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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 valproic acid
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 been 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 elimination 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 PIs 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
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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 PIs

Japanese Pls UK PIs US PIs
Combined Section Quantitative Section Quantitative  Section Quantitative
Drugs of PI drugs of statement data” of statement data® of statement data’
Zidovudine Valproic acid - Interactions - Precautions AUC: 1.8
Fluconazole Precautions Car: 1.8 . Interactions - Precautions AUC: 1.7
Probenecid  Precautions t12: 1.5, Interactions AUC: 2.0 Precautions AUC: 2.0
CL: 03
Methadone (not marketed) Interactions - Precautions AUC: 1.4
Atovaquone (not marketed) Interactions AUC: 1.4 Precautions AUC: 1.3
Rifampicin ~ Precautions AUC: 08, Special warnings AUC: 0.5 Precautions AUC: 0.5
CL: 25
Ritonavir Precautions AUC: 0.7, Precautions AUC: 0.7
Coax: 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 Cpuax: 0.6 CL: 2.0 Coax: 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, Ciay 1,2 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 PIs. 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
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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 thé Pls
was pointed out as one of the causes, PIs 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 Pls 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 PIs 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 PlIs (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 casereports, but their
occurrence is sufficiently predictable given the likely
mechanisms involved. We found a lack of descrip-
tion of those interactions in the PIs in one or more of
the three countries surveyed. In the case of valproic
acid interaction with ritonavir, the information
published in 2006 was too recent tobe 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.

ACKNOWLEDGEMENT

This work was supported by a grant from the
Ministry of Health, Labour and Welfare, Japan.

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185

— 81 —



Drug interactions related to glucuronoconjugates in package inserts

The authors have no conflicts of interest directly
relevant to the content of this manuscript.

REFERENCES

1.

10.

Saito M, Hirata Koizumi M, Urano T, Miyake S,
Hasegawa R (2005) A literature search on pharma-
cokinetic drug interactions of statins and analysis of
how such interactions are reflected in package
inserts in Japan. Journal of Clinical Pharmacy and
Therapeutics, 30, 21-37.

. Saito M, Hirata Koizumi M, Miyake S, Hasegawa R

(2005) Comparison of information on the pharma-
cokinetic interactions of Ca antagonists in the pack-
age inserts from three countries (Japan, USA and
UK). European Journal of Clinical Pharmacology, 61,
531-536.

. Willkinson GR (2001) Pharmacokinetics: the dynam-

ics of drug absorption, distribution, and elimination.
In: Hardman JG, Limbird LE, Gilman AG, eds. Good-
man & Gilman’s the pharmacological basis of therapeutics,
10th edn. New York: McGraw-Hill, 3-29.

. Ouzzine M, Barre L, Netter P, Magdalou J, Fournel

Gigleux S (2003) The human UDP-glucuronosyl-
transferases: structural aspects and drug glucuroni-
dation. Drug Metabolism Reviews, 35, 287-303.

. Kiang TK, Ensom MH, Chang TK (2005) UDP-

glucuronosyltransferases and clinical drug-drug
interactions. Pharmacology & Therapeutics, 106,
97-132.

. Lin JH, Wong BK (2002) Complexities of glucuroni-

dation affecting in vitro in vivo extrapolation.
Current Drug Metabolism, 3, 623—646.

. PDR (2006). PDR Electronic Library Version 7.0.306a

—2006.1. New Jersey: Thomson PDR.

. Lertora JJ, Rege AB, Greenspan DL, Akula S, George

W], Hyslop NE Jr, Agrawal KC. (1994) Pharmacoki-
netic interaction between zidovudine and valproic
acid in patients infected with human immunodefi-
ciency virus. Clinical Pharmacology and Therapeutics,
56, 272-278.

. Antoniou T, Gough K, Yoong D, Arbess G (2004)

Severe anemia secondary to a probable drug
interaction between zidovudine and valproic acid.
Clinical Infectious Diseases, 38, e38—40.

Sahai J, Gallicano K, Pakuts A, Cameron DW (1994)
Effect of fluconazole on zidovudine pharmacokinet-
ics in patients infected with human immunodefi-
ciency virus. The Journal of Infectious Diseases, 169,

- 1103-1107.

11.

Brockmeyer NH, Tillmann I, Mertins L, Barthel B,
Goos M (1997) Pharmacokinetic interaction of fluc-
onazole and zidovudine in HIV-positive patients.
European Journal of Medical Research, 2, 377-383.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

183

Kornhauser DM, Petty BG, Hendrix CW, Woods AS,
Nerhood LJ, Bartlett JG, Lietman PS (1989) Proben-
ecid and zidovudine metabolism. Lancet, 2, 473-475.
de Miranda P, Good SS, Yarchoan R, Thomas RV,
Blum MR, Myers CE, Broder S (1989) Alteration of
zidovudine pharmacokinetics by probenecid in
patients with AIDS or AIDS-related complex. Clinical
Pharmacology and Therapeutics, 46, 494-500.

McCance Katz EF, Rainey PM, Jatlow P, Friedland G
(1998) Methadone effects on zidovudine disposition
(AIDS Clinical Trials Group 262). Journal of Acquired
Immune Deficiency Syndromes and Human Retrovirology,
18, 435-443.

Lee BL, Tauber MG, Sadler B, Goldstein D, Cham-
bers HF (1996) Atovaquone inhibits the glucuroni-
dation and increases the plasma concentrations of
zidovudine. Clinical Pharmacology and Therapeutics,
59, 14-21.

Gallicano KD, Sahai J, Shukla VK et al. (1999)
Induction of zidovudine glucuronidation and
amination pathways by rifampicin in HIV-infected
patients. British Journal of Clinical Pharmacology, 48,
168-179.

Cato A Jr, Qian J, Hsu A, Levy B, Leonard ],
Granneman R (1998) Multidose pharmacokinetics of
ritonavir and zidovudine in human immunodefi-
ciency virus-infected patients. Antimicrobial Agents
and Chemotherapy, 42, 1788-1793.

Nagai K, Shimizu T, Togo A et al. (1997) Decrease in
serum levels of valproic acid during treatment with a
new carbapenem, panipenem/betamipron. The
Journal of Antimicrobial Chemotherapy, 39, 295-296.
Yamagata T, Momoi MY, Murai K, Ikematsu K,
Suwa K, Sakamoto K, Fujimura A (1998) Panipe-
nem-betamipron and decreases in serum valproic
acid concentration. Therapeutic Drug Monitoring, 20,
396-400.

Coves Orts FJ, Borras Blasco J, Navarro Ruiz A,
Murcia Lopez A, Palacios Ortega F (2005) Acute
seizures due to a probable interaction between
valproic acid and meropenem. The Annals of Phar-
macotherapy, 39, 533-537.

Llinares Tello F, Bosacoma Ros N, Hernandez Prats

- C, Climent Grana E, Selva Otaolaurruchi J, Ordovas

Baines JP (2003) Pharmacokinetic interaction between
valproic acid and carbapenem-like antibiotics: a
discussion of three cases. Farmacia hospitalaria, 27,
258-263.

. Clause D, Decleire PY, Vanbinst R, Soyer A, Hantson

P (2005) Pharmacokinetic interaction between valp-
roic acid and meropenem. Intensive Care Medicine, 31,
1293-1294.

. De Turck BJ, Diltoer MW, Cornelis PJ, Maes V,

Spapen HD, Camu F, Huyghens LP (1998) Lowering

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185



184 M. Hirata-Koizumi et al.

24.

26.

27.

28.

29.

30.

31.

32.

33.

of plasma valproic acid concentrations during con-
comitant therapy with meropenem and amikacin.
The Journal of Antimicrobial Chemotherapy, 42, 563-564.
Santucci M, Parmeggiani A, Riva R (2005) Seizure
worsening caused by decreased serum valproate
during meropenem therapy. Journal of Child Neurol-
ogy, 20, 456-457.

. Nacarkucuk E, Saglam H, Okan M (2004) Merope-

nem decreases serum level of valproic acid. Pediatric
Neurology, 31, 232-234.

Sheehan NL, Brouillette MJ, Delisle MS, Allan ]
(2006) Possible interaction between lopinavir/rito-
navir and valproic acid exacerbates bipolar disorder.
The Annals of Pharmacotherapy, 40, 147-150.

Sidhu ], Job S, Singh S, Philipson R (2006) The phar-
macokinetic and pharmacodynamic consequences of
the co-administration of lamotrigine and a combined
oral contraceptive in healthy female subjects. British
Journal of Clinical Pharmacology, 61, 191-199.

Sabers A, Buchholt M, Uldall P, Hansen EL (2001)
Lamotrigine plasma levels reduced by oral contra-
ceptives. Epilepsy Research, 47, 151-154.

Ebert U, Thong NQ, Oertel R, Kirch W (2000) Effects
of rifampicin and cimetidine on pharmacokinetics
and pharmacodynamics of lamotrigine in healthy
subjects. European Journal of Clinical Pharmacology, 56,
299-304.

van der Lee MJ, Dawood L, Ter Hofstede HJ et al.
(2006) Lopinavir/ritonavir reduces lamotrigine
plasma concentrations in healthy subjects. Clinical
Pharmacology and Therapeutics, 80, 159-168.
Abernethy DR, Greenblatt DJ, Ameer B, Shader RI
(1985) Probenecid impairment of acetaminophen and
lorazepam clearance: direct inhibition of ether glu-
curonide formation. The Journal of Pharmacology and
Experimental Therapeutics, 234, 345-349.

Stoehr GP, Kroboth PD, Juhl RP, Wender DB, Phil-
lips JP, Smith RB (1984) Effect of oral contraceptives
on triazolam, temazepam, alprazolam, and loraze-
pam kinetics. Clinical Pharmacology and Therapeutics,
36, 683—690.

Kroboth PD, Smith RB, Stoehr GP, Juhl RP (1985)
Pharmacodynamic evaluation of the benzodiazep-
ine-oral contraceptive interaction. Clinical Pharma-
cology and Therapeutics, 38, 525-532.

. Markowitz JS, Devane CL, Liston HL, Boulton DW,

Risch SC (2002) The effects of probenecid on the
disposition of risperidone and olanzapine in healthy
volunteers. Clinical Pharmacology and Therapeutics, 71,
30-38.

. Baber N, Halliday L, Sibeon R, Littler T, Orme ML

(1978) The interaction between indomethacin and
probenecid. A clinical and pharmacokinetic study.
Clinical Pharmacology and Therapeutics, 24, 298-307.

36.

37.

38.

39.

40.

41.

42,

43.

45,

46.

47.

48.

Kamali F (1993) The effect of probenecid on para-
cetamol metabolism and pharmacokinetics. European
Journal of Clinical Pharmacology, 45, 551-553.

Baraka OZ, Truman CA, Ford JM, Roberts CJ (1990)
The effect of propranolol on paracetamol metabolism
in man. British Journal of Clinical Pharmacology, 29,
261-264.

Itoh H, Nagano T, Hayashi T, Takeyama M (2000)
Ranitidine increases bioavailability of acetamino-
phen by inhibiting first-pass glucuronidation in
man. Pharmacy and Pharmacology Communications, 6,
495-500.

Abernethy DR, Divoll M, Ochs HR, Ameer B,
Greenblatt DJ (1982) Increased metabolic clearance of
acetaminophen with oral contraceptive use. Obstet-
rics and Gynecology, 60, 338-341.

Ochs HR, Greenblatt D], Verburg Ochs B, Abernethy
DR, Knuchel M (1984) Differential effects of isoni-
azid and oral contraceptive steroids on antipyrine
oxidation and acetaminophen conjugation. Pharma-
cology, 28, 188-195.

Mitchell MC, Hanew T, Meredith CG, Schenker S
(1983) Effects of oral contraceptive steroids on acet-
aminophen metabolism and elimination. Clinical
Pharmacology and Therapeutics, 34, 48-53.

Bannier A, Comet F, Soubeyrand ], Brazier JL,
Chauliac F (1985) Effect of probenecid on isofezolac
kinetics. European Journal of Clinical Pharmacology, 28,
433-437.

Foster RT, Jamali F, Russell AS (1989) Pharmacoki-
netics of ketoprofen enantiomers in cholecystectomy
patients: influence of probenecid. European Journal of
Clinical Pharmacology, 37, 589-594.

. Upton RA, Williams RL, Buskin JN, Jones RM (1982)

Effects of probenecid on ketoprofen kinetics. Clinical
Pharmacology and Therapeutics, 31, 705-712.

Runkel R, Mroszczak E, Chaplin M, Sevelius H,
Segre E (1978) Naproxen-probenecid interaction.
Clinical Pharmacology and Therapeutics, 24, 706-713.
Smith PC, Langendijk PN, Bosso JA, Benet LZ (1985)
Effect of probenecid on the formation and
elimination of acyl glucuronides: studies with
zomepirac. Clinical Pharmacology and Therapeutics, 38,
121-127.

Macdonald JI, Wallace SM, Herman R]J, Verbeeck RK
(1995) Effect of probenecid on the formation and
elimination kinetics of the sulphate and glucuronide
conjugates of diflunisal. European Journal of Clinical
Pharmacology, 47, 519-523.

Dickinson RG, King AR, McKinnon GE, Hooper WD,
Eadie M], Herkes GK (1993) Studies on the renal
excretion of the acyl glucuronide, phenolic glucuro-
nide and sulphate conjugates of diflunisal. British
Journal of Clinical Pharmacology, 35, 609-613.

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Drug interactions related to glucuronoconjugates in package inserts

Zucker K, Rosen A, Tsaroucha A et al. (1997) Unex-
pected augmentation of mycophenolic acid phar-
macokinetics in renal transplant patients receiving
tacrolimus and mycophenolate mofetil in combina-
tion therapy, and analogous in vitro findings.
Transplant Immunology, 5, 225-232.

Kuypers DR, Verleden G, Naesens M, Vanrenterg-
hem Y (2005) Drug interaction between mycophe-
nolate mofetil and rifampin: possible induction of
uridine diphosphate-glucuronosyltransferase. Clin-
ical Pharmacology and Therapeutics, 78, 81-88.

Monig H, Baese C, Heidemann HT, Ohnhaus EE,
Schulte HM (1990) Effect of oral contraceptive ster-
oids on the pharmacokinetics of phenprocoumon.
British Journal of Clinical Pharmacology, 30, 115-118.
Veenendaal JR, Brooks PM, Meffin PJ (1981) Pro-
benecid-clofibrate interaction. Clinical Pharmacology
and Therapeutics, 29, 351-358.

Miners JO, Robson RA, Birkett DJ (1984) Gender and
oral contraceptive steroids as determinants of drug
glucuronidation: effects on clofibric acid elimination.
British Journal of Clinical Pharmacology, 18, 240-243.
OQuellet D, Hsu A, Qian J et al. (1998) Effect of rito-
navir on the pharmacokinetics of ethinyl oestradiol
in healthy female volunteers. British Journal of Clinical
Pharmacology, 46, 111-116. .

Wilde MI, Langtry HD (1993) Zidovudine: an
update of its pharmacodynamic and pharmacoki-
netic properties, and therapeutic efficacy. Drugs,
46, 515-578.

Trapnell CB, Klecker RW, Jamis Dow C, Collins JM
(1998) Glucuronidation of 3’-azido-3’-deoxythymi-
dine (zidovudine) by human liver microsomes:
relevance to clinical pharmacokinetic interactions
with atovaquone, fluconazole, methadone, and
valproic acid. Antimicrobial Agents and Chemotherapy,
42, 1592-1596.

Zaccara G, Messori A, Moroni F (1988) Clinical
pharmacokinetics of valproic acid-1988. Clinical
Pharmacokinetics, 15, 367-389.

Nakajima Y, Mizobuchi M, Nakamura M et al. (2004)
Mechanism of the drug interaction between valproic
acid and carbapenem antibiotics in monkeys and
rats. Drug Metabolism and Disposition, 32, 1383-1391.
Kumar GN, Grabowski B, Lee R, Denissen JF (1996)
Hepatic drug-metabolizing activities in rats after
14 days of oral administration of the human immu-
nodeficiency virus-type 1 protease inhibitor ritona-
vir (ABT-538). Drug Metabolism and Disposition, 24,
615-617.

60.

61.

62.

66.

67.

68.

69.

70.

185

Reimers A, Helde G, Brodtkorb E (2005) Ethinyl
estradiol, not progestogens, reduces lamotrigine
serum concentrations. Epilepsia, 46, 1414-1417.
Helleberg L (1981) Clinical pharmacckinetics of
indomethacin. Clinical Pharmacokinetics, 6, 245-258.
Kwan KC, Breault GO, Umbenhauer ER, McMahon
FG, Duggan DE (1976) Kinetics of indomethacin
absorption, elimination, and enterohepatic circula-
tion in man. Journal of Pharmacokinetics and Biophar-
maceutics, 4, 255-280.

. Duggan DE, Hogans AF, Kwan KC, McMahon FG

(1972) The metabolism of indomethacin in man. The
Journal of Pharmacology and Experimental Therapeutics,
181, 563-575.

. Duggan DE, Hooke KF, White SD, Noll RM, Ste-
~venson CR (1977) The effects of probenecid upon the

individual components of indomethacin elimination.
The Journal of Pharmacology and Experimental Thera-
peutics, 201, 463—470.

. Pharmaceutical Affairs Bureau, Japanese Ministry of

Health and Welfare (1994) A report on investigation of
side effects of sorivudine: deaths caused by interactions
between sorivudine and 5-FU prodrugs (confidential
internal report). Tokyo: Japanese Ministry of Health
and Welfare.

Okuda H, Ogura K, Kato A, Takubo H, Watabe T
(1998) A possible mechanism of eighteen patient
deaths caused by interactions of sorivudine, a new
antiviral drug, with oral 5-fluorouracil prodrugs. The
Journal of Pharmacology and Experimental Therapeutics,
287, 791-799.

Pharmaceutical Affairs Bureau, Japanese Ministry of
Health and Welfare. (1997) Guideline for package inserts
of prescription drugs. Notification no. 59 of the safety
division (April 25). Tokyo: Japanese Ministry of Health
and Welfare.

Pharmaceutical Affairs Bureau, Japanese Ministry of
Health and Welfare (1997) Guideline for package inserts
of prescription drugs. Notification no. 606 of Pharma-
ceutical Affairs Bureau (April 25). Tokyo: Japanese
Ministry of Health and Welfare.

Pharmaceutical Affairs Bureau, Japanese Ministry of
Health and Welfare (1997) Guideline for precautions for
prescription drugs. Notification no. 607 of Pharmaceutical
Affairs Bureau (April 25). Tokyo: Japanese Ministry of
Health and Welfare.

Yoshida N, Yamada A, Mimura Y, Kawakami J,
Adachi I (2006) Trends in new drug interactions for
pharmaceutical products in Japan. Pharmacoepidemi-
ology and Drug Safety, 15, 421-427.

© 2007 The authors. Journal compilation © 2007 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 32, 177-185



BATREBILE £ > AEEROENKR

S, BNETHREEL, BXCLEFEFPIEER
STHBE RoEERIC 72NV TOan ) — VT3
v (PPA), 72+t F¥, BYNRRFF VD5,
REREECEEREORS L LTHEASIA TV
PPA X, XBBWTARIFIEL LTEHAETHE
Azh, BHMESORER HREShACLEPL, A
EIC 2000 48 11 BICEASFIEE 2o/ HEATS,
2001 E9 RKREBED 7V A FZ 72 FIJ 0@
DRIEARICLY, PPAOERIRFIEE 2o TWRA.
BRERED 72T F Vi, BEEMOXEERHICE
STEBEEREL-Z LIS, 1983EICKETOR
FABEENA BETIZI77EIrLOBEEICOW
TOEEBREI 2 Eh, 1982ER—RELLTOR
Tk shicd, ERBEERTE LTIX200145EF
THEESh TV, BELEREETR Y5 REH
THEYVNRRFF ViR, A7475— REHDY
A7 47PNV (BETIIFRER) LOGHARC, i
DAY F VICHRTEEECRUGBRBEL*RET S
Z &N, KECBTAHTREHATHLILRY, XK
BT 2001 SFICTHBREBL 2oz, &6, YN
AFFVIRERTHBEBHRBED ) X 7 28 5
BwIEds, BETHRAFEICHRFHELL. 04,
HILBRBEBREO VY TYF, RLAFIVEDOTF NV
TxFIVBIPTAFIV - Vi, BETCIIEEL
ool QT HBEEEH (FVY-F . F- &
T OLEHMENCED, LRERFBOER) 25Mb
HMEOHEERTREALAEC RS, HRAZET
1998-2000 £ ICTHEHGE L, BARTH FRICHIER
BL7. )

BAO3E[IconT, HREREBE (WHO), X%
EEREERT (FDA) BIUBNERSEERF
(EMEA) DARBHRICESVWTHELALZ S, F
FNVFIVBIURE) VD 200AMBAEXRTHEL
NV HoN. FFVF I VIR NI VERER
RETE7x ) F 7V VROBBHRET, 1962 F
LREHENTE 2, QTHBEE2SLLERD
D HEXEED-EHR T 2005 FHIZ—FICRRZD
kR oTw —F, NE) ViRETEEXRRES
BUREORREL L TEAEIRA TV, AETO
FEEFERE2 74y F2LEEZ LEOHER S, 2005
FEICEEFIEE o7z, BETIRINE2SIITEMER
KX 2ERV L2 ENTER, HREBEIOmEF N
AVTV-—TERHRERBERATHE L, BR
TEMEHOBEN 2T &, FLIV T Y-
PEOTRLATWE I E2B#E LT, FElic—
BOEELZRE L ooEH ORI S,

BEEE 129, 227 (2007

—%, BERTCRTREATwARVWERXFOAS FRE
RKHFO—2OD T NV—TE LT COX-2EHENH 5.
ChiEROBREIEL, BERAOLZVWEBOEL
LTHSEsHh, BEAICELax v 7, FhCENT
AVFAXVT, U7z aFVTBICALVIFVT
PER - BRShE. LaL, BE0IFIRVTRD
LDHERANDV AT HEVIEREERRERD-DIZK

CREREE Rk ELIFTVTITOVTR, LOER

NVAZIZOWTREZTo - L CHEENFEREI LT
5. 28, EVIFVTRAETLAZHEEISHE L
TEH, BV Y~F, EREESEOHR - EFE
LT, BEBOBEARMEEDD 5 BE~OFEAHIC
FEYBELZ-LETEABENIRAATH S.

FDi3, HHBBICEALAZ L LTRAEH
ENTVRERRIIF 74 F=7 LYY FAL Fitdh
5. Y74 =FT7RFENMBHBOBREELLT
2002467 Bt RICREBII CHEATRE SR -EE
BTHB. LaL, bt CEERNLE SN
BEXSRHL, SLORCEIBAI L TRELRHE
kol TOB, EREESELI2ZIhBELED
I, RERBRMECADEIBRETE 2 25,
BEABIUXRETRELVWEET THEHIRLTWS,
LAL, FHEIREACEEEA TV 2D, 2005
£1 ACENTORBERFITRE SN 3 FvA
FikpoTRIRE: LTEASA T2, H4EF
ACEWETEE (WERER) 0bsZ LHLD
Y, 2R TREPIEER o7 LELESE, £
DIEFEBEERICL S, REREBRRLHPADER
WKBIF2EHHFEL, L &N, BRKTIX 1998 E»
5 2001 FWNVEVRP SRR BEHEBEOBREL L
TELWERATTOMBANBT SR BETIE,
2006 FE 8 BICERBEHELARE LE-FIERA
EXfe LTAREFIN:. REZEESPHEIL
TWa.

ZDEH, HE, #HTHESRAERSIR, H
RTHHIE SRt 5ViERERICE U AER
LOEBYUET 2 LONESNTOATW S, T/, W
THIES N3, BRNTRABRTHoEERDS
K doiz. ZO—RELT, FEOEAIIIKETE &
N3FEHEL, BENDEBANIRLHEYD > BER
RBENLRIILIBEVENIEREIONRE.

EYERSASFENRT 56k~ BELLE
hasegawa@nihs.gojp m-saito@nihs.go.jp

Ryuichi Hasegawa, Mitsuo Saito

F—U—F ! EERRENK, THEHE, BASNEKE



SZUEa— Minireviews

Jpn. J. Pharm. Health Care Sci.
=V ¥a-33(4) 291—300 (2007)

A F I RERIDOMHF & DERFRE KU
HEFREVBEFZEEERADOLER

WL, FHET HF #, Z£H-, R3/IE—
BvERRRATETRN ERREMNES

Comparative Analysis of Clinical and Non-Clinical Pharmacokinetic
Interactions of Statins with Other Drugs

Mitsuo Saito*, Mutsuko Hirata-Koizumi, Tsutomu Urano,
Shinji Miyake and Ryuichi Hasegawa
Division of Medicinal Safety Science, National Institute of Health Sciences

[Received December 17, 2006]
Accepted January 30, 2007

Information on the pharmacokinetic interactions of 8 statins (atorvastatin, simvastatin, lovastatin, fluvastatin, pravastatin,
rosuvastatin, pitavastatin and cerivastatin (already withdrawn from the market)) with other drugs such as itraconazole, eryth-
romycin, HIV protease inhibitors, digoxin and cyclosporine, and food products such as grapefruit juice was collected from
the literature, summarized and analyzed. The results of clinical drug interaction(s) were then discussed on the basis of non-
clinical interaction information regarding hepatic or intestinal metabolism by cytochrome P 450 and drug transporters such

as MDR 1 and OATP 2.

In conclusion, due to several complicating factors such as plasma protein binding, first pass effect, lipophilicity/hydro-
philicity, and inter-conversion between acid and lactone forms, further clinical pharmacokinetic interaction studies will be

needed to predict the likelihood of drug interactions.
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Wt BATIRE L »HHER STV 2 lovastatin(LV)
DIBDRATFVOBEY Fig.1IZRLAE. ZDH b,
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OFULEN SV LTICPV REEBEES(HLTY
29, ILELSRKETH S AV, FV, CV, PIB X UFRV
RIRTOR S F 7 OBEIZIE L T 5 3,5-dihydro-
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FHF b F o — 4 P4AS0CYP) iz ¥ DR BBEZE~DEM
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MEETRB SIS CVOMFREIX CYP3A4HEH
BEBRSDEEBTIILALS I 207,
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Fig.1. Chemical Structures of Statins.
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Table 1. Major Reports on Pharmacokinetic Interaction of Statins with CYP3 A 4
Inhibitors (Changes in AUC of statins).

Statins CYP3A4 inhibitors
Name of Metabolic , Saquinaviz
. Itraconazole  Grapefruit juice Erythromycin  +Ritonavir® -  Diltiazem Others
statins enzymes™ >4 % ®
Nelfinavir
Atorvastatin CYP3A4 25-4f1d"®  1.4-25fold" P 1.33fold"  1.7-3.5 fold '*1¥ YR 1.8 fold(Clarithromycin) '
4.6 fold (Verapamil)
Simvastatin CYP3A4 10-19 fold" ¥ 3.6-16 fold™ ' 625l  6-31fold* 2P 5 fold? -
b} (Clarithromycin) ®
Lovastatin CYP3A4 12-20 fold®* 29 15 fold® | Yad — 4£1d® b (Clarithromycin)
No effects (Ketoconazole) ¥
Fluvastatin CYP2C9 No effects® ~ No effects” - - 1.24-1.33 fold (Cimetidine,
Ranitidine, Omeprazole) ¥
slightly .
Pravastatin Nore increase - 1.5 No effects® '@ - 0.5 fold?? No effoct’™  No effects (Mibefradil) **
fold* 1@
CYP3A4 No effects (Cimetidine
Cerivastatin 1.2-1.3 fold® 39 - No effects®® — - !
rivas CYP2C8 i Nifedipine, Omeprazole) 32339
Pitavastatin CYP2C 1.16 fold*?
lavas: - . - - -
(slightly)
CYP2C9
Rosuvastatin ) No effects®® - - — — No effects (Ketoconazole) *?
(slightly)

—: No data

a): Saquinavir plus Ritonavir soft gel capsules
b) ‘There were case reports on rhabdomyolysis but no data on blood pharmacokinetic changes of statins.

3

Table 2. Major Reports on Pharmacokinetic Interaction of Statins with
the Other Drugs (Changes in AUC of statins).

Statins Name of drugs interacted with statins
Metabolic
Name of statins € 1‘: 09 Cyclosp Fl 1 Gemfibrozil Others
enzymes "
0.67 fold (Troglitazone) *?
i CYP3A4 ivity) a)™® — —
Atorvastatin 3 ﬁold.(acuvxty) a) No effects (Azithromycin) '
0.1 fold (Rifampicin) *,
Simvastatin CYP3A4 3-8 fold% . < - 2£01d® 0.6 fold (Troglitazone) ¥,
No effects (acid form) (Irbesartan)
Lovastatin CYP3A4 5-20 fold™ ® - 35ld® 0.8 fold (Propranolol) *?
1.1-1.54 fold (Diclofenac) > *9,
No effects (Tolbutamide,
Fluvastatin CYP2C9 3330l  184M0ld™ Noeflects®  Glibenclamide) *®
0.5 fold (Rifampicin) ¥
No effects (Propranolol) "
0.77 fold (Propranolod) **,
Pravastatin None 5-12 ol ¥ Noeffects™  2fld*”  0.69 fold (xifampicin) &
No effects (Fenofibrate) *!
CYP3A4
ivastatin 3-5 fold® - 5 fold™
Cerives CYP2C3
CYP2C9
Pitavastatin 4.55 fold* — 144 $1ld*®  1.18 fold (Fenofibrate) **
1tavas . tb) enonbra!
CYP2C9
Rosuvastatin ) 7.1 fold*? No effects®™®  1.88 14  No effects (Fenofibrate) *®
(alightly)
—: No data

2): HMG-CoA reductase inhibitory activity (parent drug and metabolite)
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Table 3. Major Reports on Pharmacokinetic Interaction of Statins with
Digoxin (Changes in AUC of digoxin).
Name of Statins ~ Atorvastatin ~ Simvastatin L tatin  Fluvastati Pravastatin  Cerivastatin  Pitavastatin Rosuvastatin
AUC of Digoxin 1.16 fold*®? 1.20 fold™ - No effocts™ ™ No effects™  No effects™ - " No effects™
—: No data

KRLZEIICYPIAAEEHN OEE ST 2w
FV, PV, CV, PIBLURV THEIBREISHEERLL
o, MFEPSF~OBRY)AHEEL —HBHESF LTS
LEZLNDE®, FVIZCYP2CO I W RS h 325,
FDOEZEH T 5 fluconazole 12 & ) ML BEEHHM
L, 7, CYP2CODEE T 5 diclofenac FD 7 ')
TSy ARETEER. PLIZHT A CYP2CY HER O
WREEIz 2 VA, CYP2CO LB {@IEb T LA
W, REZEBIZVWERAIEAS,

Table 3 12, digoxin IXX§ 2R F U OEGERT.
Digoxin it CYP3 A4 TRE L ZIT 2 ™™, AVIL
12 SV EDBEAREIC X o T digoxin DM A HREE A
¥+ %. MDR-1 HE/EA D & % dipyridamole & D F 12
&b, digoxin DAYEHFIAERBA)B & UF AUC 25810
FTAHRIELFBEESRTBY™, AVRSVICLB/EHD
F#OBBICLBLEIONS,

3. FFEEMRICH T IEDEEER
DEDICHBEE CYP 12DV T DB
LEAFIs0V—aiBnT, SECYPIENTER
HEERBELERIBREERTWAS,. £ CYPCYP!
A1/2, CYP2A6, CYP2C9, CYP2C19, CYP2DS6,

CYP2E1, CYP3ADRENER ¥ AV KILRICH
TAAV, SV, LV, FV, PV, CVD 6HERAF F D ICx
DREETIE, FVIZX 3 CYP2CO RIGIIx§ 2 HESE
AU IS 2 EEEZo o o720, FIRIC,
CYP3A4, CYP2D6B X UFCYP2COIRICIIH T 5
SV, LV, FVB X UPPVOKI 2 BIE L -H|ENTI,
CYP2CO9IZ#§ 5 FVDKi#0.06—0281uMTdh o
PRV TRB K SOMB ETH o7z, TDEH
KT LRI F /IC L 2BRNABASIRENL
PoBEHIZ, BWhXSF BT RTadBTHo
iz litES NS, EBE, Jacobsen 5™iL AV D CYP
JA4IC L BARBICOVTEHMLREF LT, AV acid
M Km 12 25—30 M, AVlactone Tid 1.5-4.0xM & lac-
tone HOFA CYP I L THWEBMELATHILZ
RLIE. - '
Table 4 tZX # F >~ @ Km, mexazolam fX#Ixt 3 52
¥yFU0Ki, BXUAZF R T2REHOKI
DEZXBREL T LD CYP3IA4 TREESND AV,
SV 3 X ULV O lactone O Km 1213126 Ui E#HE T,
FHER N TIEEHOZRBIBH O o 1.
—7, FV acid ® CYP2C9 iz & R8T 2 fEtE 2 =L,
EWHD Km DR ¥ F D Km & h b —HiEWET

Table 4. Km of Statins for their Metabolism, Ki of Statins for Mexazolam
Metabolism and Ki of Inhibitors for Statin Metabolism in Human

Liver Microsome.

. Ki of statins for Ki of inhibitors
Statins Km of statins mexazolam®
@M
Atorvastatin acid 25-30% 189 0.04-0.05"3)
lactone 1.5-4.09 2.54 0.03*%a)
Simvastatin acid —_ 69.6 . e
lactone 2.1-6.8% 2.13 0.06-0.08%%a
Lovastatin acid — 179 0.25*%b)
lactone 7.8-10.3% 2.98
Fluvastatin acid  0.2-0.7, 7.9-50%9 289 ~0.25%)c)
lactone _ 7.10 —
Pravastatin acid 4900-21000* No inhibition —
lactone — 115 -
Cerivastatin acid —_ 46.3 —
lactone - — 2.18 —_
a): Itraconazole

b): Ketoconazole
©): Sulfaphenazole
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Hol. PVacdiZ2oWTH, CYPTRBFENR L Wi
O, CYPIAAIH TAHAKnEFEHRIRKEVELE 2 -
2. ZWCYP3I A4 TE &N B mexazolamEm ; 27—
204 MIZHTT B 6 BT TDRA T F (acid & lactone)Z
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2w b, PLIC2WTIECYP2CONEETH S
tolbutarnide, CYP 3 A 4 DEE T3 5 testosterone DILH 1=
BEBLLed o/t 0BENH B LD, PV LERHD
BHEELTVWALETFENS.

DEP F 5V AR—FITOWT ORI

HE, EYRMMEEEROBTELT, EBr5 02
F=FICDOVWTOMEINEATWED, CYP3IA4LE
I + 7 ~ AR — % @ MDR 1(P-glycoprotein & & FEif
h, B, OB, B MERECHEEL, SBRANOEYE
RCBESOEBREHELTEY), SEBICIVBEER
E23b00, FLOEYHHEEERIZ, CYP3A4L
MDR 1 DFEFEE L Tw3%® MDR 1 IZEMHEOH
LEYE, METIIHELEMIEOMDRIICEYVEE
R A~BE S h 5 (RIEE)Z L4 5, MDR 1 ~DOHH
BUPHEES AL LBPIRESNDZ LTS, Wang
LOIYMDRIZRBHL TWwAB3TIGISSHE~ND
daunorubicin DELD AA IS T B R T F/ D ICx 25, AV
(acid) T 270uM, SV (lactone) T 9uM, LV (lactone) T
26uM T o 722%, PV(acid)iZ ZF DY AHK EWH L &
W EERRLA. F7:, Sakaeda 5 MDR 1 @ cDNA
% LLC-PK 1 I8 I AR A TPER T, digoxin D it
FH D&% % 1004M D SV(lactone)id 41%, LV(acid)id
25% HWE L7, PV(acid)idiPfiL 2w & 2@ HE
L7z, SREDERMS, SVIZ & B digoxin D AUC O
BWimciE, ABOMDR1ICBITAHEEREFES LT
WBLEZLNLD, AVIZOWTHR, MDR-1 D Kifi
¥R, FHEROVWTERT A 7-DICMBORBRTO
HRBRICLAHENLELEZIONS,

Smith 521X F v MCHBHED SV, LVB L UPV %
B8535 LHEPRET 5D, cyclosporin & DHERKS
KEVBEOREANTHARLSELD L ERLE. £
ZT, 77 PRI 20— A%HWT, cyclosporin @ 10
—200xM FFEE T T LV(lactone)100pM DRSS % @I E
L7225, #Rlii@odbohidosz. —F, I FlZey-
closporin(10 mg/kg/day): A ¥ F » % s At A 5+
5k, B LUHEARP DO HMG-CA BLBEXEE

EHEIX PV(100 mg/kg) T 1045, SV(50mg/kg) T 1.54%,
LV(100 mg/kg) TH 10 L 2 o7, THhOEDERDNDG,

Z D HMG-CoA BB ZHEEFEoHMMIIAHEET
X%, AFFrofihdhsOHMBENDEELSL
N7z, £0H, Hsiang 519993k b2 T v b
OATP 2(OATP-C, SLC21 A6 & b IRiTh, FIZFHMK
DEEBEECHFELT, OFLSORY AKIZHSETS
BERT =4 7V AF— 5D cDNA 2 M HARAAT
293¢ 18 MBEE A>T, 0.54M @ PV(acid)D B ) A& (2
WHETBS0MDASF It LBAERLHEL &
£, AV(acid), SV(acid), LV(acid)B & UF2 DD AV DAL
HPI12 212 100%, PV(acid)id 30% DG £ R L .

& 612, Shitara 5%, b bR I B> T cyclosporin
2 CV(acid) DB ) A H(Km : 3—18uM)Z Hil§ 5 2 &
(Ki:03—0.7uM), 7, OATP2 2 HE &7 MDCKI
#MBLT b cyclosporin % CV(acid)D B h) & A % T 5
ZEKi:02uMERLI. %38, cyclosporin ® CV(acid)
KRBT 5 IC0 13 30uM L ETH 572, PIIE, MDR
DEFEL LT, HEEHADRE LA™, OATP2 B X
U OATP 8(OATP1B3, SLC21A8 & d IFiZh, OTAP
2EFBICECHFERBOEEBEECFEETLITI VA
r]-\‘:- IMDERELBILFBESNTVE®, Zhb

* DFRERD S, cyclosporin IZ & B X ¥ F 0 hiBERH

i, A¥F D 0ATP2 IZX AR~ DEL Y AKRBE
DEREEZLNI.

—7%, Vavricka 5, in vitro RBHERZDHER T, rifam-
picin 2* OATP 2 3 & UF OATP 8 {Z & % sulfobromophthal-
ein DELY AZRZRRETHI L EHEL TVWAE®, Rifam-
picin (12 CYP FZIEAHFH Y, in vivo DHEEHRR
(Table 2)TD SVR FVDAUC DR ELETIRIAICX
NHHSINDY, CYPIZLA2REERITL2VPVIED
BERPEVDIOD, AUCHETHREDOLA TS,
OATP7 7 3V —iZid, MERED? L DEHE DT Y A&
1B 59 5 OATP-B(SLC21 A9 L b FRiTh, R/
BERMREREMA 2 CCRRAL, pHEFNICEDEXE
¥T)NDOFEEIDLNTBY, PVIRFORXEL: 3
T EFBEINRTWRDZ L @5, rifampicin 13 A 7 F
YD OATP-B 2T A/MNEPLOMY AR ZEELT
WETREHRLELOND. 5%, BEEFDOATP 7 7
IN=F UNRIANDERBEIIOVWTOFMEIETh S,

=%, s o rERA{ERIC T L T, Prueksar-
tanont 5P I 2 OV - AT HWLEERT, AV, SV
BIUPCVDacdBHI V70 BRSEESITAEE
&, Va0 BRALOEYEE T 2 — 5 3B E
B(eb, 41X, S9b), A¥F OBEICLIELL
BRAZLERLA. T, EMFIZOV—A%HN
J=SEEBET, gemfibrozil i AV acid ®° SV acid 2 H-<, CV
acid DT Vo u BRI ERHFTE I EERL,
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The package insert (PI) is a primary source of information for healthcare providers and their format in Japan was dra-
matically altered in 1997 to make them simpler and easier to understand. In order to investigate the attitude of hospital
pharmacists toward current Japanese PIs and how they are used, we sent a questionnaire to 320 hospitals in cooperation
with the Japanese Society of Hospital Pharmacists. It had a general section and a more detailed section that focused on drug
interactions and pharmacokinetics.

We received responses from 266 hospitals (83.1%). The majority of respondents approved of the order of the current PI
(94.2%) and all of them felt the need for background information when the details of a PI were revised. In the section of
the questionnaire on drug interactions and pharmacokinetics, nearly all of the respondents approved the tabulation of drug
interactions (99.2%). On the other hand, many responders considered detailed information such as that concerning drug
names, quantitative pharmacokinetic data and specific metabolic enzymes to be insufficient, and many wanted to have note
made when a pharmacokinetic effect was observed in healthy volunteers (67.7%). A large number of pharmacists also

- wished to have more information on drug interactions.

In conclusion, we feel that a minimal amount of quantitative data on drug interactions and other critical information

needs to be included in PIs without spoiling the current easy-to-understand format.

Key words —— package insert, adequate drug use, drug interaction, clinical pharmacy
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