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ABSTRACT

Objectives: The importance of drugfood and drugdrug interactions to practice has been acknowledged considerably more
slowly, despite the fact that drug-drug interactions are well known and recognized. However, the long use of drugs has led to
an increase in drugfood interactions. In addition to being aware of these kinds of interactions, food-drug interactions are very
important for assessing the proper time, dosage, and formulation of novel medication candidates. Variation in intestinal
transport and metabolism, or systemic drug distribution, metabolism or excretion, are the mechanisms by which drugfood
interactions occur. Additionally, pregnant women, those with major health issues, those with a poor diet, and children are
more likely to experience food and medicine interactions. Basic details regarding the significance, categories, enzymes of drug
and food interactions are provided in this article.
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INTRODUCTION :

Medicines are used to cure, treat and prevent the huge range of health conditions but all medicaments should
be used very carefully to ensure their safety and efficacy. Medicaments should be carefully prepared so that their
effect have the same predicted effects for all kind of patients, it also be unaffected by concurrent food or other
medications with linear potency, must be totally non-toxic in whatever dosage form , and require just a single
dose to effect a long time cure. [1].

So many medicament are available which consist of potent compound that bind with the drug present in human
body in unique method. Diet and lifestyle could also have a substantial effect on medicine effectiveness. A
medicine interaction is like a circumstance in which an interaction can influences the activity of a drug, i.e. the
efficacy of medicament can be increased or lessened, or together they can produced a new impact that neither
can see before. However, interactions between both of medications and foods, as well as drugs and plants can be
seen.

These all happens due to the lack of knowledge or information about the therapeutic moiety contained in the
particular substances. Food and drug interactions may unintentionally decreases or enhanced the impact of the
medications. Some frequently used vegetable herbs and fruits, and alcohol may cause the impact to fail, leading
to serious health issues for the patient. Mostof clinically important food-drug interactions result from food-
induced alterations in drug’s bioavailability [2].

Some diets (foods) have a significant impact on drug absorption, including fatty foods, protein containing diet,
and fibrous food. Bioavailability is a critical parameter that is connected with the clinical efficacy of various
medicines. However, if anyone want to verify the clinical importance of a food and drug interaction, the effect
of food intake on the drug's clinical effect should also be considered [3].

The most relevant effect are those that enhances the probability of treatment failure because of lower
bioavailability in the fed situation. Chelation mechanism with dietary food is one of the common source of these
interactions. Further, the physiological signal to meal intake, specifically gastric acid secretion, may decrease or
increase the bioavailability of some medicaments [4].
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Drug interactions can also affect the pharmacokinetics and pharmacodynamics activity. A pharmacodynamics
effect of a drug interactions can be antagonistic in nature, additive effect or it can be synergistic effect. Drug
interactions may be an important source of pharmaceutical negative impact [5].
The concomitant use of various medicines with a large surface area on that the drug components could be slicked
or bind. Change gastric pH, may change gastrointestinal motility activity, or may cause problem in transportation
of proteins like P-glycoprotein may have an effect on absorption of drug in the area of gut. A reduction in
absorption of drug rate may have minute clinically significant, however a drop in the amount of absorption is
clinically advantageous if it results in sub therapeutic serum levels [6].
DRUG AND FOOD INTERACTION:
A. PHARMACOKINETIC INTERACTIONS

1. Effect of Drug-absorption on food and drug Interactions [7]

Food can influence absorption of drugs in the gastrointestinal (GI) tract by changing factors such as pH of gastric
area, stomach secretion Gastro-intestinal motility and transit time. These alterations can modify the rate and
extent of medicaments absorption, thereby reducing treatment efficacy or increasing toxicity [8]. Examples are
as below:

a) Antibiotic effect:
Azithromycinwhen taken with food, the absorption of azithromycin decreases, leading to a 43% reduction in
bioavailability [9].

b) Effect of Theophylline:

Consuming high-fat foods with sustained-release theophylline can result in dosage dumping, which is when the
medicine is suddenly released in huge quantities. This can lead to high theophylline levels, which increases the
risk of poisoning. Children and kids are more susceptible to these kind of drug interaction than adults [10].

c) Effects of Food-drug interaction on Bioavailability of Drug:

Food can affect medication bioavailability through multiple ways. It causes a viscous environment in the
gastrointestinal (GI) tract, which can limit medication dissolution and diffusion with the absorbing membrane.
Furthermore, medications can attach to food particles or react with gastrointestinal liquids generated in reaction
to meals, affecting their absorption. [11].

d) Effect on viscosity in gastrointestinal contents:

Food increases the viscosity of gastrointestinal contents, slowing medication breakdown. A fluid environment
reduces the absorbing surface area, resulting in delay in drug absorption.

e) Changes in the rate of gastric emptying:

High fat, substantial meals inhibit stomach emptying, causing delayed medication absorption and activity. Hot
, greasy meals can delay the effects of certain medications [12].

f) Stimulation of Gastrointestinal Secretions:

Food boosts stomach secretions, impacting medicine stability and absorption rate. Chemical hydrolysis and
enzymatic metabolism can affect medication bioavailability. Surface-active substances such as bile salts can
improve medication absorption by speeding up dissolution. Bile salts can improve the absorption of Griseofulvin
[13].

g) Competitive Inhibition of Drug Absorption by Food Components

Some medications are structurally similar to nutrients and compete for the same absorption pathways. Levodopa
competes with dietary amino acids for absorption, lowering its bioavailability [14].

h) Drug or Dietary Component Complexation: Certain medications generate insoluble or nonabsorbablecom
pounds with food components, resulting in reduced absorption. Examples: Tetracycline can form compounds
with calcium ions in milk, decreasing medication absorption. Iron rich foods can reduce medication bioavailabi
lity through complex formation. This impact occurs when a medication develops irreversible or unobservable
compounds with food components [15].

2. Effect of Drug -distribution on food and drug Interaction

Food can influence drug distribution by changing parameters such as plasma protein binding, lipid solubility,
and blood flow. Some medications attach to plasma proteins such as albumin, and certain meals might compete
for these binding sites, increasing the free (active) drug content and potentially improving its effects or toxicity.
High-fat containing foods can improve the distribution of lipophilic (fat-soluble) medications by boosting their
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storage in fatty tissues, resulting in longer pharmacological action [16].Furthermore, food-induced alterations in
blood flow, particularly in the liver and intestines, might influence how soon a medicine reaches its target
location. Certain minerals, like as calcium and iron, can bind to medications (e.g., tetracycline), reducing their
availability for distribution. These types of connection can have a negative effect on the drug's efficacy and safety,
thus dietary considerations must be considered when taking drugs [17].

3. Effect of Drug-metabolism on food and drug Interactions

Food can affect how the liver processes certain drugs, leading to changes in their effectiveness and side effects
like Grapefruit Juice Interaction. Grapefruit juice can improve the bioavailability of some medicaments by
reducing liver enzymes (cytochrome P-450). Example: When taken with grapefruit juice. Felodipine absorption
increased by up to 469%, leading to lower blood pressure and a faster heart rate [18].

. Nifedipine absorption also increased but to a lesser extent (up to 169%).
) Side effects included headaches, flushing, and dizziness.
. Orange juice did not have this effect.[19]

Citrus juices are commonly drunk with breakfast, thus patients should be advised about this interaction.
4. Effect of food on first-pass Metabolism:

Some medications undergo first-pass metabolism in the area of liver, lowering their bioavailability. Like,
when propranolol and metoprolol are taken with food, their absorption increases, making them more effective.
Tyramine and MAO inhibitors:

Monoamine oxidase (MAQ) inhibitors (used to treat depression) interact with tyramine, a chemical contained
in certain diets. The body normally breaks down tyramine, but MAQO inhibitors hinder this, resulting in
elevated blood pressure (hypertensive crisis). All should avoid foods like as long time stored pickled fish, cheeses,
some extracts of yeast, red wine, and some types of beer that not contain alcohol and fermented food items [20].
5. Drug Excretion and Food Interactions:

Foods can alter urine pH, affecting the activity and excretion of certain medicines. Changes in urine pH can
drastically affect drug half-lives. Acidic medicines have a longer halflife in acidic urine because they remain in
their unionized form, which facilitates reabsorption. However, in alkaline urine, acidic medicines become
ionized, resulting in faster excretion and a shorter half-life [21].

6. Pharmacokinetic interactions of actual dietary supplements

a) Alcohol contain drink

Advanced evidence of the cardio-protective advantages of alcohol containing drink has encouraged some
moderate alcohol intake as a main part of a healthy lifestyle. Alcoholic liquids, like beer and wine are high in
flavonoids contents and other polyphenols compounds, which have some antioxidant effects and can also effect
CYP action via pathways unrelated to ethanol. However, evidence on enteric CYP3A blocking by tea and
sometimes alcoholic liquids like wine, beer are limited, and their clinical advantages has yet to be known [22,
23, and 24].

b) Red wine

There have been numerous research looking into the connections between wine, red made from the common
fruits like grape. Red wine's effect on the pharmacokinetics of CYP3A substrates but it may vary depending on
the percentage used and type eaten. It is also hard to differentiate between the effects of ethanol and wine
ingredients. Chemical trans-resveratrol and other chemical such as Gallic acid are two strong chemical
components of red wine that have been known to effect in vitro to inhibit hepatic CYP3A in a mechanism-based
and non-competitive, reversible manner. However, the mechanism of intestinal suppression by red wine is not
yet well understood [25].

c) Beer

Beer contain various kinds of phenolic acids and other phenyl-flavonoids, but few of them are used initially as a
flavoring agents and some are as to preserve the beer. An experiment of the inhibitory effect of a long range of
lagers, scales, beers, ciders, and non-alcoholic drinks on CYP systems represented that some beers produced the
blocking of CYP3A4-related metabolism by up to 77-81%. Somehow, there are a large variations in alcohol and
hop acids components. Resulting, a strong relationship between inhibition and hops ingredients levels could
not be produced. Some other studies with individual compounds are in support with the clinical studied [26,

27].
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d) Tea

Tea is one of the famous and popular liquid drink after water in the world. The type of fermentation and variety
of tea produced by the different tea plant like Camellia sinensis are evaluated by the processing procedure used
for its green parts like leaves. Green tea have less oxidation during processing, as a result in it has a high
concentration of polyphenol. The most common polyphenolic chemicals are catechins, which are known to help
to stopped and to treat cancer, cardiac illness, and obesity. Currently, the major use of controlled clinical trials
predicting the effect of repeated green tea intake on CYP activity have failed to show clinically relevant
interactions [28].

e) Drug-grapefruit juice interactions

The initial study of this type of interaction found that juice obtained from grape fruits, (orange juice avoided),
enhanced mean plasma area under the curve (AUC) of Felodipine compared to water in patients of borderline
hypertensive disease [40]. Blood pressure of person was decreased, heart rate increased, and vasodilation-related
adverse events occurred more frequently. Juices obtained from grapefruits generally enhanced the plasma peak
concentration (Cmax) of drug but it did not alter the systemic elimination halflife (t1/2) [29, 30]. Juice obtained
from grape fruits have not effect on intravenous pharmacokinetics of Felodipine [31], implying that the
interaction with juice of grapefruits was caused by inhibition of pre-systemic drug metabolism [32].

f) Antimicrobials

In case of antivirals, the authors determined that simultaneous grapefruit juice treatment increased the pH of
stomach area and delays absorption of Indinavir, but it has no consistent effect on Indinavir's systemic
bioavailability in HIV-infected people [33]. In the same manner, clinical studies have suggested that grapefruit
juice has no special effect on Amprenavir kinetics. This behavior could be because of medications' primary
metabolism that occurs outside of the small intestine [34].

Grapefruit juice, among all antimalarial drug, considerably enhances the oral bioavailability of drug known as
Artemether but it does not protect us from the time-dependent drop in bioavailability as well as elimination half-
life, implying a role for intestinal enzyme CYP3A4 in Artemether pre-systemic metabolism [35, 36]. Same
findings were also seen after a single dosage of orally taken Praziquantel with 200 ml juice obtain from grape
fruits [37].

g) Antihistamines and Serotonin Analogs

Many scientific research have indicated that a one full glass of grape juice produced an individual-dependent,
variable that increase in the systemic bioavailability of drug like Cisapride by blocking of enzyme present in
intestine Cytochrome P450 3A4 (CYP3A4) activity [38]. Thereby it is suggested that frequent use of high amount
of juice of grape with Cisapride should be not be used, especially in those patients who have high risk factors of
cardiac arrhythmia [39]. The effect of these kind of juice on racemic Nitrendipine was found to increase its
bioavailability and it was also seen that it blocks the Stereo-selective metabolism of Nitrendipine in human body
(40].

h) Some other examples of food and drug interactions are

. Warfarin

Warfarin is widely prescribed to prevent or treat thromboembolic in patients [41]. Patients who are using
warfarin are especially vulnerable to interactions with dietary supplements, however roughly 32% utilize herbal
and natural product from plants and used as a supplements on a daily routine [42]. Warfarin can interact with
a high-protein meal. Increased dietary protein consumption has been hypothesized to increase blood albumin
percentage and cytochrome P450 activity, resulting in a reduce in international normalized ratios [43].

Some plant food like spinach, broccoli, sprouts, Brussels, kale and parsley are full of vitamin K. Taking large
amount of these plant vegetables could create problems in the effectiveness and safety of warfarin treatment [44].
Eating charbroiled foods may lower warfarin activity, eating cooked onions may enhance it. Soy meals have been
indicated to both boost and decrease warfarin activity. The importance of the latter three interactions is
uncertain. The mixture of some drugs like warfarin medication and cranberry juice could create problems
without bleeding in an old age patient [45].

° Antibiotics

Antibiotics drugs are provided to treat the bacterial infections in patient. So many types of antibiotics are there.
They deplete biotin, folacin, vitamin K, mycobacterium such as Lactobacillus acidophilus, and Bifidobacterium.
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These are some micro bacteria that collects in the digestive system and motivates good digestion as well immunity
of system. During and after some time of taking this medication, patient should take a supplement to replace
the probiotic microorganisms. Some mineral supplements like calcium, magnesium, selenium zinc, iodine and
iron should be provided at least few hours apart from taking antibiotics, as they could attach to the therapeutic
substances (drug) and impair the mechanism of absorption [46].

When some antibiotics like penicillin and erythromycin are taken with meal, acid released from stomach breaks
them down. So it works nicely when taken in empty area of stomach. However, some food items can lower the
likelihood of stomach distress that can be caused by these drugs. If substantial gastrointestinal problems occurs,
these medicaments can be provided with some food, this will change the action like pharmacokinetics of the
dosage form. Furthermore, before taking milky products, one should carefully note that as milk products are one
of the richest sources of riboflavin, and they can also easily ingested and economical protein source [47].

In this review, the author concluded the up growing risk of food and drug interactions that focus on their effect
on medication metabolism and therapeutic efficiency. They emphasized the importance of understanding these
interactions in order to take medications safely and effectively.

B. PHARMACODYNAMICS INTERACTIONS

Foods can interfere with medicaments by changing their pharmacologic activities. For example, diets with high
vitamin K can reduce the effectiveness of warfarin, an anticoagulant, by antagonizing its effects. Foods full of
phyllo Quinone consisting plant leafy vegetables like spinach, broccoli, fenugreek, coriander, turnip greens,
Brussels sprouts, green tea cauliflower, chickpeas, beef liver and pork liver.

C. EFFECT OF FOODS ON pH OF URINE.

a) Alkalizing foods include milk, veggies, and citrus fruits.

b) Acidifying foods include meat, fish, cheese, and eggs.

Foods can also impact the renal excretion of certain drugs. Sodium and lithium fight for tubular reabsorption
in the organ called as kidney. A diet with high amount of salt increases lithium excretion, decreasing its
effectiveness, whereas a low-salt diet reduces lithium excretion, resulting in higher lithium levels in the blood,
thus elevating the risk of toxicity [48].

Alcoholic beverages can boost the depressive effects of certain drugs on the central nervous system (CNS),
including benzodiazepines, antihistamines, antidepressants, antipsychotics, muscle relaxants, opioids, and any
other sedative. This can result in increased sleepiness, dizziness, and poor coordination [49].

Some foods can potentially increase the effectiveness of drugs. For example, caffeine in coffee has an additive
impact on theophylline, a bronchodilator. Caffeine has been shown in studies to boost levels of serum
theophylline in the range of 25%-35% and prolong its half-life by slowing rate of clearance, resulting in symptoms
such as nervousness, tremors, and insomnia [50]. Because caffeine has bronchodilator properties, it can improve
the action of theophylline, necessitating the adjustment of theophylline dosage in individuals who consume
considerable amounts of coffee (more than six cups per day) [51].

ROLE OF PHARMACISTS TO CURE AND PREVENT DRUG-FOOD INTERACTIONS

Pharmacists always have an important role in detecting and preventing drug and food interactions. They must
be attentive in checking potential interactions and informing patients about which meals and beverages to avoid
while taking specific drugs. Staying up to date on the latest drug interactions is critical for delivering correct
counselling [52]

When dispensing medications, pharmacists should inform patients about:

a. Read medicine labels carefully and ask clarifying questions if confused.

b. Checking medicine labels and inserts for warnings and interactions, including over-the-counter drugs [53].
c. Take medicine with one glass of water.

d. Don’t mix medications with food or open capsules unless recommended by a doctor.

e. Avoid taking vitamins concurrently with medications to avoid potential interactions.

f. Avoiding mixing medicine with hot liquids, which may diminish its effectiveness.

g. Never consume alcohol while taking medicine.

h. Consulting with a pharmacist to learn how diet affects specific prescriptions.

PRECAUTIONS:

Certain drugs should be taken before, with, or after meals to ensure optimal absorption.
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If health issues persist, see a doctor.
Pregnant or breastfeeding mothers should get medical advice before taking any medication, as it may damage

their infant (54, 55]

CONCLUSION:

Food & medications are equally necessary for optimal health, but using both at the same time can cause side
effects and hazards. Identifying and understanding these interactions is critical for ensuring
safe and effective pharmaceutical use.

In most circumstances, eating reduces a medicine's bioavailability, but it can also affect drug clearance.
Additionally, medicines might affect food taken, digestion, absorption, and excretion. Some study are required
to better understand these interactions, and chemists shows an important role in monitoring and informing
patients about potential drug-food interactions. While some interactions can be detrimental, others can be
beneficial, aiding in drug absorption or reducing side effects. Recently, medication interference with grapefruit
juice have attracted a lot of attention. As new medications are created, recognizing these interactions remains
crucial to safe medication usage.

Acknowledement : Authors are thankful to Sunder Deep Pharmacy College, Sunder Deep Group of
Institutions, NH-24, Sunder Deep Nagar, Delhi-Hapur Road Ghaziabad, Uttar Pradesh, India

For facilities and support to complete this work.

Conflict Of Interest : The author declares no conflict of interest.

REFERENCES:

1. McCabe BJ, Frankel EH. Wolfe J]. Basic Concepts. In: Hand book of food-drug Interactions, CRC Press, Boca
Raton, 2003, 2 [Google Scholar]

2. Ayo JA, Agu H, Madaki I. Food and drug interactions: Its side effects. Nutrition Food Science 2005; 35(4):243-
252. 10.1108/00346650510605630 [DOI] [Google Scholar]

3. Schmidt LE, Dalhoff K. Food-drug interactions. Drugs 2002; 62(10):1481-1502 10.2165/00003495-200262100-
00005 [DOI] [PubMed] [Google Scholar]

4. Nekvindova J, Anzenbacher P. Interactions of food and dietary supplements with drug metabolizing cytochrome
P450 enzymes. Ceska Slov Farm 2007. Jul; 56(4):165-173 [PubMed] [Google Scholar]

5. Hansten PD. (2004) Appendix II: important interactions and their mechanisms, In: Katzung BG. (2004). Editor,
09 edn, (2004) Basic and clinical Pharmacology, McGraw hill, Boston pp 1110. [Google Scholar]

6. Itagaki, S., Ochiai, A., Kobayashi, M., Sugawara, M., Hirano, T., Iseki, K. (2008). Interaction of Coenzyme Q10
with the Intestinal Drug Transporter P-Glycoprotein. ] Agric Food Chem. 27; 56(16):6923-7. [DOI] [PubMed].

1. Koziolek, M.; Alcaro, S.; Augustijns, P.; Basit, A.W.; Grimm, M.; Hens, B.; Hoad, C.L.; Jedamzik, P.; Madla, C.M;

Maliepaard, M.; et al. The Mechanisms of Pharmacokinetic Food-Drug Interactions—A Perspective from the UNGAP
Group. Eur. J. Pharm. Sci. 2019, 134, 31-59. [Google Scholar]

8. Mayet, A.Y. Loss of Smell (Anosmia) and Taste (Ageusia) in a Patient Treated with Pegylated Interferon Alfa and
Ribavirin. Curr. Ther. Res. Clin. Exp. 2007, 68, 271-277. [Google Scholar] [CrossRef] [PubMed].
9. J.P.; Misaka, S.; Giroli, M.G.; Shimomura, K.; Amato, M.; Simonelli, N.; Vigo, L.; Tremoli, E. Update of Green

Tea Interactions with Cardiovascular Drugs and Putative Mechanisms. J. Food Drug Anal. 2018, 26, S72-S77. [Google
Scholar] [CrossRef] [PubMed] [Green Version]
10. Raaska, K.; Raitasuo, V.; Laitila, ].; Neuvonen, P.]. Effect of Caffeine-Containing versus Decaffeinated Coffee on

Serum Clozapine Concentrations in Hospitalised Patients. Basic Clin. Pharmacol. Toxicol. 2004, 94, 13-18. [Google Scholar]
[CrossRef]

11. Roberts, M.S.; Magnusson, B.M.; Burczynski, F.J.; Weiss, M. Enterohepatic Circulation: Physiological,
Pharmacokinetic and Clinical Implications. Clin. Pharmacokinet. 2002, 41, 751-790. [Google Scholar] [CrossRef]

12. Yamreudeewong, W.; Henann, N.E.; Fazio, A.; Lower, D.L.; Cassidy, T.G. Drug-Food Interactions in Clinical
Practice. J. Fam. Pract. 1995, 40, 376-384. [Google Scholar] [PubMed]

13. Semb, B.K. Regional Gastric Flow Changes after Meal Stimulation Measured by the Hydrogen Clearance
Technique in Conscious Cats. Scand. J. Gastroenterol. 1982, 17, 839-842. [Google Scholar] [CrossRef]

14. Bushra, R.; Aslam, N.; Khan, A.Y. Food-Drug Interactions. Oman Med. J. 2011, 26, 77-83. [Google Scholar]
[CrossRef] [PubMed]

15. Liamis, G.; Hoorn, E.J.; Florentin, M.; Milionis, H. An Overview of Diagnosis and Management of Drug-Induced

Hypomagnesemia. Pharmacol. Res. Perspect. 2021, 9, e00829. [Google Scholar] [CrossRef]
2668


https://scholar.google.com/scholar_lookup?title=The+Mechanisms+of+Pharmacokinetic+Food-Drug+Interactions%E2%80%94A+Perspective+from+the+UNGAP+Group&author=Koziolek,+M.&author=Alcaro,+S.&author=Augustijns,+P.&author=Basit,+A.W.&author=Grimm,+M.&author=Hens,+B.&author=Hoad,+C.L.&author=Jedamzik,+P.&author=Madla,+C.M.&author=Maliepaard,+M.&publication_year=2019&journal=Eur.+J.+Pharm.+Sci.&volume=134&pages=31%E2%80%9359&doi=10.1016/j.ejps.2019.04.003
https://scholar.google.com/scholar_lookup?title=Loss+of+Smell+(Anosmia)+and+Taste+(Ageusia)+in+a+Patient+Treated+with+Pegylated+Interferon+Alfa+and+Ribavirin&author=Mayet,+A.Y.&publication_year=2007&journal=Curr.+Ther.+Res.+Clin.+Exp.&volume=68&pages=271%E2%80%93277&doi=10.1016/j.curtheres.2007.08.006&pmid=24683217
https://doi.org/10.1016/j.curtheres.2007.08.006
http://www.ncbi.nlm.nih.gov/pubmed/24683217
https://scholar.google.com/scholar_lookup?title=Update+of+Green+Tea+Interactions+with+Cardiovascular+Drugs+and+Putative+Mechanisms&author=Werba,+J.P.&author=Misaka,+S.&author=Giroli,+M.G.&author=Shimomura,+K.&author=Amato,+M.&author=Simonelli,+N.&author=Vigo,+L.&author=Tremoli,+E.&publication_year=2018&journal=J.+Food+Drug+Anal.&volume=26&pages=S72%E2%80%93S77&doi=10.1016/j.jfda.2018.01.008&pmid=29703388
https://scholar.google.com/scholar_lookup?title=Update+of+Green+Tea+Interactions+with+Cardiovascular+Drugs+and+Putative+Mechanisms&author=Werba,+J.P.&author=Misaka,+S.&author=Giroli,+M.G.&author=Shimomura,+K.&author=Amato,+M.&author=Simonelli,+N.&author=Vigo,+L.&author=Tremoli,+E.&publication_year=2018&journal=J.+Food+Drug+Anal.&volume=26&pages=S72%E2%80%93S77&doi=10.1016/j.jfda.2018.01.008&pmid=29703388
https://doi.org/10.1016/j.jfda.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/29703388
http://www.jfda-online.com/article/S102194981830036X/pdf
https://scholar.google.com/scholar_lookup?title=Effect+of+Caffeine-Containing+versus+Decaffeinated+Coffee+on+Serum+Clozapine+Concentrations+in+Hospitalised+Patients&author=Raaska,+K.&author=Raitasuo,+V.&author=Laitila,+J.&author=Neuvonen,+P.J.&publication_year=2004&journal=Basic+Clin.+Pharmacol.+Toxicol.&volume=94&pages=13%E2%80%9318&doi=10.1111/j.1742-7843.2004.pto940104.x
https://doi.org/10.1111/j.1742-7843.2004.pto940104.x
https://scholar.google.com/scholar_lookup?title=Enterohepatic+Circulation:+Physiological,+Pharmacokinetic+and+Clinical+Implications&author=Roberts,+M.S.&author=Magnusson,+B.M.&author=Burczynski,+F.J.&author=Weiss,+M.&publication_year=2002&journal=Clin.+Pharmacokinet.&volume=41&pages=751%E2%80%93790&doi=10.2165/00003088-200241100-00005
https://doi.org/10.2165/00003088-200241100-00005
https://scholar.google.com/scholar_lookup?title=Drug-Food+Interactions+in+Clinical+Practice&author=Yamreudeewong,+W.&author=Henann,+N.E.&author=Fazio,+A.&author=Lower,+D.L.&author=Cassidy,+T.G.&publication_year=1995&journal=J.+Fam.+Pract.&volume=40&pages=376%E2%80%93384&pmid=7699352
http://www.ncbi.nlm.nih.gov/pubmed/7699352
https://scholar.google.com/scholar_lookup?title=Regional+Gastric+Flow+Changes+after+Meal+Stimulation+Measured+by+the+Hydrogen+Clearance+Technique+in+Conscious+Cats&author=Semb,+B.K.&publication_year=1982&journal=Scand.+J.+Gastroenterol.&volume=17&pages=839%E2%80%93842&doi=10.3109/00365528209181102
https://doi.org/10.3109/00365528209181102
https://scholar.google.com/scholar_lookup?title=Food-Drug+Interactions&author=Bushra,+R.&author=Aslam,+N.&author=Khan,+A.Y.&publication_year=2011&journal=Oman+Med.+J.&volume=26&pages=77%E2%80%9383&doi=10.5001/omj.2011.21&pmid=22043389
https://doi.org/10.5001/omj.2011.21
http://www.ncbi.nlm.nih.gov/pubmed/22043389
https://scholar.google.com/scholar_lookup?title=An+Overview+of+Diagnosis+and+Management+of+Drug-Induced+Hypomagnesemia&author=Liamis,+G.&author=Hoorn,+E.J.&author=Florentin,+M.&author=Milionis,+H.&publication_year=2021&journal=Pharmacol.+Res.+Perspect.&volume=9&pages=e00829&doi=10.1002/prp2.829
https://doi.org/10.1002/prp2.829

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 6, 2025
https://theaspd.com/index.php

16. Harskamp-van Ginkel, M.W.; Hill, K.D.; Becker, K.C.; Becker, K.; Testoni, D.; Cohen-Wolkowiez, M.; Gonzalez,
D.; Barrett, J.S.; Benjamin, D.K,; Siegel, D.A.; et al. Drug Dosing and Pharmacokinetics in Children with Obesity: A
Systematic Review. JAMA Pediatr. 2015, 169, 678-685. [Google Scholar] [CrossRef] [PubMed]

17. Bienenstock, J.; Poortmans, J. Renal Clearance of 15 Plasma Proteins in Renal Disease. J. Lab. Clin. Med. 1970, 75,
297-306. [Google Scholar] [PubMed]
18. Mouly, S.; Lloret-Linares, C.; Sellier, P.-O.; Sene, D.; Bergmann, J.-F. Is the Clinical Relevance of Drug-Food and

Drug-Herb Interactions Limited to Grapefruit Juice and Saint-John’s Wort? Pharmacol. Res. 2017, 118, 82-92. [Google
Scholar] [CrossRef]

19. Bushra, R.; Aslam, N.; Khan, A.Y. Food-Drug Interactions. Oman Med. J. 2011, 26, 77-83. [Google Scholar]
[CrossRef] [PubMed]

20. Fleisher, D.; Li, C.; Zhou, Y.; Pao, L.H.; Karim, A. Drug, Meal and Formulation Interactions Influencing Drug
Absorption after Oral Administration. Clinical Implications. Clin. Pharmacokinet. 1999, 36, 233-254. [Google Scholar]
[CrossRef]

21. Remer, T.; Manz, F. Potential Renal Acid Load of Foods and Its Influence on Urine PH.J. Am. Diet.
Assoc. 1995, 95, 791-797. [Google Scholar] [CrossRef]
22. Krenz M, Korthuis R]. Moderate ethanol ingestion and cardiovascular protection: from epidemiologic associations

to cellular mechanisms. ] Mol Cell Cardiol. 2012; 52:93-104. Doi: 10.1016/j.yjmcc.2011.10.011. [DOI] [PMC free article]
[PubMed] [Google Scholar]

23. Jang GR, Harris RZ. Drug interactions involving ethanol and alcoholic beverages. Expert Opin Drug Metab
Toxicol. 2007; 3:719-31. Doi: 10.1517/17425255.3.5.719. [DOI]] [PubMed] [Google Scholar]

24. Huang SM, Strong JM, Zhang L, Reynolds KS, Nallani S, Temple R, Abraham S, Habet SA, Baweja RK, Burckart
GJ, Chung S, Colangelo P, Frucht D, Green MD, Hepp P, et al. New era in drug interaction evaluation: US Food and Drug

Administration update on CYP enzymes, transporters, and the guidance process. ] Clin Pharmacol. 2008; 48:662-70. Doi:
10.1177/0091270007312153. [DOI] [PubMed] [Google Scholar]

25. Detampel, P.; Beck, M.; Krihenbiihl, S.; Huwyler, J. Drug interaction potential of resveratrol. Drug Metab.
Rew. 2012, 44, 253-265. [Google Scholar] [CrossRef] [PubMed]
26. Bailey D. Bergamottin, lime juice, and red wine as inhibitors of cytochrome P450 3a4 activity: comparison with

grapefruit juice. Clin Pharmacol Ther. 2003; 73:529-37. Doi: 10.1016/S0009-9236(03)00051-1. [DOI] [PubMed] [Google
Scholar]

27. Stupans L, Tan HW, Kirlich A, Tuck K, Hayball P, Murray M. Inhibition of CYP3A-mediated oxidation in human
hepatic microsomes by the dietary derived complex phenol, gallic acid. ] Pharm Pharmacol. 2002; 54:269-75. Doi:
10.1211,/0022357021778303. [DOI] [PubMed] [Google Scholar]

28. Huvaere K, Andersen ML, Olsen K, Skibsted LH, Heyerick A, De Keukeleire D. Radicaloid-type oxidative
decomposition of beer bittering agents revealed. Chemistry (Easton) 2003; 9:4693-9. Doi: 10.1002/chem.200305050.
[DOI] [PubMed] [Google Scholar]

29. Bailey DG, Spence JD, Munoz C, Arnold JMO. Interaction of citrus juices with felodipine and nifedipine.
Lancet. 1991; 337:268-269. Doi: 10.1016/0140-6736(91)90872

30. Bailey DG, Arnold JMO, Spence JD. Grapefruit juice and drugs: how significant is the interaction!? Clin
Pharmacokin. 1994; 26:91-98. Doi: 10.2165,/00003088-199426020-00002.

31. Lundahl J, Regardh CG, Edgar B, Johnsson G. Effects of grapefruit juice ingestion—pharmacokinetics and
haemodynamics of intravenously and orally administered felodipine in healthy men. Eur ] Clin Pharmacol. 1997; 52:139-
145. Doi: 10.1007/5002280050263

32. Bailey DG, Bend JR, Arnold JMO, Tran LT, Spence ]JD. Erythromycin-felodipine interaction: magnitude,
mechanism, and comparison with grapefruit juice. Clin Pharmacol Ther. 1996; 60:25-33. Doi: 10.1016/S0009-
9236(96)90163-0.

33. Guengerich FP. Catalytic selectivity of human cytochrome P450 enzymes: relevance to drug metabolism and
toxicity. Toxicol Let. 1994; 70:133-138. Doi: 10.1016/0378-4274(94)90156-2.
34. Shelton M], Wynn HE, Hewitt RG, DiFrancesco R. Effects of grapefruit juice on pharmacokinetic exposure to

indinavir in HIV-positive subjects. ] Clin Pharmacol. 2001; 41:435-42. Doi: 10.1177/00912700122010140. [DOI]
[PubMed] [Google Scholar]

35. Penzak SR, Acosta EP, Turner M, Edwards DJ, Hon YY, Desai HD, Jann MW. Effect of Seville orange juice and
grapefruit juice on indinavir pharmacokinetics. ] Clin Pharmacol. 2002; 42:1165-70. Doi: 10.1177,/009127002401382650.
[DOI] [PubMed] [Google Scholar]

36. Demarles D, Gillotin C, Bonaventure-Paci S, Vincent I, Fosse S, Taburet AM. Single-dose pharmacokinetics of

amprenavir coadministered with grapefruit juice. Antimicrob Agents Chemother. 2002; 46:1589-90. Doi:
10.1128/AAC.46.5.1589-1590.2002. [DOI] [PMC free article] [PubMed] [Google Scholar]

2669


https://scholar.google.com/scholar_lookup?title=Drug+Dosing+and+Pharmacokinetics+in+Children+with+Obesity:+A+Systematic+Review&author=Harskamp-van+Ginkel,+M.W.&author=Hill,+K.D.&author=Becker,+K.C.&author=Becker,+K.&author=Testoni,+D.&author=Cohen-Wolkowiez,+M.&author=Gonzalez,+D.&author=Barrett,+J.S.&author=Benjamin,+D.K.&author=Siegel,+D.A.&publication_year=2015&journal=JAMA+Pediatr.&volume=169&pages=678%E2%80%93685&doi=10.1001/jamapediatrics.2015.132&pmid=25961828
https://doi.org/10.1001/jamapediatrics.2015.132
http://www.ncbi.nlm.nih.gov/pubmed/25961828
https://scholar.google.com/scholar_lookup?title=Renal+Clearance+of+15+Plasma+Proteins+in+Renal+Disease&author=Bienenstock,+J.&author=Poortmans,+J.&publication_year=1970&journal=J.+Lab.+Clin.+Med.&volume=75&pages=297%E2%80%93306&pmid=5461134
http://www.ncbi.nlm.nih.gov/pubmed/5461134
https://scholar.google.com/scholar_lookup?title=Is+the+Clinical+Relevance+of+Drug-Food+and+Drug-Herb+Interactions+Limited+to+Grapefruit+Juice+and+Saint-John%E2%80%99s+Wort?&author=Mouly,+S.&author=Lloret-Linares,+C.&author=Sellier,+P.-O.&author=Sene,+D.&author=Bergmann,+J.-F.&publication_year=2017&journal=Pharmacol.+Res.&volume=118&pages=82%E2%80%9392&doi=10.1016/j.phrs.2016.09.038
https://scholar.google.com/scholar_lookup?title=Is+the+Clinical+Relevance+of+Drug-Food+and+Drug-Herb+Interactions+Limited+to+Grapefruit+Juice+and+Saint-John%E2%80%99s+Wort?&author=Mouly,+S.&author=Lloret-Linares,+C.&author=Sellier,+P.-O.&author=Sene,+D.&author=Bergmann,+J.-F.&publication_year=2017&journal=Pharmacol.+Res.&volume=118&pages=82%E2%80%9392&doi=10.1016/j.phrs.2016.09.038
https://doi.org/10.1016/j.phrs.2016.09.038
https://scholar.google.com/scholar_lookup?title=Food-Drug+Interactions&author=Bushra,+R.&author=Aslam,+N.&author=Khan,+A.Y.&publication_year=2011&journal=Oman+Med.+J.&volume=26&pages=77%E2%80%9383&doi=10.5001/omj.2011.21&pmid=22043389
https://doi.org/10.5001/omj.2011.21
http://www.ncbi.nlm.nih.gov/pubmed/22043389
https://scholar.google.com/scholar_lookup?title=Drug,+Meal+and+Formulation+Interactions+Influencing+Drug+Absorption+after+Oral+Administration.+Clinical+Implications&author=Fleisher,+D.&author=Li,+C.&author=Zhou,+Y.&author=Pao,+L.H.&author=Karim,+A.&publication_year=1999&journal=Clin.+Pharmacokinet.&volume=36&pages=233%E2%80%93254&doi=10.2165/00003088-199936030-00004
https://doi.org/10.2165/00003088-199936030-00004
https://scholar.google.com/scholar_lookup?title=Potential+Renal+Acid+Load+of+Foods+and+Its+Influence+on+Urine+PH&author=Remer,+T.&author=Manz,+F.&publication_year=1995&journal=J.+Am.+Diet.+Assoc.&volume=95&pages=791%E2%80%93797&doi=10.1016/S0002-8223(95)00219-7
https://doi.org/10.1016/S0002-8223(95)00219-7
https://scholar.google.com/scholar_lookup?title=Drug+interaction+potential+of+resveratrol&author=Detampel,+P.&author=Beck,+M.&author=Kr%C3%A4henb%C3%BChl,+S.&author=Huwyler,+J.&publication_year=2012&journal=Drug+Metab.+Rev.&volume=44&pages=253%E2%80%93265&doi=10.3109/03602532.2012.700715&pmid=22788578
https://doi.org/10.3109/03602532.2012.700715
http://www.ncbi.nlm.nih.gov/pubmed/22788578

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 6, 2025
https://theaspd.com/index.php

317. Kupferschmidt HH, Fattinger KE, Ha HR, Follath F, Krahenbuhl S. Grapefruit juice enhances the bioavailability
of the HIV protease inhibitor Saquinavir in man. Br ] Clin Pharmacol. 1998; 45:355-9. Doi: 10.1046/j.1365-
2125.1998.t01-1-00687 x. [DOI] [PMC free article] [PubMed] [Google Scholar]

38. Van Agtmael MA, Gupta V, van der Graaf CA, van Boxtel CJ. The effect of grapefruit juice on the time-dependent
decline of artemether plasma levels in healthy subjects. Clin Pharmacol Ther. 1999; 66:408-14. Doi:
10.1053/¢p.1999.v66.a101946. [DOI] [PubMed] [Google Scholar]

39. Desta Z, Kivisto KT, Lilja J]J, Backman ]JT, Soukhova N, Neuvonen PJ, Flockhart DA. Stereoselective
pharmacokinetics of cisapride in healthy volunteers and the effect of repeated administration of grapefruit juice. Br ] Clin
Pharmacol. 2001; 52:399-407. Doi: 10.1046/7.0306-5251.2001.01473.x. [DOI] [PMC free article] [PubMed] [Google
Scholar]

40. Offman EM, Freeman DJ, Dresser GK, Munoz C, Bend JR, Bailey DG. Red wine-cisapride interaction: comparison
with grapefruit juice. Clin Pharmacol Ther. 2001; 70:17-23. Doi: 10.1067/mcp.2001.116892. [DOI] [PubMed] [Google
Scholar]

41. Kivisto KT, Lilja J]J, Backman ]JT, Neuvonen PJ. Repeated consumption of grapefruit juice considerably increases
plasma concentrations of Cisapride. Clinical Pharmacol Ther. 1999; 66:448-53. Doi: 10.1016,/S0009-9236(99)70007-X.
[DOI] [PubMed] [Google Scholar]

42. Choi, J.H.; Ko, CM. Food and Drug Interactions. J. Lifestyle Med. 2017, 7, 1-9. [Google Scholar] [CrossRef]

[Green Version]

43. Detampel, P.; Beck, M.; Krihenbiihl, S.; Huwyler, J. Drug interaction potential of resveratrol. Drug Metab.
Rew. 2012, 44, 253-265. [Google Scholar] [CrossRef] [PubMed]
44. Raaska, K.; Raitasuo, V.; Laitila, J.; Neuvonen, P.J. Effect of Caffeine-Containing versus Decaffeinated Coffee on

Serum Clozapine Concentrations in Hospitalized Patients. Basic Clinical. Pharmacology. Toxicology. 2004, 94, 13-18. [Google
Scholar] [CrossRef]

45. Nehlig, A. Interindividual Differences in Caffeine Metabolism and Factors Driving Caffeine
Consumption. Pharmacology. Rev. 2018, 70, 384-411. [Google Scholar] [CrossRef] [Green Version]

46. Hornsby LB, Hester EK, Donaldson AR. Potential interaction between warfarin and high dietary protein intake.
Pharmacotherapy 2008. Apr; 28(4):536-539 10.1592/phco.28.4.536 [DOI] [PubMed] [Google Scholar].

47. Harris JE. Interaction of dietary factors with oral anticoagulants: review and applications. ] Am Diet Association
1995. May; 95(5):580-584 10.1016,/S0002-8223(95)00158-1 [DOI] [PubMed] [Google Scholar].

48. .Lacy CF, Armstrong LL, Goldman MP, Lance LL. (2005). Drug interaction handbooks. Laxicomp’s Ohio. 13%

edition. 706-708, 1269. [Google Scholar]

49. Holt GA. Food & Drug Interactions. Chicago. Precept Press 1998; 1998:293. [Google Scholar]

50. Zikria J, Goldman R, Ansell J. Cranberry juice and warfarin: when bad publicity trumps science. Am ] Med 2010.
May; 123(5):384-392 10.1016/j.amjmed.2009.08.019 [DOI] [PubMed] [Google Scholar].

51. Bobroff B.L., Lentz A., and Turner E.R. (2009) authored the publication “Food/Drug and Drug/Nutrient
Interactions.

52. McCabe ].B., Frankel H.E., Wolfe ].J., 2003. Monitor-Ing nutritional status in drug regimens. Handbook of Food-
drug interactions. Eds J.B. McCabe, H.E. Frankel, ].J. Wolfe. CRC Boca Raton, 89-121.

53. Soons PA, Vogels BA, Roosemalen MC, Schoemaker HC, Uchida E, Edgar B, Lundahl ], Cohen AF, Breimer
DD. Grapefruit juice and cimetidine inhibit stereoselective metabolism of nitrendipine in humans. Clin Pharmacol Ther.
1991; 50:394-403. Doi: 10.1038/clpt.1991.156. [DOI] [PubMed] [Google Scholar].

54. Van den Anker N, de Wildt SN. Excessive Terfenadine level due to drinking grapefruit juice. Ned Tijdschr
Geneeskd. 1997; 141:1976-8. [PubMed] [Google Scholar].

55. Debnath, S., Tejovathi, R., Babu, N., & Kumar, T. H. (2017). An overview on food & drug interactions. Pharm
Times, 49(4), 9-15.

2670


https://scholar.google.com/scholar_lookup?title=Food+and+Drug+Interactions&author=Choi,+J.H.&author=Ko,+C.M.&publication_year=2017&journal=J.+Lifestyle+Med.&volume=7&pages=1%E2%80%939&doi=10.15280/jlm.2017.7.1.1
https://doi.org/10.15280/jlm.2017.7.1.1
http://europepmc.org/articles/pmc5332115?pdf=render
https://scholar.google.com/scholar_lookup?title=Drug+interaction+potential+of+resveratrol&author=Detampel,+P.&author=Beck,+M.&author=Kr%C3%A4henb%C3%BChl,+S.&author=Huwyler,+J.&publication_year=2012&journal=Drug+Metab.+Rev.&volume=44&pages=253%E2%80%93265&doi=10.3109/03602532.2012.700715&pmid=22788578
https://doi.org/10.3109/03602532.2012.700715
http://www.ncbi.nlm.nih.gov/pubmed/22788578
https://scholar.google.com/scholar_lookup?title=Effect+of+Caffeine-Containing+versus+Decaffeinated+Coffee+on+Serum+Clozapine+Concentrations+in+Hospitalised+Patients&author=Raaska,+K.&author=Raitasuo,+V.&author=Laitila,+J.&author=Neuvonen,+P.J.&publication_year=2004&journal=Basic+Clin.+Pharmacol.+Toxicol.&volume=94&pages=13%E2%80%9318&doi=10.1111/j.1742-7843.2004.pto940104.x
https://scholar.google.com/scholar_lookup?title=Effect+of+Caffeine-Containing+versus+Decaffeinated+Coffee+on+Serum+Clozapine+Concentrations+in+Hospitalised+Patients&author=Raaska,+K.&author=Raitasuo,+V.&author=Laitila,+J.&author=Neuvonen,+P.J.&publication_year=2004&journal=Basic+Clin.+Pharmacol.+Toxicol.&volume=94&pages=13%E2%80%9318&doi=10.1111/j.1742-7843.2004.pto940104.x
https://doi.org/10.1111/j.1742-7843.2004.pto940104.x
https://scholar.google.com/scholar_lookup?title=Interindividual+Differences+in+Caffeine+Metabolism+and+Factors+Driving+Caffeine+Consumption&author=Nehlig,+A.&publication_year=2018&journal=Pharmacol.+Rev.&volume=70&pages=384%E2%80%93411&doi=10.1124/pr.117.014407
https://doi.org/10.1124/pr.117.014407
http://pharmrev.aspetjournals.org/content/pharmrev/70/2/384.full.pdf

