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Grapefruit is a citrus fruit that belongs to the Rutaceae family. One large grapefruit yields around 200-250 ml
of juice, consumed regularly by many individuals owing to its nutritional value, including fiber, vitamin C, and
antioxidants. Grapefruit juice (GFJ) compounds, mainly naringin, bergamottin, and 6,7-dihydroxybergamottin
(DHB)), inhibit intestinal CYP3A4 enzymes, which are mediated by the metabolic processes of many drugs and result
in the interaction between GFJ and drugs that are CYP3A4 substrates when administered concomitantly. GFJ-drug
interaction is affected by several factors, including oral bioavailability, patient vulnerability, and factors related to
GFJ consumption, such as the amount of GFJ consumed and the interval between GFJ and drug administration.
Many drugs from different classes have the potential for interaction, including calcium channel blockers such as
felodipine, statins such as simvastatin, immunosuppressants, benzodiazepines such as midazolam, antihistamines
such as terfenadine, and many other drugs. Pharmacists have a strong medical background that makes them able to
predict grapefruit-drug interactions. Thus, they play a critical role in reducing the risk of GFJ-drug interactions by
advising and educating patients when dispensing prescribed and Over-the-counter (OTC) drugs.

INTRODUCTION

Grapefruit (Citrus Paradisi Macfayden, family

smaller than that of pomelo. The grapefruit types were white,
pink, and ruby red.
There are varieties of seeded grapefruit [2]; white-

Rutaceae) is a non-leafing fruit [1]. The name grapefruit
refers to the growing appearance of fruits on trees as clusters.
In the 1600s, the first sightings of grapefruit growth were in
Jamaica and Barbados. In 661, grapefruit trees grew in South
Africa [1]. The origin of grapefruit is the hybridization of
pomelo and Citrus maxima with the common orange Citrus
sinensis. Grapefruit size is larger than that of orange and
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colored flesh is seedy; other types vary, including pink and red,
and seedless varieties, such as rose fruits, result from mutations
[2]. One pound of grapefruit produces approximately 200-250
ml of juice [3]. For daily nutritional needs, people consume
grapefruit and its juice from valuable components, including
fiber, vitamin C, antioxidants, and phytochemicals, and their
nutritional value in many diseases, such as atherosclerotic
plaques [4] and cancer [5]. When grapefruit and grapefruit juice
(GFJ) were administered concurrently, the bioavailability of
many therapeutic agents from different classes differed. This
bioavailability modulation either improved drug response or
contributed to adverse events [6]. By chance, the effect of GFJ
on drug concentration was discovered in 1989; this discovery
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was part of a study designed to evaluate the interaction of
ethanol with felodipine, a calcium channel blocker [7,8]. GFJ
was used in this study as a flavor-masking agent and not a major
agent. In previous pharmacokinetic studies, the study showed a
greater felodipine concentration by many folds compared with
felodipine. With these results, the study discovered the effect
of GFJ on increasing the plasma felodipine concentration by
around fivefold compared with the water used. This study was
the starting point for further research to evaluate the effect of
GFJ and understand its mechanism of action [8].

The clinical effects and significance of GFJ-drug
interactions are highly variable among therapeutic agents within
the same and different classes. GFJ affects extensive drug co-
administration, including calcium channel blockers such as
felodipine, statins such as simvastatin [3], immunosuppressants,
benzodiazepines such as midazolam [9], antihistamines such as
terfenadine, and many other drugs [10]. These interactions are
mainly mediated by intestinal cytochrome P3A4, a CYP enzyme
belonging to CYP450 [11]. GFJ consists of phytochemicals
mostly responsible for these interactions, including flavonoids
and furocoumarins. Naringin (Fig. 1A) was the most abundant
flavonoid. Furanocoumarins include bergamottin (Fig. 1B),
bergaptol, bergapten, and DHB (Fig. 1C), the most abundant
furanocoumarins [12]. This article aims to briefly review the
interaction between GFJ and drugs that are CYP3A4 substrates,
including a summary of CYP3 A4, active components of GFJ, the
main mechanism of GFJ-drug interaction, factors that determine
the clinical significance of the interaction, examples of adverse
events related to the interaction, how to predict and manage
the grapefruit interaction, examples of drugs with potential for
interaction, and we will discuss the role of the pharmacists.

Humans have the largest cytochrome P450 (CYP) 3A
concentration, and this enzyme is responsible for the metabolism
of over 60% of all medicines. Because of its very poor substrate
specificity, CYP3A4 may be temporarily or permanently
inhibited by a wide range of medications. CYP isoenzymes
convert some drugs to reactive metabolites capable of irreversibly
binding covalently to CYP3A4, and this mechanism-based
inhibition of CYP3A4 is characterized by nicotinamide adenine
dinucleotide phosphate hydrogen-, time- and concentration-
dependent enzyme inactivation [13]. Although the precise
structural requirements of CYP3 A4 substrates remain unknown,
many hallmarks have been established. Among them are a
hydrophobic patch that docks into the enzyme’s hydrophobic
pocket, hydrogen bond donors that form interactions with active
site amino acid residues, activation site amino acid residues that
engage with one or more hydrogen bond acceptors, and about
200 Da in the lowest; molecular weight [13,14].

CYTOCHROME P3A4

Cytochrome P, or CYP, is a heme-containing protein,
and 450 nm is the maximum absorption at 450 nm in the
reduced state in the presence of carbon monoxide. Cytochrome
P is a superfamily comprising more than 400 gene families,
with members belonging to all biological kingdoms. CYP
enzymes are written with the letters “CYP” and an Arabic
number referring to the CYP family, followed by a letter
referring to the subfamily and an Arabic number referring to the

individual gene, isoenzyme, isozyme, or isoform. For example,
CYP3A4 represents a CYP enzyme belonging to family 3 [15],
subfamily A, and protein 4 in subfamily A. CYP enzymes are
classified into families and subfamilies based on their amino
acid sequence identity. The family includes enzymes that
are 40% or more similar, while subfamilies include enzymes
that have more than 55% identical sequences [16—18]. More
than 57 documented CYP genes exist in humans, distributed
in approximately 18 variant families and 44 subfamilies [16].
CYPs are important in vital life processes because they oxidize
endogenous and exogenous compounds, including drugs. In
human cells, CYPs are attached to the endoplasmic reticulum
or inner mitochondrial membrane [19]. The most abundant
isoform of CYP450 is CYP3A4, which is expressed mainly in
the liver and intestine [20]. CYP3A4 can reduce or increase the
bioavailability and therapeutic efficiency of drugs. If CYP3A4
is inhibited, the plasma level of the drug will increase, and if
CYP3A4 is induced, it will decrease. CYP3A4 is the main
isoform of the CYP3A subfamily and is an important enzyme
for human drug metabolism because of its highly diverse
substrate specificity and ability to metabolize compounds of
various sizes, shapes, and chemical structures. Thus, CYP3A4
metabolizes approximately 50% or more of currently prescribed
drugs. CYP3A4 is expressed mainly in the liver but is also found
in high amounts in the intestine [21-23]. Intestinal CYP3A4
mediates biotransformation and contributes to the first-pass
metabolism of many prescribed drugs [24]. A pharmacokinetic
study showed that the first-pass metabolism of midazolam was
43% in the gut and 44% in the liver [25].

Moreover, similar results for midazolam were
reported for verapamil [26,27]. Intestinal metabolism may
be greater than that in the liver [26]. This may be due to the
anatomical localization of intestinal CYP3A4 [28]. Duodenal,
proximal jejunal, and intestinal mucosa, the site of absorption
of the drugs dissolved in the intestine, are rich in villi lined
by CYP3A4-containing enterocytes [29]. This localization of
CYP3A4 is considered the first site for metabolizing orally
ingested drugs. In addition, studies found that CYP3A4 protein
levels were higher in intestine samples than in liver samples
from the same subject, supporting the idea that the entire first-
pass metabolism of CYP3A4 substrates occurs in the intestine
rather than in the liver [30]. In addition, it is clinically found
that oral drugs have raised plasma Cmax and Area under the
curve (AUC), not intravenous midazolam, which concludes that
GFJ inhibits enteric CYP3A4 and not hepatic [31].

ACTIVE COMPONENTS OF GFJ

GFJ contains phytochemicals, including flavonoids
and coumarins (Fig. 1). Naringin is the most abundant flavonoid
[32].  Furanocoumarins include bergamottin, bergaptol,
bergapten, and DHB, the most abundant furanocoumarins. The
first active components in GFJ are flavonoids, mainly naringin
(5,7,4'-trihydroxyflavanone-7-O-rhamnoglucoside), which is the
main active flavanone glycoside in grapefruit [33] and gives the
grapefruit a bitter taste [34]. Many studies have demonstrated
that naringin has antioxidant, anti-inflammatory, anti-apoptotic,
anti-ulcer, anti-osteoporotic, and anti-carcinogenic propertics
[35]. Initially, naringin was considered the major component that
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A- Naringin

Figure 1. GFJ compounds, mainly naringin, bergamottin, and DHB
inhibit intestinal CYP3A4 enzymes. (A) Naringin. (B) Bergamottin. (C)
6,7-dihydroxybergamottin.

caused grapefruit-drug interactions. However, later studies showed
naringin to be a weak inhibitor of CYP3A4 and showed that
administration of isolated, pure naringin in comparable quantities
caused less inhibition of intestinal CYP3A4 than administration
of GFJ. These studies indicate that other GFJ components inhibit
CYP3A4 [36]. Furanocoumarins are secondary metabolites in
grapefruits that are defensive against insects, pathogens, and others.
The furanocoumarin structure includes the furan group attached to
carbons 6 and 7 in the linear type or to carbons 7 and 8 in the
angular type. Grapeftruit is the major source of furanocoumarins in
the Western diet, representing 73% of the furanocoumarin intake
from food. The main types of grapefruit furanocoumarins are
bergamottin, DHB, and epoxybergamottin [37]. Bergamottin is an
intestinal CYP enzyme inhibitor. Furthermore, DHB was the first
furanocoumarin to show a strong CYP3A4 inhibition [38]. GFJ
most likely contains DHB, which causes interactions via CYP3A4
inhibition. DHB and bergamottin are both irreversible CYP3A4
inhibitors. Researchers have considered furanocoumarins
CYP3A4 inhibitors [39]. Studies have shown that GFJ-drug
interactions are mainly due to the last three components: naringin,
bergamottin, and DHB. There were variations in the number of
components between grapefruit types. White grapefruit contained
greater amounts of naringin, bergamottin, and DHB than red
and pink grapefruit. The highest concentrations were found in
albedo and flavedo. Red GFJ contained more bergamottin and
DHB than pink juice but a lower concentration of naringin. The
lowest concentrations of naringin, bergamottin, and DHB were
found in the seeds and pulp of the red grapefruit. These results are
consistent with many other studies [40].

CYP3A4 INHIBITION OF GFJ-DRUG INTERACTION

Furanocoumarins decreased intestinal CYP3A4
activity in three ways. The first mechanism is the competitive
inhibition of CYP3A4, which is the most common method.
This is a reversible mechanism due to the competition between
the inhibitor (furanocoumarin) and the substrate of the same
CYP enzyme. The substrate requires the same CYP enzyme for
metabolism and elimination. Competitive inhibition occurs after
the first dose of the inhibitor [39]. The second mechanism of
decreased intestinal CYP3A4 activity is irreversible inhibition,
which causes the permanent inactivation of isoenzymes.
Furanocoumarins are the most potent grapefruit components
that cause the irreversible inhibition of CYP3A4. In this method,
new CYP3A4 isoenzymes must be generated to restore activity,
which requires time; thus, this indicates that the irreversible
inhibition method had a longer duration than the reversible
inhibition method. The interaction started 30 minutes after
drinking one glass of GFJ. The recovery of CYP3A4 requires
2-3 days after the last drinking of GFJ, which explains why the
separation between consuming GFJ and substrate drugs should
be of sufficient duration, not only a few hours [41]. The third
mechanism of decreased intestinal CYP3A4 activity involves
the loss of the CYP3A4 enzyme [42].

Published studies have documented that GFJ does
not affect drug disposition after intravenous administration
or alter liver CYP3A4 activity. Thus, the interaction occurs
via inhibition of intestinal CYP3A4 activity without affecting
liver CYP3A4 activity. In vivo studies have shown that GFJ
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inhibits CYP3A4 irreversibly due to the downregulation
of intestinal CYP3A4 protein content without variation in
intestinal messenger ribonucleic acid levels [41]. The amount
of GFJ consumed is one factor that affects the significance of
the interaction. One glass of GFJ can inhibit CYP3A4 [42].
The magnitude of this interaction depends on the extent of
intestinal CYP3 A4 expression, which varies among individuals.
These inter-individual variations are difficult to predict, and
pharmacological principles must be considered to understand
and interpret the variable responses for the same interaction.
GFJ-drug interactions significantly affect patients with high
intestinal CYP3A4 expression [42].

FACTORS DETERMINE THE CLINICAL
SIGNIFICANCE OF GRAPEFRUIT INTERACTION

Determining whether the GFJ-drug interaction is
clinically significant depends on the extent of the systemic
drug concentration and drug toxicity related to the drug
concentration. Additionally, several other factors affect it,
such as the oral bioavailability of the affected drug, the type
of grapefruit or other fruits consumed, and the inter-individual
variations in their responses to the interaction.

Oral bioavailability

Individual variations in the amount of the impact
were reliant on intrinsic differences in enteric CYP3A4
protein expression, with people with the greatest baseline
CYP3A4 having the largest proportionate rise. GFJ influences
medications with intrinsically poor oral bioavailability due to
significant pre-systemic metabolism mediated by CYP3A4.

Factors related to GFJ consumption

The most common amount used is one grapefruit,
which can produce up to 250 ml of juice, enough to cause
interaction. Repeated consumption of GFJ increases this
interaction [43—45]. For example, the dose of felodipine in 250
ml of GFJ increased the concentration threefold. The systematic
concentration was reduced by fivefold when used in frequent
doses with 250 ml of GFJ thrice daily for 6 days.

Effect of the time interval between GFJ and drug
administration on their interaction

The temporal gap between the consumption of GFJ
and medication administration is crucial in influencing their
interaction. For example, when felodipine was administered
with 200 ml of GFJ, the maximum pharmacokinetic effect of
the interaction occurred when the interval between them was
4 hours; if the interval increased, the effect was reduced; for
example, when the interval increased to 10 hours, the effect
was half of the maximum effect; and when increased to 1 day,
the effect was reduced to 25% of the maximum effect [46]. In
addition, the grapefruit type, storage, and patch can affect the
magnitude of the interaction, although this has not been studied.

Effect of grapefruit interactions on the patients

GFJ interacts with drugs by inhibiting the cytochrome
P450 3A4 (CYP3A4) enzyme, increasing the drug absorbed into
the bloodstream. This interaction occurs through post-translational

down-regulation, where furanocoumarins bind to the CYP3A4
enzyme, causing it to be broken down more quickly. This decrease
in CYP3A4 in the intestinal wall leads to an increase in drug
absorption. This interaction is particularly significant for low
oral bioavailability drugs like statins, calcium channel blockers,
immunosuppressants,  protease  inhibitors, antihistamines,
and sleeping pills (benzodiazepines, zolpidem, zaleplon, and
eszopiclone). Another example is the felodipine concentration in
250 ml of GFJ, which varies between patients within 0-8 fold
[45]. Patients with a higher quantity of intestinal CYP3A4 had
a higher drug concentration and interaction risk; however, there
was no clinical assay for intestinal CYP3A4 quantity. Although
the patient’s vulnerability is difficult to determine, older people
are at a higher risk for drug interactions because they usually use
more than a prescribed drug and are less tolerant of high drug
concentrations due to physiological reasons [47].

PREDICTION AND MANAGEMENT APPROACH OF
THE GFJ-DRUGS INTERACTION

Several factors affect the interaction between GFJ
and drugs, making it difficult to classify the interaction as
significant or negligible, specifically with inter-individual
variations [48,49]. In addition, there are no regulatory
guidelines regarding the dietary consumption of grapefruit
and GFJ [50]. Thus, a 2016 study included a simple general
approach to predict and manage GFJ-drug interactions. The
general approach includes the simple principle of expecting
the occurrence of significant clinical GFJ-drug interactions,
which is as follows: If the drug had three properties, including
being given orally, having incomplete bioavailability (very low
to intermediate oral bioavailability), and being metabolized
extensively by CYP3A4, then it is expected to result in a
pharmacokinetic interaction with GFJ, while if the drug did
not have all three properties together, there is no expectation
of a pharmacokinetic interaction occurring with grapefruit. If
a pharmacokinetic interaction between GFJ and the drug is
predicted and has any one of the following properties: being used
for elderly patients, having inherently low bioavailability, and
having overdose toxicity, other CYP3A4 inhibitors, including a
cautionary sentence about grapefruit raised its bioavailability.
Avoiding GFJ (Seville orange, lime, and pomelo) or using an
alternative drug that does not interact with it is recommended.
However, if the affected drug lacks all previous properties,
there is no recommendation to avoid GFJ and only monitor
side effects [48]. To avoid this and similar interactions, patients
should avoid drinking GFJ if they are taking any medications
that interact with it, and if they do drink GFJ, they should do so
at least 2 hours before or after taking their medication.

DRUGS WITH POTENTIAL FOR INTERACTION

Many therapeutic agents are CYP3A4 substrates that
are administered concurrently with GFJ. The effects of this
combination vary according to the factors affecting it, including
metabolism and drug distribution in the body. Most interactions
resulted in increased bioavailability owing to CYP3 A4 inhibition.
Clinically, the interaction effect depends on the pharmacokinetics
of the grapefruit, and the interaction may decrease the toxicity,
concentration, or bioavailability of the administered drugs.
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GFJ may decrease the bioavailability of certain drugs, such
as celiprolol. This reduction in bioavailability may be due to
physiochemical factors, the interaction, and formation of a
complex between celiprolol and a component of GFJ, or other
reasons that reduce eliprolol bioavailability [42]. Clinical toxicity
cases caused by GFJ-drug interactions are rare [51]. This may be
because of two reasons. First, drugs interacting with GFJ have a
broad therapeutic index (ciclosporin is an exception) owing to the
interindividual variability of intestinal CYP3A4 activity. Second,
the effect of GFJ is large enough to be a function of intestinal
CYP3A4 activity. Toxicity cases may occur due to severe liver
disease, where the intestine is the main site of metabolism, or
if the activity of intestinal CYP3A4 is lost. In these cases, the
standard doses will have a higher systemic exposure, which
results in drug toxicity[39]. Table | shows examples of drugs that
could potentially interact with GFJ.

In addition to previous drugs, other drugs have
interacted with GFJ in clinical studies, such as blonanserin (an
atypical antipsychotic used in the treatment of schizophrenia
and mania) and dapoxetine (a selective serotonin reuptake
inhibitor used for the treatment of premature ejaculation). GFJ-
dapoxetine interaction was reported in a clinical study in Egypt.
The study design included the simultaneous administration of
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GFJ and dapoxetine. The results showed that consumption of
250 ml of GFJ for 3 days increased plasma concentration and
AUC of dapoxetine due to the GFJ-blonanserin interaction [90].

GFJ-blonanserin interaction was reported in a clinical
study in China. The study design included co-administration
of GFJ and blonanserin concomitantly in healthy subjects. The
results showed a prolongation of blonanserin’s half-life, an
elevation in its bioavailability, and systematic concentration
due to the GFJ-blonanserin interaction [91].

SERIOUS ADVERSE EVENT OF GFJ-DRUGS
INTERACTIONS

Clinically, serious adverse events have been reported
that are related to GFJ-drug interactions, such as torsade de
pointes, rhabdomyolysis, nephrotoxicity, Stevens-Johnson
syndrome, and breast cancer. For example, a single-sequence,
repeated-measures study included 11 healthy adults. Participants
evaluated for amiodarone pharmacokinetics 6 months prior
received a single oral dose of 17 mg kg™ with three glasses of 300
ml grapefruit juice on the same day. GFJ significantly reduced
the major metabolite of amiodarone [i.e., N-desethylamiodarone,
N-desethylamiodarone (N-DEA)] production in all subjects,
increasing AUC and Cmax by 50% and 84%, respectively,

Table 1. Interactions between GFJ and CYP3A4 substrates.

Drug class Significant interaction with Negligible Results of interaction Implications of significant References
interaction interaction
Anthelmintics Praziquantel Increased bioavailability of a Clinical significance unknown (52]
single dose
Albendazole Increased plasma concentrations  Clinical significance unknown
of its active metabolite [53,54]
albendazole sulfoxide 190
Antimicrobials— Clarithromycin Erythromycin Increased plasma concentration  Clinical significance unknown [55,56]
macrolides ’
Anticoagulants and  Cilostazol Increased plasma Monitor over anticoagulation [57.58]
antiplatelet drugs concentration 193 adverse effects ’
Antidepressants Clomipramine Anmitriptyline Increased plasma concentration ~ Monitor side effects
Sertraline, Trazodone, [59,60]
Nefazodone,
Antiepileptics Carbamazepine Increased bioavailability Monitor toxicity signs, including
dizziness, ataxia, drowsiness,
nausea, vomiting, tremor, and [61]
agitation
Monitor blood levels
Azole antifungals Itraconazole Clinical significance unknown [62]
Antimalarials Artemether Increases bioavailability Be cautious and monitor
adverse events as potentiate QT [63,64]
prolongation
Primaquine Increased plasma concentration [65]
of single dose
Protease inhibitors Ritonavir, nelfinavir, Indinavir, Increased plasma concentration ~ Monitor side effects
L Amprenavir [37.66]
Saquinavir
Anxiolytics and Diazepam, Midazolam, Alprazolam Increased plasma concentration ~ Monitor side effects, such as
hypnotics drowsiness, sedation [41,45]

Triazolam, Buspirone

Continued
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Drug class Significant interaction with Negligible

Results of interaction

Implications of significant

. . . . References
interaction interaction
Cardiovascular Amiodarone Increased plasma concentration ~ Monitor toxicity and (67]
agents arrhythmias
Quinidine Clinical significance unknown [68]
Felodipine, lacidipine Amlodipine, Increased plasma concentration ~ Monitor toxicity signs, such as
. .. . .. o flushing, headache, tachycardia
Nicardipine, Nisoldipine Diltiazem ushing . 4
o . e and hypotension
Nifedipine, Nimodipine, [68-71]
lercanidipine
Isaradipine, verapamil
Atorvastatin, Fluvastatin, Increased plasma concentration ~ Monitor adverse events, such as
- . Pravastatin myalgia, myositis, myopathy, 72-76
lovastatin, Simvastatin v ya'gla, Myostis, myopathy, [ 1
and gastrointestinal complaints
losartan [77]
Cytotoxic agents Nilotinib, Increased plasma concentration [78]
Gastrointestinal Cisapride Lansoprazole and Increased plasma concentration ~ Monitor toxicity, including
agents omeprazole cardiac arrhythmias and QT [79,80]
interval prolongation.
Corticosteroids Methylprednisolone Prednisone Increased plasma concentration ~ Monitor adverse effects when 81]
consumed in great quantities
Budesonide Increased oral absorption [81]
Immunosuppressants  Ciclosporin Increased plasma concentration ~ Monitor nephrotoxicity and 82.83]
adverse effects ’
Tacrolimus Increased plasma concentration ~ Monitor toxicity, including (84]
neurotoxicity and adverse effects
Estrogens Ethinylestradiol Increased plasma concentration [85]
Opioids Oxycodone Increased plasma concentration [86]
Phosphodiesterase Sildenafil Increased bioavailability
inhibit [87,88]
type 5 inhibitors Vardenafil
Urinary incontinence Darifenacin Increased plasma concentration ~ Monitor adverse events, (89]

agents

including antimuscarinic

compared to water administration. This inhibition of N-DEA
production decreased the alterations caused by amiodarone on
PR and QTc intervals [67] [NO_PRINTED FORM]. The second
example is the administration of atorvastatin with GFJ given as
a single normal amount (e.g., 200-300 ml) or by whole fresh
fruit segments), which results in severe rhabdomyolysis with
acute renal failure is a known rare adverse effect. In addition,
rhabdomyolysis can result from combining simvastatin and
GFJ. In a clinical case, the amount of GFJ consumed was one
grapefruit daily for 2 weeks [75,92-94]. The third example is the
administration of tacrolimus with the consumption of grapefruit
marmalade the week before drug administration, which resulted
in a significant increase in the drug concentration; the increase
was up to 500%, which led to acute renal dysfunction and
nephrotoxicity adverse events [95]. The fourth example is the
risk of Stevens-Johnson syndrome. A clinical case report in 2019
reported a GFJ-ciprofloxacin interaction, and GFJ was around 1
1 for 1 week. This interaction resulted in an elevated systematic
concentration of ciprofloxacin, which increases the risk of
Stevens-Johnson syndrome [53]. The fifth example is the risk of
breast cancer as an adverse event caused by estrogen, especially
in menopausal women who consume estrogen and GFJ together

[51,96]. In addition, other clinical cases have been reported,
including complete heart block by verapamil when consuming
a large amount of GFJ before verapamil administration 20 and
myelotoxicity by colchicine when consuming 1 1 of GFJ daily
in the previous 2 months of colchicine administration [70]. In
addition, venous thrombosis is caused by ethinylestradiol when
administered after consuming one grapefruit daily for only 3
days [97]. In addition to previous cases, in 2019, a clinical case
report reported the first clinically significant GFJ-methadone
interaction. The patient consumed 500 ml per day of GFJ for
3 days, causing a GFJ-methadone interaction and elevated
methadone serum, which ended with opioid toxidrome. The
patient suffered from opioid toxidrome, characterized as hypoxic
and bradypnea with pinpoint pupils [98]. Previous adverse events
cannot be generalized as adverse events of the interaction [99].
Clinically, there were no significant interactions
between GFJ and over-the-counter medications. Although there
are interactions with variant levels between GFJ and OTC drugs
such as caffeine, dextromethorphan, and chlorpheniramine,
this is due to the broad therapeutic index of these agents, thus
predicting that the standard dose of OTC agents will not be toxic
[42]. Some cases require caution, such as when the patient is older
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or consumes other prescribed CYP3A4 inhibitors or inducers,
dietary supplements, or botanical products. These agents may
have an additive effect on CYP3A4 inhibition. However, there is
no general advice on avoiding GFJ using OTC agents [84].

ROLE OF PHARMACISTS IN THE MANAGEMENT
OF GFJ-DRUG INTERACTION FOR IMPROVED
THERAPEUTIC OUTCOME

Patients depend on pharmacists for their reliable
medical advice. Therefore, they require accurate and valuable
medical information. Thus, pharmacists play a major role
in minimizing cases of grapefruit-drug interactions, which
are important in reducing the risk of GFJ-drug interactions.
Pharmacists should educate patients about grapefruit-drug
interactions; thus, they should ask patients about consuming
grapefruit, GFJ, or any other juice containing a significant
amount when dispensing drugs. Pharmacists should inform
patients that most citrus juices, including lemons and oranges,
are safe, while sour oranges, such as Seville oranges, can interact
with GFJ, and limes may interact with drugs. If patients do not
cease consuming grapefruit or GFJ, pharmacists can replace the
prescribed drug, which interacts with GFJ, with an alternative
drug that has a similar effect without the need to cease the
drug. Pharmacists have a strong, extensive pharmacological
background with broad medical information about drugs to
predict whether the candidate would interact significantly with
GFJ. There are some points that pharmacists can consider
when predicting or deciding the GFJ-drug interaction, such as
the route of drug administration if it is administered orally, the
metabolism of the drug if it is mediated by intestinal CYP3A4,
the bioavailability of the drug if it has low bioavailability, and
the therapeutic index range if it has a narrow therapeutic index.
In addition, pharmacists should inform patients about certain
points, such as the fact that most drugs do not interact with
GFJ. On the other hand, patients should inform physicians
or pharmacists if they consume grapefruit or GFJ, especially
newly prescribed drugs, and the pharmacist should ask the
patient about their daily diet before dispensing both prescribed
and OTC drugs. In addition, pharmacists should label dispensed
drugs according to the recommendations [42].

CONCLUSION

GFJ has the potential to interact with numerous
medicines by suppressing intestinal CYP3A4, resulting in
higher drug levels and associated side effects. GFJ contains
phytochemicals that may inhibit intestine CYP3A4, an enzyme
in drug metabolism. This inhibition may result in higher drug
levels, increasing the likelihood of undesirable consequences.
However, there have been reports of improved bioavailability
of drug-GFJ interactions with no negative consequences.GFJ
and medicine interactions are unpredictable and might vary
based on the person and the drug. Pharmacists are crucial in
teaching patients about the hazards of GFJ-drug interactions.
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