EAFBREREREHE (BEES - BEREBSLX¥a T N —F A 2 ABREHEER)
TR 18 FESENAREE

BE 3K % oD ZEM it O SRR RESLIC B D AT 5
SWEHFFEE HIU HE— ERRFRFRRERVER Bz

HEBAE HR FZ ERRKFRERRERTER BHEE
MEHAE FE iR ERERAKEREREFERMAN BF

MEES ERLANBEBIBT2EPHEEEALTRT I ZLE2BENE LTHREZTT
7, BHEHEBEIZ DV T, methotrexate MTX) & NSAIDs. fexofenadine & cimetidine & @
HEERIZOWTHEN 21T o2, MTX OFEAEIHBRICB Z LB 2E&/m S
v AR —F— (MRP2, MRP4. BCRP) IZ X% ATP-dependent 72 MTX DER ¥ IAZITH L T,
HANSADDs BEUED I N7 o VEIBAKIZ X BIERHRE LB Lz, MRP4 FXHLBA0TR
< NSAIDs 2 & W FAZE &1, I indomethacin IZ & W 3 FEE e, BRTHE ST
DEMBELEE TS &, salicylate & indomethacin 12OV T MRP4 2FRE T 2 FAIREE D &
%, b hEE~D fexofenadine DL Y A A iXEFIMHE % 7R L, probenecid THHE &, cimetidine
THbHT D UDBREE ST 2D L2 h, BRI O E/ER #{XE Lic, fexofenadine 23
FIFEBM | 52 2K —4 — (MATED) OERERSZE, 725U cimetidine THE Sh
B b, ZOEYBHEEEASRTRERNOSHOBETHD Z LBTFRENT, X
ViAH kT AR—F —Th B OATPIB3 IZxT S HEDREE 4 FAEANC OV TR LTS
15 BE OIS CHEER 21T o /-4 2. fluconazole, itraconazole. cimetidine % &< {LE&%
THERAGNE, LU, BREBEZZRT 5 L. cyclosporin A, rifampicin, azithromycin
& probenecid i OATP1B3 % FAE 3 2 FIREMEAS /R S i,

A BEREH
BHROEZRLLHBENIBREDCEY
BOETIL, BEMREHEOEDICEYMEE
ERBAE LW L 2ERTLHZ LILNA
ThHb, EFETIE. FFrRAE—F—N)
53 2B - SEHBRICRIT 5K
YR EER > EBMCTEMET 2720 0R
BRAREYTAI LA BEMOL L,
BEMERMETII NI VAR—F—IT
X 20WHIThh 5, probenecid 132 D@
EREETAIEERELTELMbRTY

%, E7-. methotrexate MTX)IX KE 5325 R
HALH SN DY TH DA, FAT 1
A FHEH R IEENSAIDS)IC & D {H R H3 8
L, EEREWEANE U L SBES
LExhTW3, Fv b, b MNEEEEZHEV
Y IALBROEETIL. £ TOMESE
AEBATERVWILEHALML LE, X
T, MR SEREMA~OHITED
5 M7 VAR—F—DOHEETH D FREMEIC
DWW THRET L7z, ¥£72. R U< fexofenadine
& cimetidine & OFEEER X EREMR TOHE
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HBETHDZ ERRRINTWS, £
T, bt FNBEEAWEEEERARSKIE
Bl b7 AR—F—DRBEZEAVTE
EEREITo T,

cyclosporin A ¥X OATPIB1 %#[HZE L.
cerivastatin X #5 & T 5 —EDO T =F Fl
D HMG-CoA EuBER L EA o M B E
ZEMIE 5, TF OATPIB3 AFFE YA
HICELLIEESbREHIATWS, 22
T.OATPI1B3 OFREIZ X 2 EYMFE/ER
DRSOV THHOETEML T,

B. BfE5 &

A FITREARFREREERF LR 2
LUCHEREFERKFILBIT2HEZER
KDOERBE/B YTk, XFBIWIRESR
BIeBE»O2BET T BEROEEH%
ERIZAW,

BRER % 300pn EDGIF &R L1,
VR ZEBILEH LA v F 2=V a3 T
DT ETRMVRAHLZRE LT, BxREA
ZEIML., BESDREZHE L,

BTALRAE OFBERICHEE TS ABC
kZ AR —%— (MRP2. MRP4, BCRP)
DBRERRZLOBEN I VERBL,
ATP K7F# 72 MTX OB DAL B
EVRERFT LT
~ hMATE1, hMATE2, rMatel O1B%| 3R,

REHEE L. fexofenadine DEL Y iAFH Z H
E L7z, cimetidine & & D ERE & Bt
L7,

OATPIB3 D # R R H FE ~ D
fexofenadine DEX YV AL ZHIE L, LFEH
EROMREERFRE LT, BEREET
DHFEEEEYBEICESIWT, EY/E
BEERBOTREMEIZOVWTFHIZITo 7,

C. BroEfER
MRP2, MRP4. BCRP {22\ T ATP &

FH 72 MTX Ol 8gZXhiz, BCRP
iIZ 2 W T X indomethacin &
phenylbutazone 12 & ZEDENRR SN
B . FOPHRIZFFEZBVHDOTH T,
MRP2 it NSAIDs IZ X 5[HERRILR,
bh7Znolk, MRP4 Ko\ Tk,
indomethacin & ketoprofen. ibuprofen,
naproxen [ K 5HEEMN R b &,
Salicylate. diclofenac. indomethacin.
ibuprofen . ketoprofen . naproxen .
phenylbutazone DEEERZAIE L 7=,
F72. MRP2IZoW T, Rt ch s/
e BESRTHESND ZEHHL
Mo T,

fexofenadine ® B $k it & B %
probenecid & cimetidine 2 FRETZ Z &
PERTHREINLTWS, b NERTERf
# D fexofenadine DIV AL EHER LT,
Z ® fexofenadine DEL Y AL ITH LT,
probenecid & cimetidine PHEZE %2 &K
8 L7z & Z A, probenecid I fexofenadine
DEY AHIZE D 5 OAT3 < BET 2
H DD, cimetidine ® OATS IZxf 3 B AE
ZRIXFTEM o T, fexofenadine DHEHA] k
TUVAR—=F—LEZTWIEREMNS
AR—FZ—TH5 MATE THEVALEER
4T » 7=, MATE1l T f fif#f o
fexofenadine DIV AL BBE I, ZD
BV JAZ1E cimetidine THEX /-,

OATPIB3 O E Y AA Xt L T,
cyclosporin A, rifampicin. fluconazole.
itraconazole . ketoconazole N

clarithromycin . erythromyecin .
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azithromycin . ritonavir . lopinavir .

probenecid . diltiazem . verapamil .
omeprazole. cimetidine {2 X 2HEZHR %
B&F L7, fluconazole. itraconazole.
cimetidine # R\ T, BAEREZF LT
TN DEHZERL, 12/LEHTONT,

MREEH KifE) zAELL,

D. B

MRP4 & NSAIDs & OfEERIZOW
T, BARGECOFEEHEYREITE
3< & .salicylate & indomethacin {22\
TiX. MRP4 ZPHET 2 I T~HR S
7o Bl 2B L TH . MTX & NSAIDs
COMEEREZETHIATIZENE LY
TEBBALMNTRoT, BibEW L DA
ERATIIRL REBICLSHEERTH
LERELHE LTWVWDS,

tE NETHRYVIAZBEZFMLZE Z
5. fexofenadine MEL Y iA# X probenecid
THEIND HDOD, cimetidine THERKR
REBETEONIHFELSHEYRELTEL
DEBETLMIEENRRON NN, DX
V. cimetidine & OAEEAITERY AHE
ETR&HEHTE 2 v, MATE1 #
fexofenadine # ZEH & 45 Z L BH L MNIT
72572, MATE1 iX cimetidine TRAE S
5Z &M b, fexofenadine & cimetidine
EOHEEERRXEENTCOH HBROME
ThHdDZ EBTBRINT,

OATP1B3 iZ oW T BBEREEETODIHE
ROREMBELEBRET D L,
cyclosporin A & rifampicin iX OATP1B3
LBV IAAEESEET D Z LR
M X172, azithromycin & probenecid (2
XoTH, MEERPEL D FREENFRER

SR, FOBRERERI/IHEWV (X
T 15 BEE) LB TFREND,

E. &

BCRP =° MRP2 iX NSAIDs ic X Wiz &
AMERESNT. MRP4 IZBHEEND, L
L., BRREERXEZEET DL, — 8D
NSAIDs(indomethacin & ketoprofen)3#8
HEAT5HEHEZAELTWIDHTHY
B TREENTVWDLETOHEEALZH
45 Z LKLV, MRP2 IZEHMT
bV BASETIIEEINDZ
Erb, BbEm TR, REPITLD
MEERATHAWREELERTILERD
Al

fexofenadine & probenecid. cimetidine
& OFEERITIREE DR DEMOMEE
THDI LR ENT, probenecid iXEX
DiABZIBE % cimetidine IXE R Z HE
THFREEND D,

~ cyclosporin A &

OATP1B1 7213 T/2<. OATP1B3 LIE
b\%%ﬁﬁﬁﬁﬁééDéﬂﬁﬁﬁ%@
shiz,

rifampicin X
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EEFBRFHARMHE (BEER - ERESE VX5 M A 2 ARBEHAEER)
SHEMREREE

EEAOEMBNEHEEER O ERFELICET DHR

SHEBEE HE I EVEERMAEGEENER EETLRER FE_=E=R

mEwLE BE O t—

EvERLEGEEFER EXLEAER ZEHRE

WEBAHE KR RES EYERKRSFEERRS BERZERFH VI9—F -

LTk

MHREE :

EXGLOMEERCEEZRIET CYP3AA BX U P-HEHX X7 (MDRD2 &

DOHEEBREFTMT SO0 in vitro 7 vy EA EBETHZ L #BME Lz, t b HepGe
HBHWEE b Caco2 IZ. BEAZEED VDR & PXR 2#E£RH &, CYPIA4 BEFH D
Wit MDRIBEFO7 e —F—FER AW LR —F—7F X FCEREFEH®HEZAIEL
oo EDFER. YA FHEEFT D PXR 1E. VDRIZL D CYP3A4 DEEIEMEREZ HIH] T
BTENHALNERD, XV MIIEWHEERERE T in vitro 7 v A REBEET D
DITiE, BENZEEEOHEERE2ERTIZENMBETHD LEZ LR,

A HREBH

B, BRICBWTIIEEOEE L IBH
RHCHLE SN BBANREL ., TREhDE
ROV TEYRBERSED + 7 R
R—F—REOFEICETIHEHRERMET
B ik, EERCEAHEERZBIET
5LTCEETHD, £ T, APFETIL,
EELICLIHEERAOREIIBVWTEE
RER LD e FEMNRHERD CYP3A4
REY PTFURAR—F—D PREZ LY
(MDR1) OFELXHEL TV EIEAEE
& PXR (pregnane X receptor) & VDR (t
% I D3 SF/K) mEEMIRICERRS
¥, Vb MOEWBEEREZ R TSR
BROBESLERSTZ, EHILZIOT &S
ROBEHTE1E LT CYP3A4 B X T MDR1
DHFEAH=XLEMHHAL, BAZORE

WEDISICHFEETH PRI TAIEEH
B L,

B. HfR5E

CYP3A4 BInF DO/ 0 —F —EIRE T
B—=22 L luciferase BEF O LI
RWEVR—FZ—FFAI FEERLE,
t AT F SR EERARAEAR HepG2 12, EFED
VR—F—FFZAI K& b VDR BT
BELOCE b PXR BEFORBETSTIAINR
& D IHE P T co-transfection L7z,
24 RE[EIREEE L4, PXR H BV MNI VDR O
YA RTHD 10 uM Rifampicin & 5\
X 25 nM IEMREZ I D3 ZHM L7
& BT 24 ReRIEEEE LARAG 2 EIIX L7, [EIIX
U 7= HEBRERRRIE P O luciferase {EMHEZHIE
L. T EZNOEEBEFIZOWVTOFEEDE
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]| & L 7= . Transfection %h = it
co-transfection L 7= renilla luciferase &%

WCESEHFELE, B F MDRLIZDOWT B
FIRIC T v —F—fFEkE s o—=v 7L
luciferase BEFEAWEZLR—Z—FF
A FEEKRLE,

C. WfEHER
(1) HepG2 #MfaIZ PXR & VDR %53
ST E D CYP3AA B F DEEFEMAL
t MTFTMBEBHEROEEMREKETH D
HepG2 Mk PXR & VDR ORBET 5 X
I FEZEMTENREN 1 ngiwell H5 Wi
10 ngiwel TOFF VA7 2233 LT,
ENTNDOXFEDY 2 N (Rifampicin
HDOVIIESEB X I D3) BEML
CYPAL BIEFDVR—EZ—J— 0 DEE
EHZRELE, TOER, K1IoFT X
92T PXR & VDR XEhZFhoFHEmLY
A FIEFF LT CYPIALRIE T OB %
EM(L LT, £/, PXR & VDR % 3%H
&%, Rifampicin &2 WIEEER L Z I
D3 ZEFNZHEIM LIzEEIX. VDR B\
1T PXR ZHEMTRBEIFLIFELIZIZR
BEOBEEDEMLER L, I HIZ,PXR
& VDR % R B X ¥ Rifampicin B & UVE
HEESZ I D3 OEAEDY H v K&K
WML RE OEEEHITEMRT PXR
% Rifampicin THEMILIEEZEE. 5D
VNI B T VDR 2EME EZ I D3 TE
X EOEEEBZ D Z Likd

27,

Efo, KERESEEPXRBLUVDRO

RETSF7AI FOE% 5 ng/well BL 50
ng/well & FNEFN 5 FITHEE L T, BEIC
CYP3A4 VR— & — B FOEEEMN % HI

ELl, TOBER. K287 & ) ICHM
TENENOBAZEEEZREITL L E,
K 1izrdEEBE (PXR lng/well. VDR
10ng/well) IZHATH 2 {EREE CYP3A4
LR— 5 —BIETFOEERRM LAY Ho
FIZEFLTESELLE, 2o/,

HepG2 MRICIIK 1 OERTHE I
CYP344 D VR —Z —BETOEERFMES
+43 LEI S BIEFOEEIEHEIBED o
TWBRZLERLTWE, E-TR 1 TR
Eh7 PXR & VDR %3t HE &
Rifampicin B L OEHREFZ I D3 O
FOVH L RERBZEMLEZESTS,
ERBEYE MY PXR % Rifampicin TiEMA(L &
BB E . HDHVWX VDR 2FESERIEZ I v
D3 THEM LI E-HEOEEEZBXD
LMok I it CYP3AL BET DK
EiEMHLICNER RXR a7 7 FX—F
—E0EREOHBETLFARE LD TIX
RNWZ EEFRBRLTWE, £/, PXR 5

. ng/wei])is L U'VDR (50 ng/well) & L% 3R

I

bb

SH . WEFDOY H FEHEMLUELES T,
1DEBRERUL LT, VDR »35WiX
PXR # EM TR I HHFE L EREDOFENE
{LORBER, IZIERLCTHoT-, LA L.
PXR (5 ng/well) 8 £ O VDR (50 ng/wel) %
HBEHIGESEREF I D3 2HMLE
EaE. VDR # B CRBEIETEER Y
# 3 D3 RIRM LIRIC T, CYP3A4
BEFOEEEHIIELIET LTV,

(2) VDR THEHkEN CYP3A4 OF
BIZHTBY A FEFETO PXR OF
&

PXR (5 ng/wel)3 & T VDR (50 ng/well)
FEBEHIE, EHEREEZ I D3 #HEM
LD CYP3A4 BETFOEEFEMEN



VDR #BEMCRBISEHBEFZ I D3
EHRMUEBESICHESRTELLETLTY
7=DT, BB X¥5 VDR % 50 ng/well iZ
EE LT, PXR OREE% 5 ng/well 1*H
150 ng/well £ CEEN SV T, BHEREZ I

L D3 AWMU CYPIALRIET DESIEE

ZFRELZ, TORRE, R3ITFRT IO
VA FHEFEETO PXR IZ £ T
CYP3A4 BInFOEBIESEIIHRLICEAL
M, EHEY Y I D3 ICL B CYP3IA4
BEFOEEESIIIV IV FEFETD
PXR OHEBEIZETF L THH . PXR %
150 ngiwell NG A7 27 a LR
ik, EHEEZ I D3 RN L BERE
B L ERMOBOEEREMEIZEITZRD S
RRhoT,

(3) PXR TEM a7/ CYP3A4 DOF
HizxtT BV A RHEFETO VDR OF
2

EMEE Y I D3Ik B CYP3A4ESE
FOEEEMITY Y REFEET O PXR
ko THHE SN2 T, PXR DREES
15 ng/well IZEE LT VDR ORBEE%L 5
ng/well 7*5 150 ng/well £ TEESH.
Rifampicin Z¥MUL7BED CYP3A4 &5
FOEEFEEEZBIE L, TOFKE, K4
AT EHICPXRITE D CYP344 BinF
DEEEME, U # FHEHFETO VDR %
RESEDIELRIDEERITEA LR
oot

(4) Caco-2 #if2IZ PXR & VDR BHE &
e %4 o MDR1 OFE
MDRI1&EFix CYP3A4BET & RERIC
PXRIZ & » TEREIEMENEREILIND Z L
BREEINTWVWD, £/, MDRIBETFD
EYMTHD P-EY U7 IEERES IV

D3RI THFEINDZZLBAOATY
35, #o T, CYPIA4BETDOEEEHA
TH LN PXR & VDR IZ L DH#ELEAD,
MDRI1 BELEFDEETHH b 5 AN
Hb, £Z T, MDRIBETOEEREGHE
BEx/7u—=>71L7T, MDRIDVR—F
—HBETEHBEL. KBHAXOMIRKTH
% Caco-2 #ifa% VT, MDRIELEFD
EEEEEFRIE L. £7. PXROAZE 5
ng/well (96 well plate) BEL & &,
Rifampicin & & 2 MDRI1B=FDES %
BELELEZA, VH Y FERNOHET
LEEX THEEER L, Zhic
Rifampicin 2%M7T 5 & . K2FTEHAL
7o —77. VDR Z DA% 5 ngiwell (96 well
plate) EEHE B L Z A, U FERM
DFEVE MDR1 BInFOEEESEZIEE
AMEEB Lo o3 EHRE Y Z I D3
FWNT 5L ASBREICE®RIIER LI,
DLV F L RIEFETOPXRITE
HEEFOEEEE L ORBIL. CYP3A4
BIEFZEEIC L7 HepG2 #MIIE T H [AIER
DEmBBEESNN, MDRIEETEH
VW2 Caco-2 MIIRT L W HEICBE ST,
%72, PXR & VDR #£RHEIHHHF DY
Ay REHEMLICL 25, MDRIBETO
ERETEMIT, PXR # B CRE I 7RI
HEINEEEEEZBZ 5 Z L3 <,
CYP3A4BETOHBELELHULTWE, £
. BNZEGEARRSELEE. VA
Y REEMLTW WY ha— LB
EEMEOED, BAZEEZRHAIETH
ROVBEIHASTSFULOEEEZTRT Y
OO, FHERE S I DIOTMTED
MDRI1 BT OEBEEMIZ, EHREES
v D3ETMLTCWARWa Y ha—LEL
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BIERCEEZR L, CYPIA4BIZT L A
WU A FIEFETDO PXR L > T VDR
W &5 MDRIEGEFOEEFEMEITmE
STV AFRIEMN TR E N,

EE
Rifampicin 2 EI2 X% CYP3A4 DOFiE
BECEL TR, BETFOBREL~LTO
WEERIThh, EERBA»S L3 6 2
BEME TOFEREEERBA» L EFIC
720 8HENH,NDT 83 5HEMNETH
FIC. CYPIA4BEFOEBELHIHEL TV
DEBBEFEEL TR ERNBELNCEH
TW5, ¥70, ZOFERIC Rifampicin O
BETHD PXROEHEE Y I D30
BHETHD VDR AT HI LI LT,
CYPIA4 B TFOEEREMLTA LD
AOPIZENTV D, 2D X 51z, CYP3A4
ITEEEEOEAZ R AN EEFLORT
FERCER L THBESNBN, Zhbo

D.

7o

CYP3A4 BETOEEIRB T 3R
EKOMEERDOA =T LTI,
NoOENEEEDLE L ~T 0 F A<
—/— b} —=TH3 RXR ~DESE2BEEK
DEBEENRFETHIZLICL>THEALT.
XEEE LTCOEENET T3 AiEMnE
ZAbhd, £z, TROLOZEEIZY
FREETHAZ LWk »TaFrFr—%
— LTINS HBERNRFLEA L, BE
EHEEZRET I LEZ LN TV,
BEOZFERERT I Lick>TaT
TFR—=FZ—~DFEGITE LU THEEBEL,

=
-
N

- BEEMCESET o R bEL b

NEEGEHOEVOEBIZOVWTOREIC -

B L TiX, REBHAOERZV, FZ T, &K
HEDEBITH D, Iin vivo ITEL LT

CYP3A4 OFEZIET D7 v A ROEE

ZHEBLERS, ZhO0BNZRELE
ACHEMCRBE I T v A RLVVE
BEERR I TENZAKROBEEA
bEDET vEAROFN, FELNEE
2bhd, SEIOHEFER»SH, PXRR
VDR % #£RWIEIBE, UV FHEEFE
FTOPXRIZVDRIZL B CYPIALBRET D
EEEAR LR, —F, UV FEER
T® VDR iX PXR IZ X AEEFEMICEESY

RIFEY. PXR & VDR #3#RFEEE -

B, TNENEEMTRRIELBED
CYP3A4 BInFDEE L B2 DM ERL
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5, &b, PXR & VDR W&+ 3
CYP3A4 BT EOEERFITEZ LTV
DL ERBEINTVWS, #£-T. PXR &
VDR # CYP3A4 BiEF OESREEGHEED
ISEBRFNICH T H2REOEBETHEA LT
DAEELEZIOLND, WTHIZLTY,
EHRTHWET v A RO AR
TOLENHDZ Ehb, CYPIALEBRETF
DEEZBT 2BNZEEOHEAEERD 2
A=A LS H%BRETTHFETH S,
P-#EZ R %a— FLTW5 MDRIE
EFIZOWTH PXR & VDR ICK - TER
BIEEAEIND Z EBbhrot, RS T,
P-HZ 7 DHFHEIZ>NTH PXR &
VDR BHEER L TWAEEENEZ XL
ns,

E. #&#®

b b AT B SRR AR HepG2 12,
CYP3A4 D7 v E— & —4aig & Fv iz L
—#—77Z3I K& VDR, PXR ORHES
FAI FEARE S8 CYPIALEGETF D
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ORIGINAL ARTICLE

Adverse events caused by drug interactions involving
glucuronoconjugates of zidovudine, valproic acid and
lamotrigine, and analysis of how such potential events are
discussed in package inserts of Japan, UK and USA

M. Hirata-Koizumi PhD, M. Saito MSc, S. Miyake PhD and R. Hasegawa PhD
Division of Medicinal Safety Science, National Institute of Health Sciences, Setagaya-ku, Tokyo, Japan

SUMMARY

Background and objective: As pharmacokinetic
drug interactions frequently cause adverse events,
it is important that the relevant information is
given in package inserts (PIs). We previously
analysed the provision of PIs for HMG-CoA
reductase inhibitors and Ca antagonists, for which
metabolism by cytochrome P450 could be a major
interaction mechanism. In this article, we focus on
interactions  involving  glucuronoconjugates
because many drugs and their metabolites
undergo this conjugation. :
Methods: We reviewed clinical drug interactions
related to glucuronoconjugates, focusing on
reports of adverse events. Then, we picked out
three important drugs (zidovudine, valproic acid
and lamotrigine), and examined how the litera-
ture information is reflected in the relevant Pls in
Japan, UK and USA.

Results and discussion: Pharmacokinetic interac-
tions related to glucuronoconjugates were found
with 33 drug combinations. Of these, five com-
binations induced clear adverse events: (i) severe
anaemia due to zidovudine and caused by inter-
action with valproic acid, (ii) recurrence/increased
frequency of seizure or increased manic states
from a reduction in therapeutic effects of valproic
acid caused by panipenem, (iii) meropenem or
(iv) ritonavir and (v) of lamotrigine caused by oral
contraceptives. Analysis of PIs showed a lack of
description of the interaction of zidovudine with
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valproic acid in the Japanese PI. The UK PI
mentioned this interaction without quantitative
data, whereas full information was given in the
US PL A lack of description was also present
on the interaction between valproic acid with
ritonavir, reported in 2006, in the PIs of all three
countries. For the interactions involving valproic
acid and panipenem or meropenem, even though
marked reduction of blood valproic acid level has
been reported, no quantitative data were provi-
ded in any of the Pls.

Conclusion: Five combinations were identified to
cause severe adverse events because of interac-
tions related to glucuronoconjugates. This infor-
mation, including quantitative data, is not always
properly provided in the relevant PIs in Japan,
UK or USA. PIs should be improved to better
inform healthcare providers and thereby help
them and their patients.

Keywords: adverse event, drug interaction, glucu-
ronidation, glucuronoconjugate, package insert

INTRODUCTION

Drugs are frequently co-administered with other
drugs, which can change their pharmacokinetics
(PK) as reflected by parameters such as area under
the blood concentration time curve (AUC), maxi-
mum blood concentration (C,,.,) and half-life (,,,).
Since such PK changes due to interactions may
cause adverse effects, it is important to provide
appropriate information in package inserts (PIs).
We previously reported on the provision of PK
interaction information in PIs of HMG-CoA
reductase inhibitors and Ca antagonists (1, 2). For
these two groups of drugs, the major interaction
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mostly involved metabolism by cytochrome P450.
Drug transporters are implicated in some cases. In
this article, we focus on glucuronidation because
many drugs and their metabolites undergo this
conjugation (3). A

.In the glucuronidation reaction, catalysed by
UDP-glucuronosyltransferase (UGT), glucuronic
acid is transferred from UDP-glucuronic acid to the
drug molecule to make it more hydrophilic and
thus more easily excreted (4). Various in wvitro
studies indicate potential drug interactions via
glucuronidation (5). However, two recent reviews
(5, 6), focusing on PK changes resulting from the
interactions, showed that reported changes in the
AUC of target drugs are typically less than 2-fold in
co-medication with the effective drugs. Although
these small changes may be clinically meaningless
in most cases, it is necessary to provide appropriate
information in PIs when adverse events are found
or predictable. Therefore, we reviewed clinically
important glucuronidation-related PK interactions,
focusing on reports of adverse events, and then
analysed how the relevant information is reflected
in the Japanese, UK and US PIs for three important
drugs. .

METHODS

We conducted a MEDLINE search for keywords,
‘glucuron® and ‘interact®, from 1966 to June 2006,
and then extracted clinical glucuronidation-related
drug interactions with changes in AUC, Cmax t1/2
or blood concentration of the parent drugs. As the
mechanism of interactions is not always mentioned
clearly, we directed this study to drug interactions,
which were considered to occur through the for-
mation or elimination of glucuronoconjugates.

Then, we collected and reviewed adverse event

data for all extracted combinations. Finally, we
examined how this important literature informa-
tion is reflected in the Japanese, EU and US PlIs,
focusing on three important drugs (zidovudine,
valproic acid and lamotrigine). The current Japan-
ese PIs were obtained from the website of the
Pharmaceuticals and Medical Device Agency
(http:/ /www.pmda.go.jp). As there is no central-
ized authorization of these drugs in the EU, we
obtained UK PIs from the electronic Medicines
Compendium website (http://emc.medicines.
org.uk), and analysed them. The US Pls were

obtained using the Physicians’ Desk Reference
Electronic Library, version 7.0.306a - 2006.1 (7).
Each web site was accessed from February to
August 2006.

RESULTS

Literature information on drug interactions related
to glucuronoconjugates

Table 1 shows 33 drug combinations for which a
clinical PK glucuronidation interaction has been

. reported, with a summary of relevant literature
information (change ratio of AUC, Cpax ti/2 O
blood concentration of parent drugs and adverse
events or changes in pharmacological action).
Although most increases in PK parameters or
blood concentrations were less than 2-fold, marked
decreases were also reported. Seven combinations,
described below, led to adverse events or changes
in pharmacological action.

In an HIV-infected patient undergoing treatment
with antiretroviral regimens including zidovudine
(600 mg/day), severe anaemia (haemoglobin level:
22 g/1) was recognized approximately 2 months
after starting co-administration of valproic acid
(1000 mg/day) (haemoglobin level measured
126 g/L at onset of the co-medication) (9).
Although there was no data on the blood level of
zidovudine in this case, a crossover study using 6
HIV-seropositive patients showed a 1-8-fold
increase in zidovudine AUC after valproic acid co-
administration for 4 days (zidovudine; 300 mg/
day, valproic acid; 750 or 1500 mg/day) without
changes in haematological parameters (8). It was
reported that approximately 75% of oral zidovu-
dine dose was excreted as the glucuronoconjugate
in urine in humans (55). In an in vitro study using
human liver microsomes, valproic acid inhibited
UGT activity toward zidovudine within the clinical
concentration range (56), thereby providing a
possible mechanism for the interaction.

There were nearly 20 case reports of epilepsy
patients showing a marked decrease in blood con-
centration of valproic add (to <10% at maximum)
with concomitant administration of panipenem or
meropenem (18-25). Seven of the cases resulted
in recurrence or increased frequency of seizure
2-16 days after starting the co-medication. The
major pathway for metabolism of valproic acid

* © 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185
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Table 1. Literature information on clinically relevant drug-interactions involving glucuronoconjugates
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PK change® '
Adverse events or changes in
Affected drugs Effectors AUC  Cpax hp pharmacological action References
Zidovudine Valproic acid 18 14 11 severe anaemia® 8,9
Fluconazole 11-18 10-18 1123 - (10, 11)’
Probenecid 1621 14 1-4 - (12, 13)
Methadone 12-14 11-13 10-12 - (14)
Atovaquone 13 10 10 - (15)
Rifampicin 05 05 09 - (16)
Ritonavir 07 07 1-0 - 17)
Valproic acid Panipenem <0-1-0-4°< increased frequency of seizure® (18, 19)
: Meropenem <01-0:5°¢ recurrence/increased frequency (20-25)
of seizure®
Imipenem 0:5b< b (20, 21)
Ritonavir? 0:5P< increased manic states® 26)
Lamotrigine Oral contraceptives 0-5 06 n.d. recurrence/increased frequency (27, 28)
of seizure®
Rifampicin 0-6 10 06 - (29)
Ritonavir® 05 06 05 - (30)
Lorazepam Probenecid nd. nd. 23 - (31)
Temazepam Oral contraceptives (-6 08 06 less sedative (32, 33)
Olanzapine Probenecid 13 12 n.d. - (34)
Indomethacin Probenecid 17 nd. 11 increased antirheumatic effects  (35)
Acetaminophen Probenecid 11 13 16-17 - (31, 36)
Propranolol n.d. 15 13 - (37)
Ranitidine 16 19 nd. - 38)
Oral contraceptives n.d. 11 07-09 - (394D
Isofezolac Probenecid 17-22 14-17 n.d. - (42)
Ketoprofen Probenecid 23 16-17 19 - (43, 44)
Naproxen Probenecid 1825 10-13 1426 - (45)
Zomepirac Probenecid 43 22 nd. - (46)
Diflunisal Probenecid 15-1-7¢ - 47, 48)
Mycophenolate mofetil Tacrolimus 168  13%%  nd. - (49)
‘Rifampicin 03% 05 nd. P (50)
Phenprocoumon Oral contraceptives 0-8 10 09 - G
Clofibrate Probenecid 184 - (52)
Oral contraceptives n.d. nd. 06 - (53)
Ethinyl oestradiol Ritonavir 06 07 08 - (54)

*Change ratio of AUC, C,ay, /2 or blood concentration of parent drugs in co-administration to control value.

bCase report.

“Blood concentration.

4The interaction was reported after starting antiretroviral treatment of lopinavir/ritonavir, zidovudine and lamivudine. The authors (26)
suggested ritonavir was the most likely causative agent.
“The interaction was reported in combination of lamotrigine and lopinavir/ritonavir in clinical study. The authors (30) suggested
ritonavir was the most likely causative agent.
fPlasma level of mycophenolic acid (active form of mycophenolate mofetil).
fResults of non-crossover study with renal transplant patients, and those receiving mycophenolate mofetil with cyclosporine were

selected as a control.

-, Not reported; n.d., no data available.

© © 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177--185
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is glucuronidation in humans (57). The latest
mechanistic experimental studies using rats and
monkeys showed no effect of carbapenem-like
antibiotics on UGT activity toward valproic acid,
but marked inhibition of hydrolysis of the glucur-
onoconjugates back to valproic acid (58).

Reduction of the therapeutic effect of valproicacid
was also reported in a patient with bipolar disorder
with initiation of HIV treatment with lopinavir/
ritonavir, zidovudine and lamivudine (26). This
patient showed an approximately 50% decrease in
blood valproic acid level and became increasingly
manic 21 days after starting antiretroviral therapy.
The authors cited ritonavir as the most likely cause
because of the decrease in blood concentrations of
the other drugs, principally eliminated via glucu-
ronidation (zidovudine, lamotrigine, ethinyl oes-
tradiol, as shown in Table 1), by ritonavir (17, 30, 54).
As increase in hepatic UGT activity towards ethinyl
oestradiol has reported in rats given ritonavir
orally for 14 days (59), the mechanism is likely to be
ritonavir-mediated induction of glucuronidation of
valproic acid.

Oral contraceptives were also reported to
decrease blood concentrations of lamotrigine and
temazepam, whose major route of elimination is
glucuronidation. Five cases of increased fre-
quency/recurrence of seizures, associated with a
40-60% decrease in plasma levels of lamotrigine
5 days to 2 months after starting co-medication
with oral contraceptives, have beén reported (28).
On the other hand, two epileptic patients
co-administered lamotrigine and oral contracep-
tives, developed adverse effects associated with
lamotrigine monotherapy such as nausea, vomiting
and dizziness. These effects were associated with a
2-5- to 3-6-fold increase in the plasma level of
lamotrigine 14 weeks after the discontinuation of
oral contraceptives. For temazepam, the AUC were
40% lower in healthy women taking oral contra-
ceptives than that of a group of control women (32).
In that comparative study, there were no differ-
ences in psychomotor or memory funtion between
the two groups, but users of oral contraceptives
were less sedated during the first 2 h of temazepam
treatment (33). Most oral contraceptives contain a
combination of an oestrogen, ethinyl oestradiol and
a progestogen (60). A recent prospective study
showed that ethinyl oestradiol reduced serum
lamotrigine concentrations but progestogens did

not (60). Therefore, the interactions of lamotrigine
and temazepam with oral contraceptives is likely to
be induction of UGT by ethinyl oestradiol.

A crossover study using patients with classical
or definite rheumatoid arthritis showed that a
3-week combination with probenecid enhanced the
therapeutic efficacy of indomethacin with a 70%
increase in the AUC, but did not affect the fre-
quency of adverse effects on the central nervous
and gastrointestinal systems (35). For indometha-
cin, it was reported that about 60% of an oral dose
is excreted in the urine predominantly in glucu-
ronidated form (61). In the crossover study (35),
there -was no significant change in the plasma
concentration of glucuronoconjugates of indo-
methacin, but the urinary eh’mingtion rate of the
glucuronoconjugates was 60% lower during the
probenecid period. Therefore, the mechanism was
considered to involve inhibition of glucuronidation
as well-as renal tubular secretion of the glucur-
onoconjugates and consequential accumulation of
the glucuronoconjugates in plasma and increased
hydrolysis to indomethacin. In addition, as noted
by the authors (35), reduction of biliary clearance.
could also contribute to the interaction because
indomethacin undergoes extensive enterohepatic
circulation in man, with a significant proportion
excreted in the bile as glucuronoconjugates (62—64).

Provision of the information on drug interactions
related to glucuronoconjugates in Japanese, UK
and US PIs

Zidovudine. The Pls of three drugs (zidovudine,
valproic acid and lamotrigine) were analysed for
the five drug combinations clearly associated with
adverse effects. The sections concerned and the
quantitative data provided in the PIs of the three
countries are summarized in Table 2.

The Japanese PI of zidovudine does not mention
its interaction with valproic acid, but mentions all
the other reported interactions with quantitative
data. Only the interaction with probenecid, carries
a recommendation that a longer dosing interval is
necessary with co-medication. In the UK PI for
zidovudine, all reported interactions, except that
with ritonavir, are mentioned. With rifampicin,
under special warnings and precautions for use
(abbreviated as ‘special warnings’) it is stated that
concomitant use should be avoided. In the section

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185
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Table 2. Comparison of the description of drug interactions related to glucuronoconjugates of zidovudine, valproic acid

and lamotrigine in the Japanese, UK and US Pls

Japanese PIs UK PIs US PIs
Combined Section Quantitative Section Quantitative Section Quantitative
Drugs of PI drugs of statement data” of staternent data® of statement data®
Zidovudine Valproic acid - Interactions - Precautions AUC: 1.8
Fluconazole Precautions Coax: 1.8 Interactions - Precautions AUC: 1.7
Probenecid  Precautions ty/2: 1.5, Interactions AUC: 2.0 Precautions AUC: 2.0
CL: 0.3
Methadone (not marketed) Interactions - Precautions AUC: 1.4
Atovaquone (not marketed) Interactions AUC: 1.4 Precautions AUC: 1.3
Rifampicin ~ Precautions AUC: 0.8, Special warnings AUC: 0.5 Precautions AUC: 0.5
CL: 2.5
Ritonavir Precautions AUC: 0.7, Precautions AUC: 0.7
Cruar: 0.7
Valproic acid Panipenem  Contraindications — (not marketed) (not marketed)
Meropenem Contraindications - Interactions - Precautions —
Imipenem Contraindications — Interactions - -
Ritonavir - -

‘Lamotrigine Oral
contraceptives

[Lamotrigine is
not marketed]

Rifampicin

Ritonavir

Special AUC: 0.5, Precautions AUC: 0.5,

warnings Comax 0.6 CL: 2.0 Cinax: 0.6,
CL: 2.0

Interactions - Precautions AUC: 0.6,
CL: 2.0

For interactions with reported adverse events, combined drugs are underlined.
Interactions: interaction with other medicinal products and other forms of interaction.

Special warnings: special warnings and precautions for use
-: not mentioned; CL, clearance.

*Quantitative data provided in the PIs are shown as change ratio in AUC, Cpay, t1/2 and CL in co-medication to control value

on interactions with other medicinal products and
other forms of interaction (abbreviated as ‘interac-
tions’), the UK PI notes that patients should be
closely monitored for potential toxicity of zidovu-
dine when co-medicated with valproic acid, fluc-
onazole, probenecid and methadone. It further
states that clinical significance is unknown for the
interaction with atovaquone. Quantitative data is
given only for interactions with probenecid, ato-
vaquone and rifampicin. The US PI provides more
information than the Japanese and UK Pls. All of
the reported interactions are tabulated with quan-
titative data and conditions of the clinical study in
the clinical pharmacology section. It is noted in the
precautions section that dose reduction may be
considered for patients experiencing pronounced
anaemia or other severe zidovudine-associated

events while receiving chronic co-administration
with some of the listed drugs.

Valproic acid. In the Japanese and UK PlIs, interac-
tions with carbapenem-like antibiotics are
mentioned with a statement regarding decrease in
blood level of valproic acid and probable recurrence
of seizure. These combinations are contraindicated
in the Japanese PI, whereas the interaction section
in the UK PI states that close monitoring of valproic
acid blood level is recommended if these antibiotics
have to be administered concurrently. However,
the US PI only notes in the precautions section that
sub-therapeutic valproic acid levels have been
reported when the drug was co-administered with
meropenem, and no statement is given on interac-
tion with imipenem. None of the PIs for Japan, UK

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185
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or USA provides quantitative data on the interac-
tions with carbapenems. Interaction with ritonavir
is not mentioned in any PL

Lamotrigine. Lamotrigine is not marketed in Japan.
The UK PI of lamotrigine states a possible
reduction in seizure control by coadministration of
oral contraceptives, and possible adverse effects
following withdrawal of the co-medication, in the
special warnings section. It also provides quanti-
tative data and clinical study conditions in the
interactions section, and methods of dose-adjust-
ment in the posology and method of administra-
tion section. On the other hand, rifampicin is only
listed as one of the inducers of lamotrigine glucu-
ronidation in the interactions section, and the
effects of the interaction including quantitative
data are not mentioned in the UK PI. For both
interactions with oral contraceptives and rifampi-
cin, the US PI provides quantitative data and
clinical study conditions in the precautions section.
There are also statements on methods of dose
adjustments in co-medication with oral contracep-
tives in the dosage and administration section. In
the UK and US PIs of lamotrigine, there is no
mention of the interaction with ritonavir.

DISCUSSION

Pharmacokinetic drug interactions may occasion-
ally lead to marked adverse reactions. In Japan, a
PK interaction between sorivudine and fluorouracil

drugs caused severe haematopathy, resulting in 15 -

deaths within 40 days of launch of sorivudine in
1993 (65, 66). As insufficient description in the Pls
was pointed out as one of the causes, Pls were
drastically revised with emphasis on the section on
drug interactions (change of narrative forms to
tabular forms, classification and arrangement in
order by level of importance, etc.). Currently,
Japanese PIs are written according to the improved
1997 guidelines (67-69). However, our previous
research focusing on the PK interactions of HMG-

CoA reductase inhibitors and Ca antagonists-

showed that Japanese Pls still failed to provide
quantitative data and information on the mecha-
nisms involved (1, 2). Similarly, there also
appeared to be insufficient information on the lat-
est drug interactions and inadequate referencing in
Japanese Pls (70).

In this study, we analysed information on inter-
actions related to glucuronoconjugates in Japanese,
UK and US PIs. A general literature research,
revealed five combinations with interactions clearly
leading to adverse events (zidovudine with valproic
acid, valproic acid with panipenem, meropenem or
ritonavir and lamotrigine with oral contraceptives,
as shown in Table 1). Information about these
interactions is essential for the proper use of the
drugs concerned. The incidence of these adverse
events in co-medicated patients cannot be reliably
estimated as they were all from case reports, but their
occurrence is sufficiently predictable given the likely
mechanisms involved. We found a lack of descrip-
tion of those interactions in the Pls in one or more of
the three countries surveyed. In the case of valproic
acid interaction with ritonavir, the information
published in 2006 was toorecent to be included in the
PIs, but this should be rectified as soon as possible.

There are an additional four combinations for
which adverse events are not reported but can be
predicted with reasonable assurance, because the
changes in PK parameters or blood concentrations
are comparable with those seen with combinations,
which have led to harm. They are zidovudine with
fluconazole or probenecid, valproic acid with imi-
penem and lamotrigine with ritonavir (Table 1).
Among the four combinations, there were no
statements on the imipenem interaction in the US
PI of valproic acid. Likewise there was no state-
ment on ritonavir in either UK or US PI of lamot-
rigine, but the latter interaction has only been
published in 2006. These should be described, with
quantitative data, in the PIs as soon as possible.

Several cases for which adverse events
are reported or highly predictable are not quanti-
tatively described in the PIs (Table 2). This is
essential information for healthcare providers to
inform their prescribing.

In conclusion, the information on important
drug—drug interactions, including quantitative
data, is not always properly provided in the PIs of
drugs in Japan, UK or USA. This shortcoming
should be remedied as soon as possible to help
healthcare providers and their patients.
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