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SUMMARY

Introduction: The widespread use of drugs in patients with diff erent nutritional sta-
tus, dietary habits, diet and dietary supplements creates an opportunity for the poten-
tially unlimited numbers of interactions between medicines and food. Consequently,  
clinically signifi cant manifestations of those interactions should not be ignored.
Corresponding section headings: Many drugs contain ingredients that react with the 
human organism in diff erent ways. Dietary habits and lifestyle can sometimes signifi -
cantly aff ect pharmacological properties  of drugs. Interactions of drugs and dietary 
supplements can have a signifi cant impact on the success of the therapy.
Conclusion:  This kind of interaction is often forgotten when medication is prescribed, 
so the patient is usually not aware that eating habits, with given medication, can 
harm health. The result of these interactions in relation to the eff ects of drugs can be 
positive or negative, but it is often very signifi cant.
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INTRODUCTION

For years, the possibility of interaction between  
food and medicines has only occasionally been 
mentioned in top-level medical journals. It 
began with isolated reports, now more classic 
fi ndings, such as the eff ect of lacking of vitamin 
C on the activity of barbiturates. Papers on the 
eff ect of isoniazid on vitamin B metabolism, 
causing its defi cit have been published during 
1950’s [1]. Interaction of monoamine oxidase 
inhibitors used in depression therapy with 
food riched with biogenic amines (tyramine 
and histamine) was discovered in 1960. Th e 
result of this interaction was a signifi cant in-
crease in blood pressure and cerebrovascular 
insults [2]. In 1970 was found that calcium 
from foods, especially from dairy products, 
creates insoluble chelates with tetracycline and 
therefore interferes with their absorption.  A 

similar reaction takes place with metals such 
as iron and copper [3]. At the end of the 1980s, 
there were noticed deaths due to ventricular 
arrhythmias in patients who used terfena-
dine and consumed grapefruit juice [4]. Due 
to  the discovery that grapefruit juice contains 
components  interfering with enzymes from 
the cytochrome P450 and other liver enzymes 
responsible for metabolizing almost 50% of 
drugs, interactions between food and medi-
cines have attracted public attention, which 
has prompted a number of researches on the 
eff ect of food on drug metabolism [5, 6]. In-
spired with this discovery, the Joint Commis-
sion on Accreditation of Health Organizations 
(JCAHO) published in 1985 recommenda-
tions for examining all possible food and drug 
interactions that should be carried out before 
the drug is registered for the human use [7].
 It is evident that  many chronic dis-
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eases are multifactorial. In curing these dis-
eases, a good therapeutic approach is the com-
bination of medicines with adequate nutrition. 
As far as nutrition is concerned, there is an 
increasing number of functional foods and 
dietary supplements on the market, and for 
each of them is claimed to work on improving 
health. However, the potential dangers of us-
ing these products are not always overlooked 
[8]. Th ese risks include increasing the risk of 
food-drug interactions due to an increase in 
the amount of specifi c functional ingredients 
in food, and encouraging self-medication that 
leads to poorer compliance with pharmaco-
therapy. Th e term “interaction” means a pro-
cess in which one substance changes the ef-
fectiveness of the other, either by increasing or 
decreasing eff ect, or a new manifestation of the 
eff ect caused by neither one of the substances 
taking part in the process. Th is happens when 
two or more substances are consumed togeth-
er, e.g. when one medicine is combined with 
another medicine or when the drug is taken 
with food, phytochemicals, etc., so medicines 
are not as eff ective as they should be and /or 
as  it is expected. Th ese interactions occur not 
only with medication prescribed by a doctor, 
but also with products purchased in free- sale, 
as well as with herbal, vitamin and mineral 
preparations. Th ese interactions could be also 
clinically signifi cant [9-12].
 Th e risk of food and drug interactions 
is particularly high in elderly patients who 
usually use the majority of drugs. Particularly 
risky groups include malnourished patients, 
patients with malignant disorders and patients 
with impaired gastrointestinal tract function, 
immunocompromised defi ciency patients, pa-
tients with transplanted organs, and patients 
on parenteral nutrition. Risky group of pa-
tients includes elderly people who take more 
than 30% of all drugs [13].

CORRESPONDING TOPIC 
HEADINGS

Infl uence on kinetics and medicine 
dynamics
Th e eff ect of the interactions of substances tak-
en during drug therapy can be manifested in 
the change of one or more kinetic parameters 
(e.g. Tmax, Cmax, PIK0-inff ).
 Th e signifi cance of these changes to 
the therapeutic response depends on the ex-
pression and duration of interaction, as well as 
the therapeutic extent of the drug [9, 10, 14-
16].
 Various substances administered 
orally can have an eff ect on the pharmacody-
namic eff ects of drugs as fallows:
1. Th e eff ects of these substances are similar to 
the eff ects of drugs, and in this way they en-
hance their eff ect or toxicity (eg. thyramine, 
dopamine, and other vasoconstrictors in food 
enhance the toxic eff ects of MAO inhibitors 
such as, for example. tranylcypromine sulphate 
which can be fatal; coff ee can increase the un-
wanted eff ects of theophylline-aminphfylline); 
2. Th ese substances may suppress medicines 
(e.g. vitamin K in food helps to create coagula-
tion factors and acts opposite to warfarin; or 
caff eine as CNS stimulator  reducing the anxi-
olytic eff ects of drugs) [17-21].

Presystemic clearance
Medicinal substance administered in vari-
ous ways does not always reach the body in 
administered amounts. Biological availability 
is the percentage of the medicinal substance 
that has reached the systemic circulation in 
comparison the total amount of administered 
drug. Many drugs have low oral bioavailabil-
ity, even if their absorption is complete. Th is 
is the result of a signifi cant presystemic clear-
ance. Presystemic clearance implies a meta-
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Pharmacokinetic parameter Actictivity

Absorption

Reducing the rate of absorption 

 Forming a chelate complex with cations (Ca, Mg, Al, Fe, Zn)

 Increase of absorption

Distribution Hypoalbuminemia (<0.3 g/mL) in malnutrition or a low-protein  diet

Metabolism
 Inhibition enzymes activity

Induction of enzymes activity

Excretion

An infl uence on drug's tubular reabsorption

Increase in pH value of urine

Decrease in pH value of urine

Table 1. Changes in pharma-
cokinetic parameters of drugs 
during interactions
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bolic transformation of the drug aft er passing 
through the gastrointestinal tract and the liver 
before it enters the systemic circulation [9].
 Many drugs have a small degree of 
oral bio-availability even though they are not 
degrading in the stomack. Th is is due to their 
potent bio-transformation during the fi rst 
transit through the mucous membrane of the 
intestines and the liver. Th e strongest presys-
temic clearance is subject to the most com-
monly used lipophilic bases (eg. propranolol 
and amitriptyline). Presystemic clearance is 
almost never subject to lipophilic acids (e.g. 
salicylic acid and penicillin), unlike their es-
ters (e.g.acetylsalicylic acid and pivampicillin), 
which are metabolized before entering the 
systemic circulation. Th e decrease in presys-
temic clearance during interactions with food, 
results in an increased biological availability 
of various lipophilic bases (propranolol, la-
betalol, metoprolol,  hydralazine,  erythromy-
cin stearate, dicumurol, phenytoin, carbam-
azepine), which are pre-systemic metabolism 
includes hydroxylation, glucuronidation, or 
acetylation. In contrast, the bioavailability of 
lipophilic bases which undergo presystemic 
dealkylation (amitriptyline, codeine, dextro-
propoxyphene, prazosin, zimelidine) is unaf-
fected by concurrent food intake [22].
 Th e basic macromolecular structures, 
responsible for the presystemic clearance of 
drugs, are enzymes of the cytochrome family 
and transport proteins. CYP3A4/5, CYP2C8/9, 
CYP2D6, CYP1A2, CYP2C19 and CYP2E1  
enzymes of the cytochrome family have the 
most important role in the metabolism of xe-
nobiotics. CYP1A2 is an enzyme exclusively 
found in the liver. Th is enzyme inactivates 
caff eine, aromatic and heterocyclic amines. 
About 30% of cytochrome activity in the liver 
refers to CYP2C9. It’s activity is signifi cantly 
changed by Ginkgo biloba. CYP2C19 is pri-
marily found in the liver, while CYP2D6 is an 
extrahepatic enzyme. CYP2E1 is found in the 
liver, lungs and brain and metabolizes organic 
solvents, for example, alcohol. CYP2E1 induc-
tion is due to chronic consumption of ethanol, 
as well as in the state of starvation. Th e activ-
ity of this enzyme inhibits broccoli, tea, onion, 
pepper, garlic and acute alcohol consumption. 
CYP3A4 metabolizes about 50% of all drugs. 
Consequently, substances that induce or in-
hibit CYP3A4 are of particular signifi cance for 
the drug interactions [9, 23-25].
 Th e CYP3A4 enzyme, in addition to 

the liver is also found in the mucous membrane 
of the intestine, so some drugs are largely me-
tabolized before they enter the systemic circu-
lation. Food, or only some of its ingredients, 
can temporarily or in long-term change the ac-
tivity of this enzyme, which leads to changes in 
the biological availability of certain drugs. Sub-
stances that reduce (inhibit) CYP3A4 activity 
as a rule increase the eff ects of some drugs. In 
contrast, substances that increase the activity 
of this enzyme reduce the eff ect of some drugs. 
However, in the case of drugs that pass into 
an active, therapeutically eff ective form in the 
body (e.g. enalapril) the eff ect of reducing or 
increasing the activity of CYP3A4 is opposite, 
i.e.reduction of enzyme activity also reduces 
the eff ects of the drug, and increasing the ac-
tivity of the enzyme increases its eff ectiveness 
[26, 27].
 P-glycoprotein (P-gp) is one of the 
cell transporters responsible for transporting 
many drugs through the cell membrane. P-gp 
was fi rst discovered in malignant cells that was 
responsible for the citostatic resistance. How-
ever, P-gp is also found in healthy epithelial 
cells such as, for example, in the canalicular 
surface of hepatocyte, membrane cells of the 
proximal kidney tubule epithelium, and in the 
cillium enterocyte membrane. In these tis-
sues P-gp plays a protective role; in intestines, 
P-gp reduces the absorption of toxins from 
food and in the liver and kidneys it accelerates 
the elimination of toxins. In humans, P-gp is 
also found in endothelial cells of the blood-
brain barrier and in other tissues that possess 
a blood-tissue barrier such as placenta, ovary 
and testis, preventing various xenobiotics in 
circulation to enter these tissues. P-gp, located 
in the mucous membrane, prevents drug ab-
sorption; as the amount of this protein in the 
intestine is higher, a smaller amount of the 
drug is resorbed from the digestive tract in the 
body. On the other hand, if the activity of this 
protein is reduced, the amount of some drugs 
in the body is increased, and their function is 
increased. P-gp prevents absorption of drugs 
in the small intestine by releasing them from 
the cells [28-32].
 Th e eff ects of drug interactions and 
other substances entering the body are not 
the same for all people. As each person has a 
unique fi ngerprint and DNA profi le, it also has 
a unique cytochrome P450 profi le. Pharma-
cokinetic properties of some drugs are diff er-
ent between males and females, as the result of 
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a variety in content of enzymes between males 
and females. Hence, for example, females have 
a higher content of liver CYP3A4, while diff er-
ences in the content of CYP3A4, CYP3A5 and 
P-gp in the epithelium of the intestines were 
not found. Wolbold et al found that the level of 
liver’s CYP3A4 in females was twice as high as 
in males [33]. As a result, verapamil clearance 
was increased in women by about 50% com-
pared to men. Data confi rms that women in 
the menstrual period, for still unclear reasons, 
have naturally a higher level of CYP3A4 in the 
body than men and the clearance of medica-
tions through these enzymes is more pro-
nounced. An activity of  intestinal  CYP3A4 
is  lower by 20% in postmenopausal women 
compared to  perimenopausal women [34].

Interactions of medices and dietary supple-
ments
Dietary supplements or nutritional supple-
ments are products that with their active in-
gredients could help, strengthen or promote 
the strengthening of the natural functions of 
the organism. Th e defi nition of supplements, 
as prescribed by the National Institute of 
Health of the United States is as follows: Sup-
plement is any product (other than tobacco) 
intended to supplement the diet and contains 
one of the following components - vitamins, 
minerals, herbs or medical plants, their con-
centrates or extracts or their mixtures. Sup-
plements can be vitamins (B complex, vita-
mins A, D and K, folic acid, biotin), minerals 
(magnesium, potassium, sodium, zinc, iron, 
copper), fatty acids (linoleic, linolenic, EPA, 
DHA, arachidonic, GLA, alpha lipoic), protein 
concentrates (milk, soybeans, amino acids), 
enzymes, plant extracts, live culture of micro-
organisms, and even conditionally hormones.’ 
In the European Union, dietary supplements 
are defi ned as foods supplementing the usual 
diet. Regulations from 2010 on health safety of 
dietary products in the Republic of Serbia state 
the same defi nition of dietary supplements as 

in the European Union [35].
 Th e use of vitamins, minerals and 
other supplements in the general population 
is constantly increasing. Th e study in Ireland 
showed that about 14% of the population uses 
both drugs and supplements at the same time. 
About 8% use medicines only with vitamins 
and minerals, about 4% of products without 
vitamins and minerals, and about 2% use both 
types of supplements.
 Supplements in combination with 
drugs are most commonly used by women 
older than 75 years [36]. According to the data 
from an  American literature, around 53% to 
73% of adults regularly use some dietary sup-
plements. About 12% to 45% take drugs at the 
same time risking the interaction, and from 
6% to 29% of these interactions are potentially 
dangerous and clinically signifi cant [37-41]. 
Research of Sood et al. (2008) showed that 
about 40% of research subjects (out of 1795) 
used some of the dietary supplements [39].
 A similar test was conducted in 2011 
in Novi Sad. Two hundred eighty eight people 
were surveyed, aged between 41 and 60 years 
who purchased some of the herbal supple-
ments in one of the pharmacies.
 Most of the surveyed people had high 
or higher education. Th ey used the supple-
ments either on their own initiative or on the 
recommendation of acquaintances without 
medical education, without prior consulta-
tion with a physician or pharmacist. In per-
cent, 88.9% of the surveyed people do not 
even think that using supplements should be 
known by their doctor. Most surveyed people 
(73.3%) believe that preparations they use are 
safe even though 9.4% do not know anything 
about these preparations. However, 40.3% of 
those surveyed believe that the use of these 
drugs with prescribed medication is not safe 
[42].

Vitamins
Since vitamins are considered safe, they are 
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Picture 1. Presystemic clear-
ance of drugs with low bioavail-
ability

A - After swallowing and trans-
porting through the stomach, 
the drug from the small intes-
tine is absorbed into the portal 
circulation 1 going into the liver 
2 and then into the systemic 
circulation;
B - After entering the intesti-
nal epithelial cells, one part is 
transported back to the lumen 
of the intestine (P-gp), one part 
is metabolized by the enzyme 
(CYP3A4), and the rest goes 
into the portal bloodstream;
C - the drug enters the hepa-
tocytes from the portal blood-
stream and  one part of the drug 
is transported immediately into 
the gland (P-gp), part is metab-
olized by the (CYP3A4), and the 
non-metabolized part goes into 
systemic circulation.
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oft en taken uncontrollably and that can lead 
to interactions with medicines. Although vi-
tamins are essential in everyday nutrition for 
maintaining health, they have the ability to in-
fl uence the eff ects of some drugs. Some foods 
and supplements are additionally enriched 
with higher amounts of enzymes.
 High doses of vitamin A with tetracy-
cline antibiotics can cause intracranial hyper-
tension. With anti-coagulant drugs, vitamin A 
can cause hemorrhage [43].Vitamin B complex 
reduces tetracycline absorption and reduces 
its eff ectiveness. Vitamins B2 (ribofl avin) and 
B6 (pyridoxine) increase the eff ects of tricyclic 
antidepressants.
 Vitamin B3 (niacin) combined with 
oral anticoagulants can lead to hemorrhage.  
Vitamin B6 reduces the eff ectiveness of anti-
epileptics. Vitamin B9 (folic acid) reduces the 
eff ectiveness of phenytoin and other anticon-
vulsant drugs [43].
 High doses of vitamin C increases 
absorption of paracetamol and non-steroidal 
anti-infl ammatory drugs and reduce their 
elimination through urine. Th us, the eff ect of 
these drugs is enhanced  as well as their side 
eff ects.
 Vitamin C is responsible for alumi-
num absorption. Manifestations of aluminum 
poisoning may occur if it is administered with 
antacids that contain aluminum. Vitamin C 
also increases the level of tetracyclines in the 
body. Tetracyclines become more eff ective, but 
the risk of their side eff ects is also increased 
[43].
 Vitamin D enhances the function of 
doxorubicin. It also reduces the absorption of 
tricyclic antidepressants, beta blockers, and 
chlorpromazine [43].
 Vitamin K is a necessary for the body 
to maintain normal blood coagulation func-
tion, but it neutralizes anticoagulant eff ect of 
warfarin. Vitamin K is found in large quanti-
ties in broccoli, Savoy cabbage, parsley, spin-
ach, Brussels sprout, but also in coff ee, green 
tea and liver [43].
 Due to its antioxidant eff ects, vitamin 
E is oft en used as a supplement. Since vitamin 
E improves circulation, the eff ect of anticoagu-
lants and antiplatelet  drugs can be increased. 
A patient using vitamin E before the therapy 
begins should not stop using vitamin E, since 
therapy with anticoagulants  is titrated accord-
ing to the eff ect. However, it is very important 
not to start taking vitamin E during therapy, 

nor to stop its use abruptly. Vitamin E is found 
in larger quantities in walnuts, various seeds 
and oil. Warfarin interactions with food sup-
plements are oft en accompanied by very seri-
ous symptoms. Literature describes spinal epi-
dural hematoma, spontaneous intracerebral 
hemorrhage, retrobulbar hemorrhage, suba-
rachnoid hemorrhage,  spontaneous hypha-
ema  (hemorrhage in the anterior chamber of 
the eye) and post-operative bleeding [43].
 Vitamin A, C and E cocktails have 
been described to reduce the eff ectiveness of 
mebendazole [43].

Minerals and calcium
Minerals can form complexes or chelation with 
drugs which are insoluble compounds that 
can’t be practically resorbed. Iron and other 
minerals such as copper, zinc, manganese and 
magnesium inhibit quinolone’s absorption by 
forming insoluble complexes in the intestine 
[43].
 In vitro, Ranitidine interacts with cal-
cium ions (Ca++), magnesium (Mg++) and iron 
(Fe++) in simulated physiological conditions. 
Copper ion (Cu++) and iron (Fe++) interact 
with levothyroxine [44].
 Magnesium salts may, in combina-
tion with aminoglycoside antibiotics (ami-
kacin, gentamicin, kanamycin, tobramycin, 
streptomycin), increase their side eff ects on 
skeletal muscles. Magnesium binds to fl uo-
roquinolones (ciprofl oxacin, enoxacin, nor-
fl oxacin, sparfl oxacin) and simultaneously 
reduces their absorption. In addition to these 
antibiotics, magnesium signifi cantly inter-
feres with the absorption of bisphosphonates 
(alendronate, etidronate, clodronate, etc.) and 
digoxin. In contrast, magnesium enhances ab-
sorption of sulfonylureas (carbutamide, chlo-
rpropamide, tolbutamide, glyclazide, etc.) and 
the result may be severe hypoglycemia. Mag-
nesium hydroxide increases ibuprofen absorp-
tion, most likely due to an increase in pH in 
the stomack.  Since it prevents the entry of cal-
cium into myocardial cells, magnesium reacts 
synergistically with calcium channel blockers 
(nifedipine, verapamil, diltiazem, amlodipine, 
felodipine, etc.). Th e result of this interaction is 
a potent hypotension [43]. It is known that cal-
cium interacts with some antibiotics. Orange 
juice supplemented with calcium may lead to 
the formation of chelate with fl uoroquinolones  
(ciprofl oxacin, gatifl oxacin, levofl oxacin) and 
tetracyclines (tetracycline, minocycline). Th e 
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administration of levofl oxacin with food-rich 
calcium signifi cantly reduces its bioavailability 
[45]. Calcium also prevents the bisphospho-
nate absorption. Due to preventing absorp-
tion, calcium also reduces the eff ectiveness 
of sotalol. Calcium carbonate, which can be 
found in various supplements and antacids 
(OTC drugs), interferes with levothyroxine 
and prevents its absorption. Such prepara-
tions should be taken at least one hour before 
or aft er the medicine. Benzodiazepines sig-
nifi cantly inhibit the transport of calcium into 
the nerves of the brain, heart cells and another 
tissues. Alterations in the balance of calcium 
are associated with anxiety, fear, panic attacks, 
and muscle cramps, since calcium modifi es 
the eff ects on GABA receptors. Calcium ir-
ritates GABA receptors, and only small doses 
in combination with vitamins (but not cal-
cium from natural foods) can cause increased 
stimulation of the central nervous system and  
anxiety, insomnia and fear. Calcium provokes  
pharmacodynamic antagonism with calcium 
channel blockers (diltiazem, verapamil). Some 
diuretics (chlortiazide, hydrochlorothiazide, 
indapamide, chlortalidone) may increase the 
level of calcium in the body. Supplementation 
of calcium in the  patients treated with thiaz-
ide diuretics can lead to the formation of kid-
ney stones [43].

Melatonin
Melatonin is a hormone that naturally occurs 
in the body. In addition, melatonin is used in 
the treatment of insomnia and for regulation 
of the disturbed natural circadian rhythm.  
Contraceptives and  fl uvoxamine, increase the 
level of melatonin in the body and in combi-
nation with exogenous melatonin can cause 
drowsiness. Melatonin enhances the sedative 
eff ects of benzodiazepine, hypnotics and anti-
depressants [43, 46].
 In combination with melatonin, the 
biotransformation of drugs that are substrates 
for CYP2C19 (amitriptyline, citalopram, diaz-
epam,  lansoprazole,  omeprazole,  phenytoin,  
warfarin) is inhibited, and there is a possibility 
of side-eff ect reactions to these drugs [43, 46].
Since it strengthens the immune system, 
melatonin reduces the function of immuno-
suppressors used in organ transplantation 
(cyclosporine, tacrolimus, sirolimus and cor-
ticosteroids) and can lead to rejection of trans-
plants [43, 46].
 Melatonin may increase the fre-

quency of convulsions, especially in children. 
In combination with drugs that reduce the 
threshold for the formation of convulsions 
(propofol, mexiletine, amphotericin, penicil-
lin, cephalosporins, imipenem, bupropion, 
cyclosporin, fentanyl, theophylline, etc.) me-
latonin can enhance their side eff ects. Th e 
activity of anticonvulsant drugs (phenobar-
bital, primidone, valproic acid, gabapentin, 
carbamazepine, phenytoin and others.) can be 
reduced and the incidence of epileptic seizures 
can be increased [43, 46].
 If melatonin is used with substances 
antiplatelet properties (aspirin, clopidogrel, 
diclofenac, ibuprofen, naproxen, dalteparin, 
enoxaparin, heparin, nadroparin and warfa-
rin) it can lead to uncontrolled hemorrhage 
[43, 46].

Omega-3 fatty acids
Omega-3 fatty acids are found in large quanti-
ties in fi sh. Isolated omega-3 fatty acids are of-
ten used on a daily basis as supplements. Th ey 
reduce elevated blood pressure and in combi-
nation with antihypertensive drugs (captopril, 
enalapril, losartan, valsartan, diltiazem, amlo-
dipine, hydrochlorothiazide, furosemide, etc.) 
can lead to severe hypotension [43].
 Also, omega-3 fatty acids increase the 
activity of drugs preventing blood coagulation 
(aspirin, clopidogrel, diclofenac, dipyridamole, 
ibuprofen, naproxen, dalteparin, enoxaparin, 
heparin, nadroparin, warfarin) and a combi-
nation with these drugs may result in uncon-
trolled bleeding [43].

Inositol
Inositol is thought to be one of the vitamins B 
(B8). Inositol inhibits the release of serotonin 
into the nerve cells as well as antidepressants 
from the group of specifi c serotonin reuptake 
inhibitors.  Th erefore, it exhibits an antide-
pressant eff ect and reacts in synergy with an-
tidepressants [46].

Coenzyme Q-10
Coenzyme Q-10 (CoQ10) is increasingly used 
as a dietary supplement and today it is one 
of the most common dietary supplements. It 
inhibits intestinal P-gp and leads to increased 
absorption of drugs from the gastrointestinal 
tract.
 CoQ10 lowers blood pressure, and in 
combination with antihypertensive drugs (cap-
topril, enalapril, losartan, valsartan, diltiazem, 
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amlodipine, hydrochlorothiazide, furosemide, 
etc.) can lead to dangerous hypotension. It also 
signifi cantly reduces the eff ect of warfarin and 
coumarin derivatives [43].
 In experiments on animals, the pre-
treatment with CoQ10 over 5 consecutive days 
led to changes in the pharmacokinetic param-
eters of theophylline. Th e time to achieve max-
imum plasma concentrations is signifi cantly 
prolonged. Th e maximum concentrations of 
theophylline in plasma and AUC concentra-
tion were increased by about 100% [47].

Quercetin
Quercetin is a food ingredient that increases 
plasma antioxidant capacity and thus prevents 
the onset of atherosclerosis, but also inhibits 
some stages of cancer development. Th e use 
of foods rich in quercetin is an alternative 
complementary treatment in patients receiv-
ing steroid therapy in the case of testosterone 
defi ciency or in breast cancer, as this substance 
changes the metabolic process of natural ste-
roids and their metabolites. Quercetin is a sup-
plement used as a self-medicament for benign 
prostatic hyperplasia, since it is known that 
it causes vasodilation. As for the drugs, tam-
solusin is oft en used in the treatment of benign 
prostatic hyperplasia. Tamsulosin alone can 
lead to orthostatic hypotension since it causes 
vasodilation of blocking α1-adrenergic recep-
tors. Th ese two substances react synergistically 
and can lead to a very strong and life-threaten-
ing hypotension [48].
 Quercetin is found in tea, apples, on-
ion, St. John`s wort (Cantarion) and grapefruit 
juice. It is a potent inhibitor of CYP2C19 and 
CYP3A4, and a moderate CYP2D6 inhibitor 
[49]. Quercetin can potentially aff ect P-gp in 
the blood-brain barrier at higher doses [50].

Resveratrol
Resveratrol is a natural polyphenol, oft en used 
as a supplement in foods. Various positive ef-
fects are attributed to it, such as cardioprotec-
tive function, immunomodulation and antitu-
mor function. In healthy people who do not 
use drugs, the resveratrol is very well tolerated. 
Resveratrol shows an eff ect on various isoen-
zymes of cytochrome P450 and may change 
the pharmacokinetics of various drugs, espe-
cially if taken in high doses. Resveratrol can 
reduce the fi rst pass metabolism and lead to 
more exposure of the body to various simulta-
neously prescribed drugs [51].

 Resveratrol found in red wine and 
peanuts, inhibits platelet aggregation. If taken 
with anticoagulants, fatal hemorrhaging may 
occur [52].
 Green tea extract and grape seed ex-
tract (the active ingredient is resveratrol) in 
vitro inhibited the activities of liver CYP2C9, 
CYP2D6 and CYP3A4. Aft er 7 days of con-
tinuously administrating these extracts, the 
elimination of i.v. administered midazolam 
was signifi cantly accelerated, indicating the 
induction of hepatic CYP3A4. Aft er oral ad-
ministration of midazolam to animals that re-
ceived  subchronic intake of  green tea extract 
(for 7 days), Cmax and AUC0-∞ were increased, 
which is most likely due to the inhibition of 
CYP3A4 in the colon wall [53].
 Red wine, which also contains the 
mixture of fl avonoids and other polyphenolic 
components, inhibits CYP3A4 in vitro. White 
wine does not possess this kind of inhibitory 
potential. By inhibiting the cytochrome P450 
system, resveratrol can increase the toxicity of 
statins, calcium channel blockers, HIV pro-
tease inhibitors, immunosuppressants, anti-
histamines, benzodiazepines, and drugs used 
in the treatment of sexual dysfunction. How-
ever, such drastic action can be expected when 
using resveratrol as a supplement but not in 
consuming a glass of red wine daily. Some ex-
perimental data show that resveratrol besides 
CYP3A4 inhibits MRP2 (multidrug resistance 
protein 2) due to the eff ectiveness of some 
drugs, such as increased carbamazepine [51].
 Food polyphenols (resveratrol, quer-
cetin, rutin) have antioxidant properties. In 
addition to other activities, they also showed 
protective eff ects on the damage of mitochon-
drial function induced by indomethacin [54]. 

Glucosamine
Glucosamine is a dietary supplement that helps 
in strengthening the joint structure and is used 
in osteoarthritis therapy. When administered 
simultaneously with drugs that prevent blood 
coagulation (vitamin K antagonists, heparin, 
aspirin, clopidogrel, ibuprofen and naproxen) 
it can lead to severe hemorrhaging. Clinical 
studies describe an increase of INR aft er initi-
ating glucosamine therapy in a patient who has 
chronically used warfarin [55]. Glucosamine 
can increase the activity of insulin and lead 
to hypoglycemia. Th is substance also reduces 
the analgesic eff ect of paracetamol. Etoposide, 
topoisomerase II and doxorubicin are less ef-
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fective in the presence of glucosamine, given 
that it prevents the entry of drugs into malig-
nant cells. Glucosamine increases furosemide 
side eff ects [56].

L-Carnitine
L-carnitine is an amino acid that is normally 
synthesized in the body. Th e role of L-carni-
tine is to provide energy to the body. L-Car-
nitine is used in elderly people with memory 
problems, people who have suff ered a stroke, a 
person with diabetic neuropathy, a defi ciency 
of testosterone, and Alzheimer’s disease.
 Th e eff ectiveness of acenocoumarol 
and warfarin is enhanced by taking L-carni-
tine and there is a risk of hemorrhaging [56].

Menthol
In vitro, studies have shown that peppermint, 
menthol, ether oil from the mint plant and 
mint-tea are reversible inhibitors of hepatic 
CYP3A4. When aspirin, ibuprofen, diclofenac, 
naproxen are taken along with them, sponta-
neous bleeding may occur, which may even be 
fatal [57]. Menthol enhances the action of nife-
dipine, felodipine and some antibiotics and in-
hibits the activity of cyclosporine [58, 59].

Beta-Sitosterol
β- sitosterol is an active substance from various 
plants such as bur and heather. It is structur-
ally similar to cholesterol. Many drugs change 
sitosterol kinetics, but sitosterol interacts with 
drugs for the treatment of hypercholesterolae-
mia and benign prostatic hyperplasia [46].

Beta-glucan
Beta-glucan is a polysaccharide which is 
found in plants and cereals. In addition, it can 
be found in beer yeast and some mashrooms. 
When foods rich in β-glucan are adminis-
tered with non-steroidal antiinfl ammatory 
(e.g.indomethacin), medicines have side ef-
fects on the gastrointestinal tract and can cause 
stomach and duodenal hemorrhage [60].
 Beta-glucan can lead to severe hy-
potension if used with high blood pressure 
therapy (captopril, enalapril, losartan, valsar-
tan, diltiazem, amlodipine, hydrochlorothiaz-
ide and furosemide) [43].
 Beta-glucan strengthens the immune 
system but reduces the function of  immuno-
suppressors (azathioprine, cyclosporin, tac-
rolimus, sirolimus, prednisone and corticos-
teroids) [43].

Beta-carotene
Beta-carotene with selenium, vitamin C and 
vitamin E can reduce the eff ectiveness of 
drugs used in the treatment of hypercholes-
terolemia (atorvastatin, fl uvastatin, lovastatin 
and pravastatin) [43].

Anthocyanins
Anthocyanins are the largest and most impor-
tant group of water-resistant plant pigments. 
Th ey are widely used in human nutrition since 
they are found in vegetables, fruits and red 
wine. Many medicinal properties of these sub-
stances are associated with their antioxidant 
potential. However, they can also be the cause 
of unexpected reactions to drugs that are si-
multaneously used [61].

Stevia
Stevia (Stevia rebaudiana Bert.) is a South 
American medicinal herb that is unique in 
its naturally sweet leaves. Th e natives use this 
plant for more than 1500 years as a natural and 
healthy sweetener. In addition, it was used in 
people with diabetes and increased blood pres-
sure.
 Stevia is diuretic and lithium excre-
tion is reduced. In people receiving lithium for 
therapeutic purposes, the interaction of stevia 
and lithium leads to very diffi  cult side eff ect 
reactions. In combination with anti-diabetics, 
Stevia can cause hypoglycemia [43].

Turmeric
Th e active turmeric ingredient, polyphenol 
curcumin is used as spice, but also as dietary 
supplement. Curcumin inactivates CYP3A4 
and P-gp and therefore interacts with many 
drugs that are the substrate for this protein 
[62, 63, 64].
 Turmeric reduces the activity of 
paracetamol and talinolol. In combination 
with turmeric, following eff ects are increased: 
the eff ects of acetylcholinesterase inhibi-
tors, amiloride, anticoagulants and antiplate-
let drugs, oral anti-diabetics, NSAIDs, an-
tilipemics, antihistamines, antidepressants, 
cardiovascular drugs, erythromycin, erythro-
poietin, norfl oxacin and retinol [59, 65, 66].

CONCLUSION

Herbal and nutritional supplements are in-
creasingly used, especially in the female pop-
ulation and in the elderly. Th e risks from the 
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interactions of these substances with drugs be-
ing taken are at the same time large, and the 
consequences are not always easy to predict. 
Doctors are usually not aware of what dietary 
supplements are used by patients, given that 
they are taken on their own initiative, and pa-
tients themselves do not usually inform doc-
tors about taking these substances.
 Most systematic literature reviews 
have shown that the interactions of dietary 
supplements and drugs are moderately diffi  -
cult or mild. However, some dietary supple-
ments interact with drugs that pose serious 
health threats. Because of the limited quality 
and lack of primary data, these data should be 
treated with caution [67].

REMARK

Th is paper is based on parts of the book: Kor-
nelia Đaković Švajcer. MEĐUDELOVANJA 
LEKOVA, HRANE I SUPLEMENATA/IN-
TERACTIONS OF MEDICINAL PROD-
UCTS, FOOD AND SUPPLEMENTS. (on 
Serbian),  Alfagraf, Petrovaradin, 2016.
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KRATAK SADRŽAJ

Uvod: Široka primena lekova kod pacijenata sa različitim nutritivnim statusom, di-
jetetskim navikama, načinom ishrane i suplementima u dijeti stvara mogućnost za 
nastanak potencijjalno neograničenog broja interakcija lekova i hrane. Iako se broj 
interakcija i permutacija može čintiti porazan, a proporcija klinički značajnih mani-
festacija nije jasna, u klinici se ne sme zanemariti njihova potencijalna opasnost.
Tema: Mnogi lekovi sadrže sastojke koji stupaju u reakciju sa organizmom čoveka na 
različite načine. Dijetetske navike i životni stil mogu ponekad značajno uticati na 
delovanje lekova. Interakcije lekova i dijetetskih suplemenata mogu imati značajan 
uticaj na uspeh terapije. Na ovu vrstu interakcija se često zaboravlja kada se prop-
isuju lekovi, tako da pacijent obično nije ni svestan da njegove navike u ishrani, sa 
datim lekovima, mogu naškoditi njegovom zdravlju.
Zaključak: Rezultat ovih interakcija u odnosu na delovanje lekova može biti pozitivan 
i negativan, ali često je veoma značajan.

Ključne reči: interakcije, dijetetski suplementi, metabolizam lekova, efekti lek-
ova
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