Undesirable Effects of Citrus Juice on Drug Pharmacokinetics

687

lism of fexofenadine and celiprolol is negligible in
humans® and the amounts of drug excreted in urine
was reduced without decreasing renal clearance,
grapefruit juice was considered to inhibit the absorp-
tion of these drugs.?’?% A possible mechanism is
inhibition of uptake via OATP (see section 1.3).
Fexofenadine is known to be a substrate of OATP,
but there is no relevant information with regard to
celiprolol. Other mechanisms, such as changes in
intraduodenal pH and formation of complexes be-
tween drugs and components of grapefruit juice,
cannot be discounted.

Itraconazole, an antifungal agent, is metabolised
by CYP3A4 to hydroxyitraconazole. Concomitant
intake of double-strength grapefruit juice with itra-
conazole capsules caused decreases in the AUC
values for both itraconazole and hydroxyitracona-
zole of approximately 50%, but the metabolic ratio
(hydroxyitraconazole AUC vs itraconazole AUC)
was not affected, suggesting that there was no influ-
ence on itraconazole metabolism.!3) The investiga-
tors proposed that a decrease in duodenal pH or
delay in gastric emptying by grapefruit juice would

result in decreased itraconazole absorption. Involve- -

ment of OATP is also likely, although there is no
actual evidence of this. Contrary to the findings
reported in the above-mentioned study,®¥ a recent
study conducted by Gubbins et al.l'®! showed a
slight but significant increase (1.2-fold) in itracona-
zole AUC with grapefruit juice. This study evalu-
ated the interaction between an oral solution of
itraconazole formulated in. hydroxypropyl-B-cy-
clodextrin and a different grapefruit juice schedule
(ingestion of 240mL of single-strength grapefruit

juice three times daily for 2 days). The investigators:

noted the differences in volume, viscosity and calor-
ic density of the grapefruit juice preparation com-
pared with standard regimens and further studies are
needed.

It should be taken into account that the decrease
in AUC and/or Cmax of group 3 drugs caused by
grapefruit juice interaction may lessen their pharma-
cological effects. Particularly in the case of ce-
liprolol, ‘which is indicated for hypertension, great
care would need to be taken because the decrease in
AUC and Cmax could lead to a sharp rise in blood
- pressure. Although grapefruit juice effects on the
pharmacokinetics of amprenavir, etoposide and the-

ophylline are small, caution should also be taken
with use of these drugs because of their narrow
therapeutic range.

2.3.1 Discussion

Although the variability (individual differences)
in clinical studies listed in the tables is generally
high, this is dependent on the drugs studied. There-
fore, it should be noted that small changes in aver-
age AUC and Cpax do not always translate into a
negligible effect in all individuals; very high indi-

vidual differences in the bioavailability of ci-

closporin, for example, can be observed. When fo-
cusing on how any particular drug is affected by
grapefruit juice, the variability in the original report
should be checked to obtain a true clinical perspec-
tive. The potential for different responses in sensi-
tive subpopulations is another important issue. For
example, a grapefruit-felodipine interaction study in
elderly individuals showed greater increases (AUC
2.9-fold, Cmax 4.0-fold)1°) than those reported in
clinical studies that have mostly involved healthy
young volunteers. Thus, the elderly should be partic-
ularly cautioned about concomitant ingestion of
grapefruit juice with drugs.

From a different point of view, Bailey® has
suggested that there are potential beneficial effects
with concomitant ingestion of grapefruit juice, such
as enhanced drug efficacy. As autoinduction of
CYPs is a concern for CYP-metabolised drug ther-
apy, grapefruit juice could be useful in the mainte-
nance of drug effectiveness. However, because
grapefruit is a natural product and the ingredient and
mechanism of action responsible for its effects are
not yet fully understood, it is difficult to recommend
grapefruit juice as a booster. Another possible coun-
termeasure is the substitution of grapefruit juice
sensitive agents (group 1 drugs) for grapefruit juice
tolerant agents (group 2 drugs) in the same therapeu-
tic classes.l'%2 However, it should be noted that each
drug has different characteristics, such as absorp-
tion, distribution, metabolism and excretion.

3. Interactions Between Other Citrus
Juices and Drugs

Recently, some reports have been published re-
garding interactions between citrus juices other than
grapefruit juice and drugs. -
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3.1 Orange Juice (Sweet)

In the first clinical study of grapefruit juice and
drug interaction,? it became clear that orange juice,
in contrast, did not affect the pharmacokinetics of
felodipine. Subsequently, orange juice was some-
times used as a negative control in studies of
grapefruit juice-drug interactions. However, notable
clinical results that might reverse this long-held
stance have recently been reported. In one study,
orange juice reduced the AUC and Cpax of fex-
ofenadine by up to 30%, an effect similar to that of
grapefruit juice.*”] Orange juice also substantially
reduced the Cmax, AUC and urinary excretion of

celiprolol by 89%, 83% and 77%, respectively.[1931

An in vitro study showed that orange juice has a
much stronger inhibitory effect on OATP than
P-glycoprotein,?”! so it would be expected to inhibit
OATP-mediated transport rather than P-glycoprote-
in function in vivo. Unexpectedly, apple juice, a
non-citrus juice, was also reported to have the same
effect on fexofenadine in vivo and OATP-mediated
transport in vitro.[?”1 ‘

3.2 Seville (Sour) Orange Juice

Seville (sour) orange is mainly used for confec-
tionary products such as marmalade. Although its
juice is not fit to drink because of its sour taste,
several interaction studies with Seville (sour) orange
Jjuice have been conducted. The increase in the AUC
of felodipine, a CYP3A4 substrate, with Seville
(sour) orange juice is the same as that observed with
diluted grapefruit juice; both juice preparations con-
tained the same total concentrations of candidate
causative ingredients bergamottin plus 6°,7’-dihy-
droxybergamottin.['® A significant increase in the
oral bioavailability of dextromethorphan with Se-
ville (sour) orange juice has also been reported.*!]
Because it has been reported that Seville orange
juice decreases the enterocyte concentration of
CYP3A4,1?2 mechanism-based inhibition must be
considered. The lack of interaction between Seville
(sour) orange juice and ciclosporin® suggests that
Seville orange juice does not inhibit irtestinal P-
glycoprotein function. ’

3.3 Other Citrus Juices

The juice of another citrus, the tangerine (a kind
of Mandarin orange), has been reported to decrease
the AUC of midazolam (an anxiolytic) by about
40% over the first 1.5 hours and to increase Tmax
2-fold without effects on total AUC, Cmax and the
AUC ratio of the main metabolite to midazolam.[105]
Tangerine juice might have some impact on the
absorption process of midazolam.

Lime juice has demonstrated mechanism-based
inhibition of CYP3A4 activity in vitro.[1% However,
in a clinical study, 25% diluted lime juice containing
the candidate causative ingredient bergamottin in
the same amounts as grapefruit juice (see section
4.1.2), did not exert any significant effects on the
pharmacokinetic parameters of felodipine.[10]

To our knowledge, there is no further information
available on interactions between drugs and tanger-
ine or lime juice.

3.4 Target Sites of Citrus-Drug interaction
in Enterocytes

Both P-glycoprotein and OATP as well as
CYP3A4 are expressed in the liver and their in-
volvement in drug disposition and exclusion has
been reported.[16-1081 However, the lack of interac-
tion between grapefruit juice and intravenously ad-
ministered drugs(6141517) suggests that hepatic en-
zymes and transporters are minimally, if at all, in-

«4—— Clear inhibition
< — Weak inhibition
< --- Possible inhibition

Seville (sour) orange juice

Grapefruit juice \ Orange juice
1 v (sweet)
Lumen
Absorption
Y
Portal vein

Fig. 1. The target sites in enterocytes of the small intestine for
various citrus juices. CYP3A4 = cytochrome P450 3A4; OATP =
organic anion transporting polypeptide. -
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Fig. 2. Chemical structures of (a) naringin and (b) naringenin.

volved. Based on the findings mentioned in sections
1, 3.1 and 3.2 and the new model proposed by
Dresser and Bailey,/?! we describe the target sites in
small intestine enterocytes where various citrus
juices exert their inhibitory actions (figure 1).

If drugs are substrates of CYP3A4, they will be
partially metabolised in the intestine and their me-
tabolites will appear in the portal vein. Drugs that
are substrates of OATP will be absorbed into entero-
cytes with the aid of OATP and passed through to
the portal vein. Drugs that are substrates of P-glyco-
protein may be transported back into the small intes-
tine.

Grapefruit juice inactivates CYP3A4 in a mecha-
nism-based manner and inhibits the function of
P-glycoprotein and OATP. It appears that orange
juice has inhibitory effects on P-glycoprotein and
OATP, but not on CYP3A4. The effects of grape-
fruit juice and orange juice on P-glycoprotein are
likely to be weak. Seville (sour) orange juice is
considered to inactivate CYP3A4 by a mechanism-
based action, but not to inhibit the function of
P-glycoprotein. Possible effects of Seville (sour)
orange juice on OATP remain to be elucidated.

4. Causative Ingredients

Several hundred ingredients have been identified
in grapefruit juice.l'%! The composition of the juice
varies widely, depending on the genetic background
of the plant, environmental conditions during fruit
growth, fruit maturity and fruit processing.[0%1101
Although several studies have been conducted, defi-
nite conclusions as to causative ingredients. cannot
be drawn yet.

D

Intestinal bacteria

4.1 Candidate Ingredients for
CYP3A4 Inhibition

Flavonoids and furanocoumarins, which are
found in grapefruit juice and Seville (sour) orange
juice but not in orange juice, have been proposed as
causative ingredients of CYP3A4 inhibition by
grapefruit juice. '

4.1.1 Flavonoids

Naringin (naringenin glycoside) is the most prev-
alent flavonoid in grapefruit juice.['!!! Although nar-
ingin is hydrolysed by intestinal bacteria to nar-
ingenin!!1%!13] (figure 2), which has CYP3 A4 inhibi-
tory activity in vitro,* clinical studies using
commercially-available pure naringin have shown
that it is not the major inhibitory ingredient of
grapefruit juice.[114-116] Recently, naringenin was re-
ported to cause competitive, but not mechanism-
based, inhibition of CYP3A4 activity in vitro,['? but
such competitive inhibition is known to be not im-
portant for the clinical grapefruit juice-drug interac-
tion. 8

4.1.2 Furanocoumarins

The furanocoumarins exert mechanism-based in-
hibition of CYP3A4 in vitro,”)! but clinical studies
using pure forms cannot be conducted because these
have not yet been approved for human intake. Previ-
ously, although 6’,7’-dihydroxybergamottin (figure
3), one of the most abundant furanocoumarins, was
proposed as an active ingredient in grapefruit juice,
subsequent clinical studies using supernatant and
particulate fractions obtained by means of centrifu-
gation and filtration of grapefruit juice showed that
6’,7-dihydroxybergamottin was not the major active
ingredient.l!!7

Information on bergamottin (figure 3), another
major furanocoumarin, has been newly reported.
Guo et al.’) showed that bergamottin and some other
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Fig. 3. Chemical structures of (a) bergamottin and (b) 6,7’-dihydroxybergamottin.

furanocoumarins concentrated by centrifugation in
the particulate fraction increased felodipine AUC
1.4 times more than the supernatant fraction in the
above-mentioned clinical study.[!!”] Furthermore,
Bailey et al.l!? reported that an extract of segment-
free parts of grapefruit, which included more ber-
gamottin and less 6’,7’-dihydroxybergamottin, in-
creased felodipine AUC considerably more than the
segments, again suggesting that bergamottin might
be the major inhibitory component in grapefruit
juice. However, diluted lime juice containing ber-
gamottin in the same quantity as in grapefruit juice,
but free from 6°,7’-dihydroxybergamottin, could on-
ly partially reproduce the effect of grapefruit juice
on felodipine AUC and the investigators concluded
that bergamottin was not a primary substance re-
sponsible for clinical inhibition of CYP3A4 activi-
ty.l10 Recently, however, findings from a study of
furanocoumarin fractions of grapefruit diluted in
orange juice supported the notion that 6°,7'-
dihydroxybergamottin contributes to the grapefruit
juice-felodipine interaction.[!18] :

Bergapten is another ingredient found in grape-
fruit juice preparations according to one study,!!!
although other investigators deny its existence.[!*4]
Bergapten is also found in Seville (sour) orange
juice.[®) Bergapten’s mechanism-based inhibition of
CYP3A4 has been shown in vitro, albeit with only
about one-third of the potency of that reported for
6’,7’-dihydroxybergamottin.l'®! However, as one
grapefruit juice preparation that had no detectable
levels of bergapten significantly increased the AUC
and Cmax of felodipine,!'® bergapten is unlikely to
be a major active ingredient in grapefruit juice-drug
interactions.

Another bergamottin derivative, epoxybergamot-
tin, has been reported to be present in grapefruit
juice in only minor quantities.’] Epoxybergamottin
has also demonstrated mechanism-based inhibition
of CYP3A4 in vitro,!'? but it is not chemically
stable and is considered to be rapidly converted to
6°,7’-dihydroxybergamottin in the gastrointestinal
tract. o

Two dimers of furanocoumarins, GF-I-11 and
GF-I-4 %, are minor components in grapefruit juice.
They are reported to reduce CYP3A4 activities
through both competitive and mechanism-based in-
hibition over 100 times more potently than 6’,7"-
dihydroxybergamottin or bergamottin in vitro,>'2"!
but further information on these two dimers, includ-
ing clinical data, are unfortunately lacking.

Given the available data on flavonoids and fura-
nocoumarins and the fact that the contents of the
various individual species obviously differ among
grapefruit juices,! it is possible that the combined
effects of all forms of furanocoumarins acting to-
gether might contribute to the mechanism-based
inhibition of intestinal CYP3A4 in vivo. There is
also a possibility that other furanocoumarins could
be newly identified as causative agents.

4.2 Candidate Ingredients for
P-Glycoprotein Inhibition

Although naringin and naringenin have been
shown to inhibit the transport of P-glycoprotein
substrates in vitro,[1827.121] there is insufficient infor-
mation available to evaluate whether these flavo-
noids are the main inhibitory ingredients in
grapefruit juice. It should be bomme in mind that

1 GF-I-1 (4-[[6-hydroxy-7-[[1-[(1-hydroxy-1-methyl)ethyl]-4-methyl-6-(7-oxo-7H-furo[3,2-g][ 1]benzopyran-4-yl)-
4-hexenyl]oxy]-3,7-dimethyl-2-octenyl]oxy]-7H-furo[3,2-g]{1]benzopyran-7-one)

2 GF-1-4 (4-[[6-hydroxy-7-[[4-methyl-1-(1-methylethenyl)-6-(7-0x0-7H-furo[3,2-g][1]benzopyran-4-yl)-4-hexenyl]-
xy]3,7-dimethyl-2-octenyl]xy]7H-furo[3,2-g][1]benzopyran-7-one)
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these substances are not present in orange juice,
which does have inhibitory effects on P-glycoprote-
in function.l!!!

Some furanocoumarins, such as 6’,7’-dihydrox-
ybergamottin, bergamottin and bergapten, have also
been shown to inhibit transport of P-glycoprotein
substrates in vitro.27119.121.1221 However, this might
not be relevant in vivo because in vitro data suggest
that the major effect of 6”,7’-dihydroxybergamottin
is attributable to inhibition of CYP3A4!2! and fura-
nocoumarins are also present in Seville (sour) or-
ange juice,l®) which is considered not to affect the
function of P-glycoprotein. 4

In vitro studies employing fractionation of
grapefruit juice suggest that the major P-glycopro-
tein inhibitors may be different from the major
CYP3A4 inhibitors.l!811%  Polymethoxyflavones
such as noblletin, heptamethoxyflavone and tanger-
etine, which are ingredients in orange juice, have
been reported to inhibit the function of P-glycopro-
tein in vitro.['?2123] These compounds are also found
in grapefruit juice in lower levels than in orange
juicel!? and are known not to inhibit CYP3A4 in
vitro 1%}

5. Conclusions

Since the effects of grapefruit juice on 19 drugs
were reported in two reviews published in 1998,1*4
25 different drugs whose AUC and Cpax are influ-
enced by grapefruit juice have been newly reported.
The outcomes in most cases were increases in these
parameters, but decreases were reported for six
drugs. The increases in AUC or Cmax were probably
due to mechanism-based inactivation of intestinal
CYP3A4, with a possible minor contribution from
decreased P-glycoprotein function; the decreases in
AUC or Cpax may have been due to inhibition of
intestinal OATP. Other citrus juices, such as Seville
(sour) orange juice and orange juice (sweet), have
also been found to exert inhibitory effects. However,
no specific ingredients in citrus juice have yet been
established to have effects on AUC and Cmax in
vivo, although furanocoumarins are considered to be
the most likely candidates.

Given the complexity of citrus juice-drug interac-
tions and the wide range of drugs affected, we
recommend that patients and healthcare providers

avoid any citrus juice intake when taking medica-
tions until adverse effects due to possible interac-
tions have been ruled out in clinical studies.

Furthermore, since the effect of grapefruit juice
on intestinal CYP3A4 is known to continue for more
than 24 hours, it might also be necessary to caution
against citrus juice intake for at least 1 day before
medication is taken. Furthermore, the elderly should
be carefully cautioned about the need to avoid con-
comitant intake of grapefruit juice.
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Abstract Objective: Ca antagonists are one of the most
popular classes of drugs used to treat hypertension and
angina. These drugs may interact with either CYP3A4
or MDR-1 substrates, with the degree of interaction
differing with each drug. We carried out a literature
search to examine and compare the extent to which
crucial pharmacokinetic (PK) information is included
in package inserts (PIs) in Japan, USA and the UK.

Methods: A MEDLINE search from 1966 to Novem-
ber 2004 was undertaken with the aim of identifying
studies on clinical PK drug interactions between seven
Ca antagonists that are available in three countries
and three CYP3A4 inhibitors (erythromycin, itraco-
nazole and cimetidine), a CYP3A4 inhibitory food,
grapefruit juice (GFJ) and the MDR-1 substrate, di-
goxin. The current PIs for Ca antagonists were ob-
tained from the website of the regulatory authorities or
the electronic Medicines Compendium.

Results: Of all possible combinations of seven Ca antag-
onists with three CYP3A4 inhibitor drugs, drug interac-
tion information was available in the literature on nine
combinations: Seven of these were listed in the USA PIs,
two in the UK PIs, and none in the Japanese PIs. Inter-
action studies with GFJ were reported for every Ca
‘antagonist; PIs in the USA provided quantitative data for
four of these interactions, whereas UK PIs provided
quantitative data for only one of the interactions and
Japanese Pls provided no quantitative information. The
PK data of co-medication of digoxin with Ca antagonists
have been reported for every Ca antagonists. The USA PIs
provided quantitative data for five Ca antagonists,

whereas the UK PIs provided quantitative data for three.
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Ca antagonists and Japanese PIs provided no quantitative
data.

Conclusion: The literature search revealed that PIs in the
USA provided a great deal of quantitative information on
PK interactions between Ca antagonists and other drugs
or GFJ. In contrast, PIs in the UK and Japan did not
provide sufficient information. We conclude that crucial
quantitative information on these drug interactions
should be incorporated in PIs, especially in Japan and the
UK, as a means of assisting healthcare providers.

Keywords Package inserts - Ca antagonists -
Drug interaction - Grapefruit juice
CYP3A4 inhibitor - Digoxin

Introduction

The majority of Ca antagonists function as the substrate
and inhibitor of both CYP3A4 and MDR-1 [1, 2]. In or-
der to evaluate available information on pharmacokinetic
(PK) interactions, we selected three representative
CYP3A4 inhibitory drugs, itraconazole, erythromycin
and cimetidine, a CYP3A4 inhibitory food, grapefruit
juice (GFJ), and digoxin, which is a substrate for
CYP3A4 but not for MDR-1, and carried out a literature
on clinical PK interactions between Ca antagonists and
these CYP3A4 inhibitory drugs and GFJ. We then com-
pared how this information is reflected in package inserts
(PIs) in Japan, USA and the UK.

Methods

The PIs used currently in Japan were obtained ftom the
website of the Pharmaceuticals and Medical Device

Agency (http://www.pmda.go.jp), the USA PIs were

obtained from the Federal Drug Administration (FDA)
website (http://www.fda.gov) and the UK PIs were ob-
tained from the electronic Medicines Compendium
(http://emc.medicines.org.uk) and British National
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Formulary website (http://www.bnf.org/bnf/index.htm).
According to the website of the European Medicines
Agency (EMEA), there is no centralized authorization
of Ca antagonists in the European Union. Each website
was accessed in November 2004. The literature search was
conducted using MEDLINE from 1966 to November
2004 with the aim of identifying studies on clinical
PK interactions between Ca antagonists and either
CYP inhibitors, GFJ or digoxin. We collected informa-
tion on the AUC (area under the blood concentration-
time curve), Cpay (maximum blood concentration) and
pharmacodynamic (PD) effects of the co-administration
of Ca antagonists and CYP inhibitors or GFJ. As our
initial literature search revealed a scarcity of information
on digoxin-Ca antagonist interactions, we subsequently
directed our search to obtaining PK information on
digoxin, including steady-state plasma concentration
(Css), trough level, AUC and Cp,y.

Resuits

Analysis of the drug PIs showed that at the time of this
investigation 18 types of dihydropyridine derivatives

were available in the three countries: 14 in Japan, seven
in the USA and nine in the UK. Nine drugs, aranidipine,
azelnidipine, barnidipine, benidipine, cilnidipine, efon--
idipine, manidipine, nilvadipine and nitrendipine, were
available only in Japan; two drugs, lacidipine and ler-
canidipine, were available only in the UK; two drugs,
isradipine and nimodipine, were available only in the
UK and USA. Only five drugs, amlodipine, felodipine,
nicardipine, nifedipine and nisoldipine, were available in
all three countries. Both of the non-dihydropyridine
derivatives, verapamil and diltiazem, were available in
all three countries. We consequently focused on these
seven drugs common to three countries.

Effect of the CYP3A4 inhibitors, erythromycin, itraco-
nazole and cimetidine, on the pharmacokinetics of Ca
antagonists (Table 1)

Dihydropyridine derivatives
Of the 15 combinations of five Ca antagonists (dihy-

dropyridine derivatives) and three CYP3A4 inhibitors
that we studied, PK information on seven combinations

Table 1 PK information on CYP3A4 inhibitor-Ca antagonist interactions and the description on the PI

Literature information

Quantitatjv-e data in package inserts®

CYP3A4 inhibitors AUC Conax Adverse Reference Japan USA UK
effects/PD?
Dihydropyridines
Amlodipine Erythromycin No data No data - - - -
itraconazole
Cimetidine No effect No effect [6° - No effect No effect
Felodipine Erythromycin 2.5-fold 2.3-fold Palpitations, {7, 8} - 2.5-fold (AUC and -
) flushing, etc. Caax)
Itraconazole 6.3-fold 7.8-fold Increased HR, [9, 10] - AUC: eightfold; Cpax: —
. lower BP more than sixfold
Cimetidine 1.6-fold 1.6-fold [t1] - AUC and Cpay: -
1.5-fold
Nicardipine Erythromycin No data No data - - -
itraconazole
cimetidine -
Nifedipine Erythromycin No data No data - - -
Itraconazole 4.4-fold in trough Peripheral edema [12]° - - -
Cimetidine 1.8-fold 1.8-fold Increased effect [13, 14] - - -
and HR
Nisoldipine Erythromycin No data No data - - -
itraconazole
Cimetidine 1.3-fold 1.5-fold Not effect [15, 16] - AUC and Cyay: -
| 1.3- to 1.45-fold
Others .
Verapamil Erythromycin No data No data - - -
itraconazole
Cimetidine No effect No effect  No effect to [17, 18) - Reduced or -
to 1.4-fold to 1.4-fold increased effect unchanged clearance
Diltiazem  Erythromycin No data No data - - -
itraconazole
Cimetidine 1.5-fold 1.6-fold [19] - AUC: 1.53-fold; -

Crmax: 1.58-fold

—, No data provided; HR, heart rate; BP, blood pressure

A review of cited company data. Original data was not published

“Case report



was availabie in the literature. Some of the combinations
were accompanied by significant PD effects, such as
edema and increased heart rate.

The Japanese PIs for amlodipine did not mention
interactions with any of the CYP inhibitors included in
this study, whereas in the USA and UK, the Pls for
amlodipine stated that no interaction with cimetidine
had been found. The PIs for felodipine from all three
countries listed all CYP inhibitors in the precautions/
interaction section, but only the USA PIs provided
quantitative data. PIs for nicardipine from all three
countries listed cimetidine in the precautions/interaction
section, but no data were provided in any of the PIs. The
UK PIs for nifedipine listed all three CYP inhibitors,
Japan listed itraconazole and cimetidine, while the USA
listed only cimetidine; none of these PIs contained
quantitative data. PIs for nisoldipine from all three
countries listed cimetidine in the precautions/interaction
section, but again, only the USA PIs provided data. The
UK PIs listed itraconazole in the contraindications sec-
tion without any quantitative data.

Non-dihydropyridine derivatives (verapamil
and diltiazem)

While there is some controversy regarding the interac-
tion between cimetidine and verapamil, cimetidine has
been shown to increase the AUC and Cy,ay of diltiazem.
There was no information in the literature on known
interactions of verapamil and diltiazem with either
erythromycin or itraconazole.

With respect to interactions with verapamil, the Jap-

anese PI listed itraconazole and the UK PI listed cimeti- -

dine, both without any quantitative data, while cimetidine
was listed in the USA PI with quantitative data. This PI
also mentioned “CYP inhibitors”, with erythromycin
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being cited as an example, although no additional details
were provided. Itraconazole was not specified in the USA
PI. The PIs for diltiazem from all three countries listed
cimetidine in the precautions/interaction section, but only
in the USA PI was the precautions/interaction section
accompanied by quantitative data.

Effect of GFJ on the PK of Ca antagonists (Table 2)
Dihydropyridine derivatives

Our literature search revealed information on PD
interactions between GFJ and all five dihydropyridine
derivatives, with the enhancement of the blood pressure-
lowering effect being noted for felodipine, nicardipine
and nisoldipine. While the effect of GFJ on the PK of
amlodipine was minimal, GFJ did cause a marked in-
crease in the AUC and Cp.y of the other Ca antagonists.

GFJ was not mentioned in the Japanese PIs for am-
lodipine, whereas the USA and UK Pls provided
information on GFJ, with a brief summary of an inter-
action study in the “Special Studies” section. For fe-
lodipine, nifedipine and nisoldipine, the PIs from all
three countries mentioned interactions with GFJ, but
only the USA PI provided quantitative information. For
nicardipine, the USA PI did not mention GFJ, whereas
both Japanese and UK PIs listed interactions with GFJ
without providing any quantitative data.

Verapamil and diltiazem

Although data from the literature on the effect of GFJ on
verapamil are controversial, one study showed that in-
creases in the AUC and Cp.x and a prolongation of the
PR interval in cardiograms are associated with this

Table 2 PX information on grapefruit juice-Ca antagonist interactions and the description in the PI

Literature Quantitative
Information® data in PIs®
AUC Crnax Adverse Reference Japan USA UK
effects/PD
Dihydropyridines
Amlodipine 1.2 fold 1.2-fold No effect on BP [20] - No effect No effect
and HR
Felodipine 1.7- to 29 fold 2.7- to 4.0-fold Lower diastolic BP, [7, 21] - More than twofold increase —
and higher HR in AUC and Cpax
Nicardipine 1.6-fold No data Higher HR [22] - - -
Nifedipine = Twofold 1.9-fold ) 23] - Twofold increase -
in AUC and Cpax
Nisoldipine  2.0- to 4.1-fold- 4.1- to 49-fold Decreased systolic [24, 25] - AUC: two to fivefold; Crnax: —
and diastolic BP three to sevenfold
Others
* Verapamil No effect up No effect up Prolongation of PR [26, 27] - - ] -
to 1.5-fold to 1.6-fold . interval in
cardiograms
Diltiazem No effect up No effect up No effect on BP [28, 29] - - -
to 1.2-fold to 1.2-fold and HR

2_ No data provided; HR, heart rate; BP, blood pressure
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combination. The PIs in all countries listed GFJ in the
interactions section without providing any quantitative
information.

Our literature search revealed that diltiazem had only
a minimal effect on the blood concentration of the Ca
antagonist and no significant effect on pharmacological
actions. GFJ was not listed in the PIs of any of the
countries as a possible source of interaction.

Effect of Ca antagonists on the PKs of digoxin (Table 3)
Dihydropyridine derivatives

Information in the literature indicated that amlodipine
did not alter either the C,, or pharmacological effects of
" digoxin. Felodipine was reported to increase the Cpay of
digoxin, although the trough level and pharmacological
action were not altered. One study reported that nicardi-
pine did not significantly alter the AUC of digoxin,
whereas another study showed that there was an increase
in the plasma concentration of digoxin. Nifedipine in-
creased the AUC and plasma concentration of digoxin,
while nisoldipine increased the trough level with altered
systolic time intervals.

The Japanese PI for amlodipine did not mention di-
goxin, whereas the USA and UK PIs stated that amlod-
ipine did not alter serum digoxin level. For felodipine, the
Japanese and UK PIs listed digoxin without any quanti-
tative data, whereas the USA Pl stated that no significant
interaction was observed. All PIs for nicardipine and
nifedipine listed digoxin without any supporting quanti-
tative data. For nisoldipine, the Japanese PI listed digoxin

without any quantitative data, whereas both the USA and

UK PIs stated that no significant interaction was ob-
served with this drug combination.

Verapamil and diltiazem

There are reports that verapamil increases various PK
parameters of digoxin, whereas diltiazem only increases
the AUC of digoxin.

The USA PI for verapamil listed digoxin accom-
panied with quantitative data, whereas both Japanese
and UK PIs mentioned digoxin without any quanti-
tative data. For diltiazem, all PIs listed digoxin with
only the USA and UK PIs containing quantitative
data.

For all of the possible combinations of the seven Ca
antagonists studied with the three CYP3A4 inhibitor
drugs, information on nine combinations was available
in literature: seven were listed in USA PIs, one in the
UK PI and none in the PI for Japan. Similarly, inter-
action studies with GFJ were reported for every Ca
antagonist, and the PIs in the USA also provided
quantitative data for four of the Ca antagonists,
whereas quantitative data were provided for only one
Ca antagonist in the UK PIs and no quantitative data
were provided in the Japanese PIs. Japanese PIs merely
expressed that GFJ “may increase plasma concentra-
tion” or cited experience with similar drugs as “‘coad-
ministration of GFJ increased blood .concentration of
nifedipine”. PK data on the co-medication of digoxin
with Ca antagonists have been reported for every Ca
antagonist. The USA PIs provided quantitative data
for five drugs, whereas the UK PIs provided informa-
tion for three and the Japanese PIs provided no
information.

For drugs common to all three countries other
than the seven specifically studied here, a small
number of PIs provided gquantitative interaction data:
four for the USA, three for the UK and four for
Japan.

Table 3 PK information on digoxin-Ca antagonist interactions and the description in the PIs

Literature information:
change in digoxin

Quantitative data for
digoxin in PIs®

PK PD Reference Japan USA UK
. Dihydropyridines
Amliodipine Not significant (C) No change [30] - No change of serum level No change in serum level
or renal clearance or renal clearance
Felodipine 1.2- to 1.4-fold (Cmax), No change [31, 32] - No change -
unchanged trough
Nicardipine 1.1-fold {33] - - -
Nifedipine 1.45-fold [34] - - -
(plasma level) i
Nisoldipine  1.15- fold Altered systolic  {35] - No interaction No interaction
(trough) time intervals
Others
Verapamil 1.6- to 1.8-fold (Cy), Shortened [34, 36] - 1.5- to 1.75-fold =
1.7-fold (plasma level)  systole time (Serum level) v
Diltiazem 1.2-fold (AUC, Cs), [37, 38] - 1.2-fold or no increase Small increases

no effect (serum level)

of serum level in serum level

# —, No data provided



Discussion

Drug interactions$ are one of the most important issues
to be considered for the safe and proper use of drugs.
Quantitative data from clinical PK interaction studies
may provide valuable information for predicting the
adverse reactions that may occur with co-medication.
However, a lack of critical information may make it very
difficult for healthcare providers to have a clear under-
standing of what can be considered to be a potential
interaction and, consequently, to choose suitable drugs
within the same class.

Focusing on seven Ca antagonists available in all
three countries, we carried out a thorough literature
search in order to analyze the information available on
potential PK interactions of these Ca antagonists with
three specified CYP3A4 inhibitors, GFJ and digoxin.
We found that PK data were available for only one-half
of the possible combinations with the CYP3A4 inhibi-
tors, while all of the combinations with GFJ or digoxin
were fully documented. The major reasons for the lim-
ited number of clinical PK studies with CYP3A4
inhibitors may originate in the vast number of CYP3A4
substrate drugs and inhibitors on the market and be-
cause the interaction was easily predicted by in vitro
studies. Two factors can help explain the extensiveness
of the clinical PK studies on the interactions of Ca
antagonists with GFJ: (1) the metabolic inhibition of
GFJ on Ca antagonists in the intestinal wall is a rela-
tively recent discovery; (2) the extent of the interaction
is, in some cases, extremely high; for example, a more
than tenfold increase in the simvastatin AUC following
GFJ intake. With respect to the interaction of Ca
antagonists with digoxin, there were also extensive
studies, probably because the plasma concentration of
digoxin is affected by MDR-1 substrates and the thera-
peutic range is very narrow.

The USA PIs contained considerable quantitative
information even though most of the interaction studies
had been reported following approval of the drugs. In
contrast, the UK PIs provided quantitative information
for a great many fewer drugs, and Japan PIs provided
only general information on GFJ-Ca antagonist inter-
actions, such as “GFJ may increase the blood concen-
tration of the Ca antagonist”, although they did list
many interactive drug names in the precautionary sec-
tion. In the case of Japan, the regulatory guidelines re-
quire that the PI be “‘as simple as possible”, and do not
obligate the license holders to reflect the result of “no
effect” explicitly [3—5]. This might have lead to the non
inclusion of literature data in the Japanese PIs. There-
fore, it is likely that the descriptive differences of the Pls
for each Ca antagonist between countries may reflect the
differences in the attitude of the regulatory authorities.

In conclusion, we consider that it would be very
helpful to healthcare providers to provide a minimal
amount of clearly presented critical information in the
drug PIs, even though detailed information is provided
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by the license holder, via supplemental prescription aids
such as interview. forms, Summary of Product Charac-
teristics (SPC) or European Public Assessment Reports
(EPARs).
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* Improvement of Package Insert CYP Information
for Prescription Drugs Marketed in Japan

Mutsuko Hirata-Koizumi, Mitsuo Saito, Tsutomu Urano,
Shinji Miyake and Ryuichi Hasegawa

In clinical practice, one drug is frequently used in combination with one or more other drugs, rather than as a
sole regimen, and therefore healthcare providers need to carefully consider drug interactions. As mechanisms
of drug interactions, metabolic enzymes of drugs are seen as one of the most likely interactive sites, where a
majority of drugs are metabolized by cytochrome P450 (CYP). For this reason, providing appropriate
information on CYP in package inserts is of grave importance. In fact, the package insert is the primary tool
for supplying information on drugs to healthcare providers. The present study was designed to determine how
many package inserts of prescription drugs marketed in Japan were providing CYP information, We searched
the April 2003 version of "Drugs in Japan DB," which listed 2,022 prescription drugs, and found that only 239
package inserts (11.8%) mentioned CYP information and that only 194 (9.6%) specified CYP isozymes. To
assess the improvement of package inserts, we searched "Drugs in J. apan DB" from the January 2000 version to
the April 2003 version. We found that CYP information had incréased year by year (eg, 7.8-11.8% annually).
For newly approved drugs, an ana1y51s of the relationship between approval year and CYP information in
package inserts (April 2003 version) revealed that recently approved drugs had more CYP information (eg,
45.5-51.3% of drugs in 1999-2002, comparéd to 6.8-26.1% in 1991-1996). A search for regulatory review
documents for new drgs approved from 1999 to 2002 suggestéd that this recent improvement could be related
to the increased number of studies identifying CYP isozymes involved in the metabolism or i.nferaction with
other drugs. Another reason for the recent improvement may be the fact that the guideline for package inserts
for prescription drugs was revised in 1997, and the guidelines for drug interaction and pharmacokmenc studles

were published between 1997 and 1999.

Key Words: package insert, CYP information, CYP isozyme, prescription drug
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Figl The number of drugs with ‘statement of CYP isozymes involved in the meta.bolism or interaction with other drugs in the package inserts,

with respect to each of the isozymes.

The April 2003 version of "Drugs in Japan DB" was searched to count the number of drugs with statement of each CYP isozyme, by which the
drugs are metabolized or at which the drugs interact with other drugs. As the rest of CYP isozymes shown in this figure, CYP1A (the number

: of drugs: 1), CYP2B (1) CYP2C (2), CYP2C18 (2), CYP3AS (1) and CYP24 (1) were also mentioned in package inserts.
. Percentage to 188 drugs with statement of any. of the CYP isozymes involved in the metabolism or interaction with other drugs in the

package inserts
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Fig.2 Linear increment in the ratio of drugs with CYP information in the package inserts from 2000 to 2003.
The January 2000 versxon, the April 2001 version, the October 2002 version and the April 2003 version of "Drugs in Japan in DB" were searched
to count the number of drugs with information on CYP or CYP isozymes in the package inserts. The parenthesis inside the figure indicates the
number of drugs with any information on CYP or CYP isozymes in the package inserts. The parenthesxs below the horizontal axis indicates the

number of all drugs listed in each version of "Drugs in Japan in DB".

- 60 _
The number of approved L . 51.3%

[« d P h - : . . .
. S0t TUES I each yeur, 47.2% 47.8%
p. 1991 34 [ 1997 15

o 1992 | 33 | 1988 {1 ‘21

.53 1993 | 36 | 1999 | 38

S w40l ) 1994 | 44 | 2000 | 39

ETt 1995 23 | 2001 22 .

L a 1996 | 21 | 2002 i 23 33.3%

£ £ . ) .

= 9 )

T80

w ©O

43
£ o

w5

© = 20 | 17.6%

o £

7]

3

=4

]

5

S 10

, - 6.8%
1 1 ! L1 T | ] 1 1 L 1
0

1991 1992 1993 1994 ' 1995 1996 1997 1998 1999 2000 2001‘_ 2002

. . Approval year of drugs

Fig 3 The number of annually approved drugs and change in the ratio of drugs with CYP information in the package inserts by the approval year.
.For drugs with new active ingredients approved from 1991 to 2002, the package inserts were searched for any information on CYP, using the
April 2003 version of "Drugs in Japan DB". The number of drugs with any information on CYP-in the package inserts was counted by the
approval year, and the percentage to all drugs approved each year was calculated.
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Fig.4 The implementation of studies to idenﬁfy CYP isozymes for new drug application from.1999 to 2002 and reflection of the résults in

package inserts

Regulatory review documents for drugs with new active ingredienfs approved from September 1999 to 2002 were searched for studies
identifying CYP isozymes involved in tht_a metabolism and interaction with other drugs. The number of drugs, on which the stiudy was
conducted for new drug application, and having the results in their pzickage inserts of the April 2003 version of "Drugs inJ apan DB", was

¢ounted by the approval year, and the percentage to all drugs approved each year was calculated.
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