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Outline of the lecture  

• Problem 

• Mechanisms of drug interactions: 
• Pharmaceutical incompatibility 

• PD interaction 

• PK interaction 

• Interaction with herbal products 

• Conclusions 
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• Female, 25 years; depression, insomnia; irritability, 
palpitation, tremor  

• Treatment: sertraline, zolpidem 

• Neurologist referred to cardiologist 

• Cardiologist suspected drug effect, referred to CP 

• Patient’s treatment: 
• Morning: sertraline, tee of St. John’s wort, vitamins, 

alprazolam 

• Midday: tee of St John’s wort, clonazepam 

• Evening: tee of St John’s wort, zolpidem 

What is your diagnosis? Your action? 
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• Female, 39 years, hospitalised due to syncope and 
dizziness, which started 2 days ago 

• Ten days ago she was prescribed terfenadine (60 
mg x 2) and cefaclor (250 mg x 3). On eight day of 
treatment, the patient started ketoconazole due to 
vaginal candidiasis (200 mg x 2). In addition, she 
was using medroxyprogesterone (2,5 mg) 

• At hospital: QTc - 665 ms; syncope, EKG – torsades 
de pointes 

• Medicines were withdrawn, QTc return to normal 
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What has caused QTc prolongation? 

• Medroxyprogesterone 

• Ketoconazole 

• Cefaclor 

• Terfenadine 
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Ketoconazole is very 
potent CYP3A4 inhibitor 

CYP3A4 

Fexofenadine Allegra, Altiva 
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Drug interactions 

• Effect of one medicine may be changed when co-
administered with other medicines, herbal 
medicines, food, drinks, or influenced by chemical 
substances of environment 

• Effect: 
• Additive, synergistic 

• Antagonistic, decreased 

• Altered or idiosyncratic 

• Result may be: 
• beneficial (positive) 

• Negative (adverse drug reaction)  
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A little bit of history 
• First cases of drug interactions reported about possibly 

increased or decreased effect of medicine 

• Reporting on clinically important drug interactions started in 
1960s   

• First cases reported hypertensive crisis in patients using 
MAOI with certain kind of cheese 

• Since 1970s drug interaction tables have been published in 
medicinal journals,  and the problem addressed 
systematically 

• Since 1980s medicine control agencies require that 
pharmaceutical companies submit information on drug 
interaction 
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Frequency of drug interactions 

• In primary health care, 4-70% patients experience 
drug interactions 

• 1-26% of these interactions are clinically important 

• Its is expected that the real numbers are higher due 
to use of OTC medicines and food supplements 
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Drug interactions – the cause of ADRs 

• Drug interactions are responsible for 3-5% of 
avoidable adverse drug reactions in hospital 

• Drug interactions are important cause of acute 
admissions to hospital  
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US JK 

Number of 

drugs used 

ADRs (%) Number of 

drugs 

ADRs (%) 

1-5 4,2 1-5 3,3 

6-10 7,4 6+ 19,8 

11-15 24,2 

16-20 40,0 

21+ 45,0 
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Nature Reviews Drug Discovery 4, 825-833 (October 2005) 
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Co-administration of medicines 

Condition Combination 

Post-transplant 
immunosuppression 

Corticosteroids, azathioprine, cyclosporine, 
mycophenolate, monoclonal antibodies  

Oncology Alkylating agents, antimetabolites, 
anthracyclines, interferon alfa 

Infection  lactams, aminoglycosides 

Hypertension  blockers,  blockers, ACEI, calcium 
antagonists, diuretics 

Asthma Corticosteroids, 2 agonists, ipratropium, 
leukotriene inhibitors 
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Mechanisms of drug interactions 

• Pharmaceutical incompatibilities 

• PK interaction 
• Absorption 

• Distribution (binding with plasma proteins) 

• Metabolism  

• Excretion 

• PF interaction 
• Target organ/receptor  
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Interaction before using the medicine 
(Pharmaceutical incompatibilities) 

• Phenytoin and dextrose solution (precipitate) 

• Amphotericin B and sodium chloride (precipitate) 

• Gentamycin and beta lactam (loose of activity)  

Drug interactions 16 2017.11.20 



Pharmacodynamic interaction 

• Interaction on the level of receptors 

• Result: 
• Additive effect/ synergism 

• Antagonism (antidote) 

• Altered electrolyte balance 
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Common PD interactions 
Result Examples Pharmacological action 

Additive / synergism • NSAID + warfarin 
• Verapamil + beta 

blockers 

Increased risk of bleeding 
Bradycardia, asystole 

Antagonism • Beta agonists + beta 
blockers 

• Benzodiazepines + 
flumazenil 

• Opioids + naloxone 

Inhibits pharmacological 
action 

Altered electrolyte 
balance 

• ACEI + spironolactone 
• Digoxin + loop diuretics 

 
• ACEI + NSAIDs 

hyperkalemia 
Toxicity of therapeutic dose 
of digoxin 
Fluid retention, 
hyperkalemia, renal 
impairment 
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Pharmacokinetic interaction (1) 
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Pharmacokinetic interaction(2) 

Interaction during absorption (1) 
 Changed gastric pH  

 Antacids (magnesium hydroxide increases absorption of weak 
acids: ibuprofen, glibenclamide, glipizide absorption;  due to 
chelate formation ciprofloxacin absorption);  

 H2 receptor antagonists and PPI (ketoconazole and 
itraconazole [weak bases], cyanocobalamin, glibenclamide, 
glipizide) 

 Changes in gastrointestinal motility 

 Affects absorption rate, rarely amount 

 decreased (levodopa + anticholinergics = BA 50%) 

 increased (prokinetics + cyclosporine) 
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Pharmacokinetic interaction (3) 

Interaction during absorption (2) 
 Formation of insoluble chelates 

 iron + fluoroquinolones, antacids + tetracyclines; activated 
charcoal, cholestyramine; bisphosphonates + calcium 

 Avoidable using with 2 hours interval  

 Competition for transporters 

 amoxicillin transport (nifedipine, amiloride) 

 Gastrointestinal toxicity 

 Cytotoxic agents (digoxin, verapamil, phenytoin) 

 Changes in gut microbiome 

 sulfasalazine, levodopa, digoxin 
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• SLC transporters  
• 43 families, 300 gens 
• Transport variety of ionic and non-ionic endogenous 

compounds and xenobiotic  
• Act as facilitating transporters, secondary activated 

symporters and antiporters  

• ABC superfamily 
• 49 gens, 7 groups 
• Majority exports compounds from cytoplasm outside 

of cell or to intracellular structures (endoplasmic 
reticulum)  

• Responsible for multidrug resistance (MDR) 
• One of the main transporters – P glycoproteine (P-gp) 
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Transporters 
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P-pg substrates, inductors and inhibitors 

Substrates  Inhibitors  Inductors  

Digoxin Cyclosporine  Rifampicin 

Fexofenadine Ketoconazole, itraconazole St John’s wort 

Loperamide Carvedilol   

Quinidine Reserpine 

Talinolol Ritonavir, lopinavir, saquinavir, 
telaprevir 

Vinblastine, docetaxel, 
etoposide 

Tacrolimus 

Dabigatran Verapamil 

Amlodipine Amiodarone, dronedarone, 
propafenone, quinidine 

Cyclosporine, tacrolimus clarithromycin 
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Induction of P-gp expression by rifampin  
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• Duodenal biopsy (villus tip, 
×40) immunostained for P-gp 
before administration of 
rifampin.  

• Duodenal biopsy (villus tip, ×40) 
immunostained for P-gp after 9 
days administration of rifampin 
(600 mg), obtained from the 
same volunteer as in a. 
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Cardiovascular Oncological Other 

Antiarrhythmics 

 Amiodarone 

                 Dronaderone 

 Quinidine 

 Propafenone 

Calcium antagonists 

 Verapamil 

 Diltiazem 

Digoxin 

Dipyridamole 

Reserpine 

Spironolactone 

Vinblastine 

Vincristine 

Doxorubicin 

Daunorubicin 

Paclitaxel 

Docetaxel 

Etoposide 

Teniposide 

Mitoxantrone 

Topotecan 

Tamoxifen 

Phenothiazines 

Ketoconazole 

Itraconazole 

Erythromycin 

Clarithromycin 

Levofloxacin 

HIV protease inhibitors 

Immunosuppressants 
Domperidone 

Ondansetron 

Loperamide 
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Pharmacokinetic interactions (4) 

Distribution related interaction 
 Concomitantly used medicines may change distribution 

of each other, however change in free drug 
concentration is transient and clinically insignificant  

Altered binding to plasma proteins 

Altered binding to target proteins 
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Metabolism related drug interactions 

• I phase „oxygenases“ 
• Cytochrome P450 (CYP) 

• Flavin monooxygenases 
(FMO) 

• Epoxide hydroxylases 

 

• II phase „transferases“ 
• Sulphotransferase 

• Gluthatione-S-transferase 

• N-acetyltransferase 

• Methyltransferase 

• Other enzymes 
• Alcohol dehydrogenase 

• Aldehyde dehydrogenase 

• NADPH-quinone 
oxidoreductase 
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Elimination of 200 most frequently prescribed medicines in 2002 
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Metabolism represents the listed clearance mechanism for ~73% of the top 200 drugs. Of the drugs cleared via 
metabolism, about three-quarters are metabolized by members of the cytochrome P450 (CYP) superfamily. For the 
CYP-mediated clearance mechanisms, the majority of drug oxidations (46%) were carried out by members of the 
CYP3A family; followed by 16% by CYP2C9; 12% for both CYP2C19 and CYP2D6; 9% for members of the CYP1A family; 
and 2% for both CYP2B6 and CYP2E1. UGT, uridine diphosphate glucuronyl transferase. 

Nature Reviews Drug Discovery 4, 825-833 (October 2005) 
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I phase reactions 
Cytochrome P450 

• CYtochrome P450 – CYP450 

• CYP1, CYP2, CYP3... – families (at least 40% homology 
in AA sequence)   

• CYP1A, CYP2A, CYP2B, CYP2C… – subfamilies (at least 
55% homology in AA sequence) 

• CYP2A2, CYP2D6, CYP3A4… – enzymes 

• 74 CYP genes families are described 
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• http://medicine.iupui.edu/clinpharm/ddis/main-
table  
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Phenacetine 

Paracetamol 

N-acetyl bensoquinonimine 

Conjugated metabolite 

Other  
metabolites 

CYP1A2 

CYP2E1 

Conjugation with 
glutathione 

Ethanol 

Induction 

Excretion 
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Felodipine grapefruit juice interaction 
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Felodipine grapefruit juice interaction 

Bailey DG et al. Br J Clin Pharmacol, 1998 
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Grapefruit juice and calcium antagonists 
interaction 

Bailey DG et al. Br J Clin Pharmacol, 1998 

Bioavailability Medicine Relative AUC (%) 
compared to 
control 

Relative Cmax (%) 
compared to 
control 

<5% Nisoldipine 

Nimodipine 

198 

151 

406 

124 

15-20% 

 

  

Felodipine 

Nicardipine 

Nitrendipine 

145-345 

134-196 

140-206 

170-538 

125-153 

140-199 

30-40% Verapamil 143 161 

60% Nifedipine 134-203 104-194 

>80% Amlodipine 108-116 115 
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Pharmacokinetic interaction(6) 

Excretion related interaction 
 Changes in hepatic blood flow 

 Excretion to bile and enterohepatic circulation 
cirkuliacija 

 Enterohepatic circulation  
 Prolongs half-life of medicines (may be inhibited by broad 

spectrum antibiotics) 
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Pharmacokinetic interactions (7) 

Excretion related interaction 
 Drug induced renal impairment  

 Altered glomerular filtration (NSAIDs, ACEI, aminoglykosides) 

 Renal tubular secretion 
 Competition for transporters (e.g. sulfonamides, acetazolamide, 

thiazide diuretics, indomethacin, salicylates, probenecid, penicillins, 
cefalosporins, methotrexate) 

 Alteration in urine pH 
 Alkaline urine increases excretion of weak acids phenobarbital, 

salicylic acid 
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Clinically significant interactions 

• Warfarin 
• Effect increased: macrolides, fluoroquinolones, 

metronidazole, penicillins, NSAIDs, platelets aggregation 
inhibitors, anticoagulants, amiodarone, etc. 

• QT prolonging medicines 
• Imidazoles, TCA, macrolides, chlorpromazine, haloperdol, 

amiodarone, ivabradine, hypokalemia inducing drugs 

• Statins 
• CYP3A4 inhibitors (macrolides, verapamil, diltiazem, 

amiodarone, cyclosporine, greipfruit juice) increase risk of 
rabdomiolysis 

• SSRI/SNRI and triptans 
• Serotonergic syndrome 
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Most common combinations 
TOP ten 

varfarinas NSAIDs D 3479 
propafenonas metoprololio sukcinatas D3 1058 
amlodipinas karbamazepinas D0 389 
kalio chloridas spironolaktonas D3 372 
azitromicinas flukonazolas D0 305 
silimarinas varfarinas D1 297 
karbamazepinas kvetiapinas D4 269 
metoprololio sukcinatas verapamilis D3 265 
nebivololis verapamilis D0 247 
ciprofloksacinas flukonazolas D0 219 

varfarinas acetilsalicilo rūgštis D4 1158 
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The most clinically relevant herb-drug interaction 

2017.11.20 Drug interactions 45 

Br J Clin Pharmacol DOI:10.1111/j.1365-2125.2012.04350.x  









Br J Clin Pharmacol 2002; 54: 349–356 
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The main constituents of St John’s wort 
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Possible pharmacokinetic and pharmacodynamic  
interactions with SJW 
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Conclusions (1) 

The effect of one drug may be strengthened, 
weakened or altered by another medicine which 
was used concomitantly or later. 

Many of drug interactions can be predicted from 
their mechanism of action, PD and PK. Majority of 
them are avoidable. 
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In vitro seen PK or PD interaction not necessarily 
will present in patient 

Interaction may not occur in all patients using the 
same combination of medicines  

Many clinically relevant interactions (e.g. PK) 
depend also on other factors 

Conclusions (2) 
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PK drug interaction seen with a combination od 
certain medicines cannot be extrapolated to other 
similar medicines. However, it is advisable to take 
precaution measures.  

Growing number of medicines and polypharmacy 
increases the risk of drug interactions. Fortunately 
the majority of interactions are clinically 
insignificant or rarely significant.  

Conclusions (3) 
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The most common drug interactions – PD 
interactions of CNS depressants – 
benzodiazepines, barbiturates, antidepressants, 
ethanol, opioid analgesics, sedative antihistamine 
agents, antiepileptic drugs and other centrally 
acting medicines 

Conclusions (4) 
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The most pronounced drug interactions occur due 
to altered PK using oral anticoagulants, 
antidiabetic medicines, digoxin, 2nd generation 
antihistamines, benzodiazepines, 
immunosuppressant drugs, cytotoxic medicines. 
Due to narrow therapeutic window, the 
consequences may be fatal.  

Conclusions (5) 
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