1.62 = 0.39 1.08 £ 0.09"
Y1H9N210.50 mg/ml 223+ 029 1.96 +0.26 1.75 +0.44 113+ 0.05"
U1IUAINI0.75 me/ml 236 £ 0.25 2.20 20.79" 1.86 = 0.08 130 £ 0.11"
Y1IUAIN211.00 mg/ml 284+ 011" 2631 0.18" 200+ 0.15" 164 + 0.64"
Y1IUAINIL.50 mg/ml 294 % 0.10" 285+ 028" 210t 0.18" 192 +0.28"
Y1IUAIN212.00 mg/ml 3.06 & 0.25" 294+ 0.12" 236+ 0.10° 220+ 0.17™
AG 0.50 mg/ml 238 £ 0.12 1.66 = 0.12 1.32 = 0.61 1.06 & 0.60
AG 1.00 mg/ml 246 +0.08" 220 * 008" 1.97 + 058" 154 +0.48"

HaN1snAaeITeuluUARby + AnuAAIPEaUNIRNEIUY (Mean = SEM) n = 3

. o 3 # o
AG = aminoguanidine NquAIUAN = BSA+Umansnlaa  P<0.05 WWSguiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

P a v . ) a A o« ) E ) v ¢ 1
$M13719N 26 ﬂiﬂqﬂﬂﬂiﬂaiqﬂ thiol IuaﬁuMULﬂJaNaqﬁﬁﬂﬂﬁﬂﬂLu@aﬂi@ﬁ’]&lwuqmqfluqmﬂ

U3 thiol (hnmol/mg protein)

Juil 7 Suil 14 Suit 21 Suil 28

nauAIUAN 214+0.14 1.81 £ 0.14 1.42 £ 022 129 £0.17

vhila 0.25 mg/ml 193+ 073 172+ 1.02 1.26 032 1.13£0.71
a1t 0.50 mg/ml 209 041 208 %025 132+ 054 122 £ 041
amiis 0.75 meg/ml 2321 0.70 222+ 091" 1.42 £ 0.12 1321021
Y1t 1.00 me/ml 250 + 0.40" 234+ 030" 180+ 073" 158+ 0.14
amthita 1.50 mg/ml 2.76 + 0.08" 245+ 007" 1.99 + 0.43" 172+ 058"
gnis 2.00 me/ml 292+ 040" 256+ 039" 215+ 027" 187+ 036"
AG 0.50 mg/ml 238 £ 0.12 1.66 = 0.12 1.32 + 0.61 1.06 & 0.60
AG 1.00 mg/ml 2.46 % 0.08" 220 *+ 0.08" 1.97 +0.58" 1.54 +0.48"

HaNIeaeesIeulugAnaiy £ AuAAIAAGEUNINTEIY (Mean + SEM) n = 3

. . g ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+UmaNsnlng  P<0.05 WWSeuifigufiungualumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M13199 27 USinailasease thiol ludayiulledasainnnileduleaneiugvinves

U3u1au thiol (nmol/mg protein)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 214014 181+ 0.14 142+ 022 129 £0.17

v1veY 0.25 mg/ml 226 £ 0.12 2.16 £ 0.19 1.20 £ 0.24 0.98 + 0.02

Y98 0.50 mg/ml 2.40 £ 0.41 221 £ 0.37* 1.24 +0.25 1.04 +0.03
e 0.75 mg/ml 257 £ 023" 235+ 043" 1.33 £ 0.46* 1.08 £ 0.05
¥vael .00 mg/ml 272+ 023" 239 +0.14" 152 + 0.54" 1.25 + 0.08"
Ywos 1.50 mg/ml 261+ 041" 243+ 011" 184 £ 0.72" 118 £ 021"
e 2.00 mg/ml 2801 0.76" 249 + 021" 1.83 £0.02" 139 £ 0.07"
AG 0.50 mg/ml 238+ 0.12 1.66 X 0.12 1.32 £ 0.61 1.06 £ 0.60
AG 1.00 mg/ml 246 +0.08" 220 * 008" 1.97 + 058" 154 +0.48"

HaN1snAaeITeuluUARby + AnuAAIPEaUNIRNEIUY (Mean = SEM) n = 3

. o 3 # o
AG = aminoguanidine NquAIUAN = BSA+Umansnlaa  P<0.05 WWSguiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

a a2 k4 . LY a A Y dy v v fu Aa
A15199 28 USuaulaseasns thiol IuaaymumammiaﬂmmLuaaaﬂ,amawuqmwmamm

U3 thiol (hnmol/mg protein)

fuil 7 Suil 14 Suit 21 Suil 28
nEuAIUAY 214+0.14 1.81 £ 0.14 1.42 £ 022 129 £0.17
Wudinsenn 0.25 mg/ml 2.01 +0.06 1.45 £ 0.23 137 £0.19 1.06 + 0.13
yiufingeny 0.50 mg/ml 2.03+0.18 1.67 £0.21 1.49 +0.23 1.24 £ 0.08
fiunuaey 0.75 mg/ml 2.11 £0.08 1.79 £ 0.21 1.60 & 0.09 1.30 & 0.02
iuEs 1y 1.00 mg/ml 219+ 0.32 2031032 1.70 £ 0.08" 1.60 & 0.50
Wuinaeu 1.50 mg/ml 247+ 027" 222+ 053" 183+ 0.27" 1.66 +0.23"
Fiufinagns 2.00 me/ml 278 £0.26" 252+ 044" 22+ 034" 1.80 + 0.02"
AG 0.50 mg/ml 238 £ 0.12 1.66 = 0.12 1.32 + 0.61 1.06 & 0.60
AG 1.00 mg/ml 2.46 % 0.08" 220 + 0.08" 1.97 +0.58" 1.54 +0.48"

HaNIeaeesIeulugAnaiy £ AuAAIAAGEUNINTEIY (Mean + SEM) n = 3

. . g ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+UmaNsnlng  P<0.05 WWSeuifigufiungualumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M19199 29 YSunalasaasne carbonyl ludayiiudlediansainainileduleaenuguiig

U3uau carbonyl (nmol/mg protein)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 16.28 £ 0.88 21.13 £ 1.05 2347+ 1.27 26.28 £3.22
91lvigy 0.25 mg/ml 9.87 +0.22" 1331 £ 0.76 16.58 T 0.55 28.48 * 0.31
413y 0.50 mg/ml 937+ 1.49" 11.45 £ 0.47" 14.04 + 0.46 2730 £ 0.45
413lvig) 0.75 mg/ml 8311075 9.47 £ 0.76 13.50 = 0.72 24.24 £ 0.57
917W18J1.00 mg/ml 770 % 0.59" 830 + 1.40" 12.81 + 0.60" 23.86 *0.60
9771919j1.50 mg/ml 6.77 £ 046" 7.88 £ 0.98"™ 11.86 + 0.49" 21.02 £ 0.69
917M19J2.00 mg/ml 563 0.45™ 7.51 & 1.24" 10.38 £ 0.25" 18.80 = 0.36"
AG 0.50 mg/ml 825+ 1.11" 16.44 £ 0.71" 15.11 + 0.56" 2334 % 3.48
AG 1.00 mg/ml 7.86 + 0.88" 14.48 £ 2.29" 16.89 * 2.46" 20.69 + 2.24"

HANIMABeTIeUlugUANRAY £ AUARIAAERUNINTEIY (Mean + SEM) n = 3
, o 3 " o
AG = aminoguanidine NfuAIUAN = BSA+mansnlag  P<0.05 WWSeuifigufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

o a Y v a A a o & v v & =
A15797 30 Y3unaulaseadne carbonyl Tudayiudleliansadnnilleduleaeiugvod

U3unau carbonyl (nmol/mg protein)

Juil 7 Suil 14 Suit 21 Suil 28

nauAIUAN 16.28 = 0.88 2113 £1.05 2347 £1.27 26.28 £3.22
9947 0.25 mg/ml 7.99 £ 0.58 16.91 = 0.40 26.13 £ 3.08 31.44 * 3.42
M99/ 0.50 mg/ml 7.43 % 032" 15.96 £ 1.02 25.80 + 2.01 30.13 £ 1.64
847 0.75 mg/ml 7.07 £ 056" 14.02 + 1.45 24.31 £ 1.66 27.48 £ 1.65
M99/ 1.00 mg/ml 614+ 085" 1391 + 1.51° 19.58 + 1.88 2298 281
9948 1.50 mg/ml 551+ 052" 1250 + 1,78# 21.20 + 2.18 24.43 + 1.21
MoIA 2.00 me/ml 4.75 £ 0.94™ 11.90 + 1.23" 16.89 £ 2.67 2036 + 1.92
AG 0.50 mg/ml 825+ 111" 16.44 £ 0.71" 15.11 + 0.56 2334 + 3.8
AG 1.00 mg/ml 7.86 + 0.88" 14.48 + 2.29" 16.89 + 2.46" 2069 * 2.24"

HaNIeaeesIeUlugAnade £ AuAAIAAGRUNINTEIY (Mean = SEM) n = 3

. . g ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+Um1aNsnlng  P<0.05 WWSsuiflgufiungunlumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M13199 31 USinailaseasne carbonyl ludayiuiledasainnileduloaeiugvniuninii

U3uau carbonyl (nmol/mg protein)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 16.28 £ 0.88 21.13 £ 1.05 2347+ 1.27 26.28 £3.22
Y1HIN10.25 meg/ml 11.73 £ 391" 21.37 £ 0.39 20.06 + 2.20 31.95+ 224
1$19N2310.50 me/ml 1145+ 1.18" 19.49 + 158 19.12 +0.38 30.71 £ 1.43
1IU$3N310.75 mg/ml 10.72 + 1.59" 17.87 £ 0.51 17.93 £ 3.14 28.20 £ 1.90
Y1UAIN211.00 mg/ml 9.01 + 043" 15.98 + 1.28" 17.04 £ 2.20" 24.61 % 0.84
1UAIN11.50 meg/ml 871 156" 14.80 £ 1.63" 16.64 £ 1.07 2283+ 1.76
Y1IUAIN212.00 mg/ml 7.79 120" 13.72 £ 0.99" 15.83 + 0.42" 20.82 + 1.47
AG 0.50 mg/ml 825+ 1.11" 16.44 £ 0.71" 15.11 + 0.56" 2334 % 3.48

AG 1.00 mg/ml 7.86 + 0.88" 14.48 £ 2.29" 16.89 * 2.46" 20.69 + 2.24"

HANIMAaBeTIeUlugUANRAY £ AUARIALERUNINTEIY (Mean + SEM) n = 3
. o 3 " o
AG = aminoguanidine NfuAIUAN = BSA+mansnlaa  P<0.05 WWSeuiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

o a Y v a A a Y] & v Y v X
137190 32 ﬂiﬂqﬂﬂﬂiﬂaiqﬂ carbonyl sLuaaleIULlI@Nﬂqiﬁﬂ@ﬁ]’mLu@ﬂﬂi@ﬁ’]&]‘wuqsﬂqfluqmﬂ

U3unau carbonyl (nmol/mg protein)

Juil 7 Suil 14 Suit 21 Suil 28

nauAIUAN 16.28 = 0.88 2113 £1.05 2347 £1.27 26.28 £3.22
vkl 0.25 mg/ml 10.11 + 1.18" 13.03 + 1.47" 1797 + 1.21 25.96 + 2.52
amthits 0.50 mg/ml 940+ 1.77" 12.24 + 0.27" 16.79 + 1.07 23.99 & 2.59
¥191hie 0.75 mg/ml 9.12 + 1.03" 1059 + 0.85" 16.55 * 0.55 20.75 = 1.37
Y1t 1.00 me/ml 8.11 + 0.54" 12.00 + 0.76" 15.05 % 2.28" 19.33 + 3.59"
amthita 1.50 mg/ml 7.46 + 2.11" 9.26 + 1.99" 13.96 + 1.07" 17.43 £ 2.26
gnits 2,00 me/ml 7.11 + 094" 8.30 + 1.80™ 1178 £ 1.07" 16.27 + 370"
AG 0.50 mg/ml 825+ 111" 16.44 £ 0.71" 15.11 + 056" 2334 £ 3.48
AG 1.00 mg/ml 7.86 + 0.88" 14.48 £ 2.29" 16.89 + 2.46" 2069 * 2.24"

HaNIeaeesIeulugAnaiy £ AuAAIAAGeUNINTEIY (Mean = SEM) n = 3

. . g ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+UmaNsnlag  P<0.05 WWSeuifiguiungunlumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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M13199 33 USinailaseasne carbonyl ludayiiuiledansainanileduleaeiugvinves

U3uau carbonyl (nmol/mg protein)

fuil 7 fuil 14 Suit 21 Suil 28

nEUAIUAN 16.28 £ 0.88 21.13 £ 1.05 2347+ 1.27 26.28 £3.22
v1veY 0.25 mg/ml 881+ 039" 18.94 & 0.42 21.85 £ 1.59 24.01 £ 1.24
Y98 0.50 mg/ml 8.46 + 0.77" 16.90 £ 1.48 19.17 £ 1.69 23.86 + 0.09
ey 0.75 mg/ml 8.09 + 0.40" 15.79 + 1.62" 1823 £ 1.13 22.99 % 2.40
¥ivael .00 mg/ml 7.48 + 0.84" 14.55 + 1.18" 16.81 + 133" 20.81 + 2.62
Ywos 1.50 mg/ml 703 £ 019" 1330 £ 0.16" 15.98 + 2.41" 17.53 + 0.54"
¥iva 2.00 mg/ml 6.83 & 3.25" 12,54 + 1.24" 14.95 £ 0.75™ 16.67 = 1.08"
AG 0.50 mg/ml 825+ 1.11" 16.44 £ 0.71" 15.11 + 0.56" 2334 % 3.48
AG 1.00 mg/ml 7.86 + 0.88" 14.48 £ 2.29" 16.89 * 2.46" 20.69 + 2.24"

HaN1INAaeITenUluUARby + AuAAIAPEaUNINEIY (Mean = SEM) n = 3

. o 3 " o
AG = aminoguanidine NfuAIUAN = BSA+mansnlaa  P<0.05 WWSeuiilgufiungunlumu *P<0.05

WIgUeUnU AG 91 1 daansusolaaans

o 2 k4 Y a A LY dy 174 v fwU A
A15199 34 USuaulaseasna carbonyl TuaayjmumaumiaﬂmmLuaamiamawquwmmu

U3unau carbonyl (nmol/mg protein)

fuil 7 Suil 14 Suit 21 Suil 28

nEuAIUAY 16.28 = 0.88 2113 £1.05 2347 £1.27 26.28 £3.22
Wiuiiuaenu 0.25 mg/ml 858 + 034" 19.924 0.94 2947 + 217 35.15 % 1.34
yiufingsny 0.50 mg/ml 836 +0.14" 19.51 £ 0.37 2732097 34.64 * 3.43
Viuinaem 0.75 me/ml 8.36 = 0.14" 19.00 £ 3.28 26.26 + 0.03 3225+ 1.95
iuALEs 1y 1.00 mg/ml 8.13 £ 041" 18.74 = 0.33 2472 £ 222 29.88 £ 0.52
JiuNEEN 1.50 mg/ml 7.56 = 0.79" 18.12 £ 0.99 2262+t 122 27.02 + 0.84
iuLEs1y 2.00 mg/ml 7.24 + 052" 1725+ 113 21.04 +0.75 24.51 +0.45
AG 0.50 mg/ml 825+ 1.11" 16.44 £ 0.71" 15.11 + 056" 2334 £ 3.48

AG 1.00 meg/ml 7.86 + 0.88" 14.48 £ 2.29" 16.89 + 2.46" 2069 * 2.24"

HaNIeaeesIeulugAnaiy £ AuAAIAAGeUNINTEIY (Mean = SEM) n = 3

. . g ! 96’ # (% !
AG = aminoguanidine NAuAIUAN = BSA+UmaNsnlag  P<0.05 WWSeuifiguiungunlumu *P<0.05

Wguwigunu AG 71 1 Jadnsuneladans
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U3unas N°-(carboxymethyllysine (CML) lulaseasrsvaslushudayiiy

n1505993AUs0 N (carboxymethyllysine (CML) udefivsdu3ana advanced glycation
end product Fafuansiiauiuiain amadori products Tudud 28 USanawes CML lunquatuaudl
Auszanm 316 ny/ml delfhaasnlpadusumienilunaialiaedy ananismeaomudi
ansataannidodulennanettus feududu 0.5 Sedndudediadans anunsnanninia CML I¢oensd
Sodfymnsedia aminoguanidine asnsaanU3anas CML Tiguiy Jssansannwesasataanidedy
Tedlauanunsalunisan CML TnalAesiu aminoguanidine

CML  Ju AGEs  iAnannlusiufisinsmeziiluladunazonsidu gnyilmiAnnisiudsuntas
lassatraflosanufisenlnanendiatuves amadori product wialfnanansusenauaniveda dudu
@197 reactive intermediates %39 AGEs precuser AGEs wln CML dodu AGEs ﬂzjuslmguazﬁwmm
ddalunisneliinnersaninanegluau Taedsisnunisnsanu cML Tuwanaun dodela wshiun
Aoaaau Tuddlelsauiminu (Peyroux et al., 2006) sumawadUszamunaneluwadusyamues

AUaelsmdaluiues (Cervantes-Lauren et al, 2006) fs1eaufeuntidnuii arsainainiivind

= wa

dulsenauvesansuszneuiiiudn Seliauantimuoyyadassannsadudinssuiunislnaady g
au13aTanAnITAn CML (Verzelloni et al, 2010) Fsaonadoafunanisfinuil Aearsataainidedy
Toaunsndudanszuaunisinaiedu Tnsanunsatisanninia ML 18 idesnansadnainideduled
drusznovvesarsiatliuess duduaisiiawisadiueuyadas: dudulvlumadefuiunanis
maaﬁuq ﬁgqmsaﬂawaw%mszﬂImmﬁu n1staafiumy thiol n13anasveslsunu carbonyl waz

nsanasweslaTeas1e B-amyloid

dyunan1Innas

Mnnsfnmgivesansaiaanideduledinudt arsadnainidedulefianswgnuiaiiunguvos
salussdfussdusznovansannainidedule fseruausalunsdudsnsiaueuleidarngla
inauardavh-orlumaroutieh uarannsadudimavhaueulellaauaseonanesoaioameisa
Tuszdutuunan wenniwuhansatnandeduleannsofuiunsmiidléd uaranninfnlueadues
AolaALRDTen Wazanunsasusulnainduldfinn annisiin AGEs anUSinalusiiuansueia sefusisn
Tawnilu uazaandudures ML ludayiiu Weifimsazau AGEs fuindutladeihlugnnzunsndou
Tufthsumnu faduannissanisineluadedfusuiasslovivesasainaniodulofianns
il dussduaiuguamieJostulsaiumiu lsaluiuludengawazanzunsndeulugiae

LUTIU
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M19199 35 YSunas CML Tudayfiulledansanaanileduloaneiuganeg

CaN

YFuna CML (ng/ml)

(il
<.

Usunad CML (ng/ml)

NANAIUAN 3.16 £ 0.21
913918y 0.50 me/ml 0.31 + 0.02"
1937 0.50 mg/ml 0.62 + 0.04"*
amtiig 0.50 me/ml 0.68 + 0.03"*
U1ILLENNIT 0.50 me/ml 0.61 = 0.04"*
viey 0.50 mg/ml 1.19 + 0.06"
Viufinagns 0.50 me/ml 1.00 + 0.05"
AG 0.50 mg/ml 1.15 + 0.04"
4.0
3.5 A
.
3.0 A
2.5
1.5 .
1 " = = I
h5 _ #‘* ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

9 Yt ML ludayiuiledlansadnainideduleasiugeineg Manududu 0.5 Tadniuse

fiaddns nan1sneasssauluguaade + AnuAaIPRouNINIgIY (Mean + SEM) n = 3
. PN ! %)’ # = a % !
AG = aminoguanidine NquAIUAN = BSA+imaNsnlna  P<0.05 lWSguiiguiungualuny

a

*P<0.05 WS8Uigunu AG 7 1 Tadnsuseliadans
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Abstract

Chronic hyperglycemia in diabetes causes non-enzymatic protein glycation by reducing sugars,
leading to the formation of Advanced Glycation End Products (AGEs) and the production of
oxidative stress; which results in complications of hemodialysis, amyloidosis, diabetes,
Parkinson’s disease and Alzheimer’s disease. Much effort has been devoted into finding
effective antiglycation compounds from dietary plants and fruits for prevention of diabetic
complications. Pomelo, one of the Thailand’s largest citrus fruits, contains many citrus
polyphenols and flavonoids which have been shown to benefit human health. The purpose of the
present study was to determine the effect of pomelo (Kao Yai) against bovine serum albumin
(BSA) in fructose-mediated non-enzymatic glycation and oxidation-dependent damages to BSA
induced by fructose. The results showed that the total phenolic and flavonoid contents of pomelo
extract were 105.88 £ 0.65 mg gallic acid equivalent/g extract, and 82.41+1.48 mg catechin
equivalent/g extract, respectively. It was found that the pomelo extract (0.25-1 mg/ml) inhibited
overall formation of AGEs in a concentration-dependent manner. In addition, pomelo extract
reduced the level of fructosamines which was associated with the decreased formation of AGE:s.
Notably, our data clearly demonstrated that the pomelo extract had suppressed the formation of
amyloid cross-linked B-structures of BSA, which might lead to reducing the risk of debilitating
degenerative diseases developing in diabetic patients. Finally, the pomelo extract also decreased
protein carbonyl formation, indicating the prevention of protein oxidation in BSA. These results
indicated that pomelo extract may be a useful dietary supplement for preventing AGE-mediated
diabetic complications.

Keywords: Pomelo, Glycation, Flavonoids, Polyphenol, Antiglycation

Introduction

Glycation is a non-enzymatic reaction
that occurs between a carbonyl group of a sugar
and an amino group of an amino acid, leading to
the formation of N-substituted glycosylamine
and water [1] and, eventually, advanced
glycation end-products (AGEs). AGEs are a
diverse class of modified proteins whose
activity can result in high levels of oxidative
stress.

Therapeutic strategies targeting on the
alleviation of glycation have recently been of
much interest. Common treatments are the use
of  antiglycation compounds such as
aminoguanidine. ~Aminoguanidine acts by
blocking carbonyl groups on reducing sugars,
and decrease the formation of cascade
intermediates for the formation of AGES,
Amadori products and 3-deoxyglucosones [2].
Furthermore, antioxidants and chelators have
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been shown to prevent glycoxidation and
remove transition metals.  Antiglycation
compounds inhibiting AGE formation via
different modes of action are available, but the
majority of these products are still under clinical
trials. Alternative therapies for antiglycation are
natural products such as nutrients and medicinal
plant extracts, which have also shown potential
to inhibit overall AGE formation. Nutrients with
potential antiglycation properties are ascorbic
acid, folic acid, zinc [3], vitamin E, vitamin B6
and vitamin B3 [4].

Pomelo (Citrus grandis) is a native
citrus fruit of Southeast Asia and a cash crop of
Thailand. Common cultivars of pomelo include
Kao Yai, Kao Nampueng, Tubtim Siam, Tar
Koi, Kao Tang-Gwa and Tongdee. Pomelo
contains large amounts of flavonoids; such as
hesperidin, neohesperidin, kaempferol, rutin,
apigenin, quercetin, narirutin, and naringin [5].
This citrus fruit also provides an ample supply
of vitamin C, folic acid, potassium and pectin
[6]. The flavonoids from pomelo are
pharmacologically active [7], however, studies
regarding their antiglycation properties have not
yet been investigated. The objective of this
study was to evaluate the antiglycation effects
of pomelo extract (Citrus grandis) against
bovine serum albumin (BSA) in fructose-
mediated non-enzymatic glycation. We also
investigated the inhibitory effect of pomelo
extract on oxidation-dependent damages to BSA
induced by fructose.

Methodology

1. Preparation of pomelo extract. The
pomelo (Kao Yai) was obtained from Nakhon
Phatom province and harvested at mature
stage. The pomelo pulp was collected by
manual peeling from the peel and then
homogenized using a commercial blender. The
pulped material was lyophilized for
approximately 96 hours. The dried pomelo
pulp was then exhaustedly extracted in a two

step aqueous methanol process at 4 °C for 6
days. The
evaporated in a rotary evaporator at 60°C for
approximately 5 hours. The dried extract was
stored in the dark under vacuum desiccation,
at room temperature. Thereafter, the dried
extract was purified to remove sugars and
organic acids using a Sep-Pak C18 Cartridge

[8].

2. Total phenolic content. The total phenolic
content in pomelo extract was determined with
the Folin-Ciocalteu’s reagent. A sample of
purified extract (50 pl) was mixed with 1.5 ml
of Folin-Ciocalteu’s reagent (previously
diluted 10- fold with distilled water), followed
by 50 pL of aqueous Na,COs (60 g/l). The
absorbance was then measured at 725 nm after
incubation for 90 min. The results were
expressed as mg gallic acid equivalent/g dry
weight of extract. [9]

consecutive supernatant was

3. Total flavonoid content. The total
flavonoid was determined using the aluminum
chloride colorimetric assay. Amounts of total
flavonoid were quantified as mg catechin
equivalents (CE)/g dry weight. [9]

4. Preparation of AGEs. The induction of
advanced  glycation end-products  was
achieved by the incubation of BSA with 0.5 M
fructose. A solution of BSA (10 mg/ml) and
1.1 M aqueous fructose were prepared in 0.1
M phosphate-buffered saline (PBS, pH 7.4)
and the purified pomelo extract (0.25-1
mg/ml) in DMSO 10 % (v/v). For comparison,
instead of the addition of purified pomelo
extract, aminoguanidine at concentrations of
0.5 and 1 mg/ml were used as a positive
control. For the negative control, DMSO 4%
(v/v) was used instead of adding
aminoguanidine or purified pomelo extract.
The glycated BSA was incubated at 37 °C for
7, 14, 21, and 28 days. After each incubation
period, the glycated BSA and blank BSA
solutions were assessed for the formation of
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advanced glycation end-products formation
using spectrofluorometry. The fluorescence
intensity was recorded at an excitation
wavelength of 355 nm and emission
wavelength of 460 nm [10].

5. Carbonyl content estimation. For the
assessment of the extent of protein oxidation,
the protein carbonyl content was measured
[11]. To quantify the protein carbonyl content,
the sample was reacted with 2, 4-
dinitrophenylhydrazine (DNPH) and the
absorbance was measured at 370 nm. The
protein carbonyl group concentration was
calculated by the absorption coefficient (¢ =
22,000 M'em™). The results were expressed
as nmol carbonyl/mg protein.

6. Determination of fructosamine. The
measurement of fructosamine was carried out
by a nitroblue tetrazolium (NBT) colorimetric
assay [12]. The absorbance was measured at
530 nm. The concentration of fructosamine
was determined using the different absorbance
at the time point of 10 and 15 min. The level
of fructosamine was calculated by using 1-
deoxy-1-morpholino-fructose (1-DMF) as a
standard.

7. ldentification of B-amyloid structures.
The formation of amyloid fibrils resulting
from protein crosslinks during glycation was
quantified using the Thioflavin T dye (ThT
assay) [3]. Thioflavin T dye is a benzothiazole
dye that exhibits enhanced fluorescence upon
binding to amyloid fibrils. The fluorescence
intensity was recorded at excitation
wavelength 435 nm and emission wavelength
485 nm. The ThT fluorescence emission gives
a direct quantitative assessment of the [3-
amyloid structures contents.

Statistical analysis. Data was expressed as
mean * S.EM for all experimental
measurements, based on triplicate results
(n=3). Significant differences were determined
using the one way analysis of variance

(ANOVA) followed by a post-hoc test with
the Fisher Least Significance Difference test.
Significant differences were considered at
p<0.05.

Results

The total phenolic and flavonoid content of the
pomelo extract was found to be 105.88+0.65
mg gallic acid equivalent/g extract and
82.41+1.48 mg catechin equivalent/g extract,
respectively. Incubation of BSA with high
fructose for 7, 14, 21, and 28 days, resulted in
a progressive accumulation of AGE formation
over time. The results showed that the pomelo
extract exerted inhibitory effects against the
formation of AGEs in a concentration
dependent manner (Figure 1). After 28 days of
incubation, the pomelo extract (0.75 and 1.0
mg/ml) significantly inhibited the AGEs
formation (85.75+0.91% and 87.6+0.48%
inhibition,  respectively)  compared to
aminoguanidine (0.5 mg/ml) which also
promotes AGE inhibition (82+1.20%). These
results indicated that pomelo extract was able
to prevent fructose mediated protein
modification.

Fluorescence AGE

W BSA+ bructose+ AG 0.5
mg/mL

HEBSA+ Fructose+ PE1.0
mg/mL

BSA+ Fructose + PE0.75
mg/ml

% Inhibition

HRSA+ Fructose + PFO.5
mg/mL

mEBSA+ Fructose + PE0.25
mg/mL

7 Days 11Days  21days  28days

Time {days)

Figure 1. The effects of pomelo extract (PE)
and aminoguanidine (AG) on AGE formation.
Data are expressed as mean+S.E.M, n=3. *P <
0.05 compared to aminoguanidine.
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The inhibitory effects of pomelo extract on the
formation of fructosamine products after 14
and 28 days are shown in Table 1. The pomelo
extract exhibited over 20% inhibitory effects
when compared to the BSA+fructose. At the
same concentration (0.5 mg/ml), pomelo
extracts exerted higher inhibition than that of
AG. In addition, the pomelo extract also
showed inhibitory effects against the
formation of fructosamine in a concentration
dependent manner. The level of fructosamine
suppression by the pomelo extract, suggest the
ability of the extract to inhibit the formation of
Amadori products.

Table 1. Fructosamine levels in the presence
of Aminoguanidine (AG) and pomelo extract
(PE). Data are expressed as mean + S.E.M, n
=3. * P <0.01 compared to AG and "P < 0.01
compared to BSA+fructose.

Fructosamine(mg/ml)

Day 14 Day 28

BSA + Fructose 2.19+£0.06 2.72 +£0.02
BSA + Fructose 1.88 +0.16" 2.58 £0.09"
+ Ag 0.5 mg/ml

BSA + Fructose 1.44 +0.03" 225+0.01%

+ PE 1 mg/ml

BSA + Fructose 1.57+0.017" 239+0.18"
+ PE 0.75 mg/ml

BSA + Fructose 1.70 £0.03™ 2.46+0.02"
+ PE 0.5 mg/ml

BSA + Fructose 1.80 + 0.04™* 2.63 +0.02"

+ PE 0.25 mg/ml

The level of B aggregation was determined at
14 and 28 days (Figure 2). All concentrations
of the pomelo extract showed significant
decreases in the fluorescent intensity when
compared to BSA + fructose, suggesting that
the pomelo extract was able to marginally

reduce the level [-amyloid structures.
Moreover, 0.5 mg/ml of pomelo extract also
showed a 15% higher inhibitory effect of -
aggregation than that of 0.5 mg/ml of AG.

Figure 2. The effect of pomelo extract on the
formation of P-amyloid structure. Data are
expressed as mean = S.E.M, n =3. *P < 0.01
compared to AG and *P < 0.01 compared to
BSA-+fructose.

The formation of carbonyl content,
representing the formation of reactive
carbonyl intermediates, was determined by the
level of carbonyl content at days 14 and 28
(Table 2). Each concentration of the pomelo
extract exhibited over 45% inhibitory effects
compared to the BSA-+fructose. The results
showed that the pomelo extract significantly
reduced the formation of carbonyl content
compared to those of BSA+fructose, and AG.

Discussion

It has been reported that the pulp of pomelo
contained flavonoids such as hesperidin,
naringin, narirutin, neohesperidin  and
kaempferol [13]. These flavonoids have
shown antioxidant activity which is directly
related to their ability to inhibit radical
formation, anti-lipoperoxidation [14]. Citrus
flavonoids have also shown antiglycation
properties [15,16]. For instance, naringin has
shown  high  trapping  efficacy  of
methylglyoxal, one an AGE precursor, which
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can suppress or inhibit the overall formation of
AGEs [15]. Furthermore, hesperidin showed
the ability to decrease the formation of
fructosamine resulting in inhibition of AGE
formation [16].

Table 2. Carbonyl content levels in the
presence of AG and pomelo extract (PE).

Data are expressed as mean + S.E.M, n =3. *P
< 0.01 compared to AG and P < 0.01
compared to BSA+fructose.

Carbonyl Content
(nmol carbonyl/mg protein)

Day 14 Day 28
BSA + Fructose 2437+0.67"  3827+0.36"
BSA + Fructose  16.12 + 0.22" 3427 + 0.36"
+ Ag 0.5 mg/ml
BSA + Fructose  8.31+0.10" 23.89 + 034"

+ PE 1 mg/ml

BSA + Fructose  9.41 +0.25™ 24.85+0.65™
+ PE 0.75 mg/ml
BSA + Fructose 11.34+033"  27.83+0.6™

+ PE 0.5 mg/ml

BSA + Fructose  13.64+ 036"  28.76 +0.41*

+ PE 0.25 mg/ml

The formation of AGEs is a diverse class of
protein modifications formed by various
reactions. Amadori product is an early
glycation product which undergoes complex
cascades that cause proteins to be oxidatively
attacked. This reaction leads to the formation
of reactive carbonyl intermediaries, which in
turn cause the development of cross-linked
proteins [17]. The synthesis of cross-linked
proteins or cross B-amyloid structures results
in insoluble B-amyloid, B-sheet fibrils and
high oxidative stress [17]. Glycation is a key
mechanism to induce the conformational
changes of protein by increasing the level of
amyloid cross B-structure, which plays a

fundamental role in the protein aggregation.
Studies reveal that the deposition of protein
aggregation has been associated with the
progression of several debilitating
degenerative diseases including hemodialysis
amyloidosis, diabetes, Parkinson’s disease and
Alzheimer’s disease [18].

In general, glycation and AGE-induced
toxicity are known to be associated with
increased free radical production [19].
Especially, the process of oxidative
degradation of Amadori intermediates can
generate free radical, causing oxidation of
protein damage [20]. Major molecular
modifications of protein structural changes can
be investigated by protein carbonyl
formations. The marked increase in protein
carbonyl formation in BSA was observed
when it was incubated with fructose. Our
findings showed that the pomelo extract
significantly suppressed the protein carbonyl
formation during AGEs induction by fructose.
There is considerable evidence to support that
the trapping free radicals and reactive
carbonyl group formation by antioxidant
compounds is a strategy for the inhibition of
protein glycation [17]. It can be assumed that
the mechanism of pomelo extract for lowering
protein glycation may be related to their
antioxidant activity.

Conclusion

The results obtain from this study indicate that
the pomelo extract exhibits antiglycative
activity. This effect correlates to reduce the
level of fructosamine, P-amyloid structures,
and protein oxidation. These findings may be
applied for developing a nutraceutical product
in order to prevent AGE-mediated diabetic
complications.
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