FF~OEVIAHBETHH EEZDND,
—7. CYP2CORREANZ DV T DEEHRIX
RV, GERRSICX D FAIDAUCH 1.8
fEc L o@ERHB . (O
H.IhERHT_&EThdLEXDND,
D AH AT TEE, CERIEE A
AT IR DAUCIIH LTRED
Pz 108 (98t X TV B 5,
CmaxZgEiLize DT —F b oD,
ERRFEATRZELEDTEND BT
RT3, CmaxDEMOEEEATY
FERETALENS DN, VIFOD
BIEROEERERT S ., BEORRIE
S ER2nEEbh D,

i B OHETE(Table 7-2)
FEMAHESICETAEEE (FAEE]
DEROFNCBRE LT, LR UEFFECEDS
WT, =Y RueAf rRHRLE, V7
g AR Y oW TE, BFILUNTIAUCD
MR EBELE L, 7. 55H4A1CCYP2CO
DORERTH BT —NE, TOH
FEERCAUCOEMELED TR L. €
DS, EERASIELEALE Rl =
— AL LT LA EEETho, ¥
T ATONTIEE, SHBOT—F DOEHE
BRETHD,

4 TINRAEFY

BEAE O XEOFHM

EETE O IR CE (Table 8-1) [{ERAE®D
AE] SAREFHOMCIRHICET o1
MRBH I TV, [SEHEIE] 4.
TR BER ORI, FAIE, b MIFIZ
o YV — A& A izin vitto R ETERERIC B W T
ZETHY ., F h 7 —hP4S0DSTET
B B 3A4(CYP3A4) TRt R R T kot
S EABHEINTEY., ZOBLSICLAR
BEEBHTRETHD,
fEIEROY 7 v ZR Y LIEONTI,
AUCH 5-1345 (104 (108 v 132341097 3

18

M5 L OBEKFEDEPERT DI LR
B LW, EREFEC W TRERLEZE

517, FEIOF~ORYAHBEETHD &
EZ1biLd,

2. FAENZCYPIZ L v KEf&h v
. TORERNC XL FERE
ERXAEICRAREEEZbND, EE, A
FSaFS—n, PAFEL TAatY

BBV =T TN~ oA L

OEERIL Lo T FAI O ML RECEED
RNT L BHE SR TS 696200007,
“DHh, ZAat—rEERAOER
i, [EHEE] 4. EMAHEESR QRUTA)
EEEsh TRy, HEREREETHD
LEZLRE, —F, 4 MFaFY—R
Ufﬂ'?rft*/w:omﬂ:t‘ FNENAUCH
SQ%BEINE 7= R & oEE T CO% 3 5
B, BREOFRA—, BFARY, fHMORF
F AT HATER D RN EOEBR T,
BEABETAEHRTHLST UBEIRT D&
EpdlawkELbNDS,

B XEOWETZE(Table 8-2)

FERMESZCETAERE [(BHRER]
OROFCERLE, £, 7R
v QORI OWT, {FRBFETAUCD
HEMBIZOWTEH Lz, 723, AUCH23
s U & oS EREICHER S
B EOEHEHADOT, iEHELEhoT,
FORER, BERAXELEST, fV =
— AR EDL LMo,

5. ENRANF

EERRE DO EAT U O FHE

PEfE DA T2 (Table -0 [{EFED
5] SAEEEROIICIIARICET 1%
MBI RS TV, Y7 uXRY
vEOERITOWTIE, SFRERE RS T
BY . AUCHETRZCmaxDME R E
hTw3, 7, [FEEEE] 48HRKRA
BT A EREmEOEIC, XEEFIALT



EhizpMcER I TR 1%, B
FRBHEINATVWD, BFITOWTHE, E
EphERGEITIRZVWHOO, DR FF
v L R EROF~OR Y IAZEETSH
BrEZLNHOT, TRELIET DM,
o R & FrOFPETTRERTHIER
B LW, 2B, YI7uARY L LOHH
BEOEBERFICOVWT, ARIIEERETE

T B REFTRTRE EEZBRDHR,

BEAMBEE ERTWADT, RERTHE
IRV EE L bR D, LinLEd b,
| BRBEESTEBLEESFED L2/
r—ALBEEINADT, [MENOFTHE
WREIh3 LHEAEBLbRE,
ofh, 7 VT IN—T T a—A LD
GERATAUCKH1 B IZ M Lz & o#is
HHHOR BRI EFA
IZICYP3AMDOEE T2V I L b IEMAR
BOEH» 6 bRVAELEMARAES LT,
BT ERONERRVWEELZLND,

FA RO ET R (Table 9-2)
v aRRY I EORIZOVWT, HE
EN A ERFELBE LT,

D. %2
(B KEEHAED

AN AEEFFNE, EREERTD
fE72 E QLML E REBOTRREOTHITIE
CEREhTHEY, TORBMEAELLT, B
Wk B FESE VR A 5 BUR. TR, RXR.
gELERL<Abh TS, AT T A
BEHANL, F0HL B CYPIAA BIT
MDR-1 DEBEB L UHERTHD Z &2
ED {43) (110} (111} (112} (113)\ :hB@Eﬂ%ﬁu&
CEBIY>WTOREERERLZ LT,
HEHSORA T, ERBHOBEESEA
KETbOEEbNRD,

AE, CYP3A4 RFEREFTREN

19

AREZEE & LT itraconazole, erythromycin
B L cimetidine, B&Re LTI L—77
Ny Do — A, CYP3A4 DIEE TR
2 MDR-1 OBEH L LTRALATND
digoxin BN L. 2 5 LBy b
e OMEERCESZY T TXRERS
FUOBRATERERZT o, WThos
&Y, KEORMICETRE., XRESE”D
BENAEENT —F EEFATNER,
EKERCHAORMIGE TR, Bz THFH
BE) SLTAEH T, EENERICON
TRFSIEREREES AT 22T,
OERDO—o L LT, RBRSBIIEmSNL
REARERD, AR ER TV
AEEERE L OND, T, BAEOEHMI
T, EENTHES2hoTmEBEO—D
& LT, CREOFTCETIE, HE/ERR
RNEDRENSH S, HERORMXET
IHEEERRRWESICRER SR
FaETFbonD, Thid, EkkE, HHEE
BRBEVESOTHERD TN NI L E
RELTWA LB, CYPIZX B
HOFEL, B2, IATT AEREDOX
3. ABRKOFERB T IR
o7 7 A NEEOEAKE. HEEROE
BOTHDICHEREREEZ L O, BRE
DESRE LN BIEAIH, FRERTD
PERBBEBSZDND,

-~
L

(CYP ¥ EAER)

EBBEEEEOFEE T, 2001 £ b6
2002 €21z CYP e B O R E O
= bivfe, TiviE, 2001 EOERYENR,
EMHEERY A B I oimmtd 119
WWEES B D EEZBND, —HF, 1999 L
B AR N EEELOBMCEIIBT D



CYP BIE{FBoRRFICELIIRD N
4, 2002 FER AR ENEERITOWVTRIE
AR ERICEE SN CYP HFERBRD
HEARMXECRBEISLTWARERE
Moz, TORRERNBLORAEERO—
©& LT, CYPDORIEETETHRRITD
WTHBACEIEER LRAWERE S D
TERALNIR o,

(7 v r— )
BITORMTEORRIL, VI TVVEE
PEIC, EREFFCAEREREEE
OB RETH I EEMIT, T
ROFEILHETENEbOTHD, Ll
Bo, BKiE, HEEHOAT=XA, BF
+THELSFRELETITRENERLTE
V. BXEOEHRAFTIEHOVWT, REL
RUELEbhB, ARETHE, BEER
% b BITOREFRDENR TS,
BT RE LB LNDEHE, SHTES
IZoWT, FREETT

SEOT - MREICLY . FRIFED
WETR A S REERRO—RRE
HIZOWTiE, FAEOEEZEFICLVXFES
NTWAZ LAY LA, MEFRRT
OERIEPLEANIL OB EIZ DWW T,
EEEARBTEL Y, KELXRDBER
BE ot ZHIE BREEOHETE G,
S ORMATETIHKA L LT, EWEE
EROBEEE, BF, BRATHETHS
s b, MEFERRFYRETHD L ¢

(" (19 7 1 R B S E TORIER

BL—FT 5, i BYEET — 7 (AUC,
Cmax) D LR R U5 &4, HEERIC
METAERSTES, &R (PTI AV
b EIFEEST) EORRSRELER

20

ICoWT, HEEAMICERT & LR
Righofz, T bOEERIZOWTR,
WEEEROHREIL. KBREE &M
SR ERES . BibhicEhd e
142 <, W XE~OBET 2 EHROLERDR
Zxhd,

(TR CETET RS
EFESOMEEMIT. EOAHSEFIIBT
HEEERIC X AFEROmMAPRE D ERHS
ELEEAFEEOC—D>THD, SEHIHNEL
Lz A& Fr REROTEMALETIL, 545
P2{EIC OV T EERMPFERIZ OV TDR
WAl ol, BRAEOHEEEROE
FERBEROTEIHIUL, RS
FREBONETEMRT D ETREIT L
725, £, BERHEZTRVWESLE
OIEWEPRRTH LT, BENEEY.,
i, AFFUEEOLITEHRMRHE -8
BiER 717 74 A EROMBERZFERTE
ETAEEITE, @R EERBIR ORI &
B, {EoT, MAEFHOEORDICEE
RBEESREA TR RAEHEZTLVEORER
BEITRETH D,

raARY AL BRI 2WTIE,
AFINCYPIAMEUMDRIOEHE TH B Z
Ly, HMG-CoARTREZMEM ORE
EURRT iz ABRaHE LB AL
Tk, Linb, iTHE. CYP3A4THE
B RNAE F AR LTS RSEOR
BRRLNWDIE, EBIT, AFFUER
M ST ER Y A Eh D ERCHES
BOATP2IZR LTV 7 v AR Y N
PE/EAZRT - EBRHERTE, ZDF
HIIEEIZEETHY, i, CYPTHRHE
ENBVWAFFUCHEEERABRISZ
EERRFECALEDHIZS, BFOEIZ
TR TRETHD,

FEFREE CHEEBOEREERT S
HITIE, FOEREFICMZT, BSIZD



WTOBERLFERICEETH D, EE, M
HRAEEN B Db TV L ORERD
A CHERERENRTVWE, ‘WRlchD
BEREH B EORFEERHLI OO0, 2O
ERRETRTRECEENESTFRAITE
3 fEHHRE: LTRAETH D, FKS
< DEFANTRIN TV BEE, BHAE
FEBRT TR B ARV, FEEE ER
IS L LTAUCOBMERGE S TY
BT V—T T A=Y P a— AR B L EEHAS
193 - 7= 35, AUCOIEITERR S BHIZFEMR
P2 B LTV AEAI4ERT. B
80%NEHNZ N TIRENLOFBRSEL
I E T WD 0T, AUCDIEIMEZED
R, X ¥ T UESMAIORER, BIR
o b irotMARGCIA—T, 41
i, MEERETELORTYERDD
DL EERELUTBIMLERSLB, AFT
CREAIRUGAESE SR SRR
L LE, IER»LELNDAUCD
B RERMETH D EEZX LD,
B A IR IR LR bW
b, REZF oM RERN L EE
LTWRWOTRANLEDRBELH DM,
Z DORBEROE60%IIfhF & OFHIZLY
o7 b ORETRENS, BiFRES
N Y RRAZFF LR ARRFFTVTO,
ERERTOCKLER, Hxsosm 0
o UM pzmman L B2 FREEOEM
FRPAEVESCRETAEHEERD
LehreEILND,

E. #m

(b T LEERAD

A4, XHB I CEEOHRMNIECETD
I AERE OEMBIRRFAMREFR
B4 A RIRRO LR T, BET
1216, KETOE, EETE =F
ETAE 20 o H AT AIEFAISRGE
ShTna o eRPFlbohtizole, THhb

21

O AN AEEHF & CYP3A4 HER
(itraconazole, Aerythromycin, cimetidine)
L OMAEMERICE LTI, BAROEMIGEE
G E (CBREFEESREEN TV DS
AP 1058, REOFRMTHTIZ 10
(10 F8), EFORMICETIT4TE (11 78)
DEAE DT ONT, EEMT —F B
HENTWE, Ebic, Fv—TF7A—Y
9:mxk®ﬁﬁﬁﬁmﬁbfmxﬁ$ﬁ
X2 (LERESRSREShL TSI ALY
B AFEHH - O FE), KETIX4E (8 1),
FECIE 15 (8 7). digoxin & DHEAER
WEIL ik, BAETIX 158 (10 &), KE
TR 7IE (07), XKETHR7HE (1080
AL AERRIORMN TECERNT —
X OEENBRH O, TORID, KED
ﬁﬁi%@@\w»V?A%ﬁ%@%%%
SRR EERICE T A RN b
EEHT—FZOHNBRENLTNDI L
B SNE Rpotz, —FF. BAROEMIE
1, ThbDERMT —Z ORii, 1F
LArBEn LR, BEOBRMXETLE
ORI RS L IXE ol HE
IR M TARR OEIRE X U AR O
rofEwiziz, ERROBEERICETS
BEEATRNT —F & XV ETNCRAIE
IR TANERSHD LB LMD,

(CYP FriERER)

BI%EE D CYP FERRER O EHSHIM LT
WBLOD, BENRVEEICIX. S
RTWRWZ R L, ZORIZCYP
DL L OMAEEAEZEET H1ER
BOFEE Y OMEERAESE L ETOE
WROBIREEBCTHLENL, Thb
OIERLRMAXECARTESNDOILERSD



EEZBNT,

(7vir—Fh) _
SEER LT r— MREICL Y B
A& DOBRITORMLEORBFEHEICOWT
X, BEhZE AR TVWALOD, FBE
EREET AT, RER EOHEEER
OXE &, BEERAEZHEITENAORHE
FEIZOWTH. £ BESRfEHRERD
TWAZ EBHMA L, £/=, HEERD
KEE (BEEEX) 2RBLERELRD L
hTwd,
BATOMEFRORKERICANY 2§
CEBTBLERDTVBN, BEREF
Fier HEEZFRREOT DI, 0
DY TERRRD DL, RERRE
HERMTAEOORBELRLELEZD
nha,

(R CHEWETRE)

YR EN OB DN EEERAEERIC
Hi 3 BB L UHFICET I EERE
WETESRY KR LR T XERTT
BERERTAIZENTEE, Ka—2d
FE# T, EEATHECERREETS
LS a7 MBEBEI T M
B, BEIREGETEMERTELbDEER
bivd,

F DrEss

FRER

10th International Congress of Toxicology
(ICT X) (2004) July, Tampere, Finland
“Undesirable Effects of Fruit Juice on
Pharmacokinetics of Drugs” Hasegawa
R, Hirata-Koizumi M, Sailo M,

Matsumoto M, Urano, T
BAEES 125 EES (2005 3 A K
¥ “CYP3A4 RUNP-HEBEREEZMLE
v AEREOREMERIZETS
TERER L B, KE, REOWMIE
BROEBHE BERE, FHET.
 HE . ZEEZ. RRIIE—

HEER

Saito M, Hirata-Koizumi M, Urano T,
Miyake S, Hasegawa R (2003) A
literature search on pharmacokinetic
drug interactions of statins and analysis
of how this is reflected in package
inserts of Japan. J Clin Pharm Ther,

30(1), 21-37.
Saito M, Hirata-Koizumi M, Matsumoto M,
Urano T, Hasegawa R (2005)

Undesirable effects of citrus juice on
pharmacokinetics of dfugs - Focus on
recent studies. Drug Safety, in press. .
Saito M, Hirata-Koizumi M, Miyake S,
Hasegawa R (200x) Comparison of
information on pharmacokinetic
interaction of Ca antagonists between
quantitative data in the published
literature and package inserts of Japan,
USA and UK. Eur J Clin Pharmacaol, in

submission.

G. HIHFTAEEOCTERR
L,

H. &5

1) Abemethy DR: The -



2)

3)

4)

S)

6)

7

8)

pharmacokinetic profile of
amlodipine.  Am Heart J. (1989)
118:1100-3

Bailey DG, Bend JR, Amoid JM,
Tran LT, Spence JD:

Erythromycin-felodipine interaction:

magnitude, mechanism, and
comparison with grapefruit juice.
Clin Pharmacol Ther. (1996)
60:25-33

Liedholm H, Nordin G:

Erythromycin-feledipine interaction.

DICP. (1991) 25:1007-8

Jalava KM, Otkkola KT, Neuvonen
PJ: ltraconazole greatly increases
plasma concentrations and effects
of felodipine.  Clin Pharmacol
Ther. (1997) 61:410-5 |
Neuvonen PJ, Suhonen R.:
tiraconazole interacts with
felodipine. J Am Acad Dermatol.
(1995) 33:134-5

Janzaon K, Edgar B, Lundborg P,
Regardh CG.: The influence of
cimetidine and spinotactone on the
pharmacokinetics and
haemodynamics effects of
felodipine in healthy subjects.
Acta Pharmacol Toxicol. (1986) 59
Supp! 5: 98

Edgar B, Lundborg P, Regardh
CG.: Clinical pharmacokinetics of
felodipine. A summary. Drugs.
(1987) 34 Suppl 3:16-27

Tailor SA, Gupta AK, Walker SE,
Shear NH.: Peripheral edema due

23

9)

10)

11)

12)

13)

to nifedipine-itraconazole
interaction: a case report. Arch
Dermatol. (1996) 132:350-2

Smith SR, Kendall MJ, Lobo J, .
Beerahee A, Jack DB, Wilkins MR..
Ranitidine and cimetidine; drug
interactions with singie dose and
steady-state nifedipine
administration. Br J Clin
Pharmacol. (1987) 23:311-5

Kirch W, Janisch HD, Heidemann
H, Ramsch K, Ohnhaus EE.: Effect
of cimetidine and ranitidine on the
pharmacokinetics and
anti-hypertensive effect of
nifedipine. [Article in German)]
Dtsch Med Wochenschr. (1883)
108:1757-61

Kirch W, Ramsch K, Janisch HD,
Ohnhaus EE.: The influence of two
histamine H2-receptor antagonists,
cimetidine and ranitidine, on the
plasma levels and clinicat effect of
nifedipine and metoprolol.  Arch
Toxicol Suppl. (1984) 7: 256-9
Renwick AG, Le Vie J, Challenor
VE, Waller DG, Gruchy B, George
CF.: Factors affecting the
pharmacokinetics of nifedipine.
Eur J Clin Pharmacol. (1887}
32:351-5

Khan A, Langley SJ, Mullins FG,
Dixon JS, Toon S.: The '

pharmacokinetics and

_ pharmacodynamics of nifedipine at

steady state during concomitant



14)

15)

16)

17)

18)

19)

administration of cimefidine or high
dose ranitidine. Br J Clin
Pharmacol. (1991) 32:519-22
Schwartz JB, Upton RA, Lin ET,
Williams RL, Benet LZ.: Effect of

cimetidine or ranitidine

20)

administration on nifedipine
pharmacokinetics and 21)
pharmacodynamics. Clin

Pharmacol Ther. (1988) 43:673-80

Heinig R.: Clinical

pharmacokinetics of nisoldipine

coat-core. Clin Pharmacokinet.

(1998) 35:191-208

van Harten J, van Brummelen P,

Lodewijks MT, Danhof M, Breimer 22)

- DD.: Pharmacokinetics and

hemodynamic effects of hisoldipine
and its interaction with cimetidine.
Clin Pharmacol! Ther. (1988)
43:332-41 '

Muck W, Wingender W, Seiberiing
M, Woelke E, Ramsch KD,
Kuhimann J.: Influence of the

23)

H2-receplor antagonists cimetidine 24)
and ranitidine on the
pharmacokinetics of nimodipine in
healthy volunteers. EurJ Clin
Pharmacol. (1992) 42:325-8

Muck W, Ahr G, Kuhlmann J.:
Nimodipine. Potential for drug-drug 25)
interactions in the elderly. Drugs
Aging. (1995) 6:229-42

Barchielli M, Dolfini E, Farina P.:
Clinical pharmacokinetics of 26)

jercanidipine. J Cardiovasc

24

Pharmacol. (1997) : 29 Suppl 2: S1
Kirch W, Hutt HJ, Heidemann H,
Ramsch K, Janisch HD, Ohnhaus
EE.: Drug interactions with
nitrendipine. J Cardiovasc
Pharmacol. (1984) & Suppl
7:5982-5

Soons PA, Vogels BA,
Roosemalen MC, Schoemaker HC,
Uchida E, Edgar B, LundahlJ,
Cohen AF, Breimer DD: Grapefruit
juice and cimetidine inhibit
stereoselective metabolism of
nitrendipine in humans. Clin
Pharmacol Ther (1991) 50:394-403
Wing LM, Miners JO, Litlywhite KJ.:
Verapamil disposition—effects of
sulphinpyrazone and cimetidine.

Br J Clin Pharmacol. (1985)
19:385-91

Abémethy DR, Schwartz JB, Todd
EL.: Lack of interaction between
verapamil and cimetidine. Clin
Pharmacol Ther. (1985) 38:342-9
Smith MS, Benyunes MC,
Bjornsson TD, Shand DG, Priichett
EL.: influence of cimetidine on
verapamil kinetics and dynamics.
Clin Pharmacol Ther. (1984)
36:551-4

Loi CM, Rollins DE, Dukes GE,
Peat MA.: Effect of cimetidine on
verapamil disposition. Clin
Pharmacol Ther. (1985) 37:654-7
Mikus G, Eichelbaum M, Fischer C,
Gumulka S, Klotz U, Kroemer HK.:



27)

28)

29)

30)

31)

Interaction of verapamil and
cimetidine: stereochemical aspects
of drug metabolism, drug
disposition and drug action. J
Pharmacol Exp Ther. (1990)
253:1042-8

Winship LC, McKenney JM, Wright
JT Jr, Wood JH, Goodman RP.:
The effect of ranitidine and
cimetidine on single-dose diltiazem
pharmacokinetics.
Pharmacotherapy. (1985} 5:16-9
Vincent J, Harris Sl, Foulds G,
Dogolo LC, Willavize S, Friedman
HL.: Lack of effect of grapefruit
juice on the pharmacokinetics and
pharmacodynamics of amlodipine.
Br J Clin Pharmacol. (2000)
50:455-63 '
Josefsson M, Zackrisson AL,
Ahiner J: Effect of grapefruit juice
on the pharmacokinetics of
amlodipine in healthy volunteers.
Eur J Clin Pharmacol (1996)
51:183-93

Bailey DG, Arnold JM, Bend JR,
Tran LT, Spence JD.: Grapefruit
juice-felodipine interaction:
reproducibility and characterization
with the extended release drug
formulation. Br J Clin Pharmacol.
(1995) 40:135-40

Bailey DG, Armnoid JM, Munoz C,
Spence JD.: Grapefruit
juice—felodipine interaction:

mechanism, predictability, and

25

32)

33)

34)

35)

36)

37)

effect of naringin.  Clin Pharmacol
Ther. (1993) 53:637-42

Bailey DG, Spence JD, Munoz C,
Amold JM.: Interaction of citrus
juices with felodipine and nifedipine.
Lancet. {1991) 337:268-9

Lundahl J, Regardh CG, Edgar B,
Johnsson G.: Effects of grapefruit
juice ingestion—-pharmacokinetics
and haemodynamics of
intravenously and orally
administered felodipine in healthy
men. Eur J Clin Pharmacol.
(1997) 52:138-45

Lundahl JU, Regardh CG, Edgar B,
Johnsson G.: The interaction effect
of grapefruit juice is maximal after
the first glass. Eur J Clin
Pharmacot. (1998) 54.75-81

Edgar B, Bailey D, Bergstrand R,
Johnsson G, Regardh CG: Acute
effects of drinking grapefruit juice
on the pharmacokinetics and
dynamics of felodipine--and its
notential clinical relevance. Eur J
Clin Pharmacol (1992) 42:313-7
Bailey DG, Dresser GK, Kreeft JH,
Munoz C, Freeman DJ, Bend JR.:
Grapefruit-felodipine interaction:
effect of unprocessed fruit and
probable active ingredients.  Ciin
Pharmacol Ther. (2000) 68:468-77
Dresser GK, Bailey DG, Carruthers
SG.; Grapefruit juice—felodipine
interaction in the elderly. Clin
Pharmacol Ther. (2000) 68:28-34



38)

39)

40)

41)

42)

Uno T, Ohkubo T, Sugawara K,
Higashiyama A, Motomura S,
Ishizaki T: Effects of grapefruit
juice on the stereoselective
disposition of nicardipine in
humans: evidence for dominant
presystemic elimination at the gut
site. Eur J Clin Pharmacol (2000)
56:643-9

Sigusch H, Hippius M, Henschel L,
Kaufmann K, Hoffmann A:
Influence of grapefruit juice on the
pharmacokinetics of a slow release
nifedipine formulation. Pharmazie
(1994) 49:522-4

Bailey DG, Arnold JM, Strong HA,
Munez C, Spence JD.: Effect of
grapefruit juice and naringin on
nisoldipine pharmacokinetics. Clin
Pharmacol Ther. (1993) 54:589-94
Takanaga H, Chnishi A, Murakami
H, Matsuo H, Higuchi S, Urae A,
frie S, Furuie H, Matsukuma K,
Kimura M, Kawano K, Crii Y,
Tanaka T, Sawada Y: Relationship
between time after intake of
grapefruit juice and the effect on
pharmacokinetics and
pharmacodynamics of nisoldipine
in healthy subjects. Clin
Pharmacol Ther (2000) 67:201-14
Fuhr U, Maier Bruggemann A,
Blume H, Muck W, Unger S,
Kuhlmann J, Huschka C, Zaigler M,
Rietbrock S, Staib AH: Grapefruit
juice increases oral nimodipine

26

43)

44)

45)

46)

47)

48)

bioavailabifity. int J Clin
Pharmacol Ther (1988) 36:126-32
Kictz U.: Interaction potential of
lercanidipine, a new vasoselective
dihydropyridine calcium antagonist.
Arzneimittelforschung. (2002)
52:155-61

FEF—. IREEE. #HULEEK: Catt
REERB TRV U(T T VEE)
OFEHEHBRICEE T L—T 70
YV —AORE EELIBR.
(2003) 31:579-88

Fuhr U, Mulier Peltzer H, Kem R,
Lopez Rojas P, Junemann M,
Harder S, Staib AH: Effects of
grapefruit juice and smoking on
verapamil concentrations in steady
state. Eur J Clin Pharmacol
(2002) 58:45-53

Fuhr U, Harder S, Lopez-Rojas P,

~ Muller-Peltzer H, Kern R, Staib H.:

Increase of verapamil
concentrations in steady state by
coadministration of grapefruit juice.
Naunyn Schmiedebergs Arch
Pharmacol. (1994) 349: R134
Zaidenstein R, Dishi V, Gips M,
Soback S, Cohen N, Weissgarten J,
Blatt A, Golik A.: The effect of
grapefruit juice on the
pharmacokinetics of orally
administered verapamil. EurJ
Clin Pharmacol. (1998) 54.:337-40
Sigusch H, Henschel L, Kraul H,
Merkel U, Hoffmann A.: Lack of
effect of grapefruit juice on



49)

50)

51)

52)

53)

54)

diltiazem bicavailability in normal
subjects. Pharmazie. (1994)
49:675-9

Christensen H, Asberg A, Holmboe
AB, Berg KJ: Coadministration of
grapefruit juice increases systemic
exposure of diltiazem in healthy
volunteers. Eur J Clin Pharmacol
(2002) 58:515-20

Schwartz JB.: Effects of amlodipine
on steady-state digoxin
concentrations and renal digoxin
clearance. J Cardiovasc
Pharmacol. (1988) 12:1-5
Rehngvist N, Billing E, Moberg L,
Lundman T, Olsson G.:
Pharmacokinetics of felodipine and
effect on digoxin plasma levels in
patients with heart failure. Drugs.
(1987) 34 Suppl 3:33-42
Dunselman PH, Scaf AH, Kuntze
CE, Lie KI, Wesseling H.:
Digoxin-felodipine interaction in
patients with congestive heart
failure. Eur J Clin Pharmacol.
(1988) 35:461-5

Lessem J, Bellinetto A.: Interaction
between digoxin and the calcium
antagonists nicardipine and
tiapamil. Clin Ther. (1983)
5:595-602

Debruyne D, Commeau P, Grollier
G, Huret B, Scanu P, Moulin M.
Nicardipine does not significantly
affect serum digoxin concentrations

at the steady state of patients with

27

55)

56)

57)

58)

59)

60)

61)

congestive heart failure. IntJ Clin
Pharmacol Res. (1989) 9:15-9
Kirch W, Huft HJ, Dylewicz P, Graf
KJ, Ohnhaus EE.:
Dose-dependence of the
nifedipine-digoxin interaction?

Clin Pharmacol Ther. (1986) 39:
35-9

Belz GG, Doering W, Munkes R,
Matthews J.: Interaction between
digoxin and calcium antagonists
and antiarrhythmic drugs. Clin
Pharmacol Ther. (1983) 33:410-7
Kirch W, Stenzel J, Dylewicz P,
Hutt HJ, Santos SR, Ohnhaus EE..
Influence of nisoldipine on
haemodynamic effects and plasma
levels of digoxin. BrJ Clin
Pharmacol. (1986) 22:155-9
Abemethy DR, Schwartz JB.. |
Pharmacokinetics of calcium
antagonists under development.
Clin Pharmacokinet. (1988) 15:1-14
Rodin SM, Johnson BF, Wilson J,
Ritchie P, Johnson J.: Comparative
effects of verapamil and isradipine
on steady-state digoxin kinetics.
Clin Pharmacol Ther. {(1988) 43:
668-72

Beudeker HJ, van der Velden JW,
van der Aar EM.: Interaction profile
and tolerability of barnidipine. Int
J Clin Pract Suppl. (2000}
114:36-40 '

von Nieciecki A, Huber HJ,
Stanisfaus F.. Pharmacokinetics of



62)

63)

64)

65)

66)

67)

nilvadipine. J Cardiovasc
Pharmacol. (1992) 20 Suppl
6:522-9

Kirch W, Logemann C, Heidemann
H, Santos SR, Ohnhaus EE.:
Nitrendipine/digoxin interaction. J
Cardiovasc Pharmacol. {1987} 10
Supp! 10:574-5

Pedersen KE, Thayssen P,
Klitgaard NA, Christiansen BD,
Nielsen-Kudsk F.: Influence of
verapamil on the inotropism and
pharmacokinetics of digoxin. Eur
J Clin Pharmacol. (1983)
25:199-206

Rameis H, Magometschnigg D,
Ganzinger U.: The
diltiazem-digoxin interaction. -Clin
Pharmacol Ther. (1984) 36: 183-9
Elkayam U, Parikh K, Torkan B,
Weber L, Cohen .JL, Rahimtoola
SH.: Effect of diltiazem on renal
clearance and serum concentration
of digoxin in patients with cardiac
disease. Am J Cardiol. (1985)
55:1393-5

Yoshida A, Fujita M, Kurosawa N,
Nioka M, Shichinohe T, Arakawa M,
Fukuda R, Owada E, Ito K.: Effects
of diltiazem on plasma level and
urinary excretion of digoxin in
healthy subjects. Clin Pharmacol
Ther. (1984) 35:681-5

FIRE., BFERF. BlUB—, &

- %&fnk: HMG - CoARTEERIE

Fpravastatin sodium HREEES

68)

69)

70)

71)

72)

73)

OEELFMNIFICBT IEDE
EEROL Y FICETLIHE E
FREAE. (2004) 30:770-6

R, EBREER. ETE R,
Bz, BESX, BHARR: &
R TE 5L D AR R EHERER IS
BiroRFKMEZE EFRIEF. (2005)
31: 158-63

Neuvonen PJ, Kantola T, Kivisto
KT.: Simvastatin but not
pravastatin is very susceptible to
interaction with the CYP3A4
inhibitor itraconazole. Clin
Pharmacol Ther. (1998} 63:332-41
Williams D, Feely J.:
Pharmacokinetic-pharmacodynami
¢ drug interactions with HMG-CoA
reductase inhibitors. Clin
Pharmacokinet. (2002) 41:343-70
Arnadottir M, Eriksson LO, Thysell
H, Karkas JD.: Plasma
concentration profiles of
simvastatin
3-hydroxy-3-methyl-glutaryl-coenzy
me A reductase inhibitory activity in
kidney transplant recipients with
and without ciclosporin.
(1993) 65:410-3
Campana C, lacona |, Regazzi MB,
Gavazzi A, Perani G, Raddato V,
Montemartini C, Vigano M.

Nephron.

Efficacy and pharmacokinetics of
simvastatin in heart transplant
recipients. Ann Pharfmacother.
(1995) 29:235-9

Ichimaru N, Takahara S, Kokado Y,



74)

75)

76)

77)

Wang JD, Hatori M, Kameoka H,
Inoue T, Okuyama A.: Changes in
lipid metabolism and effect of
simvastatin in renal transplant
recipients induced by cyclosporine
or tacrolimus. Atherosclerosis.
(2001) 158:417-23

Kantola T, Kivisto KT, Neuvonen
PJ.: Erythromycin and verapamil
considerably increase serum
simvastatin and simvastatin acid
concentrations. Clin Pharmacol
Ther. {(1998) 64:177-82

Kanathur N, Mathai MG, Byrd RP
Jr, Fields CL, Roy TM.:
Simvastatin-diltiazem drug
interaction resu!ting in
rhabdomyolysis and hepatitis.
Tenn Med. (2001) 94:339-41
Fichtenbaum CJ, Gerber JG,
Rosenkranz SL, Segal Y, Aberg JA,
Blaschke T, Alston B, Fang F,
Kosel B, Aweeka F..
Pharmacokinetic interactions
between protease inhibitors and
statins in HIV seronegative
volunteers: ACTG Study A5047.
AIDS. (2002) 16:569-77

Hsyu PH, Schultz-Smith MD,
Lilibridge JH, Lewis RH, Kerr BM.:
Pharmacokinetic interactions
between nelfinavir and
3-hydroxy-3-methyiglutaryl
coenzyme A reductase inhibitors
atorvastatin and simvastatin.
Antimicrob Agents Chemother.

29

78)

79)

80)

81)

82)

83)

(2001) 45:3445-50

Lee AJ, Maddix DS.:
Rhabdomyolysis secondary to a
drug interaction befween
simvastatin and clarithromycin.
Ann Pharmacother. (2001)
35:26-31

Lilja JJ, Kivisto KT, Neuvonen PJ.:
Grapefruit juice-simvastatin
interaction: effect on serum
concentrations of simvastatin,
simvastatin acid, and HMG-CoA
reductase inhibitors. Clin
Pharmacol Ther. (1998) 64:477-83
Lilia JJ, Kivisto KT, Neuvonen PJ.:
Duration of effect of grapefruit juice
on the pharmacokinetics of the
CYP3A4 substrate simvastatin.
Clin Pharmacol Ther. (2000)
68:384-90

Lilja JJ, Neuvonen M, Neuvonen

PJ.: Effects of regular consumption

- of grapefruit juice on the

pharmacokinetics of simvastatin.
Br J Clin Pharmacol. (2004)
58:56-60

Todd PA, Goa KL.: Simvastatin. A
review of its pharmacological
properties and therapeutic potential
in hypercholesterolaemia.
(1990) 40:583-607
Asberg A.: Interactions between

Drugs.

cyclosporin and lipid-lowering
drugs: implications for organ
transplant recipients.
(2003) 63:367-78

Drugs.



84)

85)

86)

87)

88)

Hsiang B, Zhu Y, Wang Z WuY,
Sasseville V, Yang WP,
Kirchgessner TG.: A novel human
hepatic organic anion transporting
polypeptide (OATP2). Identification
of a liver-specific human organic
anion transporting polypeptide and
identification of rat and human
hydroxymethylglutaryl-CoA
reductase inhibitor transporters. J
Biol Chem. (1998) 274:37161-8
Shitara Y, ltoh T, Sato H, Li AP,
Sugiyama Y.: Inhibition of
transporter-mediated hepatic
uptake as a mechanism for
drug-drug interaction between
cerivastatin and cyclosporin A.  J
Pharmacol Exp Ther. (2003)
304:610-6

Asberg A, Hartmann A, Fjeldsa E,
Bergan S, Holdaas H.: Bilateral
pharmacokinetic interaction
between cyclosporine A and
atorvastatin in renal transplant
recipients. Am J Transplant.
(2001) 1:382-6

Kantola T, Kivisto KT, Neuvonen
PJ.: Effect of itraconazole on the
pharmacokinetics of atorvastafin.
Clin Pharmacol Ther. (1998)
64:58-65

Mazzu AL, Lasseter KC, Shamblen
EC, Agarwal V, Lettieri J,
Sundaresen P.: lfraconazole alters
the pharmacokinetics of
atorvastafin {o a greater extent

30

89)

90)

91)

92)

93)

94)

95)

than either cerivastatin or
pravastatin. Clin, Pharmacol.
Ther., (2000} :68,391-400

Siedlik PH, Olson SC, Yang BB,
Stern RH.: Erythromycin
coadministration increases plasma
atorvastatin concentrations. J Clin
Pharmacol. (1999) 39:501-4 .
Amsden GW, Kuye O, Wei GC.: A
étudy of the inferaction potential of
azithromycin and clarithromycin
with atorvastatin in healthy
volunteers. J Clin Pharmacol.
(2002) 42:444-9

Fukazawa |, Uchida N, Uchida E,
Yasuhara H.: Effects of grapefruit .
juice on pharmacokinetics of . .
atorvastatin and pravastatin in
Japanese. BrJ Clin Pharmacol.
(2004) 57:448-55

Lilja JJ, Kivisto KT, Neuvonen PJ.:
Grapefruit juice increases serum
concentrations of atorvastatin and
has no effect on pravastatin. Clin
Pharmaco! Ther, (1999) 66:118-27
Bailey DG, Malcolm J, Arnold O,
Spence JD.: Grapefruit juice-drug
interactions. Br J Clin Pharmacol.
(1998) 46:101-10

Lin JH, Yamazaki M.: Role of
P-glycoprotein in
pharmacokinetics: clinical
implications. Clin Pharmacokinet.
(2003) 42:50-98

Wang E, Casciano CN, Clement
RP, Johnson WW.: HMG-CoA



96)

a97)

98)

99)

100)

101)

reductase inhibitors (statins)
characterized as direct inhibitors of
P-glycoprotein. Pharm Res.
(2001) 18:800-6

Sakaeda T, Takara K, Kakumoto M,
Ohmoto N, Nakamura T, Iwaki K,
Tanigawara Y, Okumura K.
Simvastatin and lovastatin, but not
pravastatin, interact with MDR1. J
Pharm Pharmacol. (2002)
54:4198-23

Kivisto KT, Kantola T, Neuvonen
PJ.: Different effects of
itraconazole on the
pharmacokinetics of fluvastatin and
lovastatin. Br J Clin Pharmacol.,
(1998) 46:; 49-53

Scripture CD, Pieper JA.: Clinical
pharmacokinetics of fluvastatin.
Clin Pharmacokinet. (2001)
40:263-81

Goldberg R, Roth D.: Evaluation of
fluvastatin in the treatment of
hypercholesterolemia in renal
transplant recipients taking
cyé!osporine. Transplantation.
(1996) 62:1558-64

Park JW, Siekmeier R, Lattke P,
Merz M, Mix C, Schuler S, Jaross
W.: Pharmacokinetics and

pharmacodynamics of fluvastatin in

heart transplant recipients taking
cyclosporine A.  J Cardiovasc
Pharmacol Ther. (2001) 6:351-61
Kantola T, Backman JT, Niemi M,
Kivisto KT, Neuvonen PJ.: Effect of

102)

103)

104)

" 105)

106)

fluconazole on plasma fluvastatin
and pravastatin concentrations.
Eur J Clin Pharmacol. (2000}
56:225-9

Deslypere JP.: Clinical implications
of the biopharmaceutical properties
of fluvastatin. Am J Cardiol.
(1994) 73:12D-17D

Smith HT, Jokubaitis LA, Troendle
AJ, Hwang DS, Robinson WT...
Pharmacokinefics of fluvastatin and
spegcific drug interactions. Am J
Hypertens. (1993) 6(11 Pt 2):
3758-3828

Olbricht C, Wanner C, Eisenhauer
T, Kliem V, Doll R, Boddaert M,
O'Grady P, Krekler M, Mangold B,
Christians U.: Accumulation of
lovastatin, but not pravastatin, in
the biood of cyclosporine-freated
kidney graft patients after multiple
doses. Clin Pharmacol Ther.
(1997) 62:311-21

Park JW, Siekmeier R, Merz M,
Krell B, Harder S, Marz W, Seidel
D, Schuler S, Gross W.:
Pharmacokinetics of pravastatin in
heart-transplant patients taking
cyclosporin A,  Int J Clin
Pharmacol Ther. (2002) 40:439-50
Regazzi MB, lacona 1, Campana C,
Gavazzi A, Vigano M, Perani G.:
Clinical efficacy and
pharmacbkinetics of HMG-CoA
reductase inhibitors in heart

transplant patients treated with



107)

108)

109)

110)

111)

cyclosporin A.  Transplant Proc.
(1994) 26:2644-5

Azie NE, Brater DC, Becker PA,
Jones DR, Hall SD.: The

interaction of diltiazem with
lovastatin and pravastatin.  Clin
Pharmacol Ther. (1998) 64:369-77
HMEREF. FHEE, RihZFE, AR
T BEFRE, SRR, W B
RHMG-CoARILESRILER L X <
AFF 1 (NK-104) D3RR ALAE
B YJoARRIrovFAARE
FUnETRECRIITRE R
REZE. (2003) 19:381-9

WWiF# e, IRE . &ERE, £

ARKER, BRI, fkER, bR
High: FiHHMG-CoAER LB ERME
B FZNAZF (Y o gg)DEEE
R OEDERBAIFFIR & BBRZIR

B AIRFREEMESE. (2004) 123:349-61
Katoh M, Nakajima M, Shimada N,
Yarmazaki H, Yokoi T.: Inhibition of
human cytochrome P450 enzymes
by 1,4-dihydropyridine calcium
antagenists: prediction of in vivo
drug-drug interactions. Eur J Clin
Pharmacol. (2000) 55:843-52
Katoh M, Nakajima M, Yamazaki H,
Yokoi T.: Inhibitory potencies of
1,4-dihydropyridine calcium
antagonists to
P-glycoprotein-mediated transport:
comparison with the effects on
CYP3A4. Pharm Res. (2000)
17:1189-97

112) Kakumoto M, Takara K, Sakaeda T,

32

113)

114)

115)

116)

117)

118)

119)

120)

Tanigawara Y, Kita T, Okumura K.:
MDR1-mediated interaction of
digoxin with antiarrhythmic or
antianginal drugs. Biol Pharm Buli.
(2002) 25:1604-7 |

Takara K, Kakumoto M,
Tanigawara Y, Funakoshi J,
Sakaeda T, Okumura K.:
Interaction of digoxin with
antihypertensive drugs via MDR1.
Life Sci. (2002) 70:14981-500

E I OBEREMTHEARBRIICT O
T FERI3FCHIREXRERSE
7965 (2001) :
R EFRORFFIEIZOWT
YR 13MEC 4R EEFERFES13F
(2001) '

IWHEZE, BERYX, FEY-. E
FAEELKRMNXEFCRTD [El
FIFREER ] WMORMBR & ARER
A TS, (1996) 38: 803-10 .
BEEF: AR —F—2D
AERIIZOWT  BAREMSHES.
(2002) 128: 460-1

KREHTF. FHHOH, FHA, K
HEE, BTEF. BT, 2HE
e, BB, WM EERERM
TEHICBT BMEEAEE =
2%/ B URAEIELFFEAT
A FHEFIREEOBERREZ PO
ELT EERFES. (2003)5:
A26

Thompson PD, Clarkson P, Karas
RH.: Statin-associated myopathy.
JAMA. (2003) 289:1681-90

Psaty BM, Furberg CD, Ray WA,



121)

Weiss NS.: Potential for conflict of

interest in the evaluation of

suspected adverse drug reactions:

use of cerivastatin and risk of
rhabdomyolysis. JAMA. (2004)
292:2622-31

Davidson MH.: Rosuvastatin
safety: lessons from the FDA
review and posf-approval
surveillance. Expert Opin Drug
Saf. (2004) 3:547-57

33



Percentage of drugs with information on CYP in the
summary of application for approval or the package inserts

(%)

Fig. 1 RIABFBFIZHTS CYP A FREOEEEZENLLEZSROERRIR

78.3%

47.2% : - -7 47.8%

—8— Drugs with the result of study to identify CYP isoenzymes involved in the
metabolism or interaction with other drugs shown in the summary of

application for approval .
— &~ - Drugs with information on CYP in the package inserts

T . [ [ i
1999 000 2001 2002
Approval year of durgs

For drugs with new active ingredients approved from September 1999 to 2002, the summaries of

application for approval were searched for studies to identify CYP iscenzymes involving in the

metabolism and interaction with other drugs. The number of drugs, on which the study was

conducted at application for approval, was counted by the approval year, and the percentage to

all drugs-approved each year was calculated.
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Table 1. Basic information of the Ca antagonists available in the three countries.

JAPAN USA UK
Dose Year of iResponsible |Dose Year of iResponsible |Dose Yearof  Responsible
(mgfday) |Approval ienzymes (mg/day) iApproval {enzymes (mg/day) !Approval |enzymes
Dihydropiyridines
Amiodipine  {2.55mg {1293 P450 510mg {1932 Hepatic 5-10 mg 1995 Extensively
metabolism metaholised
by the liver
Felodipine  |5-1D0mg  [t934 Intestinal  [2.5-10 mg {1991 CYP3A4 5-10mg 12002 CYP3A4
P450,
CYP3A4
Nicardipine [40-80 mg {1881 P450 60-120 my 1988 Extensively |60-S0mg {1938 Extensively
metabolized metabolised
by the fiver by the liver
Nifedipine 26-60mg {1976 Hepatic 30-60 mg (1981 CYP3A4 2090 mg {1877 CYP324
P450
Nisoldipine 1510 mg__ 1990 CYP3A4 20-40 mg 11995 P50 10-40 mg__ {1958 P450
Isradipine 520 mg {1990 CYP3A4 E10mg (1997 P450
Nimodipine E0 mg 1988 P450 B0 my 1989 CYP3A4 in
every 4 every 4 the intestinal
haurs for heurs for 21 mucesa and
- 21 days @ days * the liver
Lacidipine 2-4mg 1983 Hepatic
metabalism
Letcanidipine 10-20mg {1998 CYP3A4
Aranidipine  |5-20mg {1396 CYP3Ad
Azelnidipine |B-16 mg {2003 CYP3A4
Barnidipine_[10-15 mg_ {1992 CYP3A4
Benidipire  |2-8mg 19391 Hepatic
microsomes -
Cilmidipine  |5-10mg 1995 CYP3AM,
partially -
CYP2C18
Efonidipine  |20-40 mg_ 11934 P450
Manidipine |10-20mg {1930 Hepatic
CYP3A4
Nilvadigine  |4-B mg 1289 CYP3A4
Nitrendinine |5-10mg 1890 CYF3A4
Qthers :
Verapamil |40-B0mg [1985 CYP3A4 180- 1982 CYP3A4 120480 12002 -
480mg ’ my
Diltiazem 90-200 mg {1974 P450 120540 1982 P50 180-400 mgi19S3 -
mg

--: Not available
a) subarachnoid hemorrhage
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