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FUNDAMENTALS OF DRUG 
METABOLISM 
Definition and significance of drug 
metabolism 
Drug metabolism refers to the biochemical 

processes that modify pharmaceutical 

compounds within the body, primarily 

transforming them into more water-soluble 

forms for excretion. This process is crucial 

for the pharmacological effectiveness and 

safety of medications, as it affects their 

duration of action and potential toxicity. 

Metabolism can convert active drugs into 

inactive metabolites or, in some cases, 

activate prodrugs into their therapeutic 

forms. Understanding drug metabolism is 

essential for optimizing drug therapy, as 

individual variations in metabolic pathways 

can lead to significant differences in drug 

responses among patients.1 
 

OVERVIEW OF PHARMACOKINETICS 
AND PHARMACODYNAMICS 
Pharmacokinetics (PK) and 

pharmacodynamics (PD) are two 

fundamental concepts in pharmacology that 

describe the interaction between drugs and 

the body. PK encompasses the processes of 

absorption, distribution, metabolism, and 

excretion (ADME) of drugs, detailing how 

the body affects a drug over time. In 

contrast, PD focuses on the effects of the 

drug on the body, including its mechanisms 

of action and therapeutic effects. Together, 

these concepts help determine the 

appropriate dosing regimens necessary to 

achieve desired clinical outcomes while 

minimizing adverse effects. The interplay 

between PK and PD is critical for 

understanding drug efficacy, safety, and 

individual patient responses to therapy.2 

 
Phases of drug metabolism 
Phase I reactions: Oxidation, 
reduction, and hydrolysis 
 Phase I metabolic reactions primarily 

involve the modification of drug molecules 

through oxidation, reduction, or hydrolysis. 

These reactions are predominantly 

catalyzed by enzymes from the cytochrome 

P450 family (CYP450), which introduce 

polar functional groups into lipophilic 

compounds, making them more 
Access this article online 
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Introduction 

Drug metabolism is a crucial pharmacological process that modifies 

pharmaceutical compounds to facilitate their excretion and optimize 

therapeutic efficacy. Its primary function is to convert lipophilic drugs 

into hydrophilic metabolites, aiding elimination via urine or bile. This 

transformation influences drug activity, half-life, and toxicity, with some 

drugs requiring metabolic activation (prodrugs) and others being 

inactivated for excretion.   

 

The liver is the central organ in drug metabolism, primarily through the 

cytochrome P450 (CYP450) enzyme family in Phase I reactions 

(oxidation, reduction, hydrolysis), followed by Phase II conjugation to 

enhance solubility. Factors like age, genetics, and drug interactions 

impact hepatic metabolism, affecting drug efficacy and safety.   

 

This review explores the mechanisms of drug biotransformation, the 

liver's role, and individual variability in metabolism, providing insights 

for optimizing drug development and patient care. 
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hydrophilic. This phase is crucial for 

converting non-polar drugs into slightly 

more polar metabolites that may be further 

processed in Phase II reactions or directly 

excreted4. The outcomes of Phase I 

metabolism can significantly influence a 

drug's pharmacological activity; for 

instance, some metabolites may retain 

therapeutic effects while others may lead to 

toxicity. 

 
Phase II reactions: Conjugation and 
its importance 
Phase II reactions involve conjugation 

processes where Phase I metabolites are 

linked to endogenous substrates (such as 

glucuronic acid or sulfate) to form more 

water-soluble compounds that can be 

readily excreted. This phase is vital for 

detoxifying active metabolites and 

facilitating their elimination from the body. 

Conjugation increases the solubility of 

metabolites significantly, reducing their 

potential to cause adverse effects or 

toxicity. The efficiency of Phase II reactions 

can vary among individuals due to genetic 

factors, which can impact drug efficacy and 

safety profiles in diverse populations. 

Understanding these variations is essential 

for personalized medicine approaches in 

pharmacotherapy.3 

 
Anatomy and Physiology of the Liver  
Overview of liver structure and 
function 
The liver is a vital organ located in the 

upper right portion of the abdominal cavity, 

beneath the diaphragm and above the 

stomach, right kidney, and intestines. It has 

a distinct triangular shape and is divided 

into two main lobes (right and left), which 

are further segmented into smaller lobules. 

Each lobule is the functional unit of the 

liver, consisting of hepatocytes arranged in 

plates and surrounded by sinusoids that 

facilitate blood flow. The liver performs 

over 500 essential functions, including the 

production of bile for digestion, regulation 

of blood chemical levels, storage of 

vitamins and minerals, metabolism of 

carbohydrates, fats, and proteins, 

detoxification of harmful substances, and 

synthesis of blood-clotting factors. It also 

plays a critical role in immune function by 

filtering pathogens from the bloodstream 

through specialized cells. 

 
Blood supply and perfusion (hepatic 
artery vs. portal vein) 
The liver receives blood from two primary 

sources: the hepatic artery and the hepatic 

portal vein. The hepatic artery supplies 

oxygen-rich blood from the heart, ensuring 

that liver cells receive adequate oxygen for 

metabolic processes. In contrast, the hepatic 

portal vein carries nutrient-rich blood from 

the gastrointestinal tract, spleen, and 

pancreas directly to the liver for processing. 

This dual blood supply allows the liver to 

efficiently manage nutrients absorbed from 

food while also detoxifying harmful 

substances. The blood from both sources 

mixes in the liver sinusoids before draining 

into the central vein of each lobule, 

eventually leading to the hepatic veins and 

then into systemic circulation.4 

 
Cellular composition of the liver 
Hepatocytes 
Hepatocytes are the primary cell type in the 

liver, constituting approximately 70-80% of 

its mass. These cells are responsible for 

most of the liver's metabolic functions, 

including bile production, nutrient 

metabolism, detoxification processes, and 

protein synthesis. Hepatocytes are arranged 

in plates that radiate outward from a central 

vein within each lobule. They exhibit 

distinct zones (Zone I to Zone III) based on 

their proximity to blood supply; Zone I is 

well-oxygenated and involved in oxidative 

metabolism, while Zone III is more 

involved in detoxification processes56. 

Non-parenchymal cells (e.g., Kupffer cells, 

endothelial cells) 

In addition to hepatocytes, the liver 

contains various non-parenchymal cells 

that play crucial roles in its 5 

 
FUNCTION: 
Kupffer Cells: These are specialized 

macrophages located in the liver sinusoids 

that help filter pathogens and debris from 

blood. They play a significant role in 

immune response by phagocytosing 

bacteria and dead cells. 

Endothelial Cells: These cells line the 

sinusoids and have unique properties that 

allow for efficient exchange between blood 
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and hepatocytes. They facilitate the 

movement of nutrients and waste products 

while also playing a role in maintaining 

liver architecture. 

Ito Cells (Stellate Cells): These cells 

store vitamin A and can differentiate into 

myofibroblasts during liver injury to aid in 

tissue repair. 

Together, these cellular components ensure 

that the liver functions effectively as a 

metabolic hub while also contributing to 

immune defense and tissue regeneration.5 

 
CONCLUSION 
In conclusion, the liver plays a pivotal role 

in drug metabolism through the processes 

of enzyme induction and inhibition. 

Understanding these mechanisms is crucial 

for predicting drug interactions, optimizing 

therapeutic efficacy, and minimizing 

adverse effects. As personalized medicine 

advances, insights into individual 

variability in liver enzyme activity will 

enhance drug development and clinical 

practice. Continued research in this area 

will further elucidate the complex dynamics 

of hepatic metabolism, ultimately 

improving patient outcomes.1 Bachmann, 

K. (2009). Drug metabolism. 

In Pharmacology (pp. 131-173). Academic 

Press. 
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