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Abstract
Because grapefruit contains fibre, vitamin C, antioxidants and phytochemicals, the fruit and its juice are consumed widely to 
help meet daily nutritional requirements. However, in the past 15 years, studies have shown that grapefruit juice can induce a 
several-fold increase in the plasma levels of particular drugs that can result in increased therapeutic or even toxic effects. The 
effect seems to be mediated mainly by inhibition of the cytochrome P450 enzyme CYP3A4 in the wall of the small intestine. This 
results in a decreased intestinal first-pass metabolism of drugs metabolised by this enzyme leading to higher bioavailability and 
increased maximum plasma concentrations of the drug. The effect is most pronounced in drugs which experience a high first-
pass effect.  

The components of grapefruit juice which are the most probable causes of the interaction are the furanocoumarin derivatives. 
Concomitant grapefruit juice intake does not generally decrease the variability of drug pharmacokinetic parameters. Therefore, it 
is recommended that patients abstain from drinking grapefruit juice when they are taking a drug that is extensively metabolised, 
unless a lack of interaction has already been demonstrated for that drug. It is also recommended that drugs possibly interacting 
with grapefruit juice should be appropriately labelled. The purpose of this article is to examine the cause of this food-drug 
interaction, discern the list of affected medications and to equip the pharmacist with this knowledge and specify their role in 
counselling patients on options to avoid the possibility of a grapefruit-drug interaction. 
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Introduction
The grapefruit (Citrus paradisi) derives its common 
name from the appearance of the fruit growing on 
the tree in clusters, reminiscent of grapes (Figure 
1). Grapefruit were initially thought to have come 
from the West Indies; Hughes and Browne reported 
that they were first seen growing in Jamaica and 
Barbados in the 1600s. However, according to 
Sinclair, Marloth, who discussed briefly the origin 
and early distribution of citrus fruits, said some 
grapefruit trees were growing in South Africa as 
early as 1661.1

Grapefruit are believed to have evolved from the 
pummelo or pomelo (C. maxima), a citrus fruit from 
the Rutaceae (orange) family, through mutation or 
as a hybrid with the common orange (C. sinensis). 
The grapefruit is larger than an orange but smaller 
than most pomelos and can yield approximately 
160  ml (2/3 cup) of juice. There are seedless and 
seeded varieties. The flesh comes in three colours, 
namely white, pink, and ruby red (Figure 2).2 Figure 1: Grapefruits growing in a cluster on the tree 
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Widely available, grapefruit and grapefruit juice are consumed 
by many individuals for fibre, vitamin C, antioxidants, and 
phytochemicals, to help meet daily nutritional requirements. 
Grapefruit is endorsed by the American Heart Association as a 
‘‘heart-healthy food’’ because it contains compounds that may 
reduce the formation of artherosclerotic plaques.3,4 It may also 
inhibit cancer cell proliferation.5,6  

As many as 15 years ago, investigators found that grapefruit 
juice can markedly augment oral drug bioavailability. This 
was an unexpected observation from an interaction study 
between the dihydropyridine calcium channel antagonist, 
felodipine, and ethanol, in which grapefruit juice was used as 
a flavour supplement to mask the taste of the ethanol. A non-
intoxicating dose of ethanol or placebo was administered to 
subjects, followed by 5 mg felodipine. For both study arms, 
serum felodipine concentrations were noted to be several times 
greater than that previously reported at the same dose when 
grapefruit juice was not used (Figure 3).7 It was recognised 

that this finding was possibly due to a pharmacokinetic 
interaction between grapefruit juice and felodipine.8   Since this 
observation, much research has focused on the mechanisms 
of drug-grapefruit juice interactions and the medications that 
interact with the juice.9 Many more drugs have shown enhanced 
oral bioavailability when consumed with grapefruit juice. Most 
of the drugs affected by grapefruit juice have poor and highly 
variable oral bioavailability. In addition, most of these drugs are 
chiefly metabolised in the body by the cytochrome P450 (CYP) 
enzyme CYP3A4, found in the liver and intestine.8 

Grapefruit juice appears to reduce intestinal first-pass 
metabolism by reducing intestinal CYP3A4 activity, but the 
effect of co-inhibition of P-glycoprotein is very important 
and should not be ignored. Because it does not generally 
affect the systemic clearance of affected drugs, it appears that 
grapefruit juice selectively reduces intestinal CYP3A4 activity 
while having little effect on liver CYP3A4.10 Presumably the 
active components in grapefruit juice do not reach the liver 

in sufficient concentrations to affect 
hepatic CYP3A4 activity, even though 
a variety of juice components have 
been implicated in inhibiting these 
enzymes.11 

Active components of 
grapefruit juice
Originally, naringin was thought to be 
the main component responsible for 
grapefruit-drug interactions. However, 
studies have shown naringin to be 
a weak inhibitor of CYP3A4. It has 
also been demonstrated that the 
administration of isolated naringin to 
humans, in quantities comparable to 
those found in grapefruit juice, do not 
cause the same degree of inhibition 
of intestinal CYP3A4 as grapefruit 
juice.10-12 

In addition to flavonoids, researchers 
have also focused on furanocoumarins 
found in grapefruit juice as CYP3A4 
inhibitors. The furanocoumarins, such 

Figure 2: White, pink and ruby red grapefruit

Figure 3: The interaction between felodipine and grapefruit juice. Reproduced with permission from 
the author, Paul B Watkins7
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as bergamottin, were originally thought to be responsible for 
the inhibition of intestinal CYP enzymes.13 Relative exposures 
to bergamottin were not known, and doses administered 
were typically larger than those encountered by humans after 
normal consumption of grapefruit juice. Thus the relevance 
of bergamottin in the clinical interaction of grapefruit juice 
in humans is currently uncertain.6 The most abundant and 
probably the single most important furanocoumarin is 
6’,7’-dihydroxybergamottin (DHB).13 Reports by different groups 
indicate that DHB is a potent mechanism-based inactivator or 
inhibitor of CYP3A4.10,14 When bergamottin is administered as 
a pure substance, it enhances the oral bioavailability of some 
drugs. 

However, the effect is much less than that produced by 
grapefruit juice, even at markedly higher doses of bergamottin 
than normally present in the juice. Therefore it appears probable 
that the interaction also involves other furanocoumarins 
present in whole grapefruit juice. Orange juice has no CYP3A4-
inhibiting effects. However, when orange juice was spiked 
with a synthetic DHB, no significant difference was observed 
between the degrees of inhibition produced by either orange 
or grapefruit juice. Therefore, the DHB component in grapefruit 
appears to be a potent inhibitor of CYP3A4 and is most likely 
and primarily responsible for the interaction.15 

The microsomal isoenzyme, CYP3A4, present in the liver and 
the epithelial cells of the small intestine, accounts for nearly 
40%  of all CYP isoenzymes (although it is important to note that 
grapefruit inhibits CYP in the gastrointestinal tract but not in the 
liver) and is involved in the majority of significant CYP-mediated 
drug interactions. Inhibition of the CYP3A4 isoenzyme, either 
reversible or irreversible, will result in a reduced metabolism 
and metabolic clearance of CYP3A4 substrates.16

Although most studies have used fresh grapefruit juice or the 
reconstituted frozen product, it has been proposed that the 
substances responsible for drug interactions are also present 
in the pulp, peel, and core of the fruit.4 A serious case of 
rhabdomyolysis in a patient taking the cholesterol-lowering 
medication simvastatin was believed to be precipitated when 
the patient began eating a whole grapefruit for breakfast.17   

Mechanism of action of grapefruit juice 
components 
DHB and other furanocoumarins appear to reduce mainly 
intestinal CYP3A4 activity by three related but distinct 
mechanisms, as follows: 1,13,15,18

•	 Competitive or reversible inhibition of CYP3A4.

•	 Mechanism-based inactivation (also called irreversible 
inhibition).

•	 Actual loss of CYP3A4 enzyme.

The first and most common mechanism results from the 
competition between the inhibitor and substrate for the 
same CYP isoenzyme required for substrate metabolism 
and elimination. The effects of competitive inhibition can be 
observed after administration of the first dose of the inhibitor. 

The most potent grapefruit components causing a mechanism-
based inactivation of CYP3A4 are furanocoumarins, which 
bind irreversibly to CYP3A4 and permanently inactivate the 
isoenzyme. The duration of mechanism-based inhibition may 
be longer than competitive inhibition because new CYP3A4 
isoenzymes must be synthesised for activity to be restored. 
The onset of the interaction occurs within 30 minutes following 
intake of a single glass of grapefruit juice with complete 
recovery of the CYP3A4 taking 48 to 72 hours after the last 
exposure to grapefruit juice, which explains why the effects 
may last for at least 72 hours after drinking grapefruit juice.19 
Therefore, it is important to note that, because of mechanism-
based inhibition, separating the administration of grapefruit 
juice and the substrate drug by a few hours does not have 
a significant ameliorating effect on the grapefruit-drug 
interaction. Physicians and pharmacists should be aware of this 
and should advise patients to avoid grapefruit entirely if they 
are taking medications known to interact significantly with 
grapefruit juice. 

The literature indicates that grapefruit juice has no effect on 
drug disposition after intravenous administration and does 
not alter liver CYP3A4 activity. Therefore, this pharmacokinetic 
interaction is thought to be primarily due to grapefruit juice-
mediated inhibition of intestinal CYP3A4 activity, without 
apparent inhibition of hepatic CYP3A4 activity. Grapefruit juice 
inhibition of CYP3A4 in vivo appears to involve irreversible 
inactivation of CYP3A4, as evidenced by down-regulation 
of intestinal CYP3A4 protein content without alteration of 
intestinal messenger ribonucleic acid levels.11 

In addition to the effect on intestinal CYP3A4, some evidence 
suggests that grapefruit juice may also inhibit the drug 
transporter P-glycoprotein (P-gp), an organic anion transporting 
peptide.20-22 P-gp is an efflux membrane transporter (Figure 
4).10 As with CYP3A4, P-gp is found in high concentrations 
within small intestinal enterocytes, the primary site of oral 
drug absorption. The role of P-gp is to secrete absorbed 
drugs actively back into the intestinal lumen. After uptake by 
the enterocyte, the drugs are either metabolised by CYP3A4 
or pumped back out (effluxed) into the lumen by the P-gp 
transporter. Therefore, simultaneous inhibition of CYP3A4 and 
P-gp will further increase blood levels of the drug substrate. 

Clinical significance of grapefruit-drug 
interaction 
The clinical significance of grapefruit juice-drug interactions has 
been debated. Reports of cases of drug toxicity associated with 
grapefruit juice have been very rare. Although reporting is likely 
to be incomplete, there are two reasons why the true incidence 
of clinically significant grapefruit juice-drug interactions is 
probably low.23 

Firstly, the drugs affected by grapefruit juice may 
characteristically have a highly variable apparent oral clearance, 
probably because of the well-established interpatient variability 
in activity of intestinal CYP3A4. For this reason, affected 
drugs must generally have a very wide therapeutic index. (An 
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exception is ciclosporin, for which blood level monitoring is 
generally used to guide individualisation of dosing.)

Secondly, the relative magnitude of response to grapefruit 
juice for a given patient appears largely to be a function of the 
patient’s relative intestinal CYP3A4 activity. After a standard oral 
dose of a “susceptible” drug, subjects with a very low CYP3A4 
activity in the intestine will tend to have a relatively high area 
under the curve (AUC). On the other hand, subjects with high 
intestinal CYP3A4 activity will exhibit a marked increase in AUC 
when affected drugs are taken with grapefruit juice. 

Another situation might arise in a patient with severe liver 
disease, in whom the intestine is the major site of drug 
metabolism. Such a patient would be expected to have a high 
systemic exposure to the drug at usual doses; loss of intestinal 
CYP3A4 activity would further increase the exposure. 

Furthermore, it is possible that certain patients who are 
particularly predisposed to the toxic effects of a susceptible 
drug will be more likely to have toxicity when they consume the 
medicine with grapefruit juice, simply because their systemic 
exposure to the drug would increase. In the future, as more 
research data on this interaction become available, it should 
be possible to use grapefruit-derived furanocoumarins, in a 
controlled manner, as additives to certain drugs to improve 
their oral bioavailability, and perhaps through this enable a 
drug-sparing effect. 

Lastly, to assess thoroughly the clinical significance of grapefruit-
drug interactions, the amount of grapefruit juice must also be 
considered. Consumption of a single glass of regular-strength 
grapefruit juice is sufficient to inhibit CYP3A4.19 The magnitude 
of the interaction may vary depending on the extent of 
intestinal CYP3A4 expression in an individual patient. This 
variation between individuals may be significant and is difficult 
to predict. The grapefruit-drug interaction appears to affect 
patients with high quantities of intestinal CYP3A4 isoenzymes.  

Table I gives examples of the effect of grapefruit juice on the oral 
bioavailability of certain drugs. However, individual variation 

among patients and common pharmacological principles 
should be kept in mind when interpreting this data.

Reduction in bioavailability of certain drugs 
by grapefruit juice
When a study was conducted to evaluate the effects of 
grapefruit juice on the pharmacokinetics of the β-adrenergic 
receptor-blocking agent celiprolol in healthy volunteers, the 
results showed that there was a decrease in bioavailability of 
celiprolol. The grapefruit juice-celiprolol interaction may have 
been caused by physicochemical factors (e.g. an effect on 
intraduodenal pH and lipid solubility of celiprolol) or formation 
of a complex between celiprolol and a component of grapefruit 
juice. However, other mechanisms, such as inhibition of uptake 
transporters of the intestine, could also have contributed to 
the interaction.18 This suggests that grapefruit may also reduce 
bioavailability of certain drugs. 

Over-the-counter medications
Research has yet to uncover clinically significant interactions 
between grapefruit juice and over-the-counter (OTC) 
medications. However, caffeine, dextromethorphan, chlorphe
niramine and loratadine may interact to some degree, 
but because of the wide therapeutic index of these drugs, 
occasional use of OTC medications containing these drugs 
in standard doses with concurrent grapefruit ingestion is not 
expected to result in significant adverse effects.18 Caution may 
be warranted, however, in the elderly and in individuals who 
may be taking other prescription or non-prescription CYP3A4 
inhibitors (e.g. cimetidine, clarithromycin, erythromycin, 
fluvoxamine, itraconazole, ketoconazole, nefazadone and 
protease inhibitors). Additionally, dietary supplements or 
botanical products such as St John’s wort may also inhibit 
CYP3A4, and may result in additive enzyme inhibition with 
grapefruit.25

Figure 4: P-glycoprotein efflux membrane transporter
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Table I: Interactions between grapefruit juice and CYP3A4 substrates

Drug class Significant 
interaction

Negligible 
interaction

Findings in significant 
interaction

Implications of significant 
interaction

Antiarrhythmics
 

Amiodarone   Increases aAUC by 50% and peak 
plasma concentration by 84%
Pulse rate and QRS intervals are not 
significantly altered and systolic 
arterial pressure decreases slightly.24

Monitor for arrhythmias and 
toxicity

Quinidine   Delays absorption of quinidine 
and inhibits the metabolism of 
active metabolite25

Clinical significance unknown

Anticonvulsant Carbamazepine   Increases AUC, peak and trough 
concentrations by 40%26

Monitor for signs of toxicity such 
as dizziness, ataxia, drowsiness, 
nausea, vomiting, tremor, and 
agitation 
Monitor blood levels

Antidepressants Sertraline, trazodone, 
nefazodone, 
clomipramine

  Increased plasma concentration27 Monitor for increased side-effects

Antihistamine Fexofenadine Desloratadine May decrease oral absorption 
and blood levels by inhibiting 
the organic anion-transporting 
polypeptide20

Clinical significance unknown

Antihyper
tensives
 

Carvedilol   Increased bioavailability of a 
single dose by 16%28

Clinical significance is unknown

Losartan   May reduce the AUC of the major 
active metabolite29

May reduce effectiveness but 
further studies are needed to 
determine significance

Anxiolytics and 
hypnotics

Diazepam, midazolam, 
triazolam, buspirone

Alprazolam Increased plasma concen
tration30,31

Monitor for possible increase in 
sedation

Calcium-
channel 
blockers

Felodipine, nicardipine, 
nifedipine, nimodipine, 
isaradipine, verapamil

Amlodipine, 
diltiazem

Increased plasma concen
tration32-34

Monitor for signs of toxicity, e.g. 
flushing, headache, tachycardia 
and hypotension

 Corticosteroids
 

Methylprednisolone 
(oral)

Prednisone Increased plasma concentration Consumption of large amounts of 
grapefruit juice may increase the 
risk of adverse effects

Budesonide   Increased oral absorption35 Monitor for signs of 
hypercorticism

Oestrogens Ethinyl oestradiol   Increased plasma concentration36 Clinical significance is unknown

bHMG-CoA 
reductase 
inhibitors

Atorvastatin, 
lovastatin, simvastatin

Fluvastatin, 
pravastatin

Increased plasma concen
tration29,37,38

Increased toxicity such as 
gastrointestinal complaints and 
muscle pain

Immuno
suppressants
 

Ciclosporin   Increased plasma concen
tration39,40

Monitor for signs of liver and 
renal toxicity and side-effects of 
increased immunosuppression

Tacrolimus   Possible increased plasma 
concentration25

Monitor for signs of 
nephrotoxicity and increased 
immunosuppression

Macrolide 
antibiotics

  Erythromycin Increased plasma concentration25 Clinical significance unknown

Protease 
inhibitors

Ritonavir, nelfinavir, 
saquinavir

Indinavir, 
amprenavir

Increased plasma concentra-
tion12,41

Monitor for possible increased 
side-effects

Others Sildenafil   Increased bioavailability42  

a = area under the curve, b = 3-hydroxy-3-methylglutaryl-coenzyme A
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Conclusion: role of the pharmacist 
Patients rely on the pharmacist for convenient advice on 
health issues. Pharmacists, are therefore, well placed to play 
an important role in minimising potential grapefruit-drug 
interaction situations. Patients need accurate and specific 
information. When educating a patient regarding a potential 
grapefruit-drug interaction, ask about grapefruit or grapefruit 
juice consumption. 

Remember, many fruit juice blends also contain significant 
amounts of grapefruit juice. Remind patients that most citrus 
juices, such as sweet orange, lemon, citron and tangerine, are 
considered safe. However, sour or bitter oranges such as Seville 
oranges may have an effect similar to grapefruit juice.18 Lime 
juice may also interact. In situations where a patient is taking 
a medication that interacts with grapefruit juice and does not 
wish to stop consuming it, the pharmacist might suggest other 
medication options.

Employing their extensive pharmacological background, 
pharmacists can often predict if a new drug might be a 
candidate for a significant interaction with grapefruit juice and 
can do so by considering the following:

•	 Is it given orally? 

•	 Is it metabolised by intestinal CYP3A4? 

•	 Does it have a low bioavailability? 

•	 Does it have a narrow therapeutic index?

The following key messages should be conveyed to patients:

•	 Most medications do not interact with grapefruit juice, 
but if you consume grapefruit or grapefruit juice, let your 
physician or pharmacist know, especially when beginning a 
new prescription. 

•	 Although believed to be safe based on the current literature, 
the effects of OTC products and herbal medications should 
still be monitored. 

•	 Alternative medications that do not interact with grapefruit 
may be available if you do not want to stop drinking 
grapefruit juice or eating grapefruit.
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