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DESCRIPTION
Metabolism refers to the enzymatic transformation of substances 
within the body. When it comes to xenobiotics compounds 
foreign to the body, such as drugs, toxins and pollutants-
metabolism is important for their detoxification and elimination. 
Drug metabolism primarily occurs in the liver and is classified 
into two broad categories: Phase I and Phase II metabolism.

Phase I metabolism

Phase I metabolism primarily refers to the initial stage of drug 
metabolism where the chemical structure of a compound is 
altered through various reactions. This process is often designed 
to introduce or expose functional groups making the compound 
more hydrophilic (water-soluble) for subsequent elimination.

Oxidation: The most common type of Phase I reaction 
oxidation usually occurs via CYP enzymes especially the 
CYP3A4 and CYP2D6 isoforms. During oxidation a substrate 
undergoes electron loss resulting in the addition of oxygen 
atoms or the removal of hydrogen atoms. For example, 
ibuprofen undergoes hydroxylation during Phase I metabolism.

Reduction: Involves the gain of electrons or the removal of 
oxygen atoms. This process typically occurs under low oxygen 
tension conditions. The reduction of nitro or azo groups in 
certain drugs is a classic example.

Hydrolysis: In hydrolysis ester or amide bonds are broken by 
water molecules. Esterases and amidases catalyze these reactions 
converting ester-containing drugs like aspirin into their more 
hydrophilic metabolites.

Phase I metabolism often generates metabolites that are more 
chemically reactive than the parent compound. Some 
metabolites are pharmacologically active while others may be 
toxic. The latter poses risks of adverse drug reactions making 
Phase I metabolism a significant factor in drug safety evaluation.

Phase II metabolism

Following phase I metabolism the resulting metabolite often 
undergoes further modification in phase II metabolism also

known as the conjugation phase. Phase II metabolism involves 
the conjugation of small polar molecules to the functional 
groups introduced or exposed during phase I, fiercely 
increasing the water solubility of the metabolite. This facilitates 
the excretion of the drug or its metabolite.

The most common types of conjugation reactions include 
glucuronidation, sulfation, acetylation, methylation and 
glutathione conjugation.

Glucuronidation: The most widespread phase II reaction 
catalyzed by Uridine diphosphate Glucuronosyltransferase 
(UGT) enzymes. In this reaction glucuronic acid is attached to 
drugs or their metabolites making them more water-soluble. 
Drugs like morphine and paracetamol undergo glucuronidation.

Sulfation: Involves the transfer of a sulfate group to the 
metabolite increasing its polarity. Sulfotransferase (SULT) 
enzymes mediate this process. Sulfation is particularly important 
in the metabolism of hormones such as estrogen.

Acetylation: Carried out by N-acetyltransferase (NAT) enzymes 
this reaction involves the addition of an acetyl group to amines 
or hydrazines. Drugs like isoniazid (used in tuberculosis 
treatment) undergo acetylation and genetic variability in NAT 
enzymes can affect drug response.

Methylation: Mediated by methyltransferase enzymes 
methylation involves adding a methyl group (-CH3) to the 
metabolite. While methylation often reduces a drug's polarity it 
can alter the pharmacological activity of the drug as seen in the 
metabolism of catecholamines like dopamine.

Glutathione conjugation: Glutathione S-transferase (GST) 
enzymes catalyze the addition of glutathione to highly reactive 
metabolites neutralizing their toxicity. This reaction plays a key 
role in detoxifying potentially harmful substances like Reactive 
Oxygen Species (ROS) and electrophiles.

Phase II metabolism usually renders drug metabolites inactive 
and non-toxic. However in certain cases these conjugated 
metabolites can cause adverse reactions particularly when 
detoxification pathways are exceeded or genetically impaired as 
seen in acetaminophen overdose leading to liver damage.
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Enzymatic regulation and genetic variability

The enzymes involved in Phase I and Phase II metabolism 
exhibit considerable inter-individual variability influenced by 
factors such as genetics, age, diet and disease states. Genetic 
polymorphisms in CYP450 and UGT enzymes for instance, can 
lead to altered drug metabolism, affecting therapeutic efficacy 
and toxicity.

For example, individuals classified as poor metabolizers due to 
polymorphisms in the CYP2D6 enzyme may experience 
exaggerated drug effects or adverse reactions when treated with 
standard doses of drugs metabolized by this enzyme. Conversely 
ultra-rapid metabolizers may require higher doses to achieve 
therapeutic efficacy. This variability highlights the importance of 
personalized medicine, where drug dosing can be customized to 
an individual’s metabolic profile.

Clinical significance of phase I and phase II
metabolism

The balance between Phase I and Phase II metabolism 
determines the ultimate fate of a drug in the body. In clinical

pharmacology understanding these metabolic phases is critical 
for predicting drug clearance, therapeutic effects and potential 
toxicity. Moreover, the interplay between these phases can affect 
drug interactions and patient-specific responses to treatment.

For instance, if a Phase I metabolite is highly reactive or toxic its 
rapid conjugation in Phase II is necessary to prevent harm. 
Conversely if Phase II enzymes are impaired toxic metabolites 
may accumulate as seen in patients with Gilbert's syndrome 
where decreased glucuronidation leads to elevated levels of 
unconjugated bilirubin.

In drug development researchers must carefully evaluate both 
phases of metabolism to optimize drug safety and efficacy. The 
inhibition or induction of specific CYP enzymes by other drugs 
(such as ketoconazole inhibiting CYP3A4) can lead to drug-drug 
interactions necessitating careful dose adjustments.
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