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Chart 1. Preparation of grapefruit and GFJ extraction by several organic solutions
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Fig.1B  Effect of orange juice (50%) on Rh123 (150%M) efflux in rat intestine everted sac.
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Fig.1C Effect of orange juice (50%) on Rh123 (1504 M) efflux in rat intestine everted sac.
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Fig.2 Effect of GFJ or cyclosporin A on the transcellular
transport (Apical to basolateral side) of [*H] vinblas-
tine across the Caco-2 monolayer

The trancport of [*H] vinblastine (100nM) was measured in
the absence (open circle) or presence of 50% GFJ (closed
circle) and 20uM cyclosporin A (closed tragle). Each value
represents the mean+S.E.M. of three experiments. Significant
differences from control,*; P <0.05.

[FH] ©> 77 AF > O AH Z WKL
R, 605 TEMAREICE L 2. GF] 1
FT [FH] ©> 77 AF > QWY A FHi{Eix
GF] O FERAFHNCHEICHML (Table 1),

Table 1 Effect of original GFJ, different sections of grapefruit
or cyclosporin A on the uptake of [*H] vinblastine by
Caco-2 monolayer

Cell/medium ratio

Concentration
(% of control)

GFJ
+2.5%
+5.0%
+30%
+50%
Fresh grapefruit juice
(hand-squeezed juice without fruit pulp)

+10%
+30%
+50% 180+3.1°
The albe do (White portion of the peel)
+10% 1956.8*
+20% 278+21°
The peel
+5% 2048.9°
Cyclosporin A
+20 uM 27019

Uptake of [*H] vinblastine (10nM) was measured in the pres-
ence or absence of GFJ, different sections of grapefruit or
cyclosporin A at 37°C, as described in Materials and Methods.
Each value represents the mean+S.E.M. of three or four experi-
ments. The values were expressed as the percent of each con-
trols. The control cell/medium ratio was 33.8+3.0 uL/mg pro-
tein. Significant differences from the control, *; P <0.05
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fawcsids PH] £ 77 A2F > ofR#HRED
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DOFEMNLE M & WY A H I KIF T GFJ ©
iz A7 AR ) O 2
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AF v O RIET R AR L, PH] E
¥ 75 AF v DEHEND» 5NV T T 7 MINDE
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FETERER Y b u—LD348%, 281%KV
207% 84 h0 L 72 (Table 2), It B2 & O
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Table 2 Effect of several organic extracts of GFJ on the transcellular transport and steady state

uptake of [*H] vinblastine by Caco-2 cells

Transcellular Transport
Permeability Coefficient
(xL/min/mg protein)

Uptake
Cell Medium Ratio
(uL/mg protein)

Control

+Ethy acetate extract
+Diethylether extract
+Methylene chloride extract

0.0310+0.0022
0.108+0.017*
0.0870+0.012*
0.0640+0.0016* (207)

(100) 30.5£1.3  (100)
(348) * (267)
(281) " (189)

45.8+2.4* (150)

Transcellular transport from apical to basolateral side and aprical uptake of [*H] vinblastine by
Caco-2 cells were measured in presence or absence (control) of several organic extracts from GFJ, as
described in Materials and Methods., Each value represents the mean-+$.E.M. of three experiments for

the transport studies and four experiments for the uptake studies. 1

e values shown in parentheses

represent the percentage compared with each controls compared with each of controls. Significant

differences from control,*; P <0.05.
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MrEht: (Fig3D), TD77 27y avitBw
T, [P*H] €Y 75 2F > OMIIANELD A & DR
I & 0HET % 43 % TLC I & 0 HEFR L 2228
SH—RRTIT R % ETHBL, v Pgp BEED
PRI % b 2 HIRR S % 172,

3.2 FM{LEYO H-NMR f#H7
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xtract of GFJ on the steadey-state uptake of 10nM [*

H] vinblastine by Caco-2 cells for 60min (A) and activity of testosterone 68-hydroxylation by human CYP3A4 (B) and
effect of silica-gel column separated fraction of the 60% methanol eluted fraction of GFJ extract on the steadey-state
uptake of 10nM [*H] vinblastine by Caco-2 cells for 60min min (C) and activity of testosterone 64-hydroxylation by

human CYP3A4 (D).

The ethyl acetate extract of GFJ was fractionated by cosmosil column chromatography eluted with 0,10,20,30,40,50,60,70,80,90
and 100% methanol solution. The 60% methanol eluted fractions of GF] ethyl acetate extracts by cosmosil column were
fractionated by silica-gel column chromatography with hexane-acetone (5: 1, 3 : 1 and 1 : 1) and Chloroform-methanol (1 : 1)
mixed solution. The uptake of 10 nM [*H] vinblastine by Caco-2 cells for 60 min and the activity of testosterone 64
hydroxylation by human CYP3A4 were performaed as described in Materials and Methods. Each date represent the mean+

S.E. for three or four experiments.
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T monmg-crnrepris T cvonmg-crcrcmms-on,
P N

67"

o0

SeY "
Yoogoorgfo QUL OO
7 oo on

9-CH,CHI=G-CH,CHrGH—G-CHy
Gy oM Ow

Bergapten Bergaptol

L 0o FC726 (GF I-1)

Fig.4 Chemical structures of ihydroxybergamottin, ber-
gamottin, FC726, bergapten and bergaptol

PK1 fifictb<T [PH] £ 77 AF > OWRY
ABIZIRAD L (342.322 uL/mg protein vs 34.
776 uL/mg protein), 10 M ¥ 7 0 A K1Y > D
FAAETT (370.12419.20%) & [AIHkIC50%GF] Bk
M F AIEEC LD FH] EX 79 R F
YOWMYAHIFTL b a—u ki L191.66+
16.97% W K & < #mL 7z (Fig.5B), %7z, 20
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Fig.5 Effect of 50% ethyl acetate extract of GFJ, cyclosporin A and 6',
5-COL300 cells (B).

vinblastine by LLC-PK1 cells (A) and LLC-G2

(B) LLC-GA5-COL300 cells
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T7-dihydroxybergamottin on the uptake of [*H]

The both cells were incubated in the presence or absence of ethyl acetate extract of GFJ ,10#M cyclosporin A and 20 xM 6,

7"-dihydroxybergamottin. Incubation time was 60 min and
differences from control were determined by using Student’s ¢
or four experoments.

A Y OFET LMK FH] €75 25>
DMWY iAHIEa > bo—)v L ik L187.68+
16.05% I HE ML 72,

3.4 DHBG 75/ 7%V Hick st M
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F > DD IAB PR3 255
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LATOTAMAT u > 68 KEE{LKR Caco-2 i
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the concetration of [*H] vinblation was 10 nM. Significant
test (*; P <0.05). Each data respresent the mean=+S.E. for three
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RO TR 2T o 72, Zhs Ol % Fig.d
ZRT . FC726, "VATF Y RUNRNVA T b —
MEnFhy, BEKRERC PFH] £ 752
F Y OWY ABFHHORIMERL, T
FC726 754 b B 2z R Lk, —7, R#
P I DV T, FCT26, NVH 75 ¥ RUNY
AT M=k % CYP3A4 FHE D ICs,fililx 2 h
Z10.075 uM, 1M R U>20uM T % o 1=

and Berry,
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Fig.6 Inhibitory effect of 6", 7-dihydroxybergamottin (A), F
steady-state uptake of 10 nM [*H] vinblastine by
hydroxylation by human microsomal P4503A4 (@).

6 (B), bergamottin (C), bergapten (D) and bergaptol (E) on the

aco-2 cells for 60min (O) and the activitiy of testosterone 64-

A vertical dotted line expresses IC50 value for CYP3A4 inhibitory eeffect of esch furanocoumarince. Each data represent the

mean=S.E. for four experiments.

(Table 3),
4. Caco2 MiTOHOAVYYYa—RIT&k
% P BHEEENC T B B S O R 5E A
LYY a—A0 Caco-2 Mg~ D#E

50%A V> Y 2 — AMEE T, FHEE TG

L HIEMIIE R T B )XY T —DORERIE S %

UTFTHY, LDH D320 T H GFJ f#1ETF,

FHFETT HELEEERSh e o, fEo

T, Hilgost: ZleHehinrot,

Caco-2 flillic & 3 [PH] E>¥ 77 AF > DM
DRABIZRIET AV Y VY 2 — ARV 2 —AK
SO BEBEAT OBR

Caco-2 fifaTo [*H] €¥ 77 AF DMWY
SAHGRFRRAZACHIIN L, 6053 T E HARE
L7z (Fig7TA). 2060530 [*H] ¥ 77
AF VR AARVHHEIH T 2 ALYV 2 —R
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Table 3 Concentration of furanocoumarins in grapefruit juice and ICs values of CYP3A4 for

furanocoumarins

Furanocoumarins

Concentration (xM)

IC50value (#M)

6'7"-Dihydroxybergamottin
Bergamottin
Bergapten
Bergaptol
FC726

12.75 0.45
1.98 1.0
14.85 1.0
39.57* >20
15.50* 0.075

6'7-Dihydroxybergamottin. bergamottin and

bergapten was quantitated as described in Matherial

and Methods.*; Concentration of bergaptol and FC726 was detarmined by Bayer Yakuhinn

(A) (B) (©)
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" 10 100
.
.
5 50
.
o . — + oF ———
0 10 20 30 40 50 60 0 10 20 30 40 50 60 O 10 20 30 40 50 60

Time (min)

Time (min)

Time (min)

Fig.7 Effect of 50% ethylacetate extract of orange juice and cyclosporin A on the uptake of [*H] vinblastine (A), [*H]
3-O-methylglucose (B) and [*C] phenylalanine (C) by Caco-2 cells.

The [*H] vinblastine uptake experiments were performed
orange juice diluted to be equivalent to 50% of the original

in the absence (open circle) or presence of ethyl acetate extract of
orange juice strength (closed circle) or 104M cyclosporin A (open

triangle). The concentrations of [*H] vinblastime, [*H] 3-O-methylglucose and [**C] phenylalanine were 10nM, and 500nM,
respectively. Significant differences from the control were identified by using Student’s f-test (*; P<0.05). Each value

represents the mean+S.E. for three or four experiments.

DORREMG L7z, Table 413773 & 912, 50%
AV IV —AFETF TR, FH] €752
F > O IAH VI > bo—v e LT
178+5.5% L HRCHIML 72, 2D Eps, *
LYY a—ZAHE Caco-2 M8 T [*H] ¥
75 AF > DD A BN A RN & € % R5THS
FETZIEWHZONI, 22TRIC, FLv>
VYa—R REEIFN, YIFLI—F),
HEAF V> O 3 MOAREB Tl L, iR
MV AKROWE 217> 72, PH] E¥ 752
F Y O AL VHHEE, 2> bao—L L,
50%Y 2 — RN T 2REETF L, YTFNT
=7, HExF v oo FETZhZER
238+2.8, 203t14, 198+4.5% L VT b f
AR Lz, B, BT 51 & 260
& BBRE, ZOHRTRL P2,

i, A A e F VA O K

T L—

Table 4 Effect of orange juice and its three extracts on the
uptake of [*H] vinblastine by Caco-2 cells.

Cell/medium ratio
(% of control)

Control

+50% Orange juice

+50% Ethyl acetate extract
+50% Diethylether extract
+50% Methylene chloride extract

Uptake experiments of 10 nM [*H] vinblastine by Caco-2
cells were performed in absence or presence of orange juice Each
data represent the mean+S.E. of four experoments.

Significant differences from control,*; P <0.05
IS BES N BRSO W T, Caco2 Mifi T
YT I AF Y DMWY ABITRIETRRZ RN LIz
L I3, 50%KEMEMOTFEETIE, 2> ha—
T L T100£4.33% & 2 D ZALId R o vk n
ok HoT, ALY YYa—ZhT [*H] E
¥ 77 AF ¥ OWMY AHVHHE A RN S € B R
FEE T F L TORNC & 0 IRIREECERIC
b s 2 e pER s hz,
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(Figs.7B, C) . — /4, Fig.TA W3 & 5 1,
Caco-2 fifeTo [*H] €> 77 AF O DA
A3 P i T, P-gp RSB T H %20
mMyz7uARY v A LfE, AvyyYa
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Xy, Arovya— AT F VB ORE
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(1L/mg protein)
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4.5 Caco2ffifaTo FH] E¥ 75 AF >
DD AHFAifi & & b CYP3A4 Pl
Rk BT AMAT O Y66 KBEILIC KR
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AUy VY 2 —ANT Pgp HHEHR 2RI

FEOVTHMICHRETT 20, Avyyya
— AQEETF VM E 2 AT Y VA T AfT
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—VTOWHLAHEETo 7, Thd ALveyy

Ya—ADAY ) —VEHSEIIC & 5 Caco-2

faco FH] E> 735 AF > QMY ik & F-Aifi

BTSN % Fig.8A R Lz, A5/ —

V60, 70, 80% EHHAIEIfEAE T, [PH] €77
A F > O D AH TR A SN, hTH
A5 7 —NT0%EH SN B Tt b B 4R
MH SN, £oT, ZOHFEFIZ Caco-2 Ml
O P-gp OHEHBEHE 2 P 3 2 RSP OTEEL TW»
3T RS, —F, TAMATOYD6
BIRBEALIEEICR L T, Thb A8/ — Vi
757y ari3elRERS oot (Fig.
8A) (TR L7, A% 2 — 160, 70, 80%%iH 5
WfEEF, [PH] €73 2 F > QWY A&V

o
w

6B-Hydroxyteststerone
formation (uM)
~
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"%, % of methanol of eluted solution

Fig.8 Effect of Cosmosil columi
H] vinblastin by Caco-2

for 60min (A) and on the

The ethyl acetate extract of GFJ was fractionated by Cosmosil column chromatography eluted with 0, 10
80, 90 and 100% methanol. The uptake of 10nM [*H] vinblastine by Caco-2 cells for 60min and the act
64-hydroxylation by recombinant human CYP3A4 were assayed as described in Materials and Methods.
ch value represent the mean+S.E. for three or four experiments.

6-hydroxytestosterone formation was 2.89xM. Ea

ivity of test

%, 0 10 20 30 40 50 60 70 80 90 109

K

% of methanol of eluted solution

eparated fractions of the ethyl acetate extract of GFJ on the stesdy-state uptake of 10nM [*

sterone 68-hydroxylation by human CYP 3A4 (B).
30, 40, 50, 60, 70,
of testosterone
ontrol value of
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A B S, BT 25 2 —NT0%E S
WCB VTR HE R LRy A SN, 5T,
Z 04yl Caco-2 il P-gp D HEHIBEfE %
PSS 2 RAIDIFIEL T 5 2 LRSS Nz,
—%, TAMATOrO 68 KELE TR LT
&, TNSRAY/—NEHT 7y 3y 3&ELlH
RER& o7 (Fig.8B), ZOMRM» S, +
vy ya—2qucly, R kizsy
P 2 R R BHE T 2 A E Eh b L
HIRE S i,

4.6 27— VEHSE ORGSR ZN
5472 & % Caco-2ffifa T [FH] &
¥ 77 AF ¥ OWY A HFAH I RIFT
FIES

Riz, mARD PH] ¥ 77 AF > OW|Y A

HRMBRER LU T2 2 8 7 —NT0% v 5 % >
VATZNAZEEMOT 2 MY iNFH 2D

Cell/medium ratio
(uL/mg protein)

5:1),B:D,(0:1) kR¥zaahrih-25
/= (11]) IRTEIL, RO HER M E
fTot. TH5 D5 % v Caco-2 fll g TD
[FH] ©> 77 Z2F > O Y AAFHHiE o
DR EMN LI 25, Fig9lomT ko
FHrITEbY @11 RAWTHEHL 4F
Ho@EHSEIck->T, FH] €772 F20
WD AHPHEAEDIR b E o7z, 0T, 2D
HEICB LT, FH] Ev 77 2F > ofile
NHR D A B OBINIE: & SHET 25 % & S1ch
T A THERRL TLC I & D HERL 2585 Ik
2 MolkamEfsz.
4.7 KRB H-NMR fi#i
AZLIOUR NI T T 4—ICk VSN 21
DALEYIO'H-NMR fi#H7 217w, HEO#wS
—Hlizeh»s, LAEM1133,3,4",5,6,
7, 8 -hexamethoxyflavone (HMF), L1472
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)
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Fig.9 Effect of silica-gel column-separated fractions of the 70% methanol Cosmosil eluate on the steady-state uptake of 10nM

[*H] vinblastine by Caco lls for 60 min.

The 70% methanol eluate was fractionated by s

a-gel column chromatography with hexane-acetone (5:1,3: 1, and 1: 1)

and chloroform-methanol (1 : 1) mixed solution. The uptake of 10 nM [*H] vinblastine by Caco-2 cells for 60 min and the

activity of 64-hydr lation by

human CYP3A4 were assayed as described in Materials and

Methods. Control value of 68-hydroxytestosterone formation was 2.89xM. Each value represent the mean-S.E. for three or

four experiments.

3567,8.3 4"heptamethoxyflavone

Fig.10

oo,

Tangeretin Nobiletin

Chemical structures of 3, 4, 5, 6, 7, 8, 3, 4"-heptamethoxyflavone (HMF), tangeritin and nobiletin.
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By vy FreLTRES R (Fig.10).
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Fig.11 Enhancing effect of HMF (A), tangeretin (B) and nobiletin (C) on the steady-state uptake of 10nM [*H] vinblastine by
Caco-2 cells for 60min ( 1), and inhibitory effect on the activity of testosterone 64-hydroxylation by human liver

microsomes (II) and recombinant human CYP3A4 (I1).

Vertical dotted lines represent the concentrations of the furanocoumarins in orange juice. Control value of steady:

0.2

of [*H] vinblastion w 10

224 (Lmg protein). Control values of 64-hydroxytestosterone formation by huma

ate uptake
iver

microsome and human CYP3A4 were 11.5+0.422 and 2.09+0.0700xM, respectively. Each value represents the meantS.E. for

four experiments
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[FH] € > 75 2AF v O D A& FhifE 13,
HMF>% >4V F>>/ EvFrOIETEREIC
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ZEepmEaN, filRENATVREY 2 —ATZR
Pl S ORF B EENTRE I Enb, RX
BIZV—F T N— 0L DOMHEL,
zhzho PH] £ 77 AF Y Ofkic kiF
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Biopharmaceutical analysis of the effect of fruit juice contents
on the pharmacokinetics of drugs

Yasufumi Sawada (Graduate School of Pharmaceutical Sciences, Kyushu University)

The simultaneous intake of grapefruit juice (GFJ]) is known to alter the efficacies and
pharmacokinetics of various drugs such as dihydropyridine calcium blockers, cyclosporin
A and terfenadine. It has been reported that the mechanism of this interaction is proposed
to be a suppression of drug metabolism by cytochrome P450 3A4 (CYP3A4), which is
responsible for the metabolism of these drugs. While, the striking overlap of substrates and
inhibitors between CYP3A4 and P-glycoprotein (P-gp) was discussed and as a result, the
effect of GFJ components on P-gp may thus be a factor to increase the bioavailabilities of
drugs. So, we examined the effect of GFJ components on the absorption of drugs from
digestive tracts.

We investigated the effect of GFJ and the different sections of grapefruit on the
transport of vinblastine, a substrate of P-gp, across Caco-2 cells, a human colonic
adenocarcinoma cell line, LLC-PK1 cells, a porcine kidney epithelial cell line, and LLC-
GA5-COL300 cells, LLC-PK1 cells transfected with human MDR1 cDNA. The steady-state
uptake of [*H] vinblastine ([*H] VBL) from the apical side of Caco-2 cells was signifi-
cantly increased in the presence of GFJ in a dose-dependent manner. However, the initial
uptake of [*H] VBL was not altered. So, it was suggested that the efflux of [*H] VBL
from Caco-2 cells by P-gp might be especially inhibited by GFJ. Moreover, the effect of the
three different sections of grapefruit, such as the fresh grapefruit juice, the albedo and the
peel, on the uptake of [*H] VBL by Caco-2 cells was examined. The steady-state uptake
of [*H] VBL was increased in the presence of all parts of grapefruit. Simillary the effect
of organic solvent extracts of GFJ and 6',7-dihydroxybergamottin (DHBG), we isolated
in this study, on the uptake of [*H] VBL by LLC-PK1 cells and LLC-GA5-COL300 cells.
The uptake of [*H] VBL by LLC-GA5-COL300 cells was low as compared with LLC-PK1
cells and it was increased in the presence of ethyl acetate extracts or 20 M DHBG. Then,
the effect of DHBG on the 68-hydroxylation of testosterone and the uptake of [*H] VBL
by Caco-2 cells were examined. The uptake of [*H] VBL by Caco-2 cells was increased,
while the 64-hydroxylation of testosterone was decreased in the presence of DHBG. It has
already reported that DHBG, we isolated in this study, was an inhibitor of CYP3A4 and
the inhibitory effect of DHBG was due to the decrease of the amount of CYP3A4 in the
digestive tracts. These results demonstrate that DHGB possess the inhibitory effects

between on the drug metabolism and on the active efflux system.
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Moreover, we examined the effect of orange juice (OJ) on the function of P-gp and
CYP3A4. The initial uptake rate of [*H] VBL by Caco-2 cells was not inhibited in the
presence of ethyl acetate extract of OJ, however significantly increased the steady-state
uptake. No significant effect on the cell/medium (C/M) ratio of [*H] 3-O-methylglucose
and [“C] phenylalanine was found as compared with control. When the extract was
separated on a Cosmosil column, the elute with 709 methanol showed the most potent
activity to increase [*H] VBL uptake. Further separation with hexane-acetone (3 : 1)
afforded 3,3',4°,5,6,7,8-heptamethoxyflavone (HMF) and 4',5,6,7,8,-
pentamethoxyflavone (tangeretin) .

HMF and tangeretin were contained in OJ and they increased the steady-state uptake
of [*H] VBL by Caco-2 cells in a concentration-dependent manner. These two methoxy-
flavones did not inhibit 64-hydroxylation of testosterone catalyzed by CYP3A4. While,
the ethyl acetate extract of OJ and these methoxyflavones increased steady-state [*H]
VBL uptake by LLC-GA5-COL300 cells, a cell line transfected with human MDR1 cDNA.
We concluded that these methyoxyflavones enhanced VBL uptake by specifically inhibit-
ing drug efflux via P-gp. They may have potential as agents for reversing multidrug

resistance or for recovering the bioavailability of certain drugs.



