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A

BCH : 2-amino-2-norbornanecarboxylic acid
BMEC:s : brain microvascular endothelial cells
CYP : cytochrome P450

D-MEM/F-12 : dulbecco’s modified eagle’s medium: nutrient mixture F-12

DNP : 2,4-dinitrophenol

EGF : epidermal growth factor

FBS : fetal bovine serum

FMH : « -fluoromethylhistidine

FMO : flavin-containing monooxygenase
HEPES : piperazine-N-(2-ethane-sulfonic acid)
HDC : L-histidine decarboxylase

HS : horse serum

L-Glu-y-MH :  L-glutamic acid y-monohydroxamate

LMECs : lung microvascular endothelial cells
Na-FS : sodium fluorescein

PBS : phosphate buffered saline

rtNHeps : rat normal hepatocytes

TAECs : thoracic aortic endothelial cells
TEER : transendothelial electrical resistance
TJ : tight junction

70 : zonula occludens
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Figure 2. Phase contrast micrographs of cultured monolayer of LMEC and BMEC.
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5)

&3k

Claudin-1 (e)

&«

Z0-1(#)

Claudin-4 (m)

x-fold expression compared to 1-day culture
F o

Culture (days)

Figure 5. Quantification of Occludin (A), Claudin-1 (e) and -4 (m) and ZO-1 (¢) mRNAs
by real-time PCR in cultured mouse LMECs. The level of each mRNA on day 1 in culture
was used as a basal level to compare relative levels at the other culture times. *p < 0.05 and
**p < 0.01 for comparison with each basal level. Each value is expressed as the mean = S.E.
of five experiments.
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Figure 6. Detection of TJ-associated proteins by Western blotting on day 6 in culture in

mouse LMECs.
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Figure 7. (a) The induction of transendothelial electrical resistance (TEER) in mouse
LMECs. Values of TEER are expressed as the mean + S.E. of five experiments. (b)
Transendothelial permeability (Na-FS clearance) changes for paracellular permeability
marker Na-FS in mouse LMECs monolayer. Each value is expressed as the mean = S.E. of

five experiments.
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g 100 :} — A specific inhibitor of HDC) preincubated for 30 min with various concentrations of
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g olfiii described in Materials and Methods.  Each point
g a0 Pl represents the mean + S.E. of 4 determinations. HDC
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FMH (pumol/L) Yamakami J., Sakurai E., et al, Inflamm. Res. 49, 231-235, 2000

Figure 9. Uptake of L-histidine and biotransformation to histamine in microvascular
endothelial cells
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NI VAT T CEERE L ER AN Y T — O & 8 L2553~ 7 A LMECs |Z
10umol/L Dt A& I V&IN5 L&, 5o TEmENTEL, W 1KRMETT L
FlLA rOMBRRER 2 V7 7 ARy ha— LB R THRICER L
Tzo LinL, BAX I3 REIZIIZ 7 LA LA v ORISR 2 VT
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- 7z (Figure 11),

— 3 i
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= 25 4«
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—
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Treated time (hr) with histamine *p<<0.05

Figure 11. Effect of histamine on transendthelial permeability of Na-FS in mouse LMECs
monolayer. Each value is expressed as the mean + S.E. of four experiments. *p<0.05,

compared with control.
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L-EXF PO IAZZIMESELWE L LT, BEL ool zldCdan
VB XU EOARALAMBESB T Lz, 2055, OB X
D L-& AF T DY IAZEEE T K 4 £ & B ITHIIN L 7= (Figure 12),
L-t AF O3 T v b LMECs ~OH Y AL (XSS AT L, 0
%, 25 0 F CEMBENBDO b, LEEN-> T, ZHLABEOTY AZIZEET 55
BRIZTRT2 0 TiToTe, 728, MERTAFMMIEFIREICLE 10 FREICHT-5

0.1 mmol/L Z#IN L 7=,

(+) ZnSOs
(0.1 mmol/L)

M (-) ZnSO4

Uptake (nmol/mg protein/min)
w

Time (min)

Figure 12. Time courses of L-histidine uptake by cultured monolayers of rat LMECs in the
absence ( A) or presence (®) of ZnSOas. Rat LMECs were incubated at 37 °C in 2 mL Krebs
buffer (pH 7.4) containing 0.1 mmol/L. L-histidine for the indicated times. Each point

represents the mean + S.E. of four determinations.
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Figure 13(a)® Michaelis-Menten plot DOfFETN 5 L-B A F ¥ OELY IAZEEE I
FAFIGED HAL, R T U AR— X — %N LIBERNFB SN D, (b)D Eadie-
Hofstee plot DM/, HSAZIRINT 5 & L-E AF T U HMOGEICFHEO Hi
7o ZAEMED Y IAAIR &3 —FEME & A2 D  HEERUSINC X Dkl T D System
RIZTNEGTHZ ENB I 6N,

(a) Michaelis-Menten plot (b) Eadie-Hofstee plot
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Figure 13. Concentration dependence of L-histidine uptake by cultured monolayers of rat
LMECs in the absence(A) or presence (@) of ZnSO4. L-histidine uptake for 2 min at
concentrations between 0.01 and 3 mmol/L was determined at 37 °C. Each point represents
the mean + S.E. of four determinations. V, L-histidine uptake rate (nmol/mg protein/min);

S, L-histidine concentration (mmol/L).
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%72, HDC {&EMEIZIS KIFHigh OBz nt L7223y, i3 F/E L TH HDC

TEPEICIZEEEEN 2 2 & DB B2 72 - 7 (Table 1),

Table 1. Effect of ZnSO4 on L-histidine decarboxylase activity in cultured monolayers of
rat LMECs.

HDC activity

(pmol/mg protein/min)
Control 0.14 = 0.05
ZnS04 (0.1 mmol/L) 0.15 = 0.06
ZnSO4 (0.5 mmol/L) 0.13 £ 0.05

Each point represents the mean =+ S.E. of 4 determinations.
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B EARINCE D L-v 2F YV UBY ARITRTT B AHRES
BE O Na A 4 D2

ATP BRHERITHD 24-P =+ 7 =/ —/L(DNP)DORETLEE, 3 L krebs
buffer F O LT b U U A EH L2 ) AZEH R LT- Na® Free I8k 2 L C L-t
AF VU AR ERF LT, -8 AF VB TIE, DNP BALEE L Na® free 1A
BOEHLHIZBWTS L-E AF VU OV IAANAEITAT Lz, ZAUTk LT
FERTINTIZ, DNP B8 XU Na” Free iKIC LD L-&B A F 2 OHLY AT 3]

SR 7> 7o (Table 2),

Table 2. Effects of 2,4-dinitrophenol (DNP) and ion replacement in Krebs buffer on the
uptake of L-histidine into LMEC:s in the presence of ZnSOa.

Concentration Uptake (nmol/mg protein/min)
(umol/L)
L-Histidine L-Histidine + ZnSO4
Control 0.453 +£0.070 1.864 +0.242
DNP 250 0.213 £ 0.040* 2.126 £0.412
Na' Free 0.156 = 0.053** 2.026 £0.132

Rat LMECs were preincubated at 37 °C for 15 min in 2 mL Krebs buffer (pH 7.4) with 2,4-
dinitrophenol (DNP) in the absence or presence of ZnSO4 (0.1 mmol/L). In sodium ion-
replacement studies, incubation solution without Na™ was prepared by substituting choline
chloride for NaCl and choline bicarbonate for NaHCO3. The uptake of L-histidine (0.1
mmol/L) was measured for 2 min at 37 °C. Each value is the mean + S.E. of four

experiments. *p < 0.05, **p <0.01, compared with the control.
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UG WEATRINC LD L-E 2AF VUMY AT BT I L

ERAEAR DORE
TERRIMZ L 5 L-b ATV U B IAAICE JIET T 2/ B R ILER O
BEET LT,

TP, (RHEHES R O EAI T8 5 2-amino-2-norbornanecarboxylic acid (BCH) %
TR L7z, Na'free &% & bbie L C. Na' free 822 BCH # il 35 & | L-
b AF T OERY IAZ S BRI X ORI THITA B IZFHE S 47z (Figure 14),

S B2, BEENE R DR ERITdH 5 L-glutamic acid y-monohydroxamate (L-Glu-y-MH)
ERWTHRET L, 2 2T, REIRBCR OB 2 Fr< 72 BCH Z#SIN L 72 i
xR E L7z, BCH & L-Glu-y-MH #3325 & HCIIa B e HER R b
23, HESRVRINKG TIXBLFIERB D 720 > 72 (Figure 14),

INHDZENS, HEHTIC LY L-b AF P B TBIE Sz Na' &1
St System-N RICE D L-b AF TV UED IARITIEE L, (EEILER b Z

AR — 4 —System-L O FH THIFAN ~HFIE S 41D Z & AVHT LTz,
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(@) (-) ZnSOq4 (b) (+) ZnSO4 (0.1 mmol/L)

Control L N
Na™ free } $% —_—
# 34
Na* free+ BCH ] T
BCH ¥ — ]‘ ¥k
}

L-Glu-y-MH ]
+BCH : . : X

0 0.5 1 1.5 2 15 0 0.5 1 15 2 15

Uptake (nmol/mg protein/min) Uptake (nmol/mg protein/min)

BCH: 2-amino-2-norbornanecarboxylic acid (system-L transporter)

L-Glu-y-MH: L-glutamic acid y-monohydroxamate (system-N transporter)

Figure 14. Uptake rates of L-histidine into rat LMECs in the absence (a) or presence (b) of
ZnSO4. Measurements were made in 143 mmol/L Na* (control), Na*-free, Na'-free + 1
mmol/L BCH and 143 mmol/L Na" + 1 mmol/L BCH, and then in 1 mmol/L BCH + 1
mmol/L L-Glu-y-MH, to inhibit uptake via the Na* -dependent system-N in the presence of
143 mmol/L Na". Each point represents the mean + S.E. of four determinations. *p < 0.05
and **p < 0.01 significant differences from the control. #p < 0.05 and ##p < 0.01 significant
differences between Na'-free and Na'-free + 1 mmol/L BCH. {p < 0.01 significant
differences between 1 mmol/L BCH and 1 mmol/L L-Glu-y-MH + 1 mmol/L BCH. L-Glu-

v-MH L-glutamic acid y-monohydroxamate.

27



BHE FEHBIMIE D L- 2F PV UVEY ARIIRTT 5 pH DFE
L-t 2F 2 OHESNRINE FERINTO pH 12 X D HLYD AL DB A3t LT,
ZORER, L-EAFVUBME L-v X ¥ I 2 L HEROUINEE L OBLY IAIZIB U
T pH IZL DA ERET L, KEA AT L DHEITRD B L7z h>- 7= (Figure

15),

(+) ZnSO4
= 251 (0.1 mmol/L)
E
E 24
2 t- + +—4
S 1.5 4
2
=
2 14
= (-) ZnSO4
£ 051 i —— i
Q.

-
0 ' r '
4.5 5.5 6.5 7.5

Figure 15. Effects of pH on L-histidine uptake by cultured monolayers of rat LMECs in the
absence (A) and presence (®) of ZnSOa. L-histidine uptake for 2 min at pH between 5.0
and 7.4 was determined at 37 °C. Each point represents the mean + S.E. of four

determinations.
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KT A TR L7858~ 7 A LMECs ICE A X I VERIMLIZ & 2 A,
W1 IR £ TV LA o OMBaIRIERE 2 U T T v ADSKERREE &
MMU7z, LaxUL, #9003 BRI, MEREOEE THEIE L TI A2 2B L
T, TO%MAOT 2 EBRHLNIRoT, T7bEH, B RAX I IO
BATZ BRI S 5 ATREVEDS RIE STz, T DA T = A LZHOWTEIUE, #
FBICAHAET D Hi-B KO He-Z A EDHETNE TH L AT IV BLIOV ATF UV
EENEREMLEE L, B AZ 2 428D TI B ICW TN OBEZ RIENBE 5425 0
R TH D,

— 5., L-E AF VO IABEIEINSEL2MEERFT LI L 2 A, Wepn
52387 » b LMECs WA~D L-b 2AF YU OB AR ZBEE TN S BT, Z 0
SRR KTT D pH IKFHEZRET L7, KFEA A TOREITRO bR oT
ZEMD, LLE AFVUOEMOEIZ IV ZITDREIT DN EEZ BND,
S HIZ, HERINC K 2 L-v 2 F 2 ik it 4 g B4 2 7o O R E A &
ARG L7 R, AEBREANIISRININC KX 5 L- B 2 F ¥ U HUD AL 5880 R

BB BRIEERNoTe, £lo, LEAF VOBV IARIIHT L7 I/
alg s R ERN OB 2 it Lo R, HnRINC KD L-v 2 F 2 0 Orihsh R
IZAEENEHGR System-L OFE TH 5 BCH TREMNGRD L, REIHGRIC
L-EAFVURRVIAENTND Z E DR SN, ZORRED . R
X0 L-b AF VU BMTHIE STz Na & 7Ll System-N RIZ LD L-t
ATV VIR IAIMEIER UAEHEIE L b T > AR — & —System-L 0 A CHREFIA ~
kS D Z L VI Ui, (RMESEHGCRIZ, B OBERAIC X - CTRUstk
MBI %, System-L R 1E Na'FEIRIFMEIEEI R TH L 720, ADEMEAT D
MNP~ Z DRI L DMENMEDT I RO AT, IREARL & BAL AR
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FoTHEhshd, Leh-> T, MEAIRINC X 2WsETEOHMIL, L-v AF ¥
YDA LB = NVERICHEADFES T D Z LI L 0 A U IO BRPRED LI
XobDEBZX BN,

FHENRINZ LV | L-BE AF P ORI AL RO H v, £57& T ~ k LMECs
NTOERZ I VEAEINIEN DA REN TR SN, 4%, &I v b
LMECs WTREEA SN A X I TR L CRIENIZIB W TN BRI AT
LOMEN R L, TIBA & DBERIZOWTERT L FETH D,
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B2 Jv ME/NNLERNRME BMECs) NDO7 7 E V&8 E

) A xRV F—E (FMO) # VN7 BDRE L ZOIENkE

1M M4REERY (BBB) DKM EMIMLE NI TH Y . ORI 1 %% HD
%, B M TIEAREAK 600 km, RKEFEL Im? 128 L5 2 OB 3RFME & 2
D NECHIBEAS T) Z RS 5 (Figure 16), PRCHIRRIZ, MRS 220 Biz, /)i
5 (endocytosis) 23FEF D72 E W) FiZ R T, £ DT, I~DWE A
xt L) 7@y ) 7 — L7 n, ZHET, 3o BBB EitkE LiIF 5720
W D GEENE % 855D CZBHRBOREE 2 8N S & 2 FIEP VB TWD, Lol
ENEEEMEDFY T 6 BBB Bl DRV MEEMDMFAES D, i A AHDOE 7 U X
F U RGEIHIFI O 7 0 AR Y v AL P-FEX X BEORETHY . ND D

VNI E PR BRI P 70> & 347 2 L8 NP < A H3 2 &1 kD | BBB Ot

N7 UAR—Z —=PREBIICHIE L TWD 2 ERMBATVND

EARIMAE PRI 1L, AR ER Y A E - 2 (R DR N Y 77—

DMt > TuvD, L-DOPA [IHFMEY X/ Btk R I K » THEGHIIRIZER W IA E 41,
FER-L-T 2 BRI R ERRE SR LT K o THIBM A 83 LIZ < vy RS RS
W, TOMABITIIHIRS LD, o, HEFESHHERE THY F7 7 A
P450(CYP), 1-F 7 h—/L 7 )7 v U EEHERS ISR 38 L OV AR & UK 43 iRl sk o 3K
MRHCB ST 2MELA L TR, 200 ORBUIEREY 2T 281 %
AL, MOREE KRESEADD Z EBPHALMNTIITNDQ21),

FMO (&, REEMEA~T v R +E A 3 LOVEREY & S LT, N-B IO S-i
b 2WFLEM DIE CYP BR{LEESR Th 5(22), 5 2D FMO 43 A B B L~
T ZIZBWTRE SN TR Y ALFOGZ il 2855 . NADPH 36 KX O 4 %
F 5, FMO FELL, FE, Mk, i JOWERNCIRAET 5, BLIRZRNZ &1
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FMOL FRIEDE MHETRH S D2, HAEROBSEEEOZE LWELT, £
A of&E &I S FMO [ZFMO3 2MEEMZ 72 5(23,24), R L OME~ &7 A Tl
FMOI % > 37 i3 B &, i FMO3 & 287 I3l o okt U CHERF R T
525, 7 v FBIO= T ZAOMAR/LE I FMOL 3 X T FMO3 DI Z 3l L
(26-29), Z/vaanFaf RBIONI1IB-=A b7 VA —/Lid, FolmEBI Ot
MZFBWT FMO1 LU FMO3 B FEEFOMER - Th o L EX b TND
(30,31), FMO3 i%, =2t Mg CYP3A4 & [AEED R E CTHEIET H(32), FMO4
ZUR7EIE, B FBX O ADOFETHRELZ5(33), LrL, FMO4 ILE |k
DFRHFNTRE B L7V (34), HERERIZ: FMO2 1%, b FOAFIETIZE AL
FEL I N2 35), FMOS 1E, vV AB6)B LUt FANDOFE CTEEIEIND,
~Y U AFMOS IZE > TSNS Z LRI TV DEFWEIZIZADDOT T
H 0 (38). FMOS5 OB REA~D B 513 5 Tlid/avy, L7za-> 7T, FMO1 B X
OFMO3 1%, LW EORHBIBE LT FMO 3 TR OEETHDH LB DN
TWAB9), b M7 oYy —AICB LT, BHERThr 7 oLrTn~y 0,
AITTI, TNFFET N FMO TREFES D EE STV 5(40), Lo
L. FMO 53 7-Ff, {EPEDIRS PR N 77— & L TOEENZ DOV TEARI 72 8208
2 b5,

ARWFZECI, BB 3 U727 » b BMECs TO FMO {&M% d-7 a7 = =7 3

> @ FMO fR#f TH~, B5T% FMO 5 TR B L=,

Figure 16. A B A A2 D W T X Goldstein et al, Sci. Am., 255, 74-83, 1986
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B d-r7onNT7 =TI NELRISIZRTT 5 pH D5

£:4% 7 » b BMECs AR ¥ % — h &V, NADPH fARE ., d-Z 7L 7 =
=7 I AT % pH OB ZHRF L, A d-7 nLr 7 2= I N
{EAR D B % R E L Michaelis-Menten U2 &H Tixb b & pH 7.4 & T & b L

TpH84 DHFMT T, W\ Knfl & Vinax (235 5 4172 (Figure 17),

pH 8.4

V (nmol/mg protein/min)

[I LI L L] L] L] L] L}
0 0.2 0.4 0.6 0.8 1 1.2

S (mmol/L)

Figure 17. Michaelis-Menten plots for the formation of d-chlorpheniramine N-oxide

(A, pH 7.4; e, pH 8.4) from d-chlorpheniramine incubated with homogenized rat BMECs.
d-Chlorpheniramine metabolism was determined at 37°C for 2 min at concentrations
between 0.08 and 1.04 mmol/L. Each point represents the mean + S.E. of five experiments.
V, metabolite formation rate (nmol/mg protein/min); S, d-chlorpheniramine concentration

(mmol/L).
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TEDFERN G BN TR EFRIF) /N T A — % —% Table 3 (/8 9, N-FR{L~D
7 VT 7 AE (Vmax/Km) 13 pH 7.4 e/ FITEE, pH 8.4 4T THI 1.3 5@

ETH o7,

Table 3. Kinetic parameters for N-oxide formation from d-chlorpheniramine at pH 7.4 and

pH 8.4 in rat BMEC:s.

Km Vmax Vmax/ Km
(mmol/L) (nmol/mg protein/min) (mL/mg protein/min)
pH 7.4 0.381 +0.051 22.6+3.8 0.059 +0.002
pH 8.4 0.703 + 0.082* 53.0 £ 4.5*% 0.075 +0.003*

Each value is expressed as the mean + S.E. of five experiments. *P < 0.05, significantly

different between pH 7.4 and pH 8.4.
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M &7 RAT==5 30 NBILEEICRT 5 A Fv Y =10

FREZR

K37 » b BMECs RE V3% — MZ FMO OREMRIEE A F~ Y — L &R0
L, d-7xz=2ru7 IO NBUEELFHM Lz, AT~y —E, d-7an
7 x =7 IV N-BRAERARE . FRERARICHE, 50 %MHERE (ICs) 1% 1

umol/L & % H 417z (Figure 18.),
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Figure 18. Effect of methimazole on formation of d-chlorpheniramine N-oxide in rat
BMECs. The FMO activities were determined with d-chlorpheniramine (0.16 mmol/L) at
37 °C for 2 min. Enzyme activities in the presence of methimazole are expressed as the
percent inhibited of the total activity in the absence of this compound. Values represent the

mean + S.E. of five experiments.
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BEEH d-Zur7z=I I N-BALEIGIZXT A AF < —LdD

EkE==5aw
AF= =)L Lumol/L ZEIM L. d-7 0L 7 == I > N-FRfb iR Ak B 2 e
L72. 5o 7fER % Lineweaver-Burk 7'~ b THENT 5 & . & ORREREITHT

BHITH D Z &0 1o (Figure 19), BHEEHKi 13 0.53 pmol/L 2315 H A7z,

07 ¢ + AT — )L
(1 pmol/mL)

=]
tn

04
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Figure 19. Inhibition of d-chlorpheniramine N-oxidation by methimazole in rat BMECs.
Lineweaver-Burk plots of the reciprocal of the initial velocity of d-chlorpheniramine N-
oxidation against the reciprocal of the d-chlorpheniramine concentration in the presence of
methimazole. Each line is the best fit through the means of FMO activities for three data.

A, no drug added; e, methimazole (1 pmol/mL).
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HEIUET FMO Z X7 B D3

B2 7 v b BMECs [Z%H9 25 FMO 3 iz U= A X 71 v MW CHER

95 &, FMO1, FMO2 ¥ X O FMO5 OFENFEO b7z, LaL, FMO3 & FMO4

VIR HRR S LA T T & - 7z (Figure 20),

FMO1

FMO2

FMO3

FMO4

FMOS5

R BMECs

60 kDa —»

57 kDa —»
50kDa —»

63 kDa —»
56 kDa—»

60 kDa —»

pactin | .

Figure 20. Western blots for FMOs in rat BMECs.
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K37 » k BMECs O7RE Y% — &M\, NADPH FARGIET, d-7 aL>
= =7 I RO pH OFEL fEt U725 R (Figure 17) %, Eadie-Hofstee 7' 12
> MENTT 5 & N-FRLIRAERKIT pH 7.4 35X O pH 8.4 S FC—FEZ /R LT
(Figure 21), = OfE B 135528 Z ~ » BMECs (234 % FMOL, FMO2 3 L O FMO5

DB, 1 OO FFfNd-Z7 L7 2=7 I NBRICEET 5B 65,

40 -

= pH 8.4

§ 30 1

25 H 7.4

g 209 °

o,

2 10 -

E 0 : .

g 0 50 100,
V/S (uL/mg protein/min)

Figure 21. Eadie-Hofstee plots for the formation of d-chlorpheniramine N-oxide (A, pH
7.4; o, pH 8.4) from d-chlorpheniramine incubated with homogenized rat BMECs. d-
Chlorpheniramine metabolism was determined at 37°C for 2 min at concentrations between
0.08 and 1.04 mmol/L. Each point represents the mean + S.E. of five experiments. V,
metabolite formation rate (nmol/mg protein/min); S, d-chlorpheniramine concentration

(mmol/L).
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HEHE AP (rtNHeps) & BMECs N FMO ODiE M Hriss

K387 v b BMECs 8L U7 v MNHFMETtNHep) DAE T H— MZEBIT D d-7
nLT7 =7 N-BBLIEMEERET L7z, §5% 7 v b BMECs BL U7 » b
rtNHep (23115 d-7 mL7 = =5 3 o N-BLIRAERGEE L, Z2hFh 673 BX
Y 12.06 nmol/mg protein/min C& - 7-(Table 4), £4#% 7 v h BMECs (2 X % d-7 1
VT 2 =7 2 N-BEIRARIZ. 7 v b rtNHep 12 & %5 N-BR{bIRA KO 172 T
HoT,

Table 4. Formation of d-chlorpheniramine N-oxide from d-chlorpheniramine in rat BMECs

and rtNHeps.

BMECs rtNHeps

N-oxidation Formation rate 6.73+1.01 12.06+1.14

(nmol/mg protein/min)

FMO enzyme in rat BMECs and rtNHeps was incubated with 0.16 mmol/L d-
chlorpheniramine for 2 min at 37 °C in 0.1 mol/L phosphate buffer (pH 7.4). Each value is

expressed as the mean + S.E. of five experiments.
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e b=y A7 LT U BRI IABEFESNRDOERH Z &> d-7 =r >
=TI, SRR OEDA I T T I VB IORERIEELD 7 nr T e~
VUi EOEZRT I ATFRIER AR, B MK 7 1y — A TRE S, N-
FRIbIRIZ T2 %,

IR RS2 7 MIMEMIME 2> & Bl 8 L7255 7 >~ » BMECs
IBITHFMO LD d-7 e 7 ==T I ARG & FMO 4 Ff A i ~7-, pH 8.4
TO N-BRLORF 7 VT T 2 AME (Vimnax/Km) 1$ pH 7.4 L0 HAEEICE L. FMO
ILE3# pH 28 pH 8.5 fHiLicdHH@3) 2 &nn, d-Z7 a7 2=7 I > N-R{LED
RIS MR THL AR H D, 202 LT, T==—r M To
a7 ) U= Y T T VBV T, Parkin 3 X T FMO1 O 18
1L, 3 AR—E 3 OIFHALIC L VKT 541), 7 v MEORUNMILE RE TR — |k
H1C FMO 12U &5 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine N-F2{biE M 1%
EUARET R — b EAWTREREARD L 21 fF L EmN@2), v e e —ET
Do EHIT, d-7 AT ==T I NELIKRDARICKTT 5 FMO BER O L %
RETDHTZHOIZ, FMO OIEETH D AT~ — VOB LETI, T O/,
Figure 18 33 X UY Figure 19 |27 R” T X 912, A F~ V' —/UZ X o> THEKFRIIZEE
Ef, d-7 7 e=7 I v N-BILROERNITHAGZROT, HBEZ v b
BMECs (2515 FMO BERDIFAENR B X Hivd, FMO ¥ /R EIT v =24 v
7ay METHSST % &, FMOL, FMO2 3 XU FMO5 O4r f DR T 7=,
ZOZEE, AT AR, v AFMOL, FMO2 £ XU FMO3 (Z & - T
N4, WEE LT, pH74 B84 TOE# T v F BMECs IZBIT5
d-7 a7 =7 I N-BALIRDOZNZEN DA% Badie-Hofstee 7' 2 > b L fi#

Mrdae—tETholz, LIz -> T, 547 v b BMECs W4 o737 & FMOL1,

40



FMO2 8 L UVFMOS5 @ 9 6 1 D043 FFED BAG-238 & 73T 72 - 7o, JF#Ef © FMOL
FMO3, FMO4 35 L O'FMOS 3 BBLL THY |, d-7 a7 = =7 I %, @flE72
7 2 iTligH kD FMO1 TR S5 (45), REN&HH Z & KV 55#% T ~ | BMECs
THd-7 m)L7 == I 2 N-ELEJSIE FMOL D% 2 bz,

AREFFERD D, K& 7 » N BMECs IZ81F 5 d-7 m/v 7 = =7 I N-Rfbig
~OERE T v NFIBIZI T DA E OERIZ I Y | K58 T v & BMECs @
FMO VEVEIZ T » MITHERE O FMO TEMEIZIEECT 5 2 & 23> 72, Ik @ BBB %
RS D% 7 » b BMECs (3, J~DOEBORGHANY 7 =22 0155 Z LR
i,
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FBUE  F v MR REIARMLENE I (TAECs) (2B 5 A IS
IV N-BYEEUS & N-Jiit A F AV

MEDOmEREIX, R : BHWE : FIkCTREZ1 700 : 2, EHOMIKED
AR BINRIZ20 %, EBHIMLE DS %, FHRIRIZTS % Td 5, KREINRPEZHIRDIE
fidtHs N CHIUTHm /IR ILE 120/80 mmHgRT#4 DONRE(ZHE 2 9718 S, oA
Jiel & $e70 o TR ERBREE T2 H D,

I PN AR ODin vitroBFFE TlE, 7 200 VHRO KEMRNE RIS, & R
HERIRIN BRI AME ] ST s, 2 S ORI N, JEME CH)— 72
feEhe s LHBCAIRICEEAT 5, b MR FHIRMNBGIREIX. Arochlor 1254 F5 X
U'B-naphthoflavonelZ %82 S 415 &, CYPIA2 mRNANFHE X415 (46), Thum &
Borlak 5137 v N REMIRIN B AT S S GBE SR OB A5 7-(CYP1AL, CYP2BI1/2,
CYP2CI1EB L UCYP2E]) ZRELL TWNWDHZ EEMELTNDHET), 7 ¥ KBk
PN RZ IR C132,3,7,8-tetrachlorodibenzo-p-dioxin . 3,3',4,4'-tetrachlorobiphenyl .
benzo[a]pyrene & 7= |&p-naphthoflavonelZ #&#z X415 &, CYPIAIDNFHE SN D
48), t NEIRENIRN B AIEIZCYPIAL, CYP2A6/7. CYP2A13, CYP2B6/7,
CYP2C8, CYP2El, CYP2RB LY A7 v T 4V /(NDAF—E TEIETF)
DB THZEERML, IV T AEFEERT I VORFEIE AT
5 &AL T 549),

B REIIRIM AT 1%, BATRI S N7 3 S ey iEii 3 2 A CTh 0 | Fn
FEAIRARRICBET DA, BRI ORI (Figure 22) CTR#fZZIT 5 &
MRBATHIIRLS 725, LEDR> TIENICES B E > TV LY TIT, BIER
METkmIT b 3 K 5(50) & 5o T 2 ERINE O PN EGHia TORBRENIATO
/NG TORBBENNCIEHT 2 Z LR EZBND,
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A 7T I ORFEBII ST D=0 . TR TH D CYP (1A, 2C,
2D6, 3A) 5 L UNFMO OiEME A iR 5 H M 72 38 Ch 5 (Figure 23), FEK T,
SRRV DDA I T T I VERMRE IS, BEINTZEFEOMIRPICHE
e, REFRIFAET 2720, 55387 v b TAECs TOREIN IS OIRNEIREIC 2 %
HBZ2H5ZEemEZLND,

AWFZE T, KREINRILE NI CTO CYP B L VEMO OFFFE D RIfEE ., Kk
7 v | TAECs Z HHWAHEFADOKE CTH LA X 77 I v OREBNEMEZ M L7,

Figure 22.7 v Mg KB R M5 P9 R AG
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B A I77 I NG & N-Bi A FALRG

K387 » b TAECs O7FE Y% — &V, NADPH FAERTIETF, 42773
> O N-FEfbiRIs L OVN-Ji A F /AR ZRIE LTz, % D7 — & % Michaelis-Menten
HNCHTEFDD & A ITT IV NBRGIRITZA 7T T2 NI A FIUABIRIT B
U CRUSHEE D3 E D> > 7o (Figure 24), RFEERT, T 70 Y —20REMMTH LA

SFIFGIVBIRTF YT IO 2 KEBLIRIZHBL L 2o T,
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Figure 24. Michaelis-Menten plots for formation of desipramine (A) and imipramine N-
oxide (@) from imipramine incubated with homogenized rat TAECs. Imipramine
metabolism was determined at 37 °C for 2 min at concentrations between 5.0 and 100
umol/L. Each point represents the mean + S.E. of five experiments. V, metabolite formation

rate (nmol/mg protein/min); S, imipramine concentration (umol/L).
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HORERN ORI RT A= —EEHHT DL 477 I 2 N-EMEES I
AT T I NBEATF LRI 7 VT 7 0 Al (Vina/Km) 1E. K95 %

=fE % 7~ L 72 (Table 5),

Table 5. Kinetic parameters for N-demethylate and N-oxide formation from imipramine in

rat TAECs.

Km Vmax Vmax/Km
(umol/L) (nmol/mg protein/min)  (mL/mg protein/min)
N-Demethylation 399 = 53 0.86 £ 042 0.022 %= 0.003
N-Oxidation 20.0 £ 45 227 £ 0.27 0.114 = 0.014

Each value is expressed as the mean =+ standard error of five experiments.
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EWH A ISTFTIV N-BEAFNAERE~DHLY R 7 2 A P450

(CYP) HuEDFE

A 27T I NEAFARICHTT D CYP 45 FREMIETIAIC X 5 FLER R4 5
fili L7z, #T CYP2C11 Mfii & HT CYP3A2 ML N-Bi A F /UL %, EE A
40 % & 5930 %PHE L7, —J7. PL CYPIAL Mg+ L OWL CYP2BI MfifiL. N-Bi
A FIACLRE % B 5 L U Zedy - 7= (Figure 25), 2D ENHEHET v B

TAECs I2B1F 54 277 2 > Nl A F/L{k1% CYP2C11 3 L O CYP3A2 A3 H-

LT EBHLMNER ST,
Control
CYP2Cl11 i
CYP3A2 s
CYPI1Al T
CYP2Bl1 i
0 20 40 60 80 100 120

Activity (% of control)

Figure 25. The inhibitory effect of anti-CYP antibodies on the N-demethylation activity in
rat TAECs. The rat TAECs homogenate proteins (500 pg) were combined with 10 uL. each
of various anti-rat CYP sera and normal goat or rabbit serum and incubated at 37 °C for 30
min before adding the reaction mixture containing 25 pmol/L imipramine. Values for the
antibody-treated group are expressed as a percentage of activity of the control group. *p <
0.05, compared with the control.
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FT=H CYP2CI1 BELO'CYP3A2 D#¥ /N7 B3

CYP2C11 B XU CYP3A2 DOMIfuNEIEL . SRS AIEIC L VR LT
(Figure 26), ZDOfEHR, CYP2CI1 B X UNCYP3A2 O X /X7 EIE, WIiLbEq#

7w bk TAECs TOIEHNFD BT,

(A)CYP2C11 D JFTE

(B)CYP3A2 D JFTE

Figure 26. Indirect immunofluorescent histochemistry of rat TAECs using the polyclonal
anti-CYP 2C11 (A) and anti-CYP 3A2 (B) antibodies.
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EUET A I 77 IV N-BERIGE KO N-fit A FIALRISIC R 5
pH D&

A7 T I NS, pH 7.4 ST & Hefg LT pH 8.4 DM FITIH W T
A 14 fEEmUVEEEZ R LTz, pH8A4A ST TA I 77 I 2 N-F{L UG IE N-Iii A 5
AR & ol U TR S fsmniETEE R LTe, —H . A X777 I Nl A F vk
BT pH \Z X B 8% 32T 72 7v o 1= (Figure 27), “HHDFERMNSA I 7T I v
N-FR{LIZFIC FMO I L VRIS D & B2 bz,

*

1.2 =
e
FRE
B3
2
= 08 -
&n
£
é 0.6 -
Pl
8 0.4 4
=
§=
E o2
o 1
o

0
pH74 pH&84 pH74 pH384
N-Demethylation N-Oxidation

Figure 27. Effect of pH on metabolism of imipramine by rat TAECs homogenates.
Imipramine metabolism was determined with 0.1 mol/L phosphate buffer at pH 7.4 or pH
8.4. Each value is expressed as the mean + S.E. of five experiments. *P< 0.05 indicates a

statistically significant difference between pH 7.4 and pH 8.4.
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EHE A 7T I0D NBIEKISCHT 5 A F< Y — L OMRER
&
AT =)V EBRIML., A4 277 3 N-EB{biERA K &% . Lineweaver-Burk 7' 2

v N CEHT L7=(Figure 28), = O#fEFR L0 | HEEXIIFEM T N-BLEOSIZR

F°% 1 umol/L D A F~ > —/LOMRFEEH Ki fElL, 0.80 umol /L TH o7z,

+ A F~—)
(1 pmol/L)

| ]

1/ N-Oxidation rate (nmol/mg protein/min)

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.12

1 / Imipramine concentration (pumol/L)

Figure 28. Inhibition of imipramine N-oxidation by methimazole in rat TAECs.
Lineweaver-Burk plots of the reciprocal of the initial velocity of imipramine N-oxidation
against the reciprocal of the imipramine concentration in the presence of methimazole. Each
line is the best fit through the mean of FMO activities for three data points. @, no drug
added; M, methimazole (1 pmol/L).
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ENE NG

AHFFRETIE, A 27T 2 ACHEEE O CYP B X OVFMO OiEtEa e’ L, H%
Z v § TAECs (2B T N-ii A FIUALRISC B % CYP o FREZTRE LT, 1R
7 v K TAECs IZBWTCEIZA 27T I v N-BILERN AR SN, £ 2772 N-
il A FARIZ D B O ERDRD Hivlz, 7y MFI /v Y —AlZk -7,
FIIN-EA TFIULDT V7T I B I OEEFRKBILOA I 7T I 2 2-KBRIK
WERISI, A X772 NBILIRERITOT )N TH D, §5&E T >~ b TAECs 12
FoTHELNDRBHERILT v MIFIHIC X - TEH LN DS R & TR R
%o

Sakurai 1%, H5# 7 v F BMECs (28T FMO1, FMO2 3 X FMO5 # /%
JEORBIN, v AZ Ty T 4 TG L o THERE N, &7 a7 =
=7 0O N-FE0E# T v b BMECs TfTbnd Z &2 TIcHE L5
(51), EHIT, K& Z v b LMECs TlX, =23 F % CYPs (CYP2C1l B IO
CYP3A2)B L ONFMO T, N ZFhaF=rBLO=aF  N-B{LKRIRHE S
% (52), HPE SN AE N EHIIE (BMECs) 23, CYP, =2 F > 7 I K7
T2V VAT RARAT =— MNADPH) - ¥ b7 2 L P450 L X7 X —F
1-F7 b= Nra U BEERRE, BLIOZARIFY R Reo—EBn k9 73
WG DR OEMEE AT 5 L ORE LR SN THD21),

P17 v b CYP HUIK (BT CYP2CL1, HT CYP3A2, #i CYPIAL 3 X Ui CYP2BI1)
ZMNT, A X7 T I0D NAFMICEET 5 CYP frFlEZ et Lz, %
DGR, Figure 25 (2”4 X 912, FUEADBHZE L, CYP2C11 38 LU CYP3A2 M54
7 v bk TAECs (BT 54 I 77 I 0D NAF/ARIZEEGT 5100 T RETH
L EDIRIRE NIz, HL CYPIAL B L UYL CYP2BI Id, 5% 7 v b TAECs 28

FHA X7 T I DN ATFIALE S NIHE LR -T2, S BIZ, Figure 26
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(R X 91T, R EOE Y EE VTR T v b TAECs I8 5 CYP2CIL B
L ONCYP3A2 # v XV B DOFEZ R L, 5547 » b TAECs (28T 5 N-it X F
JACBOSIZEI S35 CYP 43 FHEAS, ¥538 7 » I LMECs I[Z81F 5 ==F - ® N-fit
AFIUEOHEG)EFRI—THH T ENmoT,

—MIZ, FMO I, CYPIZ K> TS S D Bt & Heie LT BOGIZ I TR
AR LETHY . mWER pH Th H(@3), Stevens HiFA 7T I A XF
g7>5 > (cDNA) FMO1 (t b FMO1 [Zxf LT 89 %AH[A) T N-B{LAU &b &
WA LTV AH(53), AWFFETIL, B3 7 »~ |k TAECs T? pH 8.4 TP N-fR{bikD A
FGEFE L pH 7.4 X0 HE WO T, FMO 134 2 77 2 > N-BRBIKDE R A1 5 B
FTHHZENEBEZOLND, UL, pH7.4 £721% pH 8.4 T N-fii A FLAbiKD A4
BICHEBZT R oTz, BT, 4 X773 v N-EBRUEROARIZ X % FMO B
DG ZREST DO, ZOEEICKHT 2 A F Y — VO RER~T, AF
~ Y —/UE, FMO OJEFIDOHEHRITH 5(43), Figure27 IZ-T L O, 41 I77T
2V N-PAERDAERIE, HEEFINC A F~ > — I L > THRARICHE Sh.,
K387 » b TAECs (231 5 FMO B OFAEZ A M Lz,

1487 v N TAECs (M3 X OV A ifL 5 PN B2 Al & [RIBR I S AR SR
CYP BLFMO MFIELTWD Z EB BN Y | ORI N Y 7 —HkE
AT DA R S D,
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BRE RIER X UWR

MR E T T FE DR RAT T D BR. B —EAf & 72 2 O 23 Bl R
M CTd 5, FEHOMBBATERL., TOBRICHEFET D, Liedd> Tinvitro THE
SR E T HEMB GRS N T HMAMBITENET X, COBRBTRry 7
TURMLTLES, ZNET, EYWOMBBITICOWTITIEIZ N TV AR—F —
CRAT DIFRICE SN Y THR TV, LA L, ORI~ DT U S
U —BRI& 25 2 5121%, BRI NGO 7o 7 RE DERIR & RS LB & 7
%o RFNEHICTIL, FYORFR~ DS % RS 2 72 ORI N R AR
ZR. EYOMIAERICET A2 A hY v 7 vay (T O EZORA,
S DITHM OEFBE G35 FRETRE S DA HE 2wt L7z,

—ETE, R~ U AMRMUNMLUE N (LMECs) O#RFE 1 HEND
Occludin, Claudin-1, Claudin-4 35X T8 ZO-1 ® mRNA OB FER I Tz, 72D
T% Claudin-1 ® mRNA L3538 6 HH2 DA EISHML, 7 B BICIXA%E
B (1 HE) OMTHEIZEL, 0%, 8 HRICKEEEL LVETRE-7Z, LrL,
Occludin, Claudin-4 35 T8 ZO-1 ® mRNA LU 3854 8 H B & THRUER & K&
IR o T, K~ U A LMECs % 7 7 AL, 2 7V MIEL
TR 6 HEICHIT D TI # X B850 5, Occludin, Claudin-1, -4, X
WZO-1 DX X7 EDOFRENFED LTz, K538~ U A LMECs 1%, #% H RN
RESEIEL L7 VA LA CofMBHRER 2 VT 7 ADMEND 6-7
HEIZ T OFRAHER SNz, 202 E2vD, Claudin-1 @ mRNA FEBLAY TI O
SRIEZRTERIC B G5 LB 2 bz, A, B~ 7 A LMECs O TJ OARREA A
% [T Claudin-1 ® mRNA FEHNGHRFLNVICRDAREREZbND, K

EIZBWT, 558~ 7 A LMECs ® T] M. SN2 &b, BB _ETO T O
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BHEICOWT, £ ORI E 3 FTREIC 72 o T,

BOETIE, NI UATI VSRR LIS~ U A LMECs (28 A ¥ 2 VA
miicez A, ZrFdbta rOfilaBRE R VT 7 Anay ha—LVifs
WARTHEBEIZEFL, LA IVETI OO 2" ICs &2 L, &
AH I VP I ZBERITEET 2581213, Gg/ll #2830, RAKRY 8—F C-
BEILTTaT A —8 CBNEMHIEL, Ha BRI ET 25811 Gs
BUNTE T TNy 7 T —EBEI LT ATP 26 cAMP IZ72 ) a7 A %
T— AEMAL L, T Z o3 7 BHREART S TI B HIZER > T LHEE
SNb, A%, HRBEICHFET 2 Bl BE O e B WL LIAER A 1 =X L2
ONWTHFT2TFETHD, —F7, §iET v F LMECs [ZRV A7z L-& 2F
UMD L-E AF U UBRIBRERICE D E A X I UnEASND, MlaNe 2 X
BV T RTINS HEPFET 5 LIRE LSS, MRNTEEAS
HERZ IR, TIORAICEADL Z &b PSS, AIFETIE, BBt s
LT, fIEAN~D L-B ZAF T VB IARBENMN & A X I U pEADREIZEN D &
EBZ. LEATF D UORY AR EEINS G MEORRE T -T2, FOREER, £
AL ESE THHHINRINIC LY Lt AF VU BMTHLZE I Na© (K
TEMESEHET System-N RIC LD L-b AF DU EY AT L, (RHERI
7 AR—H —System-L D THIFIN ~BGE S 412D 2 & NI L7z, HERUSINAS
L-t 2AF VU OMYAHZBFEITHEM L, © A% I OFEAZIEINSE 2 wHetk
PRI E T, b Lo MIRSMIAAAE T D e A% I v L3RI, U PN R
JANT HDC (2L > TEA SN A I HERIZ DN TAE, FFflce A4 2
)T R ETHMNZEEROBFIEFTLHTETH D,

= E Tk, MIRAMBIM (BBB) A AT D 7 > MMM/ & PN R
(BMECs) T® FMO {&EMHZ2METT 572012 FMO OB THHH =7 X & FF

Dd-r/urLT7 =TI EHWTHE L., ¥53& 7 >~ F BMECs |, pH 7.4 B &
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UOpHBA KT TCAd-Z7 a7 =2=F I &Nt L7,d-7 17 =-2=7 I N-
At ~DRFH 7 VT T 2 AME (Vima/Km) 1% pH 7.4 S0 FIZH pH 8.4 S FC
K13 fEEmVMEA R L2, FMO ORERREE TH D AT~ — /L ORI, d-
7 a7 = =7 I v N-BIUED AR A FBRFIICIEE L, £ OMFERRITHRE
HTHDHZ Lol £z, 38T v F BMECs ICRELT % FMO 7y iz v
TAZ T ay METHRT % &, FMOL, FMO2 35 XU FMO5S D 3 R3S
Sz, Eadie-Hofstee 7' 1 MEHNT G, d-7 v/ 7 = =7 I N-BLIRD ARk
I pH 7.4 B X O pH 8.4 54 FC—HAtEZ R L7z, FMO %3 7f FMO1, FMO2 5
LFOFMO5s D956, 1 DO FHEN d-7 BV 7 = =T I N-BUIED AR B 5
THEBZEZBND, K& T~ b BMECs & 7 > MFAHlED FMO 84 iz L, d-
7aLT7 =5 I NFIET FMOL 12X W RREt S 2 enn, BT v K
BMECs T N-F{LIARERKIL FMOL I X » Tt S s &2 bind, %7 »
F BMECs D d-7 1V 7 = =7 I N-ALIRARIE, 7 v FIFIIC IS 5 N-f2
TARERR DK 12 2R Lic, L L, IMEBEMIENEMREOFEEE 2 5 &
MR & [FIFEEE D FMO VEMEAZ A LTV D EHER SN D, ZIUH OfERIEL. BBB %
T 21548 7 » N BMECs (X FMO #f 9 2 EERLEYONRH A T —Th D
Z ol

FWETIE R L2 T v MEEREIRILE A (TAECs) 78 =B5RH15 O
T, FEoMT IV THEIAITTIVENHTDEEANEZHT D0 ERR LT,
487 » b TAECs 1%, 4 277 X 2% CYPs BLOVFMO 1T & 0 324 N-Jii A
FAURS LY N-BEIRE AR LTz, A X777 0 N-BIWARIS O 2 U 7
7 ¥ ZE(Vina/Km) 13, N-i A FIAGESIE DR 5 5 TH Y . FMO (2 X D FUSH
CYPIZ X DG LV HEWVEHE THEITT 2 Z L RRO BT, IHIT, FET v
N TAECs (2B 54 277 2 NPl A F /U LEIRIE, $T7 » ML CYP2CIT ik

B L OPL CYP3A2 IfiLiE 2 WA SRIZ L 9 CYP2CL1 88 X O CYP3A2 235
55



T5HZENTREENT, CYP2CI1 BLO'CYP3A2 % X7 EiX, RV 7 m—F v
L CYP Uik & AW T o s Y BIkIC KLV B5& 7 » b TABCs IZRELL TW\WD Z
ERHOMTe 0T, — 0. A7 T 22 N ERUSIE, pH7.4 500 F & bl L
TpH84A SMETIZHENTH LA FFEVEEEZ R LT, FMO OFEE THH A F <
—VEINZ L0 N-BRLEOS DA EFERR GO b, ERRITIH G TH o7,
A7 7 IV NERILITE;ER T » b TAECs IZB W TEICFMO IZ L RS s &
ExbND, THHDORRIT, 538 T v & TAECs 2 HTFHIE O 4 D (A 6E
AT HEEIBEREA RO Z L AVRIZ ST,

LB LY, 24 v 7 ar (TI) OB & MmE NN Y
A OERE AR~ D= 72TV S ) — BRI OFE L 72 0 | FrEEOBRR
BLOZINETRry 7T U b LEEEDOFIABEA~OFTHHIZERN D D &5

2_60
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EERDER

1-1  FEEEY)

3 i C57 BL/6 [t~ 7 A (AR AT /Li—) W, ANEBEZBEL
TIREE 23+£1°C, ML 55+5%, FREEY A 7 v 12 B5fE] (B ; 7:00-19:00) OEREE
2T, —EMM, BERAE MF, AU = ZOUEERE) LKA B BICERE T

BLT.

12 I

PB4 UG, TURT YV BRBIOT LA LEAL U Y AR
VI - TNRY v F LA LT, D-MEM/F-12, ~XU > HEPES, FBS, HS
1% Gibco BRL, Percoll /% Pharmacia 7>HIEA L7 b D& Lz, £ DOMOFAZE
XTI AL A L7z,

FAMEET R IR

M199 55 H11E M199 |Z 20 mmol/L HEPES, 25 mmol/LNaHCO3, 50mg/L 7" %~
AV URREEHE., 2.5mg/L 7 AT U v B, 10kU/L ~/XU % 02um D 7 4 )L
—ZHWTABEZITWEEREIC[ENY L,

LMECs culture medium (3, D-MEM/F-12 (Z 20 mmol/L HEPES, 25 mmol/L NaHCOs3,
50 mg/L 7> X~ A v URREEE, 25 mg/L 7 2R T U v B, 20 kKU/L ~/X% Y 2
3 ug/L iz L fg, 10 ug/L EGF, Z#UZ 5% FBS, HS ZZNF41UMZ 0.2 um @

T 4N —FHNTAEEITY, B IC[EI LT,
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1-3 5~ U Z i i AE P EGREE(LMECs) 0 Bt ds K U514

~ U A 30 [LaWEat%, ez m L, MEEOIMA A HI % & Lz, IV L
ToMisi A . BIJ) 3 MRS E - A VT2 M) L, M199 Bs# 25 mL THE
L, 40um OF A B Ay aTARLTE, A Ay a Lol %
D, M199 £5Hh 25 mL Z# ANFTELIRo72, ZD%, 600 xg (27T 10 57z L
L. EBHEIYRW#, 06%2 77 —E 10mL#ARL, A7 L ¥ —%
HWLUTHEICANT, WMLIIEE S Laenb, 37°C TI05MA vFaX—FL
oo TOHEDIZ21%T 4 AX—FE 2mL &, A7 4 V¥ —%@ELTIMZ, 20
A ¥ a_X— kL7, 2T, 5%FBS O A 72 M199 551 % i & AL, 600
xg (Z7C 10 rfilimD L, A AR BRU =%, M199 554l 25 mL (2049 S+ 100
um DF A B Ay 2 TAELIL, BONTEAHKE 600 xg (2T 10 srfifiEo L
72o —J7. Percoll : 1.5 mol/LNaCl:M199 (9:1:10 v/v) 7mL DL % 6 AYEfE L
26,000 xg T 60 7pfflim/ U, BEARA/ER Uz, R L7oiiiss 2 mL 2% 5
AL FICHERE L, 600xg T 10 fE0%, 3EERD ., BHICmE NI &
RO 144 A O RE A | JRE OS2 VTR L7Z, Z7va 5%  FBS
M199 £2Ht 25 mL |2 CHRERE L. 600 xg T 10 /0ffiE D Lz, EEEWSIFREL,
~ L b % 30mL @ LMECs culture medium CH&EH L, 27— a— L7
T A3 CEWRNT) IZE &, 5%C02-95% ZERDOFM T T Lz, B 3 R
#1Z LMECs culture medium % 22#t L72,2 H# 225 1%.2~3 H Z & {2 LMECs culture

medium ZAZHL L 7=, FMGEERIL, 7~9 H Carv 7Ly MIgoT-,

1-4  B:#E~ 7 A LMECs OfkCE 3 & RA7
RO 7 7 2 aip oz brE U, Mg U o Beig s A P B K (PBS) SR K
10 mL/75 em? T¥EVY, PBS #EER ZFrZE L7z, Accutase™ (nacalai tesque) ¥ 10

mL/75 cm? THEAZ BN, 37 °C DA »F 2 _X—F —|[Z AL, 10 D247 -
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7o BAPSEE CHIIA IS 72 o TEDBIVIRD T Z L Z MR L T b, ISRy T
4T L, 77 AaZ@EL M EEERE DRI Uiz, M HIEE L 7=
DZxfgzs L, B LTz, 7> TV 2 Mfa 2 BT 5 72 @ PBS #EE#X 10 mL/75 cm?
THE Lim T = — 7 AN, 800 xg TS5 yfliE Lz, B PF—i—T
(DMSO %) (nacalai tesque) CHENIE % FRZlE S WHilacA MERGHFAETH o v |
L72e IX103fE/mL IZ72 2 K D IZA IR L, IRIEERITRAFE LT,

1-5 RANECESIR L Ok REE 7 U7 7 o A

K53~ 7 A LMECs % 12 mm Transwell (0.4 pm Pore Polyester Membrane, 1.12 cm?
Costar, Cambridge, USA) (T 5 pg/cm? colllagen typelV(sigma), 1 pg/cm? fibronectin
(sigma) C=— ML L 72@@MEORY I —AR 3 — MEEIZ 1.0x10° cells/em? |Z
DX DITHEREL, 37°C5%CO* A v 2 — X — T LT, RRINERESIEST
fiEl%. Millicell ESR (Millipore) % AV, #&HAJIZ R —fll& Lo — X— B2
L, A7 Ly RICHBERE SN~ 7 A LMECs OFEXHHT Qxem® 2 HIE L
7o

k7 AR — | buffer (122 mmol/L NaCl, 3 mmol/LKCI, 25mmol/LNaHCOs, 1.2
mmol/L MgSO4, 0.4 mmol/L KHPO4, 1.4 mmol/L CaClz, 10 mmol/L D-glucose, 10
mmol/L HEPES) % Transwell ® L 2 —/N—f[iZ 1.5 mL AZL, R —NZi3KEE
~— 7 —HERIR O A A EIE T 2 E TH D 250 ng/mL LA LA U EET B
7 AR — | buffer 0.5 mL Z A7z, A > F=a~—F0, 15, 30, 45, 60 7% K
6 10pL, LI—7 5 30 ul, BRI, BT AR — | buffer ZERHL
BEFEE N —RB IOV =TT A T2, SNEOERI T A LA v
(Ex:485nm, Em:535nm) Z#IE L, ffaHEE 2 U7 Z > & CL(uWL/min/cm?)

R L,
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1-6 VEZAHX Ty b

Kife~ U A LMECs Z#5# L15# 6 H %2,/ PBS THEH1% . PIPA buffer (Nacalai
tesque) T, K E 15504 »F 2— kL, 4°C 10,000 xg 20 53z Lt > 7L % {ER
L7-, Z 2 /R7 BRI, BCA protein assay (Thermo Scientific) CVAE L7, 10 %
SDS-PAGE (24 > /378 10 ng % &5 0Kk# L. Immobilon-P transfer membrane
(Millipore) |ZHEE- L7z, A2 7 L %, Blocking One (Nacarai tesque) C7 & v %/
2" L7z, Occludin (Rabbit polyclonal IgG, Abcam) 1/1000, Claudin-1, Claudin-4 (Rabbit
polyclonal IgG, Abcam) 1/1000, ZO-1 (Rabbit polyclonal IgG, Abcam) 1/1500 % 37
F /L HE5EA] HIKARI(Nacarai tesque) D A & CA7R L, —RPUL L Lic, ZIRFUKIT
HRP-conjugated anti-rabbit antibody (GE Healthcare) % 7 /L i5# A HIKARI B %
T 1/20000 (ZA R L, #&Hi X ECL Plus Western blotting detection reagents (GE

Helthcare) ZfiH L7z,

1-7 U7 /v% A A RT-PCR

i~ 7 A LMECs % 96 well (CHEfE LIGFEE A%, HEERSEMARSIL, @
100 uL PBS “CHlifid % P4 L 7=, Real Time Ready Cell Lysis Kit (Roche Applied Science)
? 40 uL Cell Lysis Reagent Z ¥R L, IR T 5 oA »Fa~~— KL, a7 1 &
— MNZ2/ER L7, 2 WL OffdZ A &— bk & Transcriptor Universal cDNA Master
(Roche Applied Science) @ 18 pL WHRG L THHIE 21TV 20 pL @ cDNA %
E8LL 7=, U 7 /L& A . PCR X, FastStart Universal Probe Master(Rox) (Roche Applied
Science) Zf# ] L. Step One Plus Real-Time PCR System (Applied Biosystems) C Ct
iz |E L7z, Occludin, Claudin-1, -4, ZO-1 D77 A v—B LT r—7 1%,
online Universal ProbeLibrary System (Z XY 7% A > L7, mRNA L L%,
housekeeping gene beta actin i/ L, 15547 CtEZ A ACt {EIZ KV HHAHE A

B LT,
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1-8  HERtALER
FERE I T LA S IR E TR LT, a5 A B 2T S B LB %

Student’t-test [Z & V1TV, p<0.05 ZHEZEE L TRLT,

B PESEER

2-1 SEEREWY)
3 iR Wistar REEMET » b (AR 2L —) W, HNEE %2 EZ[E L
THREE 23+ 1°C, ML 55+5%, MREEY A 7 L 12 FFf#] (CE-2, AHAZ LT) &K

ZHHEICERS N TEE L,

222 K

M199 K&, D-MEM/F-12 $5#, ~=3 U —R L7 hvwA T, ~R_Y
HEPES, HBSS, 7 ( A/%—¥ EGF, Trypsin-EDTA, Trypsin-inhibitor-soybean, '/
UHRIEIMYE ; FBS, U~ iiig ; HS, HiREET U 7 AL GIBCO »HEA L, itk
Al 24-Y=bu 7 ) —/VTROCHEE D GREA LA L7z, 2 OfhoilEEix
Rk an 2 A L7z,

MOES 22

BiEE 1-2 2R

2-3 B3R T v BN N EHAE(LMECs) O BB FS K OE 814
Z v k20 lEOWrEARR 2t 2 L, MEEO/MUE 28| % & L=, Bt L7
fighz . BT 2 e X OICHWTiZ/ME) L7-, #i) U7 iz M199 5%
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H1 25mL THHF L, 40pum DF A B Ay a2 TAELTL, £D#H%, 600xglZT
il L L, ERAZRY RO, 0.6% =277 —8B#K 25 mL S L, Y]
L7z AfL, BL<IRE S L, 37°C TI0mflAf v FaX—hL7, %
DHEIHIZ 21 %7 4 AX—=FB08mL Z, A7 (/L2 —%Zi@ L TIZ, 30 7fH
A FaX—hF LT, ZHUZ, S%FBS O A-7- M199 55l &3 & A4, 600 xg |2
T10 il Ly ERAZID RO, M199 55 25 mL (25 S 40 pm @
FABR Ay aTABLE, BN ARE 600 xg (27T 10 oflmo Lz, —
J7. Percoll: 1.5mol/LNaCl:F199 (9:1:10v/v) 7mL DOi.LE & 6 AYEfii L. 26,000
xg C 60 Zrfffim O L, BEAR 2 ER U7z, FRE L7 2 mL 2% AR -
(ZHEJE L. 600xg T 10 offl 0%, 3LV BHICMENBRIEN 5722 5%
FE 144 (o gz . WRE OESEHE VTR L 72, 2 5 % FBS-M199
E5H 10 mL I CHSE L, 600 xg T 10 oftlE Lz, EiFaWsIkrEL, XL
> k% LMECs culture medium THF&E L, Mz mEGHEE I R LT,
5x10°fH/em* 1272 5 KO WAL, 27 —Fra—hL7e7 7 A3 Calliil+) I
FE. 5% C02-95 % ZERDSMT THE Lz, 52 5 Wrfi#%. LMECs culture
medium % 23HE L72, 2 HE H1E, 2~3 H Z &1 LMECs culture medium % 43 #4

L7z, #IRES&RIX, 7T~9 HCar 7z MIipoT-,

2-4 H:& 7 > b LMECs Offf{ 52

B O T 7 2 anh bz brE L, Mild4a HEPES 2% (Gibco) 9 mL/75 cm?
TYE4 L. HEPES Z#fR%E Lz, £0t%, Mildad MU 7 2 - EDTA # 9 mL/75 cm?
THINZ BN 37°C DA 3 2 _X—Z —{Z A5 o b 7o B AT 5 T2,
BAIREE CHIRE S LS 72 o TIBIUED T Z E 2 fER LT D, KBy T v
7L, 77 Aar@EL Ll Ml mRm O RN Lic, MaFHEEL -0z

R L. MU 7 UK 9mL/75 em? THAI LT=, 5o CWAllia A BN 5 7=
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¥» HEPES 9 mL/75 cm? TP\ i b F 2 — 712 AfL72, 1000 rpm C 5 43 a0 L 7=,
BRI 2 N 2 AR % Pl S a2 a kG FAE Ch o > b Lz, 1x10° fll/cm?

(272D KO ICAR L, MR LT,

2-5 BT v b LMECs ~0 L-b AF ¥ U HL Y AT

T T A AR A WG| BRZE 5 mL O krebs buffer pH 7.4 (118 mmol/L NaCl.,
4.7 mmol/L KCI, 25 mmol/L NaHCOs, 2.5 mmol/L CaCl2x2H20. 1.2 mmol/L KH2POs4,
1.2 mmol/L MgSOa4, 11.1 mmol/L glucose)C 2 [l L7z, H 5L 37°C IZIRSD
72 0.01~3.0 mmol/L ® L-t AF > & 0.1 mmol/L ZnSOs % &4 7 5 krebs buffer 2
mL Z¥RIN L, 37°C THEEHA v F a_X— kL7, Z20%, HERKET AE L
— B = LT2 XA — L By F TR EBIBRE L, K L7z krebs
buffer 2 mL T 3 [BIYEF L7z, 1 mL OJK# L7z krebs buffer 2@ L, Mz &1
A Y L—s3— (Nunc) TN&E L o7z, S HIZT7 7 A% 2mL DK L7 krebs buffer
T L, e 7t Hbti-, 1000 rpm, 10 min Tl L, biG&E %5 Bk
£ L7, MAIZ 150 ulL @ 0.4 mol/L MIEEFRE TIRF /N7 L, V= —HF—
(Sonifier-450, BRANSON, USA) 5sec, 3 [EI CHIfaZAkEE L, MBI RF X7 E
(0.1 mol/L NaOH 0.2 mL (Z¥EfE)Y D T b Lz, o7 e 27008
JEIX, L-8500 JZ HSEmnd T X/ Wt W TER Lz, BEMICITA A&
BSIIE 7 7 & (HSLA AL DA T kSR 7 Z 2 #2622SC, 4.6 mm 1.D.x60 mm)
AR L7-, BEIMEICIZ, L-8500 1B H LT 2/ Bt FAREE S ~ b L-
8500-PH-KIT (=Z&(k %) MW\ T 04 mL/min DFEE T/ 7V = bEfi L, =
b RU K L-8500 7> b (FEhiZk) Jiik 0.35 mL/min & Kt (57 °C) 7=
% IR 570 nm (281 BWREHEE 2E U7, Ififde i P RN HDC J& 11,
Watanabe(54) & D 7 IEICHERL L CRIE L=, Ml o % X7 g &iTmiE 7 v 7

A ERE L LT Lowry EGSHICTL W RDT-,
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2-6  HEERIRINZ KD L-B A F 2 B IABIT T D GEHHPHEARS KOV Na A1 4
D

4% 7 v F LMECs 12 24-Y=Frua 7= /—/L (250 umol/L) ZMz. HHHL
W 37°C TIS T VA Fax— T2 LICLYZORELT~T-, —T7,
Na® DEENZ O TIL, krebs buffer @ NaCl(60 mmol/L) Zifb= U ZEH#L L7

buffer % Na' free {81 & L TR &1T -7,

2-7 WEERRINZ LD L-v AF U UHD AR T 5T I Bl A L ER DO

Y
2l
=

S,
oo

PHEANCIZ, 2 H S HEh EHAEEHZ RSBV E 02BN LT uude b
20, R LT X BRI system-N OFEE & LT, L-Z7AVF I Uy B R
A— b, system-L ODEE & LT BCH O4HLY IAL Z Fitfgdhgh, IINRE & FEAINRE
THIE LTz, ZORERAIRD X DENRD ONRNT L b HEAE LTHEH
L7z,

WREEHEN OURINIE & FEPMIE T, RO 7 X /% S mmol/L & L-E AF TV

0.1 mmol/L A7 X87- 6 D & lalc il LRLES R 21T - 72,

2-8  HEHULER

FBE RAT VI E LA HERR S TR Le, WEEHFROA B 22130 B AT AL ¥ 4%

Student’t-test [Z & V1TV, p<0.05 ZHEEE L TRLT,

o PESEER
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BiEE 2-1 &R

32 A

d-7 v /L7 =7 I > N-ER{tiRX Craig and Purushothamam D& FIEGSO)IZ &LV
AL, HPLC ICLV3HEL7z, d-7 L7 x=F I~ LA VBB, glucose 6-
phosphate dehydrogenase, NADP, glucose 6-phosphate |ZFIYEHIZENHIEA LT, Hit
gy H~A v TR T U Bl Sigma-Aldrich 7> 5 A L . D-MEM/F-12,
heparin, HEPES, 7 « A/3—¥ epidermal growth factor (EGF). FBS. HS /. Gibco
NHHEA L, DextrenT-70, #¥— = —/L{ Pharmacia 22OIEA L, =27 7 —E/F
4 A/N—-E X, Boehringer Mannheim 7> & i A L, SD rat normal hepatocytes
(rtNHeps) 1&, Z 0 73 ARASHNOIEA LT b D& L7z, £ OfhoilEE
VTR R i 2 S L7z,

MRS R

BMECs culture medium (£, D-MEM/F-12 {Z 20 mmol/L HEPES, 25 mmol/L NaHCO:s,
50mg/L 7> X~ A URRERR. 2.5mg/L 7 LR T U 2 B, 20KkU/L ~RY > 3
ug/L fi-z L g, 10pg/LEGF, 1mg/L B R =a/L5 > 0.5mLBPE ZHUUZ 5%
FBS. HS #Z 22 02um D7 4 )V Z —Z AN THimEFT, FEEIZEIY L

7’»
—o

3-3 HET v MNEUNMLE N EGHA(BMECs) D LR K OB 5

Z v 20 DEZWrEEtR, SR L, e, /MM, BEEES KOV o e &
B0 BRE M199 B THed L7, BV I L7osia ., BJ) 2 aahbes X9
IZHWT, BMEME L, Z 0%k M199 5514 12 1000 xg (2T 10 iz 0 L R

P B BRUN = HIED L 72BM130.2% 7 4 A 8—B &2 & Te M199 1R 2 2. 37°C.,
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2 PRI ALER U 72, BERALERTE . TN 1000 xg T 10 Sofihmoviier L. LiELE
B BRI, 13 % 7 % A b7 &S T M199 IR A 1 2 5800 xg T 10 47 iz
DL, ZOEEEZ TEHVIELZ, UL > THELNZEEZ M199 57Tk
B, AL 300um DOF A B Ay o TAIB LT, 600xg, 10 73Dz LMNT
KoTEoN-ItEEZHNLE E Lz, ZOM/NMUEEZ, S5 1mgmL 2777
T—B/T 4 A= &G M199 B HIESHRICFlE S, 37°C, 1 RFfHsR AL &
1To7z, FEEILERTL. 5 % FBS Z&te M199 HsHVA Cleid L, =27 7 —8/7
g AN—BERW, BONEE M199 Bl BE S, 50 % /S—=a—b
(Percoll-1.5 mol/L NaCI-M199 =9 : 1 : 10 viv% D % D% 26,000 xg T 60 43 [z (%
T, TOBEEARZERL T, ) ICHEEL 600 xg, 10 Lz, 23
—a—/UZ Ko T 3 EICHBE L MIaE S S5 03, BB IEE O N R A
H725 LK 13 of gz, ENEtEZHCTERIRL, ZhEx 5% FBS #5T
M199 EFHIPAHRIZ CTPeidr L, 600 xg, 10 Zrfili.0 Lz, EIEEZWSIBRE L, kLT
% BMECs culture medium (2N 2 flifld 2 Filr s ¥, 27—~ a— L7 7
A3 CEWRAET) 1ICFE &, 5%C02-95 %ZEX DKM F CHMR R 21T - 12, Bigetk
1 H HIZ BMECs culture medium = 23#4 L7-, 3 H#& > HliX, 2~3 H Z & 12 BMECs
culture medium TAHL L 72, #MCEZ#E T »~ N BMECs (£ 12~15 H C=a 7>

Ko,

3-4 537 v b BMECs Of#fRE:2%

BERBDT7 FAaNnbREMEZRE L, Mldd o7 A EERAEE R (HBSS,
Gibco) T¥EE L. HBSS #frE L7z, TO#%KMIEZ 05% KV 7' « EDTA KT
BN 37°C, 5 N T B A T o T, RS T T X a i tlonis
BE Uy T 4 T BT L THINZ R RN O HA Uiz, MR % s

%, MU T UHERE (Gibco) THRIL, o TWAMEEEINT 5728 5 %
66



FBS Il M199 Eiz Nz Wi U7z, 1m0, BiEZ2WEIERE L, M HRE: =
WRAEMZ., FVE S EREEE L,

3-5 AR E T Hy MENT

5537 v b BMECs %y PBS(-) CHE¥4 4. PIPA buffer (Nacalai tesque) C, 7K L 15
53A U F 2=k L, 4°C10,000 xg20 s3I NVEERL LT, 2 8 B R
J£1%. BCA protein assay (Thermo Scientific) T E L 72, 10 % SDS-PAGE (24 >/
78 10.0 ug % FEXPKE) L. Immobilon-P transfer membrane (Millipore) (Z#i%5 L7z,
A7 L E, Blocking One(Nacarai tesque) TV 12 v ¥ 7 L7=, —&kHUIK FMOI
(Rabbit polyclonal IgG, Santa Cruz) 1/1500, FMO2 (Rabbit polyclonallgG, Protein Tech
Group) 1/1000, FMO3 (Goat polyclonal IgG, Santa Cruz) 1/1000, FMO4 (Rabbit
polyclonal IgG. Protein Tech Group) 1/1000, FMOS5 (Rabbit polyclonallgG. Protein Tech
Group) 1/1000 Z il L7z, —IKHLIRIE HRP-conjugated anti-rabbit antibody (GE
Healthcare) % 1/20000 (Z47FR, K% ECL Plus Western blotting detection reagents

(GE Helthcare) ZffiH L7z,

3-6 F5# T v b BMECs R V% — kOl

7 Z A afOflEA 0.1 mol/L U »FEFEE WK (pH 7.4)T 3 [EI¥E4 L. #&E D PBS
EWMLCHIZ LA L—_R—THhERY, FEVFHA A LT, d-7 a7
=7 I U OMREFERIZIT X XV EIRE A 0.25 mg protein/mL (ZFABL L 7= H D
EHA LI, 7B, 53T v b BMECs DX V37 EBEIXY VIET VT 2 v
ZIEEYVE & LT Lowry HEGSIZ L W JIE LTz,

3-7 d-Zunrrv==73I 0
KIniElx, BolloaF o 7 RT7 T =20 VX I LA F REAT =2— K
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(NADPH) 4% (0.5mmol/LNADP, 6.7mmol/L 7 /L2 —2Z -6—V V. 7 /L=
— A -6 - U UERA/KFERESE 0.7 Unit/mL), 17 mmol/L ¥k~ 7 % 27 2 2.5 mmol/L

—aF 7 INR, BT F BMECs R EY R — ., PBS BIOHE L LT d-7

/7]

VT 2= T I URREEEHAAEN 3mL L K OICHRR L., ERUAURSR
(2d-7 a7 2=T I UBWIRAERINT 5 2 LI K OBERRSE B L, RS
R, 37°CITT2 A ¥ a_— b L7z, KEHEIEIZIE 5 mol/L /KER{kF R Y
U LR TN LT,

3-8 HPLC IZ L5 DER

Smol/L /KEE{bTF N VU U AFRIRIINE, Sk NY A 2g, =T /L TmL %
MMA T 1547 E 5 L. 800 xg T 10 ZyfElE OBl 21T AHIEIEE 2 S5mL 4y
B L7o, 15072 BHEIRILE 2 TRz L, 7% A & 7 —/L 200 uL CiaEfE L7z
D% HPLC ohrakkle Lz, d-Z7 a7 ==F I v BLOZF0REM D HPLC
\Z & B EBESHEAFIE Masubuchi 5 (57)D J715% —ERtkZ L C{T- 7=, HPLC I
Shimazu LC-6A |Z UV FiHi%s (Shimazu SPD-10A VP) £t LEEH L7=, » 7 Al
LiChrospher Si 60 (250-4.6 mm, 5um, BA#/LF) MW\, BEifHE L7 E F=F
U= AH =)L -28%7 =T /K (73:25:2v/v) ZJitiH 1.0 mL/min, 77 A
% 30 °C IR E L, EFitelkBl2 50 LA L7z, 7~ I8 EDE—7
(37— 2 AL TE (D-2500, HSZBUERT) ISR VL mfE L D BHL, &

=L,

39 d-7 AT ==F I U OMREICKT D pH DR
pH7.4 BX O pHS84 ® 0.1 mol/L U > FEfEMERR 2 AV CTh5# 7 »~ b BMECs D7k

EVFA REFFot, &V EAT 2= 2 4E, LR pHTA B LU pHSA D

0.1 mol/L V > FEFEMETIR CHROAKIEREE DN 0.08 225 1.04 mmol/L 12725 X 5 IZFAR LT~
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LOEMEH L, Ak 3-7 O E1T -7,
3-10 d-Z7 7 ==7 I NI 2 AT~ — L OREDR
FOSTRAN B EIEE DS A F~ > —L 108-10° mol/L 12725 X 92 L=, #i

ik 3-7 DR EATH- T2,

3-11 d-7 7 =2=F I URFHCKTT 5 A T~ — /L ORHER
SO AN B AEIREEDS 1 pmol/L A F~ > — /WD X O i L7z, d-7 an

7= 3030.08 7°5 1.04 mmol/L DIEREET, Bk 3-7 ORI EIT -7,

3-12 157 v R BMECs 8L U7 v MFHIEN FMO OEH: g
:# 7 » b BMECs 53X 07 v MFHIAEIZ 0.1 mol/L DV > EEFEMI R (pH 7.4) T
FNEFNHREST A A LT, 0.16 mmol/L d-7 2L 7 == I Z v, Fijub 3-7

DR EIT -T2,

3-13 et

FEBRRE RIT P IE L AR ERRZE TR LTe, MM FRIA B 2130 B il s i

Student’t-test (Z L VATV, p<0.05 #HEZEL L TRLT,

FIUE  BHEISEER

BREn)

2-1 &

b

4-1

A3

E]

It

4-2  FRCEHE
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AITTIUNBIBKIT ) VT 4 R e Ty — i K0 i B a7, HER
BHHLZ >~ b CYPIAL HUfk, HERBRHT CYP2BI Hifk, [HEFERHHL CYP2C11
guiR, BLEER ST CYP3A2 JUifid, 5L 6 FITC £k 2 5D Y%
IgG HUiR1 Jackson Immuno Research #E/HEEA L= b D& L=, T OO
FIX TR 2 LTz,

) R 3T

D-MEM/F-12 {Z 15 mmol/L NaHCO3, ~/3U > kU DA 20U/mL), 7 K7
Vv BQ.S5Spg/mL), g7 % ~A > (30ug/mL), 17nmol/L #it L U EET k
Y74, EGF(10ng/mL), 5%FBS. 5%HS #/MZ 022 um D7 4 )L F—% T
A I TVIRERICEIY L= 6 0 % D-MEM/F-12 kb5 8K & LT,

HBSS (2 4 mmol/L NaHCOs, 7 > A7 U B (2.5 pg/mL), MiEEs 2 ~A
> (30 pg/mL)Z Mz 022 um D7 4 V& —%& T Al 2T WEEERIIZ B L7z

D% HBSS FEfEHR & LT,

4-3 7 v MEECREIRA BN (TAECs) O HiEEd K OME#RTE
Z v M RENIRN R AR O BB RS K ORF381E Junod & (58)D k% — R ZE

LTATo7ce 7 v b 20 DLz Witz s 2 B & e 2R Lz, RERZ 8 H LA

EHTDNENIG 2 F 23 LERY | 1 Eyflds X OVRIMNc el v ALz A, 8L 0.5

mm-AME 1L.O0mm OEFRHATF 2 —7 (DRXBAT 47 RA) 8 mm fEA%L, EH4R

CTMEEF 2—7 06V U7 WIR GREFEM ) &l LIMENZ T L2k,
MERNDY 7% 0.07% 277 F—BEBLN0.19% 7 4 AX—BZIRINL

7o M199 B ClE#a L7, D%, Ta—7 Oz 7 L2 A THL, K#lkz

37 °C @ M199 i T 30 Fr IR LB U7, BRI N ORERIK 2

M199 5 TRV L, IOEICHEI Lz, 728, Z OEESFENEIT 2 B T 72, [[]
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I U 72 BESR I 2 AL 100 um DT A 1 A w3 2 TAE L7 600 xg T 10 4y
ODBEL, SO IEEE 5 % FBS &1 M199 E5HLCREE L, FF 08 600 xg T 10
Oyl L oyBE LTz, BiE 2SI FREE L D-MEM/F-12 $RE 21 2 0 2 4000 2 P
WS, a7—Fra—h (XA71) LEZT75em?> 7 7 A2 (CEiE ) ITF X,
5% CO2-95 %ZEXDFA T THMIER Z1T o 72, BFRIRIZ 2~3 H T &ITA8#L

WMREEFE T > R TAECs 1X 12~14 HCay 7z koo,

4-4 13T~ b TAECs Ok

BEPOT7 7 2 anbiEalrs L, Milliia HBSS THs L7z, HBSS 25l
brEf%. MifE% 0.05 % Trypsin-EDTA #Z TV 37 °C T 5 /MBS LB 21T > 72,
FOW%, 7T AR E, I Uy T 4 7T B L THEERD B
2D L . FHARREIEE A 8% 0.05 % Trypsin-Inhibitor-soybean % CH F Uiz L& IZ
EX L7z, 7T AaNIZiE> T DA EIT 5728, 5 % FBS A M199 5%
%00 2 B L7z, 600 xg T 10 iz OB U 72 1% 3G 25| Br% L, D-MEM/F-

12 FARRES 2R 2 N 2 e 2 P ks R L7z,

4-5 BT v b TAECs &E 2% — b O

77 Zaf Oz 0.1 mol/L U FEREEHE T 3 [P L, MED U o MERREi
WML CHIlRZ B AT L—S—=ThERY, REVFA AL, 131773
> DR FEBRITIT X /7 EIRE % 0.35 mg protein/mL (ZFARL L7-b D& L
7o 728, ¥5#& T N TAECs O X VX7 EREIT D VG 7 V7 2 v EmE

& LT Lowry {EGHIZE W HIE LT,

4-6 A X777 IO
gL, BroM=aF T7I KT T2 VX7 VA F REAAT =2— b
71



(NADPH) F4:% (0.5mmol/LNADP, 6.7mmol/L 7 /L2 —2Z - 6—V g, /L=
—Z -6 - U UK FEREFE 0.7 Unit/mL), 17 mmol/L #E{b~ 7% 27 A 2.5 mmol/L
—aF T IR, §#%T v F TAECAREYR— b (1.5mL), PBSEBIUREL L
TAITIIVKBEEEZEAEEN 3mL £ LI Lz, ERLRIGRIC
A X7 T IVRREIBINT 5 2 LT X WEBERRSZ Bt L, RS T, 37°C
12T 0.5~5 2o > F 2~_— | Uiz, BOSIEIRIZIE 5mol/L KER{b T kU o7 LB
UL,

4-7 HPLCIZ X2 R&@$H D& &

Smol/L /KE&{bTF NV U AFIRIINE, Sk NY 7 A 2g, BifE—F /L TmL %
MM T 1547 E 9 L. 800 xg T 10 Syl OBl 21TV AHIEIEE 2 S5mL 4y
B L7o, 15072 BHEIRILE 2 TRz L, ik % A & 7 —/L 200 uL CiafiE L7z
& D% HPLC 7iffrakel & Lz, 4 I 77 I BLUOTOREHD HPLC IZ L 57E
BOMTSAMEIE Masubuchi ©(56)D k% —E#ckZs L 17> 72, HPLC /% Shimazu
LC-6A (2 UV Kitti2s (Shimazu SPD-10A VP) #%f5¢ L L 7=, & 7 2% LiChrospher
Si60(250-4.6 mm, Sum, BAH L) ZHW, BEFEE L TTrE = /L - X ¥
J =)L = 28%T =T K (73:25:2v/v) Z K 1.0mL/min, 7 7 A{EE % 30°C
IR E L, FEislElZ S0 lL EA LT, Z7u~ 7T A LD —7 137 — X iRk
RUFRALE (D-2500, HYZREINIC RV o cmfEL v EH L, E& LT

4-8 A I T I AR ORETRAVARAT
487 > b TAECs REVF— MIBITHA I 77 I AGHD Ky Vinax fEDOH
ELHT=-> T, Bk 4-6 OEBREMHIC IV RISK A 2 4, WEORKIRE %
5~100 pmol/L |ZFXE L7z, £72. Km, Vmax fE(3 Eadie-Hofstee DRUZ&H TIXHTK
Wiz,
72



4-9 S CYP 0 FHRILIGHUA 2 T B 38 B P 7 SEBR

KE:# 7 » b TAECs AR E VA — MIAHLCYP 1fiF 10 pL AL, 37 °C T 1543
W7 LA Fax— 952 LICXVBRE L, £z, RIS OER
YR, EIZIER 7 F Mg 2 v, BNk 4-6 [FEROEEZ1T o 72,

4-10 1547 v b TAECs (23155 CYP2C11 ¥ X U CYP3A2 OFIEMNETE

—RPURIT Y FHT > b CYP2CLL AR KO ¥ FH17 v b CYP3A2 fitlk %,
TRBURIZIX, FITC #2537 Y- FHY ¥ 1gG PUiAE L FITC #EHkn ~pr o ¥-%
IgG TRz 2 e e, TEREIL, MAHZEBRIEE IM, 4V /3 AT ) C©
B2 LT,

4-11 A I 77 I AGHNTH 2 pH D%
pH 7.4 B X' pH 8.4 ® 0.1 mol/L V > iz 2 I\ TH:#E 7 ~ bk TAECs A~

— k& TR 4-6 ORI A1T o 72,

4-12 A X7 T I U D AT~V — LD
Bijb 4-6 218
2B, KIS ERASIREN 1 pmol/L E72 5 KO AT~ — V&R LT,

FOGSME, 37°C, 243, pH 7.4 IZR%E LT,

4-13  HEFHLER
FERRE TR E L RS TR LT, BN REA B E 1T B T LR 14

Student’t-test |2 & V1TV, p<0.05 ZHEZEE L TRLT,
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