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Individual variations in the pharmacological or toxicological responses to 
the same drug dose may be caused by a variety of factors such as body mass, age, 
sex, kidney and liver function, drug-drug (food-drug) interactions, and genetic 
variability [1]. Detailed knowledge of the metabolism of drugs (of abuse) allows 
to predict possible interactions with other xenobiotics because of e.g. inhibition or 
induction of individual metabolic isoenzymes by poisons, drugs (of abuse), alco-
hol, tobacco smoke, or food ingredients [6, 12, 13]. This knowledge is a prerequi-
site for understanding pharmaco-/toxicokinetics and pharmacogenetic variations, 
for evidence-based case interpretation, for toxicological risk assessment, for 
developing toxicological analysis procedures, and for understanding pitfalls in 
drug testing.  

The percentage of the isoforms of the main metabolizing phase I and 
phase II metabolism were summarized by Evans and Relling [2]. Substrates as 
well as relevant interactors (inhibitors and inductors) clinically important for 
pharmacokinetic and pharmacogenetic variations or interactions are summarized 
and actualized on http://medicine.iupui.edu/flockhart/clinlist.htm. Drug metabo-
lism is largely determined by relevant genetic enzyme or transporter variants. The 
most important variants are the following polymorphically expressed proteins: the 
cytochrome P450 isoenzymes CYP2C9, CYP2C19, and CYP2D6, the alco-
hol/aldehyde dehydrogenase (ADH2, ALDH2), the phase II enzymes UDP-glu-
curonyltransferases (UGT1A1), thiopurin methyltransferases (TPMT), arylamine 
N-acetyltransferases (NAT2) and glutathione S-transferases (GSTM1, GSTT1), 
and finally transporters like P-glycoprotein [1]. 

In addition, also herbal remedies may produce interactions. Foti et al. for 
example could show, that in human liver microsomes, herbal drug mixture pro-
duced significant inhibition of multiple cytochrome p450 (P450) isoforms, 
including CYP2B6, CYP2C9, and CYP2D6. Based on the data presented, it is 
concluded that mixtures of herbal components may exhibit multiple modes of 
P450 inhibition, indicating the potential for complex herbal-drug interaction sce-
narios to occur [3]. 
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The major metabolic pathways and the involved isoenzymes in humans 
are summarized in recent reviews for drugs of abuse and other drugs relevant in 
clinical and forensic toxicology [6, 9, 12, 13].  

In case of relevant genetic variations, genotyping and phenotyping of the 
individuum should be performed. For example, Haertter et al. described an auto-
mated HPLC procedure for determination of dextromethorphan and its main 
metabolites in human plasma for in vivo phenotyping of CYP2D6 activity, which 
catalyzes the O-demethylation of dextromethorphan to dextrorphan [5]. For detec-
tion possible interactors, a systematic toxicological screening analysis (STA) 
should be performed [7, 8, 10, 11]. 

A nice example of the relevance of this issue in clinical and forensic 
toxicology is a case report on a life-threatening opioid intoxication developed in a 
patient after he was given small doses of codeine for the treatment of a cough 
associated with bilateral pneumonia [4]. Codeine is bioactivated by CYP3A4 into 
norcodeine and by CYP2D6 into morphine, which then undergoes further glu-
curonidation. CYP2D6 genotyping showed that the patient had three or more 
functional alleles, a finding consistent with ultra rapid metabolism of codeine. The 
authors attribute the toxicity to this genotype, in combination with inhibition of 
CYP3A4 activity by other medications and a transient reduction in renal function. 

In conclusion, individual variations in the pharmacokinetic behavior of 
xenobiotics are of importance in therapeutic drug monitoring as well as in clinical 
and forensic toxicology, especially if pharmacokinetic calculations are used as 
basis for interpretation of analytical results. For example, the diazepam plasma 
concentration may be increased, if the CYP3A4 inhibitors ketoconazole or grape-
fruit juice were additionally taken in doses relevant for inhibition. The plasma 
concentrations of tricyclic antidepressants may also be increased if CYP2D6 
inhibitors like paroxetine were taken or if the patient is a CYP2D6 poor metabo-
lizer. 
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