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Abstract

The aim of this study was to determine the effects of B-Iactoglobulin (B-LG) on the intestinal
absorption of cyclosporin A (CsA) in vivo and in vitro. After intraduodenal co-administration of CsA (5
mg/kg) with 150 mg/kg B-LG, Tmax Was significantly lower than that of control rats which were given
the same dose of CsA without B-LG. Cmax and AUC were significantly increased as compared with
the control while T4, were not significant. Moreover, a deconvolution method revealed that the rate of
CsA absorption was enhanced by B-LG (150 mg/kg) by about 12 times. These results indicate that B
LG significantly enhanced the rate of CsA absorption and extent of CsA bioavailability in the gut.
Using the Caco-2 monolayer which is an in vitro model of intestinal absorption, we also demonstrated
that 3-LG increased the apical-to-basolateral intrinsic permeability clearance of unbound CsA (PS,cer)

in a concentration-dependent manner. In conclusion, 3-LG was shown to enhance the rate and extent

of intestinal CsA absorption in vivo, possibly due to the B-LG-mediated transport of CsA.

Key words: B-Iactoglobulin; cyclosporin A; oral absorption enhancer
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1 @ o YV &
WNTEN BRI AN
a & PN V) . . A = { A o A g o

o lolasaleuduenagiidunu (immunosuppressive drugs) Faidunnifisulfifailasriunis
@iaéﬁwnaﬁf'mmU@iaai'm:ﬁﬂgﬂmmﬁwvlﬂlmi (graft rejection) MEWAINTLUANEBDILIL LT la o
lunszgn wala udu enlolassdeudunndluansswalng Uszanm 1,203 a1aau uaziiauda
Tunsazanslwlusiugs (high lipophilicity) 1 lalasataIusfiausnfignudauusluiasaaafizduoy
= Y o A v 4 v A € . ® A Aa N S o
Jusihaw  ludanmsiinaudaus  (Sandimmune )  enafiahlantdlumsazaieiinginnn Uszunm
27.67 lulaIniw/aa. (Ismailos et al., 1991) Ylindinsgadudngaldantdon ddmagadunlal
uinauuazlduandmannnatsluudazyana  (Christians, 2004) Jagtuwuindifadunaisatnand

\ =< a o v & ' [ a . o A

nanznudanigaduvasenlalassdaiuludlfian wu nsfudszmumlslassdeIuiuivemn
A a t% A P = A o @ X . X
flsnaluiugeaziinaiunigaduressn  wianzveshiadeddnludihe wu dihelunnie
YieuFsaziinaaansgaduvadn (iudu

=1 ™ £ aa dl' n' > = a o v & 1 £
wmswmmuwe;umLLamumaﬁLwaanwuamwmsg@mm%‘[maﬂamlumiman LB AT LT
o lolasalesuinnuasniinaindannisgaduen lolasaia3u (Absorption  enhancer) 11w nIa
Tugw s1vlalaa 1w lagg1IaInaniNaUTULU R waui AU oIt TaLl UL LT IWAN [ ANLAZLNINIT

° a . v . . . o o v & & ' = o A @ ' o
e lolasataSusnuidinns tight junction waINtId l@anunIN aene lsAMUENITBRA BTN IR
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ﬁaé’amm'j’]miﬁmnﬁué’mwms@m%ummﬁfu Al Aol aIRN U AU ILTALNULLTY D1VFINA LALATI
ilAifamahaoibaynitsdldianlduaznaldifiafiwld (Sharma et al, 2005) danun1sidnlu
ﬂﬁ]ﬁ;ﬁ'u’fiaﬂ'ﬂﬂaag;aLﬁuﬂ'@ummmiﬁﬁwaLﬁué'mﬁmsg]@%waamvl,ﬁﬂmaﬂa‘%uﬁﬁmmﬂaa@ﬁmmzﬁ
a =) J
UILRNINMINNINY L
ﬂaqﬁuﬁswm’mi’lﬁﬂ’rﬁﬁ'@umﬁ’]am,uﬁ’]LLaﬂImnaagﬁuLﬂuaﬂiﬁaUluizuuﬁﬂdaml,mz‘imﬁu
A Py o a A A ' a o P & v £ o ' a =
Aazanylaa lw luiwnazd oA wu19Tia 1w 15awas Lwawalsn tdudn SRS TR P Lk FYIRE
QI Qs 1 g; QI J 1 = K 1 a w
WANANNAIAIVBILNWIDENTAENUUNINETIUU (de Wolf and Brett, 2000) aeind lsAanugslidonuiae
la e]ﬂLLamwmlaamiméﬁLLaﬂImﬂaagﬁu@iam‘sﬁ’]fs'mmvl,éﬂmaﬂa’%uw’mmﬁfaﬁ'}vl,ﬁl,ﬁﬂ LAzHARaNIQa
Fuvasenlalatalasulasass

(%

aglszaeAzaIn1IIvY

dll = U a 1 = a a v A v 6 1

LwaﬂnmwamaamimmLLaﬂImnaaHau@anﬁi@@%umaayﬁvlmiﬂsaﬂaiu%uﬂsna@uua Taeis
mInaaadiiln 2 Tuaan laun
1. MINaaaduaainaaad (in vivo) I@UﬁﬁmsﬁﬂmNamaamuuﬁmad@ﬂaagﬁu@iaszﬁum

Vbﬂma'ﬂa’%uimﬁamamkmmaa
2. MINARBIIURRBANARDI (in vitro) LasuLIvnMITAN® 2 d1% lalA
2.1 MIazanuvade krlasstaIuwlunasanasad

2.2 msmaauwamiméﬁLLaﬂImﬂaayau@ia@hrmtl,l,wimu (permeability) va3en leslasa

UaSUENULTRNIZLREITHA Caco-2 NIWIZLRBIL transwell filter

1. nManaaaslndainaaas (in vivo) lagrinms@nsmazasasiuauanlanaayinaaszauag
e lalasadaiuluifonvasiynaaas

1.1 ATMINAND

’Lumﬁ%’m%fﬁﬁ%km@aauwmﬁﬁuﬁaﬁﬂ (Wistar Rat) %nwiinilszanm 200220 n5u wiia
Tanavasmniuduanlanasyfudarzavlolassdaiuluifaauazaui@niindraauaaaivadm
lolasatou Liﬁﬂmﬁmu*mgmmaaﬁ"[ﬁ%‘uﬂﬂ"lsﬁlﬂﬁaﬂa‘%u (5 wn./nn.) ad19fien (N§UAILAW) fY

iawﬁuw&waaaaﬁ"lﬁ%’umvl,szﬂﬂsaﬂa%umum 5 yn./nn. i?NﬁUﬁ?iLU@T’WLLaﬂI@IﬂﬂﬂHa% AU1e 15 4n./

=

nn. (NEUNARBINGNT 1) WazIUIA 150 IN./NN. (nﬁjw@aaaﬂﬁjwﬁ 2) @A
lumimaaoﬁﬂ%'ﬂ%ﬁkmmaﬁ’lmu5 1 danga ﬂ'auﬁumimaamﬂ:}maaoﬁa:lﬂumi

maawzgﬂﬁ'ﬂvlﬂuﬁL‘é‘smgmaaaﬁﬁmsmuquqm%gﬁ LLa:ﬁmsLﬂmLa:?J@"lw“qﬂ 12 a9 uazle
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2113 A8ILaN aNDETE (ad libitum) BEndttas 1 aUan% Lﬁalﬁ%yfmaao"lﬁﬂ%’ué’aﬁ'uammn@ﬁau

LREAURINTIVBLARZATI %wmaw:gm’hﬁ'@mms LEgINIRINNITNANTN LS 1Tlwiaan 12 T2lue

'
A '

Iuma?maaaLwaLﬁUé”samaLﬁamamkm@aaa ?{hL’ﬂuﬁaaﬁmsmﬁwg}maaaLL@iazé’hﬁ‘hmu 2 W9
9 % s o 6 o a‘lp
ANH I@ﬂm@lqﬂsmoﬂ 3%

2

1. Wahgsdnad ld@anlasass: N1 InaaadIthdaIn1IaNNLLGwaLlkNITHNES mr’iﬁ;ﬁwamﬂ

VBINUNARDS LLaza@ﬂﬁlﬁ'ﬂﬁmﬁ]ﬁaIﬁﬁmmmu,@m@hwaaéT@mLLa:mmSwad@@%umvl,sﬁima

ﬂa%uiuﬂhbﬂ@ﬂa\‘iLL@iE\]Eﬁﬁ'}ﬁaT‘ﬂLﬁ@'ﬂﬁﬂﬂﬁiﬂ aRUINIIUN LU nmﬁmuww:mmiﬁaﬂ"ﬁ 1%

2 a

mssaeneanidldnua (gastric emptying) Liludu fidpAsldrdaitatesriaiuazlieuiny
nanadlasmuiasnnduriesfialwiiafiadu (polyethylene micro-tubing:PE50) g1 ldian
lasasa (Intraduodenal, i.d.)

2. NaLNUA2HILREa: lumm@aaaﬁ%ﬁﬁmﬂﬁuﬁaaﬂ'w,ﬁamamkmmaa TagmsHaagan

rievfialwiiafiaduniussgiinia (normal saline) wazsnIdunILIGITaRenlia EDTA
\ihinaaaLiaauaidun (Femoral artery) Ua4nunanal
wzvhmsidanynasasazlfmaauriiainulaunina (pentobarbital) lasnisdaiduitsni
viad (i.p.) 2w1a 40 an/nn. Faduswadndnlilunisssununanss uaznasaniidaudiaziena
azanauarilasnunfaanunalaslaiensinsariawuadn (betadine)
AAIRUNARBINIUNTHIGA uazAuINeIgauudl azwnrunasasluaiasluiuaniag
A = A A & @ ' A
(Bolman-cage) Suilunssfignaanuuuaniialiluniaiivdiatisfeauasnynases
o a a a Y e o o
nmaassnen lrlasatasulasazansen lolasatasu 5 un lushaudlnasuin 1 48, uay
Tinunaassudazaaluawa 5 unsnn. @.16 lulasluann.) lasnunasssnguaiugungun 1 uaz 2
azldTumnnnuaaiduaalanasydusmwia 15 uaz 50 an./nn. wisfAaiu 0.81 uaz 8.13 lulaslus/

AN, AMVIAU

LquLLazﬁﬁﬁumsmaaalu%%maaa LLﬁ@Gl%LLN%QfJﬁ 1
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%wmaam@ﬁﬁufﬁaﬁw Naaa1rITanatnttay 12 Tlad

\J

ﬁﬂmiaau%gﬂmaqﬁaﬂmeuImmﬁﬁ'a TasN1IRALTINIIRTNYTY W@ 40 UN./NN.

\J

[ e 1 v dl o v & dl o 1 A dl v dl =3 s 1 A
N’]@]@]ﬁa(ﬂ‘ﬂBLTWY]GWVLaLaﬂLWQuWﬁGUWLLGZ%&@@L&Q@LL@N‘Y]@]%%W PWBENUAIBUTILREN

\J

ﬁﬂﬂ%ﬂ@aaﬂq'ﬂ%IU’iLN%Lﬂﬁ LLazia"ﬂ%ﬂ']"]ﬂkb‘ﬂ@aadﬂu'ﬂﬂﬂﬂﬁiﬂhﬁ@

\J

guudsnynaasaiin 3 nauq az 6 a2

— | ™~

NEUAILAY ﬂ@;umaaaﬂﬁjwﬁ 1 ﬂ@;umaaaﬂ@;wﬁ 2
1esuenlalasadaSuauia  tesusnlolasalasu vuia 5 un./nn. lasuenlolasatasu vuia 5 un/nn.
5 YN./AN.0E19LALN ‘huﬁ'umimﬁwnaayl'ﬁu YUIA15 UN./NN. s"mﬁ'umsmﬁwnaagau PYUIA 150 yN./NN.

} } '

=3 s 1 =} 1 £ a a 1 dl Q/A
mumamoLaamlamhm@aammazmluﬂimm 120 lulasaas (UAa.) NeviafNaea Linvaaa
LROALAIN AU aaluma@wmaaﬂﬁmsqm‘iﬁmmmﬁaé‘mauﬁamﬁ@ EDTA o 1280

0.08, 0.25, 0.5, 1, 2, 4, 8, uaz 12 114 %é’amnﬁ%gmaaﬂﬁ%’um

|

JiarermdSuaenlolasalaSulualatnafen laua3as TDX-Fix Analyzer

a

LLN%Q&Iﬁ 1: LLN%ﬂ’]‘i‘Yl@]a8\‘]LLﬂzﬁ’]é’Uﬂﬂiﬂ@ﬂa\‘ﬂ%%hb‘ﬂ@]ﬂad
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1.2 muiaenzdirmUSunaen lolasataSuluaadng

lun13passftazrinmamndsunaen lolasadaSulualagransannminaasdlunasanaass

A v a = . ad . .
uwazluifanvasnunanas laalFnyTamuTunn monoclonal antibody 1as3T fluorescence polarization
. 1 Q L= =) o . . ® .
immunoassay (FPIA) qu@maﬁnm:@uU’]"Lﬂmaﬂammt%gﬂ TDX cyclosporin-SP-Dinapack kit
lagldia3asila TDXFLx Analyzer (msmaaaﬁ“ﬁ'l,@i”%’umsa%ms’]:ﬂ"ﬁﬂ%aa TDxFLx Analyzer 3nnfme

% 6 a o dl [

\nFoeaas swnInmaslae dszsinadgilu)

a 6 A [ 6 a

1.3 Jianzimantanmsnsraaneaasvasen lolasalasu

o s A Qr [ 4 a 9 o = A v

riniasuddnisndraauaisaivesonlalasadeTulasldlusunsudnsagunleiu

a a a a ® L

AaNALAas Tha3uludn WinNonlin© (version 5.2, Pharsight Corporation, MA, USA) lag'l@sums
auiaTzAIINAmNFTMaas i Aneauleaz Uszinadlu lunsdwismidivesdiudimangs
AAUARAT

% % 6 a A o a 6 v 1 1 o

audsmangraanmansvesen lolasalasunazyinnmsienzdmlaun ernssiaaen (total
clearance; CL/F) A1a3933a18481 (elimination half-life; T,,) Sz&lznmmﬁUﬁwuma%ﬂui’mmEl(mean
residence time, MRT) izﬁumg\‘iﬁq@lmﬁa@ (maximum blood concentration; C,,.y) LANNLTZAUEN

GAER (time to reach Cp g Tmax) ANIINIZANLAIVILT ITIINNY (volume of distribution; Vy./F) Lae

A5 &NTNaVILN (areas under whole blood concentration-time curve; AUC.)

1.4 MIdwimenUszan uueIdanIgaduza e lrlavaaSulus 1&an
lun1INaaashldi s Deconvolution method lumiﬁwmmmé'm']ms@@%maam"l,sﬂmaﬂa‘%u

lusldian lasaansadiwmimszauen bolassdaIuluifan (Cu(f) Munssanmsiienlasis id. Loy

2
%

launns (Kiwada et al., 1977) a4
C,,(6)= [£(©O)C,(t-0)do (1)
0

Lo f(f) uaz Cu(t) WuLfidaNIgadu uazszaue lolasaleIulufan mendianmida
e lolasalaTudmanszuaiiaaiiion ¢ saen AO)AO feadinaenfigndadinienszumfaniiim

0 warszauenlufeansuiusiuudszasizamBamdmimlann AO)AOC,(+-0) uazdasnmiga
Fuenlus lsansunsnd 1w o ldannazuaunis deconvolution a4d1 Coo(f) NUEN Cy(t) Tbaun1sN
(1)
dq,w a U Q a =) 1 (%3

WNeme:  lunanaassiidsdadayavasszaumlalaraleiulufaaluadi gnasanms
a a A a o A g v . v A .
damnlalasaleiuawia 5 un/nn. @uduwswadoinvilslunmimasasii) irgiduidan femoral vein
NNITUAABAYDINYNARDS lumiﬁwmm@hé'mﬁmig}m%um"l,sﬂmaﬂa%uluéwvlﬁl,ﬁn AINNINARDI
a d v a ¥ . . é ¥ o ¥ g; !
WA laTunI@RNNUAY (Hirunpanich et al., 2006) T4 ldianuaastayadnasludiusainan1Inaaas
lugainaaad



17

a

SAAN LB IWA1TIATIZA
weasdayalugtuuurasdnady  +  dudssuwines;u  wssvhnsSouifisuanauanstg
wwivdladovangy 2 ngy lauldaid Students ttest uazldmiid@ one-way ANOVA lumis

o Aao !

= ~ ' ' A = [ & ~ ~
LlJSmJL‘YISJiJﬂ’J’mLL@m@l’I\‘l‘UEN@]’]L%amla\‘iﬂquﬂm}’lu’mw’mﬂ’l 2 ﬂ@‘umu‘lﬂ 'ﬂaﬂﬁnﬂuul’ﬂjﬂutﬂﬂu%’]

mmLL@m@hwadmmﬁwam@ia:ﬂi@U’Lifﬁﬁ@ Dunnett’s post hoc test I(ﬂULL@iﬂ:ﬂEj&lﬁ]:ﬁﬂ’J’]ﬂJLL@m@i’m

AuwagIdnpi AN IIafiallad p value A1%asn31 0.05 (p<0.05)

HAN1IINARDI INEAINARDI
A o Aa A o o = ' a A A [ ' o
N 1 uraIszaue lrlasrUasululfaanasnnlasusiNasagraudeiniaia le3usnsINAY
ssuduanlansayiusmwia 15 wia 150 wn/nn. udsna 12 Talas wansnasaswuindialien
Vl,sﬂmaﬂa’%m’awﬁ'umsméﬁLLaﬂI@ﬂaagﬁumm@ 15 uaz 150 Wn/nn. eduatiyzausnluifaaia
Wisnifisunuvesnguaivay  lasawzlalinnlolassleiusmnvasiuduanlansaydu awa

150 Wn./nn. AHARNAEIUTZANTHABIIN (AUC).0) WazIzaUENgINGAllAan (Cra) Uiz 30
W8 100% GNNAAU Lﬁal,ﬂ%ﬂmﬁﬂuﬁ'umjumuqu TIANVINIRDIALUTTANULANEAN I NI
wdAymesididawiouiisuiudvasmudndsinulunduaigy (p<0.05) (Fayausasluanyad
1) uazwuinlalien lolasadaiudhmiumnudusalanseyfuniseszuwa  J6aaa Ty, o819l
a ) s aaAa all dll =} = Q ] 1 U
wodAYN9alia (p<0.05) (13190 1) WalSpuifisunuveInguaiugy uaashasuduaalanaay
A A ° o A v £ A & a =< v £
sulinarhldmunsanuenlunszusfonldiidiu Sz lolasaleiuauningaduldisiu uans
NARDI LUFAINARD ﬂa%iwmsmﬁmaﬂi@naagau ﬁwaLﬂué'mwms@@%maomvlsﬂmaﬂa%u
109910 T 8089 lasiawnzidiolfon lolasadatuiudumanuduanlanaaydu sua 150 un./an.
= a o v @ a a { o I
Tauananazlinaiivdannigaduudidiinaiulinuenauningedudignizuaiion ldais lag

. L ¥
AU LFNNA AUC)00 BRE Crra Aengotin

uaﬂmﬂﬁfuﬁnﬂmsﬁﬁmmmé'mﬁmigm%um"LmImaﬂa%uimﬁamImﬂl%ﬂi:uauﬂﬁ

. ] % @ a v o a v .
deconvolution  @algszauen lolasatasuluiaad laanmsdae lolassdaSuitnlunseuaidon  (v)
Tauaastanaluzlf 2 waznnnilieudhganldidnlasass (o) wamImassInuIdaINMIgady
°11aom%‘[maﬂa’%ulumiumuquﬁm 1.9%UDIVUIALI/TI L4 Imlumjumaaamjuﬁ 1 uaz 2 TSIl
lalavdatuinduasuduaalanaaydusmwia 15 uaz 150 wn/nn. ddudu 9.3 uaz 24%v833W19
o o s & N a 1 1 1 o o
BVl audaL T18A180N1IgATNENgINTINGNAILAN 4 Uaz 12 1Y anuFeL
a & o @ o A o o Ao v & A £ An
I@mJﬂ@mfﬂzgﬂLumuavl,aml,a:mWMW I@ElEl’mtq]ﬂﬂﬁﬁ](ﬂﬂ@leﬂtiiﬁ]zilﬂ’lﬂiﬂi’s@]“1]8\‘]m

' A

OI 1 ] =3 U 1 1 1 a é d v
(Tiz) @1 dnadalsfionuwuilununessdudazngy fid Ty, lduandreiu Sanmsnanswduanle

naaydulifinailasuuasdn T Fadudsdsrhamaudusalanseydulidnafouulag
ATLUIUMITANRIALN LA IUGY waRKalauaTINnuS a1 ldanvinniu

PNNNANITNARBIIUTATNAREI FI1N1TD ?{E‘]Jvl,é/’j’]ﬁﬂil,ﬂﬁ’] LLaﬂImﬂaayﬁuﬁwmﬂué’@mmsgﬂ%u

uwazdSanmnnIgaduzas e lrlavaasui éhvl,ﬁl,ﬁﬂvlﬁlwhmmaa
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1000 7
&k
=O=("ontrol (C"sA 1 corn o1l)
=D0=with |5 mg kg p-LG
== with 150 mg kg p-LG

SO0 A

('sA concentration in Blood ng/ml)

Time (hr)

[ pe—

dl Q a A = Qs % Qs a 1 a A
3N 1: smum‘lﬂmaﬂasﬂmaa@mmeJL’samadmﬂ%w@aadvlmum"lfﬂmaﬂasuamommma
"L@T%'umi'wﬁ'umimé’"nLmﬂimﬂaagaumm@ 15 ez 150 UN./NN. ANSI1AL

LLa@awa‘lugﬂmao Anafy & adouuNIaIgIn (ﬁ"lé]"anﬂwamimaaamn%gmaaoéﬁmu 6

AING)

o a a A

LAY ** ANNYD @hmmu@n@maamﬁﬁfﬂmﬂmmaan@mmﬂ%ﬂuLﬁﬂﬂﬁ'ﬂﬂﬁjumuquﬁ

[

p<0.05 L&z p<0.01 MNE1GL



19

P @ o & a
M1329N 1 AU INIILNRTIRUWATRAIV DI U'\vLsﬁIﬂiﬁll aiul%ﬁhb‘ﬂ@ﬂaﬂ

NANAIUAN NRANARDINGNT 1 NANNARDINANN 2
5 5 (lasuenlolassdesu  (lesusnlolasadasu (asuenlolasadasu
andsnands
. YUNA 5 UN./AN.ALN YU 5 UN./AN. WUNA 5 NN./NN.
AWANFAT (W428) B o } ) L ) )
\aen) PUNUMTUMNEEYAL  INAUMIIUGINABYEY
2U1A15 NN./AN.) 2U19150 WN./AN.)
T. (hr) 3.20£1.20 3.20 £ 049 255+ 0.25
C.... (ng/mi) 379 + 208 604 + 79 763 + 140*
40x00 1.50 = 0.58* 0.50 £ 0.0*
Tmax (hr)
+ + + 247*
AUC,.. (ng/ml+hr) 1753 + 214 2097 £ 310 2297 £ 247
CL/F (L/hr/kg) 3.56 £ 1.94 243 £ 0.37 2.251+0.49
VF (Lkg) 19.1 £ 9.60 8.97 £ 1.47 739t1.0
MRT (hr) 5.86 £ 0.38 3.71 £ 0.44* 3.35 + 0.50*

uwaasnalugles duade + dudouuuwinagu

2 ! ) | Ao o aa A = P o ] A
* RUYDN ﬂ’]ﬂ’l’]ﬂJLL@m@]NaEJ’NNuﬂmﬂryVlNﬁﬂ@lLNQL?J?UULYIUUT]UT\QN@]’J?JQMVI p<005
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6000 A

N

o

o

o
1

4000 A

3000 A

2000 A

1000 A

CsA concentration in blood (ng/ml)

O 1 1 1 I I 1
0 4 8 12 16 20 24
Time (hr)

sUn 2. szauenlalasay a’%ulmﬁawé’amn%&maaﬂﬁ%‘umiﬁ@ g1l lavataSuliNnidduiiaa

femeral vein 1WIUW1a 5 UN./NN.
LL&@GN&I%E‘H"UBG Aady + AdoaunIaIgIw (vl,ﬁmﬂwamimaaamﬂﬁw@aaaﬁ‘hmu 5 @)
g: 1 dl s ol 1 a v e g d o ]
(nursassandosiunaunasginiiadiaue error bar Qm_l@mmﬂatyaﬂwm‘iuﬂiwwsﬁoﬂwlﬂ“'lummm

UaILAY error bar NANTIN Lat)

WaNBLAG: E1989NHANINARBIGNN IATUNIARNWLET (Hirunpanich et al., 2006)
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2. NINAADI IWARBANARDY (in vitro) TaguLININIIANBA 2 A% Tawn

2.1 MINARDUNAVAIRIILUAN LLaﬂI(ﬂﬂﬂ E'J‘Hau@i AANNNIREANLVAY m"l,sﬂmaﬂa%u‘luma@maaa

a

nagauaMIazasvaden kolasstasulaslsitues Jiko et al. (2002) lasiiitnsnaasiasi

- Tarsen lolasslaiu Sruau 10 un. wazaswduaalanasydu d1uan 30 wn.
a A caa v o ° ° ~ &
- ssndninasnians CMC-Na luanuiduds 0.5% $1uu 5 . $1uwn 2 Snnes
Adsowaenlolassdau aslulinnes® 1 (nduaiuqu) duludininesi 2 llsousenlolasaye
U Mwnumuduaalansaydn (ngunasad)
Adurisuiaw anaslundazdninasuiu 5 wd
Ahasawarnnnigaddninas lutuusnainluiaIatiuuan (centrifuge) lvanasa 15,000 x g
a
W% 20 w191
N78IMAIFIRLUTINFUAILAULAZNFUNARDINIAZABTIBIINRD ULINTBIRILIATEINTDS
= . . A A Aa
PIALEN (microfilter) NfinszansnIasmulwaTasnsasniizniuzma 0.45 lulasiuas
AT RAINHIBNNITNTEILAR PR UTuen bslasadeSunazans lalasltiases
Fluorescent Polarized Immunoassay (FPIA) muq@mn{fm:é’mm"LmImmJa’%uéwﬁagﬂ TDX
® @ ] .
cyclosporin-SP-Dinapack kit laglaiaIasila TDXFLx Analyzer (Dinabot, Tokyo, Japan)

AININARAITIAL19RAY 3 MINARDI LNDRINITANWIRIANLARLVDIATNITALANE

HAaNIINA[DY
NANIINAaaINLINEN MrlasalaSuidinsazanuiads 67.2 + 2.7 lulaInsu/ua. uaziialdy

ﬁmm@TﬁLLaﬂI@ﬂaaHEuwudﬁmvléﬂmaﬂa%uﬁmﬂ"ﬁazmmﬂu 62.6 + 2.5 lulasnIu/ua. nndoya

1 dwn v a 1 dl 1 a
U3 ']ﬁ’]iLlI@]']LLﬂﬂI(ﬂﬂﬂaHG%VL&INNQL‘]_]ESEl‘HaLLﬂﬂd@ﬂﬂ’]‘iﬂza']&I“llﬂdf_l’]vL‘IiIﬂiﬁﬂa‘iu
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2.2 MINARAUNAVBIRITIUAUAALANRaLAUGBATLNIHIY (permeability) 2ad8n brlasatasu

U

NNLTRLNIZLA ST RG Caco-2

mMInaassinasauamsunsEnuadn lolasadesu  laslfioawizfesaiia  Caco-2

_ A X X 4 4 & d
(human colon carcinoma cell line) Feldnnmamnziasadiaite Wasaniamnziaed Caco-2 In3s
396 TUALT (Monolayer) lasfiUSunavasianlad uazliauifniuguniuniiiuaassnuazasdingg
aauadInulud 1 l#an (Hidalgo et al., 1989, Pinto et al., 1983, Hunter et al., 1993) \NanagaUaNLA

MIunsHwpaden lolavruasn LLazwamaamsm@TﬁLLaﬂI@ﬂaaH‘émia@hLLwichumaam"lfﬂmaﬂa‘%u

a agl‘ ] a v & g; v 1
lunsddeftazutismsiseiu 2 tuaawlaun
1) MIziasiiatta e lR ldloalwielass Caco-2 U transwell filter

2) mi‘n@aauNa°11aamim@'ﬁLLaﬂI@ﬂaayau@ia@hmmwimmaam"lﬁﬂmaﬂa%u
WHWLAZTUABUNITNARDS LA ULA

1 NISINIZLRgsLThaLda N TR LA LT aLNIZLA 89 Caco-2 U transwell filter

=

LREILTALNZLREY Caco-2  MABIMITLRLILTA (culture medium) lu Tissue culture plate well n
A . o . Ao & & A AV vA
mulud transwell filter 8aqat N3 incubate LEaNgiaBuTaTIgnAILgNaMRAT LN 37°C Aruqu
auTu uazmugulitidSinaemeidu 5% CO, uaz 95% O, vimsiasu culture medium Tuiin
M uadsennn 22-24 7% NBwnaa transwell filter 88NN Tissue culture plate well LaZIANN
AMANMNURIINTOLUMTUNSHIY  (transepithelial  electrical resistances, TEER) 28diBaniIoaaiu
. ¥ { oy d ' 1 2 o
transwell filter laum3kia3ad Millicel-ERS tadn TEER #enuszanm 500 Qem”  393hanias

Wzt Resun M lwn1Inaaadsia ld

2 miﬂmaauNawaamsméfﬂLtaﬂfmnaayﬁu@ia@hmmw%m%waaﬂﬂﬁfﬂsaﬂa%u

#eIN IFTaNIIAEY Caco-2 Nidain1Iud vnInasaunazasmuduanlanaayfusad

[ =) dl a = A Qo A o v
MIUNIHIBTads lrlasriasn Luaaﬁnﬂm"l,ﬁﬂmaﬂaiuuaw@lumiazmﬂlulu"lmwugdmm%:ml%
fmmaa’ma:mULLa:a@aglu‘fj’madLsﬁawazLﬁm MR LRI U T U T I UA N TUN T WU B9 AL DS

L2 d g; dly a 1 o a a a dld

16 d9vnluniInaaasiazisziinainisunsiiwsason lolasalasu I@ﬂﬂwvléﬁiﬂsaﬂasumu@ﬂuﬁwq
o o a A f 3 'V a ' ' > a
nuduadsflalasiandaey (CHI-CsA)  wazrdauSunmnsuwizassndiuwalasiaainyTunmans
nuNwaMWTIRNaanue lolatalasulasdaunaaunInaaasand
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Qo U 3 ] { 1) .
2.1 30N NININVBY [ H]-CsA W11 Caco-2 cell ﬁLW'lzagiJu transwell filter (PS,,,,)
° . d ¥ s [ { o v v & y
- 11 transwell filter NAULTALNIZLRLY Caco-2 TINTaNNILFINNTNAFAL 18196281181 Hank's
balanced buffered saline (HBSS) 3142 2 A3
~Tamen TEER Bnasuiienasevliuslainoainiziiss Caco2 InaiFssdifiauysol lasen
' 2
TEER a138en1szanas 400-500 Qcm
o dld dv ! . . . & =
- ¥ transwell plate NJLBALNIZLALS Caco-2 alG 1 vertical-type diffusion chamber cell 33
a o L o®) v o i i A & o Aq A o Ad o o o
woa 2 Snusznun wdadueu @ 1w apical side Taludunlaanndssnimasey lasiindasdsnsy
N3UT7Y transwell filter NXLTALWNZIREY Caco-2 NUNANITEWINI apical side WAz basal side T91ilu
[y { o o a 3 d ' . Y . [
MuNAaINTIALSIIMEN [ H]-CsA ARUNTOULNTHIKANN apical 81614 basal side b6
- 132y diffusion chamber cell NIFAIAULTNAILNWLAZLANYENEN Hank’'s balanced buffered
saline (HBSS buffer) a9l LARZAMUTBILTA SAWIUEIUGE 5 NA.
- diffusion chamber cell NALALNNZLAE9 Caco-2 ﬁuagjszmw diffusion chamber cell Uugias
) . . . . . . . ® 4 ad
analalu NaviCyte Multichannel Vertical Ussing/Diffusion Chamber System ﬁﬁﬂﬁiﬂiuquqm%ﬁw‘ﬁ
37°C uazdiviaannanldsunm 95%0, / 5%CO, ¢altnf diffusion chamber cell LARZA1%
- BUFNINARBIRIA M TUNTENRTaI8N brlasataSuEwTaINIzIAY Caco-2  launILau
3 a . A A 3 ' [ o a
[ H]-CsA) @733 0.5 VL&IIﬂiﬂi (UCi) /UA. %38 L&N [ H]-CsA S’J&Iﬂﬂa’]iLU@’]LLaﬂI@ﬂaaHﬂu Tuaw
DY 0.2 uM #38 2 pM a9l HBSS buffer waIa apical side
- ¥inN3 sampling a15azan81wIn 100 Tulasdas a1neu basal side @ 1381 30, 60, 90, LAz
120 w1#l lasnna3sniinny sampling vadinaiaan azin13idy HBSS buffer luunuiineinwdianas
2YBIVBILARD bAA apical side U84 diffusion chamber cell
a a 3 s 1 ¥ d . . . . . .
- A@eAmUSIn [ HI-CsA luaratng lagldia3as liquid scintillation counting (LSC-5200,
Aloka, Japan)
o ! a 3 d ' { .
- msnaaanTWsznI19dIunm [ H-CsA Naun3nk1% Caco-2 cells ILAZUW transwell filter
=) %
wn y) lasifsunuia (W x)
o | o a £ o & 3 o . . 1
- AW BRIARNUIZENTNTUNTHIUNIRUADDY [ H-CsA 91n@% apical  side W% Caco-2
i . ) v . e 3
cells ﬁLWﬁzaguu transwell filter 1U@% basal side (apparent permeability clearance of [ H]-CsA

across Caco-2 cells cultured on the transwell filter (PS,. ) laglfaunns (2) $9871989910 Artursson

total

(1990)



24

PS,, (ul/min) = (%j ‘ Ci <V
0 @)

lag

d(C)/d(t) fa AATINIINILNINIUDDY [3H]-CsA IR W RNNAN T U BINTIN AN DA TEWIN
USanos [H-CsA fisnansarinu Caco-2 cells 1iguium (wfl) lasfimhodwlulagiun/mi

vV fe USunawasuaamaiiildainnis sampling &1sazansln basal side lap@wiaedlu
lulasdag

v ¥ A o 3 { a . '
C, fin anuidutuEuduas [ Hl-CsA Midwlu basal side lavdninidululasgi/ma.

2.2 MIUWIHUB4 [ HI-CsA W% transwell filter (PS,,,)

NMINaaadlasIaUIu NSNS HIU e [3H]-CsA U transwell filter agnatden lag lifias
IWNZLRB9 Caco-2 ay Tawldahidendudlensnalluds 2.1

Biamzdrnysanos [H-CsA fisnunInuniriuann apical side fifiud transwell filter agn9Lie
(Vlajﬁmmmu'gm Caco2 U@ basal sideimlsl"ﬁ'm%ad liquid scintillation counting (LSC-5200, Aloka,
Japan)

- fmIndaaniwseninaysuno [H-CsA figun30rIw transwell filter (wns y) lasfsuny
I8 (W191) (N3 X)

- WA FNL T AN T MU HN B LTS 109 [3H]-CsA b transwell filter agindLdien (laill

Caco-2 cells) (apparent permeability clearance of [3H]-CsA on the transwell filter (PS,,,,) lasldzuns

@ (1)

o 1 e a A€ (] ¥ 3
2.3 AW HAAFULIZRN DN IUNINIBLTALNZLRES Caco-2 Va8l [ HI-CsA (PS,_,)

o g g a £ ] ¥ 3 ¥ {
FUI A ANFNUITRNDTNTUNSHIULTALAZLR S Caco-2 a3 [ H]-CsA (PS. ) lagltauniin

cell

%

(3) T98198991N Artursson (1990) Gsft

PS _ 1 _ PStuta/ ’ P Sﬁ/rer
cell — -
1 1 PSﬁ/ter _PS

PS PS 41er

total

total

3)

d \ @ a £ w 3 | { |
\ia PS,,, Aa AauUszENdNIUWIHIUDeI [ H]-CsA H% Caco-2 cell Ailwizagun transwell

total

. 1 o a QK [N 3 1 . { ] ¥
filter uae PS,, Ao AFUUIEENDNITUNTHIUDEY [ H]-CsA KW transwell  filter (N ldTmaiwizifes

Caco-2)
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2.4 fwInaTanme [HI-CsA Basz (fraction unbound: f) Aldldinz@anusiulaglugiuves

donor-side medium lagldzunsn (4)

_ PSﬁlter(-*—ﬁ'—LG)
fom5e (4)
PS filter (= B—LG)

{ o a £ L 3 \ .
818 PS,eprie) W8T PS; ey A1 AENLIIEANDNIUNIHUDEI [ H]-CsA Hw transwell filter

(Mlafiwanzidns Caco-2) Wiafluaz lifansiwduanlanaaydulu donor-side medium  anug1ey

25  dwimlSumag [ H-CsA Eai:ﬁgﬂddmuma Caco-2 211 donor-side medium 'l
£ receiver-side medium (intrinsic permeability clearance of unbound [3H]-CsA across the Caco-2

cells: PS, ) lagldaumsfi (5)

u,cell

. PS
PS, e (ul/min) = —<L .
J.
26  minaseunazassIuduanlanaayfudaniBuriuasenlalaradaiuiu Caco-2

cells lag/liTnavas CYP3A uaz P-gp 3087789

o lolasalaudunfiddinisgady uazdrBitszdniua (bioavailability) @1 1Hasann1iga
=S a o« 4 a o v = . .
FuvasnlolasaeIugniialasiewlsd CYP 3A ua transporter wfia P-gp lud1ldian (Christians,
2004) BINTITUWUINLWTALNILLALY Caco-2 cells Hulian b CYP3A waz transporter e P-gp
wilaufinuluibayd l§iandas (Pinto et al, 1983, Hunter et al.,, 1993) danulumiidbazidalinisly

] o g d wa o & o
sndlalaulaa (ketoconazole) TaIuenduiTa NN NI UIINTHNUVEI CYP3A Was P-
X A o = o A R

gp (Ogasawara et al., 2007) lumifiiNadasmIdnmnasasasiuduanlanaayiudaninBurin

fldanvasen lassdeSunuriasslas lidadvauitunatas CYP3A waz P-gp #N87189

35n1Inaaay
° LA o AV o o g o \ \ &
ANIINAR0ILTWALINUN kana1d luda 2.1-2.3 I@ﬂiuﬂ’lsw@aaqmzmmmmﬂgumaaoLﬂu
2 nau a9tk
1 =) 3 1 = v =)
1. NENAILAN: LAY [H]-CsA ANWUII 0.5 "I,aﬂmﬂ% i’mnumsm@nLLaﬂImﬂaaHaumm

[N 0.2 uaz 2 lulaslua
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U =) 3 1 Qs v v
2. NRUNARBY 1: \in [ H]-CsA auuss 0.5 lulaigd Twnugnalalawilan anududw 100
lalaslua
1 a 3 1 et £ a
3. ngunasad 2 @n [HFCsA auusd 0.5 lulasgs Swnumaudualanaayfu e
wint 0.2 lulatlua wazendlalawilas anuutw 100 ulaslua
- (5N IMAaadlasn1s sampling ®13azaud s 100 lulasdas anenu basal side V83
diffusion chamber o 1381 30, 60, 90, W&z 120 WIN
a 6 a 3 a 1 v dl . . . . . .
- JiaermnydSunas [ H-CsA ludiatng lasldia3as liquid scintillation counting

- FUITUANAT PSoey MUFNNITN (2) Uaz (3)
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a 6 &£ a 1 1
Nﬂﬂ"l‘iﬂﬂﬁaﬂllazﬂﬂiﬁlﬂiﬁz‘ﬁNal]ﬂﬁ"lla\‘lﬁ'lil,‘ugl"]Llﬂtﬁlﬂaaga%ﬂaﬂﬂiLLWiN'}%"ﬂaﬁ [3H]-CSA

W1 Caco-2 cells

o L 3 | d '
IINHNANIINARNDI RINITAATIWIWAITLNINIUVAY [ H-CsA W1 Caco-2  cell ﬁwazaguu

transwell filter (PS,.) NIWWIHIUV83 [ H]-CsA Hw transwell fiter (lae'lifl Caco-2 1wa) (PS;.)

total)

LAMNIUWIHIWTRLNZIREY Caco-2 MutTa39284 [ H]-CsA PS_ ) laiflu 742 + 078, 1563 +

cell
19.2, 7.80 = 1.12 lulasday/uwf enusau
o { ' { o 3 f [ o Aa '
nndayauaadluanai 2 wodulald [ H-CsA swﬂumsmmuaaimnaagaﬂumam’m

v v 1 1 v v d AI J
WNTW 0.2, 1, 2 uaz 20 lwlaslus wudnd PS,,, PS,, uaz f, aasdauanuiduduiinalinyes

cell
v Aa A ' o o @ P %) 3
mimmuaﬂi@ﬂaagau °D'\‘1LLE‘T@G'NT]’W"DUT]WUa\‘]ﬁ’]iLU@]WLLﬂﬂI@mﬁaHﬂuﬂUINLaqaﬂla\‘l [ H-CsA fJNﬂ
a 3 a 4:!‘ |¢=i . . 4:!‘ ‘:S' o o & o
aaUIum [ H-CsA lugﬂuuuamzmmzagw medium, filter LRzY Caco2-cell DIRUWUDINUNANIT
{ ' 1Y a PN | @ a £ L 3 a
ﬂﬂaaaﬁwmwmsmmuaﬂimaayauﬁwaqumauﬂizaﬂﬁmmwsmmaa [ H-CsA a®32371n

donor 'l receiver sides (PS, ) Waiflvununguaiugu uaaditasiuduanlansayfuduny

u, cell
3 Y ' L Aa ' o

luana [HFCsA ud19zlnaisanmsunssiiuzes [H-CsA lujtuuuBaszsiu Cacoz-cell a1
. . P o a & A PN A Aa [N o o A
receiver sides uaziitasanasiuduaalonasyfuwiuldsdusiianisniiaud@lunsiuiuluanad
raudunyludu Jsanadwavasmiduveslisduiuluana [HI-CsA (protein-mediated transport)

duwnalndanlunsssmsunsiiuaassndin Caco2-cell



{ g e Aa Q€ o 3 { [l v Aa
A1519N 2 ANFNUIZRNTNTUNIHNIUVEY [ H]-CsA Lﬁaﬁﬁ%avlwﬁmimmLLaﬂI@ﬂaayau (0.2, 1, 2

uaz 20 lulaslua) lwwa Caco-2

PSfilter P Sz:e/l 'DSu,ce/I
nga (ul/min) (ul/min) h (Hl/min)
(% of control)
NFuAILIAW 156.3 + 19.2 7.80 £ 1.12 1 7.8 (100%)
(laidl B-LG)

02 UM BLG  1082£103 7.15 + 0.68 0.69 10.3 (133%)
1 UM B-LG 59.2 + 6.4 5.15 + 1.02 0.38 13.6 (174%)
2 UM B-LG 411+79 4.25 +0.52 0.26 16.2 (207%)
20 UM fB-LG 15.9 + 2.1 3.45 + 0.67 0.10 33.9 (434%)

LEAINATAIAT PS wae PS

filter cell

luztves duade + Adouuuanaiziu 1INHANITNAREY

WA 3-4 NINANDY
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NNHAMINAaad (JUN 3 uaz 4) wuduladvasuduaalanaayduly apical side A1 PSe,
3 | A . ' o 3 ) . = A
284 [ H]-CsA W% Caco-2 cell §ifn laiuanearinen PSy 289 [ HI-CsA lunguaiuqu atslsianaiiia
a a L A £ o & o ]
WWuendlalaw loadelgntlunsouainIvinauues CYP3A4 Waz P-gp  LHLDA Caco-2 WUT@N
3 ' o 3 ' 3 ' '
PSeei 9849 [HI-CsA enganinen PSe, 2849 [ H]-CsA nduaiuau ([ H]-CsA addtfnn) agnail
wudAN9aia (p<0.05) wazilawdvmdlalawlosswivansuduanlanaaydulu apical  side
L 3 . L . . L
WUIAN  PSey 289 [ HI-CsA W% Caco-2 cell Hfngeliutszanm 5 11 uazlidnganindn PSe, w4

aa

[’H]-CsA NENAILAY (CH-CsA 1§12 9) adNlhpEATINEDEA (p<0.01)

09 -
—&@— Control
E 08 -
z 07 - - - BLGO0.2uM
o _
= 0.6 -
L]
R —K—BLG2uM
= 05 -
-]
-
<= 04 -
E N lzeto 100 ulMl
= 03 -
=
= 02 - —@— Ketol00 M+BLG
z I
% 01 B 0.2uM
0 [ [ [ |

0 30 60 90 120
a1 (1)

gﬂﬁ 3 U5 PH-CsA 1w basal side Lilai@in [HJ-CsA lu donor side 1eiwa9 wSa ilaldsaufivans
wéuanlansaydu enudutu 0.2 usz 2 lulaslua wiadaldununalalawlos anudads
100 lulaslua wie Pwny endlalawilaa anududu 100 lulaslua uazasiuduanlanaaydu
ANt 0.2 lulaslua

uaaadnlugyl Auads + Ao AldanNnHaMINARass I 3 A5

WANBL1AG: control fa NFNAILAN (CHJ-CsA), BLG #a mnuﬁ%mal@naayau, Keto A £n@la

Taulaa
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50 -
ok
10 -
£ 30 -
=
=
w@gﬂ_
B
10 -
i B

Control [3H]CsA  withBLG 0.2 ubv withBLG 2 pbf withketoconazole  withketoconazole
{100 by (100 uI) and BLG

(0.2400)
dl 1 3 dl =} dl v et v a U U
317 4 61 PS,y 289 [ H-CsA 1@n7 ) wia L&Ialﬂi’mﬂumiLu@ﬂLLﬂﬂI@ﬂﬂm,luau AMALTUTH 0.2 URz 2
lalaslua wIaalwswunuendlalawlaos anududn 100 lulaslua wia saunusndlalaw laa
AN Nt 100 laulaslua LLa:miLuéT’nLaﬂImnaaHau ATyt 0.2 Tulaslua
Y A a a o ] 3 | a
*, ** p<0.05 uaz p<0.01, Muiau WallFoufisunundugiuay ((H-CsA agaidn)
LLamﬂ'ﬂugﬂ ANRRY + ALTHILY N IEINNANIINAAITIUIN 3 AT

A ' 3 A o a
“aELna: control Aa NaNAILAY ([ H-CsA), BLG aa m‘smmuaﬂimaagau, Ketoconazole
A a
Ao ondlalawlos
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%Lﬂi’lz‘ﬁﬂaﬂﬂi‘ﬂﬂaaﬁ

NANINARES MFATNARINL I ﬂlﬁ/ﬂ']vlsﬂﬂ‘iﬂﬂ 2IUTINNURITLLGN LLaﬂImﬂaayaumm@ 150

un./nn. ﬁ]:ﬁwal,ﬁmzé'umgoqﬂlmﬁaﬂ (Coax) UTZNNUHEDILYIN AUC, UTzanms 30% wazvinliinann

] ]
= o s a A

lilszausluifenginge (T  seatadnddoddynesidilenIouisuiunguaiugu

U 9

S ¥ o o J o =S A a o v S o ad
(p<0.05) ‘ﬁdﬁﬂ@ﬂﬂ@ﬁﬂﬂﬂﬂﬂ’]iﬂ’]%?fﬂaﬂ?a(ﬂi?ﬂﬁi(ﬂ@l‘]ﬁ\]EJWV]USL’)RLQWVLGLQT]‘EGQW%’)MI@il’?]fﬁ
deconvolution I@UwudﬂmimﬁﬁLLaﬂImnaagﬁuumm@ 150 Nﬂ./ﬂﬂ.ﬁNﬁL'ﬁNé’@liqﬂ'ﬁ(ﬂ@‘%Nﬂimﬂm 12

L¥in Lﬁam‘%amﬁmuﬁumjm’mqu Namimaaqﬁﬂa%fs”]msmﬁ%mﬂl@ﬂaagﬁuﬁwalumuﬂwé’mwms

wa

=< ‘ A a =< a o & ac . o
@KmmEl’]LLa:a\‘lLﬁi&lﬂimmﬂ’]i@@%m}admvl,‘ﬂﬂiaﬂaiuluﬁmaﬂ@aad Nﬂﬂ'\i'ﬂﬁ]ﬁluﬁﬁwalﬁﬂmzw |

u QU

@ =< A o Y o A A A o =< a =)
(7"]a\‘]ﬂ'ﬁﬂﬂ'ﬂ’]ﬂqﬂﬂvlﬂ“ﬂﬂ’]l‘ﬁﬁ’]iLU@nLLNﬂI@]ﬂﬂQHNHNNE‘]LWNﬂ@]‘i’]ﬂ’ﬁﬂ@sﬁ&lLLE‘]$1]31]’]E%T’]']§%]@]‘II3J°]JBGEl']
llasadasu

Tavin@enlalasad a3udAmazanaalinarinliengnaaduidn ;jﬁ’]"lﬁtﬁﬂ"[ﬁ%’] LRAINARA

=

ﬂ%mmmsg@%um ToYAINNUIILVDINRLILZAME (Liang et al, 2008) UAZIAUAZATAE (Reddy et

' @ a A £ a A AT aa
al., 2006) WU a’]iLU@nLLﬂﬂI@]ﬂﬂaHauﬂJﬂﬂﬁLWNﬂ’]ﬂ’]iﬂzaqﬂmaﬂﬂ’]%aﬁlﬂﬂju@ LD V]Iawau

. %) I3 Y ' v a A A £
(theophylline) uazdwrulngilaoa (sulfamethoxazole) tudu lasasnaliuSunaennanaaduL A

uU U

v
% o

mﬂﬁagaﬁﬁ Uﬁamamuﬁgm’hﬂavlﬂﬁﬁﬂﬁmsméﬁLLaﬂI@maagﬁmﬁué’mwmig@%mad e lolave
ﬂa’%uslu%hmmaamﬁnﬁ B9 I UAMTazABen brlaTadas et lsRaunHanIINaaadluraaa
‘ﬂ@aaamwudﬂmiméﬁLLaﬂI@namﬁuleivl,éfﬁwaLﬂﬁﬂuuﬂaa@hmia:m guaden lolasalaSundatnila
saenmsazansvasn lalasalasui sl Asdasnugnivesensiud uwaalanasyAulunissaady

(% =3 A o 6
893 1NIQa T8l g lrlavrUasuluwaainaaas

€

a a

A a & Aa L o v & o vad & [ s Aa
Luaﬂ‘ﬂ’]ﬂﬂ’]‘lsﬁiﬂiaﬂaﬁuLﬂuﬂ’TﬂN @li’]ﬂ’]iLLWiN’mNu\‘imvl,maﬂ@n sﬁ\‘]auumutﬂuﬂ'ﬂ"ﬂﬂﬂu\‘]ﬂw

1 s =1 a 1 ) YV & % g; U @ AR g: £ ™ 1 d' 1
wamaamwmigmmaam"l,sﬂmaﬂammumvlmaﬂ aanuameITssnstamaduitn s fouudasdn
mmws'mumaam"l,snimaﬂa‘%umﬁ]ﬁwmﬁm"iTaaﬁ'ﬁJé'm']msg]@%um"lsﬂmaﬂa‘%uslu%km@aaa AIIbTh
ﬂngﬁél"s%avlﬁﬁﬂmwamaamsméﬁLLaﬂImﬂaayau@iaauﬁammws’muwﬁfaﬁ‘iﬂéﬁﬁﬂi@Uﬂﬁﬂﬁﬁﬁa

a? d' . 1 1 a Aa
LNIZLREY Caco-2 MILWIZUW transwell filter sl,umimaaummmwsmumaaﬂﬁvlsﬁiﬂsaﬂasulugﬂl,l,uuwu

Qs > Q = 1 3

sInuduannis&daat (H-CsA)
1 ' . 3 . U ]
PNHANINABBIMAANTIIN 2 MITUNTHIUVDI ([ H]-CsA) HIWTALNZLRES Caco-2 AWITUH%
. 1 1 a a Qf [N a ] dq‘
transwell filter WUANANFUUTZRNTNITUNTEIWEN T laTRU T UHWLTALNIZLREY Caco-2 Ut transwell
(% a £ [N a . ' ¥
filter (PS,,), Asudsza@ndnmisunidiuen lolasatautranswell fiter (Lifiwaiwiziaes Caco-2): PS

filter

=3 3 { I ~Q U { a v a { =3 3
uwaztSunm [ H-CsA Mulludasz (f) Adaaandaidnasuduanlansaydn lwsmeidSanme [H]-
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A { o . . ' & ' %
CsA TugtuundaseNgnasrnuainion Caco2 WH1 receiver side (PS, ) HANEIIU UAAITIATIILEN
a [ 3 o v 1a { ' a . 1
uwaalanaayAudnaduluanavess [HI-CsA FavhlwdanaenfiegluUuuudaszlu donor side e
& v a a A .
A0RI TIROAARBINUNANINARDIVBILETIA UnzAm (Burczynski et al.1990) uazyluauazAmE
(Puyol et al., 1995) Tawuiasuduaalansayduiiunnlumsduuaziiunisgaduvasmiidian
. a . L . o v & o o A Ai % [ 1
(palmitate) \3@uan (retinaol) uaznIaludU (fatty acid) lud1lfian anwday Fuilasndayaasnsnn
wn o R AV o & Aa g . 1Y
anzgIdpdsudanad ldanminasasitinlunznfisaniziass Caco-2 U transwell fiter 8131067
uwaalanaayduazlildinssudduiuluanas liniioudularinnisnanauu transwell filter agndifien
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ABSTRACT

The aim of this study was to determine the effects of B-lactoglobulin (B-LG) on the intestinal
absorption of cyclosporin A (CsA) in vivo and in vitro. After intraduodenal co-administration of
CsA (5 mg/kg) with 150 mg/kg B-LG, Thax Was significantly lower than that of control rats which
were given the same dose of CsA without B-LG. C.x and AUC were significantly increased as
compared with the control while T, were not significant. Moreover, a deconvolution method
revealed that the rate of CsA absorption was enhanced by B-LG (150 mg/kg) by about 12 times.
These results indicate that B-LG significantly enhanced the rate of CsA absorption and extent of
CsA bioavailability in the gut. Using the Caco-2 monolayer which is an in vitro model of intestinal
absorption, we also demonstrated that B-LG increased the apical-to-basolateral intrinsic
permeability clearance of unbound CsA (PS,.) in a concentration-dependent manner. In
conclusion, B-LG was shown to enhance the rate and extent of intestinal CsA absorption in vivo,

possibly due to the B-LG-mediated transport of CsA.

Key words: B-lactoglobulin; cyclosporin A; oral absorption enhancer
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INTRODUCTION

B-Lactoglobulin (B-LG) is a major whey protein of bovine milk, and has been reported to
help absorption of lipophilic vitamins in neonates whose bile acids secretion is not matured.” p-LG
shows a resistance to acidic pH therefore it has been introduced as a carrier to increase the stability

. 2
for several compounds and nutrients.””

However, the effect of B-LG on the gastrointestinal
absorption of lipophilic drugs has not been examined quantitatively so far.

Cyclosporine A (CsA) is an immunosuppressive drug, and its oral bioavailability is low due
to its poor absorption which is related to water insolubility, P-glycoprotein (P-gp)-mediated efflux,
and first-pass metabolism by CYP3A4 in the liver and gut. ¥ Some strategies have been proposed to
enhance the absorption of CsA by using absorption enhancers including surfactants, fatty acids, or
chitosan derivatives to modify cell membrane permeability or modulate gut tight junctions.”
However, local toxicities of these absorption enhancers on intestinal epithelial cells are the matter
of concern, and the development of a safer and effective absorption enhancer for CsA has thus been
paid much attention.

The aim of this study, therefore, was to determine the effect of B-LG on the intestinal
absorption of CsA in vivo and in vitro. The effect of B-LG on the pharmacokinetics of orally
administered CsA was examined in rats and the rate of CsA absorption was calculated by a

deconvolution method. Moreover, the effects of B-LG on the solubility of CsA and the permeability

of CsA across the Caco-2 monolayer model were determined in vitro.



40

MATERIALS AND METHODS

Effect of f-LG on pharmacokinetic of CsA in rats: Male Wistar rats (Nihon Ikagaku
Doubutsu, Saitama, Japan) weighing from 250 to 280 g were employed to determine the
pharmacokinetic interaction between B-LG and CsA in vivo which was studied according to the
guidelines for Animal Experimentation in the Faculty of Pharmaceutical Sciences, Showa
University. The rats (n=6 rats/groups) were acclimatized to environmental control (a temperature-
controlled facility with a 12-h light/dark cycle) for at least one week. The rats were fasted for
approximately 12 h with water given ad libitum and then anesthetized by pentobarbital (40 mg/kg).
The femoral artery was cannulated with polyethylene tubing (SP-31, Natsume Seisakusho, Tokyo,
Japan) filled with saline and EDTA to facilitate blood sampling.

In order to exclude the variability in effect as a result of gastric emptying, B-LG was
administered intraduodenally to rats. Polyethylene micro-tubing (PE 50) was used for duodenal
cannulation according to the method previously reported.”’ The abdominal cavity of the femoral
artery-cannulated rats was opened and the distal part of the duodenum was exposed and clamped
gently. The clamped duodenum was punctured using an 18-gauge needle and a cannula was
inserted at the punctured site of the duodenum and the purse sutures were tightened around the
cannula. The clamp was removed, and the cannula was flushed by physiological saline. The
cannulated rat was kept for 18-24 hr in a Bolman cage and the experiment was performed following
recovery from anesthesia.

CsA was supplied by Novartis (Tokyo, Japan) and dissolved in corn oil and given
intraduodenally at the dose of 5 mg/kg (4.16 umol/kg) alone (i.e. control group) or together with 3-
LG 15 mg/kg (0.81 pmol/kg) or 150 mg/kg (8.13 umol/kg). At 0.08,0.25,0.5,1,2,4, 8, and 12 hr
after administration of CsA, blood samples (120ul) were taken into plastic tubes containing EDTA
and stored at 4°C until assay. CsA concentrations in whole blood samples were assayed by a

monoclonal antibody fluorescence polarization immunoassay (FPIA), as previously described.”
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Pharmacokinetic parameters of CsA, i.e., the area under the concentration-time curve from 0
to infinity (AUCy. ), elimination half-life (T;;), mean residence time (MRT), the maximum blood
concentration (Cpay), volume of distribution (Vgss/F), total body clearance (CL/F), and time to
reach Cpax (Tmax), Were calculated by a non-compartmental analysis using WinNonlin™ (version
4.0.1, Pharsight Corporation, Mountain View, CA ,USA).

The intestinal absorption rate of CsA after intraduodenal administration to rats was
calculated by a deconvolution method. Blood concentration of CsA after oral CsA administration as

a function of time, C,(?), 1s expressed as follows: %)

C,,(6)= [£(©O)C,(t-0)do (1)

where f(7) and Ci,(7) are the absorption rate and the blood concentration, respectively, at time ¢ after
intravenous injection of CsA. When the amount of f(0)AO is rapidly injected to the systemic
circulation at time 0, blood concentration associated with the pulse is f(0)A0C;,(t-0) at time .
Equation 1 holds since an absorption rate-time profile is composed of an infinite number of the
input pulses. Absorption profiles of CsA were estimated by deconvoluting Cpo(?) with C;(7) in Eq.
1.9 CiW(¢) used in this analysis was cited from a previous study”, where the same dose of CsA
(5mg/kg) was intravenously administered to rats and the blood-concentration profile of CsA were
obtained.

Effect of f-LG on the solubility of CsA in vitro: The solubility of CsA was determined
according to a method described by Jiko ez al.” with some modifications. Briefly, CsA (10 mg) was
added to 0.5% sodium carboxymethyl cellulose (CMC-Na) solution (5 ml) in the absence or
presence of B-LG (30 mg). Samples were centrifuged at 15,000 x g for 20 min. Then, aliquots of

supernatant were taken, diluted with saline and filtrated through a microfilter (pore size 0.45um)

before CsA was quantified by FPIA.
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Effect of LG on the permeability of CsA in the Caco-2 monolayer: Caco-2 cells (American
type culture collection, Manassas, USA) were seeded at a density of 6 x 10" cells/cm® on the
Snapwell Transwell permeable polycarbonate (PC) filters (12 mm diameter, 0.4 mm pore size, 1
cm’® growth area) (Coring Costar Corp., Cambridge, MA, USA) and cultured as previously
described.” The monolayer of Caco-2 cultured on a PC filter was mounted into the diffusion
apparatus (Coring Costar Corp.). The cells and PC membrane faced the donor and receiver
chambers nominated as the apical (A) and basolateral (B) sides, respectively. Then, 5 ml of HBSS
was pipetted into the A and B sides of the diffusion cells maintained at 37°C, where 95%0,/5%CO,
was bubbled continuously. Transport study was initiated by adding [mebmt-p-’H]-cyclosporin A
(Amersham Life Science, Buckinghamshire, England) ([’H]-CsA, 0.5uCi/ml) at various
concentrations of B-LG (0, 0.2, 1, 2 and 20 uM) into the A side of the diffusion cells. In additional
experiments, a P-gp inhibitor PSC833 (10uM) or a CYP3A/P-gp inhibitor ketoconazole (10uM)
was added into the A side of the diffusion cells before addition of [°’H]-CsA. Aliquots of 100 ul of
the incubation mixture were taken from the B chamber at 0, 30, 60, 90, and 120 min and the
radioactivity measured by a liquid scintillation counting (LSC-5200, Aloka, Japan).

The amount of [’H]-CsA (C,) transported to the receiver side (i.e., the B side) was plotted
against time 7 (min), and the apparent permeability clearance of [’H]-CsA across the cells cultured

on a PC filter (PS1) was calculated according to a previous reportlo) as follows:

) dc 1
PS I/ = Llx—xV 2
i —( ) L @

where dC,/dt represents the transport rate of [*H]-CsA, calculated by plotting the amount of [*H]-
CsA transported against time and determining the slope of the regression line (LCi/ml/min), V' is the
volume in the receiver chamber (ul) and Cj represents the initial concentration of [*H]-CsA in the

donor chamber (uCi/ml).
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In another study, C, in the absence of the cells (i.e., filter only) at various concentrations of
B-LG (0, 0.2, 1, 2 and 20 uM) were also plotted against time # (min), and the permeability clearance
of [’H]-CsA across the filter without cells (PSpier) was calculated by Eq. (2).

The transcellular permeability clearance of [3H]—CSA across the Caco-2 cells (PS..;) was

calculated as follows: '*

PS 1/ . _ 1 _ PStotal ’ PSﬁlter 3
cell (H mln) - 1 1 - PS —PS ( )
Silter

total
PS PS filter

total
The fraction of unbound [*H]-CsA in the donor-side medium (f,) was calculated as follows:

PS
f, = Z 7 filter(+f-LG) 4)

PSﬁ/ter(—ﬁ—LG)
where PSpier+ prc) and PSpier— prc) represent the permeability clearances of [3H]—CsA across the
filter (without Caco-2 cells) in the presence and absence of B-LG, respectively.
The intrinsic permeability clearance of unbound [3H]-CsA across the Caco-2 cells (PSy,.cen)

was calculated by Eq. 5, as follows:

PS, ., (u/min) = % )

Statistical Analysis: Data are expressed as the mean + standard deviation (S.D.).
Comparisons between two groups and among more than three groups were performed using
Student’s #-test and one-way ANOVA for multiple comparisons among the groups, followed by
Dunnett’s post hoc test for the individual differences, respectively. Difference was considered to be

statistically significant if the probability value was less than 0.05 (p<0.05).
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RESULTS AND DISCUSSION

B-LG is a lipocalin protein family which has a B-barrel of eight anti-parallel B-strands with a
hydrophobic interior. B-LG exhibits the ability to bind a variety of compounds including retinol,
phospholipids, phenolic compounds, fatty acids, and other small hydrophobic molecules via tight
binding inside its hydrophobic calyx."”

Certain compositions of milk such as milk fat globule membranes (MFGM) have been
reported to enhance the intestinal absorption of lipophilic drugs including CsA after administered
concomitantly.'"'® In accordance, our in vivo data show that B-LG increased blood concentration
of CsA in concentration-dependent manner (Fig.l1). Co-administration of 150 mg/kg B-LG
significantly increased AUC and Cpax of CsA by about 30% and 100%, respectively, as compared
with control (p<0.05) (Table 1). Tpax after co-administration of CsA with 15 and 150 mg/kg B-LG
was significantly lower than that of control (p<0.05). Moreover, we calculated the intestinal
absorption rate by using a deconvolution method using the profiles of the CsA concentrations in
blood after intravenous and intraduodenal administration. As a result, the average rates of CsA
absorption were determined to be 9.3 % dose/hr with 15 mg/kg B-LG, 24 % dose/hr with 150
mg/kg B-LG and 1.9 % dose/hr with the control. Therefore, the rates of CsA absorption in the
presence of 15 and 150 mg/kg B-LG were greater than that of control by about 4 and 12 times,
respectively. In contrast, T, was not significantly different among the B-LG-treated and control
groups, indicating that the hepatic clearance of CsA was not afftected by B-LG. These results
clearly indicate that B-LG enhances the rate and extent of the gastrointestinal CsA absorption.

Very low solubility of CsA in aqueous solution is considered to limit the oral bioavailability
of CsA. B-LG has been reported to bind and solubilize several compounds, such as resveratrol,
theophylline and sulfamethoxazole."”'¥ We preliminarily expected that B-LG binds CsA and thus

may increase the drug solubility. However, we found that 3-LG did not actually affect the solubility
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of CsA, as compared with control (63.2 = 0.31 vs 67.7 = 11.2 pg/ml in the absence and presence of
B-LG, respectively).

PStotal, PStiter, and PScen of [3H]-CSA were calculated to be 7.42 + 0.78, 156.3 £19.2, and
7.80 £ 1.12 pl/min, respectively. In the presence of B-LG, PStiter, PScen and f,, of [3H]-CsA were
decreased in a concentration-dependent manner with 3-LG (Table 2). These results indicate that the
binding of B-LG with [’H]-CsA resulted in the reduction of unbound fraction of [’H]-CsA in the
donor chamber. However, we found that B-LG increased the apical-to-basolateral intrinsic
permeability clearance of unbound CsA (PS,c.i) (Table 2), suggesting that B-LG may accelerate the
transport of CsA at the proximity of Caco-2 cells (generally nominated as protein-mediated
transport) to the receiver side. A detailed mechanism of this phenomenon has been proposed by
Martin et al,"” who demonstrated that B-LG accelerates the phospholipid exchange between lipid
bilayers after adsorption of the protein at the membrane surface and thus may act as an absorption
enhancer of hydrophobic compounds. Moreover, we determined the PS¢ values in the presence of
PSC833 and ketoconazole to be 21.3 £ 0.8 and 22.6 + 1.1 ul/min, respectively (without B-LG).
Since these values are much higher than the PS.; value (3.45 £ 0.67 ul/min) observed in the
presence of B-LG (20uM), it was suggested that B-LG does not show little, if any, effect on P-gp or
CYP3A, in consistent with the fact that there have been no reports to demonstrate that 3-LG has
any effect on P-gp and CYP3A. Thus, B-LG may act as a carrier-protein of CsA, in consistent with

17)

a previous report that f-LG enhanced the intestinal absorption of palmitate,'® retinol,'” and fatty

acid.'” Another example of protein-mediated transport can be seen with fatty acids, as Burczynski

18)

et al.'"® reported that the uptake of [’H]-palmitate by hepatocytes was statistically greater in the

presence of chemically modified albumin which has higher p/ values, and therefore concluded that

the protein-mediated complex does interact with the hepatocyte membrane.

Since the volume/length ratio of the rat intestine was set at 0.1 (ml/cm) in the rat jejunum, '

9)

and the total length of the duodenum and jejunum of rats is 60 cm,'” we can calculate the intestinal
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fluid volume to be 6.0 ml in rats. Therefore, the average concentration of B-LG in the intestine
could be calculated to be approximately 34 uM and 340 uM for 15 mg/kg and 150 mg/kg doses of
B-LG, respectively. These B-LG concentrations in vivo are higher than the maximum concentration
(20 uM) employed in the CsA transport experiments using Caco-2 cells and, therefore, the in vitro
effects of B-LG could be expected to take place in the in vivo experiments. It has to be also
considered that the fraction of unbound CsA in corn oil used in the control experiment in vivo
should be far less than that in the -LG formulation, as inspected from the B-LG-mediated increase
in the PS,c.; in vitro. Since milk contains approximately 3g/L (163 uM) of B-LG which
corresponds to our experimental conditions of B-LG, the enhancing effect of B-LG on CsA
absorption found in this study could happen in vivo when one takes milk together with CsA. In this
regard, there emerged a notion that milk-CsA interaction could happen in daily life. This notion
can be supported by a recent study’” reporting that novel milk-based formulations of lipophilic
drugs show enhanced pharmacokinetic properties in human.

The enhancing effects of B-LG on CsA absorption in vivo appears to be moderate as
compared with the effects reported previously” with fatty acids (e.g., sodium caprate) and the
commercially available formulation which contains a surfactant, cremophore EL (Neoral®).
However, the use of B-LG contained in milk may not cause noticeable toxicities, and thus be
favorable as a drug carrier in general. As such, the combined use of B-LG and chitosan
nanoparticles has been reported and considered to be promising as a biocompatible drug carrier.”"

Taken altogether, B-LG was shown to enhance the rate and extent of intestinal CsA
absorption in vivo, possibly due to the B-LG-mediated increase in the effective unbound fraction of
CsA. Due to its binding property with lipophilic drugs, B-LG could be used as an oral absorption

enhancer for other lipophilic drugs.
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Figure 1: The blood concentration-time profiles of CsA in rats after intraduodenal administration of
CsA with or without B-LG (15 and 150 mg/kg)

Each value is expressed as the mean = S.D. (n=6).

* % represent p<0.05 and p<0.01, respectively as compared with the control group

(without B-LG).



50

Table 1: Pharmacokinetic parameters of CsA (5 mg/kg) after intraduodenal administration to rats

Control Co-administration Co-administration
EParameters (unit)

(CsA only) with 15 mg/kg B-LG  with 150 mg/kg B-LG

T2 (hr) 3.20+1.20 3.20 +0.49 2.55+0.25
Crnax (ng/ml) 379 +208 604 + 79 763 + 140*
Tinax (hr) 4.0+0.0 1.50 £ 0.58* 0.50 +0.0*
AUC (ng/ml-hr) 1753 + 214 2097 £ 310 2297 + 247*
CL./F (L/hr/kg) 3.56+1.94 243 +0.37 2.25 +0.49*
V/F (L/kg) 19.1 £9.60 8.97 + 1.47 7.39 + 1.0*
MRT (hr) 5.86+0.38 3.71 + 0.44% 3.35 + 0.50*

Each value is expressed as the mean = S.D. (n=6). * p<0.05 as compared with the control

group (without B-LG).



Table 2: The permeability clearances of [’H]-CsA without and with B-LG (0.2, 1, 2 and 20 pM)

in Caco-2 cell monolayer model

PSiter PScen PSucen
Group (ul/min) (ul/min) Ju (h/min)
(% of control)

Without B-LG | 156.3 +19.2 7.80 + 1.12 1 7.8 (100%)
02uMB-LG | 1082+103 7.15 +0.68 0.69 10.3 (133%)
| uM B-LG 592 + 6.4 5.15+1.02 0.38 13.6 (174%)
2 UM B-LG 41.1+7.9 4.25+0.52 0.26 16.2 (207%)
20 uM B-LG 1594 2.1 3.45+0.67 0.10 33.9 (434%)
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Each value of PSj.r and PS..; is expressed as the mean + S.D. of 3-4 experiments.
fu and PS, .. represent the fraction unbound and the intrinsic permeability clearance of

unbound [*H]-CsA, respectively, calculated as mean values by Eq. 4 and 5.



