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Abstract
Diet influences tolerance to drugs and their effectiveness by attenuating, slowing down, or, on the contrary, reinforcing their
effects. The interaction often involves drug absorption through the digestive tract, but some nutrients alter drug metabolism
and elimination (e.g. grapefruit juice) interferes with the hepatic clearance of many drugs. This review will not be limited
only to the interactions relating to absorption and will develop by highlighting the pharmaco-dynamic interactions, which
cause the potentiation or antagonism of the pharmacological effect at the origin, of an increased risk of toxicity, in particular,
in elderly patients, poly-medicated, transplant recipients, cancer patients, HIV-seropositive patients, malnourished patients,
and those patients which are on enteral nutrition and theoretically are the most exposed. The present work offers the most
exhaustive possible synthesis of the various drug-food interactions observed or demonstrated in clinical practice, their
potential risk and the key messages for the internist ment on the major role of grapefruit, its derivatives, St. John's wort
(Hypericum perforatum), and other medicinal plants in common drug-food interactions.

Rezumat
Dieta influențează toleranța la medicamente și eficacitatea acestora prin atenuarea, inhibarea sau, dimpotrivă, stimularea
efectelor acestora. Interacțiunea presupune adesea absorbția medicamentului prin tractul digestiv, dar unii nutrienți modifică
metabolismul medicamentului și eliminarea (de exemplu, sucul de grepfrut) interferând cu clearance-ul hepatic al multor
medicamente. Acest review nu se limitează doar la interacțiunile legate de absorbție și evidențiază interacțiunile
farmacodinamice, care cauzează potențarea sau antagonismul efectului farmacologic la origine, a riscului crescut de
toxicitate, în special, la pacienții vârstnici, cu polimedicație, beneficiarii de transplant, pacienții cu cancer, pacienții HIVseropozitivi, pacienții malnutriți, acei pacienți care urmează o nutriție enterală și, care teoretic, sunt cei mai expuși. Lucrarea
de față oferă o sinteză exhaustivă a diferitelor interacțiuni medicament-aliment observate sau demonstrate în practica clinică,
riscul potențial al acestora și mesajele cheie pentru specialiști cu privire la rolul major al grepfrutului, al derivaților săi, al
sunătoarei (Hypericum perforatum) și alte plante medicinale în interacțiunile comune medicament-aliment.
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In order to obtain a database that highlights
possible drug interactions, many specialists are
increasingly turning to scientific articles or
specialized journals. Thus, while interactions
between drugs [4] or adverse effects of a drug [5]
are listed in databases such as DrugBank or
Theriaque, other information, such as interactions
between a drug and food, is scarcely present and
often dispersed in heterogeneous sources. To
provide an answear to the problems of updating or
identifying this information, text mining methods
are generally used [5-7].
A food-drug interaction can also be defined as a
change in the pharmacokinetic and/or pharmacodynamic properties of a drug caused by one or more

Introduction
Adverse drug reactions and drug interactions are
main causes of excessive costs and mortality, but
they are also preventable [1, 2]. In 2015, a US
expert committee defined the expression drug
interaction as “a clinically relevant modification of
the effect of the drug that occurs due to the
concomitant administration of another drug”. This
concomitant administration may cause side effects
or alter the drug’ therapeutic effect. A clinically
harmful drug interaction is “the interdependence
that outcomes in toxicity or in the loss of the
therapeutic efficacy warranting the attention of a
healthcare professional” [3].
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foods [8, 9]. Therefore, the simultaneous
administration of two or more drugs can result in
pharmacokinetic interactions (changes of the drug
in the body), pharmaco-dynamic interactions
(changes in the action of the drug on its therapeutic
target) or pharmaceutical interactions (physicochemical incompatibility of two molecules
administered orally, simultaneously). All drug
interactions can be a source of therapeutic
inefficiency or increased toxicity, sometimes
endangering patients' lives [10].
Many mechanisms may be involved in DI:
chelation, complexation, formation of physical
barriers, stimulation of digestive secretions,
modification of gastrointestinal transit times,
modification of the pH of different segments of the
gastrointestinal tract, induction or inhibition of
enzymes, modification of blood flow, agonistic or
antagonistic physiological effects. This may explain
the relatively large number of possible
classifications of different types of DI [11].
Within
pharmacokinetic
interactions,
drug
interactions can also be distinguished that will
induce [7]: (i) delayed absorption of the drugs; (ii)
decrease in the absorption of drugs; (iii) an increase
in the absorption of drugs, sometimes accompanied
by an increase in the degree of absorption.
When a number of drugs were administered at the
same time, an increase in the risk of drug
interactions appeared. Age, malnutrition, chronic
liver disease and impaired renal function are other
factors that increase the risk of drug interaction
[12].
Based on the knowledge of the main
pharmacological effects of the drugs involved,
pharmaco-dynamic interactions are relatively
predictable, being caused by the direct or indirect
actions of receptors, transduction and/or effector
systems, transporters or enzymes [13]. However,
this type of interaction is more difficult to
document, compared with the pharmacokinetic
interactions, which are easily demonstrated by a
variation in plasma concentration [14].
On the one hand, these changes can be correlated to
an acceleration of the metabolism and the transport
(enzyme induction), a rapid elimination and also
under-dosing. However, they can be related to a
decrease in the same metabolism or transport
(enzyme inhibition), the source of overdose and
toxicity. In the case of orally administered drugs,
the human small intestine constitutes the first
barrier against the penetration of xenobiotics into
the body due to its richness in cytochromes P450
(CYP), the main detoxification enzymes in the
body [15].
CYP expression varies from one patient to another,
elucidating the differences observed in the
bioavailability of specific drugs and, consequently,

their efficacy and toxicity. The human liver and the
small intestine are detoxification sites preferred by
xenobiotics due to their abundance of CYPs, especially
CYP3A4. Those represent the main metabolic pathway
of more than 60% of the currently marketed drugs,
their vasculature and anatomical location, defining
the first-pass effect of the drugs. The small intestine
importance during drug metabolism was also
confirmed by the first descriptions of interactions
with certain foods or beverages that are not
metabolized in the liver [11, 12].
General information on drug-food interactions
Drug bioavailability is the main fraction of the
administered dose that is actually absorbed in the
small intestine and that escapes the first hepatic
passage. Food-drug interactions (FDI) (Figure 1)
are defined as changes in bioavailability that lead to
variations in concentration (pharmacokinetics),
efficacy or toxicity (pharmacodynamics) of a drug
through food, plant extracts, dietary supplements [16].

Figure 1.
Drug - food interactions. Created with BioRender
FDIs are commonly missed by physicians because
the influence of mealtime on the absorption of a
drug has long been neglected. This is because
eating slows gastric emptying, increases the pH of
the proximal small intestine, increases the hepatic
blood flow, and also prolongs gastrointestinal
transit time unlike fasting. Mealtime decreases
plasma concentrations of isoniazid, rifampicin and
ethambutol by 50%, which requires fasting and
their administration at a distance from meals to
preserve the effectiveness of these treatments [17].
The anticoagulant effect of antivitamin K drugs is
reduced by repeated ingestion of cabbage,
asparagus, lettuce, spinach, avocado or liver, that is,
all foods rich in vitamin K [18]. For more than 15
years, it has been shown that certain foods can
affect the pharmacokinetics of orally administered
drugs by acting upon their intestinal metabolism,
which remains poorly understood by prescribers.
FDIs can lead to a decrease in plasma
concentrations of the drug and a risk of therapeutic
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failure or, conversely, to an increase in the
concentrations and an increased risk of toxicity.
Elderly patients with poly-medication (taking
several drugs at the same time for several
conditions), those with transplants, with cancer,
seropositive, malnourished and those who benefit
from enteral nutrition are, theoretically, the most
exposed to drug-food interactions [13]. Four types
of FDI (Figure 2) are usually recognized according
to some specific mechanisms [19].
Type 1 “bio-inactivation ex vivo”: the drug is rendered
inactive by food due to its physicochemical
properties and local intraluminal chemical reactions
(hydrolysis, oxidation, neutralization, precipitation,
complexation and chelation). Alendronate (etidronate),
tetracyclines and didanosine, should be taken
without meals because of the risk of the chelation
and malabsorption. Other common medicines
(ciprofloxacin, norfloxacin, avitriptan, indinavir,
itraconazole syrup, levodopa, etc.) should be taken
during meals. Levodopa, melphalan, perindopril,
mercaptopurine also carry a risk of biochemical
FDI. This type of FDI includes changes in drug
ionization through food-induced physiological
response, especially the secretion of the gastric
acid, which can cause a decrease in the
bioavailability of specific antibiotics (ampicillin,
didanosine, erythromycin, azithromycin, and
isoniazid). On the contrary, food (albendazole,

isotretinoin, atovaquone, lovastatin, griseofulvin,
tacrolimus, mefloquine, saquinavir) or gastric
(itraconazole tablets) or biliary (griseofulvin,
halofantrine) physiological acid secretions can
increase the bioavailability of certain drugs by
increasing their intestinal absorption [20].
Type 2: These are IMAs that affect intestinal
absorption by at least one of the following
mechanisms: altering gastric pH, intestinal transit
time, drug dissolution, or by inducing or inhibiting
intestinal metabolic enzymes (CYPs) or intestinal
transporters. This type of FDI has been studied in
particular with citrus juices, especially grapefruit
juice, which will be detailed below [21].
Type 3: FDI that impairs the pharmacological effect
of the drug once it has entered the systemic
circulation. Examples include interactions with
foods that affect the synthesis or activation of
coagulation factors and may interact with some oral
anticoagulants [21].
Type 4: FDIs that can affect biliary (enterohepatic
cycle) or, less commonly, renal elimination of
drugs. The complexity of the physiological and
pathophysiological mechanisms involved in FDI,
the great diversity of enteral nutrition meals or
solutions, make information on the compatibility
with commonly used drugs and the risk of FDI
incomplete [21].

Figure 2.
IMAs can determine enzyme inhibition (increased drug toxicity) or enzyme induction (decreased drug effect).
Created with BioRender
drugs through physical or physicochemical phenomena.
Phenytoin, for example, bound to salts and proteins in
enteral nutrition formulas, exhibits lower therapeutic
efficiency [19].
First-pass intestinal effect
A main step in the first-pass effect is represented by
small intestine and it constitutes a real barrier of the

Intestinal metabolism and transport: the
pathophysiological mechanism of drug-food
interactions
Foods, vitamins and herbal dietary supplements or
so-called “natural” products can alter the metabolism,
distribution, absorption, and even elimination of the
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diffusion of the drugs and the xenobiotics into the
systemic circulation [22, 23]. Most CYPs and phase
II enzymes (sulfotransferases, UDP-glucuronosyl
transferases, N-acetyltransferase, glutathione-Stransferase) are transported at the mesenteric border
of the small bowel [24]. The latter is principally
responsible for the metabolism of various
frequently used drugs, comprising verapamil,
midazolam, nifedipine, amiodarone, ciclosporin,
saquinavir, etc. [20,25] Associated with CYPs,
efflux (which prevents xenobiotics from entering
the body), influx (which favors the intestinal
assimilation of drugs) or along the line separating
the small intestine from the colon, bidirectional
transporters are also stated. Among these, the small
intestine-expressed ATP-dependent efflux pump Pglycoprotein (P-gp) serves as a barrier to the
absorption of various medicines and xenobiotics

[23, 26]. This enzyme and transport network,
whose localisation is close to the enterocyte level
and, which metabolizes most drugs via CYP3A4,
are also substrates of P-gp, therefore represents a
true barrier to the intestinal absorption of the
pharmaceuticals and the xenobiotics, in upstream of
liver, allowing, in principle, an optimal control the
concentrations of plasma [27-29].
Food-drug interaction
According to a scientific analysis from 2015, food
delays the absorption of NSAIDs (non-steroidal
anti-inflammatory drugs) with a T max (which
represent the time to reach the maximum
concentration) of less than 4 hours when not eaten.
The delay will be more or less important depending
on the NSAID, as shown in Table I [30].
Table I
Change in T max of NSAIDs in the presence of food

Molecule
Celecoxib
Diclofenac sodium
Ibuprofen
Ketoprofan
Meloxicam
Naproxen sodium

T max on uneaten (h)
2.72
1.83
1.34
1.89
9.30
1.30

These results coincide with those of Klueglich et al.
in which food intake delayed the T. max of
ibuprofen and ibuprofen lysinate by 15 and 45
minutes, respectively, compared to the T. max on a
fasted basis [31].
The absorption of paracetamol, a class I analgesic,
is also delayed due to slower gastric emptying [32].
Food increases the T. max of paracetamol/sodium
bicarbonate tablets by 20 minutes and that of
paracetamol tablets by one hour [33]. In addition, a
high-calorie meal has been reported to retain
paracetamol in the stomach longer compared with a
low-calorie meal. As with NSAIDs, the food-drug
interaction for paracetamol reduces its maximum
concentration but has no effect on the drug's AUC
(area under the curve) (C. max). Although there is
no proof that food has a barrier impact, these
effects are still being thought about [30-32].
Regarding erythromycin, it is unstable in acidic
environments. The lower the pH, the higher the rate
of degradation. At the gastric level, the presence of
food, through its buffering effect, will slow down
this degradation. But at the same time, the increase
in gastric emptying time exposes erythromycin to
this phenomenon for a longer period [35, 36].
Another example, this time, chlorambucil is
unstable inside the gastrointestinal tract because
this molecule undergoes hydrolysis in an aqueous
environment. Therefore, the additional time spent
in the stomach will cause the early degradation of

T max during meal (h)
3.19
5.12
1.96
4.76
7.10
3.20

this anticancer drug. Although it is recommended to
take the drugs with food, an increase in T. max and
a decrease in C. max and AUC (area under the
plasma concentration-time curve) have been reported
when the drug was administered on an empty
stomach. Therefore, patients should be advised to
take chlorambucil in an empty stomach [37, 38].
Cefpodoxime proxetil (CP) and cefuroxime axetil
(CA) are two orally administered cephalosporin
esters. These prodrugs were designed to improve the
permeability of the active ingredient. However, by
increasing their lipophilicity, their aqueous solubility
was reduced, thus being classified in group IV of
the BCS (Biopharmaceutical Classification System).
The higher the dose of CP prescribed, the greater
the benefit of taking it with a meal [39, 40].
The administration of spironolactone with breakfast
increases the C. max and AUC of spironolactone by
71% and 119%, respectively, without significantly
changing its T. max. The same is true for its
metabolites, though to a lesser extent. A prolonged
intestinal transit time at the site of absorption, the
beneficial effect of the presence of bile salts, as
well as a decrease in the first-pass hepatic effect has
also been suggested as mechanisms involved in this
food-spironolactone interaction. However, this
interaction does not appear to have a clinically
significant long-term impact on blood pressure and
heart rate in hypertensive patients. However,
Overdieck et al. have questioned this [41, 42].
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Protein-rich meals can increase the bioavailability
of metoprolol and propranolol by 40% and 50 80%, respectively [43]. This type of mass is known
to be an important factor in increasing splanchnic
and hepatic blood flow. However, as mentioned
above, these two drugs have high hepatic extraction
coefficients. Therefore, it is possible that their
simultaneous ingestion caused saturation of the
first-pass hepatic effect, which led to an increase in
the bioavailability of the drugs. However, this
improvement in bioavailability was not observed
with extended-release drugs. According to Jauregui
et al., only this type of mass leads to this
interaction. Indeed, taking propranolol with a highcarbohydrate or low-protein meal does not increase
its bioavailability [44].

dietary fibre, makes them essential diet staples.
Nevertheless, several vegetables and fruits consumed
as a whole or concentrated fruits can cause FDI
among which some are lethal (Figure 3). More than
20 years ago, it was discovered that certain drugs
could interact with grapefruit (fruit or juice) [47].
Grapefruit is known to interact or is likely to
interact with more than 85 different usual drugs, due
to the latter inhibition of their intestinal metabolism,
with a consequent increased in the plasma concentrations
and an increased risk of serious adverse events such
as tachycardia, rhabdomyolysis, myelo-toxicity,
respiratory depression, gastrointestinal haemorrhage,
nephrotoxicity. Among 2008 and 2012, the number
of drugs with severe complications were reported
when grapefruit was co-administered increased
threefold [47]. Furanocoumarins (bergamottin, 6,7dihydroxyamottin), responsible for inhibiting the
intestinal metabolism of drugs by grapefruit, do not
cross the intestinal barrier and form a covalent bond
with CYP3A4, inhibiting its activity in an irreversible
and prolonged way until the synthesis of new enzymes
active (approximately 24 hours). The absence of
interaction at the hepatic level explains why the
observed main changes are a major increase in the
concentrations of plasma, especially the plasma
peak of the drugs in question, without changing the
accumulation time and the half-life elimination,
which mainly depend on hepatic metabolism, by
the renal elimination and by the tissue distribution.
All forms of grapefruit, whether whole fruit, fresh
concentrated juice or frozen, can cause FDI. A
whole grapefruit or 200 mL of fresh grapefruit juice
is enough to cause a clinically relevant drug interaction,
even endangering patients' lives [48-51].

Consequences and implications for drug-food
interactions
The consumption of so-called “natural” products
(plant extracts, dietary supplements, St. John's wort)
for the medicinal purposes is increasingly common
worldwide [45]. Citrus juices are also widely consumed
every day. The association of dietary supplements,
citrus juices or herbs with drugs may therefore be a
source of FDI due to changes in intestinal metabolism
and transport [43, 46]. These changes in the firstpass intestinal effect are related to chemical compounds
(most often called flavonoids) contained in fruits,
vegetables, herbs and other beverages [43]. The drugs
and foods detailed below are clinical examples of
AMI in patients, and their mechanism is often multiple.
Drug interactions with fruits, vegetables and fruit
juices
The low-calorie content of fruits and vegetables,
which contrasts with a high intake of vitamins and

Figure 3.
The exemplification of drug – food interaction. Created with BioRender
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The drugs in question which are mainly administered
orally, have a low bioavailability (< 50%) due to a
widespread intestinal metabolism caused by CYP3A4.
The lower bioavailability is the more potentially
dangerous interaction due to an increased concentration
in the presence of grapefruit. Given that the drug's
pharmacokinetic properties are detailed on its label,
this could be anticipated by the clinician. In
contrast, the amount of active CYP3A4 expressed
in the intestine varies from one patient to another,
but is not anticipated in practice [52]. In the presence
of calcium channel blockers, a greater amount of
active CYP3A4 has been observed in the gut, which
caused a greater risk of interaction. When the
period between the grapefruit consumption and the
drug administration is less than 4 hours, the risk is
high. Nevertheless, a 10-hour interval still has an
interaction risk of approximately 50%, and a 24hour interval has a 25% interaction risk [53]. If a
period of three days passed between grapefruit
ingestion and drug administration the risk is
completely reduced, as this is the period required
for a complete turnover of the CYP3A4 intestinal
activity. In conclusion, patients over 45 years of age,
those taking many medications (especially lipidlowering drugs, sedatives, or cardiovascular treatments)
and grapefruit consumers are most at risk of the
interaction. Over the age of 70, interactions are
very serious, even fatal [46].
Latest in vitro studies have shown that certain
flavonoids (naringin, hesperidin, quercetin)
contained in grapefruit, apples and oranges cause
an inhibition on the activity of influx transporters
expressed along the mesenteric border of
enterocytes, thus inhibiting the entry of drugs and
other xenobiotics into the body [54, 55].
Unlike the previously observed FDIs, the inhibition
of these influx transporters by fruit juices,
especially of OATPs (organic anion-transporting
peptides), leads to a decrease in the plasma
concentrations of drugs that are substrates of these
transporters, there being a risk of loss of
effectiveness. However, the number of drugs
targeted by this type of FDI is small and includes
fexofenadine (terfenadine analogue), not being used
in France. The concentration of drugs decreases by
30 to 60% in the case of concomitant
administration of orange or grapefruit juice). In the
case of beta-blockers (atenolol, celiprolol,
acebutolol), but also levofloxacin, ciprofloxacin,
etoposide and aliskiren, drug concentrations
decrease by 80% when grapefruit juice is
administered simultaneously [52, 56, 57].
In contrast, not all OATP substrate drugs are
affected by this type of interaction. Oral
antidiabetics (glyburide, glyburide, repaglinide), as
well as l-thyroxine, statins that are not metabolized
by CYP3A4, and certain OATP substrates

(pravastatin, rosuvastatin, fluvastatin, pitavastatin)
are not affected by grapefruit, orange, or apple
juice. Moreover, this type of FDI is transient; the
effect of fruit juices on these transporters
disappears within a few hours. Consequently,
taking the drug at a distance of more than four
hours after the ingestion of fruit juice will reduce
the risk of interaction by more than 60% [54].
From a clinical perspective, to accurately observe a
relevant drug-food interaction, large amounts (>
300 mL/day) of fruit juice must be consumed daily.
FDIs involving cranberry juice seem to be
correlated to the presence of flavonoids, and
organic and phenolic acids that inhibit intestinal
CYP2C9 and CYP3A4. To date, only 8 cases of
FDI with warfarin (increased INR and bleeding)
and one case with midazolam (somnolence) have
been published. However, these two clinical
examples of AMI occurred after consuming 250 to
over 700 mL/day of cranberry juice over several
consecutive days. Other drugs that may present a
potential risk of FDI with cranberry juice include
nonsteroidal anti-inflammatory drugs that are
substrates of CYP2C9 and CYP3A4 (diclofenac,
flurbiprofen), calcium channel blockers, immunesuppressants from the calcineurin inhibitor family
that are substrates of CYP3A4 (cyclosporine) and
certain antibiotics (amoxicillin, cefaclor) that
require vigilance on the part of prescribers [58, 59].
Many other chemical compounds contained in
significant amounts in apples, mangoes, guava,
raspberries, garlic, broccoli, tomatoes (and tomato
juice), carrots, avocados, celery have been
extensively studied in vitro for their ability to
modulate, at concentrations clinically relevant, the
activity of many CYPs and transporters. To date,
only garlic has been the main cause of drug-food
interaction with anti-vitamin K drugs (increased
risk of bleeding) and with antiretrovirals, causing
loss of efficacy (saquinavir) [60, 61].
Interactions with other beverages
Green tea contains large amounts of polyphenols
(especially catechins) that can interact with the
first-pass effect of drugs. Only one case of FDI has
been described to date in a 58-year-old patient with
renal transplant, treated with tacrolimus, in whom
tacrolimus concentrations doubled and returned to
baseline after stopping green tea consumption [44].
Wine and beer are rich in polyphenols and
flavonoids that can modulate intestinal activity of
CYP. The only two clinically significant FDIs to
date are for chlorzoxazone and cyclosporine, whose
concentrations were reduced by 50% when red
wine (rich in quercetin) was consumed
concurrently. Because of the risk of graft rejection
in patients on long-term ciclosporin treatment, such
a combination should be avoided [62].
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and nephrotoxicity are potentially increased in the
presence of willow or echinacea, all of which are
hepatotoxic. The use of valerian, kava or chamomile
nutritional supplements is not recommended in
combination with opioid analgesics, alcohol, barbiturates,
antidepressants and antipsychotics, as there is a risk
of increased drowsiness and centrally induced
respiratory depression. The analgesic effect of
opioids can also be inhibited by Ginseng [62, 65].
Drug interactions with St. John's wort
At the liver and gut level, St. John's wort is also a
potent inducer of the enzymes CYP1A2, CYP2C9,
CYP2C19, CYP3A4, CYP2E1 (alcohol hydrogenase),
and P-gp [66, 68]. St. John's wort has many
clinically relevant AMIs that are connected to
routinely used medications. When St. John's wort
teas or infusions are consumed, the interaction is
always associated to induction of the drug's
metabolism and excretion, with a significant risk of
ineffectiveness and therapeutic failure. The dose
required to induce this enzyme varies. As a result,
FDI becomes more severe in a dose-dependent
manner [62, 64, 65].

Drug interactions with herbal substances and
vitamin supplements
Herbal medicines, nutritional supplements, nutrients
or vitamins are commonly used globally [62-65].
More than 30% of Americans use at least one
dietary supplement, one-third containing herbal
medicine. One-third of Americans who take these
herbal drugs and nutritional supplements also take
an oral drug at the same time [66, 67]. Extracts of
Gingko biloba rich in flavonoids ("ginkgolides"),
recommended in the treatment of Meniere's vertigo,
Alzheimer's disease or peripheral arterial disease,
are mainly consumed by elderly subjects with
polypathology and taking polymedication [59].
Unfortunately, the manufacturing and quality of
these nutritional supplements and herbs are not
controlled by any regulatory agency. Because they
are sold without a prescription in supermarkets,
pharmacies or over-the-counter, doctors are often
unaware of their actual consumption, dosage
(sometimes excessive or toxic) and timing of their
use, especially in relation to the timing of drug
administration, and, therefore, they cannot predict
the risk of FDI or establish a causal relationship.
This is particularly important in patients with
multiple chronic conditions, who receive drugs with
a narrow therapeutic index and who have one (or
more) enzyme or transporter genetic polymorphisms
involved in the first-pass effect of the drugs, the
latter being rarely available and accessible in
clinical practice outside therapeutic studies [61-63].
In the case of Gingko biloba extracts, the risk of
AMI is low (except for certain drugs, due to the
inhibition of platelet aggregation by "ginkgolide"),
provided that daily doses below 250 mg are
consumed. At higher doses (10 - 100 mg/kg/day),
there may be significant inhibition of CYP3A4,
CYP2C9, CYP2C19, P-gp, OATP2B1 at the intestinal
level. In this article, only relevant AMIs are presented,
which are probably observed in daily practice and
have an impact on the life prognosis. Therefore, a
distinction is needed between “potential”, i.e. unproven, and “documented” interactions, illustrating
for the latter that the combination should be
avoided [64].
Interactions with analgesics: examples of
pharmacodynamic interactions
Nonsteroidal anti-inflammatory drugs, especially
aspirin, interact easily with herbal nutritional
supplements with platelet-aggregating activity
(ginger, Gingko biloba, garlic, ginseng, chamomile,
blueberry, willow, turmeric, rose hip) or coumarincontaining supplements (fenugreek, chamomile, red
clover), which conduct to an increased risk of
bleeding. Paracetamol can also interact with Gingko
biloba and all the above mentioned herbs,
increasing the risk of bleeding. Its hepatotoxicity

Drug-food interactions according to the main
therapeutic classes frequently used
Antiarrhythmic and antihypertensive drugs
Because of complex metabolism and variable
bioavailability, the therapeutic efficacy of
antiarrhythmic drugs is heterogeneous among
patients. According to a recent review of the
literature, plasma concentrations of antiarrhythmic
drugs, with the exception of beta-blockers, increase
by at least 50% with a large meal. Grapefruit
significantly increases the concentrations of plasma
and the toxicity risk of dronedarone, disopyramide,
amiodarone, verapamil, quinidine, propafenone and
felodipine by inhibiting their intestinal metabolism
(CYP3A4) [69].
In practice, in the case of long-term treatment, the
consumption of grapefruit or its derivatives is not
recommended for these patients. On the contrary,
St. John's wort significantly decreases the plasma
concentrations and efficacy of antiarrhythmic drugs
by inducing CYP3A4 and intestinal and hepatic Pgp [69]. Glycyrrhizin (licorice) increases the
arrhythmogenic potential of digoxin because of its
hypokalemic effect. A clinical study in 17 healthy
volunteers showed that plasma concentrations
(especially peak) of quinidine were significantly
decreased by the concomitant administration of
dietary salt, without changing the metabolic activity
of these patients [70].
A recent review on the main FDIs with
antihypertensive treatments revealed that, apart
from calcium antagonists (nifedipine, amlodipine,
nicardipine, felodipine, nisoldipine, barnidipine,
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isradipine, verapamil, diltiazem), which are
CYP3A4 substrates and hepatic P-gp, no clinically
relevant drug-food interactions have been
demonstrated with the other classes, except for
valsartan, furosemide, and hydralazine, which must
be administered on an empty stomach due to a 50%
and 70% reduction in bioavailability [71].
Anticancer drugs
Over the past 20 years, the number of anticancer
drugs available for oral administration has
increased with the advent of tyrosine kinase
inhibitors (TKIs). Fatty and dairy-rich meals delay
or even decrease the intestinal absorption and the
plasma concentrations of alkylating agents
(chlorambucil, melphalan, busulfant), vinorelbine,
antimetabolites (5-fluorouracil, methotrexate, 6mercaptopurine), rubitecan, topotecan and certain
TKIs (gefitinib, ionafamib). In addition to the
physico-chemical mechanisms involved in the
effect of food on the intestinal absorption of
antineoplastic agent, the role of flavonoids
(quercetin, kaempferol, galangin) contained in
fruits (grapefruit), vegetables (onions, etc.) and
beverages (wine, tea) was stated, due their
modulatory character of intestinal P-gp. These
flavonoids can induce or inhibit CYP3A4 and
intestinal P-gp. In the case of the last example
illustrated above, flavonoids can increase the
absorption of the cytotoxic agent (etoposide,
vinblastine). Singh et al. summarized the
recommendations for the administration of the main
oral cytotoxic agents according to meals. Apart
from agents whose absorption is reduced by a highfat or dairy meal, the most cytotoxic agents must be
administered immediately after a meal in order to
optimize their intestinal absorption and to reduce
variability [72].

frequently used especially as a sweetener, therefore
the possibility of interactions that may occur in the
honey-drug relationship increases considerably
when concomitant administration occurs (Figure 4).
The enzymes most involved in food metabolism are
CYP3A4, CYP2C19 and CYP2D6. Globally, the
most widely used anti-epileptics are phenytoin and
carbamazepine, therefore it is of great interest to
research possible interactions that may occur when
taking these drugs with other natural products.
Thus, in a rabbit study evaluating the effect of
honey on the kinetics of carbamazepine, it was
observed that treatment with honey in both single
and multiple doses showed a significant decrease in
the area under the curve (AUC) compared with the
control group treated with saline, instead
pharmacokinetic parameters such as T max, T1/2
(half-life), C max, had no notable effect compared
with the control group, the results highlight that
honey may decrease the bioavailability of
carbamazepine [75].
In the case of phenytoin, also in a study conducted
on rabbits, it was observed that honey has the
ability to increase the rate and degree of its
absorption, a phenomenon explained by the
increase of the following parameters: T max, C
max, T1/2alpha, T1/2el, AUC (0-infinity) for
phenytoin. To avoid the onset of toxicity when
honey and phenytoin are administered concurrently,
a reduction in the dose of phenytoin can be
considered [76].
The effect of honey on the plasma concentration of
diltiazem after oral and intravenous administration
in rabbits was also studied. The results showed a
reduction in AUC and C max and an increase in the
volume of distribution and clearance, suggesting
that honey has the potential to decrease the plasma
concentration of diltiazem after oral or i.v.
administration. in rabbits [77].
These animal experiments showed that repeated
doses of honey induce CYP3A4 enzyme activity
[76, 77] and inhibit CYP2C9 enzyme activity [76].
In an in vitro study evaluating CYP2C8-mediated
amodiaquine N-deacetylase activity in the presence
of Tualang honey, enzyme inhibition was observed,
suggesting that Tualang honey, through this
inhibition, may have the potential to cause the in
vivo interaction with drugs metabolized by
CYP2C8 (paclitaxel, imatinib, repaglinide,
rosiglitazone, dasabuvir, amodiaquine, cerivastatin,
enzalutamide,
loperamide,
montelukast,
pioglitazone [78, 79].
It should be kept in mind that honey is not a
standardized substance and thus there is a
possibility that some types of honey may have
effects on drug metabolism and other types may
not, until more evidence is available it would be
prudent to it is considered that the administration of

Drug interactions with honey
As
discussed
above,
the
simultaneous
administration of some drugs with products,
especially of plant origin, may increase the
possibility of drug-plant product interactions.
About honey, there is little discussion about the
possible interactions that can occur when taking it
with some drugs. Honey is a natural product
obtained by bees from the nectar of flowers, honey
being a rich source of glucose, fructose, minerals,
vitamins, oligosaccharides, flavonoids (luteolin,
pinocembrin, quercetin, kaempferol, chrysin), these
polyphenols are of great interest because they have
the ability to induce or inhibit cytochrome P450
(CYP) enzymes, enzymes that play a role in the
metabolism of endogenous and exogenous
compounds [73, 74].
Due to its complex composition and multiple
benefits, honey is a household product that is
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honey could generate a reduced therapeutic
response of drugs metabolized by CYP3A4 and
increase for those metabolized by CYP2C9.
Although honey was and is often used by the
population due to its exceptional therapeutic
properties, its use in diabetics remains a
controversial topic in modern medicine. It has been
observed that honey is useful for diabetic patients
because it contains fewer calories compared to
sugar, also offering a varied palette of minerals
(potassium, phosphorus, magnesium, iron, zinc,
selenium), and vitamins (C, B2, B4, B5, B6, B11),
polyphenols. Currently, the importance of
carbohydrates is closely related to the value of the
"glycemic index (GI)", honey has a variable content
of glucose and fructose, content that is different
from one type of honey to another, so acacia honey
has a high concentration of fructose (lower GI),
which may make honey consumption possible by
diabetic patients [80].

In an attempt to answer to this controversy, a study
was conducted on mice with streptozotocin-induced
diabetes (STZ) where the effects of honey,
metformin and their combination were analyzed
over a period of five weeks. The results showed
that both honey and the metformin-honey
combination could prevent hyperglycemia,
significantly improve glucokinase activity, and
stimulate insulin secretion [81]. Another study in
which tualang honey was administered concurrently
with metformin or glibenclamide to STZ-induced
diabetic rats was observed to have lower blood
glucose levels compared with blood glucose levels
obtained using glibenclamide or metformin alone. It
can be suggested that a combination of honey and
oral hypoglycemic agents may be a valuable
adjunctive therapy to maintain glycemic control in
diabetic patients. Thus, in the future it is desirable
to evaluate whether the results obtained in animal
studies can be extrapolated to human subjects [82].

Figure 4.
Drug interactions with honey. Created with BioRender
prolonged contact of these prodrugs with esterases
of the gastric wall, during which the active
substance is released [83]. The presence of food in
the stomach stimulates the secretion of gastric juice
and enzymes, temporarily neutralizing the pH. This
results in different effects depending on the
sensitivity of the drug to degradation and the action
of acidity on its passage into the solution, as
mentioned above (antiretrovirals, antifungals).
Bile acids increase the solubility of Halofantrine
[Halfane] following micelle formation. A high-fat
meal increases the bioavailability of the latter 12
times, which means increased toxicity. This
antimalarial, used only in certain conditions, should
therefore, under no circumstances, be taken with a
high-fat meal because of the risk of potentially fatal
arrhythmias (prolongation of the QT interval). Bile
acids are also involved in other interactions

Physiological effects related to gastrointestinal
motility of food:
Gastrointestinal motility is influenced by the
amount and composition of ingested food: volume,
caloric content, temperature and viscosity. They
determine the rate of gastric emptying, which is
inversely proportional to the volume and energy
content of ingested food. A sweet coffee, for
example, will delay the absorption of caffeine, a
hydrophilic molecule. High-calorie fats delay
gastric emptying more than carbohydrates or
proteins. Bioavailability will be two and a half
times higher when Montelukast is taken after
breakfast. Similarly, the absorption of Cefetametpivoxil and Cefuroxime-axetil is delayed, but their
bioavailability increases from 41 to 78% if a meal
is taken at the same time. This effect is due to the
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strongly influenced by the fat content of food,
affecting fat-soluble drugs (eg, Ciclosporin).
Epithelial active transport: Drugs and foods can
compete in the intestinal protein transport system.
Thus, satiety effects were observed when
Gabapentin was taken with protein-rich foods.
Similarly, patients with Parkinson's disease should
be warned of a decrease in Levodopa absorption
when a large amount of protein is taken
concomitantly [81].
Circadian cycle: In some cases, taking a drug at a
certain time of day makes it possible to optimize its
effect (chronopharmacodynamics) or influence its
future in the body (chronopharmacokinetics).
Indeed, various physiological parameters such as
body temperature, heart rate, blood pressure,
hormone levels, renal flow, gastric secretion follow
a circadian rhythm. These principles are recognized
for certain classes of once-daily drugs:
antihypertensives, administered in the morning or
antiulcer drugs, administered mainly in the evening.
In the case of other classes of drugs, these
principles are less justified (example: vitamins,
antidepressants, etc.). Mealtimes can also influence
these cycles. In all cases, a regular medication and
meal schedule is desirable for consistency of
effectiveness and tolerance.
Other factors such as dose and amount of food:
Interactions depend on the dose administered and
the amount of food in the digestive tract. Beyond a
certain dose, depending on the involved
mechanism, an interaction may become clinically
insignificant. For example, the absorption of 700
mg (or more) Rifampicin is not influenced by food,
while it is reduced at lower doses [84].
Beverages: Mildly acidic beverages (eg, Cola)
enhance the poor bioavailability of Itraconazole and
Ketoconazole in individuals with gastric
hypochlorhydria [85].
Sustained release, delayed preparations: The release
time, or even the amount released, is often
influenced by both the physical properties of the
medium (pH, motility) and the galenic formulation
(hardness, adjuvants). In contact with food, certain
forms of drugs can release their active substance
too quickly ("dumping dose"), thus raising plasma
levels to toxic values. This has been demonstrated
with long-acting Theophylline preparations (over
24 hours), the absorption of which can fluctuate
greatly depending on the substance and
composition of food. In children with asthma,
bioavailability has been shown to be reduced by
70% after multiple doses when the medication is
taken 10 minutes after breakfast instead of before it.
On the other hand, a laxative diet may accelerate
transit to the point of faecal elimination before the
full dose is released [85, 86].

Conclusions
This review brings to the attention of specialists
involved in the process of prescribing and releasing
drugs, on the possible interactions between them
and the food products included in diets that can
negatively affect the therapeutic efficiency of
medicinal treatment.
Many times, these interactions are ignored or not
given proper attention and the patient is the one
who is most affected by these omissions of the
specialists from the health domain. Unfortunately,
in the last period, specialized literature has not
considered the drug-food interactions, which has
led to a secondary placement, an aspect that can
often lead to the exacerbation of some adverse
reactions or to a reduction of some therapeutic
effects with negative consequences on the health of
the patients.
Even if some natural food products are considered
to have a beneficial effect on the health of
consumers, it must not neglect the possible
interaction with different drugs prescribed by the
specialists for treating various diseases, an
interaction that can sometimes seriously affect the
patient's health.
During their practice, pharmacists regularly advise
patients on how to administer their medications
according to their main meals. The purpose of these
tips is to improve the effectiveness of the treatment
and/or its tolerance, as well as the patient's
compliance (adherence to the treatment necessary
to improve the patient's pathological condition). To
this end, knowledge of food-drug interactions and
their respective mechanisms is essential. Indeed,
even though many medications can be taken
without regard to meals, others are likely to be
involved in FDI.
However, most of the time, pharmacists usually
only have summary sources of information about
FDI. In the "mode of administration" section of the
leaflets, the time of day when the medicine must be
administered with meals and/or the fact that certain
foods must be avoided during treatment can be
indicated. Early identification of drugs at risk of
FDI during clinical use or development is essential
for better dissemination of information to both
clinicians and patients, and for optimizing
interdisciplinary management in current internal
medicine.
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