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Abstract:
Citrus juices can interact with a number of medications. As little as 250 ml of grapefruit or orange juice can change the metabolism of
drugs. Most drugs affected by citrus juices are known to be metabolized by CYP3A4. Recently, some studies have shown an in vitro
inhibition of CYP2D6 metabolism by grapefruit juice. CYP2D6 enzyme is an important factor in the metabolism of 20–25% of
clinically important drugs, such as antidepressants, neuroleptics, antiemetics, cardiologic drugs and opioids.
The aim of our study was to investigate the effects of orange juice on human cytochrome CYP2D6 enzyme activity.
The study involved twenty unrelated healthy volunteers. Ten of them received 250 ml (one glass) of orange juice daily for 5 days.
Control group consisted of ten persons who received 250 ml (one glass) of tap water. The CYP2D6 phenotype was analyzed before
and after 5 days of juice/water ingestion, using sparteine as a model drug. Sparteine and its metabolites were determined in urine by
the method of Eichelbaum. Metabolic ratio (MR) was calculated as the ratio of amount of parent drug to the total amount of
metabolites.
Mean MR, measured after 5 days of drinking the juice, increased by only 7% in group receiving orange juice, and by 10% in control
group receiving tap water.
Our results suggest that orange juice has no significant influence on metabolism and excretion of CYP2D6-dependent drugs. So it is
not necessary to advise patients against drinking orange juice at the same time when they take those drugs.
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Introduction
It is well known and generally accepted that intake of
some foods may affect the pharmacokinetics of drugs.

In 1991, the first clinical study of grapefruit juicedrug interaction demonstrated an obvious increase in
the AUC and Cmax of the calcium channel antagonists
felodipine and nifedipine [1]. Since then, many studies of grapefruit juice-drug interactions have been
conducted [3, 4, 9, 14–17].
Grapefruit juice interacts with a significant number
of medications. As little as 250 ml of grapefruit juice
can change the metabolism of numerous drugs. Most
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drugs affected by grapefruit juice are known to be primarily transported with participation of P-glycoprotein or/and metabolized by a form of cytochrome
P450, CYP3A4 [7, 8, 10]. This drug-food interaction
occurs because of a common pathway involving enzymes present in both the liver and the intestinal wall.
Co-administration of grapefruit juice with Pglycoprotein or CYP3A4-dependent drugs resulted in
substantial increases in their bioavailability and
higher risk of drug intoxication. Some preliminary
studies show an in vitro and in vivo inhibition of
CYP2D6 metabolism by grapefruit juice [19].
CYP2D6 enzyme activity is a crucial factor in the metabolism of 20–25% clinically important drugs, such
as tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRI), neuroleptics, antiemetics (ondansetron, tropisetron), cardiologic drugs (propafenon, flecaind) and opioids (codeine, tramadol). Poor,
slow metabolism via CYP2D6, either genetically determined or caused by enzyme inhibition triggered by
drug-food interaction, could cause serious drug toxicity or occurrence of substantial adverse drug reactions
(ADRs) [2, 5, 6, 10, 11].
Recently, reports have been published regarding interactions between citrus juices other than grapefruit
juice and drugs. In the first clinical study of citrus
juice and drug interaction, orange juice, in contrast to
grapefruit juice, did not affect at all the pharmacokinetics of felodipine. Subsequently, orange juice was
even sometimes used as a negative control in studies
of grapefruit juice-drug interactions. However, notable clinical results that might change this long-held
stance have been reported. In one study, orange juice
reduced the AUC and Cmax of fexofenadine [4]. Orange juice also substantially reduced the Cmax, AUC
and urinary excretion of celiprolol [9]. Those findings, suggesting induction of metabolism, reveal that
not only grapefruit juice, but also orange juice could
influence drug metabolism. Therefore, there is a possibility that orange juice intake could cause changes
in CYP2D6 metabolism.
The aim of our study was to investigate the effects
of orange juice on human cytochrome CYP2D6 enzyme activity. Our goal was to assess the possible importance of orange juice as: a) a potential risk factor
of adverse drug reactions (ADRs) occurrence or increasing toxicity of drugs, or b) quite opposite – a factor decreasing efficacy of drugs, which are metabolized by cytochrome CYP2D6.
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Materials and Methods
Subjects

Study involved twenty-two individuals, healthy, nonpregnant unrelated volunteers with normal kidney and
liver function. All were of native Polish origin, living
in the southwestern (Lower Silesia) region of Poland.
The characteristics of study participants are summarized in Table 1.

Tab. 1. Characteristics of persons in whom oxidation phenotype was
determined
Group

Number of persons
Females Males

Total

Age (years)
Mean

± SD

Orange juice

5

5

10

24.7

4.4

Controls (tap water)

6

4

10

23.2

3.8

All subjects

11

9

20

23.9

4.2

Informed consent was obtained in every case. The
protocol for the study was approved by the Bioethics
Committee of the Wroc³aw Medical University.
The CYP2D6 genotype was analyzed before
juice/water ingestion.
Genotyping

DNA was obtained from leukocytes isolated from peripheral blood. Genotyping for the defective
CYP2D6*3 (single base-pair deletion in exon 5),
CYP2D6*4 (G1934 to a point mutation) and CYP2D6*5
(deletion of the whole CYP2D6 gene) alleles was performed by polymerase chain reaction amplification
and restriction fragment length polymorphism
(PCR-RFLP) modified techniques based on method
described by Smith et al. [18]. Alleles carrying neither
CYP2D6*3, CYP2D6*4 nor CYP2D6*5 mutations
were classified, using this method, as CYP2D6*1
(wild-type) alleles. Homozygotes carrying two wildtype CYP2D6*1 alleles and heterozygotes carrying
one wild-type and one mutant (CYP2D6*3,
CYP2D6*4 or CYP2D6*5) allele were classified as
extensive metabolizers (EM). Homozygotes carrying
two mutant alleles were classified as poor metabolizers of sparteine (PM).
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Phenotyping

Results and Discussion

The CYP2D6 phenotype was analyzed before and after 5 days of juice/water ingestion.
The subjects received 100 mg of sparteine sulfate.
All the urine excreted during 6 h was collected and
stored at –20°C until analyzed. Sparteine (SP) and its
metabolites 2- and 5-dehydrosparteine (DHS) were
determined in urine by the gas chromatographic
method of Eichelbaum [5] with minor modification
(such as 6 h instead of 12 h urine collection).
The metabolic ratio (MR) was calculated as:

% of dose excreted as sparteine
% of dose excreted as 2 - and 5 - dehydrosparteine
Individuals with a sparteine metabolic ratio lower
than 2.5 were classified as extensive metabolizers
(EMsparteine), and with MR higher than 2.5 as intermediate metabolizers of sparteine (IMsparteine).
Sparteine (7,14-methano-2H-dipyrido[1,2-a:1’,2’-e]
[1,5]diazocine) was obtained from Polfa Kutno
(Kutno, Poland). Internal standard was a generous gift
from Prof. M. Eichelbaum (Dr. Margarete FischerBosch Institute, Stuttgart, Germany).
Data analysis

MR

The statistical analysis of the results was performed
by using nonparametric Fisher Exact Test, Wilcoxon
Matched-Pairs Signed-Ranks Test and Mann-Whitney
U Test. Hardy-Weinberg law was applied to calculate
expected genotype frequency. For the analysis of the
susceptibility of drug metabolism to inhibition the
odds ratio (OR) was calculated.

Genotyping results revealed among 22 healthy volunteers the presence of 20 (91%) extensive CYP2D6
metabolizers (EM) and 2 (9%) poor metabolizers
(PM). Frequency of CYP2D6 homo- and heterozygotes, carrying CYP2D6*1 CYP2D6*3, CYP2D6*4
and CYP2D6*5 alleles were in general concordance
with expected values calculated using Hardy-Weinberg
law. Poor metabolizers (PM), with non-functional
CYP2D6 enzyme, unable to metabolize significant
amount of drugs, were excluded from further study.
Extensive CYP2D6 metabolizers (EM) were randomly divided into 2 groups, 10 subjects in each
group. The subjects received 100 mg of sparteine. All
the urine excreted during 6 h was collected and the
metabolic ratio (MR) was calculated. To prove that
both groups are similar according to CYP2D6 metabolic capacity, distribution of MR in both groups was
compared, using Mann-Whitney U Test, and frequency of sparteine extensive metabolizers (EMsparteine) and intermediate metabolizers (IMsparteine) was
compared using Fisher Exact Test. Both tests showed
no statistically significant difference (p > 0.1 and p > 0.05,
respectively).
Mean metabolic ratio (MR), measured again after 5
days of drinking the juice or tap water, increased by
7% in group receiving orange juice, and by 10% in
control group receiving water (Fig. 1), showing only
minimal inhibition of CYP2D6 metabolism. Changes
in frequency distribution of MR, content of unchanged sparteine and sparteine metabolites excreted
with urine, compared before and after 5 days of juice
or/water ingestion (evaluated by the use Wilcoxon

Fig. 1. Mean metabolic ratio (MR), measured before and after 5 days of drinking juice or water
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Matched-Pairs Signed-Ranks Test) all were not statistically significant in both groups (p > 0.05). Proportion of extensive metabolizers (EMsparteine), and intermediate metabolizers of sparteine (IMsparteine) in both
groups, (evaluated by the use of Fisher Exact Test) did
not changed significantly (p > 0.05). Also relative risk
of drug metabolism inhibition, calculated using the
odds ratio (OR = 0.84) was statistically insignificant.
Frequency of CYP2D6 poor metabolizers (9%)
among our subjects is close to frequency in the Polish
population (8%) [13].
Metabolic ratio increase by 7% is an equivalent of
similar decrease in detoxification potential of hepatic
enzymes, involved in metabolism of CYP2D6dependent drugs. Those numbers are significantly
lower than 34% increase after 5 days of drinking
grapefruit juice, revealed in our previous study [12].
Our results show neither relevant inhibition nor induction of CYP2D6 metabolism (contrary to inhibition by grapefruit juice previously analyzed by us).
Also the decrease in unchanged drug excretion induced by orange juice was not significant. Ingestion
of orange juice did not result in an increased risk of
CYP2D6-dependent drug inefficacy or toxicity, contrary to the documented significant influence on
CYP3A4 metabolism [4, 6].
The results suggest that orange juice has no significant influence on metabolism and excretion of
CYP2D6-dependent drugs, such as tricyclic antidepressants, SSRI, neuroleptics, antiemetics, cardiologic drugs and opioids. Therefore, it is not necessary
to advise patients against drinking orange juice, contrary to ingesting grapefruit juice, at the same time
when they take those drugs.
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