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Nutrient – Drug Interactions? 

Case Study 

42 year old female with a history 

of migraine was rushed to the 

hospital  

 

• slow heart rate and low blood 

pressure 

• Patient had to be intubated 

 

Husband reported: 

Use of Verapamil (blood 

pressure medication) to prevent 

migraine  

Blood Tests 

• No sign of sepsis, myocardial ischemia, 

acute coronary syndrome or drug abuse 

• Verapamil levels were 5x higher than the 

upper therapeutic limit? 

 Accidental or planed overdose? 

 

 

 

Pillai et al, Grapefruit juice and verapamil: a toxic cocktail, Southern Medicine, 2009 Mar, 102(3): 308-9 

Patient recovered after two days  

and denied overdose.  

 

Patient consumed 3-4 l grapefruit juice in the  

preceding 7 days 

 



Some drugs and some foods don‘t mix 



Pharmacodynamic vs. Pharmacokinetic  

What the drug  

does to the body 

What the body  
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Physiological Barriers 



Xenobiotic metabolism 

• Xenobiotic = substance foreign to the body 

 

• Organism takes up significant amounts of materials that are neither energy  

substrates or building material 

 

• To prevent accumulation  the “junk” needs to be excreted 

 

• The two major elimination pathways are via urine (renal) and bile (faeces) 

 

• Both pathways require hydrophilicity for excretion 

 

 

 
Metabolism 

biliar/ feces renal/ urine 

and/ or 



Characteristics of enzymes involved in  

the xenobiotic metabolism 

• Formation of sufficiently water soluble metabolites for excretion (urine, bile) 

• Formation of biologically inactive but non-toxic metabolites 

• Enzymes should have a broad specifity  even newley encountered 

xenobiotics should be metabolized 

 

 Almost impossible to fulfill all three conditions at the same time 

 The metabolism is facilliated by many enzymes and reactions are divided into 

different phases 

lipophilic substance 

Metabolism 

hydrophilic substance 



Xenobiotic metabolism 



Phase I - Functionalization 

 

Oxidoreductases: 

- Cytochrome P450-dependent monooxygenases (CYP) 

- Flavin-containing monooxygenases (FMO) 

- Monoamine oxidases (MAO) 

- Cyclooxygenases (COX) 

 introduce oxygen into or remove electrons from their substrates 

 

- Dehydrogenases and reductases 

- e.g. alcohol and aldehyde dehdrogenases 

 remove or introduce hydrogen to their substrates 

 

Hydrolases:  

- Enzymes that reversibly hydrolyse esters, ethers, peptides, glycosides, 

organic acid anhydrides or C-C-bonds 

- e.g. epoxide hydrolases, esterases, glycosidases, β-glucuronidases, 

sulfatases, amidases 



Cytochrome P450 enzymes 

• Monooxygenases 

transfer a single oxygen atom from molecular oxygen to an acceptor molecule 

• Iron in the active centre of the reduced form of the enzyme can complex carbon  

monoxide ➔ complex UV absorption max. 450 nm 

• CYP are expressed in all tissues, but primarily in the liver and intestine 

• Membrane-bound to the endoplasmic reticulum (ER) 

• Present in the ER as complex with NADPH-P450-reductase 

 



Cytochrome P450 enzymes 

Nomenclature 

Sequence similarity of >40% → family 

Sequence similarity of >55% → sub-family 

 

In humans, 57 families are currently known 

Subfamilies: A-Z 

Arabic numeral denotes isoenzymes 

 

 

CYP3A4 family: 3 

  subfamily: A 

  isoenzyme: 4 

 

 



• Member of the cytochrom P450 

(CYP) superfamily of enzymes 

• Most important CYP in liver  

and intestine 

• metabolizes approx. 50% of all  

prescribed drugs 

 

CYP3A4 



Phase I of xenobiotic metabolism catalyses 

 A. Introduction/insertion (R–H → R–OH) 

B. Conversion (R2CH–OH → R2C=O) 

C. Unmasking/uncovering (RCOOR‘ → RCOOH + HOR‘) 

 of functional groups. 

 

Phase I reactions facilitate  

A. biologic inactivation 

B. preparation for phase II 

 

Phase I - functionalization 



Phase II - conjugation 

Phase II enzymes 

• Glutathione-S-Transferases (GST)  

• UDP-Glucuronosyltransferases (UGT)  

• Sulfotransferases (SULT)  

• N-Acetyltransferases (NAT)  

• Methyltransferases  

• Amino acid transferases 

 

UDP glucuronic acid 



• Phase II reactions inactivated xenobiotics 

• And/or increase solubility and thereby elimination of xenobiotics 

• In some cases, bioactivation of xenobiotics may occur 

Phase II - conjugation 



Phase III - export 

http://www.solvobiotech.com/images/uploads/Human_Hepatocyte_ok.jpg 

• Phase II Conjugates / parent compound can be actively excreted from cells 

• Examples:  P-gp (P-glycoprotein) 

  BSEP (bile salt export pump) 

  BCRP  (breast cancer related protein) 



P-glycoprotein (MDR-1)  

 

• ABC-Transporter (ATP-binding casette) 

 

• expression in the intestine, liver, kidney  

  and brain 

 

• MDR-1 = multi-drug-resistant protein 1 

  discovered in cancer cells that overexpress  

  this protein and are therefore resistent  

  against a range of cytostatika   

 

• expressed in the apical membrane  

  of enterocyte 

 

• eliminates in combination with CYP3A4 

  many drugs before absorption 

  

• best characterized substrate: digoxin 

 

 



Phase I – modification 

• introduces reactive or polar groups by oxidation, reduction or hydrolysis 

• Examples: cytochrome P450  enzymes (e.g. CYP3A4), alcohol dehydrogenase, 

  monoamine oxidase 

 

Phase II – conjugation 

• conjugates drug or metabolite with a watersoluble, polar substance like glutathione 

  (glutathione-S-transferase) or glucuronic acid  (UDP-glucuronosyltransferase; UGT) 

 

(Phase III) 

• transporter, carrier that faciliate excretion e.g. MDR-1/ p-glycoprotein into the bile 

 

Xenobiotic metabolism - Summary 



Bioavailability 

• unchanged fraction of a drug that reaches systemic circulation after „first pass“  

  metabolism in intestine and liver 

 

• the bioavailibility of an intravenously administered drug is 100% by definition 



Factors influencing bioavailability 

• physical properties of the drug 
  e.g. lipophilic 

 

• galenics 
  liberation of the drug 

 

• anatomy, physiology 
  e.g. gastric emptying rate, intestinal transit time, presystemic metabolism  

  and transport 

 

• interaction with other substances 
  e.g. drugs or nutrients 



Aktories et al. Pharmakologie 9A,, Elsevier 

slowed by increased by 

• fatty diet 

• solid food 

• hot food 

• obesity 

• migraine 

• heart attack 

• labor 

• pain 

• consumption of  

  large quantities 

  of liquid 

   

Gastric emptying rate 



Complexation  

• complexation of the active compound in the gastrointestinal tract 

  some antibiotics from the tetracycline and quinolone family + Ca2+  (+ milk) 

 Neuvonen et al. Interference of dairy products with the absorption of ciprofloxacinClin Pharmacol Ther 50: 498-502, 1991 



Interactions mediated by enzyme 

inhibition or induction 

enzyme inhibition 
 

• reversible  inhibitor non-covalently binds to the enzyme 

 

• irreversible  inhibitor covalently binds to the enzyme 

  special case of irreversible inhibitor : „suicide inhibitors“ 

   enzyme converts the inhibitor to an active form  

   

 

enzyme induction 
 increase of the enzyme by increasing amount of protein 

 

• increase of transcription/translation 

• decrease of protein degradation 

 



Enzyme Inhibition 

bioavailability:0.5 mg  bioavailability:7.5 mg  



Grapefruit (Citrus Paradisi ) 

an unexpected discovery...  

 



Grapefruit (Citrus Paradisi ) 

intestinal inhibition of CYP3A4 

 

 

CYP3A4 

+ 

CYP3A4 

irreversible inhibition „suicid substrate“ 

 complex is rapidly degraded 

 inhibiton can only be overcome by  

    producing new enzyme 

Dahan und Altman. Food-drug interaction: grapefruit juice  

augments drug bioavailability-mechanism, extent and relevance.  

Eur J Clin Nutr (2004) vol. 58 (1) pp. 1-9 



Grapefruit (Citrus Paradisi ) 

 

 

naringenin 

(flavenoid) 

bergamottin 

(furanocoumarin) 

strong inhibition of  

Intestinal CYP3A4  

  

weak inhibition of  

Intestinal CYP3A4  

  



Postranslational inhibition of 

CYP3A4 protein in the intestine  

 

 

 
•Hsia-lien Lin,et al. Identification of the Residue in Human CYP3A4 That Is Covalently Modified by Bergamottin and the 
Reactive Intermediate That Contributes to the Grapefruit Juice EffectDrug Metab Dispos May 2012 40:998-1006;  



Grapefruit (Citrus Paradisi ) 

effective dose 

 

 

1 grapefruit or 200 ml grapefruit juice 

 

 Contains enough furanocoumarins to significantly increase the bioavailability 

     of some drugs and cause adverse reactions 

 

 seville oranges (bitter oranges),lime and pomelo contain similar levels of  

     furanocoumarin !  

 



• administered orally 

  

• low (<10%) to intermediate 

  (> 30-70%) bioavailability 

 

• metabolized by CYP3A4 

Characteristic of drugs that  

interact with grapefruit 

Grapefruit – interactions with drugs 

Bailey, D. G., Dresser, G., & Arnold, J. M. O. (2013). Grapefruit-medication interactions: forbidden fruit or  

avoidable consequences? CMAJ : Canadian Medical Association journal = journal de l’Association 

medicale canadienne, 185(4),  



Lown, K. S., Bailey, D. G., Fontana, R. J., Janardan, S. K., Adair, C. H., Fortlage, L. a, … Watkins, P. B. (1997). Grapefruit juice increases felodipine 

oral availability in humans by decreasing intestinal CYP3A protein expression. The Journal of clinical investigation, 99(10), 2545–53. 

Grapefruit – interactions with drugs 



 

 

 

Drug class 

 

drug bioavailability adverse events 

(dose-related) 

predicted 

interaction risk 

Anticancer agents Crizotinib Intermediate Torsade de pointes, 

myelotoxicity 

 

High 

Everolismus Low Myelotoxicity, 

nephrotoxicity 

High 

Antilipemic agents Atorvastatin Low Rhabdomyolysis 

 

High 

Simvastatin Very low Rhabdomyolysis 

 

Very high 

Cardiovascular 

agents 

Felodipine  Low Hypotension, 

peripheral edema 

 

Intermediate 

Gastrointestinal 

agents 

Domperidon Low Torsade de pointes 

 

Very high 

Immuno- 

suppressants 

Cyclosporine Low Nephrotoxicity 

 

High 

Bailey, D. G., Dresser, G., & Arnold, J. M. O. (2013). Grapefruit-medication interactions: forbidden fruit or avoidable consequences? CMAJ : Canadian Medical Association 

journal = journal de l’Association medicale canadienne, 185(4),  

Grapefruit – interactions with drugs 



Bailey, D. G., Dresser, G., & Arnold, J. M. O. (2013). Grapefruit-medication interactions: forbidden fruit or  

avoidable consequences? CMAJ : Canadian Medical Association journal = journal de l’Association 

medicale canadienne, 185(4),  

Grapefruit – interactions with drugs 



Induction of enzymes and  

transporters 
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St John‘s wort 

Hypericum perforatum 

 Traditional medicinal herbal product sold  

 over-the-counter as a treatment for mild 

depression 



Dürr et al. St John's Wort induces intestinal P-glycoprotein/MDR1 and 

intestinal and hepatic CYP3A4. 

St John‘s wort  

 

active compound: hyperforin 

 

P-glycoprotein 

CYP3A4 



Tsai, H-H at al. 

Evaluation of documented drug interactions and  

contraindications associated  with herbs and dietary  

supplements: a systematic literature review. 

St John‘s wort – described interactions 

 

 

 



Gurley, B. J., Swain, A., Williams, D. K., Barone, G., & Battu, S. K. (2008). Gauging the clinical significance of P-

glycoprotein-mediated herb-drug interactions: comparative effects of St. John’s wort, Echinacea, clarithromycin, and rifampin 

on digoxin pharmacokinetics. Molecular nutrition & food research, 52(7), 772–9: 

St John‘s wort  

induction of intestinal P-glycoprotein (MDR-1)  

 



  PXR RXR 

RESPONSE 

ELEMENT OF 

ABCB1 GENE 

 

P-gp 

Induction of P-glycoprotein  

(MDR-1) genexpression  

 



  PXR RXR 

XREM  

(Xenobiotic Response 

Element) CYP3A4 

Induction of CYP3A4 genexpression 

 

CYP3A4 



St John‘s wort  

induction of CYP3A4 

CYP3A4 

Wang, X.-D., Li, J.-L., Lu, Y., Chen, X., Huang, M., Chowbay, B., & Zhou, S.-F. (2007). Rapid and simultaneous determination of nifedipine and 

dehydronifedipine in human plasma by liquid chromatography-tandem mass spectrometry: Application to a clinical herb-drug interaction study. 

Journal of chromatography. B, Analytical technologies in the biomedical and life sciences, 852(1-2), 534–44.. 



St John‘s wort 

+  



Vitamin E induction CYP3A4? 

 

D
ru

g
 c

o
n

c
e
n

tr
a
ti

o
n

 i
n

 t
h

e
 b

lo
o

d
 

Time 

CYP3A4 

CYP3A4 

CYP3A4 

A) Inhibition CYP3A4 B) Induction CYP3A4 

A 

B 

? 



Vitamin E induction CYP3A4? 

 

Rats were injected daily with 100 mg/kg BW 

αT for 18 d 
 

Injection solution contained 20% ethanol 

 
Mustacich et al. 2006 Free Radic Biol Med 41:1069-78. 



Research in our lab: 

Influence of Vitamin E on CYP3A4 

 

 

 

Group 

 

Diet 

Control 5% Coconut and milk fat 

High-fat control 21% Coconut and milk fat + 0.15% cholesterol 

Atorvastatin 21% Coconut and milk fat + 0.15% cholesterol 

+ 300 mg/kg atorvastatin  

Vitamin E 21% Coconut and milk fat + 0.15% cholesterol 

+ 250 mg/kg α-Tocopherol 

Atorvastatin + Vitamin 

E 

21% Coconut and milk fat + 0.15% cholesterol 

+ 300 mg atorvastatin + 250 mg/kg α-Tocopherol  

•  50 female Dunkin-Hartley guinea pigs 

•  10 animals per group 

•  1 week acclimatisation phase / 6 weeks feeding the respective test diet 



Influence of Vitamin E on the 

pharmacodynamics of atorvastatin 

Podszun, M. C., Grebenstein, N., Hofmann, U., & Frank, J. (2013). High-dose supplementation with natural α-tocopherol does neither alter 

the pharmacodynamics of atorvastatin nor its phase I metabolism in guinea pigs. Toxicology and applied pharmacology, 266(3), 452–8.  



Influence of Vitamin E on CYP3A4 

hepatic and intestinal protein expression 
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50 

50 

45 
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45 
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Podszun, M. C., Grebenstein, N., Hofmann, U., & Frank, J. (2013). High-dose supplementation with natural α-tocopherol does neither alter 

the pharmacodynamics of atorvastatin nor its phase I metabolism in guinea pigs. Toxicology and applied pharmacology, 266(3), 452–8.  



Influence of Vitamin E on the  

plasma concentration of atorvastatin and metabolites 

Podszun, M. C., Grebenstein, N., Hofmann, U., & Frank, J. (2013). High-dose supplementation with natural α-tocopherol does neither alter 

the pharmacodynamics of atorvastatin nor its phase I metabolism in guinea pigs. Toxicology and applied pharmacology, 266(3), 452–8.  



How about some green tea? 



Green Tea 

Misaka, S. et al. Green tea ingestion greatly reduces plasma concentrations of nadolol in healthy subjects. Clin. Pharmacol. Ther. 95, 432–8 

(2014).  

• 14 days either 700 ml commercially brewed green tea or water 

• Single oral dose of the blood pressure medication 

nadolol (30 mg) after 14 days 

• Cmax of nadolol 85 % lower with green tea 



Green Tea 

Nadolol ↓ Blood Pressure 

(white circles) 
Nadolol + Green Tea 

↔ Blood Pressure 

(black circles) 

Misaka, S. et al. Green tea ingestion greatly reduces plasma concentrations of nadolol in healthy subjects. Clin. Pharmacol. Ther. 95, 432–8 

(2014).  



Green Tea 

700 ml (daily doses) contains 

• 56 mg epicatechin (EC) (8 mg/ 100ml) 

• 168 mg epigallocatechin (EGC) (24 mg/ 100 ml) 

• 91 mg epichatechin gallate (ECG) (13 mg/ 100 ml) 

• 322 mg epigallocatechin gallate (EGCG) (46 mg/ 100 ml) 

 

Henning et al. “Catechin Content of 18 Teas and a Green Tea Extract Supplement Correlates with the Antioxidant Capacity.” Nutrition and 

Cancer 45 (2): 226–35. 



Green Tea 

 

Nadolol is not metabolized by intestinal or hepatic enzymes but excreted unchanged 

in the urine 

 

 Inhibition of the transporter OATP1A2 in the intestine 

 

Other OATP1A2 Substrates: 

 

• fexofenadine (antihistamine, allergy 

treatment) 

• levofloxacin (antibiotic) 

 

 

Influence of green tea on CYP activity ? 

14 days of green tea extract (844 mg green tea  

catechins/day) did not alter the activity of  

CYP3A4 and CYP2D6 in healthy humans. 
Donovan et al. 2004  “Green Tea ( Camellia Sinensis ) Extract Does Not Alter  

Cytochrome P450 3A4 or 2D6 Activity in Healthy Volunteers :”  Pharmacology 32  

(9): 906–8 
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• Caution: Isolated Nutrients  

In most cases the danger lies in concentrated “pills” or a high consumption of a 

certain food (green tea), the exception is  grapefruit! 

 

• Caution: Functional Food 

Product formulation with high amounts of isolated nutrients, plant extracts, … 

could potentially alter the pharmacokinetics of drugs and thereby their effect. 

Special Concern: aging population with multiple medications 

 

Nutrient-Drug Interactions: 

A word of Caution 



Caution: Novel Food 

Unknown herbal extracts with unknown consequences 

 

Nutrient-Drug Interactions: 

A word of Caution 



 

 

Summary 

 

• enzymes and transporters can be inhibited (grapefruit) or  

  induced (St John‘s wort)  

 

• interaction can occure postranslational (grapefruit) or can  

  affect gene expression (St John‘s wort) 

 

• inhibition of the intestinal/hepatic first pass metabolism of  

  drugs with a low bioavailability leads to increased plasma  

  concentrations  higher risk for adverse events 

 

• induction of transporters and/or metabolizing enzymes  

  leads to reduced plasma concentrations  loss of effectivity 

 

Exception: pro-drugs ! 

 increased metabolism  more active compound 

decreased metabolism  less active compound 

 



Questions? 



Pharmacogenetik 

Die individuelle Wirkung 


