
An additional mode for classifying idiosyn-
cratic drug reactions is by the delay before the
reaction presents (212). Classification by delay is:

• Almost immediate, such as urticaria,
angioedema, rhinoconjunctivitis, or
anaphylaxis (213,214);

• 1�2 weeks, such as simple rashes (215);
• 2�3 weeks, such as generalized

hypersensitivity;
• 1�2 months, such as hepatotoxicity and

agranulocytosis;
• 1 year or more, such as autoimmune

reactions.

Idiosyncratic drug reactions can proceed by
way of a pathway that does not involve an immune
response, or by way of a pathway that does involve
an immune response. The immune response can
involve direct, spontaneous reaction of the drug
with a protein, with the creation of a protein that
bears a hapten group. Alternatively, the immune
response can involve enzymatic activation of the
drug, followed by condensation of the activated
drug with a protein, with the creation of a hap-
ten. Hepten-mediated immune reactions have
been reviewed (216).

The spontaneous formation of haptens
occurs with drugs such as penicillins and
cephalosporins, which have a beta-lactam ring
that can spontaneously react proteins to gener-
ate the hapten. Enzymatic activation of drugs
can be mediated, for example, by cytochrome
P450 or peroxidase (217). Enzymatic activation
of drugs can result in the conversion of drug
into a reactive epoxy compound.

Idiosyncratic drug reactions are a frequent
cause of acute liver failure (218). In fact, ido-
syncratic drug-induced liver injury is a com-
mon reason for not receiving FDA-approval,
or for the FDA’s withdrawal of a drug from
marketing. Idiosyncratic drug reactions to the
liver tend to arise from antibacterials and
NSAIDs. Serious reactions of this type usually
occur at doses greater than 10 mg/day.

The anticonvulsants carbamazepine and phe-
nytoin are associated with idiosyncratic drug
reactions, where these reactions include fever,
neutropenia, and skin rash (including Stevens-
Johnson syndrome) (219).

A number of animal models have been devel-
oped for use in studying idiosyncratic drug reac-
tions. To be a valid model, the drug-induced
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