
20 Adverse Effects to Sulfasalazine in Patients
with Inflammatory Bowel Disease
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Adverse effects to sulfasalazine in
patients with inflammatory bowel

disease

Data from: Das et al. N Engl J Med 289:491-495, 1973.

       Side Effect
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Relationship Between Onset of Lupus Syndrome in
Fast and Slow Acetylators Receiving Procainamide.

Data from: Woosley RL, et al.  N Engl J Med 298:1157-1159, 1978.
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Distribution of Acetylator Phenotype in Control Subjects and
Those Experiencing a Sulfonamide Hypersensitivity Reaction.

Rieder et al. Clin Pharmacol Ther 49:13-17, 1991.
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Polymorphism

• To determine whether a patient is a rapid or slow metabolizer, the patient
is given a known substrate for that enzyme and the patient's intrinsic
clearance is measured.

 

• Traditionally, intersubject variation in metabolism has been investigated by
this method followed by in-vitro verification of enzyme level. Alternatively,
it is possible to determine metabolic-status genotype directly from
subjects' DNA. The latter approach is more definitive and offers much
insight during drug development into how genes affect the metabolism of
drugs.

 

• Many drugs have been elucidated with both approaches. In practice,
fragments of DNA samples are compared based on SNPs. If the SNP and
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From: Evans WE,
Relling MV.
Pharmacogenomi
cs: Translating
functional
genomics into
rational
therapeutics.
Science 286:487-
491, 1999.
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2. CYP2D6 ACTIVITY
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Drugs Whose Metabolism Co-segregates with

Debrisoquine

alprenolol    amitriptyline        bufuralol    clomipramine
codeine    desipramine        encainide    ethylmorphine
flecainide    fluoxetine        guanoxan    imipramine
metoprolol    nortriptyline        paroxetine    phenformin
propafenone            propranolol
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Plasma metoprolol concentrations in poor (�) and extensive (�)
metabolizers of debrisoquine after 200 mg of metoprolol tartrate
administered orally. Redrawn from Lennard MS, et al. NEJM 307:1558-1560, 1982.
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Dose requirements for nortriptyline in patients with different CYP2D6
Phenotypes. From: Meyer U. Lancet 356:1667, 2000.
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Effect of Quinidine on the Analgesic Response to Codeine in Extensive
Metabolizers of CYP2D6 (Phenotyped with Dextromethorphan)

Data from: Desmeules J, et al.  Eur J Clin Pharmacol 41:23:26, 1991
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The polymorphic O-demethylation of codeine is of clinical importance when this drug is given as an analgesic.
 
About 10% of codeine is O-demethylated by CYP2D6 to morphine, and this conversion is deficient in poor
metabolizers. Poor metabolizers therefore experience no analgesic effects of codeine
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What is the cause of ‘hypermetabolizers’?
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Debrisoquine phenotype in subjects with different
CYP2D6 genotypes

 

Genotype # of 
Subjects 

Metabolic 
Ratio 

CYP2D6wt/(CYP2D6L)2 9 0.33 

CYP2D6wt/CYP2D6wt 12 1.50 

CYP2D6wt/CYP2D6(A or B) 9 2.14 

CYP2D6B/CYP2D6B 6 48.84 
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(CYP2D6L)2 - gene duplication; CYP2D6A - single base deletion
CYP2D6B - multiple point mutations

Data from: Agundez JG et al. Clin Pharmacol  Ther 57:265,
1995.
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From: Dalen P, et al. Clin Pharmacol Ther 63:444-452, 1998.
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3. CYP2C9 ACTIVITY
40

Prescribed Daily Warfarin Dose and CYP2C9 Genotype

      Warfarin Dose*          Genotype
   5.63 (2.56)            *1/*1
   4.88 (2.57)            *1/*2
   3.32 (0.94)            *1/*3
   4.07 (1.48)            *2/*2
   2.34 (0.35)            *2/*3
   1.60 (0.81)            *3/*3

*Data presented as mean (SD) daily dose in mg

From: Higashi MK, et al. JAMA 287:1690-1698, 2002.
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4. Thiopurine Methyltransferase (TPMT)
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TPMT Activity
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Distribution of Thiopurine Methyl-transferase Activity.
Reproduced from: Weinshelboum RM, Sladek SL. Am J Hum Genet 32:651-662, 1980.
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CYP2C19

• The 4'-hydroxylation of the (S)-enantiomer of mephenytoin is catalyzed by
CYP2C19. The polymorphic enzyme has a poor metabolizer (PM) frequency of
about 3% in Caucasians, 15-25% among Asians, and 4-7% among Black
Africans. The major defective allele responsible for the PM phenotype is
CYP2C19*2, which is found among 13% and 32% of Caucasians and Asians,
respectively.

• A second allele, CYP2C19*3, is found mostly among Asians and rarely in
Caucasians.

• Interestingly, few polymorphisms are reported for the isozyme subfamily CYP3A.
This isozyme is involved in the metabolism of endogenous steroid and
testosterone. Mutations of this vital enzyme may not be compatible with life.
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• Not all therapeutic variations and side effects result from genetic differences
in the receptor or drug metabolism. Drug response (including therapeutic
and unintended side effects) is influenced by many direct and indirect
factors, including modifying effects from environmental factors on the
disease process and drug disposition.

• As a result, some researchers are unsure whether prescribing drugs based on
a pharmacogenetic profile will significantly reduce side effects for most
drugs, since many side effects and therapeutic failures may be the result of
incorrect diagnosis or failure to account for other influencing variables
such as the nature and severity of the disease, the individual's age and
race, organ function, concomitant therapy, drug interactions, and
concomitant illnesses
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Genetic Polymorphism in Drug Transport:
p-Glycoprotein and Multidrug Resistance

• Transporter pharmacogenetics is a rapidly developing field that is concerned with drug uptake and efflux
into or through tissues. Significant problems in the clinical application of drugs result from poor or variable
oral drug bioavailability, and high intra- and inter-individual variation in pharmacokinetics.

• Several membrane transporter proteins are involved in the absorption of drugs from the intestinal tract into
the body, into nonintestinal tissues, or into specific target sites of action.

• Drug efflux is an important cause of drug resistance in certain types of cells.

• In cytotoxic chemotherapy for several human cancerous diseases, drugs are generally very effective, but in
the case of intrinsic or acquired multidrug resistance, usually highly effective antineoplastic compounds, eg,
vincristine, vinblastine, daunorubicin, or doxorubicin, fail to produce cures.

• One of the major causes of such multidrug resistance is the appearance of special integral membrane
proteins, the P-glycoprotein multidrug transporter, or MDR1, which is one of the major causes of low drug
level in targeted cells.
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• The multidrug resistance-associated proteins (MRPs) are members of the ATP-
binding cassette (ABC) superfamily with six members currently, of which MRP1,
MRP2, and MRP3 are commonly known to affect drug disposition. MRP1 is
ubiquitous in the body.

• Substrates for MRP1 include glutathione, glucuronide, and sulfate. MRP1 is
expressed basolaterally in the intestine, although its role in extruding drugs out of
the enterocytes is still uncertain.

• There is some substrate overlap between MRP1 and apically located P-
glycoprotein. The amino acid homology between MDR1 and P-glycoprotein was
reported to be 15% in some cell lines
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GENETIC POLYMORPHISM IN DRUG
TARGETS

• In the future, proteins involved in disease will become identified as important biomarkers for
pharmacodynamic studies. Genomics has led to the development of proteonomics, which involves the
study of biologically interesting proteins and their variants. Proteins can be used as probes for drug
discovery or as biomarkers for drug safety, such as cell surface proteins (eg, COX-2, D-2R),
intracellular proteins (eg, troponin I), and secreted proteins (eg, MCP-l).

• The physiologic response of the body to a drug is generally the result of interaction of the drug at a
specific target site in the body. It is estimated that about 50% of drugs act on membrane receptors,
about 30% act on enzymes, and about 5% act on ion channels.

• Many of the genes encoding these target proteins exhibit polymorphisms that may alter drug response.
Clinically relevant examples of polymorphism leading to variable responses are listed. For example, the
beta-2-adrenergic receptor, and its common mutation of Arg /Gly at amino acid 16, greatly reduces
the bronchodilator response of albuterol.
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• In addition, mutations in the angiotensin-converting enzyme (ACE) gene have been
proposed to account for variations in the response to ACE inhibitors.

• Another study has shown that a combination of two mutations in the gene encoding a high
affinity sulphonylurea receptor leads to a 40% reduction in the insulin response to
tolbutamide.

• The response to clozapine in patients with schizophrenia appears to involve genetic
polymorphisms in the 5- hydroxytryptamine (serotonin) receptor, HTR2A.

• Finally, mutations in five genes involved in the cardiac ion channels affect the risk of drug-
induced long-QT syndrome, a potential cause of sudden cardiac death in young
individuals without structural heart disease. The prevalence of long-QT syndrome is about 1
in 10,000.

• All five genes code for membrane ion channels affecting sodium or potassium transport and
are influenced by antiarrhythmics and other drugs
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