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ABOUT THE STUDY

Drug metabolism pathways are critical processes that occur 
within the human body to break down and eliminate foreign 
substances, including medications and drugs. These pathways 
are complex and involve various enzymes, organs, and 
biochemical reactions. Understanding drug metabolism is 
essential for predicting drug interactions, optimizing drug 
efficacy, and minimizing adverse effects.

Drug metabolism refers to the biochemical transformation of 
drugs into metabolites, which are often more water-soluble and 
easier to eliminate from the body. The liver is the primary site of 
drug metabolism, although other organs such as the kidneys, 
intestines, and lungs also contribute. The process of drug 
metabolism occurs in two main phases: Phase  I and phase 
II metabolism.

Phase I metabolism

It involves functionalization reactions that introduce or expose 
functional groups on the drug molecule. These reactions 
increase the polarity of the drug, making it more susceptible to 
phase II metabolism or direct excretion. The primary enzymes 
involved in phase I metabolism are Cytochrome P450 (CYP) 
enzymes, which are located predominantly in the liver.

Cytochrome P450 enzymes: These enzymes are a superfamily of 
heme-containing enzymes involved in the oxidation of a wide 
range of endogenous and exogenous compounds, including 
drugs. The CYP enzymes catalyze several types of reactions, 
including hydroxylation, dealkylation, and deamination.

Hydroxylation: This reactions involves the addition of a 
hydroxyl group (-OH) to the drug molecule, typically on a carbon 
atom. This reaction increases the water solubility of the drug and 
facilitates its elimination.

Dealkylation: This reactions involves the removal of alkyl groups 
(-CH3,-CH2-) from the drug molecule, often resulting in the 
formation of smaller, more polar metabolites.

Deamination: This reactions involves the removal of an amino 
group (-NH2) from the drug molecule, leading to the formation 
of an alcohol and an amine.

Examples of phase I reactions

Oxidation of paracetamol: Paracetamol undergoes oxidation by 
CYP enzymes to form the toxic metabolite N-Acetyl-P-
Benzoquinone Imine (NAPQI), which is responsible for 
hepatotoxicity in cases of overdose.

Hydroxylation of propranolol: Propranolol, a beta-blocker, 
undergoes hydroxylation to form 4-hydroxypropranolol, which 
exhibits reduced pharmacological activity compared to the 
parent drug.

Phase II metabolism

It involves conjugation reactions, where the drug or its phase I 
metabolites are conjugated with endogenous molecules such as 
glucuronic acid, sulfate, or glutathione. These conjugation 
reactions further increase the water solubility of the metabolites, 
facilitating their excretion via urine or bile.

Major phase II pathways

Glucuronidation: This is the most common phase II reaction, 
catalyzed by enzymes such as UDP-Glucuronosyltransferases 
(UGTs). In this pathway, glucuronic acid is transferred to the 
drug molecule, forming a glucuronide conjugate.

Sulfation: This involves the addition of a sulfate group (-SO3H) 
to the drug molecule, typically catalyzed by Sulfotransferase 
enzymes (SULTs). Sulfation is particularly important for the 
metabolism of phenols and aromatic amines.

Glutathione conjugation: It is also known as Glutathione-S-
Transferase (GST) pathway, involves the addition of glutathione 
(-SH) to electrophilic sites on the drug molecule. This pathway 
is critical for detoxifying reactive metabolites.

Examples of phase II reactions

Glucuronidation of morphine: Morphine is conjugated with 
glucuronic    acid    to    form    morphine-3-glucuronide    and
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Clinical implications

Understanding drug metabolism pathways is crucial in clinical 
practice for several reasons.

Drug interactions: Knowledge of drug metabolism pathways 
helps predict potential drug interactions based on shared 
metabolic pathways or enzyme inhibition/induction effects.

Pharmacogenomics: Genetic testing for polymorphisms in drug-
metabolizing enzymes allows for personalized medicine 
approaches, optimizing drug selection and dosing based on 
individual metabolic profiles.

Drug development: Insights into drug metabolism pathways 
guide drug development efforts by identifying potential 
metabolic liabilities and optimizing drug candidates for favorable 
pharmacokinetic properties.
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morphine-6-glucuronide, which are less pharmacologically active 
and readily excreted in urine.

Sulfation of acetaminophen: Acetaminophen can undergo 
sulfation to form acetaminophen sulfate, which is then excreted 
in urine. Sulfation serves as an alternative pathway for the 
detoxification of acetaminophen when glucuronidation is 
saturated.

Factors affecting drug metabolism

Several factors influence drug metabolism, including genetic 
variations in drug-metabolizing enzymes, drug-drug interactions, 
age, gender, and disease states. Genetic polymorphisms in drug-
metabolizing enzymes can result in interindividual variability in 
drug metabolism, leading to differences in drug response and 
susceptibility to adverse effects. Additionally, drug interactions 
can either inhibit or induce drug-metabolizing enzymes, altering 
the pharmacokinetics and efficacy of co-administered drugs.
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