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Effect of anti-diabetic medicinal plants in the Plant Genetic Conservation
Project area under The Royal Initiative of Her Royal Highness Princess Maha

Chakri Sirindhorn on paracellular drug absorption
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UNANED

msfnwiiiiiagUsvasdiflefnvnasuisuiflounavesansafaiivasulng 4 vialuiufives
Tasamseyinsiugnssuity Suidesanmsesvdida donsundriiugmnadosiesewinagad lagld
wuviraengadaila-2 uuuudiasstudoydmivAnuinisgaduats dredrefiadandtn
Usgnaunigartng (Pterospermum  littorale  Craib; 2496 Sterculiaceae)  1va4 (Dialium
cochinchinense Pierre; 29 Fabaceae) waadlus (Mamecylon plebejum Kurz. var. ellipsoideum

Craib.; 296 Melastomataceae) waglwngia (Thespesia populnea (L.) Soland.ex Corr; 23d

Malvaceae) lngdauvesiiviie 4 wileanunsaeengnidudueules o-glucosidase duduiouley]
Whvnevesmislderlulsaiumnuld nsdnwidsnanazianavesansiedgiafifideaninainy
auysaluazmsinulunisidudedeniufidnianisgeduasiiunistesinsseninusad Tag
Annutanavesansiidinorinisiumstiliihwestudey uarnisundiuvesasnsgiugivles
wala wafildannsinwinuansadaainiivis 4 viia (uaradudugegaiianansadiumeaould)
lifinadeanmaruanysaivaslasadilmidsitusazmahmiiidudedenduvestuioyead
wzAes Caco-2 saontulsifinadenszuiumagadusmisdesinssesnihasadusegla

ANANARY: NITVUAIINNYITNIENINNTAS TUAINIE1TENINET Wwad waadlu3 a1ihe luvela



Abstract

The purpose of this study was to investicate and compare the effects of 4 herbal
plants in the Plant Genetic Conservation Project area under The Royal Initiative of Her Royal
Highness Princess Maha Chakri Sirindhorn on the paracellular transport pathway, using the in

vitro model of the Caco-2 cells. The plants were selected into this study by its ability to

inhibit Ol-glucosidase, which is a drug target for diabetic control. These plants included
Pterospermum littorale Craib (Family Sterculiaceae); Dialium cochinchinense Pierre (Family
Fabaceae); Mamecylon plebejum Kurz. var. ellipsoideum Craib. (Family Melastomataceae)
and Thespesia populnea (L.) Soland.ex Corr. (Family Malvaceae). The restrictive integrity of
Caco2 monolayers was assessed by transepithelial electrical resistant (TEER) values and
Lucifer yellow transport. The results demonstrated that all of the plant extracts at the
highest concentration in this study had no disruptive effect on the integrity and restrictive
barrier property of the Caco-2 monolayers. The findings suggested that these extracts would
not affect the tight junction integrity. Thus, they would be unable to facilitate the

paracellular transport pathway

Keywords: Paracellular transport, drug interaction, Pterospermum littorale, Dialium

cochinchinense, Mamecylon plebejum, Thespesia populnea
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Effect of anti-diabetic medicinal plants in the Plant Genetic Conservation
Project area under The Royal Initiative of Her Royal Highness Princess Maha

Chakri Sirindhorn on paracellular drug absorption
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aaguiw5ma’wﬁ?mzﬁmaiumumsaaﬂqw%‘m%mﬁmﬁﬂﬁlﬁﬂﬁmmmﬁu Falgminisiinduns
Aensgninsuariivayulnaifalinnuavesivayulnsifvonszuiunsmanduaaumansliun
NIRRTy NIN5ENeAd NMsgnianelaeeuledlusianie nsdueieenainsienie (Riley and
Grime, 2004) lFanududuvesefie Yozt vnadsuuasivenatiosamaiiuiuainii
¢ WlassnsthjatiufiesAnuntiymnaiedussisensswisefufivayulnsiiiedestunisuns
siuvasiiwaulnsinginsnisuaznsundriudng dedeidue fesitvine naonaunasns
Tivanulnsfifisonisunsriuesendu
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Q0 TNy mammwammaam‘mamimmaamlﬂsmuwmmu Uadenaninn1sunssu
ﬁﬁwé’mlmm (1) mwmmﬂmsLsmat,ezjaasuaami (efflux transporter) LU P- glycoprotein (P-gp),
multidrug resistant protein (MRP) Judu (Fromm, 2003; 2004) (2) Imqaiw"mmﬂmu (tight
junction) 6‘?1"@L"LJ‘%EJ“ULa:ﬁaué”nhsﬁmL%aéﬁasﬁwLﬁmﬁuiﬁwwmmﬂ%u wagyinlranslaaunsa
WABUTIRUTeII T IREadl 91N9189UNTANWIANY wudwmiiumumsﬁwmmaq P-gp
dutgmmidsunisidensiufunassiin wunsiiafivees digoxin 91 verapamil Fedudams
#9mves P-glycoprotein Vliinsavauves digoxin audaiwiy uaﬂmﬂumwmﬁwmauﬂm

a

meﬁmﬁqwﬁiumummmm P-gp W1 curcuminoids, curcumin (Anuchapreeda et al., 2002,



Nabekura et al., 2005; Ampasavate et al., 2009), quercetin, kaempferol (Kitagawa et al,,
2005; Morris and Zhang, 2006), capsaicin, [6]-gingeral, resveratrol (Nabekura et al., 2005)
w3pasainaINuzse (Konishi et al., 2004) 1Husu saudalisenuinasayulnsiinadelasas
wihfivedlnyis i dusndeitunaros quercetin Tun1suntleslasasneningana (Amasheh et al,,
2008; Suzuki and Hara, 2009; Chuenkitiyanon et al., 2010; 2012)

lugalasansiiidnguszasddansosmivayulnsnifnenmlunissuuimanu lneden

q
o

AnwluitunvedasainseysneiugnIsuNy duiiesa1nnszs1vas Fellnnuvainraleveiug

9 9
14 ]

fvayulnsun vilidlenadunuiivlugifigninsdinmlaganzgridiuumaiu ain
msfnwidestunuhasatafivayulng 4 vlalufiufiveslasenis Idun d19 (Pterospermum
littorale Craib; 29d Sterculiaceae) wwad (Dialium cochinchinense Pierre; 396 Fabaceae) nao4
1U3 (Mamecylon plebejum Kurz. var. ellipsoideum Craib.; 296 Melastomataceae) waglnvzia
(Thespesia populnea (L.) Soland.ex Corr.; 23 Malvaceae) mmmaaﬂqwéé’u&%mu%ﬁ alpha-
slucosidase  @uduaulasilmunevesnisidenlulsaumiuld wasfignidsunvanig
Lanseanues P-glycoprotein Tunuudaeuwadaila-2 uenaniifmuindrdhuasivasanange
WasuuUaIn1swanseanves P- glycoprotein lidnaie Jwmarinanenailmintymsunsizen
‘1‘7iL‘ﬁ'm%’aaﬁ"umi@m%mawlﬁﬁaﬁﬂﬂ%ﬁmﬁumﬁu wonanitmsunsnsendierainldannnis
sumulassasalnideidurilinsunsinunsesinseniweadvesansudsuntasld sludu
fgsliitoya drfudsdududosinuleniasuniumsunsinugvesiivagulnsdand ifiudusin
NIUDIIN9TEWINaa (paracellular penetration) Lﬁaiﬁﬁ%’a%aﬁﬁﬁL‘f]wiamiﬁmmﬁ%yulwﬂﬁ
ponqvises iUy aAnininuazUaonfelunisld

L
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lasanstidendAnwdegraivayulnsniunveddasiniseysnyiugnssuisduilonn
Wiz1wAIndgnseuuImY leunlunaedlus wWaenalhe walwnzia Wasnwas

1. NISMS8NAIDENY

Wwayulnany 4 vlalainsdawseulaenisudnudieanasesuiu 5 Julaziiduiiana
lpansgwmeinnuduiliie 91ntwinms partition Wiy wasiivasaiavianuaiigamgi -20

WaLted UNINLUN I NAEDU



aududuresansatafinegeu: wasslus (MP, avududu 200 lilasniu/fadans), &
P19 (PL, anusdutu 100 lalasnsu/Aaaans); v (TP, anauty 75 lulasnsu/iaddansg)
uazias (OC, aandudiu 75 lulasnsu/diadans) Fanududugegelunsnaaeu Tasfilsinelviin
ANduNuReLYas]

2. NISHTIULYAALNIZLABY Caco 2

waa Caco 2 (American Type Culture Collection (ATCC, Rockville, MD, USA) gt
L?;JEN &Lummilﬁmlﬂiaa‘ DMEM ﬁﬁ 10% FBS, 1% nonessential amino acid, 1% -glutamine 1%
uag penicillin-streptomycin ﬁﬂmimwsLgaqiuanﬂasmﬂmsgwu (A1suaulavanlys 5% aumnd
37 waldpauaziiennTudusing 95%) wagvhinig subculture W 3-4 Fu (AWMLY 70%)

3. MIANEIENINANMNEANYIAILELN15YIN9IY (monolayer integrity) YadduLBayLas
LAY Caco-2

NaUBIASTITH N TUNS U NI YRS T EAd A SO AN ¥ NNATITHe
integrity vadlasaad1elnideitu Faagdrdnnisunskiiuvesans hydrophilic Uawdinugy phenol
red 38 Lucifer yellow #aanau ion #13¢) Fatfuansfiinasensunsrnueriumagesinessing
wadazviilvians hydrophilic aansounssiudeidensinuld uazilnuantAnissunshliin
maﬁuwaé@iaqLﬂ?iﬂul,mmlﬂ %aﬂﬁﬁﬂmamWmmamyiajuazmi‘v‘hmu (monolayer integrity)
vostudoywadinadesenouds

®  NsUNIHIUYRY Lucifer yellow M9¥asdnseninawaduastuioy
o amsmunstlidin (TEER; transepithelial electrical resistance)

®  NISVINNUVBIFIVUAIET P-gp

mﬁﬁﬂmﬁﬁ'}ﬂ'mwmgmL"Zjaé‘uu transwell inserts (polycarbonate, 12 mm diameter,
0.4 pm pore size; Corning Incorporated, Corning, NY, USA Jifutian 21 Tu Tuseninedianinge
prviansifnlmidsitulasiansunsriulagldansinmsgiu @e Lucifer yellow @ Lucifer
yellow \duansiiunuagliiannsaunsing plasma membrane Wigiwad uiasiasunsiumad
Fosineseninaad (paracellular pathway) Tngluan1aguni Lucifer yellow azunsimueadide
yiludamiidesnifesar 5 dedlus wazmaveaounIuNSKILwadYes Lucifer yellow i
Huisinnuanysel msdaiFeshiuliureneaduaznisadne tight junction Tiasysaives
Wad Caco-2 wonain Lucifer yvellow wadafanulnyidsddudenisias transmembrane
electrical resistance (TER) lagld Millicell-ERS-eletrode (Millipore) AOUSUNTVARB AT
msvaassazddiAminnit 300 Qem2



nntufneravesasingliasatnuieadivnsdeduemududuililduiviewad
uazfnnung Lucifer yellow uaz TER finansegiu dlefuganisfnwiuaswuiansatnasulng
finasie TER %38 Lucifer yellow wéraz@nwiiiudulaensiainusunalusiuvedwidaidusie
western blot analysis La¢ immunofluorescent probe flanunsodesinnsind fluorescence
vo4lUsAulan1anaesgaiat (Chuenkitiyanon et al., 2010).

dmunsfnwinsvheuresivude) Pgp zvhnisTaravesansiddenisunsriuves
mimmgmmﬁfﬁﬁu Positive control wu rhodamine Tu#ifn1e apical 84 basolateral (A-B) waz
basolateral 4 apical (B-A) o gruvinfl 37 sarwaifea SamAunsivg 120 seu/unit Tnsvissu
apical wag basolateral 9zaiuau pH Widu 7.4 AouFIihMInAaed

ASNARDINITNIHIUVDIASIURANTIG A — B 1wad Caco-2 Masdliuu transwell insert
d‘d 1 d‘ ¥ L |d' v y
Mlansavanevesansvegeuey  adeudgeanindvaulminuisame  HBSS-Hepes  (Hank’s
Buffered Salt Solution #iUsznaume Hepes 25mM) 71taa1 15, 30 %39 60 W

A1SNAADINITHNIHIUVDIESIUNANIE B — A Tngtinansazanevaad1snaaauun bdadhuniu
basolateral side ¥83MNUWAVUATAZA1NU apical side iaan 30, 60 w30 120 Ul

IipsenalaetinatsazaneMAulaanits A — B waz B — A wimenuudulasldiases
HPLC (UV-vis) L&A11Iun Apparent permeability (Papp) 310&3013

Papp = dQ/dt lae Papp M@ apparent permeability coefficient (LguRLLAT/AUN)
Turaue?l d/dt fe Sasndalunsunsniog wilulua/Aund) wae CO Ao AnududuSudumeinu
Maasneaou (alasluans) wdwnduthe Papp Aldanie 2 famandiuammen efflux
ratio 1

Efflux ratio = PappB-A/ Papp A-B laiUSeuifisufuaiildannsiilifansmaaeu

4. ANSANEINAYDIANTA20E19NURDAITUNIHNIULNETUNIIYD 9919581 I9aa (paracellular

transport)

nsmeduUseansvesnsunsiiuees  Lucifer Yellow (Papp)  Hutulbeywwad
r-*fl" a ‘:l'd L% 1 | Y aa ¥ &/
Wnzides Caco-2 TuiiAne A - B luanngnilansdiegesinegsie muisinasu



NAN1SANEI

1. NISHTPURUUIIADWVARLNIZLALY Caco2 Ul Transwell® inserts TAdin1suansaan P-
glycoprotein waz lassadrelniidenau

Turneilannsodaviuuuiaensed Caco-2 01y 21 Yundy seeding Whiudeidentinu
Tngvimsinzdesuy Transwell® inserts (polycarbonate, 0.4 um pore side, 24 mm
diameter; Corning Incorporated, Corning, NY, USA) 1uamazmn§aﬂu Dulbecco’s Modified
Eagle’s Medium (DMEM) ﬁﬁ 10% fetal bovine serum , 1% non-essential amino acids  Lay
1% penicillin/streptomycin luan1izgaumgil 37 asrieaded, AuauUsinuasusulasenled
5% uazANLALELTING 95% Tneildmisiiwedvoaudedontiu Caco-2 fail

® aneaauAINIsAIUNTININAY  (TEER:; transepithelial electrical resistance)
\wad Caco-2 cells 81y 21 Fulu Transwell® inserts lneiade 883.28 + 18.11
Q cm2 (72852 - 109278 Q cm2; n=30) Faduaiigeninseiudivensy
Taevialu (>300-400 Q cm2)

® [AVAADUNIINIUVDY Lucifer yellow AINITLWINIUVDS Lucifer yellow 0.05 =+
0.01% satlua

® [aNAFIUNITLEANBBN P-glycoprotein Im@jmwua'q rhodamine 123 dadu
substrate 84 P-gp \U3BUiaUTEnINdid verapamil waz Ll verapamil a8y
fagfufansTaIues P-gp NaNSANELARIA Papp feans1eit 1

A15799 1 ANFUUsEANSURINITUNIHIU (Papp) wae net transport Y84 Rhodamine HutwEoy
\waanIzLaes Caco-2

Papp (A-to-B) cms | Papp (B-to-A) cms | Efflux ratio

Rhodamine 123 203+042%x10° | 13.03+153x10° 6.4

Rhodamine 123 + verapamil 233+ 038 x 10° 4.86 + 0.41 x 10° 2.1

uulidAIN139ATuves rhodaminel23 910 (efflux ratio) 1nn31 2 Fululuaw
¥ o o [ . = & % gj o =
YBLULUIVDI USFDA @113U P-gp substrate wag verapamil @ Uu@158ugan1sv191U989 P-gp 4
HABAAINTISAATUYDY  rhodamine ld  detunuudaesimunIuillianuanzauiiagiluly
nageUansaindely




2. NSANEINATDIENIHI0ENTIAENISUNSH LB HIUNNIYR I eTER A s
2.1 Nawadma‘mamwam71/zsfilvm/ua 173%7974 (monolayer integrity) wad?fmz/aw%’a
LW%L@EN Caco-2
2.1.1  wavesansiiedesea1nsaitun1siliia (TEER)

nsneaesiildvhnmaFeudisua TEER neunsfuansfognauasiieduganismaaes Tu
2 @ame Wun (1) Tuanefid ludfer yellow (LY) whifuuay (2) Tuanneiid LY auivans
fege (TP DC PL w0 MP) Gsmuirdeuduvhmavanesuasndsduaanisnnaois TEER Tail
AuuAnsneiy uazdedlidn TEER gandn 300 Q cm2 (Fauanslumsnedt 2 uagnnil 1) fafuens
aqUié"jwmsﬁaaﬂNMﬁmaLU?{auLLan monolayer integrity Uau%ad Caco-2

M19199 2 AIN15AUNTE T (TEER) vesduibayigadiniziaed Caco-2 NouuasnaInishasy

AR LIRN
o . . TEER values (Q cm®)*
#19079819 (AULYUYY)
Before After

LY (100 pM) 969.173 + 15.459 699.130 + 38.902
LY (100 uM)+ TP (75 pg/ml) 778.028 + 22.052 737.800 + 47.682
LY (100 uM)+ DC (75 pg/ml) 840.933 + 42.332 750.028 + 55.205
LY (100 puM)+ PL (100 pg/ml) 910.468 + 27.447 881.628 + 78.111
LY (100 pM)+ MP (200 pg/ml) 898.055 + 11.925 879.105+62.241

* pananaduml mean + SE. 990 3 - 4 independent experiments
gy (1) LY = Lucifer yellow; MP = waadlu3; PL=a"11; TP=Inngia; DC=13aq
(2) anududy whadululasndu/iedans

1400 1 mm Before
—_— 3 After
o 1200

5

~ 1000 A

=%

w

a 800 4

=

T 600 -

o

ﬁ 400
200 A

0

LY+TP LY+DC LY+PL LY+MP

AW 1 AIN1sAuN1s A (TEER) vastulgoyigasiniglios Caco-2 NouwasnaInig
lpSuansieea



2.1.2 HaveIdNIeiIog1eeanIswkngYee LY

nsneaesillétamnuanansolunis transport U89 Lucifer yellow (LY) %é’a??uqmmi
npaesfifiuarlifiansiegne nanisfinwnuinfesazaes LY transport Sanadetiesnin 0.06 &
wansralun9197l 3 uaznmd 2 Feluynnisveaesiiin¥esases LY transport toenin 1 datuds
annsoagUliihasielifinadensdialassarslmisaddurininlaisuniu monolayer
integrity Gum%‘jul,?iawnaémmgm Caco-2

dl ! ! 5 d‘ 13 dgj ! o VY U 1
M99 3 NSLUNIVBY LY NIUTULLBDULTAALNISLA Caco-2 NaULAENaINISIASUaNSAIDE1S

A19029819 (AMALTNTY) % LY transport*
LY (100 uM) 0.052 + 0.002
LY (100 uM)+ TP (75 pg/ml) 0.053 + 0.006
LY (100 uM)+ DC (75 pg/ml) 0.050 + 0.003
LY (100 pM)+ PL (100 pg/ml) 0.056 + 0.003
LY (100 uM)+ MP (200 pg/ml) 0.057 + 0.003

*uauanuAn mean = S.E. 910 3 - 4 independent experiments
veng (1) LY = Lucifer yellow; MP = waadlu3; PL=d1thg; TP=lnmgia; DC=1vad
(2) Aty hadululasndu/addns

0.10

0.08 -

0.06

0.04 1

% LY transport
_|

0.02 {

0.00 T T T "
LY LY+TP LY+DC LY+PL LY+MP

AN 2 MIUNSHIUYEY Lucifer yellow (LY transport) Hutulgayiwaginizides Caco-2
AalAsUa19F19819 (n=3 - 4 independent experiments)




2.2 KaYIEI 56908 900N T SUNTHIUE I NTIINITENTNaa (paracellular transport
pathway) lutiudoyigadinizides Caco-2

nsAnuilldmaaeunavesansietni ¢ widia (TP DC PL waz MP) Aomsunskiue g
9991938088 (paracellular transport pathway) lneld lucifer yellow (LY) 18u marker lu
MSANEY NANSANYINUIIAENUSANSVeINSUNIKIL (apparent permeability coefficients
(Papp)) w83 LY fif1 0.108 + 0.012 (Fauandlunisnad 4) Fauanairansiiiu low permeability
compound #lazende paracellular transport pathway Jugeamandnlunmsdngwad (Hellinger
et al,, 2012)

Tuanneitldansnnaausia ¢ @13 18ud TP DC PL waz MP 2y lucifer yellow wui
Papp 09 lucifer yellow Srnanasuslifinnuunnsnsegradiddymeadfdessoudoudu
Afildanluannedlifasmaaeuiude Fuandunsd 4 fnfuannisinuifsenaglly
Jensmedeuta 4 edalifnadsunlassunsiiuees LY swmsgesinesininaead
(paracellular transport pathway) Iu%’juL?Jaquaaéwangm Caco-2

A15799 4 ANFUUSEANTVRINITUNIHIUYRY LY (Papp) H1uduidayisasinizides Caco-2

A15079819 (ANUTNTL) Paop (ap— g1y OF LY (10° cms™)*
LY (100 uM) 0.108 £ 0.012
LY (100 uM)+ TP (75 pg/ml) 0.074 + 0.023
LY (100 uM)+ DC (75 pg/ml) 0.066 + 0.021
LY (100 uM)+ PL (100 pg/ml) 0.078 £ 0.011
LY (100 M)+ MP (200 pg/ml) 0.079 = 0.016

*the apparent permeability coefficients across the Caco-2 monolayer from the apical-to-basal

direction. Each value represents the mean = S.E. of 3 - 4 independent experiments.
vangnng (1) LY = Lucifer yellow; MP = waadlu3; PL=a"U1; TP=Inngia; DC=1aq
(2) erududu wihodululasndu/ladans

2.3 nadounauTANITIToaY (fluorescence) Y8916 90679

\Wesnansvegeuns 4 ansleun TP DC PL wag MP 1luasnandsonafiansusenaud

wa & A = v W Y o § v av v =
AovanURTeIuwas (fluorescence) lumnugnimdutiafeniuiu LY 1 silinanliainniséinm
wlsUsauanvae false positive ¥3a5UMIUNIATIVIAMUTINAMYesEs LY Al6i0u marker Tunns
naadls  Aaudslavinsnsisdeunuandfinissesds  fluorescence  UBdANIHIDE91I019
SUNIUNITRTIVTIAMIUITINAETS LY AaeiAsed fluorescence microplate reader #imugAgu
(Ex/Em) 485/535 nm



NansANYNUINansedeUT 4 @1sldun TP DC PL waz MP S relative fluorescence
unit (RFU) iiiefieuiu LY wihiu 0.59%, 0.49%, 2.86%, uaz 0.33% Aua1sdiu (m15197t 5) Fendi
I§itAdesunileiiouudn RFU w81 LY wonanildamuiiluanediil LY sausufivaisaaey
Wi 4 ¥dn fid RFU luansneannluanneitlidflansnageu (Gauandumsisit 4) daiuainua
fomundsanansoaglfiasie 4 wdalifnasunumeneiamGamesas Ly Al
marker Tun15nnasg

M990 5 AnuaudRNISIIeMad fluorescence UadaNIHIBEN

#195629819 Relative fluorescence unit (RFU)
Mean + S.E. % of control

LY (100 pM) 290608.00 = 16258.00 100.00
LY (100 uM)+ TP (75 pg/ml) 284266.00 + 7981.61 97.82
LY (100 puM)+ DC (75 pg/ml) 281204.50 + 4640.46 96.76
LY (100 pM)+ PL (100 pg/ml) 291652.75 + 4908.92 97.14
LY (100 pM)+ MP (200 pg/ml) 282284.00 + 5179.81 100.36
TP (75 pg/ml) 1712.00 = 77.00 0.59
DC (75 pg/ml) 1421.50 = 695.50 0.49
PL (100 pg/ml) 964.00 + 664.00 2.86
MP (200 pg/ml) 8314.00 + 179.00 0.33

® Each value represents the mean + S.E. of 2 — 4 independent experiments.
veng (1) LY = Lucifer yellow; MP = waadlu3; PL=dthg; TP=lnmgia; DC=1vad
(2) anadudu whodululasndu/dadans

ayUuazIasalug

Jaymdunsiserseninenintulsanmsldevieivayulnsnaieviinnudy  Inefien

= o v = oA o 8 v £ A @& a Y a a
wseayulnsiladnialinaiilinseengnsniennuluivwressdnduddeuuladly  nsifa

HUATNILITLIINYIEIURTUAAINNTTUATUNTUNINIUTDIENTHIUN YOI TERINYAAUD S
Fuloy Feeainlaanasiinaselassasislnyidanduriliiinnisunsiiuvesans hydrophilic 16
wnu Felumsfnwillayadunsfnyinavesasaiaiy 4 vlaloun waedlus ardhe 1was wae
TnngiasoanmANLANYTIMAEN15IU (monolayer integrity) YastulEaU@adNEIdY Caco-
2 WAZHAlUNITIUNIUNTUNIHILYBANS hydrophilic 1 Lucifer yellow visiliiwvia 4 ¥ilagn

Andenuienwiliesnnladdeyailosnefuauandivesivmarilumsdugueulest  o-
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glucosidase  vibvionaliuselevilunsimunseliiemuauseiuinmaludonvetieuniu
soly

nsfnwlfidenlfuuuiasssadimeides Cacoz o1y 21 Fu Faduuvusasannsg
ﬁlé’%’ummﬁaﬂumi‘wmaaumagm%umﬁa"ﬂﬁtﬁﬂ (Artursson et al,, 2001; Wahlang et al,
2009) \flosneaduiafnaiiniu epithelial human colon adenocarcinoma cell line Fade
wnzdeduanmsfimnyaueniUasuulandy enterocyte wariinsuansesnvesshvudwenvin
s 33U P-glycoprotein 8nde Fannuuusiaeuadiies Caco2 Tumsfinwitiiany
WigaNdiauENyYINkaEN15YY (monolayer integrity) dmsumsldifunuuiiaeadeden
Ruifleassaselvisaiduiisrfanisunsiiunagesinsewinagad  (paracellular  transport
pathway) wa P-glycoprotein 7is1innsunsEuwaduesans (transcellular transport pathway)

Nan1sANYIENTANANY 4 ﬂjﬁmwuiﬂﬂﬁmaGiaaﬂmemamyiajuazmiﬁmﬁﬁﬁL%L%Lﬁ@ﬂ
shuvestudeywadimeiiios Caco2 Tnpadumsthliy (TEER) wesdudeyliivdsuudas
wdnileSuansiedns uenaniasinednans 4 wialdiinase Lucifer yellow 7duans
mm%mﬁq%ﬂmt,wimumqsu'm'i']i wigwaa (paracellular transport) (Bansal et al., 2007;
Wahlang et al., 2011; Johannessen et al,, 2013) ﬁﬂﬁ%uwauwaamm,am Caco-2 wmmamm
Ju restrictive barrier i VLiJiJEi’JiuWJNLG?Jaa ﬂmmﬁﬂwmﬂ%ummyjm 9zdlAn TEER
1nn31 300 Q cm” wagnisunsiiuves lucifer yellow tesnindesas 1 setalus (Bansal et
al,, 2007; Hunter et al. 1993; Troutman and Thakker, 2003) uaﬂmﬂﬁl,ﬂaiﬁmﬁaﬁ’mﬁﬁu 4 ¥in
AU lucifer yellow wmmauﬂﬁyamﬁummmwamu (Papp) m f\masﬂuﬂau low permeability
compound  Aliinuinasatnne 4 %ummmmmmemimwuwauwaaLW%Lawuaa Lucifer

yellow lausagdla

winasadaivilansddgarestauazlisnamuiarionsuismuluduesanseen
gvislaegnuduey agslsinunantsfinundladliiuindy 4 vldaldun waoslud e wag
waz lnmzia Lilinasian1snaguedunnresineseninuead
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