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DESCRIPTION

Hepatic metabolism of drugs is one of the most important
physiological processes governing how medications behave in the
human body. It refers to the chemical modification of drugs
within the liver to facilitate their elimination and regulate their
activity. This process plays a central role in determining a drug’s
effectiveness, duration of action and potential toxicity. In
modern  pharmacotherapy, understanding hepatic  drug
metabolism is essential because even small variations in liver
function can significantly alter therapeutic outcomes. The liver is
the primary organ responsible for drug metabolism due to its
rich blood supply and high concentration of metabolic enzymes.

After oral administration, most drugs are absorbed from the
gastrointestinal tract and transported to the liver through the
portal circulation. This phenomenon, known as first pass
metabolism, often reduces the bioavailability of drugs before
they reach systemic circulation. As a result, the liver acts as a
biological filter that modifies drug molecules before they exert
their pharmacological effects throughout the body. Hepatic drug
metabolism is generally divided into two phases Phase 1 and
Phase II reactions. Phase I metabolism involves functionalization
reactions such as oxidation, reduction and hydrolysis. These
reactions are primarily catalyzed by the cytochrome P450 enzyme
family, which is responsible for metabolizing a wide range of
pharmaceutical compounds. Phase [ reactions may either
inactivate drugs or convert them into active or even toxic
intermediates. This unpredictability highlights the clinical
importance of closely monitoring drugs with narrow therapeutic
indices.

Phase II metabolism involves conjugation reactions, where drug
molecules or their Phase I metabolites are linked with
endogenous substances such as glucuronic acid, sulfate, glycine
or glutathione. These reactions generally increase the water
solubility of drugs, making them easier to excrete via urine or
bile. Unlike Phase I reactions, Phase II metabolism usually leads
to detoxification and elimination, reducing the pharmacological

activity of the compound. Together, these two phases form an
integrated system that determines drug clearance from the body.
The cytochrome P450 enzyme system is at the heart of hepatic
drug metabolism and has a major influence on drug drug
interactions. C

ertain drugs can inhibit or induce these enzymes, leading to
clinically significant changes in drug concentration. For
example, enzyme inhibitors may cause accumulation of drugs in
the bloodstream, increasing the risk of toxicity, while enzyme
inducers may accelerate drug breakdown, reducing therapeutic
efficacy.Variability in hepatic metabolism among individuals is
another critical factor affecting drug response. Some individuals
may be poor metabolizers, resulting in higher drug exposure and
increased risk of adverse effects, while others may be ultra rapid
metabolizers, leading to subtherapeutic drug levels. This
interindividual variability forms the basis of pharmacogenomics,
an emerging field aimed at personalizing drug therapy based on
genetic profiles.

Conditions such as cirrhosis, hepatitis and fatty liver disease
reduce the functional capacity of hepatocytes, impair enzyme
activity and decrease blood flow through the liver. As a result,
drug clearance is reduced, and standard doses may become toxic.
Clinicians must therefore adjust dosages carefully in patients
with hepatic impairment to avoid adverse drug reactions while
maintaining therapeutic efficacy. Age is another important
factor influencing hepatic drug metabolism. In neonates and
elderly individuals, liver enzyme activity is often reduced
compared to healthy adults. In newborns, immature enzyme
systems can lead to drug accumulation, while in older adults, age
related decline in liver function can slow metabolism and
prolong drug half life. These physiological changes necessitate
careful dose adjustments and close monitoring in vulnerable
populations. Alcohol consumption, smoking, diet and exposure
to environmental toxins can all influence liver enzyme activity.
Similarly, smoking can enhance the metabolism of certain
medications, reducing their effectiveness.
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