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Description

Drug metabolism is a fundamental aspect of pharmacology,
representing the biochemical transformation of pharmaceutical
substances within the body. This process determines the outcome of
drugs, influencing their therapeutic efficacy, duration of action and
potential toxicity. By converting lipophilic compounds into
hydrophilic metabolites, drug metabolism facilitates their elimination,
maintaining the body's chemical balance. Drug metabolism is the
enzyme-mediated transformation of medicines into metabolites, which
mostly occurs in the liver. This transformation frequently results in
rendering the drug pharmacologically inactive. Developing active
metabolites having medicinal or damaging properties. Increasing drug
solubility in water to facilitate the elimination through urine or
hepatitis.

Factors influencing drug metabolism

Several factors affect the rate and efficiency of drug metabolism,
contributing to inter-individual variability in drug response.

Genetic factors: Genetic polymorphisms in drug-metabolizing
enzymes can lead to variations in metabolism rates. Exhibit reduced
enzymatic activity, leading to drug accumulation and toxicity.
Metabolize drugs rapidly, potentially reducing therapeutic efficacy.

Age and development: Neonates and elderly individuals
frequently exhibit reduced metabolic capacity due to immature or
diminished enzyme activity. Newborns are deficient in UGTs,
increasing the risk of bilirubin accumulation (neonatal jaundice).

Diet and lifestyle: Certain foods and beverages can induce or
inhibit drug-metabolizing enzymes. For example grapefruit juice
inhibits CYP3A4, increasing plasma levels of certain drugs.
Charbroiled meats induce CYP1A2, enhancing metabolism of drugs
including theophylline.

Drug interactions: Some drugs (e.g., rifampin and phenobarbital)
induce metabolic enzymes, accelerating drug clearance. Other drugs
(e.g., ketoconazole and cimetidine) inhibit enzymes, slowing
metabolism and increasing drug levels.
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Disease states: Liver diseases (e.g., cirrhosis and hepatitis) impair
enzyme activity, reducing drug metabolism. Renal dysfunction affects
the elimination of water-soluble metabolites, indirectly influencing
metabolic pathways.

Role in drug development

Drug metabolism is a significant consideration in the drug
development pipeline. Candidate drugs are screened for metabolic
stability and potential interactions occur in the early development.
Agencies including the FDA and EMA mandate comprehensive
studies on drug metabolism and pharmacokinetics. Metabolically
activated drugs (prodrugs) enhance bioavailability or site-specific
activity.

Future directions in drug metabolism

Technological and psychological developments contribute to
development in this field. Artificial Intelligence (AI) models predict
metabolic pathways and enzyme interactions, accelerating drug
development. Research into non-CYP enzymes (e.g., flavin-containing
monooxygenases) expands knowledge of drug metabolism. These
models mimic human liver tissue, providing more accurate insights
into metabolism.

Clinical implications of drug metabolism

Drug metabolism has significant implications for pharmacotherapy,
influencing dosage regimens, therapeutic outcomes and safety
profiles.

Optimizing drug dosing: Knowledge of metabolism helps to
determine appropriate dosing intervals to maintain therapeutic levels
without toxicity. For example drugs with high first-pass metabolism
(e.g., propranolol) require higher oral doses.

Preventing Adverse Drug Reactions (ADRs): Metabolites can be
pharmacologically active or toxic. Monitoring and managing their
formation is necessary. For example acetaminophen overdose
produces a toxic metabolite, causing liver damage.

Drug interactions: Co-administration of drugs can lead to altered
metabolism, necessitating dose adjustments. For example warfarin
metabolism is inhibited by fluconazole, increasing bleeding risk.

Personalized medicine: Genetic testing for polymorphisms in
drug-metabolizing enzymes enables personalized therapy.

Important enzymes in drug metabolism

Enzymes play a significant role in drug metabolism, with the liver
being the primary site of activity. However, metabolism can also occur
in other tissues, such as the intestines, lungs and kidneys. Cytochrome
P450 Enzymes (CYP-450) is a superfamily of heme-containing
enzymes responsible for most Phase I reactions. Different CYP
isoforms exhibit substrate specificity, genetic variability and drug
interaction potential.
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